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PRELIMINARY REMARKS 
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1 Foreword 
The DMPS scientific product monograph has a long history. The first edition was published in 
1990. Meanwhile we have reached the seventh edition. The monograph takes into account the 
existing literature on the active substance, DMPS, from 1951 – the year when it was first 
synthesised – to the present day. It thus contains a wealth of information acquired over more than 
50 years. Numerous questions put to the Scientific Department of the HEYL Company since the 
last editions are answered in the latest version. 
Dimaval® and Dimaval® 100 mg Hartkapseln contain 
(RS)-2,3-bis(sulfanyl) propane-1-sulfonic acid, 1 H2O 
sodium salt as the active substance. The active sub-
stance was formerly known as (R,S)-2,3-Dimercapto-
propane-1-sulfonic acid (DMPS) sodium salt. The 
pharmaceutical active substance is unchanged but its 
name has been adapted in line with the latest regu-
lations governing the naming of chemical substances. 
The abbreviated form, DMPS, which is derived from the 
previous name given to the active substance, is still 
used although it no longer correlates to the new name. 
There is hardly ever any reference in the published data 
to indicate whether DMPS is used as the monohydrate or in the anhydrous form. As the mono-
hydrate is the stable form on exposure to air, the evaluations in this monograph will be based on 
the monohydrate.   
The most important change in the seventh edition is the comparison of DMPS with other chelating 
agents such as BAL, DMSA, DTPA or DPA. On the one hand, this helps to quickly identify the 
advantages of DMPS compared to other chelating agents, e.g. on intoxication of the kidneys with 
mercury poisoning. On the other hand, however, it also highlights the limitations in the use of 
DMPS. The physician thus obtains the necessary information to make a benefit-risk assessment 
for his patients and can decide whether the use of DMPS is indicated. Specialising in antidotes to 
combat heavy metal poisoning, this is our contribution to the responsible use of DMPS for the 
benefit of patients. 
The conclusions are also new. They are personal conclusions drawn from the listed data regarding 
the safer, more effective use of DMPS. 
Numerous other resources were consulted in addition to peer-reviewed publications, e.g. the 
Internet and various brochures or dissertations. A critical evaluation of the both printed and electro-
nic media was indispensable. Various claims, particularly in the domain of the heavy metal burden 
arising from the environment and amalgam, are not confirmed.  Some are not even compre-
hensible. In his extensive work, Cutler, for instance, claims that there are more fatalities during 
DMPS administration<293>. No such fatalities have, as yet, been reported to us as manufacturer. 
The authorities obviously have no idea of this either, or they would otherwise have contacted us. 
As regards topics, which, according to the literature, are still subject to controversy, both view-
points should, where possible, be compared. 

The product monograph is a service offered by the HEYL Company for its customers. It is aimed at 
the medical profession and should be a reference work for all interested parties in that it 
summarises the latest up-to-date information relating to this active substance. It should provide the 
basis for the responsible use of Dimaval® and Dimaval® (DMPS) 100 mg Hartkapseln. This applies 
both to patients presenting with acute, life-threatening heavy metal intoxication as well as those 
with the clinical sequelae of chronic poisoning. The information sought can be quickly retrieved 
using the detailed contents list. 
The number of interested parties confirms the interest in a reference work of this kind. We received 
requests for over 10,000 copies of the 6th German edition and more than 1,000 copies of the 
English-language equivalent. The product monograph is increasingly quoted as a source by 
research scientists in their publications. 
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As DMPS treatment can be associated with side effects, a careful benefit-risk evaluation must be 
carried out prior to use, as is the case with all medicinal products. Scientific knowledge of medi-
cinal products and pharmaceutical active substances is subject to constant change. For the latest 
information on authorised indications, side effects, interactions, dosage or contraindications, 
please consult the valid Patient Information Leaflet and Summary of Product Characteristics for the 
Dimaval® injection solution and the oral pharmaceutical form, Dimaval® (DMPS) 100 mg 
Hartkapseln. 
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2. Introduction 
Metals are toxic because of their interaction with various biomolecules such as enzymes or 
membrane components<286,383a>. Their arrangement on cysteine and histadine groups of proteins is 
mainly responsible. The properties of the biomolecules are altered by complex formation with the 
heavy metals. The normal substrate arrangement is disrupted, resulting in toxic reactions<667, 

673,911>. Furthermore, they can oust Mg2+, Ca2+, Zn2+ and other elements from their protein 
complexes<270,383a>. Almost all organ systems can be affected by this<286>. 
Heavy metals are elements and, unlike organic molecules, cannot be broken down in the 
body<383a>. Every treatment to combat intoxication must, therefore, target the excretion of heavy 
metals from the body<278,286,744> or reduce their toxicity by forming biologically inactive 
compounds<278>.  
If a metal is present in the body tissue in toxic quantities, then its elimination can be supported and 
accelerated by the administration of a suitable chelating agent<63,911>. The total body burden and 
the burden of individual tissue are thus reduced and the survival rate in acute poisoning increased. 
Heavy metal intoxication can therefore be treated with causal therapy. “Timely consideration of 
mercury intoxication, for instance, can aid diagnosis through targeted investigation of symptoms 
and relatively straightforward assays in the urine and blood. Effective treatment with chelating 
agents can be administered, as required“<697>.  
If the increase in the excretion of heavy metals in the urine is measured before and after 
mobilisation with the antidotes, the  values also provide diagnostic information on the heavy 
metal burden<483,1270,1273,1292,1385>. 

Most of the chelating agents currently used were developed in the 1960s<911>. Since then, they 
have formed the basis for the treatment of metallic poisoning<341,343,675>. DMPS was first syn-
thesised in 1951 in the former USSR<1269> and has been used clinically (parenteral administration) 
since the late 1950s<30,68,178, 418,770a,1269>. DMPS 
(i.m.) has been used in China since 1963<1532>. 
DMPS is also a well-known active substance 
for which decades of experience have already 
been collected. 
In the early 1970s, HEYL started to carry out its 
own research to make the chelating agent 
DMPS [(RS)-2,3-bis(sulfanyl)propane-1-sulfonic 
acid, formerly known as (R,S)-2,3-dimercapto-
propane-1-sulfonic acid] available for the treat-
ment of heavy metal poisoning. A patented syn-
thesis  process was initially developed for this 
purpose in order to produce sufficient quantities of an adequately pure active substance . 
In addition, tests were carried out in conjunction with various institutes in Germany, the USA and 
Switzerland to determine the toxicology, metabolism and pharmacokinetic profile of the antidote. The 
efficacy of DMPS in acute and chronic heavy metal poisoning was investigated and compared with 
that of other chelating agents in laboratory animal experiments. The safety and therapeutic efficacy 
of DMPS therapy was also demonstrated in clinical trials in humans. Meanwhile, DMPS has become 
the drug of choice in various forms of heavy metal poisoning. 
HEYL was the first company to introduce DMPS for oral administration. Nowadays, the active sub-
stance is marketed in capsules under the name of Dimaval® (DMPS) 100 mg Hartkapseln and as a 
solution for injection under the name of Dimaval®. The parenteral form can be administered via the 
intravenous and intramuscular routes. 
In the western world, DMPS is marketed only as Dimaval®. No marketing authorisation application 
has ever been submitted to the FDA, Health Canada or the EMEA. Consequently, Dimaval® is not 
normally available in the USA or Canada<52>. It can be administered in emergency situations only 
under exceptional circumstances and with the consent of the authorities.  This approach is increa-
singly being adopted. 
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Dimaval® und Dimaval® 100 mg Hartkapseln contain the sodium salt of (RS)-2,3-bis(sulfanyl) 
propane-1-sulfonic acid, monohydrate – formerly known as (R,S)-2,3-dimercaptopropane-1-sulfon-
ic acid (DMPS) – as the active substance. DMPS is an antidote belonging to the group of vicinal 
dithiols<87,675>. It has a high affinity for many heavy metals due to the two adjacent SH 
groups<663a,675> and forms stable, mostly water-soluble complexes (chelates)<87> with these. As the 
chelating agents are excreted more effectively than the respective metal, the excretion of heavy 
metals mainly found in the extracellular space is promoted. Elimination is chiefly in the urine, via 
the kidneys<87,667>. Measurement of heavy metal levels in the urine confirms treatment efficacy. 
The biological half-life of the heavy metals in the body is reduced. The SH groups in proteins are 
protected from blockage by the poisons or existing blockade is abolished<28,494,663a,1453>. The en-
zymes retain or recover their ability to function<166>. 
DMPS is thus an antidote according to 
the definition issued by the WHO and 
the international Poison Control Cen-
tres: “An antidote is a therapeutic sub-
stance, which is used in order to coun-
teract the toxic effects of certain xeno-
biotics"<647a,706>. Antidotes reduce the 
bioavailability of toxins or increase the ex-
cretion of unchanged toxins or attack their 
metabolism<141>. 

The pincer-like action of DMPS is 
characteristic for chelating agents. 
Chelate is derived from the Greek 
word for lobster χηλη (chele = pincer, 
claw, clamps, scissors, etc.)<706,911>. 
Chelating agents grip the heavy 
metal ions like the claws of a lobster 
and form cyclical complexes<58,706>. 
Two functional groups are a pre-re-
quisite for this – the vicinal SH 
groups in DMPS -, which allow a ring 
structure to be formed with the 
metal<341>. 

DMPS does not reach all depots in the body. The mobilisation and excretion of the heavy 
metals present in the extracellular space produces a shift in the steady state between the 
various compartments of the body in which the heavy metals are stored. Planas-Bohne et al. 
demonstrated this in erythrocytes, for instance<1157>. This exerts a “magnetic effect“ on the 
metals that are in the depots, which are not directly accessible to DMPS. If the metals are not 
bound too firmly in these depots, then the body attempts to restore equilibrium between the 
depots. The heavy metals will then 
partly migrate into compartments 
where they can be accessed by 
DMPS<63,87,88,243,304,666,1040,1163,1184, 

1205,1206>.  ”Therefore, the Hg2+ 
urine and blood levels remain in 
constant equilibrium with the mer-
cury body burden. A recent study 
showed that removal of mercury 
from the blood by chelation with 
DMPS resulted in about a 25% 
drop which lasted only 30 minutes 
before equilibrium brought the 
blood mercury level back to its 
prechelation state. This could only 
happen if the mercury body bur-

Aims of “Antidote administration: 
• Acceleration of excretion 
• Acceleration of metabolism 
• Binding of a poison (active charcoal, non-specific antidote) 
• Transformation into less toxic substances 
• Ousting of the poison from the site of action (antagonism, 
   competitive inhibition) 
• Abolishing of the effect (effect-antagonism)“<270> 



 

www.heyl-berlin.de                    - 17 - 

den was high enough to rapidly replace 
by equilibrium balance the mercury 
taken from the blood by chelation. This 
also strongly implies that mercury body 
burden is in great excess of the blood 
mercury levels measured”<554a>. This 
redistribution, however, requires a 
certain amount of time, which must be 
taken into account when establishing 
the intervals beween administration of 
the chelating agent<1184>. 
DMPS does not react selectively with 
the toxic heavy metals, but mobilises 
both toxic and essential metals<436,672, 

675,706>. Essential metals such as zinc 
and copper can also cause poisoning. 

They have a toxic effect when they exceed a value that the cell buffer system can still 
process<1362>. 
The extent of the mobilisation, however, varies considerably. It depends on the complex-
forming constants, the concentration of the competitive metals and on the  concentration of 
competing ligands<436>. 

The “hard-soft acid-base-theory“ is useful when selecting the appropriate antidote. Soft metals 
(Hg, Au, Pt, Ag, Cd ...) are “sulfur seekers“ and form stable complexes with sulfur-containing 
chelating agents. Hard metals (Fe, Al, Gd), however, are “oxygen seekers“. The “borderline-
metals“ (Pb, Cu, Zn, Tc, Ni ...) can be complexed with chelating agents containing N, O or S. It 
therefore follows that chelating agents with vicinal SH groups such as DMPS can prove effective in 
the treatment of poisoning with soft and various “borderline metals”<2,911>. 
Various factors are crucial for the therapeutic efficacy of a chelating agent<8,121,243,286,420,666,667,721, 

911,1173,1206>. A good chelating agent must 
1. be readily available in a form suitable for administration and should be as easy as possible to 

administer. It should, where possible, be available for both oral and parenteral 
administration;  

2. be readily soluble in water and thus sufficiently soluble in a physiological medium;  
3. reach the heavy metals in the body, e.g. intracellular spaces<1624>. Its distribution in the 

bodily compartments must correspond to that of the toxic metals (lipophilia/hydrophilia). 
Intracellular metal depots are mainly involved in  “older“ poisoning; 

4. be as tolerable as possible. Neither the chelating agent nor the resulting complexes must be 
toxic and they should trigger as few side effects as possible; 

5. should be only slightly toxic in order to facilitate administration of high dose levels. As 
complex formation is a balanced reaction, a dose as high as possible is required over a 
sufficient period of time in order to bind as much of the toxic metal as possible (possibly 
repeated dosing); 

6. display no foetotoxic or teratogenic properties; 
7. be suitable for the long-term treatment of chronic poisoning; 
8. be able to loosen metals from their binding to biological molecules, i.e. must bind the metal 

ions more strongly than the biological compartments. To this end, a suitable number and 
type of functional groups are required in the chelating agent; 

9. must form non toxic complexes with the toxic metals; 
10. promote the excretion of metals from the body. The resulting complexes should be excreted 

as quickly as possible via the kidneys or the bile; 
11. should prevent the redistribution of heavy metals in the body, e.g. it must not lead to any 

accumulation in the brain; 
12. reduce the absorption of the heavy metal from the gastrointestinal tract; 
13. display optimal selectivity and affinity for toxic metals. The binding of the chelating agent with 

the toxic heavy metals must be stronger than the binding with essential minerals, trace 
elements and H+-ions. This applies in particular for calcium, which is present in larger 

Antidotes 
Chelating agents Adsorbents 

• DMPS, DMSA, BAL 
• EDTA, DTPA 
• DPA 
• Desferioxamine 
• Trientine 

• Active charcoal 
• Berlin Blue 
• Colestyramine 
 

o Oral or parenteral administration o Oral administration 
o Absorption in the gastrointestinal 

tract 
o No absorption 

o Increased excretion in the urine 
and/or bile 

o Prevention of absorption 
and increased excretion in 
the faeces 
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quantities in the plasma<673>, as well as for zinc, iron and copper (high therapeutic index). 
This reduces the risk of side effects and boosts efficacy as the unnecessary use of DMPS, 
e.g. by Zn, is precluded; 

14. be as stable as possible and display inert, metabolic properties. The chelating agent must 
not be inactivated by metabolic degradation or reactions; 

15. form stable complexes at a physiological pH and in the acid pH of the urine. 

 

In addition to thermodynamic factors (complex-forming constants), kinetic factors also play a role 
in the selection of a suitable antidote: 
• Rate at which the antidote concentration is lowered in the plasma. 
• Clearance of the metal or complex from the plasma. 
• Rate of reaction of the chelating agent to heavy metals bound to biological molecules. 
• The ability of the chelating agent to track the heavy metal in its key depots within the body<669>. 

Due to the asymmetrical carbon [C2], DMPS can be present in two different optic isomers (R or S) 
and as a racemate (R,S)<69,87>. No significant differences in terms of absorption, toxicity or efficacy 
are observed between the various isomers in laboratory animal experiments<617,706>. Costly 
separation of the racemate can therefore be omitted in the production of the active substance. The 
following comments refer to the racemate. 

Conclusion: 
DMPS satisfies most of the requirements of an effective chelating agent: 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
√ √ ±1) √ √ √ √ √ √ √ √ ? 2) √ -3) √ 

1) DMPS has a mainly extracellular effect, but also partially migrates into the cells. 
2) Parenteral DMPS can be administered in order to prevent any increase in the absorption of 

poison from the gastrointestinal tract following intoxication with oral heavy metals. 
3) DMPS is oxidized into disulfides relatively quickly. These can be partially reduced in the 

body and also have an antidote effect. 
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3 Chemistry 
(RS)-2,3-bis(sulfanyl)propane-1-sulfonic acid sodium salt – formerly known as (R,S)-2,3-dimer-
captopropane-1-sulfonic acid (DMPS), is a chelating agent that belongs to the vicinal dithiol 
group<675>. It is available as a water-soluble chelating agent with two sulfhydryl groups and one 
sulfonate group for oral or parenteral administration with a mainly extracellular action<1427>. Redox 
and complex-forming reactions constitute its main potential for reaction<1084>. It has a high affinity 
for many heavy metals with an affinity for sulphur, due to the two adjacent SH groups, and forms 
stable complexes with these<87,675,824,877). The hydrogens of the two sulfhydryl groups are replaced 
by the metal with an affinity for sulphur through the formation of a stable ring structure<1473>. The 
two sulfhydryl groups also trigger reductive properties<824,1473>. The polar sulfonic acid group 
primarily influences physico-chemical behaviour and is responsible for the water solubility of 
DMPS<494,670,735,960,1062> and thus for some of its pharmacokinetic properties (e.g. low lipid 
solubility<69>) . 

 
3.1 Physico-chemical parameters 
Various physico-chemical parameters of DMPS or its complexes indicate whether and to what 
extent the antidote is effective in the treatment of heavy metal poisoning. 

 

3.1.1 Octanol-water distribution coefficient 
The octanol-water system is a model system for an initial, comparative 
assessment of the distribution of active substances between aqueous and 
lipophilic compartments in the body. 

Water and octanol are non-miscible and form a two-
phase system. The octanol-water distribution coeffi-
cient, KOW, describes the ratio of the concentration of a 
substance in octanol to its concentration in water after 

adjusting the steady-state. It is used to measure the water- or lipid-solubility 
of the compound. A KOW < 1  means that the larger quantity is in the aqueous 
phase and is thus hydrophilic. A KOW > 1 means that the highest con-
centration is in the octanol. The substance is, therefore, lipophilic. The higher 
the octanol/water distribution coefficient, the more lipophilic the substance, 
the lower the distribution coefficient, the more hydrophilic the substance. 
Another solvent that is non-miscible with water is occasionally used instead of octanol, namely 
chloroform.  
 

 

 

 
Molecular formula: C3H7NaO3S3 [CAS No.: 4076-02-2] 
Molecular weight: 210.27 
DMPS usually contains 1 crystal water<1138> 
C3H7NaO3S3 x H2O [MW 228.28, CAS No.: 207233-91-8] 

EINECS No.:  223-796-3 
Merck Index:  3197 
ASK number: 165 42 
SL number: 043 751 
ABDATA No. : 959 102 
 
 
 
 
 
SI conversion: 
mg/L x 0.053 = mmol/l<663a> 
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3.1.2 Acid constants 
The acid constant (or pka value) indicates the strength of an acid. 
The lower the pka value, the stronger the acid, or the more acidic 
the compound. The pKa value corresponds to the pH of a solution 
at which equal concentrations of HA and A− are present. Sulfuric 
acid and acetic acid, for instance, have pKa values of –3 and 4.75, 
respectively. 
The pKa value of DMPS or its complexes shows whether the 

substances are dissociated at a physiological pH, and are thus present in the form of ions. This is, 
amongst other things, significant for the passage from the blood into the brain via the blood-brain 
barrier, which protects the brain against harmful substances. The passage of ionic substances is 
not usually feasible. 
  

3.1.3 Complex-forming constants (stability constants) 
A complex is a compound in 
which a central atom (a 
Cu2+ ion in the example) is 
surrounded by one or more 
ligands (by 4 ammonia 
molecules in the example). 
The ligands (derived from 
the Latin term ligare = to 
bind) surround the central 
atom. The word complex is 
derived from the Latin term complexus = surrounds, to hold tightly. 
Complex formation is a balanced reaction. The more stable a complex is, the further the shift in  
equilibrium towards the complex and the less free, non-complexed metal remains. The complex 
formation constant, K, is calculated according to the law of mass action from the concentrations of 
substances involved in the balanced reaction. It is a yardstick for measuring the stability of the 
complex. The higher the K value, the more stable the complex. This is, therefore, also referred to 
as the stability constant. As the K values of stable complexes are very high, their decadic 
logarithms pk are used to give a clearer overview. Most figures are expressed to two decimal 
places. 
A distinction is made between monodentate and polydentate ligands. Monodentate ligands such 
as ammonia form only one bond with the central atom. Polydentate ligands have several functional 
groups that bind to the central atom. DMPS is a bidentate ligand because of its two SH groups. 
If a complex-forming agent has several ligands from which to choose, it will opt for those for which 
it has a greater complex-forming constant. Ligands with a high pK value oust ligands with a low pK 
value from their complexes. For the therapeutic efficacy of antidotes, this means: only when a 
chelating agent has a higher pK value with the metal than the biological molecule, is it capable of 
mobilising the heavy metal from its binding to this molecule. 
 

3.2 Structure 
Due to the asymmetrical carbon, DMPS can be present in 
two different optic isomers (R or S) and as a racemate 
(R,S)<69,87,295>. No significant differences in terms of 
absorption, toxicity or efficacy are observed between the 
various isomers in laboratory animal experiments<69,617>. 
Various conformers separated by an energy barrier of 11 
kJ/mol are formed by rotation around the C2-C3 binding. 
The binding can, therefore, be rotated freely at room temperature. The energetically most stable, 

HA  + H2O H3O+ + A-

Ka = 
H3O+ A-

HA
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spatial structure of the neutral DMPS molecule is deduced by quantum mechanics. The distance 
between the two thiol groups was determined in the neutral molecule at 3.43 Å<1480>. 
 
3.3 Synthesis 

DMPS was first synthesised in 1951<659,670,1138,1269>. It is more 
difficult to synthesise than BAL<673> or DMSA<1238>. The HEYL 
Company developed its own manufacturing process. The 
advantages of this method are the increased yield, the purity of 
the product and the possibility of carrying out the synthesis as 
a “One-Pot Procedure“<1118-1120>. 
Bromine Br2 required for the bromination of allyl sulfonic acid 
can also be produced electrochemically in situ from bromide. A 
high current density or higher temperatures will produce poorer 
yields. Whereas the 2,3-dibrompropane-1-sulfonic acid yield 
amounted to 93 % at a temperature of 28-30° C, it fell to 65% 
at a temperature of 50 °C<1101>. The bromine-SH exchange 
can also be carried out with KSH instead of NaSH in aqueous 
solution<251,781>. 

Purification of DMPS takes place by precipitation as lead 
salt<251,1101,1118-1120>. DMPS is released from the precipitate by 
H2S. It is subsequently recrystallised from 90 % alcohol<602, 

1118-1120,1138>, acetone or ethyl acetate<1528>. Insoluble PbCl2 is 
precipitated on decomposition of the dried lead salt in 
EtOH/HCl. The DMPS solution in ethanol can still be purified 

with active charcoal<975>. DMPS containing 98.7 to 100 % can be obtained by decomposing the 
lead salt in acidic alcohol solution with subsequent precipitation of DMPS<756>.  

Separation of the 
racemate from 
DMPS can be 
carried out with the 
aid of L-(+) arginine 
or brucine<617>. 

 
3.4 Properties 

DMPS is a white to almost white crystalline pow-
der<69,260,285,295,735,1270> with a weak, characteristic 
odour. The monohydrate is not hygroscopic<141>, an-
hydrous Na-DMPS absorbs 1 mol of water on contact 
with the air. As the sodium salt of a sulfonic acid, 
DMPS is freely soluble in water<141,260,295,602,734,735,  

1270>, sparingly soluble in methanol<611>, even less 
soluble in ethanol<611,942> and insoluble in non-polar 

solvents such as ether<611>. Solubility in water is 350 mg/mL and in DMSO 926 mg/mL<1023>. 100 g 
of a saturated DMSO solution contain 45.8 g DMPS<1023>.  
23 g of the free dimercaptopropane sulfonic acid dissolve at 25°C in 1 L of unbuffered water and 
lower the pH to 1.25<997>. With a rising pH the solubility of the acid In water at 25°C increases to: 
pH 1: 17 g/L, pH 2: 72 g/L, pH 3: 614 g/L<997>. 
The melting point is 235 ºC<602,1138>. The octanol/water distribution coefficient is 0.083<552,1210>, and 
in phosphate buffer (pH 7.4), 0.0018<1210>. The polar compounds DMPS and DMSA are mainly 
present in the aqueous phase. Contrastingly, BAL is markedly less polar with a Kow > 1. In contrast 
to DMPS, it can, therefore, penetrate the blood-brain barrier. 

  (+)-DMPS-(+)-Arginine  (+)-DMPS 
 
(±) - DMPS 
         + 
L-(+)-Arginine 

 

 

[α]20 = + 7.5 º  mp 172 ºC  
                 +  
(-)-DMPS-(+)-Arginine  

 1. Pb(OAc)2
2. H2 S

3. recrystallisation
    from ethanol  

[α]20 = + 2.5 º  
        +  
(-)-DMPS 

  [α]20 = 0 º        mp 200 ºC  [α]20 = - 2.5 º 

 DMPS BAL DMSA 
Octanol/water 0.083 5.084 0.047 
Octanol/phosphate 
buffer (pH 7.4) 0.0018 4.975 0.0017 

    

Octanol-water/buffer coefficient of various 
dimercapto antidotes<1210> 

fractionated 
crystallisation    
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Two intensive peaks can be detected at 
153 (-SH2) and 155 m/z in the mass 
spectrum, in addition to the molecular peak 
at 187 m/z<500>. In the UV spectrum, DMPS 
absorbs at 240 nm<1480>. 
In the IR spectrum<997,1084,1409>, the 
stretching vibration of the sulfonic acid 
group dominates at 3454 cm-1. The SH 
groups can be seen at 1,636 cm-1 
(stretching vibration) and 1190 cm-1- (angle 
bending).  
DMPS can be detected by wet chemistry, 
thin-layer chromatography<1395> and HPLC. 
DMPS and DMPS disulfide can be 
separated by paper chromatography<109>. 
The purity of DMPS can be tested by 
HPLC. Concomitant spectrophotometric and electrochemical detection gives an indication of the 
nature of the impurities (oxidation products, “homodisulfides“)<229,230>. 

Several methods for determining the DMPS content are described in the literature: 
• Iodometric titration of the SH groups<960,1249> 
• HPLC in comparison with a standard 
• Photometrically at 412 nm after transformation with Ellmann’s reagent<145,247, 1516>. The limit for 

this process is 0.3 µg/mL<247> 
• Titration with N-bromsuccinimide<526> 
• Reaction with 4,4’-dithiopyridine<893> 
• Titrimetrically with CuSO4. Titration with lead- or mercury nitrate is not reproducible due to 

problems with end point recognition<1249> 
• Colometrically after the formation of coloured complexes, e.g. with iron<1249>. 

In HPLC investigations of biological samples, DMPS is often labelled with bromobiman because a 
fluorescent compound<892,894> is produced. In this way, a detection limit in the urine of 10 pmol per 
20 µL (= 0.1 mg/L) can be achieved<58>. 

 
3.5 Oxidation 
DMPS is stable in the crystalline form<30,734>. It retains its antidote action after heating for 2 hours 
at 140ºC<69,870>. Efficacy is maintained even after irradiation of a solution with X rays<297>. In the 
frozen state, a “solution“ can be kept for 7 days<71>. DMPS is relatively stable in pure water. Only 
the presence of electrolytes accelerates oxidation<642>.  
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In solution, DMPS is, like all dithiols, sensitive to 
oxidation<1480>. This applies especially in the alkaline 
range at pH > 7<71,240,1480>. Whereas at a pH of 7 at 
20°C, the concentration of the SH groups halved 
within 3 days, the UV absorption of DMPS halved in 
2 hours on contact with air at a pH of 12<351,1480>. 
The reaction takes place more rapidly in the 
presence of metallic catalysts<960> (e.g. iron<69,1395>) 
or at higher temperatures<960>. 

Virtually all of the DMPS was oxidised after 30 
minutes in a Krebs Ringer electrolyte solution 
(pH 7.4, 37°C) with continuous influx of 95% 
O2/5% CO2. The reaction half-life was 4.3 minu-
tes<744>. In a physiological perfusion solution (pH 
7.4, 25 °C), the number of free SH groups 
(detected with  Ellman’s reagent) fell by 20% in 
5 hours and by 92.8% in 21 hours<1597>. No free 
SH groups could be detected after the passage 
of oxygen at 37°C for 24 hours. The mass 
spectra showed that > 90% of the substance 
presented as cyclic dimer and the rest as higher 
molecular cyclic oligomers<643>.  

This gives rise on oxidation to disulfides either 
from two DMPS molecules or through reaction 
with other thiol compounds. As was demon-
strated by HPLC and mass spectroscopy, the 
disulfides are predominantly present in the form 
of various cyclic compounds<892> (see 5.3 
Metabolism). Addition of H2O2 to an aqueous 
solution of DMPS produces, under catalysis with 
FeCl3, a mixture of various, charged DMPS 
oligomers, which can be reconverted to DMPS 

by reduction<959>. The same applies to oxidation with oxygen catalysed with FeSO4 (pH = 9.0, 
40°C). The end of oxidation can be recognised by the disappearance of the red colour of the iron-
DMPS chromophore. No free SH groups can be detected with Ellmann’s reagent<873,1092,1395>. Free 
DMPS is re-formed by reduction with dithiothreitol DTT<1092,1395>. Oxidation can also be carried out 

y = -0.0141x + 3.2374
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Time-based decrease in the extinction of a DMPS  
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A. Temperature dependence of the stability of an 
aqueous DMPS solution at pH 7.0 

B. pH-dependence of the stability of an aqueous 
DMPS solution at 35°C (1 mmol/L, phosphate 
buffered saline solution,  % of the initial SH 
groups)<960> 

C. pH-dependence of the stability of an aqueous 
DMPS solution (0.1 mmol/L, 24ºC) (% of the initial 
SH groups)<71> 
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electrochemically. Disulfides are thus initially formed, which subsequently react to form tetra-
sulfides. Sulfoxylates and sulfates were also detected<1092>. Mercaptane groups can also be 
oxidized electrochemically to sulfonic acid groups<1373>. 
DMPS can be converted quantitatively into DMPS tetrasulfide by oxidation with iodine. The SH 
groups are then no longer detectable. The reaction is reversible by subsequent reduction with 
DTT, sodium borohydride NaBH4 or electrochemically. 99.3 % of the SH groups were again 
detectable experimentally<893>. 
Under physiological 
conditions (37°C, pH 
7.4), DMPS reduces 
cystine or reacts with 
cysteine to form 
mixed disulfides<1326>. 
It can crosslink pro-
teins in vitro due to its vicinal SH groups<1050a>.  Glutathione disulfide will be cleaved to form gluta-
thione in phosphate buffer<58>. DMPS reduces methylene blue particularly in an alkaline solution. 
The reaction is catalysed by selenite<462>. DMPS quickly and completely reduces dehydroascorbin-
ic acid to vitamin C and is thus oxidised to disulfide<785>.  
The oxidation rate of DMPS with NaNO2 varies with the earth’s gravitational field<1460>. It should 
depend on the earth’s gravitational pull, as demonstrated in numerous studies<505>.  
DMSA is less sensitive to oxidation than DMPS<731>. The following sequence of anti-oxidative 
effects was observed in the anti-oxidation test with DPPH (2,2-diphenyl)-1-picrylhydrazyl): Vitamin 
C > DMPS > DMSA > DPA<238>. At 20°C, the reaction of DPPH with vitamin E and with DMPS was 
completed after 2 and 34-35 minutes, respectively. At 37°C, the reaction with DMPS still lasted 8 
minutes and at 50°C, 5.4 minutes. The reaction with the more reactive Fremy salt (potassium 
nitrosodisulfonate) was completed after 2 minutes<1168>. 
Depending on the concentration, DMPS extinguishes luminol chemiluminescence triggered by 
oxygen radicals<158>. 

 

3.6 Acid base reaction 
DMPS has three azide 
protons. DMPS is pre-
sent in a non-dissociated 
form as a neutral mole-
cule in a strongly acidic 
solution (pH < 1)<1488>. 
The protons are cleaved 
successively with increa-
sing pH until a three-fold, 
negatively charged anion 
is finally produced<351,1077, 

1488>. In an aqueous solution, the sulfonic acid group is complete and the sulfhydryl group partially 
dissociated<1095>. Both sulfhydryl groups are dissociated from a pH of 12 onwards<1586>. 
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Once dissolved, DMPS is highly sensitive to oxidation.  If possible, the solution must not, there-
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tely<1238>. Opened ampoules should not be stored and must be discarded. Thanks to a special 
manufacturing process, closed ampoules are stable for three years . 
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The charges of DMPS and DMSA are inve-
stigated by means of electrophoresis. Both 
antidotes present as an anion at pH 7. DMSA 
had a higher negative charge than DMPS 
because of the two carboxyl groups<1576>. 
The proton release from the sulfonic acid 
group in water is exothermic (ΔH= - 0.56 
kJ/mol), dissociation of 
the two sulfhydryl 
groups is endother-
mic<1077,1487>. A com-
plex of methyl mercury 
and DMPS releases the 
third proton more ra-
pidly (pKa3 = 7.6)<84, 

1360>. The reason for this is the formation of the stable complex ring structure. 

 
3.7 Complex formation 

DMPS forms stable complexes<58,260,673,690, 

1586> with many heavy metals in an exo-
thermic reaction<690>. As a soft Lewis 
base, it prefers soft Lewis acids <8,667> or 
metals that form insoluble sulfides<682,1480>. 
Most complexes are water-soluble, only 

the lead complex is precipitated<1118-1120>. These are mostly chelates, i.e. complexes in which the 
heavy metals are bound in a ring structure<58,494,993> and which are characterised by relatively high 
binding constants<666>. The complexes are so stable that complexes of various metals can be se-
parated chromatographically<1076,1328>. The stability of the ring structure is one reason why dithiols 
can loosen mercury more effectively from its binding to biomolecules than monothiols<1198>. Apart 
from Cd2+, the DMPS metal complexes are more stable than those of BAL<69>. 
Various balanced reactions play a role in complex 
formation. These determine, amongst other things, the 
pH dependence of the chelate formation<689>. At an 
acid pH, 1:1 complexes are formed, at a pH > 6, 1:2 
complexes<1328>. 

The pK stability constants vary for the metals tested: 
the best binding is observed with mercury, while the 
binding to zinc is markedly weaker<365,1055,1058,1360>. A 
similar order is found for the solubility products of the 
binary sulfides of the metals<437,960>. The higher the pKL 
value, the less soluble is the sulfide. This indicates that 
the formation of metal-sulfur binding is a decisive step for the stability of the complex. 

 DMPS DMSA 
2 free SH groups -1.23 - 1.71 
1 SH group esterified with propionic acid -1.10 -1.67 
Both SH groups esterified with propionic acid -1.04 -1.48 
   

Electrical charging of DMPS and DMSA 
(pH 7,  20 °C)<1576> 

Refe-
rence 

84 1305 47 103, 
1488 

1487 1056 1529 1077 664 1475 1147 

pKa1     1.1 1.3  1.1  1.1  
pKa2 8.7 8.8 8.93 8.5 9.4 9.1 8.5 9.15  8.6 9.15 
pKa3 11.4 11.2 11.94 11.6 12.1 12.6  12.74 12.5 11.6 12.8 
            

pKa values of individual dissociation stages of DMPS 

Conclusion: 
DMPS is present as an anion in both plasma (pH 7.3-7.5) and urine (pH ≈ 4.8). On the one hand 
this means better solubility in both media and, on the other hand, less risk of side effects as 
DMPS is mainly found extracellularly in the plasma. 
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This order is also apparent in tests for free SH groups using Ellman’s 
reagent in solutions of DMPS and metal salts. Whereas free SH 
groups were no longer detectable with Hg2+, 20 - 30 % of SH groups 
were still present at Cd2+ and 70 - 80 % at Pb2+ <1049>. 
DMPS can be attached to cationic polymers (e.g. polyethylene amine) 
via the sulfonic acid group. The resulting compound can be used to 
purify waste water. Hg2+, Cu2+, Co2+, Ni2+, Fe2+ and Fe3+ can thus be 
removed<1095>. The heavy metals with the highest stability constants 
bind best of all and are thus removed from the waste water. 

 
 

 
3.7.1 Ag - Silver 
DMPS forms 1:1 and 2:1<1055,1077> com-
plexes in an exothermic reaction with 
silver.  The binding takes place via the 
SH groups and does not affect the sulfonic acid group<1515>. The absorption maximum for the 1:1 
complex is at 335 nm, the instability constant is 1.6 × 10-26<1371>. 

 
3.7.2 As - Arsenic 
DMPS forms stable complexes with various organic and inorganic arsenic compounds<155,354,976, 

977,1063>, predominantly with 1:1 stoichiometry<1063>, as shown mass spectroscopically, for instance, 
for monomethyl arsenite(III) [MMA(III)]<500>. According to investigations with 1H- and 13C-NMR, 
arsenic reacts with vicinal sulfhydryl groups to form a five-membered ring system<1062,1063> (2-arsa-
1,3-dithiolane<956,960>), which is also confirmed by semi-empirical calculations of the chemical 
structure<155>. The As-S binding length is 2.15 Å<155>, which corresponds approximately to the sum 
of the covalent radii of sulfur (1.04 Å) and arsenic (1.21 Å)<1379>, and thus indicates single covalent 
binding between these elements<960>. 

Metal ion 
 

pK1 
Me : 1 DMPS 

pK2 
Me : 2 DMPS 

Ag+ 26.38 35.12 
Cd2+ 18.26 26.82 
Co2+ 16.34 24.95 
Cr3+ 5.7**) 13.7**) 
Cu2+ 17.76 28.45 
Fe2+ 6.02*) 11.4*) 
Hg2+ 27.05 36.52 
CH3-Hg+ 21.0*) 31.3*) 
In3+ 20.02 30.59 
Mn2+ 4.62 7.51 
Ni2+ 18.37 29.94 
Pb2+ 17.42 25.05 
Sn2+ 14.80 22.98 
Tl3+ 21.51 32.21 
Zn2+ 17.18 26.93    
Stability constants of various metal-
DMPS complexes (1:1 and 1:2)<1077>, 

*)690,1115, **)1096 

Ag+ As3+ Cd2+ Cu+ Cu2+ Fe2+ Fe3+ Hg2+ Hg+ Pb2+ Zn2+ 
50 25.3 27.9 50 40.2 21.6 27 51.2 53 28.6 21.7 

           

pKL values of solubility products for binary sulfides in aqueous 
solution<437,960> 

Heavy metal Reduction 
(%) 

Hg2+ 95.3 
Cu2+ 92.7 
Co2+ 90.0 
Ni2+ 88.5 
Fe3+ 81.4 
Fe2+ 73.5 

  
Reduction in the heavy metal 
content of waste water by 
treating with polyethylene 
amine-DMPS compound<1095> 

[Ag1(DMPS)1]2- ΔrHo = -55.2 kJ/Mol log K = 25.38 
[Ag1(DMPS)2]5- ΔrHo = -92.1 kJ/Mol log K = 35.12<1055,1077> 
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Contrastingly, only one SH group of DMPS binds with 
dimethylarsenic(III) [DMA(III)]. Me2AsDMPS therefore displays 
less stability and is more sensitive to oxidation. MeAsDMPS and 
Me2AsDMPS  

display various absorption peaks in the X-ray spectrum (XANES) 
both in solution and as a solid substance<1358,1359>.  
The complexes are soluble and form colourless solutions<960>. 
They are extremely stable and decompose only in strongly alka-
line media (0.1 to 0.5 m NaOH)<500>. DMPS is capable of partly 
ousting monothiols bound to arsenic<976,977>. Glutathione-bound 
AS(III) is also mobilised by DMPS with the formation of a 5-atom 
ring structure<458>. Bound dyestuff derivatives containing As are 
also remobilised from their structures by the addition of DMPS<15>. 
DMPS is suitable for masking arsenic on titration of alkaline earth 
metals or lanthane<950>. In chloroform/pyridine, nitrophenylarsenic 
acid chloride reacts with DMPS within 3 hours to form a corres-
ponding dithioarsinanyl compound, which can be recrystallised 
from n-hexane<213>. 
DMPS and BAL have similar binding constants to lewisite and 
phenyldichloroarsine, while that of  DMSA is only about 10% of that<667,1062>. 

While arsenic(III) in aqueous solution is not bound to cholestyramine (a basic exchange resin for 
anions), it binds in the presence of DMPS to more than 50% to this substance. The reason for this 
is the formation of a stable, negatively charged arsenic-DMPS complex<1209>.  

The negatively charged 
DMPS-As complex reacts 
with basic dyestuffs F+ (e.g. 
rhodamine G) with the for-
mation of neutral ion asso-
ciates, which are soluble in 
organic solvents<976,977>.  

This reaction permits the photometric determination of impurities by arsenic, e.g. in phosphoric 
acid. 
As(III) and As(V) can be determined in succession by chromatographic concentration of the As(III)-
DMPS complex. As(V) is not retained. The limits of detection in drinking water are 0.11 µg/L for  
As(III) and 0.15 µg/L for As(V). In the air, As(III) can be detected up to a limit of 2.8 ng/m³<616>. 

The excellent binding 
between DMPS and ar-
senic can also be used to 
purify SH-containing en-
zymes. For this purpose, 
the protein solution is 
chromatographied on 
resins on which suitable 
arsenic compounds have 
been immobilised. The 
enzymes bound to the 
arsenic can again be re-
leased after washing out 
the impurities with DMPS 
<658,1222,1439,1566,1626>. Mo-
nothiols cannot do this<658>. Active proteins can be purified in this way<1439>. 
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3.7.3 Au - Gold 
DMPS forms highly stable, water-soluble complexes with Au3+ ions<351,1308a,1586>

 (pK = 35.12;  

ΔrHo = -62.5 kJ/mol<1077>, pK = 45.4<1371>). The instability constant is 3.8 × 10-8<1371>. 

 NMR investigations show that, on addition of DMPS, gold is 
removed from sodium aurothiomalate (basic drug for chronic 
polyarthritis) and mercaptosuccinic acid is released<700>. A 
water-soluble gold-DMPS complex is thus formed<765>. 
Titration measurements show that, at a pH of 3.4, DMPS 
yields two protons per complexed Au3+ ion and forms an 
Au3+:DMPS 1:1 complex. The stability constant is pH-
dependent. At a pH of 3.6, it is 37.2<351> or 30.8<1480,1586>. 

Au+ forms a 1:1 complex with DMPS. The stability constant is 45.5<520,1642>. 
From a slightly acidic solution, DMPS adsorbs to gold surfaces and, within five minutes, forms 
intact DMPS monolayers<1480,1586>, whereby every DMPS is bound to the surface by two S-Au 
bonds<1586>. At an alkaline pH, DMPS promotes the release of gold ions from the metallic 
surface<1480>. The soluble DMPS-Au complex (predominantly 1:1) can be used to apply gold 
decorations to ceramic<1308a>. 
 

3.7.4 B - Boron 
DMPS forms 1:1 complexes with boric acid<47>.  
 

3.7.5 Bi - Bismuth 
DMPS forms a yellow complex with Bi(NO3)3 and thus increases the water solubility of Bi. DMPS 
is, therefore, suitable for masking bismuth on titration of alkaline earth metals or lanthane<950>. As 
a hydrophilic compound, the complex is insoluble in butanol<340>. The halogenides of bismuth form 
innerspheric complexes with DMPS [BiXn · (DMPS)z] (X = Br, Cl or I)<1169>.  
The stability of the Bi-DMPS complex [Bi · (H2O)n · (DMPS)z] in perchloric acid is dependent on the 
acid concentration. In 0.5 mol HC1O4 , the binding constant is 2.41, and in 1 m HClO4 1.65<1462>. 

 
3.7.6 Ca - Calcium 
DMPS does not react with calcium ions and therefore does not interrupt their titrimetric determina-
tion<950, 1497,1498>. The solution remains colourless<960>. The addition of DMPS prevents disruptions 
to the determination of calcium by other metals<1122>, such as Cd, Hg, Pb, Sn or Zn<1497>. 

 
3.7.7 Cd - Cadmium 
Complex formation between Cd2+ and DMPS was 
detected polarographically<1049>. Depending on the 
stoichiometry and pH of the solution, DMPS and 
cadmium form colourless<960>, mostly polynuclear, charged complexes<1624>  in an exothermic reac-
tion<1077>. The distribution of polynuclear complexes depends on the concentration and pH<103>. 
The stability constants were determined by pH and conductance measurements<103,365>.  

 

 

 

 
Sodium aurothiomalate 

[Cd1(DMPS)1]- ΔrHo = -43.5 kJ/Mol<1077>

[Cd1(DMPS)2]4- ΔrHo = -80.0 kJ/Mol<1077>

COO  NaNa  OOC

S-Au
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CH2
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The stability of the Cd-DMPS complex is 
pH-dependent and increases with a rising 
pH in the alkaline range<103>. At a con-
stant Cd-DMPS ratio (1:10), the fraction 
of the non-complexed heavy metal falls 
with increasing pH<1204>. Thus, no cad-
mium hydroxide is precipitated in alkaline 
solution  

in the presence of DMPS<103>. 20-30 % of 
the free SH groups can still be detected in 
a Cd-DMPS solution using Ellman’s rea-
gent<1049>. 

DMPS is suitable for masking Cd on titration of alkaline 
earth metals<950,1497> or lanthane<950>. 

The Cd:DMPS 
complex is hydro-
philic. The di-
stribution coeffi-
cient between 
chloroform and 
water is very 

small, but in spite of this, the complex diffuses rela-
tively well through artificial lipid membranes<1378>. The 
distribution coefficient for octanol/water for the 1:1 
complex is 7.34 x 10-5 and for the 2:1 complex 4.8 x 10-5<1152>. 
 
 
3.7.8 Co - Cobalt 
DMPS forms 1:1, 1:2 or 2:3 com-
plexes with cobalt(II) in aqueous 
solution<1079>. The instability con-
stant is 2.8 × 10-12 (-> pk = 
11.6)<1089>. 

 
3.7.9 Cr - Chromium (dichromate) 
Spectroscopic investigations showed that Cr(III) forms 1:1  
and 1:2 complexes with DMPS<1096>. In the Cr(V) complex 

CrO(H2O) · DMPS 
· 2H2O, DMPS is 
bound by the thiolate sulfur and an oxygen from the 
sulfonic acid group to the heavy metal<100>. 
In aqueous solution, DMPS swiftly reduces dichromate at 
physiological pH to Cr(III)<284,1414,1415>. With an increasing 
DMPS concentration, the quantity of dichromate that can 
still be detected in the solution after 5 minutes reaction 
time falls<1414,1415>. This is a first-order reaction in relation 
to DMPS as well as dichromate<285>. In this way, three 
DMPS molecules react with one dichromate, which 
indicates that only one sulfhydryl group per DMPS is 
involved in the reaction. Presumably, a chromium thioester 
is formed as an intermediate<284>.  

 

Reference 1305 664 103 365 1077 1378 1117 
[Cd1(DMPS)1]- 16.7 17.3 18.0 18.0 18.26 18.6 18.0 
[Cd1(DMPS)2]4- 26.9 28.2 28.3 25.7 26.82   
[Cd2(DMPS)1]+  28.2      
[Cd2(DMPS)2]2  37.7      
[Cd3(DMPS)3]3-   59.9     
[Cd3(DMPS)4]6-   71.9     
[Cd5(DMPS)6]8-   114.3     
[Cd7(DMPS)8]10   156.7             
Stability constants of various DMPS-Cd complexes 
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pH-dependence of DMPS-bound Cd (% of the 
total quantity of Cd; Cd:DMPS ratio = 1:10)<1204> 

[Co1(DMPS)1]- ΔrHo =   -95.0 kJ/Mol log K = 16.34<1077> 
[Co1(DMPS)1]-  log K = 16.67<1115> 
[Co1(DMPS)2]4- ΔrHo = -161.8 kJ/Mol log K = 24.95<1077> 
[Co1(DMPS)2]4-  log K = 24.80<1115> 
[Co2(DMPS)3]5-  log K = 22.19<1115> 
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Dependency of the dichromate still present 
on the DMPS concentration (reaction time: 5 
min., T = 35°ºC, C0(dichromate) = 10 
µM<1414,1415> 

K      = 
Water

Chloroform

C
C  = 2 x 10-3  

 KOW =  
Water

Octanol

C
C   = 7,34 x 10-5 

[Cr1(DMPS-H)1]+   log K = 5.7<1096> 

[Cr1(DMPS-H)2]-   log K = 13.7<1096> 
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3.7.10 Cu - Copper 

DMPS forms stable, water-soluble, 
blue<960> complexes with Cu(II)<398> 
and Cu(I)<1057>. The Cu:DMPS:H20 
ratio can be 1:1:1 or 1:2:2<1082>. 
Complex formation occurs exother-
mically. In the process, both SH 
groups bind to the heavy me-
tal<388>. Cu2+ readily oxidises DMPS to disulfide in aqueous solution and is thus reduced to Cu+ 
itself<675,833,1085>. DMPS-Cu complexes are stable in an ammonia medium<1350>. On titration of the 
blue copper ammonia complex with DMPS, the colour changes at the equivalence point from dark 

blue to greenish yellow[Cu(II)  Cu(I)]. With oxygen, 
Cu(II) is reformed and the colour turns blue again. At the 
same time, the DMPS is oxidised to disulfide<1085>. 

Complex formation can be used for the amperometric titration of the DMPS with a Cu(II) 
solution<1131>. When added to the solution, DMPS improves electroplating with copper<833>. The 
oxidation of butylmercaptane, which is catalysed by CuSO4, occurs much faster in the presence of 
DMPS<108>. 

 
3.7.11 Fe - Iron 

Regardless of the pH of the solution<12>, DMPS reacts 
with iron (II) in an exothermic reaction<1077> with forma-
tion of a reddish<249,959,960,1092,1350> 1:1 (ΔrHo = -74.9 
kJ/mol r 2:1 complex (ΔrHo = -143.4 kJ/mol<689,1077>). The 
complex is water-soluble<960> and the solution is stable 
under anaerobic conditions<224>. The complex follows the 
Lambert-Beer law in a concentration range of 0.05 to 100 
µg/L and a pH range of 8 - 13<1091>. The octanol/water 
distribution coefficient for the 1:2 complex is 7.3 x 10-5 
and for the 1:4 complex 4.8 x 10-5<1152>. Both are also hy-
drophilic. The absorption maxima are at 508 nm<224, 

249,1142> and 358 nm<224>. The instability constant is  
3.5 × 10-8<1089>. Iron(III) is initially reduced by DMPS and subsequently complexed<1093>. 
In aqueous solution, Fe(DMPS)2 readily stores nitric oxide NO in an exothermic reaction. The exis-
ting complex is characterised by an IR -band at 1702 cm-1. At high NO concentrations, two nitric 
oxide molecules are stored per complex, as shown by additional IR bands at 1560 and 1830 cm-1. 
The two molecules are not identically bound. Sulfur dioxide does not interfere with the reaction. In 
contrast, oxygen triggers  
the oxidation of Fe2+ to 
Fe3+ and thus reduces the 
binding capacity<249,1142>. 
The complex is thus suita-
ble for removing NO from 
flue gases<249,1142,1621>. The 
complex can be re-relea-
sed by subsequent electro-
chemical reduction. The 
nitric oxides are reduced in the process to ammonia<249,1142>. NO adsorption is pH-dependent. The 
optimal pH is 7<1333>. A NO group can also be converted to [Fe(DMPS)2]4- by various S-nitrosothiol 
compounds. The equilibrium constant for this reaction is 2.1 x 107 L/mol at 55°C <1142,1333>. 
DMPS adsorbs to pyrrhotite (Fe1-xS) and consequently makes its surface more hydrophilic, which 
can be used in the processing of the mineral<1409,1410>. 

 

Reference 1057 1085,1090 1077 1117 
[Cu1(DMPS)1]2 log K = 17.8 log K = 19.8 log K= 17.76 log K= 17.8 
[Cu1(DMPS)2]5- log K = 28.5  log K = 28.45  
[Cu2(DMPS)3]7  log K = 37.0        
Stability constants for copper(I) 

[Cu1(DMPS)1]2- ΔrHo = -47.1 kJ/Mol 
[Cu1(DMPS)2] 5- ΔrHo = -87.8 kJ/Mol<1057,1077> 

KOW = 
Water

Octanol

C
C

 = 7,3 x 10
-5   

[Fe1(DMPS)1]- ΔrHo = -74.91 kJ/Mol<1077> 
[Fe1(DMPS)2]4- ΔrHo = -143.4 kJ/Mol<1077> 

[Fe2+
1(DMPS)1] pK =   6.02<1115> 

 pK =   7.46<1089> 
[Fe2+

1(DMPS)2] pK = 11.42<1115> 
[Fe2+

2(DMPS)3] pK = 10.35<1115> 
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3.7.12 Ge - Germanium 
DMPS forms 1:1 or 2:1 chelates with germanium acids<47>. 

 
 
3.7.13 Hg - Mercury 
In aqueous solution DMPS forms 
stable, thanks to the negatively char-
ged sulfonate groups<682>, water so-
luble<682,960>, colourless<960> com-
plexes of Hg2+ ions<58,1248,1498> and 
methyl mercury CH3-Hg<85,1360>. This 
could be detected polarographically 
amongst other things<1049>. Optimal 
reaction is achieved at a pH of 6.0 – 
6.5<1529>.  
The Hg-S bond is visible at 298 cm-1 

in the Raman spectrum<58>. For me-
thyl mercury, the Hg-S bond is found 
in the IR spectrum at 330 cm-1. 
Conversely, SH vibration can no 
longer be detected, which shows 
that both SH groups of DMPS have reacted<85>. Similarly, with Ellman’s reagent, free SH groups 
can no longer be detected in the Hg-DMPS complex<1049>.  
The oxygen consumption of a DMPS solution in phosphate buffer falls drastically in the presence 
of HgCl2<731> as oxidation to disulfides can obviously no longer take place. Investigations by means 
of X-ray absorption spectroscopy and model calculations show that various DMPS and Hg 
structures are energetically stable. The Hg-S bond length is approximately 2.3 Å<469>, which 
corresponds to the sum of the covalent radii of S 
(1.04 Å) and Hg (1.21 Å)<1046>. 
The octanol/water distribution coefficient for the 
1:1 complex is 1.5 x 10-4<1152> and 1.04 x 10-3  (pH 
5.2)<1158>, and for the 1:2 complex 1.96 x 10-4 

<1152>. For methyl mercury, the distribution coeffici-
ent is 5.6 x 10-3<85,236>.

   With an excess of  DMPS, 
4.3 x 10-3<85>. In the presence of cysteine, the 
complex formed is hydrophobic (distribution coefficient 1 x 10-2) and in the presence of glutathione 
slightly hydrophilic (distribution coefficient 5 x 10-3-)<236>. 

Calcium, magnesium, sodium and chloride do not interfere 
with complex formation unlike iron and manganese<1529>. 
DMPS is, therefore, suitable for masking mercury on titration 
of alkaline earth metals or lanthane<950,1497,1498>. Complex 
formation can also be used to remove mercury from industrial 
waste water<141,1095> or as an enriching agent on determining 
traces of heavy metals in drinking water or in the air<1529>. 
Chen et al. thus developed a technique with which they could 
determine approximately 60 ng of inorganic or 70 ng methyl 
mercury in one gram of hair<252>. DMPS allows monovalent 
and bivalent Hg to be determined in succession through 

amperometric titration<1372>. Excess DMPS (ratio 2:1) accelerates the cleavage of Hg from organic 
Hg compounds<504>. 

Complex formation occurs exothermically<503,1056>. 
Complex stability is shown amongst other things by the 
fact that the reduction ability of Hg2+ to Hg±0 is impeded 
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Structures of potential DMPS-Hg complexes<469> 

KOW = 
Water

Octanol

C
C

 = 1.04 x 10-3  (pH=5.2) 

KOW = 
Water

Octanol

C
C

 = 2.4 x 10
-3 (pH=6.2-7.2)<1158> 

 
 

Solubility 
(mg/mL) 

Octanol/water 
distribution 

BAL 0.02 104 
DPA 22.2 5.8 x 10-2 
DMSA 3.2 0.48 x 10-2 
DMPS >1000 0.56 x 10-2 
   

Solubility  in water  and octanol/water 
distribution  coefficient of CH3-Hg com-
plexes of various chelates<85,236> 

[Hg1(DMPS)1]- ΔrHo =   -51.4 kJ/Mol  

[Hg1(DMPS)2]4- ΔrHo = -100.0 kJ/Mol<1056,<1077> 
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by the complex formation. The Hg ions in the complex are still stable while free ions are already 
reduced to Hg±0<503>. The addition of DMPS to a Hg2+ solution triggers a change in the 
polarographic spectra; the redox potential of the heavy metal is shifted<1049>. EDTA does not affect 
the polarogram<1094> and binds more weakly to Hg than DMPS. In contrast to EDTA, the addition of 
DMPS also prevents the enzymatic reduction of Hg2+ to Hg±0<291>. On titration of a HgCl2 solution 
with sodium hydroxide, there is no poorly soluble precipitate in the presence of DMPS<240>. The 
DMPS-Hg-H2O complex can be isolated<58>. DMPS does not affect the AAS determination of 
Hg<355>. 

If one slowly titrates a Hg 
solution with DMPS, then 
first of all turbidity or a 
precipitate [Hg3(DMPS)2] 
forms, which then goes 
back into solution on furt-
her addition of DMPS<1473>. 
In contrast to the 1:1 and 

1:2 complex, the Hg2(DMPS)3] complex is also insoluble<1248>. In the case of polarographic reduc-
tion of DMPS, a poorly soluble bond to a Hg electrode is initially formed, which then goes back into 
solution with excess DMPS<1094>.  
Data on the stability constants given in the literature vary considerably:  

Reference 1473 1056 134 240 141 1077 84 1248 1267 1147 1117 291 
[Hg1(DMPS)1]- 26.3 27.1 41.8 42.2  27.05       
[Hg1(DMPS)2]4- 36.0 36.5  53.1 40.0 36.52  53.1  39.7   
[Hg1(DMPS-H)2]2-   11.3          
[CH3Hg(DMPS)1]2-       21.0  9.1  21.0  
[CH3Hg(DMPS)2]5-       31.3      
[CH3Hg(DMPS-H)1]-       17.2      
Hg-(cysteine)2            40.3 

 
3.7.14 In - Indium 

DMPS forms 1:1, 1:2 or 1:3 
complexes with indium(III) in 
aqueous solution. 

 
 
3.7.15 La - Lanthanum 
DMPS does not react with lanthane<950>. 

 
3.7.16 Mg - Magnesium 
DMPS does not react with magnesium ions and therefore does not disrupt their titrimetric 
determination<950, 1498>. The solution remains colourless<960>. 

 

3.7.17 Mn - Manganese 
At an alkaline pH, DMPS forms greenish-brown, readily soluble 
[Mn:DMPS] and [Mn:2 DMPS] complexes. At pH < 6, the reaction 
does not take place as Mn cannot oust any H+ ions from DMPS. 
The complex is destroyed within 30 minutes to 1 hour in the 

presence of oxygen in the air<1115>. The octanol/water distribution coefficient for the 1:1 complex is 
7.3 x10-5 and for the 2:1 complex 4.8 x10-5<1152>. The spectrophotometrically and potentiometrically 

[In1(DMPS)1] ΔrHo =   -40.4 kJ/Mol log K = 20.02 
[In1(DMPS)2]3- ΔrHo = -76.5 kJ/Mol log K = 30.59 
[In1(DMPS)2]5- ΔrHo = -117.0 kJ/Mol log K = 38.20<1077> 
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determined stability constants for the Mn:DMPS complex are 4.62, for the [2 DMPS:1 Mn] complex 
7.51. The stability constants increase in the  order Mn < Fe < Co < Ni<1115>, which shows that 
DMPS is not an appropriate chelating agent for manganese. DMPS is not capable of ousting 
manganese from its binding to EDTA, such that Zn, Cd, Hg, Pb, Sn, As, Sb or Bi can be titrated 
with unithiol in the presence of Mn<950>. 

 
3.7.18 Mo - Molybdenum 
In hydrochloric acid solution (optimum pH at 0.5), DMPS reacts with pentavalent and hexavalent 
molybdenum compounds to form yellow-coloured complexes (λmax = 345 nm)<1053>. In this process, 
every Mo atom is bound with two DMPS molecules via the two sulfhydryl-sulfur groups<1099>. The 
reaction takes place more rapidly at higher temperatures<1053>. 
 

3.7.19 Ni - Nickel 
DMPS forms complexes with nickel salts. The com-
position and properties of complexes depend on the 
stoichiometric metal to ligand ratio and the pH of the 
solution<1151>. The formation of the Ni2(DMPS)3 com-
plex takes place exothermically (ΔrHo = - 142.9 

kJ/Mol)<689>. The instability constant is 2.7 × 10-10 (-> pk = 9.6)<1089>. DMPS is not capable of 
ousting nickel from its binding to EDTA, such that Zn, Cd, Hg, Pb, Sn, As, Sb or Bi can be titrated 
with DMPS in the presence of Ni<950>. 
In Ethanol, DMPS binds to nickel-diphosphine or Ni-phosphine arsinic complexes with the 
formation of “mixed ligand“ products<653>. 

 

3.7.20 Os - Osmium 
The formation of complexes of Os(VI) and DMPS has been detected in aqueous solutions<1476>. 

 

3.7.21 Pd - Palladium 
 DMPS forms stable complexes with palladium. It reacts exo-
thermically with Pd2+ to form a 1:1-[Pd1(DMPS)1]1- (ΔrHo = - 97.4 
kJ/mol) or 2:1 complex [Pd1(DMPS)2]4- with two five-membered 
rings (ΔrHo = - 136,3 kJ/Mol)<689,1077> . Binding is carried out via 
both SH groups. The sulfonic acid group is unaffected<1515>. The 

absorption maximum for the 1:2 complex is at 324 nm, the instability constant is 7.9 × 10-22 (  pK 
= 21.1)<1371>.  
In Ethanol, DMPS binds to palladium-diphosphine or Pd-phosphine arsinic complexes 
with the formation of “mixed ligand“ products<653>. 

 
3.7.22 Pb - Lead 

Lead salts form stable, yellowish<959,960> 
complexes<1058,1084> with DMPS in aqueous 
solution in an exothermic reaction<1058,1077, 

1084>. The complexes are insoluble in wa-
ter<960,1146> (lemon yellow suspension)<960> 

with a decomposition point of 202 °C<1138>. 
Precipitation as lead salt can, therefore, be used for purification purposes during the preparation of  

Reference 1077 1058 
[Pb1(DMPS)1]- ΔrHo = -39.5 kJ/Mol ΔrHo = -38.7 kJ/Mol 
[Pb1(DMPS)2]4- ΔrHo = -77.3 kJ/Mol ΔrHo = -76.1 kJ/Mol    

Reaction enthalpies on the formation of Pb-DMPS complexes 

[Ni2+
1(DMPS)1] log K = 18.37<1115>

[Ni2+
1(DMPS)2] log K = 29.94<1115>

[Ni2+
2(DMPS)3] log K = 35.97<1115>
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DMPS<975>. These give rise to 
1:1 or 2:1 complexes<1077> (e.g. 
Pb(NO3)2·2 DMPS·2 H2O<1084>), 
with a five-membered ring 
structure<1146>.  

The addition of DMPS to a Pb2+ solution triggers a change in the polarographic spectra; the redox 
potential of the heavy metal is shifted<1049>. The absence of SH vibrations in the IR spectrum (ν’ = 
2.555 cm-1) confirms the binding between the heavy metal and the sulfur of DMPS<1084>. Further-
more, tests carried out with Ellman’s reagent show that only 20-30 % of the SH groups react<1049>. 
Even at a neutral pH, Pb-DMPS reacts with 
CS2 with the formation of trithiocarbonates 
whereas, with other metals, this reaction is 
evident only at a pH > 11.5<960>. The DMPS-
Pb complex is obviously more reactive than 
the complexes with other heavy metals. 
Complexing of lead with DMPS allows the 
titrimetric determination of alkaline earth metals in the presence of lead<950,1497,1498>. 

 

3.7.23 Po - Polonium 
Polonium forms stable complexes with DMPS<1137,1442>. 

 

3.7.24 Pt - Platinum 
DMPS is firmly adsorbed to 
platinum electrodes in acid 
solution<898>, with greater ad-
sorption in the alkaline than in 
the acid medium<1593>.  From 
the ethanol solution, DMPS is 
deposited on the metallic pla-
tinum catalyst surface and 
changes the catalytic proper-
ties on hydration of ethylenes 
or acetylenes<1367>. 
In aqueous solutions, stable 
complexes with Pt(II) in the 
ratio 1:1, 1:2 or 2:1<691, 715)  form in an exothermic reaction depending on the composition of the 
solution (DMPS to platinum ratio). The Pt(II) compounds react more rapidly than the Pt(IV) 
compounds as Pt(IV) is initially reduced to Pt(II)<1087>. The hydrogen ions released by the complex 
formation reduce the pH of the solution. The dissociation constant at 25°C is pK = 9.6<715>, the 
instability constant for the 1:1 complex is approximately 10-4<1088> and the equilibrium constant for 
the Pt:(DMPS)2 complex 7.63 x 107<1080>. The pK value falls to 4.4 in 1 M KOH but increases to 
10.1 in 1 M HClO4 (25°C)<715>. Mixed complexes are formed with cis-platinum<1623>. IR 
investigations confirm formation of Pt-S binding<1623>.  
In Ethanol, DMPS binds to platinum(II)-diphosphine or Pd-phosphine arsinic complexes with the 
formation of “mixed ligand“ products<653>. 

Amine ligands are not ousted from their platinum complexes by DMPS. Pt(II) complexes can be 
oxidised to Pt(IV) complexes with H202) without the complexes being cleaved<1623>.  
 

Reference 1058 1077 1146 1117 
Pb2+ +    DMPS3-   Pb:DMPS]- 17.4 17.42 16.38 17.4 
Pb2+ + 2 DMPS3-  Pb:(DMPS)2]4- 25.0 25.05 22.21       
Stability constants (pK)  for Pb-DMPS complexes 
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3.7.25 Re - Rhenium 
If one adds DMPS to an aqueous solution of calcium perrhenate, then the chelating agent reduces 
the Re(VII) to Re(V) and forms a yellow complex with this. This is stable for a long time as a solid. 
It is soluble in water and insoluble in many organic solvents. The absence of SH oscillations at 
2545 cm-1 and the recently observed Re-S oscillation at 250 - 270 cm-1 in the IR spectrum confirm 
that DMPS is bound to the heavy metal via its sulfur group. The sulfonic acid group is not involved 
in the reaction<1097>. The stability constant  is pK = 4.3<1086>. 
 

3.7.26 Rh - Rhodium 
Rhodium forms 1:1, 1:2 or 1:3 complexes with DMPS<714>. In the rhodium-DMPS complexes, 
DMPS is bound to the heavy metal via the two mercapto groups<1081>. 
 

3.7.27 Ru - Ruthenium 
DMPS forms a negatively charged, water-soluble complex with a slightly 
yellowish colour with radioruthenium<39> and ruthenium(II)<824>. The com-
plex cannot be separated chromatographically from non-complexed 
ruthenium<39>. 
 

3.7.28 Sb - Antimony 
Antimony forms complexes with DMPS. It can, therefore, be concealed with DMPS on titration of 
alkaline earth metals or lanthane<950>. 
 

3.7.29 Sn - Tin 
Zinc forms 1:1 [Zn1(DMPS)1] and 1:2 
[Zn1(DMPS)2]4 complexes with DMPS<1077). 
DMPS is, therefore, suitable for masking tin 
on titration of alkaline earth metals or lanthane<950, 1497>. 

 
3.7.30 Sr - Strontium 
The addition of DMPS prevents disruptions to the complexometric titration via Cd, Hg, Pb, Sn or 
Zn<1497>. 

 

3.7.31 Tc - Technetium (99mTc) 
99mTechnetium forms stable complexes with DMPS<302>. If one 
adds DMPS to a solution of pertechnetate NH4TcO4, then the 
Tc(VII) is reduced to Tc(V), which forms a yellow complex with 
DMPS. The hydrophilic Tc-DMPS (1:2) complex has an 
absorption peak at 400 nm<1484,1485>. In the reaction of [99mTcO4]- with SnCl2/Sn and DMPS, various 
complexes are formed<302> depending on the trial design (mol ratios, pH). 

 

[Sn1(DMPS)1] - ΔrHo = -35.5 kJ/Mol log K = 18.80 
[Sn1(DMPS)2]4- ΔrHo = -67.5 kJ/Mol log K = 22.98<1077> 

log 
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3.7.32 Tl - Thallium 
In aqueous solution, 
DMPS forms 1:1, 1:2 and 
1:3 Tl(III)-DMPS com-
plexes<1078> with Tl3+ in an 
exothermic reaction. The stability constant for the Tl-DMPS 
complex was determined at 1.43 x 1017<961,962> or 3.2 x 1021<1077>. 

 
3.7.33 W - Tungsten 
The formation of DMPS-tungsten(VI) compounds was demonstrated by thermodynamic invest-
tigations in aqueous sodium tungstate (Na2WO4)-DMPS solutions. Depending on the ratio of the 
mixture of substances, 1:1 (NaWO4·DMPS·2 H2O) or 1:2 complexes (Na2WO4·2 DMPS·3 H2O) are 
formed. The absence of SH oscillations at 2545 cm-1 and newly developed W-S oscillations at 305-
306 cm-1 in the IR spectrum of the complexes demonstrate that the DMPS is bound through its 
sulfur groups to the heavy metal. The sulfonic acid group is not involved in complex formation. In 
addition, water-soluble, yellowish brown tungstate(V) DMPS complexes are formed 
[(Na4W2O3·4DMPS·2H2O)·3H2O]<1083,1098>. 
 

3.7.34 Zn - Zinc 
DMPS forms water soluble, colourless<950> complexes with 
Zn2+ ions in solution<305,1506>. Different and variously proto-
nated polynuclear compounds<664> are formed depending on 
stoichiometry and pH. Zinc forms 1:1 [Zn1(DMPS)1] and 1:2 [Zn1(DMPS)2]4 complexes with 
DMPS<1145).  
Complex formation between Zn2+ and DMPS could be detected polarographically<1049>. The 
stability constants were determined by pH and conductance measurements. 

The octanol/water distribution coeffi-
cient for the 1:1 complex is 7.3x10-5 
and for the 2:1 complex 4.8x10-5<1152>. 

Zinc can be determined titrimetrically 
using a DMPS solution. The reaction 
is, however, interrupted by a wide 
range of metals such as Co, Cd, Hg, 
Mn, Pb, Ni, Cu, Ca, Mg, Cr and Ag. 
Alkaline metals and small quantities of iron (< 5 mg/L) have no impact1496>. On the other hand, 
complexing of zinc with DMPS allows the titrimetric determination of alkaline earth metals or 
lanthane in the presence of zinc<950,1497,1498>. 
 

 
 

Complex pK 
Tl3+ - 1 DMPS 21.51 
Tl3+ - 2 DMPS 32.21 
Tl3+ - 3 DMPS 39.53   

Stability constants of  Tl3+ / DMPS 
complexes at 298 K<1077,1078> 

[Tl1(DMPS)1] ΔrHo = -45.6 kJ/Mol 
[Tl1(DMPS)2]3- ΔrHo = -89.8 kJ/Mol 
[Tl1(DMPS)3]6- ΔrHo = -126.4 kJ/Mol<1077> 

[Zn1(DMPS)1]- ΔrHo = -39.7 kJ/Mol 
[Zn1(DMPS)2]4- ΔrHo = -76.6 kJ/Mol<1077> 

Reference 365 1145 1077 1117 664 
[Zn1(DMPS)1]- 14.7 14.9 17.18 14.7  
[Zn1(DMPS)2]4- 24.9 25.0  26.93 27.6 
[Zn1(DMPS)3]7- 27.0     
[Zn2(DMPS)2]2-     33.6       

pK stability constants of various zinc-DMPS complexes 

Conclusion: 
DMPS forms stable complex with various heavy metal ions. Its binding constant with mercury is 
very high. The affinity to the essential trace element, zinc, is significantly lower. DMPS does not 
react with the minerals calcium and magnesium. DMPS is thus a suitable chelating agent, 
especially for poisoning due to mercury and even other heavy metals. No impact on minerals is 
anticipated. 



 

www.heyl-berlin.de                    - 37 - 

3.8 Condensation and other reactions 
A high yield of 1,3-dithiolan-2-thioxo-4-methane sulfonate (DMPS-trithiocarbonate DMPS-TTC), is 
produced with CS2. This appears to be poorly soluble in water and non-toxic in cell investiga-
tions<654>. Yellowish DMPS-TTC<877,959,960> is formed from a suspension of DMPS-lead salt in 
neutral solution through the addition of CS2. Contrastingly, an alkaline pH is required for this 
reaction with As, Cd, Hg and Zn complexes<960>.  
Linear or cyclic copolymers from alternating polyethylene oxide and polyethylene sulfide units are 
formed from DMPS through multiple addition of appropriate polyalkaline 
ethers<1459>. 

With cystamine, a mixed disulfide is formed from DMPS and cysteamine 
in acid solution<510>. SH groups could no longer be detected after the 
reaction of DMPS with the pesticide ethylthioethyl sulfonate<253>. 
DMPS reacts with ketones<1613>, e.g. under anaerobic conditions with 
phenanthraquinone, a component of diesel dust particles. The DMPS 
SH groups disappear in this process. Unfortunately, the authors do not 
comment on the potential clinical consequences of this reaction<808>. 
The SH groups are alkalised with iodoacetamide<1512>. Aziridines react 
with both the SH groups and the sulfonic acid groups<1513>. 

O O

9,10-
Phenanthraquinone<808> 

Conclusion: 
With its vicinal SH groups, DMPS belongs to the reactive compounds that can react with 
various substances. DMPS must not, therefore, be mixed with other solutions for injection, 
othewise DMPS may react with the active substances in these solutions, thus rendering both 
medicinal products ineffective. 
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4. Toxicology 
The potential toxic effects of chelating agents such as DMPS comprise three components: 
• Direct toxic effect of the chelating agent and/or its metabolites; 
• Effect of the chelating agent on essential trace elements; 
• Effect of the metal complexes (e.g. enrichment in critical organs such as the brain or central 

nervous system)<180>. 

Hydrophilic complex-forming agents such as DMPS are generally less toxic than lipophilic substan-
ces<1156> since they are present in only very small quantities in the CNS<1102>. They can, therefore, 
usually be administered for longer periods at higher dose levels<1156>. 
 
4.1 Investigations in bacteria or cell cultures 
The potential toxic properties of DMPS were investigated in numerous experiments in cell cultures, 
on various cell components and in bacteria. 
• In in-vitro experiments, DMPS did not trigger haemolysis of human erythrocytes in the concen-

tration range tested (up to 100 µM)<517>. The addition of 12 µmol/mL (= 2.5 g/L) to a suspen-
sion of human or rat erythrocytes did not trigger haemolysis<1157>. 

• The δ-ALAD activity in human blood remained unchanged in vitro following the addition of 
DMPS<1260>. 

• In vitro investigations with isolated δ-aminolaevulinic acid-dehydratase (δ-ALAD) revealed  
DMPS- and DMSA-mediated, concentration-dependent inhibition of enzyme activity. The 
DMPS or DMSA and Hg2+ or Cd 2+ complexes possessed a greater inhibitory potential than the 
respective individual substances. The addition of Zn2+ did not alter the inhibitory potential of 
DMPS. Pb2+ was devoid of effect on inhibition. The presence of DTT on the other hand, 
prevented the inhibitory effect of DMPS, which indicates that the chelating agent SH groups 
play a role in the reaction<1049>. 

• DMPS did not act as the substrate of the methylcobamide enzyme: M methyltransferase coen-
zyme<832>. 

• The addition of DMPS to culture solutions of various lung cells (rat epithelial cells and human 
fibroblasts and small cell carcinomas) was devoid of effect on their protein synthesis<1526>.  

• DMPS did not show any effect on DNA synthesis of in vitro cultures of various cancer cells up 
to 8 µg/mL. At 30 µg/mL, the DNA synthesis of the cells (measured by means of incorporation 
of 3H-thymidine) was only 10 - 40 %, depending on the cell line<683>.  

• 0.75 mM DMPS had no cytotoxic effect on HepG2 cells<1065>. 
• Pre-treatment of various cell cultures of human lung cells (epithelial cells, fibroblasts) with 

DMPS reduced the intracellular available zinc. This led to a reduction in the TNF-α-induced 
formation of eotaxin – a cytokine. The effect was not apparent on concomitant addition of 
zinc<1230>. 

• The inhibitory concentration (IC50) of DMPS for the zinc-containing endothelial converting 
enzyme in experiments with endothelial cells was 44 µM<93>, which reduced the incidence of 
endothelin ET-1-induced “sudden death“ in mice<94>.  

• In various other cell lines the IC50 was over 10-4 mol/L (≅ 22.8 mg/L)<414>. Thus no cytotoxic 
effects were detected with HeLa-, CHO- or L-A-cells<414,416,900,1203,1415>, renal cells (up to 60 
µmol)<1447> or hepatocytes (up to 60 µmol)<1447,1450> up to this concentration. CHO cells 
displayed no signs of toxicity in a 20 mM DMPS solution<1203>. With human epithelial cells, no 
effect on cell growth was observed up to a concentration of 10-3 mol/L<116>. Inhibition of cell 
proliferation was detected only at higher concentrations (> 0.1 mM)  in CHO-, HeLa- and 
fibroblast cells<415>. An IC50 > 1 mmol/L<412> was detected in Chinese hamster peritoneal cells. 

• The IC50 for inhibition of ß-lactamase from Pseudomonas aeruginosa was 11 µM. The 
negatively charged sulfonic acid group was also involved in the reaction with the enzyme<1346>. 

• DMPS did not induce any breaks in the DNA strand of NB4 cells of a human leukemic cell line 
up to a concentration of 12 x 10-3 mol/L<876>. No DNA degradation, micronuclei, sub-G1 cells or 



 

- 40 -  www.heyl-berlin.de 

depleted colony formation were observed<650>. No elevated H2O2 concentration was detected 
intracellularly<650>. 

• DMPS was devoid of effect on glutamate binding in synaptic membranes isolated from rat 
brains<1105,1362>. 

• DMPS had no effect on glutamate binding in blood platelets<195a,196>. 
•  DMPS had a three-fold less effect on the viability of MDCK cells 

than BAL [EC50 = 0.3 mmol (BAL), = 10 mmol (DMPS)]<844>. 
• In contrast to BAL, DMPS had only a slight inhibitory effect on the 

peptide deformylase enzyme (EC3.5.1.31)<1201>. 
• A disulfide group is essential for the functionability of neuronal 

nicotine receptors in the chicken brain. DMPS does not affect the storage of nicotine<1144>. 
• Pre-treatment with DMPS increased the affinity of VLA-4, a protein belonging to the group of 

adhesion receptors in U937 cells<264>. 
• In cell cultures, DMPS reduced the proliferation of stimulated human T cells<656> and two 

leukemic cell lines<655>. 
• The addition of DMPS reduced the thermal inactivation of the caspase-3 enzyme<1071>. 

 
4.1.1 Binding of nitrogen monoxide NO 
Various studies assume that the addition of DMPS to cell cultures binds the NO thus pro-
duced<1297>. The NO concentration in Nitrosomonas cell suspensions is reduced by adding 
DMPS<15>. There is no reference to the mechanism of this reaction. The formation of an iron-
DMPS complex to which the NO thus produced can attach would be conceivable (see chapter 
3.7.8). However, no study has described any red staining of the solution (colour of the DMPS-Fe 
complex). 

 
4.2 Toxicity (LD50 and LD100) 
4.2.1 Acute toxicity 

The investigations on 
acute toxicity (LD50 or 
LD100) were carried out in 
various animals by single 
administration of DMPS. 
The sensitivity of the va-
rious species to DMPS 
decreased in the follow-
ing order: Cat > dog > 
guinea pig > rabbit > rat 
> mouse<69,734,735>. The 
two optical isomers or ra-
cemate did not show any 
significant difference in 
the LD50

<69,617>. 
On i.m. administration of 
DMPS, no deaths occur-
red in rabbits up to 
1,141.4 mg/kg BW<409, 

635>. All animals survived i.v. administration of 380 mg/kg BW. At 543 mg/kg BW i.v., one of the 
three animals died, and at 760 mg, all three animals died<499>. 33.6 mg/kg BW was tolerated 
asymptomatically<635>. 
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LD50 values of DMPS in various animal species and various types of application 
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Following i.v. administration of 700 mg/kg 
BW DMPS, all three rabbits died within 3 
hours<409,635>. Two out of 3 animals survived 
administration of 500 mg/kg BW and all 
three survived 250 mg/kg BW<635>. 
All mice survived the single i.p. injection of 
400 µmol DMPS/kg<206> and 1,300 mg/kg 
<1136>. All mice survived oral administration 
of 1 mmol DMPS/kg<70>. In rabbits, repeated 
dosing with 75 µmol/kg did not trigger any 
symptoms<68>. 
Vomiting was observed in two dogs 3 mi-
nutes after i.v. administration of 150 mg/kg, 
and a bowel movement after 10 minutes. 
For 30 minutes, the animals were unable to 
stand upright. The effect was reversible and 
the symptoms completely disappeared with-
in 2 hours<1420>. Other authors report similar 
reactions following administration of 50 
mg/kg<ref. in 1420>. Higher doses were also 
tolerated with a slower rate of injection<ref. in 

1420>. 
These LD values apply to healthy animals. 
Animals already weakened by heavy metal 
poisoning reacted more sensitively<681,772>. 
While all mice survived a DMPS dose of 
1,352 mg/kg BW, 40 % of the control ani-
mals with cadmium poisoning died following 
administration of the same dose<681>.  
After administration of lethal doses, the ani-
mals were initially very irritable for a few mi-
nutes before they turned apathetic. They 
died relatively quickly within one day of ad-
ministration. Apathy, seizures, diarrhoea, re-
spiratory arrest and slowing of the heart rate 
were observed. Finally, cardiac arrest deve-
loped. Surviving animals recovered relati-
vely quickly from the symptoms of intoxica-
tion<69,635,706,735,1160>. Death occurred within 3 
hours<1136>; no further animals died after 12 
hours<1160>. 

 DMSA is toxic only at higher dose levels 
compared to DMPS<52,663a>. However, as the 

therapeutically administered doses are considerably 
lower than the LD50,  the higher DMSA LD50 had no 
therapeutic consequences<52>. 
                                       

 

Species Application 
Dose 

(mg/kg 
BW) 

Year Ref. 

Mouse subcutaneous 2,400 1958 735 
Rat subcutaneous 2,000 1960 942 
Rat subcutaneous 1,500 1958 734,735 
Guinea pig subcutaneous 800 1958 734,735 
Rabbit subcutaneous 1,000 1980 492 
Rabbit subcutaneous 1,000 1958 734,735 
Cat subcutaneous 500 1958 734,735 
Dog subcutaneous 500 1959 734      

Acute LD100 values of DMPS 
     

Species Application Dose 
(mg/kg BW) Year Ref. 

Mouse i.p. 1,097 1981 72 
Mouse i.p. 1,187 1988 346 
Mouse i.p. 1,187 1996 1378 
Mouse i.p. 1,192 1982 70 
Mouse i.p. 1,335 1990 789 
Mouse i.p. 1,400 1985 131 
Mouse i.p. 1,450 1981 795,1421 

Mouse i.p. 1,491 1983 
1985 67,617 

Mouse i.p. 1,495 1990 
1985 1135,1136 

Mouse i.m. 1,689 1980 721 

Mouse i.m. 1,710 1978 
1981 566,1422 

Mouse s.c. 1,491 1984 68 
Mouse s.c. 2,000 1958 735 
Mouse  1,270 1958 777 
Rat i.p. 1,055 1980 1160 
Rat i.p. 1,141 1975 243 
Rat s.c. 900 1958 735 
Rat s.c. 1,000 1960 942 
Rat s.c. 1,857 1980 492 
Rat i.m. 1,500 1977 140 
Rabbit i.v. 700 1958 735 
Guinea pig s.c. 500 1958 735 
Cat s.c. 150 1958 735 
Dog s.c. 150 1958 735      
Acute LD50 values of DMPS 

 BAL DMSA DMPS 
LD50 (mmol/kg) i.p. 1.48 13.73 6.53      
LD50 of various CA in mice<67>  
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4.2.2 Subacute and chronic toxicity 
In addition to determining the LD50 after a single dose, the LD50 was also determined after repea-
ted administration (cumulative LD50

). On 10-day i.p. administration to rats, this was 6.47 g/kg BW 
(30.8 ± 0.83 mmol/kg BW). The dose-response curve was very steep. The highest dose at which 
no animal died was 4.21 g/kg BW. The lowest dose at which all animals died was just about twice 
as high<1160>. 

No reactions were observed in rabbits 
following repeated dosing with 8.4 mg/kg 
BW<636>. Histological examinations showed 
changes in the gall bladder in 2 out of 3 
rabbits and, in addition, slight changes in the 
spleen in one animal following administra-
tion of 33.6 mg/kg<635>. Feeding with 5.6 g 
DMPS/kg feed (approximately 560 mg 

DMPS/kg BW/day) for two weeks led to a slight increase in body weight in rats. Water intake was 
also increased. Feed intake was identical to that observed in the control animals. Urine creatinine 
levels were slightly elevated and the weight of the bladder slightly reduced. Simple hyperplasia 
was detected on histological examination in 2 out of 10 animals<283>. 
Investigations on the chronic toxicity of DMPS were carried out in rats<1160> and beagles<1420>. In a 
63-week study, rats were treated 5 times a week with 150 mg DMPS/kg BW orally. No differences 
in weight or in the biochemical and haematological parameters investigated were found in compa-
rison with untreated animals throughout the treatment period. Similarly, autopsy did not reveal any 
macroscopic or histological changes of the organs and tissues. Only the copper level in the kid-
neys was reduced, but this reverted to normal within one week following withdrawal of DMPS<1160>. 
Zinc, iron, calcium, magnesium and manganese levels in the serum and the various organs did not 
reveal any notable differences<1160>. 
Beagles were given 2, 5 and 15 mg DMPS/kg BW i.v. or 45 mg DMPS/kg BW orally for 6 months. 
Again in this experiment, there were no changes in weight gain or in the biochemical and haema-
tological parameters investigated (including creatinine, calcium, magnesium, iron, sodium, γ-GT, 
AST, ALT, CPK, AP, red and white blood cell count) in comparison with control animals (physiolo-
gical saline solution). Autopsy did not reveal any macroscopic or histological changes of the 
organs and tissues. Only the copper level in the serum, liver, kidneys and spleen was reduced in a 
dose-dependent manner<706,1420>. 
The organs of dogs, which were given 40 or 60 mg/kg i.v. 3 times a day for 2 days and twice on 
the third day, were examined. Plethora (increased volume of a bodily fluid) of the internal organs, 
especially the kidneys, was observed, which, however disappeared after 15 days. “Fatty dystrophy 
of some epithelium was noted“ at the higher dose level. No change was detected in other tissues 
or organs<ref. in 69>. 
In a further study, 2 x 75 mg/kg BW daily was administered i.v. to dogs for 10 weeks. In these ani-
mals, the haemoglobin content and haematocrit of the blood were reduced by approximately 40 % 
and the iron content of the liver and spleen increased. A reduced alkaline phosphatase (AP) activi-
ty was found in the serum. In addition to a marked reduction of the copper concentration in the 
serum and organs, a reduction in zinc serum levels was also recorded. Apart from hepatic haemo-
poiesis in one animal, no findings were obtained in the histological examinations, which were attri-
butable to toxic actions of DMPS<706,1420>. 
Dogs tolerated the slow i.v. injection of 40 –60 mg/kg very well when the rate of injection of 1 
mL/min was not exceeded<733>. In two further studies in dogs, the slow injection of a 5% solution of 
DMPS (1 mL/min) up to doses of 60 mg/kg BW did not trigger any pathological changes<1243,1259>. 
Rabbits received 100 mg/kg s.c. , 50 mg/kg i.v. or 500 mg/kg p.o. twice daily for 6 to 10 days. No 
symptoms of poisoning were observed.  Weight and the blood parameters investigated did not 
change over the 30-day observation period<734>. 

Rabbits received 50 mg DMPS/kg once a week for 10 weeks via slow, i.v. injection. The injections 
were well tolerated. Transient irregularities were observed only in breathing patterns. Weight gain 

Spe-
cies 

Application 
Type No. Interval 

Dose (mg/kg BW) 
Single  Cumulative 

Year Ref. 

Mouse i.m     6        1 h   700       4,200 1978 566 
Mouse i.m.    6        1 h   703       4,218 1980 721 
Rat i.p.   10      24 h   646       6,460 1980 1160      
Acute LD50 of DMPS after repeated administration 
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was similar to that of the control group (NaCl i.v.). The changes in various haematological 
parameters were similar in both groups. Similar changes were also evident in numerous 
biochemical parameters studied. Only the calcium content was somewhat lower at the end of the 
test series in the animals treated with DMPS. Magnesium plasma levels did not change in the 
DMPS group but increased by almost 900% in the NaCl group. The vitamin E level was lower in 
the DMPS group, albeit not to a statistically significant extent. The oxidation of DMPS may play a 
role here. The test for minerals in the myocardium revealed statistically lower magnesium values in 
the animals treated with DMPS. The authors did not discuss whether this was correlated with the 
changes observed in the serum levels. Calcium and potassium were also lowered, but not to a 
statistically significant degree. Iron- and selenium levels were unaffected. No morphological or 
physiological changes were observed in the heart. In the authors’ opinion, their study confirms the 
low toxicity of repeated DMPS administration<482,607,608>. 
Repeated oral or s.c. dosing with DMPS for 3 days did not trigger a negative outcome in rab-
bits<71>. I.p. administration of 150 mg/kg/day for three days to mice did not affect the feed and 
water intake. They were equivalent to the control animals in the behaviour tests<239>. The addition 
of DMPS to the feed (1 g DMPS/kg) did not affect weight gain or feed consumption in rats<1272>. No 
changes were observed in cats, dogs, guinea pigs, rabbits or mice in the 15-80 mg/kg BW dosing 
range<69>. 
Administration of DMPS to rats for several days did not trigger any undesirable reactions<723>. Oral 
administration of 0.3 mmol/kg for 15 days did not trigger any significant change in body weight or 
in the weight of the spleen and thymus in rats429>. 

 

4.3 Influence on organs and systems 
4.3.1 Body weight and food and liquid intake 
A single dose of DMPS (100 mg/kg BW i.p.) did not trigger any change in the body weight of rats 
after 24 or 48 hours. The food and liquid intake corresponded to that of the untreated control 
animals and the placebo group treated with NaCl<1344>. Similarly, repeated dosing (100 mg 
DMPS/kg BW twice a day for 6 days) did not reduce the body weight in rats<1170>. Single i.p. 
administration of 400 µmol/kg did not affect body weight and had no significant effect on ALT, urea 
and AST in the plasma<205>. A single dose of DMPS (100 mg/kg BW i.p.) did not trigger any 
change in the body weight or water intake of rats<1343>. 
The once weekly administration of i.v. DMPS for 10 weeks did not affect the body weight of 
rabbits<482,606>. 

 

4.3.2 Kidneys   
At therapeutic doses (5 mg/kg BW), DMPS did not have any effect on kidney function<260>. The 
treatment of 10 patients with 300 mg DMPS daily for 5 days did not trigger any renal damage<1449>. 
Determination of creatinine, N-acetyl-glucosaminidase and α1-microglobulin in human urine before 
and after administration of DMPS (3 mg/kg BW i.v.) did not give any indication of DMPS-induced 
kidney damage<304>. 
Single parenteral administration of 132 mg/kg BW to mice<937> and up to 100 mg DMPS/kg BW to 
rats<937,1601> triggered no pathological findings in the kidneys. In rats, a single dose of DMPS (100 
mg/kg BW i.p.) did not alter the weight of the kidneys <1343, 13443>. The excretion of hydroxyproline in 
the urine was unchanged<1343>. 

Conclusion: 
DMPS is a relatively non-toxic compound. The therapeutic dose of DMPS is 3 to 5 mg/kg BW. It 
is is thus more than 30 times lower than the LD50 of the most sensitive animal species. DMPS 
was also well tolerated during prolonged administration of higher doses. No accumulation was 
observed. DMPS can, therefore, be administered for prolonged periods at high dose levels 
when required. 
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A single dose of 400 µmol DMPS/kg had no effect on the “non-protein-SH concentration” in the 
kidneys<206>. A single s.c. dose of 1.6 mmol/kg DMPS lowered ALAD activity in the kidneys<1261>. 
Seven weeks’ treatment with DMPS did not lead to any increase in ALA in the urine<595>. A high 
MDA concentration was recorded<1261>. Other investigations did not reveal any effect on lipid per-
oxidation<158,457>. The concentration of corresponding metabolites was similar to that observed in 
the untreated control animals. The concentration of superoxide dismutase SOD was reduced and 
catalase unchanged. DMPS reduced the peroxidation of liposomal membranes in a concentration-
dependent manner. Oxidised DMPS was thus clearly less effective<158,159>.  
The activity of the AST, ALT and AP enzymes in mice was not changed by single injection of 
DMPS<1457>. DMPS did not significantly reduce porphyrin in the kidneys (100 mg/kg BW i.p.)<1148>.  
Chronic dosing with DMPS did not induce oxidative kidney damage in rats<922>. After six doses of 
30 mg DMPS/kg i.p. for 3 days, no morphological changes were detected in the kidneys of the 
treated rats compared to the controls<1417>. The two injections of DMPS did not affect the weight of 
the rat kidneys<1600>. 
Oral administration of DMPS to rats had no effect on the metallothionein content of the kidneys. It 
lowered zinc levels (by approximately 16 %) and increased copper levels (by 65 %) compared to 
the control animals<1427>. Other studies described increased<1261> or unchanged<921> zinc levels. 
Zn, Mg and Cu levels are unchanged following chronic dosing with DMPS. The enzyme activity of 
AST, ALT and AP were reduced whilst that of GSH and MT is increased. GSSG was only mar-
ginally affected<921>. 
A delay in diuresis followed by polyuria was observed in rats (100 mg DMPS/kg BW twice a day for 
6 days) during the first 3 to 4 days<1170>. A diuretic effect of DMPS through reduced canicular reab-
sorption<487,494> was observed in rabbits<487> and dogs (15, 25 and 50 mg DMPS/kg BW i.v.) over 2 
hours<777>.  DMPS increased diuresis<1606>. 
In perfusion studies performed on rat kidneys, high concentrations of DMPS as well as DMSA or 
Ca-DTPA were nephrotoxic, which is also highlighted in a reduced GFR amongst other 
things<1376>. 

DMPS did not have any effect on the LDH activity of isolated renal tubular cells<1599>. At con-
centrations of less than 0.1 mmol, it did not affect the viability and gluconeogenesis of isolated 
renal tubular<957>. Only at high concentrations (> 300 mg/L ≅ 1.4 mmol) gluconeogenesis was 
inhibited in vitro<1421>. 

 

4.3.3 Liver 
At therapeutic doses (5 mg/kg BW), DMPS did not have any effect on liver function<260>. The treat-
ment of 10 patients with 300 mg DMPS daily for 5 days did not trigger any hepatic or renal da-
mage<1449>. 
DMPS has no toxic effect on the liver in mice<1457>. Single i.p. administration of 132 mg/kg BW to 
mice<937> and up to 100 mg DMPS/kg BW to rats<937,1601> did not show any biochemically or 
morphologically detectable liver damage. 
The oral administration of DMPS to rats did not alter the metallothionein content of the liver. How-
ever, it reduced copper levels in the liver (by approximately 50 %). The cytosol fraction of the liver, 
which contains mostly zinc or copper, was mostly affected<1427>. In other investigations, Zn<921> and 
Cu levels<921,1261> remained unchanged. Mg levels were lowered<921>. 

Conclusion: 
The kidneys play an important role in the excretion of heavy metals. At therapeutic dose levels, 
DMPS is devoid of nephrotoxic effects following both oral and parenteral administration.  
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The single injection had no effect on the activity of the liver enzymes AST<1457>, ALT<1457>, γ-
GT<1457> or ALAD<1261>. The activity of AP was reduced<1467>. Elevated GSH levels were recorded 
in rat liver<429>; these levels were lowered in mice following administration of DMPS<233,712>. 
The enzyme activity of AST and ALT was reduced after chronic dosing with DMPS. GSH and 
GSSG levels were only marginally affected<921>. Whereas some authors found transient increases 
in the activity of superoxide dismutase (110 %) in the liver after DMPS<232>, others found a reduced 
activity<158,159>. The activity of catalase was not affected<158> or lowered<712>. No effect was seen on 
alcohol dehydrogenase and γ-aminolaevulinic acid dehydratase<712>. No change<712> or reduction 
in activity was described with alkaline phosphatase<232>. 
High concentrations of malondialdehyde were recorded in mice<233,1261>, which indicates increased 
lipid peroxidation. The reactivity of a formed Fe:DMPS complex is assumed to be the cause<233>. In 
rats, the MDA concentration remained unchanged<156,921,922> and lipid peroxidation was unaffec-
ted<158,467>. The concentration of the SH groups was not increased. DMPS prevented the peroxida-
tion of liposomal membranes in a concentration-dependent manner. Oxidised DMPS was thus 
clearly less effective<158>. 
Chronic dosing with DMPS did not trigger any oxidative damage<921,922>. DMPS reduced the oxi-
dative stress of H2O2 on liver homogenates in vitro<688>.  
A single dose of 400 µmol DMPS/kg had no effect on the “non-protein-SH concentration” in the 
liver<206>. The prothrombin-forming function of the liver remained unchanged<744>. 
In the dog, therapeutic doses of DMPS increased the elimination of bile<496,734>. Increased quanti-
ties of bile components, bile acid, bilirubin and cholesterol were eliminated<496>. The elimination of 
bile was slightly reduced at toxic doses (150 mg/kg)<496>. 
DMPS increased sulfate uptake through SAT-1, a sulfate carrier in hepatocytes<1194>. 

 

4.3.4 Blood 
No clinically relevant changes in various blood parameters were observed in humans following 
single administration of 300 mg DMPS<582> or after 5 days’ treatment with 3 x 100 mg/d<1449>.  
The once weekly administration of i.v. DMPS for 10 weeks did not affect haematological parame-
ters in rabbits<482,606>. Urea, creatinine, cholesterol, triglyceride and protein levels were equivalent 
to those recorded in the controls<606>. The “non-protein-SH concentration” in erythrocytes and 
plasma was not changed by DMPS<208>. Others observed an increase in the SH concentration in 
the blood<263>.  
The administration of 300 or 600 µg DMPS/mL in the drinking water to nude mice for 5 days did 
not show any acute haematotoxic effects (erythrocyte count, thrombocytes, leukocytes, lympho-
cytes, monocytes, eosinophils, neutrophils, concentration of sodium, glucose, BUN, creatinine, 
albumin, bilirubin, alkaline phosphatase, lactate dehydrogenase, aspartate aminotransferase and 
alanine aminotransferase). Similarly, the administration of 300 µg/dL for up to 93 days did not 
trigger any chronic haemotoxic reactions<683>. Contrastingly, reduced LDH activity was measured 
in the plasma<1262> following i.p. administration of DMPS (in conjunction with DMSO). 
No changes in haematological parameters were observed following administration of DMPS to 
pregnant mice<202>. 

No changes in the glycogen parameters were recorded in the blood of dogs or rats<734>. Zn, Cu 
and Mg levels remained unchanged in rats<921>. In another study conducted in rats, oral admi-
nistration of DMPS lowered copper (by 72 %) and zinc (by approximately 50 %) levels in the blood 
compared to the control animals<1427>. Oral administration of 20 mg/kg for three days lowered the 
erythrocyte count and Hb value in mink and foxes<692>.  
The activity of δ-ALAD was unchanged in mice following a single injection of DMPS<1261,1457>. δ-
ALAD activity was equivalent to that of the controls even after repeated dosing<921,1260>.  At higher 
concentrations, DMPS inhibited the activity of ALAD in the blood. Previous incubation with cysteine 
did not hamper the reaction. In contrast, DTT or ZnCl2 reduced the inhibitory effect. The 
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subsequent addition of DTT also reinstated the activity. ZnCl2 also increased activity, but did not 
reach the control values<1048>. 
Increased γ-globulins were recorded<1330> after 5 days’ treatment to chronically Hg-exposed 
rats<1330>. SOD activity was reduced <158,159> whilst catalase activity was unchanged<158>. Chronic 
administration of DMPS increased ZPP and lowered haemoglobin and glutathione<921>. In rats, an 
increase in glutathione in the blood and a decrease in alkaline phosphatase and amino-oxidase 
levels were observed in rats<734>. 
The administration of DMPS to rats did not increase lipid peroxidation. The concentration of cor-
responding metabolites was equivalent to that recorded in the untreated control animals<158>. 
DMPS prevented the peroxidation of liposomal membranes in a concentration-dependent manner. 
Oxidised DMPS was thus clearly less effective<158>. 
In in-vitro experiments with human erythrocytes, DMPS removed zinc from carbonic anhydrase 
[EC 4.2.1.1] and thus triggered the binding of the enzyme to the erythrocyte membrane via the 
formation of SS bridges<1225>. 

 

4.3.5 Cardiovascular system 
At therapeutic doses (5 mg/kg BW), DMPS did not show any adverse effects on the cardiovascular 
system<260,494>. The once weekly administration of i.v. DMPS for 10 weeks did not affect blood 
pressure or most of the haematological parameters studied in rabbits<606>. No functional, morpho-
logical or pathological changes were triggered in the rabbit heart<608,1351>. No cardiomyopathic 
changes were detected<606>. A hypotensive effect was observed only at high doses<494>. The 
administration of 200 mg/kg BW had no effect on blood pressure<260>. A fall in blood pressure was 
observed following administration of 500 mg/kg<735>.  
As investigations in dogs have shown, DMPS does not alter cardiac function (blood pressure in the 
aorta, pulse and pump performance)<731>. In contrast, DMPS has an acute, dose-dependent effect 
on the circulation. Dilatation of peripheral arteries is assumed to be the mechanism involved<731>. A 
rapid intravenous injection of mg/kg BW led to a slight, transient reduction in arterial blood 
pressure. Rapid injection of 75 mg/kg BW led to a marked, persistent lowering of blood pressure 
and 150 mg/kg BW caused transient respiratory arrest in the animals. They developed symptoms 
of respiratory shock with marked metabolic acidosis. In other investigations, the hypotensive effect 
at 200 mg/kg BW i.v. was, in contrast, rapidly reversible<734,735>. The reaction was irreversible from 
a dose level of 300 mg/kg)<735>.  
In rats, the i.v. administration of 10 or 30 mg DMPS/kg did not affect cardiovascular or respiratory 
function. 100 mg/kg BW led to a transient fall in blood pressure and pulse rate and to an increase 
in respiratory rate. The symptoms disappeared within 15 minutes. At the dose level of 300 mg/kg 
BW, the symptoms were reversible in only two out of three animals during the 40-minute 
observation period. The ECG was not altered at any of the dosages<586>.  
In the isolated frog heart, DMPS was devoid of any effect up to a concentration of 1 x 10-3 M. The 
heart was slower from a concentration of 1 x 10-2 M. From 5 x 10-2 M, DMPS triggered cardiac 
arrest. After washing with Ringer’s solution, heart beat was restored after one minute. In the iso-
lated rabbit heart, heart function was affected from a concentration of 1 x 10–3- M<1073>. Thus DMPS 
had no effect on heart beat induced by a pace maker<1469>. 

 

Conclusion: 
As laboratory animal experiments show, DMPS can trigger a transient fall in blood pressure, 
especially if administered too rapidly via the i.v. route. The injection must, therefore, be admi-
nistered slowly, i.e. over three to five minutes. 
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4.3.6 Thyroid gland 
S.c. administration of DMPS to rats for 60 days increased the iodide deposit in the thyroid gland 
comparable to that observed in a control group (NaCl s.c.). The mean body weight of the animals 
was less than that of the control animals. The effect of DMPS on SH groups in the thyroid gland 
that (should) play a role in iodide deposits is discussed as a reason for this<1592>. 
 
4.3.7 Immune system 
15 days’ oral administration of 3 x 210 mg DMPS/kg/BW did not produce any immunotoxic effects 
in rats. Body weight as well as the weight of the spleen and thymus corresponded to those of the 
controls. The biochemical and immunological parameters were not altered. Cellular and humoral 
response was not influenced. The number of antibody-forming cells did not change<429>. 
In vitro, DMPS (300 or 600 µg/ml) did not prevent the attachment of monoclonal antibodies to spe-
cific cell antigens in mice serum<683>. The injection of DMPS did not increase antibody formation in 
the mouse spleen<620>. DMPS increased the proliferative response of spleen lymphocytes to 
mitogens in vitro<620>. 
Like other compounds containing thiol, at higher concentrations, DMPS activated the alternative 
complement system pathway in vitro. It reduced factor I activity and thus prevented the “deactiva-
tion“ of activated C3 proteins. The effect was no longer detectable after alkylisation of the SH 
groups<1512>. 
In rabbits, s.c. administration of DMPS reduced the mortality rate due to immediate hypersensitivity 
on sensitisation with porcine serum<263>.  
 
4.3.8 Brain and nervous system 
Unlike BAL, DMPS had no effect on the uptake of glutamate in synaptosomes or synaptic vesicles. 
Neither the basal nor the K+-stimulated release from synapses was affected. DMPS does not, 
therefore, possess the neurotoxic effects associated with BAL<1050>. 
The addition of DMPS to cultures of cortical cells taken from mouse foetuses did not increase the 
cell mortality rate<857>. In studies carried out on corresponding homogenisates of rat brain, DMPS 
did not affect the D2-dopamine receptors<1274>. 
Single administration of 1.6 mmol/kg DMPS s.c. did not affect ALAD activity in the brain. Zn 
concentrations and MDA levels were unchanged<1261>. 

I.p. administration of 150 mg/kg/day for three days to mice had no effect on biochemical and 
histological investigations of the cerebellum. The Purkinje cell count corresponded to that of the 
control animals<239>. 

DPA, DMPS and DMSA had no indirect stimulating effect on the sympathetic nervous system in 
isolated guinea pig papillary muscles<554>. 

 
4.3.9 Testes and sperm/spermatozoa 
The administration of DMPS did not trigger any changes in the testes in mice. Lipid peroxidation, 
δ-ALA-D activity, haemoglobin concentration and vitamin C levels remained unchanged<1262>. 
Incubation with DMPS, DMSA or DL-penicillamine increased the motility of male sperm in a dose-
dependent manner<1574>. The proportion of non-linear, motile sperm to mobile sperm was signifi-
cantly reduced by the addition of DMPS. The straight line velocity of the spermatozoa was signi-
ficantly increased by addition of DMPS. The zinc content of the sperm remained unchanged<1575>. 
 



 

- 48 -  www.heyl-berlin.de 

4.3.10 Ear 
A mild vasodilator effect was evident in the rabbit ear<735>. Perfusion with a DMPS concentration of 
1 x 10-3 M triggered a vasodilator effect, which peaked after 15 to 25 minutes. No significant effect 
could be detected at a concentration of 1 x 10-5 M <1073>.  
 
4.3.11 Lungs 
DMPS aerosols were well tolerated and had no effect on the ciliated epithelium<1354>. 

The incubation of rat lungs in DMPS solution up to a concentration of 10 µM triggered no change 
in δ-ALA-D activity. Enzyme activity was reduced at higher concentrations. Concomitant addition of 
DTT reduced the effect of DMPS; Zn2+ did not have a positive effect<867>. 
 

4.3.12 Gastrointestinal tract 
DMPS is well tolerated on oral administration<921,922>. No irritation of the gastrointestinal tract mu-
cosa<868> was observed even following administration of high doses for longer periods. 
DMPS increased the contractility of the cat jejunum<1413> . The injection of DMPS into the jejunal 
loop of rabbits was devoid of effect on the enzymes adenylate cyclase (AC) and phosphodi-
esterase (PDE) as well as on the concentration of cyclic AMP<1588>. DMPS increased the perme-
ability of the colon for PEG. The permeability of the duodenum was reduced<1477>. 
 

4.3.13 Collagen metabolism 
In investigations on the influence of collagen and mesenchymal meta-
bolism, DMPS did not show any effect in contrast to D-Penicillamine. 
This was attributed to the absence of an amino group in the DMPS 
molecule compared to the penicillamine molecule<1631>. The admini-
stration of DMPS to rats did not alter hydroxyproline (HYP) levels in the 
serum (marker for collagen metabolism). The proportion bound to free 
Hyp was reduced whereas that bound to protein was increased. The authors gave no explanation 
for this<1344>. 
 

4.3.14 General behaviour 
Studies of the effect of DMPS on the general behaviour of mice (modified twin screening test) did 
not show any persistent changes. Only a slight, transient reduction in consciousness was obser-
ved on administration of 100 mg DMPS/kg BW<586>. The administration of 557 mg/kg (i.p.) did not 
lead to any abnormal behaviour in rats<1331>. 

 

4.3.15 Local reactions on parenteral administration 
Multiple i.v. or i.m. administration to rabbits did not trigger any visible reactions at the injection site. 
Only a few changes were observed histopathologically in comparison with the positive controls 
(thiopental). After paravenous administration, a haematoma developed, which disappeared within 
half an hour<1238> to three days<586>. Local reactions were also observed even after intra-arterial 
injection<586>. 15 s.c. injections over 32 days did not trigger any reactions in rats<64>. 
At high i.m. doses (> 84 mg/kg BW), painful local reactions developed in rabbits <635>. Necroses 
and ulceration were described after i.m. and s.c. administration<69>. Severe tissue irritation was 
also observed at the injection site following administration of high-dose injections to rats<1220>. 
Similarly, repeated administration of high-dose s.c. injections (> 228 mg/kg BW) did not trigger any 
local irritations<1499>. Administration of s.c. or i.m. DMPS + dicaptol to calves induced local reac-
tions that persisted for two to three weeks<119>. 
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4.4 Mutagenicity 
DMPS was tested for mutagenic effects using the Ames test. The mutagenicity test was negative. 
No increase in mutation rate was found at doses ranging from 0.004 µmol to  2.5 µmol<69,586,841>. In 
mice with inoculated tumours, DMPS did not influence either tumour growth or the formation of 
metastases<1161>. 
 

4.5 Reproduction toxicology 
The teratogenicity of DMPS was tested in mice, rats and rabbits. 125 mg DMPS/kg BW was 
administered orally to female rats 5 times a week. They were mated with untreated males after 14, 
26 and 60 weeks. Treatment with DMPS was continued during gestation and the lactation period. 
The pups were observed for 3 months. The number of offspring with the DMPS-treated rats, which 
were mated after 14 weeks, corresponded to that of the untreated controls. In the animals that 
were mated after 26 or 60 weeks, the litter sizes were only marginally smaller than those of the 
control animals. No abnormalities were found in the offspring themselves. The development of all 
the pups was normal. Only the weight gain of the eight-week old pups from rats that were mated 
after 26 or 60 weeks’ treatment with DMPS was below that of the controls<1160>. 
Mice were treated orally with up to 300 mg/kg BW DMPS for 18 days after mating. None of the 
animals died and no premature births or miscarriages were observed. The pregnant animals 
displayed no change in weight development, feed intake, haematological or biochemical para-
meters or count, deformities, resorptions or gender ratio of the foetuses. A few differences were 
observed only in the trace element values, but these were, in any case, devoid of embryotoxic 
sequelae<202>. 
In mice that were treated with DMPS from the 14th day of pregnancy to the end of lactation, neither 
the dams (feed intake, body weight, lactation) nor the neonates showed any changes. The overall 
weight gain and the weight of various organs of the litter were identical at the end of the 
investigation to those of the control animals. The length of pregnancy and the birth were unaffec-
ted. The “no observable effect level" (NOEL) for the development of the newborn was 630 mg/kg 
BW/day, which is many times the usual therapeutic doses of 5 - 40 mg/kg BW/day<341,345>. The 
administration of up to 300 mg DMPS/kg BW between the 6th and 15th day of pregnancy did not 
lead to significant changes either in the dams or in the foetuses<202,342,344,1123>. 
Rabbits were treated from the 6th to the 18th day of pregnancy with up to 100 DMPS/kg BW i.v. 
daily. There were no indications of a teratogenic effect. The number and weight of the foetuses 
corresponded to those of the controls. No deformities were observed<586>. 
Investigations in mice poisoned with arsenic showed that the embryotoxic effects of arsenic were 
significantly reduced on administration of DMPS<342,344>. The number of “normal pregnancies“ rose 
with increasing doses of DMPS and the number of resorbed foetuses subsequently fell. The toxic 
effects of arsenic were not, however, entirely preventable, even at high doses of DMPS. The 
danger of arsenic-medicated foetal deformities remained high despite DMPS therapy<344>. Similar 
observations were also made on poisoning with methyl mercury<342>. 

Conclusion: 
The laboratory animal experiments carried out gave no indications of embryotoxic or tera-
togenic effects of DMPS. The harmful effects of heavy metals were reduced. The administration 
of DMPS can, therefore, also be envisaged during pregnancy in vital indications.  

Although DMPS therapy did not adversely affect the development of the young animals during 
lactation in laboratory animal experiments, lactation should generally be avoided on safety 
grounds in the presence of heavy metal poisoning. 
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5 Pharmacokinetics and Metabolism 
Pharmacological experiments with radioactively labelled DMPS(14C, 35S) and non-labelled DMS 
were carried out in various animal species (rabbit, rat, hamster, dog, chicken and monkey). In 
addition, investigations with unlabelled material were carried out in human volunteers. 
 
5.1 Bioavailability 
The absorption of DMPS after oral 
administration from the gastrointestinal 
tract is rapid<87, 919,1554>. As the absorbed 
fraction remained the same over a large 
dose range, uptake is presumably by 
means of passive diffusion through the 
intestinal mucosa<87,452>. In rats and rab-
bits, the peak concentration in the blood 
was achieved after 30 minutes<868>, and 
in dogs after 30 - 45 minutes<69,295,919, 

1554>. In humans, it lasted 3.7 hours<87>. 
The absorption rate on oral administra-
tion to rats and monkeys was 30 - 
40%<70,452,706,919> and in dogs, 50 - 
60%<69,706,919,1554>. DMPS was also well 
absorbed in the hamster<919>. In hu-
mans, 45.6%<891> or 59.4%<1516> of the 
orally administered DMPS was detected 
in the urine. Bioavailability of 46% was 
determined by comparing the oral and 
i.v. administration of DMPS in 4 pa-
tients<626>. 
Following s.c. administration of 35S-
DMPS, the substance was rapidly ab-
sorbed from rabbit subcutaneous cell 
tissue. After 5 minutes, 32% of the acti-
vity was already evident in the blood. 
The peak blood concentration was 
reached after 30 minutes<734,735,870>, 
whereby DMPS was mainly found in the 
serum<870>. After 2 hours, 30% of the 
maximum value could still be measured 
compared to only small amounts after 5 
hours and no activity after 24 hours. The half-life was 60 minutes<69,734,735>. 
A 2.5-fold higher oral dose of DMPS was required in order to obtain the same effect as parenteral 
administration in mice poisoned with mercury<455>. With lead<1463> or copper<1159>, a three-fold oral 
dose had a similar effect to that observed following i.p. administration. 
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Conclusion: 
The availability of DMPS following oral administration was approximately 50 %. This means 
that around half of the orally administered active substance is not absorbed but remains in the 
intestine and is excreted in the faeces. It could thus bind to heavy metals present in the 
intestine and increase their faecal elimination. This effect cannot, however, be significant as the 
elimination of heavy metals in the faeces is not significantly increased following oral 
administration compared to parenteral administration of DMPS. 
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5.2 Pharmacokinetics 
After intravenous injection, DMPS achieved 
peak levels in the plasma and 
kidneys<69,87,453> independently of the dose 
administered. Similar levels were recorded 
in the renal cortex and outer medulla of 
kidney. No DMPS could be detected in the 
inner medulla<744>. Higher doses were also 
measured in the skin<453>. Only low quan-
tities were found in the other organs, espe-
cially in the brain<69,87,453>. As a lipophilic 
substance, DMPS is obviously incapable of 
penetrating the lipid-enriched blood-brain 
barrier<667>. Under experimental conditions, 
DMPS did not reach a confluent single layer 
of kidney cells (MDCK-cells)<956>. 

The half life of DMPS in various organs is approximately 20 minutes<452>. Organ distribution does 
not depend on the dose<452>. 
From investigations in animals and humans<1624>, it was initially assumed that DMPS is distributed 
only in the extracellular space<30,70,178>. The intracellular fraction is small<178>. Thus in monkeys, the 
radioactivity in the blood after administration of 14C-labelled DMPS was limited to the plasma<919>. 
In studies carried out with 14C-labelled DMPS in human and rat erythrocytes, 10 – 20% of the 
DMPS reach the cells; approximately 20% was adsorbed to the outer side of the erythrocytes, 
partly as a complex with heavy metals. 

As demonstrated in vitro with human red blood cells, DMPS can pene-
trate the intact membrane of erythrocytes, presumably by means of a 
membrane-bound transport system<667,1227,1558> and accumulate in the 
cells<1227>. Transepithelial transport of DMPS was also observed in opos-
sum kidney cells<642>. DMPS-concentration-dependent steady state was 
reached after approximately 3.5 hours<1558>. On the other hand, the 
system can also be used to transport DMPS from the cells into the sur-
rounding medium until steady state is restored<1227,1558>. Uptake and 
elimination were inhibited by administration of corresponding anionic 
transport inhibitors<1225,1226,1558>. Low concentrations of sulfate stimulated the transport system and 
improved uptake<1227>. Binding to cytoplasmatic components of the membrane did not take 
place<1225,1226,1558>.  

DMPS is excreted relatively rapid-
ly<494,868> via the kidneys<69>. The 
half-life in rat plasma was 19 minu-
tes<452,919>, in mice about 20 minu-
tes<35,566>, in rabbits about 30 minu-
tes<735>, in monkeys around 40 mi-
nutes<919>, in beagles 43 minu-
tes<1269> and in humans after i.v. 
administration 30-45 minutes<87> or 
0.9 (t½α) and 19 (t½ß) hours<706>.  
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Distribution of DMPS following i.v administration of 0.1 mmol 
14C-DMPS /kg to rats<452> 

 p.o. i.v. 
Urine 25.0 78.1 
Faeces 69.3 0.8    

DMPS elimination (% of the 
applied dose) in monkeys 
following  p.o or i.v. admi-
nistration (n=2)<919> 

Parameter  Unit Rat Dog 
Plasma half-life t½ min 19 43 

Plasma clearance Clp mL/(min·kg) 8 2.6 
Distribution volume Vb mL/kg 217 160 
Plasma binding  %  70 
Oral administration     
Absorption rate  % 30-40 60 
Peak plasma concentration tmax min  30-45      
Pharmacokinetic parameters of DMPS in rats<452> and dogs<69,1554> 

Conclusion: 
DMPS did not reach the brain. It is, therefore, incapable of mobilising and triggering the 
excretion of  heavy metals deposited in the brain. 
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After 6 hours, more than 
half of the dose admini-
stered<452> and after 24 
hours, about 90 %<452,919> 
was excreted in the urine 
or, after oral administra-
tion, also in the faeces.  
Following s.c. administrati-
on to rabbits, the peak 
concentration in the urine 
was reached after 1 
hour<734>. In rabbits, 91 % 
of the i.m. administered 
dose could be detected in 
the urine within 6 hours<65, 892>. In humans, the highest DMPS concentration in the urine was 
measured 2<893> or 3<891> hours after oral administration. 80% of the DMPS was excreted in the 
urine 5-6 hours post-dose<1069>. Overall, in humans, 84 % of the i.v. administered dose was 
detected in the urine<626>. As in the plasma, the concentration in the organs also fell rapidly<452>. 
No accumulation of the active substance was observed after repeated dosing<69,494,611,734,735,1269>. 

DMPS or its metabolites<870> were excreted 
chiefly via the kidneys<70,611,626, 735,868,870,919>. Re-
nal clearance in isolated rat kidneys was 3.45 
mL/(min x g)<744>. 
As DMPS showed the same clearance as inulin 
in investigations in rats, it was originally assu-
med that DMPS is filtered through the glomeru-
li<453>. Experiments in chickens, however, indi-
cated that up to about 90% of DMPS is excreted 
by tubular secretion<743,744,1395,1396>. The tubular 
secretion of DMPS could be completely inhibi-
ted<743,1395,1396> by probenicide or p-aminohippu-
ric acid in chickens and in a dose-dependent 
manner in rats<743, 744>. 

As the excretion achieves a saturation limit, car-
rier-mediated transport plays a role<743,1395,1396>. 
OAT1 and OAT3 in the membranes of the 
proximal kidney tubules are responsible for the 
excretion of many anionic molecules<99>. More 
recent studies have shown that DMPS is actively 
transported in the proximal kidney tubules cells by means of these polyspecific, organic anion 
transporters<110,221,643,753,873>. Contrastingly, DMSA does not interact with OAT1<642>. DMPS reacts 
with both OAT1<99,643> and OAT3 orthologues in humans, mice and rabbits<99,1616>. This applies to 
monomers as well as to “oxidised“ DMPS<642>. DMPS bound to albumin or Hg2+ is not transpor-
ted<643>. Transport no longer takes place after the cleavage of both SH groups<99>. Oxidised DMPS 
is mainly transported by OAT3<873>, e.g. from rabbits<1616>.  DMPS can be reduced<634> in the cell 
and bind mercury or other heavy metals. Active renal excretion and the possible cleavage of 
inactive disulfides in the kidneys produce excellent antidote action of DMPS in these or-
gans<743,1395>. A pump mechanism (Mrp2) is also discussed<211a,642,643> on transporting the DMPS-
Hg complex thus obtained through the luminal membrane, as indicated in investigations carried out 
on vesicles containing Mrp2 and Mrp2-deficient rats. Mrp2-deficient animals showed reduced 
excretion of Hg in the urine and faeces and higher Hg levels in the kidneys compared to the 
normal control animals following administration of DMPS<211a>. 
DMPS, but not the disulfides obtained through oxidation or the DMPS mercury complex, can also 
be actively transported through the basolateral plasma membrane of proximal kidney tubules via 
the sodium-dependent dicarboxylate transport system NaDC-3<219>. 

 Unit 
 

Plasma 
(oral) 

Blood 
(oral) 

Plasma 
(i.v.) 

Blood 

Half life t½α 
 t½ß 

Hours 9.9 9.1 1.1 
27.6 

0.9 
19.0 

AUC µmol/L 318 148 426 242 
Plasma clearance mL/min   37.8 67.4 
Distribution volume L   39 13 
Steady-state concentration µmol/L   17.7 10.1 
Concentration peak cmax 
 tmax 

µmol/L 
hours 

25.3 
3.4 

11.9 
3.7 

  

      
Pharmacokinetic parameters for DMPS in humans (300 mg DMPS oral n=10<52,891> or 
3 mg DMPS/kg i.v., n=5<586>) 
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24-hour elimination of 14C-DMPS/kg in rats following 
oral or  i.v. administration of 1 mmol/kg<452> 

Total excretion in the urine 11.3 µg min-1 g-1 
Tubular secretion 9.75 µg min-1 g-1 
Glomerular secretion 2.21 µg min-1 g-1   

Proportion of various mechanisms involved in the renal 
excretion of DMPS in rats<744> 
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In rats with restricted renal function, a marked reduction in DMPS concentrations in the organs 
was also observed. Active secretion into the intestines with subsequent excretion via the faeces 
has been suggested for this<453>. The DMPS content also slowly decreased in rats without kidney 
function: 90% of the administered dose was detected in the body after 1 hour and 77% after 6 
hours<452>. 
But even in the presence of normal renal function, DMPS is excreted via the bile<73,1624>. Con-
trastingly, no DMSA was detected in the bile<52>. Up to 40 % of i.v. administered DMPS could be 
detected in rat bile. Of this, 92 % was present as di- and higher sulfides. Peak concentrations were 
reached in the bile 30 minutes after injection<52, 1624>. In monkeys, only approximately 1% radio-
activity was found in the faeces after i.v. administration compared to 69.3 %  following oral admi-
nistration<919>. 

 

5.3 Metabolism 
Orally administered DMPS is presumably absorbed unchanged from the gastrointestinal tract in 
humans. It is rapidly and extensively metabolised<889,891> in the blood, plasma and in vitro.  It is 
predominantly oxidised to cyclic and acyclic polymeric sulfides<5,52,611,626,706,743,770a,870,893,919,1395>. 
The acyclic metabolites are presumably intermediate products in the formation of cyclic com-
pounds<870,892>. Monomer DMPS <743> is derived from the metabolites following addition of DTT, a 
disulfide-reducing agent. 

In addition, mixed disulfides with cy-
steine and glutathione are 
formed<888,893,1516>. Increased cystei-
ne excretion (26.3 %) was thus 
measured in humans compared to 
the value prior to the administration 
of DMPS (from DMPS-cysteine-di-
sulfide)<626,889,1516>.  
In addition, cyclic and acyclic trimers 
and larger polymers are formed to 
less of an extent,  becoming less pre-
valent over time, and thus indicating 
decomposition of these higher mole-
cular forms to more stable dimers 
and trimers<642>. Methylated deriva-
tes may also develop<59,889>. There 
was no evidence of metabolic de-
composition of DMPS<450,743,611,706>. 
No radioactive carbon dioxide was detected in the exhaled air of rats<452> or monkeys<919> following 
injection of 14C-labelled DMPS. 
Oxidation presumably takes place spontaneously, enzymatically (catalase, thio-oxidase) or 
catalytically (Cu2+, Fe2+)<58,893>. A half-life of 9.9 hours was determined for the oxidation of DMPS 
in experiments with CHO cells. This was reduced to 2.2 hours in the presence of Cu+<576>.  
Some of the metabolites must possess antidote properties as the concentration of DMPS 
monomers in the urine is greater than that of the excreted mercury<891>. 

Whereas in humans about 20.6 % of the absorbed DMPS was still present in the blood in an 
unchanged form ½ hour after oral administration and < 1 %<889> after 5 hours, no unchanged 
DMPS could be detected after 12 hours<891>. 12 % unchanged DMPS was still present 15 minutes 
after i.v. administration<626>. 
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Changes in the fractions of various DMPS metabolites (monomers 
DMPS, acyclic dimers, cyclic dimers) and DMPS of unknown structure 
in rabbit urine following injection of DMPS<892> 

Conclusion: 
In the mobilisation test, DMPS triggers higher mercury excretion rates than DMSA. This may be 
due to its active transport through the membranes. 
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The metabolites were also detected in the urine <891,892>. Over time, the fraction of unchanged 
DMPS in the urine fell<58> whereas that of changed DMPS rose<743,891,892>. Virtually only oxidised 
DMPS could be detected after 5 hours in rabbits<870,894>. Elevated SH concentrations were 
recorded in rat urine<460> 6 hours after i.v. administration of DMPS. 69 % of the excreted DMPS 
were detected as disulfides, 26 % as DMPS and 5 % as other oxidative products (could be 
transformed into DMPS through disulfide-reducing agents)<743>. The ratio corresponded to values 
in the blood<891>.  
In humans, distribution of the metabolites depended on the route of administration of the chelating 
agent. After i.v. administration, 12 to 20 % of the DMPS monomer<626,889> were excreted compared 
to only 0.5 % of the monomer after oral administration. Following i.v. administration of DMPS to 3 
volunteers, 81.6 % was detected in the urine in the cyclic form, 17.1 % in the acyclic form and 1.95 
% as a mixed disulfide with cysteine<888>. Only a small fraction (3.2%) was excreted unchanged in 
the urine following i.m. administration of DMPS to rabbits. The largest proportion was excreted in 
the oxidised form<65>. 
In chicken plasma, the half-life for the oxidation of DMPS was approximately 10 minutes<1395>. 
Oxidation does not occur as a steady-state reaction. No free DMPS is detected if DMPS-disulphide 
is administered in the plasma or blood<1395>. Contrastingly, in chickens<1395> and rats<743>, it was 
found that oxidised DMPS was again reduced in the kidneys so that, in chickens, unchanged 
DMPS was excreted in considerably greater quantities (28 %)<1395>. Reduced glutathione and 
NADPH appeared to play an important role<1395>. 
DMPS was also detected in rat bile, which indicates that it reached the hepatic cells. It is chiefly 
found in the oxidised form in the bile. Unchanged DMPS is present only in small quantities<61>. 
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Conclusion 
As in solution, redox reactions play a crucial role in the metabolism of DMPS. No evidence of 
molecule decomposition could be detected. 
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5.4 Serum protein binding 
In dogs and rats<1154> 65 – 70 %<69,295,611> and in humans 70 – 90 %<69,87,295,611,888,889> of DMPS 
were bound to plasma proteins. This was confirmed with gel filtration investigations with 14C-
labelled DMPS<1154>. The bound quantity was dependent on the administered dose<1294>. Greatest 
affinity was shown by α-globulin. However, albumin, transferrin and γ-globulin bound the chelating 
agent, whereby a steady-state was reached within one hour<1294>. In humans, 84 % was bound to 
albumin, presumably via S-S binding<889>. DMPS and oxidised DMPS are firmly bound to 
albumin<642,643>. Because of the rapid renal clearance<919> and as plasma clearance and the glo-
merular filtration rate were the same, the binding of DMPS to serum proteins overall does not 
appear to be very firm<89,1294>. 
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6 Pharmacodynamics 
6.1 Therapeutic effects in heavy metal intoxication 
After uptake in the body, heavy metals form complexes with various biomolecules such as 
enzymes or nucleic acids. As these complexes possess different properties than the biomolecules, 
the enzyme is inactivated or activities change. Heavy metals can be detached from their binding to 
biomolecules through the administration of appropriate exogenic chelating agents, so that the 
biomolecules can continue to practise their normal function<667>.  
DMPS is a complex-forming agent from the group of vicinal dithiols. It forms stable, mostly aque-
ous complexes with various heavy metals and metalloids through the two adjacent SH groups. As 
the chelating agents are excreted more effectively than the metal itself, DMPS promotes the 
excretion of metals mainly found in the extracellular space. Excretion is predominantly in the urine 
via the kidneys. A small quantity is also eliminated in the faeces<91>. Once the toxic heavy metals 
have been removed, the body can start to repair any damage caused if such damage is not 
already irreversible<666>. No laboratory animal experiments have been carried out to demonstrate 
the positive effect of chelating therapy in cases of only minor heavy metal contamination<706>. 
As a thiol compound, DMPS can also trap oxygen radicals, thus helping to reduce oxidative stress 
triggered by the heavy metals<158,1116>. DMPS is also an aqueous anti-oxidant, which “intensifies” 
peroxide radicals, for instance<1613>. A DMPS-mediated reduction in disulfide compounds may also 
play a role<979>. 
The good decorporation action of DMPS was observed in laboratory animal studies and in cell 
culture experiments<8,69,207,494,706>. DMPS has proved to be an effective antidote for poisoning with 
various heavy metals<70,207,218>. The binding of the metals in the DMPS complexes already reduces 
the toxicity of the metal<673,700,706,721>. The complexed heavy metal is no longer available for binding 
to sulfhydril groups containing essential biomolecules such as enzymes (and thus for the inhibition 
of these enzymes and the resulting functional disorders of the organs and tis-
sues<260>)<57,91,207,564,734,942,1039,1293>.  

 

6.1.1 Ac - Actinium 
Concomitant administration of DMPS did not affect the biodistribution of α-irradiation 225Ac in mice. 
Depots in the bones, kidneys and blood were unchanged. In Cynomolgus monkeys, the 225Ac 
levels in the kidney and blood corresponded to those recorded in the control group<648>. 

 
6.1.2 Ag - Silver 
The administration of DMPS increased the LD50 
of silver chloride in the mouse from 13.6 to 74 
mg/kg<1135>. After i.v. injection of silver nitrate, it 

AgCl  LD50 = 13.6  mg/kg BW 
AgCl + DMPS  LD50 = 74     mg/kg BW<1136> 

Conclusion: 
When extrapolating laboratory animal data to humans, it must be borne in mind, especially with 
acute poisoning, that in animals, treatment generally comprises only the administration of the 
chelating agent. This has often been administered only once. Further intensive medical care, 
such as that used in human medicine, is not carried out. The observation period was, in many 
cases, relatively short, such that slower recovery fromf heavy metal-induced changes could not 
be established. 

Conclusion: 
Based on the few results obtained in laboratory animal experiments, DMPS is unsuitable for the 
treatment of actinium poisoning. 
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prevented the formation of toxic pulmonary oedema and a fatal clinical course in dogs<1235>. 
The inhibition of NaK-ATPase by silver, presumably caused by deposition of the metal on the 
numerous SH groups of the enzyme, was completely reversible on administration of DMPS. If the 
enzyme is deposited in liposomes, the administration of DMPS prevented deposition of silver. 
Already bound silver was mobilised and the functionability of the enzyme was restored<629>. 

 

6.1.3 As - Arsenic 
Water-soluble arsenic compounds (e.g. arsenic or sodium arsenite) are very well absorbed orally, 
by inhalation and through the skin. The distribution volume of arsenic compounds is relatively 
large. Part of the absorbed arsenic is bound to keratin in the case of only minor storage in the liver 
and kidneys“<998>. In the body, arsenic is, therefore, deposited in the nails (Mees strips) and hair in 
particular, followed by the skin and lungs<672>. Arsenic stored in the skin, keratoprotein and hair 
can still be detected several weeks after exposure. In the body, the pentavalent compounds are 
reduced to the more toxic trivalent forms. Other metabolic transformations occur through methy-
lation. The elimination half life starts at 1-2 hours. The half-life is extended to between 30 and 200 
hours in a second and third elimination phase. It takes several weeks for the entire amount to 
leave the body. Excretion is via the urine, faeces, sweat glands and milk. Arsenic can be detected 
in the urine 5-6 hours after ingestion<998>.  
DMPS is an effective antidote for arsenic poisoning<73,706,911>. In animal experiments, DMPS 
exhibited a good antidote action on poisoning with  
• Arsenic (As2O3)<24,67,71,566,721,796,869,871,883,884,886,887,941,942,960,1208,1215,1270,1421,1422> 
• Sodium arsenite (NaAsO2)<39,67,68,70,72,120,344,601,617,842,895,959,1421,1423> 
• Lewisite (dichloro-(2-chlorvinyl)-arsine)<68,70,71,635,636,706> 
• Sodium arsenate (Na2HAsO4)<119,120,426,842,886,887,959> 
• Monomethyl arsenate<886> and  
• Phenyl arsenoxide (Ø-As=O)<842,959,1208>.  
In contrast, on poisoning with arsenic hydrogen, DMPS was inactive<940,941> and is contraindicated 
in this form of poisoning<69,940>. This opinion is, however, controversial<69>. Tests carried out with 
erythrocytes showed that haemolysis via AsH3 is reduced in the presence of DMPS and 
DMSA<1200>. DMPS displayed no effect on dimethyl arsenite<886>. 
 

6.1.3.1 Investigations in cells and cell cultures 
A disulfide group is essential for the functionability of neuronal nicotine receptors in the chicken 
brain. This can be readily reduced and blocked by the addition of arsenic compounds. On addition 
of DMS, arsenic-containing molecules were removed from the nicotine receptors<943>. The SH 
functions were again released as a result and the functional groups were reactivated<49,354,858,1237>. 
Reversibility depended on the DMPS concentration<1237>. DMPS did not affect the storage of 
nicotine<1144>. Storage was inhibited by reduction with DTT. Subsequent reoxidation reinstated 
functionability. It is surprising to note that DMPS can carry out this reoxidation. The authors do not 
discuss the potential mechanism, e.g. intermediate binding of (DMPS)ox by atmospheric oxygen. 
Reoxidation is blocked by p-aminodichloroarsine. DMPS mobilised the arsenic compound such 
that reoxidation was once again feasible<1144>. 
The addition of DMPS to cultures did not prevent the herbicidal action of sodium methane arsonate 
(MSMA). However, the authors do not state whether the access of oxygen to the Petri dishes and 
thus oxidation of the DMPS was prevented during the 28-day observation period<385>. In other 
studies, DMPS did not change the attachment of Ph-AsO to leukemic cells<378>. 

Conclusion: 
DMPS prevents the fatal clinical course of acute poisoning with silver. No investigations on 
chronic silver poisoning and the distribution of silver in the body have been carried out. 
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The pyruvate dehydrogenase enzyme complex is a primary target for arsenic (III) in mam-
mals<73,617>. It is unclear as to whether arsenic inhibits enzyme efficacy directly by attachment to 
dithiol groups or indirectly via induction of reactive oxygen compounds<50>. Blockade of the en-
zyme activity reduced the formation of lactate and pyruvate and prevented gluconeogenesis, which 
can eventually lead to hypoglycaemia<73> (IC50 = 0.5 µM Ph-AsO, 7 µM arsenite, 70 µM arse-
nate<73,958>). The addition of DMPS abolished the blockade both in vivo and in vitro<68,617,793,959,960, 

1213,1421,1422>.  The individual optic isomers of DMPS display the same efficacy<617>. When admini-
stered prophylactically, DMPS prevented this inhibition<617>. After greater intervals between arsenic 
and DMPS administration and thus a longer duration of action for arsenic, the changes were, 
however, irreversible<1212>. 
DMPS reduced arsenic-inhibited gluconeogenesis in vitro  in isolated rat tubules. Oxidised DMPS 
was not capable of doing this<960>. Inhibition of the thioredoxin reductase enzyme containing 
selenium by PAO was abolished by DMPS<658>. 
Phenylarsine oxide PAO inhibited platelet aggregation triggered by collagen or thrombin, for 
instance. If DMPS were given before or with the arsenic compound, it prevented this effect of 
PAO<391,521>. Administration of DMPS after PAO was, in contrast, ineffective. DMPS obviously 
reduced the uptake of PAO in the thrombocytes, but is apparently unable to mobilise arsenic 
compounds absorbed intracellularly<521>. 
The toxic effects of lewisite in cell cultures of human keratinocytes were completely reversible 
following the immediate addition of DMPS. DMSA displayed the same efficacy<704>. DMPS pre-
vented the toxic damage of mono-substituted organic arsenic compounds at confluent single 
layers of kidney cells (MDCK cells)<989>. 
In-vitro, DMPS removed arsenic from its binding to enzymes or prevented enzyme blockade by 
PAO<156,190> or sodium arsenite<693>, thus restoring activity. 

In the green algae, Acetabularia acetabulum, the addition of DMPS prevented mono-methyl arse-
nic(III)-induced death<332,1451>.  
Increased attachment of arsenite to sediment proteins in guinea pig brain homogenisate or neuro-
blastoma cells (Neuro2a) occurred in the presence of BAL, DMPS or DMSA. The precise mecha-
nism involved is not known. The formation of dithiol-protein complexes is considered a possibility. 
As regards the clinical relevance of the effects observed, the author states that, since DMPS and 
DMSA cannot cross the blood-brain barrier, they are not expected to increase the binding of 
arsenite to central nervous system proteins in vivo<995,996>. 

DMPS prevented the intake of PAO in the 
confluent single layer of kidney cells 
(MDCK-cells)  or mobilised the PAO 
absorbed<844,945,956>. The blockade of glu-
cose uptake in the cells was consequently 
eliminated. The effect of DMPS, however, 
occurs more slowly than that of BAL. 
Whereas BAL took effect within 10 minu-
tes, DMPS required 1 – 2 hours<844>. The 
toxic effects on cell viability were reduced. 
Concomitant administration of BAL and 
DMPS proved to be the most effective 
(synergistic effect). Combination of 2 µM 
BAL and 198 µM DMPS were as effective 
as 200 µM BAL. Traces of BAL obviously 
work as an As shuttle through the cell 
membrane<844>. 

DMPS did not affect the uptake of diphenyl arsenic acid (DPAA Ø2-As(OH)) in HepG2 cancerous 
liver cells. Contrastingly, it completely blocked the uptake of the glutathione-DPAA-Adduct and 
thus prevented its cytotoxic effect<1064>.                                                                                                                 
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In vitro, the addition of DMPS abolished the blockade 
of the enzyme lecithin cholesterol acyltransferase by 
p-aminophenyl arsenic dichloride within one minu-
te<654>. Pre-treatment with DMPS prevented the ef-
fect of PAO on the Ca2+-metabolism of rat neutrophi-
lic granulocytes<1530>. 
The DMPS and diphenyl arsenic acid (Ø2-AsO2H)) 
complex displayed cytotoxic effects on HepG2 cells. 
Almost all of the cells perished. Conversely, the two 
individual substances were tolerated. A highly reac-
tive compound is obviously formed from arsenic bin-
ding with DMPS. This effect did not occur with arse-
nite. In this instance, DMPS prevented cytotoxic 
effects<1065>. 
In contrast to DPA or DMSA, in the presence of DMPS or BAL, AsV was reduced to AsIII in cytosols 
taken from rat liver<983>. A similar effect was observed with solubilised erythrocytes<982>.  
The As compounds induced cell damage in in-vitro experiments involving various cell lines and dif-
ferent As(III) compounds. The concomitant administration of high concentrations of DMPS, DMSA 
or DTT reduced the damage. At low concentrations, however, increased toxicity of As compounds 
was observed<650>. The authors provide no explanation for the mechanism involved and do not 
discuss the clinical relevance. 
 

6.1.3.2 Lethality 
In cases of poisoning with arsenic compounds, more animals survived with 
oral<68,71,868> or parenteral<68,71,72,795,887,942,960,1421,1423> DMPS treatment. In 
mice and rabbits, the LD50 for arsenite and arsenic was increased more 
than 4-fold<70,72,721,789,1422>. The therapeutic dose of DMPS, with which 50 
% of animals survived normally fatal poisoning (ED50), fluctuated between 
12.6 and 15.1 mg/kg BW on intoxication with sodium arsenite<65,68,70,72,617>. 
It was the same for both optic isomers of DMPS<69,617>. There was no 
difference in terms of effect compared to the racemate<68>. 
 
Due to the rapid toxic effect of arsenic, the effect depended on the time 
between ingestion of the arsenic and administration of DMPS<789>. 

A pre-requisite for the efficacy of DMPS was the presence of two free SH 
groups. If these were blocked, e.g. by oxidation or reaction with carbon 
disulfide, the compounds were no longer effective<959,960>. 
 
6.1.3.2.1 Arsenic(III) 
Treatment with DMPS within one hour of exposure prevented the lethal effects of arsenic (As2O3), 
sodium arsenite (NaAsO2), calcium arsenite (Ca[AsO2]2), Schweinfurt or Paris Green 
(Cu(CH3COO)2·3Cu(AsO2)2) or Neosalvarsan<69>. 

After 2 i.p. injections of DMPS (immediately and after 90 minutes), the LD50 of NaAsO2 increased 
more than 4-fold from 0.129 mmol/kg to 0.538 mmol/kg in mice<70>. The effect of DMPS on the 
survival rate was dose-dependent<70>. At sufficient doses, all animals survived whereas all of the 
control animals died. When treatment was initiated rapidly with higher dose levels of DMPS, all 10 
rabbits and 11 out of 20 rats survived arsenic poisoning with 2-fold LD100

<942>. Seven out of 10 
mice survived a dose of 20 mg/kg BW whereas all of the control animals died within 3 hours (LD99 
= 13 mg/kg BW)<960>. The survival times were also prolonged<71,959>. Loss of efficacy due to de-
layed onset of treatment of up to 2 hours after poisoning could basically be counteracted by 
increasing the dose of DMPS measured in the survival rates or increase in the LD50 of the arsenic 
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Effect of  p-aminophenyl arsenic dichloride and 
DMPS on the enzyme activity of human lecithin-
cholesterol-acyltransferase in vitro<654> 

 LD50 As2O3 
(mg/kg) 

Control 16.8 
DMPS 69.9 
DMSA 74.4 
DPA 15.4 
NAPA 17.3 
  

Influence of various CA 
(i.m. immediately and 
after 90 min) on the LD50 
of NaAsO2 (s.c.) in 
mice<72> 
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compound<566,1423>. When treatment was initiated 2 hours after administration of NaAsO2, 85 % of 
the mice survived whereas all 20 animals in the control group died<70>. 
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dose (x-fold LD50) when treatment is started immedia-
tely with 200 mg DMPS/kg<721> 

Dependence of the LD50 of As2O3 in mice on the dose 
level of DMPS when treatment is initiated 
immediately<721> 

In cases of extremely se-
vere poisoning, e.g. with 
six times the LD50 of 
arsenic, a therapeutic ef-
fect could still be achie-
ved with DMPS when the 
latter was administered 
at a high starting dose 
and re-administered at 
half-hourly intervals 

thereafter<721>. Only 1 of 7 mice 
survived following oral admini-
stration of DMPS 30 minutes after 
s.c. injection of As2O3

<792>. In con-
trast to DMPS or DMSA, DPA did 
not increase the survival rate of 
mice following acute As2O3 intoxication<70,793>. 
NAPA was also ineffective<70,1423>. 

Following therapeutic administration of DMPS, 
the prophylactic use of DMPS (15 minutes 
before administration of the poison) also 
prevented the fatal outcome of sodium 
arsenite intoxication (LD100)<70,1423>. There was 
no significant difference between the D and L 

forms of DMPS in this respect<617>. 
DMPS also displayed positive effects with monomethyl arsenite 
(MMAIII). DMPS had no effect on dimethyl arsenite (DMAIII)<885>. The 
phenyl arsenoxide (Ø-As=O)-induced inhibition of gluconeogenesis 
was not eliminated and the survival rates did not increase<959>. 
DMPS slowed down the death of green algae by MMAIII<899>. In earthworms, DMPS increased the 
LD50 for arsenite from 191 to 250 µmol/kg BW, and for phenyldichloroarsine from 189.5 to 287.7 
µmol/kg BW<842>.  
 

Time  
(min) 

Increase 
in LD50 

0.5 4.4 
5 3.5 

15 2.5 
30 2.6 

  
Increase in LD50 of As2O3 
compared with the un-
treated control group in 
relation to the time bet-
ween poisoning and the 
start of therapy<566,789> 

Time to start 
of treatment 

(min) 

Survival 
rate (%) 

0 100 
60 84 
90 95 
120 84 

  

Dependence of survival rate 
on the time between poisoning 
and the start of treatment (all 
untreated animals died)<70,1423> 

 Start of treatment 
 Immediate After 30 min 
Control 11.3 11.3 
BAL 24 22.6 
DMPS 48 29.4 
DMSA 96 27.1 
   

LD50 of As2O3 (s.c., mice) on 
immediate or administration of BAL, 
DMPS or DMSA (i.p.)<795,1421> 

DMPS 
(mg/kg) 

Survival 
rate (%) 

0 0 
16 79 
32 88 
57 100 
91 100 
183 100   

Survival rate of 
mice with arsenite 
poisoning when 
treatment with 
DMPS is initiated 
immediately<70,1423> 

DMPS 
(mg/kg) 

Survival 
rate (%) 

0 0 
27 0 
57 85 

114 80 
160 80 
228 89 

  
Influence of pro-
phylactic admini-
stration of DMPS 
on survival rate in 
acute poisoning 
with NaAsO2<70,1423> 
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6.1.3.2.2 Arsenic(V) 
DMPS  had a positive effect on acute poisoning with arsenate in mice<885,887>. Treatment with 
DMPS within one hour of exposure prevented the lethal effects of sodium arsenate (Na3AsO2)<69>. 
In earthworms, DMPS increased the LD50 for arsenate from 519.4 to 841 µmol/kg BW<842>.  

 

6.1.3.2.3 Lewisite 
DMPS has anti-lewisite 
properties<68,70>. It redu-
ced the lethal effect of 
lewisite<70,71,706> and in-
creased the survival 
rates<68,70>. Efficacy in 
terms of survival rates 
fell in the following 
order: DMSA > DMPS > 
BAL<70>. Following per-
cutaneous administrati-
on of the warfare agent, 
the LD50 in rabbits as a 

result of DMPS administration more than doubled from 5.3 to 13.0 mg/kg BW<635>, and increased 
from 1.8 to 2.2 mg/kg BW after i.v. administration<636>. The survival rate could be increased from 6 
to 83 % if DMPS treatment were initiated immediately (repeated s.c. administration of 7.9 to 15.7 
mg/kg)<68,71>. As lewisite had a rapid onset of efficacy following parenteral administration, swift 
introduction of treatment was required<636>. All of the rabbits survived when the first high dose of 
DMPS was given prophylactically prior to administration of lewisite<68,71>. Lewisite-induced lung 
and liver damage was reduced<635>. DMPS alleviated the immunotoxic effects of acute lewisite 
poisoning in rats. However, the effect was not entirely reversible<1589>. 

 

6.1.3.3 Excretion 
6.1.3.3.1 Distribution and excretion 
DMPS accelerated the excretion of arsenic<8,791,868,871,883,884,886,895>, 
whereby elimination in the urine and faeces was increased<791>. 
Arsenic levels in the organs and tissues were reduced<789-791,794,796, 

871,1270>. Four hours after DMPS administration, 8 %<791> or 9 %<796> 

of the arsenic dose administered could still be detected in the body. 
In the untreated controls, the burden was still 50 %<791> or 28 %<796>. 
After 12 hours, 40 % of the arsenic administered remained in the 
control group and <10 % in the DMPS group<791,796>. DMPS was 
more effective than DMSA<791>. The combination of DMPS and 
DMSA displayed no synergistic effects<789,1270>. 

DMPS 
(mg/kg BW) 

Survival rate 
(%) 

0 0 
45.6 67 
91.3 100 

  

Survival rates of rabbits follow-
ing administration of lewisite 
with prophylactic, oral DMPS 
therapy (initiated 45 minutes 
before administration of the 
warfare agent)<68,71> 

Lewisite DMPS Survival rates 
mg/kg BW mg/kg BW 1d 2d 7d 

10 0 4/9 1/9 0/9 
10 8.4 6/6 4/6 3/6 
10 33.6 6/6 5/6 5/6 
14 33.6 5/6 1/6 1/6 
20 33.6 6/6 2/6 2/6 
28 33.6 6/6 0/6 0/6      

Survival rates of rabbits depending on the dose 
of lewisite (percutaneous) and DMPS (i.m.) 
administered<635> 

 As level 
Control 28 % 
BAL 16 % 
DMPS 9 % 
DMSA 12 % 
DPA 28 % 
  

Total body As content in mice 4 
hours after s.c. administration 
of As2O3 (% of the dose 
applied)<796> 

Conclusion: 
In animals, DMPS increased the survival rates following poisoning with both As(III) and As(V) 
compounds. It is, therefore, important to initiate treatment as soon as possible and to ad-
minister a sufficiently high dose. 

Conclusion: 
In laboratory animal experiments, DMPS reduced the lethal effect of lewisite. Treatment should, 
however, be initiated as early as possible due to the rapid onset of action of the warfare agent.
The prophylactic use of DMPS is even more beneficial.  
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6.1.3.3.1.1 Arsenic(III) 

Chronic exposure through the addition of As(III) 
to the drinking water triggered elevated arsenic 
levels in the blood, kidneys, liver and brain of 
male rats. Subsequent treatment with DMPS 
and DMSA significantly lowered levels in the 
blood, liver and kidneys. DMSA was more 
effective than DMPS. The increased value in the 
brain was unchanged by both chelate-forming 
agents. Changes in the biochemical parameters 
tested, e.g. neurotransmitters in the brain, did 
not improve. Similarly, the biochemical liver, 
blood and plasma parameters were unchanged 
<1458>. 
On concomitant single i.p. administration of 
DMPS or DMSA and As2O3, both significantly in-
creased the elimination of As in the urine on day 
one whilst elimination on days 2 and 3 mirrored 
that observed in the control animals<886>. DMPS 
increased both renal and faecal elimination in 
mice and rats<1584>.  
Rats received an oral suspension of oral gallium 
arsenide over 3 x 5 days. This led to increased 
gallium and arsenic values in the blood, liver, 
kidneys, brain and spleen. Subsequent i.p. ad-
ministration of DMPS triggered a statistically sig-
nificant decrease in concentrations, except in 
the brain. DMSA displayed less efficacy in all organs<423>.  
In perfusion experiments conducted on the rat jejunum, the addition of DMPS mobilised lewisite, 
phenyl arsenic oxide and sodium arsenite such that the arsenic content in the intestine was 
reduced. In contrast to BAL and DMSA, the physiological parameters (water- and glucose uptake) 
were consequently reversible<956>. As2O3 exposure inhibited glucose- and water uptake in the rat 
jejunum. This inhibition was not observed on concomitant perfusion with DMPS. With subsequent 
administration of DMPS, the As content in the mucosa was reduced without, however, significantly 
increasing the absorption function<624>. 
 

6.1.3.3.1.2 Arsenic(V) 
The immediate administration of DMPS after 
consumption of sodium arsenate increased the 
elimination of arsenic both in the faeces and in 
the urine compared to untreated animals. DMSA 
increased the renal elimination of arsenic but 
reduced elimination in the faeces such that total 
elimination remained unchanged compared to 
the control group<938>. With monomethyl arsenic 
acid, neither antidote increased elimination<939>. 

Rats that ingest feed containing DMAV excrete 
more arsenic in the urine on concomitant oral 
administration of DMPS. DMAV-induced hyper-
plasia of the bladder epithelium was prevented 
by DMPS<1081>. Histologically, findings resem-
bled those recorded in the control group<90, 283>. 
DMPS inhibited the biomethylation of AsV. Rats 
that ingested DMAV [CH3)2AsVO(OH)] in feed, eliminated unchanged DMAV and trimethylarsenic  
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Influence of oral administration of BAL, DMPS or DMSA 
on arsenic concentrations throughout the body [A]  and 
brain [B] of mice after s.c. administration of As2O3<1270> 
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As elimination within 40 hours of s.c. administration of 
NaAsO4 and DMPS or DMSA (immediate i.p.) as a % of 
the dose administered<917> 
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oxide  [CH3)3AsVO]  (TMAO) in approximately 
the same concentration. If DMPS was also 
added to the feed, arsenic would be found 
chiefly in the form of unchanged DMAV in the 
urine. 
After chronic Na2HAsO4 exposure, oral admi-
nistration of DMPS or DMSA increased As 
elimination in rat urine and reduced As levels 
in the blood, liver and kidneys. Various bio-
chemical parameters improved. Histopatholo-
gical changes in the liver and kidneys partly 
regressed. DMSA was more effective than DMPS<426>. This can probably be attributed to greater 
oral bioavailability. 
 

6.1.3.3.1.3 Urinary excretion 
DMPS increased As excretion in the urine<69, 

426,886,1209>. Reduced excretion was observed 
in an investigation conducted in mice. The 
DMPS-mediated increase in arsenic elimina-
tion in the urine could only be measured 
within 24 hours with one DMPS treatment<67>. 
If DMPS were administered 24 hours after 
poisoning, renal elimination would remain 
unchanged<886,887>. 
 

6.1.3.3.1.4 Faecal excretion 
Faecal excretion was high in most investiga-
tions<73,884,1208,1209>. In one study, DMPS (i.p. 

or oral) 
did not increase arsenic elimination in the faeces in guinea 
pigs<1209>. After i.v. administration of NaAsO2, i.p. admini-
stration of DMPS increased the As content of rat bile more 
than 6-fold. DMSA and DPA were devoid of effect<24>. 

Only small quantities of arsenic were directly secreted into 
the intestine<1207>. DMPS increased the excretion of the 
semi-metal in the bile<24,78,1207,1210-1213,1215>. (BAL < DMSA < 
DMPS)<1215>. The concentration ration of arsenic in the bile to 
arsenic in the blood was increased by DMPS from 40 to more 
than 200<1210>. 
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Concentration of arsenic metabolites DMAV  and 
TMAO in 24-hour urine after oral administration of 
DMAV or DMAV combined with DMPS<861> 

  DPA
 

BAL DMPS DMSA DMPS+
DMSA 

Liver Mouse 90 68 22 42 32 
 Guinea pig 121 70 24 7 7 
Kidneys Mouse 127 56 30 40 26 
 Guinea pig 159 57 33 43 41 
Lungs Mouse 120 65 19 35 30 
 Guinea pig 126 72 29 57 37 
Brain Mouse  253 52 67 53 
 Guinea pig   189 40 63 42 
Testes Mouse  159 23 50 13 
 Guinea pig  69 47 66 93 
Skin Mouse 88 47 21 38 30 
 Guinea pig 113 82 46 78 51 

Mouse 94 55 43 47 32 Muscles 
Guinea pig 113 84 47 45 38 

Blood Mouse 111 77 50 56 35 
 Guinea pig 150 94 56 131 74 

Mouse 102 57 27 45  Total 
body Guinea pig 129 73 36 46         
As content of murine or guinea pig organs following single 
administration of various CA [0.7 mmol/ kg i.p.] 30 min. 
after acute poisoning with As2O3 [0.043 mMol/kg s.c.]  
(%  of untreated controls)<789,793> 

66

33

81

16

62

12

0

20

40

60

80

100

Control DMPS DMSA

A
s 

ex
cr

et
io

n 
(%

 o
f t

he
 a

pp
lie

d 
do

se
)

  Faeces
  Urine

 

24-hour elimination of arsenic in mice following admini-
stration of NaAsO2 (s.c.) and concomitant administration 
of DMPS or DMSA (i.p.)<884> 

 0.1 mmol/kg 
antidote 

0.7 mmol/kg 
antidote 

Control 8.3 8.3 
BAL 10.6 19.2 
DMSA 13.6 28.7 
DMPS 43.0 43.0 
   

Elimination of arsenic in the bile  
(% of the dose)  in guinea pigs poisoned 
with arsenic<1210> 
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Perfusion experiments in isolated livers of guinea 
pigs poisoned with arsenic showed that arsenic 
excretion could not be increased with higher doses 
of DMPS. An active transport mechanism was thus 
assumed for the excretion<1210-1215>. 
The increase in arsenic excretion in the faeces (+ 
240 %) was lower than the rise in arsenic 
concentration in the bile after administration of 
DMPS (+  540 %)<1208>. Enterohepatic circulation 
must, therefore, be assumed for the complex<1210-

1215>. 
The As excretion in the faeces was not increased by 
additional oral administration of active charcoal, salt, 

DMPS 
or cho-
lestyramine. If the antidote and cholestyramine were 
administered orally in addition to the parenteral admi-
nistration of DMPS, then the faecal elimination increa-
sed three-fold. This observation was explained by the 
formation of a negatively charged DMPS-arsenic 
complex in the intestine, which binds to the positively 
charged anionic exchange resin, cholestyramine. This 
interrupted the enterohepatic circulation and increased 
excretion in the faeces<956,1208-1210>. 
 

 
6.1.3.4  Distribution of arsenic in the body 
6.1.3.4.1 Blood 
DMPS lowered As levels in the 
blood compared to the untreated 
control animals<421,789,790,793,794, 

1270>. They nevertheless exceed 
normal values<421>. 
In rats, the biochemical para-
meters for oxidative stress in the 
blood following chronic arsenite 
poisoning were partially to com-
pletely reversible with DMPS. The 
arsenic-induced changes in the 
biochemical parameters in the 
blood and urine (δ-aminolaevulinic 
acid dehydratase, zinc protopor-
phyrin, ALA) improved during 
treatment with DMPS. Disorders 
affecting the glucose balance 
reverted to normal. Prophylactic 
administration of DMPS prevented 
these disorders<120>. DMPS could prevent the reduction in ALAD activity in mice<1457>. 
The SH groups of the serum proteins blocked by arsenic, were again freed by DMPS. If DMPS 
was administered concomitantly with arsenic, there was no reduction in free SH groups in the 
serum<869>. 
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Cumulative elimination of As in the bile (% of the 
quantity of As administered). The arrow marks the 
time at which DMPS (0.1 or 0.7 mmol/L) was added 
to the perfusion solution<1211> Treatment  Arsenic 

i.p. Oral Faeces Urine 
NaCl NaCl 3.6 14.0 
DMPS NaCl 8.2 21.6 
DMPS Cholestyramine 6.6 19.5 
DMPS DMPS 6.0 33.8 
DMPS DMPS+Cholestyramine 18.5 33.4     
Effect of different treatments on the faecal and 
renal excretion of arsenic in  guinea pigs 
poisoned with arsenic<1209> 
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Effect of the oral administration of CA 30 minutes after s.c. administra-
tion of As203 on the As content in murine organs (2 hours after admini-
stration of As)<1269> 
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6.1.3.4.2 Brain 
As levels were lowered by DMPS com-
pared to the untreated control animals<65,68, 

601,789-791,794,796,1270>, but still exceeded nor-
mal values<421>. In another study, DMPS 
had virtually no effect on the As content of 
the brain<1270>. In contrast, BAL led to an 
accumulation, which was 2.5 times that of 
the controls<65,601,791,1269,1270>. 
In rats, the biochemical parameters for oxi-
dative stress in the brain following chronic 
arsenite poisoning were partially to com-
pletely reversible with DMPS<120>.  
 

6.1.3.4.3 Liver 
As levels in the liver were reduced during administration of DMPS<68,789,791,793,794,796,1270>. In an-
other study, As levels in the liver were unaffected<887>. In a murine liver homogenisate, As(III) 

reduced the activity of AST and increased 
that of ALT and AP. The addition of DMPS 
reduced this effect. In vivo, the injection of 
As(III) increased the activity of enzymes γ-
GT, AST, ALT and AP. Single admi-
nistration of DMPS [30 minutes after As(III) 
injection] reduced the effect of As(III) on γ-
GT. The effect on the other enzymes was 
insignificant. The authors nevertheless 
conclude that DMPS prevents acute 
biochemical/clinical symptoms in the liver 
following administration of arsenic<1457>. 
Similarly, lewisite-induced pathological 
changes in the liver were reduced in 
rabbits<635>. 
 

6.1.3.4.4 Kidneys 
DMPS reduced the As load in the kidneys<68,789,791,793,794,796, 1270>. In another study, As levels in the 
kidneys were unaffected<887>. The administration of As(III) increased the activity of the AST, ALT 
and AP enzymes in the kidneys compared to the control animals. Single administration of DMPS 
[30 minutes after As(III) injection] reduced this effect. The authors thus conclude that DMPS 
prevents the onset of arsenic-induced, acute biochemical/clinical symptoms in the kidneys<1457>. 
 

6.1.3.4.5 Testes 
DMPS reduced the As burden in the testes<65,790,793,794,796,1270>. No effect was observed in mice<65>. 
In contrast, BAL triggered higher As levels in the testes<791>. 
 

6.1.3.4.6 Other organs 
In perfusion experiments, DMPS reduced the arsenic content in the rat jejunum<956>. DMPS 
reduced the As load in the spleen<790,794,796>, lungs<68,789,790,793,794,796,1270>, skin<789,790,793,794,796,1270> 
and muscles<789,790,793,794,796>. 
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As levels in the brain (% dose administered/g moist tissue) of 
rabbits which received DMPS or BAL 1 hour after NaAsO2 
<52,601> 
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6.1.3.5  Metabolism of arsenic compounds 
The various arsenic compounds vary in terms 
of toxicity. Thus, As(III) is more toxic than 
As(V), and methylated arsenic is less toxic 
than inorganic arsenic compounds [As(V) < 
As(III) < AsH3]<344,419,895,960>. Toxicity increa-
ses in the following order: arsenite > arsenate 
> mono methyl arsenate MMA > dimethyl 
arsenite DMA<419>. While As(III) reacts prefe-
rentially with sulfhydryl groups and thus in-
hibits the catalytic activity of enzymes, e.g. 
pyruvate dehydrogenase<1419>, [AsO4]3- can 
be incorporated in the metabolism in the 
place of phosphate [PO4]3- <63,385>. Stepwise 
methylation in the liver is, therefore, an impor-
tant process in the physiological detoxification 
of As(III) and As(V) compounds<328,895>. 

Determination of the metabolites of the 
administered arsenic compounds in the 
urine showed that DMPS influenced the 
biotransformation of arsenic. The precise 
mechanism of action has not yet been 
elucidated<67,895>. In tests with rat liver 
cytosols, DMPS increased the reduction of 
As(V) to As(III) via purine-nucleoside phos-
phorylase. BAL was clearly more effective 
whilst DMSA was  

devoid of effect<522>. Rats that ingested 
feed containing DMA(V) eliminated mainly 

DMA(v) in the urine following concomitant administration of DMPS whereas TMAO was mainly 
found in the control animals<283>.  

In in-vitro investigations with rabbit liver cytosols, the addition of DMPS reduced the formation of 
DMA(V) in a dose-dependent manner<328>. Tests carried out with human liver cytosols showed that 
this reaction is not enzymatically controlled. As(III) is already methylated by methylcyanoco-
balamine in the presence of GSH. Small quantities of DMA are also formed. DMPS stimulates this 
reaction like sodium selenite<1594>. However, the authors make no reference to the mechanism 
involved. 
In experiments with rabbit<328,329> or rat liver <217> cytosols, the addition of DMPS inhibited the me-
thylation of As(III) and As(V) compounds. With DMSA, this effect occurred only at higher 
concentrations<217>. In patients chronically poisoned with arsenic through drinking water, increased 
monomethyl arsenic compounds were also detected following administration of DMPS whereas, 
without DMPS, 60 to 80 % of the arsenic was present as dimethyl arsenic (V). DMPS presumably 
binds the monomethyl compound and thus prevents the second methylation stage. MMA(III) 
DMPS was detected in the urine. No complexes of DMPS with inorganic arsenic or dimethylated 
arsenic compounds were found<500>. Other authors challenge this interpretation as DMA(III) is 
instable in aqueous solution and is also oxidised to DMA(V) within 17 hours at -20°C<438>. 
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Biotransformation of inorganic arsenic<50> 

 Control DMPS DMSA 

Arsenite [AsO2]- 1 6 6 
Arsenate [AsO4]3- 18 43 14 
Methyl arsonate [CH3-AsO3]- 17 28 36 
Dimethylarsenite 
[(CH3)2AsO2]- 

52 18 32 

Unknown As  12 5 9     

Fractions of the excreted arsenic compounds (%) in the 24-
hour urine of rabbits given NaAsO2 and, one hour later, 
DMPS or DMSA i.m.<67,895> 

Conclusion: 
DMPS increased the excretion of arsenic in both the urine and the faeces. The metalloid 
content was reduced in all organs, whereby DMPS was almost always superior to DMSA. In 
contrast to BAL, DMPS did not lead to an accumulation of arsenic in the brain. Laboratory 
animal experiments show that, of the known antidotes, DMPS is the most effective in the 
treatment of arsenic poisoning. 
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DMPS increased the arsenate-reductase activity of human purine nucleoside phosphorylase 
(PNP) isolated from the human liver in a concentration-dependent manner. The greater the 
quantity of DMPS added, the more arsenite was formed from arsenate<1199,1256>. Monomethyl 
arsenate (MMAV) was not reduced<1256>. 
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6.1.3.6  Influence of arsenic on copper metabolism 
The administration of arsenic also led to a change in copper 
metabolism. In rats, the copper content of the kidneys was 
increased after administration of arsenic. If the animals were 
treated with DMPS, then the copper content of the urine was 
increased as well as that of the arsenic<886>. 
 

6.1.3.7  Embryotoxicity of arsenic 
In pregnant mice DMPS 
exhibited protective effects 
against the teratogenic and 
embryotoxic effects of ar-
senic<342,344>. At sufficiently 
high doses of DMPS, the 
toxic effects of sodium ar-
senite on the dams (death, 
haemorrhage) were only 
slight. The number of ab-
sorbed foetuses fell and 
the fraction of normal preg-
nancies increased the 
higher the dose of DMPS 
administered. Visible foetal 
deformities were prevented 
and skeletal changes re-
duced. The toxic effects were not, however, completely abolished even with high doses of DMPS. 

 DMPS Arsenic As + DMPS 
Kidneys 73 207 160 
Urine 229 121 274     
Cu content of the kidneys and Cu ex-
cretion in the urine of rats following 
administration of arsenic<886> 

Experiment I II III IV V 
Sodium arsenite (mg/kg) 0 12 12 12 12 
DMPS (mg/kg) 0 0 75 150 300 
No. of dams at the start 24 22 17 19 20 
No. of dams dying 0 3 0 2 0 
Dams with haemorrhage 0 6 3 1 0 
Total absorption of the litter 0 7 6 4 0 
Dams with foetuses 24 6 8 12 20 
Average weight of the foetuses (g) 1.37 0.99 1.25 1.15 1.22 
Dead or absorbed foetuses (%) 1.4 76.0 69.8 47.8 34.3 
Foetuses with external deformities (%) 0 26.4 9.4 4.7 0 
Foetuses with skeletal 
abnormalities(%) 

12.5 84.2 93.3 52.6 35.3 

      
Influence of arsenic and DMPS on the embryotoxicity of sodium arsenite in 
mice<344> 

Conclusion: 
DMPS affects As metabolism. Details of this action have not yet been elucidated. 
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The risk of arsenic-induced foetal deformities remained somewhat high despite DMPS 
therapy<344>. 

 

6.1.4 At - Astate 
The effect of prophylactic administration of DMPS on the distribution of the heavy halogenide, 
211At, in organs was investigated in mice. The i.p. administration of DMPS 24 hours or 1 hour 
before administration of astate had only a minor effect on the distribution of the α-emitter<818>.  

 
6.1.5 Au - Gold 

DMPS is an effective antidote for gold poisoning<672,706>. The effect of DMPS on the toxicity of 
various gold compounds used as basic therapy in the treatment of chronic polyarthritis was in-
vestigated in laboratory animal experiments. 

1H-NMR investigations on erythrocytes showed that the gold [Au(I)] from 
aurothiomalate is partially bound to the cysteine of glutathione. On addi-
tion of DMPS, the gold was first released from the monothiol thiomalate. 
At higher doses, the gold was also mobilised from the glutathione<1106>. 

After acute poisoning with sodium aurothiosulfate, 80% of the mice trea-
ted with DMPS survived whereas all animals in the control group 
died<131>. 

DMPS increased gold excretion especially in the urine<449,602,765,1426>. Fae-
cal excretion also rose<449,602> or was not significantly affected<765,766,1426> 
by elimination of the complex via the bile. Investigations using gel chro-
matography showed that the gold in the urine was exclusively bound to 
DMPS. In addition to the DMPS-gold complex, binding of the gold to the 

amino acid, cysteine, and to high-molecular proteins could also be demonstrated in the bile<765>. 
Au levels were lowered in 5 of the 8 organs examined<69>. The gold concentrations in the 
kidneys<449,766,1424,1426>, liver<449,766,1424,1426>, skin<449> and muscles<449> were reduced.  
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Na3[Au(S2O3)2] 
Keratin-bound 
gold (aurothio-
polypeptide) 

Aurothioglucose Sodium aurothiomalate (AuTM) Sodium auro-
thiosulfate 

Goldkeratinate 

Chelating 
agent 

Survival rate (%) 

Controls 0 
DPA 20 
DMPS 80 
DMSA 90 

  

Survival rate of mice 
following administration 
of sodium aurothiosulfate 
(approximately 2-fold 
LD50) and administration 
of various CAs<131> 

Conclusion: 
DMPS can also be administered in the treatment of arsenic poisoning in a vital indication during 
pregnancy. In the laboratory animal experiment, all of the dams survived arsenite poisoning 
when sufficient doses of DMPS were administered. The number of foetuses with deformities or 
skeletal abnormalities decreased, but still did not correspond to that of the control animals 
without arsenic poisoning. 

Conclusion: 
With a DMPS biological half-life of approximately 20 minutes in mice, this effect was anticipated.
Whether or not DMPS is effective in the management of astate-induced poisoning cannot be 
deduced from these investigations. 
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The immediate administration of DMPS lowered 
the gold content of the liver<449,766,1424>. Both the 
immediate and delayed onset of treatment lowe-
red the Au content of the erythrocytes and plas-
ma<449>. The effect was dose-dependent; higher 
doses of DMPS were more effective<449,1425>. 

Both the immediate<449,766,1425,1426> and the del-
ayed<449> administration of DMPS reduced the 
heavy metal content of the kidneys at an adequate 
dose level449. DMPS thus prevented the harmful 
effect of gold on the kidneys<766,1424-1426>. DMSA 

was 
more 
effec-

tive in 
this 

respect 
than 

DMSA or DPA<766,1426>. Gold-induced changes in bio-
chemical parameters (increased excretion of glucose, 
proteins and aspartate amino transferase AST, 
increased blood urea nitrogen level BUN) were 
reduced<766,1424-1426>. Concomitant administration of 
sodium aurothiomalate (i.m.) and DMPS (i.p.) prevented 
the change in biochemical parameters<766,1424> without 
significantly influencing the effect of the gold compound on adjuvant arthritis<1424>. 

The administration of gold led to 
increased copper levels in the liver 
and kidneys of rats. Zinc, iron and 
calcium content was unaffected. 
DMPS lowered raised copper levels in 
the liver, but not in the kidneys<1424>. 

 
6.1.6 Be - Beryllium 
DMPS increased the mortality of mice with acute bery-
llium poisoning. The effect was not, however, statistically 
significant<1135,1136>. 
Female rats received one i.m. bolus dose of Be(NO3)2. DMPS (i.p.) was then administered three 
times with Na2SeO2 (s.c.). Berylllium-induced changes in the various biochemical parameters in 
the kidneys, liver, lungs, uterus and blood consequently improved. The combination of DPA with 
selenite was more effective whilst glutathione was less effective. Be levels in the examined organs 
were lowered to a similar extent through the three treatments but, even after three doses, still not 
reach the comparative value of the control animals not exposed to beryllium<660,661>. 

Male rats were given parenteral beryllium nitrate for three weeks. The animals then received 25 or 
50 mg DMPS/kg BW twice daily for five days. The treatment increased beryllium excretion, 
especially in the faeces. The higher dose was more effective. The metal content in the blood was 
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Effect of a single dose of DMPS on the gold 
content of the kidneys and liver (as % of the 
untreated control animals)<1425> 

 Kidneys Liver 
 Cu Zn Fe Ca Cu Zn Fe Ca 
AuTM 308 128 114 90 209 115 121 107 
AuTM + DMPS 304 132 119 85 126 109 107 117 
         

Influence of sodium aurothiomalate (AuTM) and DMPS on the trace 
elements of the liver and kidneys(control animals = 100 %)<1424> 

BeCl2  LD50 = 214 mg/kg BW 
BeCl2 + DMPS  LD50 = 277 mg/kg BW<1136> 

Conclusion: 
DMPS increases the survival rate in animals poisoned with gold. The gold content of the liver 
and kidneys is reduced and changes in biochemical parameters are avoided. DMPS therefore 
appears to be a suitable antidote for the treatment of gold poisoning.
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increased whereas the metal content in the 
liver, kidneys and spleen fell. Beryllium-
induced changes in the hepatological and 
haematological parameters (e.g. ALP, ALAD, 
GOT and GPT) partly improved. Histopa-
thological changes in the kidneys and liver 
were reduced following administration of 
DMPS<425>

. 
Male rats were given 50 mg DMPS/KG BW 
each for three days immediately after a 
single i.p. administration of beryllium (as 
Be(NO3)2). The changes in various bioche-
mical liver parameters were prevented by 
administration of the chelating agent. Histo-
pathological examinations of the liver and 
kidneys confirmed the protective effect of 
DMPS. Beryllium levels in the blood, liver 

and kidneys were reduced, bud did not achieve the value of the normal group that had not 
received any berylllium, even after three doses of DMPS. DMPS was more effective than 
DMSA<908>. 

 
6.1.7 Bi - Bismuth 
All the mice poisoned acutely with bismuth (LD95) that were treated with DMPS survived. All the 
animals that were in the untreated control group died<132>.  
Rats that were chronically poisoned with bismuth for 
14 days exhibited a 4-fold increase in the urinary ex-
cretion of the metalloid after administration of DMPS. 
Bismuth levels in the blood, kidneys, liver, spleen and 
brain were reduced. The content of the bones was 
unaltered<1356>. 
Nude mice were given DMPS in their drinking water 
two days before to three days after i.p. injection of 
bismuth acetate. DMPS drastically increased the body 
clearance of bismuth and the total body burden with 
the metalloid fell rapidly as did the level in the kidneys, 

 Beryllium exposure 
 

Con-
trols 0 mg DMPS/ 

kg BW 
25 mg DMPS/ 

kg BW 
50 mg DMPS/ 

kg BW 
Blood (µg/100 mL) 0.6 14.8 17.2 24.1 
Liver (µg/g) 0.4 16.5 14.4 10.0 
Kidneys (µg/g) 1.6 7.5 8.1 4.9 
Spleen (µg/g)  0.2 4.1 2.7 1.6 
Urine* (µg) 1.0 5.4 6.3 7.1 
Faeces* (µg) 0.9 6.1 11.1 13.0      

Influence of treatment with DMPS on the be content of organs 
(*total excretion of be during the 5-day treatment)<425> 

0

5

10

15

20

25

Day 1 Day 7 Day 1 Day 7 Day 1 Day 7 Day 1 Day 7

Liver Kidneys Lung Uterus

B
e 

co
nt

en
t (

µg
/g

)

 Control  DMPS+Se  DPA+Se

 

Effect of 3-day combination therapy of DMPS or DPA with 
selenium on the beryllium content of various rat organs 
compared to the untreated animals one or seven days after 
treatment<660,661> 
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Influence of the administration of DMPS on 
Be levels in the blood (µg/100 mL) and 
various organs (µg/g)<908> 

DMPS 
(µg/mL) 

2 
hours 

21 
hours 

28 
hours 

45 
hours 

100 105 27 29 19 
300 108 12 13 9 
600 79 8 5 5 
     

Time-based reduction in the total body bur-
den of Bi (% of the controls) following oral 
treatment with DMPS in drinking water (2 
days before to 3 days after i.p. injection with 
bismuth acetate)<683 > 

Conclusion: 
DMPS has a minor effect on mortality rates in mice following acute beryllium poisoning. Faecal 
excretion is essentially increased whereas levels in most organs fall. DMPS should thus be 
considered as an antidote if treatment of this type of poisoning is required. 
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which are the main target organs for bismuth. Deposition of the metalloid in the femur was more 
than halved, as a result of which the radiotoxic effects on the bone marrow were reduced<683>.  
Following i.v. injection of the 206Bi-DMPS complex, the radionuclide did not accumulate in the 
kidneys of rats. After 24 hours, less than 1% of the injected dose could be detected in the kidneys 
of rats<40>. Thus the complex is not suitable for kidney scanning. 
The α emitter 215Bi is derived from 225Ac, which is bound to monoclonal antibodies and used in 
radio-immunotherapy in cancer. In mice, the administration of DMPS prevented the deposition of 
215Bi in the kidneys. Oral administration with the drinking water was as effective as i.p. 
administration. DMPS was the most effective and surpassed both DMSA and Ca-DTPA. The 
additional administration of the diuretics, furosemide or chlorothiazide, further lowered Bi levels in 
the kidneys. DMPS also lowered 215Bi deposits in the bones. Contrastingly, Bi levels in the blood 
were higher with DMPS than in the untreated controls. The total body burden was not, however, 
increased<648>. 
The administration of DMPS also prevented the renal accumulation of 215Bi in experiments carried 
out with a Cynomolgus monkey. Blood levels were unchanged compared to experiments 
conducted in mice<648>. 
In-vitro dialysis experiments showed that DMPS at high doses mobilises bismuth from its protein 
bindings, thus increasing the dialyzability of bismuth from serum. The DMPS-Bi complex was only 
slightly bound to serum constituents. It was predominantly present in the free form and could, 
therefore, transfer to the dialysate<1356>. 
In contrast to BAL, DMPS and DMSA did not potentiate the antibacterial effect of bismuth 
compounds. The lack of lipophilia of the Bi-DMPS complex is discussed as a possible cause<340>. 

 
6.1.8 Ca - Calcium 
The administration of CaCl2  triggered arrhythmia in rabbits. The number of SH groups fell. The ad-
ministration of DMPS allowed SH concentrations to rise again and prevented the arrhythmias<1387>.  

 
 
6.1.9 Cd - Cadmium 
On chronic poisoning, cadmium is mainly deposited in the liver and kidneys. It is thus presumably 
bound to essential SH groups. It accumulates as it is only eliminated in small quantities. It can thus 
compete with zinc and calcium. It is quickly absorbed in the cells. Intracellularly, it induces the 
formation of metallothioneins<1153>. It is firmly bound to these SH-rich proteins. This is an 
endogenous protective mechanism. The symptoms of poisoning do not appear until the binding 
capacity of the metallothioneins is exceeded<117,1206>. On the other hand, this reaction of cadmium 
prevents cadmium from binding to chelating agents and thus the efficacy of the latter in the 
treatment of intoxication<1153>. 

 

 

Conclusion: 
DMPS increases the survival rates on acute poisoning with bismuth. Excretion is increased. The 
total body burden and organ levels decrease. DMPS is thus a suitable antidote for the treatment 
of acute and chronic bismuth poisoning. 

Conclusion: 
According to chemical legislation, DMPS is not expected to have a direct impact on calcium 
levels. DMPS is not, therefore, indicated in elevated Ca concentrations. 
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6.1.9.1 Investigations in cell cultures or cell organelles 
In vitro, DMPS partially released cadmium from its binding 
to metallothioneins (consisting of up to 30% cysteine<1305>) 
relatively quickly and high-molecular plasma constitu-
ents<664,912>. As 1H-NMR investigations showed, it mobilised 
the heavy metal from its binding to glutathione and haemo-
globin in haemolysed erythrocytes. Efficacy increased in 
the following order: DPA < DMPS  < DMSA<1196>. The cadmium bound to low-molecular structures 
in the plasma increased with higher concentrations of DMPS<912>. 

The tests carried out to determine the effect of DMPS on cadmium 
absorption in cell cultures yielded non-uniform results. They ranged 
from an increase in cadmium absorption in various cells<1455> via no 
effect<414-416> to inhibition of absorption in 
CHO cells (60 % compared to the con-
trols)<1203,1205,1206>.  In contrast to in-vivo 
experiments, only approximately 50% of 
the cadmium was bound to metallo-
thioneins after 20 hours in cell cultu-
res<1203>. Cadmium absorbed in CHO 

cells<1203,1205,1206> or human epithelial cells<116> was partially dissol-
ved from metallothioneins once again and excreted in the medium 
following addition of DMPS to the nutrient medium. Absorbed 
cadmium was not mobilised in other cell experiments<414,416>. 
Even if DMPS did not increase Cd excretion from cells, the cytotoxicity of cadmium was slightly 
reduced<415,416>. The Cd-DMPS complex is obviously less toxic than the free heavy metal<416>. The 
cadmium-induced inhibition of protein synthesis in cancer cells<162> or lysed reticulocytes<909> was 
stopped on addition of DMPS. Inhibition of cell proliferation was partly reversible<414>. 

Cd2+ influences biochemical processes by adhering above all to the SH groups of various 
biomolecules. 
• DMPS dissolved Cd2+-ions, which 

were bound to cysteine-containing 
components in potassium ion 
channels, thus reinstating functiona-
bility<852,979,1239,1240,1363>, e.g. control of 
the potassium flow through the neu-
ron membranes<384,1539>.  

• Cd2+ reduced glutamate binding in 
synaptic membranes in rat brains. 
The addition of DMPS or DMSA, but 
not BAL, partially prevented this effect 
<1362>. DMPS also prevented the effect 
of cadmium on glutamate binding in  

• blood platelets<195a>. 
• In erythrocytes, the administration of DMPS prevented the effect of Cd2+ on fat meta-

bolism<531,623>. 
• The addition of DMPS reduced the inhibitory effect of CdCl2 on microsomal Na+-K+-ATPase in 

rat brain microsomes in a concentration-dependent manner<262>. 
• CdCl2 prevented veratrin-induced muscle stimulus by blocking the SH groups. DMPS stemmed 

this effect once again<769>. 
• From a CdO suspension (particle size < 5 µ) the metal bound to plasma proteins. In contrast to 

EDTA, the addition of DMPS did not have a significant effect on the bound quantity of 
metals<439>. 
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Uptake of cadmium in CHO cells 
on addition of various chelating 
agents to the nutrient 
medium<416> 
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Effect of DMPS on cadmium 
release from CHO cells (% 
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6.1.9.2 Acute poisoning 
6.1.9.2.1 Monotherapy 
The results with respect to survival rates for 
acute cadmium poisoning after administration of 
DMPS fluctuated between 0 and 100 %. They 
depended on the DMPS dose, the cadmium load 
the time between poisoning and DMPS admini-
stration. 
DMPS protected mice against the lethal effects 
of Cd poisoning<63>. The lethal doses were 
increased<1135,1305>.  

 
The survival rate in mice was high when treatment 
was initiated immediately<681,1305,1378>. However, 
more animals still survived than in the control group 
when treatment was started after 1 hour<70>. 50% of 
rabbits survived an LD100, 87 % a LD80 poiso-
ning<207>. Oral administration of DMPS 15 minutes 
after oral administration of CdCl2 to mice increased 
the survival rate from 70 to 90 %<35>. After 4 hours, 
neither DMPS nor DMSA, Ca-DTPA nor EDTA in-
creased the survival rates in mice<1579a>. 
Higher doses of DMPS were more effective<1305>. All 
mice survived with higher doses of DMPS, even 

when treatment was initiated 60 minutes after 
i.p. administration of Cd, whereas all the ani-
mals receiving lower doses died<680>. This may 
be attributable to the firm binding of cadmium to 
metallothioneins (low-molecular, metal-binding 
proteins with a binding constant for cadmium of 
about 25.5<135>) and its storage in the cytosols 
of the cells<1334>. Cadmium induces the syn-
thesis of these proteins in the body<519>.  
Following oral administration, DMPS was more 
effective than DMSA whereas i.p. administration 
of DMPS exceeded DMPS<397,1378>. The survival 
rate fell in the following order, DTPA > Zn-DTPA 

> DMPS following immediate administration of high-dose antidote therapy. Younger animals 
responded to the treatment better than older animals<681>. 

When DMPS 
was administe-
red immedia-
tely via the oral 
route following 
oral dosing with 
CdCl2, all mice 
survived whe-
reas 50% of the 
animals in the 
control group 
died. The cad-
mium content 
in the liver and 
kidneys was re-

CdSO4 LD50 = 57 µmol/kg BW<992> 

CdCl2  LD50 = 26.7 µmol/kg BW<1378> 
 (Mouse, i.p.) 
CdCl2 + DMPS  LD50 = 41 µmol/kg BW<1378> 

 (Mouse, i.p.) 
CdCl2  LD50 = 9.1 mg/kg BW 

CdCl2 + DMPS  LD50 = 15.2 mg/kgBW<1136> 

 Cadmium levels 
 

Survival 
rate (%) Kidneys Liver 

Controls 50 12.5 34.0 
Na5DTPA 100 4.4 3.2 
DMSA 100 1.4 0.9 
DPA 100 15.4 12.5 
DMPS 100 8.3 3.8     

Effect of immediate oral administration of 
chelating agents on survival rate and Cd levels in 
the liver and kidneys after oral administration of 
CdCl2 to mice<130> 

CA Survival rate(%) 

Zn-DTPA 80 
Ca-DTPA 77 
Triene 0 
DPA 40 
DMPS 0 
DMSA 40   

Survival rate (%) of mice follow-
ing administration of CdCl2 (i.p. 
LD97) and dosing with various 
CA (i.p. after 20 min)<133> 

 LD100 LD80 
As 100 100 
Hg 72 90 
Cd 50 87 
Ni 40 80 
Cr 40  
   
Survival rates (%) of 
rabbits on administra-
tion of DMPS  after 
poisoning with LD100 
or LD80 of various 
heavy metals<207> 

DMPS: 
Cd 

DMPS 
(mg/kg) 

Survival 
rate(%) 

 

0:1 0 0  
3:1 46 20  
5:1 84,5 0  
7:1 91 60  
10:1 169 60  
17:1 228 95  
20:1 338 100  
50:1 845 90  
60:1 1.014 100  
80:1 1.352 60  
100:1 1.690 60  
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Survival rates of mice after cadmium poisoning depending on the DMPS dose<681> 
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duced compared to the controls<130>. Oral administration of DMPS 15 minutes after oral admini-
stration of cadmium increased the survival rate in mice from 7.5 to 80 % whereas i.p. admini-
stration proved ineffective<34>. However, the i.p. doses amounted to only 1/8 of the oral doses. At 
high doses, i.p. DMPS increased the survival rate in mice from 50 to 90%<1378>. All of the mouse 
died following i.p. administration of DMPS 20 
minutes after injection of CdCl2 (LD97)<133>. 
Irradiation of the DMPS solution with X rays 
did not reduce the efficacy of the solution<297>. 

Single oral administration of DMPS 15 minu-
tes after oral dosing with CdCl2 reduced the 
total body burden in mice. The survival rate 
rose from 70 to 90%<35>. 

DMPS showed its best effect when it was 
given immediately after the cadmium. Efficacy 
fell drastically over time<668>. The protective 
effect was mostly lost after 30 minutes<1305> or 
after 1 - 3 hours<1154, 1161>. After 24 hours, no 
further effect on cadmium distribution in the 
body was observed<258,1504>.  
 

 

 
6.1.9.2.2 Combination therapy 
The results of combination 
therapy with DMPS and 
other chelating agents (mi-
xed ligand chelate therapy 
MLC) have been assessed 
to varying degree in the 
literature. The immediate 
combination of EDTA and 
DMPS was less effective 
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Survival rate and cadmium content in various organs after 
oral administration of CdCl2 and oral administration of CA 
(after 15 minutes) in mice<35> 
Others = testes, heart, spleen, lungs and brain. 

 0.03 mmol Cd/kg 
Treatment after 1 h 

0.06 mmol Cd/kg 
Treatment after 1 h 

0.1 mmol Cd/kg 
Treatment after 5 min 

Controls  59 77 86 
DMPS 11 40 88 
DMPS+EDTA 30 83 80 
    

Effect of DMPS and EDTA combination therapy on cadmium mortality 
rates(%)<1161> 

Treatment Survival rate 
Controls 0/10 
DMPS (i.p.) 2/10 
DMSA (i.p.) 2/10 
CaNa3DTPA (i.p.) 4/10 
Vitamin B1 (i.p.) 1/10 
Methionine (i.p.) 1/10 
Zinc (i.p.) 2/10 
DMPS (i.p.) + Vitamin B1 (oral) 5/10 
DMPS (i.p.) + Methionine (oral) 5/10 
DMPS (i.p.) + Zinc (oral) 8/10 
  

Effect of immediate mono- or combination therapy 
on the survival rate of mice after acute cadmium 
intoxication<530>  

10

0,5 0,5 0,5

20

10

20

94

0

10

20

30

40

50

60

70

80

90

100

DMPS
DTPA

EDTA

DMPS+E
DTA

DMPS+D
TPA

DMPS+DPA

DTPA+P
A

DMPS+D
TPA+D

PA

Su
rv

iv
al

 ra
te

 (%
)

 

Effect of immediate mono- or combination therapy on the 
survival rate of mice after administration of CdCl2 (approx. 2-
fold LD99) (DMPS: 0.2, Ca-DTPA: 0.04, EDTA: 0.1, DPA: 0.5 
mmol/kg)<1305> 

Conclusion: 
After acute cadmium poisoning, only the immediate administration of DMPS increased the 
survival rate. Delayed onset of treatment is ineffective as the binding of cadmium to 
metallothioneins (pK = 25.5)  is greater than that to DMPS (pK = 18.6). 
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than DMPS alone in terms of survival rate in mice (2-fold LD99). In contrast, the effects of DMPS 
and Ca-DTPA were cumulative<1153,1305>. All animals died during monotherapy with DMPS or Ca-
DTPA. However, all the mice receiving combination therapy one 
hour after i.v. administration of CdCl2 survived<1306>. This effect 
was, however, surprisingly lost when DPA was also administered 
(triple therapy)<1305>. DPA alone was ineffective<70>. Combination 
with BAL<1154> or Zn-DTPA<397> did not show any synergistic effects. 
Concomitant administration of EDTA and DMPS was more 
effective<1153>, equally effective<680,1154,1161> or less effective<70,1305> 
than treatment with DMPS alone. 

The efficacy of the combination therapy, however, fell rapidly. All 
animals died even when treatment was initiated 30 minutes after the 
injection of CdCl2<1305>. 
Most mice survived after administration of CdCl2 when combination therapy comprising DMPS 
(i.p.) and zinc (oral) was initiated immediately. The zinc presumably ousted cadmium from its 
binding to biomolecules, thus making it more accessible to DMPS<530>. 

 

6.1.9.3 Influence on the distribution of cadmium 
The results of the various investigations focusing on the influence of DMPS on the distribution of 
cadmium in the body varied considerably. The efficacy of DMPS depended in particular on the 
dose and on the time that elapsed between cadmium administration and the onset of treatment. 
The efficacy was time-dependent, whereby concomitant administration of cadmium and DMPS led 
to a marked reduction of the burden<8,1204>. This was due to the stable binding of cadmium to 
metallothioneins (log K = 25.5)<8,258,1206>. This complex accumulates intracellularly while DMPS has 
a primarily extracellular effect<257,258,1206>. The efficacy of DMPS is, therefore, limited to the short 
time span until sufficient metallothionein is formed<257,258>. After three hours, about 90% of the 
cadmium was bound to metallothioneins. 14-days’ treatment could not reduce the total body 
burden more significantly<1206>. 
In mice, immediate injection of DMPS after i.v. administration of cadmium chloride did not reduce 
the total body burden. DMSA had a mild effect and Ca-DTPA reduced the burden by more than 
50%f<395>. The organ contents did not change significantly. Levels in the kidneys, brain and testes 
were rather high with a tendential reduction in the liver and gastrointestinal tract. 

Following intravenous administration of vari-
ous DMPS-cadmium complexes<397> or on 
simultaneous administration of DMPS and 
cadmium<1204>, cadmium levels in the kid-
neys exceeded the value recorded in ani-
mals that received only a corresponding 
quantity of cadmium chloride<1206>. 

Intravenous administration of 
DMPS enclosed in liposomes 
(unfortunately, the study 
provides no details about the 
time interval between the 
administration of Cd and 
DMPS) increased the renal 
excretion of Cd. Excretion via 
the faeces was also slightly 

increased. Compared to levels recorded in the control mice, Cd concentrations in the blood, liver, 
kidneys and spleen were lowered. 
 

 

Time 
(minutes) 

Mortality 
(%) 

5 10 
15 60 
30 100   

Effect of time interval between 
the administration of  CdCl2 and 
the start of treatment with DMPS 
+ Ca-DTPA<1305> 

 Total body Liver Kidneys 
Cd:DMPS 1:1 99 91 121 
Cd:DMPS 1:3 87 60 179     
Cadmium levels in mice following i.v. administration of 
various Cd-DMPS complexes (as % in relation to the 
administration of CdCl2)<397> 

Time  Liver Kidneys Spleen Testes Blood 
1 hour Controls 60.2 1.1 0.54 0.24 0.47 
 DMPS 10.4 2.3 0.10 0.24 2.69 
24 hours Controls 56.0 1.5 0.20 0.13 0.04 
 DMPS 19.0 2.8 0.11 0.17 0.04        
Cd levels (% of dose administered) 1 hour or 24 hours after i.v. injection of a 
Cd-DMPS complex (3:100) in various rat organs<1206> 
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6.1.9.3.1. Excretion and total body burden 
DMPS either increased the urinary excretion of cadmium<117,145,259,1153,1154,1206> or did not have any 
effect<258>. No correlation between excretion and renal burden could thus be detected<256>. 
Following a single dose of DMPS, the time required for the excretion of 70% of the cadmium dose 
administered was reduced from 38.5 to 29 hours<35>. Lipophilic Cd-DMPS complexes could be 
detected chromatographically in the urine<396>. The total body burden was reduced <33,35,1153> or 
unaffected<396,1206>. 
In mice, immediate administration (via both the oral and i.v. routes) increased Cd excretion via the 
urine on the first day. No increase in excretion compared to the control animals was observed on 
subsequent days. The effect was considerably less marked if treatment was only initiated after 30 
minutes. The onset of treatment after 6 hours was ineffective<117>. 

The administration of i.v. DMPS one hour after i.v. injection of CdCl2 increased Cd concentrations 
in rat urine approximately 15-fold<257-259,1154>. The administration of DMPS 24 or 72 hours after 
application no longer increased excretion<257-259> or only slightly.  The increase was so minimal that 
it did not reduce the body load or lower Cd levels in the organs<259,1205>.  
Immediate administration of a single oral dose of DMPS after oral administration of CdCl2 
increased faecal excretion. Whereas 70% of the dose administered was eliminated in the faeces of 
the untreated control animals after 38.5 hours, this value was achieved after just 29 hours in mice 
treated with DMPS<35>. Faecal excretion was slightly 
reduced in other investigations<1154,1206>. The concentration 
in the bile remained unchanged<63,117,145,257-259,1504,1624> or 
was reduced<1154>.  
In rats<1153,1154> or mice<395>, immediate administration of 
DMPS or other chelating agents reduced the total body 
burden with Ca-DTPA proving to be the most effective 
treatment. Renal excretion was increased with DTPA and 
renal and biliary excretion with BAL<259,1154>. Efficacy was, 
however, mostly lost after just 1 hour<1153,1154>.  
Immediate combination therapy with DMPS and Ca-DTPA 
reduced the total body burden<397>. Concomitant treatment 
with BAL and DMPS increased both urine and faecal 
excretion and reduced the total body burden<1154>. 
 
6.1.9.3.2 Kidneys 

Most authors observed increased Cd depots in the kidneys in 
animals treated with DMPS<33,35,395,992,1153,1154,1204,1334> whilst 
others witnessed no effect<145,258,836,1504> or even reduced 
concentrations<117,260,1378>.  Delayed dosing was ineffecti-
ve<117>. I.v. administration of DMPS enclosed in liposomes 
reduced Cd concentrations via the retention effect and con-
tinuous release<145>. 
Immediate i.p. administration of DMPS after i.v. admini-
stration of 115mCd drastically increased Cd depots in the rat 
kidney<992>. Immediate i.p. administration of DMPS after i.p. 
administration of CdCl2 reduced Cd levels in the kidneys with 
higher doses proving more effective<1378>. Immediate combi-

nation therapy with DMPS (i.p.) and Ca-DTPA (s.c.) also reduced Cd levels in the kidneys<397>. 
Renal Cd levels remained unchanged following administration of DMPS in animals not given 
additional Cd exposure<1420>. No linear correlation between the decrease in heavy metal in the 
kidneys and the increased excretion in 24-hour urine was observed in rats following oral 
administration of DMPS<256>. 

Chelating 
agents 

Immediate 
admin-

istration 

Admin-
istration 

after 1 hour 
Controls 94.3 94.3 
Ca-DTPA 7.6 89.3 
BAL 75.1 89.5 
DMPS 66.6 91.8 
DMSA 67  
   

Cd-total body burden (% of the dose ad-
ministered) in rats after immediate or de-
layed (1 hour) administration of chelating 
agents (0.1 mM/kg)<1154> 

Chelating 
agents 

Cd levels in the kidneys 

Controls 2.63 
Ca-DTPA 0.67 
DMPS 6.52 
BAL 21.1 
DMSA 5.49 
  

Cd levels in the kidneys (% of the dose 
administered) on immediate 
administration of chelating agents(0.1 
mmol/kg<1154> 
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The administration of DMPS 24 hours after administration of CdCl2 did not alter the Cd content of 
the kidneys in rats<258,259,1205,1504>. Similarly, treatment started one week after exposure had no 
effect on Cd levels in the kidneys of mice<1334> or rats<835>. 
In rats, i.v. administration of DMPS one hour after administration of CdCl2 no longer altered the Cd 
content of the kidneys<1161,1154> or resulted in higher levels<1154>.  Accumulation in the kidneys was 
lower following administration of a higher dose than a lower dose of DMPS<1154>. Similarly, a 
combination of DMPS and BAL had no effect<1154>. 
Immediate administration of a single oral dose of DMPS after oral administration of CdCl2 doubled 
the cadmium load of the kidneys<35>. This also applies to the inhalation of a single dose of DMPS 
following nasal administration of 109CdCl2. In contrast, no change in the Cd content of the kidneys 
was observed following 14 days’ inhalation therapy<836>. 

In another study, i.v. administration of DMPS 
led to an accumulation of Cd in rat kidneys. Effi-
cacy depended on the time that elapsed 
between administration of the metal and admi-
nistration of DMPS. Elevated cadmium levels 
recorded in the kidneys following single 
administration of DMPS was not only temporary 
but could still be detected after three days. The 
accumulation was even greater following 
administration of BAL. The accumulation of the 
heavy metal in the kidneys could be prevented 

by alkalising the urine with NaHCO3
<1204>. 

Comparison of various chelating agents showed that, when 
administered immediately, DTPA was the most effective 
substance and lowered cadmium levels in all organs. 
Contrastingly, DMPS and DPA, both of which are chelating 
agents with an SH group, increased cadmium depots in the 
kidneys. The lower pH (pH < 7) in the kidneys and urine 
compared to a  pH ≥ 7 in the blood plasma is discussed as a 
possible cause<992>. 

The efficacy of DMPS, DMSA and 
Ca-DTPA on mobilising Cd2+ from 
the kidneys was compared using 
perfusion experiments. Male rats 
were injected several times with 
Cd(Ac)2 i.p., which led to an 
accumulation of the heavy metal in 
the kidneys. 24 hours after the last 
injection, the right kidney was rinsed 
with a perfusion solution to which 
various concentrations of the 
chelating agent had been added. 
The left kidney served as a control. 
DMPS lowered the Cd content of the 
kidneys in a concentration-depen-
dent manner and led to high Cd 
mainly in the perfusion solution and 
to less of an extent in the urine. 
Nevertheless, of the antibodies investigated, DMPS triggered the greatest excretion of Cd in the 
urine (DMPS >> DMSA > Ca-DTPA). 

Special active transport processes for DMPS and its chelates may play a role in the kidneys. If the 
perfusion experiments with DMPS were carried out after one or two weeks instead of after 24 
hours, Cd concentrations in the perfusate were still high whilst urinary excretion remained 
unaffected<1376>. 

Time Liver Kidneys Blood 
Simultaneous 26.2 4.8 0.7 
20 seconds 40.1 4.5 0.5 
60 minutes 58.5 2.8 0.5 
Untreated controls 68.3 2.6 0.7     
Effect of time interval between administration of Cd and 
the administration of DMPS on the Cd content of the or-
gans (% of the injected dose 24 hours after administra-
tion)<1204> 

 Urine pH  
 7.5 10 
DMPS 4.7 2.8 
Controls 2.5 2.8 
   
pH-dependence of the Cd content of 
the kidneys (%  of the injected 
dose)<1204> 
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Effect of 10 injections of various CA on Cd levels in the kidneys and 
liver of rats following chronic Cd exposure<835> 
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The addition of DMPS reduced the intracellular 
uptake of Cd2+ in the renal tubular and thus 
reduced its toxicity.  Higher DMPS concen-
trations displayed greater effects whereas 30 µM 
reduced uptake by 39% and (95% at 200 µM). 
The complex obtained is obviously too big for the 
normal Cd transport mechanisms in the proximal 
renal tubular<1534,1534a>. 
 

6.1.9.3.3 Liver 
Data on the effect of DMPS on cadmium content in the liver vary compared to the control animals 
between reduced<17,35,117,397,836,992,1154,1161,1204,1378> via insignificantly affected<145,258,259,395,836,1153, 

1503> to high<836,1206>.  

Immediate i.p.-<992> or i.v. administration<117,395,1154> 
of DMPS led to lower Cd levels in the liver whereas 
higher doses were more effective<1154,1378>. Over the 
next 72 hours, the value increased again but never-
theless remained below that of the untreated control 
group<1204>. In rats, the administration of DMPS one 
hour after CdCl2 lowered the Cd content of the 
liver<1154,1161>. Later doses were ineffective<117>. The 
administration of DMPS 24 or 72 hours after admini-
stration of CdCl2 did not alter the Cd content of the 
rat liver<258,259,1205,1504>. The cadmium content of the liver was raised<1334> or unaffected<835> in mice 
when treatment was initiated one week after exposure. In the case of animals not exposed to 
additional Cd, Cd levels in the liver remained unchanged after administration of DMPS<420>. 
Immediate administration of a single oral dose of DMPS after oral administration of CdCl2 reduced 
the cadmium burden in the liver<35>. In contrast, inhalation of a single dose of DMPS after nasal 
administration of 109CdCl2 led to higher Cd depots in the liver. After 14 days’ inhalation therapy, no 
change was, however, observed in the Cd content of the liver compared to that of the untreated 
control animals<836>. 
I.v. administration of DMPS enclosed in liposomes reduced Cd concentrations via the retention 
effect and continuous release<145>. 

Immediate combination therapy with DMPS (i.p.) and Ca-DTPA (s.c.) reduced Cd levels in the 
liver<397>. A combination of BAL and DMPS one hour after administration of CdCl2 had no effect in 
rats<1154>. 
In another study, DMPS did not prevent the cadmium-induced reduction in δ-ALAD activity in the 
liver<1049>. The cadmium-induced reduction in CuZn-superoxide dismutase activity in the liver 
reverted to normal following administration of DMPS<232>. 
 
6.1.9.3.4 Brain 
Cd levels in the brain remained unchanged even when DMPS was administered imme-
diately<35,117,395,1378>. A positive effect could be detected only at high dose levels<1378>. 
 
6.1.9.3.5 Testes 
Immediate administration of a single oral dose of DMPS after oral administration of CdCl2 did not 
change the cadmium burden in the testes<35>. In contrast, other investigators observed a reduction 
in the Cd level<1262>. High values were recorded on immediate i.v. administration of DMPS after i.v. 
injection of CdCl2 <395>. A reduction could be detected only at high dose levels<1154>. The 
administration of DMPS 24 hours after administration of CdCl2 did not significantly alter the Cd 
content of the testes in rats<259>. 

  1st day 2nd day 3rd day 
Controls Liver 68.3 62.3 61.2 
 Kidneys 2.6 2.2 2.2 
DMPS Liver 26.2 40.2 41.7 
 Kidneys 4.8 5 5 
     
Time-related change in the Cd content in rats given a 
single dose of DMPS immediately after cadmium (% of 
the dose injected)<1204> 

 Blood Liver Kidneys Skeleton 
EDTA 54.7 57.8 87.6 54.4 
DTPA 13.8 28.3 36.1 24.9 
DPA 56.5 48.0 905 68.5 
DMPS 79.5 49.2 292 92.1 
     

Effect of the immediate administration of a single 
dose of various CA on Cd content in rats poisoned 
with CdSO4 (% of the untreated controls)<992> 
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Cadmium-induced lipid peroxidation was reduced on excretion. The elevated haemoglobin 
concentration was lowered. The reduced δ-ALAD activity increased again. Reduced vitamin C 
levels in the testes, however, remained low during the 24-hour observation period<1262>. A 
combination of BAL and DMPS was devoid of effect<1154>. 
 
6.1.9.3.6 Placenta, uterus 
Cadmium accumulated in the placenta following oral administration of CdCl2 to gestating rats and 
triggered histopathological changes. High Cd levels were also recorded in the foetuses. Immediate 
administration of DMPS reduced accumulation and any changes, but the effect was not statistically 
significant<837>. 
CdSO4 inhibited the contractile function of isolated rat urteri. The addition of DMPS partly or 
completely lifted this blockade<1434>. 
 
6.1.9.3.7 Heart 
Immediate administration of a single oral dose of DMPS after oral administration of CdCl2 did not 
change the cadmium burden in the heart<35>. Similarly, administration after 24 hours did not lead to 
any significant change in the cadmium content of the rat heart<259>. Cadmium levels in the heart 
remained unchanged following administration of DMPS to animals not exposed to any additional 
Cd load<1420>. In the isolated frog heart, DMPS induced recovery of amplitude and rhythm, which 
had been disrupted by CdCl2<207>. 
 
6.1.9.3.8 Spleen 
Neither immediate administration nor the administration of DMPS 24 hours after administration of 
CdCl2 led to any significant change in cadmium concentrations in the spleen<35,259>. I.V. injection of 
DMPS enclosed in liposomes reduced cadmium levels through the retention effect and subsequent 
continuous release<145>.  
Immediate administration of lower doses of DMPS increased the Cd content of the spleen. The 
effect was no longer detectable at high dose levels<1154>. A combination of BAL and DMPS had no 
effect<1154>. 
 

6.1.9.3.9 Blood 
Cd levels in the blood were not affected by either immediate<117,1204> or delayed (1 hour after i.v. 
administration of CdCl2)<1154,1204> administration of DMPS<117,259>. Other authors report a 
decrease<145,992>. The administration of DMPS 24 hours after administration of CdCl2 did not alter 
the Cd content of the blood in rats<259>. A combination of BAL and DMPS had no effect<1154>.  
I.V. administration of DMPS enclosed in liposomes reduced Cd concentrations via the retention 
effect and subsequent continuous release<145>. DMPS caused the effects of CdCl2 on various 
blood parameters to revert to normal<389>. The marked oxidation of proteins and lipids in the serum 
was reduced<390>. The Cd-induced increase in the activities of the LDH, ALT and AST enzymes in 
the plasma was unaltered<1262>. 
 

6.1.9.3.10 Lungs 
Immediate administration of a single oral dose of DMPS after oral administration of CdCl2 more 
than doubled the cadmium burden in the lungs<35>. Administration 24 hours after injection of CdCl2 
did not alter the Cd content of the lungs<259>. 
Following nasal administration of 109CdCl2, i.p. administration of DMPS had no effect on Cd levels 
in the lungs. In contrast, inhalation of DMPS led to a reduced, albeit insignificant reduction in 
cadmium levels. Contrastingly, a single dose of DMPS had no effect<836>. 
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DMPS and DMSA could not prevent the effect of CdCl2 on δ-ALAD activity in the lungs, and even 
potentiated it. The δ-ALAD activity of rat lungs was reduced with a 0.01 µM CdCl2 solution. 
Concomitant addition of DMPS intensified this effect in a concentration-dependent manner<867>. 
 

6.1.9.3.11 Pancreas 
The administration of DMPS 24 hours after administration of CdCl2 did not significantly alter the Cd 
content of the pancreas in rats<259>. Cd levels in the pancreas remained unchanged following 
administration of DMPS to animals not given any additional Cd exposure<1420>. 
 

6.1.9.3.12 Gastrointestinal tract, intestine 
Cadmium levels in the intestine were slightly reduced following administration of DMPS<35>. 
Immediate i.v. administration of DMPS following i.v. administration of CdCl2 reduced the cadmium 
burden in the murine gastrointestinal tract. Ca-DTPA was more effective<395>. Immediate 
combination therapy with DMPS (i.p.) and Ca-DTPA (s.c.) also reduced Cd levels in the 
gastrointestinal tract<397>. 
 
6.1.9.3.13 Bones 
Cadmium depots in the skeleton were either unaffected by the immediate administration of 
DMPS<992> or else were slightly reduced<991> compared to the untreated control animals. 

 

6.1.9.4 Combination therapy 
Following chronic Cd exposure (CdCl2 i.p. daily for 5 days), rats were given oral DMPS, DMPS + 
cysteine or DMPS + NAC for 3 days. The Cd content of the liver was reduced by DMPS 
administration whereby the Cd content in the cytosol fraction in particular was reduced. No effect 
of DMPS could be detected in the mitochondrial fraction. The additional administration of cysteine 
or NAC did not display any greater efficacy. Cd levels in the blood remained unchanged. DMPS 
also reduced Cd concentrations in the kidneys. The greatest effect was once again observed in the 
cytosol fraction whereas only less of an effect was observed in the mitochondria. The additional 
administration of cysteine or NAC largely eliminated the positive effect of DMPS<1427>.  

I.p. administration of 
DMPS 48 hours after the 
last i.p. dose of CdCl2 did 
not alter the excretion of 
Cd+2 in the urine or fae-
ces of rats. Cadmium 
levels in the blood, liver, 
kidneys, brain and heart 
were nevertheless lower-
ed. Cd-induced changes 
in the biochemical para-
meters measured in the 

liver, kidneys, blood and serum were partly reversible. This also applies to changes in zinc, copper 
and iron levels in the organs. If methionine (an amino acid containing sulfhydryl) was administered 
orally in addition to DMPS, then the faecal elimination of Cd also increased significantly. This led to 
lower Cd levels in the liver, kidneys and brain than those observed with DMPS alone<1428>. 
 

 Blood Liver Kidneys Brain Heart 
Control animals 0.15 1.67 0.55 0.05 0.06 
CdCl2 (i.p.) + NaCl (i.p.) 0.35 43.47 47.68 2.59 5.52 
CdCl2 (i.p.) + methionine (oral) 0.19 19.77 17.06 1.42 3.07 
CdCl2 (i.p.) + DMPS (i.p.) 0.24 24.60 22.36 1.75 1.70 
CdCl2 (i.p.) + methionine (oral) + DMPS (i.p.) 0.23 13.76 7.79 1.04 2.17 
CdCl2 (i.p.) + DTPA (i.p.) 0.23 31.81 29.94 1.54 2.92 
CdCl2 (i.p.) + methionine (oral)  + DTPA (i.p.) 0.25 15.20 12.74 1.47 1.58       
Effect of various treatments on the Cd content of the blood (µg/dL) and organs 
(µg/g fresh weight) in rats poisoned with CdCl2<1428> 
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6.1.9.5  Influence on zinc and copper levels 
Cadmium triggered elevated zinc levels in the liver and kidneys, presumably due to the induction 
of metallothioneins. DMPS did not affect high zinc levels in the liver but nevertheless reduced 
kidney concentrations. The Cu con-
tent in the liver was not substan-
tially changed following Cd admini-
stration. In the kidneys, it increased 
substantially, especially in the 
cytosol fraction. DMPS lowered the 
values but the values recorded in 
the control animals were not, 
however, reached. Whereas the 
additional administration of NAC 
did not have a significant effect on 
zinc, combined administration of 
DMPS and NAC caused a signifi-
cantly more marked reduction in Cu levels in the kidneys and liver than DMPS therapy alone. The 
Cd-induced reduction in Cu levels in the blood increased once again during treatment with 
DMPS<1427>. 

 
6.1.10 Ce - Cerium 
DMPS accelerated the excretion of 144Ce in rats provided that this was not firmly bound to 
proteins<1494>. 

 

 
6.1.11 Co - Cobalt 
DMPS significantly reduced the lethality of cobalt salts<207>. Seven out of 14 mice (50 %) survived 
a lethal dose of cobalt chloride whereas all the control animals died<395>. Out 
of 15 poisoned rabbits, 13 animals (87%) survived following 6 days’ 
treatment with DMPS. Only 3 out of 28 animals (11%) survived in the 
untreated control group. 

On prophylactic administration of DMPS before the heavy metal, 12 out of 
15 animals survived (80 %) and the usual intoxication symptoms were 
absent<260>. The hypertensive effect of cobalt was greatly reduced<207,260>. In 
rats, no increase in leukocytes and erythrocytes was observed on simul-
taneous administration of DMPS. Cobalt-induced dysfunction of the isolated 
frog heart was soon cured on addition of DMPS<260>. 
In rats, the oral administration of CoCl2 for 60 days prevented the uptake of 
131iodide in the thyroid gland and potentiated the excretion of this 

  Kidneys (µg/g 
moist weight) 

Liver  (µg/g 
moist weight 

Blood 
(µg/ml) 

Controls 2.57 7.29 3.99 
Cd 18.65 8.20 0.91 

 
Copper 

Cd+DMPS 10.87 7.48 1.55 
Controls 19.79 24.45 3.94 
Cd 43.53 44.43 2.38 

 
Zinc 

Cd+DMPS 26.38 53.92 3.8 
     

Copper and zinc levels in rats following administration of CdCl2 or 
CdCl2 and subsequently DMPS<1427> 

Chelating 
agents 

Survival rate 
(%) 

Controls 0 
Ca-DTPA 100 
DMPS 50 
DMSA 68.8 

  

Survival rate of mice 
following administra-
tion of CoCl2 and im-
mediate i.p. admini-
stration of CA<395> 

Conclusion: 
Only the immediate administration of high doses of DMPS is effective in the treatment of 
cadmium poisoning, if at all. Delayed onset of treatment is ineffective. DMPS can thus lead to an 
accumulation of the heavy metal in the kidneys, which can be prevented by alkalisation. Ca-
DTPA appears to be more effective than DMPS. The results of combination therapies with 
various chelating agents are difficult to assess. 

Conclusion: 
The efficacy of DMPS in cerium poisoning cannot be assessed. 
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radionuclide. If oral DMPS was administered concomitantly with CoCl2, a statistically significant 
difference compared to the control group (NaCl s.c.) was no longer apparent<1592>. 
The urinary excretion of cobalt increased with DMPS<260>. Lipophilic Cd-DMPS complexes could 
be detected chromatographically in the urine<395>. Nevertheless, no significant influence on total 
body content and the distribution of cobalt in the liver, kidneys, brain and gastrointestinal tract of 
mice was detectable. Ca-DTPA was more effective in terms of survival rates and total body 
burden<395>. 
Eight out of 15 rats survived the LD100 of NaCN through injection of the Co-DMPS complex. All of 
the animals survived with prophylactic therapy<767>. 

 
 
6.1.12 Cr - Chromium (chromate/dichromate) 

Concomitant administration of DMPS 
reduced the toxic effects of sodium 
dichromate on homogenised liver, 
lungs and stomach<154>. The growth-
inhibiting effect of the chromium com-
pound on HeLa cells was reduced. 
Higher doses were thus more effec-
tive. The subsequent administration of 
DMPS was ineffective although the 
chromium content of the cells was 
somewhat reduced. Similarly, the pro-
phylactic administration of DMPS 

proved to be ineffective, probably because the DMPS was already oxidised before addition of the 
dichromate<1414,1415>. In the presence of DMPS, the chromium uptake by erythrocytes from 
dichromate was 20 times less than in the controls. If DMPS was, however, added only latter, then 
already bound heavy metal was no longer excreted<745>. The metal bound to plasma proteins from 
a suspension of Cr2O3 (particle size < 5 µ) . In contrast to EDTA, the addition of DMPS did not 
have a significant effect on the bound quantity of metals<439>. 

The immediate administration of DMPS reduced the toxicity of dichromate in mice<1414>. 40 % of 
rabbits survived an LD100 poisoning<207>. DMPS was most effective on concomitant administration 
of potassium dichromate K2Cr2O7 (application of a mixture). Administration after 30 minutes 
displayed only minor efficacy<1466>. 
Histochemical investigations showed that haemodynamic disorders and kidney and liver damage 
induced by acute dichromate poisoning were reduced by concomitant administration of DMPS and 
ephedrine. Regeneration was more rapid and more complete<1325>. 
The chromium content of the liver <129,1414,1466>, kidneys<129,1414,1466>, testes<129> and brain<129> was 
reduced. Chromium excretion was increased in the urine and reduced in the faeces<1414,1466>. The 
chromium-induced increase in ornithine carbamyl transferase OCT activity in the serum (indicative 
of the toxic effect of dichromate on the liver) was reduced<1414,1466>. 

 

Administration of DMPS
 

Liver Kidneys OCT Urine Faeces 

Concomitantly with 
dichromate 19 13 3 114 38 

Immediately after 
dichromate 52 47 23 133 86 

30 min after dichromate 94 97 81 68 126 
      

Effect of the period between administration of dichromate and 
DMPS on the efficacy of the chelating agent (as % of the untreated 
controls)<1466> 

Conclusion: 
DMPS reduces the lethality of cobalt poisoning. Cobalt-induced disorders are reduced and the 
urinary excretion of heavy metals is increased. DMPS therefore apears to be a suitable antidote 
for the treatment of cobalt intoxication. 

Conclusion: 
Cr(VI) compounds are toxic due to their high oxidation potential. They are mutagenic and 
harmful to DNA. Cr(VI) can be reduced to less toxic Cr(III) by rapid administration of DMPS. 
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6.1.13 Cu - Copper 
6.1.13.1 Cells and organelles 
Cu2+ ions blocked the function of glutamate receptors through 
attachment to cysteine groups. The metal ions were mobilised by 
the effect of DMPS such that impulses were again triggered 
through glutamate<1364>. 

In vitro, DMPS loosened copper from its binding to proteins. The 
bluish red colour turned yellowish green – the colour of the 
DMPS-Cu complex<1567>. More copper diffused into the dialysate 
on addition of DMPS to haemolysed erythrocytes<1227>. 
In investigations in CHO cells, the addition of Cu2+  increased the 
toxic effects of DMPS on the cells<575,576>. The addition of the 
enzyme catalyse prevented this effect. The oxidation of DMPS 
with formation of H2O2 is believed to be responsible<576>. 

In vitro, copper sulfate and 
copper chloride exhibited 
haemolytic effects on human 
erythrocytes<1,3,6>. On addi-
tion of an equimolar quantity 
of DMPS, copper-induced 
haemolysis increased from 

15 to 25 %<5,6>. Contrastingly, no corresponding activity was observed with the metal-free DMPS 
solution<3>. If excess copper remained, (Cu:DMPS = 3.1), no increase was observed<7>. With a 
Cu:DMPS ratio of 10:1, the lysis of erythrocytes was markedly reduced compared to the 
controls<8>. In contrast, DPA and DMSA reduced the rate to approximately 2 %<1,6,7>. 
Albumin<1,6,7>, mercaptodextran<3,6> and triene<7> also lowered the rate of haemolysis. The reaction 
was also suppressed when DMPS was added to Cu(II)-treated erythrocyte membranes<4>.  
Inhibition of super oxide dismutase CuZn-SOD is assumed to be responsible for increased 
haemolysis<7>. Chemiluminescence measurements showed that, on interaction of copper(II) with 
DMPS, activated oxygen molecules were formed, which were responsible for the subsequent 
reactions. The reaction was suppressed by the addition of superoxide dismutase or catalase 
enzymes. The reduction of Cu2+ to Cu+ was suggested as a potential primary reaction. The Cu+ 
then transfers an electron to the oxygen. The superoxide radical obtained subsequently leads to 
haemolysis via lipid peroxidation<4>. The reaction products of lipid peroxidation (including 
malondialdehyde could be detected in vivo in the blood<159>. 

 
 
6.1.13.2 Acute poisoning  

DMPS was shown in laboratory animal experiments 
(mice, rats, rabbits and sheep) to be an effective 
antidote to copper poisoning<1,63,706,911>. On acute 
intoxication, it increased the survival rates<38,250,524, 

676,678,937,1135,1136,1402,1405>. Thus, 82% of the mice sur-
vived poisoning with the LD99 of copper sulfate<676>. 
The LD50 of CuCl2 in mice was tripled<58,1135>, the 
LD50 of CuSO4 in rats was increased by more than a 
factor of 11 from 43 to 495 mmol/kg<1402,1405>. DMPS was the most effective of the chelating agents 
investigated<678>.  
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Fraction of Cu in the dialysate  
after dialysis of haemolysed 
erythrocytes <1227> 

CuCl2   LD50 =   59  mg/kg BW 
CuCl2 + DMPS  LD50 = 143  mg/kg BW<1136> 

CuCl2  LD50 =  0.67 mmol/kg BW 
CuCl2 + DMPS   LD50 = 2.01  mmol/kg BW<58> 

CuSO4    LD50 =   43 mg/kg BW 
CuSO4 + DMPS  LD50 = 495 mg/kg BW<1402> 

Conclusion: 
DMPS increases the haemolysis of erythrocytes in vitro, in conjunction with copper. Possible 
clinical consequences must be investigated in vivo. 
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The survival rates were higher than with 
DPA (3.3-fold)<678,1402>, which is recom-
mended primarily for the treatment of 
Wilson’s syndrome (copper storage di-
sease)<578>. If copper and DMPS were 
administered as a complex, the mice survi-
ved the double LD50 of CuSO4 without any 
symptoms of copper poisoning<937>. The 
mean survival time was prolonged from one 
day to 13.1 days<250>. 
Alkalisation of the urine with NaHCO3 did 
not have any significant effect on the 
survival rate, while acidification with NH4Cl 

increased the mortality<38,1402>. 

Investigation of the dependence of the survival 
rates on the dose of DMPS administered 

(CuSO4 300 or 500 mg/kg  BW s.c.), then a maximum can be found at a dose of ≈ 100 mg/kg BW. 
Above this, the survival rate again falls<38,250,1402>. As the LD50 of DMPS in the mouse is 1710 
mg/kg<566>, it may be assumed that the DMPS-copper complex has toxic effects at higher 
doses<250>. 

 

6.1.13.3 Excretion of copper 

 

 

Chelating 
agents 

Survival rate  
CuSO4 LD99 (%) 

Survival rate 
CuSO4 LD95 (%) 

Survival rate 
CuSO4 LD50 (%) 

Ca-DTPA 13  53 
Zn-DTPA 20 20  
BAL 20 20  
DMSA 20 20 80 
Triene 33 33 40 
DMPS 82 83 87 
DPA 23 23 73 

    

Influence of CA (i.p.) on the survival rate of mice 20 minutes 
after administration of CuSO4 (LD50, LD95 or LD99)<676,678> 
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Dependence of survival rates of mice on DMPS dose on 
poisoning with 300 or  500 mg CuSO4/kg KG<38,1402> 

 Survival 
rate (%) 

Mean survival 
time (days) 

CuSO4 0 3 
CuSO4 + DMPS 90 12.0 
CuSO4 + NaHCO3 40 4.6 
CuSO4 + NH4Cl 0 2.0 
CuSO4 + DMPS + NaHCO3 80 5.5 
CuSO4 + DMPS + NH4Cl 20 3.1    
Influence of alkalisation and acidification on the 
survival rates of mice (500 mg CuSO4/kg KG 
s.c.)<38,1402> 

DMPS 
(mg/kg) 

Cumulative Cu 
excretion 

25 171 % 
50 197 % 
100 235 %   

Dependence of the cu-
mulative Cu excretion on 
the DMPS dose (as % of 
the untreated 
controls)<937> 

CA Cu in the urine 
(µg/24 h) 

Controls 10.02 
DTPA 10.76 
BAL 12.84 
DMSA 14.04 
Triene 15.44 
DMPS 24.64 
DPA 26.26 

  

Influence of i.p. admini-
stration of CA on Cu ex-
cretion in rat urine<1163> 
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Comparison of the oral and parenteral administration of 
DMPS on the renal excretion of Cu (µg/24 h)<1163> 

Conclusion: 
DMPS increases the survival rate and survival time on copper poisoning. It has thus proved to 
be the most effective of the chelating agents investigated. 
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The daily copper excretion was increased on administration of DMPS<38,1163>. Renal excretion in 
particular was raised <1163,1369> while faecal excretion was not affected<1163>. The cumulative total 
excretion rose with increasing doses of DMPS<1163>. DMPS thus displayed a similar effect to that of 
DPA, which is the drug of choice in the treatment of Wilson’s syndrome.  It was significantly 
superior to triene, which is also used in the treatment of Wilson’s disease<1163>. A three-fold higher 
dose of oral DMPS must be administered in order to achieve the same effect as with i.p. 
administration<1163>. 
In two sheep previously given CuSO4 for 5 weeks, oral administration of DMPS increased the 
urinary excretion of copper two- to three-fold<1369>. 

 

6.1.13.4 Distribution of copper 
In chronic copper poisoning, the heavy metal accumulates particularly in the mitochondria of the 
liver<699>, where it is bound to the SH groups of the proteins<1402>. The administration of DMPS led 
to a reduction, depending on the treatment regimen<6,38,937,1163,1402> or to no change<699> in the 
copper content of the liver. Higher doses were more effec-
tive<1402>. The reduction affected the various hepatular sub-
fractions – the mitochondria, microsomes and cytoplasm<1402>.  
The copper level in the kidneys was reduced<38,179,937,1163,1402>. 
Higher doses were more effective<1402>. The heavy metal content 
of the blood, brain and intestines was not significantly 
affected<38,1163,1402>. Copper was removed from the erythrocytes 
by DMPS<1226>. 

After withdrawal of the DMPS, there 
was a redistribution of the copper 
within the body. The liver and kidneys were again burdened with the 
heavy metal from other compartments<937>. The administration of 
DMPS disrupted the steady state between the various compartments in 
which copper is stored by reducing the liver and kidney reserves. It thus 
exerted a “drag effect“ on depots that cannot be reached directly by 
DMPS<1163>. 

Animals developed renal tubular necrosis 24 hours after copper 
administration. The early administration of DMPS prevented the toxic 
effects of the metal on the liver and kidneys<937>. 

By alkalisation with NaHCO3, the positive effect of DMPS on the liver 
and kidneys could be increased. Acidification with NH4Cl, however, led to increased copper 
depots, especially in the liver<38,1402>. 
Concomitant administration of DMPS and triene or 
DPA did not show any synergistic effects<1163>. Con-
comitant administration of decholion (choleretic) sup-
pressed the efficacy of DMPS<250>. Excretion in-
creased in the presence of the tripeptide, glycyl-glycyl-
histidine, GGH<1163>. The additional administration of 
phenobarbital did not affect Cu excretion<1163>. 
The subconjunctival administration of DMPS prevented the toxic effects of copper foreign bodies in 
rabbit eyes<534>. 

 

DMPS 
(mg/kg) 

Liver Kidneys Blood 

50 72 50 76 
100 41 46 99 
200 31 42 99     
Cu content in relation to the DMPS 
dose (as % of untreated 
controls)<38,1402> Time 

(days) 
Liver Kidneys 

 1 66 14 
 2 48 27 
 5 120 88    
Change in copper content in 
the liver and kidneys after a 
single dose of DMPS, 20 
minutes after CuSO4 (as % 
of the untreated 
controls)<937> 

 Kidneys 
 

Liver Blood 

NaHCO3 88 81 95 
NH4Cl 167 100 98     
Effect of alkalisation or acidification on the 
efficacy of DMPS therapy (as % of the animals 
treated with DMPS alone)<38> 

Conclusion: 
DMPS increases the renal excretion of copper. Heavy metal levels in the kidneys and liver were 
lowered. The efficacy of DMPS was equivalent to that of DPA, which is the drug of choice in 
Germany for the treatment of Wilson’s syndrome. 
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6.1.14 Fe - Iron 
In rats, the administration of DMPS 24 hours after administration of iron triggered a transient rise in 
the urinary excretion of iron but reduced faecal excretion at the same time. Overall iron excretion 
iron was reduced compared to that recorded in the control animals<82>. 
The subconjunctival administration of DMPS prevented the toxic effect of iron foreign bodies in 
rabbit eyes<534>. 

 
6.1.15 Fr - Francium 
Francium (221Fr) is formed on the radioactive decomposition of the α-emitter, actinium (225Ac). 
Concomitant administration of DMPS did not prevent 221Fr depots from forming in the kidneys. In 
Cynomolgus monkeys, the 221Fr levels in the kidneys and blood corresponded to those recorded in 
the control group<648>. 

 

6.1.16 Ga - Gallium 
Rats received an oral suspension of gallium arsenide for 3 x 5 days. This led to increased gallium 
values in the blood, liver, kidneys, brain and spleen. Subsequent i.p. administration of DMPS 
triggered a minor, albeit statistically insignificant, decrease in concentrations. DMSA was even less 
effective. The GaAs-induced changes in biochemical and immunological parameters partially 
improved<423>.. 

 
6.1.17 Hg - Mercury 
Mercury has a high affinity for sulfhydryl groups<564,727,991,1066,1294,1544>. Almost every protein is, 
therefore, a potential reaction partner<60,1544>. Enzymes are generally inactivated through the 
deposition of heavy metals<727,1066,1294,1453>, and physiological metabolism is disrupted<727,1294,1453>. 
The resulting clinical symptoms may possibly appear only after longer periods<1066>. The disorders 
could be prevented by prophylactic administration of DMPS<1453>. 
 

6.1.17.1 Investigations in vitro and in cells 
The molecular biological effect of mercury essentially affects the reaction of mercury ions with 
sulfhydryl groups. Due to the varying distribution, organic and inorganic compounds have different 
effects. Inorganic compounds primarily affect kidney function. Contrastingly, organic compounds 
such as methyl mercury mainly affect the CNS due to their lipid solubility<1102>. In addition, organic 
compounds accumulate to approximately 90%<1195> in the erythrocytes<1102>, where they are bound 
to the SH groups of glutathione and haemoglobin<1195>. The ratio of the mercury content in the 
erythrocytes to that in the plasma therefore allows conclusions to be drawn relating to the type of 
mercury compound<1102>. 
 

Conclusion: 
The efficacy of DMPS in iron poisoning cannot be evaluated. Desferioxamin (infusion) or 
Deferasirox (oral) is the substance of choice in the treatment of iron poisoning. 

Conclusion: 
DMPS appears to be ineffective in the treatment of francium poisoning. 

Conclusion: 
The efficacy of DMPS in gallium poisoning cannot be evaluated. 
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6.1.17.1.1 Inorganic mercury compounds 
1H-NMR investigations in erythrocytes showed that Hg2 initially reacts with glutathione and 
haemoglobin to form a complex. If everything was complexed with glutathione, the heavy metals 
would be deposited on ergothioneines. Following addition of DMPS, the mercury bound to the 
ergothioneine was first mobilised and, at higher concentrations, also that bound to glutathione, 
although the latter was not mobilised completely<1198>.  
Investigations in human serum showed that DMPS releases Hg2+ from its binding to serum 
proteins in a concentration-dependent manner. The carboxyl bound heavy metal is initially 
mobilised followed by the heavy metal bound to the sulfhydryl groups whereas the globulin content 
remains unchanged<1294>. In vitro, DMPS mobilised over 90% of the mercury bound to 

albumin<9,10,1535>. 

The Hg-DMPS complex is dialyzable. 
Haemodialysis experiments with plasma and 
HgCl2 showed in vitro that the quantity of 
mercury passing into the dialysate is increased 
on addition of DMPS. Whereas 95.5% of the 
HgCl2 remained in the plasma after 90-minute 
dialysis without addition of DMPS, only 38.4% 
were found in the plasma after adding 1 mmol 
DMPS407>. 
Phytochelatines, which are peptides containing 
sulfur, are part of the cellular detoxification 
system for plants in which they bind to heavy 
metals and thus reduce their toxicity. On 
addition of DMPS to isolated protein, mercury 

was released from its binding and unbound phytochelatin was again released. DMSA, on the other 
hand, cannot release Hg from its binding to phytochelatins<631>. 
Histological sections of the renal cortex of rabbits treated with HgCl2 were prepared. The sections 
of the poisoned animals were placed in fixing baths to which various chelating agents were added. 
The chelating agents lowered Hg levels in the following order: DMSA >> DMSA ≈ DPA >> EDTA. 
In a second series of tests, sections excised from untreated control animals were initially placed in 
a solution containing HgCl2 and then in a chelating agent solution. These lowered Hg levels once 
again. DMSA >> DMSA ≈ DPA >> EDTA. All chelating agents also lowered the Zn levels in the 
sections in both experiments<705>. 
In vitro, HgCl2 inhibited the enzyme acti-
vity of lactase in the small intestine 
homogenisates of guinea pigs. The 
addition of DMPS reduced the inhibition. 
Enzyme activity was completely restored 
with a Hg:SH ratio of 1:1. Concomitant 
or delayed administration of DMPS re-
duced the HgCl2-induced blockade of 
the Na-K-ATPase enzyme by up to 70%. 
Enzyme inhibition was, however, al-
ready irreversible on delayed ad-
dition<45,634>. 
In the case of blood platelets, DMPS 
prevented the HgCl2-induced uptake of 
glutamate binding<195a,196>. In experi-
ments with opossum kidney cells, 
concomitant administration of DMPS 
prevented the cytotoxic effects of 
HgCl2<238>. The addition of HgCl2 to cor-
tical cell cultures led to the destruction of 
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Reduction in Hg-uptake in proximal and distal tubular renal 
cells<820> 
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approximately 50% of the nerve cells. The addition of DMPS prevented this effect. EDTA was 
ineffective<857>. 

DMPS is a highly effective inhibitor of mercury accumulation in proximal and distal tubular renal 
cells. It prevented the uptake of Hg2+ in cells by up to 60%<820>. In vitro, Hg2+ is transported and 
bound in rat kidney luminal and basolateral membrane vesicles within 5 seconds. The addition of 
DMPS reduces the deposition of heavy metals<1598>. 
Perfusion experiments on proximal rabbit kidney tubules showed that Hg2+ is taken up relatively 
quickly and deposited in tubular epithelial cells. This leads to pathological changes and ultimately 
to cell necrosis. Concomitant administration of DMPS prevented Hg2+ uptake and thus the 
pathological changes. DMPS is thus obviously actively transported into cells via the OAT (Organic 
Anion Transport) system. The addition of the OAT inhibitor, glutamate, or PAH, prevented the 
effect of DMPS. If DMPS was added to the solutions after Hg2+, already bound Hg 2+ was again 
released and could be detected in the perfusion solutions<1597>. 
In vitro, DMPS blocked Hg-induced aggregation of spleen cells in a dose-dependent manner and 
thus reduced the proliferative response of spleen lymphocytes. In vivo, DMPS reduced HgCl2-
induced antibody formation in the spleen and deposition in immunocomplexes in the kidneys in 
sensitive mouse strains. It thus prevents Hg-induced immunological and immunopathological 
effects<620>. 
The addition of HgCl2 triggered a reduction in glutamate binding to synaptic membranes isolated 
from rat brains. The addition of DMPS, DMSA or BAL did not prevent this effect (contrary to lead-
induced inhibition)<1362>. 
Following incubation of CHO cells with inorganic mercury, the addition of DMPS lowered the Hg 
content of the cells and prevented any lethal damage<900>. In lysed reticulocytes, DMPS largely 
prevented the inhibition of protein synthesis by mercury<900>.  
Pre-incubation of renal cells and hepatocytes with DMPS reduced the cytotoxic effects of 
HgCl2<1447,1460>. The ototoxic effects of mercury on the capillary cells of the “spiral organ” could be 
avoided in guinea pigs by concomitant administration of DMPS<1332>. 
Neither the prophylactic addition of DMPS nor the addition of DMPS after mercury prevented the 
destruction of D2 dopamine receptors in corresponding rat brain homogenisates<1274>. 

The excellent binding of DMPS to mercury was used for in cell experiments to remove any heavy 
metal bound to the cell exterior<1127,1595>. 

 
6.1.17.1.2 Organic mercury compounds 
Erythrocyte-bound methyl mercury was ousted from the cells on the addition of 
chelating agents<1157,1195>. To this end, it was mobilised from its binding to 
glutathione<10,236>. In the case of haemolysed erythrocytes loaded with methyl 
mercury, free glutathione could again be detected by 1HMR spectroscopy 
following addition of DMPS<1197>. 

Efficacy fell in the following order: DMSA > DMPS > DPA ~ N-Acetyl-
Penicillamine. The efficacy of the chelating agents rose with increasing 
concentrations. DMPS mobilised up to 80% of the heavy metal deposited<10>. 
In contrast to DMSA, the DMPS methyl mercury complex was partly deposited in the erythrocyte 
membrane<1157,1195>. The effect was observed in both human and rat erythrocytes<1158>. 
1H-NMR investigations showed that the addition of DMPS to a suspension of intact human 
erythrocytes released the cell-bound methyl mercury relatively quickly. Due to the rapid reaction, 
the authors presume that DMPS must not penetrate the cell membrane for this purpose but traps 

DMPS 21.0 
Glutathione 11.5 
Haemoglobin 10.7 
Ergothioneine   7.9 
  

Complex-forming 
constants for methyl 
mercury<1195> 

Conclusion: 
In-vitro investigations and cell experiments confirm the excellent effect of DMPS on inorganic 
mercury poisoning. 
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the methyl mercury on the outside of the 
membrane, thus setting a chain reaction in motion 
via which the intracellularly bound heavy metal is 
transported from the cell<1195>. 

In the case of hepatocytes, the deposition of methyl 
mercury in the cells was reduced by up to 90% on 
concomitant administration of DMPS<10>.  
CH3-Hg acted as a rat brain muscarinic receptor 
antagonist. In vitro, DMPS released the heavy metal 
compound from its binding and thus restored the 
functionability of the receptors<936,1552>. 
CH3-Hg passes through the blood-brain barrier 
where it is transported as a complex with S-contai-
ning amino acids by a special “L“ carrier. This effect 
was investigated under experimental conditions on 
single layers of endothelial brain cells of calves. 
DMPS and the DMPS-MeHg complex did not affect 
the cell uptake of 3H-leucine, i.e. they were not 
transported by the carrier through the blood-brain 
barrier<945>. 
In contrast to the MeHg-L-cysteine complex, the 

DMPS mercury complex is not ousted by the “Large Neutral Amino Acid Transporter“ LAT1 and 
LAT2 in frog oocytes<1349>. 

CH3-HgCl blocks the Ca2+ channels in rat phaeochromocytoma cells. The blockade is partially 
removed on adding DMPS. DPA was ineffective<857>. 
The excellent binding of DMPS to mercury was used to remove CH3–Hg from the vessel 
exterior<882>. In in-vitro experiments on rat capillary membrane vesicles, the addition of DMPS 
removed the mercury bound to the surface of the vesicles<374>. 
 

 
6.1.17.2 Acute poisoning 
 6.1.17.2.1 Survival rates 
6.1.17.2.1.1 Inorganic mercury compounds 

Both oral and parenteral administration of DMPS reduced the lethal effect of HgCl2<990,991>. 60 - 80 
% of mice survived poisoning with 10 mg HgCl2/kg BW i.p. [LD50 (HgCl2) = 6.72 mg/kg BW]<134,679>, 
while 93 % of the control animals died<679>. DMPS increased the survival rates<2,679,990,1164,1165,1417> 

and the survival times<1164,1165> on poisoning with inorganic mercury. The survival rates increased 
with the doses of DMPS. Histologically, only very slight, HgCl2-induced pathological changes were 
detectable in the liver and kidneys<679>.  

The mortality rate of mice following a single, oral dose of HgCl2 was reduced from 90% to 10 or 0% 
following i.p. or oral administration (15 minutes after HgCl2). DMPS was thus superior to NAPA, 
BAL and DMSA. The total body burden was reduced<990>. Six out of 10 rabbits survived a dose of 
40 mg HgCl2/kg BW<1072> following treatment with DMPS<1072>.  

A prerequisite was an early start of therapy<1400>. If 5 days of oral treatment with DMPS was 
initiated 6 hours after i.v. administration of HgCl2, the mortality rate fell in rats. If treatment did not 

 

Possible mode of action of DMPS on intracellularly 
bound methyl mercury (Hb = haemoglobin, Gs = 
glutathione)<1195> 

Conclusion: 
In-vitro investigations and experiments in cells confirm the excellent effect of DMPS on organic 
mercury poisoning. 
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begin until 24 hours after administration of Hg, an effect could no longer be detected. The mean 
survival time was generally prolonged<1164,1165>. 

Concomitant administration of 
DMPS lowered the HgCl2 
mortality rate in rats. Whereas 4 
out of 18 animals in the control 
group died, all of the treated 

animals survived. The activity of the carboanhydrase (CA) and ATPases 
enzymes from the mucosa of the  duodenum or renal cortex decreased with 
increasing HgCl2 concentrations. Concomitant administration of DMPS 
largely prevented this decrease. Morphological changes in the kidneys were 
prevented. Compared to the untreated animals, no evidence of necrosis 
was found on histological examination. The HgCl2-induced rise in serum 
BUN values remained within the normal range in treated animals<1417>. 
72% of rabbits survived LD100 poisoning with HgCl2 and 90% LD80 following 
administration of DMPS. No protein and no increased nitrogen levels could 
be detected in the urine of the surviving animals. The necrotic changes in 
the liver were reduced. Diuresis occurred instead of anuria<207>. 

 

6.1.17.2.1.2 Organic mercury compounds 

DMPS reduced the lethal effects of methyl mercury in pregnant dams and increased their survival 
rates<498>. Seven out of 10 rabbits survived poisoning with 30 mg/kg Granosan<1072>, a pesticide 
containing mercury. 
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Mortality of mice following administration of HgCl2 (400 µmol/kg oral). The 
CA (1.600 µmol/kg, BAL 400 µmol/kg) were administered 15 min.  later<990> 

HgCl2  
dose(mg/kg) 

 
0.75 1.0 1.25 

Controls 8.6 44.4 75 
DMPS after 6 
hours 0 5.6 42 

DMPS after 24 
hours 11/1 33.3 75 
    

Influence of the onset of 5 days’ 
treatment with DMPS (oral) on the 
mortality rate (%) of rats after i.v. 
administration of HgCl2<1164,1165> 

CA 
 

Survival rate 
(%) 

BAL 38 
DPA 52 
DMPS 60 
DMSA 48 

  

Survival rate of mice 
following i.p. admini-
stration of HgCl2 (LD98) 
and various CA<679> 

Conclusion: 
DMPS increases survival rates following acute poisoning with inorganic mercury. It was thus the 
most effective of the antidotes investigated. 

Conclusion: 
DMPS increases survival rates following acute poisoning with organic mercury. However, only a 
few investigations have been carried out. 
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6.1.17.3 Subacute and chronic poisoning  
6.1.17.3.1. Excretion and total body burden 

On poisoning with inorganic, organic, 
metallic or vapour mercury, DMPS 
accelerated the heavy metal excre-
tion and thus led to a lower total body 
burden compared to the untreated 
control animals. Excretion was 
increased mainly at the start of 
treatment<216,1294>. 
In particular, the deposits in the 
kidney were reduced<274,276,337,376>. 
The increased excretion took place 
primarily via the urine. Factors other 
than chelate formation apparently 
play a role in the increase in renal 
excretion<279>. Because metaboli-
sation was limited to approximately 
40% of the kidney load per dose with 
increasing DMPS concentrations, an 

anionic transport mechanism may be involved<744>. Excretion via the faeces is usually only of 
minor significance.   
Treatment efficacy depended on the time of DMPS administration. The highest heavy metal ex-
cretion and the most marked reduction in organ load were achieved by immediate onset of 
treatment<455>. Prophylactic administration of DMPS was also successful<687,822>. But even a 
delayed onset of therapy was worthwhile<774>. DMPS treatment was still effective even after more 
than one month post-administration<179,216>. However, when treatment is delayed, there is a risk 
that the heavy metal-induced pathological changes are already irreversible<706,1535>. 
In addition, efficacy also depended on the dose of DMPS administered. Higher doses were more 
effective. Both oral and parenteral administration of DMPS were effective<991>. On oral 
administration, a 2.5- to 3-fold higher dose was necessary in order to achieve the same effect as 
parenteral administration<455>. 
 

6.1.17.3.1.1 Inorganic mercury compounds 
The administration of DMPS, whether ad-
ministered immediately or delayed, increa-
sed mercury excretion in the urine<10,211a, 

627>. Excretion was increased mainly at the 
start of treatment<216,453,1294>. Higher doses 
were more effective, early onset of treat-
ment was more effective than a delayed 
start and parenteral administration was 
more effective than oral administration at 
the same dose (DMPS is not 100% 
bioavailable)<696>. Mercury-induced oliguria 
was markedly reduced<1535>.  

Excretion of the heavy metal in the bile 
was increased with DMPS<276> or equiva-
lent to that of the controls<278>. While 
without DMPS, the heavy metal was 

bound only to high-molecular fractions of the bile, the heavy metal (Hg2+) was found both in vivo 
and in vitro predominantly in the low-molecular fractions after administration of DMPS or BAL<1441>. 
The increased faecal excretion of DMPS was also detectable after parenteral administration of 
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Influence of DMPS or DMSA on Hg excretion in the urine and Hg 
levels in the liver, kidneys and brain of rats following chronic 
exposure to HgCl2  or phenyl mercury acetate<216> 
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Effect of DMPS (i.p.) on the excretion of HgCl2  (i.v.)  in rats (% 
of the body content the day before<1294>. 
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DMPS<211a,276,277,376,687,1600>, and not only affected the non-absorbed fraction of DMPS on oral 
administration. In other studies, the excretion in the faeces was unchanged<10> or somewhat 
reduced<463>   

I.p. administration of DMPS for 9 days, beginning 6 hours after i.v. administration of HgCl2, lowered 
the Hg content in rat organs from 32.3 to 3.2 % of the dose administered. Excretion via the urine 
increased from 37.5 % to 62 % and in the faeces from 29.6 to 32.5 %<1294>.  

The administration of 
i.m. DMPS 4 and 7 
hours after i.v. admini-
stration of HgCl2 increa-
sed Hg concentrations 
in rat urine approxima-
tely 4-fold. The Hg con-
tent of the bile, faeces 
and intestines was also 
raised. Both DMPS in-
jections increased the 
total excretion of Hg 3-
fold<276,279>.  
Six hours after the i.v. 
administration of HgCl2, 
5 days’ treatment with 
various chelating agents 
(50 µmol/kg/day i.p.) 
was initiated in rats. 
DMPS was the only 
antidote investigated to 
increase the total excretion. Renal excretion was high, particularly on the first two days of 
treatment. Compared to the controls, faecal elimination was somewhat reduced<453>. 
Immediate i.v. injection of DMPS following i.v. administration of HgCl2 reduced the total body 
burden in mice with higher doses proving to be more effective<395>. 

Prophylactic i.p. treatment with DMPS (last dose administered 2 hours before i.v. administration of 
HgCl2  increased both the biliary and renal excretion of mercury in rats. Whereas in the control 
animals, 12.2 % of the dose administered was excreted within the first 24 hours, 1.4% of which 
was in the bile, the treated animals excreted 30.5% during the same period, including 2.6% in the 
faeces. The largest quantity was eliminated in the faeces within the first two hours<278>. 
Prophylactic i.m. administration 90 minutes before i.p. administration of HgCl2 led to an increase in 
Hg excretion via the urine in rats within the first 24 hours. Faecal excretion did not change 
significantly<687>. Considering that the half-life of DMPS is approximately 19 minutes is rats, a more 
marked effect can be anticipated with a shorter waiting period between prophylactic administration 
of DMPS and the administration of the heavy metal compound. 
Prophylactic administration of DMPS did not prevent HgCl2-induced changes in the hydroxyproline 
content (parameter for collagen metabolism) in rat serum<1344>. The HgCl2-induced excretion of 
hydroxyproline in the urine was again reduced to the control value in rats following single i.p. 
administration of DMPS. 
I.m. administration of DMPS 4 and 7 hours after i.v. administration of HgCl2 increased urinary 
excretion in particular but also faecal excretion in rats. Higher levels were determined in the 
bile<1164>. 
Both immediate and delayed (beginning 8 days after the administration of HgCl2) therapy with 5 
mg/kg DMPS i.v. lead to greater excretion of Hg in the urine as well as in the faeces<376> in rats. 
I.m. injection of DMPS 4 and 7 hours after i.v. administration of HgCl2 increased the urinary and 
faecal excretion of Hg in rats. Immediately after DMPS injection, Hg concentrations in the bile rose 
approximately 10-fold, decreasing rapidly thereafter. Hg levels in the organs and excretion were 

0 5 10 15 20 25 30 35 40

Control

DMPS

Control

DMPS

Control

DMPS

Control

DMPS

Control

DMPS

K
id

ne
ys

Li
ve

r
Pl

as
m

a
U

rin
e

Fa
ec

es

% of the applied dose

The leveld decreases between the 10th and 24th hours 

The level increases between the 10th and 24th hours 

 

Change in the Hg levels in various rat organs. Administration of DMPS i.m. 4 and 7 
hours after injection of HgCl2. Mercury was assayed 10 and 24 hours after injection 
of HgCl2-<279> 



 

- 94 -  www.heyl-berlin.de 

measured 10 and 24 hours after Hg administration. Even without additional DMPS administration, 
urinary excretion in the DMPS group increased by 12.9 % of the Hg dose administered compared 
to just 4.7 % in the control group. 

The addition of DMSA or DMPS increased the excretion of Hg in urine. Faecal elimination was 
unaffected<10> or increased<211a>. 

DMPS and DMSA (i.v., immediate administration) increased renal excretion and thus the 
cumulative total excretion in mice given i.v. HgCl2. Faecal excretion remained unchanged. Hg 
levels were lowered to approximately 30% of those of the control animals<9> when oral treatment of 
4 days’ duration was initiated immediately<9>. 
Mice were given DMPS or DMSA one day after repeated dosing with Hg(Ac)2. DMPS increased 
urinary excretion more than DMSA following both oral and i.p. administration. DMPS also 
increased faecal excretion, which, with DMSA, was less than that observed in the control animals. 
DMPS thus lowered the total body burden more effectively than DMSA<459>. 

 Rats were given 50 mol/kg DMPS or DMSA via 
the i.p. route 6 hours after i.v. administration of 
mercury. DMPS essentially increased excretion 
via the urine and was therefore the most effective 
antidote in lowering Hg levels in the kidneys<1162>. 
Rats were given oral DMPS or DMSA for 4 days 
24 hours after i.v. administration of HgCl2. Taking 
bioavailability into account, excretion was three 

times greater with DMPS than with DMSA. “Our experiments ... showing that at the moment DMPS 
is the most efficient chelant for removal of inorganic mercury from the mammalian body”<1158>. 

 

6.1.17.3.1.2 Organic mercury compounds 

On poisoning with organic mercury, DMPS accelerated the heavy metal 
excretion and thus led to a lower total body burden compared to the un-
treated control animals. The half-life of the heavy metal was shortened 
from 30.4 to 12.5 days<1271,1400>. Whereas faecal excretion predominated 
in the control group, in the DMPS group, excretion was chiefly via the 

kidneys<1271,1400>. Ex-
cretion was increa-
sed mainly at the 
start of treat-
ment<216>. 

The addition of DMPS to the feed (228.3 mg 
DMPS/kg) increased the renal excretion of 
mercury in rats given i.v. CH3HgCl 6 hours 
previously. Faecal excretion was only slightly 
changed. DMPS was more than twice as 
effective as DPA. This was accompanied by a 
reduction in the mercury content of all the 
organs examined, particularly in the kidneys. 
The biological half-life of 203Hg was more than 
halved during treatment<454>. 
 

 Liver 
 

Kidneys 24-hour 
urine 

24-hour 
faeces

Controls 11.3 31.9 15.6 5.3 
DMPS 9.2 21.8 26.4 5.4 
DMSA 11.1 25.1 22.9 6.2 
     

HgCl2 content in rats following single i.p. 
administration of DMPS or  DMSA (50 mol/kg)<1162> 

 Half-life 

Controls 9.8 days 
DPA 7.0 days 
DMPS 4.3 days   

Biological half-life of Hg om 
rats following administrati-
on of CH3203HgCl (i.v.) and 
oral therapy for 5 days<454> 
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Comparison of oral and parenteral administration of 
DMPS  at various dose levels on mercury excretion in 
rats<455> 

Conclusion: 
DMPS increases the excretion of inorganic mercury and thus reduces the body burden. Early 
administration of high doses of DMPS is the most effective therapy. DMPS is more effective 
than DMSA.
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Rats were injected with CH3Hg i.v. Six hours 
and 5 days later, various quantities of DMPS 
were added to some of the animal feed. 
Various concentrations of DMPS were 
administered via the i.p. route to other animals. 
Cumulative Hg excretion increased following 
both p.o. and i.p. administration of increasing 
doses of DMPS. Urinary excretion was mainly 
raised. Parenteral administration was more 
effective than oral dosing. On oral ad-
ministration, a 3-fold higher dose was ne-
cessary in order to achieve the same rate of 
excretion. The three-fold oral dose was 
approximately equi-effective to the parenteral 
dose in terms of Hg levels in the organs. 
Delayed onset of treatment also triggered a 
drastic rise in the urinary excretion of Hg 
whereas faecal excretion remained the same<455>. 
Rats were given i.p. DMPS or DMSA following i.p. administration of CH3HgCl. Both reduced the 
total body burden compared to the untreated control animals. Early administration of treatment 
was more effective than delayed therapy. Efficacy could still be measured even 10 days after 
administration. DMSA was more effective than DMPS<1159>. 

Oral treatment with DMPS for 8 days, be-
ginning 4 hours after the i.v. injection of 
CH3HgCl, increased renal excretion in mice. 
Faecal excretion was not affected<11>. The 
conclusions drawn by the authors, namely 
that DMSA is superior to DMPS in the 
treatment of poisoning and is therefore the 
drug of choice on methyl mercury poiso-
ning<2,11>, can be qualified by the fact that 
chelating agents were added to the feed and 
the varying bioavailability was not taken into 
account. 

One day after i.p. injection of CH3
203HgCl, rats 

were given feed containing DMPS for 28 
days. The biological half-life of Hg was 
shortened from 28.8 to 10.8 days. The 

mercury content was lowered in all the organs examined. The total body burden fell from 51.8% to 
17.6% of the dose administered. Urinary excretion increased from 6.7 % to 35.3 % of the quantity 
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Influence of the onset of treatment with DMPS, DMSA or 
DMSA + DMPS on the Hg content of the organs (% of the 
Hg content in the same organ of untreated rats)<1159> 
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Influence of 5 days’ treatment on Hg concentrations in 
various rat organs following chronic administration of 
CH3HgCl<519,1159> 
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Influence of DMPS (228.3 µg/kg/day oral) for 5 days on 
Hg levels in the organs of rats poisoned with methyl 
mercury on immediate or delayed start of treatment<455> 
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administered. Faecal excretion was high, 
particularly on the first few days of treatment 
(41.6 -> 45.2%). Non-absorbed DMPS possibly 
binds CH3HgCl, thus preventing its reab-
sorption and breaking the enterohepatic 
circulation<1272>. 

 Rats received drinking water containing 
CH3HgCl had been added for 4 weeks. 
DMSA, DMPS, BAL or NAPA were then 
administered via the i.p. route for 5 days. 
DMPS and DMSA were the most effective 
in terms of renal mercury excretion 
(increased more than 10-fold). BAL was 
devoid of effect. Faecal excretion was not 
increased by any of the chelating agents. 
No significant difference was observed 
between DMSA and DMPS with regard to 
the effect on Hg deposits in the brain, 
kidneys, liver and muscles. BAL triggered 
higher Hg values in the brain<519>. 

 Chelate therapy was 
administered to rats 8 
days after i.v. injection of 
CH3HgCl. The animals 
received DMPS or 
DMSA (100 mol/kg i.p.) 5 
times a week for 3 
weeks. The highest 
cumulative total excre-
tion was recorded with 

DMSA. DMPS lowered the Hg content of the liver more effectively and DMSA that of the liver. Both 
antidotes displayed similar efficacy in the brain<1162>. 
DMPS increased the excretion of  Hg in the urine. This changed the colour of the urine from 
normal yellow to steel grey. Prophylactic administration of DMPS prevented Hg-induced diuresis 
by mercusal – a diuretic containing mercury – in dogs. Dosing following administration of the Hg 
compound shortened the diuresis time<777>.  
Rats received drinking water containing CH3HgCl for 9 weeks. Subsequent i.p. administration of 
DMPS increased the excretion of both inorganic and organic Hg. The Hg load in the kidneys was 
reduced. Partially elevated values were recorded in the brain<1149>. Organic mercury levels were 
particularly affected when DMPS was administered three times, at 72-hourly intervals<1149>. 
Concentrations of various porphyrins in the urine and kidneys as a result of mercury exposure 
were lowered in particular by the first injection<1148>. 

 

6.1.17.3.1.3 Mercury vapour, metallic mercury  

 On poisoning with vapour<140,216,254,256,822,1294> or metallic<627> mercury, DMPS accelerated heavy 
metal excretion and thus led to a lower total body burden compared to the untreated control 
animals. Excretion was increased mainly at the start of treatment<216,1294>.  

  NaCl 
 

1st 
injection 

2nd 
injection 

3rd 
injection 

Hg2+ 1.1 6.0 7.9 2.6 Urine 
(µg/ml) CH3-Hg+ 1.1 19.0 17.9 11.5 

Hg2+ 43.4 31.2 33.2 33.2 Kidneys 
(µg/g) CH3-Hg+ 31.2 23.9 15.7 12.6 

Hg2+ 0.30 0.30 0.25 0.20 Brain 
(µg/g) CH3-Hg+ 2.59 3.54 2.51 1.99 

Hg2+ 4.3 10.7 6.2 2.9 Blood 
(µg/g) CH3-Hg+ 112.9 83.1 43.1 46.1 

      

Influence of i.p. administration of DMPS on Hg levels 
(inorganic or organic) in the kidneys, brain, blood and urine 
of rats following chronic CH3-Hg-OH exposure<1149> 

 Liver Kidneys Brain Cumulative 
excretion 

DMPS 99 33 68 556.9 
DMSA 62 69 63 907.4 
     

CH3HgCl content in rats after three weeks’ administration 
of DMPS or DMSA<1162> 

 Kidneys (µg/g) Brain (µg/g) Urine (µg/ml) 
 Hg2+ CH3-Hg+ Hg2+ CH3-Hg+ Hg2+ CH3-Hg+ 

Untreated 0.09 0.02 0.002 0.07 0.0 0.0 
Controls (NaCl) 51.48 42.19 0.278 4.797 0.91 2.29 
DMPS (100 mg/kg) 37.24 26.52 0.360 5.874 8.60 34.39 
DMPS (200 mg/kg) 33.40 18.88 0.334 4.723 8.63 34.81 

       

Influence of a single, i.p. dose of DMPS on Hg levels (inorganic or organic) in the 
kidneys, brain and urine of rats following chronic CH3-Hg-OH exposure<1149> 

Conclusion: 
DMPS increases the excretion of organic mercury particularly via the urine, thus reducing the 
body load. Early onset of treatment is the most effective approach. A delayed start after 10 days 
is, however, still effective. 
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In rats exposed to Hg vapour, single or repeated dosing with DMPS (oral or i.p.) increased 
excretion via the urine. DMSA was less effective than DMPS<216>.  

 Rats were exposed to Hg vapour for 2 hours. 
After 4 days, various doses (7.5, 15 or 30 
mg/kg/day) of DMPS were injected via the 
i.m. route. Hg excretion via the urine was 
significantly raised. Only a slight increase was 
observed in the faeces. Higher doses were 
more effective. BAL was less effective and 
Ca-EDTA ineffective<140>. 
If animals exposed to mercury vapour inhaled 
DMPS at the same time, renal Hg excretion 
was increased and the heavy metal deposits 
in the organs reduced<822>. 

In dogs given metallic mercury via the lungs, 
the oral administration of DMPS (4 mg/kg 
BW) increased mercury excretion in the urine 
over a period of 8 days<627>. 

Exposure of rats to mercury vapour led to elevated heavy metal levels in the kidneys, liver and 
brain. The administration of DMPS (oral or i.p.) led to a drastic increase in Hg excretion via the 
urine with the first dose mobilising more than the second. Parenteral administration was more 
effective than oral dosing at the same dose level. Mobilisation takes place mainly in the 
kidneys<985>. 
Single i.p. administration of DMPS increased renal Hg excretion in rats, there being no difference 
between poisoning with HgCl2 and Hg vapour. Overall, 43% of the total body burden were 
removed. The quantity of Hg excreted from the kidneys thus corresponded to that mobilised from 
the kidneys. Excretion depended on the dose of DMPS administered but reached a plateau at high 
doses. The quantity excreted after DMPS correlated with the total body burden<255>. 

 

6.1.17.3.1.4 Influence on the bioavailability of Hg 

The investigations published to date on the effect of the bioavailability of mercury following oral 
administration of DMPS are not consistent. In mice (given a single oral dose of HgCl2), Hg levels in 
the liver, kidneys, spleen and brain were reduced following both oral and parenteral administration 
of DMPS. A comparison of the values recorded after oral and parenteral administration of DMPS 
provide no evidence to suggest that oral dosing of DMPS following oral administration of mercury 
promotes the absorption of Hg. The oral dose was, in fact, more effective. The non-absorbed 
portion of DMPS may bind Hg in the intestine and thus prevent its absorption<990>.  
In rats, the immediate oral administration of DMPS after oral dosing of HgCl2 increased the 
mercury burden. If DMPS was not introduced until 24 hours later, then levels were lowered. This 
effect was not observed in “immature rats”. Similarly, no elevated values were recorded in adult 
rats even on parenteral administration. This means that oral DMPS promotes the absorption of 
Hg2<696>. 
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Influence of the DMPS dose on renal Hg excretion of rats 
following Hg vapour exposure. Treatment initiated after 4 
days<140> 

Conclusion: 
DMPS increases mercury excretion following exposure to metallic or vapour mercury, thus 
reducing the body burden. The quantity excreted correlates with the total body burden. 

Conclusion: 
Based on current knowledge, it is impossible to say whether the oral administration of DMPS 
after dosing with oral mercury increases the absorption of the heavy metal from the intestine. In 
such cases, the parenteral administration of DMPS should be considered. 
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6.1.17.3.1.5 DMPS test 

Rats were exposed either via the i.p. 
route with HgCl2 or by inhalation with 
Hg vapour at various doses. After 
various waiting times, the quantity of 
Hg excreted in normal urine or in 24-
hour urine after i.p. administration of 
DMPS was determined. While in 
normal urine there was no 
correlation between the quantity of 
mercury excreted and the total body 
burden, the quantity of Hg in the 
urine correlated linearly after DMPS 
administration with the total body 
burden of the animals at the time of 
DMPS injection. The type of Hg 
compound used did not make any 
difference. The mobilised Hg arose 
predominantly from the kidneys. With 
increasing doses of DMPS, the 
quantities of Hg initially increased 
but finally reached a limit value at the 
higher doses. 46% of the total body 
burden was then excreted<245,255>. 
Dependence was also demonstrated 
after oral DMPS administration<395>. 
DMPS (62.5 mg/kg BW i.p.) was 
administered to rats after loading 
with various Hg vapour concen-
trations. The first injection mobilised 
45-55 % of the heavy metal 
deposited in the kidneys. On the 

second injection, approximately 75 % of the quantity mobilised after the first injection was 
excreted. After 5 injections, 85-90% of the mercury deposited in the kidneys were excreted via the 
urine<274>. Parenteral administration was more effective than oral dosing at the same dose level. 
After the second dose, approximately 75 % of the quantity mobilised after the first injection was 
again detected in the urine<985>. Even with HgCl2<216,256> and phenyl mercury acetate<216>, Hg 
concentrations in the urine correlated with the decrease in Hg levels in the kidneys. 
The linear correlation between the increase in mercury excretion in the urine and the mercury 
load<254-256,706> facilitated determination of the renal load by measuring the heavy metal content of 
the urine<254,256>.  
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Dependence of Hg excretion in the urine (µg in 18 hours) with and 
without DMPS (i.p.) on the Hg content of the kidneys in rats<274> 

Conclusion: 
Mercury excretion following administration of DMPS correlates with the total body burden in rats.
This correlation is not apparent in normal urine. Hg excretion in the urine after mobilisation with 
DMPS allows conclusions to be drawn regarding Hg total body burden, at least on recent 
poisoning.  

It cannot be deduced whether this also applies after chronic exposure and far earlier exposure.
In thse cases, it must be noted that there is a correlation between the total body burden and 
mercury deposits in the kidneys. 
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6.1.17.3.1.6 Efficacy of oxidised DMPS (DMPS)ox 

DMPS is oxidised relatively quickly into Di- and higher sulfides (DMPS)ox in the body. Although free 
sulfhydryl groups could no longer be detected<337,244>, i.v. administration of (DMPS)ox to rats with 
HgCl2 poisoning increased mercury excretion and reduced the heavy metal burden<337,627>.  

Oxidised DMPS lowered Hg levels in the 
renal cortex and outer medulla<743,744>. It 
was, however, less effective than 

monomeric DMPS. DMPS disulfide in the kidneys is obviously reduced<337,743,744>. Whereas DMPS 
was present in the perfusate virtually exclusively as the disulfide, approximately 25% of the DMPS 
could be detected in the reduced form in the urine<743,744>. 

 

6.1.17.3.1.7  Efficacy in nephrectomised rats 

Following injection of HgCl2, Hg was stored in particular in the renal cortex and renal medulla in 
nephrectomised and healthy rats. I.P. administration of DMPS lowered Hg levels in all regions of 
the kidney in both groups<1600,1601>. Hg levels in the blood and liver were also reduced. Hg 
excretion in the urine<1600,1601> and faeces<1600> was increased in both groups<1600>.   
The timely administration of sufficient doses of DMPS prevented HgCl2–induced nephropathy<1601>. 
No signs of tubular or cellular necroses appeared in the rat kidneys following i.p. administration of 
100 mg DMPS/kg 1 hour after i.v. administration of HgCl2. This applies to normal rats as well as to 
animals with one kidney removed. No histopathological changes were observed in the renal tissue. 
The excretion of cellular enzymes LDH, γ-GT, AP, AST and NAG in the urine corresponded that of 
the controls. No elevated glucose, α-amino-nitrogen and albumin levels were recorded in the 
plasma and urine<1601>. A DMPS dose of 10 mg/kg tended to have an effect, but this was not 
always statistically significant<1601>.   
Pre-incubation of proximal renal tubular cells from both nephrectomised and controlled rats with 
DMPS protected the cells against the cytotoxic effects of HgCl2<821>. Prior or concomitant 
administration of DMPS reduced the HgCl2-induced decrease in LDH (lactate dehydrogenase) of 
proximal and distal renal tubular cells from both nephrectomised and control rats<819>. 
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Comparison of the efficacy of monomer and oxidised DMPS 
on mercury mobilisation in perfusion experiments on rat 
kidneys<744> 

 Controls DMPS (DMPS)ox 
Hg excretion in the 
urine 0.9 19.6 6.7 

Hg levels in the 
kidneys 81.7 64.5 74.0 

Hg levels in the 
liver 5.0 3.9 4.5 

Hg levels in the 
total body 100.4 82.8 90.7 
    
Comparison of the efficacy of DMPS and (DMPS)ox 
in rats (Infusion over 140 minutes, % of the starting 
total load)<337> 

Conclusion: 
Oxidised DMPS also increases the renal excretion of mercury and lowers levels in the kidneys 
and liver as well as the total body burden. Efficacy is, however, less marked than that of 
monomeric DMPS. 

Conclusion: 
As mercury has a nephrotoxic effect, renal excretion can be impaired on mercury poisoning. In 
nephrectomised animals, the administration of DMPS did not trigger any change in the 
remaining kidneys. 



 

- 100 -  www.heyl-berlin.de 

6.1.17.3.1.8 Influence of selenium 

 Rats received i.p. HgCl2 
alone or in conjunction 
with sodium selenite. Oral 
DMPS was administered 
30 minutes later and the 
urinary excretion of Hg 
assessed. The Hg con-
tent of the liver and kid-
neys was examined 24 

hours later. The addition of sodium selenite changed the distribution of the mercury and reduced 
the excretion of Hg in the urine<686>. 

 

6.1.17.3.1.9 Combination with spironolactone 

The additional administration of spironolactone, a 
synthetic steroid, reduced renal excretion compared 
to levels recorded with DMPS therapy alone<276,279>. 
Hg levels in the bile were increased 3-
fold<276,279,1164>. Thiomestrone<398> had a similar 
effect. The kidney burden was consequently 
reduced<279>(“Synergistic chelate therapy”<673>). 
The injection of DMPS (i.m. 4, 6, 24 and 30 hours 
after HgCl2) increased the excretion of Hg in rat urine 
and faeces and reduced the total body burden. 
Administration of spironolactone (oral before and 
after administration of HgCl2) and polythiol resin (oral 
after HgCl2) in addition to DMPS did not 
subsequently reduce the total body burden. Most of 
the heavy metals was, however, excreted via the faeces<277>. 
 

6.1.17.3.2 Blood, serum, plasma 
Hg2+ binds very rapidly to plasma proteins in the plasma<1294>. In most investigations with inorganic 
or organic mercury, DMPS reduced the heavy metal level in the blood. Early onset of therapy was 
more effective than delayed<334,1159>. 
 

6.1.17.3.2.1 Inorganic mercury compounds 

Most investigations with inorganic mercury confirm that DMPS lowers mercury levels in the 
blood<211a>, whereas plasma levels either rise slightly<337,1600> or are also lowered<276,277,279,453,1294>. 
Some investigations also found unchanged<627,687,1535> or raised values in the blood<1578>. Early 
onset of therapy was more effective than delayed<455,1159>.  
I.m. injection of DMPS 4 and 7 hours after i.v. administration of HgCl2 lowered Hg levels in rat 
plasma<276>. The additional administration of spironolactone did not have any marked effect on Hg 
levels in the organs<1164>. 
Immediate<9,993> and delayed administration of DMPS 24 hours after administration of HgCl2<10>

 
lowered Hg levels in the blood. Lower blood levels were still recorded in rats<376>

 even when 

 Urine (µg/24h) Kidneys(µg/g) Liver (µg/g) 
HgCl2 (i.p.) 3.17 31.4 2.74 
HgCl2+Na2SeO3 (i.p.) 0,.7 0.03 15.8 
HgCl2 (i.p.) + DMPS (oral) 25.2 5.66 2.86 
HgCl2+Na2SeO3 (i.p.) + DMPS (oral) 1.81 1.29 15.3 

    

Influence of the concomitant administration of sodium selenite on the distribution 
and excretion of mercury in rats<686> 
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Influence of DMPS or spironolactone (SPL) on Hg 
excretion in rats following administration of 
HgCl2<276> 

Conclusion: 
Selenium redistributes mercury in the body. Levels in the kidneys and excretion via the urine are 
reduced, hence greater quantities of the heavy metal are deposited in the liver. Hg excretion 
due to DMPS is reduced by Se.  
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treatment was initiated 8 days after administration of HgCl2. DMPS was more effective than 
DMSA<1158> following both oral and i.p. administration, but the differences were not statistically 
significant<10>. 
Acute poisoning with HgCl2  reduced the number of free SH groups in the serum. The 
administration of DMPS led to an increase<645>. 
I.p. administration of HgCl2 led to increased lipid peroxidation in the liver and kidneys of rats. No 
marked effect could be detected in the blood. The immediate oral administration of DMPS for 6 
days increased the mercury-induced reduction in SOD concentrations in the blood<158>. 
Prophylactic i.p. treatment with DMPS (last dose administered 2 hours before i.v. administration of 
HgCl2 ) increased the heavy metal content of the blood plasma in rats<278>. 

Following chronic Hg exposure (HgCl2 in the drinking water for 5 days), subsequent DMPS therapy 
(0.3 mmol/day i.p.) lowered Hg levels in the blood. The number of SH groups increased<1330>. 
Prophylactic i.m. administration 90 minutes before i.p. administration of HgCl2 did not alter the Hg 
content of the blood in rats. 

Selenium and HgCl2 were added to the feed and water of rats for 15 days. The subsequent 
administration of i.p. DMPS had no significant effect on Hg levels in the blood<1578>. 

 
6.1.17.3.2.2 Organic mercury compounds 

In investigations with organic mercury, DMPS reduced the mercury level in the blood. The cellular 
mercury content fell<453,454> while the level in the plasma rose slightly<1600> or was redu-
ced<276,277,279,453,1294>. Some investigations also found unchanged<627,687> or increased values in the 
blood<1578> or plasma<337>. Early onset of therapy was more effective than delayed<455,1159>.  
In rabbits, prophylactic administration of DMPS reduced the organic Hg-induced increase in γ-
globulin and albumin. Tests with 35S-labelled methionine showed that the Hg-induced increase in 
protein synthesis in the blood was prevented by the prophylactic administration of DMPS in rabbits 
and rats. Cholinesterase inhibition was reduced<1453>. 

 
6.1.17.3.2.3 Mercury vapour and metallic mercury 

Rats were exposed to mercury vapour every day for two weeks. Mercury levels in the blood quickly 
reached steady state. Subsequent administration of DMPS increased renal excretion compared to 
that observed in the control group. High doses of i.p. DMPS (40 mg/kg BW/day) drastically 
exceeded the lower oral dose (10 mg/kg BW/day)<984>. 
In dogs given metallic mercury via the lungs, the oral administration of DMPS (4 mg/kg BW) for 8 
days increased the urinary excretion of mercury without lowering blood values<627>. 

Conclusion: 
In most cases DMPS lowers Hg levels in the blood following poisoning with inorganic mercury.
The SH groups in the biomolecules, which are blocked by the heavy metal, were again 
released. 

Conclusion: 
In most cases, DMPS lowers Hg levels in the blood following organic mercury poisoning. The 
biochemical changes in the blood are either prevented or at least reduced. 

Conclusion: 
Very little data is available regarding the effect of DMPS on Hg blood levels after poisoning with 
metallic or vapour mercury. An evaluation is, therefore, not feasible. 
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6.1.17.3.3 Kidneys 
The kidneys are target organs for 
poisoning with inorganic mercury and 
accumulate this heavy metal whereby it 
is bound preferentially to metallothio-
neins<254,1416>. Thus, 48 hours after an 
injection of HgCl2, about 50 % of the 
mercury was found in the kidneys<337>. It 
was deposited in both the proximal 
tubules and the epithelial cells<1416>. 
The kidneys were also the most severely 
burdened organs on poisoning with orga-
nic mercury.  Initially, predominantly or-
ganic mercury was found in the kidneys. 
After 10 days, however, inorganic mer-
cury predominated, even after poisoning 
with methyl mercury<1159>. 
The heavy metal is deposited particularly 
in the renal cortex and outer medulla<743,1164,1600>. On adding HgCl2 to the drinking water of rats for 
a period of one to two months, the mercury content of the kidneys increased independently of the 
exposure time from 0.17 to 122 µg/g. Apparently a steady-state condition between uptake and 
excretion was achieved<179>. Furthermore, the weight of the kidneys increased from 1.3 to 1.6 g. In 
the kidneys, mercury led to necroses<1164,1165,1365> and to the release of alkaline phosphatase AP 
and leucine aminopeptidase LAP <1164,1165>. The serum levels of urea increased<1365>. 
DMPS mobilised the mercury and led to a reduction in the total burden of the kidneys whereby not 
all of the released heavy metal could be detected in the urine<255,337,743>. The number of free SH 
groups in the kidneys increased<645>. The addition of probenicide inhibited the excretion of mercury 
by DMPS<743>.  
 

6.1.17.3.3.1 inorganic mercury compounds 

DMPS released inorganic Hg from its binding to endogenous renal ligands, thus preventing its 
toxic effects<1596>. Mercury levels in the kidneys were lowered<74, 276,278,376,395,627,990,1164>. The heavy 
metal was thus mobilised both in the renal cortex and in various regions of the renal medulla<211a>. 
DMPS was more effective than DMSA<1596,1509>. The active transport of DMPS by OAT1 in the 
renal cells explains the excellent effect of DMPS in the kidneys<221>. 

Both concomitant administration<376,993> and delayed administration of DMPS after 24 hours<993>, 8 
days<376> and more than one month<179,216> reduced mercury deposits in the kidneys. DMPS was 
particularly effective when treatment was initiated immediately<74,179, 454,1159>. The mercury content 
of the kidneys was, however, still significantly reduced even with a delayed start to therapy. Thus 
rats treated with DMPS 20 days after chronic HgCl2 poisoning still showed a 46.4 % load reduction 
following an i.p. injection compared to the untreated controls<74>. Higher doses of DMPS were 
more effective<337,395,454>.  
Prophylactic administration of DMPS prior to injection of HgCl2 also reduced Hg levels in the 
kidneys<687> and nephrotoxic repercussions<1622>. Concomitant administration of DMPS (i.p.) and 
Hg(NO3)2 reduced Hg levels in the skeleton, liver, kidneys and blood. The greatest effect was 
observed in the kidneys and spleen<994>

. 
I.p. administration of DMPS for 9 days, beginning 6 hours after i.v. administration of HgCl2, lowered 
the Hg content of the rat kidney by more than 90% compared to the control animals<1294>. 
Prophylactic i.m. administration 90 minutes before i.p. administration of HgCl2 did not alter Hg 
levels in the kidneys<687>. The half-life of DMPS in rats can, however be assumed to be 
approximately 19 minutes. 
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48 hours after an injection of HgCl2, about 47% of the applied dose was deposited in the kidneys. 
The infusion of DMPS rapidly lowered (within 3 hours) both 
the Hg total body burden and the kidney content (equally in 
the renal cortex and outer medulla) in a concentration-
dependent manner, and led to the excretion of the heavy 
metal in the urine. Peak excretion was achieved after 60 – 
80 minutes<337>. 
In rats with one kidney removed before the experiment, the 
mercury accumulated in the remaining kidney and could be 
mobilised by DMPS<1601>. 

Additional administration of DMSO, which is used in 
pharmacology as a carrier substance, did not increase the 

renal excretion of Hg in rats<375>. 

DMPS prevented pathological changes in the kidneys<207,1535>. The loads were reduced in both the 
renal cortex and the medulla<337,743,744,1578,1600>. The increased metallothionein content of the 
kidneys caused by the heavy metal was reduced, although no metallothionein-bound Hg was 
detected in the urine<255>. 
HgCl2 accumulated in the renal cortex. Here it caused necrotic changes relatively quickly and, 
depending on the dose of Hg, led to the transient release of alkaline phosphatase AP and leucine 
aminopeptidase LAP. Determination of the enzymes in the urine gave an early indication of 
poisoning with inorganic mercury. Treatment with DMPS caused AP excretion to return to normal. 
An effect on LAP excretion was 
observed only when treatment was 
initiated at an early stage<1164,1165>. 

With sufficient dosing, DMPS pre-
vented the onset of nephropathy<135> 

or necroses<1365,1417> due to inor-
ganic mercury<1601>. BAL and DPA 
showed only slight signs (of efficacy) 
on regeneration of necrotic chan-
ges<1365>. Blockade of various renal 
enzymes by the heavy metal was 
abolished by DMPS<1417>. The in-
crease in serum urea levels caused 
by Hg+2 were reduced by 
DMPS<1365>. 

S.c. administration of HgCl2 (Dose = 
LD50) led to necrotic renal changes 
in rats. Serum urea levels increased. 
Two doses of DMPS via the i.m. 
route (30 minutes and 8 hours after 
HgCl2) partly prevented these chan-
ges. The rise in urea levels was less 
marked. Evidence of a regression of 
morphological changes in the kid-
neys was observed on histological 
examination. BAL and DPA were 
less effective<1365>. 

Free and glutathione-bound mercury 
catalysed oxidative damage in the 
kidneys (porphynuria by oxidation of 
uroporphyrinogens). This reaction 
did not, however, take place in vitro 
in the presence of DMPS<935>. 
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Mercury content of some organs and excretion by rats (% of the i.v. 
administered dose of Hg – controls: physiological saline solution) 
A after 4 days’ p.o. administration of DMSA (100 µmol/kg), DMPS (300 
µmol/kg) or controls 
B after 4 weeks’ administration of i.v. administration of DMSA 
(100µmol/kg), DMPS (100 µmol/kg) or controls<1158> 

 Serum urea 
(mg/100 mL) 

Controls 24 
HgCl2 (s.c.) 180 
HgCl2 (s.c.) + DMPS (i.m.) 70 
HgCl2 (s.c.) + BAL (i.m.) 141 
HgCl2 (s.c.) + DPA (oral) 143  
Influence of various chelating agents (ad-
ministered 30 min and 8 h after HgCl2) on 
urea concentrations in rat serum<1365> 
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DMPS prevented or reduced renal damage (histopathological and histochemical changes) due to 
inorganic mercury compounds<2,935,1366>. The heavy-metal induced increase in lipid peroxidation 
was not, however, reduced<158>. 

Pre-treatment with DMPS reduced HgCl2-induced oxidative stress in the rat kidney<1580>. In rats, 
the immediate administration of DMPS (i.v.) prevented pathological changes in the kidneys caused 
by high doses of HgCl2. Administration of DMPS 24 hours later no longer had a protective 
effect<1535>.  
No pathological kidney changes were observed in the control rats or rats treated with DMPS 
following administration of lower doses of Hg. Only delayed treatment lowered deposits in the 
kidney; immediate administration had no effect on the kidneys<1535>. 

Single administration of DMPS 24 hours after i.v. administration of HgCl2 lowered Hg levels in the 
kidneys of mice. DMPS was more effective than DMSA, but the effect was not, however, 
statistically significant. The addition of DMSA or DMPS to the feed reduced the mercury load on 
the kidneys to approximately 30 % of that of the untreated control animals<10>. 
Rats were given HgCl2 intravenously.  Six hours later, they received 50 mol/kg DMPS or DMSA i.p. 
DMPS lowered Hg levels somewhat more effectively<1162>.  

Rats were given oral DMPS or DMSA for 4 days 24 hours after i.v. administration of HgCl2. The 
DMPS dose was 3 times higher than that of DMSA in order to offset the difference in 
bioavailability. DMPS had a more marked effect on lowering the Hg content of the kidneys. On i.p. 
administration of equal doses of DMPS or DMSA, DMPS lowered levels in the kidneys, spleen, 
lungs, muscles, intestine, blood and plasma. DMSA, on the other hand, only reduced the Hg 
content of the kidneys<1158>. 

After chronic administration of HgCl2 or phenyl mercury acetate, several weeks’ treatment with 
DMPS lowered mercury levels in the rat kidney. Higher concentrations were more effective. The 
decrease in the kidney content was linear to the increase in urinary excretion. The same applied to 
DMSA while DMPS was more effective in the kidneys<216>.  
Rats were chronically exposed to Hg (HgCl2 was administered in the drinking water for 5 days). 
Subsequent treatment with DMPS (0.3 mmol/day, i.p.) reduced Hg levels in the kidneys. The 
number of SH groups increased. The pathological effects were improved, whereby DMPS was 
more effective than BAL<1330>. 
I.v. administration of DMPS 24 hours after i.v. administration of HgCl2 lowered Hg levels in the rat 
kidney to 60-70% of the control value. Contrastingly, BAL did not alter the kidney burden<1535>. 
Acute poisoning with HgCl2 reduced the number of free SH groups in the kidneys. The 
administration of DMPS led once again to an increase in free SH groups in these organs<645>. 
Single i.p. administration of DMPS after acute HgCl2 poisoning prevented a decrease in δ-ALA-D 
activity in the kidneys of mice. The increase in urea levels in the plasma was prevented. The 

increased metallothionein levels in 
the liver were unaffected. The 
concentration of “non-protein-SH” in 
the liver and kidneys remained 
high<205,206>. 
Two i.p. doses of DMPS (0 and 24 
hours) after i.v. administration of 
HgCl2 lowered Hg levels in murine 
kidneys. The additional oral admini-
stration of metal-complexing poly-
mers was devoid of effect<396>. 
I.p. administration of HgCl2 led to 
increased lipid peroxidation in the 
kidneys of rats. Immediate oral ad-
ministration of DMPS for 6 days did 
not have a marked, positive effect. 
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The Hg-induced reduction in SOD concentrations was potentiated by DMPS<158>. 

Rats were given a single i.p. dose of HgCl2. The kidneys were then removed for perfusion 
experiments. The addition of DMPS to the arterial perfusion solution led to elimination of Hg from 
both the renal cortex and the outer medulla, the two most important storage centres in the kidney. 
The quantity of mobilised Hg increased with higher doses of DMPS. Part of it was excreted directly 
in the urine. The addition of probenecid inhibited the renal excretion of DMPS or the mercury-
DMPS complex. The effect depended on the DMPS concentration and finally reached a plateau. 
Approximately 40% of the Hg content at most could be directly secreted in the urine. These 
observations indicate that an organic anion transporter is involved in the DMPS mechanism of 
action. DMPS was found in far greater quantities than Hg in the urine (300 – 11,000: 1). Hg was 
also detected in the venous perfusion solution<744>. 
An eluate comprising radioactive Au with traces of Hg was given intravenously to rats. This was 
administered together with DMPS to some of the animals. After 22 hours, lower Hg levels were 
recorded in the kidneys of animals in the DMPS group (8.5 instead of 12.2% of the dose 
administered). Unfortunately, gold measurements were not recorded<287>. 

 

6.1.17.3.3.2 Organic mercury compounds 

On poisoning with organic mercury compounds, DMPS also released Hg from its binding to 
endogenous renal ligands, thus preventing its toxic effects (histopathological and histochemical 
changes)<1573,1596>. The renal load was reduced<11,454,455,1070,1159,1162>. Mercury was excreted in 
particular from the metallothionein fraction of the kidneys<254,880>.  
The diuretic effect of mercusal (organic mercury compound) was reduced on delayed ad-
ministration<1535> and prevented on prophylactic administration of DMPS<777>. 

Renal damage due to radioactive mercury compounds used in 
scanning of the kidneys could be prevented<1573>. The admi-
nistration of 203Hg-labelled chlormerodrine triggered changes in the 
epithelium of the proximal sections of the renal tubular in rats. 
Treatment with DMPS (single dose of 15 mg/kg/day i.m.) for 6 
days, beginning 2 hours after chlormerodrine, largely prevented 
radioactive Hg-induced renal damage<1573>. I.m. administration of 
DMPS (10 mg/kg/day in physiological saline solution) promoted the 

excretion of mercury from 203Hg-chlormerodrine in rats, particularly in the urine. The kidney burden 
was reduced to 1.8 % of the administered dose after 9 days, whereas, in the control animals, 24.8 
% of the dose of mercury administered was still emitted<1070>. 
DMPS was more effective<1159> than or just as effective<519> as DMSA. Combination therapy with 
DMSA and DMPS was more effective than the respective individual therapy. However, the quantity 
of antidote administered overall in the combination therapy was twice as high as that administered 
in the monotherapies<1159> such that a synergistic effect cannot be assumed.  

DMPS and the methyl mercury-DMPS complex were actively ousted from the blood into the 
proximal renal tubular cells by the renal “Organic Anion Transporter-1“ OAT-1 . However, it is still 
not known how they reach the urine from the cells. In contrast, OAT-1 does not transport DMSA or 
the DPA complex of CH3HgCl<753>. 

After chronic administration of HgCl2 or phenyl mercury acetate to rats, several weeks’ treatment 
with DMPS significantly lowered the heavy metal content of the kidneys whereby higher 
concentrations proved to be more effective. The reduction in Hg levels in the kidneys was linear to 
the increased excretion via the urine<216>. 

NH HgCl
C

O

H2N

O 

CH3

 

Chlormerodrine 

Conclusion: 
After poisoning with inorganic mercury, both immediate and delayed administration of DMPS 
drastically lowered mercury levels in the kidneys. DMPS is thus signficantly superior to DMSA.
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Rats received drinking water containing methyl 
mercury for 9 weeks. Subsequent i.p. administration 
of DMPS increased the excretion of both inorganic 
and organic Hg. The Hg load in the kidneys was 
reduced<1149>. If DMPS was administered three times 
at intervals of 72 hours, levels of organic mercury 
were particularly affected<1149>. The high 
concentrations of various porphyrins in the urine and 
kidneys due to mercury exposure were lowered in 
particular by the first injection<1148>. 

 

 

 

6.1.17.3.3.3 Mercury vapour, metallic mercury  

DMPS reduced the kidney load even on poisoning with metallic 
mercury<627> or mercury vapour<140,216,256,984>. 

After rats had been exposed to varying concentrations of Hg vapour, 
single administration of DMPS (oral, i.p.) led to a significant reduction in 
mercury levels in the kidneys accompanied by higher excretion in the 
urine. DMSA was less effective than DMPS. Lower kidney con-
centrations were still recorded even when treatment was initiated after 
35 days<216>. 
Single i.p. administration of DMPS increased renal Hg excretion in rats, 
there being no difference between poisoning with HgCl 2 and Hg 
vapour. Overall, 43% of the total body burden and over 60% of the Hg were excreted via the 
kidneys. DMPS predominantly mobilised the heavy metal bound in the kidneys.  The quantity of Hg 

excreted (µg/24 hours) after DMPS 
administration corresponded to the 
quantity mobilised from the kidneys, 
mobilisation occurring from all protein 
fractions of the kidneys. It correlated 
with the overall body burden. This did 
not apply to renal excretion without 
DMPS<254,255>. The MT content of the 
kidneys also regressed together with 
the Hg levels<255>. 
After Hg vapour exposure, subsequent 
i.m. administration reduced the renal 
load of Hg, whereby higher doses of 
DMPS led to lower values. BAL was 
clearly less effective and Ca-EDTA 
ineffective<140>. 
Exposure to mercury vapour increased 

heavy metal levels in the rat kidney. The administration of DMPS (oral or i.p.) led to a drastic 
increase in Hg excretion via the urine with the first dose mobilising more than the second. 
Parenteral administration was more effective than oral dosing at the same dose level. Mobilisation 
took place essentially from the kidneys, i.e. the Hg content of the kidneys was successively 
lowered. I.P. administration was more effective than oral dosing<985>. 

 Controls DPA DMPS 
 6,44 4.72 2.62 
Plasma 0.12 0.07 0.04 
Liver 4.44 3.56 2.07 
Kidneys 25.56 16.72 8.07 
Brain 1.16 0.92 0.60 
Femur 1.56 1.28 0.81 
Muscles 3.24 2.83 1.92 
Spleen  4.87 3.70 2.25 
Intestine 3.38 2.40 1.45 
    

Hg content of the tissues (% of the administered 
dose (10g fresh weight) in rats given an antidote (1 
mmol/kg/ day) in their feed 6 hours after i.v. 
administration of CH3-HgCl<454> 

DMPS 
(mg/kg/day) 

Hg 
(µg/Kidney 

0 34,3 
7,5 25,5 
15 20,3 
30 10,1 

  

Effect of the dose of DMPS 
on the Hg content of rat kid-
neys following Hg vapour<140> 
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Reduction in Hg levels in various rats organs following single i.p. 
administration of DMPS. (The values for the kidneys must be 
multiplied by 10)<255>. 

Conclusion: 
DMPS increases the excretion of organic mercury 
and thus reduces the body burden. DMPS had 
the greatest effect on Hg levels in the kidneys.
Histopathological and histochemical changes 
were prevented. 
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In young rats following chronic Hg vapour exposure, DMPS lowered Hg levels in the kidneys to 
greater extent than DMSA at the same concentration. The other substances (vitamin C, 
glutathione or lipoic acid) and combinations of these substances were ineffective<51>. 
In dogs given metallic mercury via the lungs, the oral administration of DMPS lowered the Hg 
content of the kidneys<627>. 

 

6.1.17.3.3.4  Influence on copper levels in the kidneys 

In rats, the administration of HgCl2 in drinking water over a prolonged period led to copper deposits 
in the kidneys in addition to raised mercury levels. Copper levels increased from 10.7 to 80.0 µg/g. 
After a constant Hg load, the Cu load also reached a maximum value that did not increase any 
more even when prolonged exposure continued<179>. Mercury-induced formation of metal-
othioneins is suggested as the cause<1599>. These bind the additional copper in the kidneys<179>. 
Cessation of Hg exposure spontaneously led to a marked decrease in the Hg burden of the 
kidneys (60 %) and to less of a decline in Cu values (91 %)<179>. In addition to mercury levels, 
elevated copper values were also reduced by DMPS<179>. Even when Hg exposure was further 
back in time, DMPS lowered the Hg and Cu content of the kidneys<179>. 

6.1.17.3.4 Liver 
On poisoning with inorganic or elemental mercury, DMPS led to a reduction of the heavy metal 
level in the liver. Some investigations did not find any significant effects. The increased 
concentration of lipid peroxidation products caused by the mercury was partially reduced in 
rats<158,159>. 
 

6.1.17.3.4.1 Inorganic mercury compounds 
DMPS either lowered Hg levels in the liver<9,10,276,279,990,993,994,1535> or did not change them<211a,278, 

376,395,396,627,1535>. Slightly raised values were found in individual investigations<395>. DMPS proved 
to be slightly superior to DMSA<1162>. The values recorded in the animals treated with DMPS were 
somewhat lower than those in the DMSA group<10>. In other studies, both chelating agents were 
equi-effective<211a,1158>. 
Selenium and HgCl2 were added to the feed and water of rats for 15 days. The subsequent 
administration of DMPS i.p. lowered Hg levels in the liver compared to the untreated control 
group<1578>. 
Prophylactic i.m. administration 90 minutes before i.p. administration of HgCl2 reduced the Hg 
content of the liver in rats<687>.  

Conclusion: 
DMPS increases mercury excretion on poisoning with mercury vapour and thus reduces the 
body burden. DMPS has the greatest effect on Hg levels in the kidneys. The same obviously 
applies on administration of metallic mercury. However, no assessment can be carried out due 
to the lack of data. 

Conclusion: 
Mercury induces the formation of metallothioneins in the kidneys. More copper from food is thus 
bound in the kidneys. The administration of DMPS also increases copper excretion in the urine.
Increased copper excretion in the DMPS mobilisation test does not definitely indicate copper 
poisoning but can be the outcome of increased mercury load. 



 

- 108 -  www.heyl-berlin.de 

After chronic administration of HgCl2 or phenyl mercury acetate, several weeks’ treatment with 
DMPS lowered mercury levels in the rat liver. The same applies for DMSA<216>.  
I.m. administration of DMPS lowered Hg levels in the liver. The additional oral administration of 
spironolactone had no marked effect<1164>. The additional oral administration of metal-complexing 
polymers was devoid of effect<396>. 
Single i.p. administration of DMPS after acute HgCl2 poisoning prevented a decrease in δ-ALA-D 
activity in the murine liver<205,206>. Another study found no effect<1049>. Increased metallothionein 
levels in the liver were unaffected. The concentration of “non-protein-SH” in the liver remained 
high<9>. 
I.P. administration of HgCl2 led to increased lipid peroxidation in the liver of rats. The immediate 
oral administration of DMPS for 6 days partly prevented this effect but the concentration of the 
reaction products thus obtained did not correspond to those of the controls. The mercury-induced 
reduction in SOD concentrations was, however, potentiated by DMPs<158>. 
Rats were chronically exposed to Hg (HgCl2 was administered in the drinking water for 5 days). 
Subsequent treatment with DMPS (0.3 mmol/day, i.p.) reduced Hg levels in the liver. The number 
of SH groups increased. The pathological effects of HgCl2 were improved, whereby DMPS was 
more effective than BAL<1330>. 

 

6.1.17.3.4.2 Organic mercury compounds 

On poisoning with organic mercury, DMPS triggered a reduction in the heavy metal levels in the 
liver<11,454,455,1159>. Other studies reported no significant effect<9,216,395,627,10701535>. Early onset of 
treatment was more effective<1159>. DMSA was either more effective than<1159,1162> or equi-
effective<216,519> with DMPS. A combination of DMPS and DMSA was more effective as twice the 
quantity of antidote was administered<1159>. 

 

6.1.17.3.4.3 Mercury vapour, metallic mercury  

On poisoning with mercury vapour,  DMPS triggered a reduction in the heavy metal levels in the 
liver<216,985>. Other studies reported no significant effect<216>. 
In dogs given metallic mercury via the lungs, DMPS did not affect Hg levels in the liver<627>. 

 

6.1.17.3.5 Brain 
In rats, the administration of inorganic mercury (HgCl2) over longer periods led to an approximately 
100-fold increase in heavy metal in the brain<74>. Intermediate reduction to elemental mercury in 

Conclusion: 
On poisoning with inorganic mercury, DMPS lowers Hg levels in the liver. However, the effect is 
substantially lower than in the kidneys. 

Conclusion: 
After poisoning with organic mercury, DMPS lowers Hg levels in the liver. However, the effect is 
markedly less than in the kidneys. 

Conclusion 
Very little data is available regarding the effect of DMPS on Hg levels in the liver on poisoning 
with mercury vapour or metallic mercury. An assessment is not, therefore, feasible. 
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the body may play a role<839>. After three weeks’ administration of inorganic or organic mercury 
(i.p.), heavy metal concentrations in the brain was approximately equally high in both groups. 
Higher values were found on mercury vapour exposure<216>. The mercury content of the brain was 
mostly unaffected by DMPS. Redistribution of the heavy metal in the brain did not take 
place<74,880>.  
DMSA displayed similar activity to that of DMPS<1162>. There was no evidence to suggest that, 
compared to DMPS, DMSA is capable of improved Hg mobilisation from the brain. In contrast to 
BAL, DMPS and DMSA did not lead to an accumulation of Hg in the brain. In contrast to the Hg-
BAL complex, the Hg-DMPS complex is negatively loaded and cannot, therefore, penetrate the 
blood-brain barrier<682>. 
 

6.1.17.3.5.1 Inorganic mercury compounds 
In most experiments, DMPS did not af-
fect mercury deposits in the brain. 
• In rats, i.p. administration of DMPS af-

ter chronic mercury exposure (HgCl2  
i.p. for at least 32 days) did not affect 
mercury levels<74>. 

• The oral administration of DMPS or 
DMSA for 4 days did not significantly 
affect Hg levels in rats<1158>. 

• I.p. treatment with DMPS for 9 days, 
beginning 6 days after i.v. admini-
stration of HgCl2 did not alter the Hg 
content<1282>.  

• Neither delayed nor immediate treat-
ment with DMPS lowered Hg levels<10>. 

• Immediate i.v. injection of DMPS fol-
lowing i.v. administration of HgCl2 had no significant effect on Hg levels in mice<395>. 

• I.p. administration of DMPS did not affect the Hg content in rats given HgCl2 i.v.<627>. 
• I.v. administration of DMPS 24 hours after i.v. administration of HgCl2 did not alter Hg levels in 

rats. Contrastingly, BAL doubled Hg deposits<1535>. 
• Prophylactic i.p. treatment with DMPS (last dose administered 2 hours before i.v. administration 

of HgCl2 ) did not change the heavy metal content in rats<278>. 

In other experiments, Hg levels in the brain were lowered: 
• Following chronic Hg exposure (HgCl2 in the drinking water for 5 days), subsequent DMPS 

therapy (0.3 mmol/day i.p.) lowered Hg levels. The number of SH groups increased<1330>. 
• I.m administration of DMPS 4 and 7 hours after i.v. administration of HgCl2 lowered Hg levels in 

rats<1164>. 
• Single administration of DMPS 24 hours after i.v. administration of HgCl2 lowered Hg levels in 

mice. The effect was not, however, statistically significant. BAL led to an accumulation of Hg<10>.  
• The addition of DMSA or DMPS to the feed following i.v. administration of HgCl2 reduced the Hg 

load in mice. The values recorded in the animals treated with DMPS were somewhat lower than 
those in the DMSA group<10>. 

• DMPS and DMSA (immediate i.v. administration) lowered Hg levels in mice given i.v. HgCl2. 
Contrastingly, BAL doubled Hg deposits<9>. 

• In mice (given a single oral dose of HgCl2), heavy metal levels were reduced following both oral 
and parenteral administration. 

• I.m. administration of DMPS 4 and 7 hours after i.v. administration of HgCl2 lowered mercury 
levels in rats<276,279>. 

Following single i.p. administration of 1 mg HgCl2 for 5 days a week, for 4 weeks, mice were 
injected with 220 mg/kg/day DMPS, 180 mg/kg/day DMSA or 5% NaHCO3 (controls). Higher Hg 
levels were detected in the perikaryon of the spinal α cells in both groups. No heavy metal was 
found in the cell nucleus. The authors do not comment whether this observation is relevant for 
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DMPS or DMSA treatment in humans. No measurement was carried out to determine whether the 
heavy metal content of the brain was affected or whether brain structures altered<392>.  

 

6.1.17.3.5.2 Organic mercury compounds 

On poisoning with organic mercury compounds, administration of DMPS did not trigger any 
significant differences in Hg levels in the brain<11,1070>. Transiently high values were recorded for 
both organic and resulting inorganic mercury only in one experiment<1149>. No significant 
differences were observed between DMSA and DMPS<519>. The mercury in the brain was not 
redistributed. BAL triggered higher values<519>. 
The addition of CH3HgCl to the drinking water for 17 days led to Hg deposits in various structures 
of the cerebellum in mice. The number of purkinje cells decreased. The additional administration of 
DMPS (150 mg/kg/day, i.p.) on the last three days, reduced damage to the cerebellum. Hg 
deposits were reduced in all areas. The number of purkinje cells was similar to that of the control 
animals. The effects of CH3HgCl in the behaviour tests were reduced. DMPS prevented an 
increase in malondialdehyde concentrations. The mercury-induced reduction in glutathione 
peroxidise activity was not affected. ”This data render DMPS a promising molecule for 
pharmacological studies with respect to intoxication with not only inorganic, but also organic 
mercurials“<239>. 

  

6.1.17.3.5.3 Mercury vapour 

Treatment with DMPS over the observation periods had virtually no effect on the Hg content of the 
brain. The levels generally corresponded to those recorded in the control animals. There was no 
indication that DMPS leads to an accumulation of mercury in the brain. Similarly, there was no 
evidence to suggest improved Hg mobilisation from the brain by DMSA compared to DMPS. 
After exposure to varying concentrations of Hg vapour, single or repeated dosing with DMPS (oral 
or i.p.) had no effect on Hg levels in the brain<216>. A decrease was observed in one 
investigation<274>. Similarly, DMSA was devoid of effect<216>.  
Rats were exposed to mercury vapour every day for two weeks. Whereas mercury levels in the 
blood quickly reached steady state, the mercury content of the brain constantly rose. The 
subsequent administration of DMPS had no effect on the mercury content of the brain. Both the 
untreated animals and the animals given oral or i.p. DMPS showed the same decrease<984>. 
Exposure of rats to mercury vapour led to elevated heavy metal levels in the brain. The 
administration of DMPS (oral or i.p.) did not alter Hg levels in the treated animals compared to the 
controls<985>. 
In young rats following chronic Hg vapour exposure, neither DMPS nor DMSA, vitamin C, 
glutathione or lipoic acid (for 7 days) lowered Hg levels in the brain. Various combinations of these 
substances were also ineffective<51>.  

Conclusion: 
On poisoning with organic mercury, DMPS hardly affects Hg levels in the brain. Its effect is 
comparable to that of DMSA. There is no proof to support Daunderer’s assumption, namely that 
DMSA removes poisons more effectively in the brain. The heavy metal in the brain is not 
redistributed with DMPS therapy. 

Conclusion: 
DMPS reduces the embryotoxic and teratogenic effects of mercury. The heavy metal levels in 
most of the dam and foetal organs examined are lowered. The survival rate of the dams is 
increased. There is no evidence of embryotoxic or teratogenic effects of DMPS.
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In dogs given metallic mercury via the lungs, the oral administration of DMPS (4 mg/kg BW) for 8 
days lowered mercury deposits in the brain<627>. 
 

 

6.1.17.3.6 Heart 
On poisoning with inorganic or metallic mercury, DMPS reduced heavy metal levels in the 
heart<255>. In dogs given metallic mercury via the lungs, the oral administration of DMPS (4 mg/kg 
BW) for 8 days lowered mercury levels in the heart<627>. 
DMPS reduced the positive inotropic effect of organic mercury compounds on isolated heart 
muscle. The contractile strength of the muscles did not regress<551,552>. The pathological effects of 
HgCl2 were reduced, whereby DMPS was more effective than BAL<1330>. 

 
6.1.17.3.7 Bones, skeleton 
The heavy metal content of bones was either reduced on administration of DMPS<453, 776,993,994,1294> 
or unaffected<376,1070,1158>. 

 
6.1.17.3.8 Muscles 
In muscles, the heavy metal content on poisoning with inorganic<376,453,1294> and organic<454,455> 
mercury was reduced by administration of DMPS. Compared to DMSA, DMPS was more 
effective<1158> or no significant difference was observed<519>. 
 
6.1.17.3.9 Testes 
DMPS reduced the heavy metal content of the testes on poisoning with inorganic and organic 
mercury<255>. 

 
6.1.17.3.10 Spleen 
The heavy metal content of the spleen was either reduced on poisoning with inorganic<9,255, 

453,687,990,993,994,1158,1294> or organic<454,455> mercury by administration of DMPS or was unaf-
fected<376,1070>. DMSA war less effective<10,1157>, but the effect was not always statistically 
significant<10>. 

 
6.1.17.3.11 Thyroid gland 
Prophylactic administration of DMPS prevented the increase in 131J deposits in the thyroid gland of 
rats caused by organic Hg<1463>. 

 
 

Conclusion: 
After poisoning with mercury vapour, DMPS does not affect the mercury content of the brain.
DMSA was also ineffective. There is no proof that DMSA is capable of improved Hg mobilisation 
from the brain as is occasionally claimed in the literature.  

Conclusion: 
After poisoning with mercury, DMPS lowers mercury levels in the heart. The pathological effects 
of the heavy metal are reduced or even prevented. 



 

- 112 -  www.heyl-berlin.de 

6.1.17.3.12 Intestine, gastrointestinal tract 
The heavy metal content of the intestine 
was reduced on poisoning with inorga-
nic<396,453,774,1158,1294,1417> or organic<454,455> 
mercury by administration of DMPS. Pro-
phylactic administration of DMPS was also 
effective<278>. 

Other studies found no effect<376,395>. The 
distribution of the heavy metal in various 
regions of the gastrointestinal tract was 
unaffected<774>. Mercury-induced inhibition 
of various enzymes in the intestinal 
mucosa was eliminated by DMPS<1417>. 
The additional oral administration of metal-
complexing polymers was ineffective<396>. 
 

6.1.17.3.13 Lungs 
Results relating to the effect of DMPS on the mercury content of the lungs vary. Four days/ 
treatment with i.p. DMPS, beginning 24 hours after administration of HgCl2, lowered Hg levels in 
lungs of rats. Neither immediate nor delayed (beginning after 8 days) therapy with 5 mg/kg DMPS 
altered mercury deposits in the lungs<376> of rats. I.M. administration to rats did not have a 
significant effect on 203 Hg levels in the lungs<1070> following 203Hg-chlormerodrine exposure. 
 

6.1.17.3.14 Aorta 
The administration of DMPS lowered the reduction in the number of SH groups in the aorta on 
acute poisoning with HgCl2<645>. 

 

6.1.17.3.15 Skin 
DMPS had no effect on Hg deposits in the skin. Neither immediate nor delayed therapy altered the 
mercury levels<376,1070>. 

 

6.1.17.4 Age-dependency 
The retention of mercury in the body and the efficacy of the chelating agents is age-de-
pendent<696>. Immature rats store more mercury than the adult animals. The total body load is far 
higher than in adult animals. Oral administration of DMPS lowered these values whereas i.p. 
administration did not<774,775>. 
Higher mercury levels were recorded in young rats than in adult animals following oral, i.v. and i.p. 
administration of HgCl2. This effect was particularly marked after oral administration when more 
than half of the inorganic mercury was still detected in the intestine of young animals 6 days later. 
Most of the mercury was absorbed by the adult animals<696>. If HgCl2 and DMPS were 
administered orally, immediate DMPS administration reduced the mercury more effectively than 
delayed administration in young rats. In adult animals, only delayed onset of treatment triggered a 
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Effect of oral DMPS on the concentration of CH3HgCl in vari-
ous rat tissues compared to the untreated control animals<1272> 

Conclusion: 
Results relating to the effect of DMPS on the mercury content of the bones, skeleton, muscles, 
testes, spleen, thyroid gland, intestine, gastrointestinal tract, lungs, aorta and skin depend on 
the nature of the experiment. They fluctuate between reduced and unchanged. No accumulation 
of the heavy metal is described. 
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decrease in heavy metal concentrations. In contrast, immediate administration increased the 
mercury load. The DMPS-Hg complex was obviously absorbed more effectively from the intestine 
by these animals. No age-dependency was apparent with parenteral administration<773,776>. 
Oral HgCl2 was given to six day-old rats. Two-day oral therapy with DMPS (4 doses/day) was 

initiated immediately after or on the 
next day. The total body burden was 
reduced in both groups. The Hg load 
in the intestine was reduced by 50 to 
70%<774>. Most of the mercury found 
in the intestine was located in the 
lower intestine and in the lower large 
intestine<774,776>. The distribution of 
the heavy metal in various regions of 
the gastrointestinal tract was 
unaffected<774>. DMPS prevented the 
inhibition of various enzymes in the 
intestinal mucosa<1417>. As the same 
total body burden was recorded with 
both immediate and delayed onset of 
therapy, DMPS obviously did not 
increase the absorption of the heavy 
metal in this age bracket. 
Contrastingly, immediate oral admi-
nistration of DMPS after oral dosing 
of HgCl2 increased the absorption of 
Hg more than two-fold<78,773,775>. The 
effect was not apparent with Zn-
DTPA and DMSA, but the total body 
burden was reduced<78,773>.  
The total body burden was lowered in 
both young and adult mice following 
i.p. administration of HgCl2 and oral 
administration of DMPS. Early onset 
of therapy was more effective in adult 
animals. No time-dependency was, 
however, apparent in young mice. 
Chelate therapy was more effective in 
adult animals than in immature young 

animals<773>. Hg levels in the various organs (liver, kidneys, brain, lungs, femur and hair) were 
lowered in all age groups. The effect in the kidneys – the target organ of mercury, was particularly 
marked<776>. 

 
 
6.1.17.5 Treatment of gestating animals 
Methyl mercury is embryotoxic. In pregnant mice, DMPS reduced the embryotoxic and teratogenic 
effects (number of absorptions, number of dead foetuses and morphological defects) in a dose-
dependent manner<393,395,498>

. In addition, DMPS reduced the lethal effects of the toxin on the 
pregnant dams and increased their survival rates<498>.  
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Effect of DMPS on organ loads with 203Hg in rats depending on the 
age of the animals<776> 
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Effect of DMPS on the total body burden of 203HgCl2 in rats depen-
ding on the age of the animals<776> 

Conclusion: 
DMPS is effective in both young and adult animals and can, therefore, be administered to all 
age groups. The differences in physiology between the age groups generate some differences 
in terms of the effects of DMPS. 
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Pregnant mice received 30 mg CH3HgCl/kg via the 
oral route immediately followed by various doses of 
oral DMPS. The mortality rate of the dams was 
reduced from 55.3% in the control group to 11.1%. 
Higher doses proved to be more effective. There were 
fewer dams with completely absorbed foetuses and 
the number of surviving foetuses increased. The 
CH3HgCl-induced reduction in the body weight of the 
foetuses was significantly smaller. Morphological 
foetal defects occurred less frequently<498>. 
On administration of high doses of HgCl2 to pregnant 
rats, the immediate administration of DMPS to the 
dams led to lower levels in the blood, liver and brain 
as well as in the placenta and foetal membrane. In 
contrast, the kidney value was twice as high as that 
recorded in the control animals. The renal excretion of 
Hg was increased. On delayed administration, the 
values in the blood, kidneys and brain were 
significantly lowered but liver levels were unchanged. 
The Hg content of the placenta was lowered when 
treatment was administered immediately or delayed. 
On immediate administration, the values in the blood, 
liver, kidneys and brains of the foetuses were 
unchanged. Higher deposits were detected in the liver 
and kidneys when treatment was delayed<1535>

. 

 
6.1.18 In - Indium 
Immediately after i.p. injection of InCl3, DMPS lowered the mortality rate in mice following acute 
poisoning with indium chloride. Comparison of the survival rates when various chelating agents are 
used yielded the following: Ca-DTPA ≈ DMSA > DMPS ≈ Zn-DTPA. 
The indium total body burden was reduced following the immediate administration of DMPS. In 
levels in the kidneys, carcass and femur were lowered compared to those recorded in the control 
animals whereas liver values were raised<394>.  

 
6.1.19 Li - Lthium 
DMPS did not have any effect on the toxic actions of lithium salts in mice<1255>. 

Pregnant  Non-
preg-
nant Dam Foe-

tus 
Controls 3.6 2.91 0.17 
Immediate 0.33 0.82 0.12 

Blood 

24 h 0.38 0.42 0.10 
Controls 20.9 15.5 0.44 
Immediate 1.74 5.43 0.56 

Liver 

24 h 8.7 11.98 1.17 
Controls 92.1 62.9 0.30 
Immediate 116 136.64 0.34 

Kidneys 

24 h 27.6 24.65 0.48 
Controls 0.21 0.2 0.08 
Immediate 0.11 0.12 0.08 

Brain 

24 h 0.11 0.10 0.08 
Controls  9.52  
Immediate  6.63  

Placenta 

24 h  3.41  
Controls  80.00  
Immediate  56.59  

Foetal 
mem-
brane 24 h  36.78  
     

Effect of immediate and delayed treatment  (24 h 
later) with DMPS (250 µmol/kg i.v.) on Hg levels 
(nmol/g) in pregnant and non-pregnant rats or 
their foetuses (HgCl2 5,0 µmol i.v. <1535> 

Conclusion: 
DMPS appears to be a suitable antidote for the treatment of indium poisoning. Efficacy cannot, 
however, be evaluated due to the shortage of available data. 

Conclusion: 
Accprding to chemical legislation, DMPS is not expected to have a direct effect on lithium levels.
DMPS is thus not contra-indicated even during lithium therapy.

Conclusion: 
DMPS reduces the embryotoxic and teratogenic effects of mercury. Heavy metal concentrations 
in most of the organs tested are lowered in both the dams and foetuses. The survival rates of 
the dams is increased. There is no evidence to suggest that embryotoxic or teratogenic effects 
occur with DMPS. 
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6.1.20 Mn - Manganese 
From a suspension of MnO2 (particle size < 5 µ), the 
metal bound to plasma proteins. Unlike EDTA, the 
addition of DMPS did not have a significant effect on 
the bound quantity of metals<439>. In dogs, the urinary 
excretion of manganese rose during DMPS the-
rapy<1374>. DMPS showed virtually no effect on rats 
with manganese poisoning<805,1553>. The urinary and 
faecal excretion of manganese corresponded both on 
immediate and delayed start of treatment (one week 
after the administration of 54MnCl2) to that of the 
controls<1553>. The manganese levels in the skeleton, liver, lungs, kidneys, brain, muscles and 
pancreas were not affected<805,1553>. In contrast the administration of DTPA lowered manganese 
levels<805,1553>.  

 
6.1.21 Mo - Molybdenum 
DMPS had a protective<80,978> and therapeutic<978> effect in mice on poisoning with sodium 
molybdate (Na2MoO4)<80> or molybdenum sulfide(MoS3)<978>. 

 
6.1.22 Ni - Nickel 

 
In experiments with NB4  (human leukaemia) cells and plasmids, the addition of dithiols increased 
the number of nickel-induced ruptures in the DNA strand (DMSA > DMPS > BAL). Intermediate 
oxygen radicals may be responsible for this, as with copper, since the addition of anti-oxidising 
agents prevents the reaction<876>. 
DMPS proved to be an effective antidote for nickel poisoning<706>. The administration of DMPS 20 
minutes after administration of nickel acetate (LD50) reduced the mortality rate in mice<117,779>. 
50%<779> or 80%<677> of the animals survived while all the animals in the control group died. 40 % 
of rabbits survived poisoning with LD100  and 80% LD80

<207>. The presence of calcium ions did not 
affect the efficacy<677>. 

 Ca-DTPA DMPS DPA 
Skeleton 5.4 81.8 94.5 
Liver 9.8 119 89.1 
Muscles 2.6 86.0 98.2 
Kidneys 4.4 101 106 
Pancreas 3.9 92.3 82.4 
    

Influence of immediate administration of CA on 
Mn levels in rats (% of controls)<805> 
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Influence of DMPS (1 Injection per day) on Ni levels in rats 
following chronic Ni exposure<1331> 
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Influence of the administration of DMPS (1 injection 
per day) on the urinary excretion of Ni (% of the 
untreated controls)<1331> 

Conclusion: 
DMPS obviously has no effect on manganese poisoning. DMPS is, therefore, not indicated in 
the treatment of this form of poisoning. 

The efficacy of DMPS on poisoning with molybdenum cannot be assessed due to the lack of 
available data.  
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After chronic poisoning with NiSO4, the administration of DMPS 
did not increase nickel excretion in the urine whereas the 
faecal excretion of nickel was raised. Excretion was still high 
on the 4th day of treatment<1429>. 
The biochemical parameters in the blood (glucose), plasma 
(ceruloplasmin, α-amino acids) and urine (α-amino acids), 
altered by the administration of nickel, improved. The heavy 
metal content of the liver, kidneys and heart was lowered. The 
nickel content of the  brain was not statistically significantly 
affected<1331,1429>. 

 

 
6.1.23 Pb - Lead 
6.1.23.1 Investigations in cell cultures or cell organelles 
In investigations in peritoneal Chinese hamster cells, the concomitant administration of DMPS 
reduced the uptake of lead in the cells in a concentration-dependent manner, thus reducing its 
cytotoxic effects. Higher DMPS concentrations were more effective. In the case of cells previously 
incubated with lead, the addition of DMPS to the medium increased the excretion of the heavy 
metal from the cells<412,413>. 
The addition of DMPS prevented lead-induced cytotoxicity in cell culture investigations<415>. In frog 
oocytes, the addition of DMPS completely abolished the lead-induced blockade of Ca2+ 
channels<181>. 
The addition of lead triggered a reduction in glutamate binding to synaptic membranes isolated 
from rat brain. The addition of DMPS or DMSA, but not BAL, completely prevented this effect of 
lead<1362>. In the case of blood platelets, DMPS prevented an increase in glutamate 
binding<195a,196>. From a lead oxide suspension (PbO, PbO2 or Pb3O4, particle size < 5 µ), the metal 
bound to plasma proteins. The addition of DMPS reduced the bound quantity of metal by 19-26 
%<439>. 
 
6.1.23.2 Acute poisoning 
In acute lead poisoning, DMPS 
increased the lead excretion in 
the urine<853>.  Oral administra-
tion of DMPS reduced lead 
levels in the blood, kidneys 
and liver in mice<424>. Faecal 
excretion was unchanged fol-
lowing i.p. administration. No 
statistically significant changes 
were observed in lead levels in 
the blood, spleen, bones, brain 
and liver. Kidney levels 
fell<853>. A combination of 
DMPS (oral) and EDTA (i.p.) 

Survival rate(%) Chelating 
agents Ni-Acetate<137> NiCl2<779> 

Controls  0 
Ca-DTPA 90 75 
Zn-DTPA 0 0 
BAL 10  
DMSA 60 93 
Triene 70  
DMPS 80 50 
DPA 100 67    

Effect of the i.p. administration of CA 
on survival rates in mice<137,779> 
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Effect of immediate, single, i.p. administration of chelating agents on lead 
distribution in mice following acute poisoning with lead acetate (LD50)<853> 

Conclusion: 
DMPS increases the renal excretion of nickel. Heavy metal levels in the kidney, liver and heart 
are lowered. The survival rates are increased. DMPS therefore appears to be a suitable antidote 
for the treatment of nickel poisoning. 
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was more effective than single DMPS therapy<424>. The treatment had no significant effect on lead 
levels in the brain<424>. The lead content was reduced in most organs, especially the 
kidneys<424,853,1582>. The lead-induced changes in various biochemical laboratory parameters 
improved<424>. Nevertheless, as with other chelating agents (EDTA, DPA, DMSA<424>), neither the 
survival rates<424,595,771,853,1582> nor the survival times<771> increased. Similarly, a combination of 
EDTA and DMPS did not increase the survival rates<424>. On local irradiation therapy of spleen 
tumours with monoclonal antibodies loaded with radioactive lead, concomitant administration of 
DMPS did not prevent a fatal outcome despite an increase in lead excretion<1242>. 
DMPS and other chelating agents did not affect mortality even when treating chronically-acutely 
poisoned rats (5 days’ administration of high dose levels of lead)<595>. 

 
 
6.1.23.3 Chronic poisoning 
6.1.23.3.1 Excretion 
In chronic lead poisoning, DMPS increased the 
lead excretion in the urine<58,256,417,427,428,430,538,595, 

1331,1374,1431,1464,1465> and faeces<427,428,1331>. Excre-
tion in the urine rose with increasing dose levels of 
DMPS<1463>. At the lower DMPS doses there was a 
linear correlation between the lead excretion in 24-
hour urine and the decrease in heavy metals in the 
kidneys<256,1463,1464> (possibility of a mobilisation 
test<256>). At higher DMPS doses, additional lead 
from the liver and bones was mobilised<271,595>. 
The urine excretion with intact kidneys was higher 
than with damaged kidneys, but even then, it was 
always greater than in untreated controls<431>. 
Single administration of DMPS (i.p.) following 
chronic lead exposure increased renal excretion in 

rats. Lead levels in the urine were still 
high even on the days following admi-
nistration of DMPS. DMSA was more 
effective than DMPS<1431>. 
With the increased excretion of heavy 
metals, the clinical symptoms of 
poisoning (anaemia, limited mobility, loss 
of appetite, weight loss) also improved 
more rapidly<538,595,771> . 

On comparison of the route of 
administration of DMPS, the oral 
administration of 150 µmol/kg BW (=  34 
mg/kg BW) has a similar effect on the 
heavy metal content of the kidneys and 
blood with injection (i.p.) of 50 µmol/kg 
BW (= 11 mg/kg BW). In the liver and 
bones, the parenteral administration was 

somewhat superior<1463>. 
Following oral administration, both DMPS and DMSA increased the renal and faecal excretion of 
lead in rats with chronic lead poisoning. DMSA was somewhat more effective but only when  
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of treatment three days after chronic Pb(Ac)2 
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Lead levels in rats with intact kidneys or kidneys previously 
damaged through single s.c. injection of uranyl acetate 
(UO2Ac2)<431> 

Conclusion: 
DMPS increases lead excretion in the urine following acute poisoning. Lead levels in the organs 
are lowered. Nevertheless, DMPS, like other chelating agents, had no effect on mortality. 
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bioavailability was not 
taken into account. Lead-
induced changes in the 
biochemical parameters 
in the blood (ALAD, ZPP) 
and urine (ALA) were 
partly improved. Lead 
concentrations in the 
blood, kidneys and liver 
fell significantly. However, 
the decrease in lead 
levels in the brain was not 
significant<428>. 

Following chronic lead 
poisoning, the i.p. admin-
istration of DMPS increa-
sed the excretion of lead 
in both the urine and the 
faeces. The following or-

der was observed on renal excretion: 
DMSA > EDTA > DMPS. Only DMPS was 
effective in terms of faecal excretion. 
DMPS also increased renal excretion with 
a second treatment cycle after 5 days’ 
antidote administration and a 5-day treat-
ment-free interval<1430>.  
Lead excretion in the faeces<1331> and 
urine<417,538,595,1331> still clearly exceeded 
the levels recorded in the control animals 
even after longer treatment with DMPS. 
The differences in excretion following adm-
nistration of the various dose levels of 
DMPS were thus surprisingly small<595>. 
15 rabbits were given drinking water con-
taining lead for 3 months. Lead concen-
trations in the blood increased from 20 – 
40 ng/mL to 200 ng/mL. Eight animals were treated with DMPS i.v. for 2 periods, each of 5 days’ 
duration (starting on day 5 and day 30). The half-life in the blood was somewhat lower during the 
first treatment cycle with DMPS than in the untreated control animals. The effect was not, however, 
statistically significant. During the second treatment cycle, the half-life was reduced from 240-280 
hours to 140-200 hours. Lead excretion in the faeces was between 50 and >90 %, which highlights 
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Daily excretion of lead in the faeces and urine of rats after chronic lead 
intoxication  with equimolar oral administration of DMPS or DMSA<428>. 
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the slight absorption of lead following oral administration. Only smaller quantities of Pb were 
eliminated in the urine, whereby the concentration on the first day of DMPS treatment increased 3-
fold<571>. 
 

6.1.23.3.2 Distribution of lead in the body 

The efficacy of DMPS on the heavy metal 
content of other organs depended on the 
design of the experiment. In this respect, 
immediate start of therapy proved to be more 
effective than a delayed start<245,1463>.  
Mice were given 1.75 mmol DMPS/kg s.c. for 
5 days following chronic lead exposure. The 
lead-induced decrease in δ-ALAD activity in 
the blood and liver was enhanced by DMPS 
just like BAL or DMSA. No statistically signifi-

cant change was observed in the 
brain with all chelating agents. BAL 
and DMSA decreased the activity 
whereas DMPS triggered no 
change<1260>. 
Immediate i.p. administration of 
DMPS after i.v. administration of 
Pb(NO3)2 reduced the Pb content in 
the rat liver, kidneys and skeleton. 
The start of treatment after 24 
hours affected only Pb levels in the 
kidneys<245>. 
Lower lead concentrations were ob-
served in the liver, kidneys and 
muscles <1613> of chickens whose 
feed was mixed with DMPS. 

Histopathological changes in the 
kidneys, liver and gastrointestinal tract improved. Prophylactic administration of DMPS prevented 
the changes<535>. 

 

6.1.23.3.2.1 Blood 

Lead acetate inhibits δ-ALAD activity in 
human blood in vitro. Prophylactic admini-
stration of DMPS did not change this but 
rather potentiated the effect . The subse-
quent addition of DMPS did not restore 
lead-inhibited activity but reduced it even 
further. The DMPS-Pb complex obviously 
has an inhibitory effect on enzyme 
activity<1260>. In in-vitro dialysis experi-
ments, the administration of DMPS increa-
sed the clearance of lead from human 
blood but not as effectively as EDTA or 
DMSA<1587>.  

Lead concentrations in the blood fell during 
DMPS therapy<428,431,723,1266,1331> or remai-

 Liver Kidneys Skeleton 
Control 2.94 4.45 31.5 
Treatment started 
immediately 

0.37 0.61 11.7 

Treatment starting after 
24 hours 

3.33 1.28 32.7 

    

Pb content in rats following immediate or delayed onset of 
treatment with DMPS (% of the i.v. administered dose of 
Pb)<245> 
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ned the same<1463,1465>. 
The reduction in lead 
blood concentrations 
took longer<723>. Bioche-
mical parameters in the 
blood were partially 
improved<1266>. 
 

 

 

6.1.23.3.2.2 Kidneys 

The DMPS-induced increase in lead excretion led to a reduction in the heavy metal content in the 
kidneys<74,245,256,424,427,428,430,431,595,1331,1431,1463,1465,1474>. Other studies reported no significant ef-
fect<457>. The lead concentration fell rapidly<74>. A higher dose of DMPS triggered a greater 
effect<595,1463>. If the antidote therapy was interrupted, blood concentrations in the kidneys rose 
again<1463>. 

“Natural” Pb levels in the kidneys fell during DMPS therapy in animals that were not previously 
given any extra lead<1420>. 

Lead-induced changes in biochemical 
clinical parameters improved in most 
studies as a result of DMPS admini-
stration<537,538,723,1266>. Heavy metal-
induced lipid peroxidation in the kid-
neys was reduced<457>. In dogs, co-
porphyrin continuously increased 
after lead poisoning whereas they fell 
in animals treated with DMPS<537>. 
The activity of δ-aminolaevulinic acid-
dehydratase (ALA-D) increased 
again<426-428,430,723,1331,1431> whereas 
the urine level of aminolaevulinic acid 
(ALA) fell<428,430,431,595,771,1331,1431>. 
The increased blood levels of zinc 
protoporphyrin (ZPP) were re-
duced<428,430,431,1331,1431>. 
 

6.1.23.3.2.3 Brain 

Following chronic lead exposure (Pb(Ac)2 in the 
drinking water, i.p.<74> or oral<1266> administration 
of DMPS triggered no change in lead concen-
trations in the brain and did not, therefore, lead 
to any accumulation. Biochemical parameters in 
the brain were partially improved<1266>. 
Most studies showed an unchanged<74,256,424,428, 

430,431,1266,1331,1465> or reduced<58,1431,1582> heavy 
metal content in the brain. With DPA<58> or 
CaNa2EDTA<1266>, it exceeded that recorded in 
the control animals.  
 

 

 Kidneys Liver Bones Blood 

Single dose of DMPS, 2 days after the last Pb 
injection and determination 1 day later 32 86 88 89 

Single dose of DMPS, 2 days after the last Pb 
injection and determination 6 days later 90 92 87 95 

Two doses of DMPS, 2 and 6 days after the last Pb 
injection and determination 1 day later 57 99 86 100 

Single dose of DMPS, 6 days after the last Pb 
injection and determination 1 day later 51 80 89 93 
     
Dependence of the lead burden of various organs on  the treatment schedule (% of 
untreated control animals)<1463> 
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6.1.23.3.2.4 Bones 

The lead content in the bones was lowered<245,256,595,1464,1582> or unaffected<909>. 

 

6.1.23.3.2.5 Spleen 

Lead concentrations in the spleen were lowered<1582> or unchanged<1463,1464>. 

 

6.1.23.3.2.6 Liver 
Lower<245,424,428,430,431,1266,1331,1582> or unchanged values<1463,1464,1465> were also measured in the 
liver. Immediate i.p. administration of DMPS after chronic Pb exposure (one i.p injection of Pb(Ac)2 
per day for 6 days) even increased lead values in the liver<457>. 
“Natural” Pb levels in the liver fell during DMPS therapy in animals that were not previously given 
any extra lead<1420>. 

Biochemical liver parameters were partially improved<1266>. Heavy metal-induced lipid peroxidation 
was reduced<457>. In another study, DMPS did not prevent the lead-induced reduction in δ-ALAD 
activity in the liver<1049>. 
 

6.1.23.4 Combination therapy 
Concomitant administration of DMPS and EDTA reduced lead concentrations in the blood, femur, 
kidneys and liver more than the administration of individual chelating agents<424,1430>. No 
statistically significant effect was observed in the brain<1430>. Biochemical parameters in the blood 
(ALAD, ZPP) and urine (ALA, protein) improved<1430>. The effect was not, however, 
cumulative<1430>. The combination of EDTA and DMSA was more effective<1430>. A positive effect 
on the bones and blood was observed following combination therapy with DMPS and BAL<271,1465>. 
In another study, a combination of DMPS (oral) and EDTA (i.p.) had no synergistic effect following 
chronic lead exposure<1266>. 
Concomitant administration of vitamin B1 and DMPS did not increase the overall excretion of lead 
in faeces and urine, but nevertheless led to lower lead concentrations in the kidneys compared to 
those observed with DMPS monotherapy. This effect could not be detected in the blood, liver or 
brain<427,428>. Lead-induced high levels of ZPP in the blood were lowered more effectively with a 
combination of vitamin B1 and DMPS than with DMPS alone. As regards other biochemical 
parameters, vitamin B1 did not increase the efficacy of DMPS<428>.  
The additional administration of zinc or zinc + methionine increased DMPS-induced lead 
excretion<427,1431>. The heavy metal content of the liver, kidneys and blood was lowered. The 
laboratory parameters in the blood (ALAD and ZPP) and urine (ALA) improved during concomitant 
administration of zinc, methionine and DMPS<1431>. 
 

6.1.23.5 Influence on trace elements 
The conco-
mitant admi-
nistration of 
copper and 
zinc (oral) 
and DMPS 
(i.p.) redu-
ced the ex-
cretion of 
lead whilst 

 Liver Kidneys Brain Blood 
 Pb Zn Cu Pb Zn Cu Pb Zn Cu Pb Zn Cu 
Controls 1.1 39.9 7.9 1.2 23.2 8.0 0.07 17.5 2.8 5.0 6.8 4.2 
Pb 12.5 35.4 6.1 17.2 20.1 6.2 0.42 15.3 2.6 74.9 4.3 2.9 
Pb + DMPS 6.4 42.3 5.7 10.2 21.0 7.2 0.55 15.5 2.6 36.5 4.8 2.0 
PB+DMPS+Zn+Cu 5.5 63.3 10.9 10.8 25.3 8.2 0.62 15.7 3.0 28.9 9.2 4.7  
Effect of concomitant administration of DMPS and zinc + copper on lead, zinc and copper levels in 
various organs<430> 
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the daily excretion of zinc rose continuously. Lead concentrations in the blood were reduced. 
Several biochemical parameters were also positively affected. The addition of zinc and DMPS did 
not have any effect on the heavy metal content of the liver, kidneys and brain<430>. 
The administration of lead resulted in lower zinc and copper levels in the blood. The zinc content of 
the liver, kidneys and brain was not significantly affected. The copper content of the kidneys and 
liver was reduced, but the copper content of the brain remained unchanged. The administration of 
DMPS did not alter these levels. If DMPS, copper and zinc were administered concomitantly, the 
zinc and copper levels of various organs were increased despite antidote therapy. Some 
biochemical parameters were also positively influenced by the concomitant administration of trace 
elements<430>. 
The chronic administration of lead resulted in lower zinc levels in the brain and reduced copper 
levels in the kidneys in rats. The administration of DMPS did not change these levels. Only the fall 
in zinc levels in the brain disappeared whereas the lowered copper levels in the kidneys 
persisted<1266>. 

 

6.1.24 Pd - Palladium 
In mice, the immediate administration of DMPS had no effect on the acute toxicity of palladium 
chloride PdCl2. Lethality was not reduced. Similarly, DMSA, DPA and Ca-DTPA did not lower the 
mortality rate<953>. 

 
6.1.25 Pt - Platinum 

Immediate administration of DMPS 
increased the survival rate in mice 
following acute poisoning with cisplatin 
but was less effective than DMSA<701>. 

DMPS increased the urinary excretion of Pt in rats 
injected with i.v. cisplatin. The effect was, however, too 
slight to reduce the kidney burden. Ca-DTPA had no 
effect. In contrast, four days’ treatment with DMSA led to 
lower Pt levels in the kidneys<1155>. 
The prophylactic administration of DMPS had positive 
effects on the ototoxic effects of cisplatin in guinea 
pigs<189>. 

 

Chelating 
agents 

 

Pt content of 
the kidneys 

Pt excretion 
in the urine 

Controls 2.21 10.1 
DMPS 2.21 13.6 
DMSA 1.76 13.5 
Ca-DTPA 1.90 10.0 
   

Influence of 4 days’ treatment with various 
chelating agents in rats following admini-
stration of cisplatin and the Pt content of 
the kidneys and Pt excretion in the urine (% 
of the injected dose)<1155> 

Pt
Cl

Cl

H3N

H3N  
Cisplatin 

Conclusion: 
The efficacy of DMPS on palladium poisoning cannot be assessed. It is obviously devoid of 
effect on acute poisoning. 

Conclusion: 
The efficacy of DMPS on platinum poisoning cannot be assessed.  

Conclusion: 
DMPS increases lead excretion in the urine and faeces after chronic poisoning. Lead 
concentrations are lowered especially in the kidneys. Lead depots in the bones are prevented 
only by immediate administration of DMPS. Heavy metals already deposited are not mobilised.
The efficacy of DMPS appears to be comparable to that of DMSA and better than that of EDTA 
and DPA. 
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6.1.26 Po - Polonium 

Polonium reacts with SH groups of proteins and has a high affinity for erythrocytes. The most 
important storage organs for polonium are the blood, liver, spleen, kidneys, lymph nodes and bone 
marrow. Excretion is chiefly in the faeces<1320>. 
If blood from rats given 210Po intravenously 2 days earlier was incubated with DMPS, 63% of the α-
emitter bound to the erythrocytes were removed compared to just 1 to 2% without DMPS. An in-
cubation period of 1 or 9 hours made no difference. If the blood was not collected from the animals 
until 7 days later, the longer incubation periods proved to be more effective (53% after 9 hours 
compared to 45% after 1 hour). This means that, meanwhile, 210Po was redistributed in com-
partments that were difficult to mobilise<1495>. 
DMPS increased the excretion of 
Po in rats<387,1170> and thus led to a 
reduced total body burden <1499> as 
well as to increased survival rates 
(1.5 to 3-fold) in rats and dogs<1170>. 
DMPA or DMPS, but not DMSA will 
mobilize 210Po in rats and increase 
its excretion<49a>. 
S.c. administration of DMPS to rats 
for 5 days led to increased excre-
tion of the α-particle emitting 
radionuclide in the urine and faeces 
and thus to a reduced total body 
burden. 210Po levels were reduced 
in all of the organs investiga-
ted<1219,1499> apart from the kidneys. 
The effect was dose-dependent. 
High doses of DMPS reduced the 
accumulation of 210Po in the kidneys<1499>. DMPS was more effective than DMSA at the same 
dose<1499>. Compared to DMPS therapy alone, concomitant administration of DMPS and 
dithiocarbamates reduced the total body burden. Po accumulation was lower especially in the 
muscles, but also in the kidneys but the radionuclide content of the liver and brain was 
raised<1499,1501>. 

The immediate in-
jection of DMPS 
increased the up-
take of s.c. admi-
nistered Po. 30-
40% of the dose 
administered re-
mained at the in-
jection site without 
DMPS compared 
to just 12-14 

%<1640>
 after administration of DMPS. A delayed injection had no effect<1640>. Surgical excision of 

the wound is, therefore, an essential first-aid measure<1639>. 
In laboratory animal experiments, immediate dosing with DMPS increased the survival rates after 
administration of polonium by increased excretion<1137> and rapid removal of the α-emitter from 
radiosensitive areas (bone marrow, spleen)<1170,1474,1502>. Higher doses and more frequent dosing 
were more effective<1137>. While 78 % of the treated rats survived following immediate treatment 
with DMPS, only 23 % of the control group survived<64>. The onset of treatment after 12 hours led 
to increased elimination but the survival rate did not increase<1137>. In rats, the survival rates 
increased by a factor of 3 to 4 following early injection of high doses of DMPS (100 mg/kg BW). 
The excretion of 210Po in the urine was increased 30 to 40-fold whereas faecal elimination doubled 
compared to the controls<1638>. The mean survival time more than doubled<64,387,1474>. DMPS also 
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Daily excretion of 210Po in rat urine during treatment with DMPS (% of 
the injected 210Po dose)<1228,1320> 

 Blood 
 

Plasma Liver Bones Brain Spleen Kidneys 

DMPS oral 28 48 94 21 27 14 971 
DMPS i.p. 16 57 124 15  8 850 
Ca-DTPA i.p. 77 106 131 108  92 120 
DPA i.p. 37 94 111 64  42 326 
DPA oral 66 91 83 85 73 74 171         
Influence of DMPS, DTPA and DPA on the 210Po content of various rat organs (% of the 
210Po content in untreated control animals)<1320,1502> 
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increased the survival 
rate in dogs<1171>. DMPS 
probably acted not only 
as a chelating agent but 
also had an additional 
protective effect against 
radiation damage<1476>. 

DMPS increased the 
excretion of  210Po in the 
urine<1501> and faeces. 
Total excretion rose si-
gnificantly<1219,1228,1320>. 
DMPS was most effective when it was administered immediately after polonium. Efficacy 
decreased with increasing time intervals between administration of the radionuclide and the 
chelating agent<1501>. With continuous administration of DMPS, rats excreted significantly more 
210Po in the urine than the untreated control animals <1228,1320> even after 24 days. 

Single administration of DMPS 1 hour after administration of 210Po(NO3)2 increased the total body 
burden. The radionuclide content was 

• reduced<64,1320,1499,1501,1502> or raised<1221> in the blood 
• reduced<1320,1500-1502> or unchanged<1221> in the plasma 
• reduced<64,14993> or not significantly affected<1221,1320,1500,1501> in the liver 
• reduced in the bones<64,1221,1320,1499,1501,1502> 
• reduced in the muscles<1221> 
• reduced in the heart<64> 
• reduced in the lungs<64> 
• reduced in the testes<64> 
• reduced<64,1320,1499,1501,1502> or unchanged<1221> in the spleen 
• unchanged<1221,1499,1500> or lowered<64,1320,1501,1502> in the brain  

In the kidneys, treatment led to a marked accumulation of the radionuclide<64,1170,1221, 

1228,1320,1499,1501, 1502>. The risk of a kidney tumour was thus increased<1170>. Other authors did not 
observe any change compared to the controls<64>. Alkalisation of the urine did not prevent this 
accumulation<1501>. Higher doses were more effective<1501>. Continuous administration of DMPS 
led to another decrease<1228,1320>.  
Treatment with DMPS (s.c.), which was initiated 1 hour after s.c. administration of 210Po and 
continued for over 20 days. reduced 210Po levels in the liver, lungs, blood, spleen, heart, testes, 
bones and brain. The 210Po load in the kidneys was equivalent to that of the control animals<75>. 
DMPS was effective both orally and via the i.p. route<1320, 1502>. The same dose administered 
parenterally was three times more effective<1502>. Three times the i.m. dose had to be administered 
in order to obtain the same effect orally<1499>.  
The increased radiation load of the kidneys led to pathological changes, which were partially 
reversible, but which also led partly to nephrosclerosis<387,1170,1171,1502>. In contrast, damage to the 
haematopoietic system was reduced<387.1474,1502>. The increased renal deoxycytidine excretion 
resulting from the effect of polonium on DNA metabolism was lowered<1474>. 

 

 

Administration 
of DMPS 

Blood Plasma Liver Spleen Skeleton Kidneys Brain 

1.5 minutes 15 58 124 8 15 773  
1 hour 27 56 112 58 44 389  
1 day 19 59 134 68 56 249  
2 days 104 78 83 75 82 243 87 
4 days 100 83 96 97 97 196 94 
8 days 88 90 98 81 103 182 89         
Dependence of the efficacy of DMPS on the time between the administration of 
polonium and the chelating agent (% of the untreated controls)<1501> 

Conclusion: 
DMPS increases the survival rates on poisoning with polonium. The excretion of the 
radionuclide is increased whereas Po levels and thus the radiation load in most organs is 
reduced. In particular, early administration of high doses over a prolonged period was effective.
DMPS, however, leads to an accumulation of polonium in the kidneys, thus increasing the risk of 
pathological changes including kidney tumour. 
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6.1.27 Ru - Ruthenium 
On concomitant administration of ruthenium 
and DMPS, the radionuclide accumulated 
predominantly in the kidneys (268 %<1321> or 
1,352 %<39> compared to the control animals 
without DMPS). It is presumably bound to 
metallothioneins<39>. The maximum concen-
tration in the kidneys was achieved after 7 – 
10 hours with 40 – 50 % of the injected dose. 
Thereafter, the Ru content fell slowly<39>. After 
24 hours, up to 36 % of the dose injected 
could still be detected in the kidneys<40>. The 
DMPS-complex of the ß emitter is thus sui-
table for kidney scanning. In contrast, DTPA 
and triene lowered the retention of the 
radionuclide in all organs<1321>. 

Later mobilisation also led to accumulation in 
the kidneys. The 
metal content was 
lowered in the other 
organs and in the 
blood<39,1321>. The 
effect was pH-
dependent and more 
ruthenium was stored 

in the acid range<39>. 

 
6.1.28 Sb - Antimony 
DMPS reduced the acute toxicity of antimony(III) compounds<168>. 
No information has been collated with regard to Sb(V) com-
pounds<137>. Out of 30 mice poisoned with the lethal dose (twice the 
LD50) of antimony, 19 survived (63 %), while all the animals in the 
control group died. The survival rate fell at higher antimony doses in 
spite of increased DMPS doses<137>. The LD50 for the s.c. ad-
ministration of potassium  tartrate was increased by a factor of 8 

compared with untreated 
control animals<265>. 

The pathological effects of 
antimony on the brain were 
prevented<499>. The morpholo-
gical and histological changes in the liver of rats and rabbits 
were positively affected<784>. The metal content of the blood 
and liver were unchanged while levels in the heart were 
lowered<168,716>. 

Concomitant administration of DMPS reduced the systemic 
toxicity of potassium tartrate by half without adversely af-
fecting the antischistosomial efficacy of the antimony 
compound<168,716>. 
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106Ru content of the organs on the 2nd day after concomi-
tant i.v. injection of 106RuCl3 and chelating agents (% of the 
untreated control animals)<1321> 

pH  
 

Blood Liver Spleen Pancreas Intestine Kidneys Lungs Muscles Skeleton 

4.5 17 42 26 27 31 1,855 22 46 39 
7.2 10 31 16 20 19 1,352 9 31 37           

pH-dependency of the ruthium content of various organs after mobilisation with DMPS 
(% of the untreated control animals)<39> 

Potassium tartrate 
(mg/kg BW) 

Survival rate 
(%) 

80 100 
100 100 
120 63 
140 40 
170 20 

  

Dependence of the survival rate 
on a dose of potassium tartrate 
with administration of DMPS 
(Sb:DMPS = 1:10)<137> 

Survival rate (%) Chelate-
forming 
agent 

Potassium 
tartrate 2 x LD50 

Antimony 
citrate(LD95) 

Control 0 0 
BAL 0  
DPA 40 90 
DMPS 63 100 
DMSA 93 100 

   
Survival rate of mice following admini-
stration of potassium tartrate (2-fold 
LD50)  or antimony citrate (LD95) and 
various CA<132,135> 

Conclusion: 
DMPS leads to an accumulation of ruthenium in the kidneys. The effect is less marked at a 
neutral pH than at an acid pH. The kidneys can be scanned using the ß emitter 106Ru . Levels in 
the other organs are lowered. 
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6.1.29 Se - Selenium 
The administration of DMPS did not have any positive effect on the clinical symptoms of poisoning 
with sodium selenate. The reduced body weight gain was not improved. Selenium excretion in the 
faeces and urine was unchanged<1124>. In rats that were given selenium and mercury 
concomitantly, high mercury levels (presumably due to the deposits of mercury selenide) were 
detected particularly in the liver. The administration of DMPS reduced both mercury and selenium 
levels in the blood, kidneys and liver<1578>. DMPS is obviously capable of cleaving mercury 
selenide. Released selenium is then presumably excreted in larger quantities without binding to 
DMPS. 

 

6.1.30 Sn - Tin 
Hydrophilic tri-n-butyl tin (C4H9)3SnCl displayed haemolytic effects on human 
erythrocytes at concentrations ≥ 5 µM.  DMPS was unable to inhibit this 
haemolysis<516,517>. 
In vivo, the administration of DMPS increased the LD50 of dimethyl-, dibutyl-, 
dipentyl- and dihexyl tin chloride. The toxic effects on the organs (thymus atro-

phy, liver damage, pancreatitis and bile duct lesions) were reduced. With dialkyl compounds with 
alkyl chains of more than 6 carbon atoms, a positive effect with DMPS could no longer be 
detected<930>. 
A single dose of DMPS (oral or i.p.) lowered zinc concentrations in the bile fluid by up to 70% in 
rats. This led to lower Sn levels in the pancreas and liver. The toxic effects on the organs (thymus 
atrophy, liver damage, pancreatitis and bile duct lesions) were consequently reduced. Changes in 
various serum parameters fell to less of an extent. Sn excretion in the urine was raised<929>. 
 

 
6.1.31 Sr - Strontium 
DMPS had no effect on the survival rate of mice with 
acute strontium poisoning<346,1135,1136>. 
 

SrCl2  LD50 = 3,000 mg/kg BW 
SrCl2 + DMPS  LD50 = 2,930 mg/kg BW<1136> 

Conclusion: 
Only a few investigations have been carried out to determine the efficacy of DMPS on selenium 
poisoning. DMPS is consequently not effective with selenium. 

Conclusion: 
DMPS has no effect on acute strontium poisoning. No investigations have been carried out on 
chronic poisoning. 

Conclusion: 
In animals, DMPS increased the survival rates after acute poisoning with antimony compounds.
The symptoms partly improved. DMPS therefore appears to be a suitable antidote for the 
treatment of antimony poisoning. 

Sn

Cl

Conclusion: 
DMPS appears to have positive effects in acute and chronic poisoning with tin. However, 
efficacy cannot be assessed due to an insufficient number of investigations. 



 

www.heyl-berlin.de                    - 127 - 

6.1.32 Tc - Technetium 
Protein binding of the 99mTc-DMPS 
complex was 95 %<1484,1485>. After i.v. 
administration, it was excreted rela-
tively rapidly (60% within 2 
hours)<1068,1484,1485>. Higher radioac-
tivity was found in particular in the 
renal cortex<1067,1485>. 
After i.v. injection of the 99mTc-DMPS complex to rats, the radionuclide accumulated in the 
kidneys<40,1068>. 32.7% of the dose injected could still be detected after 24 hours<40>. Production of 
renal scans in rats, rabbits and dogs was feasible in this manner<1067,1068,1484,1485>. In contrast, the 
content in the blood, liver, lungs and corpse fell constantly<1068>. 

 
6.1.33 Tl - Thallium 
DMPS had no effect on the survival rate of mice with 
acute thallium poisoning<1135,1136>. In contrast to Berlin 
blue, repeated i.p. administration of DMPS (5 mg/kg 
BW) did not have any effect on the thallium-induced reduction in weight gain in rats. The thallium 
content in the brain, liver, heart and kidneys as well as thallium excretion in the faeces were 
unchanged. Only thallium levels in the blood were lowered with DMPS. Thallium excretion in the 
urine was not specified. Combination therapy with Berlin blue (oral) and DMPS (i.p.) was not more 
effective than monotherapy with Berlin blue<961,962>. 

 
6.1.34 U - Uranium 
Immediate administration of DMPS reduced the lethality of uranyl nitrate [(UO2)(NO3)2 x 6 H2O] on 
acute poisoning of the rats by 30 %. If treatment was started after one day, a protective effect 
could no longer be detected. Excretion in the urine and faeces was unchanged. The heavy metal 
level in the kidneys was not reduced and was even raised in the bones<644>. 

 

Time Kidneys Liver Intestine Blood Lungs Urine+Faeces 
1 h 35 13 6 5 1 13 
2 h  45 6 5 1 0.1 20 
3 h 68 3 1 1 0.01 29 

       

Distribution of the 99mTc-DMPS complex in rat organs (% of the dose 
administered)<1068> 

Tl2SO4  LD50 = 49.0  mg/kg BW 
Tl2SO4 + DMPS  LD50 = 54.5  mg/kg BW<1136> 

Conclusion: 
The Tc-DMPS complex accumulates in the renal cortex, thus facilitating production of renal 
scans using the γ emitter 99mTc. 

Conclusion: 
DMPS has no effect on acute poisoning with thallium. It does not support the efficacy of 
Prussian blue. 

Conclusion: 
DMPS reduces the lethality of uranium binding only when treatment is initiated immediately.
Overall, not enough investigations have been carried out in order to assess the efficacy of 
DMPS on poisoning with uranium. 
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6.1.35 V - Vanadium 
DMPS had no effect on the mortality of mice or rats that were 
poisoned with sodium metavanadate (NaVO3)<778>, sodium 
vanadate Na3VO4

<674>, vanadium chloride (VCl3)<81> or vanadyl 
sulfate (VOSO4)<674>. In contrast, 8 out of 10 rats treated with 
Ca-DTPA survived the administration of an LD100 of VCl3<81>. 
DMPS had a moderate effect on with sodium vanadate. 
Vanadyl sulfate or sodium metavanadate were introduced into 
fertilised hens’ eggs and these were further incubated. The 
vanadium-induced increase in the death rates of the embryos, 
reduced body weight and reduced weight of feet and claws was 
not affected by additional administration of DMPS. Only the 
vanadium concentrations I the feet and claws were somewhat 
reduced<1463>. 

 

6.1.36 Zn - Zinc 
6.1.36.1 Investigations in cells and cell components 
The efflux of zinc from erythrocytes was increased through 
incubation with DMPS<1227>. In vitro, DMPS released zinc from the 
enzyme carboanhydratase<1227>. 
The addition of ZnCl2 to cultures of various lung cells decreases 
protein synthesis in the cells by 10 - 40%. If DMPS was added to 
the culture solution after removal of the ZnCL2, this reduced the 
toxic effect of the zinc and further increased protein formation. 
DMPS was the most effective of the chelating agents investigated. 
(DMPS ≥ DPA > BAL ≥ EDTA ≥ NCA)<1525,1526>. 
In vitro, DMPS released zinc from its bindings to high-molecular 
plasma constituents<664>. With increasing DMPS concentrations, 
the concentration of the metal bound to low-molecular structures increased<912>. The metal was 
deposited in plasma proteins from a suspension of ZnO (particle size < 5 µ) . The addition of 
DMPS reduced the bound quantity of metal by 15%<439>. 

 
6.1.36.2 Acute poisoning  

On acute poisoning, DMPS reduced the lethality of zinc<136,347,854,855>. On immediate administration 
of a sufficient dose, 100 % of the mice 
survived an LD50 dose of zinc acetate. 50  
% survived an LD99 dose. With Ca-DTPA, 
all the animals survived an LD99 dose<854>

. 
The efficacy of the various chelating agents 
on the survival rate decreased in the 
following order: Ca-DTPA ~ DPA > DMPS 
>> DMSA<347>. 
 
 

Survival rate(%) Chelating 
agent Na3VO4 VOSO4 

Ca-DTPA 60 70 
DPA 80 90 
DMPS 60 20 
DMSA 90 20 
Vitamin C 100 70 
   

Survival rate in mice following i.p. 
administration of sodium vanadate or 
vanadyl sulfate ( LD50) and 
administration of various chelating 
agents<674> 
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Proportion of mobilised zinc in 
the dialysate on dialysis of 
haemolysed erythrocytes<1227> 

Chelating agents Ca-DTPA Triene DPA DMPS DMSA 
Survival rate (%) 87 20 80 73 87       
Survival rates in mice following i.p. administration of ZnSO4 
(1.4-fold LD50) and i.p. administration of CA after 20 
minutes<136> 

Conclusion: 
DMPS has no effect on the lethality of vanadium conmpounds. It is, therefore, not suitable for the 
treatment of vanadium poisoning. 
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6.1.36.3 Excretion and organ distribution 
Following administration of DMPS, zinc excretion in the urine 
was increased but reduced in the faeces. The total excretion 
exceeded that of the controls<347>. In mice, immediate injection 
of DMPS after i.v. administration of zinc chloride slightly 
reduced the total body burden<395>. 
The Zn load in most of the organs investigated was reduced 
following admini-
stration of DMPS 
<347,1538>. Compa-
red to the controls, 
the decrease was 
statistically signi-
ficant in the blood 

and the heart<347>. DMPS displayed no efficacy whilst 
Ca-DTPA halved the total body burden. Zinc levels in 
the liver, gastrointestinal tract, kidneys, brain, testes 
and corpse corresponded to those recorded in the 
control animals treated with DMPS and DMSA. They 
were significantly reduced with Ca-DTPA<395>. In 
contrast to DTPA, DMPS had no effect on Zn 
metabolism in adult rats <633>. 

 

6.2 Influence on essential metals  
As a chelating agent, DMPS not only accelerates the excretion of toxic heavy metals but also 
reacts with essential trace elements<706>.  
It should, however, be noted that poisoning with heavy metals can also lead to changes in trace 
elements. The induction of metallothioneins is presumably the cause<1427>. High copper levels 
were thus detected in the kidneys of animals poisoned with gold<1424> or mercury<179>. Heavy 
metals induced the formation of metallothioneins, which retained more copper. This effect was not 
observed with nickel<1433>. 
High copper values can also have an effect in various diseases. Higher copper levels were 
observed in rats with Mycobacterium butyricum–induced adjuvant arthritis whereas zinc, iron and 
calcium levels were unaffected<1424>. 

 
6.2.1 Ca - Calcium 
Published information relating to the effect of DMPS on calcium levels varies. According to 
chemical legislation, DMPS is not expected to have a direct effect. However, an indirect effect due 
to the effect on hormones can be envisaged<202>. Chronic dosing with DMPS did not trigger any 
reduction<69,1424>. In dogs, Ca levels in the brain, heart, kidneys, testes, spleen, lungs, liver, 
pancreas and serum were not significantly affected<1420>. In other studies, DMPS (50 mg/kg i.v.) 
triggered a reduction in calcium levels in rabbits<736>. The once weekly administration of i.v. DMPS 
for 10 weeks lowered Ca levels in the plasma and heart of rabbits<606,608>. 
In pregnant mice, calcium levels in the kidneys, liver and plasma were reduced whilst those in the 
foetuses and intestine were unchanged following oral administration of up to 300 mg/kg BW <202>.  

 Ca-DTPA DMPS DPA 
Skeleton 16.2 51.4 55.0 
Liver 22.4 53.7 55.2 
Muscles 14.5 55.0 57.6 
Kidneys 36.6 51.3 64.6 
Pancreas 29.6 44.6 63.1 
Prostate  74.2 95.5 
Testes 14.8 61.6 63.3 
Blood 17.8 53.6 59.0 

    

Effect of immediate administration 
of CA on Zn levels in rats (% of the 
controls)<1538> 
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Total body burden in mice following i.v. admini-
stration of ZnCl2 and immediate injection of the 
chelating agents after 24 hours<395> 

Conclusion: 
DMPS increases the survival rate on acute poisoning with zinc. Excretion is increased. DMPS is 
thus a possible antidote for the treatment of acute and chronic poisoning with zinc. However, 
Ca-DTPA appears to be the most suitable.
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6.2.2 Co - Cobalt 
DMPS increased urinary excretion in rats<1137>. 

 

6.2.3 Cr - Chromium 
Chromium levels in the blood, liver, heart and kidneys remained unchanged with DMPS<492>. 

 

6.2.4 Cu - Copper 
DMPS also mobilised any copper intracellularly present in the 
erythrocytes <1225,1227>. Nevertheless, the activity of the metal-
containing enzyme, superoxide dismutase (SOD) was not affected by 
DMPS. Protection against oxygen toxicity remained intact<1223>. In 
experiments with rats, the intensified, prolonged effect of bradykinin 
was observed, for which inhibition of the metal-containing kininases 
was discussed<904,1338,1340>. 

The excretion of copper in the 
urine was increased in all in-
vestigations, particularly at the 
start of DMPS administration<62,70,132, 712,886,892,1137,1426>. This 
effect regressed during treatment and the excretion even-
tually corresponded to that observed in the control 
animals<712>. Copper excretion in the urine was also 
increased in dogs during DMPS therapy<1374>.  

Cu levels in the liver and blood were reduced<1427> and 
increased <1427> or unchanged<886,921> in the kidneys. In other 
long-term investigations, copper levels in the liver<921,1165>, 
skin<1160>, intestine<1160>, blood<921> and spleen<1160> were 
unchanged in rats. Copper levels in the kidneys fell but 
returned to normal within one week once DMPS was 
discontinued<1160>. Following s.c. administration of DMPS to 
rats, Cu levels in the kidneys were raised, those in the liver 
and heart unchanged and concentrations in the plasma 
reduced<1160>. In dogs, Cu levels in the brain, heart, kidneys, 
testes, spleen and lungs were not significantly affected while 
liver, pancreas and serum concentrations were redu-
ced<1420>. In pregnant mice, copper levels were reduced in 
the intestine, increased in the placenta and unchanged in the 
kidneys, liver and foetuses following oral administration of up 
to 300 mg/kg BW <202>. 
Poisoning with CdCl2 lowered copper levels in the blood, 
liver and kidneys of rats. In contrast, Cu levels in the brain 
and heart were increased. Subsequent treatment with DMPS 
did not trigger any further decrease but resulted in an 
increase. It partly eliminated the effects of Cd2+ without 
reaching the values recorded in animals not given any 
CdCl2<1428>. 
Chronic poisoning with NiSO4 did not change copper levels 
in the blood, liver, kidneys, brain and heart in rats. 
Subsequent administration of DMPS lowered copper 
levels<1429>, except in the brain. 
In mice poisoned with potassium tartrate, the administration 
of DMPS did not change Cu levels in the blood<168>. 

Chelating 
agents 

Copper excretion 
(µg/24 hours) 

Saline 3.74 
DPA 45.36 
DMPS 32.82 
DMSA 17.92 
  

Cu excretion in the urine of 
rats during treatment with 
various CAs<62,58> 
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Trace element levels [ppm] in the or-
gans of rats following s.c. administra-
tion of DMPS (100 mg/kg BW daily for 
30 days)<492> 
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Chronic administration of AuTM led to increased copper levels in the liver and kidneys of rats. The 
additional administration of DMPS lowered deposits in the liver but not in the kidneys<1424>. 
Perfusion experiments with DMPS on isolated rat kidneys given HgCl2 48 hours earlier, did not 
show any loss of copper from the kidneys<744>. 

The administration of AsO3 led to increased copper levels in the kidneys of rats. These 
concentrations were slightly reduced following administration of DMPS<886>. 

 

6.2.5 Fe - Iron 
I.P. administration of DMPS did not increase Fe excretion in 24-hour rat urine<451>. Other studies 
have shown increased Fe excretion in the urine of rats<1137> and dogs<1374> during DMPS 
treatment. In rabbits, DMPS (administered via the i.v. route once a week for 10 weeks) did not 
change Fe levels in the heart<606,608>. In dogs, Fe levels in the brain, liver, heart, kidneys, testes, 
spleen, serum and lungs were not significantly affected whereas levels in the pancreas were 
reduced<1420>.  
In pregnant mice, iron levels in the liver and foetuses were reduced and those in the kidneys, 
intestine and placenta unchanged<202> following oral administration of up to 300 mg/kg BW. 

Poisoning with CdCl2 lowered iron levels in the blood, liver, kidneys, brain and heart in rats. 
Subsequent administration of DMPS caused this decrease to partially regress. A further decrease 
in Fe levels occurred only in the heart<1428>. 
Chronic poisoning with NiSO4 lowered iron levels in the liver and heart of rats. The administration 
of DMPS caused this effect to partially regress. However, Fe levels fell in the heart. Iron levels in 
the blood and brain were unchanged following administration of both NiSO4  and DMPS. Iron levels 
in the kidneys following administration of NiSO4 were high, and were increased even further by 
DMPS<1429>. 
Chronic administration of the gold compound, AuTM, did not alter iron levels in the liver and 
kidneys of rats. Similarly, the administration of DMPS did not trigger any decrease in these 
animals<1424>. 
 

6.2.6 K - Potassium 
The once weekly administration of i.v. DMPS for 10 weeks did not change K levels in the 
heart<606,608> and blood<482> of rabbits. 

 

6.2.7 Mg - Magnesium 
According to chemical legislation, DMPS is not expected to affect magnesium levels. In dogs, Mg 
levels in the brain, heart, kidneys, testes, spleen, lungs, liver, pancreas and serum were not 
significantly affected<1420>. Chronic administration of DMPS did not change magnesium levels in 
the blood and kidneys of rats. A slight decrease was observed in the liver<921>. In another study 
conducted in rabbits, DMPS (administered via the i.v. route once a week for 10 weeks) lowered Mg 
levels in both the heart<608> and the blood<482>. 
In pregnant mice, magnesium levels in the liver, kidneys, placenta and foetuses were reduced and 
those in the intestine unchanged<202> following oral administration of up to 300 mg/kg BW. 

In mice poisoned with potassium tartrate, the administration of DMPS did not change Mg levels in 
the blood<168>,  
 
6.2.8 Mn - Manganese 
Manganese excretion in the urine was increased<402>

 or unchanged<451> with DMPS. Changes in 
the concentrations in the organs or serum were, however, evident only several weeks after 
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administration of high doses of DMPS<492>. Following s.c. administration of DMPS to rats, Mn 
levels in the kidneys, liver and heart were unchanged and those in the plasma reduced<1160>. In 
dogs, Mn levels in the brain, heart, kidneys, testes, spleen, lungs, liver, pancreas and serum were 
not significantly affected<1420>. 
 
6.2.9 Na - Sodium 
The once weekly administration of i.v. DMPS for 10 weeks did not affect Na levels in the blood of 
rabbits<482>. 

 
6.2.10 Se - Selenium 
The once weekly administration of i.v. DMPS for 10 weeks did not affect Se levels in the heart of 
rabbits<608,606>. 

 
6.2.11 Zn - Zinc 
DMPS also mobilised any zinc intracellularly 
present in the erythrocytes<1225,1227>. Never-
theless, the activity of the metal-containing 
enzyme, superoxide dismutase (SOD) was not 
affected by DMPS. Protection against oxygen 
toxicity remained intact<1223>. In other 
experiments with rats, the intensified, pro-
longed effect of bradykinin was observed, for 
which inhibition of the metal-containing kinina-
ses was discussed<904,1338,1340>. The high lipid 
peroxidation and lowered glutathione concen-
tration observed in the liver of mice was 
attributed to the formation of complexes 
between DMPS and minerals<712>. The 
incubation of human spermatozoa with DMPS 
did not reduced the zinc content<1575>. The 
fixing of sections of rabbit renal cortex in DMPS solution lowered the Zn content of the tissue<705>. 
Comments on the effect of DMPS on zinc metabolism vary. Observations on zinc excretion during 
DMPS therapy range from high<70,451,892,1137,1430> to unaffected<62,712,1426>.  Zinc levels were 
• unchanged<921,1430> or lowered<1427> in the blood 
• unchanged in the serum<1420>  
• lowered in the plasma<1160> 
• unchanged in the skin<11601> 
• lowered in the bones<1430> 
• unchanged in the heart<1160> 
• unchanged in the testes<420> 
• unchanged in the spleen<11601,1420> 
• unchanged in the intestine<1160>  
• unchanged in the lungs<1420> 
• unchanged in the liver<921,1160,1427,1430>   
• unchanged<921,1420,1427,1430> or lowered<1160>. in the kidneys However, the levels returned to 

normal within one week after DMPS was discontinued<1160>. 
• unchanged in the brain<921,1420>  
• unchanged in the pancreas<1420>. 

No change in zinc levels were observed in the liver, kidneys and muscles<1613> of chickens whose 
feed was mixed with DMPS. In pregnant mice, zinc levels were reduced only in the intestine and 
unchanged in the kidneys, liver, foetuses and placenta <202> following oral administration of up to 
300 mg/kg BW.  
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Like EDTA and DMSA, DMPS (i.p.) led to an increase in renal excretion of zinc on lead poisoning. 
The least effect was, however, observed with DMPS. Faecal Zn excretion remained unchanged 
with DMPS<1430>. In contrast to DTPA, DMPS had no effect on Zn metabolism in adult rats<633>. 
Poisoning with CdCl2 lowered zinc levels in the liver, kidneys, blood, heart and brain of rats. 
Subsequent administration of DMPS caused this decrease to partially regress. Higher Zn levels 
were recorded in animals treated with DMPS than in untreated control animals, but even so, these 
values did not equate to those recorded in animals that did not receive Cd2+ <1428>. 
Chronic poisoning with NiSO4 did not change zinc levels in the blood, liver, kidneys, brain and 
heart of rats. Subsequent administration of DMPS lowered Zn levels<1429>, except in the brain. 
In mice poisoned with potassium tartrate, the administration of DMPS did not change Zn levels in 
the blood<168>, 

Chronic administration of AuTM did not alter zinc levels in the liver and kidneys of rats. 
Subsequent administration of DMPS did not alter the values<1424>.  
Perfusion experiments with DMPS on the isolated kidneys of rats given HgCl2 48 hours earlier, did 
not show any loss of Zinc from the kidneys<744>. Five days’ treatment with DMPS increased Zn 
levels in rats given chronic exposure to Hg. 

 

6.3 Other effects 
In addition to its action as a chelating agent on intoxications with metals and metalloids, other 
pharmacological reactions have been reported, especially in Russian and Chinese literature<69>. 

 

6.3.1 Alkylating compounds (mustard gases, cytostatics) 

Alkylating compounds such as cyclophosphamide or HN-3 (tris-(2-chlorethyl)-
amine) react in an electrophilic reaction with amino or thio groups of biological 
macromolecules and lead to cross-linking of the proteins<1226>. The alkylating 
of DNA warrants particular significance<732>. 

DMPS acted as an alkyl trap and was able to prevent the effects of alkylating 
reagents<1457>. “Radical scavengers such as DMPS … display major prophy-
lactic and considerable therapeutic effects“<577a>. 
Pre-incubation with DMPS reduced the alkylating action of HN-3 on ery-
throcyte membranes in that it protected especially cytoplasmatic proteins 
(haemoglobin, spectrin) of the erythrocytes from reaction with HN-3<1226,1227>. 
Incorporation of HN-3 in proteins of the hepatocytes was reduced by over 

80% on prophylactic administration of DMPS<764>. Subsequent administration of DMPS was 
ineffective<764,1226>. The toxicity of nitrogen mustard in mice could also be reduced in vivo by DMPS 
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Conclusion: 
Considering the effect of DMPS on minerals and essential trace elements, it should be noted 
that heavy metal poisoning itself can lead to changes. No clinically relevant changes in minerals 
and trace elements are anticipated following administration of therapeutic doses of DMPS, even 
if the excretion of these substances may be temporarily increased. 
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by a factor of 2.5<1422>. In the case of mustard gas, pre-treatment with a high dose of DMPS had a 
moderate effect on induced oxidative stress<1116>. 
DMPS itself does not have an anti-tumour effect<1181> in mice but can inhibit the tumour-inducing 
action of chemicals. DMPS prevented the toxicity of the anti-tumour agent, dactinomycin in 
mice<348>. The toxicity of adriamycin was also reduced (decreased mortality, longer survival time in 
mice)<191,609>. In contrast, the toxicity of 5-fluoruracil, bleomycin and vincristin was potentiated<348>. 
DMPS reduced the efficacy of N-methylformamide (MF). The tumours were 1.2-fold greater on 
administration of MF and DMPS than with MF alone. There were less metastases but those 
present were 2.5-fold greater<1181>. 
Cyclophosphamide or ifosphamide are cleaved in the body to the reactive aldehyde, acrolein,  
CH2=CH-CHO, which is responsible, amongst other things, for the urotoxicity of cytosta-
tics<764,1226>. Concomitant addition of DMPS reduced the incorporation of acrolein in proteins, 
microsomes, erythrocytes and erythrocyte membranes<1226> and thus reduced the cytotoxic 
effects<1226,1559>. The urotoxicity of ifosfamide was reduced in rats, whereby higher doses were 
more effective<212>. DMPS also had positive effects on poisoning with acrylonitrile<646>. 
The addition of DMPS reduced the alkylation of free SH groups of the nicotine acetylcholine 
receptor by bromacetylcholine bromide. It did not influence the activity of the functional groups 
(disulfide bridges). DMPS was not, however, in a position to displace the substance again from its 
site of attachment and thus restore the functioning of the receptor<858>. 

 
6.3.2 Protection against radiation 
DMPS has a protective effect against radiation damage<77,584,585>. In mice, administration before 
irradiation significantly increased the survival rates. Whereas 75% of the animals in the control 
group died, the mortality rate for mice given 12 mg DMPS/20 g mouse i.p. 20 minutes earlier, fell 
to 44%<211>. The protective effect was observed on administration of DMPS 20 minutes to 2 hours 
before irradiation<77>. Even when treatment began 15 minutes after radiation, 30% of the mice still 
survived whereas all of the control animals died<514>. However, subsequent administration did not 
have any positive effect on the DNA content of the bone marrow cells of irradiated guinea 
pigs<1406>. The repairing effects of vitamins after radiation exposure were increased in rats by the 

additional administration of DMPS<698>. 

Previous administration of DMPS reduced the toxic effects of 
cysteamine in CHO cells<510,511>, dogs<508> and mice<510,511>. 
The LD50 was increased<510,511>. The survival rates of 
mice<520,511> increased through the potentially higher doses of 
the radiation protective agent. Protection against neutron 
emitters was increased by 10 to 20%<509>. DMPS also 
reduced the toxic effects of AET and ER-1065<510,511>. 
In rats, pre-treatment with DMPS prevented hyperlipo-
proteinaemia (elevated VLD and LD lipoprotein) triggered by 
the presence in a permanent magnetic field<713>.  
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NH2CH2CH2

CH2

S

S CH2 NH2  
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Conclusion: 
Prophylactic or immediate administration of DMPS prevents or reduces the toxic effects of 
various alkylating compounds. The substances for which DMPS administration is useful cannot, 
however, be assessed given the lack of investigations carried out. 

Conclusion: 
Prophylactic and immediate administration of DMPS cam protect against radiation. DMPS can 
also reduce the toxicity of other radiation-protection agents so that the latter may be 
administered in higher doses. 
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6.3.3 Lipid peroxidation, carbon tetrachloride 
As a dithiol compound, DMPS can also act as an oxygen radical scavenger and prevent lipid 
peroxidation and “oxidative stress”<482>. Lipid peroxidation (caused by ionising irradiation or oxygen 
radicals) is always associated with the formation of aldehyde products. The most important 
representative is 4-hydroxynonenal (HNE) that already has cytotoxic, genotoxic and mutagenic 
effects at low doses<330,1347>. In aqueous solutions, DMPS reacts rapidly and virtually completely 
with HNE<330>. In addition, DMPS acts as an oxygen radical scavenger<3,157,158> and prevents lipid 
peroxidation<157>. 
DMPS did not have any effect on the toxicity of  
CCl4<1401> and aliphatic halogen hydrocar-
bons<113>.  In rats, it was not capable of pre-
venting CCl4 -induced peroxidation in the liver. 
The increased concentration of malon-
dialdehyde was not statistically and signi-
ficantly lowered and the reduced content of 
glutathione was not increased. Instead, the 
administration of DMPS produced, at least 
briefly, an increase in lipid peroxidation in the liver. Interaction with iron-containing enzymes, which 
are natural antagonists for lipid peroxidation, has been suggested as a reason<233>. 
In contrast, in rats, DMPS reduced liver damage caused by the administration of CCl4  and ethanol. 
Peroxidation and the fall in glutathione were reduced<1353>. DMPS could not halt galactosamine-
induced liver necrosis<879>. Ethyl chloride-induced pancreatic ischaemia in rats was less severe 
following concomitant administration of DMPS, vitamin C and vitamin E<1244>. 
 
6.3.4 Antimutagenic effect 
The addition of DMPS (0.25 – 0.5%) reduced the mutagenic properties of nitrosoguanidine on 
bacteria<806>. 

 
6.3.5 Bacterial toxins 
In animal experiments, DMPS exhibited positive effects on the treatment of endotoxin 
shock<527,725> and on the toxicity of endotoxins<527>. With enterotoxins of Escherichia coli, it is 
presumed that the cleaving of SS bridges leads to a loss of activity<383>.  
The injection of DMPS and MgSO4 reduced lipid peroxidation due to endotoxins 
of Gram-negative bacteria in the liver of mice. The fall in cAMP in the liver and 
lungs was less marked while the LD50  was raised<529>. 
Lysates of Salmonella typhimurium activate processes resulting in the formation 
of free radicals. The combination of DMPS and MgSO4 revert this reaction to 
normal<528>.  
DMPS and vitamin E protect against the lethal effects of Shiella sonnei 
lysates<528>.  
On poisoning with botulinum toxin, DMPS had a positive effect in rats by reverting the activity of 
Na, K, Mg-ATPase to normal<261>. In vitro, DMPS inhibited Botulinus Neurotoxin A<554a,567>. With an 
IC50 of 0.58 mM, DMPS is one the most potent inhibitors<554a> Interaction with protease<567> zinc or 
the effect of the sulfonic acid group<554a> is assumed to be the mechanism involved. 
DMPS did not have any effect on the haemolytic properties of the α toxin of Clostridium perfrin-
gens<149>.  
The influence of the cholera endotoxin on adenylate cyclase and thus on the concentration of 
cyclic AMP in the intestinal mucosa of rabbits was reduced by DMPS. Cleaving of an SS bridge in 
the endotoxin is assumed to be the mechanism involved<1588>.  
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6.3.6 Alcohols 
On poisoning with ethanol, DMPS increased the survival time but did not lead to higher survival 
rates<1491>. Combination therapy with various vitamins and DMPS had a positive effect on alcohol-
induced polyneuritis in rabbits<632>. In rats, the administration of DMPS reduced the withdrawal 
symptoms following chronic alcohol intake<485>. DMPS had no effect on the microsomal 
transformation of ethanol into acetaldehyde<1193>. The toxic effects of allyl alcohol on the liver were 
reduced in rats<1352>.  
 
6.3.7 Binding of nitrogen monoxide NO 
The bacterium, Nitrosomonas eutropha, can oxidise ammonia producing, amongst other things, 
nitrogen monoxide, NO, which can react further depending on the culture conditions. The DMPS 
added to the cell cultures reacted with existing or added nitrogen monoxide and thus prevented the 
effect of NO on these oxidation reactions<1299,1607>. The authors do not give any further details 
about the type of reaction (formation of a complex with the iron from the nutrient solution according 
to Section 3.7.8 or the direct reaction of DMPS with NO?). Similarly, the effect of potential redox 
reactions of DMPS is not discussed. In neutrophils, DMPS has an antagonistic effect on GEA3162, 
an agent released by NO<618>. 
 
6.3.8 Cardiac glycosides 
In frogs, high doses of DMPS (700 mg/kg) prevented cardiac arrest due to digitalis or strophanthin 
K. At lower concentrations, it prevented their toxic effects. In cats, the prophylactic administration 
of DMPS delayed the time to onset of cardiac arrest following administration of strophanthin K from 
33-44 minutes to 82-99 minutes. In chronic experiments in dogs, DMPS prevented the typical ECG 
changes associated with strophanthin K<403>. Blockade of physiological SH groups by cardiac 
glycosides is discussed as the mechanism involved<403,749>. 
In dogs, the administration of DMPS reduced the cardiotoxic effects (extrasystoles and 
bradycardia). When administered prophylactically, DMPS prevented toxic reactions<749>. A 
reduction in the toxic effects of cardiac glycosides was also observed in rats<495>. 
 
6.3.9. Insecticides, pesticides, rodenticides, bactericides and herbicides 
6.3.9.1 Tetramethylene Disulfotetramine (TETS) 
Prophylactic and immediate administration of vitamin B6 and high doses of 
DMPS reduced the mortality rate induced by the rodenticide, 
TETS<253,1188,1617,1618> in mice. The effects of TETS on the GABA 
metabolism of rats was prevented<1618>, the onset of seizures was delayed 
and the symptoms reduced<1408>.  Earlier onset of treatment was more 
effective<1408>. If treatment was initiated 10 minutes after poisoning, all 
animals survived. When onset of treatment was delayed, the survival rate 
was only 40%<1550>.  The LD50 almost doubled from 0.262 mg/kg to 0.502 
mg/kg<253>. DMPS also displayed an anticonvulsive effect on acute 
poisoning with TETS<1617>. DMPS thus had no effect on the pharmacokinetics of TETS. It neither 
lowered plasma concentrations nor increased excretion in the urine<1619>. 
 
6.3.9.2 Sodium-Ammonium-Dimethyl-2-Propano- 
            1,3-Dithiosulfate (SCD) 
Combination therapy with diazepam and DMPS reduced the toxicity of 
the insecticide SCD<864,865>. Both the prophylactic and therapeutic 
administration of DMPS lowered the mortality rate in rabbits and 
prolonged the survival time<253>. Prophylactic i.p. administration of 250 
mg DMPS/kg BW 20 minutes before poisoning increased the LD50 
from 97 to 374 mg/kg<237,253> in mice. DMPS was thus superior to 

S

N

N
N

N

S

O

O

O

O

TETS 

 LD50 
Controls 97 
DMPS 250 mg/kg i.p. 374 
DMSA 1.000 mg/kg i.p. 251   

Effect of the prophylactic ad-
ministration of DMPS or DMSA 
on the LD50 (mg/kg) of SCD in 
mice<253> 



 

www.heyl-berlin.de                    - 137 - 

DMSA or cysteine<237,253>. BAL had only a minor effect on SCD-induced paralysis<237>. In rabbits, 
DMPS prevented SCD-induced neuromuscular blockades and respiratory depression <237>. 
  

6.3.9.3 Other insecticides, pesticides, rodenticides, bactericides and herbicides 
In mice, DMPS increased the LD50 for bactericide 402 from 118 to 214 mg/kg<253>. 

Cholinesterase activity, which was blocked by the insecticide, dimehypo, could be partially 
restored in rats through treatment with pralidoxim and DMPS<1527>. 

Prophylactic administration of DMPS prior to application of the herbicide, bromoxynil, reduced the 
toxic effects of the latter. The survival time was prolonged and the survival rates increased. A 
combination of DMPS and NAC was even more effective<862>. 
DMPS and vitamin E protected male rats from the side effects of the insecticides deltamethrin and 
dichlorvos (activity of the anti-oxidative enzyme, memory capacity). The combination increased the 
anti-amnesic effect<525>. 
DMPS had a protective effect against the lethal effect of CDM in mice, rats and pigeons. 
Combination with methylthionium chloride boosted the effect<253>. Prophylactic administration of 
DMPS increased the lethal dose from 258.9 mg/kg to 518.2 mg/kg in mice<253>. 
DMPS proved to be an effective antidote for poisoning with the insecticide Nereistoxin (4-N,N-
Dimethylamino-1,2-dithiolan)<237>. 

Prophylactic administration of DMPS increased the LD50 of the insecticide Cartap (di-
hydronereistoxin dicarbamate) from 130 to 375 mg/kg<237> in mice<237>. 

 

6.3.10 Other investigations with DMPS 
DMPS inhibited D,D-Dipeptidase VanX, which is responsible for the resistance of anti-vancomycin 
bacteria<461,1579>. Chelate formation with the zinc of the enzyme is assumed to be the cause<1579>. 
DMPS reduced the activity of the dopamine, ß-Hydroxylase, in vitro in a concentration-dependent 
manner. A reaction with the copper of the enzyme is a potential reason<1404>. In the case of 
Daphnia Magna (Straus), it protected against the toxic effect of the dopaminergic neurotoxin, 
MPTP<1168a>. 
Rats with experimentally induced pancreatitis showed increased activity of the anti-oxidative 
protective enzymes (superoxide dismutase, catalase, glutathione peroxidase) in pancreatic and 
liver tissue. In contrast, the activity in the blood was reduced. Pre-treatment with DMPS promoted 
the increase in enzyme activities<1252>. 
DMPS had an antihypertensive effect in hypertensive rats. It reduced the pressor effect of 
angiotensin-1 and increased and prolonged the depressor effect of bradykinin<904,1338,1340>. The 
effect was reversible on administration of atropine<1340>. In vitro, the activity of kininase II was 
reduced (83 %<1270> or 30-50 %<1412>) and the degradation of kinin blocked<1413>. 
Prophylactic administration of DMPS prevented the onset of dithizone-induced diabetes in 
approximately 70 % of rats<825> and in rabbits<826>, 

Treatment with L-dopa and DMPS had positive effects in rabbits aged 2 to 4 weeks and presenting 
with chronic intrauterine hypoxia whereby DMPS increased the number of free SH groups in sub-
cortical brain structures<1433>. 

DMPS dilated the blood vessels in the isolated rabbit ear<1606>. 

Conclusion: 
The prophylactic administration of DMPS in particular reduced the mortality rate due to various 
insecticides, pesticides, rodenticides, bactericides and herbicides. 
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DMPS did not have any effect on the sleeping time of rats following administration of 
hexobarbital<1403,1404> and phenobarbital<1585>. 

In mice, the prophylactic administration of DMPS reduced amphetamine-induced motor 
activities<1403,1404>. 

Dogs with acute blood loss reacted positively to the addition of DMPS to isotonic physiological 
saline solution<210>. 

DMPS reduced the renal effects of strophanthin in dogs<1113> .  
A protective effect on embitol poisoning was evident only in newborn mice<148>. 

In 8 out of 18 guinea pigs, concomitant administration of DMPS reduced the ototoxic effects of 
streptomycin<17>. 

Prophylactic administration of DMPS prevented the toxic effects of novembichin<151> in mice. The 
effect was, however, apparent only in newborn and adult animals, but not in very old animals <150>. 
All rats survived an LD00 dose of embichin<901> through combination therapy with DMPS and 
serotonin, sodium thiosulfate or mercaptoethylamine. 

In rabbits poisoned with padan, the SH concentrations reverted to normal within 5 days during 
DMPS therapy. They were only 70% in the untreated control animals after 10 days<856>. 
Prophylactic administration of high doses of DMPS reduced the toxicity of cyanides in mice by 
accelerating the enzymatic transformation of cyanide into rodanide<816>. Whereas 90% of the 
untreated mice died, the mortality rate in the DMPS group was 37 %<816>. In the presence of 
Na2S2O3, DMPS increased the enzymatic transformation into thiocyanates<816,817>. 
Concomitant administration of DMPS and xylidene prevented the formation of methaemo-
globinaemia in rats. The administration of DMPS after one hour reduced methaemoglobin levels in 
the blood by 50% <1446>. 
DMPS inhibited aniline hydroxylase activity in rats. The complex cannot be separated 
chromatographically from non-complexed ruthenium<39>. 
DMPS is an effective inhibitor of botox-A<949>. 

In rabbits, pre-treatment with DMPS had no effect on the cardiotoxicity of daunorubicin<606,607>. 
Nevertheless, daunorubicin reduced body weight gain. Nephritic syndrome was not prevented<606>. 
In rats, DMPS increased the LD50 of the acetylcholinesterase inhibitor, proserine, by a factor of 1.5 
and in combination with atropine, by 4.5<1456>. 

Following exposure to ammonia inhalation, the inhalation of DMPS aerosol halved the mortality 
rate and reduced the increase in the weight of the lung<1612>. 

DMPS had a regulating effect on amyloid formation<222>. 

DMPS prevented the formation of “heat shock proteins” in HeLa cells<622>. 

DMPS was devoid of any inhibitory effect on HIV-1 in U937 cells but displayed an inhibitory effect 
of 50 % in Jurkat cells at a concentration of 30 µg/mL<333>. 

DMPS proved to be an effective, non-toxic stabiliser for the antiviral activity of sensitive inter-
ferons<468>. 

DMPS had an antioxidant and reparative effect in chronic hepatitis in “immature“ rabbits. Efficacy 
was delayed on administration of microcapsules of DMPS<1174>. The adenylate-cyclase system 
reverted to normal<79>. 
In rats with streptozotocin-induced diabetes, DMPS restored the activities of the antioxidant 
enzymes to normal, reduced lipid peroxidation and reverted polyol metabolism and glutathione 
levels to normal<803,1332>. 

Dimethylformamide (DMF) disrupts the steady state between the oxidant and anti-oxidant systems 
of the liver. DMPS can reduce the activity of the XOD and SOD enzymes in the liver and thus 
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restore the steady state. It protects liver function and can be used in the treatment of acute DMF 
poisoning<863,933,1189>. NAC or DMSA also protect liver function <863>. 
The administration of acetyl cysteine or DMPS to guinea pigs sensitive to Candida maltosa 
prevented any change in the lipid peroxidation and enzyme activity of various enzymes after 
sensitisation<1336>. 

DMPS increased the sensitivity of the Papain enzyme test for the detection of erythrocyte 
antibodies<780>. 

DMPS improves the detection of IgG antibodies in the AB0 system of human blood groups by 
inactivating anti-A- and anti-B-IgM antibodies. Efficacy was equivalent to that of 2-mercapto-
ethanol<931>. 
DMPS increased the haemolysis of sheep erythrocytes via the toxin O-streptolysin, even in the 
presence of Na2S2O3. The authors assumed that the reduction of SS bridges was the mechanism 
involved. DMPS and Na2SO3 thus react with various S-S bridges<152>. 
In mice, low doses of DMPS (≤ 50 mg/kg), triggered an increase whereas higher doses (≥ 100 
mg/kg) caused a reduction in pain reaction (number of spasms)<1339>. 

 

 

Conclusion: 
DMPS is used in the treatment of various other diseases in addition to poisoning with heavy 
metals. These are mostly individual observations. However, not enough data are available to 
facilitate assessment. 



 

- 140 -  www.heyl-berlin.de 



 

www.heyl-berlin.de                    - 141 - 

7 Clinical use 
The individual treatment of heavy metal poisoning 
can be divided into various stages<436,733>. With poi-
soning, as with all emergency situations, sympto-
matic treatment is of prime importance in order to 
maintain vital organ function<923>: 
• Maintenance of vital functions and the water 

and electrolyte balance<702> 
• Determination of the poison source<422,493> and subsequent termination of exposure<91,214,493, 

932,1232,1278>. There is little point in administering chelating agents if exposure is not terminated 
but this is then useful for lowering the total body burden<50>. 

• Prevention of the absorption of orally ingested metals by removing the poison still present in 
the gastrointestinal tract through gastric and intestinal lavage<290,702,932,1102,1318> 

• Prevention of the local caustic effect of metals on the mucosa 
• Binding of the metals in the body fluids (particularly blood) and transfer into less toxic 

complexes 
• Increase in the excretion of the metals via the urine, bile and/or intestinal wall 
• Remission or prevention (with prophylactic therapy) of the clinical symptoms of poisoning 
• Cautious removal of heavy metal deposits in the body in order to prevent acute relapses or 

the chronic effects of metals 

International anti-poison centres have approved the following procedures for gastric and intestinal 
lavage: 
• ”No gastrointestinal decontamination should be performed later than 60 min after ingestion. 
• Activated charcoal (1 mg/kg) should be given in ingestions of toxic doses of agents that bind 

to therapeutic dose of charcoal in a sufficient way. 
• Emesis should be induced in poisonings with toxic doses of agents that do not influence con-

sciousness and adverse-effects reflexes. 
• Gastric lavage should be performed in selected poisonings with lethal dose of agent. 
• Use of laxatives is restricted to very few poisonings. 
• All procedures are not recommended if there is substantial doubt about time of ingestion or 

ingested dose”<331>. 

In the case of poisoning with heavy metals, treatment with an appropriate chelating agent should 
be initiated as early as possible <657> before irreversible damage occurs<702>. DMPS therapy can, 
however, still be envisaged some time after Hg exposure<290>. 
This use of chelating agents is one of the most successful therapeutic measures for the treatment 
of poisoning due to heavy metals<1154,1378>. ”Chelation is indicated in the treatment of metal poi-
soning, in the treatment metal-storage diseases … and to aid the elimination of metallic radio-
nuclides”<702>. Two mechanisms are involved. 
• The toxicity of the heavy metals is reduced through complex formation(“forming an inert 

complex with the poison“<203c>) 
• The antidote promotes the excretion of the metal<1102>. 

On ethical grounds, clinical trials with poisons are difficult if not impossible to implement. Individual 
case histories therefore almost always have to be examined when evaluating clinical efficacy<647a>. 
Reference is thus mostly made to elevated excretion in the faeces or urine<667,1018> and to the 
lowering of blood or plasma levels<647a>. These parameters are easy to assess. It would, however, 
be more important to take into account the reduced burden of critical target organs and recovery 
from pathological changes<406,647a>. Thus heavy metal concentrations in the organs can be lowered 
without altering the blood level. The decrease in the levels without therapy after exposure has 
been terminated must also be taken into account when evaluating efficacy<706>. These parameters 
are, however, more difficult to determine<209>. 
As with all therapeutic measures, care should also be taken with poisoning to ensure that the 
patient is not exposed to the risk of additional iatrogenic damage through unwarranted 
procedures<923>. Due to the lack of well documented, controlled, clinical studies, it is often difficult 

Treatment principles for acute poisoning: 
I.  Maintenance of vital functions 
II.  Prevention of subsequent absorption 
III.  Acceleration of toxin elimination 
IV.  Administration (of specific) antidotes“<270> 
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with poisons to pinpoint the right approach between therapeutic nihilism and over-reaction fostered 
by uncertainty<923>. “Their use should be restricted to patients with clinical signs of toxicity“<1389>. 
An individual benefit-risk assessment is essential in every case<506,986>. The danger of redistri-
bution of the heavy metal in critical organs (e.g. the brain, which has been demonstrated for other 
chelating agents but not for DMPS<74,601>), must also be taken into account<41,406,506,706>. It is un-
clear whether the oral administration of DMPS promotes gastrointestinal metal absorption. 
Conflicting results have been obtained in laboratory animal experiments with mercury<406>. Further 
studies are therefore required<506>. 
As with any other treatment, a benefit-risk assessment is essential in chronic poisoning with lower 
values. From what load is the use of chelating agents justified? In this instance, it should be 
considered whether the chelating agent can reach the heavy metal, e.g. lead in the bones. 
Moreover, it has not yet been clarified to what extent chelate therapy has a beneficial effect on the 
clinical course of chronic metal poisoning. No reliable clinical studies have been carried out to 
conform that increased metal excretion is also accompanied by a more favourable clinical 
course<406,647a>. 
 

7.1.  General recommendations regarding the use of DMPS 
DMPS is an antidote for poisoning with heavy metals<405,1505>. “Today, therapy with DMPS (2,3-Di-
mercapto-1-propanesulfonic acid, Dimaval®) is state of the art and the method of choice in many 
cases of heavy metal intoxication“<355>. “Available in oral and injectable forms, DMPS has become 
the drug of choice for most-heavy metal poisoning in Asia and Europe”<1176a>. For Horn et al., 
DMPS is the best heavy metal antidote that can also be used if heavy metal intoxication is sus-
pected<604>. According to the recommendations of the Commission, “Recognition and treatment of 
poisoning“ of the BgVV, DMPS is indispensable for the treatment of acute metal poisoning<1032>. ”It 
appears that western clinicians have not yet fully realised the value of DMSA and DMPS”<29>. 
Experience shows that DMPS obviously has a broad spectrum of action<928>. The Northern Poison 
Information Centre recommends DMPS as an antidote in “numerous cases of heavy metal poiso-
ning, e.g. lead, organic and inorganic mercury and arsenic“<336>. 
In the antidote section of the Rote List, DMPS is listed under the “life-saving antidotes“<1629>. The 
efficacy of DMPS in the treatment of poisoning with various heavy metals can nowadays be con-
sidered as confirmed. DMPS displays good clinical efficacy coupled with low local and systemic 
toxicity<932>. China (since 1963)<1532> and the former Eastern block states have many years of 
experience with DMPS. In Europe<513,603> and Asia<513>, DMPS is the product of choice for the 
treatment of poisoning with metals and metalloids. It is preferable to treatment with 
BAL<31,573,610,657,847,1103> due to its lower toxicity, greater ease of use<1202> and varied method of 
administration (oral, i.v., i.m.)<52,1102>.  ”For several years now 2,3-dimercaptopropanesulfonic acid 
(DMPS) and 2,3-dimercaptosuccinic acid (DMSA) have been the alternatives to BAL. In contrast to 
BAL, both of these chelating agents are less toxic, much more soluble in water, and hence have 
limited solubility in lipids, and are effective when taken orally. The use of both DMSA and DMPS in 
combating heavy metal poisoning has been examined, specifically for mobilizing inorganic 
mercury, cadmium, arsenic, copper, lead, gold and antimony“<1520>. ”DMPS, an analogue of dimer-
caprol, is effective in accelerating metal excretion without severe adverse effects in acute and 
chronic intoxication by inorganic and organic mercury, bismuth, arsenic, and chronic lead poiso-
ning”<702>. The Scientific Committee for Human Medicines (CPMP – Committee for Proprietary 
Medicinal Products) of the European Agency, EMEA, considers BAL as a second-line product due 
to its toxicity and painful application<1011>. 
The Centre for Drug Research and Pharmaceutical Practice (ZAPP in Germany) belonging to the 
ABDA (National Union of German Pharmacists’ Associations) gives preference to the use of 
DMPS over DMSA<169>. Other associations see no particular advantages for DMSA over 
DMPS<573>.  
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7.1.1 Indications 
Dimaval® (DMPS) 100 mg hard capsules and Dimaval® are currently approved by the BfArM  
(Federal Institute for Drugs and Medical Devices) in the following indications: 

Dimaval® (Solution for Injection) Dimaval® (DMPS) 100 mg Hard Capsules 

Acute poisoning with mercury (metallic, 
vapour, inorganic and organic compounds) 
when oral treatment or treatment via a gastric 
catheter is not feasible. 

• Clinically manifest, chronic and acute poisoning 
with mercury (inorganic and organic 
compounds, vapour, metallic mercury), 

• Chronic lead poisoning 

The source of the heavy metals is therefore insignificant. Fur-
thermore, DMPS is also recommended in the literature for 
the treatment of poisoning with other heavy metals. 
When recommending certain chelating agents, the local avai-
lability of the various antidotes and their pharmaceutical  
forms in the various countries must be taken into ac-
count<179a>. For instance, DMPS is not approved in the 
USA<105,286,513,565,663a,1176a,1236> and is, therefore, difficult to ob-
tain<203>. In emergency situations, it must be imported or pro-
duced in Compounding Pharmacies<105,204a,286,565,663a,770a>. As 
poisoning is, therefore, mainly treated with BAL in the 
USA<814>. In other countries, the cost of medicinal products 

Reference Ag As Au Bi Cd Co Cr Cu Hg Ni Os Pb Pu Sb U V Zn Pt 

1032 (X) X    (X) X (X) X (X)  X  X     
169  X  X     X   X       

1018,1039  X    X X X X   X  X     
1506 (X) X (X) (X)  (X) (X) (X) X   X  X   X  
1629 (X) X    (X) X (X) X (X)  X  X     
610 (X) X (X) (X)  X X X X (X)  X  X   (X)  

1019,1546 X X X   X X X X   X X X X    
418  X (X) X    X X   (X)       
306  X X X X X  X X  X   X  X X  
43  X  X    X X   X       
58  X     X  X   (X)   X     

1035,1180   X  X X   X X  X       
295 X X   X X X X X   X  X   X  
604  X X    X  X   X  X     
180  X  X    X X   X       
401 X X    X X X X   X  X     
160  X       X   X       
1556  X       X          
1061  X X (X)   X  X     (X)     
1236  X   X  X X X   X     X  
839a  X  X  X X  X   X  X   X  
702  X  X     X   X       
1186  X X X   X  X   (X)      X 

                   
Overview of the indications for DMPS recommended in the literature. (X) The indications given in brackets are 
possible as far as the authors are concerned, but not necessarily proven. 

Metal 1st choice 2nd choice 

Mercury 
- metallic 
- organic 
- inorganic 

 
DMPS 
DMPS 
DMSA, DMPS 

 
DMSA 
DMSA 

Lead DMSA DMPS 
Arsenic DMPS, DMSA BAL 
Chromium DMPS  
Antimony DMPS  
   

Recommended CAs for various forms of 
heavy metal poisoning<58> 
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plays a crucial role<1254>. In prolonged treatments, BAL, which is more reasonably priced, may 
have to be used due to the fact that DMPS is not available in sufficient quantities due to cost<484>. 
”There is another important implication that it is important to point out. Even though DMPS and 
DMSA have proved superior to other chelators as mercury mobilizing agents, clinicians are often 
forced to choose less effective therapy for their patients [e.g.; BAL, D-penicillamine] because of the 
unavailability of the DMPS and DMSA in many countries worldwide” 

. 
 

7.1.2 Availability and stockpiling 
Treatment with DMPS should be started as early as possible<657> and monitored in the laboratory 
by determining the metals in the urine<657,706,1018>.  “In all cases of acute poisoning, it is important to 
ensure as favourable a clinical course as possible and survival without delayed sequelae through 
rapid and effective treatment methods“<923>. Therefore, treatment with the appropriate chelating 
agent should be initiated as early as possible in the case of metal poisoning<1318>.  Supplies of the 
required antidotes is, therefore, essential<1247,1317>  in order to ensure that these products are 
readily available<1317>. Thus, supplies should be stored as specified by the WHO: “In some 
countries stockpiles include other specific agents (e.g. DMPS)”<1129>.  However, this is not always 
the case in reality<590>. “Adequate supplies of antidotes and decontamination agents such as 
chloramine T, BAL, and DMPS, etc. can be a problem“<456>. “In the event of mass poisoning, the 
success of treatment depends essentially on the rapid availability of the antidotes required“<1518>. 
In such cases “the time factor for the availability of larger quantities of antidotes may have a 
deleterious effect on patient treatment and chances of survival“<1517>. Furthermore, delayed onset 
of treatment is mostly associated with a prolonged duration of treatment and higher costs. 
The IPCS of the WHO demands that DMPS be available in 2 to 6 hours<1035,1180>. According to the 
European Union, DMPS should be available within two hours at most<1044>. In the UK, DMPS 
should be available within 6 hours, but this is not the case in reality<1317>. Others demand that 
DMPS be available for use within 30 minutes<1506>. The Berufsgenossenschaft (Occupational 
Health Service) recommends that antidotes such as DMPS should also be available from certain 
companies<160,847>. 
DMPS has been registered in Russia since 1958<770a,1236>. It is an essential item in the emergency 
team kit and is the antidote most frequently used to treat poisoning with various heavy metals<1100>. 
DMPS supplies are also kept in countries where this product has not been granted a marketing 
authorisation. Supplies of DMPS have been kept in emergency hospitals in Hong Kong since mid 
2005<248>. In Sweden, hospitals are advised to keep supplies of DMPS (solution for injection)<1556>. 
The Bundesamt für Gesundheit der Schweiz (Swiss Health Service) recommends that supplies of 
DMPS be kept in various regional centres<999>. The same applies for the British Association of 
Emergency Medicine<298>. Supplies of DMPS are thus kept in the Poisons Unit at Guy’s and St. 
Thomas’ Hospitals in London <662>. 

 
7.1.3 Method of administration 
An important advantage of DMPS compared to BAL is the fact that, because of its water solubility, 
it can be administered orally, intravenously and intramuscularly<63,69,95,657,1069,1102,1236,1532>, which is 

Conclusion: 
Treatment should be started as early as possible, especially in the case of acute poisoning with 
heavy metals or radionuclides. The essential antidote should, therefore, be immediately 
available. This is ensured only when adequate supplies are available. 

Conclusion: 
In the case of poisoning with heavy metals or radionuclides, an authorised antidote is available 
only in very few cases. In Germany, for instance, no chelating agent is currently authorised for 
the treatment of arsenic or bismuth poisoning. If treatment is required, it can only be used off 
label. DMPS is recommended by experts for various other forms of poisoning in addition to the 
authorised indications. 
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less painful for patients than BAL<1130>. Intravenous administration must be carried out slowly, over 
5 minutes (1 mL/min)<663a,706,770a,1200a>. Basically, DMPS should only be administered via the 
parenteral route when oral intake is not feasible<1018>.  
Parenteral administration of DMPS is recommended<406,573,657,706,932,1032>  
• in most acute cases; 
• in oral poisoning as otherwise a chelating agent will be present in the gastrointestinal tract and 

heavy metal absorption may be increased; 
• in chemical burns to the gastrointestinal tract or mucosal ulcers in the upper gastrointestinal 

tract, as oral administration may prove difficult<1318>. 

S.c.<69,625,1069,1385,1393>, intraperitoneal<70> or inhalation admini-
stration as an aerosol<1069> is also described. There is also re-
ference in the literature to topical use in the tooth root canal in 
arsenic-induced periodontitis<1139>

.  
The literature also refers to the “sniffing “ of DMPS<303,352,823>  to clear intoxication from the CNS in 
particular<352>. However, the authors do not publish any values relating to heavy metal excretion 
using this method. Information relating to the quantity of “inhaled“ DMPS is missing along with 
explanations how the resulting DMPS-metal complex can be ousted through the blood-brain 
barrier. 
Buttar has developed a solution of DMPS for transdermal use, which is supposedly effective pri-
marily in the treatment of autistic children<225,226,467,1231>. Once again, there is no reference to 
scientific investigations to determine the transdermal absorption rate of DMPS<339> and the renal 
excretion of heavy metals. “There are many anecdotal reports of behaviour improvements with 
transdermal preparations, but no laboratory evidence of increased excretion of heavy metals in the 
urine after a single challenge dose”<657a>. In one study, Buttar also describes the onset of skin 
reactions<226>. Whether DMPS or another of the many other substances in TD-DMPS, mercury or 
a possible lack of tin is responsible for this, has not been investigated. 
Similarly, there is no reference to heavy metal concentrations in the urine for the homeopathic use 
of DMPS. “We see good effects“<204a> with the rectal administration of DMPS as a 
suppository<14,1231> and the renal excretion of mercury and lead is supposedly high<1190>. No values 
are, however, given. For CaNa2EDTA, the bioavailability for this type of administration to mice is 
36.3 %<385a>. 
Klinghardt recommends treating heat rash with a procaine-DMPS mixture(9:1)<738>. Once again, no 
laboratory values are published. In addition, no investigations have been carried out to determine 
the stability of the mixture. Given the ability to react and the oxidation sensitivity of the SH groups, 
DMPS ampoules must not be mixed with other infusion solutions<706,1200a>.  
Meanwhile, Daunderer rejects the earlier recommendation written on his homepage, namely to 
inject DMPS directly onto the jaw<823>. 

 

7.1.4 Dosage and duration of treatment 
If need be, DMPS can also be administered to children <164,738> if urgently indicated<573,610>. A 2½ 
year old boy was treated with 100 mg DMPS every day for a year without any complications<1141>. 
Children under one year have also been given DMPS<215,290,1506,1564>. Bonnet treated 
approximately 200 babies and young children with 4 mg DMPS/kg BW i.m.<195>.  
Administration of chelating agents is, however, justified only when poisoning has been con-
firmed<1232>. The dosage and duration of administration of DMPS basically depend on the nature 

Approved methods of administration 
for Dimaval®: ● oral 
 ● intravenous 
 ● intramuscular 

Conclusion: 
I cannot imagine that adequate blood levels of DMPS are achieved by sniffing, transdermal or 
homeopathic administration in order to mobilise and excrete deposits of heavy metals in the 
body. Furthermore, the sensitivity of the active substance to oxidation must be taken into 
account with these methods of administration. DMPS should, therefore, be administered only via 
the oral or parenteral (i.m. or i.v.) route. 
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and severity of the poisoning. The dose of 
DMPS administered mostly depends on 
the quantity of heavy metal excreted in the 
urine<401>. Thanks to its relatively low 
toxicity, DMPS can be used for prolonged 
periods<2>. 
 

7.1.4.1 Acute poisoning 
7.1.4.1.1 Adults 

DMPS is mostly administered via the i.v. route in 
cases of acute intoxication. The starting dose is 
10 - 30 mg/kg BW per day, administered as 6 to 8 
individual doses of 3-5 mg/kg, every 3-4 
hours<178,246,406,418,932,1021,1032,1506>. If possible, 
treatment should be switched to oral dosing with 
2 – 4 x 100 mg<932,1021,1506> after 4-6 days (e.g. if 
no gastrointestinal lesions are present<932>). 
Treatment is continued until the heavy metal con-
centrations in the blood and urine are below the 
limit values. Thereafter the patient must be 
monitored in case levels rise again once DMPS is 

discontinued<932>, e.g. by the release of lead from the bones. 
To begin with, adults with acute poisoning are given an oral dose of 1,200 – 2,400 mg/d, 
administered at equal intervals throughout the day (100 – 200 mg, 12 times a day)<999,1506> with a 
starting dose of 300 mg<999>. The maintenance dose is 1 to 3 x 100 – 300mg/d<573,610,1019,1506>. 
 

7.1.4.1.2 Children 
Paediatric doses have not generally 
been stipulated to date<1021>. In acute 
intoxication, 20 up to a maximum of 30 
mg/kg i.v. is initially administered in 
several divided doses throughout the 
day<573,610,1032>. The maintenance dose is 
1.5 to 15 mg/kg<573,610>. The single dose 
is 5 mg/kg BW<1506>. The dosage can be 
reduced to 1 x 5 mg/kg BW i.v. or 
switched to oral administration from the 
4th to 5th day, depending on the clinical 
condition<573,610>.  
 

7.1.4.2 Chronic poisoning 
An advantage of DMPS compared to other chelating agents is that it may be administered orally in 
cases of chronic intoxication<657>. In the event of chronic poisoning or serious symptoms, the 
highest dose of antidote should be avoided in order to prevent marked mobilisation of the heavy 
metal<706>.  
 

7.1.4.2.1 Adults 
In chronic poisoning, 200 - 400 mg DMPS/day are generally administered orally<43,178,246,418,573,610, 

1019,1021,1032>. (if possible before meals<610>) – in three divided doses<406,418>.  In serious cases, the 
daily dose can also be increased<573,1018>. The maximum overall dose should not exceed 200 
mg/kg BW in subjects with sufficient renal function<610>. 

Day 
 

Single 
dose [mg] 

Number of 
doses 

Interval 
[h] 

Daily dose 
[mg] 

1 250 6 – 8 3 –   4 1.500 – 2.000 
2 250 4 – 6 4 –   6 1.000 – 1.500 
3 250 3 – 4 6 –   8 750 – 1.000 
4 250 2 – 3 8 – 12 500 –   750 
5, 6 250 1 – 3 8 – 24 250 –  750 

    

Dosels of DMPS administered parenterally to adults 
with acute heavy metal poisoning<573,610,1018,1019,1200a> 

Day
 

Single dose 
[mg/kg] 

Number of 
doses 

Interval between 
doses [h] 

Daily dose 
[mg/kg] 

1 5 6 – 8 3-4 30-40 
2 5 4 – 6 4-6 20-30 
3 5 3 - 4 6-8 15-20 
4-5 5 1 – 3 8 – 24 5–15 

    

Dose levels of DMPS administered parenterally to children with 
acute heavy metal poisoning<573,610,706,1200a> 

“Acute poisoning  often through single intake of poison, 
immediate measures are possible, symptoms mostly appear 
directly or relatively shortly after ingestion, also regressing 
quickly on survival. 
Chronic poisoning  Poisonous substance accumulates to 
form toxic concentrations over a prolonged period, difficult to 
detect, often caused by environmental burden (exhaust fumes, 
contaminated water, etc.), no immediate measures possible“<270> 
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Alternatively, outpatient therapy with 2 x 250 mg DMPS i.v. for two days followed by three 
treatment-free days may be administered to employees exposed to mercury<1452>. 

 

7.1.4.2.2 Children 
For children with chronic poisoning, a daily dose of 5 mg/kg BW oral DMPS<419,706, 1032> is 
administered in three divided doses<406>.  From the 3rd day, the dosage can be reduced to 2 x 2.5 
mg/kg<573,610>; others recommend 50 to 100 mg/m² 4 times a day and 2 x 200 mg/day<43> in 
Wilson’s disease. 

 

7.1.5 Administration in cases of renal insufficiency 
As the kidneys are the most important excretion organ for DMPS and its complexes, a particularly 
cautious benefit-risk assessment must be carried out for patients with limited kidney function 
(serum creatinine values > 2.5 mg/dL)<770a,831,839a,1021,1133,1134,1454,1633>. The dose may have to be 
adjusted<1021>. Extracorporeal elimination methods may prove necessary. ”Use of DMPS as an 
adjunct to haemodialysis or haemofiltration in patients with anuric renal failure due to mercury salts 
and bismuth has been reported”<770a>. 

 

7.1.6 Use during pregnancy and lactation 
The safety of DMPS administration during pregnancy has not been confirmed in humans<539>  
given the lack of experience with the use of DMPS during pregnancy and lactation<513>. ”Its safety 
in pregnancy and lactation has not been studied“<663a>. 
No evidence of embryotoxic or teratogenic effects have been observed in laboratory animal expe-
riments<178,341,770a>. “Pregnancy issues: Not embryotoxic“<839a>. In fact, DMPS reduced the terato-
genic effects of various heavy metals<342,343>. The safety and efficacy of DMPS in the final trimester 
of pregnancy cannot be assumed on the basis of laboratory animal experiments<43>. DMPS-
induced teratogenic effects in pregnant women have not been reported to date. 
Pregnancy is not a contraindication in a vital indication<573,1238>. However, on safety grounds, 
DMPS therapy should, if possible, be avoided during pregnancy and lactation<43,1133,1134>. This 
applies to the DMPS test in particular<1133>. A stringent benefit-risk evaluation must be carried out 
in every case prior to the use of DMPS during pregnancy. It must also be taken into account that 
embryotoxic damage with As, Cd, Pb and Hg has been reported in the literature<341>. 

If the administration of DMPS is essential during pregnancy on the grounds of a vital indication, 
then minerals and trace elements (especially copper and zinc) should be monitored in order to 
ensure paediatric treatment<202,341,663a,1123>. Other chelating agents are known to possess 
teratogenic effects due to zinc depletion caused by such substances<682>. Zinc plays an important 
role in enzymes, amongst other things, for collagen formation and maturation. Zinc deficiency 
causes damage in the developing embryo<341>. 

Lactation should generally be avoided following heavy metal exposure<543>. 

 

Conclusion: 
DMPS is indicated for all age groups, ranging from infants to the elderly. The method of 
administration, dosage and duration of treatment will depend on the nature and severity of the 
poisoning. Subsequent treatment requirements can be controlled by regular monitoring of the 
excretion of the toxic heavy metal in the urine. 

Conclusion: 
DMPS and its complexes are dialysable. Administration of the antidote only with concomitant 
dialysis may prove useful in patients with renal insufficiency (kidney failure). 
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7.1.7 Contraindications and checkup 
DMPS must not be administered to patients who are hypersensitive to DMPS or its salts<770a,839a>. 
Trace elements must be regularly monitored during prolonged administration<1506>. 
Particular caution must be exercised when DMPS injections are administered to patients presen-
ting with allergic, asthmatic symptoms. The risk of side effects appears to be high in this patient 
group. This applies because of the effect of DMPS on zinc metabolism, even in patients with acute 
infections, because zinc plays a key role in the body’s defence mechanisms<1633>. 
 

7.1.8 Additional measures 
Other therapeutic measures may be required (intensive care, primary elimination of poison, e.g. by 
gastric lavage) in addition to antidote treatment<610,1018>. Special symptom-specific treatments may 
be required, e.g. treatment of any chemical burns in the gastrointestinal tract or lungs<610,1102>. 
A combination of antidote therapy and extracorporeal elimination techniques such as: 
• Haemodialysis 
• Peritoneal dialysis 
• Haemoperfusion 
• Haemofiltration 
• Blood or plasma exchange  
are always available in the presence of acute renal failure<1102,1543>. DMPS can thus boost the 
efficiency of dialysis as it releases the heavy metal from its firm bindings to erythrocytes and 
tissue<1102> and, in so doing, make it dialyzable. 
Sufficient quantities of fluid should be consumed during DMPS therapy in order to support the 
renal elimination of the poison<326>. 

There is very little clinical data on combination therapies with various chelating agents<706>. New 
studies are required<506>. Recently, certain groups have been advocating the combination of 
DMPS and Zn-DTPA<180>. A combination of lipophilic and hydrophilic antidotes<32>, e.g. 
combination therapy with DMPS and BAL<911>, would be feasible.  Treatment with DMPS would be 
initiated first of all until all of the accessible deposits are emptied. Additional administration of BAL 
could then mobilise intracellular heavy metals and possibly those deposited in the brain. This 
would rule out the risk of heavy metal accumulation in the brain. ”The rationale in using two 
different complexing agents to produce a synergistic effect is that first agent should be sufficiently 
lipophilic to mobilize the metal from intracellular binding sites and promote its release into the 
blood, whereas a second agent will promote ligand exchange to form an ionized chelate that can 
be excreted in the urine“<702>. 
 

7.2 Therapeutic use in metal and metalloid poisoning 
 “Heavy metal intoxication mostly manifests as a ’colourful‘ and non-specific picture of numerous 
symptoms. This certainly makes diagnosis difficult. ... The danger lies in the fact that, given the 
rarity of diagnosis, heavy metal intoxication may not be taken into consideration“<201>. ”The 
presenting features may be entirely non-specific, the clinical examination giving no lead on the 
cause of the illness“<702>. Since doctors rarely incorporate toxic substances in their differential 

Conclusion: 
There is a lack of adequate data regarding the use of DMPS during human pregnancy. No 
damage to the embryos following adminstration of DMPS during pregnancy have, however, 
been reported to date. This also applies to women who receive DMPS treatment without 
knowing that they are pregnant. The laboratory animal experiments conducted do not give any 
indication of the embryotoxic or teratogenic effects of DMPS. Therefore, in the case of a vital 
indication, the administration of DMPS can be justified during pregnancy. 
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diagnosis<20>, the length of time until appropriate treatment is introduced may be unnecessarily 
long. Lack of treatment, expensive hospital stays and unnecessary suffering are the consequences 
of this<432>. ”A diagnosis of metal poisoning can be confirmed in the acute stage and often in the 
chronic stage by finding an increased concentration of the suspected metal in the appropriate 
medium“<702>. 
Acute poisoning with heavy metals such as lead, mercury, arsenic or cadmium seldom occurs 
nowadays<29,42,89,121,727,1544>. Only around 400 occupation-induced cases of heavy metal intoxi-
cation including arsenic poisoning are reported annually in Germany<1543>. Since the 1970s, 
however, there have been increasing warnings of heavy metal poisoning with mercury, lead or 
ayurvedic products contaminated with arsenic<20,875,1001,1002>. 
Consequently, clinical experience with DMPS concerns only a limited number of patients. Com-
parative clinical trials on the therapeutic use of DMPS and other chelating agents are seldom 
published<42,272, 281,917,918>. Most of the literature focuses on individual case histories of poisoning. 
 
 
7.2.1 Ag - Silver 
Silver is mainly deposited in the skin following absorption (Argyria)<121,166>. DMPS increases renal 
silver excretion<1061> and offers a possible means of treatment for silver poisoning<306>.  

A 60 year-old worker treated erosion of 
the gums topically with a 3% silver nitrate 
solution. Three years later, his hair turned 
silver grey, and 5 years later, his skin 
began to darken. In particular, areas 
exposed to the sun were bluish grey. 
Biopsies showed a 100-fold increase in 
the silver level and a 10-fold increase in 
selenium. Fifteen years after exposure (!), 
treatment with various chelating agents 
was attempted and, of these, only DMPS 
displayed an effect by increasing the 
silver excretion in the urine. In the course 
of two treatment cycles with up to 2,500 
mg DMPS daily, however, only 1% of the 
total quantity of silver was removed from the body. Because the investigations showed that the 
silver was present predominantly as silver selenide and only a little as silver sulfide, the authors 
suggested that, while DMPS was able to remove the small portion of the sulfur-bound silver, the 
chelating agent was unable to mobilise the silver selenide<5>. 
In a patient with silver poisoning (argyrosis), the silver excretion in the urine during treatment with 
DMPS (300 mg orally per day) was increased up to 100-fold. Treatment with D-penicillamine 
proved ineffective<657>. 

 
7.2.2 Al - Aluminium 
Mean Al levels in the urine were higher in the group 
treated with DMPS than in the group not given chelating 
agents<180>. The mean 24-hour excretion increased from 
1.8 to 2.5 g/day in 65 subjects receiving 500 mg DMPS 
via the parenteral route<479>. Neither investigations, 
however, provide any data relating to the excretion of Al 
by individual patients before and after administration of 
DMPS. No conclusion can, therefore, be drawn as to the 
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Daily silver excretion in the urine during treatment with DMPS<5> 

 n 
 

Al in the 
urine (µg/g 

Crea) 
Without chelating agents 550 124 
DMPS 184 253 
DMPS+ Zn-DTPA 505 264 
DMPS+ Zn-DTPA+ DMSA 206 263    
Urinary excretion of Al during administration 
of various chelating agents (µg/g Crea.)<180> 

Conclusion: 
The efficacy of DMPS on chronic and acute silver poisoning cannot be assessed due to the lack 
of clinical and experimental laboratory animal data available. 
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possible efficacy of DMPS in the treatment of Al poisoning. Deferoxamine is recommended for the 
treatment of Al intoxication<1505, 1629>. 

 
 
7.2.3 As - Arsenic 

Arsenic is one of the non-essential half metals or metalloids<383a,955, 1543>. 
Meanwhile its use has been banned in numerous industrial products due to its 
high toxicity. Nevertheless, 1,000 cases of arsenic poisoning are reported 
annually in the USA<522>. Arsenic compounds are odourless and 
tasteless<1029>. The main source of the oral arsenic load is the consumption of 
fish and seafood, especially young herrings. Fish and muscles can contain up 
to 150 µg As/g<166>.  Substantially high arsenic levels are detected in the urine 
for up to 5 days after the consumption of young herrings<1543> or seafood<1010>. 
According to the 2001 EU drinking water directive, 10 µg of inorganic 
arsenic/L is permitted<1022>. The US Environmental Protection Agency (EPA) 
wants to reduce the arsenic content from 50 to 5 µg/L in drinking and mineral 
water<1029>. The tolerable daily dose was set at 2 µg inorganic arsenic per kg 
BW by the WHO<960>. The lethal dose for humans is 1 to 3 mg/kg<1029,1483>. No 
chronic effects are anticipated if the US-EPA reference dose of 0.3 µg/g 
BW/day is maintained<1010>. 

The natural presence in the soil burdened the ground water and gave chronic arsenic poisoning to 
millions of people in Argentina, Bangladesh, India, Taiwan, Chile, Inner Mongolia and 
Pakistan<55,422, 464,555,1419>. Since early June 2002, arsenic trioxide has been commercially available 
for the treatment of acute promyelocytic leukaemia (APL). Patients receive an average daily dose 
of 0.15 to 0.16 mg/kg BW i.v.<1020>. 
Arsenic levels in persons not particularly subjected to exposure are 2.5 µg As/L in the blood and 
10 – 50 µg/L in the urine<55>. The following are given as reference values (without fish consumption 
48 hours before sampling, people who eat fish have a higher arsenic excretion in the urine<575b>):  
• urine: 15 µg/L<1010>, 20 µg/L<1543> and 100 µg/24h<20> 
• hair: < 0.06 µg/g<20> 
• occupational medicine limit value (EKA, exposure equivalent for carcinogenic materials) 130 

µg/L“<1543>. 

Various mechanisms may be involved in the toxic effects of arsenic: 
• Inhibition of cellular ATP formation following competition with phosphate<1010> 
• Inhibition of sulfhydryl groups in enzymes<1010>, e.g. pyruvate dehydrogenase and thus 

disruption of carbohydrate metabolism<1029,1419> 
• Chromosomal damage<1010>. 
• Triggering of oxidative stress<420>. 

Intra-individual sensitivities due to genetic polymorphism is also dis-
cussed<50>. Arsenic compounds are carcinogenic<420,422,464,1543> as well as 
teratogenic and embryotoxic<343>. It is not known exactly whether these 
effects are concentration-dependent or whether a “threshold“ limit 
exists<464>. 
Arsenic can appear as an inorganic or organic compound<422,1029>, which 
differ in terms of toxicity. Inorganic, water-soluble, trivalent As 
compounds react with sulfhydryl groups of various enzymes<422,995> and 
are approximately 2 to 10 times more toxic than pentavalent arsenic 

Al 200 
As 10 
Cd 5 
Cr 50 
Cu 2,000 
Fe 200 
Mn 50 
Ni 20 
Pb 10 
Sb 5   

Maximum allowed 
quantities in drinking 
water (µg/L)<1022> 

Arsinic 
> inorganic As(III) 
> organic As(III) 
> inorganic As(V) 
> organic As(V) 
> Arsonium compounds 
> elementary arsenic 
 

Order of toxicity of the 
various arsenic com-
pounds<166> 

Conclusion: 
Al is a metal with an affinity for oxygen. According to chemical legislation, DMPS is not expected 
to be effective in the treatment of Al intoxication. No investigations have been carried out on Al-
DMPS complex formation. Likewise, no laboratory animal experiments have been carried out.
Therefore, DMPS is not indicated in the mangement of Al poisoning. 
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compounds<995,1010,1419>, which are found in seafood amongst other things<603>.  Organic com-
pounds are less toxic than inorganic compounds<422,1029>. 

Up to 80 % of soluble arsenic compounds are generally absorbed in the upper gastrointestinal 
tract<603,1029>. Arsenic compounds are also well absorbed after inhalation<1543,1029>. Methyl arsenic 
compounds are not demethylated into inorganic As<1029>. Absorbed arsenic is bound to 
erythrocytes in the blood<1543>. From there it is redistributed relatively quickly in all organs<1029>  

(t½ < 1 hour, after 24 hours less than 0.1 % of the quantity of arsenic originally present can be 
detected in the blood<1543>). Arsenic reached the placenta and the foetus. It was also detected in 
small quantities in breast milk<1029>. 
The total body half-life is 10 – 30 hours<165>. Up to more then 75 % of both organic and inorganic 
arsenic is excreted in the urine. A mixture of As(III), As(V), MMA and DMA is mostly found. Only 
small quantities are excreted in the faeces<1029>.  
The clinical picture of arsenic poisoning depends on the nature and type of ingestion, the chemical 
composition and the dose<603>. On acute poisoning, reactions of the gastrointestinal tract 
predominate. Vomiting, sometimes blood-stained diarrhoea and development of a shock state as a 
result of massive loss of fluid with collapse are typical symptoms. This state can be aggravated by 
cardiovascular disorders, leading to death within 24 hours<422,603,1543>. 
Doses below 50 µg As/kg/day for weeks or months led to gastrointestinal, haematological, hepatic, 
dermal and neurological effects. Years of exposure with 1 µg As/kg/day in drinking water leads to 
skin reactions as well as to skin, bladder, kidney and liver cancer<1029>. 
In chronic exposure, late and long-term sequelae through accumulation of arsenic 
predominate<63,422,917,960,1543>: 
• Skin (hyperpigmentation, keratoses, leg oedema, gangrene of the toes, malignoma, alopecia) 
• Nails (Mees’ lines)<121,422> 
• Liver (arsenic compounds are partly reduced or reduced and methylated and thus transformed 

into less toxic arsenic compounds<166,1029>, fibrosis of the liver) 
• Lungs (malignoma) 
• Cardiovascular system (myocardial damage, disorders of peripheral circulation, anaemia) 
• Kidneys (kidney failure) 
• Nervous system (peripheral neuropathy, impairment of hearing and sight, burning sensation in 

the eyes) 
• Muscles 
• Spleen 
• Bones 
• Fatigue, exhaustion. Weakness, loss of appetite, salivation, apathy. 
The risk of skin, lung or gastrointestinal cancer is increased<121,1543>. In animal experiments it has 
been shown that arsenite and arsenate have embryotoxic actions<178,341,770a>.  

”Arsenic (As) is one of the oldest poisons known to men. Its applications throughout history are 
wide and varied: murder, make-up, paint and even as a pesticide. Chronic As toxicity is a global 
environmental health problem, affecting millions of people in the USA and Germany to Bangladesh 
and Taiwan. Worldwide, As is released into the environment by smelting of various metals, com-
bustion of fossil fuels, as herbicides and fungicides in agricultural products. The drinking water in 
many countries, which is tapped from natural geological resources, is also contaminated as a re-
sult of the high level of As in groundwater. The environmental fate of As is contamination of sur-
face and groundwater with a contaminant level higher than 10 particle per billion (ppb) as set by 
World Health Organization (WHO). Arsenic exists in both organic and inorganic species and either 
form can also exist in a trivalent or pentavalent oxidation state. Long-term health effects of expo-
sure to these As metabolites are severe and highly variable: skin and lung cancer, neurological 
effects, hypertension and cardiovascular diseases. Neurological effects of As may develop within a 
few hours after ingestion, but usually are seen in 2–8 weeks after exposure. It is usually a sym-
metrical sensorimotor neuropathy, often resembling the Guillain–Barré syndrome. The predomi-
nant clinical features of neuropathy are paresthesias, numbness and pain, particularly in the soles 
of the feet. Electrophysiological studies performed on patients with As neuropathy have revealed a 
reduced nerve conduction velocity, typical of those seen in axonal degeneration. Most of the ad-
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verse effects of As, are caused by inactivated enzymes in the cellular energy pathway, whereby As 
reacts with the thiol groups of proteins and enzymes and inhibits their catalytic activity. Further-
more, As-induced neurotoxicity, like many other neurodegenerative diseases, causes changes in 
cytoskeletal protein composition and hyperphosphorylation. These changes may lead to disorgani-
zation of the cytoskeletal framework, which is a potential mechanism of As-induced neuro-
toxicity“<1477a>. 

”By far the most important step in Arsenic 
related interventions for protection of hu-
man health is interruption of the primary 
route of exposure. If this can be accom-
plished, there are chelating agents that 
show promise as reagents for rapid arse-
nic dispersal and excretion. These 
include DMPS and DMSA”<92a>. DMPS 
has been found to be effective in arsenic 
poisoning in humans“<663a>. BAL and 
DPA can also be used for treat-
ment<1277a>, whereby DPA is no longer 
generally recommended<555>, as its effi-
cacy is not confirmed<29>. The same ap-
plies for DMSA: ”The role of DMSA as an 
effective antidote in chronic arsenic 

poisoning should therefore be ques-
tioned”<934a>. “The estimate that BAL is the 
drug of choice is obsolete<13,1483> . DMPS is 
less toxic<663a> and approximately 10 times 
more effective than BAL<30>. ”Given low 
rates of adverse reactions to DMPS and 
DMSA, it is possible these drugs may re-
place dimercaprol as the drug of choice for 
the treatment of acute arsenic poison-
ing”<234>. Three patients in Munich suffering 
from As poisoning were thus treated with 
DMPS. They survived and did not develop 
polyneuropathy, which is associated with 
BAL<1419>. 
DMPS has proved effective in the treatment 
of poisoning with arsenic compounds<770a,955, 

1021,1061,1117>. ”DMPS although known for its 
antidotal efficacy against mercury, it has been reported to be an effective drug for treating arsenic 
poisoning“<419>. ”Although the clinical studies are limited, it would appear that DMPS is the best 
drug available for increasing the excretion of arsenic and improving the conditions of humans 
exposed to various forms of this metalloid“<50>. DMPS is also recommended for paediatric use<522>. 
Treatment should be initiated as early as possible<1004,1029,1560>. Administration of DMPS within the 
first few hours after poisoning could prevent the development of toxic symptoms<153> and shorten 
the length of time until symptoms disappear<1566a>.  DMPS is effective in the treatment in the 
management of inorganic and organic arsenic compounds<1276>. In China, DMPS is recommended 
for the treatment of As poisoning<178>. It is also recommended for the treatment of poisoning with 
warfare gas, lewisite<798,1541> and arsenic-containing nasal and pharyngeal irritants<732>. The United 
States Environmental Protection Agency recommends 100 mg DMPS every 8 hours for 3 weeks to 
9 months in the treatment of poisoning due to arsenic-containing pesticides<1216>. The 
administration of a chelating agent is mandatory in the treatment of symptomatic patients with As 
poisoning<178>. “Chelate therapy is indicated in the treatment of symptomatic and asymptomatic 
patients with urine concentrations exceeding 200 µg/“<518,603>, possibly in conjunction with 
haemodialysis<1542>. The end point of chelate therapy would be reached with urine levels below 50  
µg/L“<603>. 
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The urinary excretion of arsenic is increased by the administration of DMPS<56,96,153,324,471,476,478,480, 

740,1139,1191>. However, DMPS also raises the biliary excretion of As<1419>. The clinical symptoms 
improved<153,1139>. The arsenic-DMPS complex is dialyzable (Haemodialysis)<306>. Additional 
haemodialysis is therefore recommended in oliguria or anuria<518,610> (high-flux 
haemodiafiltration<1506>).  
 
7.2.3.1 Mobilisation of arsenic 

Oral or parenteral administration of DMPS leads to increased urinary excretion of arsenic in 
humans. In volunteers with normal environmental exposure without acute arsenic poisoning, 
excretion of the metalloid is increased by 24.6-fold on injection and around 6-fold on oral 
administration, which confirms the efficacy of DMPS in arsenic poisoning. 

 

7.2.3.2.  Acute poisoning 
In acute poisoning, the earliest possible support of 
vital functions and the introduction of chelate therapy 
are important<1483>. “Acute arsenic intoxication, often 
with suicidal intent, can be treated with 2,3-dimercap-
topropane sulfonic acid (DMPS). Haemodialysis will 
mostly be essential. Subjects survived arsenic intoxi-
cation with excretion of arsenic in the urea of 360 
mg/L”<1543>. "Dimercaptopropane sulfonate (DMPS) has become the treatment of choice for acute 
arsenic poisoning and has been used safely in high doses<91a>. 
Nevertheless, many cases have a fatal outcome<814>. A 4 month-old boy was inadvertently given 
an arsenic-containing herbicide. BAL administered at 4-hourly intervals, was initiated 7 hours later. 
As the child’s condition deteriorated dramatically, treatment was switched to i.v. DMPS. The child 
nevertheless died 36 hours after ingestion of As<1536>. Unfortunately, the report does not contain 
any information relating to As levels in the blood and/or urine. 

In another patient, arsenic concentrations of 63 µg and 20 µg/L (normal < 1 µg/g) were recorded in 
the urine and hair, respectively. Mees’ lines were visible in the nails and hyperkeratosis also 
developed. Various reflexes could no longer be induced. After 6 weeks, weakness of the limbs and 
difficulties in walking appeared. Treatment with 100 mg DMPS t.i.d. for three weeks and 400 mg 
DMSA t.i.d. for two weeks produced no improvement. The symptoms still persisted after two 
years<711>. Meanwhile, the symptoms were obviously irreversible. 

Volunteers As excretion Type of mobilisation test 

n Patients before 
DMPS 

after 
DMPS Unit In-

crease DMPS dose 

Route 
of 

admi-
nistra-
tion of 
DMPS 

Collec-
tion 

period 

Litera-
ture 

501 Men and women 3.4 14 µg/g crea 4.1 10 mg/kg BW oral 2 h 479,480 
30 Women 2.9 17 µg/g crea 5.9 10mg/kg BW oral 2 h 474 
71 Women 2.6 11 µg/g crea 4.2 10mg/kg BW oral 2 h 474 

84 Women with 
abortions 4.8 15.9 µg/g crea 3.3 10 mg/kg BW oral 2 h 470 

19 Controls 0.8 10.1 µg/L 12.6  i.v.  722 

26 Patients with atopic 
eczema 1.2 29.5 µg/L 24.6  i.v.  722 

          
Increase in arsenic excretion via the urine following a single dose of DMPS to various patients or control groups 

1st day 250 mg DMPS/hour parenteral 
2nd day 125 mg DMPS/hour parenteral 
Up to the 5th day 62.5 mg DMPS/hour parenteral 
Up to the 12th day 600 to 700 mg DMPS/day oral 

 

“Ultra high doses of antidote therapy“ with 
DMPS<603> 
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A 21 year-old man swallowed more than 600 mg arsenic trioxide, approximately three to five times 
the lethal dose, with suicidal intent. Intensive medical procedures were initiated (gastric lavage, 

sufficient volume of 
approximately 27.5 L in 5 
days and forced diuresis) 
approximately 7 hours 
after ingestion. Parenteral 
“ultra high doses of anti-
dote therapy“ with DMPS 
was introduced using a 
perfusor. The DMPS dose 
was gradually reduced. 
From the 6th day, 
treatment was switched to 
the oral administration of 
600 to 700 mg DMPS per 
day. Overall, a total of 
15,225 mg DMPS was 

administered over 12 days and was well tolerated by the patient. No relevant side effects 
developed. Only a transient, slight rise in GOT and GPT levels was observed. This reaction has, 
however, also been described for the therapeutic use of arsenic trioxide. The severe, systemic 
effects of arsenic could be prevented by rapid emergency treatment and subsequent hospital 
admission. An examination carried out approximately 9 months later revealed “no delayed, organic 
damage and, in particular, no evidence of neuropathy or CNS damage“<574,603>. 
Comparison of BAL and DMPS in the treatment of acute As intoxication confirmed the substantially 
greater efficacy of DMPS. Two out of three patients with As blood levels of 540 and 620 µg/L died 
despite treatment with BAL. The third is still suffering from poisoning-induced paraplegia. In 
contrast, two of the three patients treated with DMPS (peak As blood levels of 2,240 µg/L and 
4,469 µg/L), one of whom was anuric, were discharged as cured. Because of the early onset of 
DMPS therapy, the third patient presented with only mild symptoms of poisoning despite having an 
As blood level of 245 µg/L. DMPS therapy was initially introduced at the dose level of 250 mg. 
Between 100 and 500 mg/h were subsequently infused. The biological half-life could thus be 
reduced to 4 and, with anuria, to 5 hours. As far as the authors are concerned, meanwhile DMPS 
is the drug of choice for the treatment of arsenic poisoning. Additional extracorporeal elimination 
techniques including haemodiafiltration are required only in the presence of existing kidney 
failure<13>. 
A 24 year-old male student was admitted to hospital 16 hours after ingesting arsenic. On the first 
two days he received 1.2 g DMPS per day via the i.v. route. During the first 17 hours, he excreted 
6,475 mg arsenic in the urine and 74.18 mg on the second day. Dialysis and CAVHDF were only 
slightly effective and hardly removed any arsenic. Apart from nausea, the clinical course was free 
from any complications. The authors therefore conclude as follows: “In arsenic poisoning without 
kidney failure, DMPS is a hundred times more effective than all secondary elimination measures 
put together“<1630>. “Extracorporeal elimination enhancement procedures are useful only in patients 
with impaired renal function”<1419>. 
A 27 year-old female swallowed 9 g of arsenic with suicidal intent. After admitting herself to the 
emergency unit, she was treated with gastric lavage, active charcoal, NaHCO3 and BAL and 
DMSA. Although the urinary excretion of As increased up to 14,000 µg/L, abnormalities appeared 
on the ECG and she became increasingly confused. Treatment was, therefore, switched to 250 mg 
DMPS i.v. every 4 hours on the 5th day. Hydroxocobalamine, folinic acid, methionine, NaHCO3 and 
glutathione were administered concomitantly in order to support the development of less toxic 
MMA. The patient’s clinical condition improved within 48 hours and the ECG returned to 
normal<1483,1488>. 
A 33 year-old female was admitted to hospital 2-3 hours after ingesting 20 g As2O3. Arsenic levels 
in the urine were 355 µg/L. Gastrointestinal lavage was immediately carried out with the addition of 
active charcoal, 500 mg DMPS i.m. and sodium thiosulfate i.v. were administered and 
haemodialysis was carried out. As DMPS was no longer available, BAL (800 mg i.m./day) was 

Day 
 

Arsenic 
concentration 
in the serum 

Arsenic 
concentratio
n in the urine 

Urine 
volumes 

Renal 
arsenic 

clearance 

Urine 
clearance 

DMPS 
dose 

 (ng/ml) (µg/L) (ml) (mg) (g/L) (mg) 
1 143 210.000 4.700 987,0 3.26 3.850 
2 29 3.800 2.400 9.1 0.25 2.250 
3 10 1.675 3.300 5.5 0.37 1.500 
4 10 1.310 3.900 5.1 0.33 1.500 
5 1 821 3.000 2.5 0.31 1.500 
6 <1 138 2.750 0.4 0.36 1.325 
7 <1 124 2.650 0.3 0.55 1.015 
8 <1 115  0.2 0.66 700 

       

Changes in laboratory parameters on acute arsenic intoxication during DMPS 
therapy<603> 
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administered for the next 4 days followed by DPA (4 g oral/day) for 7 days. On the 3rd day As 
levels in the urine amounted to 84.7 and on the 7th day to 115.4 µg/L. The patient was discharged 
symptom-free after 15 days<484>. 
Following the ingestion of sodium arsenate with suicidal intent, an As concentration of 25,542 µg/L 
was measured in the normal urine of one patient in the USA. The patient was effectively treated 
with BAL and DMPS i.v. As levels of 7,866.5 µg/L were recorded in the first 24-hour urine. The 
delay in obtaining a DMPS solution for injection posed a problem<203>. 

July 1994 Peripheral neuropathy of unknown origin was diagnosed in a 33 year-old 
female. 

Autumn 1994 - 
Spring 1995 

The neuropathy improved but there were repeated skin reactions. 

September 
1995 

The patient was admitted to hospital with severe pancytopenia. In addition, she 
developed cardiovascular reactions and progressive neuropathy. 

29.10.95 Arsenic poisoning was diagnosed. The arsenic level in the urine was 1,030 
µg/L. Oral treatment with DMSA was initiated. The arsenic excretion did not 
increase. The clinical symptoms of progressive neuropathy deteriorated further. 
The patient finally had to be ventilated and could no longer move her limbs. 

16.11.95 Start of parenteral administration of DMPS (250 mg i.v. slowly over five minutes, 
in 9 divided daily doses). The arsenic level in the urine rose from 101 to 300 
µg/L. 
Within 72 hours of starting DMPS therapy, a dramatic improvement in 
neuropathy was observed. 

17.-18.11.95 Injection of 250 mg DMPS every 6 hours. 
19.-29.11.95 Injection of 250 mg DMPS every 8 hours. On the 5th day of treatment, the 

arsenic level in the urine was 130 µg/L, falling thereafter during the course of 
the treatment to 56 µg/L. 
The injections were tolerated without adverse reactions. There was no evidence 
of hypertension or skin reactions. 
At the end of the 14-day DMPS therapy, the patient could be extubated. She 
was able to sit up in bed and again developed strength in her limbs.  

March 96 The patient could walk again without any aid<1537>. 

A similar long-term history was suffered by a 41 year-old wine-grower who swallowed 8 – 9 g of 
arsenic with suicidal intent<491>. 
February 1984 Poisoning by ingestion of 8-9 g of arsenic. Nausea and diarrhoea developed 

within a few hours.  The arsenic level in the urine was 7.5 mg/L (normal < 8.5 µg/L). 
Start of treatment with dialysis and BAL. 

10th day Numbness in the hands and feet, weakness, permanent burning sensation in the 
feet. 

14th day The arsenic level in the urine had fallen to 0.2 mg/L. 
7th week Mees’ lines in the nails, hyperkeratosis of the soles of the feet, loss of reflexes in the 

arms and legs. Nerve conduction tests indicated axonal neuropathy. 
Arsenic excretion in the urine 52 µg/day (normal < 12.5 µg/day). Start of treatment 
with DMPS and increase of arsenic excretion in the urine. Arsenic was detected in 
the biopsies of the nerves. Slow improvement of neurological symptoms. 

9th month Completion of DMPS therapy 
3rd year Repeat nerve biopsy. Arsenic was no longer detectable. Regeneration of the nerves 

was observed morphologically. 
February 1988 The neurological findings were still not within the normal range. Nevertheless, there 

was no longer any weakness of the leg muscles so that walking without crutches was 
no longer necessary. 

Two case histories from the Poisons Unit, Guy’s Hospital, London, show that timely treatment with 
high doses of DMPS can prevent arsenic-induced polyneuropathy. A 21 year-old male took 4 g of 
arsenic (As2O3) (toxic dose 120 - 200 mg) 
  3rd hour Abdominal pain, nausea, vomiting 
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  6th hour Creatinine level of 160 µmol/L (normal <100 µmol/L), which further increased to 280 
µmol/L. Urine excretion fell simultaneously. Fall in blood pressure. 

26th hour Arsenic level in the blood 400 µg/L (toxic > 50 µg/L). 
32nd hour Intubation due to onset of dyspnoea. Successful resuscitation of cardiac arrest. 

Onset of DMPS therapy with 5 mg/kg BW i.v. every 4 hours. 
Increase in blood pressure and quantity of urine. 

2½ days Extubation 
  7th day Investigations with EMG and nerve velocity studies did no show any evidence of 

arsenic-induced neuropathy. Treatment switched to 400 mg oral DMPS every 4 
hours for the next 7 days. 

13th day Patient was discharged. 
6th week Normal kidney function and no evidence of neurological dysfunction. 

In the 19 year-old brother who had taken 1 g of arsenic, an arsenic concentration of 98 µg/L was 
measured in the blood after 36 hours. He was initially treated with i.v. DMPS (5 mg/kg BW every 4 
hours) for 24 hours followed by 400 mg oral DMPS every 4 hours for the next 5 days. Similarly, no 
signs of neurological dysfunction were observed in this patient<95,666,948>. 
Arsenic poisoning was also effectively treated with parenteral administration of DMPS in the USA. 
Sixteen members of an evangelical church in Maine drank coffee poisoned with arsenic. One of 
them died but 15 were saved. They were treated with BAL and/or DMSA. ”The trauma and pain 
associated with the injections, as well as the allergic reactions by some to the peanut oil used in its 
composition, prompted the physicians to consider the water-soluble form of the antidote which 
could be given i.v.“<1130>. The particularly serious cases were given i.v. DMPS although the 
preparation has not been granted a marketing authorisation by the FDA. Special authorisation 
was, therefore, required<1130>. The symptoms improved and the patients were saved<177,1117,1444>.  
In Canada, an unknown number of people drank coffee assumed to be poisoned with sodium 
arsenite. Treatment with 100 mg oral DMPS t.i.d. was initiated more than two weeks after the 
criminal attempt in 33 patients whose As concentrations in the urine exceeded 50 µg/L (the highest 
value measured was 1,121.8 µg/L). Eight of them developed skin reactions one week after the 
start of treatment. Four of these had to be admitted to hospital and Stevens Johnson syndrome 
was suspected in two of these patients. Treatment was, therefore, withdrawn. All patients 
recovered and the arsenic concentrations were within the normal range<975a>. 
Unpublished case reports also confirm the positive effects of DMPS on arsenic poisoning<598>. Two 
patients who had taken lethal doses of arsenic with suicidal intent were treated shortly after 
ingesting the poison. As DMPS was not immediately available in the clinic and because of the 
acute situation, preference was given to a chelating agent for parenteral administration. Hence 
dimercaprol was initially used but was then replaced by DMPS. In addition to drug therapy, the 
patients were simultaneously treated with haemodialysis and haemoperfusion to remove the 
poison. Both cases recovered without complications<586>. 
One male patient with acute arsenic poisoning was given DMPS from the outset. Due to the unce-
rtainty about the quantity of arsenic 
ingested (initial As concentration in 
the urine of 200 µg/L was known 
only sometime later), the patient was 
given 14 g (!) of oral DMPS on each 
of the first two days in divided daily 
doses. This case also recovered 
without complications<586>. 
A male patient exhibited typical 
symptoms of arsenic poisoning 5½ 
weeks after ingesting the arsenic 
after recovering from the acute 
phase. A gradual improvement in the 
patient’s clinical condition was 
observed during approximately 4 
weeks’ treatment with DMPS with 
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slowly falling arsenic concentrations in the urine<586>. 

A 33 year-old female accidentally took an ointment containing 1,850 mg arsenic trioxide, which 
was several times the lethal dose. Within 3 hours, she developed burning sensations in the mouth, 
nausea, dizziness, diarrhoea and abdominal pain. She was admitted to hospital 100 hours after 
swallowing the poison. She was given DMPS (250 mg i.v., 4 times a day for 2 days, 250 mg i.v. 
t.i.d. for 2 days and 250 mg i.v. b.i.d. for 23 days) in addition to active charcoal. 12-hour haemodia-
lysis was also carried out at the same time. The patient recovered completely and the 
development of serious, neurological symptoms could be avoided<800>. 

 
7.2.3.3. Chronic poisoning 
The most important stage in chronic poisoning is to stop exposure. Otherwise the effect of DMPS 
therapy is only transient and devoid of long-term efficacy<850>. With delayed onset of treatment, 
melanosis can be prevented but keratosis remains unchanged<1253>. 

The efficacy of DMPS on chronic arsenic 
poisoning was confirmed in a prospective, 
placebo-controlled study involving patients 
whose drinking water was contaminated 
with arsenic (As > 50 µg/L). Eleven patients 
were treated with oral DMPS in three 
courses of treatment. Treatment with 400 
mg DMPS per day for one week followed a 
treatment-free week. Ten control patients 
received placebo instead of DMPS. All vo-
lunteers received clean drinking water 
during the study so as to avoid any new ex-
posure. No adverse reactions were reported 
with DMPS. The haematological parame-
ters tested were unchanged after treatment. 
DMPS increased the excretion of arsenic in 
the urine, particularly during the first course of treatment. It also led to an improvement in the 
clinical symptoms (significant improvement in the scores compared to the placebo group)<916,917>. 
Weakness, neuropathy and lung disease-related symptoms particularly improved. Urea, creatinine, 
cholesterol, triglyceride and protein levels were equivalent to those recorded in the controls<606>. 
Histological changes in the skin biopsies were unaffected in the DMPS, DMSA and placebo 
groups<917,1125>. DMSA had no effect on clinical symptoms in a study conducted in parallel<916,918>. 
The change in the scores corresponded to that observed in the control group<916>. The symptoms 
may already have been irreversible or the 7-week observation period too short in order to eliminate 
the effects of an average of 22 years’ exposure to arsenic. As early as possible onset of treatment 
therefore appears to be essential. 
Two patients suffered from chronic arsenic poisoning through the use of an 'alternative' medicine. 
The arsenic could be eliminated by DMPS and the neuropathy improved<95>. The neuropathy was 
already irreversible in one other case<711>. 
Ninety patients with arsenic-induced periodontitis were treated locally with DMPS. The symptoms 
disappeared more rapidly than in the controls who were treated with water, camphor or clove 
oil<1139>. 
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Arsenic excretion in the urine during DMPS therapy (2 
patients) and placebo<917> 

Conclusion: 
In laboratory animal experiments, DMPS increased the survival rates on acute poisoning with 
various arsenic compounds. DMPS therapy was also effective in the case reports published.
The onset of serious neurological symptoms can be avoided when treatment is initiated early at 
a sufficiently high dose. DMPS is thus suitable for the treatment of acute arsenic poisoning 
even if it is not the drug of choice. 
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7.2.3.4 Poisoning with chemical warfare agents containing arsenic 
In the year 2000, the storage of 6,745 tonnes of lewisite was reported to 
the Organisation for Prohibition of Chemical Weapons<175>. “Arsenic-
containing irritants cause severe damage to the skin and mucosa and lead 
to general organ failure following systemic ingestion“<1010>. British-Anti-
Lewisite (BAL) is<1233> or was the standard treatment for poisoning with 
arsenic-containing warfare agents. Many countries still keep supplies for 
this purpose, even today<52>. 
DMPS has proved to be an effective antidote<334,347a> on absorbed intoxication with arsenic-
containing warfare agents such as lewisite<334,708>, phenylarsinic dichloride, ethyl arsinic dichloride 
or methyl arsinic dichloride, and can alleviate the systemic effects of lewisite<628>. As it is less 
toxic<703,1233>, DMPS is better tolerated than BAL<1000> and can be administered orally <798,1233> or 
via the i.v. route<1233>. DMPS is also superior in terms of efficacy<106,1026> ,“DMPS proved the most 
potent and BAL the least potent drug“<1026>. Although clinical uses of DMPS on poisoning with 
arsenic-containing warfare materials have not yet been published, various authorities and 
organisations discuss their use, e.g. 

• WHO<1233> 
• the Scientific Committee for Human Medicines (CPMP – Committee for Proprietary 

Medicinal Products) of the European Agency, EMEA<1011> 

• the German Bundeswehr (Federal Armed Forces)<703,1012>, which hold supplies of DMPS 
for this purpose<334,347a> 

• German Katastrophenschutz (Disaster Control)<334> 
• the Swedish Socialstyrelsen(National Board of Health and Welfare)<1556>  
• the Australian Emergency Management<1026> 
• the Austrian Feuerwehr (Fire Brigade) and medizinische Erstversorgung  (Emergency 

Medical System)<1541,1627> 

In investigations of “Suspected Armament Contaminated Soils“ where arsenic-containing warfare 
materials may be found, DMPS should be readily available <1176>, which, in reality, is not always 
the case. “Adequate supplies of antidote, including DMPS amongst others, is, however, a 
problem“<456>. 
The recommended treatment regimen depends on the nature and severity of the poisoning. The 
following treatment is recommended for intoxication with arsenic-containing warfare 
gases<732,798,1541,1627>: 

Mild absorptive poisoning:  ⇒ 200 mg oral DMPS t.i.d. 
Severe absorptive poisoning: ⇒ 200 mg i.v. DMPS or 400 mg oral DMPS  
  100 - 200 mg i.v. DMPS every 2 hours 
  or 200 - 400 mg oral DMPS  
  gradual reduction in the daily dose 

The Scientific Committee for Human Medicines (CPMP – Committee for Proprietary Medicinal 
Products) of the European Agency, EMEA, recommends the following dosage schedule: 

• First 48 hours: 250 mg every 3-4 hours 
• Next 48 hours:  250 mg every 6 hours 
• Next 14 days:  250 mg every 8 hours. 

The antidote should be administered orally or intravenously in physiological saline solution<1011>. 
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Conclusion: 
DMPS increases the urinary excretion of arsenic. If treatment is initiated before the symptoms 
are irreversible, the clinical symptoms of poisoning improve. DMPS is, therefore, also an 
antidote for the treatment of chronic arsenic poisoning. Very few reports are, however, available.



 

www.heyl-berlin.de                    - 159 - 

Other treatment recommendations for systemic intoxication are provided in the literature: 
• 200 mg i.v. DMPS t.i.d.<703> 
• initially 2 to 4 Dimaval capsules (depending on the severity of the poisoning<456>) and 1-2 

capsules every 2 hours thereafter<456,1000> 
• 250 mg i.v. every 3-4 hours<1000> 

 
7.2.3.5.  Poisoning with arsenic hydride (Arsinic AsH3) 
 “Accidental inhalation of the highly toxic gas, arsenic, leads to massive haemolysis within a few 
hours, the first sign of which is red-stained urine“<1010>. It can also quickly lead to kidney failure<55>. 
There is no special therapy for the treatment of arsenic poisoning<732,1419,1506>. DMPS can be 
administered on arsinic poisoning but is only of limited effect and does not replace the essential 
exchange transfusion and haemodialysis<1103>. According to other authors, DMPS is not indicated 
or is even contraindicated<573,663a,702,839a,1018,1039,1506> on arsinic poisoning. 
A 32 year-old employee attended hospital with red-stained urine half a hour after accidental AsH3 
exposure. Following an exchange transfusion with 1 L of blood, arsenic levels on the following 
evening were 1,122 in the whole blood and 358 µg/L in urine collected over 6 hours. 110 µg/L lead  
and 15 µg/L antimony were also measured in the urine. After several days’ “stimulation“ with 
DMPS, the arsenic concentration in the urine increased to 3,000 – 5,600 µg/L. The patient 
recovered after subsequent exchange transfusion, haemodialysis and intubation, and was 
discharged after 4 weeks for outpatient follow-up<542>. 

 
7.2.3.6 Influence on arsenic metabolism 

 
After ingestion of a normally lethal dose of arsenic (As(III)) and immediate administration of DMPS, 
the quantity of arsenic excreted via the kidneys was predominantly unchanged as trivalent As. 
As(V) and MMA were also detected. Like in laboratory animal experiments, DMPS also prevents 
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Arsenic excretion in the urine following acute poisoning 
with arsenic following high doses of DMPS therapy<574> 
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Excretion of As and its metabolites following single, 
oral administration of 300 mg DMPS to exposed 
volunteers in South America<54,55> 

Conclusion: 
Case reports on the clinical use of DMPS on poisoning with arsenic-containing warfare gases 
have not been published to date. In laboratory experiments, the antidote prevented the fatal 
effect of lewisite. DMPS is, therefore, recommended by various organisations for the treatment 
of lewisite poisoning, whereby treatment should be initiated as early as possible given the rapid 
onset of efficacy of the warfare gas.  

Conclusion: 
Arsinic poisoning is primarily treated by exchange transfusion and haemodialysis. DMPS can 
also be administered to promote the excretion of arsenic. 
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the formation of DMA in humans. Arsenic bound to DMPS is obviously no longer 
methylated<500,574>. A reduction in DMAV to MMAIII via DMPS was ruled out under experimental 
conditions<828>. 

On chronic exposure, As is chiefly excreted 
as DMA<828>. The arsenic excreted in the 
urine comprises 10-15% inorganic arsenic, 
10-15 % MMA and 60-80 % DMA<121>. In 
contrast, MMA predominated with DMPS<828>.  
A mono-methyl arsenic-DMPS complex was 
also detected in the urine during DMPS 
therapy following exposure to inorganic 
arsenic<500>. 

Volunteers from South America<54,55> or inner 
Mongolia<53> exposed to chronic arsenic 
through contaminated drinking water (593 
µg/L and 568 µg/L) excreted most of the 
arsenic as DMA. Following administration of 
DMPS, MMA (total of MMAIII and MMAV) 

increased in particular but levels of inorganic arsenic and DMA also rose. After 2–4 hours, the 
three metabolites were present in similar quantities. Thereafter, DMA again predominated<54>. 
DMPS obviously prevents the binding of DMA or promotes the excretion of MMA. As shown in in-
vitro investigations with isolated enzymes, the DMPS--MMAIII complex is not a suitable substrate 
for MMA-methyltransferase and is excreted in the urine. Any reduction from MMAV to MMAIII via 
DMPS could be ruled out<53>. 
 
7.2.4 Au - Gold 
Gold intoxication damages in particular the kidneys (nephritic syndrome), skin (allergic reactions 
and dermatitides) and the bone marrow<166>. DMPS is recommended as an antidote for gold 
poisoning<29,1061> - especially in the event of persistent symptoms and severe poisoning<1560>. In 
the sodium aurothiomalate summary of product characteristics, it is listed as an antidote for the 
treatment of overdose<1003>. 
Presumably toxic effects following gold treatment for polyarthritis were treated with several days’ 
administration of DMPS in a 61 year-old female patient. Unfortunately, the authors do not 
comment on the dose administered or if treatment was successful<26>.  
In one patient with iatrogenic gold poisoning, DMPS therapy produced an increase in gold 
excretion. Nevertheless, the patient died of heart failure<95>. 

 

7.2.5 Be - Beryllium 
No specific treatment is known for chronic berylliosis. There are no clinical data regarding the use 
of DMPS on beryllium poisoning. Laboratory animal experiments, however, show that: “2,3-Dimer-
capto-1-propane sulfonic acid (DMPS) appears to be suitable for the treatment of acute 
exposure“<1542>. 
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Concentration of As metabolites in the urine of subjects 
from Mongolia following administration of DMPS<827> 

Conclusion: 
According to laboratory animal experiments, DMPS appears to be a suitable antidote for the 
treatment of gold intoxication. Unfortunately, no relevant clinical case histories have been 
published. 
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7.2.6 Bi - Bismuth 
Bismuth is a non-essential metalloid<733>. Its compounds are an active substance of various 
gastritis- and ulcer agents and are used in the treatment of Helicobacter pylori. Chronic admi-
nistration of high doses and ingestion with suicidal intent can lead to bismuth intoxication. The 
metalloid thus accumulates essentially in the kidneys, lungs, liver, brain and muscles. Arrhythmias, 
liver damage and impaired kidney function culminating in reversible liver failure and encephalo-
pathies may develop at high doses. The biological half-life is 20-30 days<121,1436>. DMPS therapy is 
recommended for overdose in the Angass®,  De-NolTM and Telen® summaries of product charac-
teristics<1013,1014,1038>. In addition, radioactive bismuth 213Bi develops as a daughter element on α-
degradation of 225Ac, which is used bound to monoclonal antibodies for radioimmunotherapy<648>. 

Bismuth levels of >100 µg/L in the blood are considered 
as the lower toxic limit<1103>. 

DMPS is recommended in the treatment of bismuth 
intoxications<29,1061> and is even described as the drug of 
choice<30>. Treatment with the chelating agent, DMPS, 
has proved effective in chronic poisoning with bismuth 
compounds<1013>. ”We conclude that DMPS is effective 

in eliminating bismuth, and should be considered as a chelating agent for bismuth poisoning”<592>. 
”DMPS is effective for increasing urinary excretion of bismuth - DMPS in combination with 
haemodialysis is effective in reducing serum bismuth levels in patients with renal failure”<1021>. The 
administration of 250 mg i.v. DMPS increased bismuth excretion in the urine from 0.1 to 4.1 µg/L in 
one patient<612>. Haemodialysis is also indicated in the management of kidney failure<1038>.  
A 49 year-old woman with 5 years’ chronic bismuth abuse developed typical bismuth 
encephalopathy with advancing dementia, dysarthria and myoclonia  one week after increasing the 
dose. The Bi level in the serum was 550 µg/L (normal value < 5 µg/L). The bismuth preparation 
was discontinued and treatment with valproate and clonazepam introduced. DMPS was also admi-
nistered orally, albeit only at a daily dose of 100 mg, in order to increase Bi excretion. Despite a fall 
in the Bi level in the plasma and a marked increase in Bi excretion in the urine, the clinical symp-
toms deteriorated so that DMPS was stopped once again after 3 days. Over the next 3 weeks, the 
Bi level fell to 30.4 µg/L. This was associated with a continuous clinical improvement<1436>. 

A 22 year-old female Turk swallowed 5.4 g of colloidal bismuth sub-
citrate with suicidal intent. She was admitted to hospital as an emer-
gency two hours later. She initially developed oliguria (< 500 mg/dL), 
which deteriorated into anuria with elevated creatinine (7.8 mg/dL) 
and urea values (38.4 mg/dL) within three days. Ulcerated tonsillitis 
developed eight days after poisoning. Treatment with i.v. DMPS and 
concomitant haemodialysis were introduced 60 hours after ingestion. 

The time between the injections was thus successively prolonged. The patient received 28 
injections with a total of 7 g DMPS over eight days. During 
therapy, the Bi level in the serum fell from 640 µg/L to 15 µg/L 
within 6 days. In the dialysate, the Bi concentration fell from 
66 µg/L to < 2 µg/L. Kidney function was reinstated after 10 
days with the elimination of Bi. The intervals between the 
dialyses were extended. Haemodialysis was stopped 14 days 
after it was started. At the follow-up examinations performed 
after 6 and 12 weeks, kidney function had returned to normal 
and the tonsils had healed. According to the Swiss authors: 
”Treatment with the chelating agent DMPS in combination 
with haemodialysis is highly effective in reducing the serum bismuth level in patients with acute 
renal failure”<614,615>. 
Twenty-four subjects, who had been treated with a colloidal bismuth-containing antacid for 28 
days, received a single dose of 30 mg/kg DMPS or DMSA. The high doses were tolerated without 
any problem. Both chelating agents increased renal Bi excretion about 50-fold, whereby the 
greatest proportion was excreted within the first four hours. During DMPS therapy, bismuth levels 
in the blood remained virtually unchanged, increasingly continuously with DMSA during the period 

 Blood Urine 
Therapeutic < 0.1 µg/L 0.8-1.6 µg/L 
“Warning range“ To 50 µg/L  
Toxic > 50-100 µg/L  
   

Reference values for bismuth<121> 

CO2

OH

BiO

 
Bismuth subcitrate 

Day 1 - 2 250 mg DMPS i.v. every 4 
hours 

Day 3 - 4 250 mg DMPS i.v. every 6 
hours 

Day 5 - 8 250 mg DMPS i.v. every 12 
hours 

  

Dosage regimen for DMPS<615> 
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of investigation (4 hours). DMSA obviously led to a redistribution of bismuth from the tissue into the 
blood<1355>. DMPS appears to be the more effective chelating agent for bismuth poisoning 
considering the lower bioavailability of DMPS compared to DMSA. In contrast, DPA did not 
increase the urinary excretion of bismuth<1060>. 

Confusion and tremor developed within 2 weeks in a 66 
year-old man following treatment of an extensive wound 
with a bismuth-iodoform-paraffin paste. Bismuth concen-
trations increased to 340 µg/L and 2,800 µg/L in the blood 
and urine, respectively. The paste was discontinued and 
DMPS introduced for a total of 61 days. The antidote was 
initially administered via the i.v. route and thereafter, orally. 
Confusion and tremor improved continuously. Bismuth 
levels reverted to normal within 55 days. Kidney function 
was never affected<300>. 

Treatment with 4 x 200 mg DMPS/day was administered to 
a 30 year-old man one day after ingesting 4.8 TBD. After 

10 days, the dose was reduced to 2 x 200 mg DMPS daily and treatment continued for a further 10 
days. The original bismuth level of 424 µg/L in the blood fell to 17 µg/L on administration of the 
antidote. Similarly, urine levels decreased from 10,000 µg/L to 37 µg/L. Treatment was well 
tolerated and bismuth-induced kidney failure was prevented<301>. 
A 68 year-old man with restricted kidney function inadvertently took twice the quantity of a 
bismuth-containing antacid, TBD (tripotassium-bismuth(III) dicitrate, 864 mg Bi/d). The bismuth 
content of the blood rose to 880 µg/L. Clinical symptoms of encephalopathy (cerebral dysfunction, 
hallucinations and ataxia) developed. After withdrawing the bismuth therapy, the bismuth blood 
level fell slowly. With oral administration of 100 mg DMPS daily, the renal clearance could be 
increased 10-fold from 0.24 to 2.4 ml/min despite limited kidney function. The bismuth level within 
50 days from 800 to 46 µg/L, whereby the fall at the time of the DMPS therapy was steeper. 
Cerebral dysfunction improved completely and the EEG no longer showed any discrepancies. No 
adverse reactions were observed<95,592,1166>. 

A 44 year-old patient quickly developed kidney failure after a single dose of 12 g TBD. The 
bismuth level in the blood was reduced within 11 days from 960 µg/L to 36 µg/L by administration 
of DMPS and haemodialysis. Symptoms of encephalopathy did not occur<592>. 

A 21 year-old man developed anuria with se-
rum creatinine level of 837 µmol/L 48 hours 
after an overdose of TBD. Further symptoms 
were nausea, diarrhoea, vomiting and exhau-
stion. The bismuth level in the blood was 590 
µg/L (normal range 1 – 15 µg/L). After initial 
treatment with active charcoal and oral poly-
ethylene glycol as well as i.m. BAL and dialy-

sis, therapy was switched to DMPS. In contrast to BAL treatment, this resulted in significant bis-
muth excretion. Daily haemodialysis (1 hour after i.v. administration of DMPS) was continued.  
From the 8th day, urine excretion returned and, on the 13th day of treatment, dialysis could be 
stopped. Within the first six days, the Bi level in the blood was reduced to less than 50 µg/L<1394>. 
In a 13 year-old girl, treatment with DMPS (30 mg/kg/day, oral) was introduced for 10 days 24 
hours after ingestion of 24 tablets containing a total of 2.88 g bismuth subcitrate. This was followed 
by 10 m/kg DMPS per day for 9 days. The Bi serum level fell rapidly from 300 µg/L (4 hours after 
ingestion) via 14 µg/L (48 hours after ingestion) to 8 µg/L (72 hours after ingestion). No adverse 

5 mg DMPS/kg BW i.v. every 6 
hours 

  5 days 

5 mg DMPS/kg BW i.v. every 8 
hours 

  5 days 

5 mg DMPS/kg BW i.v. every 12 
hours 

17 days 

200 mg DMPS oral every 8 
hours 

10 days 

200 mg DMPS oral every 12 
hours 

14 days 

  

Dosage regimen for DMPS<300> 
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reactions were observed. Thanks to early onset of treatment, the girl remained asymptomatic and 
dreaded kidney failure could be prevented. ”This treatment appears to be safe and should be 
considered in all cases of significant bismuth overdose. In this case it is likely that renal failure has 
been avoided by the early use of chelation therapy”<188>. 
From the experience gained with this patient, Stevens et al. recommend the following treatment for 
overdose with colloidal bismuth<1394>: 

1. Gastrointestinal lavage with addition of active charcoal and polyethylene glycol 
2. Determination of the bismuth level 
3. Early administration of DMPS (250 mg i.v. every 4 hours), haemodialysis (membrane with 

large pores), dialysis for at least 6 hours. Continue dialysis until kidney function is again 
normal. 

4. Continuation of DMPS therapy with 500 mg daily orally for 14 days (subdivided into two 
doses) 

 
 
7.2.7 Cd - Cadmium 

Cadmium is a non-essential heavy metal<63,383a1504>. 
It is used in colour pigments, batteries, for galvani-
sing and in corrosion protection products<63,1543>. It is 
also used in large quantities in the tobacco indu-
stry<63,181>. Hence smokers have high cadmium 
concentrations in their blood and urine levels<121,575b,1543>. Pregnant 
smokers also have higher concentrations of cadmium in their amniotic 
fluid than non-smokers<481>. 

In the general population, the dietary intake of cadmium (potatoes, 
wheat, certain types of mushrooms, liver and kidneys) accounts for 
approximately 90 % of the overall intake<1398>. 

Between 5 and 15 % of orally ingested cadmium is absorbed (on iron 
deficiency). Between 30 and 60 % are inhaled<1543>. Cadmium has a 
half-life of approximately 100 days in the blood and 10 – 30 years in the 
tissues. It therefore continuously accumulates in the body with age<1543>. “Cadmium concentrations 
in the urine depend considerably on age“ and increase with advancing age<471,1398>. 
Cadmium is preferentially stored in the liver and kidneys<181,1376>.  It has a biological half-life of 10 
– 20 years in the kidneys<1376>.  

The critical organs for cadmium exposure are the kidneys (tubules), lungs and bones<121,343>. In 
addition, embryotoxic effects<343> and an increased risk of lung cancer following years of high-level 
exposure<1398> have been demonstrated. The half-life in humans is between 16 and 33 years<63,121> 

 Whole blood Urine 

Non-smokers without 
occupational 
exposure 

Up to 1.0 µg/L 
Ø 0.5 µg/L 

Up to 1.0 µg/L 
Ø 0.3 µg/L 

Smokers without 
occupational 
exposure 

Up to 3.0 µg/L 
Ø 1.0 µg/L 

Up to 2.0 µg/L 
Ø 0.5 µg/L 

Recommended limit 
value following occu-
pational exposure 

15 µg/L 15 µg/L 

   

Reference and limit values for cadmium<1398> 

No. of 
cigarettes/day 

Cd in the 
blood(µg/L) 

<5 0.40 
5-10 0.74 
10-20 0.88 
>20 1.07 

  

Effect of daily cigarettes on 
Cd blood levels<1549> 

Conclusion: 
DMPS is an effective antidote in the treatment of acute and chronic bismuth poisoning. Blood 
levels are reduced and clinical symptoms either regress or do not appear in the first place.
Efficacy is recognised by the various marketing authorisation authorities, which, according to 
the summary of product characteristics for bismuth preparations, have approved the treatment 
of DMPS for overdose. 

HBM I  (Men) 1 (children) or 3 µg/g crea (urine)  
HBM II  3 (children) or 5 µg/g crea (men) 
Reference values:  adults < 1 g/g crea (urine) 
(Background exposure) children < 0.5 µg/g crea (urine)<1288> 
Reference values:  adults < 1.0 g/L (blood) 
(Background exposure) children < 0.5 µg/L<1288> 
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The symptoms of chronic poisoning following oral cadmium 
ingestion are: exanthema, kidney damage (tubular dysfunction, 
proteinuria), gastroenteritis, mineral metabolism disorders, 
osteoporosis (Itai-Itai disease), gingivitis and central nervous 
disorders<121,166,1398>. 

According to the DGAUM<1398,1542,1543> guidelines and the opi-
nion of certain scientists<178,286,1560>, there is no causal therapy 
for chronic cadmium intoxication. The administration of com-
plex-forming agents such as EDTA, DMPS, BAL or DPA is 
contraindicated due to cadmium retention in the kidneys. 
DMPS is “not used for cadmium removal”<839a>. 

A single oral dose of 300 mg DMPS did not alter cadmium 
levels in the blood and urine in non-exposed subjects<583>. 

Other investigations revealed an increase in Cd excretion<1191>. With a 2-fold increase, this was, 
however, substantially less than that observed with other heavy metals and is an indication of the 
inadequate efficacy of DMPS in the management of cadmium poisoning. A woman who had 

worked for many years in a cadmium 
processing plant exhibited various symptoms 
of cadmium poisoning. Cd excretion in the 
urine rose from 1.8 to 4.2 µg/L after 
administration of DMPS<305,306>.  
Cadmium can be mobilised only to a slight 
degree by DMPS<87,1532> because of its intra-
cellular<87,478,481>  and especially firm binding to 
metallothioneins<519> . Treatment is, therefore, 
effective only when introduced at an early 
stage. ”Chelation therapy can be very effective 
in cadmium (Cd) intoxication if started imme-
diately after incorporation of the metal but 
loses its efficacy if started only one hour after-
wards“<1205>. Markedly higher quantities of 
cadmium are excreted following combination 
therapy with DMPS and Zn-DTPA (both i.v.) 

compared to DMPS alone<180>. 

Age Cd levels 
in the 
urine 

before 
DMPS 

Cd levels in 
the urine 

after DMPS 

≤ 24 years 0.20 0.34 
25 - 29 years 0.25 0.42 
30 - 34 years 0.28 0.49 
≥ 35 years 0.33 0.59 
   

Age-dependency of renal Cd excretion 
(in µg/g crea) before and 2 hours after 
oral administration of DMPS (10 mg/kg 
BW)<471,478> 

Volunteers Cd excretion Type of mobilisation test Literature 

n Patients Before 
DMPS 

After 
DMPS Unit Increase Dose of 

DMPS 

Admi
nistrat
ion of 
DMPS 

Collecti
on 

period 
 

85 
Women with a history 

of abortion 0.32 0.54 µg/g crea 1.7 10mg/kg BW oral 2 h 228 

398 
Women without a 
history of abortion 0.26 0.44 µg/g crea 1.7 10mg/kg BW oral 2 h 228 

32 Women 0.31 0.59 µg/g crea 1.9 10mg/kg BW oral 2 h 474 
32 Women 0.24 0.53 µg/g crea 2.2 10mg/kg BW oral 2 h 474 

501 Women 0.40 0.70 µg/g crea 1.8 10 mg/kg BW oral 2 or 3 h 
471, 479, 

480 

111 
Women with a history 

of abortion 0.52 0.86 µg/g crea 1.7 10 mg/kg BW oral 2 h 470           
Increase in cadmium excretion via the urine following a single dose of DMPS in various patient or control groups 
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7.2.8 Co - Cobalt 
Cobalt is mainly used in the steel industry. Its compounds are also used as catalysers and 
coloured pigments, amongst other things.  
Cobalt is an essential heavy metal (vitamin B12), but is toxic at higher quantities. In addition to 
reduced activity of the thyroid gland and goitre formation, cardiomyopathy has also been 
discussed as a symptom<124>. Furthermore, foetotoxic<343> and carcinogenic<124,1543> effects are not 
ruled out. Absorption in the gastrointestinal tract depends on the solubility of the cobalt compound 
and is normally between 5 and 20 %. Cobalt is chiefly stored in the liver and kidneys. 80 to 90% 
are excreted with a half-life of a few days<124>. The reference values for cobalt in the urine and 
blood are < 1.0 and < 0.9 µg/L, respectively<1288>. 
For normal subjects, food is the main source of cobalt intake<124>. DMPS is recommended as an 
antidote to cobalt poisoning<306,1388>. After cobalt poisoning, it increased the cobalt excretion<707>. 
The cobalt content in the urine of patients receiving DMPS was higher than that recorded in 
patients not treated with a chelating agent<180>. 
Two children aged 2 years 9 months and 5 years who suffered acute cobalt poisoning through 
swallowing a cobalt compound from a chemical experiment kit were initially treated with 25 mg D-
penicillamine/kg BW. From the 5th day, treatment was switched to 50 mg DMPS p.o. t.i.d. The 
cobalt level in the serum initially rose slightly, presumably due to the increased mobilisation of the 
heavy metal from its deposits. Treatment was continued until the cobalt excretion in the urine was 
again within the normal range. The children survived the acute intoxication without complications 
and without myocardial damage<586,963>. 
DMPS was administered to a 14 year-old boy about 16-20 hours after swallowing the poison. After 
initially high serum (up to 1,360 µg/L) and urine concentrations (up to 26,400 µg/L), there was a 
marked fall in the cobalt level within a few days. The course of the poisoning was without 
complications apart from vomiting, and there were no symptoms of intoxication<586>. 

 

7.2.9 Cr - Chromium/chromate 
Chromium is an essential heavy metal. The daily requirement is approximately 50 µg<166>. It is 
important for the release of insulin from the islets of Langerhans<1041>. Chromium is used as an 
alloy constituent in steel, in electroplating and as a component in dyestuffs and pigments<1543>.  
Cr(VI), which is reduced to Cr(III) in the body, is toxicologically significant such that Cr(III) is mainly 
nd in the urine<1543>. Cr(VI) mainly irritates the skin and mucosa (eczema, tumours). “Chromate 
asthma” is known to develop in chronic poisoning. Chromate (especially zinc chromate ZnCrO4) is 
carcinogenic (bronchial cancer). Cr(III) and Cr(VI) are also two of the most common contact 
allergens<166,1543>. 

Conclusion: 
No reports on the treatment of cadmium poisoning with DMPS are available. According to 
results obtained in laboratory animal experiments, DMPS is unsuitable in such cases. This is 
also confirmed by cadmium mobilisation studies. The DMPS-induced increase in cadmium 
excretion in the urine is relatively small and substantially lower than the values recorded for 
arsenic, lead, copper or mercury.  

Conclusion: 
In laboratory animal experiments, DMPS proved to be a suitable antidote for the treatment of 
cobalt intoxication. This is corroborated by the three known case histories. The information 
provided is not, however, sufficient for a final evaluation to be made. 



 

- 166 -  www.heyl-berlin.de 

The biological half-life of chromium is in the region of several weeks. The normal value in the urea 
for the general population is 0.5 µg/L. The EKA value for chromium is 20 µg/L<1543>. 
The administration of DMPS is a possibility for treating poisoning with chromium<350,610,611,1542>. 
Immediate treatment with DMPS, high doses of vitamin C and N-acetyl-cysteine are recommended 
on chromate poisoning<1276> (reduction of Cr(VI) to Cr3+). The chromium content of the urine in 
patients receiving DMPS was higher than in patients not receiving a chelating agent<180>. 

Sixty-seven patients with early symptoms of chromium poisoning were treated with DMPS and 
“endonasal electrophoresis”. The chromium excretion in the urine rose and the clinical symptoms 
improved<1583>. 
A 20-year old swallowed 10 to 30 g of potassium dichromate, which is several times the lethal 
dose, with suicidal intent. Chromium concentrations of 3.8 mg/L in the plasma and 159 mg/L in the 
urine were measured at the start of treatment. Despite rapid hospital admission with immediate 
gastric lavage, the fatal outcome of the intoxication could not be prevented by various dialysis 
procedures and initiation of DMPS therapy (250 mg DMPS i.v. every four hours, starting, however, 
only 13 hours after admission to hospital!). The cell damage caused by the high oxidation potential 
of dichromate was already irreversible. The chromium levels found in various organs on autopsy 
were more than 1000 times higher than normal<292,1186>. 
A 49 year-old female patient developed metabolic acidosis 
and kidney and liver failure as well as corrosive damage in 
the digestive tract following ingestion of 17 g potassium 
dichromate (K2Cr2O7) with suicidal intent. The following Cr 
values were measured on admission to hospital: Whole blood 
13,000 µg/L, serum 7,000 µg/L, urine 60,000 µg/L. With intensive therapy (exchange transfusion, 
administration of DMPS, haemofiltration, continuous venous haemofiltration CVVHD, albumin 
dialysis), the next few days could be bridged and, after 7 days a transplant carried out due to liver 
failure. Before the operation,  Cr levels in the whole blood had fallen to 1,900 µg/L and in the 
serum to 600 µg/l. Overall, 225 mg Cr were eliminated. 183 mg extracorporeal procedures, 21 mg 
faeces, 15 mg exchange transplantation, 6 mg urine so that the transplant was not damaged 
again<400,404>. 

A 42 year-old man sustained skin abrasions in an accident with his tanker. He was also covered 
with tanning solution (CrO3, As2O3, CuO). He suffered from headaches, hypertension, excitation 
and conjunctivitis. Four hours after exposure, the urine level of As was 1,650 and of Cr 870 µg/L. 
The serum, Cu concentration was within the normal range. 320 mg BAL i.m. and 200 mg DMPS 
were initially administered followed by 6 x100 mg DMPS daily (the method of administration is not 
stated) for 14 days. During this therapy, which was well tolerated, As excretion via the urine fell 
exponentially with a half-life of 17.1 hours. The half-life for chromium was 48.2 hours. In the 
interim, a transient rise in aspartate-transaminase (AST) levels was observed. The blood picture 
and kidney and liver function were unchanged<1241>. 

A worker fell into the chromic acid 
bath of an electroplating form and 
swallowwed some of the liquid. High 
dosed oral treatment with DMPS was 
initiated within an hour in addition to 
forced diuresis. The dose was 
gradually reduced (12 x 2 capsules/ 
day for 5 days, 4 x 2 capsules/day for 
5 days and 2 x 2 capsules/day for 14 
days). The excretion of chromium in 
the urine rose drastically and reached 
a peak with 13,614 µg/mL, 14 hours 
after the start of therapy. The patient 
survived despite a serum level of 
5,850 µg Cr/L and short-term anuria 
(dialysis). Approximately half is nor-
mally considered to be the fatal 
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Cr Haemofiltration clearance 
Without DMPS:  31.2 –  56.6 mL/min 
With DMPS:  21.3 –  46.0 mL/min 
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limit<350,611,649,925>. 
In Taiwan, a 22 year-old worker developed multiple organ failure despite adequate treatment with 
fluid, after falling into a dichromate tank. Through intensive medical care (ventilation, 
plasmapheresis and haemofiltration) and the administration of DMPS and N-acetyl cysteine, the 
patient’s condition initially stabilised and he was discharged without any long-term damage after 33 
days<846>. 

One hour after accidental ingestion of a dyestuff containing SrCrO4, a 15 month old boy vomited 
profusely. The Cr level in the whole blood was 390 µg/kg (reference value < 1 µg/kg). The child 
remained asymptomatic during treatment with vitamin C (1 g/day) and DMPS. Kidney function 
parameters remained normal with only a slight rise in GOT levels. Chromium levels fell to 6 
µg/kg<647,652> during DMPS therapy of 4 months’ duration. 
Pudill et al. recommend the following treatment on acute poisoning with bichromate<1186>: 

 
 
 
 

 
 
7.2.10 Cs - Caesium 
The caesium content in the urine of patients receiving DMPS corresponded to that recorded in 
patients not treated with a chelating agent. No higher values were recorded during combination 
therapy comprising DMPS + Zn-DTPA or DMPS+DMSA+Zn-DTPA<180>.   

 

7.2.11 Cu - Copper 
After iron and zinc, copper is the third most com-
mon essential trace element. The recommended 
daily allowance for adults is 2 - 4 mg Cu<166>. 
Between 50 and 120 mg are present in the body 
of an adult. Copper is important for the haem 
synthesis and absorption of iron, amongst other 
things<125>.  

Absorption following oral ingestion of copper 
differs from one individual to the next, varying bet-
ween 15 and 97 %. Between 65 and 70 % of the 
copper contained in food are usually absorbed. 
Approximately 2 mg are thus ingested daily. The 

1. Elimination of poison through gastric lavage 
2. Administration of charcoal and magnesium oxide 
3. Introduction of DMPS antidote therapy as soon as possible 

 Initial dose with 250 mg i.v. 
 Followed by 250 mg i.v. every 4 hours for 24 hours 
 Then 250 mg i.v. every 6 hours  

4. Continuous arteriovenous haemofiltration 

 
Copper excretion in the urine (mg/g creatinine) after 
oral administration of 10 mg DMPS/kg BW<481> 

Conclusion: 
On poisoning with Cr(VI), rapid administration of a reducing agent, e.g. high doses of vitamin C, 
is essential in order to reduce the highly toxic Cr(VI) to Cr(III) The addition of DMPS also has a 
reducing effect. Furthermore, it increases chromium excretion in the urine. Poisoning with a 
lethal clinical course can normally be controlled, even in children, with this treatment supported 
by extracorporeal elimination procedures, as required. 

Conclusion: 
DMPS is not effective on poisoning with stable or radioactive isotopes of caesium. Berlin blue 
(Radiogardase®-Cs) is the drug of choice for this type of poisoning.
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greatest concentrations are found in the liver (18 – 45 mg Cu/g dry weight), bile, brain, heart and 
kidneys. Copper is excreted via the faeces (1 – 2 mg/day) and the urine (40 – 50 µg/day)<125>. 
Toxic effects may appear if more than 1 g of copper salts is ingested. 10 to 20 g copper is 
generally fatal in an untreated adult. Massive haemolysis, kidney and liver dysfunction as well as 
rhabdomolysis have been observed as symptoms of acute poisoning<125>. Symptoms of chronic 
copper intoxication are: Impaired concentration, ataxia, severe tremor, headaches, depression and 
liver damage<318>. 
In addition to DMPS<43,179a,306,318,610,1263,1532,1629>, copper poisoning can also be treated with BAL, 
DPA or EDTA<351a>. ”Based on experimental studies, DMPS is probably the best chelator“<203a>. 
Treatment is generally recommended in symptomatic patients. In asymptomatic patients, however, 
the need for treatment is confirmed only by laboratory tests<351a>. DMPS can be administered as 
the 2nd treatment of choice when DPA is not possible<1506>. It increases copper excretion in the 
urine<76,306,324,480,481,1040>. The copper content in the urine of patients receiving DMPS was higher 
than that recorded in patients not treated with a chelating agent<180>. It has also displayed positive 
effects in heptolenticular degeneration<69> and has been used successfully<494>. It is thus an 
alternative to DPA<1021>. 
 
7.2.11.1 Mobilisation of copper 

 
DMPS increases the renal excretion of copper in humans. Both oral and i.v. administration trigger 
sometimes drastically increased copper values in the urine of humans with normal environmental 
exposure to copper, thus highlighting the efficacy of DMPS on copper poisoning. 

Volunteers Cu excretion Type of mobilisation test 

n Patients Before 
DMPS 

After 
DMPS Unit In-

crease 
Dose of 
DMPS  

Administra-
tion of DMPS 

Collection 
period 

Lite-
rature 

7 
With previous 

occupational Hg 
exposure 

16 173 µg/24h 10.8 300 mg oral 24h 1251 

31 Normal subjects 17.7 438 µg/g crea 24.7 300 mg oral 3-4 h 981 

31 
After amalgam 
removal and 

clearance 
11.1 293 µg/g crea 26.4 300 mg oral 3-4 h 981 

82 Patients 0.08 1,22 µmol/mol 
crea 15.3 300 mg oral 4 h 76 

36 Normal subjects 37 350 µg/g crea 9.5 300 mg oral ? 89 
36 Normal subjects 37 350 µg/g crea 9.5 300 mg oral ? 89 
29 Normal females 44 1.265 µg/g crea 28.8 10mg/kg BW Oral 2 h 474 

501 Normal females 39 1.378 µg/g crea 35.3 10 mg/kg BW Oral 2 or 3 h 471,474, 
480,  

6 Female patients with 
HELLP 59.7 1.969,8 µg/L 33.0 3 mg/kg i.v. 30-45 min 563 

? Patients 38.4 451,9 µg/L 11.8 3 mg/kg i.v. 30-45 min 563 

57 Children 68 2.072 µg/L 30.5 3 or 10 mg/kg 
BW i.v. or oral 45 min or 2 

h 1572 

34 Mothers 58 1.688 µg/L 29.1 3 or 10 mg/kg 
BW i.v. or oral 45 min or 2 

h 1572 

83 Normal subjects 37 1.545 µg/g crea 41.8 250 mg i.v. ? 89 
65 Normal subjects 96.6 806 µg/L 8.3 250 mg i.v. 45 min 143 
38 Neurodermatitis 29.1 550 µg/g crea 18.9 250 mg i.v. 45 min 637- 639 
7 Controls 1.18 232 mg/L 196.6  i.v.  722 

26 Patients with atopic 
eczema 1.35 550 mg/L 407.4  i.v.  722 

          
Increase in copper excretion in the urine following a single dose of DMPS in various patient or control groups 
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7.2.11.2 Acute poisoning 
A 3 year-old boy swallowed more than 3 g of 
copper sulfate. The initial copper concentration in 
the blood was 118 µg/L. Within one hour, gastric 
lavage was carried out and treatment with DMPS 
initiated. The copper level in the urine rose to more 
than 20-fold (maximum value 3,116 µg/L). The 
value fell to below the toxic limits within 24 hours. 
The serum level was always below toxicologically 
alarming values. The child could be discharged 
from hospital after two days<350,925>. 

 

 
 
 

7.2.11.3 Wilson’s disease 
Wilson’s disease (hepatolenticular degeneration), an autosomal, recessive inherited disease, leads 
to copper deposits in the liver, brain and other organs due to impaired copper transportation 
(excessively low ceruloplasmin concentrations). Clinical manifestations of the disease include 
mental and motor changes (dysarthria, dysphagia, ataxia and writing difficulties), haemolytic 
anaemia, renal disorders and fulminating liver failure<125>. DMPS “may be effective for Wilson’s 
disease”<839a>. 

A 13 year-old boy with Wilson’s disease did not tolerate either DPA 
(drug of choice) or trientine (1st alternative for DPA intolerance). He 
was, therefore, given DMPS (200 mg b.i.d.). Copper excretion was 
increased as a result from 2,000 to 3,000 µg a day and the plasma 
level fell. The cupuresis was comparable to that observed with DPA 
or trientine treatment. The copper concentrations in the plasma and 
urine during long-term treatment with DMPS were, therefore, 
markedly lower than in the treatment-free intervals and only 
marginally higher than with DPA or trientine treatment. Clinically, 
the child was well during the 2-year observation period<1522,1523>. In 
other patients, good copper excretion could be achieved <1523> by administration of test doses of 
DMPS. In 2 further patients, good cupuresis was also achieved. In these cases, however, treat-
ment had to be stopped due to adverse reactions<1523>. 
The efficacy of captopril and DMPS were compared in a clinical trial with 28 previously untreated 
youths presenting with Wilson’s disease (14 – 20 years old). Seven of the patients received i.v. 
DMPS for 8 weeks (20 mg/kg/day in 500 mL of a 5% glucose solution) and 7 were treated with 
DMPS and captopril combination therapy. DMPS significantly increased the urinary excretion of 
copper in all of the patients. The number of free SH groups in the serum rose simultaneously. A 
linear correlation therefore exists between copper excretion and the number of free SH groups. 
DMPS was more effective than captopril. The combination therapy did not show any advantages 
over DMPS therapy alone<1533>. 
After one week’s treatment with DMPS, liver function and fibrosis parameters had still not 
improved in 61 patients presenting with Wilson’s disease<1582a>. The subsequent clinical course is, 
unfortunately, not described. 
Up to 155 patients with Wilson’s disease received 20 mg/kg DMPS i.v./day and an oral Chinese 
herbal remedy for the treatment of Wilson’s disease. The condition of most of the patients had 
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Conclusion: 
In laboratory animal experiments, DMPS 
proved to be the most effective chelating agent 
in terms of the increase in survival rates 
following acute copper poisoning. The only 
case history available confirms the efficacy of 
DMPS in acute poisoning with copper salts. 
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improved after one month. No effect or even a deterioration was seen in only very few patients. 
Despite the relatively high dose of DMPS, there is no reference in the study to possible adverse 
reactions<621,1218>. 

 

7.2.12 Hg - Mercury 
Mercury is a non-essential heavy metal<63,383a,733>. Positive effects on the human body are 
unknown<807>.  
Mercury is the heaviest and densest known liquid. With a density of 13.6g/cm³, it is also 13.6 times 
more dense than water<1143>. It is the only liquid metal under standard environmental conditions, 
has a high vapour pressure and already evaporates on room temperature<280,1033>.  High 
concentrations can thus be reached in closed rooms<1278> leading to poisoning through  vapour 
inhalation<280>. The Agency for Toxic Substances and Disease Registry (ATSDR) recommends a 
limit value of  0.05 µg/m³ <493>. In the environment, mercury vapour is mainly formed from the 
burning of fossil fuels containing Hg. Industrial processes, gold abrasions, crematoria and 
volcanoes thus contribute to environmental exposure<493>. 112 tonnes of mercury are released 
annually into the atmosphere through volcanic activity<1054>.  
Mercury is used in alkali-metal chloride plants, batteries, pharmaceutical and dental products, 
fungicides, catalysers, protective paints, electronic products and measuring devices such as 
thermometers and barometers<142,564>. 

Mercury is available in various forms<1030> that vary in terms of toxicological and kinetic profiles: 
• Inorganic mercury 
• Organic mercury 
• Mercury vapour 
• Metallic mercury 
Toxicity increases as follows (Hg)2

2+ < Hg2+ < 
organic Hg<142,1110>, organic mercury poisoning 
is the most toxic. 

The symptoms of mercury poisoning depend 
on the following: 
• the type of ingestion (oral, inhalation, transdermal or parenteral) 
• the type of mercury compound (elementary, vapour, inorganic or organic) 
• the quantity of mercury compound absorbed 
• the duration of intake (acute, chronic) 
• individual disposition such as age, nutritional status and genetic factors<91,1059>. 

The main mechanism for the toxic effect of mercury concerns its deposition on sulfhydryl groups, 
as a result of which physiological function of the corresponding enzymes, for instance, is disrupted 
or changed<142,727,1509,1543>. No carcinogenic effects have been confirmed with Hg<1543>.  
In contrast to acute poisoning, symptoms of chronic mercury poisoning have an insidious 
character<1411>. Tremor, erethism and gingivitis are the cardinal symptoms of chronic intoxica-
tion<142>. Damage to the CNS generally predominates<1045,1411>. On exposure to low levels of 
mercury, in particular, the symptoms are extremely non-specific<435>. In addition to general 
complaints of fatigue, poor concentration, headaches and dizziness, loss of appetite, pressure in 
the stomach, nausea, salivation, alopecia, sweating, hyperhidrosis and unsteady gait have been 
mentioned<435,1045,1411>. The first objective symptom is a fine tremor, especially of the hands, 
followed by tremor in the region of the eyelids and tongue. In addition, there is increased 
salivation, which, in some cases, is accompanied by gingivitis. Later on, the subjects are easily 

 Elementary Hg Inorganic Hg Organic Hg 
Inhalation 80 - 100 % 50 (Aerosol) >80 % 
Oral < 0.01 % 5-25 (-40) % 80 - 100 % 
Dermal < 3 % 2 – 3 % 3-5 % 
t½ Blood 45 days 20 – 66 days 50 days 
t½ Excretion 58 days 1 – 2 months 70 – 80 days 

    

Pharmacokinetic profile of Hg<91,121,290,393,1030.1033,1110.1267> 

Conclusion: 
DMPS proved to be an effective alternative for the treatment of Wilson’s disease in various 
studies conducted in China. No corresponding clinical trials in Europe or America have been 
published.  
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irritable and suffer from insomnia with a constant feeling of fatigue and loss of energy as well as 
depressive moods. Psychological changes in the form of personality changes and emotional 
lability<481> in the form of anxious shyness and indecisiveness are characteristic<944>. 
Mercury remains in the blood for only a relatively short period. It is further transported to other 
compartments of the body<1232>  with a half-life of approximately 3 days<121,570, 1232> or 45 days<570> 
(two compartments). In the brain, the half-life fluctuates between 20 days<121> and several 
years<1543>. 
Excretion is via  urea (inorganic Hg) or faeces (organic Hg)<1543> with a total body half-life of 58<121> 
to 60 days<1543>. 

The upper normal limit for persons without occupational exposure is 6.5 µg As/L in the blood and 
3.0 µg/L in the urine. 100 – 600 mg/g are found in the hair<1102>. The BAT values (8 hours’ daily 
exposure) are 25 µg/L in the blood and 100 µg/L in the urea<1543>. The most sensitive individuals 
begin to react from a level of 35 µg/L in the blood and 150 µg/L in urea with non-specific early 
symptoms. Impaired pre-clinical, neurological and renal function are evident from levels of 20 µg/L 
and 50 µg/L in the blood and urine, respectively. Concentrations not exceeding 10 µg/L in the 
blood or urine are non-toxic.  
Organic Hg accumulates in the erythrocytes<570>. The ratio of the Hg content in the erythrocytes to 
that in the plasma therefore allow conclusions to be drawn relating to the type of mercury 
compound. An erythrocyte to plasma concentration quotient > 10 is indicative of organic Hg 
compounds<1103>. 
DMPS, “the currently most effective chelator of mercury in case of mercury poisoning”<538a>, is 
used or recommended as an antidote in both chronic and acute mercury poisoning<1276>, even in 
children<1104> , or as prophylactic treatment in workers exposed to mercury<1453>. “The very early 
administration of DMPS can influence the prognosis in severe, acute cases of poisoning<1506>. It is 
the drug of choice, except in the USA<42,1236>. “Dimaval (DMPS) is nowadays the most effective 
drug for the treatment of acute or chronic mercury poisoning“<623a>. Other complex-forming agents 
such as EDTA<27>, DPA<27,142,1278> or BAL<142,702,1278> trigger more adverse reactions and are less 
effective. DMPS may also be more effective than DMSA in the treatment of Hg intoxication<27>. 
”DMPS has been considered to be the optimal antidote for inorganic mercury poisoning and DMSA 
is more effective in organic mercury, but this requires verification“<702>. 
“Early treatment with DMPS is indicated in all cases of mercury poisoning. Treatment should be 
continued until symptoms disappear or until the mercury concentration in the urine falls to below 
20 µg/L“<1560>. The treatment of Hg poisoning with DMPS is recommended in the case of severe 
symptoms or in asymptomatic patients excreting > 200 µg/L in the urine<227>.  
Up to 2,000 mg/day of DMPS (p.o. or  i.v. ) has proved effective in the acute treatment of mercury 
poisoning. Normal kidney function is, however, crucial in this respect, controlling the 10- to 100-
fold excretion of mercury with the urine<1278>. Haemodialysis may also be required in subjects with 
limited kidney function<227,1542,1543>. ”Where extracorporeal renal support is required for the 
management of renal failure, there is some evidence that continuous veno-venous haemofiltration 
is more effective than haemodialysis at removing DMPS-mercury complexes”<203b>. 
DMPS accelerated mercury excretion via the urine, regardless of the nature and severity of the 
mercury poisoning<57,324,478,480,506,740,902,1021,1040,1075,1385>. The Hg concentration rose markedly after 
DMPS administration, even when the basal values before treatment were in the normal range 
despite the presence of clinical symptoms<1510>. It generally reached a peak within a few days 
during the course of treatment. In particular, DMPS mobilises Hg from the kidneys<744>.  
In individual investigations, mercury concentrations were measured in the blood<92,97,281,809,1318>, 
serum or plasma<184,185,1102,627>. A generally slow reduction in mercury concentrations in the blood 
was found. In various cases, a unique, transient increase in Hg concentration was found at the 
start of treatment<92,974> or several peaks were observed during the course of treatment<185,809,872, 

1104,1318>. This “rebound“ phenomenon has been attributed to mobilisation (dissolution of mercury 
from its bindings in the organs) and redistribution of the mercury from the tissues to the blood<1102>.  
The excretion of mercury during DMPS therapy was not continuous but occurred in several 
phases, which can possibly be attributed to mobilisation of the heavy metal from various 
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compartments of the body. Increased excretion persisting for approximately 5 days occurs 
immediately after the start of treatment. This is presumably due to the elimination of Hg from the 
blood/plasma. A massive increase again occurs after 8 days due to elimination of the heavy metal 
from the kidneys, as indicated by mercury clearance investigations. A third excretion peak occurs 
on the 25th to the 27th day<1102>. 
The i.v. administration of DMPS causes a significant decrease in Hg levels in the blood (25 – 30%) 
in persons with amalgam. This further increases after 2 hours due to redeposition and mostly 
reverts to the baseline value after 24 hours<1481>. Single administration of DMPS did not lower Hg 
levels in the blood of 4 patients<1150>. 
In the treatment of acute mercury poisoning, other measures (gastric lavage, haemodialysis, 
peritoneal dialysis, haemodialysis, peritoneal dialysis, haemofiltration, haemoperfusion, plasma 
exchange and forced diuresis)<974,1506> were often used in addition to administration of DMPS. With 
DMPS therapy, twice the clearance could be achieved with peritoneal dialysis compared to that of 
BAL therapy. With haemodialysis, the mercury clearance was even 5 to 10 times higher than that 
observed with  BAL<974>. 
In acute, life-threatening poisoning, parenteral administration was generally preferred, where 
available. Administration of i.v. DMPS was characterised by a more rapid onset of efficacy 
compared to oral administration. After a single dose, approximately 50% of the total daily dose 
were already excreted within the first hour, while with oral administration, this lasted several 
hours<1281,1283>. In the course of therapy, however, treatment was generally switched to oral 
administration because of easier handling. The DMPS dose was slowly reduced during the course 
of treatment in accordance with excretion and the clinical symptoms. 
For chronic mercury poisoning, oral dosage forms are preferred because of the simpler procedure 
for long-term therapy. The antidote was generally given at a dose of 100 mg t.i.d.1018>, and in small 
children at 50 mg t.i.d.<706>. The longest period of treatment reported with DMPS was 4½ years<96>. 
Occasionally, DMPS treatment was carried out as an interval therapy<184,1104>. Some papers 
describe the parenteral administration of DMPS for chronic Hg poisoning<92,114>. DMPS was given 
over 3 – 7 days at doses of 125 – 400 mg/day. This treatment was then generally repeated several 
times (interval therapy) with a few DMPS-free days between. 
In chronic mercury poisoning in which damage to the nervous system predominated, improvement 
of the neurasthenic symptoms such as sleep disorders, nervousness, headaches, paresthesia, 
arthralgia, increased salivation and sweating were reported during DMPS therapy<92,153,184,185,235, 

568>. In children, the clinical symptoms of mercury-induced Feer’s disease (acrodynia) was 
improved with DMPS<185,1509,1510>. “Chelation therapy with DMPS can enhance mercury elimination 
and there are case reports demonstrating that chelation therapy can reverse mercury-induced 
neurological damage”<203b>. Other authors, on the other hand, maintain: ”There is a clear evidence 
that these chelating agents [DMPS and DMSA] are unable to remove mercury within nervous 
system as well as they did not improve outcome in neurological patients who had been exposed to 
mercury”<538a>. 
Even without treatment with a chelating agent, slow improvement of clinical symptoms in patients 
with mild to moderate chronic mercury intoxication was observed once the source of the poisoning 
had been removed<114>. However, without additional therapy<235>, deterioration of the patient’s 
clinical condition has been describe despite removal of the source of poisoning. The neurological 
symptoms of poisoning that persisted in patients who received DMPS treatment were less marked 
than those in patients not given this therapy<276,279>. During a two-month observation period, the 
symptoms in the patients treated with DMPS improved more rapidly than in patients without DMPS 
treatment<1620>. 
In order to prevent irreversible damage, it is generally important to initiate treatment with adjusted 
doses of an appropriate chelating agent as early as possible and to carry out laboratory monitoring 
procedures<568,1104,1506>. Delayed onset of treatment cannot prevent a fatal clinical course despite 
increasing the excretion of mercury as the mercury-induced changes become irreversible<142>.  
Severe neurological disorders can scarcely ever be corrected with treatment<114,153,568>. DMPS 
treatment should, therefore, be started as early as possible after recognition of mercury poisoning 
and before the onset of serious central nervous damage<1301>. 
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7.2.12.1 Mobilisation of mercury 
DMPS increases the renal excretion 
of inorganic and organic mercury as 
well as mercury vapour. ”Penetration 
of DMPS into the kidney cells allows 
mobilization of mercury accumulated 
in renal tissues. Once chelated with 
DMPS, mercury is filtered into urine, 
which represents the most important 
route of elimination after mobiliza-
tion. Considerable clinical and ex-
perimental evidence suggests that 
DMPS is capable of removing a sub-
stantial amount of mercuric mercury 
deposited in human tissues”<538a>. 
The excretion of inorganic Hg in-
creased 16-fold and that of organic 
mercury more than 5-fold following 
administration of 200 mg oral DMPS 
to gold miners exposed to mercury vapour in the Philippines<355,356>.  
The following composition of the single dose of DMPS to various patient groups shows the partly 
drastic increase in mercury excretion following administration of the chelating agent and thus the 
efficacy of DMPS in the management of mercury poisoning. 

Subjects Hg excretion Type of mobilisation test 

n Patients Before 
DMPS 

After 
DMPS Unit In-

crease DMPS dose 
Admin-
istration 
of DMPS 

Collec-
tion 

period 

Literature 

46 Controls 0.8 3.6 µg/24 h 4.5 4 mg/kg BW Oral 24 h 1472 
20 Controls 0.63 1.84 µg/24 h 2.9 4 mg/kg BW Oral 24 h 985 
36 Dentists and assistants 13.2 97.1 µg/24 h 7.4 4 mg/kg BW Oral 24 h 1472 
12 Dentists and assistants 9.57 73.5 µg/24 h 7.7 4 mg/kg BW Oral 24 h 985 
6 Occupational exposure 144.5 1736 µg/24 h 12.0 4 mg/kg BW Oral 24 h 274 
9 Occupational exposure 58.5 730 µg/24 h 12.5 4 mg/kg BW Oral 24 h 274 
36 Workers in alkali metal chloride plants 129 1319 µg/24 h 10.2 4 mg/kg BW Oral 24 h 1472 
43 Workers in alkali metal chloride plants 94.6 841 µg/24 h 8.9 4 mg/kg BW Oral 24 h 985 
24 Workers in alkali metal chloride plants 20.5 751.9 µg/g crea 36.7 4 mg/kg BW Oral 24 h 1470 
24 Workers in alkali metal chloride plants 43.2 557 µg/g crea 12.9 4 mg/kg BW Oral 24 h 1471 
8 Users of Hg cream 737 4074 µg/g crea 5.5 200 mg Oral 24 h 463 
75 Gold miners 37.5 909 µg/g crea 24.2 200 mg Oral 2-3 h 355 
60 Gold miners 51.4 1049 µg/g crea 20.4 200 mg Oral 4 h 199 

35 People living near a Hg-contaminated 
river 8 74.9 µg/g crea 9.4 200 mg Oral 4 h 199 

2.223 Patients 1.7 47 µg/g crea 27.6 

200 mg with 
BW<60,  

300 mg with 
BW 60-80, 

400 mg with 
BW > 80 kg 

oral 4 h 559 

36 Normal subjects 2.8 4.9 µmol/mol crea 1.8 300 mg oral 3 h 951 
18 Occupational exposure 25.7 463.4 µmol/mol crea 18.0 300 mg oral 3 h 951 
31 Normal subjects 1.52 66.1 µg/g crea 43.5 300 mg oral 3-4 h 981 
31 After amalgam removal and clearance 1.35 26.3 µg/g crea 19.5 300 mg oral 3-4 h 981 

11 Occupational exposure 
(Skin Lotion maker) 333 4,282 µg/L 12.9 300 mg oral 6 h 501,890 
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Renal mercury excretion of 75 gold miners in the Philippines before 
and 2-3 hours after oral administration of 200 mg DMPS<355,356> 
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Subjects Hg excretion Type of mobilisation test 

n Patients Before 
DMPS 

After 
DMPS Unit In-

crease 
Dose of 
DMPS 

Admin-
istration 
of DMPS 

Collec-
tion 

period 

Literature 

8 Skin Lotion User 63.5 2,051 µg/L 32.3 300 mg oral 6 h 890 
9 Without amalgam 1.32 22.2 µg/L 16.8 300 mg oral 6 h 890 
13 Normal subjects 3 37.2 µg/L 12.4 300 mg oral 6 h 502 
10 Dental assistants 29.7 481 µg/L 16.2 300 mg oral 6 h 502 
15 Dental assistants 1.07 8.1 µg/L 7.6 300 mg oral 6 h 377 
5 Dentists 19.8 275 µg/L 13.9 300 mg oral 6 h 57,502 
34 Dentists 0.89 10.08 µg/L 11.3 300 mg oral 6 h 377 
10 Dental technicians 29.7 481 µg/L 16.2 300 mg oral 6 h 57 
11 Manufacturer of cream containing Hg 113 5037 µg/6 h 44.6 300 mg oral 6 h 54,57 
8 User of Hg cream 16.2 1410 µg/6 h 87.0 300 mg oral 6 h 54,57 
8 Normal subjects 0.49 18.4 µg/6 h 37.6 300 mg oral 6 h 54,57 
10 With amalgam 0.7 17.16 µg/9 h 24.5 300 mg oral 9 h 54,57,60 
10 Without amalgam 0.27 5,1 µg/9 h 18.9 300 mg oral 9 h 54,57,60 
7 Previous occupational exposure to Hg 4.3 34 µg/24 h 7.9 300 mg oral 24 h 1251 
36 Without amalgam 1.1 3.9 µg/24 h 3.5 300 mg oral 24 h 729 
7 Without amalgam 0.3 2.6 µg/24 h 8.7 300 mg oral 24 h 580,581 
8 Without amalgam 0.2 1.3 µg/24 h 6.5 300 mg oral 24 h 1603,1604 

191 With amalgam 2.6 19.5 µg/24 h 7.5 300 mg oral 24 h 729 
21 With amalgam 0.7 4.9 µg/24 h 7.0 300 mg oral 24 h 1604 
9 2-5   amalgam fillings 0.6 3.75 µg/24 h 6.3 300 mg oral 24 h 1603 
12 6-14  amalgam fillings  1.16 9.64 µg/24 h 8.3 300 mg oral 24 h 1603 
30 Normal subjects 1.47 10.55 µg/24 h 7.2 300 mg oral 24 h 1273 
22 Dentists  1.5 13.2 µg/24 h 8.8 300 mg oral 24 h 1604 
42 Dental assistants 2.8 28.1 µg/24 h 10.0 300 mg oral 24 h 1604 
4 Other employees 0.9 19.1 µg/24 h 21.2 300 mg oral 24 h 1604 
2 Occupational exposure 138 1725 µg/L 12.5 300 mg oral 24 h 104 

172 Normal subjects 0.94 3.65 µg/L 3.9 300 mg oral 24 h 1390 
19/14 With amalgam 1.52 9.95 µg/L 6.5 300 mg oral 24 h 914 

27 Patients with “amalgam sickness“ 0.65 4.26 µg/L 6.6 300 mg oral 24 h 754 
27 “Amalgam healthy“ subjects 0.77 5.71 µg/L 7.4 300 mg oral 24 h 754 
10 4 weeks conventional amalgam 0.95 4.94 µg/L 5.2 300 mg oral 24 h 1632 
10 4 weeks non-γ2 amalgam 0.6 3.69 µg/L 6.2 300 mg oral 24 h 1632 
10 Without amalgam for a long period 0.44 1.31 µg/L 3.0 300 mg oral 24 h 914 
20 Without amalgam 0.36 1.67 µg/L 4.6 300 mg oral 24 h 1632 
10 Without amalgam 0.46 1.53 µg/L 3.3 300 mg oral 24 h 914 
27 Without amalgam 0.19 0.89 µg/L 4.7 300 mg oral 24 h 754 
19 Without amalgam 0.5 2.2 µg/g crea-µg/d 4.4 300 mg oral 24 h 1273 
50 With amalgam 1.4 10 µg/g crea-µg/d 7.1 300 mg oral 24 h 589,1273 
25 Occupational exposure 6.4 134.2 µg/g crea-µg/d 21.0 300 mg oral 24 h 1273,1281 

59 Subjects with subjective amalgam 
symptoms 1.7 6.1 µg/g crea 3.6 300 mg oral 24 h 1311 

59 Subjects without subjective amalgam 
symptoms 1.5 5.9 µg/g crea 3.9 300 mg oral 24 h 1311 

51 Dentistry students before phantom 
course 0.76 9.95 µg/g crea 13.1 300 mg oral 24 h 1557 

51 Dentistry students after phantom 
course 1.02 10.77 µg/g crea 10.6 300 mg oral 24 h 1557 

28 Persons with amalgam fillings 1.5 12.5 µg/g crea 8.3 300 mg oral 24 h 241 
38 Persons with amalgam fillings 2.7 20.9 µg/g crea 7.7 300 mg oral 24 h 241 

6 Persons with amalgam fillings in the 
past 0.6 2.6 µg/g crea 4.3 300 mg oral 24 h 241 
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Subjects  Hg excretion Type of mobilisation test  

n Patients  Before 
DMPS 

After 
DMPS Unit In-

crease 
Dose of 
DMPS 

Admin-
istration 
of DMPS 

Collec-
tion 

period 

Literature 

4 Persons with amalgam fillings in the 
past 0.9 7.9 µg/g crea 8.8 300 mg oral 24 h 241 

5 Occupational exposure 1.2 6.8 µg/24 h 5.7 300 mg oral 24 h 1274 
2 Dental assistants 1.6 22.6 µg/24 h 14.1 300 mg oral 24 h 192 
1 Dentist with amalgam 0.9 12.2 µg/24 h 13.6 300 mg oral 24 h 192 
21 6-17 amalgam fillings 2.1 19.87 µg/24 h 9.5 300 mg oral 24 h 588 
18 With amalgam 1.5 10.3 µg/24 h 6.9 300mg oral 24 h 1283 
3 With amalgam 1.3 8.2 µg/24 h 6.3 300 mg oral 24 h 192 
51 With amalgam 1.11 12.13 µg/24 h 10.9 300 mg oral 24 h 588 
15 Without amalgam 0.68 7.29 µg/24 h 10.7 300 mg oral 24 h 588 
12 Without amalgam 0.7 1.2 µg/24 h 1.7 300 mg oral 24 h 839 
71 Normal subjects 1.25 21.8 µg/g crea 17.4 300 mg oral ? 89 
20 Normal subjects 5.05 11.88 µg/L 2.4 10 mg/kg BW oral 2h 587 
102 Women with several miscarriages 5.4 94.25 µg/g crea 17.5 10 mg/kg BW oral 2 h 470 
31 Normal subjects (F) 1.5 77 µg/g crea 51.3 10 mg/kg BW oral 2 h 474 
75 Normal subjects (F) 1.4 68 µg/g crea 48.6 10 mg/kg BW oral 2 h 474 
501 Normal subjects (F) 2.4 109 µg/g crea 45.4 10 mg/kg BW oral 2h 471,480 
490 Normal subjects 2.4 109 µg/g crea 45.4 10 mg/kg BW oral 2 h 479,480 
7 Occupational exposure to phenyl-HgCl 66 1868 µg/24 h 28.3 250 mg i.m. 24h 497 
5 Normal subjects 11 18 µg/24 h 1.6 250 mg i.m. 24h 497 
21 Without amalgam 1.4 2.8 µg/g crea 2.0 2 mg/kg BW i.v. 30 min 1482 
21 Healthy with amalgam 4.8 10.8 µg/g crea 2.3 2 mg/kg BW i.v. 30 min 1481,1482 
20 Ill with amalgam 3.8 9.8 µg/g crea 2.6 2 mg/kg BW i.v. 30 min 1481,1482 
20 Amalgam removed 1-8 years ago 1.9 3.3 µg/g crea 1.7 2 mg/kg BW i.v. 30 min 1481,1482 

6 Patients with HELLP 1.83 383.7 µg/L 209.7 3 mg/kg BW i.v. 30-45 
min 563 

? Patients 0.5 25.4 µg/L 50.8 3 mg/kg BW i.v. 30-45 
min 563 

80 “Amalgam sickness“ 5.14 314.3 µg/L 61.1 3 mg/kg BW i.v. 3 h 489 

10 Amalgam patients who have 
undergone cleaning and clearance  1.4 10.7 µg/L 7.6 3 mg/kg BW i.v. 3 h 489 

10 Without amalgam 1.8 39.1 µg/L 21.7 3 mg/kg BW i.v. 3 h 489 
10 Dental staff 10.2 330 µg/L 32.4 3 mg/kg BW i.v. 3 h 489 
9 Dental assistants 13 516 Nmol/L 39.7 250 mg i.v. 30 min 1392 
23 Amalgam patients 12 888 Nmol/L 74.0 250 mg i.v. 30 min 1392 
11 Amalgam removed 7 206 Nmol/L 29.4 250 mg i.v. 30 min 1392 
5 Amalgam patients 19.6 420.5 µg/L 21.5 250 mg i.v. 45 min 143 
82 Normal subjects (F) 1.4 96.4 µg/L 68.9 250 mg i.v. 45 min 460 
38 Neurodermatitis 4.4 41.5 µg/g crea 9.4 250 mg i.v. 45 min 637-639 
15 Psoriasis 2.5 46 µg/g crea 18.4 250 mg i.v. 45 min 637-639 
11 Normal subjects 1.6 10.1 µg/g crea 6.3 250 mg i.v. 45 min 639 
261 Normal subjects (F) 2.9 183 µg/g crea 63.1 250 mg i.v. 45 min 472 
148 Female patients 1.7 130.8 µg/g crea 76.9 250 mg i.v. 45 min 223 

150 Patients <5 347 µg/g crea 69.0 250 mg i.v. 90-120 
miin 488 

15 Amalgam patient 13 114 Nmol/L 8.8 250 mg i.v. 24 h 1392 
83 Normal subjects 1.25 267 µg/g crea 213.6 250 mg i.v. ? 89 
47 Persons with amalgam fillings 1.08 29 nmol/µmol crea 26.9 300 mg i.v. 30 min 1391 
162 Without amalgam 1.28 111 nmol/µmol crea 86.7 300 mg i.v. 30 min 1391 

57 Children 1.75 109 µg/L 62.3 3 or 10 mg/kg 
BW i.v. or oral 45 min or 

2 h 1572 
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Subjects Hg excretion Type of mobilisation test  

n Patients  Before 
DMPS 

After 
DMPS Unit In-

crease 
Dose of 
DMPS 

Admin-
istration 
of DMPS 

Collec-
tion 

period 

Literature 

34 Mothers 2.5 112 µg/L 44.8 3 or 10 mg/kg 
BW i.v. or oral 45 min or 

2 h 1572 
          

Increase in mercury excretion in the urine following single administration of DMPS in various patients or control 
groups 

  

7.2.12.2 Inorganic mercury compounds 
Acute poisoning with inorganic mercury primarily affects the kidneys (nephrotoxicity)<2,142,1104,1599>. 
An accumulation of Hg in the kidneys leads to impaired kidney function with sublimate nephrosis 
and anuria< 435,990,1294,1354>. Furthermore, oral ingestion of inorganic mercury compounds can cause 
corrosive damage (ulcerations, perforations and haemorrhaging) in the gastrointestinal tract<142,280, 

493>. Mercury-induced inhibition of peristalsis can further potentiate the local toxic effects<990>. 
DMPS is the drug of choice for inorganic mercury<29,30>. ”The water-soluble sodium salt of 2,3-
dimercapto-1-propane sulfonic acid (acronym DMPS) has been considered by the World Health 
Organization Expert committee as the first-line drug for ascertained inorganic mercury acute and 
chronic poisoning“<538a>.  “DMPS is the drug of choice for the clinical treatment of inorganic mer-
cury poisoning because not only is it well tolerated and can be administered orally, but it is also 
highly potent“<642>. ”Severe sublimate poisoning with renal tubular damage is a fatal condition, but 
this prognosis can be considerably improved by therapeutic measures. In acute poisoning, DMPS 
will efficiently mobilize mercury from the kidney and reduce biological half-life for mercury. … The 
experimental evidence is that the damaged tubules can regenerate to a considerable extent. In 
cases of acrodynia or pink disease, DMPS or DMSA should be used for mobilization of mercury 
from the body”<163>. 
 

7.2.12.2.1 Acute poisoning 
Normally fatal mercury intoxication could often be managed by rapid, high-dose  DMPS therapy 
(initially i.v., then oral) and intensive medical care. The clinical symptoms followed a relatively mild 
course. In some cases of acute mercury poisoning, no symptoms of intoxication appeared<760,809> 

following DMPS therapy despite the initially extremely high mercury concentrations in the blood 
(up to 2.4 mg/L). An intermediate rise in mercury levels in the serum may occur as a result of 
mobilisation from deposits<167>. Treatment is continued until Hg (blood) is < 100 µg/L and Hg 
(urine) < 300 µg/L<932> 
A 38 year-old teacher drank 100 ml of a mercury chloride solution of unknown concentration. 
Nausea, blood-stained faeces and blood-stained vomiting occurred. After admission to hospital 
and gastric lavage, active charcoal was given and a single dose of BAL was injected. Tubular 
necroses and oliguria developed.  
8 hours Transfer of the patient to a specialised hospital. The urine output was less than 10 

ml/h. The mercury concentration in the blood was 14,300 µg/L (!). A concentration of 
more than 220 µg/L is normally considered to be fatal. Hypovolaemic shock 
developed, which was controlled by administration of plasma expanders. 

10 hours Administration of 250 mg DMPS in 0.9% physiological saline solution i.v. every 4 
hours for 48 hours. 

Conclusion: 
The list shows that DMPS increases the excretion of mercury in the urine. It also shows that 
there is no generally fixed DMPS test for mercury. Instead, many different techniques are used, 
which differ depending on the dose, method of administration of DMPS, the urine collection 
period and the measuring units used. 
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12 hours Haemodialysis was initiated because of total kidney failure with anuria while 
continuing high-dose DMPS therapy. The biological half-life of the mercury was 2.5 
days (normally 40 – 60 days). No Hg(II) could be detected in the dialysate (ClHD < 1 
mL/min). The heavy metal was excreted via the bile and intestines. 

2nd day Gastrointestinal endoscopy showed massive ulcerative changes. The pH of the 
stomach was adjusted to > with drugs. 

3rd day Blood transfusion because of the anaemia induced by the loss of blood. 
Administration of i.v. DMPS every 6 hours for 48 hours. 

5th day   Administration of i.v. DMPS every 8 hours. 
6th day The mercury level in the blood was still above 2,000 µg/L. The kidneys were, 

nevertheless, functioning again and the mercury was excreted renally. 
Haemodialysis was stopped. The biological half-life of mercury was 8.1 days. 

21st day The mercury concentration in the blood was 700 µgL. 
4th week Switch to oral administration of DMPS (300 mg t.i.d.) without deterioration of mercury 

excretion. 
6th week Healing of the ulceration in the upper gastrointestinal tract. 
7th week Completion of the DMPS therapy. Mercury concentration in the blood < 100 µg/L, 

and in the urine < 300 µg/L. Copper and zinc levels in the serum were not affected by 
the DMPS therapy. 

6 months Complete recovery of the patient; no recurrent rise in mercury values in the blood or 
urine<1443>. 

A 40 year-old man ingested approximately 1 g HgSO4 with suicidal intent. Thanks to immediate 
intensive therapy, the man survived a normally fatal dose:  
2 hours Admission to the emergency department with haematemesis and increasing 

confusion. 
2.5 hours Intubation and ventilation, Hg (blood): 15,580 µg/L 
4.5 hours Onset of DMPS therapy with 250 mg i.v. every 4 hours, moved to intensive care 

unit. 
7 hours Start of continuous haemodiafiltration. Overall, 127 mg Hg was excreted in the 

dialysate. 
12 hours Anuria 
27.5 hours Hg (blood): 3,370 µg/L 
4th day Development of an erythematous maculopapular rash on the lower legs. DMPS 

therapy could be continued after reducing the dose (250 mg i.v. DMPS every 8 
hours). 

8th day Extubation 
9th day Treatment of gastritis and two gastric ulcers 
10th day Treatment switched to 200 mg oral DMPS every 12 hours. 
11th day Urine excretion reinstated, however oliguria persisted until day 43 
14th day Haemodiafiltration adjustment, switch to normal ward 
19th day Completion of the DMPS therapy. 
50th day Discharged as asymptomatic patient, Hg (blood): 32 µg/L 
5 months Hg (blood): 5 µg/L, Hg (urine): 7 µg/L, normal creatinine clearance<299>. 
Nausea and abdominal pain developed one hour after ingestion of inorganic mercury salt in a 48 
year-old man. Kidney failure occurred within 24 hours. Initial haemodialysis after previous 
administration of BAL lowered Hg levels in the whole blood from 5,200 to 3,800 µg/L within 5 
hours. Treatment was switched to i.v. DMPS due to BAL intolerance (4x250 mg/d for 7 days, 250 
mg t.i.d. for 1 day, 2x250 mg/d for 12 days and 1x250 mg/d for 7 days). As haemodialysis no 
longer had any effect under these conditions, treatment was switched to haemofiltration(CVVH). 
Several plasma exchange treatments were also carried out. A mercury concentration of 15,300 
µg/L was recorded in the bile fluid on the 4th day. Urine excretion was reinstated on the 10th day. 
The patient survived the normally fatal intoxication<1112>. The authors attribute the poor efficacy of 
haemodialysis to the large molecular volume of the DMPS-Hg complex, its load and form<1112>. A 
relatively solid hydrate sheath can also play a role. According to the information supplied by the 
device manufacturer, this problem is also known to occur with phosphates. The membrane used in 
haemodialysis had 6 times smaller pores than that used for haemofiltration, hence it was complex-
permeable. 
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A 42 year-old Chemistry teacher with severe acute mercury poisoning (1 g HgCl2) was given a 
total of 2 g i.v. DMPS on the first day, in 8 divided doses. The daily dose was reduced to 1.5 g 
DMPS i.v. administered in 6 divided doses over the next two days. Given the short-term 
unavailability of parenteral DMPS, treatment with 0.8 g DMPS/day was administered for two days. 
This was followed by 9 days’ treatment with 0.75 g/day i.v. and 19 days’ treatment with 0.1 g oral 
DMPS/day. In addition, haemodialysis, haemoperfusion and plasma exchange were carried out. 
The patient was saved. Despite a mercury concentration of 600 µg/L in the blood, kidney function 
was not adversely affected<98>. 

A 19 year-old Chemistry student drank 29 g of mercury nitrate with suicidal intent. After 1½ hours, 
BAL was administered whereupon acute tubular necroses developed and the patient became 
hypotensive. High doses of DMPS (i.v.) were then given along with haemodialysis, haemofiltration 
and plasma exchange. The patient survived acute poisoning (mercury concentration in the blood 
was initially 12,000 µg/L), which normally would have been fatal within a few hours because of 
multiple organ failure. ”We suggest DMPS should be available worldwide for such cases”<98>. 

One hour after ingestion of 1 g mercuric 
chloride (suicide attempt, fatal dose in 
adults: 200 – 400 mg), a 19 year-old 
female patient exhibited nausea, ret-
ching and difficulties in swallowing (Hg 
in the blood 805 µg/L, Hg in the urine 
6,625 µg/L). Haemodialysis, forced diu-
resis and DMPS therapy (300 mg ini-
tially, 300 mg/day orally for approxima-
tely 1 month) were started immediately. 
The mercury levels in the blood and 
urine fell continuously. No Hg-typical 
symptoms were observed during the pa-
tient’s hospital stay. Strict kidney func-
tion diagnosis remained normal. Despite 
several weeks’ treatment with DMPS, 
serum concentrations of copper, zinc 

and iron remained within the reference range such that there was no need for substitution<166,290>. 
A 19 year-old female was admitted to hospital about ½ 
hour after an attempted suicide (3 g mercuric chloride, 
lethal dose: 200 - 400 mg) with vomiting. Gastric 
lavage was carried out immediately. Complete anuria 
developed 1 hour later, so that peritoneal dialysis had 
to be started. In addition, haemodialysis was carried 
out. DMPS was also administered (up to 1,800 mg 

orally or 400 mg i.v.). Treatment with BAL was also attempted in-between. After 10 days, urine 
excretion restarted and after 20 days, there was a polyric phase. 100 days after intoxication, 
creatinine clearance had reverted to normal<974>. 

In a 53 year-old man who had taken 50 g mer-
curic iodide (HgJ2) with suicidal intent, DMPS 
treatment was started eight hours after taking the 
poison (blood 1,197 nmol Hg/L, urine 159 nmol/ 
mmol creatinine). Initially, 250 mg i.v. DMPS 
were administered every four hours for 60 hours. 
NaCl and dextrose solution were also admini-
stered. Thereafter, treatment was continued oral-
ly for 18 days. A largely complication-free clinical 
course was achieved with this “aggressive” 
DMPS therapy. In particular, no signs of renal 
damage were observed<36,418>. 
A 36 year-old patient presented with a serum 
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Hg concentrations in the blood and urine following DMPS 
therapy administered after ingestion of HgCl2 <290> 

Mercury clearance with DMPS: 
Peritoneal dialysis: 0.39 - 0.45  mL/min 
Haemodialysis:       3.5 - 5 mL/min 

Mercury clearance with BAL: 
Peritoneal dialysis:  0.172  mL/min 
Haemodialysis:        0.6  mL/min 
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after poisoning with HgJ2<36> 
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concentration of 11,153 µg Hg/L following ingestion of HgCl2 with suicidal intent. Acute kidney 
failure developed 30 minutes after his admission to hospital. The serum level constantly fell with 
dialysis treatment and the administration of DMPS (oral and i.v.) and D-penicillamine. Urine 
production had reverted to normal one month later<308>. 
A 17 year-old patient was saved with DMPS after ingesting 10 g of inorganic mercury despite 10 
days’ acute renal failure<95>. 

A patient with acute sublimate poisoning was initially treated with 1.2 g DMPS/day for six days, 
administered in twelve divided doses. Treatment was then switched to oral DMPS at the dose level 
of 2.4 g/day, administered in twelve divided doses, for 38 days. Treatment was without 
complications<586>. 
Similarly, in small children, rapid DMPS therapy was 
able to prevent damage induced by acute mercury 
poisoning. A one year-old boy vomited twice after 
ingestion of an inorganic mercury(II) compound. Gastric 
lavage was carried out and active charcoal and sodium 
sulfate were administered one hour after ingestion of the 
poison. The mercury level in the blood was 400 µg/L and in the urine, 2,500 µg/L. DMPS was 
administered as a short-term infusion. On the 4th day of treatment, the child developed motor 
restlessness and on the 15th day, transient exanthema. Otherwise, the child did not show any 
notable changes and even the laboratory parameters remained within the normal range. The 
mercury levels in the blood and urine fell continuously and measured 13 µg/L and 55 µg/L, 
respectively, after 11 days<697>. 
In another one year-old child, vomiting and cyanosis developed 30 minutes after swallowing an 
ointment containing 0.5 g inorganic mercury. He was admitted to hospital one hour later. Mercury 
levels of 368 and 8,260 µg/L were recorded in the blood and urine, respectively. Oral treatment 
with DMPS was introduced (initially 15 mg/kg BW, followed by 2 x 2.5 mg/kg BW/day). After four 
days, the levels had fallen to 107 in the blood and 195 µg/L in the urine. After seven days, 38 µg/L 
was still recorded in the blood and 27 µg/L in the urine. No typical symptoms of acute mercury 
poisoning appeared. No shifts in the electrolyte balance and no treatment-related adverse 
reactions were observed<1564>. 
In some cases of acute mercury poisoning, a fatal outcome could not be prevented despite all of 
the therapeutic efforts<95,338,586>. In one case, there was massive intraperitoneal poisoning through 
abdominal irrigation with mercury oxycyanide. About twelve hours after the irrigation, the female 
patient already presented with marked symptoms of shock and considerable heavy-metal induced 
peritonitis. Extensive measures to remove the poison were initiated. While the mercury blood level 
could be reduced within twenty days from 2.4 mg/L to 0.2 mg/L, the development of intestinal 
necroses, progressive intestinal disintegration and putrefaction of the abdominal cavity could no 
longer be prevented<586>. Another patient died 48 hours after instillation of HgCl2 on surgical 
treatment of colonic carcinoma with acute kidney failure (blood mercury level: 560 µg/L)<95>. In a 
further case, symptoms of shock, anuria, blood coagulation disorders and cardiac arrest were 
already present after intravenously sublimate and initial dimercaprol treatment and dialysis before 
starting DMPS therapy, initially via the oral route and then i.v., one day after ingestion of the 
poison. Although Hg levels in the blood consequently fell rapidly, the patient died on the 3rd day 
after sublimate injection<338>. 
The treatment of acute mercury poisoning by oral administration of DMPS has been described 
many times<272,760,809,872,1564,1610>. In most cases, other measures to accelerate the elimination of 
the poison were carried out simultaneously with the antidote therapy. The DMPS dosing schedules 
and duration of treatment varied considerably. 
Because the parenteral form of DMPS was temporarily not available, another case of severe 
sublimate poisoning was treated orally with DMPS (1.2 g/d for 2 days, in twelve divided doses, 
followed by 0.4 g/d for 2 days). After three days’ attempted therapy with BAL, 4 x 0.1 g DMPS was 
administered parenterally for 16 days. Subsequently, the patient was treated for a further 77 days 
with oral DMPS<974>. 

Day         1:  6 x 5  mg DMPS/kg BW i.v. 
Days    2 -  3:  4 x 5  mg DMPS/kg BW i.v. 
Days   4 -  9:  2 x 2.5 mg DMPS/kg BW i.v. 
Days  10 -15:    2 x 2.5 mg DMPS/kg oral 
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In a 20 year-old female patient already presenting with anuria following ingestion of HgCl2 with 
suicidal intent, the mercury level in the blood was 950 µg/L. This did, however, revert to normal 
following administration of 100 mg DMPS t.i.d. in conjunction with haemoperfusion, haemofiltration 
and haemodialysis. Diuresis was reinstated after 43 days and after 77 days, the patient was 
discharged from hospital. DMPS therapy was continued on an outpatient basis<1318>. 
A swab saturated with Stievers solution (containing 5% HgCl2) was used to stem the flow of blood 
in a 2 year-old boy during surgery. The error was noticed after 5 minutes and the swab removed. 
Nevertheless, Hg levels in the blood had risen to 156 µg/L after 30 – 60 minutes. Hg levels 
reverted to normal with oral DMPS therapy and clinical symptoms regressed within 24 hours<1407>. 

 

7.2.12.2.2 Subacute and chronic poisoning 
In the presence of symptoms and measurably high levels (even below 50 µg/L), several weeks’ 
DMPS therapy is indicated until symptoms disappear and urine levels fall to below 20 µg/L. DMPS 
is administered at the daily dose level of 2 x 2 mg/kg. The mercury deposit in the brain is only 
slightly emptied by DMPS, if at all<1110>. The mercury-induced reduction in the hormone function of 
the adrenal cortex increased again during DMPS therapy<1427>.  
Over 3 months, chronic mercury poisoning can lead to massive peripheral neuropathies, which 
even persist for up to two years after exposure had ended. Mercury levels in the blood and urine, 
however, are within the normal range. 
May 1995 A schizophrenic man took a herbal remedy containing mercury sulfate amongst 

other things (Hg 10.000 ppm, Pb 116 ppm, As 18.9 ppm, Cd 0.97 ppm) for over 3 
months because of hallucinations. After three months,  

in August 1995, he presented with weight loss, numbness in the arms and legs, general weakness 
and muscle weakness. Lead poisoning was ruled out. The mercury values were not 
determined. The symptoms deteriorated over the next 3 months despite the fact 
that plasma pheresis was carried out on two occasions. In 

January 1996, 6 months after exposure was stopped, the following mercury values were recorded: 
blood 9.9 µg/L, urine 5.4 µg/L, hair on the head 14.2 µg/g (reference < 5.5 µg/g), 
pubic hair 9.1 µg/g (reference 1.6 µg/g). A nerve biopsy confirmed nerve damage. 

Two years later, only a marginal improvement was observed. The patient could not lift his arm 
or extremities, or move his body<271>. Stopping the source of the exposure without 
adding DMS therapy was obviously inadequate.  

Through treatment with an inadvertently excessively 
high dosed homeopathic mercury preparation (3 x 206 
mg HgJ2 daily), the 4-year history of psoriasis in a 68 
year-old female patient deteriorated. The heavy metal 
probably acted as a trigger. The mercury level in the 
blood was 76 µg/L and in the urine, 84 µg/L. 100 mg 
DMPS t.i.d. was prescribed for detoxification.  The che-
lating agent increased renal excretion by a factor of 
ten. This produced rapid excretion of the heavy metal 

associated with a continual improvement of the skin findings<1544>. 
A one year-old girl developed diarrhoea and transient proteinuria after swallowing a button-shaped 
mercury battery (HgO). The mercury level in the serum after 7 days was 120 µg/L. With DMPS 
therapy (over 5 days), the urine level rose to 590 µg/L on the second day of treatment. After 
treatment, the serum level fell to 16 µg/L<586>. Two further children were also treated with DMPS 
after swallowing batteries<95>. 

 Whole blood  
(µg/L) 

Urine 
(µg/L) 

At the start of treatment 76 84 
After 10 days 25 65 
After 26 days  5,3 

   

Mercury levels in the whole blood and urine 
during DMPS therapy<1544> 

Conclusion: 
DMPS is the antidote of choice on acute poisoning. In numerous case histories, its efficacy is 
also documented in children. It is, however important, to initiate therapy as early as possible. 
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Psoriasis, which had been known to exist since 
childhood, was treated externally by a 59 year-old 
man for 40 years with a mercury-containing mix-
ture (8 g Hg/100 g ointment) (≈ 100 g ointment/ 
year). A raised mercury level was found in the 
blood. Daily treatment with oral DMPS was star-
ted and after 4 months, the dose was reduced to 
100 mg DMPS weekly and continued for a further 
8 months. Tachyarrhythmia, which had developed 
before DMPS treatment, remained<306>. 
After 4 years’ use of a cosmetic bleaching cream 
containing mercury, the finger nails of a 56 year-
old female patient turned greenish black. The toe 
nails were unaffected. In addition, she had difficulties in sleeping through the night, nervousness 
and marked nocturnal sweating. Normal findings were obtained on neurological investigations 
such as handwriting tests. With DMPs, the mercury level in the serum fell within 2 weeks from 64 
to 15 µg/L. The mercury excretion in the urine rose and reached a peak of 1,660 µg/L on the 10th 
day of treatment. On completing the treatment, the mercury level in the serum rose again, probably 
due to the release of mercury from the facial skin so that a second series of treatment lasting three 
weeks was necessary. On this occasion, the peak mercury excretion in the urine was 3,724 
µg/day, thereafter falling to 88 µg/day. Dimaval was well tolerated by the patient. The dyschromia 
of the nails disappeared as the nails grew<184>. 
A 21 year-old man treated extensive eczema for three weeks with an ointment containing 10% 
mercury(II) amide chloride. He developed massive neurological (including polyneuropathy, 
depression, tremor and sleep disorders) and renal (including nephritic syndrome, proteinuria, 
reduced glomerular filtration rate GFR) symptoms. Hypertension was also diagnosed. This was 
treated by atenolol and ramipril. Type I diabetes, which had existed prior to poisoning, was difficult 
to control. The dose of insulin had to be more than doubled. 252 µg Hg/L were recorded in the 
urine. Dimaval treatment was administered for 12 days. No adverse reactions were observed. The 
mercury level in the urine thus rose to a peak of 2.10 mg/L. Clinical improvement was observed 3 
months later. Polyneuropathy could no longer be detected. Proteinuria, which was originally 53 g/L 
(11.1 g/24 h) fell to 2.3 g/day after 4 months and to 0.62 g/24 h after one year. The GFR continued 
to rise. The dose of insulin could be further reduced, atenolol discontinued and ramipril reduced. 
The 20 kg lost at the beginning of the poisoning was regained<1126,1250>. 

High values were recorded in the 24-hour urine 
of 8 women who had used a face cream 
containing calomel for up to 10 years. Six of the 
women were asymptomatic while two suffered 
from exanthema and tremor. The women were 
treated with oral DMPS (200 mg/day) for 5 days. 
Hg excretion in the urine sometimes increased 
dramatically and, on completion of treatment, 
was below the baseline values in all subjects. 
The exanthema disappeared in both women and 
tremor in one. Tremor persisted in the other 
patient<463>. 
A 13 month-old girl developed diarrhoea three 
days after inadvertently swallowing a button-
shaped battery containing HgO. When half the 
battery and the mercury were found in the faeces on the 7th day, the child was admitted to hospital 
where the other half of the battery was found in the colon. Transient proteinuria developed. The Hg 
level in the serum was 120 µg/L. Oral DMPS therapy of 5 days’ duration was started on the 9th 
day. The mercury level in the urine peaked at 590 µg/L (day 11). The level in the serum had fallen 
to 16 µg/L on the 17th day<1438>. 
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 After 3 months’ treatment with a cream containing mercury (27% Hg), a 4 year-old child from Iraq 
was admitted to hospital with hypertension, tachycardia, weakness, insomnia, irritability and 
seizures with evidence of toxic encephalopathy. The symptoms improved during treatment with 
antihypertensives and Dimaval<834>. 

Eight workers (5 men and 3 women) in 
a cosmetic plant with occupational 
exposure to Hg2Cl2 showed a 44-fold 
increase in mercury excretion in the 
urine in an oral DMPS test. This shows 
that DMPS therapy can reduce the 
body load. Interval therapy with Dimaval 
(400 mg/day) was, therefore, carried 
out. At the start of each of the three 
treatment cycles, mercury excretion in 
the urine increased, falling slowly once 
again over the next few days<501>. This 
shows that, on the treatment-free days, 
mercury was redistributed from deposits 
that could not be mobilised and was 
thus accessible to DMPS in the next 
treatment cycle. 

Fifty-six patients suffered mercury poisoning after dermal use of an ointment containing mercury 
(Hg in blood up to 800 µg/L; gastrointestinal disorders, nephropathies, hepatopathies, fever and 
dermatitis) and were treated with DMPS. Haemoperfusion was also carried out in extreme cases of 
poisoning. Early onset of treatment prevented more serious complications<768>. 

 

7.2.12.3 Organic mercury compounds 
Short-chain organic mercury compounds (R-Hg+, R-Hg-R) can be extensively distributed in the 
body due to their lipophilic nature.  They primarily affect the haematopoietic and nervous systems 
(Minamata disease and central nervous disorders)<22,1294,1599>. Foetotoxic effects are con-
firmed<22,281,966,1104>.  
Long-chain and aromatic organic mercury compounds tend to be dealkylised after 
absorption<142,280,493,1030> and subsequently accumulate as inorganic mercury in the kidneys<1599>. 
In the normal population, the mean blood mercury level is 1.7 µg/L, and daily intake 2 µg/L<602a>. 
The CNS is the “target organ” for methyl mercury<2>. Acute poisoning with organic mercury 
compounds therefore mainly damages the nervous system. The dose-dependency latency period 
from absorption up to the appearance of the symptoms of poisoning ranges from weeks to months. 
Symptoms include malaise, paresthesia, impaired field of vision, impaired speech and hearing and 
ataxia. Severe poisoning leads to coma and death<1033>. Dimethyl mercury – a colourless fluid<1030> 
- appears to be particularly hazardous. It even penetrates latex gloves and is absorbed through the 
skin. Even exposure to a few drops can lead to degeneration of the central nervous system and, 
ultimately, to death<619>. 
The symptoms of chronic poisoning with organic mercury compounds are the same as after acute 
poisoning, with a rapid transition to severe damage<1033>.  
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Average Hg excretion in workers exposed to Hg2Cl2 during 
interval therapy with Dimaval<501> 

Conclusion: 
DMPS increases the renal excretion of heavy metal on chronic poisoning with inorganic 
mercury, even in children. The symptoms improve when treatment is introduced punctually. If 
treatment is initiated too late, then the symptoms may already be partially irrreversible. 
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In the environment, methyl-Hg is formed through micro-organisms from elementary Hg and 
accumulates in the food chain. Shark, mackerel, swordfish and large tuna are mostly affected<1033>. 
Fish is, therefore, the main source of methyl Hg exposure for humans. 

In addition to agrochemicals, drugs such as thiomersal (preservatives), 
phenyl mercury salts (antiseptics, disinfectants) and mercurochrome 
(wound disinfectants) often play a role in poisoning with organic mercury 
compounds<807,1027>. Lowell et al., for instance, report on patients who 
developed thiomersal-induced symptoms of poisoning following high 
doses of hepatitis B immunoglobulins<859>. The European registration au-
thorities demand that thiomersal, as a preservative, should be replaced 
as soon as possible on safety grounds<1028>. The sensitising effect of 
organic mercury compounds is confirmed through investigations carried out in humans and 
laboratory animal experiments<1027>. 
Organic Hg compounds are virtually completely absorbed in the gastrointestinal tract<1033, 1313> and 
are quickly distributed over the entire body<1313>. Moreover, they are capable of crossing the blood-
brain barrier<1104> and diffuse into breast milk<493>. They also cross the placenta and accumulate in 
the foetus. The levels in the foetal blood are higher than those recorded in the mother. Up to 90% 
of the substance is excreted via the faeces<493>.  The biological half-life of methyl mercury is 48 – 
65 days<493,1030>.  
DMPS was an effective antidote for organic mercury poisoning<947>. ”In experimental models, 
DMPS has been suggested as a useful drug to prevent fatal damage in foetus associated with 
methyl mercury exposure during pregnancy. This chelating agent was also able to protect the 
pregnant mice against methyl mercury exposure”<538a>. Treatment with DMPS can still be useful 
even weeks and months after the poisoning<63>. However, DMPS cannot always improve neuro-
logical and psychological symptoms on chronic poisoning<1532>. Others recommend DMSA<29> or 
DMPS and DMSA<1103> combination therapy on methyl mercury poisoning. ”Good experimental 
and clinical evidence shows that haemodialysis with N-acetylcysteine or cysteine infusion 
combined with oral administration of DMPS can drastically reduce the concentration of alkyl 
mercury in the brain and the body. This therapy should be the first choice in any progressive state 
of intoxication. The treatment can be followed by continuous therapy with DMPS to reduce the 
body from alkyl mercury further”<163>. 
The following recommendation is given for phenyl- and methoxy ethyl mercury: ”Severe renal 
damage from these compounds should be treated with oral administration of DMPS…. BAL is 
contraindicated because it forms lipid-soluble complexes with the organic mercury compounds and 
redistributes mercury to the brain, whereby it may cause severe disturbance in the CNS”<163>. 
 

7.2.12.3.1 Acute poisoning 
A 20 year-old patient was treated with haemodialysis (with concomitant administration of N-
acetylcysteine) and D-penicillamine after swallowing, amongst other things, a methyl mercury-
containing fungicide with suicidal intent. After three days, treatment was switched to 200 mg oral 
DMPS every 6 hours, for 14 days. DMPS was more effective than DPA in terms of mercury 
excretion. The patient survived the poisoning without any major symptoms of intoxication. Serum 
levels of zinc and copper remained within the normal range during therapy<872>. 
A 40 year-old man drank an aqueous solution of 5 g thiomersal with suicidal intent. Five minutes 
later, he vomited spontaneously and was admitted to the local hospital with nausea and vomiting. 
After gastric lavage and administration of 300 mg DMPS via a gastric tube, he was transferred to a 
university hospital. There, blood-stained gastritis was also diagnosed. In addition to oral DMPS, 
DMPS was also administered parenterally and DMSA orally. 
    1st day Start of acute polyuric kidney failure, which improved within 40 days on conservative 

therapy. 
    4th day Fever of up to 40ºC without infection. 
    6th day Gingivitis and exanthema, development of polyneuropathy. 
  11th day Delirium culminating in coma, changes in the EEG. 

S
Hg

C2H5

COO  Na

 
Thiomersal = 2-(Ethylmer-
curithio)benzoic acid, 
sodium salt 
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  16th day Start of mechanical respiration. 
  19th day Improvement in the neurological symptoms. The blood level fell to less than 100 µg/L. 
148th day The patient had largely recovered. Impaired sensitivity remained only in two toes. 
The peak levels were 14 mg/L in the blood, 1.7 mg/L in the serum, 25 µg/L in the cerebrospinal 
fluid and 10.7 mg/L in the urine. There was no correlation between concentrations in the blood and 
the CSF. During the first three days of treatment, more heavy metal was excreted than in the 
remaining 140 days. The half-life of the mercury was t½α = 2.2 days and t½ß = 40.5 days. Although 
the patient survived this massive thiomersal poisoning, no clear effect of DMPS and DMSA could 
be detected from the laboratory parameters in this case on the renal mercury excretion. No 
investigation was carried out to establish whether faecal excretion was high<1059,1140>. 

A 15 year-old boy was admitted to hospital 
because of swallowing an unknown quantity 
of Fusariol (cyanoethyl mercury). After gastric 
lavage, active charcoal and sodium thiosulfate 
were administered and forced diuresis was 
started. The patient was initially treated with 
BAL before switching to DMPS, with which a 
marked increase in mercury excretion was 
achieved. During the administration of DMPS, 
nausea, retching and headaches developed, 
but these were controllable. No changes in 
the blood picture, transaminase levels or 
serum electrolytes were observed<596>. 
A 49 year-old woman was admitted to hospital 
two hours after ingestion of the methoxy ethyl 

mercury chloride fungicide [CH3-O-CH2-CH2-Hg-Cl] (= 4.375 mg Hg) with suicidal intent. The 
compound is known to decompose relatively quickly with formation of inorganic Hg2+. Despite 
vomiting and gastric lavage, 700 – 1,000 mg Hg were absorbed, 11 mg of which were removed by 
haemoperfusion. The blood level was thereby halved. In addition, forced diuresis was introduced. 
Alternating therapy with 300 mg DPA t.i.d. and 100 mg oral DMPS t.i.d. for 12 weeks led to the 
renal excretion of 500 mg Hg. The chelating agent reduced the protein binding of the fungicide and 
thus increased its renal excretion. The patient was discharged after 4 weeks without toxic 
symptoms in the kidneys or central nervous system despite blood levels of up to 2,400 µg/L<760>. 

A 2½ year-old boy was admitted to hospital without 
any clinical symptoms 10 hours after drinking 10 mL 
of 2 % merbromine solution. Hg levels of 62.1 µg/L 
and 457 µg/L were recorded in the blood and urine, 
respectively.  Oral treatment with 40 mg DMPS/day 
was initiated. This was continued on an outpatient 
basis 10 days after the patient was discharged<290>. 
Merbromine solution was administered intrathecally to 
a 69 year-old woman. Neurological symptoms 
developed within 24 hours. High Hg levels were 
recorded in the cerebrospinal fluid, blood and urine. In 
addition to surgery (debridement, drainage), DMPS 
was administered parenterally (no details of dosage 

were given). The patient was extubated after 3 days and transferred from the intensive care unit to 
the normal ward. Treatment was switched to DMSA due to potential intolerance<1386>.  

An 84 year-old female dialysis patient inadvertently took approximately 100 mL of a 2% solution of 
merbromine. A blood level of 240 µg/L was recorded shortly afterwards. Conventional treatment 
with gastric lavage and active charcoal was initially administered. DMPS therapy was initiated 10 
hours after ingestion. 250 mg i.v. DMPS were administered every day for 5 days. Haemodialysis 
was also carried out. A marked, continuous decrease in Hg levels in the blood was observed 
during therapy<591>. The Hg level in the blood fell only slowly once treatment was withdrawn. 
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and 6 x 50 mg DMPS/day (Mar 6 – Mar 20)<586> 
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Compounds with radioactive mercury (chlormero-
drine 203Hg) are used for renal scans as the 
heavy metal accumulates in this organ. Nuclide 
elimination was promoted by subsequent i.m. 
administration of DMPS. Whereas 39.7% of the 
203Hg dose administered was excreted in the 
urine of the untreated control group over the next 
7 days, the 9 patients investigated (6 ampoules of 
i.m. DMPS over 3 days) excreted 74.5% of the 
dose over the same period. As the scans showed, 
the 203Hg level and thus the radiation burden of 
the kidneys were thus rapidly decreased. No 
adverse reactions were observed with DMPS 
therapy<742,1069>. 

 
7.2.12.3.2 Chronic poisoning 
6,530 people in Iraq ate bread produced from corn 
contaminated with methyl mercury in 1972. 459 of 
these people died. Mainly organic but also small 
quantities of inorganic Hg were detected in the blood. 
Some were treated with various antidotes and the 
effect on the biological half-life of mercury was 
compared. Ten patients between 3 and 35 years of age 
received i.m. DMPS with an interval of up to 150 days 
between ingestion of the poison and the start of 
treatment. Mercury levels in the blood at the start of 
treatment fluctuated between 931 and 5,700 ppb. The 
female patient with the highest exposure died despite treatment. The administration of DMPS 
reduced the half-life in the blood from 62 days (placebo and no treatment) to 10 days. Elimination 
was chiefly via the urine. No adverse reactions were observed. Haematocrit values remained 
within the normal range. Organic mercury was mostly detected in the urine and blood. Only traces 
of inorganic heavy metal compounds were found (<10%). DMPS was the most effective compared 
to the other antidotes. DMPS was also superior to DPA in terms of the urinary excretion of 
mercury. Hg levels in the blood were approximately 10 times higher. As regards the clinical 
symptoms, the authors nevertheless state, ”It is our belief, that when there was severe structural 
damage after a long period of heavy exposure, little could be achieved by the drugs 
tested“<22,114,281>.  

For five months, a previously healthy 
girl (9¾ years old) complained of 
abdominal pains. Within three months, 
a shaky script developed as a result of 
tremor and restless movements of the 
left arm and the lips. After diagnosis of 
mercury intoxication, long-term therapy 
with DMPS ( a total of 2.2 g DMPS) 
was initiated. The mercury levels fell 
and the clinical symptoms improved 
slowly but continuously. The source of 
poison was identified as mercury-
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Hg concentration during and after treatment with 
DMPS in a female patient requiring dialysis<591> 

Chelating agent Patients Half-life 
Controls 16 62 days 
Thiol-polystyrol resin (oral) 8 20 days 
DPA (oral) 12 26 days 
NAPA (oral) 17 24 days 
DMPS (i.m.) 10 10 days 
   

Half-life of Hg in the blood on poisoning with 
methyl mercury and administration of various 
antidotes<281> 

Course 
 

Quantity of Hg 
absorbed 

Mercury in the urine 

 mg C2H5HgCl/kg BW Before treatment During 
treatment 

  µg/L µg/Tag µg/L 
Mild 0,5 - 1 28 54 95 

Moderate 1 - 2 69 140 165 
Severe 2 - 3 39 75 310 
Lethal >4    

     

Clinical course of the condition and mercury values in 40 patients 
poisoned with ethyl mercury<1620> 

Conclusion: 
On acute poisoning with organic mercury, DMPS increases the excretion of the heavy metal via 
the kidneys, even in children. However, few details have been published regarding the extent to 
which this is known to affect the clinical course.  
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treated seeds on which the child had frequently chewed<201>. 

Forty-one patients still suffered from symptoms of poisoning 5 months after eating rice that had 
been treated with ethyl mercury. Interval therapy with DMPS (250 mg i.m.) was started in 27 
patients and DMSA (2 x 500 mg i.v.) in 13 patients for three days. After a 4-day treatment pause, 
therapy was administered for another 3 days. The patients received up to 8 treatment cycles. 
DMPS was found to be slightly superior to DMSA. The symptoms were, however, partially 
irreversible such that not all of the patients were symptom-free any longer. In contrast, symptoms 
improved only slightly in the 13 untreated patients. There was a correlation between the severity of 
the symptoms and the mercury levels during DMPS therapy but not, however, with the mercury 
values prior to treatment<1620>. 
Out of 22 workers suffering from occupational exposure to mercury compounds (diethyl mercury, 
ethyl mercury) and mercury vapour, 7 presented with mild, 10 with moderate and 5 with severe 
mercury poisoning. All of the workers received 50 mL of a 5% DMPS solution via the i.m. route for 
7 days. The injections were mostly well tolerated but some pain developed at the injection site, 
which persisted for up to one hour. A transient deterioration in existing symptoms (headaches, 
pain in the extremities, disrupted sleep or general weakness) occurred in 6 patients on the 2nd to 
3rd day.  Skin changes of allergic origin were observed in 2 patients during DMPS therapy. The 
mercury excretion in urine and faeces, however, rose in general as a result of DMPS 
administration ad subjective symptoms also improved<92>. 
DMPS was administered to 9 workers as an aerosol. The patients inhaled 5 mL of a 5% solution 
twice a day for 10 days. Treatment was well tolerated and no dysesthesia was observed.  Mercury 
excretion in the urine and faeces increased considerably and the symptoms of poisoning 
disappeared. DMPS was also administered prophylactically as an aerosol<92>. 
In workers exposed to organic mercury compounds, the oral administration of 2 x 500 mg DMPS 
every day for 3 days triggered a marked rise in Hg excretion in the urine. Protein formation in the 
blood reverted to normal. The patient felt better. No adverse reactions were reported with the oral 
dose of DMPS<1453>. 

 
7.2.12.4 Mercury vapour 
Mercury already evaporates at room temperature. The evaporation increases as the temperature 
rises. Mercury vapour is colourless and odourless<1030>. Poisoning with mercury vapour may, for 
instance, occur at workplaces where it is processed<204,1075,1282,1385> or after breaking a mercury 
thermometer<1506,1510>.  
Mercury in the vapour form is readily absorbed because of its lipophilic nature and high diffusion 
capacity<18> (absorption rate in the lungs: 80 %<121,280,1033,1313>) and is quickly distributed in the 
body. It crosses both the blood-brain barrier and the placenta<839,1313>, and accumulates in the 
foetus<493>. Inhaled mercury can, therefore, reach the brain and the CNS<272,1236> and slowly lead 
to neurological symptoms<2>. The absorbed mercury is oxidised to mercury ions in the body by 
catalases<235,1018,1030,1236>. This makes Hg elimination difficult in the brain (“mercury 
cases“<290>)<204,282,493,1143,1236>. Hence deposits can remain for years<1236>. Therefore, up to ten 
times more Hg is detected after Hg intoxication following inhalation compared to the same mercury 
burden with mercury salts<1104>. 

Symptoms depend on time and dose<204>. At high concentrations, Hg vapour can lead to lung 
damage and death due to respiratory failure<493>. On acute poisoning, damage to the respiratory 
tract (dyspnoea, irritant cough, lung oedema and lung necroses) dominate the clinical picture<121>. 
Patients exposed to Hg vapour also complain of a metal taste in the mouth<1030,1033>, nausea, 

Conclusion: 
In chronic poisoning with organic Hg, DMPS lowers the half-life of the heavy metal in humans. 
Renal excretion is increased even when the start of treatment is delayed. In most cases, this 
leads to an improvement in symptoms, even if the changes are already irreversible.  
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inflammatory processes in the oral cavity and respiratory tracts, dyspnoea, haemoptysis, 
salivation, impaired speech and movement, anuria and kidney failure<1033>. 
The half-life in adults is 60 days. Excretion is chiefly in the faeces but partly via exhalation<493>.  
DMPS is the drug of choice in the treatment of Hg va-
pour intoxication<204>. It increased the renal excretion 
of mercury<274> in subjects suffering from occupational 
exposure and was superior to BAL<782>. DMPS 
increased Hg excretion<910>

 and reduced the half-life 
from 33.1 to 11.2 days<1030> in workers with prolonged 
mercury contact. The oral administration of DMPS 
increased Hg excretion in 24-hour urine in two 
workers who used to work in a mercury mine. Hg 
levels in the blood remained unchanged<402>. ”The 
prognosis in pronounced intoxication by mercury 
vapour involving severe tremor and mental changes 
is, according to what is found in the literature, 
remarkably good with complete regression if exposure ceases. Cases of successful treatment with 
DMPS have been reported in the literature”<163>. „Although there are no controlled clinical data to 
show that chelation therapy improves outcome in patients with neurological features of mercury 
poisoning, DMPS, 30 mg/kg/day p.o., increases urinary mercury elimination and reduces blood 
mercury concentrations. Case reports suggest benefit”, as shown in a handwriting test, for 
instance<203d>. “If the diagnosis of inhaled poisoning is confirmed, antidote therapy must be initiated 
without delay. With normal kidney function, the urinary excretion of Hg with the complex-forming 
agent,  dimercaptopropane sulfonic acid-sodium, is increased 10 to 100-fold. … Haemodialysis or 
haemoperfusion is occasionally required.“ Treatment with D-penicillamine or BAL (2,3-
dimercaptopropaneol is less effective and triggers more adverse reactions“<386a>. 

 
7.2.12.4.1 Acute poisoning 
In an 87 year-old man, inhalation of mercury vapours produced on heating mercury sulfide, led to 
acute lung failure. The patient had to be mechanically ventilated. Mercury intoxication was not 
identified until 6 days later and treatment with DMPS, DPA and methyl prednisolone was initiated. 
Although the mercury levels in the serum fell from 330 µg/L to 27 µg/L, the damage to the lungs 
was already irreversible and the patient died 39 days after intoxication<593>. 
A 19-year old heated mercury with suicidal intent and breathed in the vapours for 6 hours. He was 
admitted to hospital 12 hours later and was already anuric. The Hg level in the blood was 1,800 
µg/L, increasing to 5,300 µg/L. 6,000 µg/L were measured in the bronchial secretion. BAL was 
initially administered followed by DMPS (no information given regarding dosage and method of 
administration). Dialysis, haemoperfusion and plasma separation were also carried out. The Hg 
levels in the blood fell. Diuresis restarted after nine days. Hg concentrations of 600 – 800 µg/L 
were recorded in the urine. The patient nevertheless died from uncontrollable respiratory 
insufficiency 24 days after intoxication<569>. 
 
 
7.2.12.4.2 Chronic poisoning 
In a 14 year-old girl, the initially predominant psychological and neurological symptoms were 
interpreted for a long time as a neurotic anxiety syndrome. Some time later she suffered from 
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Hg excretion of 2 workers suffering from Hg 
exposure, before, during and after DMPS<274> 

Conclusion: 
DMPS had no effect on acute poisoning with mercury vapour. The heavy metal concentration in 
the blood was lowered in both known case histories but the patients nevertheless died 24 and 
39 days after intoxication, respectively.
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marked sweating and insomnia at 
night. As the investigations carried 
out did not show any pathological 
findings, the symptoms were inter-
preted as an expression of a 
psychological disorder. 

Tremor at rest, loosening of the 
teeth and exanthema with 
generalised pruritus developed 
before chronic Hg intoxication was 
diagnosed three months later. The 
cause was split Hg, which could 
not be removed from the carpeting 
with a vacuum cleaner. Treatment 
with 3 x 100 mg every two days 
was initiated. The urine excretion 
was increased more than 14-fold. 

The treatment was well tolerated by the patient. The symptoms of the illness slowly regressed as 
the serum level fell<185,1104>. 

Six patients who had inhaled mercury vapour on smelting amalgam were treated with oral DMPS 
(2 x 100 mg/day) for up to 15 days. Hg excretion in the urine was increased. Two of the patients 
developed transient exanthema. There was, however, no confirmation that DMPS was the direct 
cause of this<902>.  

A 13 year-old boy played with metallic Hg and distributed it in his bedroom. Over the next 3 weeks, 
slight proteinuria, hypertension, seizures, changes in the EEG and skin reactions occurred before 

Hg intoxication was diagnosed. DPA treatment 
was switched to BAL after 10 days and then to 
DMPS after a further 10 days (10 mg/kg/day). 
The authors do not, however, give any 
indication as to the method of administration. 
During this period, Hg levels in the blood fell 
from 5.9 to < 2 µg/L. Blood pressure reverted to 
normal. One month later, the boy unexpectedly 
died. As no autopsy was carried out, there is no 
indication of the cause of death<783>.  
Ten workers in a mercury processing plant who 
had urine levels of over 50 µg Hg/g creatinine 
were treated with 100 mg oral DMPS t.i.d. for 5 
days. The urine excretion of the heavy metal 
was significantly increased. It is striking that, 
with similar mercury excretion before DMPS 
(workers 6-10), excretion in the first 24 hours 
after starting DMPS therapy differed by up to a 
factor of 15<1449>. 

A 40 year-old worker at a chemical plant suffered from nausea, lower abdominal pain, headaches, 
high temperature and symptoms of gingivitis. The neurological examination revealed nystagmus, 
and the Romberg test was positive. Extremely high mercury levels were recorded in the urine (830 
µg Hg/L). This was caused by a defective face mask filter. The symptoms disappeared and 
mercury levels in the urine reverted to normal during parenteral administration of DMPS. No 
damage to the internal organs was established. The neurological symptoms disappeared within a 
few months. No sequelae of acute Hg vapour intoxication could be detected during a follow-up 
examination carried out 1 ½ years later<1637>. 
A total of 225 people in Great Britain were contaminated by playing with 5 to 10 litres of metallic 
Hg. Thirteen of them developed clinical symptoms. Five of these were treated with DMPS. This 
treatment led to a decrease in Hg levels in the blood<1059>. 
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Mercury excretion in the urine and Hg levels in the serum during 
DMPS therapy in a 14 year-old girl<1104> 

 

Hg excretion in the urine (µg/g creatinine) in 10 workers 
before and  24 h and 3 days after the last dose of 3 x 100 
mg oral DMPS<1449> 
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Workers whose job consisted of the recycling of fluorescence lamps, displayed symptoms of 
mercury poisoning 6 months after taking up their post. Hg levels in 24-hour urine increased from 
118 to 2,208 µg/L and from 158 to 1,242 µg/L after a single oral dose of 300 mg DMPS<104>. The 
excretion immediately decreased once treatment was discontinued<274>. “Saturation therapy with 
DMPS” was initiated for a patient presenting with nephritic syndrome<651>. Two i.m. doses, each 
comprising 250 mg DMPS, increased mercury concentrations in the urine up to 200 times or partly 
over 10,000 µg/L in workers exposed to mercury (thermometer production, chlorine-alkali 
electrolysis). The increase was only 20-fold in the control group. In addition, urine concentrations 
were below 100 µg/L in all cases after mobilisation. Furthermore, the administration of DMPS also 
doubled mercury concentrations in the bile. A combination of DMPS and spirolactone even led to 
mercury concentrations 7 times higher in the bile<276>. 

Sixty inhabitants in the 
vicinity of a gold mine in 
the Philippines (Mt. Di-
wata), where gold was 
obtained using Hg, were 
diagnosed with Hg poi-
soning. A further 35 
subjects living down-
stream on the banks of 
the river in which the Hg 
waste was disposed of 
(Monkayo), also suffe-
red from this form of 
poisoning. Tests carried 
out on the hair confirmed that these subjects had primarily been exposed to methyl mercury. 
Neurological symptoms such as tremor were identified in the majority of the 95 patients. All 
received 2 x 200 mg DMPS/day (children 5 mg/kg BW) for 14 days. (The duration of treatment was 
fixed in advance as the Hg could not be assayed on site!) In one girl, treatment was discontinued 
after the first dose due to the onset of an allergic skin reaction. Despite the relatively short 
treatment period, over 2/3 of the patients reported a perceptible improvement although they still 
lived in the exposed region. Various neurological investigations and neuro-psychological tests 
confirmed the subjective patient reports. 3% of those treated announced a deterioration in their 
condition. However, the Hg values in the blood and urine were still high on completion of therapy, 
which suggests that the treatment period fixed at 14 days was no longer sufficient<199>. 
Twenty-two workers with occupationally induced Hg intoxication (organic Hg, Hg vapour) exhibited 
increased fatigue, sexual impotency, neuralgia, polyneuritis and pathological changes of internal 

organs. They were treated with i.m. DMPS. The 
injections were well tolerated. Occasionally 
there was transient pain at the site of the 
injection. In two cases, allergic skin reactions 
were observed during therapy. Hg excretion in 
the urine and faeces rose markedly as a result 
of DMPS administration and the subjective well-
being of the workers improved. Six of the 
workers experienced short-term deterioration of 
the symptoms because of marked Hg 
mobilisation from the deposits<92>.  
Two workers intoxicated with mercury vapour 
were treated with DMPS (300 to 400 mg oral/ 
day) for 60 days. The biological half-life was 
reduced from an average of 33 days to 11 days. 
The symptoms disappeared in one of the 
workers whilest no symptoms appeared in his 
colleagues despite excretion of 832 µg mercury 
in 24-hour urine. No treatment-related adverse 

  Mt. Diwata
 

Monkayo 

No. of cases  60 35 
Hg hair before treatment ng/g 6.93 6.03 
Proportion of CH3-Hg in the hair % 82 31 
Hg-blood before treatment µg/L 22.1 19.2 
Hg urine before treatment µg/g crea 5.4 8 
Hg urine 4 hours after the first dose of 200 mg DMPS µg/g crea 1049 74.9 
Hg urine on completion of treatment µg/g crea 97.4 10.2 
Hg blood on completion of treatment µg/L 21.8 15.2     
Effect of 14 days’ treatment with DMPS on Hg parameters in subjects in the 
Philippines presenting with chronic Hg intoxication<199> 

 n 
 

Improved Unchanged 

Loss of appetite 27 23 4 
Finger tremor 42 5 37 
Memory disorders 78 9 69 
Headaches 50 41 9 
Fatigue 78 58 20 
Irritability 42 10 32 
Insomnia 60 52 8 
Pain 45 33 12 
Dizziness 71 60 11 
Sweaty hands 53 31 22 
Gingival atrophy 46 0 46 
Gingival haemorrhage 56 42 14 
Toothache 55 45 10 
Loss of teeth 43 0 43 
Effect of stopping exposure and treatment with DMPS 
on the symptoms of workers at an Hg refinery<568> 
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reactions were observed<235>.  

Eighty-four employees who had worked for 2 to 10 years in a Hg refinery were treated with DMPS 
(4 x 125 mg i.m. DMPS/week) for 4 weeks. The mean mercury level in the urine fell from 224 to 
41.3 µg/L. The clinical symptoms partially improved. However, the neurological symptoms in 
particular were already irreversible<568>.  

As the heavy metal was predominantly inhaled via the lungs, DMPS was administered to nine 
workers as an aerosol. The treatment was well tolerated. The symptoms of intoxication improved. 
Mercury excretion in the faeces and urine increased. The heavy metal was excreted even in 
workers in whom no mercury could be detected prior to treatment<92>. DMPS was also 
administered by inhalation as prophylaxis for mercury vapour poisoning<92>. Long-term 
investigations in 219 employees exposed to mercury vapour showed an improvement in the 
condition of the upper airways through prophylactic inhalation of the antidote<433>. 

19 underground railway construction workers 
were unwittingly exposed to mercury vapour for 
20 – 40 hours when liquid mercury of unknown 
origin flowed out of the soil on tunnelling. Clinical 
symptoms such as lesions of the oral mucosa, 
fatigue, headaches and haw pain, insomnia, 
tremor, hypersalivation, dyspnoea and speech 
disorders developed. The patients were treated 
either with 3 x 200 mg DMPS/day (n=6), 3 x 100 
mg DMPS/day (n=6) or 3 x 150 mg D-peni-
cillamine/day (n=7) in a randomised, single-blind 
study. Hg excretion initially increased in all 
groups. Hg levels in the blood fell during the 7-
day treatment period. The highest excretion in 
the urine was achieved in the high-dose DMPS 

group. DPA displayed only inadequate efficacy at the dose administered. No adverse reactions 
were observed<272,1610>. Therefore, “mild and abortive intoxications should also be treated as the 
symptoms arising due to mercury residues in the body may develop, indicating residual 
effects“<272>. 
An 8 year-old girl was admitted to hospital with loss of appetite, lethargy, pain in the legs and 
fingers, sweating and exanthema 4 months after a temperature thermometer had broken in the 
children’s bedroom. Tachycardia was also diagnosed. The mercury concentration in the urine was 
18.6 µg/L and 31.5 µg/L creatinine. After the introduction of Dimaval therapy, mercury 
concentrations in the urine increased to almost 200 µg/g creatinine and gradually fell during the 
course of treatment. As the symptoms deteriorated during treatment, the parents discontinued 
therapy<1507>. 

A father wanted to destroy wasps 
with liquid mercury. During the 
process, the container broke and 
the majority of the heavy metal 
spread over the carpet. The parents 
tried to remove the mercury with a 
vacuum cleaner. The mother 
experienced symptoms of poisoning 
such as headaches and nausea as 
early as the next day. The four 
children (7 months to 7¼ years old) 
developed severe bronchitis after 
eight days. Six to ten days after 
exposure, treatment with 60 to 100 
mg DMPS/day was introduced and 
was administered in two divided do-
ses. No treatment-related adverse 
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reactions were observed. After four weeks, the children were discharged in a good state of health, 
without any symptoms of mercury poisoning. The excretion of copper (maximal 218 µg/L) and zinc 
(maximal 2,500 g/L) was markedly raised whilst that of iron (maximal 130 µg/L) was in the upper 
normal range. Since no deficiency was detected in the blood plasma, no additional replacement 
therapy was required<166,290,657,706>.  

A 2¾ year-old girl (S.K.) suffered from 
weeping eczema for four months until 
chronic mercury poisoning was 
diagnosed. She later developed loss of 
appetite, diarrhoea and photosensi-
tivity. Eight months previously, a 
mercury thermometer had been broken 
in the children’s bedroom (wall-to-wall 
carpeting, underfloor heating) . Two 
siblings (R.K. 1¾ years old and J.K. 7 
years old) were also found to have 
symptoms of Hg intoxication (Feer’s 
disease). Treatment with 50 mg DMPS 
t.i.d. for two days was introduced. 
Therapy was then continued at a dose 
level of 30 mg b.i.d. for four months. 
The clinical status reverted to normal. 
It was noted in particular in patient R.K that the mercury concentrations in the urine before the 
administration of DMPS were still within the normal range despite the clinical symptoms. Only after 
administration of the chelating agent was the mercury intoxication visible in the urine<1506,1510>. 
Children found a bottle containing metallic mercury and distributed the metal in two children’s 
rooms. Three of the children developed fine muscular tremor, atactic movement disorders and 
weakness 4 to 6 weeks later. Hg poisoning was finally diagnosed on the basis of blood tests, 
which were even carried out in the asymptomatic children. Blood plasma concentrations reached 
1,500 µg/L and urine concentrations up to 2,700 µg/L, there being no correlation between the 
levels and the severity of the symptoms. The children were treated with oral DMPS in four 
treatment cycles and after spending approximately six weeks in hospital, were discharged for 
subsequent outpatient treatment with a substantial reduction in blood levels (about 60 µg/L) and 
urine concentrations that were still high (up to approximately 2.000 µg/L).<545>. 
A 9 year-old boy was admitted to 
hospital with abdominal and joint 
pain as well as renal and neurolo-
gical symptoms (including ataxia, 
peripheral neuropathies, defecti-
ve reflexes and writing difficul-
ties). The Hg level in the serum 
was 200 µg/L (normal value < 6 
µg/L). The source of the heavy 
metal was mercury, which was 
traced in the bed and carpet after 
having been spilled and “remo-
ved“ with a vacuum cleaner. 
DMPS therapy (administered pa-
renterally for 4 days and orally for 
14) was carried out, during which 
time Hg concentrations in the 
serum fell continuously). Hg ex-
cretion in the urine initially in-
creased, thereafter also falling. Meanwhile, the boy developed presumably Hg-induced hyper-
tension, which temporarily required 3 antihypertensive agents, which could again be discontinued 
over time. The neurological damage slowly improved. It took 6 months for the boy to recover<1224>. 
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Mercury excretion in the urine (µg/L) during DMPS therapy. Starting 
dose 3 x 50 mg/day for 2 days and 2 x 30 mg thereafter<1506,1510> 
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boy with Hg poisoning<1224> 
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Stantschew examined 1,156 workers, previously exposed to mercury, with a spontaneous urinary 
excretion of mercury of at least 20 µg/L. The va-
lues were determined in the overall nocturnal 
quantity of urine. A Hg deposit was assumed if the 
mercury elimination after the first injection of 
DMPS (10 mL of a 10% solution = 1,000 mg of 
DMPS i.m.) exceeded a value of 250 – 300 µg/L 
and if even higher concentrations of mercury were 
detected in the urine after a second injection. A 
peak urine value of 11,200 µg/L was reached. The 
largest mercury deposits were also decorporated 
after a further 3 to 8 or, in exceptional circum-
stances, up to 15 DMPS injections. Copper excre-
tion was slightly high with DMPS but did not, how-
ever, lead to a clinical deficiency. The loss was sa-
tisfactorily compensated for by the copper intake 
with food1385>.  

Mercury vapour led to severe neurological damage in one patient. This improved both subjectively 
and objectively with three DMPS treatment cycles (30 mg/kg/day p.o.). 

 
 
7.2.12.5 Metallic, liquid mercury 
The effect of the injection of metallic mercury varies considerable from one patient to the next. 
Some tolerate the heavy metal for years, obviously without any symptoms, whilst others exhibit 
pulmonary embolism through mechanical obstruction of the vessels due to Hg spheres<142,564> or 
react with symptoms of acute or chronic Hg intoxication. Lethal clinical courses are also 
described<564>. In poisoning with metallic mercury, the toxic effects develop mainly through the 
mercury ions produced<306,532,1565> (e.g. kidney damage<142>), as these may react with free SH 
groups of biomolecules<1565>. Metallic mercury can, therefore, form a deposit, which leads to chro-
nic resorptive mercury intoxication<532>.  There is some dispute whether poisoning with metallic 
mercury must be treated in every case. ”There were no controlled studies examining the efficacy of 
any treatment measures for elemental mercury toxicity“<237a>. When taken orally, some people 
consider it to be non-toxic<18,1492> (absorption from the gastrointestinal tract < 0.1 %<166,493>),  while 
others consider that treatment is necessary<532,809,1104>. “Metallic mercury in fatty tissue is, how-
ever, highly toxic because of its lipid solubility and needs treatment with chelating agents“<1104>. 
Thus, treatment was carried out for six months in one case with s.c. mercury incorporation<167>. 
The administration of DMPS is absolutely essential in cases of increased mercury excretion in the 
urine or high mercury concentrations in the blood following incorporation of metallic mercury<809>. A 
mercury concentration of 20 mg/dL in the urine or 2 mg/dL in the blood suggests poisoning <1329>, 
which should be treated. 
Serious symptoms of poisoning can also be anticipated when metallic mercury is deposited in ot-
her tissues, warranting a combination of surgical and internal procedures as soon as possible<913>. 

Metallic mercury itself is not mobilised by DMPS. It can, however, bind to erythrocytes, for 
instance, and be oxidised to inorganic mercury<1565>, which can then react with DMPS. 
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Average Hg excretion in workers exposed to Hg after 
several  i.m. injections of DMPS. The black numbers 
above the bars indicate the number of patients<1385> 

Conclusion: 
Numerous case histories describe the efficacy of DMPS in chronic mercury vapour poisoning.
The renal excretion of the heavy metal is increased whilst blood levels fall. The symptoms 
improve provided that the damage is not already irreversible. 
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7.2.12.5  i.v. administration of mercury 
“Parenteral applications can remain symptom-free for years but can also trigger serious absorption 
intoxication “<166>.  
A 22 year-old male drug addict in-
jected 8 g of mercury (= 0.6 ml) via 
the i.v. route with suicidal intent 
and also drank 100 mL. Within a 
few days, the symptoms of acute 
Hg poisoning appeared characte-
rised by gastroenteritis, Colitis sto-
matitis, a metallic taste and inten-
sive urge to micturate. Severe tre-
mor of the hands, exhaustion and 
insomnia developed one to two 
weeks later. On admission to hos-
pital after 6 months without treat-
ment, the patient reported an in-
creasing inability to concentrate, 
speech disorders and tremor. An 
X-ray revealed various mercury 
deposits in the body but not, however, in the heart. The Hg level in the blood was 680 µg/L. During 
7 days’ treatment with DMPS (50 mg i.v. per day), the Hg concentration in the urine increased up 
to 12,050 µg/L. During the second treatment cycle, the urine level was still 4,250 µg/L. A third 
treatment cycle increased the Hg concentration in the urine from 786 µg/L to 4,880 µg/L. The Hg 
level in the blood fell only to 478.8 µg/L. Depression, tremor and weakness in the left hand 
persisted. The patient refused to undergo surgical removal of the Hg deposit. Tremor still persisted 
two years later. The blood level was between 500 and 600 µg/L. Two further treatment cycles with 
250 mg i.v. DMPS and 300 mg oral DMPS for 5 days caused blood levels to fall to 400 µg/L. After 
treatment, however, these slowly rose once again, finally reaching the baseline value. This was 
followed by the surgical removal of the mercury from the left Fossa cubitalis, whereupon appro-
ximately 75% of the Hg deposit could be removed. The Hg level in the blood fell to 250 - 300 µg/L 
but did not decrease any further over the next few days. The authors do not, however, explain why 
they discontinued chelate therapy after 5 days although mercury concentrations in the urine excee-
ded 10,000 µg/L. Subsequent treatment cycles with DMPS will, however, be considered<1565>. 
A 26 year-old employee attended hospital ½ an hour after intravenous injection of mercury. 11 
days’ treatment with i.m. BAL was introduced. DMPS was then administered for 2 years (no dosing 
details given). DPA was also administered during the second week. In addition, mercury deposits 
were surgically removed. During DMPS therapy, the mercury level in the blood fell from 200 µg/L 
to 60 – 80 µg/L. Mercury excretion in the urine increased from 60 µg/day to 2,600 µg/day and 
subsequently levelled off at around 600 µg/day (normal value < 20 µg/day) within a few weeks. 
The lady remained asymptomatic during the period in question<37>. 

In three of the four people, mercury was visible on X-ray after intravenous injection (0.5 to 20 mL). 
Hg levels increased to 20 to 2,000 µg/L in 24-hour urine and to 5 - 25 µg/L in the blood. The 
administration of DMPS triggered only a transient decrease. However, none of the patients 
developed the typical symptoms of mercury poisoning<758>. 
A 16 year-old male heroin addict injected the mercury from a thermometer intravenously with 
suicidal intent. On admission to hospital Hg levels of 21.4 µg/L and 183.3 µg/L were recorded in 
the blood and urine, respectively. Two treatment cycles with DMPS administered for a total of 17 
days lowered the blood level to 8.1 µg/L whereas the urine level increased to 397.6 µg/L six weeks 
after treatment. X-rays confirmed Hg deposits in the lungs, which gradually disappeared 
completely. Due to early diagnosis and an immediate start to chelate therapy, no signs of Hg 
intoxication were evident apart from a transient rise in NAG enzyme levels and N-acetyl-ß-
glucosaminidase indicative of mild kidney damage<139>. 
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A 35 year-old man suffered from gingivitis, 
muscle weakness, hyperpyrexia, abdominal 
pain, diarrhoea and loss of appetite 6 weeks 
after i.v. injection. X-rays revealed heavy metal 
deposits. Over the next 5 years, the patient 
received 4 treatment cycles (3 x 200 mg oral 
DMPS/day for 6 days). Slight hypersensitivity in 
the form of a skin reaction was observed at the 
start of treatment, but this disappeared sponta-
neously after 2 days. Metallic Hg was still appa-
rent on X-rays taken 5 years later. Tremor and 
weakness of the lower extremities persis-
ted<1448>. 
A 27 year-old man injected approximately 1.5 
mL (20 mg) of mercury intravenously with suici-
dal intent. Thirteen hours later he was admitted 
to hospital with chest pain, severe sweating 

and tingling sensations in the extremities. Hg particles were highlighted in the lung region on X-ray. 
Hg deposits were found in the vessels of various organs on CT scanning. Five days’ treatment with 
DMPS (200 mg every 8 hours) was started 37 hours post-injection. A total of 8 mg Hg was 
excreted renally over this period. After a 3-day treatment pause, the patient was treated with 
DMSA (500 mg/day, administered in 3 divided doses) for 5 days. Hg excretion was 3 mg. The 
serum concentration was not significantly affected by treatment. No further treatment was admini-
stered as a result and since no severe symptoms were present (Hg level in the serum: 190 µg/L, in 
24-hour urine: 589 µg/L). ”Although treatment with DMPS or DMSA was associated with marginally 
increased renal excretion of Hg in our patient, clinically relevant elimination did not occur and evi-
dence of benefit is doubtful”<399>. 
Following i.v. injection of mercury, the mercury content of the body gradually decreased over the 
years without any further treatment. However, mercury deposits could still be detected in the lungs 
and the right cardiac ventricle on X-ray, even after 19 years. During this prolonged contact time, 
chronic mercury poisoning can develop through absorption, mainly manifesting in the kidneys. 
Such was the case described by Stier in relation to a patient who developed kidney failure 19 
years after injection. 
A 39 year-old patient was given short-term treatment with 300 mg oral DMPS after i.v. injection of 
Hg with suicidal intent<1540>. In a 21 year-old nurse, the renal excretion of mercury increased from 
484 to 1,304 µg/g<532> following administration of DMPS, 14 months after injection of the heavy 
metal. 
Transient dyspnoea and pain on breathing developed in a 39 year-old man following intravenous 
injection of 40 mL of mercury. He was admitted to hospital 3 years later with still intense tingling 
sensations in both legs, profuse sweating, pain in the region of the heart and headaches. The 
mercury level in the blood was 96.3 µg/L and in the urine, 602 µg/L. Mercury deposits could be 
detected on X-ray. No findings were observed on urinalysis and there was no evidence of kidney 
damage. 300 mg Dimaval was administered per day for 6 months. The mercury concentration 
increased to 2,240 µg/L. Although high levels of zinc and copper were excreted in the urine, no 
deficiency of these trace elements was detected in the blood<596>. 
In a 23 year-old man, the Hg level in the blood increased to 294 µg/L following i.v. injection of 
mercury. Treatment with DMPS (300 – 800 mg daily orally) was started and continued for 4½ 
years. The blood level rose in the interim to 1,608 and the urine level to 73,500 µg/L. The patient 
nevertheless remained asymptomatic and fit for work. Side effects did not occur and the plasma 
levels of copper, zinc and selenium were not lowered<96>. 
A 32 year-old female patient who had intravenously injected approximately 2 g of metallic mercury 
from a thermometer, was initially treated with N-acetyl penicillamine for 4 months. Treatment was 
changed to the more effective DMPS due to intolerable side effects. The heavy metal excretion in 
the urine was increased by DMPS (1 x 250 mg) from 560 to 3,700 µg/L daily. The similarly 
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increased quantities of trace elements excreted, namely zinc and copper, were consequently 
replaced during DMPS therapy<166,167>.  
“Multiple foreign bodies, the thickness of metal, were detected under both lungs“ on X-ray in a 34 
year-old man presenting with occasional, right-sided chest pain. The mercury level in the blood 
was 170.4 µg/L and in the urine, 105 µg/g creatinine. No further symptoms were present. “Intra-
vasal mercury poisoning” was established as the cause and DMPS therapy was initiated<540>. 
A female patient who intravenously injected the contents of two thermometers with suicidal intent 
was only observed for almost four months as the mercury level in the urine did not exceed the BAT 
value of 200 µg/L. Oral treatment with 3 x 100 mg was then introduced when Hg levels reached 
220 µg/L. Acute kidney failure with anuria developed just one day later warranting 14 days of 
haemodialysis. DMPS treatment was stopped. DMPS had obviously mobilised the deposits of 
mercury and, in such quantities, saturated the kidneys, thus resulting in kidney failure<564,1389>. 
Gülden et al. therefore recommended the following: “Treatment with chelating agents (e.g. 
Dimaval) thus appears to be essential, even in patients with a low injection dose and no 
symptoms, in order to prevent renal damage“<532>. 

 
7.2.12.5.2 Oral administration  
The solubility of elemental Hg is extremely low (6 µg/100 g of water, 0.3 µg/100 g n-hexane<1059>. 
Its gastrointestinal absorption is, therefore, very slight<1033,1059>. Clinical symptoms rarely oc-
cur<142>, but individual cases of poisoning cannot be ruled out<1543>. “Massive treatment is essen-
tial, especially active charcoal and isotonic sodium thiosulfate as a laxative following oral ingestion 
of metallic Hg (not finely distributed). Excretion can be monitored on X rays“<386a>. 
A 35 year-old man with subileus of the small intestine ingested metallic mercury into the gastroin-
testinal tract through rupture of the balloon of a Miller Abbot probe. It was presumably partly absor-
bed by ileus-induced epithelial lesions. A raised mercury level of 940 µg/L was detected in the 
blood after approximately 24 hours. Dimaval therapy with 58 capsules over 7 days was, therefore, 
started immediately. The blood level fell rapidly and had decreased to 230 µg/L in the whole blood 
after just 24 hours. Urine levels rose briefly to 700 µg/L. The clinical course was without complica-
tions despite elevated mercury levels in the blood. There was no evidence of renal damage at any 
point in time such that the patient was discharged after 12 days without any symptoms<809>. 
A 33 year-old female patient became ill 10 minutes after drinking 1,000 mL of liquid Hg (approxi-
mately 13 kg!). She had to vomit on three occasions. 16 hours later, she was seeking hospital ad-
mission due to abdominal pains. Hg levels of 180 µg/L and 653.4 µg/L were recorded in the blood 
and urine, respectively.  X-rays confirmed that the Hg had been completely excreted after 3 weeks. 
DMPS therapy was also administered for 5 weeks (250 mg i.m. DMPS/day for 3 days followed by 
a 4-day pause). Hg excretion in the urine increased to 2,585.34 mg/d (the author confirmed the 
value when asked!), thereafter regressing to 241.24 mg/d up to the end of treatment<1370>.  
DMPS therapy was given to a 32 year-old man who had swallowed elemental mercury although 
mercury was still visible on the X-ray after no clinical symptoms developed<1375>. 

 

 

Conclusion: 
Surgical dissection appears to be the most important step following injection with metallic 
mercury. The additional administration of DMPS increases renal excretion. The need for a long-
term therapy remains a controversial topic for discussion. 

Conclusion: 
As orally ingested mercury is only absorbed in very small quantities, no antidote is generally 
required. 
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7.2.12.5.3 Other method of administration 
In a 2½ year-old boy, a deposit of metallic mercury developed in the left eye socket after an 
accident with a thermometer.  As complete surgical removal of the heavy metal was impossible, 
additional treatment with DMPS therapy (100 mg/day) was initiated.  At the start of treatment, there 
was a rise in the mercury concentration in the 24-hour urine from 24 µg/L to 443 µg/L.  The 
treatment, which was carried out for more than one year, was well tolerated without any side 
effects and will be continued as mercury deposits can still be detected on X-ray and the mercury 
level in the urine is still slightly raised<1141>. 
A 25 year-old female schizophrenic developed headaches and photosensitivity following 
intraocular Hg injections. Foreign bodies visible on X-ray lead to the diagnosis. The eyes were 
irreversibly damaged. DMPS treatment was initiated for 18 days after bilateral nucleation. On the 
first two days, the patient received 200 mg of oral DMPS every 2 hours, whereupon the Hg 
excretion in the urine (240 µg/g creatinine) rose drastically. The patient subsequently received 4 x 
100 mg/day<101,684>. 
Metallic mercury became embedded in both arms of a 33 year-old archer during a sporting 
accident. This was initially unnoticed. X-ray deposits were not detected on X-ray until metallic 
mercury began to seep from an abscess. A large section was surgically removed. However, finely 
distributed particles remained. Treatment with Dimaval was introduced simultaneously. Despite 
high mercury values (serum 393 µg/L, urine before Dimaval 982 µg/L, urine during Dimaval 3,380 
µg/L), the patient was neurologically normal at the time in question. Pathological blood and urine 
values were still recorded during a follow-up appointment six months later. Neurological 
symptoms, speech and memory disorders, impaired taste and minor tremor were also exhibited. 
Despite the continuously high excretion rates, Dimaval therapy was discontinued as it did not lower 
mercury levels in the blood<913>. Presumably, mercury from the metallic deposits continuously 
replaced the heavy metal excreted in the urine. 
A 61 year-old women inadvertently aspirated metallic mercury into her lungs. After eight months, 
isotope investigations confirmed that the organic mercury had formed and accumulated in the 
kidneys. The patient had develop mild proteinuria after 6 months. Six days’ treatment with DMPS 
(300 mg/day) increased the mercury excretion in the urine and lowered the level in the kidneys 
from 104 µg/g to 71 µg/g. Mercury levels in the plasma and erythrocytes remained unchanged<627>. 
Vomiting and fainting developed in a 21 year-old patient two days after aspirating a large quantity 
of mercury. Metallic deposits were visible on the X-ray. Slight EEG changes and a reduction in 
nerve conduction velocity were observed after 6 weeks. Emotional lability and a slight short-term 
memory loss were seen after 14 months. Kidney function was normal apart from intermittent 
proteinuria. No abnormalities were found on spirometry. The density of the metal shadows on the 
X-rays decreased. Despite intermittent treatment with DMPS and DPA, Hg levels in the plasma 
and urine were markedly high<138>. 

 

7.2.12.6 Unknown type of mercury 
Mercury poisoning was assumed to be the cause of erythromelalgia in a 4 year-old girl. No 
improvement was elicited with over 2 months’ administration of 100 mg DMPS/day. However, Hg 
levels in the blood and urine were within the normal range at the start of treatment. Hg excretion 
immediately after the start of DMPS therapy was not determined<903>. 
Patients with chronic Hg poisoning had high mercury levels in the cerebrospinal fluid in addition to 
raised blood concentrations. Levels in both the blood and the cerebrospinal fluid were lowered 
following DMPS therapy<851>. 

Conclusion: 
Surgical dissection is the most important stage with other forms of metallic mercury ingestion.
Each case must be assessed individually in order to ascertain whether additional administration 
of DMPS is required. 
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7.2.13 Ni - Nickel 
Nickel is used in the production of specialist steel, in electrotechnology and electroplating as well 
as a material for fashion jewellery. 

Nickel is an essential trace element as a constituent of some metalloenzymes<166>. It also acts as 
an enzyme activator<93,94>. On the other hand, it is a potent carcinogen<343> (carcinoma of the 
nose, sinus cavities and the bronchial tract<1543>), which plays a crucial role in the recognition of 
occupational nickel intoxication<1543>. Foetotoxic effects are also known<343>. Nickel possesses a 
high sensitising potential on contact with the skin. The biological half-life depends on the solubility 
of the nickel compound and is 30 – 40 days for nickel oxide. It is mainly excreted via the urine. The 
EKA value for nickel is 45 µg/L. The normal limit for the general population is 4.0 µg/L in the 
urea<1543>. The reference values for nickel in the urine and blood are < 1.7 and < 3.3 µg/L, 
respectively<1288>. 
DPA<1543> and DMPS are both potential antidotes for nickel poisoning<306>. The urine measure-
ments published are not, however, consistent. The nickel content of the urine in patients receiving 
DMPS was the same as<1191> or somewhat higher than that observed in patients receiving no 
chelating agent<180,707>. 

 

7.2.14 Pb - Lead 
Lead is one of the non-essential heavy metals<63,383a,733>. No physiological requirement as a trace 
element has been detected in humans to date<965>. The daily lead intake in food is, according to 
estimates by the WHO, 100 to 300 µg<166>. Lead is used in dyestuffs, various industrial products 
(e.g. accumulators and batteries) and was also used as an additive to motor fuels for many 
years<63,1454>. Lead glassware or defectively manufactured ceramic crockery are key sources of 
poisoning.  Acid foodstuffs or drinks can release lead<476,481,543,544,572,1543>. Contaminated foodstuffs 
and drinking water containing lead are also possible sources of exposure<1454>. Medicinal products 
and cosmetics from exotic “healers“, e.g. “Indian tablets“<572> sometimes contain larger quantities 
of lead<121,1002,1545>. The heavy metal can be inhaled on smoking illegal lead-containing drugs such 
as marijuana and opium<1002a,1377>. ”The World Health Organization estimates that 120 million 
people are overexposed to lead and 99 percent of the most serious cases are in the developing 
world”<1489a>. 
The absorption of lead in the gastrointestinal tract is less than 10% in adults, but is approximately 
5 times greater in young children<121,539,1543>, who are, therefore, particularly at risk<539>.  
Following ingestion, lead is also redistributed in the deeper compartments (bones, brain), which 
affects clearance. Up to 95 % of the total lead burden is deposited in the bones where it forms a 
pool with a long half-life (10 - 28 years). This can post a problem on severe bone changes or 
decomposition (e.g. post-menopause, pregnancy, kidney failure or treatment with cis-plati-
num)<121,539>. Up to 95% of the inorganic lead present in the blood is bound to erythrocytes<570>. 
Critical organs on lead poisoning are the central and peripheral nervous systems<2>. 
It is known to cross the placenta<1508>. Embryotoxic and teratogenic effects may occur<1454>. No 
carcinogenic effects have been reported with lead<1543>. 
Organic lead poisoning, on the other hand, mainly affects the central nervous system due to the 
lipophilic nature of the toxin. As organic blood is not bound to erythrocytes, lead concentrations in 
the blood are not that high<121>. 
Up to 65-75 % are excreted in the urine and 25-30 % via the bile. Smaller quantities can be found 
in the sweat and milk<539>. After brief exposure, the biological half-life of lead in children is 8 – 11 
months compared to 20 – 38 months following long-term exposure due to its release from the 

Conclusion: 
According to laboratory animal experiments, DMPS appears to be a suitable antidote for the 
treatment of nickel intoxication. However, there are no clinical observations to confirm this. 
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bones<41>. The half-life in the 
erythrocytes is approximately 20 
days, in the soft tissue 40 days 
and in cortical bone up to 28 
years<166,539,1543>. 
Lead reacts with sulfhydryl 
groups of various enzyme sys-
tems and thus reaches various 
metabolic regions<539,1543,1545>. It 
also interacts with essential ele-
ments such as calcium, iron or 
zinc<539>.  
Neurological and gastrointestinal 
disorders are typical symptoms of 
lead poisoning<118>. Cardinal 
symptoms after a certain latency 
period<1173> are: Gastrointestinal 
colic, anaemia, paresis, impaired 
kidney function (lead nephro-
pathy<121>) and general lethar-
gy<1454,1543>. A reduced sperm 
count, infertility, impaired men-
struation and spontaneous abor-
tions have also been repor-

ted<539>. Lead can also impair the growth of children. A negative correlation has been found 
between the blood lead level and the height of children<44>. 
Behavioural disorders have been reported in children suffering from lead exposure<481>. Adverse 
repercussions on cognitive and behavioural development can may be expected in children with 
blood lead levels of 100-150 µg lead/L<506>. 
”Recently neurobehavioural research has 
produced considerable evidence for harmful 
effects of lead in children at blood lead levels 
as low as 10 µg/dL and the US Center of 
Disease Control has reduced the lead allowable 
threshold from 25 µg/dL of blood to 10 
µg/dL”<1348>. ”New evidence suggests that even 
very low blood lead levels, less than 10 µg/dL, 
can be associated with neurological 
injury”<1569>. “Lead is associated with negative 
outcomes in children, including impaired 
cognitive, motor, behavioural, and physical 
abilities. In 1991, CDC defined the blood lead 
level (BLL) that should prompt public health 
actions as 10 µg/dL. Concurrently, CDC also 
recognized that a BLL of 10 µg/dL did not 
define a threshold for the harmful effects of 
lead. Research conducted since 1991 has 
strengthened the evidence that children’s 
physical and mental development can be 
affected at BLLs <10 µg/dL”<996a>.  

“The problems with lead poisoning are based 
on the fact that, given the non-specific symp-
toms in the early stages, lead poisoning is not 
suspected. In addition, the sources of the con-
tamination are often difficult to pinpoint and the 
lead will often have been ingested several 

Lead concentration 
in the blood(µg/L) 

Symptoms 

< 100 
↓ 

Crosses the placenta with adverse 
effects on the foetus 

100 
↓ 

Growth disorders, impaired hearing, 
lower IQ 

↓ Increase in EP 
Elevated protoporphyrin 

200 
↓ 

Reduced ALAD activity, Increase in 
ALAU, 
Impaired nerve conduction velocity 

300 
↓ 

Disruption of vitamin D metabolism 

400 
↓ 

Hypertension, 
Impaired haemoglobin synthesis 

500 
↓ 

Fatigue, sleep disorders, headaches, 
loss of appetite, metallic taste, 
gastrointestinal pain, constipation, 
myalgia, paresthesia 

800 
↓ 

1.000 

Anaemia, abdominal colic, 
Azothaemia, encephalopathy, 
nephropathy, paralysis 

↓ 
> 1.200 

Acute encephalopathy, delirium, 
coma, death   

Clinical symptoms of lead poisoning according to lead 
levels in the blood<1173,1508,1548> 

“Symptoms of lead poisoning: 

Non-specific symptoms: 
Headaches, fatigue, sleep disorders, lack of drive, muscular weakness, 
unsteady gait and weight loss 

Specific symptoms:  
• Skin: “anaemia due to lead poisoning’ (pale grey-yellow pallor)  
• Gastrointestinal tract: anorexia, salivation, “blue line“ (greyish black 

discolouration on the edges of the gingiva and at the dental root), 
“lead colic’ (painful abdominal spasms), constipation (paralytic 
ileus)  

• Blood: Hypochromic anaemia (basophilic spotting of the 
erythrocytes, Polychromasia, anisocytosis, reticulocytosis) 

• Nervous system: ‚Bleilähmung’ (Schlaffe Lähmung of the extensor 
muscles through paresia of the N. radialis ,N. peronaeus); lead 
encephalopathy (confusion, excitability, hallucinations, seizures, 
somnolence possibly culminating in coma)  

• Cardiovascular: bradycardia, hypertension, peripheral 
vasoconstriction 

• Eyes: Atrophy of the optic nerve (induced by spasms of the retinal 
arteries)  

• Liver: Hepatomegaly 
• Kidneys: ‚“Saturnine atrophic kidney“ (toxic glomerular-capillary 

damage)“<1002b> 
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months earlier. Lead poisoning 
can, however, be confirmed on 
the basis of laboratory chemi-
cal tests and, together with a 
detailed medical history, can 
be subsequently diagnosed“ 
<730>. In the event of unclear 
symptoms, lead poisoning 
should not, therefore, be over-
looked in a differential diagno-
sis<1545>. ”Our report highlights 
the importance of taking a de-

tailed occupational history and considering lead poisoning in the differential diagnosis of acute 
abdominal colic of unclear cause”<1334a>. Nowadays, lead intoxication can generally be cured 
without any sequelae<1543>. 

Lead concentrations of 100 to 200 µg/L are considered acceptable in adults<685>. Blood lead 
concentrations ranging from 200 to 450 µg/L can be assumed to be indicative of a certain degree 
of lead exposure. The source of the exposure must be determined and eradicated. Medication may 
have to be introduced in order to reduce the lead levels. Concentrations ranging from 450 to 700 
µg/L warrant medicinal therapy (chelate therapy). Concentrations exceeding 700 µg/L are classed 
as a medical emergency requiring immediate treatment“<539,572,770,1103,1200a>. According to other 
experts, treatment is indicated with lead levels in the whole blood of >250 µg/L for men and >150 
µg/L for women of child-bearing age<1002b>. Administration of an antidote to children with lead 
levels < 450 µg/L is subject to controversy. An antidote is generally considered essential for levels 
> 450 g/L<641,1200a>. Lead poisoning with acute encephalopathy in babies and young children 
requires immediate treatment<1200a,1506>. 
DMPS, DMSA, EDTA and DPA are possible antidotes for the treatment of high lead values and 
marked symptoms of intoxication<512,513,1002a,1200a,1327,1454,1543>. BAL is contraindicated<1454>. DMPS 
is the drug of choice in Germany<1061>. It triggers fewer adverse reactions than treatment with 
DPA<1002a,1002b,1542> or EDTA<1542>. DMPS and DMSA are the drugs of choice for lead poisoning in 
Austria<724>.  
DMPS was effectively used in the treatment of lead poisoning in sea eagles and a horse<709>. The 
sea eagles absorb the lead in the form of shot when they consume shot birds that have managed 
to flee their hunters<964>. 

Following administration of the antidote, the 
excretion of heavy metal via the urine increa-
ses<95,306,476,478,480,740,1040,1191> and blood levels 
fall<1021>. Long-term treatment is mostly requi-
red<306> due to the often large quantities of 
lead deposited in the bones (half-life ≈ 20 
years<63>) . 
Complex-forming agents are hardly effective 
in organic lead poisoning<1560>. Excretion 
remains unaffected<543>.  

The recommended dose of DMPS is 5 mg/kg 
BW every 6-8 hours p.o, .i.m. or i.v. The 
DGAUM (German Society for Occupational 
and Environmental Medicine) recommends 

treatment with 10-30 mg/kg BW i.v. or 100 mg oral DMPS t.i.d.<1454>. The Bundesinstitut für 
Risikobewertung (Federal Institute for Risk Assessment) recommends the following for the treat-
ment of chronic lead poisoning in adults and children: 
• 250 mg i.v. every 4 hours for 7 days. 
• 100 mg p.o. every 6 hours until blood levels fall, followed by a dose reduction. 
• 100 mg p.o. every 12 hours<542>. 
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Cumulative Pb excretion in children receiving DMPS 
therapy<269> 

BAT (2003) 400 µg/L blood (men and women ≥ 45 years) 
        100 µg/L blood (women up to 45 years) 
HBM I 150 µg/L (children and women up to 45 years old) and 
 150 µg/L (men) 
HBMII  150 µg/L (children, women up to 45 years old) and  
 250 µg/L (men) 
Reference values Men < 120 g/L (blood) 
Background load Women < 90 µg/L (blood) 
 Kinder < 60 µg/L <1454, 1288> 

PTWI 25 µg/kg BW<1200a> 
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On completion of treatment, there may be a delayed rise in 
blood lead concentrations through release from the bone 
deposits. ”The blood lead concentration should be  
checked 14 to 21 days after cessation of antidote 
treatment to monitor the rebound in blood lead due to 
redistribution from bone stores”<1200a>. A new course of 
treatment is required in the event of a recurrent rise in the 
lead concentrations in the whole blood <250 (men) and 
<150 μg/L (women)<1002b>. 

 

7.2.5.1 Mobilisation of lead 
DMPS increases the urinary excretion of lead in 
humans<489>. Lead blood levels ranging from 51 to 871 µg/ 
were recorded in 8 employees exposed to lead oxide-
containing dust in their work for 2 to 13 weeks. In 7 of these 
subjects, values exceeded the valid BAT level. Lead 
excretion in 24-hour urine ranged from 9 to 171 µg/L and 
increased to between 13 and 682 µg/L on single oral administration of DMPS. Thus no correlation 
was found between lead concentrations in the urine before and after administration of DMPS. 
Similarly, there was no correlation between the length of exposure or the blood lead level and the 
increase in the excretion of lead via the kidneys following administration of DMPS. Nevertheless, 

 
Recommended in the treatment of 
chronic lead poisoning<1002b> 

Volunteers Pb excretion Type of mobilisation test  Literature 
n Patients before 

DMPS 
after 

DMPS 
Unit Increase DMPS 

dose 
Method 

of admin-
istration 
of DMPS 

Collec-
tion 

period 

 

11 Manufacturer of cream 
containing Hg 5 22.8 µg/6 h 4.6 300 mg oral 6 h 57,890 

8 Users of cream containing 
Hg 4.4 22.7 µg/6 h 5.2 300 mg oral 6 h 57,890 

9 Subjects without amalgam 4.8 36 µg/6 h 7.5 300 mg oral 6 h 57,890 
13 Subjects without amalgam 1.8 3.3 µg/24h 1.8 300 mg oral 24 h 1524 
129 Subjects with amalgam 1.7 22.6 µg/24h 13.3 300 mg oral 24 h 1524 

85 Women with history of 
abortion 2.25 31 µg/g crea 13.8 10 mg/kg 

BW oral 2 h 228 

398 Women without history of 
abortion 2.06 27 µg/g crea 13.1 10mg/kg 

BW oral 2 h 228 

100 Women with history of 
abortion 3.9 37.32 µg/g crea 9.6 10 mg/kg 

BW oral 2 h 470 

501 Control patients 2.9 32 µg/g crea 11.0 10 mg/kg 
BW oral 2 h 471, 

479,480 

30 Women 2.6 30 µg/g crea 11.5 10 mg/kg 
BW oral 2 h 474 

73 Women 2.2 34 µg/g crea 15.5 10 mg/kg 
BW oral 2 h 474 

38 Neurodermatitis 6 30 µg/g crea 5.0 250 mg i.v. 45 min 637-639 
15 Psoriasis 5 27 µg/g crea 5.4 250 mg i.v. 45 min 637-639 

6 

Female patients with 
HELLP (haemolysis, ele-
vated liver enzymes and 
low platelets syndrome) 

5.3 37.4 µg/L 7.1 3 mg/kg i.v. 30-45 
min 563 

? Control patients 2.8 8.3 µg/L 3.0 3 mg/kg i.v. 30-45 
min 563 

          
Increase in the urinary excretion of lead following a single dose of DMPS in various patient or control groups 
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the authors deemed that no additional informa-
tion was to be gained from determining the 
quantity of lead that could be mobilised. The 
lead concentrations in the blood were lowered in 
7 out of the 8 employees by administration of a 
single dose of DMPS<1309,1310>. A single oral 
dose of 300 mg DMPS did not alter lead levels 
in the whole blood and urine in non-exposed 
subjects<583>.  
Oral or parenteral administration of DMPS leads 
to increased urinary excretion of lead in hu-
mans. In volunteers with normal environmental 
exposure without acute lead poisoning, ex-
cretion of the metal increased 7.1-fold on injec-
tion and approximately 15-fold on oral administration. 

 

7.2.5.2 Chronic and acute poisoning 
250 mg i.m. DMPS were administered daily for 20 days to 60 men with chronic lead poisoning in 
comparison to a patient group given only symptomatic treatment. The lead excretion in the urine 
was increased and the lead concentrations in the blood fell. The clinical symptoms improved 
subjectively and objectively. Thus, for example, the symptoms of anaemia disappeared. 
Haematological parameters, porphyria and liver function improved after treatment in more patients 
in the DMPS group than in patients receiving symptomatic treatment. The clinical picture of lead 
poisoning improved more rapidly during DMPS therapy than in the controls so that DMPS patients 
could be discharged from hospital up to 6 weeks earlier<28,69,418>. The prophylactic administration of 
DMPS is, therefore, recommended on lead exposure<69>. 
Children aged 31 to 53 months old who were still asymptomatic with chronic lead poisoning (initial 
lead concentrations in the blood ranging from 400 to 600 µg/L) were treated for 5 days with oral 
DMPS at a daily dose of 200 mg/m2 body surface (≈ 4 x 30 mg/d)<266,269>. To make it easier for the 
children to take the preparation, the active substance was dissolved in cold orange or apple juice 
and immediately administered<266,269>. After 5 days, the lead level had fallen to 72% of the baseline 
value. Doubling of the DMPS daily dose reduced blood lead levels to 68% of the baseline value. 
The effect of DMPS on lead concentrations in the blood was thus comparable with that of calcium 
disodium edetate CaNa2EDTA (reduction to 60 %)<1437>. DMPS had the advantage over EDTA that 
the blood levels of zinc and copper were unaffected. The cumulative excretion of lead in the urine 
after 5 days’ DMPS therapy was 2 to 6 times the excretion before therapy<268,269>. 
A 24 year-old administration employee suffered from diffuse, partially colic-like abdominal pains, 
constipation and weight loss for two weeks. Various misdiagnoses were postulated and correspon-
ding ineffective treatments introduced. 
Lead poisoning was finally diagnosed. 
The lead concentration in the serum was 
600 µg/L (norm: < 90 µg/L), in 24-hour 
urine 1,700 µg/L (norm < 800 µg/L). A 
Greek ceramic cup from which the fema-
le patient had drunk two lemon teas 
every day for 2½ months was identified 
as the source of the heavy metal. Oral 
treatment with 400 mg DMPS t.i.d. was 
introduced. After two days, the dose was 
reduced to 100 mg t.i.d. and treatment 
was continued for 4 months in order to 
gradually eliminate the heavy metal re-
leased from the bones. Treatment was 
well tolerated. Zinc, copper and magne-
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sium levels remained within the normal range. Iron was replaced. Symptoms rapidly dis-
appeared<102>. 

A 59 year-old Slovenian woman suffered from non-specific, gastrointestinal symptoms. PB levels 
in the blood were 864 µg/L. The enamel on a jar was identified as the source of the lead 
intoxication. Symptoms disappeared after a few days following treatment with DMPS (short i.v. 
infusion of 250 mg every 4 hours on the 1st day, every 6 hours on the 2nd day followed by 100 mg 
oral DMPS t.i.d. for 10 days). As the blood level at 534 µg/L was still high, a second course of 
treatment was administered (4 days i.v., 8 days oral). The blood levels fell to 111 µg/L. Most of the 
laboratory parameters (with the exception of erythrocytes and porphyrin) reverted to normal. 
Treatment with DMPS was effective and was tolerated without any complications or adverse 
reactions. The trace elements – zinc, magnesium, copper and iron – remained within the normal 
range<1264>. 
A female adult poisoned herself with lead over a period of 6 – 8 months by drinking lemon tee from 
a ceramic Crete carafe. She was finally admitted to hospital after suffering from abdominal pain 
similar to colic. The initial lead concentration in the blood was 760 µg/L. Dimaval treatment was 
initiated. In the second week, treatment had to be switched to DPA due to allergic reactions. The 
blood level slowly fell. No further symptoms were observed<544>. 

A 68 year-old woman suffering from fatigue, nausea and abdominal pain was admitted to hospital 
for the first time after one month. Hypertension and anaemia were diagnosed in the hospital. She 
was readmitted to hospital one month later with seizures. The neurological symptoms deteriorated 
and the patient was again readmitted to hospital 3 months later with speech disorders and 
weakness of the extremities. Lead poisoning was finally diagnosed. Lead concentrations of 10.2 
µmol/L (normal < 1.0) and 637 nmol/L (normal < 310) were recorded in the blood and urine, 
respectively. The tetraparesis improved over 5 days’ treatment with DMPS and Ca-EDTA i.v. Lead 
concentrations in the blood fell to 3.9 µmol whilst urine levels increased to 4,247 nmol/L. The 
source of the lead poisoning could not be established. Blood levels had increased once again 6 
months later. Treatment with EDTA and DMPS was, therefore, repeated. On this occasion, a lead-
containing lip cream was identified as the source of the poisoning<432>. 
Four children between 4 months and 3 years of age were suffering from acute encephalopathy due 
to acute lead poisoning (lead concentrations in the blood ranged from 740 to 2,690 µg/L). Two of 
the patients were already comatose. I.V. DMPS therapy was introduced following initial 
symptomatic treatment (artificial ventilation and neurosurgical decompression). One child was also 
given EDTA. Lead blood levels consequently fell to approximately 30 – 40% of the baseline value. 
The clinical symptoms improved and the children were discharged. Treatment with oral DMPS was 
continued. In one of the children, DMPS therapy was switched to EDTA due to an increase in 
transaminase levels, which occurred in the meantime. DMPS treatment was, however, 
subsequently administered without any complications<215,544,755,1506>. Control tests carried out in 
one girl revealed markedly high lead blood levels of 300 to 400 µg/L, which continued for many 
years<755>. 

Chronic lead intoxication confirmed by ad-
ditional porphyrin diagnosis and anaemia 
was diagnosed in a 68 year-old female 
patient after a medical history of almost 
two years’ duration characterised by recur-
ring, partly life-threatening abdominal colic 
(resulting in 4 hospital admissions!). The 
patient also presented with hypertension, 
which is a recognised symptom of chronic 
lead poisoning. Lead blood in the blood 
were 600 µg/L. Despite a thorough investi-
gation (home inspection, tests with work 
colleagues and other occupants of the 
house), the source of the poisoning could 
not be determined. This was possibly a 
case of lead mobilisation from the bones  
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due to osteoporosis as the patient had been exposed to high levels of 
lead in her former job (worked in lead ovens). However, the lead may 
also have been consumed with food. I.v. DMPS therapy was initiated. 
This was changed to oral treatment after four days. The treatment 
was continued until the blood lead level fell to 359 µg/L. Treatment 
was well tolerated by the patient and no adverse reactions occurred. 
The copper and zinc concentrations in the blood remained within the 
normal range. The patient became symptom-free. Follow-up examina-
tions revealed that the concentration of lead in the blood had again 
risen to 624 µg/L but the symptoms did not reappear<1555>. 

Lead poisoning was diagnosed in a me-
chanical engineer who suffered upper ab-
dominal pain for 6 years. The lead 
concentration in the whole blood was 778 
µg/L. 331 µg/L were excreted in the urine 
over 24 hours. Without treatment, no re-
duction in the high lead concentration was 
detected within 4 weeks. Interval therapy 
with Dimaval (800 mg/day for 2 weeks, 
followed by a 2 weeks’ pause) was, there-
fore, initiated. Despite increased lead ex-
cretion, the lead concentration in the 
blood fell only slowly, possibly due to the 
continued release of lead from the ske-
letal deposits. The laboratory parameters 
improved in parallel to the treatment. No 
treatment-related adverse reactions were 

observed<1418>. It is striking to note that DMPS increased the lead secretion by almost 10-fold, 
even after treatment for 1½  years. 
A 45 year-old welder fell ill with recurrent vomiting, abdominal pain and paralytic ileus. 
Conservative ileus therapy was administered in hospital. The general practitioner subsequently 
treating the patient detected high lead values and referred the patient once again to the hospital 
where he was treated with Dimaval for 2 weeks. The continuous release of lead from the bones 
probably prevented a decrease in lead concentrations in the blood such that the elevated values 
and the basophilic spotting evident on the differential blood count continued even after treatment. 
Continuation of lead intoxication can, therefore, be assumed such that after a 2-week break in 
treatment, a repeat course of Dimaval would have been initiated<730>. 
A seasonal worker who removed minimum (red lead)-containing protective grating from high-
voltage masts attended hospital with abdominal cramps after just one month. Lead poisoning with 
anaemia, increased δ-aminolaevulinic acid and coproporphyrins was diagnosed. Lead 
concentrations of 1,440 µg/L and 432 µg/L were recorded in the blood and urine, respectively. 
Treatment with 1,500 mg i.v. DMPS/day was initiated. Lead excretion via the urine increased from 
144 µg/24 hours to 5,600 µg/24 hours. DMPS was then administered orally at doses ranging from 
400 to 600 mg. Treatment was discontinued due to medication-induced exanthema. The patient 
was discharged symptom-free after 4 weeks to be followed up by the outpatients’ department<542>. 
A 51-year old Spanish male patient, who had worked in lead smelting for 30 years suffered from 
abdominal pain for 8 months before lead poisoning was diagnosed (blue colouration of the gingiva, 
basophilic spotting, increased haemoglobin value of 11.5 mg/dL). A lead concentration of 1,300 
µg/L was recorded in the blood. The patient was treated with CaNa2EDTA for 10 days and there-
after with DMPS for 4 weeks. The abdominal pain disappeared and lead levels fell to 500 µg/L. A 
concentration of 380 µg/L was still recorded during a follow-up examination performed two years 
later. The patient remained symptom-free<1047>. 

Over a 9-month period, a 39 year-old female patient regularly took various Ayurvedic herbal 
remedies, which she had brought with her from a treatment centre in India. Chemical analyses 
later showed that one of the mixtures contained 37 mg of lead per pill. Hyperchromic, microcytic 

Day Dosage 
1 6 x 250 mg DMPS i.v. 
2 4 x 250 mg DMPS i.v. 
3 3 x 250 mg DMPS i.v. 
4 2 x 250 mg DMPS i.v. 

From 
day 5 

3 x 100 mg DMPS oral 

  

Dose of DMPS in the treatment 
of chronic lead poisoning<1555> 
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anaemia, a continuing decrease in physical and mental performance, loss of appetite with 
flatulence and constipation, sleep disorders and bilateral radial paresis finally culminated in the 
diagnosis of “chronic lead poisoning due to the ingestion of Ayurvedic medicine pills“. A lead 
concentration of 880 µg/L was measured in the whole blood. The neurological symptoms including 
radial paralysis slowly regressed during treatment comprising EDTA injections for 16 days and 
subsequent administration of DMPS (200 mg daily p.o.) for 4 weeks. Hb reverted to normal. The 
serum lead concentration was still 320 µg/L 19 months after diagnosis<1545>. 

A 64 year-old woman exhibited symptoms 
of lead poisoning with weakness, fatigue, 
weight loss, anaemia, hypotension and 
neuropathy after using a lead-containing 
ointment for one year. Oral treatment with 
Dimaval capsules was introduced. Initially, 
16 capsules were given in 12 hours. The 
patient was subsequently given 15 capsu-
les per day for 5 weeks. Thereafter, the 
dose was reduced to 8 capsules per day for 
4 weeks. Within 36 hours of starting treat-
ment, lead levels in the blood fell from 
1,150 µg/L to 570 µg/L. Peak lead excretion 
in the urine of approximately 7,300 µg/L 
was achieved on the 3rd day. Treatment 
led within 9 weeks to almost complete 
emptying of the lead deposits in the body, 

to disappearance of the symptoms of intoxication and to normal haematopoiesis<171,349,611>.  
The ingestion of lead-contaminated Ayurvedic incense pills, again from India, resulted in lead 
intoxication with symptoms such as recurring nausea, vomiting, constipation, loss of appetite and 
generalised myalgia over 7.5 months in a 60 year-old female patient. Clinical-chemical tests 
revealed normochromic anaemia, basophilic spotting of the erythrocytes and an increased lead 
concentration in the whole blood (852 µg/L, norm < 100 µg/L). Lead excretion via the urine was 
also high and further increased following an oral mobilisation test with DMPS. Treatment at the 
dose level of 4 x 100 mg DMPS/day was introduced. This led to the complete disappearance of 
abdominal pain and to stabilisation of the haemoglobin value. Treatment had to be switched to 
DPA after 14 days due to allergic skin reactions<1286>. 
A 44 year-old Persian sales assistant was admitted to hospital with progressive symptoms (cramp-
like upper abdominal pain and low back pain and intermittent opiate-induced colic). A lead 
concentration of > 1,400 µg/L (norm < 150 µg/L) was measured in the serum. Lead levels in the 
serum continuously fell during administration of 4 x 100 mg oral DMPS/day, amounting to 
approximately 600 µg/L after 5 days. The heavy metal requirement fell parallel to the decrease in 
the lead concentration. Lead-contaminated opium, which the patient regularly smoked on returning 
to his homeland, was discovered to be the source of the intoxication<1377>. In the Leipzig region, 
130 people were poisoned by smoking marijuana containing lead<1002a,1002b>. 
A particularly rare form of lead poisoning is described in the following case history: A special 
process applied to bathtubs led to increased concentrations of lead in the bath water (40 µg/L). 
Prolonged contact times in the bath tub gradually led to poisoning with continuous abdominal pain, 
impaired intestinal function and high lead concentrations in the blood (1,490 µg/L). The lead 
concentrations fell during treatment with Dimaval and penicillamine, only to increase once again 
after the antidotes were withdrawn. A new course of treatment triggered another rapid fall<1295>. 
Chronic lead intoxication with generalised pruritus, a burning sensation of the skin and muscles 
and intermittent bouts of fever (4 –5 / year) were observed in a 68 year-old male. The source of the 
lead was presumed to be lead shot, which had remained in the body for over 40 years following a 
gunshot wound. A high lead concentration of  55,000 µg/L (norm < 150 µg/L) was found, 
particularly in the skin. A concentration of 225 µg/L wad detected in the blood. The urinary 
excretion of lead increased from 15 to 260 µg/g creatinine following administration of 3 mg 
DMPS/kg BW. The clinical course was improved and the number of bouts of fever was reduced to 
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one per year through the administration of complex-forming agents. DMPS was superior to DTPA 
in terms of both therapeutic effect and increased excretion<965>. 
In a case of optic nerve atrophy caused by lead deposition in the eye, DMPS treatment (parenteral 
+ local, two 5-day treatment cycles) improved visual acuity, field of vision and adaptation to 
darkness<296>. 

A fall in the lead concentration in the blood from 310 to 220 µg/L within 9 days with an increase in 
urine concentration from 60 to 500 µg/L was achieved on administration of DMPS to a 10 year-old 
boy with chronic lead poisoning<586>. 

In a female patient with acute lead poisoning, the lead level in the blood slowly rose again after 5 
days’ treatment with CaNa2EDTA. Five days’ administration of DMPS lowered the blood level from 
800 auf 500 µg/L<1111>. 
The symptoms of lead encephalopathy improved within a few days in two children (aged 2½ years   
and 4 months)<1506>. 

A boy barely 3 years of age living close to a lead crystal glass factory presented with severe, 
treatment-refractory combined epilepsy, stunted growth and considerable retardation. Blood levels 
in the urine increased from 76 µg/L to 1,310 µg/L within one hour of administration of 50 mg i.v. 
DMPS. The administration of EDTA one month later increased the renal excretion of lead 10-fold. 
As the patient displayed limited creatinine clearance, the incidence of attacks markedly increased 
after administration of the antidote, which corresponds to a redistribution of lead in the body. 
Subsequent antidote therapy was, therefore, dispensed with<201>. 

 
7.2.15 Pd - Palladium 
On an industrial scale, palladium is used as a catalyser<166>. It is also a component of various gold 
alloys. 
DMPS increases the renal elimination of palladium<306,637,638,1245>. The palladium excretion in the 
urine before and after administration of DMPS (oral or i.v.) was determined in 50 volunteers. The 
elimination rose from 0.3 to 38 µg/g creatinine. No significant difference was observed between the 
oral and parenteral administration<88,1245>. 

Subjects Pd excretion Type of mobilisation test 

n Patients Before 
DMPS 

After 
DMPS Unit  Increase Dose of 

DMPS  

Admin-
istration 
of DMPS 

Collec-
tion 

period 

Litera-
ture 

38 Neurodermatitis 12 49 
µg/g 
crea 4.1 250 mg i.v. 45 min 637-639 

15 Psoriasis 10 55 
µg/g 
crea 5.5 250 mg i.v. 45 min 637-639           

Increase in the urinary excretion of palladium following a single dose of DMPS in various patient or control groups 

Conclusion: 
Lead poisoning is also described as Plumbismus or Saturnismus in German. The failure to 
recognise lead poisoning results in unnecessary patient suffering and unnecessary costs for the 
health services. DMPS increases the urinary excretion of lead, which, on chronic poisoning, 
does not always have to be accompanied by a decrease in lead concentrations in the blood 
because of the release of the heavy metal from the bones. Nevertheless, symptoms improve as 
the case reports show. As DMPS cannot mobilise lead deposited in the bones, patients must be 
further monitored once treatment has been discontinued. If need be, several courses of 
treatment should be administered in order to obtain a persistent reduction in lead concentrations 
in the blood. 
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7.2.16 Po - Polonium 
”Each month about 8 g of Po-210 are shipped to the United States from Russia. Should such 
quantities of Po-210 be used by terrorist in a radiological incident (e.g., dirty bomb), havoc could 
ensue. … An ingestion intake as small as 1 µg of Po-210 may be lethal for the most radiosensitive 
members of the population; ingesting (or inhaling) a few tents of a milligram would be expected to 
be lethal for all. … Children would be expected to be at higher risk of harm than for adults for the 
same level of intake of Po-210 because of their smaller body masses and relatively higher 
radiation doses”<1318a>.  
“210Po is one of the most hazardous radioactive materials. It displays an affinity for soft tissue and 
also binds to thiol groups and metallothioneins, especially in the liver“. “Polonium 210 absorbed 
orally or by inhalation, or injected, thus has a varying pattern of distribution. … The relatively heavy 
and rapid alpha particles destroy cell structures and cell nuclei, damage DNA and may culminate 
in cell death“<943a>. 
”The difficulty with an isolated and unsuspected case of radiation poisoning is identification. The 
initial symptoms of vomiting are fairly non-specific, and delay in diagnosis and, therefore, early 
treatment are almost inevitable”<708a>.  In addition to BAL, DPA<538b,708a>, DMPS<1004a,1234> and 
DMSA<1234> are recommended in the treatment of polonium ingestion. ”Use of DMSA or DMPS 
may also be justifiable options“<1437a>. They are equi-effective but trigger fewer adverse reactions.  
There is no experience with any of the antidotes in the treatment of 210Po intoxication in 
humans<1234>. A 5% DMPS solution has proved to be the most effective in removing 210Po from 
human skin<380>.  
”New, medical countermeasures-related as well as supporting and other modelling research is 
needed in order to be best prepare for dealing with mass casualties in the event of Po-210 use by 
terrorist for the purpose of causing  harm to U.S. citizens and others”<1318a>.  ”WHO will continue to 
monitor promising/potential treatments such as … DMPS/ DIMAVAL_ pero os and i.m. (poloni-
um)”<1129>. 

 

Conclusion: 
DMPS increases the palladium excretion in the urine. However, there are no reports to confirm 
whether this improves the clinical picture. Similarly, there are no investigations to determine the 
efficacy of DMPS on acute palladium poisoning. 

Conclusion: 
As the case of the former Russian spy, Litwinenko, shows, there is a need for antidotes to treat 
polonium poisoning. As far as I am aware, there have been no publications to date on the use of 
DMPS or other antidotes in humans following ingestion of polonium. Various laboratory animal 
experiments have, however, been carried out to highlight the efficacy of DMPS on polonium 
poisoning. 

In laboratory animal experiments, DMPS increased the survival rates following administration of 
polonium through rapid removal of the α emitter from radiosensitive areas (bone marrow and 
spleen). DMPS presumably acts not only as a chelating agent in this respect, but also offers 
protection against radiation damage. 

DMPS is most effective when administered immediately after polonium. The longer the interval 
between administration of the radionuclide and the chelating agent, the less effective DMPS is.
210Po levels were lowered in all of the organs investigated, apart from the kidneys. Elevated 
radiation exposure to the kidneys leads to pathological changes, which are partly reversible, but 
which can sometimes lead to nephrosclerosis. The risk of a kidney tumour is also increased. An 
individual benefit-risk assessment is, therefore, essential prior to administration. 
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7.2.17 Pt - Platinum 
On an industrial scale, platinum is mainly used as a catalyser. A car catalyser thus contains 
approximately 2 g Pt. Therapeutically, it is used as cisplatin in tumour therapy<166>. DMPS is 
recommended as an antidote for platinum poisoning<1186>. 

 
7.2.18 Sb - Antimony 
Sb is one of the non-essential metalloids<733>. Daily ingestion with food is estimated at approxi-
mately 5 - 20 µg<166>. Following absorption, Sb(V) compounds remain predominantly in the 
extracellular regions and up to 80% are excreted via the kidneys over 24 hours. In contrast, Sb(III) 
is bound with high affinity to the thiol groups of erythrocytes and only around 25% is consequently 
excreted in 24 hours. Trivalent Sb compounds are approximately 10 times more toxic that 
pentavalent compounds<166>. Sb is deposited essentially in the skin, hair, lungs and adrenal 
glands. Symptoms of intoxication are: vomiting, diarrhoea, abdominal pain, cough, hypoxia, liver 
failure, oliguria, weakness, ECG changes, dermatitis, thrombophlebitis, electrolyte imbalance and 
alopecia<121,166>. The reference values for Sb in the urine and blood are < 1.1 and < 3.5 µg/L, 
respectively<1288>. 
DMPS is a suitable antidote for Sb poisoning<29,95,610,1506>, even in children. The antimony content 
in the urine of patients receiving DMPS was higher than that recorded in patients not treated with a 
chelating agent<180>. In 3 children (aged 1 year 4 months to 4½ years) who were suffering from 
poisoning with potassium tartrate, the renal antimony excretion was increased by oral 
administration of 50 mg DMPS every 8 or 12 hours. Urine levels fell from 7.615 µg/L (6 hours after 
ingestion) to 75.3 µg/L (after 10 days’ treatment). No treatment-related side effects were 
observed<166,657>. 
A 3 year-old girl swallowed about 2.3 g antimony potassium tartrate, which is several times the 
lethal dose for children. After 1 hour, she vomited profusely. This was followed by massive 
diarrhoea, exsiccosis and a rapid, flat pulse. The child developed increasing apathy. First of all, 
forced diuresis was initiated. After “severe antimony potassium tartrate poisoning” had been 
diagnosed, 65 mg DMPS was administered initially via the i.v. route and subsequently 100 mg 
DMPS t.i.d. was administered orally for 10 days. The dose was then reduced to 50 mg t.i.d. and 
continued up to the 20th day. Given the fact that antimony is known to bind to erythrocytes, a 
exchange transfusion/exchange was undertaken 39 hours after ingestion of the poison. When 
DMPS therapy was withdrawn, there was punctate, papulous, generalised exanthema with severe 
itching, especially on the arms and hands. The effects on the heart and liver described for 
antimony poisoning, such as ECG disorders and changes in immunoglobulin values, did not 
occur<586,630>.  
DMPS has been tested for reducing the toxicity of antimony compounds during schistosomiasis 
treatment with good results<716>. 

 
7.2.19 Se - Selenium 
Selenium is an essential trace element<63,166,343>. In excess, however, it is toxic<343>.  Foetotoxic ef-
fects are known to occur at high doses<343>. Subjects exposed to amalgam or occupational mer-

Conclusion: 
No clinical investigations have been carried out to determine the clinical efficacy of DMPS in 
acute or chronic poisoning with platinum. 

Conclusion: 
Laboratory animal experiments confirm the efficacy of DMPS on antimony poisoning. The use 
of DMPS was also effective in the 4 case histories published. DMPS is, therefore, suitable, for 
the treatment of antimony poisoning. 
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cury, excrete less selenium in the urine than non-exposed subjects. It is presumably retained in the 
body as mercury selenide<598>. 
The caesium content in the urine of patients receiving DMPS corresponded to that recorded in 
patients not treated with a chelating agent<180>. The administration of 200 mg oral DMPS did not 
change selenium levels in the plasma of two former employees of a mercury mine<402>. In contrast, 
higher values were recorded during combination therapy comprising DMPS + Zn-DTPA or 
DMPS+DMSA+Zn-DTPA<180>.   
DMPS is listed as an antidote for selenium poisoning<306>. Accelerated selenium excretion in the 
urine was observed<598> in 80 subjects immediately following single i.v. administration of 2 mg 
DMPS/kg BW, with peak excretion being reached after approximately 30 minutes<597>. The overall 
excretion of selenium in the urine was, however, only slightly increased<598>. 

 
7.2.20 Sn - Tin 
Tin is a component of the gastric enzyme, gastrin, 
and is, therefore, an essential trace element<166>. 
With tin, the organic tin compounds in particular are 
toxic. These are used as biocides in the country and 
as anti-rotting products in boat construction<121>. The 
reference value for tin in the urine is < 2 µg/L<1288>. 

Oral or parenteral administration of DMPS leads to 
elevated tin excretion in the urine in humans with 
normal environmental exposure without acute tin 
poisoning. The tin content in the urine of patients receiving DMPS was higher than that recorded in 
patients not treated with a chelating agent<180,1191>. DMPS increased the renal excretion of tin<1291> 

8- to 10-fold<1191>. An increase of up to factor 12 suggests that DMPS is effective in the treatment 
of tin poisoning. 

 
A dental assistant suffered from marked tin exposure through kneading amalgam in the 
unprotected palm of the hand. Following administration of DMPS, tin excretion in the urine 

 n 
 

Sn Urine  
(µg/g crea) 

Without chelating agents 550 4.2 
DMPS 184 20.5 
DMPS+Zn-DTPA 505 24.7 
DMPS+Zn-DTPA+DMSA 206 21.1 
   

Tin excretion in the urine during administration of 
various CAs (µg/g crea)<180> 

Subjects 
 

Sn excretion Type of mobilisation test Literatur
e 

n Patients Before 
DMPS 

After 
DMPS 

Unit Increas
e 

Dose of DMPS Adminis
tration 

of DMPS 

Collectio
n period 

 

30 Women 2.6 20 µg/g crea 7.7 10mg/kg BW oral 2 h 474 
68 Women 1.9 19 µg/g crea 10.0 10mg/kg BW Oral 2 h 474 

38 Patients with 
neurodermatitis 1.3 1.5 µg/g crea 1.2 250 mg i.v. 45 min 639 

64 Women 1.4 10.4 µg/L 7.4 250 mg i.v. 45 min 460 

57 Children 5.1 38.2 µg/L 7.5 3 or 10 mg/kg BW i.v. or 
oral 

45 min or 
2 h 1572 

34 Mothers 2.8 24.4 µg/L 8.7 3 or 10 mg/kg BW i.v. or 
oral 

45 min or 
2 h 1572 

          
Increase in the urinary excretion of tin following single administration of DMPS in various patient or control groups 

Conclusion: 
No investigations have been carried out to establish whether elevated selenium excretion in the 
urine concerns a direct Se-DMPS effect. A more probable explanation is that DMPS cleaves 
available HgSe by binding with Hg. The selenium released can then be excreted. According to 
laboratory animal experiment, DMPS is not effective in the treatment of selenium poisoning. 
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increased to 1,094.4 µg/L (549.9 µg/g creatinine). The clinical symptoms of fatigue, lack of drive, 
migraines, dizziness and tremor improved<306,613>. 
In other female patient, the excretion of tin in the urine increased three-fold from 6.2 to 20.3 µg/L 
after DMPS injection<613>. An increase from 4.9 to 5.3 µg/g creatinine was observed in 50 
volunteers<1246>. 

 

7.2.21 Tc - Technetium 
The 99mTc-DMPS complex accumulated especially in the kidneys after i.v. administration. In con-
trast, the content in the liver and blood fell rapidly. Kidney scans could thus be recorded with a γ 
camera in 4 patients up to 180 minutes after administration of the complex<840>. 

 
7.2.22 Tl - Thallium 
In China, combined therapy with Berlin blue and DMPS is the standard treatment in thallium poi-
soning<1440>. One of 3 patients survived acute thallium poisoning through immediate haemodialysis 
with concomitant administration of DMPS and potassium iodide. The other two patients died<523>. 

 

7.2.23 Zn - Zinc 
Zinc is mainly used in the electroplating industry. As zinc is an essential trace element (component 
of over 200 enzymes<126>)<63,343,733>, various zinc compounds are also used as active substances 
in the pharmaceutical industry<126>.  
High doses of oral zinc can lead to nausea, 
vomiting, abdominal pain,  anaemia, pancrea-
titis and gastroenteritis. Corrosive damage 
may occur in the gastrointestinal tract with 
zinc chloride. If inhaled, zinc oxide can trigger 
“metal fume fever“<126>. Between 20 and 40% 
of the orally administered dose is absor-
bed<126>. Zinc is contained in virtually all tis-
sues and body fluids. The human body 
contains between 1.3 and 2.4 g zinc<126>. Ex-
cretion is chiefly in the faeces (70 – 80%). 
Between 15 and 25% are excreted renally 
and the rest in sweat. The biological half-life 
of zinc is 100 – 500 days<125>.  
Oral or parenteral administration of DMPS  
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Zinc excretion in the urine after a single i.v. dose of DMPS 
(2 mg/kg BW)597> 

Conclusion: 
As shown in laboratory animal experiments, DMPS is also devoid of effect on acute thallium 
poisoning in man. The drug of choice in this respect is Berliin blue (Thallii-Heyl® antidote). 

Conclusion: 
As shown in laboratory animal experiments, the Tc-DMPS complex also accumulates in the 
human kidneys and thus allows the kidneys to be scanned. 

Conclusion: 
DMPS increases the excretion of tin in the urine. The efficacy of DMPS in chronic or acute 
poisoning with tin compounds cannot, however be assessed due to a lack of detailed, clinical 
case reports. 
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leads to elevated zinc excretion in the urine in humans with normal environmental exposure 
without acute zinc poisoning. Excretion in the urine could be increased by up to 13-fold following 
administration of DMPS<304,>. 
A zinc level of 2,590 µgL was recorded in the serum of a 2 year-old boy after dinking soldering fluid 
(solution of ammonium tetrachlorozincate (NH4)2[ZnCl4]). During treatment with 6 x 50 mg 
DMPS/day, i.v., the value fell to 120 µg/L within 24 hours thus dispensing with the need for 
treatment<586>. 

 

7.3 Heavy metals from the environment and amalgam 
Environmental burden is increasingly discussed as part of a multifactorial occurrence in the deve-
lopment of chronic diseases<1308>. Pollutants can accumulate in the body until the metabolic 
functions and the immune system are overloaded, possibly leading, over time, to clinical 
symptoms<740,804>.  

Autopsy reports in a subject who worked with 
mercury have confirmed that mercury burden 
remains in the body for prolonged periods. An 
employee developed acute poisoning with Hg 
vapour as the result of an accident after 10 years 
of occupational Hg exposure, and was subse-
quently treated with DPA. He resigned three years 
later. He died from lung cancer 17 years after 
exposure and 14 years after leaving his job. In-
vestigations in tissue specimens still highlighted 
drastically high mercury values in the brain, lungs 
and kidneys<1074>. Similarly, another employee with occupational exposure to mercury presented 
with high deposits of Hg in the brain and kidneys 16 years later<561>. A patient was admitted to 
hospital with global heart failure and kidney failure 19 years after injecting 5 ml of mercury 

Subjects Zn excretion Type of the mobilisation test Litera-
ture 

n Patients Before 
DMPS 

After 
DMPS Unit Increase DMPS dose 

level 

Admin-
istration 
of DMPS 

Collection 
period  

7 Previous occupational 
Hg exposure 657 1132 µg/24h 1.7 300 mg oral 24h 1251 

36 Normal subjects 202 944 µg/g crea 4.7 300 mg oral ? 89 
31 Normal subjects 360 1215 µg/g crea 3.4 300 mg oral 3-4 h 981 

31 Following amalgam 
removal and clearance 340 1050 µg/g crea 3.1 300 mg oral 3-4 h 981 

83 Normal subjects 202 8595 µg/g crea 42.5 250 mg i.v. ? 89 
38 Neurodermatitis 343 2250 µg/g crea 6.6 250 mg i.v. 45 min 637, 639 
40 Normal subjects 441 2653 µg/L 6.0 250 mg i.v. 45 min 143 
7 Controls 88 660 µg/dL 7.5  i.v.  722 

26 Patients with atopic 
eczema 101 2250 µg/dL 22.3  i.v.  722 

          
Increase in the urinary excretion of zinc following single administration of DMPS to various patient or control groups 

 Workers 
exposed to Hg 

vapour 

Normal 
population 

Brain (cerebellum) 2,190 11 
Kidneys 1,650 290 
Lungs 600 40 
Liver 70 110    
Mercury concentration (µg/kg BW) in the organs 17 
years after Hg vapour exposure<1074> 

Conclusion: 
DMPS increases zinc excretion in the urine. However, no clinical case reports are available 
regarding the efficacy of DMPS on chronic or acute poisoning with zinc compounds. Based on 
my estimate, in these cases, preference should be given to Ca-DTPA (Ditripentat-Heyl®), which 
triggers more effective mobilisation of zinc. Zinc deficiency has been described in the literature 
during DTPA therapy in contrast to DMPS. 
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intravenously with suicidal intent. X-rays 
confirmed the persistence of mercury 
deposits in the lungs, heart, liver and 
kidneys<1397>. 
In persons exposed to Hg and whose 
blood and urine mercury levels were still 
largely within the normal range, a 
marked increase in the urinary excretion 
of mercury was recorded following admi-
nistration of DMPS<1273>. Mercury levels 
in the urine fluctuated between 28 and 
64 µg/L in the urine in a thermometer 
factory employee. A single oral dose of 
300 mg 1½ years after exposure had 
ended, caused Hg levels to rise from 28 

to 850 µg/L. In a colleague, the Hg concentration in the urine rose from 27 to 732 µg/L<1273>.´ 

 

7.3.1 Mechanisms of action of metals 
The following dose-effect relationship applies in toxicology: “From this perspective, many clinical 
signs and symptoms of possible intolerance to metals contained in amalgam (especially mercury) 
could not be plausibly explained in scientific terms“<1503>. Various mechanisms are discussed, the 
clinical effects of which cannot always be separated and which, overall, may appear as “allergo-
toxic Amalgam-Syndrome ATAS“<483>. In toxic reactions, the heavy metals<128,143,182,208,448,466,483, 

866,1268>, i.e. the extent of the load, are the crucial factors. Essential metals have a toxic effect when 
concentrations exceed the cell tolerance thresholds<1362>. 
A burden must be present in allergic reactions, but there is no direct dose-effect relationship. Sub-
toxic loads are also disease-relevant for “sensitised“ patients<128>. “In the case of genetic 
disposition, even very low Hg concentrations may lead to immunological reactions. It is basically 
difficult to give a threshold dose for such effects"”1033>. A positive patch test is one indicator<182,208, 

466,483,866,1268>. A lymphocyte transformation test (LTT) can be used if findings are unclear<1503>. 
Antagonistic effects on trace elements (e.g. zinc and selenium) are also feasible<442>. Hol et al. de-
tected the same mercury levels in patients who attributed their symptoms to amalgam as in control 
groups. The selenium levels in the blood were, however, significantly lower<599>. “Selenium status 
should be determined, if need be, as selenium deficiency can increase the toxicity of mercury (the 
serum selenium concentration should exceed 50 μg/L)“<380a>. 
Metal-induced autoimmune phenomena is also possible, as confirmed in laboratory animal expe-
riments and in clinical observations in individual patients<560,972>. ”Mercury-containing amalgam 
may be an important risk factor for patients with autoimmune diseases. MELISA is a valuable tool 
for selection of patients for amalgam replacement and also for monitoring of metal allergies“<1178>. 
Undefined, homeopathic effects<442>, the impact of tension fields in the mouth, reaction blockades 
for healing stimuli<182> and effects in subtoxic doses<182,483,866,1268> (amalgam disease) in conjunct-
tion with amalgam are speculative<866>. 
 

7.3.2 Amalgam 
Amalgam has been used in dentistry for two hundred years<282>. Amalgam is the name for the 
liquid or oral alloying of mercury with metals. It is derived from the Arabic term “al-malgam“ 
meaning emollient ointment. “German people still have approximately 200 to 300 million amalgam 
fillings in their teeth. Every year in the EU around 70 tonnes of mercury (Hg) is used for new 
amalgam fillings – 20 tonnes in Germany alone“1300a>. 
All of the amalgams used in dentistry, even the non-γ2-containing forms, are a mixture of 
approximately 50% liquid mercury and about 50% “alloy powder“ or “filings“. The alloy powder 

• “Suicide – an intentional act resulting in death. 
• Accidental poisoning – an exposure to a poison resulting in 

symptoms which arises by an accidental action. Accidental 
poisoning is common in young children, but may occur in adults 
in the home, workplace, or as a result of fire or transport 
accident. 

• Deliberate poisoning – this forms part of the spectrum of disor-
ders now classified as deliberate self-harm. It has also in the 
past been referred to as parasuicide, though this term is now 
out-dated. 

• Occupational poisoning – occurs in the context of 
employment. 

• Environmental poisoning – refers to exposure resulting from 
presence of a chemical either in the air, in food or water”<237a>. 
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varies in composition according to supplier and contains at least 40% silver and not more than 
32% tin, 30% copper, 3% mercury and 2% zinc<1018,1030>. 
 

7.3.2.1 Release of mercury from amalgam 
Whereas it was previously assumed that the mercury was firmly bound on hardening of  the 
amalgam<282,361>, it is nowadays generally recognised that the mercury is released from the 
hardened surfaces<545a,1006,1030,1634>. According to the “Methoden und Qualitätssicherung in der 
Umweltmedizin“ (Methods and Quality Assurance in Environmental Medicine) Commission of the 
Robert Koch Institute in October 2007:  “Mercury is released in small quantities from amalgam 
fillings. Dental amalgam in addition to fish consumption is the main source of mercury ingestion in 
man”<380a>. The mercury is released 24 hours a day, mainly in the form of mercury 
vapour<83,165,193,443, 1018,1289,1380,1482>. “In this respect, it should be especially remembered that when 
an amalgam filling is inserted, a source of mercury is implanted, which releases mercury 
continuously throughout the entire period of retention, i.e. generally for many years“<361>. The 
quality of the fillings should thus be taken into account<353>. Polished fillings thus release less Hg 
due to their smaller surface area. However, only 5% of fillings are polished<83>.  
 
Especially large quantities of mercury are 
released on the insertion and polishing of new 
fillings and on boring out old fillings<323,577,839, 

1036,1167>. After insertion of 4 – 5 amalgam fillings, 
the mercury excretion in the urine rose from 0.5 
to 2.5 µg/L and, after removal was as high as 4 
µg/L. the mobilisation test also showed higher 
values<831>. The daily release rate of fresh 
amalgam fillings was 1 – 5 µg Hg/cm2. After 5 
days, it fell to 0.1 – 0.3 µg Hg/cm2<466> 
(passivation<605>).  
Hg concentrations in the urine increased continu-
ously over time after inserting the amalgam. 
After 4 weeks, subjects given conventional amal-
gam had higher Hg levels in the urine than 
subjects receiving non-γ-2-containing amalgam, both before and after administration of 
DMPS<1632>. 

Increased mercury and silver levels were detec-
ted in the faeces after insertion and removal of 
amalgam fillings<1167>. The cofferdam provided 
only partial protection against mercury up-
take<547,788>. The load can also be kept lower by 
processing well, extracting vapour, underfilling, 
polishing and avoiding various metals in the 
mouth<182>. After the removal of amalgam fil-
lings, the mercury level in the blood fell once 
again<547,549,550>. 
Various release mechanisms are discus-
sed<174>: 
• mechanically by chewing, bruxism and 

cleaning the teeth<121,174,282,321,986,1167,1184, 

1268>. Whereas the expired air of amalgam-free subjects contained only 0.06 µg/m³ Hg, 1.9 µg – 
4.9 Hg/m3 were measured with intact amalgam fillings: The value increased to 8.2 – 
29.1<320,546,549>after cleaning the teeth and to 13.7 µg Hg/m3<1509> after chewing gum. Without 
mechanical load, 9 ng were released per minute and on chewing gum (removal of the oxidation 
layer<546,550>) 76 - 98 ng of mercury were released<549,550>. The mercury content in the saliva 
after 10 minutes of chewing gum increased from 4.9 to 12.5 µg/L. In patients without amalgam 
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fillings, 0.4 µg Hg/L was measured in the saliva. Mercury excretion in the urine was 1.36 µg/24 
hours on chewing gum in subjects with amalgam and approximately half that (0.7 µg/24 hours) 
in subjects with amalgam who did not chew gum. 

• chemically by acids or hot meals and drinks<174,321,986,1167,1268> or fluorine-containing tooth-
paste<1167,1268>. In 14 students, the Hg level in the blood increased from 0.19 to 0.53 µg/L after 
drinking hot lemon juice for 20 minutes. Selenium levels fell simultaneously<762,763>.  

• electrochemically through contact of local elements with other metallic materials in the oral 
cavity<174,627,1167,1268>. Lechner in particular could not detect any correlation between intraoral 
current measurements and mercury load<831>. Patients given gold or other dental alloys in 
addition to amalgam fillings displayed similar excretion rates in the DMPS test. The other 
metals present had no significant effect on Hg content. On average, combinations had lower Hg 
levels in fasting secretion<223> and chewing secretion<223,460>. The same applied in the 
mobilisation test<223,1300>. 

 
7.3.2.2 Absorption of mercury 
It is scientifically undisputed that the mercury released from amalgam is partially absorbed by the 
body and reaches the various organs via the circulation<547,971a,1006>. “Mercury released from amal-
gam fillings is undisputedly absorbed and contributes to the overall mercury burden in the 
body“<562>. Nowadays, it is also generally acknowledged that higher mercury values are recorded in 
the urine of subjects with amalgam fillings than in amalgam-free subjects<1381,1383>.  

Hg levels in the organs (kidneys, 
brain<1280>), blood (1.3 - 4.3 µg/L) and 
in the urine (1.4 - 4.8 µg/L) correlate 
with the number of amalgam fil-
lings<878,1311> or the number of amal-
gam surfaces<460>. The Hg content of 
the renal cortex increased with the 
number of amalgam fillings in 55 
corpses<878>. 
However, the mercury load fluctuated 
by more than a factor of 10 with the 
same number of amalgam fil-
lings<1314>. Others therefore maintain: 
“Since low quantities of mercury were 
also excreted in numerous patients 
with many amalgam fillings, it can be 
assumed that elevated quantities of 
excreted mercury can be explained more so by the processing of the amalgam fillings (underfilling, 
polishing), the type of amalgam used or the age of the fillings than by the number of fillings 
alone“<729>. Patients whose amalgam fillings were removed again presented with lower Hg excre-
tion in the urine 3 years later. Levels remained the same without removal of the amalgam<1391>. 
The mobilisation values gradually fall on removal of the amalgam fillings. Two years after removal, 
the values were equivalent to those recorded in amalgam-free subjects<545a,1291>. According to 
Daunderer, lower values were recorded in the DMPS test 6 months after removal of amalgam 
compared to levels in patients who retained amalgam<489>. After removal of the amalgam fillings, 
the biological half-life of Hg is 2.3 months measured in terms of Hg excretion in the urine and 1.7 
months measured in the DMPS mobilisation test<559>. Tests carried out in dentistry students, who 
initially worked with amalgam, revealed continuously rising mercury levels in the urine and plasma 
during this period, subsequently falling on completion of work, but still not decreasing to the 
baseline value after 3 months<1561>. 

Higher concentrations of inorganic Hg were recorded in the saliva of subjects with amalgam fillings 
compared to those without fillings. The values recorded in subjects whose amalgam fillings were 
removed, were equivalent to those obtained in subjects who had never had such fillings. It is 
assumed that patients with a “normal“ number of amalgam fillings are exposed to between 1 and 3 
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µg Hg vapour daily<665>.  However, 
the content of organic mercury in 
the saliva was greater in persons 
with amalgam fillings than controls. 
This means that oral DMPS 
promotes the absorption of Hg<840>. 
"The absorption of mercury from 
amalgam fillings is continuous expo-
sure through small quantities of 
mercury“<577>. Average Hg concen-
trations of 0.3 µg/L and 1.5 µg/L 
were recorded in the blood and 
urine, respectively, in subjects 
without amalgam. These levels can 
be largely attributed to the intake of 
methyl mercury with food. In com-
parison, levels of 0.7 µg/L in the 
blood and 9 µg/L in the urine were 
observed in subjects with amalgam<838>. 

2.5 to 17.5 µg Hg 
are absorbed from 
amalgam fillings on 
a daily basis<193,1030, 

1257>. Other estima-
tes range from 0.3 – 
5.8 µg Hg/day. In 
1991, the WHO cal-
culated an up to 
6.5-fold rise in total 
Hg intake from 
amalgam fillings 
compared to other 
sources<1279>. More 
recent investigati-
ons are based on 
the following Hg in-
take by man per 
day: 0.2 µg via 
respiratory air, 0.05 
µg via drinking wa-
ter, 3 µg via foodstuffs and 2 – 6 µg from amalgam fillings<1033>. Hg uptake from the amalgam is 
thus far below that recorded during occupational exposure (171 µg/day)<757>. 
The heavy metal is not continuously cumulated as a result. A steady state between uptake and 
excretion is achieved after approximately 1 year, depending on the number of amalgam fil-
lings<549,550>. Thus, Hg is not a storage toxin that constantly accumulates<545a,546>.  
”Also, mercury from maternal amalgam fillings leads to a significant increase of mercury concen-
tration in the tissues and the hair of foetuses and newborn children. Placental, foetal, and infant 
mercury body burden correlates with the numbers of amalgam fillings of the mothers“<971a>. 
Mercury concentrations of < 0.25 to 20.3 µg/L were detected in the breast milk immediately after 
birth. The values correlate with the number of amalgam fillings. In a 2nd investigation carried out 
after two months of lactation, values had substantially regressed (< 0.25 to 11.7 µg/L). There is 
now no longer any correlation with the amalgam fillings, but with fish consumption<364>. 
The inhalation of mercury vapour and uptake via the lungs is the most important absorption path 
for mercury<472,545a,546,577>. Approximately 10% of the Hg vapour formed reaches the lungs<878> 
where up to 80% are absorbed<143,545a,1509>. ”Elemental mercury vapour released from dental 
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Inorganic and organic Hg in the urine 30-45 minutes after i.v. admi-
nistration of 250 mg DMPS depending on the number of amalgam 
fillings<1291> 

Source Hg vapour Inorganic Hg Organic Hg 
 Intake Absorption Intake Resorption Intake Absorption 
Air 0.03 0.024 0.002 0.001 0.008 0.0064 
Fish 
Other foodstuff 
Drinking water 

0 
0 
0 

0 
0 
0 

0.6 
3.6 
0.05 

0.042 
0.25 

0.0035 

2.4 
0 
0 

2.3 
0 
0 

Amalgam 3.8 - 21 3.1 - 17 0 0 0 0 
Total 3.9 – 21 3.1 - 17 4.3 0.3 2.41 2.31        
Daily intake of mercury (µg/day) by subjects with no occupational exposure<393,849,1033>,  

based on WHO estimates 

 Small 
children 

Child-
ren 

Adoles-
cents 

Adults The 
elderly 

Age (years) 3 – 4 5 – 11 12 -19 20 – 59 ≥ 60 
Total Hg intake (µg/day) 3.28 5.56 6.72 9.44 6.79 
Including from amalgam (µg/day) 0.79 1.10 1.91 3.38 2.08 
Proportion of amalgam (%) 34 32 40 50 42       
Daily mercury intake in Canada (1995)<1229> 
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amalgam surfaces into the mouth is the predominant source of human exposure to mercury in the 
general population with low frequency of fish consumption. Depending on the number of fillings, 
daily intake of mercury vapour amounts to 4 - 21 µg. In contrast, dietary intake of inorganic 
mercury compounds is about 4 µg/day and, recently, for German children a dietary mercury intake 
of only 0,4 µg was found on days without fish consumption”<1561>. In addition, mercury-containing 
dust can also be inhaled<182>.  
Absorption in the gastrointestinal tract after swallowing mercury released through friction, corrosion 
or chemicals is below 5%<878> and is therefore of less significance<143,182,545a,1134,1167,1184>. Inorganic 
mercury is only poorly absorbed in the intestine. The greatest proportion is excreted with the 
faeces<472>. 
Direct transport of the mercury from the amalgam via the tooth root and the jawbones is 
discussed<143,182,1134,1167,1184>, especially in the absence of underfilling<143>. Some people suggest 
retrograde axonal transport of the mercury along the olfactory nerve directly into the brain as 
particularly high concentrations have been measured in this region<143,473,475,759,1167,1184>. 

Absorption via the oral mucosa is also discussed. However, there is insufficient evidence to 
corroborate this hypothesis<759,910,1033,1036>. 

The quantity of mercury released increases 
on average with the number of amalgam fil-
lings<88,729> or the amalgam surface area 
<1524>. Marked differences can, however, 
exist in individual cases. A few patients with 
numerous fillings exhibited lower mercury 
values than those with few fillings<480,729,966, 

1291,1314>. In a cohort of 643 patients, values 
below 50 µg Hg/g creatinine<1291> were 
recorded in 51% of patients with amalgam 
in the DMPS mobilisation test. 

Every one has mercury in his body<288>. The 
individual mercury loads fluctuate very mar-
kedly. Women exhibited higher levels than 
men in the mobilisation test despite having 

the same number of amalgam fillings<241,444,446, 

1291>.  Higher values were recorded in women 
in both the native urine and mobilisation 
urine<241>. In contrast, no gender-specific de-
pendency was found on autopsy<362>. This 

 
discrepancy cannot be explained at the present time<359>. 
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Generally, the mercury load from amalgam is less than that measured in workers from mercury-
processing facilities<549,550,947,1108,1280, 1283,1285,1314>. No pathological changes could be detected in 
many workers with occupational mercury exposure<1314>. 
Workers occupationally exposed to mercury vapour exhibited the highest excretion values both 
before and after administration of DMPS (300 mg oral). High Hg concentrations were also 
recorded in the urine of dentists and dental assistants. The lowest values were recorded in 
workers without occupational exposure (no details on amalgam status). The cumulative overall Hg 
excretion rates Hg within 24 hours following two doses of 300 mg DMPS were 1513 µg Hg in 
industrial employees, 132.6 µg in dental personnel and 3.78 µg in the controls. The greatest 
increase (U(II)/U(I)) was recorded in industrial employees and the lowest in the controls<985>. 
 
 
7.3.2.3 Effects of absorbed mercury 
It is generally recognised that subjects with amalgam fillings exhibit higher mercury values in the 
urine compared to amalgam-free subjects<1381,1383>. The question must, therefore, be: Is the overall 
quantity of mercury absorbed by humans enough to trigger toxic reactions<165,288>? According to 
the “Methoden und Qualitätssicherung in der Umweltmedizin“ (Methods and Quality Assurance in 
Environmental Medicine) Commission of the Robert Koch Institute in October 2007: “The use of 
amalgam in dentistry is associated with health risks, which, as with any medicinal product, must be 
weighed against the potential benefits. Whereas amalgam-related health risks are considered 
slight by most experts and are estimated to be negligible based on the benefit:risk assessment, 
controversy remains. Even very low amalgam-induced mercury exposure is not exempt from 
intolerable health risks“<380a>. Others do not share this view, “Amalgam cannot be called a safe 
dental filling material“<971a>. 
It is nowadays undisputed that amalgam can cause impairment of taste as well as allergic and 
lichenoid reactions with various clinical symptoms<493,577,741,839,966,1006,1018,1381,1383, 1481>, essentially 
type 4 allergy<1381>. Köppel obtained a positive patch test to Hg<759> in 28 out of 60 (46.7 %) and 
Walt observed a definite positive reaction in 17 out of 193 (8.8 %) patients<1524>. Between 1993 
and 2001, the Zahn-, Mund- und Kieferklinik Freiburg  (Dental, oral and Maxillary Clinic in 
Freiburg) highlighted allergic reactions to the substances contained in the “amalgam block“<1399> in 
114 out of 616 subjects with amalgam fillings (18.5%).  Electrochemical reactions have also been 
known to occur when amalgam comes into contact with other metals in the oral cavity<1383>.  
The question whether the mercury absorbed leads to additional symptoms of intoxication or 
intolerance is still subject to controversy<89,143,446,727,1134>. “Whether the levels of exposure to 
mercury vapour from dental amalgam are sufficiently high to cause adverse health effects, and 
exactly what those effects are, continues to be researched and debated by scientists and health 
officials. U.S. government summaries on the effects of dental amalgam conclude that there is no 
apparent health hazard to the general population, but that further study is needed to determine the 
possibility of more subtle behavioural or immune system effects, and to determine the levels of 
exposure that may lead to adverse effects in sensitive populations. Sensitive populations may 
include pregnant women, children under the age of 6 (especially up to the age of 3), people with 
impaired kidney function, and people with hypersensitive immune responses to metals”<1030>. “To 
the limited extent that the ADA acknowledges the harmful effects of mercury amalgams, it is only 
in respect to the relatively small number of patients who suffer allergic reactions to mercury” …The 
American Dental Association claims that there is not enough scientific evidence to prove the case 
against mercury amalgams and maintains the position that "dental amalgam has been studied and 
reviewed extensively, and has established a record of safety and effectiveness”<107>. 
The toxicity of dental alloys depends on the quantity of metal ions released<460>. Investigations 
carried out in 2,223 patients that the PTWI (provisioned tolerance weekly intake) value is 
exceeded only in isolated cases. In most cases, it is not reached<559>. Mercury loads are 
measurable but are below the toxicological limit values<18,589,1061,1283,1632>. The measurements 
recorded in the blood and urine generally average 1 µg/L. The upper normal limit of 5 µg/L is 
exceeded only in exceptional cases<1278,1381> and values of up to approximately 10 µg/L are 
seldom found in the urine<1278>. 
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It remains controversial as to whether these levels can lead to symptoms such as joint pain, 
headaches, dizziness, impaired memory function, fatigue and sleep disorders<1481>. Cases of 
mercury-induced glomerulopathies have also been described secondary to amalgam 
exposure<924>. According to the BfArM (Federal Institute for Drugs and Medical Devices), 
suspected toxic reactions are not justified<577,1006>. There is a 10-fold safety margin before reaching 
a toxic threshold<549>, i.e. these are sub-clinical loads<89>. The German Gesellschaft für Pharmako-
logie (Pharmacology Society) concludes that, “The quantity of mercury released from fillings is not 
sufficient to trigger mercury poisoning“<1380>. Based on current scientific knowledge, there are no 
grounds to suggest that properly inserted amalgam fillings have a deleterious effect on 
health<757,1018,1562a>. Mercury is not usually anticipated to have a harmful effect on health<493,1278>. 
There is no corroborated evidence to suggest “amalgam poisoning“<562,1390,1381,1383>. Similarly, 
interciplinary investigations conducted at the University of Gießen did not provide any 
evidence<579>. Amalgam fillings are, therefore, not contraindicated<1121> on toxicological grounds 
and removal procedures are considered superfluous<545a,757>. The symptoms described by the 
patients have been diagnosed as psychiatric findings or psychological symptoms<48,445,589,605,759, 

786,915>. The positive effects of amalgam treatment are considered psychosomatic or as a placebo 
effect<1493>. “If it is true what amalgam opponents believe, amalgam would be implicated in virtually 
every disease, especially those of hitherto unknown aetiology“<1279>. An exchange of intact 
amalgam fillings is unethical<107> and is not necessary from a toxicological standpoint<665,914,1381>. 
More intensive procedures such as complete dental extraction are viewed as professional errors 
on the part of the dentist<665>. 
Others see amalgam as an “unnecessary disease focus“ and the mercury released from amalgam 
as responsible for numerous diseases. They talk of chronic poisoning<316> and refer to amalgam as 
“poisonous waste“ that should be removed in every case<1184>. Depending on the author, 50 to 
85% of patients with environmental disorders are exposed to a persistent blend of potential (sub-) 
toxic or sensitising foreign bodies<128>. It is often amazing how symptoms disappear when 
amalgam fillings are removed“<441,446>. Even deaths have been attributed to amalgam<313,316>.  
• Otitis externa (inflammation of the auditory channel in one female patient deteriorated during 

amalgam removal by a dentist (increase in mercury exposure through amalgam removal<763>). 
The woman became symptom-free on subsequent DMPS treatment<448>. The loss of hair 
(alopecia) in another female patient also deteriorated initially during amalgam removal. On 
completion of the DMPS treatment, there was no longer any hair loss<448>. 

• Gerhard et al. showed in investigations involving 490 women that, with heavy metal loads (in 
the mobilisation test > 500 µg Hg/g creatinine), spontaneous pregnancies no longer occurred. 
After clearance of the heavy metals, various women were spontaneously pregnant, even after 
12 to 14 years of ineffective therapy<475,478,481>. 

• In two female patients without any psychological problems, as the authors explicitly 
emphasised, headaches regressed after amalgam removal and clearance with DMPS<147>. 

• An incorrectly performed dental treatment with amalgam (absence of underfilling in 5 fillings) 
caused diffuse symptoms such as headaches, joint pain, dizziness, forgetfulness and fatigue 
in a previously healthy 15 year-old girl. The mercury level in the urine was 47 µg/L. After 
correcting the dental problems and treatment with DMPS, the heavy metal level in the urine 
fell to 0.7 µg/L.  The appetite, body weight and activity of this teenager improved<353>. 

• A 30-year old female patient with migraine-like headaches and dizziness had been 
unsuccessfully treated for 10 years by several different doctors. After removal of amalgam and 
several DMPS treatments, dizziness disappeared completely and only mild migraines 
persist<444>. 

• In patients suffering from alopecia, the amalgam fillings were removed after ineffective 
attempts at treatment. Alopecia regressed in 13 patients, partly with the subsequent growth of 
new hair<739>. This investigation was, however, criticised because the various forms of 
alopecia were not differentiated and the “patients“ were insufficiently defined, so that the 
causality of the alopecia by the amalgam was not demonstrated<1608>.  

• In a 37 year-old patient with chronic cough and nasal catarrh, removal of amalgam and 
clearance therapy were undertaken. The patient became free of infection<444>. 

• A mercury load of 401.5 µg/g creatinine was detected in a 33 year-old female patient with 
recurrent Otitis externa /  inflammation of the auditory canal in the DMPS test according to 
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Daunderer. The value fell to 25.4 µg/g creatinine after amalgam removal and two clearance 
cycles with DMPS. “The female patient is subjectively symptom-free”<448>. 

• A mercury, copper, lead and palladium load was detected in patients presenting with atopic 
dermatitis or psoriasis using the DMPS test. A significant improvement was observed in most 
cases after amalgam removal followed by clearance (administration of DMPS every 5 – 6 
weeks)<639>. 

Only very few subjects with amalgam poisoning suffered from single poisoning<83,313,866>. In most 
cases, critics also witness up to 3 additional exposures to poison<313>. In addition to the mercury 
from the amalgam, the background load from food and the environment must also be taken into 
account<549,550>. The other constituents of the amalgam or environmental exposure may also cause 
symptoms. The synergistic effect of various toxins must also be considered<577>. ”Human 
exposures to metals and metalloids such as arsenic frequently occur as mixtures, and hence it is 
important to consider interactions among these elements in terms of both mechanisms of action 
and for risk assessment purposes. Interactions among these elements may produce additive, 
synergistic/potentiative, or antagonistic effects that may be manifested as direct cellular toxicity 
(necrosis or apoptosis) or carcinogeniciity052>. Psychosomatic involvement is discussed<307,466,866>. 
The heavy metal load may also be combined with a deficiency in trace elements (zinc and 
selenium), which, in turn, can also trigger symptoms<307,441,444 >. 
The cause-effect relationship between amalgam and a disease can only rarely be established<89>. 
Not only dentists, but also general practitioners witness a clear improvement in the state of health 
of many of their patients once amalgam fillings have been removed<1361>. The cause-effect 
relationship is corroborated by the timely onset of symptoms following the insertion of amalgam 
fillings or an improvement in the clinical picture on removal of the amalgam<327>. Possible changes 
in lifestyle, e.g. change of diet or exercise, are not discussed<915>. Many observations correlate 
with the number of amalgam fillings. However, this does not confirm a cause-effect 
relationship<165>. For instance, amalgam is said to be responsible for increased smoking<1342>. The 
correlation can easily be explained, however, assuming that non-smokers with no amalgam fillings 
are more health-conscious.  
The WHO has ascertained that there is no value that can be given up to which a mercury load is 
harmless<1043>. According to “orthodox medicine”, the lowest threshold values that can be detected 
for impaired functions are 20 µg/L in the blood and 50 µg/L in the urine<193>. No accurate data have 
come to light regarding the Hg threshold value in various organs<546>. 
“Nevertheless, a residual toxicological risk with a chronic effect cannot be ruled out even with small 
quantities of mercury in correspondingly disposed subjects<166>. “As a result of the wide scatter in 
the sensitivity of people with amalgam fillings, the World Health Organisation does not rule out at 
the individual level (i.e. on considering the individual case) that there may be a correlation to 
disorders of well being and health“<966>. In this situation, only careful follow-up of the patients by 
the general practitioner can help<866>.  
To date, there are no markers to identify these patients. The DMPS test is unsuitable for this 
purpose<170>, as the Hg burden established in patients with fillings is no higher than that observed 
in healthy subjects<1279,1482>. Individual factors presumably play a role: 
• Women tolerate poisons less effectively than men<443>. 
• Patients with a glutathione-S-transferase GST deficiency should have poorer amalgam 

tolerance<307,750a>.  
• Wojcik et al. found a correlation between chronic Hg intoxication and the apo-lipoprotein E4 

genotype<1568>. 

The claim that uncertain symptoms are caused by amalgam can, in the last resort, neither be 
clearly proven nor rejected<361,966,1383,1384>. Similarly, in children, there is no confirmed evidence 
that increased mercury load can lead to disorders of development and damage<361>. The reason 
for this is the long latency period<313>. “Two recent prospective studies attempt to prove that 
amalgam fillings trigger no damage over a five- to seven-year period. However, the number of 
cases in both studies is far too small to prove a risk of less than 1%. Given the limited observation 
period, no definitive statements regarding potential long-term damage can be made, especially 
since increased mercury excretion was observed long-term in the urine“<1005>. 



 

www.heyl-berlin.de                    - 219 - 

Generally speaking, cannot totally guarantee the biological safety of amalgams or other restorative 
dental materials<665>. A randomised, double-blind study of the efficacy of amalgam removal is not 
feasible<759>. Everyone must decide for themselves<446>. 
 

7.3.3 Removal of amalgam and mobilisation therapy 
A number of symptoms are associated with amalgam, often by patients themselves. Between 4 
and 8% of the Swedish population believe that they are/were ill due to the side effects of amalgam 
fillings<558>. However, hardly any scientific investigations have been carried out<441> or reliable case 
histories have only been published for a few diseases. 
Amalgam releases Hg, which is mainly absorbed as vapour, thus leading to a mercury burden in 
all persons with amalgam fillings. This chronic Hg exposure fluctuates in the low-dose range (micro 
mercuralism). The amalgam-induced Hg levels are mostly below the permissible levels and do not 
trigger clinical signs of poisoning. It can, thus be assumed, that not every person with amalgam 
fillings is affected<182>. However, certain individuals may be particularly sensitive. Immune 
reactions (allergies, autoimmune reactions or immunomodulation) may also occur<172>. According 
to amalgam opponents, every patient reacts differently<442>. There are no typical symptoms of 
amalgam intoxication<866,1183,1268>. Every person affected reacts with his own individual, 
constitutional weak points<1183>.  
It is difficult for doctors if the patient has a fixed idea that he is being poisoned by amalgam and 
does not accept any other explanation for his symptoms<759,1381>. The same also applies to doctors 
who see amalgam poisoning behind every disease. Not only can this lead to sometimes extensive, 
unnecessary dental procedures such as the extraction of healthy teeth, but it may also prevent or 
delay the diagnosis and treatment of the actual cause of the disease<759,1381>. Complementary 
medical test procedures are particularly controversial in this respect<1381>. Heavy metal exposure 
should, however, finally be considered if the symptoms appear shortly after insertion or removal of 
amalgam fillings or deteriorate<558> or if no organic causes or marked, psychological burden can be 
detected<446,866,1268>. Mercury excretion should at least be carried out in these cases<11391>. 
Seidel explains the problem very well: “Amalgam and DMPS remain an inconclusive topic for 
discussion in general practice as well as for patients. On the one hand, many doctors, who are 
known as specialists for assumed mercury intoxication to colleges as well as to lay persons, 
present successful case histories. On the other hand, doctors with large practices who specialise 
in environmental medicine state that they have not seen any patients in whom they have attributed 
the afore-mentioned symptoms clearly and exclusively to amalgam-induced mercury intoxication 
(i.e. raised mercury excretion in the urine with or without DMPS mobilisation)! This situation 
implicates scientific toxicology“<1322>. 
 

7.3.3.1 Prevention 
Minimalisation generally applies in preventive environmental medicine: Avoidable exposure 
should, as its name implies, be avoided, based on the principle of proportionality<193,380a,581,787,1380>. 
“The presence of toxic metals in the mouth is basically undesirable. Minimisation should be 
attempted. Whether the constituents released by these metals are sufficient in order to trigger a 
toxic reaction in the body is a crucial question“<548>. As heavy metals are universally present, 
exposure cannot be totally avoided<383a>.  
 

7.3.3.2 Treatment necessity 
In recent years, partly highly controversial discussions have focused on chronic and low-level 
heavy metal exposure from natural, industrial and “medicinal“ sources and the need for treatment.  
In the one instance, a high mercury burden in the body due to amalgam fillings is not an indication 
for DMPS therapy<1629>. These are considered “unconventionally used treatment techniques in 
environmental medicine<1555a>. Use in “environmental medicine“ indications is rejected given the 
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lack of proof regarding efficacy and the fact that the risks of long-term therapy have not yet been 
clarified<169,1232>: 

• “Overall, the fact remains that, with DMPS and DMSA we have available 2 antidotes that 
have become indispensable for the treatment of acute metal poisoning. Their use in 
supposedly chronic metal poisoning, as is partly the case in environmental medicine, 
cannot, however be justified based on the available data. According to view of the ”Human-
Biomonitoring” Commission, levels exceeding the HBM-II values are not generally an 
indication for chelate therapy. Lead intoxication during childhood is the only exception to 
the rule. In this instance, chelate therapy is indicated for a lead concentration of 450 μg/L 
of whole blood“<1032>. Others consider chelate therapy to be useful for patients with Hg 
levels > 20 µg/L in the urine<988>. 

• “According to the view of the poison information centres, the presumed load caused by 
dental amalgam is not an indication for DMPS therapy“<573>.  

• Their use in supposedly chronic metal poisoning, as is partly the case in environmental 
medicine, cannot, however be justified based on the available data. There are no limit 
values beyond which treatment is required”1032>.  

Others want treatment restricted to doctors specialising in environmental medicine: “Chelation 
therapy (used to remove metals from the body tissues) itself presents some health risks, and 
should be considered only when a licensed occupational or environmental health physician 
determines it necessary to reduce immediate and significant health risks due to high levels of 
mercury in the body”<1030>.  
Various case histories on the clinical effects of chronic heavy metal exposure, e.g. due to 
amalgam, have been published to date<1291>. In these cases histories, 60 – 90% of patients report 
an improvement or cure on removal of the amalgam fillings<558,720>. Ramak considers DMPS 
administration as the decisive therapeutic step in 12 of his patients<1150>. This is equivalent to 
approximately 8% of the 148 patients in whom heavy metal clearance was carried out and about 
0.3% of the overall practice patient cohort<1202a>. Critics complain, and for some papers justifiably, 
that there are often very few items of data in some of these publications<209,1509,1608> and question 
the occasional fixation on amalgam as the sole cause<1493>. Many studies thus contain only 
measurements but fail to investigate any potential correlation between the symptoms and the 
heavy metal burden. Very few of the publications satisfy the recommendations to incorporate the 
environmental case histories memo issued by the Method and Quality Assurance in Environmental 
Medicine Commission of the Robert Koch Institute<694>. 
 

7.3.3.3 Clinical trials / non-intervention studies 
A marked rise in the urinary excretion of mercury was evident with DMPS in subjects with 
amalgam fillings, before and after amalgam removal. In contrast, subjects whose “fillings had been 
removed some time ago“ exhibited only a minimal increase in mercury excretion as seen in the 
controls, who had never had amalgam fillings<914>. 
50 patients (35f,15m) with at least four occlusal fillings, who attributed their symptoms to amalgam 
and in whom other diseases potentially responsible for these symptoms had been ruled out, 
received either 30 mg DMSA/kg BW pr placebo for five days. The symptoms were recorded 
quantitatively with a pain index and personality structure questionnaire. In the DMSA group, the 
quantity of mercury excreted in the urine increased 4-fold and lead excretion 10-fold. The patients 
reported an improvement in symptoms. No difference could, however, be distinguished between 
DMSA and placebo<515>. 
Twenty patients (14f, 6m), who believed that they were suffering from the symptoms of amalgam-
induced mercury poisoning, received either DMSA (20 mg/kg BW) or placebo for 2 weeks. The 
amalgam fillings were not removed. DMSA led to an increase in mercury excretion and a decrease 
in Hg levels in the blood. DMPS did not, however, display any advantage compared to placebo in 
terms of subjective symptoms. Three months after treatment, Hg levels in the blood had again 
risen to the baseline value. 
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Twenty-four subjects (18f, 6m) attributed their symptoms to the presence of amalgam fillings. 
Sixteen were entered into a study. Prior to amalgam removal, they initially received placebo 
capsules for 3 days (days 2, 3 and 4, respectively) and thereafter DMPS capsules (100 mg t.i.d.). 
They received DMPS therapy for a further 3 days after removal of the amalgam fillings. In two 
participants in whom an allergy against amalgam had been confirmed, the removal of amalgam 
fillings and subsequent mobilisation therapy led to a permanent improvement in symptoms. No 
permanent improvement in symptoms was evident in the other subjects after amalgam removal 
and administration of DMPS. A transient, subjective improvement even sometimes occurred 
following placebo administration<915>. The short observation period should, however, be noted. 

Fifty-nine patients who attributed their 
symptoms to amalgam-induced mer-
cury intoxication were compared to 59 
symptom-free subjects. The single oral 
dose of 300 mg DMPS increased Hg 
excretion in the urine compared to pla-
cebo. Neither DMPS nor the placebo 
altered the Hg levels in the plasma.  
Neither of the groups showed any 
differences in U(I), U(II) or in Hg levels 
in the plasma. The DMPS mobilisation 
test was not useful in terms of diagno-
sis. Neither of the groups differed in 
terms of symptom improvement or 
deterioration. According to the authors, 
the symptoms were presumably psy-
chological and not mercury-induced. A 
slight rash with redness of the skin 
<1311> was observed in 2 of the original 
120 patients following a single dose of 
300 mg DMPS. 
No difference in the extent of mercury 
excretion was observed in 50 subjects 
who attributed their symptoms to 
amalgam, compared to healthy sub-
jects. No correlation was found bet-
ween the severity of the symptoms and 
the Hg values. Other, often psycho-
logical causes for the symptoms were 
established diagnostically<589>. 
Out of 300 patients in a practice 
specialising in dermatological environ-
mental medicine and presenting with 
diffuse (e.g. headaches or fatigue) or 
manifest clinical symptoms (e.g. neuro-
dermatitis) only 14 displayed a mode-
rate (UII 16-35 µg Hg/g creatinine) and 
17 a marked (UII > 35 µg/g creatinine) 
Hg burden in the DMPS test. Patients with a marked burden received 3 x 100 mg DMPS/week for 
6 weeks in addition to zinc and selenium. Amalgam fillings were removed in some subjects. The 
Hg burden was then checked with the DMPS test and the treatment cycle was repeated, as 
required. All patients exhibited a mercury excretion of < 16 µg/g creatinine after the 3rd cycle at the 
latest and were symptom-free<981>. 
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7.3.3.4 Recommendations for detoxification therapy 
Even after removing amalgam fillings, mercury deposits are still initially present in the body<182,307> 
and these may persist for 1 – 2 years<1133,1134>. But rapid decomposition of the mercury deposits 
was also observed without DMPS administration<914>. The necessity for subsequent DMPS therapy 
is a matter of controversial discussion<406>. Some consider it essential only in severe cases<361,1384> 
whilst others consider it to be generally necessary<182,442,477>, possibly even many years after 
amalgam removal<325>. A careful benefit-risk assessment should be carried out in every case<752, 

986,1635>. ”Give a trial of DMSA or DMPS, and measure the level of toxic metals in the urine before 
and after taking it. A large increase indicates that the metals are present, and that the medication 
is helpful in removing them”<14>. 
The recommendations for clearance therapy given in the literature are not based on any clinical 
trials, official authorisations or generally valid treatment recommendations. They are virtually 
always based on the individual experiences of the authors. This presupposes a number of various 
recommendations. 

The results of amalgam cleaning with subsequent DMPS therapy varied. Some do not see any 
indication for such treatment<573,1238>. As far as they are concerned, amalgam fillings may increase 
the mercury load but would never, however, lead to mercury poisoning. “Therapeutic 
administration of Dimaval is not necessary following amalgam removal, but 2 – 3 Dimaval capsules 
may be administered as an option on the day after amalgam removal“<729>. 

Others, however, report positive results 
even after many years of suffering<971>. 
“Everyone must make his personal eva-
luation of the dispute between the 
experts. It is always amazing how many 
diseases suddenly disappear when 
amalgam fillings are removed“<444>. 
“Correct amalgam removal has stopped 
the suffering of numerous chronically 
sick patients“<1183>. ”There are many pa-
tients in my practice who are now heal-
thy productive citizens instead of hope-
less invalids, thanks to the use of DMPS 
administered in a safe manner“<282>. “In 
contrast to allergy sufferers, poisoning 
victims immediately feel much better 
after the injection”<323>. However, as 
DMPS has only a slight effect on Hg 
levels in the brain, other authors 
consider this as a placebo effect<120>. 
Spontaneous cures occasionally descri-
bed immediately after amalgam removal 
are also difficult to explain as symptoms 
are initially expected to deteriorate due 
to the increase in the heavy metal load 
anticipated on removal of the fillings. 
Psychogenic causes may also be at play 
in such cases<1383>. As numerous 
measures (e.g. a change in diet, 
orthomolecular therapy, acupuncture 
and a change in lifestyle) are often im-

plemented simultaneously, causality is generally impossible to establish. 
The clinical symptoms of 10 patients disappeared after replacement of amalgam fillings and 
administration of chelate therapy. The mercury load after treatment was clearly below that of 
untreated patients with corresponding symptoms<490>. 

Symptoms\References 1202a1) 12682) 5942) 3092) 9812) 
Allergies  65 % 52 % 45 % 0 % 
Abdominal pain   63 % 73 %  
Depression   80 % 76 % 50 % 
Memory disorders    85 %  
Hair loss (alopecia) 5 59 %    
Susceptibility to infections  80 %  61 %  
Headaches  73 % 78 % 85 % 50 % 
Fatigue, loss of drive   70 % 88 % 17 % 
Muscular/joint pains    71 %  
Nervousness, unrest 4  84 % 60 %  
Sleep disorders   77 % 71 %  
Dizziness   75 % 84 % 50 % 
Tinnitus  48 %    
Tremor   71 % 85 %  
Dermatitis, eczema 17    33 % 
Neurodermatitis 6    50 % 
Candidiasis 21    50 % 
Psoriasis 4    50 % 
Metal taste     100 % 
Dysmenorrhoea 6     
Rhinitis, conjunctivitis 10     
Asthma 3     
Acne  4     
Migraine 2           
Improvement of clinical symptoms after removal of amalgam and 
subsequent detoxification therapy (1) number of patients, 2) %  of 
patients) 
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Otitis externa (inflammation of the auditory channel) in one female patient deteriorated during 
amalgam removal by a dentist (increase in mercury exposure through amalgam removal<763>). The 
woman became symptom-free on subsequent DMPS treatment<448>. The loss of hair (alopecia) in 
another female patient also deteriorated initially during amalgam removal. On completion of the 
DMPS treatment, there was no longer any hair loss<448>. 
The dose of DMPS, frequency of administration and duration of treatment depend on the individual 
level of the burden and the individual symptoms of poisoning<182,637,638,1037>. With heavy metal 
loads, DMPS is mostly administered at a smaller dose level than normal<87>. In the treatment of 
mercury overload, it is recommended to carry out interval therapy<700> with pauses because DMPS 
primarily binds to extracellular heavy metal<194>. The body should have time between the individual 
DMPS doses for redistribution of the mercury, e.g. from the brain into the emptied extracellular 
deposits, where it can then be mobilised by DMPS<88>. 
In severe cases, the administration of DMPS before removing the amalgam is recommended in 
order to empty the “long-standing stores”<317,1506>. Others recommend in these cases the removal 
of amalgam under DMPS protection, e.g. by administration of 100 mg DMPS 2 hours<307,558> 
before or 1 ampoule 20 minutes before boring<973> or one capsule each day before, during and 
after work on the amalgam<1037>. The start of treatment is normally recommended immediately 
after a visit to the dentist<317,473,973>. 
The dose of DMPS always depends on the nature and severity of the poisoning<87>. Depending on 
the patients, DMPS is administered every 4 – 8 weeks<311,317,320,321,326,558,637,638,927,1184,1202a> or 
every three months<558,446,446,447>. Other recommendations: 
• With very high values (> 500 µg/g creatinine in the DMPS test), administration of 5 – 10 mg/kg 

BW<473> or 1 – 3 capsules DMPS<88,315,558,969> weekly; 
• One DMPS capsule every second day or 300<87,1037> to 600 mg DMPS weekly with additional 

replacement of zinc, selenium and possibly iron<481>;  
• One ampoule every 6-8 weeks or one capsule per week<1609>;  
• 250 mg DMPS i.v. every 3 months, every 6 weeks in extreme cases<352>; 

• 250 mg DMPS i.v. every 4 weeks together with procaine<720>; 
• Slow, i.v. administration for 3 – 5 minutes every second week (a total of 5 to 10 

injections)<1114>; 
• 100 mg DMPS per week for 3 months in patients exceeding the limit value<183>; 
• 100 mg DMPS every week for 9 weeks. 

Hamre observed “a clinical effect in 
amalgam sickness” following the oral 
administration of 100 to 200 mg DMPS 
per week for one to three weeks after 
amalgam removal. Daunderer propo-
ses individual dosage depending on 
the mercury burden measured by the 
DMPS mobilisation test<314,325>: 
• For values over 1,000 µg/L urine, 

one DMPS capsule weekly 
• For values over 100 µg/L urine, one 

DMPS ampoule every four weeks 
• For values over 50 µg/L urine, one DMPS ampoule every three months. 

Treatment was continued until all of the mercury values after DMPS mobilisation reached normal 
values<87,88,324,326,1037,1184>. Between 3 and 7 injections are normally required<973>. However others 
witnessed an improvement after just 2 to 5 injections<1202a>. Improvement was achieved in 80% of 
the patients within 3 to 6 months<320,323,594>. Sometimes the treatment was continued for one year 
or more<309,312,321>. A mother and daughter with suspected MCS, whose condition did not improved 
with orthodox medicine, were both completely free of symptoms following treatment with 
DMPS<691a>. 
147 patients with a “positive oral DMPS test” (no further details given) received 100 to 200 mg oral 
DMPS every day for 30 days as well as a food supplement. At the end of treatment, Hg levels in 

Zinc Copper Mercury Action 
> 720  
µg/g crea. 

Irrelevant Irrelevant Repeat clearance after 3 
months 

< 720 µg/g 
crea. 

> 1500 
µg/g crea. 

Irrelevant Repeat clearance after 3 
months 

< 720 µg/g 
crea. 

< 1500 
µg/g crea. 

> 50 µg/g crea. Repeat clearance after 3 
months 

< 720 µg/g 
crea. 

<1500 µg/g 
crea. 

< 50 µg/g crea. Completion of clearance 

    
Clearance therapy with i.v. DMPS according to Friese<441,558,973> 
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the urine had fallen by 50 to 100% in 93 subjects (= 63%). The values for mercury levels in the 
urine are not known. Data on the course of treatment are also missing for the remaining 54 
subjects<351b>. 
In contrast, Cutler rejected single doses of DMPS as they concealed the risk of redistribution of the 
heavy metal and thus a deterioration in symptoms. He preferred an incremental regimen. 50 – 100 
mg DMPS are administered three times a day in the first stage of treatment. Treatment is 
administered in intervals. 4 to 14 days of DMPS therapy are followed by a treatment interval of 4 to 
14 days. If the deposits that can be mobilised most quickly are emptied in this way (criteria for 
establishing this finding are not given), the additional recommendation of liponic acid is 
recommended. Treatment is continued for 6 months to 2 years. The heavy metal deposits in the 
brain should be mobilised in this way<459>. The approach to first of all empty the deposits that can 
be quickly mobilised in order to prevent redistribution of heavy metals in the brain following 
mobilisation seems logical. Unfortunately there are no clinical or laboratory data to confirm the 
effectiveness of this treatment regimen. 

 

7.4 Biomonitoring and DMPS test 
 “Toxicity is not a substance property but a quantity 
problem“<1636>. As Paracelsus once said, every metal, 
even essential metals, can trigger toxic symptoms at 
a sufficiently high dose. During the period of 
evolution, the body has developed mechanisms in 
order to withstand lower doses<666>.  
 

7.4.1 Parameters for heavy metal exposure 
Determination of the heavy metal content of the blood and urine are by far the most widely used 
techniques for investigating heavy metal loads<19,1109>. A steady-state theory between the heavy 
metals in the organs and the body fluids is assumed<288>. However, it takes 3 to 6 months for the 
steady-state to adjust<380a>. The correlation has proved to be more or less narrow, depending on 
the organ<380a>. On autopsy, Drasch found only a slight, linear dependency between the mercury 
content of the adrenal cortex or cerebellum and values in the blood, urine or hair<360>. 
 

7.4.1.1 Blood 
“Mercury concentrations in the blood change depending on the level of mercury exposure shortly 
before. They are affected to considerable extent by the intake of mercury in a high fish diet.“<556>. 
The Hg determination in the whole blood, therefore, reflects the inorganic and organic Hg loads in 
recent days<192a> to weeks<83,89,121,577,843,985,1313> or the internal load on continuous intake<1033>. Due 
to the relatively short half-life (1 to 2 days), low values do not rule out poisoning<493,988> (ethyl-Hg 
half-life = 7 days<988>). Determination of Hg concentrations in the plasma reflects the inorganic Hg 
burden, and in the erythrocytes, the organic Hg burden<380a,1033>. The erythrocyte/serum distribu-
tion quotient provides information on the proportion of organic Hg<88,89,843>. 

What is not poisonous 
Everything is poisonous 

Nothing is without poisonous effect 
Solely the dose makes a thing non-poisonous 

Theophrastus Paracelsus  von Hohenheim  
(1493 - 1541) 

Conclusion: 
Amalgam fillings continuously release mercury, which is partially absorbed. The risks associa-
ted with this exposure are subject to controversy. One the one hand, evidence to suggest that 
amalgam triggers no symptoms is not generally feasible (sufficient case numbers, appropriate 
choice of parameters, sensitivity of the methods or adequate observation periods can always 
be challenged). On the other hand, the cause-effect relationship with amalgam cannot be clea-
rly confirmed (non-recognition of other sources, effects of other pollutants, change of lifestyle, 
random, simultaneous onset of symptoms). An individual assessment is, therefore, recommen-
ded in every individual case in order to assess whether amalgam cleaning together with 
clearance can be successful. 
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7.4.1.2 Urine 
Urine measurements are the generally recognised method<128,988> used to determine Hg exposure 
and total body burden<193>. They reflect the exposure of previous weeks<192a> or months<83,121,985> 
and are thus suitable for establishing chronic exposure<577>. The inorganic Hg<1033,1313> load, 
primarily in the kidneys<843>, is determined almost only in the urine. As up to approximately 90% of 
organic mercury is excreted via the faeces, the urine is not very suitable for the biomonitoring of 
organically bound mercury<581>. 
Urine values correlate with the number of amalgam fillings. Subjects with amalgam fillings have a 
higher mercury excretion in the urine than subjects without amalgam fillings. “On long-term 
exposure to mercury vapours, there is a clear correlation between the extent of the concentration 
in ambient air and the mercury concentration in the blood of exposed subjects. Likewise, a 
correlation exists between this blood concentration and the quantity excreted in the urine. 
Measurement of mercury concentration as spontaneous excretion in the urine of exposed subjects 
(best measured at the end of the working week) reflects the exposure load as confirmed by 
occupational medicine. If implemented correctly, the test method is highly accurate and is largely 
independent of influential external parameters“<556>. 
The urine should be measured over a period of 24 hours in order to take any fluctuations in 
mercury excretion into account<493,577,988,1033>. As this is feasible only with difficulty, the 
determination can alternatively be carried out in the morning urine<1033>. Spot samples can also be 
measured in emergency situations<988>. The normal values are 1-20 µg/L<988>. Values exceeding 
10 to 20 µg/L are indicative of recent exposure. Neurological symptoms may develop at a value 
exceeding 100 µg/L and poisoning is assumed as from 300 µg/L<988>. “Urine samples with a 
creatinine content outside 0.3 – 3 g/l, cannot be evaluated“<380a>. 
 

7.4.1.3 Faeces 
On the one hand, the faeces are used as the medium for the biomonitoring of orally ingested and 
intestinally only slightly absorbed metals (Cd, Hg, Mn, Ni, Pb). On the other hand, the selective 
determination of the organic mercury burden is feasible as up to approximately 90% of this is 
excreted via the faeces<581>. However, faecal analysis is only of limited relevance due to the 
individual fluctuations in the intestinal absorption and secretion of some metals<1288>. 
Determination of the heavy metal load through faecal analysis is not standardised scientifically<556> 
and does not yield rational values<352>. Standard values are missing<988>. 22 ng Hg/g dry weight 
were measured in 6 children<988>.  
 

7.4.1.4 Saliva 
Saliva tests to measure the mercury load are not standardised scientifically<556>. The test is 
generally deemed to be unreliable<1109> or unsuitable<380a>.  On average, the Hg content of the 
saliva increases with the number of amalgam fillings<479>. Amalgam particles released in the saliva 
and which are not absorbed<380a>, may give a false result<1018>.  
 

7.4.1.5 Chewing gum test 
The chewing gum test indicates the 
rate of release of mercury from amal-
gam fillings<165,223,317,559,727,740,1134> and 
thus the quality of the fillings<1033>. It 
provides evidence of individual Hg 
exposure<970>. The following estimates 
can be determined: the higher the 
mercury concentration in the saliva, 
the higher the exposure/load risk<1289>. 

Amalgam fillings 1 - 3 4 - 6 7 - 9 10 - 12 13 - 20 
Smallest value (µg/day) 0.01 0.07 0.01 0.36 0.21 
Biggest value (µg/day) 283 371 1.480 3.255 20.315 
Mean (µg/day) 20 27 59 77 175 
No. of subjects 61 183 330 442 373       
The quantity of mercury measured in the saliva test (µg/day) 
depending on the number of amalgam fillings<88> 



 

- 226 -  www.heyl-berlin.de 

It is important that the test is carried out under standardised conditions (not immediately after 
cleaning the teeth or chewing gum, 

drinking hot or acid drinks, or amalgam processing)<89>. Saliva is usually tested during the chewing 
gum test. In contrast to that, Hansen et al. recommend the determination of Hg in chewing gum, as 
this gives more reliable values<559>. 
The chewing gum test, however, does not provide any indication of the uptake of the heavy 
metal<223> and does not, therefore, allow any toxicologically justified assessment of the Hg intake 
by the body<182,1313>, especially not via the crucial inhalation parameter<1322>. The “chewing gum 
test with subsequent saliva analysis is not suitable for diagnostic purposes as primarily non-
absorbed mercury (alloy particles) is loosened and analysed“<843>. 
By way of comparison: According to the Drinking Water Decree (TrinkwV 2001), a mercury level 
not exceeding 1 µg/L is permissible in drinking water in Germany. 
 

7.4.1.6 Hair 
The analysis of hair indicates past Hg exposure<1033>. It reflects a mean exposure value over a 
longer period (growth period of the hair being studied)<559,988,1033>. ”Later on it is possible to 
diagnose a poisoning by means of hair analyses, selecting corresponding area in view of the 
speed of hair growth“<192a>. Mercury levels in the hair correlate with those recorded in the blood or 
umbilical blood, in the erythrocytes and fish consumption<581,1561>. It highlights the organic Hg load 
in particular<380a,1313>. Inorganic mercury is only slightly incorporated in the hair matrix<380a>. Hair 
analysis can, therefore, be used for the biomonitoring of organic compounds. 
It is important to obtain uncontaminated samples493>.  Problems mainly arise with external mercury 
contamination of the hair from the surroundings, which cannot always be removed through 
washing<89,288,1561>. “Given the defective method employed and the difficulty in interpreting the 
findings, hair analyses are not suitable for the objective assessment of mercury burden“<843>.  “Hair 
analysis provides an opportunity to discover past exposure but frequently yields incorrect results 
due to exogenous contamination with heavy metals“<1288>. Based on data collated to date, 
determination of the mercury content of the hair does not highlight the mercury burden in the 
body<1109> and is unsuitable for assessing inorganic mercury and lead<641>. 
 

7.4.1.7 Breast milk 
“Hg can also be determined quantitatively in breast milk. The concentration correlates with the 
number of amalgam fillings and is lower than that found in the maternal blood”<380a>. 
 

7.4.1.8 Porphyrin diagnosis 
Patients with a higher Hg concentration in the urine also have a higher renal excretion rate of 
various porphyrins. The administration of DMPS increases the Hg excretion associated with a 
decrease in the raised porphyrin values in the urine<1571>. 
 

7.4.1.9 Respiratory volume 
“Determination or mercury concentrations in the exhaled air may be appropriate for scientific 
studies but is not permissible for routine investigations due to cost. Basically, mercury released 
from amalgam fillings can be determined in the respiratory volume. However, mercury exposure 
over time is difficult to quantify under experimental conditions. A correlation between the mercury 
concentration in the urine or exhaled air and the number of amalgam fillings was found in a 
Norwegian study“<380a>. 
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Ag 0.072 0.009 <0.008 <9.9  <0.25 <0.3  <1.2 <0.9 
Al   <20* <105 <20 <84.9 <8* <287.000 <7.800 <20 
As 0.93 25 34  <0.5  <10  <7.8 <25 
Au 0.11 <0.024 0.027 <0.5 <0.25  <0.2 <50 <0.367 <0.6 
B 42      <83  <58.6 <3.300 
Ba 0.8 2.4 1.96    <2.9  <83.5 <5.7 
Be < 0.008 <0.009 <0.009    <0.3  <0.325 <0.8 
Bi < 0.008 0.01 <0.009   <0.25 <2.5 <10 0.99 <1.6 
Ca       <112.000   <300.000 
Cd 0.57 0.16 0.18 <3.3 <1.5 <0.25 <0.4 <60 <9.9 <1.3 
Ce < 0.008        <38.2 <12.1 
Co 0.19 0.81 0.387 <2.5  <0.62 <0.4 <2.800 <2.7 <1.0 
Cr  0.28 0.158    <0.4  <458.6 <1.5 
Cs 3.6 4.4 4.7    <5.2  <0.409 <17.5 
Cu 1.042 14 9 <72 <80 <10 <1.600 <23.000 <1.000 <50 
Fe       <1.500 <253.000   
Ga <0.2 <0.019 <0.019   <0.25 <1.1 <10 <3.2 <0.5 
Ge         <0.111  
Hf <0.006         <1.3 
Hg 1.4   <2.7 <3.6 <0.2 <2.0 <10 <0.72 <1.4 
In < 0.009 <0.014 0.026  <0.25  <0.2 <10 <0.01 <0.2 
Ir       <0.2  <0.01 <0.2 
La < 0.008      <1   <3.6 
Li  77 35    <2.2  <2.2 <10 
Mn 9 0.1 0.087  <2.0  <0.9  <340.5 <1.9 
Mo 0.43 58 38    <1.2 <410 <7.8 <180 
Ni 0.11 2.7 0.756 <9.9   <2.8 <3.620 116.3 <1.7 
Pb 22 1.3 0.8 <23.1 <25 <22.3  <420 <816.7 <27 
Pd <0.02 <0.09 <0.09 <0.2 <0.02 <0.25 <0.2 <10 <0.8 <0.087 
Pt  <0.009 0.011 <0.2  <0.25 <0.2  <0.01 <0.02 
Rb 2.408 1.593 1.204    <317  <9.8 <4.096 
Re       <0.2   <0.2 
Rh <0.006 <0.007 0.004    <0.2  <0.01  
Ru 0.007      <0.2  <0.01 <0.2 
Sb <0.013 0.063 0.063    <1.7  <10.5 <1.1 
Se 133 17 14    <139  <3.4 <31 
Si       <230   <12.100 
Sn 0.18 1.2 8.6 <3.5  <2.36 <2 <640 <11.6 <2.0 
Sr 20 154 166    <70  <202.5 <200 
Ta       <0.2  <0.01 <0.2 
Te <0.14      <0.2  <0.01 <1.0 
Ti       <7.7 <6.700 <113.6 <2.9 
Th <0.003          
Tl 0.019 0.018 0.15  <0.02 <0.25 <0.3 <10 <0.17 <0.7 
U <0.003 0.004 0.005    <0.2  <0.32 <0.2 
V 0.052 <0.056 0.068    <1.1  <13.9 <1 
W <.011      <0.4  <2.7 <0.9 
Y <0.006          
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Zn  482 269  <300 <265.5 <150 <69.000 <1.1 <850 
Zr 0.033      <0.2  <1.4 <2            
Normal and mean values of metals 
1 Mean value in adult blood (n=130)<574a> 
2 Mean value in children’s urine (n=72)<575b> 
3 Mean value in adult urine (n=87)<575b> 
4-10 Normal values in various media 
Measurements recorded by the Medicinal Laboratory, Bremen, Haferwende 12,  D-28357 Bremen 
 
 

7.4.2 Reference values 
The statement, “mercury burden“ is, first and foremost, an analytical result<435> that must be inter-
preted in each individual case. Various standard and limit values have been set to evaluate data.  
These values are constantly adjusted in line with the current scientific state-of-the-art. The BAT 
values for lead in the blood virtually halved from 700 to 400 µg/L in the year 2,000<1309>. 
There are, however, also authors, who do not wish to set such values, “What is less clear is the 
dose of each form of mercury that 
presents little or no danger of 
adverse biologic effects“<807>. Gait 
ataxia were thus described in 
subjects with mercury levels below 
the HBM-II level whereas others 
with higher values did not exhibit 
these symptoms<357>. 
 

7.4.2.1 Human biomonitoring values (HBM I and HBM II) 
In contrast the Human Biomonitoring Values (HBM values) are defined by the HBM Commission of 
the Umweltbundesamt (German Department of the Environment) and are toxicologically justified 
values for the assessment of internal hazardous substance load. They apply for subjects without 
occupational exposure, including both children and the elderly – subjected to external exposure, 
24 hours a day, due to heavy metals in the environment or in the diet<556>. In values below HBM I 
[comparable with the NOAEL<357> (no observed adverse effect level)], no adverse effect on health 
is anticipated, based on the current state-of-the-art. There is, therefore, no toxicologically justifiable 
handling requirement. As regards the HBM I to HBM II range (test and control range), there is no 
scientific confirmation of a health hazard but similarly no sufficient evidence to substantiate that 
this substance is safe in terms of its effect on health. The “Human Biomonitoring” Commission 
recommends checking the values in the test range, initially through repetition. The person affected 
should be informed of the confirmation. It should be tested according to possible sources and 
removed at reasonable cost. If HBM II values are exceeded, it is comparable with the NOAEL<357>, 
an effect on health cannot be ruled out. The HBM II value should be considered as an intervention 
value or measurement<787>. 
Neurological symptoms were, however, also detected below the HBM II value on mercury 
exposure<357>.  A study carried out on gold diggers exposed to Hg in the Philippines showed that 
many patients displayed the clinical symptoms of mercury poisoning even below the HBM I value. 
The authors attribute this to the fact that the symptoms they observed were not taken into 
consideration when deducing the HBM values<357>. 
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The reference values are purely statistically derived parameters and have no relevance per se on 
health. They show that measurements up to this reference value were recorded in 95% of the 
study population at the time of the test<787>. 

 
 

7.4.2.2 Other reference and limit values 
The tolerance value for occupational exposure (MAK value up to Dec. 2004) is the time-weighted, 
average concentration of a substance in the air, which is not expected to acutely or chronically 
affect the health of the individual concerned. The calculation is generally based on eight hours’ 
exposure over a five-day week throughout a person’s working life. The tolerance value for 
occupational exposure is currently 0.1 mg/m3 respiratory volume for elemental mercury and 10 
µg/m³ for methyl mercury<1110>. 
The biological limit value (BAT value up to 2004) is the evaluation criterion for subjects with 
occupational exposure. This is the limit value for the toxicological concentration of a substance in 
the workplace, its metabolites or user indicator in corresponding biological material that does not 
generally adversely affect the health of an employee. 
The  Acceptable Daily Intake (ADI) describes the dose of a substance considered medically 
harmless on life-long daily ingestion. The value is mostly determined in feed tests in rats and mice. 
Various high dose levels of the test substance are given to these animals. This allows a dose level 
to be found at which no observable damage occurs [No Observable (Adverse) Effect Level (NOEL 

Reference values Human Biomonitoring Values Heavy metal  / 
Specimen 
material 

Group of people Reference value Group of people HBM I HBM II 

Lead / whole blood Children 
6-12 years 
 
Women 
25-69 years 
 
Men 
25-69 years 

60 µg/L 
 
 
70 µg/L 
 
 
90 µg/L 

Children ≤ 12 years / 
Women ≤ 45 years 
 
Women > 45 years / men 

100 µg/L 
 
 
150 µg/L  

150 µg/L 
 
 
250 µg/L 

Cadmium / whole 
blood 

Children 
6-12 years 
 
Non-smoking adults 
18-69 years 

0.5 µg/L 
 
 
1.0 µg/L 

“N/A as based on the current state-of-the-art, there is no 
point deducing HBM I values for Cd in the blood“ 

Cadmium / urine Children 
6-12 years 

Non-smoking adults 
25-69 years 

0.5 µg/L and  
0.5 µg/g crea 

0.8 µg/L and 
1.0 µg/g crea 

Children and adults ≤ 25 
years 

Adults  
≥ 25 years 

1 µg/g crea 

 
2 µg/g crea 

3 µg/g crea 

 
5 µg/g crea 

Mercury / whole 
blood 
With fish 
consumption up to 
three times a 
month 

Children 
6-12 years 
 
Adults 
25-69 years 

1.5 µg/L 
 
 
2.0 µg/L 

Children and adults 5 µg/L 15 µg/L 

Mercury / urine 
With fish 
consumption up to 
three times a 
month 

Children 6-12 years 
and adults 25-69 
years without 
amalgam fillings 

1.4 µg/L and 1.0 
µg/g crea  

Children and adults 7 µg/L and  
5 µg/g crea 

25 µg/L and 20 
µg/g crea 

      
Reference and HBM values issued by the Human Biomonitoring Commission of the Umweltbundesamt (German 
Department of the Environment)<787,1009,1033,1288> 
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or NOAEL)].  The ADI is obtained by  
dividing with a safety factor. It is 3.6 
µg/kg/day for lead, 1 µg/ kg/day for 
cadmium, 500 µg/kg/day for copper and 
0.71 µg/kg/day for total mercury in adults 
and 0.35 µg/kg/day in children. Various 
USA authorities even set limit values of 
0.1 to 0.5 µg/kg/day for daily mercury 
intake<493>. The WHO recommends a ma-
ximum daily mercury intake of 45 µg/ 
day<121> or 300 µg/week, not more than 
200 µg of which must be methyl mer-
cury<352>. 
The PTWI specifies the tolerable weekly 
intake. This is a toxicological limit value 

set by the WHO. The Hg value of 5 µg/kg/ week in adults and 2.5 µg/kg/week for children is 
currently being reassesssed<1008a>. 1.6 µg/kg/week of methyl mercury is permitted<1004b>. As 
regards Cd, the limit value is 7 µg/kg/week, for lead 25 µg/kg/week, for As 15 µg/kg/week<1515a> 

and for Al 1,000 µg/kg/week<1004b>. 
 

7.5 DMPS mobilisation test 
Dimaval® and Dimaval® (DMPS) 100 mg hard capsules are licensed for the treatment of 
various types of heavy metal poisoning.  Use as a diagnostic is not a licensed use for the 
two preparations. 
The DMPS mobilisation test involves measuring the heavy metal content of the urine before and 
after oral, intramuscular and intravenous administration of DMPS<121,352,1236>. The mercury content 
of the liver can substantially increase up to 100-fold in the presence of mercury deposits in the 
body<1104>. Elevated values are indicative of storage<121>. This increase can be used as a 
parameter for the assessment of chronic Hg intoxication<1102>.  
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Mercury in the urine of two people with occupational Hg vapour exposure. They received a single oral dose of 300 
mg DMPS in April 88 or 89<1273> 

 
In mercury poisoning, administration of DMPS leads to a marked rise in Hg excretion in the urine. 
Contrastingly, a placebo does not increase excretion<914,915,1311>. The additional intake of potas-
sium citrate had no synergistic effect on oral administration of DMPS<587>.  
Monitoring of the treatment of heavy metal intoxication with a chelating agent must always include 
monitoring of the heavy metal excretion in the urine<288,1018>. This means that every correctly 
performed treatment with chelating agents leads simultaneously to diagnostic information. Con-
versely, the DMPS test is simultaneously diagnosis and therapy<170,182,294,383a,442,637>. 

Metal BAT/BGW value Test material 
Aluminium 200 µg/L Urine 
Lead 
 
Lead, organic 
Aminolaevulinic acid 
(women < 45 years) 

400 µg/L 
350 µg/L (women<45Y) 
50 µg/L 
15 mg/L 
6 mg /L 

Blood 
 
Urine 
Urine 

Manganese 20 µg/L Blood 
Mercury (inorganic 
and metallic 

25 µg/L 
100 µg/L 

Blood 
Urine 

Org. Mercury 100 µg/L Blood    
Biological Tolerance Value for Occupational Exposure (BAT) 
version 2004 
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Higher Hg deposits were detected in 74 people 
with chronic occupational Hg vapour exposure 
without any typical clinical symptoms following 
administration of a single dose of DMPS<1075>. The 
DMPS test was recommended as far back as 50 
years ago in the USSR to monitor employees in 
Hg factories<1452>. ”Administration of a chelating 
agent capable of mobilizing the mercury bound in 
critical organs increases urinary excretion, and the 
excreted amount is considered to give a more rea-
listic picture of the total body burden“<985>. “With 
the DMPS test according to Daunderer, we are 
now able to carry out the quantitative analysis of 
mercury poisoning in the urine”<443>. “Mercury ex-
cretion in the urine following administration of 
DMPS is thus a yardstick for determining the extent of the body deposit”<69>. High renal excretion 
rates are also mobilised on administration of DMPS with both palladium and copper<637,638>. 
 

7.5.1 Different parameters of the DMPS test 
There are no standardised conditions for performing the DMPS test<579>. The various forms descri-
bed in the literature differ in various parameters. 
It is virtually impossible to evaluate the DMPS test as direct determination of the Hg concentrations 
in organ tissue is not feasible in vivo in man. Drasch et al. therefore attempted to verify the 
significance of the DMPS test on mercury using statistical methods. To this end, they compared 
the mercury concentrations measured in 149 human renal cortices at autopsy with the data 
recorded in the blood and urine of other living subjects. Hg levels in the adrenal cortices showed a 
significant dependency on the number of amalgam fillings, no difference being observed between 
men and women. Contrastingly, this dependency was not evident in the data recorded in blood 
and urine without DMPS administration – a fact that has been criticised by other people<382>. A 
correlation was also found after oral administration of DMPS and collection of 24-hour urine. No 
gender-specific difference was established. On i.v. administration of DMPS and 45-minute urine 
collection, Hg levels in the urine also correlated with the number of amalgam fillings in women, but 
not in men. This phenomenon could not be explained<359>. 
 

7.5.1.1 Choice of laboratory 
There is no “test stick“ for measuring heavy metal concentrations. Tests are carried out in 
appropriately equipped laboratories. As the quantities to be determined are relatively small and 
mercury analysis is prone to errors<288>, measurements should be recorded only in qualified 
laboratories characterised, for instance, by participation in ring tests<19,165,1278,1381>. ”However, the 
techniques involved in trace metal analysis in body fluids and tissues present certain difficulties, 
and such analysis should only performed in laboratories that are equipped for this purpose and 
that participate in external quality control“<702>. Specimen contamination must be avoided when 
collecting samples<288,1277,1278>. Only contamination-free, laboratory-tested test tubes must, 
therefore be used for collecting and dispatching samples<19,1288>. Analytical results with high values 
should be confirmed in a new sample obtained under optimal conditions<1288>. 
 

7.5.1.2 Type of administration (oral or parenteral) 
The differences between oral and parenteral (i.v./i.m.) administration of DMPS were of a kinetic 
and quantitative nature. The i.v. administration led to a faster onset of action<1273,1282,1283,1635>. Fifty 
per cent of the mobilisable mercury was already excreted in the urine after 45 to 60 minu-
tes<1281,1635>. Maximum excretion after i.v. administration was achieved after approximately 1½ 
hours<174> to 2 hours<143>.  Possible absorption interference<143>, e.g. through the formation of 
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gastrointestinal complexes<143,381>, and thus difficulties in interpreting the measurements were 
excluded<446,483>. Otherwise, oral administration was as effective as the injection<1281,1283>. How-
ever, it must be taken into account that, after oral administration, generally less active substance is 
available, as only approximately 50% are absorbed<435,1635>. Hg excretion of 290 µg/24 hours was 
thus recorded after i.m. administration of DMPS, and 73.5 µg/24 hours after oral administration. 

The same peak concentrations were recor-
ded in the urine<472> after administration of 
10 mg oral DMPS/kg BW and 4 mg i.v. 
DMPS/kg BW. In contrast to i.m. admini-
stration, Hg excretion is still high 24 hours 
after oral administration<985>.  

The individual variation in absorption fol-
lowing oral administration of DMPS can 
lead to problems on interpreting the 
results<440,985,1291,1482>. An effective dose is 
guaranteed following i.v. administra-
tion<1482>. Parenteral administration is pre-
ferable to oral dosing in patients with 
known absorption problems<1134>. 
 

7.5.1.3 Dosage 
3 to 4 mg/kg BW is mostly administered 
parenterally. For oral administration, the daily dose of 300 mg DMPS was mostly administered 
independently of body weight as a single dose, as with mobilisation tests with other chelating 
agents. Higher values may, however, be recorded in light patients than in heavy subjects as the 
relative dose is greater, calculated with reference to kg BW<985>. 
After it was found in laboratory animal experiments that the oral dose has to be 2.5 times the 
parenteral dose in order to obtain the same efficacy, Gerhard et al. introduced a mobilisation test 
with 10 mg DMPS/kg BW orally. This leads to similar excretion rates as in Daunderer’s i.v. 
test<473>. 
 

7.5.1.4 Collection from urine (spontaneous or 24-hour) 
There is a lively debate on whether the urine should be collected over 24 hours or whether a 
shorter collection period or even the collection of spontaneous urine would suffice for the 
mobilisation test<87,89,311,727,1493>. In investigations with spontaneous urine, the mercury 
concentrations found in urine were considerably higher than those in 24-hour urine. Critics refer to 
“values that appear to be horrendously high“<1110>. 
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The heavy metal-DMPS complex is ex-
creted rapidly. Peak urinary excretion 
values in the urine were recorded two to 
three hours after ingestion or 45 to 90 
minutes after i.v. injection of DMPS<174, 

473,587,1290>. Elimination had returned to 
the baseline value after approximately 
10 hours<173,174,1290>. The initially high 
concentration in the urine was thus dilu-
ted by the “late urine“ with  a conside-
rably lower Hg content<174,313.473,1284>. 
The mean mercury concentration of 183 
µg/g creatinine (collection time of 45 
minutes) recorded in the urine of 261 
women (250 mg DMPS i.v.) fell to 23 
µg/L over a 10-hour collection peri-
od<472>.  

62% of the 24-hour excretion (oral 300 mg) was 
eliminated after 6 hours<1251>. After oral admini-
stration of DMPS, approximately 60%<947,1251> was 
excreted in the first 6 hours, 70 - 80 %<1273> in the 
first 8 hours and 25-32 %<1392> of the 24-hour 
excretion in the first 30 minutes. There was a 
significant correlation between urine excretion in 
the first 6 hours and the 24-hour value<947>. Mea-
surements of the excretion time course showed 
that urine collection over 3<951> and 6<288,947> hours 
was sufficient for recognising mercury burden on 
oral administration of DMPS. 
Following a single i.v. dose of DMPS (2 mg 
DMPS/kg BW i.v.), approximately 35 to 40% of the 

total 24-hour excretion were excreted in the 
urine within the first 30 minutes, around 70% 
within the first two hours<1482> and approxi-
mately 84 % in the first 8 hours<1273 >. 

The good correlation between the mercury 
concentration (µg Hg/g creatinine) in the 45-
minute spontaneous urine after i.v. DMPS and 
the mercury excretion in the 10-hour urine 
suggest that spontaneous urine is suitable for 
the assessment of the mercury depo-
sit<472,473,1290>.  

In 80% of patients, peak mercury levels in the 
urine were recorded between 0 and 3 hours 
after oral administration and, in 20, between 3 
and 6 hours. The mercury level in the urine 
was still high after 24 hours. The excretion profile did not depend on the extent of the mercury 
load<985>. Regardless of the urine collection period of 1, 2, 4 or 9 hours, there was a correlation 
between mercury excretion after a single oral dose of DMPS and the amalgam score (surface area 
of all amalgam fillings)<54>. 

The i.m. administration of DMPS increased the renal excretion of Hg in 7 workers with occu-
pational phenyl mercury chloride exposure. 68% of the quantity excreted over 24 hours was 
already detected in 3-hour urine<497>. 
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Some authors nevertheless claim that 
the heavy metal content should be 
determined only in 24-hour urine<382,549, 

550,728,729,1007>. Determination of the 
mercury concentration in spontaneous 
urine is considered pointless<1381> as 
the result depends considerably on the 
volume of urine<1380>. However, the 
morning urine is suitable for deter-
mining the heavy metal content prior to 
administration of the chelating 
agent<549,550,1007>. Only in this way can 
the disruptive influences of the circa-
dian rhythm and diuretically induced 
fluctuations in the quantity of urine be 
avoided<87,89,1562>. Not even standardi-
sation to creatinine will suffice in this 
instance<728,729> as the urinary excre-
tion of creatinine depends on the popu-
lation (men, women and children have 
a different muscle mass and thus their 
creatinine excretion rate 
will vary), physical exer-
cise and the time of 
day<19>. Thus lower cre-
atinine excretion in chil-
dren, for instance, is 
feigned by an increased  
pollutant burden<1007>. A 
shorter collection period 
gives a greater margin 
for errors<406,947,1283>. Although there is a linear correlation between µg Hg/24 hours and µg/g 
creatinine after stimulation<581>, outlier values are nevertheless evident when the individual cases 
are considered<729>. A very high mercury concentration can be deceiving with a small quantity of 
urine<87,89>.  
Long-term measurements, however, mask the problem of patient compliance (risk of 
contamination, collection error, greater expenditure)<19,81,87,89,180,288,472,947,1033,1059,1251,1291,1562>. Thus 
9 out of 80 (11.25 %) of the 24-hour urine collections in a study must be discarded due to 
collection errors<1482>. Other studies report 1 in 7 = 14.3 %<1251> or 5 in 134 = 3.7 %<581> collection 
errors. 
 

7.5.1.5 Urine or faeces 
There have been occasional recommendations in the literature to determine the increase in heavy 
metal excretion after oral administration of DMPS not in the urine but in the faeces<310,312,313,446> or 
in the urine and faeces<314>. In these cases, a metabolic anomaly is assumed, whereby the heavy 
metal is excreted primarily in the faeces<594>. The supposed anomaly is not described in any 
greater detail. Similarly, there is no information as to how just the third bowel movement after 
administration of the antidote, for instance, should be examined. 
Presumably mercury deposits other than those detected by investigation of the urine may be 
determined through faecal investigations. Up to approximately 50% of DMPS is absorbed after oral 
administration. This means that about 50% remains in the gastrointestinal tract. The unabsorbed 
DMPS can bind any mercury present in the stomach and intestines by interrupting<435> its 
enterohepatic circulation, for example<1167>. To determine the heavy metal deposited in the body, 
however, the heavy metal in the urine must be determined after oral administration of DMPS, as 
has been shown in numerous studies. 
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DMPS<1300> 
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Patient 
collection 

period 

1 hour 2 hours 4 hours 9 hours Amalgam 
score 

1 47 x 53 x 50 x 31 x 45 
2 25 x 26 x 26 x 15 x 29 
3 11 x 9 x 7 x 14 x 3       

Increase in Hg excretion in the urine after administration of DMPS (300 mg oral) 
compared to excretion before DMPS, depending on the urine collection time<61> 
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7.5.1.6 Calculation of heavy metal content in relation to creatinine concentration 
The heavy metal content in the urine is often calculated with reference to the creatinine 
concentration in order to offset the diluting effect of the urine<1482>. “By determining the creatinine, 
highly concentrated (creatinine > 2 g/L) and markedly diluted (creatinine < 0.5 g/L) urine samples 
can be recognised“<1033>. With urine creatinine values of < 0.2 g/L, the values can no longer be 
meaningfully interpreted<1277>.  
It should, however, be borne in mind that renal creatinine excretion depends on the population and 
the time of day. In terms of average mg/L, women have a lower creatinine concentration, 
averaging 723 mg/L, compared to men with 
975 mg/L<83a>. Creatinine is formed in the 
muscles and therefore depends on the 
muscle mass<180>. Thus the lower creatinine 
excretion in children, for instance, is feigned 
by an increased  pollutant burden<1007>.  On-
ly minor fluctuations are normally observed 
in healthy subjects<180>. Details of the con-
centration, µg/L of urine and µg/g of crea-
tinine can, in these cases, be equated  
approximately<838>. 
In a study involving 489 women, mercury 
excretion fell with increasing body mass 
index following single administration of 10 
mg/kg oral DMPS<471>. One explanation is 
that the mercury deposited in fatty tissue is 
not mobilised. Increased excretion due to a 
higher muscle mass may also be the cause. 
 

7.5.1.7 Order of the heavy metals 
The following order for the excretion of heavy metals after mobilisation with DMPS has been given 
in various publications: Zn > Cu > As > Hg > Pb > Sn > Fe > Cd > Ni > Cr<z. B. 128>. According to 
this, zinc was the best mobilised. To what extent the authors have observed this themselves or 
how far they depend on the literature cannot be ascertained. Measurements that confirm the order 
are also missing. 
This order contradicts the stability constants determined in vitro (see 3.7 Complex formation). The 
excretion of mercury, for example, is also increased even when zinc and copper are still present in 
the body. The authors probably mean the quantities excreted, not the order of metals<1238>. As zinc 
and copper are present in large quantities as trace elements in the body, a greater quantity of 
DMPS-metal complex is to be expected according to the law of mass action, even with lower 
binding constants. 
Investigations in patients given zinc and selenium in addition to DMPS could not confirm that 
mercury mobilisation was more difficult due to high zinc and copper excretion<981>. 

Similarly, the data obtained with DMPS + Zn-DTPA or DMPS + Zn-DTPA + DMSA<180> 
combination therapies refute this order. The combination therapies must not exhibit greater 
excretion for the other heavy metals due to the addition of zinc. 
 

7.5.1.8 Administration of DMPS with existing amalgam fillings 
The administration of DMPS with existing amalgam fillings is subject to controversy<952,1`114>. There 
are occasional references in the literature that this should be avoided<107>. This applies to both 
oral<315> and i.v. administration<737,927,973,1238>.  DMPS supposedly appears in the saliva and loo-
sens mercury from the surface of the fillings<927,1114,1238>. This leads to acute heavy metal 
poisoning in the intestinal mucosa<737,1238> and other symptoms<927>.  
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On the other hand, the same authors recommend that, in severe cases, DMPS should be 
administered before amalgam removal in order to empty the “long-standing stores”<317,1591>. Others 
recommend the removal of amalgam under DMPS protection, e.g. by administration of 100 mg 
DMPS 2 hours<307,558> before or 1 ampoule 20 minutes before boring<973> or one capsule each day 
before, during and after amalgam processing<1037>.  
To my knowledge, DMPS in the saliva has never been investigated. I do not consider it a problem 
even when small quantities of DMPS reach the saliva.  
• DMPS only comes into contact with the surfaces of the amalgam fillings. DMPS cannot 

access the rest of the amalgam.  
• DMPS reacts with Hg ions, not with metallic mercury, which is present in the amalgam alloy.  
• No particular risk was evident in observations carried out on numerous patients following a 

DMPS test with existing fillings. Even long-term treatment in orthodox medicine has never 
indicated any problems in the presence of amalgam fillings.  

”According to Dr. David Quig of Doctor’s Data, there is little evidence that chelating with DMSA or 
DMPS causes an increase in mercury release from amalgam fillings. If that were the case, then 
adding the chelating agents would be an effective means of removing mercury amalgams. He 
believed it was safe to chelate with amalgams”<1273a>. 
 

7.5.1.9 Comparison of DMPS and DMSA 
Both DMPS and DMSA are effective in the mobilisation of mercury<952>. DMPS appears to be a 
better chelating agent for Hg<1121>, generating higher mercury levels in the urine<637>. ”Typically a 
single dose of DMPS will provoke more mercury from the tissue than a single dose of DMSA”<164>. 
Following administration of 10 mg/kg p.o., 45 µg Hg/g creatinine was found in 6-hour urine with 
DMPS compared to just 4 µg Hg/g creatinine with DMSA<1192>. DMSA (30 mg/kg oral) increased 
Hg excretion from 4.98 to 13.11 µg/L in 65 patients, and DMPS (10 mg/kg oral) from 5.05 to 11.88 
µg/L in 20 patients<587>. 
The information on DMSA-induced poisoning of the brain is inconsistent. In the literature, there is 
no evidence of a corresponding effect with DMSA, which numerous authors claim. Neither ’DMSA 
passes into the brain’<927> nor ’DMSA does not pass into the brain’<738> can be confirmed by 
corresponding clinical studies. Mercury concentrations in the brain cannot be measured on ethical 
grounds. Similarly, there is no evidence in humans to confirm the following statement: “In contrast 
to all of the previous complex-forming agents, DMPS lowers the concentration of mercury that has 
accumulated in the brain“<325>. 
 

7.5.1.10 Combination of complex-forming agents 
”Even though DMPS enhances the excretion of a wide number of metals, many clinicians opt to 
combine chelating agents in the same challenge test. This remains a wide and relatively 
unexplored area of detoxification medicine“<155a>. More recent investigations show that heavy 
metal excretion can be increased with a suitable combination of chelating agents<179a,180>. They do 
not confirm that the antidotes have a synergistic effect. In combination therapy, the overall dose of 
chelating agent administered is higher. Whether a correspondingly higher dose of monotherapy 
would also generate this effect, has not been investigated. 
The complexes of heavy metal and complex-forming agents are excreted primarily via the kidneys. 
If several chelating agents are administered concomitantly, then a particularly high burden can be 
expected in the kidneys. However, there have been no reports of kidney damage as a result of this 
to date. Based on experience gained in the interim, combination therapy with various chelating 
agents does not appear to pose any greater risks than corresponding monotherapy. 
It is a well-known fact that DMPS also forms complexes with zinc, thus promoting its excretion. 
With a combination of Zn-DTPA and DMPS, there is therefore a possibility that DMPS will react 
primarily with the zinc and not be available for other metals. Comparison of zinc excretion during 
DMPS and DMPS/Zn-DTPA administration, highlights extremely high Zn excretion with the 
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combination<180>. Unfortunately, the values for Zn-DTPA monotherapy are not included in the 
following table. 

95 percentile Al As Ca Cd Cr Cu Hg Ni Pb Sn Zn 
Basal urine  n=550 124 132 245,000 0.87 21.4 56 2.4 11.5 4.1 4.17 650 
DMSA n=614 324 235 269,000 1.24 39.8 308 24.4 17.5 74.23 11 2344 
Na-EDTA n=22 236 190  3.92 20 193 2.04 21.5 30.22 16.73 22,491 
EDTA+DMSA n=284 237 107 740,000 4 43.8 44 11.1 25.8 86.56 16.32 29,020 
Ca-EDTA+DMSA n=31 146 82  3.14 28.5 740 22.1 21.3 158 34 27,930 
Ca-EDTA+DMSA+DMPS n=58 348 91  2.26 22.5 1,245 82 33.4 81.3 40.8 39,530 
Ca-EDTA+DMPS n=31 202 75  2 58.3 1,436 37.3 35 70.4 14.4 44,231 
DMPS n=184 253 133 268,000 1.3 31.4 1,417 68 14.67 27.5 21 4,590 
DMPS+Zn-DTPA n=512 266 266 269,000 2.84 31.1 1,444 107 23 75.03 25.5 746,000 
DMPS+Zn-DTPA+DMSA n=216 262 209  2.82 27.7 1,199 120 17.1 119 21 520,000             
Heavy metal excretion in the urine following the administration of various CA alone or in combination (µg/g crea), 
Measurements from the Micro Trace Minerals Laboratory, D-91217 Hersbruck<179a,180> 
 

7.5.1.1 Variants of the DMPS mobilisation test 
Variants of the DMPS mobilisation test are described in the literature. They differ in terms of DMPS 
administration, dose, urine collection period and mercury values (µg/L, µg/24h, µg/g creatinine). As 
a result, the measurements obtained are often incomparable<559>. 
A common factor to all variants of the mobilisation test is that urine is collected before and after 
administration of DMPS. Both urine samples are sent to suitably equipped laboratories for heavy 
metal determination<727>. Urinalysis prior to DMPS administration is occasionally dispensed with on 
financial grounds<483>. A uniform, standardised procedure must be used in order to obtain 
comparable, correct results<87,89,549>. Agreement between the doctor and the laboratory is 
important<373>.  
In addition, the patient must empty his bladder completely before administration of 
DMPS<382,383a,472,1134> and the urine must be collected correctly. 

Where there are markedly raised zinc and/or copper values (copper > 2,500 µg/g creatinine<1591>)  
it must be borne in mind that there may possibly no longer be sufficient DMPS for mobilisation of 
other metals. The results may, therefore, be falsely negative<182,195,321,440,444-446,1591>. In these 
cases, repetition of the test after 4 to 12 weeks is recommended<182,440,1308>. 
Assessment of increased copper values poses a problem. Laboratory animal experiments have 
shown that where poisoning with arsenic<885>, gold<1424> or mercury is present, the copper content 
of the kidneys is also significantly raised. Induction of the formation of metallothioneins, which then 
retain more copper, has been suggested as a mechanism of action<1424>. With DMPS therapy, not 
only the mercury, but also the copper levels fell. A similar situation was observed for zinc<1424>. 
 
7.5.1.11.1 Mobilisation test according to Daunderer (parenteral) 
Based on experience with more than 6,000 patients, Daunderer recommended carrying out a 
mobilisation test at a mercury concentration in the urine of more than 5 µg/g creatinine or the 
corresponding clinical symptoms<313,314,317,324>. The patients do not need to fast<472,473,476>. 

  Creatinine is determined in addition to mercury in urine 1<1291>. 
Zinc is also measured in order to exclude mercury-induced zinc deficiency<1633> (the zinc level 
in the urine should be 400 – 600 µg/L<315>. Zn < 140 µg/g creatinine indicates zinc 
deficiency<1591>, which should be replaced<441>). 

  Slow i.v. administration of 3 – 4 mg DMPS/kg BW<320,1568>. 
  Get the patients to drink approximately 150 mL of tea, water or lemonade. Friese 

recommends a bottle of mineral water<441>. 
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  Collection of spontaneous urine 45 minutes to 1 hour after administration of DMPS<313,320>. 
Birkmayer recommends the collection of urine after ½ to 1½ hours<173,174>, Friese after 30 
minutes<441>.  

 Creatinine and copper are determined in addition to mercury in urine II<1291>. If indicated, other 
heavy metals can also be determined<313,1291>. 

 A rise in the mercury in the urine after administration of DMPS to more than 50 µg/L or 50 
µg/g creatinine shows accumulation of mercury<310,320,324,327,441>. A deposit is also present 
when the Hg concentration in the urine is increased more than 10-fold<324>. In contrast, 
Schiele considers values of up to 1,000 µg/g creatinine to be normal in persons with amalgam 
fillings<1279>. 

If the zinc level in urine I exceeds 720 µg/g creatinine, the test should be repeated after 3 months 
as copper and mercury may not be sufficiently mobilised due to the high zinc level. If the copper 
concentration in urine II exceeds 1,500 µg/g creatinine, the test should also be repeated after 3 
months as the mercury excretion may be too low (“false negative result”)<441,446>.  
The DMPS mobilisation test is also recommended for determination of the burden with other heavy 
metals, e.g. lead (in hypertension<352,446>), cadmium (in osteoporosis<352,483,1591>) or aluminium in 
Alzheimer’s disease<352>. As the efficacy of DMPS is not confirmed for aluminium and cadmium 
(see Chapter 7.2.1 and 7.2.6), the final recommendations are dubious. 

The Bremen Medical Laboratory de-
tected copper excretions in the urine 
of up to 1,700 µg/g creatinine after 
DMPS administration in a group of 50 
patients without amalgam fillings. 

According to Microtrace, the 95% percentile for copper is 1.417 µg/g creatinine<180>. 
Bonnet carried out this test in approximately 200 babies and young children. If possible, a 
spontaneous urine sample was initially collected. A urine collection bag was attached to the 
children after injection of 4 mg/kg DMPS i.m. The first urine collected after injection was used for 
the test. The fact that complete bladder emptying cannot be confirmed should be taken into 
account when interpreting the measurements<195>. 
 

7.5.1.11.2 Mobilisation test according to Schiele (oral) 
Schiele<1282> recommends the following procedure for investigating the systemic load with mercury: 

 Determination of the basal level for mercury 
 A spontaneous urine sample is normally sufficient to determine the baseline value. Preferably, 

a sample of the first morning urine should be used. 
 After complete emptying of the bladder<1557>, 300 mg Dimaval® (DMPS) are administered 

orally with water. 
 Determination of the heavy metals in the 24-hour urine after administration of the complex-

forming agent. 
 “A rise of more than 10 times the basal level indicates above-average accumulation“<208,1285>. 

Schiele considers values of up to 100 µg/g creatinine to be normal in persons with amalgam 
fillings<1279>. Schuetz considers an increase of more than 3 times the basal level as an 
indication of a burden<1307>. According to Damrau, treatment is necessary if the BAT value of 
200 µg/L is exceeded<951>. Kleber considers the upper limit of normal to be 30 µg/24 hours or 
from 30 µg/L in 24-hour urine<728>. 

 

7.5.1.11.3 Mobilisation test according to Aposhian (oral) 
Aposhian describes a mobilisation test with 300 mg DMPS orally, regardless of body weight, for 
mercury, arsenic or lead<57,187,502,890>: 

 Fasting and collecting of the urine overnight for determination of the baseline value. 
 After complete emptying of the bladder, 300 mg Dimaval® (DMPS) are administered orally. 
 Drinking sufficient water for approximately 500 mL of urine to be excreted in the next 6 hours. 

As Cd Cr Cu Hg Mn Ni Pb Sn Zn 
25 5  500 50 10  150 15 2.000           

Limit values (µg/g creatinine) for the parenteral DMPS test according 
to Daunderer <87,89,313,316, 324,327,1633> 
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 Light meal after 4 hours 
 Collection of the urine up to 6 hours after administration of DMPS. Completely empty the 

bladder at the end. 
 Excretion of ≥ 50 µg Hg/6-hour urine is a positive test for “patients with a significant history of 

Hg exposure“<187>. 

 

7.5.1.11.4 Mobilisation test according to Daunderer (oral) 
Daunderer describes a mobilisation test with oral administration of DMPS <319,322> (“approximative 
quantity measurement”<314>): 

  Determination of the basal level of mercury in the morning urine (zinc in addition to exclude 
deficiency<1037>). No fish during the week before as this can lead to high values<987>. 

  In adults, administration of 300 mg DMPS with ½ litre of mineral water on an empty stomach. 
Young children receive 100 mg and children of 12 years and over, 200 mg DMPS<326>. Then 
continue to fast for 1 - 2 hours<86,87,970,981> 

  Collection of spontaneous urine 2 – 4 hours after administration of DMPS. 
 A mercury concentration exceeding 16 µg/L<86,314,352,981,1037> or 20 µg/L<1040> in spontaneous 

urine or 20-30 µg/24h<87,89> indicates mercury burden. The limit value for copper is 500 and 
that for zinc, 2,000 µg/g creatinine<89>. 

 

7.5.1.11.5 Mobilisation test according to Gerhard (oral) 
Gerhard carried out a mobilisation test with 10 mg DMPS/kg BW oral for mercury and other heavy 
metals such as As, Cd, Cu, Pb, Ni and Sn on more than 500 patients<475>: 

  Collection of morning urine after 12 hours’ fasting. Test for mercury, zinc and selenium.  
  Ingestion of 10 mg DMPS/kg BW orally on an empty stomach 
  Drink 1 to 2 litres of fluids in the following 3 hours. 
  Collection of spontaneous urine 2 – 3 hours after administration of DMPS. 
 The following concentrations are limit values: Hg 100, Pb 80, Cu 2.000, Cd 5 µg/g 

creatinine<481>. 

 

7.5.1.11.6 Mobilisation test according to Nerudova (oral) 
The Prague scientists describe a mobilisation test for mercury involving two doses of 300 mg oral 
DMPS. In contrast to the spontaneous urine values, they found a better correlation between 
clinical findings and the measured values in exposed workers<985,1472>: 

  After 7 hours’ fasting, 4 mg DMPS/kg BW were administered on an empty stomach. 
  The patients were instructed to drink at least two litres. 
  24 hours later, the patients received another dose of 4 mg oral DMPS/kg BW. 
  Collection of urine over 24 hours 
 No limit values 

From comparing the clinical trials and laboratory animal experiments, Nerudova et al. concluded 
that 17 – 20% of the mercury deposited in the kidneys are mobilised and excreted in the urine<985> 
of workers presenting with occupational exposure following administration of 2 x 4 mg DMPS/kg 
BW oral, 24 hours apart, and 25 - 30% following administration of 2 x 4 mg DMPS/kg BW i.m. 

 

7.5.1.11.7 Mercury triple test according to Hansen (oral) 
As they considered the determination of only one parameter for the diagnosis of Hg to be too risky, 
the Luxembourg scientists developed the mercury triple test, which they tested out in more than 
2,200 patients. In addition to the Hg concentration in the urine before and after administration of 
DMPS, the quantity of Hg was also determined in the hair and a chewing gum (not saliva!) after 
chewing for 30 minutes. The dose of DMPS administered depended on the body weight: 

  Collection of urine I (morning urine) before eating or drinking anything 
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  Oral administration of DMPS with ½ L mineral water 
200 mg DMPS for patients with a BW < 60 kg 
300 mg DMPS for patients with a BW of 60 – 80 kg 
400 mg DMPS for patients with a BW > 80 kg. 

  Another ½ L mineral water after 2 hours 
  Collection of the urine up to 4 hours after administration of DMPS. 
 A higher Hg value in urine II and in the chewing gum indicates a Hg load due to amalgam 

fillings. However, the authors make no reference to limit values<559>.  

 
7.5.1.11.8 Mobilisation test according to D. Quig (oral) 
The test, like the others, assumes intact excretory functions. Disturbances in the “nutritional and 
detoxification status“ may lead to excessively low values. 

  After 8 hours’ fasting and complete emptying of the bladder, 10 mg DMPS/kg BW (up to a 
maximum of 500 mg) are administered to children (5 mg/kg)<1117>. 

  Drink 0.5 to 1 L  or 1 to 1.5 L of water 
  If necessary, eat a light meal (no fish) after 3 – 4 hours 
  Collection of urine over 6 hours 
 Limit values for women:  < 4.1 µg/g creatinine – no burden 

   4.1 to 12 µg/g creatinine – raised values 
  > 12 µg/g creatinine – markedly raised values 
 Limit values for men:  < 3.1 µg/g creatinine – no burden 
   3.1 to 9 µg/g creatinine – raised values 
  > 9 µg/g creatinine – markedly raised values<967,1191,1192>. 

 
7.5.1.11.9 Mobilisation test according to HP Bertram (oral) 

  Collection of 24-hour urine 
  Administration of 3 x 100 mg DMPS orally per day for 3 days and collection of 24-hour urine 
 No reference to limit values<165>.  

 
7.5.1.11.10 Mobilisation test according to DAN! (Defeat Autism Now!) 

  Oral administration 5 – 10 mg/kg, collection of urine over 6-12 hours or 
  i.v. administration of 2-5 mg DMPS/kg, collection of urine over 6-8 hours or 
  transdermal administration of 3 mg/kg, collection of urine over 12-24 hours or 
  rectal administration of 10 mg/kg, whereby the suppositories must remain in place for at least 

30 to 45 minutes, collection of urine over 8-12 hours 
 No reference to limit values<1231>. 

 
7.5.1.11.11 Function test according to IFLB 
Das Institut für Laboratoriumsmedizin Berlin IFLB (Berlin Institute for Laboratory Medicine) has 
described another version of the mobilisation test on its homepage: 

 1st day: Pass the first morning urine in the toilet as normal, but collect subsequent urine in 
bottle "No.I (before)" . 

 2. 2nd day: Collect the first morning urine in bottle "No. I (before)". Take one Dimaval® capsule 
at least one hour before breakfast. Then collect subsequent urine in bottle "No. 2 (after)". 

 3. 3rd day: Collect the first morning urine in bottle "No. II (after)". 
 Elevated values indicate intoxication with mercury or the respective heavy metal<1353a>. 

Conclusion: 
The list shows that there is no generally established DMPS test for mercury. There are, 
however, various techniques that differ in terms of dosage, method of administration of DMPS, 
collection period for urine and the units used to express the measurements. No generally 
acknowledged limit values are stipulated for the various heavy metals. 
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7.5.2 Results of mobilisation tests 
In the first stage, the mobilisation test provides an analytical value<435> that must be interpreted 
and assessed in each individual case. “With the DMPS clearance test, the quantity of mercury is 
undisputedly stipulated, which is excreted from the body due to a defined quantity of the solvent, 
DMPS. There is a general convention from intensive medicine and from observations of natural 
medicine practitioners that at high clearance values, a high residual quantity of mercury is stored in 
the body. It has not, however, been clarified whether or not these high quantities of mercury have 
a considerable effect on the patient’s body“<1490>. Increased excretion is a sign of accumulation, 
but not of specific organ deposits<460>. A conclusion regarding total body burden is dubious as no 
dependencies have been established<223>. The DMPS test only facilitates recognition of a 
burden<83,637,970>. Intoxication <83> or particular sensitivity to mercury<172,970> is not detected in this 
way. Asymptomatic patients had similar mobilisation values to symptomatic patients<874,1280>. 
Patients who attributed their symptoms to amalgam exhibited the same values as healthy subjects 
with amalgam fillings<1482>. 
Only relatively rapidly available mercury deposits<83,489,839,947>, essentially in the kidneys and bone 
marrow, are mobilised<133,216,460,472,559,838,966,1134,1273,1283,1635> through the DMPS test. This is borne 
out by the correlation between the concentration of coproporphyrin in the urine, a marker for 
mercury burden in the kidneys, and the Hg concentration in U(II)<502>. A correlation between the 
increase in mercury excretion in the urine following administration of DMPS and the existing total 
body load was evidenced in laboratory animal experiments.  
As DMPS does not cross the blood-brain barrier, the test gave no results regarding the burden in 
the brain or the central nervous system<223,359,382,446,460,973,1018,1133,1134,1236,1273, 1283,1322,1635>, where 
mercury has its main effect<482,831,1557>. Despite lower excretion values, loads may be present 
here<444>. This also applies to other poorly circulated compartments<973>. Information on the 
mercury load in the body overall is not to be anticipated<1018>. Even the statement, “Consideration 
of the concentrations of mercury before and after administration of Dimaval provides some 
indication of the heavy metals stored in the fat deposits of the body“<1628> presumably does not 
apply.  
The increased Cu burden observed on Hg exposure does not mean that the body was also 
severely exposed to Cu but merely that increased quantities of Cu were stored in the kidneys. 
Laboratory animal experiments have shown that cadmium (see chapter 6.1.9.5) or mercury (see 
chapter 6.1.17.3.3.4) poisoning leads to higher copper deposits from food. Increased Cu excretion 
may, therefore, indicate a Hg burden<179>. 
 

7.5.2.1 Theoretical mobilisation capacity of DMPS 
The stability constant for the DMPS:Hg (1:1) complex is 27.05. It can, therefore, be assumed, that 
if sufficient mercury is present, no free DMPS is available. 250 mg DMPS (MW 210.27) can, 
therefore, bind a maximum of (250/210.27 * 200.59) = 238.5 mg mercury (MW 200.59) in aqueous 
solution. One mL of DMPS injection solution can then bind a maximum of 47.7 mg mercury. One 
100 mg DMPS capsule (bioavailability of approximately 40%) can bind approximately 38 mg of 
mercury. 
The value must, however, be lower in vivo, as the majority of DMPS is metabolised.  Another part 
of the DMPS reacts with essential trace elements. These have lower binding constants but are 
present in higher concentrations. Part of the DMPS reacts with other heavy metals present in the 
body, such as lead.  
 

7.5.2.2 Necessity of a mobilisation test 
The DMPS mobilisation test is nowadays offered by many laboratories as an IgeL (customised) 
service, essentially for determination of the mercury load from amalgam. In addition, it is also used 
for the recognition of heavy metal intoxication in people with occupational exposure<925,985,1283,1385>. 
The necessity of  a mobilisation test is, however, a matter of dispute in clinical practice<406>. 
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Thus the Advisory Toxicology Committee of the Deutsche 
Gesellschaft für Pharmakologie und Toxikologie (German 
Society for Pharmacology and Toxicology), the Kommission 
Human Biomonitoring des Umweltbundesamtes (Human 
Biomonitoring Committee of the Department of the 
Environment)<380a,1032> and the BfArM (Federal Institute for 
Drugs and Medical Devices)<1006,1018> as well as other 
scientists do not consider the mobilisation test to be 
indicated for the determination of the mercury burden as it 
involves the unnecessary administration of a drug 
associated with a health risk<128,223,577,600,1232,1277> and does 
not produce any additional diagnostic information<209,382,546, 

550,577,581,583,588838,866.988,1059,1132,1313,1380,1562a>. It is only an 
“analytical magnifying glass”<382,1033>. As mercury does not, unlike arsenic<960>  or lead<553>, have 
any marked tendency for accumulation in the body<1251>, measurements in the blood or urine are, 
in their view, sufficient<1322>. “This also applies to the so-called DMPS method. Administration of 
300 mg of the complex-forming agent, 2,3-dimercapto-1-propane sulfonate sodium salt (DMPS, 
Dimaval), mobilises the mercury primarily stored in the renal tissue, and also allows it to be 

excreted in the urine. Urinary excretion is 
consequently increased 5- to 20-fold compa-
red to spontaneous excretion. The method 
does not, however provide any better or 
additional information on the extent of external 
and internal burden or exposure through 
inorganic mercury. Similarly, the DMPS 
method does not provide any better, corrobo-
rated toxicological evaluation compared to test 
methods for the biological limit value. In 
contrast to spontaneous excretion, the excre-
tion of mercury after DMPS administration 
depends on additional parameters (e.g. 
absorption rate and bioavailability). As the 
DMPS method does not provide any more 
information from a toxicological and occupa-
tional medicine standpoint than the mea-
surement of spontaneous excretion of mercury 
in the urine (biological limit value) and since 
serious adverse reactions are to be anticipated 
on administration of the medicinal product, this 
method should be rejected for assessing 
occupational burden and exposure“<556>. 
Even former supporters now, in the meantime, 
consider the test as unsuitable for routine, 
clinical diagnosis. “The test does not clarify 
whether the health of an individual female 
patient is at risk. Only a cautious estimate of 
the kidney burden seems feasible<233>. An 
excessively high DMPS test result alone does 
not qualify as an indication for the removal of 
amalgam. Patients with low values may be 
“very ill“ whereas patients with high load va-
lues exhibit no symptoms<1490>. “A negative 
result in the mobilisation test cannot rule out 
former mercury poisoning“<1281>. 

Other equally well-known scientists consider a 
mobilisation test to be meaningful where 
chronic mercury poisoning is suspected 
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because the mobilisable renal excretion is directly proportional to the total body burden<475>. The 
Untersuchungszentrum Füllungswerkstoffe der Zahnklinik Münster (Filling Substance Test Centre 
at the Münster Dental Clinic) also used the mobilisation test in addition to Hg determination in 
spontaneous urine<1390>  “The mercury burden in living humans is best quantifiable with the  
Dimaval®  test (urinalysis before and after administration)"<1108>. 

 “As regards the relatively short biological half-life of mercury in the blood and urine of around 2 – 3 
months, mercury analyses of urine and blood used within the scope of occupational medicine 
examinations and involving expert techniques should be assessed with reservation due to the fact 
that exposure often occurred a long time ago<1273,1281>. A mobilisation test with DMPS is “entirely 
appropriate for detecting mercury deposits in the body of living humans<1283>.  “The mobilization of 
mercury by administration of DMPS … for evaluation of the mercury body burden has been suc-
cessfully used at different exposure levels” <273>. “To assess mercury levels, a provoking or 
chelating agent is needed - one that has a high degree of binding affinity. DMPS … provides an 
excellent challenge substance because of its high degree of sulfhydryl bonds”<155a>. 

Statistical investigations showed, on average, a 
linear correlation between the excretion of Hg, 
arsenic<480> and tin<197> before and after admini-
stration of DMPS. There is no correlation with 
lead, cadmium or copper. Individually, there are, 
however, always deviations<83,192,223,480,604,728,729, 

1280,1287,1290>. In individual cases, the mobilisation 
values cannot be derived from the baseline 
values<558,559,589,1280,1281>. The tests always con-
tain “outliers“ – high excretion after DMPS with a 
relatively low baseline value<729,1315> or a high 
baseline value and a relatively low mobilisation 
value. “In individual cases, therefore, the value 
before Dimaval stimulation does not provide any 
indication of the approximate range of mercury 
values that may be found during stimulation“<729>. 
These specifics have hardly been broached in the literature to date.  
Hg may be mobilised from the various deposits<729>. Another explanation is that the value before 
administration of DMPS reflects more so the latest load after mobilisation than the earlier 
loads<1472>. It can thus be assumed that, in individual cases, the DMPS mobilisation test provides 
additional information on the determination of Hg in the urine and is therefore useful<1472>. 
“Furthermore, the DMPS test poses a considerable ’outlier problem<382>, such that, in individual 
cases, it is not possible, to conclude between basal and stimulated values, and vice-versa“<223>.  
“A carefully conducted and statistically confirmed investigation of this type cannot provide any 
information about the effect in individual cases. It does, however, provide indicators and clues. We 
still need to take the reaction of the individual and his tolerance level into account“. “With DMPS 
stimulation, groups of patients who may excrete considerably more during DMPS therapy, will 
differ from others in whom Hg excretion rises only slightly“<89,728>. “The measurement of the 
mercury excretion that can be mobilised with Dimaval® is thus not only to be interpreted as a 
toxicological magnifying glass for the body load, but also provides additional information about the 
quantities stored in the body“<1280>. An individual medical evaluation of these findings is, however, 
still questionable at the present time<382>, as it does not provide any pathophysiological 
explanations for the difference in behavioural patterns such as various mercury deposits<728> or the 
varying types of mercury compounds. 
The test is indicated in particular for patients with corresponding symptoms<143,319> when no 
organic damage is evident<319> and other treatment attempts prove ineffective. The mobilisation 
test is also recommended with increased values in the chewing gum test<1167>. “While the actual 
mercury load is determined primarily by determination in urine collections and serum, the mercury 
mobilisation test provides information on possible deposits in the body“<208,604> and thus offers a 
“simple method for confirmation of clinical diagnosis“<490> or for the exclusion of poisoning<231,986>. 
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7.5.2.3 Limit values and special risk groups 
Critics of the mobilisation test complain, amongst other things, that there are no toxicologically 
validated limit values available for a mobilisation test<83,223,382,406,546,866,1032,1110,1381,1399>. The 
measurements cannot, therefore, be sufficiently evaluated. This also applies to the “limit values 
according to DMPS”, which often appears on laboratory tickets<550,1381>. The current limit values for 
the DMPS mobilisation test are derived predominantly from Daunderer, who has deduced these 
from his experience with over 800 patients<327>, but has only published a few facts about their 
determination<83,321>. Unstimulated limit values such as the BAT values<382,1279> must not be used 
as limit values according to mobilisation<288>. 
The question of the level at which a long-term Hg load triggers the first adverse effect has so far 
been unanswered by scientists. ”The major question which science has not been able to answer, 
is what effect does mercury in the food chain actually have on human health“<665>?  
Limit values are mostly set only for individual substances<1548>. However, humans are nowadays 
exposed to various pollutants, which may interact because of their toxic effects (combination, 
summation or potentiation effects<1548>). Interactions with other environmental toxins must, 
therefore be taken into account when setting the limit value<83,195,310, 986,1134,1184,1605>. 
This also applies to the potential long-term effects of low-level pollutants<1134>. “The long-term 
effect of small quantities of toxic substances is increasingly underestimated because they cannot 
be detected directly, but appear only later on or in subsequent generations“<1548>. A residual 
toxicological risk on chronic contact with even small quantities of mercury must not be ruled out, 
especially in pre-disposed patients, as there are still significant gaps in our scientific knowledge of 
the toxic effects of low-level exposure<966>. 
 
7.5.2.3.1 Individual susceptibility 
Limit values are mostly derived for healthy adults<83,201,1548>, but not, however, for “patients 
previously harmed“ <313,966,1134>, children<313>, pregnant women<313> or allergy sufferers<313>. ”Some 
populations are especially susceptible to mercury exposure, most notably the foetus, the newborn, 
and young children because of the sensitivity of the developing nervous system”. Individual 
sensitivities should also be taken into account<270,443,577,986,1134>. There are individual reactions to 
all medicinal products, both in terms of treatment response and potential adverse reactions. The 
cytochrome-P450 system appears to play a role in this<270,797>. Many people appear to tolerate 
doses at which others already exhibit clinical symptoms<443>. There are still no tests to identify 
those people who are particularly highly sensitive<1384>. 
 

7.5.2.3.2 Age-dependency 
Children are particularly sensitive<63,195,201,310,313,352,443,966,1509,1510,1548>. Substantially greater sus-
ceptibility to Hg is sometimes reported in young children<1278>. For instance, they absorb 50% of 
orally ingested lead compared to just 8% in adults<63>. In addition, their excretion is lower<78,772>. 
Young rats displayed drastically higher total body loads than adult animals particularly following 
oral administration of inorganic mercury<696>. Elderly people are far more sensitive than healthy 
people between 20 and 40 years of age<1548>. 
 

 

Conclusion: 
The necessity of a mobilisation test is largely controversial. On average, there is a linear 
correlation between heavy metal excretion in the urine before and after administration of DMPS.
In individual cases, however, there are occasionally discrepancies, which cannot be evaluated 
at the present time.  
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7.5.2.3.3 Gender-dependency 
Gender-specific differences are also discussed in addition to age-dependency. Women are more 
sensitive to mercury<446,1548> or lead<542> than men. ”Urinary mercury concentrations are highly 
correlated with both number of amalgam fillings and time since placement in children. Girls excrete 
significantly higher concentrations of mercury in the urine than boys with comparable treatment, 
suggesting possible sex-related differences in mercury handling and susceptibility to mercury 
toxicity”<1570>. 
 

7.5.2.3.4 Pregnant women 
The WHO assumes that pregnant women are more sensitive to mercury than non-pregnant 
women<966>. 

 

7.5.2.3.5 Kidney damage 
Correct functioning of the excretory system is a pre-requisite for a mobilisation test<594,973>. If the 
creatinine value exceeds 1.6 mg/dL, then kidney function is already impaired<180>, with values over 
2.5 mg/dL, the test is contraindicated<352,1133>, in young children, values exceeding 1 mg/dL.   

 
7.5.3 Results of DMPS mobilisation test 
In mercury burden from amalgam, for instance, increased mercury excretion in the urine could be 
achieved by administration of DMPS. Mercury excretion before<583,1273, 1283,1314> and after 
mobilisation<58,472,475,583,1273,1283,1291> correlated on average with the number or the surface area of 
the amalgam fillings<581,583>. No correlation was found between the mercury level in the hair and 
the heavy metal level in the urine before or after mobilisation<559,582>. Similarly, no correlation was 
found between the mercury level in the hair and the number of amalgam fillings<1314>. 

 
Persons with amalgam fillings, who attributed their symptoms to amalgam exhibited the same Hg 
levels in the DMPS test and in the blood as “healthy” subjects with amalgam fillings<1481>. 

If the mobilisation test was repeated after 3 to 18 months, women who meanwhile had had their 
amalgam fillings removed exhibited markedly lower values. If the amalgam fillings were still 
present, the mobilisation values were virtually unaltered<472>. 
A heavy metal burden was detected in 3 children during the DMPS test because of the mother’s 
amalgam fillings<445>. The DMPS mobilisation test (4 mg DMPS/kg BW i.m., spontaneous urine) 
revealed especially high mercury and copper values on examination of 200 infants and toddlers 
when their mothers’ teeth were treated with amalgam during pregnancy<195>.  
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Investigations with the mobilisation test revealed that mercury excretion in the urine did not rise 
with homeopathic therapy<829> and the heavy metal load in the body was not reduced<182,313,442,483, 

829-831,1184,1345>  although the symptoms at least improved in the interim<182,442,829-831,1184>. After mo-
bilisation, one patient excreted 468 µg Hg/g creatinine after two courses of treatment with the 
entire potency series of homeopathic silver amalgam, and another excreted 126.5 µg/g 
creatinine<830>. Similarly, combination therapy with trace elements, minerals and high doses of 
vitamins did not trigger a statistically significant fall in Hg load<1345>. 

Employees of a dental practice had a higher burden because of their 
professional handling of amalgam<192,839,1604>. Dental assistants had higher 
values than the dentists<275,1604>. Slightly raised mercury values were found 
in students of dentistry after a 6-month phantom course in the insertion of 
amalgam fillings. The increase was, however, negligible in comparison with 
the background load from their own fillings<588>.  
The highest values were exhibited by workers in mercury processing 
factories<582,1280>. In three former workers in a mercury refinery with normal 
mercury concentrations in the urine, a rise in mercury excretion to 25 – 59 
µg/L indicated a mercury deposit<598>. Cabelkova et al. found a rise in 
mercury excretion of 200-fold in the urine following administration of two 
doses of 250 mg  DMPS i.m. in 14 employees without any clinical symp-
toms and previously exposed to mercury, compared to a mere 20-fold 
increase in the controls. Urine concentrations exceeding 10,000 µg/L were 
recorded in exposed employees following administration of DMPS. Enzyme 

assays gave no indication of the kidney damage induced by DMPS or mercury<231>. 

Stantschew examined 1,156 workers, previously exposed to mercury, with a spontaneous urinary 
mercury excretion of at least 20 µg/L. The values were determined in the overall nocturnal quantity 
of urine. A mercury deposit was assumed if the mercury elimination after the first injection of 
DMPS exceeded a value of 250 – 300 µg/L and if even higher concentrations of mercury were 
detected in the urine after a second injection. A peak urine value of 11,200 µg/L was reached. 
After a further 8 and, in exceptional cases, after 15 DMPS injections, even the largest mercury 
deposits were reduced/decorporated. 
With the DMPS mobilisation test it was also possible to detect past exposure in the past. Even 
months after the cessation of exposure, the mercury concentration in the urine after administration 
of DMPS rose drastically in workers formerly exposed to mercury. In investigations of workers, the 
mercury elimination 7 to 56 months after leaving the work increased on mobilisation with DMPS 
from 4.3 to 34 µg/L<728>.  

In investigations of patients with amalgam, the findings were non-uniform. Stenman et al. found 
higher excretion values in patients with severe symptoms<1392>. Some assume a linear correlation 
of mercury and copper correlation with the severity of the poisoning symptoms<323,489>. In contrast, 
others found no correlation<1280>. Patients with presumably subjective amalgam side effects 
displayed a not necessarily higher mobilisable mercury excretion than asymptomatic patients with 
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DMPS 

Hg 2.4 109 
As 3.4 14,0 
Cd 0.4 0,7 
Cu 39 1378 
Pb 2.9 32    
Renal heavy metal ex-
cretion (in µg/g crea) 
before and 2 hours after 
oral administration of 
DMPS (10 mg/kg BW) 
<471,476> 
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amalgam fillings<874,1283>. Hg exposure was generally markedly below the values triggered by 
occupational exposure<1283>.  
In ethyl mercury poiso-
ning, there is no corre-
lation between spon-
taneous mercury ex-
cretion in the urine, the 
clinical picture and the 
quantity of Hg absor-
bed. In contrast, a cor-
relation was found 
between DMPS-indu-
ced mercury excretion 
and the severity of the 
clinical symptoms of poisoning<1620>. 

 
7.6 Other uses of DMPS 
In the western world, DMPS is used almost exclusively as an antidote for heavy metal poisoning. 
In the Ukraine and other states of the former USSR, where DMPS has already been used 
therapeutically since 1957<63,95,611,706>, and more recently, increasingly in the Peoples’ Republic of 
China, there are many publications in which the use of DMPS has been reported for various other 
indications. The Redox properties of the active substance are used amongst other things.  DMPS 
is used to treat over 40 diseases, syndromes and cases of poisoning<1025>. DMPS is thus often part 
of a treatment regimen comprising several types of medication. These indications have not been 
recognised to date outside these countries<69>. 
Some of the papers have only an English abstract so that the success cannot be assessed. The 
mechanism of action of DMPS cannot be evaluated particularly in these cases. 
 

7.6.1 Alcoholism 
Positive clinical effects were observed in the treatment of the effects of alcohol<1606, 1613,1614>. A 
combination of vitamins and DMPS improved alcohol polyneuritis<632>. Improvements were ob-
served in biochemical and immunological parameters in 147 male patients (32 - 64 years old) with 
alcohol-induced liver disease following treatment with diuretics and DMPS<718>. Multiple medication 
containing DMPS amongst other substances, prevented complications on alcohol withdrawal in 
169 patients<1217>. 
 

7.6.2 Alzheimer’s disease 
Ukrainian physicians assume that DMPS has a positive effect in patients in the initial stages of 
Alzheimer’s disease presenting with mild to moderate symptoms through “depolymerisation“ of 
amyloid deposits and “antedotally membrane-stabilising, antiradical“ effects <366,1025>. 

 

Classification 
of poisoning:

 

Num-
ber 
(n) 

Spontaneous Hg excretion in 
the urine without DMPS (µg/L) 

Hg excretion in the urine 
after administration of DMPS 

(µg/L) 
  Mean Scatter Mean Scatter 

Mild 26 28 0 -   60 95 10 – 260 
Moderate 10 69 8 - 180 165 80 - 280 
Severe 4 39 8 -   80 310 290 - 330 

Correlation of the severity of the clinical symptoms of mercury poisoning with 
mercury excretion in the urine before and after administration of DMPS<1620> 

Conclusion: 
An increase in heavy metal excretion in the urine is measured with the DMPS mobilisation test.
This confirms that heavy metals are stored in the body, are mobilised by DMPS and can be 
excreted. Whether this is a case of a tolerable load or clinically relevant poisoning, can generally 
be decided only by taking the entire clinical picture into account.  
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7.6.3 Amyloidosis 
26 patients with primary or secondary amyloidosis were treated with DMPS. Patients with nephritic 
syndrome showed a tendential improvement in serum proteins and serum cholesterol<651>. 
Proteinuria and chronic kidney failure did not, however improve<1435>. Improvements in secondary 
amyloidosis were observed in 32 out of 37 patients after 30 to 40 injections<367>. 
75 patients with secondary amyloidosis were treated with DMPS (250 mg i.m. daily, 15 – 20, in 
individual cases, up to 65 injections). 19 responded favourably to treatment. Proteinuria and 
oedema were reduced and SH- and protein levels in the blood increased. A satisfactory result was 
observed in 18 cases. 24 reported a subjective improvement and 14 no change or a deterioration. 
3 patients developed an allergic rash, which disappeared when DMPS was withdrawn<1175>.  
 
7.6.4 Atherosclerosis 
Treatment of atherosclerosis with DMPS showed positive clinical effects<1606>. DMPS therapy (250 
mg DMPS i.m. daily) and a vitamin complex (2 x 2 tablets/day) led to an improvement in symptoms 
in 208 patients suffering from coronary atherosclerosis. Pain disappeared, often completely, and 
ECG parameters improved. The authors even recommended the therapy as prophylaxis in older 
and elderly patients<810,813>. In another study involving 119 patients, this treatment displays “a 
distinct therapeutic effect”<812>. ”Combination of unithiol with polyvitamins is indicated in the 
complex therapy of patients with hypertensive disease and initial stage of atherosclerosis“<1641>.  
The administration of DMPS before or during haemodialysis or haemofiltration should prevent an 
increase in homocysteine levels<1357>. 

 
7.6.5 Diabetes 
A positive effect on diabetic ketoacidosis was found in 26 patients<1606, 26,1614>. The concentration of 
SH groups in the plasma returned to normal as well as the activity of AP and peroxidase<1611>. An 
improvement with a rise in SH concentrations in the serum and potentiation of the insulin effect 
has been described In patients with Diabetes mellitus<1319>. In 32 patients, symptoms of diabetic 
polyneuropathy improved through the additional administration of DMPS<379>. 
 

7.6.6 Insectides, pesticides, rodenticides, bactericides 
There are various re-
ports about the suc-
cessful use of DMPS in 
poisonings with certain 
insecticides, pesticides, 
rodenticides and bacte-
ricides, especially in 
Chinese literature.  
DMPS reduced the 
mortality rate caused 
by the insecticide SCS 
– a derivative of nereis-
toxin<1194>. In acute poi-
soning, 250 mg i.v. 

DMPS were initially administered followed by 250 mg DMPS i.m. every 6 hours.  In one study, all 3 
patients survived acute poisoning and in another, all 18<253>. In a further study, 96.7% of the 180 
patients survived acute SCS poisoning through combination therapy with scopolamine and DMPS, 
whereas in 170 patients who received only scopolamine, the mortality rate was 89.4%<253>.  
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DMPS helped in two poisonings with the insecticide chlordimeform (N'(4-chloro-o-tolyl)-N,N-
dimethylformamidine; CDM). With the pesticide, bactericide 402 (ethyl thioethyl sulfonate), the 
symptoms disappeared faster and the length of time spent in hospital was shortened<253>. 
Various Chinese studies describe the positive effects of DMPS and vitamin B6 on patients with 
acute poisoning due to the rat poison, TETS (tetramethylene disulfotetramine)<331,1550>. The poison 
generally leads to death within two days<1172>. During DMPS therapy, all 11 patients survived acute 
poisoning with TETS whilst 4 out of 5 people in the control group died<131>. In another study, 39 
patients with acute poisoning were treated. They initially received 125 to 250 mg DMPS i.m. 
followed by 125 to 250 mg i.m. every ½ to 1 hour until the seizures were completely 
controlled<253,1550>. 72 children and three teachers survived TETS poisoning<859> thanks to the 
administration of DMPS and, if necessary, muscle relaxants.  
In another investigation, DMPS did not have a positive effect on the mortality rate due to diazepam 
and sodium phenobarbital in patients with acute TETS poisoning<112>. ”There was no significant 
difference in fatality between using unithol and not using patients (7.22% vs. 8.25%). CON-
CLUSION: Unithol has no significant influence of clinical therapeutic effect on tetramine poisoning 
patients and dose not reduce the fatality rate of patient with tetramine poisoning<1531>. 
 

7.6.7 Poisoning with cardiac glycosides 
DMPS showed positive effects on poisoning with digitalis<646>. Improvements were observed under 
DMPS in 60 out of 68 patients on poisoning with cardiac glycosides<905>. In a further 18 patients, 
the toxic effects of the cardiac drugs (bradycardia and extrasystoles) disappeared within 3 to 5 
days during DMPS therapy without treatment having to be interrupted. The SH concentration in the 
urine thus increased<750>. Concomitant administration of DMPS prevented the onset of toxic effects 
of the cardiac drugs<403> in 23 out of 25 patients with circulatory failure. DMPS therapy prevent 
toxic effects (extrasystoles and atrioventricular block) in 31 out of 35 patients presenting with 
cardiac glycoside overdose. K+ and Na+ levels reverted to normal in both the serum and 
erythrocytes in 16 of these patients<906>. Bradycardia disappeared in all 14 patients and ventricular 
extrasystoles in 9 out of 11 patients<907>. Bradycardia as a symptom of digitalis poisoning reverted 
to normal in one patient following administration of DMPS and potassium<46>. 

 
7.6.8 Circulatory failure, myocardial infarction 
The additional administration of DMPS, ATP and vitamins (vitamin B12, folic acid and panthenol) 
was more effective in patients with circulatory failure than administration of strophanthin 
alone<747,748>. The additional administration of DMPS also exhibited positive effects in patients with 
myocardial infarction<746>.  
 

7.6.9 Cystic fibrosis 
In a study conducted in 98 children between 7 and 18 years of age<1467> and in 78 children 
between 5 and 15 years of age<1468>, both the inhalation and oral administration of DMPS was 
inferior to the dose of mucosolvan in terms of the rheological properties of the sputum.  
 

7.6.10 Scleroderma 
Thirty patients with systemic scleroderma were treated with DMPS<372>. Positive effects of DMPS 
therapy were reported in 162 patients with systemic and 44 patients with focal scleroderma. The 
collagen structure and the elastin fibres returned to normal<370>. Another 168 patients (mainly 
women between 9 and 74 years of age) were observed for 10 years. They received 200 to 500 mg 
DMPS daily, i.m. as the sole therapy, sometimes for more than 780 days<368,487>. DMPS proved 
effective in both focal and systemic scleroderma<368>. Positive effects in five<533> patients and in 
one<369> patient are reported in other papers. 
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7.6.11 Miscellaneous 
The various other uses of DMPS are reported in the literature: 
• The administration of DMPS for 10 days had a marked effect on 89 patients with psoriasis, 

eczema or restricted neurodermatitis<1461>. Glutathione levels in the blood and lying outside 
the norm reverted to normal in 6 out of 20 patients following 10 days of treatment<1323>. The 
reduced plasma levels of p-phenylendiamine and histamine in patients with neurodermatitis 
and eczema increased again during DMPS therapy<1335>. 

• 80 % of examined patients with Lupus erythematosus showed positive reactions to DMPS 
therapy<486>. 

• Positive effects were observed in female patients with non-specific inflammation of the sex 
organs<1187>. 

• The administration of DMPS and penicillin improved hepatocerebral dystrophy in children<897>. 
• Streptomycin-induced hearing disorders were prevented in 25 patients by prophylactic 

administration of DMPS<17>. 
• 231 patients with hypertension were treated with a DMPS injection (i.m.) every day for 3 

weeks<494,811>. 
• In 34 patients, one week’s treatment with DMPS showed positive effects on the kallikrein-kinin 

system after kidney surgery<980>. 
• Positive clinical effects were also observed in the treatment of epilepsy, Parkinson’s disease 

and schizophrenia<494,1606>. 
• DMPS was inferior to chlotazol in polyarthritis<1337>. 
• 37 patients with long-term schizophrenia, who were ineffectively treated with neuroleptics, 

received i.m. DMPS, B vitamins, iron preparations and drugs with a symptomatic mode of 
action for 20 to 25 days. A significant improvement, a less marked improvement and no 
improvement were observed in 26%, 43% and 31% of patients, respectively. 10 patients who 
developed serious complications during administration of neuroleptics, tolerated this 
medication after pre-treatment with DMPS<1478>. 

• 10-day, i.m. administration of DMPS as part of a multi-medication treatment regimen had 
positive effects on 35 patients with various porphyria diseases. Their clinical condition 
improved<695>. 

• 64 patients (18 to 58 years old, 36 males and 26 females) with acute, focal pneumonia were 
injected with 50 mg DMPS for 7 days. Laboratory parameters improved<1182>. Treatment with 
hyperbaric oxygen, vitamin E and DMPS led to good to excellent results in 75.8% of the 194 
children (aged from 3 days to 3 years) with severe pneumonia<1615>. 

• Children with diffuse glomerulonephritis received 5 mg DMPS/kg for 15-25 days either alone 
or in combination with vitamin E. The antioxidants prevented deterioration and boosted the 
efficacy of other treatments<801>. DMPS lowered the peroxide concentration in the blood and 
urine of 115 children with glomerulonephritis<1625>. 

• Combination therapy with DMPS, magnesium sulfate and vitamin E reduced the duration of 
diarrhoea in patients with acute, intestinal infections due to Gram-negative micro-organisms 
and accelerated the return to normal function of the immune system<528>. 

• Additional administration of i.m. DMPS for 2 – 3 weeks had disadvantages in the treatment of 
patients with “vibration disease“<371>. DMPS was also effective in patients with fluorosis<23>. 
The administration of DMPS combined with haemodialysis was used in patients with thiol 
poisoning<410>. The additional administration of DMPS improved the efficacy of hypobaric 
hypoxia treatment in patients with osteochondrosis<717>. 

• The additional administration of DMPS for the first three days led to an improvement in the 
general well being of 9 patients with severe burns. Various biochemical parameters returned 
to normal<25>. 

Conclusion: 
Both laboratory animal experiments and clinical studies indicated that DMPS can alsp help in the 
treatment of other diseases in addition to poisoning with heavy metals. No evaluation is carried 
out as this monograph focuses on the use of DMPS as an antidote. 
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7.7 Adverse drug reactions 
As with all medicinal products, unwanted 
reactions may also occur during DMPS 
therapy. Most observations are potential, 
suspected cases. Only in a few cases 
has a causal relationship with DMPS 
been demonstrated (e.g. by re-expo-
sure). Furthermore, it must be remem-
bered that the unwanted adverse effects 
may also be the consequence of the 
heavy metal<176>. ”It is often difficult to 
differentiate the adverse effects of 
DMPS from the toxicity of the metal un-
der treatment“<663a>. This possibly ac-
counts for the major differences in terms 
of adverse reaction rates in the various 
publications. Skin reactions as symp-
toms of mercury poisoning are mentio-
ned several times<185,944>. Thus, for 
example, gingivitis and exanthema deve-
loped in a patient with thiomersal poiso-
ning during DMPS therapy. These were 
not induced by DMPS<1140>. Leucopoe-
nia is a symptom of mercuric chloride-
induced disease. Copper poisoning is 
often associated with a reduction in leu-
kocytes. The onset of fever (copper 
fever) was also described for this heavy 
metal. Nausea, headaches and changes 
of taste are side effects of various forms 
of heavy metal poisoning<944>. Zinc defi-
ciency may also be a direct conse-
quence of heavy metal poisoning<1184>.  

The symptoms may not be genuine side 
effects per se but the subjective sen-
sitivity of the volunteers, which was also 
mentioned during administration of the 
placebo<1311>. 

There is occasional reference on the 
Internet and in printed articles<293> to 
fatalities during DMPS therapy. No de-
tails or examples are given to sub-
stantiate these claims. Such outcomes 
have never been reported to us. Neither 
the authorities (BfArM, FDA) nor the 
Drugs Commissions have contacted us 
about this matter. Similarly, relevant dis-
cussions with the authors did not shed 
any light on this. 
DMPS is generally an effective<401>, 
”very well tolerated“<1202a> active sub-
stance in the treatment of heavy metal 
intoxication<31,200,401,625,1021,1117> and trig-
gers relatively few side effects. “DMPS is 

Author(s) Year Ref. 
Admi-
nistra-

tion 

No. of 
patients 

Rate of 
side 

effects 
Dubiinskii et. al. 1979 368  168 15.5 % 
Oster et al. 1985 1104  7 0 % 
MacLehose et al. 2001 881  5 20 % 
Ashbel 1959 92 i.m. 22 9.1 % 
Vainshtein 1972 1478 i.m. 37 2.7 % 
Oginski et al. 1973 1069 i.m. 9 0 % 
Bakir 1976 115 i.m. 26 0 % 
Clarkson et al. 1981 281 i.m. 10 0 % 
Cabelkova et al. 1984 231 i.m. 24 0 % 
He et al. 1984 568 i.m. 84 1.2 % 
Postnikov 1984 1175 i.m. 75 4 % 
Bonnet e al. 1993 195 i.m. 200 0 % 
Daunderer 1990 321 i.v. 6.000 ca. 5 % 
Bannasch et al. 1991 123 i.v. 50 0 % 
Stenman et al. 1991 1392 i.v. 58 0 % 
Godfrey et al. 1992 490 i.v. 110 “Some” 
Bittel 1995 176 i.v. 900 0 % 
Lechner 1995 829 i.v. 600 3.3 % 
Zinecker 1995 1633 i.v. 1.846 2.75 % 
Dorfer 1997 352 i.v. 400 0 % 
Ramsak 1998 1202a i.v. 4 2.8 % 
Busam 1999 223 i.v. 148 0.7 % 
Vamnes et al. 2000 1482 i.v. 80 1.25 % 
Siefert 2001 1345 i.v. 119 0.8 % 
Wojcik et al. 2006 1568 i.v. 206 0 % 

Hölzel 2000 600 i.v./ 
oral 46 26 % 

Mant 1985 902 oral 7 28.6 % 
Cuellar-Lopez 1987 290 oral 6 0 % 
Cichini 1989 272 oral 12 0 % 
Schiele 1990 1281 oral >100 < 3 % 
Molin 1991 947 oral 41 0 % 
Aposhian et al. 1992 60 oral 20 15 % 
Gerhard 1992 480 oral 490 0.6 % 
Klobusch. 1992 740 oral 132 0 % 
Zander 1992 1603 oral 29 0 % 
Herrmann et al. 1993 581 oral 67 3 % 
Zimmermann et al. 1993 1632 oral 20 0 % 
Mayer 1995 914,915 oral 39 0 % 
Gonzalez-Ramierez et al. 1995 502 oral 28 3.6 % 
Torres-Alanis et al. 1995 1449 oral 10 10 % 
Blume 1996 183 oral 41 2.4 % 
Garza-Ocanas et al. 1997 463 oral 8 0 % 
Nantel  2000 975a oral 33 24.2 % 
Nerudova 2000 985 oral 75 0 % 
Heuchert et al. 2001 411,583 oral 36 2.8 % 
Mazumder et al. 2001 917 oral 11 0 % 
Böse-O’Reilly 2003 199 oral 95 1.1 % 
Hansen et al. 2004 559 oral 2.223 0 % 
NN 2004 1008 oral 50 0 %       
Frequency of side effects during DMPS therapy 
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one of the safest and most effective chelating agents”<480>.  ”The oral administration of DMPS was 
a safe, simple and effective method for the removal of mercury from the body”<1581>.  
In 1999, the FDA included DMPS in the ”List of Bulk Drug Substances that may be used in 
Pharmacy Compounding” and stipulated the following: ”Dimercapto-1-propanesulfonic acid 
(DMPS), a chelating agent, is well characterized chemically. DMPS has been used to treat heavy 
metal poisoning. At doses reported in the literature for this indication, DMPS appears to be 
relatively non-toxic, and serious adverse reactions associated with its use have not been 
commonly reported. Limited anecdotal evidence of DMPS’s effectiveness for this indication is also 
reported in the literature”<1031>. It is a substance with very low systemic or local toxicity and is 
generally well tolerated<26,30,87,324,401,446,657,706,1032,1438>, even during long-term administra-
tion<70,350,1104,1141>. Treatment is only rarely withdrawn<30,31>. DMPS has the advantage that only 
very small quantities reach the CNS<1102>. 
No adverse reactions have been reported with DMPS in most publications and unpublished case 
reports. There is generally explicit reference to the fact that the treatment is well tolerated and no 
undesirable reactions were reported: 
• No evidence of ADR (side effect s) was found in 2,223 patients following mostly single doses 

of DMPS but sometimes also after repeated dosing<559>. 
• Single oral or i.v. administration of DMPS was tolerated without any complications by 1,000 

patients<326>. 
• DMPS (i.v.) was tolerated without any problem by 90.5% of the 1,846 patients treated. Minor 

problems of intolerance were observed in 6.75% of cases. DMPS was subjectively poorly 
tolerated in 2.75 % of cases<1633>. 

• Only occasional, short-term nausea or mild allergic symptoms were observed during over 
2,000 mobilisation tests<446>.  

• 1,000 physicians, who administer DMPS 15 – 20 times a day have not experienced any 
incidents in over 3 years<738>. 

• No serious complications were ever observed on injecting DMPS in over 6,000 patients<321>. 
• The administration of DMPS for 10 days was well tolerated by 89 patients with psoriasis, 

eczema or restricted neurodermatitis<1461>. 
• “Over 2,000 DMPS tests have been carried out in my practice over the last 10 years without 

any notable complications“<221a>. 
• No serious adverse reactions were observed during the i.v. test conducted in 206 

patients<1568>. 

The following mild symptoms were observed whilst treating 27 patients with 250 mg DMPS. These 
symptoms generally disappeared after ½ to 4 hours. Dizziness, weakness, palpitations, tight chest, 
abdominal pain, loss of appetite, nausea and pruritus<1620>. 
Mild reactions occurred in 4 out of 147 treated patients during the first dose of DMPS. However, 
these quickly regressed without further treatment. Two patients reported nausea, increased 
salivation and headaches. One female patient presented with a local reaction accompanied by 
redness and pruritus. One developed mild dyspnoea, tachycardia and a fall in blood pressure to 
90/60<1202a>. 
On interviewing 129 patients 48 hours after carrying out the DMPS test (300 mg DMPS, oral), 73% 
did not report any adverse reactions. Others complained of nausea, headaches, fatigue, joint pain, 
dizziness, diarrhoea, a fall in blood pressure or circulatory problems<358>. The study does not, 
however, contain any information as to whether these subjective observations can be medically 
explained. 
 
7.7.1 Effects on mineral balance 
Chelate formation by DMPS takes place not only with toxic heavy metals, but also with the 
physiological trace elements and can therefore lead to disorders<87,472,666,706>.  It is, therefore, 
important to monitor copper and zinc levels in particular during DMPS therapy. Zinc replacement 
may be necessary<637,1102>. If possible, this should be replaced as soon as possible on the DMPS 
treatment-free days<719>.  ”DMPS slightly increases the excretion of some essential minerals, so a 
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basic mineral supplement is recommended to compensate for this loss”<14>. „DMPS increases the 
urinary excretion of copper and zinc, an effect that is not anticipated to be clinically significant in 
patients without pre-existing deficiency of these trace elements”<770a>. 
As the heavy metals can also have an effect on essential trace elements<427>, it is advisable to 
monitor the trace elements before starting treatment, especially in chronic poisoning. This 
especially applies to zinc as chronic heavy metal poisoning can trigger zinc deficiency<1184>. Zinc 
deficiency manifests as impaired taste, impaired wound healing, dermatitides, exanthema or 
impaired immune function. Copper deficiency manifests in the form of connective tissue disorders, 
iron-resistant anaemias and osteopathy<1041>.  
 
7.7.1.1 Cu - Copper 
The clinical use of DMPS increased the renal excretion of copper<5,44,75,266,267,269,408,444,448,583,637,657, 

706,902,1251>. In 11 volunteers, the excretion following i.v. administration of 3 mg/kg increased from 
0.078 to 1.93 µg/g creatinine<1446>, and, in 7 volunteers, values rose from 16 to 173 µg/24h<1251> 
after administration of 300 mg oral . An increase from 6.4 to 64 µg/day was recorded in 71 em-
ployees during administration of 500 mg DMPS i.v. A single oral dose increased copper levels 
from 16 to 173 µg/Tag (n = 7)<269>. Unchanged Cu excretion was also reported<1605>; hence no 
change in Cu2+ concentrations in the urine<1577> was observed in an investigation involving 100 
patients.  
A single dose of DMPS did not affect the deposits of copper in the body and blood levels remained 
unchanged<411,583,597>. The serum copper level did not increase during 14 days’ treatment with 
DMPS (200 mg oral every 6 hours)<872> The serum copper level remained stable during 11 weeks’ 
DMPS treatment (initially i.v., then oral)<1443> 4½ years’ DMPS therapy (300 - 800 mg DMPS oral 
per day) did not lead to any effect on the plasma level despite increased copper excretion in the 
urine<96>. Administration of 300 mg/day for 6 months did not lead to any copper deficiency in the 
blood<595>. Copper concentrations in the plasma were virtually always unchanged even during 
long-term DMPS therapy<166> and no additional clinical measures were required<657>. 
In one study, Cu levels fell slowly after the 3rd injection of DMPS. A more marked decrease was 
observed after 5-7 injections but levels returned to normal, however, within 3-4 days following the 
withdrawal of DMPS<408>. 

Increased copper excretion in the urine was recorded in 85 patients during DMPS therapy. The 
erythrocyte count was not, however, consequently reduced. The copper ingested with the food is 
obviously sufficient in order to compensate for the increased excretion. 
 

7.7.1.2 Fe - Iron 
The published observations on the effect of DMPS on iron levels are inconsistent. One investi-
gation involving 100 patients showed a change in the Fe+ concentration in the urine following 
administration of DMPS<1577>. Other studies noted that iron excretion was not increased during 
DMPS therapy<70, 583, 657,1605> or was within the normal range<166>. 
19 out of 20 volunteers had a higher concentration of iron in the serum following administration of 
a single dose of DMPS. In another study, a single dose of DMPS did not affect iron levels in the 
serum<583>. Iron concentrations in the plasma were virtually always unchanged even during long-
term DMPS therapy<166>. Others found that iron substitution may be required following repeated 
administration of DMPS<325>. 
 

7.7.1.3 Mg - Magnesium 
The concentration of Mg+ in the urine was “unchanged” following administration of DMPS in an 
investigation involving 100 patients<1577>. Following administration of 3 mg DMPS/kg BW i.v., 
magnesium levels in the urine increased in 9 out of 11 volunteers. In contrast, lower 
concentrations were found in the U(II) of two of the subjects. On average, excretion rose from 49.5 
to 124.9 µg/g creatinine<1446>. It is, however, unclear whether magnesium excretion actually 
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increased or whether only the creatinine concentration is reduced due to increased diuresis. Other 
studies found no effect<70,657,1605>. From a chemical standpoint, it seems unlike that DMPS actively 
increases magnesium excretion through complex formation. 
 

7.7.1.4 Mn - Manganese 
Information on manganese excretion following DMPS administration varies.  Whereas one 
investigation did not highlight any change<70,657,1446,1605>, an increase in excretion from 5.0 to 8.3 
µg/day was measured in 66 employees after injecting 500 mg<1479>. 
 

7.7.1.5 Se - Selenium 
The administration of 3 mg DMPS/kg BW i.v. 
increased selenium excretion in the urine from 0.02 
to 0.133 µg/g creatinine in 11 volunteers<1446>. In 
other studies, the excretion remained unchanged<70, 

583,657,1605>. However, whether the excretion was 
increased directly through DMPS was not 
discussed. It is a well-known fact that selenium 
reacts with mercury in the body to form mercury 
selenide<1302>. Comparison of the increase in the 
renal excretion of Hg and Se (concentration in 1-
hour urine after DMPS divided by the concentration 
in 1-hour urine before DMPS) highlights a depen-
dency. It can thus be concluded that DMPS does 
not react directly with selenium but increases 
mercury excretion, thus releasing the corresponding 

quantity of selenium for subsequent excretion. 
A single dose of DMPS does not affect the deposits of selenium in the body and blood levels 
remain unchanged<,597>. 4½ years’ DMPS treatment (300 - 800 mg DMPS oral per day) did not 
affect the selenium plasma level<96>. 
 

7.7.1.6 Zn - Zinc 
In most cases, the administration of DMPS increa-
sed the renal excretion of zinc<5,143,269,411,583,597,637, 

902,1251,1577,1605>. No effect was, however, repor-
ted<657>. A 15-fold increase in zinc excretion was 
observed during the clinical use of DMPS<166>. This 
effect disappeared on discontinuation of DMPS<69>. 
Following administration of 3 mg DMPS/kg BW i.v., 
zinc excretion in the urine increased from 1.03 to 
7.11 µg/g creatinine in 11 subjects<1446>, and from 
441 to 2,653 µg/L in 40 subjects. After admini-
stration of 2 mg DMPS/kg BW i.v., excretion 
increased from 0.5 mg/L to 3.32 mg/L in 80 volun-
teers, and following administration of 300 mg oral, 
from 657 to 1,132 µg/24h in 7 volunteers<143,1251>. 
The excretions were, however, considerably lower than those observed with calcium 
edetate<269,383a>.  
A single dose of DMPS did not affect the zinc deposits in the body. Blood<597> and serum 
levels<269> were unchanged. The same applied in longer-term treatment<166>. No deficiency was 
observed<293>. Zinc levels in the serum and blood did not alter 
• during 14 days’ treatment with DMPS (200 mg oral every 6 hours)<872> 
• during 11 weeks’ DMPS treatment (initially i.v., then oral)<1443> 
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• during treatment with 300 mg/day for 6 months<596> 
• during 4½ years of DMPS treatment (300 - 800 mg DMPS oral per day)<96> 
• in a patient with acute mercury poisoning after approximately 600 ampoules of  DMPS i.v. and 

around 400 capsules of DMPS oral<308>. 
• with initially parenteral (4 days) and subsequently oral (3x100 mg/day) administration of 

DMPS for more than 3 months<1555> 
• after more than one year’s administration of 100 mg DMPS/day to a child<1141>.  
The single oral administration of DMPS led to a lowering of the zinc level in the serum within the 
first 4 hours (78  67 µg/dL). The content increased once again to the baseline value over the 
next few days, but without substitution<411,583>. Zinc deficiency is thus not anticipated with DMPS 
therapy<973>, general Zn substitution is not required<182,352>. The trace elements ingested with the 
food generally suffice to compensate for increased excretion. 
In a spontaneous report (1990), it was reported that, in one patient, the symptoms of existing zinc 
deficiency were potentiated by administration of DMPS. Substitution of the trace element produced 
a rapid improvement<586>. 
Nevertheless, the trace elements should be monitored, especially on long-term therapy and during 
pregnancy and lactation, and the deficient trace element must be substituted<166,182,325,446,1104>. Zinc 
and DMPS should not, however, be given concomitantly<700>. “Zinc in conjunction with existing 
vitamin A should also be checked“<1104>. 

 

7.7.1.7 Other elements 
Chromium excretion was unchanged after administration of DMPS<1146> and cobalt excretion re-
duced<1605>  or unchanged<70,657,1605>. The Ca2+ concentrations in the urine were “unchanged“ 
following administration of DMPS in an investigation involving 100 patients“<1577>. A single i.v. dose 
of DMPS reduced the blood calcium level but had no clinical consequences<626>. DMPS had no 
effect or only a minimal effect on nickel levels<70,657,1805>. ”It is unknown if it causes a loss of 
potassium”<14>. Increased potassium excretion is not anticipated during DMPS therapy. There is no 
laboratory animal experiment or clinical evidence in support of this. 

 

7.7.2 Adverse drug reactions 
The adverse drug reactions described in the literature or spontaneous reports are discussed below 
in the order of the various organ systems stipulated by MEDRA. 

 

7.7.2.1 Influence on patient investigations 
Apart from increased excretion of trace elements, no DMPS-induced effect on investigations is 
described. 

 
7.7.2.2 Heart diseases, cardiovascular reactions 
Cardiovascular reactions (hypotensive effect<52>) occurred virtually only after parenteral admini-
stration of DMPS, essentially following i.v. injection administered too rapidly<30,31,902,1506>. Where 

Conclusion: 
In addition to the excretion of toxic heavy metals, DMPS also increases the elimination of 
various trace elements. This does not, however, usually lead to a deficiency that has to be 
substituted. The quantity ingested with the food is mostly sufficient to compensate for increased 
excretion. Essential trace element levels should, however, be regularly monitored, especially 
during the long-term administration of DMPS. 
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possible, DMPS should, therefore, be administered orally. Injections should be administered slowly 
over 5 minutes<418,663> and only in acute poisoning<52>. 
The cardiovascular reactions manifested as dizziness, weakness, nausea, palpitation and a feeling 
of oppression in the chest<70,368,586,1620,1633>. Highly sensitive persons are mostly affected, as with 
every injection<182>. Two vegetatively highly labile patients out of 800 suffered collapse as a result 
of a transient fall in blood pressure<323>. In one spontaneous report, protracted collapse was also 
reported after parenteral DMPS administration<586>. A  “reversible hypotonic circulatory reaction of 
a few minutes’ duration occurred during i.v. injection in one out of 148 women“<223>. A transient 
drop in systolic blood pressure was observed during DMPS administration in two out of 5 
volunteers. Pulse and diastolic blood pressure were unchanged<626>. Contrastingly, an increase in 
blood pressure and heart rate were reported in one paper<1061>. No evidence of hypotension was 
found in 95 volunteers following oral administration of 2 x 200 mg/day<199>. 
 

7.7.2.3 Disorders of the blood and lymph system 
Intercurrent leucopenia towards the end of DMPS therapy for lead poisoning returned to normal 
after withdrawal of treatment<171>. Leucopenia was also observed during the treatment of mercury 
poisoning<586> and after administration of a test dose in one patient with Wilson’s disease<1521>. 
Mild neutropenia is reported during DMPS therapy in one paper<31>. No haemolysis following the 
administration of DMPS has been reported to date in the case of glucose-6-phosphate-
dehydrogenase deficiency<573>. 
 

7.7.2.4 Nervous system and behavioural disorders 
Headaches<501,1021,1061,1251,1311,1452>, fatigue or weakness<290,368,501, 829,1311> or 
dizziness<368,600,829,1061> are occasionally reported following administration of DMPS. These could 
be due to cardiovascular (see chapter 7.7.2.2) or allergic reactions (see chapter 7.7.2.13) to 
DMPS. Treatment withdrawal was not generally required<368,829>. Transient malaise, lethargy, 
paresthesia and a general sensation of weakness have also been reported<1452>. 
 

7.7.2.5 Eye diseases 
The onset of conjunctival congestion during the treatment of one employee in a Hg-processing 
factory is mentioned in one paper. The authors provide no further information<568>. 
 

7.7.2.6 Disorders of the respiratory tracts, thorax and mediastinum 
A mild allergic reaction with bronchospasm was observed in a 37 year-old man with allergic 
rhinitis, 5 minutes after the onset of DMPS injection. Broncholytic treatment was not required<1482>. 
 

7.7.2.7 Kidney and urinary tract disorders 
In almost all cases, DMPS did not trigger any renal complications when administered at a 
therapeutic dose level<295,369,663>. The subacute renal toxicity of mercury is not potentiated by 
DMPS<43>. No changes in renal parameters were measured in ten patients given 100 mg DMPS 
t.i.d. for 5 days<1449>. A 10-year follow-up of 168 patients with scleroderma who received 1 – 2 
ampoules of DMPS daily for up to 780 days, did not show any indications of kidney 
damage<368,418,487>. Enzyme assays carried out in 24 volunteers did not indicate any kidney 
damage following single i.m. administration of DMPS<231>.  
Only a few cases are described in which renal complications occurred during DMPS therapy.  
A female patient who intravenously injected the contents of two thermometers with suicidal intent 
was only observed for almost four months as the mercury level in the urine did not exceed the BAT 
value of 200 µg/L. Oral treatment with 3 x 100 mg was then introduced when Hg levels reached 
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220 µg/L. Acute kidney failure with anuria developed just one day later warranting 14 days of 
haemodialysis. DMPS treatment was withdrawn. DMPS had obviously mobilised the stored 
mercury and flooded the kidneys in such quantities that acute renal failure was the 
consequence<564,1389>. In another report, one patient developed anuria and mental confusion over 
a period of 18 hours following DMPS injection. The symptoms spontaneously disappeared after 
injecting procaine<720>.  
A transient increase in protein excretion in the urine was observed in one out of 7 patients<1251>. A 
transient disruption in kidney function was observed in one out of 37 patients with schizophrenia, 
but this did not recur as treatment progressed<1478>. 
Increased micturition<ref. in 69 and 829> as well as reduced excretion, which disappeared following 
administration of diuretics, are also reported in the literature<907>. 

 

7.7.2.8 Disorders of the skin and subcutaneous cell tissue 
Skin reactions may be a sequelae of heavy metal poisoning. No direct, DMPS-induced skin 
disorders are described. Similarly, there is no evidence of diseases as a result of zinc deficiency 
with DMPS (as described with EDTA, for instance<1179>). Most of the skin reactions to DMPS are 
allergic reactions<902> (see chapter 7.7.2.13). 
 

7.7.2.9 Metabolism and nutrition disorders 
Individual cases of nausea were reported<60,290,368,501,829,1021,1311>. Nausea and vomiting occurred<60, 

502,586,1061,1281> within 2 hours<60>, especially in patients with a delicate stomach, even after 
single<1281> oral administration of DMPS.  Nausea and diarrhoea developed in one volunteer<502>.  
Mild nausea was described in one patient with acute bismuth poisoning during both intravenous 
and oral administration of DMPS<1394>. Hölzel reports gastrointestinal disorders with a latency of 30 
minutes to 3 hours post-dose, there being no significant difference between oral (300 mg) and 
parenteral (250 mg) administration<600>. 
In some cases, impaired taste, e.g. metallic taste>1452> or the odour of hydrogen sulfide<368> were 
reported after administration of DMPS<501,600,1021,1311,1522,1523>. 20% of 148 patients reported a 
transient “putrid, sulphurous taste in the mouth“ immediately after i.v. administration of DMPS<223>. 
4 patients lost their appetite<1620>.  
 

7.7.2.10 Injury, poisoning and procedure-induced complications 
Shock with seizures, respiratory arrest and excitation may occur after overdosing with more than 
300 mg DMPS/kg<610>. 

 

7.7.2.11 General disorders and discomfort at the site of administration 
Local reactions such as transient redness<1345> or ulceration<625> are known to occur at the 
injection site following administration of DMPS<600>. Transient pain at the site of injection, 
persisting for not more than 1 hour, were reported<92>. In approximately 20 cases (with more than 
600 i.v. doses), “skin changes at the site of injection“ were observed, but always without a 
dramatic clinical course<829>.  Painful, local skin reactions were observed in 2 patients who 
received DMPS extravenously<490>. Skin necroses at the injection site are mentioned in one patient 
who was inadvertently given 100 mg/kg instead of 5 mg/kg<295,418,663>. Necroses and ulceration 
were also reported at the injection site following administration of high doses via the i.m. or s.c. 
route<69>.  ”DMPS imparts a sulfur door to bodily excretions“<663a>. 
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7.7.2.12 Pregnancy,  post-partum and perinatal disorders 
DMPS is neither mutagenic nor carcinogenic<1238>. Teratogenic effects caused by the impact of 
essential trace elements, as reported with other chelating agents, have not been described in 
conjunction with DMPS<902>. 
 

7.7.2.13 Immune system disorders, allergic reactions 
DMPS has a relatively high allergy potential<472>

, as reported with chelating agents containing 
sulfur<666>. This may be caused by an effect of the SH groups on the complement system<1512>. 
Most of the adverse reactions to DMPS were allergic reactions<92,182,199,317,321,323,368,446,586,611,706,902, 

975a,1175,1281,1449,1532,1633>, mostly of a mild nature<446> and transient<182> and occurring essentially 
during long-term treatment<611,1304>. ”Self-limited, reversible allergic dermatological reactions, such 
as exanthemas or urticaria, have been most commonly reported adverse effect. Isolated cases of 
major allergic reactions, including erythema multiforme and Stevens-Johnson syndrome, have 
been reported”<770a>. 
• Allergic reactions in the form of skin and mucosal symptoms occurred in approximately 5% of 

cases after 4 to 10 injections<321>. 
• 1% of atopic subjects reacted with side effect s<182,323>. 
• A 10-year follow-up of 168 patients with scleroderma who received 250 to 500 mg DMPS i.m. 

revealed allergic reactions in 26 patients, depending on the various treatment periods. 
Intolerance against various other substances is known to occur in all these patients<368,418,663>. 

•  ”Allergic rash occurred in 3 patients of 75; it did not persist after drug withdrawal”<1175>. 
• One female patient with lead poisoning developed maculopapular exanthema on the face, 

trunk and arms after 14 days’ treatment with DMPS. Treatment was, therefore, switched to 
DPA<1286>. 

• 8 out of 33 patients with acute arsenic poisoning developed Erythema multiforme of varying 
severity one week after the start of treatment. Four patients had to be admitted to hospital and 
Steven’s-Johnson syndrome was diagnosed in 2 of them. All four patients recovered during 
administration of antihistamines and cortisone<975a>. 

• An erythematous, maculopapular rash developed on the lower legs of one patient with acute 
Hg intoxication during administration of DMPS (250 mg DMPS i.v., every 4 hours). DMPS 
therapy could be continued after reducing the dose (250 mg i.v. DMPS every 8 hours)<299>. 

Allergic skin reactions were also observed following the first dosing: 
• in 2 out of 120 volunteers after administration of 300 mg DMPS oral<1311>, 
• in 1 of over 100<1281>, 
• in 1 of 95 after 200 mg<199>, 
• in 1 of 20 one week after administration (mild rash with redness of the skin)<60>, 
• in 1 of 45<183>, 
• in 1 of 36, 12 hours after DMPS (reversible exanthema)<411>, 
• in 2 of 168 scleroderma patients after the first injection<368>,  
• 3 of 490 volunteers (10 mg/kg BW oral) admitted having suffered from hot flushes and pruritus 

of the face or extremities during the day after taking DMPS<480>. 

The allergies are generally of a mild nature<446>. No cases of anaphylactic shock have so far been 
reported after administration of DMPS<69,295,368,967>. 
The allergic reactions mostly manifested as skin reactions<31,92,313,542,902,1286> with symptoms such 
as pruritus<290,368,600,663,829,1021>, skin reactions (e.g. rash<60,299,1021,1175>, exanthema<290,411,542,1286>, 
erythema<600> or mucous membrane reactions<902,1281>. 

A Stevens-Johnson syndrome is reported to have occurred in six cases during DMPS 
therapy<44,266,267,975a,1111,1506>. One of these patients had initially milder symptoms of DMPS 
intolerance without having to interrupt drug intake. The intolerance increased and finally made 
hospital admission necessary, where Stevens-Johnson syndrome was suspected<586>. However, 
the data on all suspected cases are too view to allow any reliable correlation to be deduced. What 
is especially surprising is that the symptoms generally regressed within a very short time<586>. 
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One patient presented with an intolerance reaction in the form of total body pruritus and 
exanthema. The symptoms quickly regressed during intravenous therapy with cimetidine as well 
as dimethindene and cortisone<543>. 
An allergic reaction manifested as bronchospasm in one other patient following i.v. administration 
of 2 mg DMPS/kg. Treatment was not, however, required<1021,1482>. 
Tremor<154,1521,1523>, nausea, weakness, dizziness and fever<154,368,1061,1521,1523> were presumably 
also allergy-induced. 

At the onset of side effect s, withdrawal of the medicinal product generally sufficed<313,666,1175>. The 
allergic reactions then regressed independently within 3 to 5 days<368>. The exanthema sometimes 
also disappeared spontaneously during subsequent treatment with DMPS<368,586,829,1448>. Anti-
allergic treatment (antihistamines and corticosteroids) were required on massive reactions or 
prolonged treatment only in a few cases<95,368,1304>. Allergic dermatitis completely regressed 
without any residual damage following the withdrawal of DMPS under prednisolone<1015>. 
Treatment could also be continued in individual cases after a treatment pause<368> or corticosteroid 
protection<95>. A new treatment attempt at a lower dose can also be envisaged once symptoms 
regress<1238>. 
Normally, DMPS should no longer be administered following an allergic reaction<558>. DMPS is 
contraindicated in cases of known hypersensitivity<539,973,1440>.  Life-threatening reactions may 
develop if DMPS is nevertheless continued<1440>. 
Proof can be obtained by carrying out a skin test<1440>. Sensitisation to DMPS can be detected by 
intracutaneous injection of DMPS<368>. Due to potential cross reactions, Aposhian recommended, 
on safety grounds, that DMPS or DMSA should not be administered to subjects with known 
hypersensitivity to penicillin, sulfonamides or other sulfur-containing medication<52>. One paper 
refers to potential cross reactions between various dithiol chelating agents<1231>. 
The risk of hypersensitivity is increased in subjects with allergic asthma<31>. An asthma attack may 
very occasionally occur in these patients during or immediately after injection<586>. 
 

7.7.2.14 Liver and gallbladder disorders 
”DMPS has a small chance of increasing liver enzymes or decreasing blood cell count, so those 
should be monitored during treatment”<14>. In individual patients, increases in transaminases 
(GOT, GPT) were measured<31,1506>.These sometimes returned to normal during subsequent 
DMPS treatment or at the end of therapy<603>. In some cases, the transaminases were already 
increased before starting therapy, so that the increase was not always associated with DMPS 
therapy<153,269,586, 630,706>. An increase in aminotransferase levels has also been reported<663a> but 
this can also be triggered by heavy metals<91a>. ”Elevated liver enzymes occurred in a patient 
receiving unithiol 400 mg/day. However, concomitant consumption of alcohol may have contribu-
ted to this effect”<501>. 
A transient increase in ALT values in the serum was measured in one out of 14 patients with 
Wilson’s disease, who received i.v. DMPS for 8 weeks (20 mg/kg/day in 500 mL of a 5% glucose 
solution). ALT levels in the serum increased on the 10th day of treatment with oral administration of 
2.5 g DMPS/day. The increase was reversible<5>.  
A transient increase in liver enzymes was observed on treating employees at a mercury production 
plant with DMPS. The values reverted to normal a few days after treatment ended. It is, however, a 
well-known fact that even normal excretion of large quantities of mercury can lead to a transient 
effect on liver function. 
 

7.7.2.15 Psychiatric disorders 
Depression may occur during mercury poisoning, but will disappear as treatment progresses. 
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7.7.3 “Listed” side effects 
The side effects probably associated with the administration of DMPS and which are currently 
listed in the Dimaval Patient Information Leaflet and Summary of Product Characteristics are 
presented in the following table: 

Dimaval (Injection solution) Dimaval DMPS 100 mg Hartkapseln 
Tremor, fever or skin reactions presumably of an allergic 
nature such as itching (pruritus) or skin rash (exanthema, 
rash) may occasionally develop. These are, however, 
reversible on withdrawal of treatment. Serious, allergic skin 
reactions (e.g. Erythema exsudativum multiforme and 
Stevens-Johnson syndrome) have very occasionally been 
reported. 
Dimaval can affect the mineral balance and especially the 
elements zinc and copper, primarily during long-term 
treatment. 
The mercury absorbed by the body is mobilised following 
administration of the preparation. Kidney failure as a 
clinical symptom of mercury poisoning can very rarely be 
triggered. 
Asthma patients may very occasionally experience an 
asthma attack immediately after injection. 
 
 
Cardiovascular reactions may occur, especially if Dimaval 
is injected too rapidly, and can manifest as hypotension, 
nausea, dizziness and weakness usually shortly (5-10 
minutes) after injection. 
An increase in transaminase levels may very occasionally 
be observed. The following have also very occasionally 
been reported: Pain at the injection site, unpleasant 
hydrogen sulfide odour, 50% reduction in leukocyte count, 
changes in taste, oppression of the chest, abdominal 
discomfort and loss of appetite. 

Tremor, fever or skin reactions presumably of an allergic 
nature such as itching (pruritus) or skin rash (exanthema, 
rash) may occasionally develop. These are, however, 
reversible on withdrawal of treatment. Serious, allergic skin 
reactions (e.g. Erythema exsudativum multiforme and 
Stevens-Johnson syndrome) have been reported in 
individual cases. 
Dimaval (DMPS) 100 mg Hartkapseln can affect the 
mineral balance and especially the elements zinc and 
copper, primarily during long-term treatment. 
The mercury absorbed by the body is mobilised following 
administration of DMPS. The clinical symptoms of mercury 
poisoning can be triggered in individual cases. 
 
 
Nausea seldom occurs following ingestion of Dimaval 
(DMPS) 100 mgHartkapseln. 
 
 

 
An increase in transaminase levels may be observed in 
individual cases. 
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9 Abbreviations 
 
24h 24 hours 
ABDA Bundesvereinigung Deutscher 

Apothekerverbände (Federal 
Union of German Associations of 
Pharmacists) 

Ac Actinium 
ADA American Dental Association 
ADI  Acceptable daily intake 
ALD Delta Aminolaevulinic acid 
ALA Aminolaevulinic acid 
ALAD δ-aminolaevulinic acid 

dehydratase 
ALAU Urine concentration of delta 

aminiolaevulinic acid 
ALP Alkaline leukocyte phosphatase 
ALT Alanine aminotransferase 
AMP Adenosine monophosphate 
AP Alkakine phosphatase 
AST Aspartate aminotransferase 

(previously SGOT = Serum-
glutamate-oxalacetate-
transaminase) 

BAL British anti-lewisite = 2,3-
dimercaptopropaneol 

BAT Biological tolerance value for 
occupational exposure 

BfArM Bundesinstitut für Arzneimittel 
und Medizinprodukte (Federal 
Institute for Drugs and Medical 
Devices) 

BgVV Bundesinstitut für gesundheit-
lichen Verbraucherschutz und 
Veterinärmedizin (Federal Insti-
tute for Health Protection of 
Consumers and Veterinary 
Medicine) 

BGW Biological limit value (BLV) 
BLL Blood lead level 
BUN Blood-urea-nitrogen 
BW Body weight 
Ca-DTPA Calcium ditripentate (acid) 
CAS Chemical Abstracts Service 
CAVHDF Continuous arteriovenous 

haemodiafiltration 
CA Chelating agent 
CHO Chinese Hamster Ovary 
CPK Creatinine phosphokinase 

CPMP Committee for Proprietary 
Medicinal Products (Scientific 
committee of the EMEA) 

CVVHD Continuous veno-venous 
haemodialysis 

DGAUM Deutsche Gesellschaft für Ar-
beitsmedizin und Umweltmedizin 

 German Society for Occupational 
and Environmental Medicine 

dL Decilitre 
DMA Dimethylarsenic 
DMPA N-(2,3-Dimercaptopropyl)-

Phtalamidic Acid 
DMPS 2,3-Dimercaptopropane-1-

sulfonic acid 
DMSA 2,3-Dimercaptobernsteinsäure 

(Dimercaptosuccinic acid) 
DMSO Dimethylsulfoxide 
DTPA Diethylene triamine pentaacetate  
DTT Dithiothreitol  
DPA D-Penicillamine 
DTA (ADI) permissible daily intake 
EDTA Ethylene diamine tetraacetic acid 
EKA Exposure equivalent of 

carcinogenic materials in the 
workplace 

EMEA European Agency for the 
Evaluation of Medicinal Products 

EP Erythrocytes Porphyrin 
FDA U. S. Food and Drug 

Administration 
GABA γ-Aminobutyric acid 
GFR Glomerular filtration rate 
GOT Glutamate oxalacetate 

transaminase 
GPT Glutamatpyruvate transaminase 
GSH Glutathione 
GSSG Oxidised glutathione 
γ-GT γ-Glutamyltranspeptidase 
h Hours 
HBM Human Biomonitoring 
HeLa Henrietta Lacks cervical 

carcinoma cells 
HPLC High Pressure Liquid 

Chromatography 
i.m. Intramuscular 
i.p. intraperitoneal 
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i.v. intravenous 
IC50 Inhibitory concentration 
IGeL Individuelle Gesundheitsleistung 
                  (Individual, customised health 

service) 
IPCS International Programme on 

Chemical Safety der WHO 
Crea Creatinine 
L-A Murine fibroblast cell line 
LAP Lucien amino peptidase 
LD50/100 Lethal dose 
LDH Lactate dehydrogenase 
LOAEL Lowest observed adverse effect 

level 
LQL Air quality guidelines (AQG) 
MAK Maximum occupational 

concentration 
MCS Multiple Chemical Sensitivity 
MDA Malondialdehyde 
MDCK Madin-Darby Canine Kidney 

cells 
MEDRA Medical Dictionary for Regulatory 

Activities 
MIK Maximal emission concentration 
Min Minutes 
MMA Monomethylarsonate 
mL Millilitre 
MPTP N-Methyl-4-phenyl-1,2,3,6-

tetrahydropyridine 
MRK Maximum indoor air concentration 
MT Metallothionein 
NAC N-Aceytcysteine 
NAPA N-Acetyl-DL-Penicillamine 
NEL No effect level 

NOAEC No observed adverse effect 
concentration 

NOAEL No observed adverse effect level 
NOEL No observable effect level 
OAT Ornithinaminotransferase 
PAO Phenylarsenic oxide 
PEG Polyethylene glycol 
PAH Para  amino hippuric acid 
PH Hydrogen ion concentration 

(pondus hydrogenii [L]) 
PTWI Provisional tolerable weekly 

intake 
ROS Reactive oxygen species 
s.c. subcutaneous 
SCD Sodium ammonium dimethyl-2-

propaneo-1,3-dithiosulfate 
SF Safety factor 
SH-Gruppe Sulfhydryl group 
SOD Superoxide dismutase 
TBD  Tripotassium-bismuth(III)-dicitrate 
TEQ Toxicity equivalents 
TETS Tetramethylene disulfotetramine 
TDI Tolerable daily intake 
TMAO Trimethyl arsenic oxide 
TRK Technical target concentration  
ADR Side effect  
USSR United States of Soviet Russia 
UNIDO United Nations Industrial 

Development Organization 
VLD Very low density lipoproteins 
WHO World Health Organization 
XOD Xanthin Oxidase 
Zn-DTPA Zinc Ditripentate (acid) 
CNS Central nervous system 
ZPP Zinc protoporphyrin 
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10 Summary 
Dimaval® und Dimaval® (DMPS) 100 mg Hartkapseln contain the sodium salt of (RS)-2,3-bis(sul-
fanyl)propane-1-sulfonic acid, monohydrate – formerly known as (R,S)-2,3-dimercaptopropane-1-
sulfonic acid (DMPS), is a chelating agent that belongs to the vicinal dithiol group with two 
sulfhydryl groups and one sulfonate group. DMPS has a high affinity for many heavy metals and 
forms stable complexes with these. It also has a reducing effect. 
DMPS can be administered both orally and parenterally (i.m., i.v.). Orally, it is absorbed relatively 
quickly. The peak concentration is reached in the plasma after 3.4 hours. The bioavailability is 50% 
in man. The highest concentrations are detected in the plasma and the kidneys. Up to 90% bind 
loosely to proteins. Excretion is primarily via the kidneys. The elimination half-life after i.v. 
administration is t½α = 1.1 and t½β = 27.6 hours. No accumulation of the active substance is 
observed after repeated dosing. 
DMPS is not decomposed in the body. It is mainly oxidised to cyclic and acyclic Di- and higher 
sulfides. 
DMPS is only slightly toxic. Acute toxicity depends on the animal species and ranges from 150 
(dogs, cats) to 2,000 (mice) mg/kg BW. Mainly cardiovascular reactions, characterised 
predominantly by a fall in blood pressure, occur following injection of high doses. Chronic toxicity 
studies do not reveal any significant biochemical or haematological changes. No mutagenic effects 
are observed with DMPS in the Ames test. Teratogenicity studies conducted to date have not 
indicated any changes. 
DMPS has proved to be an effective antidote for poisoning with various heavy metals in laboratory 
animal experiments. It binds heavy metals and promotes their excretion. The renal elimination of 
the heavy metals is particularly high. However, the faecal excretion of heavy metals is often also 
increased. The heavy metal concentration in the organs, and particularly in the kidneys, is lowered. 
Heavy metal accumulation in the brain could be ruled out during DMPS therapy. The biological 
half-life of the heavy metals in the body is reduced. The SH groups in proteins are protected from 
blockage by the poisons or existing blockade is abolished. The enzymes retain or recover their 
ability to function. 
Due to the asymmetrical carbon, DMPS can be present in two different optic isomers (R or S) and 
as a racemate (R,S). No significant differences in terms of absorption, toxicity or efficacy are 
observed between the various isomers in laboratory animal experiments. No racemate separation 
is thus required. 
Both pharmaceutical forms have been granted marketing authorisations (licences) in Germany by 
the BfArM (Federal Institute for Drugs and Medical Devices). The active substance is available 
only on prescription. It is also licensed in Taiwan. No marketing authorisation application has been 
submitted in the USA to date. Therefore, DMPS has not been granted a marketing authorisation by 
the FDA.  
Dimaval® is licensed for the treatment of mercury poisoning and Dimaval® (DPS) 100 mg 
Hartkapseln for mercury or lead poisoning. The chelating agent has also been used effectively on 
several occasions, especially in the treatment of arsenic and bismuth poisoning.  Use as a 
diagnostic is not a licensed indication for the two preparations. 
Measurement of heavy metal excretion in the urine can monitor treatment efficacy. This means 
that every correctly performed treatment with DMPS leads simultaneously to diagnostic information 
about the heavy metal burden in the body. 
DMPS is a substance with very low systemic or local toxicity and is generally well tolerated, even 
during long-term treatment. In addition to the increased excretion of essential trace elements 
(particularly zinc), allergic reactions in the form of skin reactions have mainly been observed. 
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11 Company Profile 
The HEYL Chemisch-pharmazeutische Fabrik Gmbh & Co.KG Company is an independent, 
separate, family-based company with headquarters in Berlin, which, nowadays, is probably 
Germany’s liveliest city. The company was founded on 16.12.1926. At the time, it focused primarily 
on the acquisition and processing of cod-liver oil using its own, patented methods and handling 
vitamin preparations, which were novel at the time. 
Today, we focus our strengths on specialist areas and niche markets and are committed to 
promoting the advance of medicine. As a niche specialist, we approach new areas of activity and 
focus on products that are too small for major companies or too demanding for smaller companies. 
Over the last 30 years, we have developed a range of antidotes through our collaboration with 
national and international research institutes and universities. Our products are highly effective 
drugs that are used to counteract poisoning due to thallium, arsenic, heavy metals (mercury, lead) 
or radioactive isotopes such as radiocaesium or plutonium. Demands from all continents confirm 
the unique approach and medical significance of these medicinal products. 
In conjunction with our international subsidiaries, 
our strengths lie in the licensing and marketing of 
medicinal products and in the sale of 
pharmaceutical active substances and speciality 
chemicals. In order to consolidate our position in 
the key foreign markets such as the USA and 
Japan, the Heyltex Corporation in Texas/ USA 
was founded in 1979 followed in 1983 by the 
creation of the Heyl Japan Co. Ltd. in 
Tokyo/Japan. 
Since its creation, the HEYL Company has 
strived to independently manufacture important 
active substances for its pharmaceutical 
preparations. In order to improve production facilities in the field of chemical syntheses, the Apolda 
GmbH chemical laboratory was privatised in 1993 and acquired as a 100% subsidiary of the Heyl 
Company. 
Experience in regulatory affairs coupled with long-term marketing competence and medical-

scientific know-how are consolidated in the Company’s German 
and international headquarters. 

The management team and employees concentrate on 
maintaining our competitive edge at the German site through 
competence and a disciplined pricing strategy. In this way we 
endeavour to satisfy our customers’ expectations and fulfil our 
responsibility both now, and in the future, to our family of 
employees and our investors. 
The HEYL Company will also strive in the future to provide both 
the prescribers and users of its medicinal products with the 
highest standards in terms of therapeutic efficacy and safety. We 
offer our customers high-quality benefits and a reliable 
partnership: We talk to them, focus on their requirements and 
fulfil their expectations. We offer them quality products and 
guarantee an excellent service. 
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Dimaval®, injection solution. Active pharmaceutical ingredient: (RS)-2,3-Bis(sulfanyl)propane-1-
sulfonic acid, 1 H2O sodium salt; available only on prescription.  Composition: 1 ampoule with 5 ml 
injection solution contains: ml/L, pH 1: 271.4 mg (RS)-2,3-Bis(sulfanyl)propane-1-sulfonic acid, sodium 
salt 1 H2O (DMPS-sodium salt 1 H2O) equivalent to 250 mg (RS)-2,3-Bis(sulfanyl)propane-1-sulfonic 
acid, sodium salt, excipient: water for injection. Indications: Acute poisoning with mercury (metallic, 
vapour, inorganic and organic compounds), when oral treatment or treatment via a gastric catheter is 
not feasible; Contraindications: DMPS must not be administered to patients who are hypersensitive to 
the active substance or its salts. Use of the preparations is feasible only with concomitant dialysis in 
cases of severely limited kidney function (kidney failure). Particular caution must be exercised in 
patients with allergic, asthmatic symptoms. Pregnancy and lactation: There is insufficient experience 
on the use of Dimaval in human pregnancy. The laboratory animal experiments carried out have shown 
no evidence of embryotoxic/teratogenic effects. Basically, the preparation should not be administered 
during pregnancy. If the administration of DMPS is essential during pregnancy on the grounds of a vital 
indication, then minerals and trace elements (especially copper and zinc) should be monitored in order 
to ensure that children receive essential trace elements because it is a well-known fact that zinc 
deficiency caused by a chelating agent can have teratogenic effects. Lactation should generally be 
avoided in the presence of heavy metal poisoning. Side effects: Tremor, fever or skin reactions 
presumably of an allergic nature such as itching (pruritus) or skin rash (exanthema, rash) may 
occasionally develop. These are, however, usually reversible on withdrawal of treatment. Serious, 
allergic skin reactions (e.g. Erythema exsudativum multiforme and Stevens-Johnson syndrome) have 
very occasionally been reported. Dimaval can affect the mineral balance and especially the elements 
zinc and copper, primarily during long-term treatment. The mercury absorbed by the body is mobilised 
following administration of the preparation. Kidney failure as a clinical symptom of mercury poisoning 
can very occasionally be triggered. Asthma patients may very occasionally experience an asthma 
attack immediately after injection. Cardiovascular reactions may occur, especially if Dimaval is injected 
too rapidly, and can manifest as hypotension, nausea, dizziness and weakness usually shortly (5-10 
minutes) after injection. An increase in certain enzymes (transaminases) may very occasionally be 
observed. The following have also very occasionally been reported: Pain at the injection site, 
unpleasant hydrogen sulphide odour, 50% reduction in leukocyte count, changes in taste, oppression of 
the chest, abdominal discomfort and loss of appetite. Heyl Chem-pharm. Fabrik GmbH & Co. KG, 
Goerzallee 253, D-14167 Berlin 
 
Dimaval®  (DMPS) 100 mg  Hartkapseln. Active pharmaceutical ingredient: (RS)-2,3-Bis(sulfanyl)-
propane-1-sulfonic acid, 1 H2O sodium salt; available only on prescription. Composition: One hard 
capsule contains 108.56 mg (RS)-2,3-Bis(sulfanyl)propane-1-sulfonic acid, sodium salt 1H2O equivalent 
to 100 mg DMPS-sodium, Other ingredients: Copovidone, gelatine, maize starch, sodium 
dodecylsulfate, titanium dioxide, water for injection;  Indications: clinically manifest (recognisable) 
chronic and acute poisoning with mercury (inorganic and organic compounds, vapour, metallic 
mercury), chronic poisoning with lead. Contraindications: Dimaval (DMPS) 100 mg hard capsules 
must not be administered to patients who are hypersensitive to DMPS or its salts. Pregnancy and 
lactation: No teratogenic effects were observed with DMPS in laboratory animal experiments. Although 
there is no adequate experience in humans to date, pregnant women must not fundamentally be 
excluded from DMPS therapy. The risk of poisoning and the risk of medicinal treatment should be 
carefully considered. If DMPS is administered during pregnancy, mineral levels, especially zinc, should 
be closely monitored. It is a well known fact that zinc deficiency due to a chelating agent can have 
teratogenic effects. Lactation should basically be avoided in the presence of heavy metal poisoning. 
Side effects: Tremor, fever or skin reactions presumably of an allergic nature such as itching (pruritus) 
or skin rash (exanthema, rash) may occasionally develop. These are, however, reversible on withdrawal 
of treatment. Serious, allergic skin reactions (e.g. Erythema exsudativum multiforme and Stevens-
Johnson syndrome) have been reported in individual cases. Dimaval (DMPS) 100 mg hard capsules 
can affect the mineral balance and especially the elements zinc and copper, primarily during long-term 
treatment. The mercury absorbed by the body is mobilised following administration of DMPS. The 
clinical symptoms of mercury poisoning can be triggered in individual cases. Nausea very occasionally 
occurs following ingestion of Dimaval (DMPS) 100 mg hard capsules. Increased levels of certain 
enzymes (transaminases) can be observed in individual cases. Heyl Chem-pharm. Fabrik GmbH & Co. 
KG, Goerzallee 253, D-14167 Berlin 
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