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Introduction

Of the objects of bioinorganic chemistry, it is heavy metals in 
the form of complexes that are most dangerous for the vital ac-
tivity of organisms. Heavy metals are not metabolized by living 
systems, which eventually leads to their accumulation to toxic 
levels [1,2]. The heavy metals attack targets heme-containing 
proteins and enzymes, systems of peroxide and free radical oxi-
dation of lipids and proteins, antioxidant protection systems, 
enzymes of electron transport and ATP synthesis, cell mem-
brane proteins and membrane ion channels. The toxic Pb(II), 
Hg(II), Co(II), Cd(II) ions form strong complexes with amino acids 
and many other bioligands, especially those containing groups 
RS- and HS-. Toxic effects of copper compounds are connected 
with the fact that copper ions interact with thiols -SH groups 
and amino –NH2 groups blocking proteins. This can be caused 
by a chelation reaction, as a result of which proteins become 

insoluble, lose enzyme activity and disrupt vital functions. Toxic 
effects of silver compounds are associated with the fact that 
Ag+ interact with toxic S- and N-containing proteins (nucleic ac-
ids). Similar is the effect of gold compounds. Toxicity increases 
with atomic number in the respective series. The toxic effect of 
heavy metals is manifested in the fact that, having a suitable 
size and nature of the electron shell, they can integrate into the 
corresponding receptors instead of biogenic metals, damaging 
their homeostasis and blocking the action of heavy metals sub-
strates.

Metal-ligand homeostasis is a form of the general homeo-
static system. The body has a clear self-regulatory systems ho-
meostasis. The level of the elements in the blood is supported 
by regulatory mechanisms: absorption processes, separation of 
water, electrolytes and non-electrolytes, constant stability of 
chelates. Poor absorption of heavy metals is a consequence of 
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the formation of slightly soluble complexes. Often abnormal di-
gestive processes or alteration cause a violation of homeostasis. 
There are many ways of metal-ligands regulation of homeosta-
sis.

There are numerous attempts to classify chemical elements 
according to the degree of interaction with living organisms 
based on combinations of such parameters as prevalence, avail-
ability, digestibility, toxicity. An important role is played by the 
form of finding an element in the body and its ability to accu-
mulate in a particular organ or tissue. Considering the toxic ef-
fects of the environment, the terms “toxic elements” or “toxic 
compounds” are often used. However, the toxic effect of an ele-
ment significantly depends on its general and local prevalence 
in the environment, including whether the toxic compound is 
natural or was formed as a result of human activity, meaning, it 
has an anthropogenic nature.

In addition, no compound is completely toxic or completely 
non-toxic. Each organ or tissue of a living organism functions 
normally only for a certain interval (permissible values) of 
concentrations of the respective compound. Deviations in the 
content of this compound from the norm cause a pathological 
reaction and is, in fact, the cause of toxicity. The toxicity of the 
compounds is significantly affected by the dose, the common 
properties of the compound, the ability of the biological system 
to absorb and transport the compound to the desired organ, 
the capability of the compound to transform into more or less 
toxic forms and its ability to interact with biomacromolecules. 
Currently, there are special branches of science, such as toxi-
cology, ecotoxicology, which have arisen at the intersection of 
biology, medicine, physiology, genetics, chemistry, which inten-
sively study the causes of substance toxicity and detoxification 
methods.

Toxic and non-toxic metals

The necessary elements ensure the maintenance of the 
dynamic balance of the vital processes of the body. Toxic ele-
ments, as well as an excess of necessary elements, can cause ir-
reversible changes in the dynamic equilibrium of biological sys-
tems, leading to the development of pathology. The damaging 
effect of the substance is displayed at various structural levels: 
molecular, cellular and at the level of the body. The most impor-
tant abnormal effects occur at the molecular level: inhibition 
of enzymes, irreversible conformational changes in macromole-
cules and, as a consequence, changes in the rate of metabolism 
and synthesis, the occurrence of mutations. Toxic indications 
depend on the concentration and dose of the substance. Doses 
can be qualitatively divided into categories according to the 
degree of effect increase: No noticeable effects; stimulation; 
therapeutic effect; toxic or damaging effect; death. Stimulation 
and therapeutic effects may not be caused by all substances.`

Toxic metals are chemical elements that have a negative ef-
fect on living organisms, which manifests itself only when a cer-
tain concentration is reached, determined by the nature of the 
organism. The most toxic elements are Be, Ba, Tl, As, Sb, Bi, Pb, 
Se, Te, Cu, Ag, Au, Zn, Cd, Hg, Cr, Ni, Pd, Pt. With the exception 
of Be and Ba, these elements from stable sulfide compounds. 
It is believed that the main cause of the toxic effect of these 
elements is associated with the blocking of certain functional 
groups (in particular, sulfhydryl proteins) or the displacement 
of metal ions from certain enzymes, for instance, Cu and Zn. Be, 

Pb, Cu, Cd, Hg, Cr, Ni, are particularly toxic and prevalent. They 
compete in the complexation processes with biogenic metals 
and can displace them from biocomplexes [3,4].

Since many of the metals belong to rare and scattered ele-
ments, their toxicity is not so significant. The toxicity of those 
compounds that are poorly soluble in water (inorganic sulfides) 
and are not absorbed by the body is also reduced. However, the 
toxicity of compounds of some elements, for instance, mercury, 
is increased due to the action of microorganisms that easily 
absorb poorly soluble mercury compounds and then transfer 
them to higher animals. Most of the heavy metals are usually 
toxic because they block many enzymes in the body. Pb (II) ions 
inhibit acetylcholine esterase, alkaline phosphatase, adenosine 
triphosphatase, carbonic anhydrase, cytochrome oxidase. Cd (II) 
ions inhibit adenosine triphosphatase, alcohol dehydrogenase, 
amylase, carbonic anhydrase, carboxypeptidase, glutamine ox-
aloacetate transaminase. Hg (II) ions inhibit alkaline phospha-
tase, glucose-6-phosphatase, lactate dehydrogenase. Addition-
ally, most of the toxic metals are able of form covalent bonds 
with carbon, resulting in harmful metal-organic compounds. 

Lead, arsenic, cadmium and mercury

According to the principle of Hard and Soft Acids and Bases 
(HSAB), acid-base interactions proceed in such a way that hard 
acids preferably bind to hard bases, and soft acids to soft bases. 
Cd2+ and Hg2+, belong to IIB group in the periodic table of ele-
ments and are classified as typical soft cations, which prefer co-
ordination with ligands containing soft groups like R2S, RSH, and 
RS. The coordination of Hg2+ is predominantly linear, whereas 
in the case of Cd2+ cations, the possibility of forming tetrahe-
dral chelate structures favors their stability. The lead cation 
Pb2+ (IVA group) is an intermediate ion, signifying that it would 
coordinates with amino groups, though some interactions with 
hard O-donor groups and soft S-based groups are detected in 
many complexes. 

Lead 

The clinical exhibition of Pb toxicity, known since ancient 
times, is named “plumbism”. The effects of lead poisoning vary 
depending on the age of the patient and the amount of expo-
sure. Lead binds to sulfhydryl and amide group constituents 
of enzymes, changing their configuration and weakening their 
activities. It also competes with vital metal cations for binding 
sites, inhibiting enzyme activity, or affecting the transport of es-
sential cations like Ca2+. The disturbance of Ca metabolism is 
one of the most important mechanisms identified for lead in-
duced neurotoxicity. Lead harmful effects on the hematopoietic 
system, nervous system, and kidneys have been observed. Oxi-
dative stress has been also implicated as a pathological disorder 
in lead toxicity [5-7].

Arsenic 

Arsenic toxicity is connected with various renal, hepatic, 
neurological and skin disorders. It also produces carcinogenic 
effects at chronic exposure however the mechanisms by which 
as causes human cancers are not yet clear. This element is rap-
idly and expansively accumulated in the spleen, kidneys, lungs, 
gastrointestinal tract and mainly in the liver, where inhibits 
NAD-related oxidation of pyruvate and α-ketoglutarate because 
of the complexation of As3+ with neighboring thiols. Poison-
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ous effects of as also consist of changes in behavior, confusion, 
memory loss etc. One of the most important mechanisms of 
induced disorders by arsenic is its capability to bind with sulfhy-
dryl group (-SH) of biomolecules [8-11].

Cadmium

Cadmium is one of the most toxic metals. Cd2+ ions can be 
absorbed by most of the body tissues, concentrated mainly in 
liver and kidney [12]. Having a long biological half-life of almost 
20 years in humans, cadmium is recognized as one of the most 
harmful pollutants [13]. Because its excretion is slow, cadmium 
accumulation in the body can be significant, especially in the 
brain tissues. The most hazardous characteristic of Cd is that 
it accumulates all over the lifetime [14,15]. Chronic exposure 
to cadmium results in renal, hepatic dysfunction, anemia, os-
teotoxicity, and cancer in various organs. Cadmium is a strong 
human carcinogen, associated mainly with lung, prostate, pan-
creas, and kidney cancers [16]. Cd-induced nephrotoxicity is the 
most significant and frequent complaint in humans at chronic 
exposure to cadmium. The toxic effects induced by Cd in bio-
logical systems might be attributable to modifications in the an-
tioxidant defense system. Cadmium increases the lipid peroxi-
dation and inhibits enzymes that prevent the oxidative damage. 
Cd reduces glutathione and protein-bound sulfhydryl groups, 
resulting in enhanced generation of ROS such as hydrogen per-
oxide, superoxide ion, and hydroxyl radicals. There is no effec-
tive chelation therapy against cadmium intoxication [17]. 

Mercury 

In the environment, living organisms are exposed to several 
chemical forms of mercury, including elemental Hg vapor, inor-
ganic mercurous Hg (I) and mercuric Hg (II) compounds as well 
as organomercury compounds. Metallic mercury and inorganic 
Hg compounds are not considered carcinogenic, whereas or-
ganomercury compounds are very dangerous and possibly car-
cinogenic to humans. Elemental mercury released from dental 
amalgamsis converted in the body into inorganic mercury which 
accumulates predominantly in the brain [18]. Metallic mercury 
vapor is neuro- and nephrotoxic [19,20]. Hg (I) and Hg (II) ions 
convey their toxicological effects primarily through interac-
tions with sulfhydryl groups on various biomolecules like GSH, 
metallothionein and albumin, altering protein structures and 
inhibiting enzymes functions [21]. Additional mechanisms of Hg 
toxicity have been also suggested including oxidative stress in-
duction, damage of Ca homeostasis, etc. [22].

Detoxification

Maximum toxicity is shown by the most chemically active 
particles, coordinated unsaturated ions, which include free 
metal ions. A decrease in the electrophilic properties of the ion, 
respectively, leads to a decrease in its toxic effect on the body.

One of the most widely used, affordable and simple methods 
of detoxification is the chemical method. Chemical methods of 
biotransformation of harmful particles to the body are various, 
for instance, neutralization of the toxicant by chemical interac-
tion with it (direct effect on the toxicant) and/or elimination of 
the toxic effect by affecting the enzymes, receptors of the body, 
which control the physiological processes of utilization of toxi-
cants in the body (indirect effects on the toxicant).

Substances used as detoxifiers allow to change the composi-
tion, size, charge sign, properties, solubility of a toxic particle, 
turn it into a low-toxic one, stop its toxic effect on the body, 

remove it from the body. 

Chelation therapy

Of the chemical methods of detoxification, the most impor-
tant is the chelation therapy. Harmful substances can be ex-
creted from the body through bioligand that binds to them into 
complexes. Many chemical elements interacting with bioligands 
affect positively immunogenetics (protective reaction), increase 
the formation of antitoxins. 

Chelation therapy is widely used, based on the chelation of 
toxic particles [23,24]. Chelating agents are organic or inorgan-
ic compounds capable of binding metal ions to form complex 
structures, so-called “chelates”. Commonly S, N and O atoms 
function as ligand donor atoms in the form of chemical func-
tional groups like -NH2, =NH, -SH, -S-S, -OH, -OPO3H, >C=O of 
biomolecules. The ligands are mainly bidentate or multidentate 
thus forming stable ring structures. Five-and six-membered 
chelate rings are particularly stable usually formed by organic li-
gands with XCCX skeletons such as X-CH2-CH2-X, X-CO-CH2-X etc. 
where X is O, OR, S, NR, NR2, etc.

Chelating agents provide detoxification of the body by their 
direct interaction with the toxicant, the formation of a bond, 
durable form suitable for transportation and excretion from the 
body. In many cases metal ions form strong bonds with other 
sulphur-containing ligands which can be used in poisoning as 
antidotes. One of the most important determining factors is 
the stability constant of the produced complex which depends 
on the properties of both the chelated metal and the chelating 
agent. The readily available in the body fluids Ca2+ ions can bind 
favorably with chelating agents and compete with Pb2+ ions, for 
instance. Additionally, pH is also a significant factor influencing 
the formation and stability of the complex produced. Most of 
the chelating agents are not stable at low pH. In the simplest 
case H+ cation that can interact with a lone pair of electrons 
of the ligand-donor atom/s may be involved in the process of 
complex formation. On the other side, at high pH the heavy 
metals have a tendency to form insoluble metal hydroxides and 
become less reachable to chelating agents especially in some 
pathological conditions resulting to acidosis or alkalosis. Thus, 
the expectation of the result is unclear and limited. A chelator 
action in vitro might not prove so in vivo, which in many cases 
depends on the presence of endogenous ligands which can also 
chelate the metal ions competitively. The chelator should have 
great affinity to the toxic metal to reach the location of metal 
storage. It should be low toxic and highly soluble in water and 
in body fluids. The chelating agent must compete with natural 
chelators and be resistant to biotransformation. Metal com-
plexes formed upon chelation should be less toxic than the free 
metal ion and easily excreted from the body.

Chelating agents used as antidotes

Many chelating agents, which form stable complexes with 
heavy metal ions, are commonly used as antidotes in case of 
heavy metal poisoning. They form soluble complexes which can 
be eliminated from the body with usual waste products. 

The organic dithiol ligand 2, 3-dimercapto-1-propanol (BAL, 
dimercaprol, Figure 1a) forms complexes through its two S at-
oms and facilitates the excretion of the toxic As, Hg, Sb, and Au 
ions from the body [25]. It contains a 3-carbon backbone with 
two sulfhydryl (-SH) groups and a hydroxyl group. 2, 3-Dimer-
caprol has long been the main agent of chelation therapy for 
Pb or As poisoning, however its serious side effects (substantial 
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increase in brain deposition of toxicants and intramuscular ad-
ministration) have led to its replacement and the development 
of less toxic analogues. Even though, due to its high efficiency, it 
is still prescribed for general metal intoxication for human poi-
soning with As and Hg compounds. It forms a stable five-mem-
bered as complex. This drug is contraindicated in the treatment 
of Cd and organomercury poisonings.

Dimercaprol has been modified into meso-2, 3-dimercap-
tosuccinic acid (Succimer, DMSA, Figure 1b), a related dithiol 
with far less side effects, used in organic Hg intoxication. The 
hydrophilic nature of this compound causes significant absorp-
tion in gastrointestinal tract and consequently its oral admin-
istration creates the respective advantages over dimercaprol. 
Hydrophilic chelators like DMSA effectively promote renal metal 
elimination, but their capacity to access intracellular metal ions 
is weak. DMSA is the least toxic among the other dithiol com-
pounds [26]. No significant damage is observed on the amounts 
of basic metals such as Zn, Ca, Fe and Mg. 

Alternative water-soluble dithiol compound, sodium 2,3-di-
mercaptopropane 1-sulfonate (Unitiol, DMPS), has been intro-
duced as a chelator of Hg poisoning, most often due to amal-
gam dental fillings. This compound is less effective than CaNa2 
EDTA and DMSA and thus not considered a suitable drug against 
Pb toxicity [27,28]. DMPS is hydrophilic in nature and is distrib-
uted mainly in the extracellular spaces. No seriousside effects at 
DMPS administration have been reported. The metal chelating 
activity of DMSA is due to the presence of neighboring dithiol 
groups that can also function as an oxygen radical scavenger 
and therefore inhibit lipid peroxidation, providing an addition-
al advantage of fighting the oxidative stress induced by heavy 
metals. However, its use is frequently accompanied by some 
loss of Cu and Zn. 

A large number of mono- and diesters of DMSA have been 
synthesized which might be more effective antidotes for heavy 
metal toxicity, compared to DMSA [29]. The controlled esteri-
fication made the compounds more lipophilic. Their improved 
chelating properties are attributed to the higher lipophilic-
ity, favoring cell penetration. It has been observed that these 
ester derivatives of DMSA were capable of crossing the bio-
membranes and were more active in the treatment of arsenic 
intoxication. 

Monoisoamyl DMSA (MiADMSA), obtained by controlled 
esterification of DMSA with isoamyl alcohol, is lipophilic in na-
ture as compared to DMSA. It shows high efficiency in reducing 
heavy metal intoxication, especially extracellularly distributed 
Cd [30]. The toxicity of MiADMSA, similar to that of DMSA, is 
mediated mainly through the affected copper metabolism [31].

Monomethyl DMSA (MmDMSA) with a straight and branched 
chain methyl group and monocyclohexyl DMSA (MchDMSA) 
with a cyclic carbon chain have better lipophilic features and 
can penetrate cells more readily. Both these agents are orally 
active and may possess considerable advantages in the clinical 
treatment of lead toxicity.

It is known that sulfhydryl-based compounds can successfully 
chelate metals and most of proteins and peptides possess met-
al-binding sites for detoxification of metal ions. The -Cys-Cys- 
and -Cys-X-X-Cys- parts of numerous proteins are identified to 
have binding properties with heavy metal ions. Thus, the S-con-
taining amino acids methionine and cysteine, the metabolite S-
adenosyl-Met, α-lipoic acid, the tripeptide Glutathione (GSH) as 

well as N-acetyl-Cys, all are good chelating agents contributing 
to the metal excretion from the human body. Cysteine is used in 
Pb and Cu poisoning [32]. The organo-sulfur compound α-lipoic 
acid ((R)-5-(1,2-Dithiolan-3-yl) pentanoic acid, LA), essential for 
aerobic metabolism, is normally produced in the body. Its re-
duced water-soluble form, dihydrolipoic acid (6,8-bis (sulfanyl) 
octanoic acid, DHLA), includes a pair of thiol groups. Only the 
R-enantiomer is therapeutically active in Hg detoxification [33].

The sulfhydryl containing amino acid D-penicillamine (Cu-
primine, DPA, β-β-dimethylcysteine or 3-mercapto-D-valine), 
Figure 1c, is a degradation product of racemicpenicillin. D-Pen-
icillamine is used mainly as an antidotin heavy metal toxicity of 
lead, mercury and copper (in Wilson’s disease) [34,35]. Only the 
D-isomer is used.

The synthetic polyamino-polycarboxylic acid Ethylenediami-
netetraacetic Acid (EDTA, Figure 1d) and its soluble salts are 
widely used in poisoning with heavy metals and radioactive 
isotopes. It has been suggested that EDTA therapy reduces the 
oxidative stress and inflammation. 

Calcium Disodium Salt of Ethylenediaminetetraacetic Acid 
(CaNa2 EDTA) is the most frequently used chelating agent used 
for the treatment of lead intoxication. This activity is due to the 
capability of Pb2+ to displace Ca2+ ions from the chelate. There-
fore, CaNa2 EDTA can be effective for the treatment of intoxica-
tion by metals which have higher affinity for chelator than does 
calcium ions. The sodium salt of EDTA, administered in vivo, 
leads to hypocalcemia due to the calcium complex formation. 
The lead complex of EDTA is very stable. Extended treatment 
with CaNa2 EDTA leads to the reduction of vital biogenic metal, 
particularly Zn, Cu and Mn. 

Calcium Trisodium- Diethylenetriaminepentaacetate (CaNa3 
DTPA) or Zinc Trisodium-Diethylenetriaminepentaacetate 
(ZnNa3 DTPA) have been applied against plutonium and other 
transuranic elements like americium, californium, and curium. 
The drugs are efficient against Co, Cd and Zn poisoning [36]. 
CaNa3 DTPA is teratogenic like CaNa2 EDTA due to the reduction 
of vital Zn and Mn.

Desferrioxamine (Deferoxamine, DFOA) is a trihydroxamic 
acid, siderophore secreted by fungus Streptomyces pilosus. It 
is used to remove excess Fe or Al from the body. This chelating 
agent is identified for its strong binding affinity for Fe3+ and less 
affinity for other metal ions making it a specific chelator for Fe 
related diseases for instance thalassemia as well as aluminum 
poisoning. This drug is well tolerated with few adverse effects 
[37]. DFOA, being a typical trivalent iron chelator, entirely covers 
the surface of Fe3+ through complex formation, thus preventing 
the free radical interactions catalyzed by iron. In contrast, EDTA 
is not able to protect the Fe3+ ion surface, because it forms a 
complex with an open structure, which increases the catalytic 
capability of Fe3+ ions to generate oxidative stress. 

Deferiprone (1,2-dimethyl-3-hydroxypyrid-4-one) is an iron 
chelator and is considered an appropriate alternative to DFOA 
in the trasfusional Fe overload [38]. Like deferoxamine, de-
feriprone has also revealed cardioprotective effects. This may 
be attributed to reduction in Fe overload however, the exact 
mechanism is not clear [39]. Its major advantages include oral 
administration, rare side effects and rapid absorption through 
gastrointestinal tract.

Tetraethylenetetraamine (trientine, TETA) is an antidote for 
acute copper intoxication. Increased urinary copper excretion 
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has been observed after administration of TETA [40]. Wilson’s 
disease is characterized by copper homeostasis disturbance 
which leads to progressive increase in Cu accumulation. Wil-
son’s disease was originally treated with D-penicillamine but 
TETA was found to be a better Cu chelator and potentially free 
of side effects, typical for D-penicillamine [41].

Nitrilotriacetic Acid (NTA, C6H9NO6), is a polyamino-carbox-
ylic acid which is used as a chelating agent for Ca2+, Cu2+ and 
Fe3+. Its usages are relatively similar to EDTA. Nevertheless, in 
contrast to EDTA, nitrilotriacetic acid is easily biodegradable. 
It may be used as a sodium salt (Na3 NTA) and as an iron salt 
(Fe NTA) in chelating reactions [42]. NTA has been used in the 
removal of nickel, manganese, zinc and calcium. While Fe NTA 
causes an iron overload and lipid peroxidation in cells and is 
genotoxic, the sodium salt Na3 NTA predominantly binds to Zn 
and Ca, there by exerting its toxic effects.

Thiocarbamates are also effective antidots. Diethyldithiocar-
bamate (DDC) is an efficient chelator for acute Cd intoxication 
[43]. As a whole, this compound forms very lipophilic complexes 
with divalent ions, although enlarged brain deposition has been 
reported for Hg and Pb, caused by its exposure. Some higher 
molecular weight DDC derivatives seem promising in mobilizing 
Cd2+, such as N (methoxybenzyl)-D-glucamine-dithiocarbamate.

Some complexes can also be used to insert some substances 
into the body, which do not cross the cell membranes in their 
free form, e.g., Fe3+ ions in the form of a complex with 8-hy-
droxyquinoline and many other therapeutically active metal 
complexes.

The most typical structures of important detoxifiers (anti-
dotes) are presented in Figure 1. 

Figure 1: The most important antidotes. The metal in parentheses 
is the metal that is detoxified by this ligand:(a) Dimercaprol (As, Hg, 
Te, Au); (b) Dimercapto-succinic acid (Hg); (c) Penicillamine (Cu, 
Hg); (d) EDTA (heavy metals, radioactive isotopes).
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Limitations of current chelation therapy 

Most of the currently used chelating agents are compro-
mised with many and serious adverse effects. CaNa2EDTA is a 
main chelating agent for various metal ions but it cannot pass 
through cellular membranes. In the same way, DMSA shares 
the restriction of the extracellular distribution. Thus, it is of im-
mediate health concern to identify the limitations of currently 
available chelating agents and develop new strategies for de-
signing drugs that are more effective in the cases of low, long-
term exposure to toxic metals. Although treatment with DMSA 
and DMPS has shown reduced side effects, essential metal loss 
particularly of iron, copper and zinc is considered as one of the 
serious limitations. The specificity of the target metal may be 

another area to consider when developing new drugs for de-
toxification of heavy metals.

Combination therapy

A new trend in chelation therapy is the use of two structural-
ly different chelators (combination therapy). The concept of us-
ing combined treatment is based on the hypothesis that various 
chelators are expected to mobilize toxic metals from different 
tissue locations. Various cases of combined administration have 
been reported to be beneficial. The combinations of EDTA with 
BAL and BAL with DMPS have been recommended for long time 
in inorganic Pb and Hg0 vapor poisonings, respectively. DMSA 
with CaNa2 EDTA against chronic lead poisoning and DMSA with 
MiADMSA in reducing arsenic-induced oxidative stress are also 
good options [44,45]. Since MiADMSA is lipophilic it can bind 
intracellular toxic metal and make it reachable to extracellu-
larly accessible DMSA thus facilitating fast excretion of metal 
ions from the body. Additionally, the sulfhydryl groups present 
in DMSA and MiADMSA may interact with free oxygen radicals 
and these chelators may act as antioxidants. This combination 
is proven more efficient than each agent alone in promoting 
Cd mobilization. Furthermore, it has been shown that com-
bined administration of MiADMSA and CaNa2EDTA is beneficial 
against chronic lead toxicity. There are observations that DMSA, 
used in combination with the antibiotic Monensin (sodium salt 
of monensic acid), is more effective than self-use, specifically in 
lead removing [46]. 

Oxidative stress in metal toxicity and the role of antioxidants 
during chelation

Oxidative stress is considered one of the main mechanisms 
contributing to heavy metal toxicity, providing a strong basis 
for the incorporation of antioxidants into chelation therapy. 
Though the metal induced oxidative stress is recognized, the 
utility of antioxidants in combination with chelation therapy has 
not been comprehensively investigated. 

Arsenic is one of the most widely studied toxic metals that 
induces ROS generation and leads to oxidative stress. The ex-
posure to arsenite produces superoxide radical ion and H2O2 in 
cellular systems. Arsenic is identified not only to produce ROS 
but also dimethylarsinic peroxyl radical (CH3)2AsOO•, dimethy-
larsinic radical (CH3)2As•, nitric oxide NO• and hydroxyl •OH 
radicals [47]. 

Oxidative stress is also involved in Hg-induced toxicity. This 
metal reduces the function of the main intracellular antioxidant 
GSH. Cadmium, contrasting other heavy metals, is unable to 
generate free radicals by itself, but produces superoxide radical, 
H2O2, NO• and •OH radicals indirectly. This element replaces 
Fe and Cu from proteins (ferritin), which releases free Fe2+ and 
Cu2+ ions, which cause oxidative stress. Acute Cd intoxication 
has revealed increased activity of antioxidant defense enzymes 
such as catalase, Cu-Zn superoxide dismutase, glutathione re-
ductase, glutathione peroxidase and glutathione-S-transferase 
[48].

Combination therapy by using chelating agents with antioxi-
dant supplementations like N-acetylcysteine, lipoic acid, mela-
tonin, gossypin etc., have shown considerable beneficial prom-
ise providing improved clinical recovery. Along with antioxidant 
activity, N-acetylcysteine is recognized to have chelating prop-
erties and has been applied in combined administrations with 
succimer, MiADMSA/DMSA in as and Pb intoxications. The com-
bination of vitamin C with MiADMSA successfully detoxifies ar-
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senic. Lipoic acid also interferes with the Pb and as absorption. 
Many studies have been described in which the co-administra-
tion of dietary nutrients like vitamins (thiamine), essential met-
als viz. Zn, Fe, phenolic compounds (quercetin) and amino acids 
(methionine) with chelating agents leads to various beneficial 
effects [49]. Vitamins C and E, essential biogenic metals, ami-
no acid supplementations during chelation therapy have been 
found to be valuable and effective in growing metal mobiliza-
tion and providing recovery [50-53]. 

Radioprotection

Biotransformation, associated with the action of strong oxi-
dants, are destructive to proteins which changes the oxidation 
state of sulfur to maximum value of +6. Oxidizing agents, such 
as hydrogen peroxide, oxidize disulfide bridges and sulfhydryl 
groups of proteins into sulfo-groups R-SO3H, which means their 
denaturation. With radiation damage to cells, their redox po-
tential can be changed. The stable aminothiol, beta-mercapto 
ethylamine (Mercaptamine) with a formula NH4CH2CH2SH, is 
used to maintain the potential as a radioprotector that defends 
the body from radiation damage. The sulfide group can partici-
pate in homolytic processes with the formation of low-reactive 
radicals R-S. This property of mercaptamine also serves as a 
protection against the action of free radical particles - products 
of radiolysis of water. Consequently, the equilibrium of thiol-
disulfide is associated with the regulation of the activity of en-
zymes and hormones, the adaptation of tissues to the action of 
oxidants, reducing agents and radical particles. 

Conclusion 

Toxic heavy metals interact with the function of vital cations, 
cause enzyme inhibition, and generate oxidative stress. De-
pending on the lipophilicity of a metal-chelator complex, chelat-
ing agents may change the metal’s distribution in the body, and 
thereby potentially modify its toxicity. Chelation of free metal 
ions with polydentate ligands turns them into stable, more co-
ordinated saturated particles that are not able to destroy bio-
complexes, and therefore low-toxic. They are membrane per-
meable, capable of transportation and excretion from the body. 
So, the toxicity of an element is determined by its nature, dose 
and molecular form in the composition of which the element is 
located.

The recommended antidots for lead intoxication are 
CaNa2EDTA, CaNa2EDTA with BAL and DMSA in most of cases. 
Dimercaprol, penicillamine succimer or DMSA are successful an-
tidots in cases of human arsenic intoxication. CaNa2EDTA is also 
recommended but with no proven clinical benefits. CaNa3DTPA, 
an efficient cobalt antidote, is also found active against acute 
Cd toxicity. Various carbodithioate derivatives including diethyl, 
dimethyl, diisopropyl-dithiocarbamates have been studied for 
their chelation efficacy against Cd toxicity. Combinations of 
DMSA with MiADMSA, DMSA with CaDTPA, N-acetyl cysteine 
with DMPS have been effectively used in acute Cd toxicity. Di-
mercaprol and D-penicillamine are usually prescribed chelators 
against elemental and inorganic Hg intoxication. Hydrophilic 
derivatives of DMPS, BAL and DMSA have been successfully es-
tablished for the treatment of toxicity by organomercury com-
pounds. It has to be noted that BAL may be contraindicated in 
poisoning by organomercury (phenyl-Hg and alkyl-Hg) com-
pounds because the produced lipid soluble complex increases 
Hg circulation. The important role of heavy metals in oxidative 
damage proposed new strategies for treatment with proven 
antioxidants in modifying metal toxicity, and providing compli-

mentary chelating properties thus increasing the efficacy of the 
common chelators.
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