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Abstract

Purpose: To study the clinical effects of metal toxicity and current 
recommendations for management, including chelation therapy, are reviewed.

Summary: Metals are essential to many biological processes, but excess 
of it becomes hazardous to life. These are necessary for cell growth, electron 
transport chain, several enzymatic activities and response of immune systems. 
They also serve as a cofactor for several enzymes. Chelation therapy is used 
for clinical management of the excess of metal. However, each metal requires 
a specific chelation agent. A chelate is a compound form between metal and a 
compound that contains two or more potential ligands. A promising Fe chelator 
is Desferrioxamine (Desferal). Penicillamine and Trientine are uses for copper 
chelation. Meso-2,3-Dimercaptosuccinic Acid (DMSA) and 2,3-Dimercapto-
Propanesulphonate (DMPS) can be used as effective chelator of mercury. 
Dimercaprol, edetate calcium disodium, and succimer are the three agents 
primarily used for chelation of lead.

Conclusion: Metal toxicity remains a significant public health concern. 
Elimination of elevated metal ions can be achieved by proper chelation agents. 
An inappropriate protocol of chelation therapy has the severe side effect which 
must be taken into consideration before chelation therapy.
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Oxygen Species (ROS) which leads to lipid peroxidation of the 
biological membrane. ROS may cause inhibition of oxidative 
phosphorylation, disruption of the electron transport system. 
These metals can interact with DNA and proteins causing oxidative 
deterioration of biological macromolecules. Increased amount of 
metal in the cytosol may disrupt the intracellular redox status, or may 
alter protein conformation and inhibit protein function; through 
metal substitution and interactions with sulfhydryl groups [5-12]. 

Metal Toxicity and Oxidative Stress
Homeostasis of metal ions, maintained through highly regulated 

mechanisms of uptake, storage and secretion [1]. Excess accumulation 
of any metals leads to adverse effect on cell function and integrity. 
Redox-active metals such as iron, copper, chromium and cobalt 
generate free radicals. Transition metal Copper and Iron is a redox-
active metal capable of catalyzing the formation of hydroxyl radicals 
via a Haber–Weiss or Fenton-like reaction. Excess of these metals 
often results in pathological conditions that have to be in conformity 
with intracellular oxidative damage. Metals are known to modulate 
gene expression by interfering with signal transduction pathways that 
play an important part in cell growth and development [13]. Actions 
of metals interfere with deregulation of cell proliferation by activating 
various transcription factors, controlling cell cycle progression and 
apoptosis and altered calcium and sulphydryl homeostasis [3,4,13]. 
Cadmium induces oxidative stress, by depleting intracellular 
antioxidants, such as glutathione, or inhibiting the activity of 
superoxide dismutase. Interruption of iron and copper homeostasis 
has proved to play a key role in the etiology of neurological disorders 
such as Alzheimer’s disease and Parkinson’s disease. 

Reactive free radicals have the potential to interfere with cellular 

Introduction
Metals are necessary for many biological processes. Many of these 

work as cofactor in many biological reactions. For example, copper, 
zinc and iron have an essential role in cell growth, oxygen utilization, 
various enzymatic activities and response of immune systems. Iron is 
found in hemoglobin and acts as a functional component for various 
electron transfer enzymes. Copper is needed for SOD, melanin and 
electron transport chain. Various proteins required zinc for folding, 
configurational changes, or activity. Zinc is also needed for DNA 
folding [1]. Metal ion transporters participate in maintaining the 
required levels of the various metal ions in the cellular compartments 
[2-4]. 

The failure of metal-ion homeostasis has been implicated in 
numerous diseases. Metal ions induce the generation of Reactive 
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lipids, nucleic acids, carbohydrates and proteins which ultimately 
result in impairment in cellular function and integrity. 

Redox-inert elements such as cadmium and arsenic have no 
known biological function and are even found to be toxic at low 
concentrations. The key path for their carcinogenicity and toxicity 
is the depletion of glutathione, bonding to sulphydryl groups of 
proteins.

Chelation Agent
To excrete the excess of metal, chelation therapy is to be used. 

Chelation is a chemical reaction in which metal is bounded to chelator 
by coordination bond. Organic ligand is called chelator or chelation 
agent. The chelate is a metal complex. Five and six membered chelate 
rings are the most stable, and polydentate chelators are more stable 
chelates than chelators with only one ligand atom. The stability of 
chelates varies with the metal and the ligand atoms. For example, lead 
and mercury have greater affinities for sulfur and nitrogen than for 
oxygen ligands; calcium, however, has a greater affinity for oxygen 
than for sulfur and nitrogen. These differences in affinity serve as a 
basis for selectivity of action of a chelation agent in the body. 

An ideal chelating agent
Chelator should have the capability to form non-toxic complex 

with metal ions, have good water solubility, easily excreted from 
the body and able to enter the cell membrane. The chelation agent 
may be administered intravenously, intramuscularly, or orally, 
being dependent on the agent and the type of poisoning. It detoxify 
poisonous metal agents, such as mercury, arsenic, and lead, by 
converting them to a chemically inert form that can be excreted 
without further interaction with the body. It has higher affinity for 
toxic metals than for body. Should also have higher affinity for toxic 
metals than body ligands. Chelation drug was approved by the U.S. 
Food and Drug Administration in 1991 [14-25].

The effectiveness of a chelating agent
It depends on numerous factors: (a) the relative affinity of the 

chelator for the heavy metal as compared with essential body metals, 
(b) the distribution of the chelator in the body as compared with the 
distribution of the metal, (c) the capacity of the chelator to remove the 
metal from the body once chelated, (d)the capacity to retain chelation 
activity at the pH of body fluids, and (e) it must bind the metal more 
avidly than endogenous ligands [26-28]. 

Iron Toxicity and Chelation Therapy
Iron is an important mineral for normal cellular physiology, 

but an excess can cause cell injury. Iron may act as a catalyst for 
the initiation of free radical reactions. Fe is deposited in various 
internal organs, especially in the liver. The common symptoms 
and pathology are: hepatomegaly, subclinical inflammation, skin 
pigmentation, steatosis, insulin resistance, joint diseases and lethargy. 
A promising Fe chelator is Desferrioxamine (Desferal), Clioquinol 
and Aroylhydrazones. Desferrioxamine is incapable of crossing 
the blood-brain barrier (BBB), due to its size and hydrophobicity. 
Clioquinol, a small lipophilic chelator that can cross the BBB, has also 
been found to produce beneficial effects in patients with Alzheimer’s 
disease. However, clioquinol is not iron selective and has very 
toxic effects. Aroylhydrazones are the latest nontoxic lipophilic Fe 

chelators that can form a neutral complex with Fe and diffuse out 
of the membrane. Polyphenols compound may have antioxidant 
properties and can bind Fe. In beta-thalassemia patients who undergo 
regular transfusions, deferoxamine treatment has been found to be 
effective. Iron chelation therapy using iron (III) specific chelators 
such as desferrioxamine (DFO, Desferal), deferasirox (Exjade or ICL-
670), and deferiprone (Ferriprox or L1) are the current standard of 
care for the treatment of iron overload [17, 24,29-35,] (Table 1).

Copper Toxicity and Chelation Therapy
Copper acts as a cofactor for many enzymes necessary for the 

redox reaction such as cytochrome c oxidase, ascorbic oxidase or 
superoxide dismutase. Copper is commonly used in the biological 
system for electron transport system [13,36]. Cu promotes oxidative 
damage in the conditions of increased Cu levels in the liver and 
brain. The best known disorder associated with Cu dyshomeostasis 
is Wilson’s disease, an autosomal recessive disorder linked to the 
Cu transporter expressed in hepatocytes. Cu toxicity has been 
linked with cardiovascular disease, atherosclerosis, diabetes, cancer 
progression and especially to neurological disorders. Copper can also 
induce oxidative stress by depleting glutathione levels [6,9,37,38]. 
D-Penicillamine has been extensively used in copper overload 
[39-42]. Trientine or tetrathiomolybdate has been increasingly 
recommended as the first-line treatment for neurologic Wilson 
disease [43-48] (Table 1).

Mercury Toxicity and Chelation Therapy
The clinical manifestation of mercury toxicity includes 

hypertension, myocardial infarction, reduction in heart rate, coronary 
heart disease and carotid obstruction, generalized atherosclerosis, 
renal dysfunction, proteinuria, an increase in total and cardiovascular 
mortality [49]. Chelators like meso-2,3-Dimercaptosuccinic Acid 
(DMSA) and 2,3-Dimercapto-Propanesulphonate (DMPS) can 
effectively excrete mercury into the urine. These drugs can be given 
orally and have relatively low toxicity compared to the classical 
antidote Dimercaptopropanol (BAL). BAL is a compound containing 
two –SH groups and is regarded as a preferred agent for arsenic, 
mercury, cadmium and other, metal toxicity. Dimercaprol competes 
with the thiol groups of enzymes for binding the arsenic or other metals 
to form a durable metal-chelate which is subsequently excreted by the 
body in the urine. On comparing the efficacy of the dithiol chelators 
in animals, DMSA was superior in removal of methylmercury, 
including animal brains. Although DMPS did not affect levels in 
the brain, it was patronizing at removing methylmercury from the 
kidney. In mice, cadmium was removed more effectively by DMSA 
than DMPS [49,50-53, 54] (Table 1).

Lead Toxicity and Chelation Therapy
Lead inhibits variety of body processes and is toxic to many organs 

and tissues including the heart, bones, intestines, kidneys and central 
nervous systems. It disrupts the development of the nervous system 
so it is particularly toxic to children, causing potentially permanent 
learning and behavior disorders. Symptoms include headache, 
anemia, abdominal pain, irritability, and in severe cases of seizures, 
coma, and death [23]. Dimercaprol, edetate calcium disodium, 
and succimer are the three agents primarily used for chelation of 
lead. Another effective chelator employed in the treatment of lead 
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toxicity mentioned above is CaNa2EDTA. CaNa2EDTA chelates only 
extracellular lead it is most often used in conjunction with BAL to 
increase its efficiency [23,53,55-59] (Table 1).

Side Effect of Chelation Therapy
Chelation therapy can have adverse effects when used 

inappropriately. Various chelation agents may cause specific side 
effects if used improperly. When accurate protocol is to be carried out, 
there is a low occurrence of side effects. During the course of chelation 
therapy, it is important in order to be given the appropriate dose of 
drug. Because high dose of it is for longer duration may reduce the 
essential metal below the required threshold level. The most common 
side effects can include fever, headache, nausea, and vomiting. Serious 
side effects include heart failure; a sudden drop in blood pressure; 
permanent kidney damage; and bone marrow depression, diarrhea, 
convulsions or seizures, breathlessness or tightness in the chest, 
respiratory failure and low blood calcium [60]. Dimercaprol is toxic 
with a tendency to accumulate arsenic in some organs and exhibits 
side effects including nephrotoxicity and hypertension. The most 
adverse effect of CaNa2EDTA administration is the redistribution of 

lead to the brain. CaNa2EDTA causes renal toxicity and can deplete 
the body of essential minerals [61]. Dimercaptosuccinic Acid (DMSA) 
is an analogue of dimercaprol and is illustrated in the treatment of 
lead or arsenic poisoning in children [62,63]. A significant amount 
of patients treated with BAL experienced vomiting, fever, nausea and 
cardiological complications [62]. In the course of DMSA chelation 
therapy, in patients with chronic lead intoxication, hemolytic anemia 
has been reported [62]. 

Conclusion
In the present review, we give an update of the appropriate use of 

chelation agents in the treatment of intoxications by metals. Exposure 
to metals is a common phenomenon due to their environmental 
prevalence. Metal intoxication leads to the generation of reactive 
oxygen and nitrogen species. These metals have a high affinity for 
thiol groups containing enzymes and proteins, which are accountable 
for normal cellular defense mechanism. Long term exposure to these 
metals could be expected to result in apoptosis. Signaling components 
affected by metals include growth factor receptors, G-proteins, MAP 
kinases and transcription factors. Metal-mediated formation of free 

 

Chemical name Structure 
Molecular 
formula 

Coordination 
group 

Element 
chelated 

(2S)-2-amino-3-methyl-3-sulfanyl-butanoic acid 

(D-penicillamine) 

 

C5H11NO2S 

Oxygen, hydroxyl, 

sulfhydryl and 

amine 

Copper, 

Arsenic, Zinc 

2-({2-[Bis(carboxymethyl)-

amino]ethyl}(carboxymethyl)amino)acetic acid 

(EDTA) 

 

C10H16N2O8 Oxygen 

Lead, 

Cadmium, 

Zinc 

2,3-Disulfanylpropan-1-ol (Dimercaprol or British 

anti-Lewisite; BAL) 

 

C3H8S2O 
Sulfhydryl and 

hydroxyl 

Arsenic, Gold, 

Mercury, Lead 

2,3-Dimercapto-1-propanesulfonic acid (DMPS) 

 

C3H8O3S3 
Oxygen and 

sulfhydryl 

Mercury, 

Lead, Arsenic 

meso-2,3-dimercaptosuccinic acid (DMSA) 

 

C4H6O4S2 
Oxygen and 

sulfhydryl 

Lead, 

Mercury, 

Cadmium 

[4-[(3Z,5E)-3,5-bis(6-oxo-1-cyclohexa-2,4- 

dienylidene)-1,2,4-triazolidin-1-yl]benzoic acid 

(Deferasirox) 

 

C21H15N3O4 Oxygen Iron 

Table 1: List of common chelating agent used in metal toxicity.
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radicals also causes various modifications to DNA bases, enhanced 
lipid peroxidation, and altered calcium and sulfhydryl homeostasis. 
Lipid peroxides were formed by the attack of free radicals on 
polyunsaturated fatty acid residues of phospholipids. 

Chelation therapy with chelation agents like Calcium Disodium 
Ethylenediamine Tetra Acetic Acid (CaNa(2)EDTA), British Anti 
Lewisite (BAL), sodium 2,3-dimercaptopropane 1-sulfonate (DMPS), 
meso 2,3-Dimercaptosuccinic Acid (DMSA) etc., is considered to be 
the best known treatment against metal poisoning. The clinical use of 
the old chelators EDTA (Ethylene Diamine Tetra Acetate) and BAL 
(2,3-dimercaptopropanol) is now limited due to the inconvenience 
of parenteral administration, their own toxicity and tendency 
to increase the neurotoxicity of several metals. The relatively 
new chelators meso-2,3-Dimercaptosuccinic Acid (DMSA) and 
2,3-Dimercapto-Propanesulphonate (DMPS) can effectively mobilize 
deposits of mercury as well as of lead into the urine. These drugs can 
be managed orally and have relatively low toxicity compared to the 
classical antidote. DMSA and DMPS are less toxic and more efficient 
than BAL in the clinical treatment of heavy metal poisoning, and 
available as capsules for oral use. In copper overload, DMSA seems to 
be a potent antidote, although d-penicillamine is still widely used. In 
the chelation of iron, the thiols are inefficient, since iron has a higher 
affinity for ligands with nitrogen and oxygen, but the new oral iron 
antidotes deferiprone and desferasirox are useful. 

The treatment with these chelation agents is compromised 
with a number of serious side-effects. Studies demonstrate that 
supplementation of antioxidants along-with a chelation agent proves 
to be a better treatment regimen than monotherapy with chelation 
agents. Combined chelation therapy treatment with antioxidant is 
useful in metal toxicity. One trial study showed a When antioxidants 
were combined with chelating agents it upgraded chelating ability. 
A combination of DMSA with alpha-lipoic acid in lead acetate 
exposed animals completely ameliorated the oxidative damage 
[64]. A similar effect of improved chelating ability was observed for 
CaNa2EDTA administrated in conjunction with zinc [65]. It seems 
that chelating agents used in combination with antioxidants can be 
a standard strategy in treatment of heavy metal toxicity. Structurally 
different chelators may be used in order to achieve a more effective 
removal of toxic metals [57]. Several new synthetic homologues and 
experimental chelating agents have been developed and tested in vivo 
for their metal binding effects.
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