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Abstract — Health hazards caused by heavy metals have bea@reat concern to the population. Lead and arsenic
are one of the most important current global emritental toxicants. Their toxic manifestations agib considered
caused primarily due to the imbalance between grdamt and antioxidant homeostasis and also due high
affinity of these metals for thiol groups on fumetal proteins. They also interfere with a numbeotifer body
functions and are known to affect central nervoystesn (CNS), hematopoietic system, liver and kidnagd
produce serious disorders. They produce both aamtiechronic poisoning, of which chronic poisonisgniore
dangerous as its very difficult to revert back twrmal condition after chronic exposure to thesddinss metals
present in our life. Despite many years of reseanghare still far from an effective treatment afa@nic plumbism
and arsenicosis. Current approved treatment lighénadministration of chelating agents that formsiresoluble
complex with the metal and removes it. They havenbased clinically as antidotes for treating aand chronic
poisoning. The most widely used chelating agents ealcium disodium ethylenediamine tetra acetiad aci
(CaNgEDTA), D-penicillamine and British anti-lewisite (BA. Meso 2,3 dimercaptosuccinic acid (DMSA), an
analogue of BAL, has been tried successfully inraté as well as in humans. But it is unable to resribe metal
from intracellular sites. Effective chelation thgyafor intoxication by heavy metals depends on Wwhetthe
chelating agents are able to reach the intraceltila where the heavy metal is firmly bound. Of¢he important
approaches has been the use of combination thefdpy. includes use of structurally different chetator a
combination of an adjuvant/ antioxidant/ herbalrasts and a chelator to provide better clinicaldchiemical
recovery. A number of other strategies have beayested to minimize the numerous problems. Thiglart
presents the recent development made in this dthauossible directions for future research.

Key words: Arsenic and lead poisoning, free radicals, oxidatstress, chelation therapy, chelating agents,
antioxidants, adjuvants, herbal extracts

INTRODUCTION

Heavy metal toxicity represents anHowever, occupational exposure to heavy metals
uncommon, yet clinically significant, medicalhas accounted for the vast majority of poisonings
condition. The heightened concern for reductiothroughout human history. Hippocrates described
of environmental pollution that has beerabdominal colic in a man who extracted metals,
occurring over the past 20 — 25 years hamnd the pernicious effects of arsenic and mercury
stimulated active continuing research andmong smelters were known even to
literature on the toxicology of heavy metals. IfTheophrastus of Erebus (370-287 BC). Virtually
unrecognized or inappropriately treated, heawll metals can produce toxicity when ingested in
metal toxicity can result in significant morbidity sufficient quantities, but there are several which
and mortality. The periodic table contains 10%@re especially important because either they are
elements, of which 80 are considered metalso pervasive, or produce toxicity at such low
Toxic effects in humans have been described foapncentrations among which lead and arsenic are
less than 30 of these. Many metals are essentimown to be most common. Intentional or
to biochemical processes, and others have foundintentional ingestion of arsenic has been
therapeutic uses in medicine. While the toxiootorious as a means of suicide and homicide.

effects of these substances are a widespread ) ) o

Abbreviations: CaNaEDTA: calcium disodium It has been Observed tha.t Oxygen is both l.lfe_
ethylenediamine tetra acetic aciBAL: D-penicillamine sustaining and I'fe'threatemng inhalant. Dw'ng
and British  anti-lewisite; DMSA: Meso 2,3 the past two decades, the evidence supporting the
dimercaptosuccinic acid. deleterious effects of oxygen free radicals in
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Arsenic and lead induced free radical generation

many pathological processes has growmitochondrial generation of superoxide to that of
considerably (1). Free radicals may play ahydrogen peroxide, the former was considered as
important role in several pathological conditionshe stoichiometric precursor for the latter.

of the CNS where they directly injure tissue and Mitochondria have been described as the
their formation may also be a consequence ghower house” of the cell because they link the
tissue injury (1). Recently, attention has alsenergy-releasing activities of electron transport
been focused on the contribution of oxygen fregnd proton pumping with the energy conserving
radicals to brain dysfunction and brain cell deatprocess of oxidative phosphorylation to harness
after brain injury such as cerebral ischemia anfle value of foods in the form of ATP.

head trauma. Free radicals produce tissue dama@Rochondria generate approximately 2—3 nmol
through multiple mechanisms, including excitoof superoxide/min per mg of protein, the

toxicity, metabolic dysfunction, and disturbancebiquitous presence of which indicates it to be
of intracellular calcium homeostasis (2). Freghe most important physiological source of this
radicals can be defined as molecules or moleculgdical in living organisms (10). Since

fragments containing one or more unpaireghitochondria are the major site of free radical
electrons. The presence of unpaired electroggeneration, they are highly enriched with

usually confers a considerable degree efntioxidants including GSH and enzymes, such
reactivity upon a free radical. Those radicalgs superoxide dismutase (SOD) and glutathione
derived from oxygen represent the mosgeroxidase (GPx), which are present on both
important class of such species generated #ides of their membranes in order to minimise
living systems (3). Oxidative stress, a conditiopxidative stress in the organelle (12). Superoxide
describing the production of oxygen radicalgadicals formed on both sides of mitochondrial
beyond a threshold for proper antioxidaninner membranes are efficiently detoxified

neutralization has been implicated as ajitially to hydrogen peroxide and then to water
important mechanism for arsenic and leagy Cu, Zn-SOD (SOD1, localised in the

induced toxicity. intermembrane space) and Mn- SOD (SOD2,

Many studies have focused on metal-inducel@calised in the matrix).
toxicity and carcinogenicity, emphasising their The generation of various free radicals is
role in the generation of reactive oxygen andlosely linked with the participation of redox-
nitrogen species in biological systems, and thective metals (7). The redox state of the cell is
significance of this therein (3-9). Metal-mediatedargely linked to an iron (and sometimes copper)
formation of free radicals may cause variouszdox couple and is maintained within strict
modifications to DNA bases, enhanced lipid pemphysiological limits. It has been suggested that
oxidation, and changes in calcium and sulfhydryton regulation ensures that there is no free
homeostasis. intracellular iron; however, in vivo, under stress
ROS can be produced from both_conditions, an excess of superoxide releases “free

endogenous and exogenous substances. Poteﬁﬂ?la{l1 fromf |ron-cogta|n|ng mq(ljeculﬁs. 'Lhe
endogenous sources include mitochondrid€'€as€ OF Iron by Superoxide has been

cytochrome P-450 metabolism, peroxisomes, aflgmonstrated for [4Fe-4S] cluster-containing
inflammatory cell activation (10). Mitochondria@NZymes of the dehydratase-lyase family (13).

have long been known to generate significar:ﬁhe released Fe(I.I) can participate.in the Fenton
quantities of hydrogen peroxide. The hydrogeffaction, generating highly reactive hydroxyl
peroxide molecule does not contain an unpairégdical (Fe(ll) +HO,—Fe(lll) + <OH+OH).
electron and thus is not a radical species. Und&PUS under stress conditions, Oacts as an
physiological conditions, the production ofoxidant of [4AFe-4S] cluster-containing enzymes
hydrogen peroxide is estimated to account féind facilitateseOH production from KO, by
about ~2% of the total oxygen uptake by thaaking Fe(ll) avall_able fo_r the Fe_nf[on regctlon
organism. However, it is difficult to detect thel4-7)- The superoxide radical participates in the

occurrence of the superoxide radical in intadg@ber-Weiss reaction (O +H,0,— O, + OH +
mitochondria, most probably in consequence &) which combines a Fenton reaction and the
the presence of high SOD activity thereinf€duction of Fe(lll) by superoxide, yielding
Generation of the superoxide radical by €(l)andoxygen

mitochondria was first reported more than three

decades ago by Loschen and Flohe (11). AftéFe(lll) +Os——Fe(ll) +0O,) (Liochev and
the determination of the ratios of theFridovich, 2002)
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The following article is a compilation of the toxic The toxicity of this environmental toxicant is
effects of two important toxic heavy metalscomplex and depends, in part, on its chemical
namely arsenic and lead and the pharmacolodimrm, dose, route and duration of exposure,

agents and rationales used to treat them. degree of accumulation, rate of clearance and
animal species. Arsenic can exist in three
ARSENIC POISONING possible oxidation states: element (0), trivalent

(+3 e.g. Arsenite or -3 eg. Arsine) and
. L . pentavalent (+5, eg. arsenate). Because it has
Arsenic (usually as arsenic trioxide,288) IS ytiple and inter-convertible oxidation states,
well known as a poison and has been discoverggbanic can participate in a number of chemical
to be a carcinogen in humans. Arsenic 0CCULg,q piglogical reactions, including oxidation—
naturally in the environment as an element of the g ction reactions, acid—base reactions, covalent
earth's crust. Arsenic is combined with othef,ieractions with most non-metals and metals and
elements such as oxygen, chlorine, and sulfur fpayiation—demethylation reactions. In general,
form inorganic arsenic compounds. Exposure t9oraanic forms of arsenic (eg. arsenite and

higher-than-average levels of arsenic oCCUlggenate) are more toxic than organic forms (e.g.
mainly in workplaces, near or in hazardous Was?ﬁethyl arsonate dimethyl  arsenite  or
sites, and areas with high levels naturally qenohetaine). The toxicity of different arsenic
occurring in soil, rocks, and water. EXposure tQpecies varies in the order: arsenite > arsenate >

arsenic at low levels for extended periods of timPnono-methyI arsonate (MMA) > dimethyl
can cause a discoloration of the skin and thgqanite (DMA).

appearance of small corns or warts. Exposure to Both inorganic and organic arsenic are

high levels of arsenic can cause death. Trbeosorbed from the gastrointestinal tract; however,
natural occurrence of arsenic in groundwat rsenic toxicity results from absorption of

constitutes a setback in the provision of Salfivalent and pentavalent inorganic arsenic. After

?ﬂgl:éngrgvarﬁﬁlriofs rg}:”'%gslgfa?::iﬁr}ﬁ tlrr:ep\icl)?ll bsorption, arsenic is cleared rapidly from the
peop lood and during its “first pass” phase it reaches

because they d”n.k water containing carcinogenif. jier where it is detoxified by conversion into
amounts of arsenic (14,15). Chronic exposure MA and DMA. Arsenic metabolism is

Inorganic arsenic can Ieaql to cancer of th? Sk.'@haracterized by two sequential reactions (18,19)
lungs, bladder and liver if the exposure is via- .

: : . igure 1):

ingestion (16). Lung cancer can occur if exposu
is by inhalation (17). The first case of arsenisosi ) ,
which was revealed in West Bengal in earl{®) The reaction of pentavalent arsenic to
1980s was the outcome of ground water arserff¢valent —arsenic in  the presence  of
poisoning in Bangladesh, and since its detectigiutathione(20); _ o .

in 1993, cases of arsenic poisoning have bed&d) Oxidative methylation reaction, in which
increasing in an alarming Way. Arsenic |§he trivalent forms of arsen.iC are $equentia||y
reported to occur at high concentrations in th@ethylated to form mono, di and trimethylated
water supply of communities in diverse countrieBroducts using S-adenosyl methionine (SAM) as
such as India, Nepal, Vietnam, China, Argentind’ﬂethyl donor and GSH as an essential co-factor.
Mexico, Chile, Taiwan, Mongolia and UnitedArsenic methylation occurs primarily in liver.
States of America. Recent reports proved that

number of countries and many states in India Many studies confirmed the generation of free
(Uttar Pradesh, Bihar, Jharkhand, West Bengahdicals during arsenic metabolism in cells (21).
Assam, Manipur and Bangladesh) in the Gang#aterestingly, some recent reports have provided
Meghna-Brahmaputra (GMB) plain an area oéxperimental evidence that arsenic-induced
569,749 K, with a population of over 500 generation of free radicals can cause cell damage
million are at risk from ground water arseniand death through activation of oxidative
concentration and its health effects. The Britiskensitive signaling pathways (22). Arsenic-
Geological Survey (BGS) in 2001 estimated thahediated generation of reactive oxygen species is
46% of all (10 million) shallow tube wells in a complex process which involves the generation
Bangladesh are contaminated with arsenic af a variety of ROS including superoxide t©),
concentrations exceeding the World HealtBinglet oxygen'©.), the peroxyl radical (ROOs),
Organization’'s (WHQO) guideline concentratiomitric oxide (NOe), hydrogen peroxide {8,),

of 0.01 mg/L. dimethylarsinic peroxyl radicals
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([(CH3),AsOOQe¢]) and also the dimethylarsinicwhich provides a good indication of the potency

radical [(CH3)Ase]. of arsenic as a cancer-causing agent.
AV Modes of carcinogenicity
2GSH s l Sy
hd G953 Chrotno soraal Osidative Abered
As(TI abnormalities stress Eomilifanten
Methyl Transferase SAM
o Py S-adenosyl homocoysteine i
CHsAs(V) Cell proliferation
2G5H l
v GSSG Praio st oL At b Eenasie

CHsAstTIT
? Figure 2. Figure showing the modes of

Methyl Transferase SANM carcinogenicity of arsenic

h 4 Z-adenosyl homocoysteine
(CHz)As (V) LEAD POISONING
Occupational lead poisoning has been a
Figurel. Figure showing the sequential reactions  recognized health hazard for more than 2,000
of arsenic metabolism years. Characteristic features of lead toxicity,
includes anemia, colic, neuropathy, nephropathy,
The exact mechanism responsible for theterility and coma. Lead serves no useful biologic
generation of all these reactive species is not Vginction in the human body. Over the past
clear, but some workers have proposed thgveral years, concern has increased over the
formation of intermediary arsine speci€®l). health effects of low-level lead exposure and the
Another route to the production of,8 was “normal" body burden of lead. In the
suggested, involving the oxidation of As (lll) togccupational setting, the present "no-effect” level
As (V) which, under physiological conditions,for lead exposure is currently being re-evaluated

results in the formation of 4,: as more sensitive measures of the physiologic
effects of lead are made available through
H3ASO; +H0 + O;— HzASO, +H20; clinical investigations. The biochemical basis for

lead toxicity is its ability to bind the biologidg

In recent studies concerning the mechanism ghportant molecules, thereby interfering with
arsenite toxicity in the brain it was reported thaheir function by a number of mechanisms
some of its effects have been traced to tH&igure 3). Lead has been reported to impair
generation of the hydroxyl radical®3). The normal metabolic pathways in children at very
time-evolution of the formation of the hydroxyllow blood levels (26,27). At least three enzymes
radical in the striatum of both female and malef the heme biosynthetic pathway are affected by
rats who underwent a direct infusion of differentead and at high blood lead levels the decreased
concentrations of arsenite was investigated. THeme synthesis which leads to decreased
treatment with arsenite induced significansynthesis of hemoglobin. Blood lead levels as
increases of hydroxyl radical formation. Theséow as 10 pg/dL have been shown to interfere
results support the participation of hydroxywith one of the enzymes of the heme pathviay,
radicals in arsenic-induced disturbances in tr@minolevulinic acid dehydratase.
central nervous system. Arsenic is a well- Accumulating evidences have shown that lead
established human carcinogen (24). Arsenitauses oxidative stress by inducing the
compounds bind to SH groups and can inhibgeneration of reactive oxygen species (ROS) and
various enzymes, including glutathionewveakening the antioxidant defence system of
reductase. Studies support the hypothesis thaglls (28-30). Depletion of cells’ major
arsenic may act as a co-carcinogen-not causiaglfhydryl reserves seems to be an important
cancer directly, but allowing other substancesmdirect mechanism for oxidative stress that is
such as cigarette smoke and UV radiation, taduced by redox-inactive metals (5,31). When
cause DNA mutations more effectiveli25) GSH is reduced by lead, GSH synthesizing
(Figure 2). Arsenic is one of the few speciesystems start making more GSH from cysteine
besides vinyl chloride that causes angiosarcomaa the y-glutamyl cycle. GSH is usually not
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effectively supplied, however, if GSH depletion SYMPTOMS OF LEAD TOXICITY
continues because of chronic exposure (32).

Several enzymes in antioxidant defense system| ead is known to cause acute, sub-chronic and
may protect this imbalance but they also g&hronic toxicity. The most commonly used
inactive due to direct binding of lead to theyjological marker is the concentration of lead in
enzymes' active sites, if the sites contaipjood. The concentration of lead in plasma is

usually serves as a cofactor of many enzymes

could be replaced by lead, thereby making the. e Toxicity

enzyme inactive. Acute lead toxicity occurs at blood levels of
The increased lipid peroxidation and inhibitiom go-120 ug/dL in adults and 80-10Qg/dL in
of enzymes responsible to prevent such oxidatiiidren. It results from inhalation of large
damage have demonstrated lead inducgflantities of lead due to occupational exposure
oxidative injury (33). Lead induced disruption ofamong industrial workers and in children through
the prooxidant/antioxidant balance could indUCﬁ}gestion of large oral dose from lead based paint
injury via oxidative damage to criticalon toys. The clinical symptoms of acute
biomolecules. The possible mechanisms resultirm)isoning are characterised by metallic taste,

in the formation of free radicals includeahdominal pain, vomiting, diarrhoea, anaemia,
generation of superoxide ion (34). A significanpjiguria, collapse and coma.

decrease in the activity of tissue superoxide
dismutase (SOD), a free radical scavenger agd onic toxicity

metalloenzyme (zinc/copper) on lead exposure Symptoms of chronic toxicity may appear in
have been reported (35,36). This could be due £9,its at blood lead levels of 40-g@/dL. This

an increase in lead concentration in these tissqgsmore common and can be described in three
and their possible reaction with this enzyme (37§tages of progression: The early stage is

thereby, reducing the disposal of superoxidgharacterised by loss of appetite, weight loss,
radicals. Catalase activity too has been shown é%nstipation, irritability, occasional vomiting,

increase in kidney. fatigue, weakness, gingival lining on gums and
Catalase is an efficient decomposer ofOH anaemia: The second stage is marked by
and known to be susceptible to lead toxicity (38jntermittent vomiting, irritability, nervousness,
Lead induced decrease in brain GPx aCtiVity MaYemors and sensory disturbances in the
arise as a consequence of impaired functiongktremities, most often accompanied by stippling
groups such as GSH and NADPH or seleniugf red blood cells; and the third severe stage of
mediated detoxification of toxic metals (39)toxicity is characterised by persistent vomiting,

While, antioxidant enzyme glutathione = Sencephalopathy, lethargy, delirium, convulsions
transferase (GST) is known to provide protectiognd coma.
against oxidative stress and the inhibition of thi
enzyme on lead exposure might be due to ti
depletion in the status of tissue thiol moiety [Binding with _sH graups | el A
These enzymes are important for maintainin T ulb stitufian;of Gt

A

critical palance in t.he glut.athione redox State | iniigon | | Depleion || inhibison ofant- | e
Production of GSH is considered to be the firs | actviy | | status of homeostasis
line of defense against oxidative injury and fre e

radical generation where GSH functions as o

scavenger and a co-factor in metaboli metabalism
detoxification (40). GSH has carboxylic groups
an amino group, a sulfhydryl group and twc

peptide linkages as sites for the reaction of lead. Fi9ure3  Figure depicting the mechanisms of lead

Its functional group, -SH plays an important role 'Y

in lead binding. Several reports have | .an thus be concluded that inhibitory effect

demonstrated that GSH is decreased in the braf}, joad on antioxidant enzymes and glutathione

liver and eye lens of rats exposed to lead (31). gpnear to impair the cells’ antioxidant defenses
and render them more susceptible to oxidative
attacks.

| Mechanism of Lead Toxicity ‘

Stimulation of release of
Ca? from mitochondria

v

Direct damage to
mitochondria
and its membranes
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TREATMENT OF METAL
POISONING

Chelation therapy

noted that metal chelating agents usually
contain more than one functional group, in
order to provide a chemical ‘claw’ to chelate
the toxic metal.

Chelating agents are organic compounds
capable of linking together metal ions to formConventional chelating agents

complex

ring-like structure called chelates.

The most commonly used chelating agents

‘Chelate’ is a Greek word meaning the claws of that have been the forerunners in chelation
lobster. Chelators act according to a generglerapy belong to the polyaminocarboxylic
principle: the chelator forms a complex with theyroups. As the name indicates, these chelators
toxic ion, and these complexes reveal a lowepilize the amino and the carboxylic groups to
toxicity and are more easily eliminated from thgcavenge the toxic metal from the system. In this

body through the excretory system.

category, calcium disodium ethylene diamine

It is of great importance that the chemicaletra acetic acid (CaN&DTA) is a derivative of
affinity of the complexing agent for the toxicethylene diamine tetra acetic acid (EDTA), a
metal ion should be higher than the affinity of th@ynthetic polyamino-polycarboxylic acid was
metal for the sensitive biological moleculesused for the treatment of metal poisoning and had
Thus, chemical measurement of the stabilitjeen the mainstay of chelation therapy for many
constants of the metal-complexes formed magears. Another member belonging to this family
give a first indication of the effectiveness of as diethylene triamine pentaacetic acid DTPA is a

particular chelating agent. An ideal chelatingynthetic

polyaminocarboxylic acid  with

agent should possess the characteristic likproperties similar to EDTA (47). It can be
greater affinity for the toxic metal that has to baffirmed that EDTA does not penetrate cell
chelated, low toxicity, rapid elimination of metal,membranes and has a biological half-life of 50-
high water solubility, ability to penetrate cell60 minutes; 90% is excreted within 6-8 hours
membrane, administered orally, ability to chelatafter administration. Renal clearance is mainly
with natural chelating groups found in biologicathrough active tubular secretion without any

system, minimal metabolism etc.

The metal chelate complexes have a
reduced tendency to undergo exchange
reactions once they are formed. However, it
is frequently advantageous to use a
preferred donor atom in a chelating agent of
lower density. It is also necessary to keep in
mind that the introduction of the chelating
agent into any intracellular space requires its
passage through the cell membrane. This
passage can be accomplished either (a) by
passing through the lipid part of the
membrane as an uncharged molecule or (b)
via utilizing one of the anion/cation
transport systems present in the membrane.
There is a hypothesis that large ion complex
with a positive charge will pass out of a cell
very slowly because of their inability to pass
through either the lipid portion of the
cellular membrane or the cation transport
system designed to move ions with +1 or a
+2 charge across the membrane. Another
important property of metal complexes is
the stereochemistry of the toxic metal ion.
Chelating agents tie up all the coordination
position of a metal ion (41-46). It should be

significant re-absorption. Variations in the pH
and diuresis do not affect the excretion rate (48).
CaNaEDTA has the LIg, value of 16.4 mmol/kg

in mouse (49). Intravenous administration of this
drug results in good absorption but very painful
at the injection site. Hence intravenous injection
could be given either by diluting in 5% dextrose
or saline (49). Hypocalcaemia is reported with
the administration of NEDTA. CaEDTA has
the major toxic effects on the renal system
causing the necrosis of tubular cells. Severe,
hydropic degeneration of proximal tubule cells
has also been reported. These lesions along-with
some alterations in the urine like hematuria,
proteinuria and elevated BUN are generally
reversible when the treatment ceases. Another
side effect of EDTA is its ability to chelate
various essential metals endogenous to the body,
zinc in particular (50,51). Zinc administration

during EDTA administration is generally
recommended to reduce toxicity (50).
It has been well established that

administration of EDTA during pregnancy can
result in teratogenic effects especially when
administered between days 11 to 14 at doses
comparable to humans (52). Tuchmann-
Duplessis and Mercier-Parort (53) were the first
to report teratogenic effect of EDTA. Absorption
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into the circulation, potential interaction withof DPA on the infant with generalized connective
essential trace elements, and the stress associdieslie defects including lax-skin, hyperflexibility
with the administration of the compound wer®f joints, vein fragility, varicosities and impaite
suggested to be the possible factors involved wound healing, the child died at a age of 7
the differences in EDTA-induced maternal andveeks. Since DPA chelated copper, it was
developmental toxicity (54). Brownie et al. (52hypothesis that the drug might be teratogenic
also reported teratogenic effects. Anothe65). Various investigations were performed in
reported disadvantage of CaR®TA is that it the early eighties to test the hypothesis (65-68)
redistributes lead to the brain. Cory Slechta et and it was observed that when pregnant rats were
(55) and Flora et al. (56) in separate studiggven DPA along with their diet, there was a high
provided evidence that rat given lead as leddcidence of malformations. The frequency of
acetate in their drinking water and then treatedabsorption and the frequency and severity of
with CaNaEDTA mobilized lead from their malformations increased in the rats in a dose
tissues and redistributed to brain and liver on thdependent manner (67). However, literature also
first day of treatment. The large number of sidsuggests that the administration of DPA during
effects due to the administration of thes@regnancy protects the mother from the relapse

chelating agents prompted in theof Wilson's disease, while it would carry few
commercialization of chelators containing thiokisks to the fetus (69). DPA have been tried
or sulfhydryl groups. safely throughout pregnancy in women with

. _ _ Wilson's disease, suggesting that the excessive
_ D-Penicillamine (DPA) IS 3,3 copper stores improve tolerance (70). The
dimethylcysteine, a sulfhydryl containing aminoa merican Academy of Pediatrics  (71)
acid, first introduced in clinical practice bYocommends pencillamine use only when
Walshe (57) but was tried by Ohlsson (58) as gfhacceptable adverse reactions to both DMSA
antidote for low or mild lead poisoning. It Canynd EDTA have occurred. However, Kreppel et
penetrate cell membranes and then 0gf (72) reported that pencillamine was
metabolized. It can be absorbed through th&etfective in reducing arsenic burden in rats.
gastro intestinal tract and thus can be It is clear from above that most of the

admml.stere_d ;)rally. . Itz absorpltllgn f;%g) tgg onventional chelators are compromised with
gastrointestinal tract is between 40 0 70% (59),5y side effects and drawbacks and there is no

It is fairly stable as its SH group is very resmta gate"and effective treatment available for arsenic
to oxidationin vivo, attack from enzymes such a?j\\nd lead poisoning. In the recent past some
cy_sdtelne desulfhyd(;ase andh L-amino h?"?' ewer strategies were adopted to find a solution
oxidase, ~compared to other monothiols, his problem. In the following paragraphs

Excretion of DPA through urine is very fastsome of these strategies have been discussed in
Small amount is also reported to cross hepatoc

membrane and excreted through bile. However,

the major toxic effect of DPA is antagonizing

pyridoxine and inhibiting pyridoxine dependent SYNTHESIS OF NEW CHELATORS
enzyme such as transaminases. Other toxic

effects include hypersensitive allergic reactionghiol chelators:

like fever, skin rashes, leucopoenia and In the early eighties it was shown that some
thrombocytopenia  (60). In few reportsnewer complexing agents like DMPS and DMSA
nephrotoxic effects too have been observed alomgre effective against mercury, arsenic and lead
with penicillin allergic reaction in sensitive poisoning. When compared to BAL these newer
individual due to cross reactivity. Prolongecchelating agents were of significant lower
treatment may also lead to anorexia, nausd@xicity and moreover they could be administered
vomiting in human. Apart from this, DPA is alsoorally or intravenously (73). In addition to their
a well recognized teratogen and lathyrogen thheavy metal chelating properties, these agents
causes skeletal, palatal, cutaneous and pulmon&agve a dithiol group that may act as an oxygen
abnormalities (61-63). As compared to othefadical scavenger and thus inhibit lipid
chelators, the developmental toxicity of DPA igperoxidation (74-76). Chemical structures of
abundant in both human and experimentgome of the newer thiol chelators are
animals. First report on human embryopathgummarized in Figure 4.

associated with DPA was published by

Mjolnerod et al. (64). Author described the effect
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Sodium 2,3 dimercaptopropane 1-sulphonatehildren, 5 mg/kg per single dose should be
(DMPS) given (88). Oral DMPS treatment in adults may

DMPS was first introduced in Soviet UnionP€ given with an initial dose of 100-300 mg and
in the 1950s as ‘Unithiol. DMPS is maimycontmued with 100 mg every 6 or 8 hours. In

distributed in the extra cellular space; it maghildren, the oral dosage is 5 mg/kg/day.

enter cells by specific transport mechanism.

After i.p. injection of lethal doses the animalsSuccimer or meso 2,3-dimercaptosuccinic acid
were highly irritable for some minutes befordDMSA)

they became apathetic and breathing ceased The one chemical derivative of dimercaprol,
(49,77). DMPS is rapidly eliminated from thewhich has gained more and more attention these
body through the kidneys. The serum half-life islays, is DMSA also known as Succimer.
about 20 to 60 minutes. Following oralSuccimer is an orally active chelating agent,
administration, about 60 to 30% of themuch less toxic than BAL and its therapeutic
administered dose is absorbed in dogs (78) amtlex is about 30 times higher (89). US FDA has
30 % in rats (49,79), and plasma peak levels aapproved this compound in 1991 for the
reached after 30 to 45 minute (78). Rapitreatment of children whose blood lead
oxidation of DMPS after intravenousconcentration was above 43g/dL (90). The
administration to disulfide forms is well reportedempirical formula of DMSA is @Hs0,S; and its

in blood (80,81). Fifteen minutes after ivmolecular weight is 182.21. It's a weak acid
administration of DMPS (3 mg/kg) to humanssoluble in water (49).

only 12% of the total DMPS was oxidized to  pmMmsA distribution is predominantly extra
disulfides (82). DMPS is not involved incelylar since it is unable to cross hepatic cell
important metabolic pathway and parts Ofembrane and excreted by the kidney with a
administered substance are excreted in  f-life of about two days (73). Over 95% of
unchanged form. By the parenteral route the)LDpjood DMSA is bound mainly to albumin
for 'various species is about 1 g/kg.to 2 g/kg. N973,91)_ DMSA appears to be transported by
major adverse effects following DMPSpiasma albumin. It has been reported that 2-4
administration in humans or animals have be&ipyrs after DMSA administration only 12% of
reported (83). However, a dose dependefieso DMSA excreted in urine was unaltered
decrease in the copper contents was found in fiereas about 88% oxidized to form disulfates
serum, liver, kidneys and spleen. InformatioppmsA attached to one or 2 cysteine molecules).
regarding the developmental toxicity of DMPS iyo mixed disulfates are found in the blood (91-
rather scarce. No abnormalities in the offspring4). The absorption of DMSA after oral
with chronic oral DMPS treatment are reportechdministration is about 60%. Studies addressing
Oral administration of DMPS did not adverselyhe possibility that DMSA may chelate metal
affect late gestation, parturition, or lactation irstored in the gut, because a significant percentage

mature mice and fetal and neonatal developmegf an oral dose is not absorbed, have yet to be
does not appear to be adversely affected(84).  e|ycidated (92).

DMPS although known for its antidotal The LDy, values of sodium salts of DMSA in
efficacy against mercury, it has been reported tuice are: iv 2.4, im 3.8, ip 4.4 and po 8.5 g/kg,
be an effective drug for treating arsenicespectively. Using a percutaneous route, the
poisoning. This drug too can be administeredcute LD}, for rats and mice is about 2 g/kg.
both orally and intravenously. An oral dose ofsraziano et al. (95) reported that i.p.
100 mg/kg thrice a day for 10-12 days isdministration of 200 mg/kg DMSA could
effective against mild arsenic poisoning while nproduce only a marginal change in growth but
recommendation for treating chronic arsenidid not elicit any appreciable change in
poisoning is available (85). In experimentahistopathological alterations in tissue or cause
animals, i.p. administration of DMPS increasetiematological or biochemical change in blood.
the lethal dose of sodium arsenite in mice by folMo significant loss of essential metals like zinc,
folds. A quantitative evaluation of three drugsron, calcium or magnesium was observed. A
reveals that DMPS is 28 times more effectivalight increase in transaminase activities in serum
than BAL in arsenic therapy in mice (86), whileof human and animals has been reported after
DMSA and DMPS are equally effective. DMPSDMSA treatment (95,96). Adverse reaction to
also appeared to be effective at least in reduciiMSA includes gastrointestinal discomfort, skin
the body lead and gold burden (79,87). Imeaction, mild neutropenia and elevated liver
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enzymes. No redistribution of lead also occurreddministered either alone or in combination with
on DMSA administration in rats (55). EDTA decreases the lead concentration in the

Orally administered DMSA caused nobrain (55,56). Besunder et al. (104) too recently
marked adverse reactions but some sulphurog@nfirmed these findings in rats and
odor in the mouth, weakness, abdomindecommended the administration of DMSA and
distension and anorexia. These reactions welfTA to children hospitalized for combined
mild and disappeared quickly after withdrawal ofhelation therapy.

DMSA. No pathological findings were observed
in the blood, urine, ECG or ultrasonography of ., of Succimer (DMSA)

liver and spleen. A large number of esters of DMSA have

It has also been found that DMSA resulted iBeen synthesized for achieving optimal chelation
low maternal liver copper and calciumyg compared to DMSA. These esters are mainly
concentration whereas high iron levels, the fetgha mono and dimethyl esters of DMSA that have
copper, calcium and zinc levels decreased (9feen studied experimentally with the aim of
Although the results suggest that DMSA inducednpancing tissue uptake of chelating agents (93).
developmental toxicity was due to an inducegh, order to make the compounds more lipophillic
zinc deficiency, addltlongl_mvestlgatlons _showeq,le carbon chain length of the parent DMSA was
that the embryof/fetal toxicity of DMSA might bej,creased by controlled esterification with the
mediated, at Iea}st in part, through altered fet@brresponding alcohol (methyl, ethyl, propyl,
copper_metabollsm (98). In contrast, the or opropyl, butyl, isobutyl, pentyl, isopentyl and
route_dld not cause any adverse affects on th%xyl). A large number of esters have been
offspring survival and development (99). synthesized and are being tried for the treatment

DMSA has been tried successfully in animabf metal poisoning. It has also been reported that
as well as in few cases of human arsenigese mono and diesters have a better potential in
poisoning (100). DMSA has been shown t@nobilizing cadmium and lead from the tissues in
protect mice due to lethal effects of arsenic. fnice (105,106). Rivera et al. (107) reported that
subcutaneous injection of DMSA provided 80that the dimethyl ester of DMSA (meso-
100% survival of mice injected with sc sodiunDiMeDMSA) increased the excretion of
arsenite (101). Flora and Tripathi (100) alseadmium. They also reported that when rabbit
reported a significant depletion of arsenic and |ger metallothionein was incubated with the
significant recovery in the altered biochemicadjiester, 32% of the cadmium and 87% of zinc
variables of chronically arsenic exposed ratgound metallothionein was removed from the
This drug can be effective if given by either orabystem (108). Although, the diester entered the
or i.p. route. Patients treated with 30 mg/kgell but it caused severe zinc depletion (108).
DMSA per day for 5 days showed significaningh et al. (109) examined the efficacies of
increase in arsenic excretion and a markegiree diesters of DMSA and found that these
clinical improvement. In a double blind,diesters were effective in reducing the soft organ
randomized controlled trial study conducted ofead concentrations when compared to BAL.
few selected patients from arsenic affected Wegkeppel et al. (110) reported the therapeutic
Bengal (India) regions with oral administratiorefficacy of six analogues of DMSA in mice.
of DMSA suggested that DMSA was notThey administered mice with a single dlose
effective in producing any clinical or of arsenic trioxide followed by a single dose of
biochemical benefits or any histopathologicajhese six analogues of DMSA. They found that
improvements of skin lesions (102). In ammeso 2,3-di(acetylthio) succinic acid (DATSA)
experimental study recently conducted, providegihd 2,3-di(benzoylthio) succinic acid (DBTSA)
anin vivo evidence of arsenic induced oxidativencreased the survival rates by 29% and 43%
stress in number of major organs of arseniespectively when administered via gastric tube
exposed rats and that these effects can [g) and 89% when administered
mitigated by pharmacological intervention thaintraperitoneally ~ (i.p). Administration  of
encompasses combined treatment with Ntimethyl DMSA (DMDMSA) through i.g and i.p
acetylcysteine and DMSA (103). and diethyl DMSA (DEDMSA), di-n-propyl

US FDA has recently licensed the drud®MSA (DnPDMSA) and diisopropyl DMSA
DMSA for reduction of blood lead levels. It was(DiPDMSA) through i.g route did not reduce the
reported that EDTA increases the lead content lathality. While the i.p. administration of
the brain due to redistribution (55). DMSA wherDnPDMSA increased the survival rate by 72%
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whereas DEDMSA and DiPDMSA increased ithan BAL (1.1 mmole/kg). The interaction of
by 86% (110). Kreppel et al. (111) also reporteMiADMSA and DMSA with essential metals is
the effects of 4 monoesters of DMSA insame. Mehta and Flora (115) reported for the
increasing the survival and arsenic elimination ifirst time the comparison of different chelating
various organs in mice. It was observed that algents (3 amino and 4 thiol chelators) on their
the monoesters, MIADMSA (mono- isoamyl),role on metal redistribution, hepatotoxicity and
MnDMSA (mono n-amyl), MNBDMSA (mono oxidative stress in chelating agents induced
n-butyl) and MIBDMSA (mono i-butyl) metallothionein in rats. We suggested that out of
markedly decreased the arsenic content in maat the 7 chelators, MIADMSA and DMSA
of the organs as soon as 1.5 hrs aftgroduced the least oxidative stress and toxicity as
administration. They found that MIADMSA andcompared to all other 5 chelators (115).
MnADMSA were the most effective in However, no reports are available about the
increasing the survival of mice (111). Similartoxicity of this metal complexing agent except
studies were also performed by Flora et al. (112)r its developmental toxicity. No observed
where they investigated the effect of DMDMSA adverse effect levels (NOAELS) for maternal and
DEDMSA DiPDMSA and diidoamyl DMSA developmental toxicity of MIADMSA were 47.5
(DIADMSA) on sub chronically arsenic treatedmg/kg and 95 mg/kg/day respectively indicating
rats. The results suggested that the diestdlmt MIADMSA  would not  produce
reduced the arsenic burden in blood and satevelopmental toxicity in mice in the absence of
tissue but were only moderately effective irmaternal toxicity (116). Bosque et al., (117)
reversing the biochemical recoveries whereported that administration of MIADMSA
compared to DMSA (112). through the parenteral route to pregnant mice
during organogenesis produced maternal toxicity

Walker et al. (106) studied the effects ofit @ dose of 95 and 195 mg/kg with a significant
seven different monoalkyl esters of DMSA orflecrease in the body weight and an increase in
the mobilization of lead in mice and observedhe liver weights. They also reported that
that after a single parenteral dose of the chelatdhADMSA caused embryo/fetotoxicity at a dose
DMSA there was a 52% reduction in the lea@f 190 mg/kg by significantly increasing the
concentrations while with the monoesters thembryo lethality and non-significant increase in
reduction varied from 54% to 75%. Jones et dlhe skeletal defects. Taubeneck et al. (98) showed
(105) reported the efficacy of ten differenthat the developmental toxicity of DMSA is
monoesters through oral and i.p. route ofediated mainly through disturbed copper
cadmium mobilization in mouse. Out of the tefinetabolism and this may also be true for

monoesters studied they found MIADMSA to bdViIADMSA. Recently, our group was the first to
the most effective in reducing the Cadmiunﬁeport the tOXICOlOglcal data of MIADMSA when

concentrations from the liver and kidneys. administered in male and female rats (118-120)
through the oral as well as the intraperitoneal
route (25, 50 and 100 mg/kg /3 weeks). We
bserved that there was no major alteration in the
gme biosynthesis pathway except for a slight

more effective in reducing the metal burden ifiS€ in the zinc protoporphyrin levels suggesting

acute and sub-chronic metal intoxication. Mos’i””d anemia at the highest dose. The oral route of

of the studies have also suggested that t'er,éiministration was also seen to be better when

monoesters are more effective in treatment of mpared to the Ip route based on the
experimentally induced metal intoxication. istopathological studies of the liver and kidney
tissues. MIADMSA was seen to be slightly more

. : toxic in terms of copper loss and some
Monoisoamyl DMSA (MIADMSA) ) biochemical variable in the hepatic tissue in
Among these new chelators, monoisoamybmales as compared to male rats. The studies
ester of DMSA (MIADMSA; a G branched ,ncjyded that the administration of MIADMSA
chain alkyl monoester of DMSA) has been foung}, famale rats is confounded with side effects and
to be the more effective than DMSA in reducmgnay require caution during its use (118-120).

cadmium and mercury burden (113,114). It igjnce administration of a chelating agent during
reported that the toxicity of DMSA with LI9of  nregnancy is always with caution, we studied the

16 mmol/kg is much lower than the toxicity Ofgffects of MIADMSA administration from day
MIADMSA with LD s, of 3 mmol/kg but lesser
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14 of gestation to day 21 of lactation at differerthe cadmium elimination through urine by 3.6%
doses through oral and ip routes to examine tlsempared to 0.02% of the controls and 24% in
maternal and developmental toxicity in the pup&eces compared to 0.11% in controls.

(121). Results suggested that MIADMSA had no

effect on length of gestation, litter-size, sexaat Therapeutic effects of MIADMSA against
viability and lactation. No skeletal defects todmercury burden have shown that MIADMSA is
were observed following the administration otapable of decreasing mercury concentration by
the chelator. However, MIADMSA 599 and 80% after two doses when compared to
administration produced some marginal materngMSA (25% and 54% respectively). The total
oxidative stress at the higher doses (100mg/k@rporal mercury burden of 2926 was reduced
and 200 mg/kg) based on thiobarbituric acig 21 ogug with DMSA after a single injection of
reactive substances (TBARS) in RBCs ang 5 mmol/kg. The same dose of MiIADMSA
decrease in the S-aminolevulinic acid effected a reduction to 12.0 (114). Belles et
dehydratase (ALAD) activity. MIADMSA g (124) assessed the protective activity of
administration too caused some changes in tRRADMSA against methyl mercury-induced
essential metal concentration in the soft tiSSUggaternal and embryo/fetal toxicity in mice. Oral
especially the copper loss in lactating motheigethyl mercury administration increased the
and pups, which would be of some conceryymher of resorptions, decreased fetal weights
Apart from copper, changes too were observed ifhq increased skeletal abnormalities. MIADMSA
the zinc concentrations in mothers and puRgyministration could not reverse the embryo
following administration of MIADMSA. The |ethality but fetotoxicty was significantly reduced

study further suggested that the chelator could Bg the administration of these agents at different
administered during pregnancy as it does nghges.

cause any major alteration in the mothers and the
developing pups (118). Since chelating agents
are administrable to individuals of all ages, W%ffe
investigated the effect of MIADMSA

Recently, Flora et al. (125) reported the
ct of MIADMSA on the reversal of gallium

arsenide (GaAs) induced changes in the hepatic

administration in different age groups of mal?i sue. Rats were exposed for 24 weeks with 10
rats (young, adult and old rats) based on the far‘ﬁ /kg GaAs, orally, once daily and treated with
that whether MIADMSA, a dithiol agent was a5 3 mmoI/kg’ of MiADMSA of DMSA for two
pro-oxidant or an a_ntioxidant (118.)'. Res.u“%ourses. They observed that MIADMSA was
suggested  that  MIADMSA aCImInIStr""t'onbetter than DMSA in mobilizing arsenic and in

increased in activity of ALAD in all the age o y,nover of the GaAs sensitive biochemical
groups and Iincreased blood GSH levels in you riables.  Histopathological lesions, also

rats. MIADMSA also potentiated the synthesis o -
L ; 7.~ “fesponded more favorably to chelation therapy
MT in liver and kidneys and GSH levels in I'Verwith MIADMSA. In another study, dose

and brain. Apart from this it also significantly ; ; -
reduced the GSSG levels in tissues. MIADMS 2r;eng:r2:o;?:éapviﬁﬂc nﬁgfémlth(;{ '\gﬁ‘gMiﬁd
was foung t:)d bet Safislquu't rats followed byypsa in sub-chronically GaAs treated rats and
young and old rats (118,119). it was found that MIADMSA was highly
A large number of reports are available ogffective in the reversal of altered biochemical

the therapeutic efficacy of the MIADMSA (122,variables and in the mobilization of arsenic
123). Pande et al. (122) found that MiIADMSA(126).

was effective in prevention and treatment of

acute lead intoxication. Walker et al. (106) Dose and route dependent efficacy of
reported that MIADMSA administration reducedViADMSA against chronic arsenic poisoning
the brain lead concentrations by 75% whehas also suggested that the chelator is highly
compared to 35% with DMSA whereas the igffective through oral route in reversing the
administration reduced kidney lead levels bwrsenic induced changes in the variables
93% while oral administration reduced théndicative of oxidative stress in major organs as
kidney lead by 94% (106). MIADMSA well as in mobilization of arsenic (127). Kreppel
completely prevented the testicular damage aftet al. (111) reported that MIADMSA was
intraperitoneal administration of cadmiumeffective in increasing the survival of arsenic
chloride at a dose of 0.03 mmol/kg (113). Jonesxposed mice when compared to its parent
et al. (105) reported that MIADMSA enhancedDMSA.

36
Copyright© 2006C.M.B. Edition



Arsenic and lead induced free radical generation

defense of biological system against damage

0 0
mao—f Ol CH — CH— CH, O caused by activated oxygen involves a battery of
_\—{::Nj ;H }m interrelated protective agencies, the
& G,C‘Q\O_? micronutrients which have come to be regarded
4 5 BAL as antioxidant nutrients lie functionally at the
s heart of this protective mechanism and includes
2 vitamins such as-tocopherol, ascorbic acid etc.
. These antioxidants when given either alone or in
l/[ & 4 combination with a chelating agent proved to be
sH ok effective in mobilizing metal from soft as well as
0—$—0 H*C/iﬁ)\/ hard tissue. It is now well known that most of the
i i heavy metals with special reference of lead and
DEA arsenic cause their toxicity by the involvement of
DMFS reactive oxygen species (ROS). These metals

bind to biological molecules and produce

- 9 HOOC—CH—CH—COO—D different free radicals that in turn attack the
1

building blocks of the biological systems. Recent

HS o studies have shown that lead causes oxidative
Y T stress by inducing the generation of reactive
DMSA oxygen species, reducing the antioxidant defense

system of cells via depleting glutathione,

n o inhibiting  sulfhydryl dependent enzymes,
HS ot H5 ocH, interfering with some essential metals needed for
s oH antioxidant enzyme activities, or increasing

! susceptibility of cells to oxidative attack by

altering the membrane integrity and fatty acid

MIADMSA MDIESA composition. Consequently it is plausible that
Figure4. Figure showing the structures of Impaired oxidant/ antioxidant balance can be
common chelating agents partially responsible for the toxic effects of lead

The important role of heavy metals in oxidative

Despite a few drawbacks/side effect§lamage suggested a new mechanism for an old
associated with MIADMSA, the above resultroblem, whether lead is involved in the
suggest that MIADMSA may be a future drug ofxidative  deterioration ~ of  biological
choice owing to its lipophilic character and thénacromolecules. Although several mechanisms
absence of any metal redistribution. Howevehave been proposed to explain the lead-induced
significant copper loss requires further studie$Oxicity (128), none of the mechanisms have
Moderate toxicity after repeated administratioR€en Yyet defined explicitly. ~Recent studies

of MIADMSA may be reversible after the Suggest oxidative stress as one of the important
withdrawal of the chelating agent. mechanisms of toxic effects of lead (129,130).

The oxidative stress has also been implicated to
Role of Micronutrients or Adjuvants contribute to lead associated tissue injury in the

0 f the best to minimize h liver, kidneys and brain (131,132). Indirdat

ne ol the best measures o minimize heavy,, ayidence of oxidative involvement in lead
metal exposure 1S by malntalnlng_nutr|t|ona_1|nduced pathotoxicity was demonstrated by
health. Ab'sorptlo'n of Igad for' an Instance 13 e\iation of oxidative stress in the erythrocytes
increased in subjects with deficiencies in IrOMN,eter treatment with  thiol containing proven

Zinc, vitami_ns (Iike_ thiamin(_a); thus maintaining{intioxidants, N-acetyl cysteine and a succimer in
good nutrition minimizes dietary absorption Olaad exposed rats (130). Deficiency of several
lead. A new trend in chelation therapy has als

S 1S 88ssential nutrients namely vitamins and essential
emerged recently, which is to use combinatio

: . 108lements, has been shown to exacerbate the toxic
therapy instead of monotherapy with chelatlng ects of metals, and supplementation of such

agents. V'tam'”s’ esgentlal me‘gals Or amino acifiyients ameliorates the toxicity. In addition to
supplementation durlng_ (_:he!atl_on the_rapy h e role of micronutrients in modifying metal
been_fou_nd to be be_ne_:f|C|aI In increasing met xicity, these nutritional components can also
mobilization and providing recoveries in numbett:j‘Ct as complimentary chelating agents
of altered biochemical variables. Since the
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(adjuvants) increasing the efficacy of a knowmand lead in haem synthesis is well-understood.

chelator, or by acting independently. The cellular basis for greater susceptibility of
non-iron deficient animals to lead is that limited
Calcium iron in the mitochondria apparently enhances the

Interaction between lead and calcium occur§Pairment by lead of iron utilisation for heme
at several sites in the body, including Ce||u|a§ynthe5|s._ Additional studies have demo_nstrated
mechanisms that regulate ion transport acrol capacity of MT to attenuate the lead-induced
membrane (133). Calcium deficiency decreasédhibition —of — blood —aminolevulinic  acid
lead clearance and increases lead absorptigghydratase (142). Existence of MT-like protein
whereas, calcium excess only decreases le#d €rythrocyte that binds lead and possibly
clearance slightly and has little effect on leaB"OteCts against lead toxicity by rendering lead
absorption. Six and Goyer (134) reported that ngavallablllty for retention in the target organs.
lowering dietary calcium deficiency from 0.7 to
0.1% significantly enhanced the body lead,.
burden of adult rat exposed to 200 ppm lead inc
drinking water for 10 weeks. A significant ~When dietary zinc is increased over
increase in tissue lead, urinary deltarequirement level, it reduces trace metal
aminolevulinic acid (ALA) and renal intranuclearabsorption. Lead and zinc are competitive at
lead inclusion bodies was also observed in ledi$sue sites, which would account for at-least part
exposed rats consuming low calcium. Kostial aif the protective effect of zinc on lead toxicity.
al. (135) recommended adequate calcium (94dctery et al. (143) examined the excretion of
mg/day) especially for pregnant and lactatinggad, zinc and calcium in rats exposed to different
women (to prevent bone resorption) and fdevels of lead. Adult male rats were fed Teklad
children (to enhance bone mass formationAIN-76 diet containing 5.2 g Ca and 0.0314 g Zn
Further work in this area will be useful/Kg and received 0, 200, 500 or 1000 ppm lead
particularly in view of few recent reports wheregs acetate. Brain zinc concentration decreased
it has been reported that coprophagy may bes@nificantly in animals while, plasma,
serious complication in the rat model system agythrocyte and kidney zinc levels remained
both calcium and lead may be recycled. unchanged by lead exposure. We reported the

The mechanism by which calcium interfereéfluence of orally supplemented zinc in
with lead absorption is not clear however; feWpreventing lead intoxication in experimental
interesting studies using ligated isolated loopnimals (144). Thus, the protective effect of zinc
technique suggest that calcium intake rather th@gainst lead toxicity could be attributed to a
calcium status of the animals modulate leadecrease in metal absorption in the
absorption. These studies also demonstrated tigastrointestinal tract. Zinc could also be
at-least in part calcium appears to inhibit leagompeting for and effectively reducing the
absorption via competition for common bindingavailability of binding sites for trace metal

sites on intestinal binding proteins. uptake. Enhanced zinc also increases the renal
and hepatic contents of metallothionein and
Iron causes detoxification through metal binding in
Iron functions mainly in the regulation ofthls form.

oxidative processes. It is a component of henmfsenic is capable of inducing an increase in MT
compounds that transport oxygen, cytochromlevels suggesting the possible role of this
that function in the electron transport chain andysteine rich low molecular weight protein.

metalloprotein (136,137). Subjects consumingreppel et al. (145) however, reported that zinc
low iron diet had tissue lead concentratiomduced increase in MT do not seems to be
significantly higher than subjects consumingesponsible for the protective role of pre-

adequate iron. Further, excess iron uptak&dministered zinc against arsenic induced
decreased blood; femur and kidney leabkthality. Zinc pre-treatment however afforded an
concentration while the low iron increased thécrease in arsenic elimination. Studies on the
tissue lead concentration (138-141). Very limite@ffect of zinc on mercury exposure have focussed
information of whether or not neurobehavioramainly on inorganic mercury rather than organic
changes and cognitive impairment are monmercury. It is believed that zinc may reduce lipid

extreme in iron deficient, lead toxic children thamperoxidation by increasing the activities of

in either condition, are available. The role oniro enzymes like glutathione peroxidase (GPx) to
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ameliorate the sign of mercury inducedCopper

neurotoxicity. Copper is a component of the mitochondrial
) electron transport chain, functions in iron
Selenium absorption and mobilization and maintenance of

Seleni . ired diet | ‘f neurotransmitter levels in brain (154,155).
elenium IS a required dietary elemen 0Adequate intake of copper has been reported to
health but it is also a toxic material. It is a

int | t of ubiquit revent lead-induced anemia, which was
integral - component -~ of — ubiquitous -~ enzym eveloped when dietary copper was low (156).
glutathione peroxidase, an antioxidase enzym

. . . : owever, in an conflicting report animals fed
This enzyme together with superoxide dlsmutas%w adequate and high copper to the lead

catalase anql vitamin - E ”e‘.‘”a"?es rr3“"‘(:'”\’8xposed rats, exhibited a pronounced decrease in
oxygen species (ROS). Selenium is known t

A : ffad contents in animals fed low calcium diet
affect the distribution of many toxic metals. Role;Nhile high copper diet produced an increase

of selenium in lead intoxication has rather beer: .
X ) issue lead accumulation. There are few reports
controversial. Cerklewski and Forbes (146 P

. . ) . oncerning cadmium-copper interaction. Dietary
|nvest_|gated the_ gffect (.)f low and high dietar opper supplementation reduces mortality rate
selenium on toxicity of dietary lead male rats an

: . nd severity of anemia, in experimental animals.
suggested that low dietary levels mildly Protects. . ymium exposure has been reported to produce

against toxic effects of lead while, at high level isturbances  in  the copper metabolism
it exaggerates the lead toxicity. Rastogi et agarticularly depletion of plasma copper and
(147) observed that selenium and lead proteg

. o ; o Bpper sensitive ceruloplasmin. Beneficial effect
against toxicity of each other. Enzymatic activity,

- f copper has been attributed to the competition
of ALAD and Cytochrome P-450 in liver WaSpetween cadmium and copper for binding to the

”0””‘?" in_rats exposed ~concomitantly Qnetallothionein (MT). Copper may displace
selenium and lead. We also suggested that o dmium for MT because of its higher affinity
administration of selenium could partly prevent . o protein (157,158)

lead toxicity during the course of simultaneous
administration (148). Othman and EI-Missiry o
(149) reported that intramuscular injection ofR0le of Antioxidants
selenium prior to lead exposure provided Induction of reactive oxygen species by
prophylactic action against lead effects anthetal and subsequent depletion of antioxidant
observed that selenium enhances the autooxid&ell defenses can result in disruption of the pro-
capacity of the cells by increasing the activity opxidant / antioxidant balance in mammalian
the superoxide dismutase, glutathione reductatiesues. In the event that oxidative stress can be
and glutathione content. partially implicated in metal toxicity, a
therapeutic strategy to increase the antioxidant
Interaction of arsenic and selenium promotesapacity of cells may fortify the long term
the biliary excretion of exogenous selenium aneffective treatment of metal poisoning. This may
selenite also augments the excretion of arserbe accomplished by either reducing the
into bile. Few authors suggested that arsengbssibility of metal interacting with critical
augmented the hepatobiliary transport odbiomolecules and inducing oxidative damage, or
selenium and facilitated accumulation oby bolstering the cells antioxidant defenses
selenium in red blood cells. Selenium in turnhrough  endogenous  supplementation  of
facilitated the biliary excretion of arsenic (150-antioxidant molecules. Although  many
152). Glattre et al. (153) studied the distributioinvestigators have confirmed lead induced
and interaction of arsenic and selenium in raixidative stress, the usefulness of antioxidants
thyroid. Combined arsenic plus seleniunalong or in conjunction with chelation therapy
administered group exhibited same seleniufmas not been extensively investigated yet.
concentration as the sum of the mean seleniuRecently we (122) explored the therapeutic
concentration in the groups pre-treated witkfficacy of antioxidant along with a chelating
arsenic or selenium alone suggesting both arsemigent during the removal of lead in rats. Some
and selenium accumulate in thyroid tissue. Posiroups (50,159-163) investigated the ability of
mortem examination of thyroid following arsenicsome molecules with antioxidant activity to
exposure indicated toxic changes whereas, onyevent or treat experimental lead toxicity in
minor changes were observed in selenium @nimals.
arsenic plus selenium treated group (153).
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The following part apprises with someconditions including ingestion of toxins, ionizing
antioxidants that have been tried in treatment oédiation, ischaemia, reperfusion and excessive
metal poisoning with special reference to leadxercise (172-176). Melatonin has a molecular

and arsenic (Figure 5). weight of 232 and is both lipid (177,178) and
water soluble (179), although its solubility in
N-Acetyl cysteine (NAC) lipid is clearly greater.

NAC is a thiol-containing antioxidant that _
has been used to mitigate various conditions &fLipoic acid (LA)
oxidative stress. Its antioxidant action is o-lipoic acid is a naturally occurring
believed to originate from its ability to stimulateantioxidant and is able to abate some of the toxic
GSH synthesis, therefore maintainingeffects of lead (180). It functions as a cofactor i
intracellular GSH levels and scavenging reactiveeveral multienzyme complexes (181). Its
oxygen species (ROS) (164,165). Besides thieduced form, dihydrolipoic acid (DHLA), has
antioxidant potential, NAC also has soméwo free sulfhydryl groups and the two forms
chelating properties against lead (166). One &A/DHLA possess a great antioxidant potential
the first reports by Pande et al., (122) suggestéti82). Both LA and DHLA (i) have the ability to
that NAC could be used both as preventive @&avenge some reactive species (i) can
well as a therapeutic agent along witliegenerate other antioxidants (i.e. vitamins E and
MIADMSA/DMSA in the prevention and C and GSH) from their radical or inactive forms,
treatment of lead intoxication in rats. Pande et and (iii) have metal chelating activity. Lipoic
(122) reported that simultaneous administratioacid also have an advantage over NAC in
of NAC with succimer reversed the alteredpposing GSH loss, since LA is effective in a
ALAD and TBARS levels, increased the reducethicromolar range while millimolar NAC is
glutathione levels and decreased the lead levetseded for a similar effect (183). The capability
apart from this the study too highlighted thef LA to cross the blood brain barrier (184) is an
favorable response of NAC in post-exposurextra advantage because the brain is an important
treatment along with succimer (122). Combinethrget in lead poisoning.
administration of NAC and succimer post arsenic
exposure led to a significant turnover in variablegitamin E @-tocopherol)

indicative of oxidative stress and removal of Vvarious vitamins have been found to reduce
arsenic from soft organs (103). A recent repothe toxic manifestation of lead (185,186). Dietary
suggested that co-administration of NAC alongral supplementation with these vitamins often
with succimer in sub-chronically lead exposegessens the severity of lead poisoning by
rats, reduced oxidative stress significantly bjhhibiting the lead absorption or interaction a th

lowering the TBARS levels, oxidized glutathionemacromolecular site of physiological action
levels along with the decrease in the lead burdenge-188).

on the soft tissues especially the brain (167). The antioxidant function of vitamin E has
_ also been proposed in cadmium induced brain
Melatonin damage (189). It also appears that the protective

Melatonin, N-acetyl-5-methoxy triptamine, iseffect of vitamin E in lead toxicity is attributed
a hormonal product of the pineal gland that play®ainly to its antioxidant property. Anemia,
many roles within the body including control ofsplenomegaly and increased fragility of red blood
reproductive functions, modulation of immunecells in lead toxicity of vitamin E deficient rats
system activity, limitation of tumorigenesis andhave been reported (190-193). Vitamin E which
effective inhibition of oxidative stress (168).is a low molecular mass antioxidant interact
One major function of melatonin is to scavengdirectly with the oxidizing radicals (194,195) and
radicals formed in oxygen metabolism (168,169protect the cells from reactive oxygen species
thereby potentially protecting against free radic4196). The lipid soluble, non-enzymatic
induced damage to DNA, proteins andantioxidant, a-tocopherol checks the lipid
membranes (168,170). It has been shown thagroxidation through limiting the propagation of
melatonin stimulates the antioxidative enzymehain reaction of lipid peroxidation (197). Lead
GPx in the brain, thus providing indirectpoisoning has been shown to cause a marked
protection against free radical attack (17%). lanaemia in vitamin E deficient rats indicating a
animal experiments, metatonin prevented thgossible involvement of this vitamin in the
induction of free radical damage by a variety ofynthesis of heme protein. It is believed that
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vitamin E, as a scavenger of free radicals, migintake and blood lead concentration has been
be reacting with methyl radicals that might beeported. Vitamin C has been shown to be
formed in the breakdown to provide protectioneffective against methyl mercury intoxication
Addition of vitamin E may also alleviate arsenidhowever; no definite conclusion regarding its
toxicity. The protective mechanism of vitamin BEbeneficial effects could be drawn.

could be attributed to its antioxidant property or

its location in the cell membrane and its abilady t Tayrine

stabilize membrane by interacting With 15, 1ine a semi essential amino acid has been
unsaturated fatty acid chain. Flora et al (198),5wn to have a role in maintaining calcium
reported that administration of Vitamin C or,gmeostasis osmoregulation, removal  of
vitamin E when given in combination withhy,chiorous acid and stabilizing the membranes

succimer or its monoisoamyl derivative202 203). The highest concentrations of taurine
(MIADMSA) produced profound recoveries ingccyr in” developing brain, at which time the

sub-chronically lead exposed rats. Although thgycentrations of other free amino acids tend to
group suggest that vitamin C was better igq |ow (203).

providing clinical recoveries and Vitamin E was

equally efficient in decreasing the lead burde- 0
from the tissues. boaanm g [ o
OHIH mcmgﬂ:(mfmz CH—CH;;—H

Vitamin C (Ascorbic acid) me” o e

Vitamin C is a low molecular mass ~ "oTefan TR R
antioxidant that interacts directly with the -
oxidizing radicals (195) and protect the cells o o | . .
from reactive oxygen species (196). It is wel H& e
known that ascorbic acid enhances the absorpti  aswaic acit vicamin ¢ e Goamio seme sullonlk acky
of dietary iron by increasing the solubility of iro
at the alkaline pH of the intestine and by T
maintaining the ferrous iron in its reducec e e
oxidation state (199). Vitamin C scavenges th B
agueous reactive oxygen species (ROS) by ve oeLipoic acid

rapid electron transfer that thus inhibits lipic

NH, CH;
peroxidation (199). It acts mainly as ar me . J\ICH’ s )—[cm—t}l;—m{
antioxidant molecule and its beneficial effect: @fi:f%; HoC CN) P
could be attributed to its ability to complex with " — —
lead (188). Vitamin C. Animal studies have Melatonin Thimsine
suggested an antagonistic effect of ascorbic acidrigure 5. Chemical structures of antioxidants
on lead absorption and toxicity and ascorbic acid known for their protective efficacy against arsenic
may even chelate lead as effectively as EDTA. and lead
However, studies in humans have shown some
mixed results. In a study with 78 male workers, Some of the recent data indicate that taurine
38 received vitamin C and 38 were given placebman act as the direct antioxidant by scavenging
(200). They found no effect of ascorbic acid oiROS and/or as an indirect antioxidant by
absorption or excretion of lead. However, 4preventing changes in membrane permeability
psychiatric patients receiving ascorbic acid andue to oxidant injury (202). The zwitterionic
zinc showed reduced blood lead concentratiamature of taurine gives it high water solubility
(200). Simon and Hudes investigated thand low lipophilicity. Consequently compared
association between ascorbic acid concentratiavith carboxylic amino acids, diffusion through
and the prevalence of elevated blood ledgophillic membranes is slow for taurine (203).
concentration in 19, 578 participants ages 6 yedrs the studies conducted by Gurer and Ercal
and older in National Health and Nutrition(165), taurine was shown to have beneficial
Examination Survey 1988-94 (NHANES Ill) effects in lead induced oxidative stress in
(201). Serum ascorbic acid concentration waShinese Hamster Ovary (CHO) cells and F344
inversely associated with prevalence of elevatadts (165). There was an increased cell survival
blood lead concentration in children. Howeverin taurine treated lead exposed CHO cells while
no relationship between dietary ascorbic aciliDA levels were diminished and GSH levels
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were increased. Similar effects were found if. Pekarkova, S. Parara,V. Holecek, P. Stopka, L.ITr&fi

RBC and the brains and livers of lead exposed ﬁgcek and R. Rokyta. Does exogenous melatonin influenc

. the free radicals metabolism and pain sensatiomaif
344 rats. In the above study, no chelating effeg ysiol. Res2001,50: 595-602.

of taurin_e (1.2 g/kgl/d) was indiqated by any; "valko, M., Rhodes, C.J., Moncol., J., Izakovic, M.,
change in lead concentrations in the Dbloodjazur, M. Free radicals, metals and antioxidants in

brains, livers and kidneys after taurine treatmerxidative stress-induced cancé&@hem. Biol. Interac2006
An antioxidant mechanisms rather than %['Press-

chelatin activit seems to underlie thic: Chen Y.C., Lin-Shiau S.Y. and Lin J.K. Involvement of
g Y, Seactive oxygen species and caspase 3 activatiarsénite-

observed effects of taurine against lead-induc@gjuced apoptosis. Cell Physiol1998,177 324-333.

oxidative stress. 9. Halliwell, B. and Guteridge, J.M.C. Role of free-raic
and catalytic metal-ions in human-disease—an ogeryi

eth. Enzymol1990,186: 1-85.

i ﬁlthoutghf? IOé of V(\jlork ha.s bee.n d(.)ne f(?[.r“thé\i/lol Inoue, M., Sato, E.F., Nishikawa, M., Park, A.Mir&

reatment of lead an a_rsemc p0|son|ng,_§| W?., Imada, I. and Utsumi, K. Mitochondrial geneoatiof

are far away from having a safe, specific angactive oxygen species and its role in aerobi Gfurr.

effective chelating agent for the treatment again8ted. Chem2003,10: 2495-2505.

these deadly toxic metals. Besides, furthell- Loschen, G., and Flohe, B. Chance respiratory chain

knowledge is needed in several basic researkqﬂ(ed H,O, production in pigeon heart mitochondi&EBS
S . . X ett.1971,18: 261-263.
areas within the field ofn vivo chelation of 12.Cadenas, E. and Davies, K.J.A. Mitochondrial free
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