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INTRODUCTION

L ead induced oxidativestress:

Lead is a persistent and common environmental
contaminant. lead damages cellular material and alterscellular
genetics. The mechanism all of these toxic metals have in
common involves oxidative damage. Toxic metals increase
production of free radicals and decrease availability of
antioxidant reservesto respond to the resultant damage. L ow-
level exposures to lead may cause cognitive dysfunction,
neurobehavioral disorders, neurological damage,
hypertension, and renal impairment. The pathogenesis of lead
toxicity is multifactorial, as lead directly interrupts enzyme
activation, competitively inhibits trace mineral absorption,
binds to sulfhydryl proteins (interrupting structural protein
synthesis), alters calcium homeostasis, and lowers the level
of available sulfhydryl antioxidant reservesin the body (Ercal
etal., 2001).

M echanismsof lead toxicity: Theeffect of lead on oxidant/
antioxidant balance:

Lead toxicity leadsto freeradical damageviatwo separate,

although related, pathways :

— The generation of reactive oxygen species (ROS),
including hydroperoxides, singlet oxygen, and
hydrogen peroxide and

— Thedirect depletion of antioxidant reserves (Ercal et
al., 2001).

In any biological system where ROS production

increases, antioxidant reserves are depleted. In this situation,
the negative effects on the human system’s ability to deal

with increased oxidant stressoccur viaindependent pathways.

Effect of lead toxicity :
Lead binds to glutathione and sulfhydryl-containing
enzymes:

One of the effects of lead exposure is on glutathione
metabolism. Glutathione is a cysteine-based molecule
produced intheinterior compartment of the lymphocyte. More
than 90 per cent of non-tissue sulphur in the human body is
found in the tripeptide glutathione. In addition to acting asan
important antioxidant for quenching freeradicals, glutathione
isasubstrate responsible for the metabolism of specific drugs
and toxins through glutathione conjugation in the liver
(Meister et al., 1983).

The sulfhydryl complex of glutathione a so directly binds
to toxic metalsthat have a high affinity for sulfhydryl groups.
Lead effectively inactivate the glutathione molecule so it is
unavailable as an antioxidant or as a substrate in liver
metabolism (Christie and Costa, 1984). Concentrations of
glutathione in the blood have been shown to be significantly
lower than control levels both in animal studies of lead
exposure and inlead-exposed children and adults (Ahamed et
al., 2005).

Lead also binds to enzymes that have functional
sulfhydryl groups, rendering them non-functional and further
contributing to impairment in oxidative balance. Levelsof two
specific sulfhydrylcontaining enzymes that are inhibited by
lead — deltaaminolevulinic acid dehydrogenase (ALAD) and
glutathione reductase (GR) — have been demonstrated to be
depressed in both animal and human lead-exposure studies
(Gurer-Orhanet al., 2004).
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In astudy of pediatric lead exposure in Lucknow, India,
childrenwith blood lead levelsof 11.39 pg/dL had significantly
depressed levels of ALAD compared to children with levels
of 7.11ug/dL or lower (Ahamed et al., 2005). Depressed levels
of ALAD inthese children correlated with depressed level s of
glutathione. ALAD isacrucial enzymeinlead toxicity because
theinhibition of ALAD lowersheme production and increases
levels of the substrate delta-aminolevulinic acid (ALA).
Elevated levels of ALA, found both in the blood and urine of
subjects with lead exposure, are known to stimulate ROS
production (Becharaet al., 1996).

Lead generates reactive oxygen species (ROS) :

Erythrocytes have a high affinity for lead, binding 99 per
cent of the lead in the bloodstream. Lead has a destabilizing
effect on cellular membranes, and in red blood cells (RBC) the
effect decreases cell membrane fluidity and increases the rate
of erythrocyte hemolysis. Hemolysis appears to be the end
result of ROS-generated lipid peroxidation inthe RBC membrane
(Lawton and Donaldson, 1991). Lead can also bind directly to
phosphatidylcholineinthe RBC membrane, leading to adecrease
in phospholipid levels (Shafig-ur-Rehman et al., 1993). Lipid
peroxidation of cellular membranes has also been identified in
tissue from various regions of the brain of lead-exposed rats
(Floraand Seth, 2000). Hypochromic or normochromic anemia
isahallmark of lead exposure; it results from ROS generation
and subsequent erythrocyte hemolysis (Gurer and Ercal, 2000).
Lead is considered, along with silver, mercury, and copper, to
be a strong hemolytic agent, able to cause erythrocyte
destruction through the formation of lipid peroxides in cdll
membranes (Ribarov and Benov, 1981). In additionto membrane
peroxidation, lead exposure causeshemaogl obin oxidation, which
can also cause RBC hemolysis. The mechanism responsiblefor
thisreaction islead-induced inhibition of ALAD.ALAD isthe
enzyme most sensitive to lead’s toxic effects — depressed heme
formation. Lead has also been shown to both elevate and
suppress blood levels of the antioxidant enzymes superoxide
dismutase (SOD), catalase, and glutathione peroxidase (GPx).
Elevations of these enzymes have been seenin lower levels of
exposure, while suppression can occur at higher exposurelevels
over longer periods of time. In one study of 137 lead-exposed
workers, those with high blood lead level s (over 40 ug/dL) had
significant reductionsin blood GPx that correl ated with elevated
erythrocyte MDA levels(Kasperczyk et al., 2004). Thosewith
lower exposures (25-40 pg/dL) had elevated levels of GPx, a
suggested compensatory reaction for increased lipid
peroxidation.

Theroleof antioxidantsin addr essinglead-induced oxidative
stress :

Antioxidantsare aninhibitor of the process of oxidation,
even at relatively small concentration and thus have diverse
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physiological role in the body. Antioxidant constituents of
the plant material act as radical scavengers, and helps in
converting the radicals to less reactive species. A variety of
free radical scavenging antioxidants is found in dietary
sources like fruits, vegetables and tea, etc. According to
literature, these are “substance that when present in low
concentration compared to those of the oxidisable substrates
significantly delay or inhibit the oxidation of that substance.

Antioxidants defence both enzymatic and non enzymatic
reactions protect the body against oxidative damage. Non
enzymatic antioxidants are frequently added to the food to
prevent lipid oxidation. Several lipid antioxidants can exert
pro-oxidant effect towards other molecule under certain
circumstances thus the antioxidants for food and therapeutic
use must be characterized carefully.

Antioxidants that effective in lead induced oxidative stress :
Vitamin C, E, betacarotene, o. -Lipoic acid, NAC, taurine,
selenium, methionine.

VitaminC:

Vitamin C (ascorbic acid) is a very important, and
powerful, antioxidant that worksin agqueous environments of
the body. Vitamin C cooperates with vitamin E to regenerate
o-tocopherol (Young and Woodside, 2001) from a.-tocopherol
radicals in membranes and lipoproteins. Ascorbic acid,
behaves as a vinylogous carboxylic acid, wherein the double
bond (“vinyl”) transmits electron pairs between the hydroxyl
and the carbonyl. Ascorbate acts as an antioxidant by being
availablefor energetically favorable oxidation. Reactive oxygen
species oxidize (take electrons from) ascorbate first to
monodehydroascorbate and then dehydroascorbate. The
reactive oxygen speciesare reduced to water, whilethe oxidized
forms of ascorbate are relatively stable and unreactive, and
do not cause cellular damage. Vitamin C scavenges the
aqueous reactive oxygen species (ROS) by very rapid el ectron
transfer that inhibits lipid peroxidation. (Jones et al., 1995).
Vitamin C has been consistently shown to protect the
concentration of molecules such asALAD that are associated
with red blood cell manufacture. Vitamin C improves iron
absorption if it can mix with food in the stomach (food or
liquid being preferable forms), as well as increasing iron’s
capacity to displace lead during food absorption. (Roberts,
2010). Lead toxicity can be prevented by the supplementation
of vitamin C which reduced ROS generation. The beneficial
effect of vitamin C was possibly dueto areductionin lipid
per oxidation potential (Tohamy and Nattat, 2010).

VitaminE:

o-tocopherol is the most active form of vitamin E in
humans and is a powerful biological antioxidant which is
considered to be the major membrane bound antioxidant
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employed by the cell. Its main antioxidant functionisprotection
against lipid peroxidation. During the antioxidant reaction,
o-tocopherol is converted to a a-tocopherol radical by the
donation of labile hydrogento alipid or lipid peroxyl radical.
The a-tocopheral radical can thus be reduced to the original
o-tocopherol form by ascorbic acid (Kojo, 2004). Vitamin E
perform a unique function by interrupting free radical chain
reactions via capturing the free radical. The free hydroxyl
group on the aromatic ring is responsible for the antioxidant
properties. The hydrogen from this group is donated to the
freeradical, resultingin arelatively stablefreeradical form of
the vitamin. The antioxidant function of this micronutrient
enhances immunity by maintaining the functional and
structural integrity of important immune cells (Arita et al.,
1995). Vitamin E has the ability to prevent cell injury by
maintaining the sulfhydryl groups of membrane proteins and
by quenching free radicals (Basu and Dickerson, 1996).
Intramuscular administration of vitamin E prevented inhibition
of blood ALAD activity, elevation of urinary ALA excretion
and was effectivein reducing thelead induced altered biogenic
amines levelsin brain during the concomitant exposure lead.
(Dhawan et al., 1989). Vitamin E supplementation during
concomitant lead exposure also prevented |ead depositionin
liver and blood.

Carotenoids:

Carotenoids are pigments that are found in plants and
micro-organisms. Various studies have indicated that
carotenoids may prevent or inhibit certain types of cancer,
arthrosclerosis, age-related muscular degeneration and other
diseases. The antioxidant activity of carotenoids arises
primarily as a consequence of the ability of the conjugated
double-bonded structure to delocalize unpaired electrons
(Mortensen et al., 2001). Thisisprimarily responsiblefor the
excellent ability of a-carotene to physically quench singlet
oxygen without degradation, and for the chemical reactivity
of a-carotene with free radicals such as the peroxyl (ROOQe),
hydroxyl (*OH) and superoxide radicals (02 ¢-).

o-Lipoicacid(LA):

o-LipoicAcid (1,2-dithione-3-pentanoic acid) isasulfur-
containing antioxidant with metal-chel ating and antiglycation
capabilities. Lipoic acid is active in both lipid and aqueous
phases (Kagan et al., 1992). LA isreadily absorbed from diet
and is rapidly converted to dihydrolipoic acid (DHLA) by
NADH or NADPH in most tissues.

DHLA possess metal chelating properties which help
the body to get rid of accumulated ingested toxins (Fig. 1).
DHLA may act as a strong chain-breaking antioxidant and
may enhance the antioxidant potency of other antioxidants
like vitamin C in both the aqueous and in hydrophobic
membrane phase. The possible mechanismsfor the protecting
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Lipoic acid (LA) Dihydrolipoic acid (DHLA)

Fig. 1: Oxidized and reduced form of lipoic acid showing presence
of thiol groups as the possible metal chelating sites

effects of LA against oxidative stress may be as follows:

— LA can promote the antioxidant defense by inducing
phase two enzymes, such as glutathione synthetase
to elevate antioxidant GSH (Ameset al., 2003).

— LA satisfiestwo criteriato be achelating agent i.e.,
absorption into the intracellular environment and
complexing metals previously bound to other
sulfhydryl proteins. Both LA and DHLA can chelate
heavy metals, but the R-form is more effective for
chelation.LA ismost effectivein chelating Cu,+, Zn_+
and Pb,+ (Ouetal., 1995).

N-acetylcysteine (NAC) :

N-acetyl-L-cysteine (NAC), is a thiolcontaining anti-
oxidant that has been used to mitigate various conditions of
oxidative stress. Its antioxidant action isbelieved to originate
from its ability to stimulate GSH synthesis, therefore
maintaining intracellular GSH levels NAC is known to have
metal-chelating propertiesand hasbeen used in severa clinical
conditions (Banner et al., 1986). Thiol groupspresentin NAC
act toreducefreeradical and provide chelating site for metals.
Thus, NAC has a strong ability to restore the impaired
prooxidant/ antioxidant balance in metal poisoning. NAC
can cross the cell membrane, therefore, provide intracellular
effects.

Taurine:

Taurine (2-aminoethanesulfonic acid) is a nonessential
sulfur-containing amino acid that functions with glycine and
gamma-amino butyric acid as a neuro inhibitory transmitter.
Taurine can act asadirect antioxidant by scavenging reactive
oxygen species or as an indirect antioxidant by preventing
changesin membrane permeability dueto oxidant injury. Asa
direct antioxidant, taurineisable to quench and detoxify some
reactive intermediates such as hypochlorous acid generated
by myeloperoxidase nitric oxideand H,O, (Cozzi et al ., 1995).
On the other hand, as an indirect antioxidant, taurine protect
cells via intercalating into the membrane and stabilizing it
(Gordon Heller, 1992).

Selenium:

Selenium is a required mineral for the metalloenzyme
glutathi one peroxidase (GPx). GPx playsakey roleinrecycling
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glutathione and iseffectiveinreducing freeradical damagein
specific disease states. Lead can bind to selenium and form
highly bonded selenium-lead complexes, which have been
proposed as a mechanism for selenium’s protective effect in
lead toxicity (Floraet al., 1982).

M ethionine:

Methionine is the preferred substrate for glutathione
production by hepatocytes and acts as a precursor for
glutathione productionin theliver. L ead-exposed rats treated
with 100 mg/kg body weight of methionine demonstrated a
significant declinein lipid peroxidesin the liver. Methionine
has been shown to react with ROSto form methionine sulfoxide
and to increase ROS-scavenging by improving hepatic
glutathione levels (Flora et al., 2003). Methionine
supplementation a so led to increasesin thiol molecule groups,
sulfur-based protein, and non-protein molecules that act as
antioxidants to prevent peroxidation in the liver and kidneys
of animalsexposed to lead or alcohol (Jurczuk et al., 2006).

Conclusion:

Generation of highly reactive oxygen species aftermath
of lead exposure may result in systematic mobilization and
depletion of the cell intrinsic antioxidant defenses. Formation
of reactive oxygen intermediates beyond the scavenging
capacity of these antioxidant defense mechanisms results in
accumulation of harmful free radicals and likelihood of
oxidative damage to critical biomolecules, such as enzymes,
proteins, DNA, and membrane lipids. Severa mechanisms
have been proposed to mediate the oxidative stress caused
by lead, including disrupted pro-oxidant/anti oxidant balance.
The dietary supplementation of antioxidants are useful inlead-
exposed humansor animals. L ead affects mammalian systems
by directly lowering antioxidant reserves and generating ROS,
specifically hydroperoxides and lipoperoxides. These ROS
alter cellular membranes and tissue, resulting in vascular,
neurological, and genetic damage. Antioxidants, specifically
vitamins C, E, taurine, methionine, selenium, a pha-lipoic acid,
and Nacetylcysteine have been shown to lower ROS-
generated cellular damage.

LiTERATURE CITED

Ahamed, M ., Verma, S., Kumar, A. and Siddiqui, M .K.. (2005). Environmental exposureto lead and its correlation with biochemical indices
in children. Sci. Total Environ., 346 (1-3) : 48-55.

Ames, B.N., Liu, J.,Atamna, H. and Hagen, T.M . (2003). Delaying the mitochondrial decay of agingin thebrain. Clin. Neurosci. Res., 2 : 331-
338.

Arita, M., Sato, Y., Miyata, A., Tanabe, T., Takahashi, E. and Kayden, H.J. (1995). Human alphatocopherol transfer protein: cDNA
cloning, expression and chromosomal localization. Biochem. J., 306 (Pt 2) : 437-443.

Banner, W., Koch, M., Capin, D.M ., Hopf, S.B., Chang, S. and Tong, T.G. (1986). Experimental chelation therapy in chromium, lead and
boron intoxication with N-acetylcysteine and other compounds. Toxicol Appl. Pharmacol., 83 (1) : 142-147.

Basu, T.K. and Dickerson, J.W. (1996). Vitamin E. In: Vitaminsin human health and disease. Wallingford UK: CAB International 1996 pp.
214-227.

Bechara, E.J. (1996). Oxidative stressin acute intermittent porphyriaand lead poisoning may betriggered by 5-aminolevulinic acid. Braz. J.
Med. Biol. Res., 29 (7) : 841-851.

Christie, N.T. and Costa, M. (1984). In vitro assessment of the toxicity of metal compounds. IV. Disposition of metalsin cells: interaction
with membranes, glutathione, metallothionein, and DNA. Biol. Trace. Elem. Res., 6 (2) : 139-158.

Cozzi, R., Ricordy, R. and Bartolini, F. (1995). Taurine and ellagic acid: two differently acting natural antioxidants. Environ. Mol. Mutagen.,
26 (3) : 248-254.

Dhawan, M ., Flora, S.J.S. and Tandon, SK. (1989). Preventive and therapeutic role of vitamin E in chronic Plumbism. Biomed Environ. Sci.,
2(4): 335-341.

Ercal, N., Gurer-Orhan, H. and Aykin-Burns, N. (2001). Toxic metals and oxidative stress. Part 1. Mechanismsinvolved in metal-induced
oxidative damage. Curr. Top. Med. Chem., 1 (6) : 529-539.

Flora, G.J. and Seth, P.K. (2000). Alterationsin some membrane propertiesin rat brain following exposureto lead. Cytobios, 103 (403) : 103-
1009.

Flora, S.J.,Jain, V.K., Behari, J.R. and Tandon, S.K. (1982). Protectiverole of trace metalsin lead intoxication. Toxicol Lett., 13 (1-2) : 52-
56.

Flora, S.J., Pande, M. and M ehta, A. (2003). Beneficial effect of combined administration of some naturally occurring antioxidants (vitamins)
and thiol chelatorsin the treatment of chronic lead intoxication. Chem. Biol. Interact., 145 (3) : 267- 280.

W Asian J. Bio Sci., 9 (1) April, 2014 : 113-117
116A Hind Institute of Science and Technology



LEAD-INDUCED OXIDATIVE STRESS & ROLE OF ANTIOXIDANTS IN ITS MANAGEMENT

Gordon, R.E. and Héller, R.F. (1992). Taurine protection of lungsin hamster model s of oxidant injury. A morphological time study of paraguat
and bleomycin treatment. In: Taurine nutritional value and mechanism of action. Lombardini, J.B., Schaffer, S.\W., Azuma, J., Eds.
Plenum Press, New York, pp. 319-323.

Gurer, H. and Ercal, N. (2000). Can antioxidants be beneficia in the treatment of lead poisoning? Free Radic. Biol. Med., 29 (10) : 927-945.

Gurer-Orhan, H., Sabir, H.U., Ozgunes, H. (2004). Correl ation between clinical indicators of lead poisoning and oxidative stress parameters
in controls and leadexposed workers. Toxicol., 195 (2-3) : 147-154.

Jones, D.P.,, Kagan, V.E.,Aust, S.D., Reed, D.J. and Omaye, S.T. (1995). Impact of nutrientson cellular lipid peroxidation and antioxidant
defence system. Fund. Appl. Toxicol., 26 (1) : 1-7.

Jurczuk, M ., M oniuszko-Jakoniuk, J. and Brzoska, M .M. (2006). I nvolvement of somelow-molecular thiolsin the peroxidative mechanisms
of lead and ethanol action on rat liver and kidney. Toxicol., 219 : 11-21.

Kagan, V., Shvedova, A., Serbinova, E., Khan, S., Swanson, C., Powell, R. and Packer, L. (1992). Dihydrolipoic acid-a universa
antioxidant both in the membrane and in the aqueous phase. Reduction of peroxyl, ascorbyl and chromanoxyl! radicals. Biochem.
Pharmacol., 44 (8) : 1637-1649.

Kagperczyk, S., Kasperczyk, A. and Ostalowska, A. (2004). Activity of glutathione peroxidase, glutathione reductase, and lipid peroxidation
in erythrocytesin workers exposed to lead. Biol. Trace. Elem. Res., 102 (1-3) : 61-72.

K0jo, S. (2004). Vitamin C: basic metabolism and its function as an index of oxidative stress. Curr. Med. Chem., 11 (8) : 1041-1106.

Lawton, L.J. and Donaldson, W.E. (1991). Lead-induced tissue fatty acid alterations and lipid peroxidation. Biol. Trace Elem. Res., 28 (2) :
83-97.

Meister, A. and Anderson, M .D. (1983). Glutathione. Annu. Rev. Biochem., 52 : 711-760.

Mortensen, A., Skibsted, L.H. and Truscott, T.G. (2001). The interaction of dietary carotenoids with radical species. Arch. Biochem.
Biophys., 385 (1) : 13-19.

Ou, P, Tritschler, H.J. and Wolff S.P. (1995). Thioctic (lipoic) acid : atherapeutic meta -chel ating anti oxidant? Biochem. Pharmacol., 50 (1)
:123-126.

Ribarov, S.R. and Benov, L.C. (1981). Relationship between the hemolytic action of heavy metalsand lipid peroxidation. Biochim. Biophys
Acta., 640: 721- 726.

Roberts, A. (2010). Food, nutrition and |ead absorption. Thejournal of The LEAD (Lead Education and Abatement Design) Group Inc. LEAD
Action News 10(2) : June 2010 ISSN 1324-6011.

Shafig-ur-Rehman, S. and Abdulla, M. (1993). Impact of lead on phospholipid metabolism in human erythrocyte membranes. Bull. J.
Toxicol Occup. Environ. Health, 2 : 35.

Tohamy, M .M. and Nattat, W.S. (2010). Effect of Antioxidant on |ead-induced oxidative damage and reproductive dysfunctionin malerabbits.
J. American Sci., 6 (11) : 613-622.

Young, |.S. and Woodside, |.S. (2001). Antioxidantsin health and disease. J. Clin. Pathol., 54 (3) : 176-186.

TH
YEAR
* % % x * OF EXCELLENCE * % % % %

Asian J. Bio Sci., 9 (1) April, 2014 : 113-117
Hind Institute of Science and Technology RI‘:L?



