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Abstract:

Arsenic is an element in the environment causing oxidative damage in the exposed

people leading to cell damage. Free radicals were generated during arsenic metabolism

in cells. These free radicals are directly involved in oxidative damage in cells exposed to

arsenic. Antioxidant levels are decreased in the body after arsenic exposure.

Antioxidants can reduce or eliminate cellular damage caused by arsenic. This review

article summarizes fhe role of some selected antioxidants in arsenic toxicity and also

afternpts to proviclc some update information regarding these selected antioxidants as

tretter treatrnent regirnen. We have selected vitamin A, C, E and zinc as antioxidants for
this arficle keeping in view current concerns and literature available.
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[ntroductioNr:

Arsenic is a ccmmon maturelly occurring element in the oarth s

erust. Arsenie exposure in BangXadesh is wide spreed and

involves th*usanCs cf wctrls anC an estintated 35-77 miitrion

poCIple ln Banglaelesh have heen e hron.*ally exposed to
ine reased eoneentratioms cf ars*nie thrclJgh drinking rvaterl.
'fhc improper balance betureen free racii*ais and anti*xidant
defenses results in oxirjative strsss. In order tc countoraet the

lethal effects of oxidative rlamagc in cells exposed tc arsenic,

antioxidative elefenses aro roquirsrtr for the body 2.

Yousuf et al.'s recent. study dernonstrating a2:1 molar ratio of
zinc: arssnic and increased zinc and vitamin H in skin

socretisns of erseilicosis cases suggest potential thrrapeutic

supplementation to &ccoffimcclate these biocheixi.cal

requirsmsnfs. Vitamift E, zinc and otlier nutrtcnts are roquireel

for methylation anrl cletcxifi*ati*n of arsenic within the h*dy3,

Antioxidanfs play e vitel rol* fornrnethylation rmd detaxify th*
arsenic in the body mainiy hy r*due ing the fres radical-

meeliateti oxidative strsss and atrso fu}fill n$triti{}nal cleitrand tE:

the arseniecsis cases. Anticxiclants have l*ng been kncwn to

reduee the free radical-rnediated *xidative stressa"

Antioxidants such as - vitamin A, C, E and ztnc are expected

to play an important role in arsenic toxicity.
In view of above consideration, this review article summarizes

the role of some selected antioxidants such as- vitamin A, C, E

and zffrc in arsenic toxicity and also attempts to provide some

update inforrnation regarding these selected antioxidants as

botter treatment regimen.

Arsenic and Oxidative Stress

Evidence of oxidative stress has been measured in humans

with arsenic exposures. Arsenic binds to the -SFI groups of
enzymes in the pyruvate dehydrogenase system and inhibits
pyruvate dehydrogenase, consequently prevents oxidation of
dihydrolipoate to lipoate, which is needed in the formation of
acetyl-coA from pyruvate6" Arsenic blocks the Krebs cycle

and interrupts oxidative phosphorylation7. It results in

decrease eellular ATP production and increase. production of
hyclrogon peroxide, superoxide anion, singlet oxygen,

hydroxyl radical atld nitric oxide. These free radicals are

directly involved in oxidative ,Jamage to lipids, proteins and

DNA in cells exposed to arsenic. Enhanced oxidative stress
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inteht be associated with the development cf arsenic rclated

Crseases including cancerr'' t.

\rsenic and Antioxidants :

\ntioxidants are the substances that have the aLriiity to inhibit
iree radical generation, scavenge free radical- anel/or reduce

:he oxidation and damage caused by these raCicals. The use of
;:iierent antioxidants has been for-rnd beneficial in var"ious

,'elluiar systems exposed in arsenic The following data

Lrrrlvide some experimental evidence of the beneficial role of
,, itrlmin A, C, E, and ztnc against arsenic toxicity.

\ itamin A:
\ rtamrn A is a fat-soluble vitamin often used as a callective
:-r'm f-or severzrl related biologically active molecuies such as-

e r jnc1. retinal, retinoic acid and B-caroteneo. Vitamin A
s.-.i\ enges oxygen radicals fr:rmed dul ing arsenic

::,etabolisml0. B-carotene, a precursor of retinol (Vitamin A),
, :p.16-solubie antioxidant with properties somelvhat analogor-ls

i-, that of vitamin El1. Treatment with vitamin A analognes

. c i inorcls) nright be useful in chronic cutaneous arscnisrrrt'.
\,.rt,-imin A is useful to treat chronic arsenic poisoning''.
\ itantin C:
.\-iti.1nt1n C rs a water-soluble antioxidant occurring in the
-r ganlsm as an ascorbic anion. It also acts as a sca\r'enger ,,.:f

ii'ee radicals and plays an imponant role in regeneration of u-

;,--,; 3 p hero I 
I 1 . It prevent lipicl peroxidation and protect the

.i:ttorrdant system in arsenic-intoxicated ratsa. It alleviates

i:'sentc-rnduced alterations in mitochonclriaia" It was obs*rved

:ir;.rt r.itamin C significantly reduced lipid peroxidation due tc
;i"senrc toxicity in rat brain cellsls. Vitamin C acts rl

.ietcrtfving agent by forming a poorly ionized but soluble

,,r,rnplexi6. A beneficial role of ]--ascorbate co-administration

"u 
qainst sodium arsenite-inducecl toxicitSr in maintaining

:'ri,r'inAl ovarian activity and brain monoamines rvas r"eported'7.

\-itamin E:
\-rtamrn E is known to be one of- the most pot*nt enc{ogenous

antioxidants. u-tocopherol is a term that encompasses a group

'--i potent, lipid soluble, chain-t;reaking antioxielants t"hat

Lrrevents the propagatian of free radical reactionr". Al"senic

-xposure increases oxidative damage tc lipietrs ancl prote ins

rind decreases the levels of antioxidants. Co-administraticn r:f
arsenic-treated rats with vitamin C and ;rtrpha-tr:ei:pher ol
showed significant reduction in the level *f lipid
peroxidationl s.

Vitamin E scavenges oxygen radicals formed during arsenic

metabolismt0. It was observed that vitamin E pr"evented the

arsenic induced killing of hurnan fibrr:blastle" {i. was tound

that vitzrmin tr signiticantly reduced lipid peroxidation due tr:

arsenic toxlcity in rat brain cells15. The protective mechanisnr

of vitamin E could be attributed to its antioxiclant pru:perty t,:r

its location in the eeltr nrernbrane and its ahility to stabilize

rn*rnbrane by interacting rn ith unsaturateC tatty ae i'J ehainz0"

Zine :

Zin* is & knr:wn antioxidant and ls shown to prevetxt a*ute

arsenic tcxicity in anirnals. Zinc protects animals against

arsenic toxieity due to induetio* r:f metailothior:ein synthesis

in animaXs, which reCuees {hc tcxicity cf arseniczr.

Supptrementation cf zinc also rcduees the aceumulated arsenic

fr*rn elifforent tissues of rat, foitrowing chr*nic expCIsure t*
22 -r { , i r 1, - - - !1. x--.I ^I-.---i- -arserltrc"'. lnadequate zinc has been iinkecl tc a reeluction Lvt

vivo arsenic methyiation capacity". Zinc has a potential role

for ameliorating the signs anC symptoms cf chronic arsenic

pcisoning in hurnanza. A study er:nclucted by h{oeli et ;11"

(2004) suggested that toxic effects *f arsenic could be

minimized hy increasing the aitequately intalce *f essential

metals sueh as- zinc. seleniurnzs"

Biseussitn :

Xn tsanglad*sh, arsenic tr:xicity has bee*rute the majrir ;';lihlir:
trealth problem'. Arsenic toxicity is mediat*d by oxid;rtive

stress increasing the free radicals proeluetion leading to lipiC

peroxidatian and celi death26. trxp*surs t* arsenic inereas*s

the seeretir:n of vitarnin tr anel zinc in skin3"

Wu et al" (200i) stated that ingostion of alsenic **n[arxinatec{

well water may caus€ deietel iaus *ffect.s by irucreasing the

levels af reac{ing *xidants and decreasing th* lcvel r:f
anti*xiclant capaeity in ptrasma of Northeaster"n Taiwan i

individualszT. Several studies showed that a cr:rnbination ot

arsenic-safe water and antioxidaitts was the rnost effcctive tcr
the manegernent of arseniccsis patients13' 28. Vitamins, zinc

anel selenillrn arf, usefr,ll for arsenic detr:xifie ationzs 
"

Cornbination of vitamins arad minerals arn suggested tc frezit

the cases of chronic arsenic poisoning'3'24 .

Antioxidants are thought to play a erucial rotre in ccunteracting

free radical mediated cell dernage. Nutritional antioxielants act

througli differont mechar:isms and in different compaitrnents

but are rnainly free radicai scav#ngcrs: (i) {}rey diree tly
neutralize free radicals, (xi) they r*duce the perr-:x ide

ccncentrations and repair oxide rnermbranes* ([ii) rhey qu*neh

ir*n to deerease R.GS proriuction, (iv) via lipid metab*lisrri,

short-ehain free fatty acids and ch*lesteryl *sters neuttalize

R$S16.

CElnetrusion :

This revie w article pr*r,ides upctrat* inflerrn:iltir:n cone erninp

the role cf antir:xidants in arseni* toxicity. It q:an be eonelr"lci,*d

that proper treatmerit with anti*xidants eith*r ineiividuaily or

in ccmhination lvith ehelating *rgents, minerals anrJ provision

of arsenic-safe drinking water mrry remain r:t" irnportanue ir 
'

managing patients with ;trsenic t*xicity,

]v
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