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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.

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

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

attempts to provide some update information regarding these selected antioxidants as

better treatment regimen. We have selected vitamin A, C, E and zinc as antioxidants for

this article keeping in view current concerns and literature available.
Key words: Arsenic, Free radicals, Reactive oxygen species (ROS), Oxidative stress,
Antioxidants, Vitamin A, Vitamin C, Vitamin E, Zinc

Introduction:

Arsenic is a common naturally occurring element in the earth s
crust. Arsenic exposure in Bangladesh is wide spread and
involves thousands of wells and an estimated 35-77 million
people in Bangladesh have been chromwally exposed to
increased concentrations of arsenic through drinking water',
The improper balance between free radicals and antioxidant
defenses results in oxidative stress. In order to counteract the
lethal etfects of oxidative damage in cells exposed to arsenic,
antioxidative defenses are required for the bi.)dy?“.

Yousuf et al.”s recent study demaonstrating a 2:1 molar ratio of
zinc: arsenic and increased zinc and vitamin E in skin
secrefions of arsenicosis cases suggest potential therapeutic
supplementation  to  accommodate
requirements. Vitamin E, zinc and other nutrients are required
for methylation and detoxification of arsenic within the body’.
Antioxidants play a vital role for methylation and detoxify the
arsenic in the body mainly by reducing the free radical-
mediated oxidative stress and also fulfill nutritional demand to
the arsenicosis cases. Antioxidants have long been known to
the oxidative  stress’.

these  hiochemical
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Antioxidants such as - vitamin A, C, E and zine 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 zinc in arsenic toxicity and also attempts to provide some
update information regarding these selected antioxidants as
better treatment regimen.

Arsenic and Oxidative Stress

Evidence of oxidative stress has been measured in humans
with arsenic exposure’. Arsenic binds to the =SH 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 pyruvate®. Arsenic blocks the Krebs cycle
and interrupts oxidative phosphorylation’. It results in
decrease cellular ATP production and increase production of
hydrogen peroxide. superoxide anion, singlet
hydroxyl radical and nitric oxide. These free radicals are
directly involved in oxidative damage to lipids, proteins and
DNA in cells exposed to arsenic. Enhanced oxidative stress
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might be associated with the development of arsenic related
diseases including cancers™*.

Arsenic and Antioxidants :

Antioxidants are the substances that have the ability to inhibit
free radical generation, scavenge free radical, and/or reduce
the oxidation and damage caused by these radicals. The use of
different antioxidants has been found beneficial in various
cellular systems exposed in arsenic % The following data
provide some experimental evidence of the beneficial role of
vitamin A, C, E and zinc against arsenic toxicity.

Vitamin A:

Vitamin A is a fat-soluble vitamin often used as a collective
term for several related biologically active molecules such as-
retinol, retinal, retinoic acid and ﬁ-cal‘otcney. Vitamin A
scavenges oxygen radicals formed during arsenic
metabolism'?. p-carotene, a precursor of retinol (Vitamin A),
lipid-soluble antioxidant with properties somewhat analogous
o that of vitamin E''. Treatment with vitamin A analogues
(retinoids) might be useful in chronic cutaneous arsenism'”.
Vitamin A is useful to treat chronic arsenic poisoning".
Vitamin C:

Vitamin C is a water-soluble antioxidant occurring in the
organism as an ascorbic anion. It also acts as a scavenger of
free radicals and plays an important role in regeneration of o-
tocopherol'’. Tt prevent lipid peroxidation and protect the

- antioxidant system in arsenic-intoxicated rats'. It alleviates

arsenic-induced alterations in mitochondria'®. It was observed
that vitamin C significantly reduced lipid peroxidation due to
arsenic toxicity in rat brain cells’®, Vitamin C acts a
demoxifying agent by forming a poorly ionized but soluble
complex'®. A beneficial role of L-ascorbate co-administration
against  sodium  arsenite-induced toxicity in  maintaining
normal ovarian activity and brain monoamines was reported’’.

Vitamin E:

Vitamin E is known to be one of the most potent endogenous
antioxidants. e-tocopherol is a term that encompasses a group
of potent, lipid soluble, chain-breaking antioxidants that
prevents the propagation of free radical reactions''. Arsenic
exposure increases oxidative damage to lipids and proteins
and decreases the levels of antioxidants. Co-administration of
arsenic-treated rats with vitamin C and alpha-tocopherol
showed significant reduction in the level of lipid
pcruxidatiunlg.

Vitamin E scavenges oxygen radicals formed during arsenic
metabolism'’, Tt was observed that vitamin E prevented the
arsenic induced killing of human fibroblast', It was found
that vitamin E significantly reduced lipid peroxidation due to
arsenic toxicity in rat brain cells”. The protective mechanism
of vitamin E could be attributed to its antioxidant property or

its location in the cell membrane and its ability to stabilize
membrane by interacting with unsaturated fatty acid chain®,
Zinc:

Zinc is a known antioxidant and is shown to prevent acute
arsenic toxicity in animals, Zinc protects animals against
arsenic toxicity due to induction of metallothionein synthesis
which reduces the toxicity of arsenic™.
Supplementation of zinc also reduces the accumulated arsenic
from different tissues of rat, following chronic exposure to
arsenic™. Inadequate zinc has been linked to a reduction in
vivo arsenic methylation capacity™. Zinc has a potential role
for ameliorating the signs and symptoms of chronic arsenic

in  amimals,

poisoning in human®. A study conducted by Modi et al.
(2004) suggested that toxic effects of arsenic could be
mimimized by increasing the adequately intake of essential
metals such as- zinc, selenium™,

Discussion :

In Bangladesh, arsenic toxicity has become the major public
health problem'. Arsenic toxicity is mediated by oxidative
stress increasing the free radicals production leading to lipid
peroxidation and cell death™. Exposure to arsenic increases
the secretion of vitamin E and zinc in skin’.

Wu et al. (2001) stated that ingestion of arsenic contaminated
well water may cause deleterious effects by increasing the
levels of reacting oxidants and decreasing the level of
antioxidant capacity in plasma of Northeastern Taiwan!
individuals®’. Several studies showed that a combination of
arsenic-safe water and antioxidants was the most effective for
the management of arsenicosis patients' **. Vitamins, zinc
and selenium are detoxification”
Combination of vitamins and minerals are suggested to treat
the cases of chronic arsenic poisuning”‘ i

Antioxidants are thought to play a crucial role m counteracting
free radical mediated cell damage. Nutritional antioxidants act
through different mechanisms and in different compartments
but are mainly free radical scavengers: (i) they directly
radicals, (ii)
concentrations and repair oxide membranes, (i1} they quench
iron to decrease ROS production, (iv) via lipid metabolism,
short-chain free fatty acids and cholesteryl esters neutralize
ROS'.

useful for arsenic

neutralize free they reduce the peroxide

Conclusion :

This review article provides update information concerning
the role of antioxidants in arsenic toxicity. It can be concluded
that proper treatment with antioxidants either individually or
in combination with chelating agents, minerals and provision
of arsenic-safe drinking water may remain of importance
managing patients with arsenic toxicity.
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