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Summary
To examine the effect of zinc in the removal of accumulated arsenic from

different tissues Oiver, kidneys, spleen and lungs), rats were initially allowed

to drink high concentration (400 ~gIday) of arsenic for two months followed

by a period of cessation (one month). Administration of zinc (2 mglkg/day)

during the third month in arsenic-treated and non-treated groups were

compared. In arsenic-treated rats, the mean(::!:SD) amounts oftotal arsenic in

liver, kidneys, spleen and lungs were 12.3:tO.7, 20.5:!:1.0, 31.4:!:1.0 and 25.6:!:1.1

~g of tissues respectively. Administration of zinc to arsenic-treated rats
reduced the arsenic concentrations of those tissues to 7.8,10.7,23.0 and 14.0

~g/g of tissues. This in vivo study suggests that zinc removes the accumulated

arsenic from different tissues significantly (p<O.OOl).

Introduction of arsenic and its metabolites are decreased

Arsenic, a non-essential trace element, is a to almost nil. However, arsenic may be found

major water pollutant iI1 Bangladesh, West in hair and nail for several months. Once

Benga.1 (India), Chile, Taiwan, China, arsenic is administered into the body, some
Thailand and Mexicol. Millions of people are amount remains in different tissues for

consuming arsenic in the form of drinking prolong period and may cause cancer. So,
water and cooking2.3. Intake of high emphasis must be given to total elimination
concentration of inorganic arsenic for a of arsenic from the body. Chelating agents

longer period may lead to epidemic "arsenic like BAL, d-penicillamine, DMPS and
dermatitis" along with hyperkeratosis, DMSA are effective in the treatment of acute

gangrene, hypertension, peripheral vascular arsenic poisoning but controversy remains in
disease, respiratory disease, diabetes mellitus the effectiveness of these agents in the
and malignancies including skin cancer". treatment of chronic arsenicosisl17.
Arsenic enhances the free radical generation Antioxidants (vitamin A, ascorbic acid and

and thereby stimulates the generation of alpha-tocopherol, zinc and selenium)x.'I and
reactive oxygen species that may lead to spirulinalU may be suggested in the treatment

genotoxicity5. Stop of arsenic containing of arsenicosis. Antioxidants like vitamin C
drinking water is strongly recommended. protect arsenic-induce ovarian toxicity in
Within a few days of cessation, the excretion ratsII. The purpose of the present study was

Deptt. ofPhannacology, Bangabandhu Sheikh Mujib Medical University (BSMMU), Dhaka.
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to examine whether zinc removes the arsenic
from tissues of rats, which is accumulated

by chronic exposure.

Materials and Methods

Forty adult male Long Evans rats weighing

200-250g were randomly divided into four
groups. Each rat was kept in separate plastic
cage with a light or dark cycle 12/12 hr at
room temperature (25:1:2°C) in a well-
ventilated room. One group received normal
diet and deionized water ad libitum for three

months and considered as control (Table-I).

Second group of rats received zinc (as zinc

sulfate; 2 mg/kg/day) as supplement in their
normal diet during third month only. Third
group received arsenic trioxide in the
drinking water at a dose of 400 mg/kg/day
for first two months followed by only
deionized water during the last month. Forth
group received arsenic at a same dose for first
two months followed by zinc (2 ~g/kg/day)
only during the last one month. In case of
third and fourth groups administration of
arsenic was ensured by allowing the rats to
drink 4 ml of water containing the calculated
dose of arsenic between 900 to 1700 hrs. All

the animals were sacrificed under light
chloroform anesthesia at the end of 90 days.
Liver, kidneys, spleen and lungs were
immediately isolated and kept at -200 C until

estimation of arsenic. Two hundred milligram
of each tissue was homogenized in 5 ml of I
M phosphate buffer (pH 7.4) solution and the
amount of arsenic was measured using
SDDC (silverdithiodicarbamide) method by

spectrophotometer at a wavelength 525 nml2.
The results were analyzed with the SPSS
statistical software package (version 7.5).
Statistical analysis of the data were done
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using student's "t" test. We set the statistical
level of significance at p<0.05.

Table-I: Experimental design for feeding arsenic:
and zinc'

Group 11st month

Control(n=8)

Zinc (n=8)

Arsenic(n=8)

Arsenic+Zinc(n=8).

*blank spaces indicates no administration of
arsenic or zinc; 30% shadow indicates the
administration of arsenic; solid indicates the
administration of zinc.

Results

The arsenic concentration in spleen, liver,
kidneys and lungs of rats in the absence or

presence of arseniclzinc were estimated.
Among these organs, highest concentration
was found in spleen and the lowest
concentration in liver both in the control and

arsenic-treated rats. The mean (:l:SD)

concentration of arsenic in spleen of
untreated rats was 6.2:!:O.5~g/g of tissue. Zinc
supplement for the last one month reduced
the arsenic concentration to 6.0:1:0.5 ~g/g of
tissue. There was only 2.3% reduction which

was not statistically significant.
Administration of arsenic for two months

followed by none for one month increased
its arsenic concentration to 31.4:1:1.0~g/g of
tissue (5-fold increase). But administration

of zinc in normal diet during the third month
of study reduced the amount of arsenic to

23.0:1:2.1 ~g/g of tissue. That is, zinc
supplementation caused 26.8% reduction of

arsenic accumulation (Table-II). This change
was statistically significant (p<O.OOI).
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The liver of untreated rats contained

4.2:tO.3llg of arsenic per gram of tissue. Zinc
supplement for the last one month reduced
the arsenic content to 3.6:tO.2 Ilg/g of tissue
(14.3% reduced). Exposure of high
concentration of arsenic increased the

concentration of arsenic to 12.3:tO.7 Ilg/g of
tissue. Zinc supplementation reduced the
arsenic concentration to 7.8:!:0.4 Ilg/g of
tissue. There was 36.6% reduction of which

was statistically significant (p<O.OOI).

The mean concentration of arsenic in the

kidneys of control rats was 5.lllg/g of tissue.
Oral administration of zinc for the last one
month decreased the mean concentration of

arsenic to 4.6Ilg/g of tissue. There was only
9.8% reduction, which was not statistically
significant. Drinking high concentration of
arsenic caused arsenic accumation to 20.5:!:

1.0Ilg/g of tissue. Administration of zinc
reduced the amount of arsenic to 10.7:!:0.6

Ilg/g of tissue. There was 47.8% reduction
of arsenic accumulation, which was

statistically significant (p<O.OOI). Lungs
contained 5.61lg of arsenic per gram oftissue
jn control rats, which was reduced to 3.9
Ilg/g of tissue in zinc treated rats. That is,
treatment of zinc caused 30.4% reduction in

arsenic accumulation, which was statistically
significant. Drinking high concentration of
arsenic caused several fold increase in the

accumulation of arsenic in lungs (25.6:t\. \
Ilg/g of tissue). Administration of zinc,
instead of arsenic during the last month
reduced the arsenic concentration I4.0:!:1.2

Ilg/g of tissue. There was 45.3% reduction
of arsenic accumulation, which was also

statistically significant (p<O.OOI) (Table-II).

Dcccmhcr 200(J

Table-II: Effect (~lzinc supplement Oil the me(/II
arsenic concentration in different tisslles Imolllh
lifter cessation (~l(/,.seni(' intake

Tissue Meanconcentrationofarsenic(llg/9 %inhibition
oftissue)1monthaftercessation

Zinc(-) Zinc(+)

Discussion

The present study shows that' oral
administration of zinc removes arsenic from
different tissues. Its effect on arsenic

untreated rats is not so apparent. But when
rats are exposed to high concentration of
arsenic, then zinc reduces the accumulated

arsenic from different tissues mainly frolll
kidneys, lungs and liver. It is comparatively
less effective in spleen. The mechanism by
which zinc removes arsenic from the tissue

is not clear. There may be si mple
displacement of arsenic from the binding

sites. It may increase the metabolism of
arsenic. Zinc is a known antioxidant. Several
antioxidants in combination was found to be

effective for arsenic detoxification D. The use

of so many antioxidants at a time may raise
the question of its mode of action as an
antioxidant and its rationality.

The zinc pretreatment markedly increased
hepatic metallothionein, which is a
sulfhydril-rich, metal-binding protein (150-

fold over control), and also protected against
the lethal effects of arsenite. Micronutrients

interact with toxic metals (cadmium, lead.

mercury, and arsenic) at several points in the
body: a) absorption and excretion of toXIC
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Spleen 31.4:t1.0 23.0:t2.1 26.8

Liver 12.3:t0.7 7.8:1:0.4 36.6

Kidneys 20.5:1:1.0 10.7:1:0.6 47.8

Lungs 25.6:1:1.1 14.0:1:1.2 45.3
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metals; b) transport of metals in the body; c)
binding to target proteins; d) metabolism and

. sequestration of toxic metals; and finally e)
in secondary mechanism of toxicity such as
oxidative stress. Therefore, people eating a
diet deficient in micronutrients will be

predisposed to toxicity from non-essential
metalsl4.

Thezincconcentrationsinurineof blackfoot .

disease were not correlated with those of

blood and hair samples. Zinc appears to be
associated with the occurrence of scaling and
cracking of the skin of the fingers or feet,
and is even closely correlated with the degree
of ulceration and gangrene of blackfoot
disease patients. The more advanced degree
of blackfoot disease patients were associated
with a greater zinc concentration in the
urinel5.

While administering zinc for the treatment
of arsenic-induced toxicity, one should have
to take arsenic free drinking water. A study
shows that simultaneous administration of
zinc and arsenic enhance the accumulation

of arsenic in tissues ofratsl6. Practically it is
very difficult to have totally arsenic free
drinking water and food.

Zinc supplementationprevents the morbidity
in children in acute diarrhea and lower

respiratory tract infectionl7.IK.In conclusion,
supplementation of zinc reduces the
accumulated arsenic from different tissues
of rat.
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