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ABSTRACT

Arsenic is a heavy metal toxicant that occurs naturally in water, soil and air. As a result of natural and anthropogenic
process it is widespread in the environment. In the current study, an attempt has been made to analyse the arsenic
induced biochemical changes related to kidney functioning in Heteropneustes fossilis. Fishes were exposed to two
different concentrations of sodium arsenite (200ml and 400ml of 1% solution), for 3 different durations (3days, 7days
and 15 days).The alterations in concentration of creatinine and urea from blood and liver extract were analyzed. The
concentrations of total Creatinine (F=15.99 > 3.84 at 5% P in liver; F=6.09 > 3.84 at 5% P in blood), and Urea (F=1.56 <
3.84 at 5% P in liver; F=0.82< 3.84 at 5% P in blood) were found increased along with increasing concentration and
duration of sodium arsenite. The toxic effect was found recovered after application of synthetic zeolite for all parameters,
ie, Creatinine (F=1.12>0.68 in liver; F= 0.78>0.68 in blood) and Urea (F=132.12>49.69 at 5% P in blood; statistically
insignificant in liver). The results suggest that, zeolite is a potential compound for decreasing significantly the load of
toxicity of arsenic in aquatic fauna.

Key words: Sodium arsenite, synthetic zeolite, Heteropneustes fossilis, creatinine, urea, adsorption

Received 10/05/2013; Accepted 09/08/2013 ©2013 Society of Education, India

INTRODUCTION

Arsenic toxicity is a global health problem affecting many millions of people. Unlike other chemical
contaminants that are found in limited locations and point sources, high levels of arsenic have been
identified in many water supplies around the world. In some affected areas, such as India, Bangladesh,
Taiwan and possibly China, the sizes of exposed populations are very large. Globally, many millions of
people drink water containing unacceptably high arsenic levels, causing many health problems [1].The
objective of the present work is to study the effect of sodium arsenite on renal functions in Heteropneustes
fossilis and to evaluate the efficacy of zeolite in its chelation.

Symptoms of arsenicosis are primarily manifested in the forms of different types of skin disorder such as
skin lesions, hyperkeratosis and melanosis [2].Arsenic is classified as a group A and category 1 human
carcinogen by the USEPA [3] and the international association of research on cancer [4] respectively.
Pandey et al, [5] first reported arsenic contamination in human in village named Kaurikasa in
Chhattisgarh.

Arsenic is one of the most toxic elements that can be found. Humans may be exposed to arsenic through
food, water and air. Exposure may also occur through skin contact with soil or water that contains arsenic.
Levels of arsenic in fish and seafood may be high, because fish absorb arsenic from the water they live in.
Luckily this is mainly the fairly harmless organic form of arsenic, but fish that contain significant amounts
of inorganic arsenic may be a danger to human health.

Fishes that absorb considerable amount of arsenic are dangerous to human health as the chemical enter
human body through food chain. No treatment of proven benefit is currently available to treat chronic
arsenic toxicity. Treatment options advocated are vitamin and mineral supplements and antioxidant
therapy. The benefits of these treatment measures need to be evidence based to receive endorsement and
wider application. The efficacy of zeolites, both natural and synthetic, in removal of toxic heavy metals
from environment has been proven by many researchers. Some workers have studied about the chelating
property of zeolites against many heavy metals from living systems. In our present work an effort to
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evaluate the efficiency of Synthetic zeolite in arsenic chelation from fishes’ body was undertaken and the
results were positive.

Zeolites are crystalline solid structure made of silicon, aluminium and oxygen that form a framework with
cavities and channels inside where cations, water and/or small molecules may reside. They are
microporous and hence often referred to as molecular sieves and are used as commercial adsorbents.
Many of them occur naturally as minerals, and are extensively mined in many parts of the world and have
applications in industry and medicine. However most of the Zeolites have been made synthetically, some
of them for commercial use, while others created by scientists to study their chemistry [6].

In the past, Zeolites have been widely used in water and air filtration to remove toxins. They are also used
in soil maintenance to purify the soil. Animal feed often has zeolites added. The Russians even used
Zeolite powder at Chernobyl to soak up excess radiation. Zeolites have many other useful purposes. They
can perform ion exchange, filtering, odour removal, and chemical sieve and gas absorption tasks. The
most well-known use for zeolites is in water filtration applications.

Synthetic zeolites hold some key advantages over their natural analogues. The synthetics can, of course,
be manufactured in a uniform, phase-pure state. It is also possible to manufacture desirable zeolite
structures which do not appear in nature. Synthetic zeolites hold some key advantages over their natural
analogues. The synthetics can, of course, be manufactured in a uniform, phase-pure state. It is also
possible to manufacture desirable zeolite structures which do not appear in nature.

Faujasite is popular synthetic zeolite and the most commonly found faujasites are zeolites X (higherAl)
and zeolite Y (lower Al). Zeolite Y is the most important catalytic zeolite, and is generally synthesized in
the Na form [7].We have chosen synthetic zeolite Y (Sodium form) for the present study to evaluate it
efficacy in chelation of arsenic from fish body.

MATERIALS AND METHODS

The Teleost cat fish, Heteropneustes fossilis, was selected for experiment and were collected from a local
pond. The fish selected for experiment was 7-8 inch of length and average weight of 125-150 gms. and
were maintained in glass aquarium of 2 % feet x1 %2 feet x 1 %2 feet dimension, with 20L of chlorine-free
bore well water. The fishes selected for experiment were first acclimatized in the lab. The fishes were then
divided into five experimental groups, each with 5 fishes. The first group of fishes was selected for control
sets and next four for experimental set, 200ml sodium arsenite in 20L water, 400ml sodium arsenite in
20L water, 200ml sodium arsenite in 20L water with zeolite and 400ml sodium arsenite in 20L water with
zeolite.

The test chemical selected for the experiment was arsenic trioxide obtained from s.d. Fine - Chem Ltd,
Mumbai. The experimental dose of 200 ml of 1% sodium arsenite was prepared for 20 L water by
dissolving 100mg of arsenic trioxide per 100ml of aqueous solution of sodium hydroxide, to make the
stock solution. A similar dose of 400 ml (1%) for 20 L of water was also prepared. Another test chemical
selected as chelating agent was Zeolite (Type-Y, Sodium form), obtained from Hi-Media Laboratories Ltd.,
Bombay. A combination of Zeolite (1%) with 200ml and 400ml of sodium arsenite solution was prepared
for the experiment. For all sets of experiments, three durations of exposures were selected, i. e, 3days,
7days and 15days for evaluation of acute toxicity.

After exposure for specific dose and duration, blood was collected in a glass vial pre-coated with
anticoagulant (EDTA) by the help of glass syringe from caudal vein of each fish. Liver tissues were taken
out and kept in test tubes and placed in a container with ice cubes, and then homogenized in a
homogenizer with 5% trypsin. The homogenate was filtered before biochemical analysis. Estimation of
urea was done by U V kinetic method [8] and creatinine by two point reaction [9] method. Statistical
analysis of the results was done by two way ANOVA.

RESULT

Alteration in creatinine

In our observation (Ref: Table-1) the average control value for creatinine from liver was found to be
1.94+0.41 mg/dl. After exposure to 200ml of sodium arsenite for three days, it was found increased up to
2.2+0.34mg/d], for 7 days exposure it was 2.80+0.19mg/d], and for 15 days exposure of the same dose,
the concentration of creatinine obtained was 2.12+0.13mg/dl. When exposed to 400ml of the test solution
for three days, the average amount of total cholesterol was increased to 2.86+0.19mg /dl, for 7 days
exposure the average concentration was 2.22+0.11mg/dl and for 15 days exposure the value was
3.11+0.15mg/dl. But when exposed to 200ml solution of zeolite along with sodium arsenite the average
concentration obtained was decreased to 0.47+0.10mg/dl for 3days, 0.73%£0.04mg/dl for 7days and
0.36+0.05mg/dl for 15 days exposure. Similarly when exposed to 400ml of sodium arsenite with zeolite,
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average concentration measured was 1.26+0.29mg/dl for 3days exposure; 0.14+0.05mg/dl for 7days
exposure; 1.08+0.20mg/dl for 15 days exposure.

The average control value for creatinine from blood was found to be 0.80+0.01 mg/dl. After exposure to
200ml of sodium arsenite for three days, it was found increased up t01.20+0.92mg/dl, for 7 days
exposure it was 1.17£0.19mg/dl, and for 15 days exposure of the same dose, the concentration of
creatinine obtained was 1.65+0.33mg/dl. When exposed to 400ml of the test solution for three days, the
average amount of total cholesterol was increased to 1.30+0.13mg /dl, for 7 days exposure the average
concentration was 1.47+0.09mg/dl and for 15 days exposure the value was 0.89+0.08mg/dl. But when
exposed to 200ml solution of zeolite along with sodium arsenite the average concentration obtained was
decreased to 0.47+0.10mg/dl for 3days, 0.73+0.04mg/dl for 7days and 0.36+0.05mg/dl for 15 days
exposure. Similarly when exposed to 400ml of sodium arsenite with zeolite, average concentration
measured was 0.80+0.29mg/dl for 3days exposure; 0.14+0.05mg/dl for 7days exposure; 0.54+0.03mg/dl
for 15 days exposure.

The concentration of creatinine from liver and blood of Hetropneustes fossilis exposed to sodium arsenite
was found increased significantly (F=15.99 > 3.84 at 5% P in liver; F=6.09 > 3.84 at 5% P in blood), after
exposure to doses, 200ml and 400ml, for all durations, in comparison to control group. But the value
decreased significantly to normal range, compared to control, after treatment with zeolite ((F=1.12>0.68
in liver; F= 0.78>0.68 in blood), for all exposures. This is an indication of the chelating effect of zeolite on
the toxicant.

Alteration in urea

The average control value for urea from liver was found to be 4.66+1.98 mg/dl. After exposure to 200ml
of sodium arsenite for three days, it was found increased up t03.20+0.60mg/dl, for 7 days exposure it was
8.72+3.72mg/d], and for 15 days exposure of the same dose, the concentration of urea obtained was
79.58+4.6mg/dl. When exposed to 400ml of the test solution for three days, the average amount of total
cholesterol was increased to 8.26+4.48mg /dl, for 7 days exposure the average concentration was
9.49+1.00mg/dl and for 15 days exposure the value was 42.21+1.77mg/dl. But when exposed to 200ml
solution of zeolite along with sodium arsenite the average concentration obtained was decreased to
6.42+4.79mg/dl for 3days, 2.12+0.39mg/dl for 7days and 4.66+1.22mg/dl for 15 days exposure. Similarly
when exposed to 400ml of sodium arsenite with zeolite, average concentration measured was
0.90+0.03mg/dl for 3days exposure; 4.98+0.68mg/dl for 7days exposure; 5.44+0.69mg/dl for 15 days
exposure.

The average control value for urea from blood was found to be 6.22+0.28 mg/dl. After exposure to 200ml
of sodium arsenite for three days, it was found increased up t03.20+0.29mg/dl, for 7 days exposure it was
8.72+0.44mg/d], and for 15 days exposure of the same dose, the concentration of urea obtained was
79.58+4.0mg/dl. When exposed to 400ml of the test solution for three days, the average amount of total
cholesterol was increased to 13.85+0.48mg /dl, for 7 days exposure the average concentration was
9.48+2.15mg/dl and for 15 days exposure the value was 8.00+0.21mg/dl. But when exposed to 200ml
solution of zeolite along with sodium arsenite the average concentration obtained was decreased to
3.60+0.50mg/dl for 3days, 5.50+0.21mg/dl for 7days and 4.66+0.42mg/dl for 15 days exposure. Similarly
when exposed to 400ml of sodium arsenite with zeolite, average concentration measured was
4.50+£0.97mg/dl for 3days exposure; 4.98+0.48mg/dl for 7days exposure; 1.15+0.03mg/dl for 15 days
exposure.

The concentration of urea from liver and blood of Hetropneustes fossilis exposed to sodium arsenite was
found increased (but statistically found to be non-significant), after exposure to doses, 200ml and 400ml],
for all durations, in comparison to control group. But the value decreased significantly to normal range,
compared to control, after treatment with zeolite (F=132.12>49.69 at 5% P in blood; statistically non-
significant in liver), for all exposures. This is an indication of the chelating effect of zeolite on the toxicant.

DISCUSSION

Our study reports significantly elevated level (p<0.05) of creatinine and urea after exposure to sodium
arsenite and significant reduction of the value after exposure to zeolite. There are relatively few clinical
reports available on arsenic induced nephrotoxicity in animals. Saxena et al.,, [10] reported significant
increase in serum creatinine and urea in arsenic treated albino rats. Nephrotoxicity was assessed by
estimating the serum levels of urea, uric acid and creatinine, the markers of renal dysfunctioning. Arsenic
trioxide intoxication significantly increased the serum level of urea, uric acid and creatinine in
comparison to control due to renal dysfunctioning, as per the authors.

Patel and Kalia[11] reported increased blood urea and serum creatinine in experimental diabetic rats
after subchronic exposure to arsenic. Missoun et al, [12] reported significant increase in serum creatinine
and urea levels in Wistar rats treated to the heavy metal lead. Renal function impairment might result
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from intrinsic renal lesions, decreased perfusion of the kidney or due to deranged metabolic process
caused by metal toxicity[13].Exposure to arsenic or its various forms can lead to induce nephrotoxicity in
experimental animals [14].High concentration of arsenic can accumulate in the kidney tissue than other
tissues through various exposure routes [15].
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Fig:1:- Alteration in creatinine from liver extract of Heteropneustes fossilis after acute exposure of sodium
arsenite and sodium arsenite + zeolite. (Values in gm/dl)
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Fig:2:- Alteration in creatinine from blood extract of Heteropneustes fossilis after acute exposure of
sodium arsenite and sodium arsenite + zeolite. (Values in gm/dl)
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Fig:3:- Alteration in urea from liver extract of Heteropneustes fossilis after acute exposure of sodium
arsenite and sodium arsenite + zeolite. (Values in gm/dl)
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Fig:4:- Alteration in urea from blood extract of Heteropneustes fossilis after acute exposure of sodium
arsenite and sodium arsenite + zeolite. (Values in gm/dl)
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Table:1:-Table showing alterations in concentration of creatinine and urea in liver and blood of
Heteropneustes fossilis exposed to sodium arsenite and sodium arsenite with zeolite.

Days Groups Creatinine Creatinine Urea Urea
from liver from blood fromliver from blood
3 days Control 1.94+0.41 0.80+0.01 4.66+1.98 6.22+0.28
Arsenic-I dose 2.2+0.34 1.20+0.92 3.20+0.60 3.20+0.29
Arsenic-I1ldose 2.86%0.19 1.30+0.13 8.2614.48 13.85+0.5
Arsenic+Zeolite-Idose 0.47+0.10 0.47+0.10 6.42+4.79 3.60£0.50
Arsenic+Zeolite-1IDose 1.26+0.29 0.80£0.29 0.90+0.03 4.50+0.97
7 days Control 1.94+0.41 0.80+0.01 4.66+1.98 6.22+0.28
Arsenic-1 dose 2.80+0.19 1.17+0.19 8.72+3.72 8.72+0.44
Arsenic-Ildose 2.22+0.11 1.47+0.09 9.49+1.00 9.48+2.15
Arsenic+Zeolite-Idose 0.73+0.04 0.73£0.04 2.12+0.39 5.50+0.21
Arsenic+Zeolite-1IDose 0.14+0.05 0.14+0.05 4.98+0.68 4.98+0.48
15days Control 1.94+0.41 0.80+0.01 4.66+1.98 6.22+0.28
Arsenic-I dose 2.12+0.13 1.65+£0.33 79.58+4.6 79.58+0.4
Arsenic-I1ldose 3.11+0.15 0.89+0.08 42.21+1.8 8.00+0.21
Arsenic+Zeolite-Idose 0.36%0.05 0.36+0.05 4.66+1.22 4.66+£0.42
Arsenic+Zeolite-1IDose 1.08+0.20 0.54+0.03 5.44+0.69 1.15+0.03

Values in g/dl (Mean+SD)
I dose: 200ml of the test solution; II dose 400ml of the test solution

CONCLUSION

Our findings are comparable with the findings of the above scientists with regards to the alteration in
creatinine and urea content in animals exposed to arsenic and other heavy metals. The findings of the
present study indicate that arsenic exposure is responsible for significant alteration in creatinine and urea
from liver and blood in comparison to control in Heteropneustes fossilis and treatment with zeolite could
significantly bring recovery of the conditions in the fish.

The efficacy of zeolites in removing heavy metals, other than arsenic from animal body was evaluated by
many workers. But chelating effect of zeolite for arsenic toxicity has not been properly examined. No
literature is available for zeolite based chelation of arsenic from any animal body, that is why an attempt
was made and significant result was found. We can conclude that like other heavy metals, arsenic load
may also be reduced from aquatic fauna by using zeolite. Further structural specification of zeolite and
related efficacy of chelation of arsenic is yet to be established.
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