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1.INTRODUCTION 
 

Arsenic is a naturally occurring, highly toxic environmental 

pollutant. It is present in water, soil and food and released 

into the environment from both natural and man-made 

sources (Tchounwou et al., 1999). The drinking water 

containing more than 10 µg/L of arsenic is harmful to the 

body and chronic exposure to arsenic-contaminated water and 

food causes cancer (WHO, 2001).  Arsenic is the first 

metalloid to be identified as a human carcinogen and most 

cases of chronic arsenic sis are associated with continual 

intake of arsenic-contaminated water (Jin et al., 2004). 

Arsenic is used for alloying, as a catalyst in chemical 

reactors, for battery making and metal plating. It is deposited 

in rivers and streams through discharges of effluents from 

operations. It‟s route of exposure to humans, animals, and 

birds is through drinking contaminated water and dust from 

the atmosphere. Its health effects include; the disturbance of 

respiratory system and asthma, birth defects, vomiting and 

damage to Deoxyribonucleic Acid (DNA) at high 

concentrations (Ntengwe and Maseka, 2010). 

 

Arsenic, an important environmental contaminant, is present 

in the aquatic environment as a result of geogenic and 

anthropogenic processes (Gonzalez et al., 2006; Singh and 

Banerjee, 2008). In the environment, arsenic is present in  

 

 

 

 

different forms and the toxicity depends up on chemical form 

and oxidation states (Agusa et al., 2008). Arsenic is classified 

as a metalloid with metallic and non-metallic properties. The 

most frequently used arsenic compound is arsenic trioxide 

(As2O3), which is used for agricultural chemicals and 

synthesis of various inorganic and organic compounds 

(Buchet et al., 1994; Juma et al., 2002) have shown that fish 

is the major source of exposure of arsenic and humans who 

consume these tissues may be threatened by arsenic toxicity 

(Lin et al., 2005). Fish tissues, skin, nervous system, 

gastrointestinal system and blood are commonly involved in 

arsenic poisoning (ATSDR, 2006). Hence, the utility of fish 

in assessing contaminations in water has gained prominence 

in recent years (Ikem and Egiebor, 2005; Yilmaz and Yilmaz, 

2007).  

 

In the aquatic environment, arsenic (metalloid element) found 

either as arsenite (As3+) or arsenate (As5+) form which are 

inter-converted through redox and methylation reactions 

(Bears et al., 2006). The arsenic species can accumulate in 

many aquatic organisms which may catalyse the oxidation of 

arsenite to arsenate and also promote the formation of 

methylarsines through biomethylation reaction (Ridley et al., 

1977). The aquatic environment, fish are usually regarded as 

organisms of choice for assessing the effects of 

environmental pollution on aquatic ecosystem (Gernhöfer et 

al., 2001), because fish can be chronically exposed to 

different substances, such as heavy metals and pesticides, and 
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they can bio-accumulate by direct exposure or through the 

food chain. In fish, gills are critical organs for respiratory and 

osmoregulatory functions. Gills are generally considered as 

the good indicators of water quality, being models for studies 

of environmental impact because gills come into immediate 

contact with the environment and are the primary route for 

the entry of arsenic and other pollutants. Furthermore, any 

damage to this important organ can compromise fish survival 

(Palaniappan et al., 2008).  

 

Fish can serve as bioindicators of environmental pollution 

and can play significant roles in assessing potential risk 

associated with contamination in aquatic environment since 

they are directly exposed to chemicals resulting from 

agricultural production via surface     run-off or indirectly 

through food chain of ecosystem (Lakra and Nagpure, 2009). 

Carbohydrates play a structural role as well acts as a reservoir 

of chemical energy to be increased or decreased according to 

organisms need. Animals store homopolysaccharides in tissue 

as glycogen consisted of glucose and is considered to be the 

major source of energy and hence all metabolic events 

depend upon the breakdown of glycogen. Glycogen in the 

tissue is also considered to be the immediate source of energy 

to adapt to the environmental conditions. Several workers 

have reported the impact of various heavy metals on the 

carbohydrate metabolism of different aquatic organisms 

(Kharat et al., 2009). Heavy metal- copper is an 

osmoregulatory toxicant in Gibel carp, Carassius auratus 

causing Na loss and glycogen depletion in liver (Boeck, 

2010).  

 

Glycogen is the main reserve source of energy for animals 

during normal metabolism and their content in liver and 

muscle of fish exposed to chemical substances may indicate 

the health condition of the fish. During unfavourable 

environmental situation, the normal metabolism is affected 

which in turn leads to alteration in the glycogen reserve of 

fish. The observed reduction in glycogen content in the 

present study indicates the utilization of stored glycogen to 

meet out the high energy requirement under the lindane 

stress. Similar reduction in glycogen content in Clarias 

batrachus was observed after fish were exposed to pesticide 

(Begum and Vijayaraghavan, 1996; Moorthikumar and 

Muthulingam, 2011). The depletion of glycogen level clearly 

indicates its rapid utilization to meet the enhanced energy 

demands in fish exposed to toxicant through glycolysis or 

Hexose Monophosphate pathway. It is assumed that decrease 

in glycogen content may be due to the inhibition of hormones 

which contribute to glycogen synthesis (Sobha et al., 2007). 

They showed that these fishes were, hypoglycemic 

,hypolactemic and the total plasma proteins, the levels of 

glycogen, lactic acid, pyruvic acid and total proteins in liver 

and muscles decreased significantly in both acute and chronic 

exposure. However, no information is on record concerning 

the sublethal concentration of heavy metal arsenic trioxide 

effect on the glycogen levels of Grass carp. 

 

2.MATERIALS AND METHODS 
 

The fish Grass carp having mean weight 15-17 gm and 

length 14 – 16 cm were collected from PSP fish farm, at 

Puthur and acclimatized to laboratory conditions. They were 

given the treatment of 0.1%KMNO4 solution and then kept in 

plastic pools for acclimatization for a period of nine days. 

They were fed on rice bran and oil cake daily. The arsenic 

trioxide was used in this study and stock solutions were 

prepared.  Arsenic trioxide LC50 values were 89 mg/L 

respectively taken as sublethal concentrations for this study. 

Fifty fish were selected and divided into 5 groups of 10 each. 

The first group was maintained in free from arsenic trioxide 

and served as the control. The other 4 groups were exposed to     

sublethal concentration of arsenic trioxide in 10 litre capacity 

aquaria. The 2nd, 3rd, 4th and 5th groups were exposed to 

arsenic trioxide for 7, 14, 21 and 28 days respectively. At the 

end of each exposure period, the fish were sacrificed and the 

required tissues were collected for glycogen estimation. The 

glycogen content of the tissues was estimated by the method 

of Kemp and Kits Van Heijininger (1954).   

 

Statistical Analysis 

The data were analyzed by applying Analysis of Variance 

two way ANOVA to test the level of significance. Results 

were presented as means ± SE. P values < 0.05 were regarded 

as % changes over the control to student „t‟ test the level of 

significance (Duncan, 1957). 

 

3.RESULTS 
 

The glycogen levels in gill, liver, kidney, and brain of Grass 

carp exposed to sublethal concentration of heavy metal 

Arsenic trioxide showed significant decrease when compared 

to control fish. The decrease in gill, liver, kidney and brain of 

Grass carp glycogen levels were more pronounced at 28 days 

of exposure periods (Table 1). 

 

4.DISCUSSION   
 

The arsenic concentration in natural water bodies mainly 

depends on geological composition and the degree of 

pollution (Jain and Ali, 2000). The concentration of 

arsenicals like As3+ and As5+ in the aquatic environment 

mostly depends on the valance state, redox conditions and 

geological environment (Suhendrayatna et al., 2002. The 

impact of arsenic toxicity is mostly controlled by physico 

chemical properties of water rather than by their total 

concentration (Suhendrayatna et al., 2002). Arsenic has 

definite role in depletion of carbohydrate store which might 

be a counter active mechanism to fight and survive under 

toxic environment. Apart from arsenic, other heavy metals 

and pollutants like pesticides also alter the biochemical 

composition of different organs. Parvathi et al., 2011 

observed alteration in the biochemical composition in 

different tissues of freshwater fish, Cyprinus carpio. 

Decrease in the glycogen content may be due to enhanced 

breakdown of glycogen to glucose through glycogenolysis in 

the fish tissues to withstand the existing stress condition, 

mediated by catecolamine and adenocortical harmones 

(Gluszak et al., 2007).  

 

The depletion of glycogen from different tissue system of C. 

batrachus following exposure to trivalent arsenic might be 

due to enhanced utilization of the glycogen as the immediate 

source to meet the energy requirement under arsenic stress. 

According to Kumari and Ahsan (2011), depletion of 

glycogen in the liver and kidney suggests that these tissues do 

not contribute much anoxia resulting from resulting from 

pollution stress, since anoxia and hypoxia are known to 

increase carbohydrate consumption or may be due to 
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generalized disturbances in carbohydrate consumption Simon 

et al., 1983). These alterations may be due to rapid utilization 

of glycogen to meet the energy demands under stress 

condition and supply energy demand in the form of glucose 

which undergoes breakdown to produce energy rich 

compound ATP through glycolytic pathway as suggested by 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Omkar et al. (1984). Similar results were obtained by (Muley 

et al., 2007). The study reveals that zinc has a tangible effect 

on the glycogen and protein level of certain tissues of 

freshwater fish, Channa gachua, which may cause severe to 

fatal physio-metabolic dysfunction.  

 

The results of the present study showed that the sublethal 

concentrations of heavy metal arsenic trioxide significantly 

altered the glycogen levels in liver, gill, kidney, and brain of 

Grass carp after 7, 14, 21 and 28 days exposure. The 

glycogen levels were decreased in the liver, gill, kidney, and 

brain of Grass carp when exposed to sublethal concentrations 

of arsenic trioxide may be glycogenolysis takes place by the 

action of heavy metal arsenic trioxide.  A fall in glycogen 

levels clearly indicates its rapid utilization to meet the 

enhanced energy demands in pesticide treated individuals 

through glycolysis or hexose monophospahte pathway 

(Cappon and Nicholes, 1975). Decreased glycogen synthesis 

is attributed to inhibition of enzyme glycogen synthesis 

(Stamp and Lesker, 1967). The decreased glycogen 

concentration in the liver of common carp could be due to its 

enhanced utilisation as an immediate source to meet the 

energy demand under metallic stress. Depleted glycogen level 

under chromium stress reported in Labeo rohita, Vutkura, 

(2005) has also supports these  findings. The carbohydrate 

source is stored as a reserve fuel in the liver and muscle 

tissues of fish for the endogenous derivation of energy during 

acute and chronic stress (Bonga, 1997). 

                     

The decreased glycogen content as a result of hypoxic or 

anoxic condition activates the glycolytic enzymes via 

catecholamines that initially enhance glycogen concentration. 

It was also found that cadmium could decrease glycogen 

reserves in the liver and muscle tissues of Cyprinus carpio 

(Cicik and Engin, 2005). The glycogen level however 

decreased subsequently on further continuation of exposure. 

Thirumavalavan and Samipillai, (2010) also noticed 

decreased level of glycogen in the brain of Catla catla, 

exposed for 21 days to 0.1mg/L of arsenic trioxide.  Decrease 

in carbohydrates is probably due to glycogenolysis and 

utilization of glucose to meet increased metabolic cost as 

suggested by Viswarajan et al. (1988) in Oreochromis 

mossambicus under the stress of tannic acid. Decrease in liver  

glycogen may also be due to acute hypoxia (Heath and 

Pritchard, 1965).  The decreased level of glucose and  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

glycogen contents in the liver, muscle, intestine, kidney and 

brain of Channa punctatus exposed to phenyl mercuric 

acetate (Karuppasamy, 2000; Moorthikumar and 

Muthulingam, 2011). Heavy metals arsenic trioxide thus may 

produce damage to an organ, inhibition of enzymes activity 

and significant alterations in various metabolic activities.  

 

5.CONCLUSION 
 

In conclusion, this study showed that arsenic trioxide altered 

the carbohydrate metabolism in the freshwater fish Grass 

carp by affecting the levels of glycogen in liver, gill, kidney, 

and brain due to impairments in energy requiring vital 

processes. 
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