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ABSTRACT

The present investigation has been designed to study the effect of sublethal concentrations (10% and 30%) of 
heavy metal, arsenic on the total carbohydrate and glycogen content of liver and muscles of Mystus vittatus after 
exposure to 30 days. A significant reduction in total carbohydrate and glycogen content of liver and muscles in 
arsenic exposed fish, Mystus vittatus suggests that the tissue carbohydrate and glycogen might have undergone 
glucogenolysis, during the stressful situation in the intoxicated fishes. Thus the present study concludes that the 
carbohydrate metabolism of fish Mystus vittatus affected during arsenic exposure and reduces the nutritive value 
of fish.
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INTRODUCTION

Arsenic is an ubiquitous element, released into the aquatic 
environment from both natural and anthropogenic 
activities. It is considered to be a environmental pollutant 
and ecological dangers can arise if large amounts of arsenic 
are released into the environment at the time of metal 
smelting, chemical manufacturing, and agricultural 
activities. 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. In 
the environment, arsenic is present in different forms 
(arsenite or arsenate form which are inter-converted 
through redox and methylation reactions) and their toxicity 
depends upon chemical form and oxidation states (Ananth 
et al, 2014). Arsenic exposure in the aquatic environment 
causes bioaccumulation in aquatic organisms and can lead 
to physiological and biochemical disorders (Han et al., 
2019). 

The environmental toxicant can induce physiological and 
biochemical changes in fish that lead to growth inhibition 
(Beyers et al. 1999). In aquatic environment, fish are 
usually regarded as organisms of choice for assessing the 
effects of environmental pollution on aquatic ecosystem, 
so the present study was undertaken to investigate the 
alterations in the levels of blood glucose level and glycogen 
content in tissues of Mystus vittatus, a fresh water cat fish 
exposed to sublethal concentrations of arsenic, a trace 
element widely detected in the aquatic environment due to 
natural effects and anthropogenic activities.

MATERIALS AND METHODS
The healthy Mystus vittatus ranging from 7.0-8.0 cm in 
length and weighting 8.0-9.0 gm were collected from 
ponds in and around Balrampur and washed with 1% 
solution of KMnO  for five minute and then transferred to 4

the plastic jar containing 50L dechlorinated tap water for 
acclimatization. Fish were acclimated to laboratory 
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conditions for 15 days at room temperature. The LC50 

for arsenic trioxide for 96 hours was calculated using 
probit method (Finney, 1971) was 3.20 ppm. The LC  50

values of arsenic for 24, 48, 72 and 96 hours were 4.71, 
4.16, 3.68 and 3.25 ppm, respectively. Based on 96 
LC , fishes were exposed to sublethal concentrations 50

(10% and 30%) for treated and control period of 10, 20  
and 30 days. A control group was maintained in an 
identical environment. The fishes were regularly fed 
with commercial food and the medium was changed 
daily to remove faeces and food remnants. The fishes 
were sacrificed from both experimental and control 
groups on 10th, 20th and 30th days of exposure periods 
and subjected to analysis for biochemical changes. 
Total carbohydrate content and glycogen were 
estimated by the method of Roe (1961) and Carroll et 
al., (1956). 

RESULTS AND DISCUSSION
The total carbohydrate and glycogen content in the 
different tissues of control and arsenic treated fish, 
Mystus vittatus , are presented in Table 1and 2. 

Even though protein is an important source of energy 
in fish but stress conditions causes rapid depletion of 
stored carbohydrate, primarily liver and muscle 
glycogen. Clarke (1975) had also noticed that 
carbohydrate is considered to be the first among the 
organic nutrients degraded in response to stress 
conditions imposed on animals. Total carbohydrate 
and glycogen of tested tissues of Mystus vittatus 

showed that they decreased with increasing 
concentration of arsenic and exposure duration.

Total carbohydrate and glycogen in Mystus vittatus 
was decreased with increasing concentration of arsenic 
and exposure. The results showed hyperglycemia and a 
reduction in glycogen content of tissues of arsenic 
exposed fishes. The present finding also supported by 
other scientists who had noticed that glycogen content 
of muscle and liver tissues was declined with 
increasing concentration and duration of industrial 
effluent exposure (Shaff, 1981; Oikari and Nakari, 
1985). Marked glycogenolysis found in the present 
study, resulting from chronic exposure to arsenic may 
be due to a stress-induced increase in circulating 
catecholamines (McLeay and Brown, 1975; Prakash 
and Verma, 2018).   

Total carbohydrate and glycogen content in liver and 
muscles tissue  of arsenic exposed Mystus vittatus 
were decreased significantly which facing the 
utilization of excess energy needed to cope with stress 
under arsenic exposure. Anoxia or hypoxia increases 
carbohydrate consumption and thereby induces a sort 
of respiratory stress on organisms even at a sublethal 
level resulting in additional expenditure of energy. The 
increased glycogenolysis indicated a general 
disturbance in carbohydrate metabolism, which might 
have an adverse effect on the life of exposed animals 
(Dhavale et al., 1988).Thus, the nutritive value of the 
fish could be altered during the arsenic exposure.  

Table 1: Effects of sublethal concentrations of arsenic on total carbohydrate level (mg/g) in liver and muscles 
of  Mystus vittatus at different period of exposure (N=6).

Control  21.56±0.19 22.05±0.18 22.21±0.20 0.039NS

Liver 10% 15.43±0.21 12.32±0.12 10.09±0.31 37.58*

30% 13.48±o.24 10.13±0.24 7.14±0.28 42.38*

Control 7.23±0.26 7.28±0.21 7.32±0.31 0.031NS

Muscles 10% 5.86±0.21 4.98±0.31 4.05±0.12 29.17*

30% 4.54±0.14 3.59±0.25 3.02±0.31 33.16*

NS= Non Significant; *=Significant at 5% level of F test (p<0.05)

Tissues Group

10 20 30

Exposure periods in days F. value
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CONCLUSION

Glycogen is immediate source of energy which gets 

converted into glucose by glycogenolysis to overcome 

the stress by pollutants. The present study obviously 

indicates that low concentration of arsenic is toxic to 

fishes and decreases the glycogen of different tissues to 

cope up with the stress.
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Table 2: Effects of sublethal concentrations of arsenic on glycogen (mg/g) content in liver and muscles of  
Mystus vittatus at different period of exposure (N=6).

NSControl 32.43±0.21 32.76±0.24 32.12±0.31 0.051

Liver 10% 28.21±0.22 25.04±0.31 22.12±0.23 29.52*

30% 24.31±0.24 21.85±0.35 19.71±0.24 35.22*
NSControl 11.25±0.22 11.53±0.21 11.42±0.19 0.031

Muscles 10% 9.89±0.11 8.32±0.21 7.16±0.14 25.12*

30% 8.12±0.23 6.71±0.22 5.29±0.25 43.36*

NS= Non Significant; *=Significant at 5% level of F test (p<0.05)

Tissues Group

10 20 30

Exposure periods in days F. value
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