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ABSTRACT

Heavy metals harm the aquatic ecosystem by persisting in the environment and having the ability to
bioaccumulate in aquatic species. Lead is a typical dangerous heavy metal with a very long biological half-life
that is not biodegradable and is physiologically non-essential. The goal of the current study was to measure the
amount of glycogen in Labeo rohita's muscle, liver, gills, and kidney after exposure to sublethal amounts of lead
and copper for 4, 7, 15, and 30 days. The data showed a substantial drop in glycogen levels in the Labeo rohita
experimental fish. Both the low concentration (26.426 mg/L) and the high concentration (75.467 mg/L) of
muscle glycogen had decreased by a significantly significant amount (P 0.001) after 30 days compared to the
control. The amount of hepatic glycogen (7.228 mg/g) was significantly (P 0.001) lower after 30 days compared
to the control group. After 30 days of exposure, the reduction in gill glycogen content was found to be (0.689
mg/g) in high concentration and (1.2813 mg/g) in low concentration, in comparison to the control. Both the high
concentration of renal glycogen (2.71 mg/g) and the low concentration of renal glycogen (3.16 mg/g) were
found to be considerably lower (P 0.001) than the control at 30 days. The impact of poisonous Lead and Copper
in some fish tissues was taken into account when evaluating the fish's response to a stressor. As a result, we can
detect cadmium stress in fish by looking at their glycogen content.
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1. INTRODUCTION

According to Dianne and William (1999), the term
"heavy metal" refers to any metal exposure that is
clinically undesirable and that poses a risk. Since of
their toxicity and threat to plant and animal life, heavy
metals in the aquatic environment are a serious
problem because they alter the natural ecological
balance [1]. It is concerning how quickly heavy
metals are entering aquatic systems. Over the past few
decades, the presence of heavy metals in aquatic
ecosystems above natural loads has grown to be a
widespread issue and cause for concern [2].
Due to changes brought on by human activity in the
aquatic ecosystem that have an impact on the
aquatic habitat, the sources of toxic heavy
metals in the aquatic environment can be
traced to both natural and human sources [3].
And fish a key link in the food chain that feeds
humans [4].

Effluents are released into water systems through
human activities including industry, urbanization, and
agriculture, either directly or through run-off,
leaching, or seepage [5]. Organic substances and
heavy metals may bioaccumulate in aquatic life, food
chains, and biomagnify [6-10]. As a result of
increased uptake and poor removal of material from
water, bioaccumulation is the net build-up of that
substance in an aquatic organism [11,12]. Because
they are broken down over such a long period, heavy
metals are conservative pollutants because they
essentially form a permanent part of the aquatic
ecosystem [13]. Bioaccumulation measures are
required because heavy metals bioaccumulate and
negatively affect aquatic ecosystems [14-17]. Studies
on techniques to track the absorption and retention of
contaminants like metals or pesticides in organs or
tissues of creatures like fish are known as
"bioaccumulation measurements” [18-20]. Heavy
metals are characterized by their potent attraction to
biological tissues and, more generally, by their
delayed removal from biological systems [21]. It was
discovered that fish absorb heavy metals either
through the stomach wall tract or through absorption
over the gill surface [22]. The modes of intake from
water are diffusion-facilitated transport or absorption
in gills and surface mucus [23].

2. MATERIALS AND METHODS

Freshwater mussels called Labeo rohita, which have a
length of 25 to 30 cm and a weight of 25 g, were
obtained live and healthy specimens from local
sources and brought to the lab. To prevent any skin
infection, fish were treated with a 0.1% KMnO4
solution before being added to the aquarium. For two
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weeks, fish were accustomed to the conditions in the
lab. In the comparison of humans fish also have the
great exposure of copper and lead [24-27]. Further it
can be used for research work of fish. Fish were fed at
will during the acclimation period, and the water was
changed every day. The choice of Labeo rohita as the
model organism for this study was made due to its
accessibility, capacity to survive for a longer amount
of time in a lab setting, ease of handling, etc. In glass
aquariums, fish were kept under normal maintenance
practices (APHA, 2012).

The F-test, t-tests, and regression analysis are some of
the most popular and practical statistical tools for
quantifying such comparisons. The F-test and t-tests
will be discussed first because they are the most
fundamental tests.

2.1 Experimental Design

For the experiment, a total of 20 fish were utilized.
Fish were kept in a condition of static renewal. They
were split into three replication groups of 6, 7, and 7
fish each. Three subgroups were created from each
group, with three fish in each aquarium. The treatment
doses for the fish in subgroups I and Il were 1/5th
(LC50: 71.346 mg/L) and 1/10th (LC50: 34.928
mg/L), respectively. Control was provided by
Subgroup Ill. The Cd-free group received no
treatment at all. Every two days, an hour after the
feeding time, the aquariums of the control and
exposed groups were cleaned to decrease
contamination with food scraps. Every two days, the
entire experimental water system was entirely
replaced. After 4, 7, 15, and 30 days of metal
exposure, three fish from each subgroup were
slaughtered. Tissues like the liver, muscle, kidney,
and gill were quickly removed and processed for
biochemical estimates. The Nicholas et al. approach
was used to estimate the amount of glycogen in the
tissues (1956). A student test was used to compare the
values.

3. RESULTS

The amount of total glycogen content was changed
in the muscle, liver, gills, and kidney of the fish
Labeo rohita after exposure to sublethal amounts of
Cd.

3.1 Muscle Glycogen

After 4 days, the muscles of control fish and fish
subjected to lower and higher amounts had total
glycogen contents of 6.28 mg/g, 6.12 mg/g, and 6.02
mg/g, respectively. Glycogen was found to be 6.89
mg/g in control fish, 6.28 mg/g in fish subjected to
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lower concentrations, and 6.36 mg/g in fish exposed
to higher concentrations after 7 days. Similarly, it was
discovered to be 7.76 mg/g in control, 6.12 mg/g in
lower concentration, and 5.58 mg/g in exposed fish
exposed to greater concentrations after 15 days. At the
conclusion of the 30-day exposure period, the levels
were found to be 7.79 mg/g in the control, 5.59 mg/g
in the lower concentration, and 3.17 mg/g in
the fish exposed to the higher dosage. After 15 days
of high concentration and 30 days of both low
(34928 mg/L) and high (71346 mg/L)
concentrations, there was a highly significant (P
0.001) decrease in muscle glycogen compared to
control (Table 1 ). These findings demonstrated a
clear relationship between the concentration and
duration of exposure and the loss in muscle total
glycogen content.

3.2 Liver Glycogen

After 4 days, the total glycogen content in the livers
of fish exposed to lower and higher doses, as well as
control fish, was found to be 10.24 mg/g, 10.20 mg/g,
and 10.38 mg/g, respectively. After 7 days of
exposure, it was found that control fish had 10.29
mg/g, lower exposure fish had 10 mg/g, and higher
exposure fish had 10.36 mg/g. In a similar manner,
after 15 days of exposure, it was 10.31 mg/g in the
control, 10.30 mg/g at the lower concentration, and
9.28 mg/g in the exposed fish with higher
concentrations. At the conclusion of the 30-day
exposure period, the levels were found to be 10.52
mg/g in the control, 9.01 mg/g in the lower
concentration, and 8.11 mg/g in the fish subjected to
the higher dosage. When fish were treated for 7 days
to low concentrations (34.928 mg/L), the decrease in
glycogen content was shown to be marginally
significant (P0.01). It was significantly significant at
15 days in low concentration (P 0.001). At 30 days
after exposure, the decline was marginally
significant (P0.01) at low concentration (34.928
mg/L) and very significant (P0.001) at high
concentration (71.346 mg/L) (Table 2). The findings
showed that, similar to a muscle, the amount of total
glycogen in the liver decreased in a manner that was
inversely related to the exposure time and Cd
concentration.

3.3 Gill Glycogen

After 4 days, the total glycogen content was measured
to be 1.13 mg/g, 1.05 mg/g, and 1.00 mg/g in the gills
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of control fish and fish subjected to lower and higher
amounts, respectively. After 7 days of exposure, it
was found that control fish had 2.52 mg/g, while
exposed fish with higher concentrations had 1.22
mg/g and lower concentrations had 1.11 mg/g. Similar
results were reported after 15 days of exposure: 2.56
mg/g in control, 1.05 mg/g in lower concentration,
and 1.39 mg/g in fish subjected to higher
concentrations. After 30 days of exposure, it was
discovered that the control group's levels were 2.65
mg/g, the lower group's were 1.36 mg/g, and the
higher group's were 0.28 mg/g. In high concentration
exposed fish, the reduction in glycogen content was
found to be marginally significant (P 0.01) after 15
days. Fish exposed to lower (34.928 mg/L) and higher
(71.346 mg/L) concentrations of Cd were shown to
have a highly significant reduction (P0.001)
after 30 days compared to the control (Table 3).
However, it was not as significant in short-
period exposures. The observations showed that the
drop in total glycogen content in the gills was directly
related to the concentration of Cd and time of
exposure.

3.4 Kidney Glycogen

After 4 days, the fish exposed to lower and higher
amounts, as well as the control group, had kidneys
with total glycogen contents of 3.28 mg/g, 3.21 mg/g,
and 3.17 mg/g, respectively. At the end of 7 days of
exposure, it was found that control fish had 4.83
mg/g, lower exposure fish had 3.26 mg/g, and higher
exposure fish had 3.28 mg/g. Similar results were
reported after 15 days of exposure: 3.78 mg/g in
control, 3.21 mg/g in lower concentration, and 2.81
mg/g in fish subjected to higher concentrations. After
30 days of exposure, it was discovered that the control
group had 3.82 mg/g, while the lower concentration
group had 2.91 mg/g, and the higher concentration
group had 2.81 mg/g of the substance (Table 4).
When fish were exposed for 15 days to a high
concentration (71.346 mg/L), the decrease in
glycogen content was determined to be marginally
significant (P0.01). Fish treated for 30 days to low
(34.928 mg/L) and high (71.346 mg/L) concentrations
showed a highly significant reduction (P 0.001). It is
evident from the data that after 4, 7, 15, and 30 days
of exposure, fish exposed to both lower and higher
concentrations of Cd had kidney glycogen contents
that were lower than the control values, with the
highest decline occurring after 30 days.
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Table 1. Alteration in total glycogen content in muscles (mg/g ) of Labeo rohita after exposure to
different concentrations of copper

Duration of  Control group Experimental groups %RSD
exposure Not treated with Low concentration High concentration

(Days) copper (34.928 mg/L) (71.346 mg/L)

4 6.28+0.21 6.12+0.38™° 6.28+0.31™° 0.5436
7 6.89+0.28 6.28+0.34° 6.3620.23*

15 7.76+0.36 6.12+0.20* 5.58+0.16***

30 7.79+0.15 5.59+0.41*** 3.72+0.32***

Values are Mean £ S.E., N=6; N= Number of observations for each value; *P<0.05 and ***P<0.001 (in comparison to
control); NS= non significant

Table 2. Alteration in total glycogen content in liver (mg/g ) of Labeo rohita after exposure to different
concentrations of copper

Duration of Control group Experimental groups %RSD
exposure Not treated with Low concentration  High concentration

(Days) copper (34.928 mg/L) (71.346 mg/L)

4 10.24+0.10 10.200.26 "° 10.38+0.38 ™ 0.5873
7 10.29+0.34 10.0+0.28** 10.36+0.45 ™S

15 10.31+1.10 10.30+0.21*** 9.28+0.20 ™

30 12.56+0.23 10.08+0.60** 9.12+0.49%**

Values are Mean + S.E., N=6; N= Number of observations for each value; **P<0.01 and ***P<0.001 (in comparison to
control); NS=non significant

Table 3. Alteration in total glycogen content in gill (mg/g ) of Labeo rohita after exposure to Different
concentrations of copper

Duration of Control group Experimental groups %RSD
exposure Not treated with Low concentration  High concentration

(Days) copper (34.928 mg/L) (71.346 mg/L)

4 1.13+0.14 1.05+0.12"™° 1.00+£0.35 ™ 0.4356
7 2.52+0.13 1.22+0.21 ™ 1.1120.24"°

15 1.32+0.11 1.05x0.18™° 1.39+0.19%**

30 2.65+0.20 1.36+0.13*** 0.79+0.25***

Values are Mean * S.E., N=6; N= Number of observations for each value; **P<0.01 and ***P<0.001 (in comparison to
control); NS=non significant

Table 4. Alteration in total glycogen content in the kidney (mg/g ) of Labeo rohita after exposure to
different concentrations of copper

Duration of Control group Experimental groups %RSD
exposure(Days) Not treated with copper Low concentration High concentration

(34.928 mg/L) (71.346 mg/L)
4 3.28+0.13 3.21+0.04™° 3.17+0.12™° 0.6574
7 3.78+0.18 3.26+0.02 N 3.28+0.31 N
15 3.78+0.24 3.21+0.29 M 2.81+0.14**
30 3.82+0.12 2.91+0.05*** 1.38+0.20%**

Values are Mean * S.E., N=6; N= Number of observations for each va
control); NS=non significant Metal intoxication in fish usually result

lue; **P<0.01 and ***P<0.001 (in comparison to
s in glycogen depletion and is reported in several

species of fishes such as H. fossilis, Sarotheradon mossambicus, Labeo rohita, Labeo rohita, L. rohita

4. DISCUSSION tissues

of Labeo rohita after copper and lead

In the present study, glycogen content was depleted
significantly in the muscle, liver, gill, and kidney

exposure. These findings are well supported by the
observations of earlier workers who have exposed
various experimental models for copper and lead for

455



different durations. The various experimental models
used were Labeo rohita, freshwater field crab
Barytelphusa guerini, fish  Hypopthalmichthys
molitrix, Cirrhinus mrigala and Tilapia mossibica.

Reported decrease in glycogen content of muscle and
liver in Hetero- pneustes fossils after 15 and 30 days
of copper and lead exposure however they found
increased glycogen content after 60 days of exposure
in both tissues. Similar observations have been
reported after mercuric chloride exposure in after
phenyl mercuric acetateexposure in Labeo rohita.

The same findings were reported in Cyprinus carpio,
in Catla catla and in H. molitrix in various tissues
after exposure to copper and lead for different
durations.

A significant decrease in protein and glycogen levels
in the reproductive organs of freshwater fish Labeo
rohita exposed to sub-lethal concentrations of copper
for 30 days.

It is considered that protein and carbohydrate stores
are mobilized to a varying degree as a compensatory
mechanism in response to energy stress during acute
copper exposure. Most of the investigators have found
that heavy metals cause glycogen depletion but the
glycogenolytic response by different species of fish
varies.

Like all other vertebrates, fish also store glucose in
the form of glycogen in the liver, skeletal muscle,
myocardium and brain. When required, the glycogen
from these stores is broken down (Glycogenolysis)
and transported to the muscle as glucose. On reaching
the muscle, the glucose may be used at once or
reconverted into glycogen.

A fall in the glycogen level clearly indicates its rapid
utilization to meet the enhanced energy demand in
fish exposed to the toxicant. Some workers have also
suggested that heavy metals could decrease the
glycogen reserve in fish by affecting the activities of
enzymes that play a role in carbohydrate metabolism.
A decrease in the glycogen reserve of H. fossilis by
stimulating  glycolytic  enzymes like lactate
dehydrogenase, pyruvate dehydrogenase, and
succinate dehydrogenase.

Decrease in carbohydrates is probably due to
glycogenolysis and utilization of glucose to meet in-
creased metabolic costs as suggested in Oreochromis
mossambicus under the stress of tannic acid [28,29].
Several other reasons have been suggested for the
decreased glycogen level in fishes after exposure to
metals such as acute hypoxia and neuroendocrine
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stimulation of fish under the stress of metal exposure
which in turn causes disturbances in carbohydrate
metabolism. The duration taken in the present study
of 4, 7, 15 and 30 days of copper exposure to
determine the glycogen content of Labeo rohita
makes this work different from others.

5. CONCLUSION

According to the current study, copper was swiftly
utilised to meet the fish's increased energy
requirements since glycogen depletion in Labeo
rohita muscle, liver, gill, and kidney tissues was
closely connected with the concentration and period
of exposure. Glycogen can be used as a biomarker of
copper stress in fish. It is important to draw attention
to how harmful heavy metals are for the ecosystem
and the metabolic functions of aquatic organisms.
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