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ABSTRACT
Fish are very susceptible to various water toxicants and can build up in the body these toxicants
(biomagnification). Fungicides results various environmental issues ultimately adversely affect and
altered the structure and various functioning of ecosystem. Carbendazim has a long range of application
in agriculture as fungicide, which finally leads its accumulation in animal tissues. Attempt has been
made to check and analyze the effect of Carbendazim on protein and carbohydrate content at 24th, 48th,
72th and 96th hr of exposure on walking catfish (Clarias batrachus). Carbendazim was reported to be
moderately toxic to walking catfish Clarias batrachus and induced alterations in the gills and muscles.
Further noticeable metabolic reduction was reported as biochemical constituents like carbohydrates
and protein exhibit negative linear changes. The occurrence of carbohydrate and protein alterations
may be used as potential biomarker for fungicide toxicity in fresh water ecosystem.
Keywords: The Ganga River, fungicide, toxicity, freshwater walking catfish, protein, gills, muscles etc.
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Introduction
Fish are very susceptible to a large range of
water toxicants; different fish species show a
large number of pollutants or toxicants in the
fish (Herger et al., 1995).
Number of workers have been reporting
alterations in biochemical content of different
fish tissues due to the toxic effects of various
heavy metals and pesticides (Gupta et al., 1987;
Khan et al., 1992; James and Sampath, 1995; Das
et al., 1999; Khare and Singh, 2002; Sobha et al.,
2007; Hadi et al., 2009, Ganeshwade, 2012).Fish
can be a useful water quality indicator and is
directly related to human health in many parts
of the world.Fish can be a useful water quality
indicator and is directly related to human health
in many parts of the world.Fish are sentinels for
water pollution and can be of great importance
to human health (Zhou et al., 2021).
Fungicides are widely used in the control of the
spread of several pests to increase agricultural
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output. On other hand, use of fungicides results
various environmental issues ultimately
adversely affect the structure and functioning of
ecosystem (Ganeshwade, 2011). Fungicides,
mixed in aquatic system through runoff, as
applied during spray on crops. Fungicides show
a range of toxicity (moderate to high toxicity) on
aquatic organisms, which ultimately affects the
biochemical balance of fishes (Cough, 1975).
Fish are vulnerable to aquatic toxicants as they
remain in direct contact with surroundings. The
zest of such environmental issue, lies in the fact
that fungicides accumulate in aquatic
environment but also deposits in the various
tissues of the fish. Such deposition may results in
the form of alterations at various aspects of
organism. Carbendazim has a long range of
application in agriculture, which leads its
accumulation in animal tissues and presence of
Carbendazim also influence the phsico-chemical
aspects of surrounding waters as well as the
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biochemical balance (Binukumari & Vasanthi,
2013).
Carbendazim enters into aquatic system due to
its extensive application in agriculture.
Carbendazim exhibit a range of toxicity and
cause moderate toxicity in fish at various
functional biochemical levels, when its
accumulation in surrounding environment
increases. Extensive study on fish gills and
muscles
has
remarkable
potential
in
understanding the adverse effect of toxicants on
the biochemical and structural integrity of
system at cellular level (Al-Ghanim et al., 2008).
Noticeable distress in respiration in considered
as the initial manifestation of fungicide toxicity.
Such toxicity may arise in the form of
bioaccumulation of fungicide in the tissues of
organism and their further binding with
biological constituents of metabolism such as
fatty acids, enzymes, iso-enzymes and proteins
(Reddy & Bashamohideen, 1988).
Fresh and marine fishes have remarkable
potential to cater the need of sensitive bioindicator and may help in explaining the
mechanism of stress caused by toxicants. This
area of research still lacks frequent studies,
which implicates the interrelated effect of
toxicity on the histology, physiology and
biochemistry of aquatic ecosystem. To update
information regarding aquatic toxicology, a
systematic analysis was commenced on Clarias
batrachus, as sub-lethal concentration of

eISSN 1303-5150

Carbendazim was employed on selected fish to
establish potential biochemical biomarker.
Material & Methods
Sampling site
The latitude of the Rishikesh range is 30°07′′ to
78°19′′ in the north and east.It is 372 metres
high on average.The population of Rishikesh was
59,671 in India (now 102,138 in 2011 census)
according to the 2001 census (Chauhan and
Singh, 2010). Rishikesh is a world famous town
with
scenic
surroundings
and
the
River (National River of India) right its heart,
World Capital of Yoga. Due to unproportional
growth Ganges of population and industries, the
quality and purity of the Ganga water has
deteriorated considerably. The religious
importance of the Ganga may exceed than that of
any other river in the world. It has been revered
from the earliest times, and Hindus regard it
today as the holiest of all rivers. At RishikeshHaridwar, the Ganga cuts across the Shivalik
hills and for the first time enters the plains. The
discharge of domestic and industrial sewage
makes water un-potable and also severely
affects the bio-productivity of the aquatic
system. This discharge consists of large number
of chemicals and toxicantsas a result the water
becomes toxic and effects the macro benthic
diversity of the River Ganga. The aquatic fauna
are the natural indicators of water quality.
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Collection of Fish
This catfish is native to south-east Asia. It is
Clarias Batrachus.Bangladesh, India, Indonesia,
Malaysia, Myanmar, Pakistan, Singapore, Sri
Lanka, Laos and Thailand are native to this
country.The catfish are found in several water
systems' muddy substrates.The species can be
found in freshwater, brackish water and on
earth.
It is natural for lowlands water bodies such as
canals of irrigation, lakes, rice fields and
wetlands.
The depth of one metre was recorded, but the
species is not known at its maximum depth.In
cold and dry months, Clarias Batrachus burrows
into the mud for bad weather.The elongated
body of Clarias batrachus has a small head and
irregular bumps on its spine.
There are defined walking catfishes by 54-60
vertebras, 63-74 rays and 47-58 anal end
rays.Although Clarias batrachus is a lonely fish,
it may cohabit with other species. The catfish
that walks are mainly sitting on dull substrates
and stationary.It is most notable for its
increased activity and movement throughout the
land following heavy rainfall.Clarias batrachus is
not a territorial species unless the intruder tries
in the mating season to raid its nest.Nests are
generally made in cellars and the male catfish
keep the entrance.
The catfish are all-embracing.A dentritivor and
eats organic waste is also the catfish
walking.Clarias Batrachus has a broad diet and is
well-known as an opportunity feeder.Clarias
batrachus travelled to various continents,
adapting and exploring himself successfully in
Asia and Africa.Clarias batrachus has historically
remained a strike among pregnant, nursing
mother, elderly and children in many parts of
India, mainly as a health fish in Uttarakhand, UP,
Bihar, West Bengal and Tripura.
The ingestion of "Magur" (local name of Clarias
batrachus)
is
frequently
administered
prophylactically to anemic & malnourished
people as well as to patients who are
convalescent
due
to
nutritional
superiority.Intensive Clarias batrachus culture
has a lot of potential for livelihood growth, work
generation and nutritional enrichment in the
eISSN 1303-5150

regular dietamong individuals in several Indian
states such as rural Bengal & Tripura (Arugungu
et al., 2013 & Ash et al., 2011).
The healthy samples of Claria batrahuswere
collected from freshwater stream Ganga at 3480
Rishikesh (Latitude N 3005.2157’ and Longitude
E78016.0567’) situated in Himalayan state
Uttarakhand. The samples were transported
from collection site in oxygenated polythene
bags kept in poly(1-phenylethene) boxes. After
reaching to the laboratory, samples were
immediately shifted into holding tanks of 50
literfilled with well-aerated un-chlorinated
water. Samples were examined to check any
pathological symptoms and removed if any
infected sample was observed.
During the acclimatization period, fish were fed
rice bran ad libitum.The fish were selected for
the
study
with
healthy
and
active
movement.Standard
methodology
(APHAs,
1998), which took heavy metal importance into
account when analysed prior to the
acclimatisation time, studied the physicalchemical
parameters.
Carbendazim
was
dissolved in double-distilled water to provide
the stock solution.
Samples fingerlings measuring 13.8-15.3 cm in
length and weight 22.8-25.4 gm were used in
experiment and with no sexual distinction.
Fingerlings were kept on starvation for 24 hrs
prior to exposure. Samples were loaded in
holding tanks according to the standard
recommendations (USEPA, 1975). During the
course of experiment, holding tanks were
cleaned to eliminate residual deposition of the
walls. Samples were regularly monitored for any
behavioral alteration and fingerling failed to
respond to tactile stimulation was considered
dead and immediately removed with the help of
handled net.

Fig: Showing picture of walking catfish (Clarias
batrachus)
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Biochemical markers
Twenty two fingerlings completed the course of
experiment, exposed to LC50(1.648 mg/L) (Rico
et al., 2011) concentration of Carbendazim over
a period of 96hrs. Separate untreated control
group was also maintained in identical
conditions. Fingerlings were dissected at every
24thh, dissected gills and muscles were
extracted. Further tissues were examined for
determination of biochemical biomarkers, as for
Carbohydrate and protein content,wet weight
tissue were used and analyzed at 2-40C under
the guidance of standard protocols (Lowery et
al., 1951; Kemp & Kits, 1954)
Result and Discussion
Physico-chemical analysis of water
Water used for experiment showed temperature
range of 24.0-26.0 0C, whereas pH of holding
tank water ranged between 8.32-8.63. Dissolved
Oxygen concentration of holding water tanks
ranged between 7.6 - 8.4 mg/l. Hardness of
water used in experiment was reported
between184-193 mg/l. Whereas range of
Chloride and Alkalinity reported between 78.6787.56 mg/l and 368-387 mg/l, respectively
(Table 1).
Table 1. Physico-chemical analysis of water used
in holding tanks of fish

exposure at sub-lethal level, exhibiting a
decrease of
-27.57 %, -33.77%, -35.01% and 39.72%,
respectively.
3481

Muscles
Reduction in protein content was recorded in
muscle of the fish treated sub lethal
concentration of Carbendazim. Table 3 exhibits
the protein content in muscle of selected fish
reported as 18.43 mg/100mg at 24th hr of
exposure, 17.12 mg/100mg at 48th hr of
exposure, 16.38 mg/100mg at 72nd hr of
exposure and 15.04 mg/100mg at 96th hr of
exposure, at
sub-lethal dose, reporting
reduction of -22.85 %, -25.91%, -28.12% and
36.08%, respectively.
Carbohydrate content
Gills
Similar reducing tendency of carbohydrate
content in gills of selected fish was recorded,
after the treatment of sub lethal concentration of
Carbendazim. Table 4 summarized the
carbohydrate content in gills, recorded as 4.43
mg/100mg at 24th hr of exposure, 4.11
mg/100mg at 48th hr of exposure, 3.83
mg/100mg at 72nd hr of exposure and 3.22
mg/100mg at 96th hr of exposure at sub-lethal
level, with reported reduction of -17.35%, 24.16%, -27.87% and 38.78%, respectively.

Parameter

Recorded values

pH

8.32-8.63

Temperature

24.0-26.0 0C

Dissolved oxygen

7.6 - 8.4 mg/l

Muscles

Chlorides

78.67-87.56 mg/l

Hardness

184-193 mg/l

Alkalinity

368-387 mg/l

Depletion of protein content in muscle of the
selected fish treated sub lethal concentration of
Carbendazim summarized in table 5. The protein
content of selected fish muscle recorded as 9.87
mg/100mg at 24th hr of exposure, 9.27
mg/100mg at 48th hr of exposure, 8.73
mg/100mg at 72nd hr of exposure and 7.51
mg/100mg at 96th hr of exposure, recorded
reduction of carbohydrate content at sub-lethal
dose was -16.56%, -17.30%, -24.48% and
35.97%, respectively (Table 2-5).All the data
was Statistically analyzed with ‘t’ test at sublethal concentration of Carbendazim and found
significant (p<0.05) at the completion of dosing
period.

Protein content
Gills
Table 2 shows the Protein content in gills of
Clarias batrachus exposed to sub-lethal dose of
Carbendazim. The protein content in the gills of
selected fish recorded as 19.96 mg/100mg at
24th hr of exposure, 18.43 mg/100mg at 48th hr
of exposure, 17.19 mg/100mg at 72nd hr of
exposure and 16.39 mg/100mg at 96th hr of
eISSN 1303-5150
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Table 2. Effect of Carbendazim on protein content in gills of Clarias batrachus
Exposure

Control ±SD

Treated ±SD

Percent change

slot (hr)

(mg/100mg
weight)

wet (mg/100mg
weight)

24

27.56±2.34

19.96±2.14

-27.57

48

27.83±3.12

18.43±1.28

-33.77

72

26.45±1.89

17.19±3.89

-35.01

96

27.19±2.12

16.39±3.66

-39.72

wet

3482

Table 3. Effect of Carbendazim on protein content in muscles of Clarias batrachus
Exposure

Control ±SD

Treated ±SD

Percent change

Slot (hr)

(mg/100mg
weight)

wet (mg/100mg
weight)

24

23.89±4.23

18.43±4.12

-22.85

48

23.11±3.78

17.12±5.34

-25.91

72

22.79±5.33

16.38±1.47

-28.12

96

23.53±2.55

15.04±4.82

-36.08

wet

Table 4. Effect of Carbendazim oncarbohydrate content in gills of Clarias batrachus
Exposure

Control ±SD

Treated ±SD

Alteration in

Slot (hr)

(mg/100mg
weight)

wet (mg/100mg
weight)

24

5.36±1.83

4.43±1.56

-17.35

48

5.42±1.29

4.11±0.84

-24.16

72

5.31±1.35

3.83±1.18

-27.87

96

5.26±1.84

3.22±0.93

-38.78

wet Percentage

Table 5. Effect of Carbendazim oncarbohydrate content in muscles of Clarias batrachus
Exposure

Control ±SD

Treated ±SD

Slot (hr)

(mg/100mg
weight)

wet (mg/100mg
weight)

24

11.83±2.88

9.87±3.72

-16.56

48

11.21±2.39

9.27±2.51

-17.30

72

11.56±3.28

8.73±3.28

-24.48

96

11.73±2.15

7.51±1.27

-35.97
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Alteration in
wet Percentage

www.neuroquantology.com

Neuro Quantology | August 2022 | Volume 20 | Issue 7 | Page 3478-3486 | doi: 10.14704/nq.2022.20.7.NQ33428
Avnish Chauhan/Assessment of Carbendazim toxicity on catfish for the establishment of stress biomarker

30

Control
Treated

25

Linear (Control)
20

Linear (Treated)

3483

15
10

y = -0.0498x + 20.98
R² = 0.9815

5
y = -0.0104x + 27.88
R² = 0.2881

0
0

20

40

60

80

100

120

Fig 1.Effect of Carbendazim on protein content (gills)at 24th, 48th, 72th and 96th hr of exposureonClarias
batrachus
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Fig 2. Effect of Carbendazim on protein content (muscles)at 24th, 48th, 72th and 96th hr of exposure
onClarias batrachus
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Fig 3. Effect of Carbendazim on carbohydrate content (gills)at 24th, 48th, 72th and 96th hr of exposure
onClarias batrachus
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Fig 4. Effect of Carbendazim on carbohydrate content (muscles)at 24th, 48th, 72th and 96th hr of
exposure onClarias batrachus
On the basis of findings, it is evident (Fig 1-4)
that Carbendazim is toxic and may alter the
biochemical equilibrium of test organism.
Protein and Carbohydrate content in gills and
muscle of catfish after the treatment of toxicant
exhibitpositive and linear correlation regarding
the concentration and exposure time of toxicant.
This negative biochemical alteration in
carbohydrate and protein content depends on
duration and dose (Natrajan, 1981; Ganeshwade,
2012).
Clarias batrachus carbohydrate content was
degraded due to toxicity to fungicides. In other
studies on various fungicides, supporting trends
were also noted. Carbendazim was obviously
responsible for glycolysis impairment (Rico et
al., 2011). In Salmo trutta exposed to a sublethal
dose of fungicide, significant reeducation of
carbohydrate and phosphocreatine in white
muscles was reported (Jyothirmayee et al.,
2006). Such depleted levels of carbohydratein
aquatic organisms proves their involvement in
the endogenous derivation of heat during stress.
Sudden depletion of muscle and gills,
carbohydrate level reserves in order to fulfill the
energy needs of fish under string toxic stress
was recorded (Pandey et al., 2005; Rajput &
Shah, 2020).Further a gradual but consistent
depletion in carbohydrate was recorded in
present experiment, evidently reported the
impairment metabolic activities. Decline in
carbohydrate content in the tissues of selected
eISSN 1303-5150

cat fish may have been due to its increased
utilization as carbohydrates form the immediate
source of energy production to compensate the
enhanced energy demand during stress
conditions. Recorded depletion may also occur
due to hypoxia, as normally it increases the
carbohydrate demand. On the basis of present
experiment, it may be mentioned that
Carbendazim may trigger the onset of hypoxia in
selected fresh water catfish. On the other hand,
evident depletion of protein content in muscles
and gills of selected fresh water fish was
reported due to the exposure of Carbendazim.
Such behavior of protein may be considered as a
biomarker to Carbendazim toxicity. Supporting
tissue protein depletion was recorded in present
observation (Table.2-5), such phenomenon may
have been occurred due to the protein utilization
in cell repair and organization of tissue
(Dezwaan & Zandee, 2012; Agrahari et al.,
2006). Toxic stress of Carbendazim may have
been responsible for such reduction of protein
content as Carbendazim may bind with
biological constitutes of the tissue, such as fatty
acids, enzymes, iso-enzymes and protein
(Cappon & Nicholas, 1975; Roy & Bhattacharya,
2006).
On the basis of these findings, it may be
concluded that carbohydrate and protein
content under fungicide toxicity in fish may be
effectively employed as biomarkers for further
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assessment of toxicological bio monitoring of
aquatic environment.
Conclusion
Carbendazim is reported to be moderately toxic
on Clarias batrachus and induced alterations in
the gills and muscles. Further noticeable
metabolic
reduction
was
reported
as
biochemical constituents like carbohydrates and
protein exhibit negative linear changes. The
occurrence of carbohydrate and protein
alterations may be used as potential biomarker
for fungicide toxicity in fresh water ecosystem.
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