Olalekan, J Environ Anal Toxicol 2014, 5:1

Journal of DOI: 10.4172/2161-0525.1000250

Environmental & Analytical Toxicology

Biochemical Response of Clarias gariepinus to Cypermethrin

Adeyemi Olalekan*
Department of Environmental Science, Federal University of Petroleum Resources, PMB 1221, Effurun, Nigeria

-

Abstract

The biochemical responses of Clarias gariepinus to cypermethrin was assessed in this study. C. gariepinus was reared in various
concentrations of cypermethrin-contaminated dechlorinated water (0, 5, 10, 15 and 20) pg/L over a period of five days and designated
A (Control), B, C, D and E respectively. The levels of protein and carbohydrate metabolites, protease, cholinesterase and cytochrome
oxidase of liver and muscle of fish were assayed. The total protein (TP) level of liver and muscle of Group E decreased by 20% and 29%
respectively relative to the control. Conversely, free amino acid (FAA) of liver and muscle of Group E increased by about 38% and 43%
respectively compared with the control. Relative to the control, the levels of glycogen and pyruvate of tissues of the liver and muscle of
Clarias gariepinus reared in contaminated water was significantly (p<0.05) lower while the level of lactate in the tissues was significantly
(p<0.05) higher. Activity of cholinesterase of the tissues of Group E animals was 1/3 that of control. In contrast, protease activity of tissue
of Group E animal was about 2 folds that of control. Cypermethrin inhibited activities of cholinesterase and cytochrome oxidase by a
mechanism that inhibited oxidative metabolism of carbohydrate and shifting to protein catabolism for energy requirement. Thus it may be
inferred that there is a tendency to shift the aerobic pathway to anaerobic pathway of fish respiration, to meet energy demands for the
physiological and metabolic activities augmented by Cypermethrin induced stress.

Keywords: Biochemical; Cypermethrin; Clarias

Cholinesterase; Cytochrome oxidase

gariepinus;

Introduction

The use of pesticides has increased considerably to reduce the change
caused by pests to standing crops. Among these pesticides, synthetic
pyrethroids are commonly used because of their rapid biodegradability
and non-persistent nature. These compounds, which frequently enter the
aquatic ecosystem through agricultural run-off and spraying operations
adversely, affect non-target animals such as fish [1-4].

Cypermethrin, a synthetic pyrethroid is a broad-spectrum
insecticide, used extensively in households, industrial and agricultural
fields [5] for control of several insect pests [6]. Due to indiscriminate
use, cypermethrin makes their entrance into natural water bodies
through agriculture run-off and ultimately affects the several non-
target aquatic organisms; for instance, it inhibits growth and several
metabolic activities of crustaceans [7], adversely affects fish metabolism
[8] and hematology [9], and thus adversely affects fish meat quality
and fish population [10]. Cypermethrin is also highly toxic against
freshwater snail L. accuminata and also affects both their metabolism
and reproduction [11,12]. Cypermethrin is less toxic to mammals,
birds and highly toxic to fish. Fishes are unable to metabolize the
pyrethroids efficiently [13]. Cypermethrin also affects the biochemical
enzyme by mode of neurotransmitters like acetylcholine (Ach) and
acetyl cholinesterase (AChE) activities.

Cypermethin is widely used in Nigeria by farmers for the treatment
of ectoparasitic disease and pests of maize, cotton, vegetables and
sorghum. The excessive use of the pesticide has always masked its
toxic effects on the aquatic environment [14,15]. Concentration of
cypermethrin in water bodies in Nigeria could be as high as between
45 mg/dL to 63 mg/dL [14]. Residues of these toxic chemicals
found in water, sediments, fish and other aquatic biota can pose a
risk to organisms, to predators and to human being. Pesticides at
high concentrations are known to reduce the survival, growth and
reproduction of fish and produce many visible effects on fish [16].

Srivastava and Kaushik [17] reported that the pesticides
accumulating in the vital organs, such as liver and muscle, cause
organ dysfunction, culminating in death of fishes. Activities of
certain enzymes, in fish, essential for metabolic functions are altered;
Disturbance of enzyme activity in fish serves as early indicator of

toxicant impact [18,19]. The lethal effect of cypermethrin is death which
usually occurs at concentration above 60 pg/L. In the present study,
highest level of cypermethrin is 20 ug/L and no mortality was recorded,
hence we consider the level a sub lethal level and the toxic effect a sub
lethal effect. Therefore, the present work was designed to assess the
toxic effect of cypermethrin on African catfish, Clarias gariepinus, and
its sub lethal effects on its metabolism. Clarias gariepinus is a common,
freshwater, edible fish in Nigeria and some other parts of the world due
to their high nutritive food value.

Materials and Methods

Cypermethrin  ([S, R]-N-a-cyno-3-phenoxybenzyl-(IR, IS,
cis, trans)-2, 2-dimethyl-3, (2, 2-dichlorovinyl) cylcopropane
carboxylate) manufactured by M/S Tropical Agrosystem Pvt. Ltd.
Chennai, India, and purchased from local market of Udu, Delta
State, Nigeria.

One hundred and fifty juvenile species of C.gariepinus with the
mean weight of 61.2 + 4.5 g and standard length mean length of 15.3
+ 2.1 cm were used for the experiment. They were purchased from
a reputable fish farm in Delta State, Nigeria. The fish were kept in
transparent plastic tanks filled with dechlorinated tap water and made
to acclimatize in laboratory conditions for two weeks. The experimental
fish were managed in accordance with the guidelines for handling
experimental animals. They were fed (3% w/w) with commercial
feeds. Water quality was measured according to the method of APHA/
AWWA/WEF [20]. The temperature of the experimental water was
25.8 £0.6'C, pH was 7.3 + 0.2 dissolved oxygen was 6.8 + 0.3 mg/L, free
carbon dioxide was 5.8+0.5 mg/L and alkalinity was 104.9 mg/L. Water
was changed every day.
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1g of cypermethrin was dissolved into 100 ml technical grade
acetone. Five plastic aquaria (56 x 28 x 28cm) with 30 L of dechlorinated
water were contaminated with varying concentration of cypermethrin,
and designated as follows:

A: dechlorinated tap water free of cypermethrin

B: water contaminated with 5 ug/L cypermethrin
C: water contaminated with 10 pg/L cypermethrin
D: water contaminated with 15 pg/L cypermethrin
E: water contaminated with 20 ug/L cypermethrin

After the period of acclimation, the fish were randomly distributed
into the five plastic aquaria (A - E) ten fish per aquarium. Each of these
treatments had three replicates. The control group of fish was kept in
aquarium A while aquaria B-E contained the test group of fish reared in
water contaminated with varying concentrations of cypermethrin. The
experiment lasted for ten days.

After completion of treatment, the test animals were removed
from aquaria, washed with water, and sacrificed. Afterwards, the liver
and muscle tissue were quickly dissected out, freed from adipose and
connective tissues and homogenized using pre-cooled pestle and
mortar in a bowl of ice cubes and homogenate was used for biochemical
analysis.

Biochemical Analysis

Total Protein levels were estimated according to the method
of Lowry et al. [21], using bovine serum albumin as standard.
Homogenates (5 mg/mL, w/v) were prepared in 10% Tri Chloro Acetic
acid (TCA). Result was expressed as ug/mg.

Estimation of total free amino acid was made according to the
method of Spices [22]. Homogenates (10 mg/mL, w/v) were prepared
in 95% ethanol, centrifuged at 6000 xg and used for amino acid
estimation. Result was expressed as pg/mg.

Glycogen level was estimated by the method of Van der Vies [23].
Homogenate (10 mg/mL) was prepared in 5% TCA. Glucose was used
as standard. Result was expressed as pug/gm.

Pyruvate level was estimated by the method of Friedemann and
Haugen [24]. Homogenate (50 mg/mL) was prepared in10%TCA.
Sodium pyruvate was used as standard. Result was expressed as p1g/mg.

Lactate level was estimated by the method of Huckabee [25].
Homogenate (50 mg/mL) was prepared in 10% TCA. Sodium lactate
was used as standard. Result was expressed as ug/mg.

Protease enzyme activity was estimated by the method of Moore
and Stein [26]. Homogenate (50 mg/mL) was prepared in cold distilled
water. Tyrosine was used as standard. Result was expressed aspmoles
tyrosine/mg protein/h.

Cholinesterase (AChE) enzyme activity was estimated by the
method of Ellman et al. [27]. Homogenate (50 mg/mL) was prepared in
0.1 M phosphate buffer, pH 8.0, for 5 min in an ice bath. Homogenate
was centrifuged at 1000 g for 30 min at -4'C. The enzyme containing
supernatant (0.05 ml) was pipetted to a cuvette. To this was added 5x10-
4M of freshly prepared acetylcholine iodide solution in distilled water
as substrate, 1.45 ml of buffer (pH 8.0) and 0.05 ml of chromogenic
agents, 5:5 dithio-bisnitrobenzoate (DTNB). The change in optical
density at 412 nm caused by the enzymatic reaction, was monitored
for 3 min at 25°C. Glutathionine was used as standard. Result was

expressed as pmol “SH”hydrolysed/min/mg protein.

Cytochrome Oxidase (CyO) enzyme activity was estimated by the
method of Cooperstein and Lazarow [28]. Homogenate (50 mg/mL)
was prepared in 0.33 M phosphate buffer, pH 7.4, for 5 min in ice bath.
Cytochrome-C was used as standard. Result was expressed as arbitrary
units/min/mg proteins.

Statistical Analysis

The statistical analysis of data was done using SPSS11.5; Mean *
SEM. Post-hoc comparison using Duncan’s New Multiple Range Test
(DNMRT) was employed. DNMRT is a One-Way Analysis of Variance
(ANOVA) that allows multiple comparisons. The error rate of each
pairwise comparison is considered rather than an overall rate, and allows a
higher rate for pairs of sample averages that are further apart when ordered
by size. The significance of the test result was observed at P<0.05 level.

Results

The levels of total protein (TP) and free amino acids (FAA) of
liver of Clarias gariepinus reared in water contaminated with various
concentration of cypermethrin is shown in Table 1. Relative to the
control, the level of TP of liver and muscle of C. gariepinus reared in
contaminated water was significantly (p<0.05) lower. The significant
reduction of TP was most profound at highest concentration of
cypermethrin (20 pg/L). Specifically, the reduction in TP level was
about 20% and 29% in the liver and muscle respectively. Conversely,
FAA of liver and muscle of test animals was significantly (p<0.05) than
that of control. The increase was about 38% and 43% in the liver and
muscle of Group E animals respectively relative to the control.

Relative to the control, the levels of glycogen and pyruvate of tissues
of the liver and muscle of Clarias gariepinus reared in contaminated
water was significantly (p<0.05) lower while the level of lactate in the
tissues was significantly (p<0.05) higher. This significant difference was
observed to widen as the concentration of cypermethrin increased. The
level of lactate of liver and muscle of Group E was 2 folds and 1 ¥
folds respectively, compared with that of control. The observations are
shown in Table 2.

Table 3 presents the effect of cypermethrin on the specific activities
of protease, cholinesterase and cytochrome oxidase of tissues of
C. gariepinus. Generally, the activities of the cholinesterase and
cytochrome oxidase decreased significantly (p<0.05) in the tissues of
the test animals relative to the control. Activity of cholinesterase of the
tissues of Group E animals was 1/3 that of control. In contrast, protease
activity of tissues of test animals was significantly (p<0.05) higher than
control. Protease activity of tissue of Group E animal was about 2 folds
that of control.

Table 1: Effect of cypermethrin on level (ug/mg) of total protein (TP) levels and free
amino acids (FAA) of the liver and muscle of Clarias gariepinus

Total protein Free amino acid
Group Liver Muscle Liver Muscle
A (Control) 125.4 +1.242/136.7 £ 0.89% 14.8 £+ 0.43% 27.2+0.78

B (5 pg/L Cypermethrin) |119.2 + 0.98° 125.5 + 1.12°| 16.4 + 0.14° 30.3 + 0.65

C (10 uglL 114.8 £ 1.07° 1183+ 0.94° 17.6 + 0.22° 34.6 + 0.56°
Cypermethrin)

D (15 pg/L 108.9 % 1.04% 106.4 +1.02¢ 19.2 + 0.769 36.7 + 0.37¢
Cypermethrin)

E (20 pg/L Cypermethrin) 100.2 + 1.11°| 96.8 + 1.01° 20.5 + 0.53° | 38.9 + 0.44°

Values are means + SEM for 10 determinationss. > Column values with different
superscripts are significantly different (p<0.05).
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Table 2: Effect of cypermethrin on level (ug/mg) of glycogen, pyruvate and lactate
of the liver and muscle of the liver and muscle of Clarias gariepinus

Glycogen Pyruvate Lactate

Group Liver Muscle Liver Muscle Liver Muscle
A 3.05+ 257 + 288+ 1.69 + 250+ 227+
(Control) 0.082 0.072 0.052 0.042 0.132 0.102
B 265+ 219+ 250+ 145+ 3.67 + 3.05+
0.06° 0.05° 0.09° 0.04° 0.09° 0.07°

c 2.57 1.99 + 2.28 + 127+ 445 + 3.49 +
0.07¢ 0.06° 0.04¢ 0.03¢ 0.12¢ 0.08°

D 2.34 + 1.78 + 1.99 £ 1.05+ 4.89 + 385+
0.04¢ 0.04¢ 0.03¢ 0.04¢ 0.11¢ 0.06¢

E 2.06 £ 1.65+ 1.87 ¢ 0.98 £ 5.01+ 402+
0.03¢ 0.04¢ 0.01¢ 0.03¢ 0.08° 0.05¢

Values are means + SEM for 10 determinationss. #°¢Column values with different
superscripts are significantly different (p<0.05).

Table 3: Effectof cypermethrin on specific activities of protease, acetylcholinesterase
and cytochrome oxidase of the liver and muscle of the liver and muscle of Clarias
gariepinus

Protease (pmoles
tyrosine/mg

Acetylcholinesterase Cytochrome
(umol “SH”hydrolysed/ oxidase (units/min/

protein/h) min/mg protein) mg Proteins)
Group Liver Muscle Liver Muscle Liver Muscle
A 0.74 £ 0.53 ¢ 0.27 + 0.33 ¢ 57.3+ 53.4 +
(Control) = 0.022 0.012 0.012 0.022 1.742 1.072
B 0.82 + 0.67 0.22 + 0.27 + 47.6 + 452 +
0.02° 0.02° 0.01° 0.01° 1.55° 1.05°
c 0.96 + 0.78 £ 0.19+ 022+ 432+ 40.8 £
0.04¢ 0.03¢ 0.02° 0.02° 1.47° 0.29°
D 1.04 £ 0.88 0.14 + 0.17 £ 424 + 389+
0.03¢ 0.03¢ 0.01¢ 0.01¢ 1.444¢ 0.34¢
1.09 + 0.94 0.09 + .| 40.7 % 373+
E 0.03¢ 0.02¢ 0.02¢ 0.12£0.01 1.28° 0.52¢

Values are means + SEM for 10 determinationss. #°<Column values with different
superscripts are significantly different (p<0.05).

Discussion

The application of environmental toxicology studies on non-
mammalian vertebrates is rapidly expanding, and for aquatic system,
fish have become indicators for the evaluation of the effects of noxious
compounds. This study presents the first report on metabolites and key
enzymes of neurotransmission and electron transfer of the tissues of C.
gariepinus reared in cypermethrin contaminated water.

The reduced level of total protein (TP) and elevated level of free
aminoacid (FAA) in the tissues of C. gariepinus reared in cypermethrin-
contaminated water (B-E) revealed protein breakdown to amino acids
(Table 1). It also suggests impaired incorporation of amino acids in
protein synthesis and decline in nucleic acid level [29].

Decreased glycogen and pyruvate levels and increased level of lactate
in the tissues of C. gariepinus reared in cypermethrin-contaminated
water is suggestive of impairment of oxidative metabolism (Table 2).
Cypermethrin had been reported to induce stress condition resulting
in less availability of oxygen, which in turn led to less ATP production
in tissues and thus adversely affecting oxidative metabolism [30].
Fishes needed more energy to detoxify toxicants and to overcome
stress induced by the toxicants. Carbohydrates are the primary and
immediate source of energy. In stress condition, there is depleting in the
carbohydrates reserve to meet energy demand. Depletion of glycogen
may be due to its direct utilization for energy generation, a demand
caused by cypermethrin induced hypoxia [12]. The level of tissue lactate
content acts as an index of anaerobiosis, which might be beneficial for
animal to bear hypoxic condition whereas pyruvate level in tissue can

be taken as a measure of aerobic condition. In this study, with increased
lactate content, there was a decreased pyruvate content, which suggests
a shift towards anaerobiosis as a consequence of hypoxia, leading to
respiratory distress [31]. The lactic acid accumulation in muscle is an
augmentation of glycolytic pathway as a consequence of stress. The
decreased pyruvate level may be due to its conversion to lactate or due
to its mobilization to form amino acids, lipids, and so other metabolites
in addition to its role as a detoxification factor [31]. The decrease in
protein level in liver and muscle tissues (Table 1) may be a result of
trying to meet higher energy demands for metabolic purposes.

The increased protease activity (Table 3) may be responsible for the
decreased in total protein level and increased total free amino acid level
observed in Table 2.

Animal behaviour is usually regulated by neurosecretion such as
acetylcholinesterase (AChE) at the synapse [31]. From experimental
data, it is evident that cypermethrin inhibits activity of enzyme
cholinestrase (ChE) (Table 3). ChE activity inhibition is well known
as a biomarker indicating the effect of neurotoxic substances). This
will result in tumors, convulsions and finally the death of the aquatic
organism. The inhibition of cholinesterase (ChE) activity in fish can
be dangerous since it will affect feeding capability, swimming activity,
identification, avoidance of predators and spatial orientation of the
species. Decreased cholinesterase (ChE) activity decreases the cellular
metabolism, induces deformities of cell membrane, and disturbs
metabolic and nervous activity [31]. Cypermethrin acts as neuroactive
poisons, interfering with the nerve impulse conduction and changes
the nerve membrane permeability.

Cytochrome oxidase transfers electrons to their final acceptor,
oxygen, in electron transport chain (ETC). It produces ATP molecules
thereby influencing other cellular metabolic process. In this study,
cypermethrin caused a decrease in cytochrome oxidase activity in
liver and muscle tissues, with a profound impact on the oxidative
metabolism [31]. Decrease in cytochrome oxidase activity could either
be due to reduced availability of oxygen, which in turn has reduced
the capacity of the ETC to produce ATP molecules, or because after
metabolism of cypermethrin, cyano group separated and attached with
metal ion (Fe, Cu) present in cytochrome oxidase enzyme and reduced
their activity [32].

Conclusion

Experimental evidence from the present study revealed that
cypermethrin affects biochemistry of C. gariepinus by a mechanism
that adversely affects oxidative metabolism shifting the respiratory
pathway of fish towards anaerobic pathway thereby inhibiting energy
production by suppressing ATP synthesis. Application of cypermethrin
should be done with great care to avoid contamination of water bodies
and to maintain healthy aquatic lives. Future research should consider
toxicology of contaminated fish on consumers.
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