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ABSTRACT

Heterobranchus bidorsalis (mean total length 31.50 ± 2.32 cm SD; mean weight 241.25 ± 30.39 g SD) were exposed to 
graded levels solutions of cypermethrin concentrations (0.0005, 0.0075, 0.010, 0.125 and 0.0150 ppm) and a control 
for 23 days. Plasma collected from the fish was analyzed for enzymes; aspartate transferase (AST), alanine transferase 
(ALT) and alkaline phosphatase (ALP) and electrolytes (sodium (Na+), potassium (K+) and chloride (Cl-) ions. There 
was a non-concentration dependent increase in ALT activity above the control value of 7.00 ± 3.83IU/L with a peak 
at 0.005 ppm (16.50 ± 14 IU/L), which was 135.71% above the control value. AST had variable responses with a rise 
in activity at 0.005 and 0.010 ppm, which were 8.26 and 5.79% above the control value of 30.25 ± 5.38IU/L. A rise 
in ALP was only noted at 0.005 ppm (37.75 ± 30.40IU/L), being 115.71% above the control value. A concentration-
dependent inhibition was recorded from 0.0075-0.0150 ppm with the greatest inhibition of 88.57% at 0.0150 ppm. 
Sodium ion level was raised between 0.0075-0.0150 ppm concentrations, with a peak value at 0150 ppm, which 
was 11.25 units (44.55%) above the control value. A drop of 5.85 units below the control value occurred at 0.005 
ppm. All the toxicant solutions caused elevation in potassium ion concentration above the value observed in the 
control (4.90 ± 1.83 mmol/L). Chloride ion levels was raised at 0.005 and 0.0075 ppm, which were 7.93 and 5.05% 
respectively above the control value (104.00 ± 10.71 mmol/L). Beyond this, there was a concentration-dependent 
decline in ionic level with the lowest level of 71.50 ± 13.20 mmol/L at the highest concentration. The study suggests 
that sublethal cypermethrin levels could cause hormone and electrolyte imbalance in the exposed fish, hence caution 
should be applied in its application especially near water.
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INTRODUCTION

Pesticides applied on field and agricultural environments may be 
transported to aquatic environments through runoff, industrial 
releases, domestic and sewage discharges [1]. The management and 
control of Pest in domestic and agricultural settings is associated 
with pesticides application. Pests play negative role in agricultural 
productivity by infecting and affecting the health, well-being of 
plants, animals and humans who depend on them for food and 
other services [2]. In order to achieve optimum yield, pesticides 
are applied in agricultural fields to regulate, avert and alleviate 
pest activity [3,4]. Pesticides as an environmental pollutant have 
been documented to alter physicochemical characteristics of water, 
thus rendering the water quality inferior. When water quality has 
been compromised, it reduces the oxygen content, growth rate, 
nutritional value, cause mortality of aquatic organisms and general 

compromise in the physiological architecture of biotic organisms 
[5,6] at the cellular and organismic levels.

Cells in organisms contain enzymes which performs different 
functions and therefore, when the integrity of the cell is disrupted 
through external interference by contaminants (pollutants), 
enzymes escape into the plasma/serum where their activities 
can be measured as a useful tool of cell integrity [7]. Other 
biochemical activities such as electrolytes can also be measured 
and in combination with enzymes can reveal the effects of 
xenophobic contamination in an ecosystem [8,9]. The response 
of aquatic organisms to pollution is expressed through several key 
biochemical activities involving enzymes which are concerned with 
the biotransformation system [10] and these biomarkers give early 
warning signs of aquatic pollution [11].

Modifications in enzyme functions is due to death of cells, increase 
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or decrease in enzyme production, obstruction of normal excretory 
route, increased cell membrane permeability or the impairment 
of circulation [12,13]. These parameters (AST, ALT, ALP, Na+, K+ 

and Cl-) were selected because of their importance in biochemical 
functions of living animals. This study therefore examined the 
chronic effects of cypermethrin on the plasma biochemistry 
(enzymes and electrolytes) of the African catfish, Heterobranchus 
bidorsalis).

MATERIALS AND METHODS

Source, acclimation and treatment of fish

The African catfish Heterobranchus bidorsalis (mean total length 
31.50 ± 2.32 cm; SD mean weight, 241.25 ± 30.39 g SD) bought 
from a privately-owned fish farm were transported in plastic 
containers to the Department of Chemistry Laboratory, Rivers 
State University, Port Harcourt, Nigeria. They were individually 
acclimated to laboratory conditions for seven days in 30 L plastic 
aquaria filled up to the 10 L mark. Each aquaria was covered with 
perforated lid to prevent fish from jumping out of the toxicant 
medium. The fish were fed once daily at a calculated on 1 percent 
ration based on biomass with factory prepared feeds which contains 
35% crude protein within the acclimation period. Thereafter, the 
fishes were introduced into prepared solutions of cypermethrin 
(0.005, 0.0075, 0.010, 0.0125 and 0.0150 ppm) and a control 
for 23 days. Four replicate samples were used in each of the five 
treatment level and control. The aquaria were washed daily to 
remove uneaten food and faecal matters and the solutions replaced 
or renewed again.

Collection of blood samples

On the 23rd day, blood samples were collected from the fish from 
the kidney by inserting a 21 G size needle behind the anal fin 
slightly above the urino-genital opening. The blood samples were 
transferred to heparinised vessels and centrifuged at 3000 rpm for 
15 mins. The plasma component of the blood was collected with 
a dropper or teat pipette and placed in sample bottles for enzymes 
and electrolytes analyses.

Laboratory analysis of blood samples

The enzymes AST and ALT were analysed based on the method 
of Reitman and Frankel (1957). The homogenate was prepared in 
phosphate buffer 0.1 M, pH of 7.4 and thoroughly mixed with 
0.2 ml of the sample and 1 ml of substrate (aspartate and α - 
ketoglutarate) for AST and (alanine and α - ketoglutarate) for ALT. 
Incubation of the substrate-aspartate-α - ketoglutarate mixture for 
AST assessment was done for a period of one hour, while that of 
substrate-alanine-α - ketoglutarate was done for 30 minutes. The 
reaction was stopped by the addition of 1 ml of 2,4 - dinitrophenyl 
hydrazine (DNPH) solution and kept for 20 minutes at room 
temperature. After incubation, 1 ml 0.4 N NaOH was added and 
absorbance recorded at 540 mm. Alkaline phosphatase was assayed 
using the method described by King and Armstrong [14], where 
disodium phenyl phosphate was used as the substrate. The colour 
developed was recorded at a spectrophotometric wavelength of 680 
nm after 10 minutes. The electrolytes, sodium (Na+), potassium 
(K+) and chloride (Cl-) levels were determined using the automatic 
analyzer and optimal test by means of flame photometry as 
described by Schales and Schales [15].

Statistical treatment of data

The data obtained from the study were subjected to analysis of 
variance (ANOVA), one-way classification to test if exposure the 
cypermethrin solutions produced any changes in the variables. 
Where differences existed, Duncan Multiple Range Test (DMRT) 
was used to separate the means [16].

RESULTS

Analysis of the plasma showed that ALT activity in the treated fish 
was higher than that of the control, although the change was not 
concentration-dependent. The value was highest at 0.005 ppm 
(16.50 ± 14 IU/L) which was 135.71% rise above the control value 
of 7.00 ± 3.83IU/L (Figure 1).

AST had variable responses with a rise in activity at 0.005 and 
0.010 ppm, which were 8.26 and 5.79% above the control value of 
30.25 ± 5.38IU/L (Figure 2).

A rise in ALP was only noted at 0.005 ppm (37.75 ± 30.40 
IU/L) which was 115.71% elevation above the control value. A 
concentration-dependent inhibition was recorded from 0.0075 - 
0.0150 ppm with the greatest inhibition of 88.57% at 0.0150 ppm 
(Figure 3).
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Figure 1: ALT activity in the plasma of Heterobranchus bidorsalis exposed to 
various concentrations of cypermethrin for 23 days.
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Figure 2: AST activity in the plasma of Heterobranchus bidorsalis exposed to 
various concentrations of cypermethrin for 23 days.
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Figure 3: ALP activity in the plasma of Heterobranchus bidorsalis exposed to 
various concentrations of cypermethrin for 23 days. 
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DISCUSSION

Overview

The homeostatic mechanism of fish is continuously exposed to 
and influenced by changes in the aquatic ecosystem and habitat 
because of the close relationship between them. Hence, the biotic 
and abiotic factors of any ecosystem can individually or collectively 
(synergistically) cause stress in fish. The responses of an organism 
to stress have a biochemical and molecular basis which can be 
noticed through qualitative and quantitative changes at the sub-
cellular and extra-cellular levels of the organism. Biochemical and 
molecular indicators are ideal as biological indicators in that they 
react quickly to changes in the ecosystem and so provide the first 
warning signal of these changes [9,11].

Enzymes

Changes in serum/plasma AST, ALT and ALP are noted as the most 
sensitive biomarkers in the diagnosis of hepatic damage because 
they are cytoplasmic in location and are released into circulation 
after cellular damage [17]. They also indicate the health status of 
the tissue parenchyma and tissue necrosis, which is considered 
as the major source of their increase in the serum of animals 
[18]. Gabriel and George [19] observed that exposure of fish to 
pollutants including pesticides and herbicides might result in the 
stimulation or depression of enzyme activity depending on the 
concentration and duration of exposure as recorded in this study. 
Liver is the metabolic centre for the detoxification of chemicals and 
damage to the tissues is usually confirmed by changes in AST and 
ALT activities in most animals. Toxicant-induced chronic hepatic 
disorders and excessive steroids results in the increase of plasma 
ALP [13]. According to Coppo et al. [7], a large amount of ALP is 
found in the plasma during normal bone growth and osteopathies 
(bone disease).

ALP is formed principally in the liver and the bone marrow, 
membrane-bound closely to the biliary canaliculi and secreted 
into the bile. Any increase in plasma levels principally indicates a 
condition known as cholestasis [13].

Under stress conditions, there is the increasing demand for energy 
which is provided by carbohydrate, the primary source of energy 
in such condition [20]. Since the transaminases are affected under 
stress, the Kreb cycle will not function properly or normally. Any 
toxicant that affects the Kreb cycle (TCA cycle) alters its functions 
by altering the rate of electron transfer system (ETS) and oxidative 
phosphorylation, resulting in less ATP synthesis [20]. Decrease or 
increase in enzymatic activities alters tissues respiration rates and 
shifts the metabolism of carbohydrates towards either aerobic 
or anaerobic oxidation. However, in the concentrations where 

There was a somewhat concentration-dependent rise in sodium 
ion with the level raised from 0.0075-0.0150 ppm, peaking at the 
highest concentration, which was 11.25 units (44.55%) above the 
control. A drop of 5.85 units below the control occurred at 0.005 
ppm (Figure 4).

Exposed fish had elevated potassium ion concentration above the 
value of the control, being 4.90 ± 1.83 mmol/L (Figure 5).

Chloride ion, had a rise at 0.005 and 0.0075 ppm, which were 
7.93 and 5.05% respectively above the control value of 104.00 ± 10.71 
mmol/L beyond which there was a concentration-dependent decline. 
The lowest level of chloride ion which was 71.50 ± 13.20 mmol/L 
occurred at the highest concentration (Figure 6, Tables 1 and 2).
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Figure 4: Levels of sodium ion in the plasma of Heterobranchus bidorsalis 
exposed to various concentrations of cypermethrin for 23 days.
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Figure 5: Levels of potassium ion in the plasma of Heterobranchus bidorsalis 
exposed to various concentrations of cypermethrin for 23 days.
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Figure 6: Levels of chloride ion in the plasma of Heterobranchus bidorsalis 
exposed to various concentrations of cypermethrin for 23 days.

Conc. of Cypermethrin 
(ppm)

ALT (IU/L) % of Control AST (IU/L) % of Control ALP (IU/L) % of Control

0.00 7.00 ± 3.83b 100.00 30.25 ± 5.38a 100.00 17.50 ± 13.80b 100.00

0.005 16.50 ± 6.14a 235.71 32.75 ± 14.66a 108.26 37.75 ± 3.04a 215.71

0.0075 10.00 ± 2.31ab 142.86 28.00 ± 2.00ab 92.56 12.75 ± 17.04b 72.86

0.010 12.25 ± 6.13ab 175.00 32.00 ± 16.67a 105.79 5.75 ± 4.50b 32.86

0.0125 13.75 ± 6.50ab 196.43 24.00 ± 3.83ab 79.34 4.25 ± 2.87b 24.29

0.0150 12.25 ± 6.13ab 175.00 13.75 ± 8.06b 45.45 2.00 ± 0.00b 11.43

Means with the same superscript in the same column are significantly different (P>0.05).

Table 1: ALT, AST and ALP in the Plasma of Heterobranchus bidorsalis exposed to various concentrations of cypermethrin for 23 days.
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decreased activities of AST, ALT and ALP were recorded in the 
plasma the structural integrity of the hepathocellular membrane 
may have been protected and preserved against cypermethrin 
assault [17].

Electrolytes

Electrolyte (Na+, K+ and Cl-) concentrations are indicative of a fish’s 
ability to osmoregulate. Osmoregulation is usually compromised 
with stress, disease or gill lesions that increase gill permeability to 
ions (McDonald and Milligan, 1992). The higher values of blood 
electrolytes in the treated group may be an indication of gill and 
kidney damage, which may have affected the osmoregulatory ability. 
Change in pathology of the fish can also be due to electrolyte 
imbalance which in turn affects the fish physiology [21]. According 
to Mohanty and Mishra [22], these minerals or electrolytes have the 
major responsibility of maintaining osmotic pressure in the blood 
and proper function of all types of tissues. The presence of these 
activator ions, Na+ and K+ are essential for the proper functioning 
of many enzymes.

The higher levels of sodium and potassium ions in the plasma 
compared to the control may be attributed to kidney dysfunction, 
the kidney being the normal pass for sodium and potassium [18]. 
Sodium plays the important role of regulating the amount of 
fluid in the body and its transmission into and out of body cells 
plays a role in critical body functions. The body processes in the 
brain, nervous systems and muscle require electrical signals for 
communication [23]. Potassium in the body regulates the heartbeat 
and muscle functions. Its increase (hyperkaelemia) or decrease 
(hypokalaemia) has a profound effect on the nervous system and 
increases the chance of irregular heartbeats (arrhythmia) which in 
extreme cases can be fatal. Na-K+ ATpase and enzyme located in the 
cell membrane, has been implicated in the active transport of Na+ 
and K+ across the cell membrane [24]. In the face of damage to the 
gill epithelia, the rate of transport may be unnecessarily increased 
to a level detrimental to the fish.

Decrease or increase in the chlorides may be due to induced stress 
from the toxicant. The balance of chloride ion is closely regulated 
by the body. Increase in chloride ion may be due to certain kidney 
disease or over reactivity of the parathyroid glands and can also 
arise from gill injury [25-32] or increased loss of chlorides from 
the gills [21]. Results from the present study, may be due to gill 
and kidney damage and altered enzyme activity as these were 
observed [24]. They suggested that such effects were an indication 
of impending death of the organism.

CONCLUSION

Observations from this study strongly suggest that cypermethrin 

may cause deleterious effects on the enzymatic and ionic balance 
of an important species like H. biodorsalis by altering the blood 
biochemistry of the fish. If this condition (though mild initially) 
is prolonged and under higher concentrations of the chemical as 
would be expected in field conditions, the fish may suffer severe 
physiological disruption which may result in death. 
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