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Abstracts 

Heterobranchus bidorsalis (mean length 31.50±2.32cm SD; mean weight 241.25± 30.39g SD) was exposed to 

cypermethrin (0.0005, 0.0075, 0.010, 0.125 and 0.0150ppm) for 23 days to determine the effect of exposure on 

cations (sodium, Na
+
, potassium, K

+
) and anion, Cl

-
 in the gill, kidney, liver and muscle tissue. Hyponatraemia 

(p>0.05) occurred in the gill except at 0.0075ppm with hypernatraemia (107.33% above control value, 

105.63±7.48mmol/l). Hypokaelamia was recorded at 0.005 and 0.0150ppm, but concentration dependent 

hyperkalaemia at 0.0075 through 0.0125ppm. Gill of exposed fish had hypochlorinaemia except at 0.010ppm. 

Generally, kidneys of exposed fish had hyponatraemia and hypokaelamia relative to the respective control values. 
 

There was no change in Cl
- 

level at
 

0.0125 and 0.0150ppm, but hypochlorinaemia at 0.005ppm and 

hyperchlorinaemia at 0.0075 and 0.010ppm with 10.78 and 67.09% respectively, above the control value 

(19.75±4.50mmol/l). In the liver, Na
+
 levels were lower at 0.0025, 132.50±55.00mmol/l and 0.0125ppm, 

206.25±96.20mmol/l, whereas at 0.005, 0.010 and 0.015ppm it was 2.96 (96.36%), 1.49 (48.45%) and 1.70times 

(70.00%) the control value, 275.00±27.66mmol/l. Hypokaelamia was recorded at 0.005 and 0.0075ppm, whereas 

hyperkaelamia was noted at the other exposure concentrations with a peak at 0.0150ppm, 23.61% the control 

value, 18.00±2.94mmol/l. Non-concentration dependent hyperchlorinaemia with about two units above control 

recorded at 0.0075 -0.0125ppm and about six units at 0.005 and 0.0150ppm (Table 3). In the muscle, sodium, 

potassium and chloride ions were all elevated (Na
+
, 72.66; K

+
, 4.14; Cl

+
, 54.22%) above their respective control 

values at 0.005ppm. Generally hyponataemia, hypokaelamia and hypochlorinaemia were recorded in the other 

exposure levels. The study indicates that pollutants interfere with electrolyte in the organism thereby disrupting 

the internal physiology of the exposed fish. 
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Introduction 

uman interference with the 

natural environment leads to 

habitat fragmentation with the resultant effect 

of landscape changes that culminates in the 

decline of wild life species (Ricklefs, 1997; 

Pough et al., 1998).  The use of xenobiotics in 

agriculture as anaesthetics, growth promoters, 

aquatic vegetation control, predatory fauna 

eradicator, disinfectants and therapeutics for 

fish pest and diseases are found sometimes to 

affect non target species (Schnick, 1999).  

These chemicals are used intended to increase 

agricultural produce to alleviate food shortage 

problems leads to environmental conditions 

that fail to meet physiologic requirements of 

especially non-target species leading to stress 

(Allender et al., 2006; Al-Ghanim et al., 

2008). This may increased circulating levels of 

glucocorticoids, causing immune suppression 

(Oppliger et al., 1998) resulting in 

vulnerability to pathogens.  

Synthetic pyrethroid insecticides are 

extensively used to replace organochlorine, 

organophosphates and carbamates to control 

various types of pests and increase agricultural 

products. Unfortunately, these chemicals are 

also found to be potentially toxic to aquatic 

species (Reddy and Bashamohideen, 1998). 

According to Beat et al. (1997) all pyrethroid 

insecticides are neurotoxic and act on the 

axons in the peripheral and central nervous 

systems.  They interfere with sodium channels 

and the permeability of nerve cells, thereby 

affecting the transmission of nerve impulses 

across the neurons (Chukwu and Auta, 2007).   

Pyrethroids are lipophilic in a nature and 

therefore have high rate of gill absorption 

which contributes to the sensitivity of fish to 

their exposure (Rukiye et al., 2003). 

Cypermethrin (cyano(3-phenoxy phenyl) 

methyl-3(2,2-dichlorovinyl)-,2-

dimethylcyclopropane carboxylate) is a 

synthetic pyrethroid which causes excitability 

and convulsion in organisms through the 

inhibition of gamma-aminobutyric acid 

(GABA) receptors in nervous system 

(Ramadan 1988). It altered the levels of 

calcium, phosphorus, sodium and tested 

protein in rainbow trout (Atamanalp et at., 

2002) and the lengthen the depolarizatrion 

phase in first through the blockade of sodium 

channels of the various nerve filaments thereby 

affecting the travel of impulse (Bradbury and 

Coats, 1989; Hayes, 984). The electrolytes are 

involved in maintenance of the buffer systems 

in order to provide the proper acido-basic 

H



Electrolytes in Selected Tissues  .... Gabriel et al  EJESM Vol.2 No.3 2009 

 

84 

 

balance in the body tissues of animals (Tella, 

2005). They also help in the regulation of the 

proper functioning of the heart and other 

muscle and also involved in redox (electron 

transfer) processes and co-factors for enzymes 

(Mohanty and Mishra, 1983). 

Due to off-target movement of chemicals, 

which is unavoidable, and the resultant effects 

of these xenobiotics on aquatic biota, this 

study was their carried out to examine the 

electrolytic changes associated with 

cypermethrin toxicity in the commercial 

catfish, Heterobranchus bidorsalis (Fam. : 

Clariidae).  

 

Materials and Methods 
Heterobranchus bidorsalis (mean 

length, 31.50±2.32cmSD; mean weight 

241.25± 30.39gSD) were obtained from Ellah 

Lakes in Obrikom in Ogba-Egbema-Ndoni 

Local Government area of the rivers state. 

They were transported to the site of the 

experiment (Department of Chemistry 

Laboratory, Rivers State University of science 

and Technology, Port Harcourt, Nigeria) in a 

plastic container. The fish were acclimated 

individually in 30l aquarium with 10l effective 

volume for 14 days and fed at one percent 

biomass on a 35% crude protein diet.  The 

water was changed daily and the aquarium 

washed with a piece of foam.  Each treatment 

level had four replicates.  

The fish was then exposed individually 

to sub-lethal concentrations (30l) of 

cypermethrin (0.005, 0.0075, 0.010, 0.125 and 

0.0150ppm) prepared in borehole water 

(characteristics: temperature, 26.51±2.10
o
C; 

dissolved oxygen, 4.51±0.51mg/l; pH, 

6.49±0.21; alkalinity, 17.30±3.16mg/l and 

hardness, 16.00±2.06mg/l) and a control of 

0.00ppm for 23 days based on the procedure in 

APHA, (1989). Fresh solutions were prepared 

daily and feeding was done as in the 

acclimation. At the end of the experimental 

period, the fish was killed with a blow on the 

head and the organs of interest (liver, kidney 

and gill) and muscle tissue were excised. 

Samples of the (0.5g) removed were ground in 

a mortar, mixed with 5ml of deionized water 

and centrifuged for ten minutes at 3000 rpm.  

The supernatant was decanted into plan bottles 

and stored at -2oC for analysis. The samples 

were then analyzed for the electrolytes namely 

sodium, potassium and chlorides based on the 

colorimetric endpoint techniques described by 

Schales and Schales (1941).  The data obtained 

were subjected to analysis of variance 

(ANOVA) and where difference existed in the 

means they were by Duncan’s multiple range 

test, DMRT (Zar, 1984). 

 

Results 
The gill exhibited a general decrease 

(p<0.05) in the levels of sodium ions except at 

0.0075ppm where a rise of 107.33% above the 

recorded control value, 105.63±7.48mmol/l. 

(Table 1). Potassium levels declined at 0.005 

and 0.0150ppm, below the control value, 

12.75±5.52mmol/l, but gradually rose from 

10.82, 14.75 and 33.33% at 0.0075 through 

0.0125ppm. The chemical caused 

hypochlorinaemia in the gill of exposed fish 

except at 0.010ppm (Table 1). Kidneys of 

exposed fish had hyponatraemia and 

hypokaelamia relative to the respective control 

values (Na+, 247.50±21.79mmol/l; K+, 

21.88±1.48mmol/l), except with a rise K
+
 at 

0.0125ppm and at 0.015ppm with level equal 

to that in the control (Table 2).  The chemical 

did not cause any change in Cl
- 
at

 
0.0125 and 

0.0150ppm, hypochlorinaemia at 0.005ppm 

(11.39% below control) and and 

hyperchlorinaemia at 0.0075 and 0.010ppm 

with 10.78 and 67.09% respectively above the 

control value (19.75±4.50mmol/l). In the liver, 

Na
+
 levels were lower at 0.0025, 

132.50±55.00mmol/l and 0.0125ppm, 

206.25±96.20mmol/l, whereas at 0.005, 0.010 

and 0.015ppm it was 2.96 (96.36%), 1.49 

(48.45%) and 1.70times (70.00%) the control 

value, 275.00±27.66mmol/l. Hypokaelamia 

was recorded at 0.005 and 0.0075ppm, 

whereas hyperkaelamia was noted at the other 

exposure concentrations with a peak at 

0.0150ppm, 23.61% the control value, 

18.00±2.94mmol/l.   

 Non-concentration dependent 

hyperchlorinaemia with about two units above 

control recorded at 0.0075 -0.0125ppm and 

about six units at 0.005 and 0.0150ppm (Table 

3). In the muscle, sodium, potassium and 

chloride ions were all elevated (Na
+
, 72.66; K

+
, 

4.14; Cl+, 54.22%) above their respective 

control values at 0.005ppm (Table 4). 

Generally hyponataemia, hypokaelamia and 

hypochlorinaemia were in the other exposure 

levels. 

Discussion 
In an attempt to define and measure the 

effects of pollutants on aquatic organisms, 
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biomarkers and bio-indicators are employed on 

several studies on xenobiotics.  The principle 

of this approach being the analysis of the 

physiological and biochemical responses of the 

organism to the pollutant, to which it was 

exposed (Jee and Kang, 2005). According to 

Bradifield and Rees (1978), toxicants act by 

the disruption of cell membrane permeability 

replacing the structural or electrochemical 

important elements in the cell which cause 

functional failure.  

Sodium and potassium is the major cation 

of the extracellular fluid and K
+
 chloride being 

the major anion of the intracellular fluid 

(Adegoye, 2007). The levels of sodium and 

potassium ions in the selected organs and 

tissue of H. bidorsalis were either higher or 

lower than the control value- a reflection of 

changes in the fluxes of these electrolytes as a 

result of cypermethrin toxicosis. Sodium and 

potassium are essential for the activity of many 

enzymes and have been implicated in the 

transport of ATP which participates in several 

metabolic processes. Na+ and K+ATpase, are 

located in the cell membrane has been found to 

be involved in the active transport of Na+ and 

K+ across the cell membrane (Rajanna et al., 

1981). Changes in these ions may indicate 

damage to the gills and the kidney (Oluwole, 

2001). The author observed that slight increase 

in sodium and potassium ions may favour 

improvement in the renal function which is 

achieved through the re-adsorption of these 

ions from the blood by the kidney. 

Accordingly, the author postulated that renal 

re-adsorption of these electrolytes helps in the 

relieve of hypertension in humans. This may 

also apply to the fish since the electrolytes play 

the same roles in both organisms. 

Reduction of Na
+
 ion level may affect the 

heart functions of experimental fish and cause 

neurotoxic damage to the central nervous 

system (CNS) of the experimental fish 

(Luskova et al., 2002). Changes in these ions 

may be an indication of the disruption of the 

structural integrity of the gills and impending 

death under prolonged exposure to the 

chemical. According to Cox (1996) 

cypermethrin alters nerve impulse travels 

along in the nerves of vertebrates and other 

animals. The nerves become momentarily 

permeable to sodium atoms, thus allowing it to 

flow into nerves. It also delays the closing of 

the gate that allows the sodium flow 

(Vijverberg and Van den Bercken, 1990), 

which eventually results in multiple nerve 

impulses instead of the usual single. In turn, 

these impulses cause the nerve to release the 

neurotransmitter, acetylcholine and then 

stimulate other nerves (Eechs, 1992). Multiple 

impulses may result in convulsion in the 

exposed fish. 

Chloride ion as the major extracellular 

fluid in the body combines with sodium to 

form NaCl (sodium chloride) which then helps 

in the osmotic balance of the organism 

(Adeoye, 2007). Increase or decrease Cl- ion 

has been associated with handling stress 

(Tomasso et al., 1980) and kidney disease. A 

mild decrease in chloride ion has been 

attributed to gill injury (Byme et al., 1989) and 

loss of chloride across the gills due to damage 

from toxicant exposure. Increase chloride may 

also arise from over-activity of the parathyroid 

glands. 

Electrolyte concentrations indicate 

fishes’ ability to osmoregulate and this is often 

compromised with stress, disease or gill 

lesions that increase gill permeability to ions 

(McDonald and Milligan 1992) or lateral line 

imbalance and hormonal disorder by affective 

endocrine organs through pesticide attack. 

Electrolytes had been shown to play a central 

role in gaseous exchange and 

intercompartmental water balance (Tella, 

2005), therefore elevated or low levels may 

result in hyper or hyper function of the organ 

or tissues under study (Finco, 1989).  
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Table 1. Na
+
, K

+
 and Cl

-
 ions in the gill of Heterobranchus bidorsalis exposed to various concentrations of 

cypermethrin for 23 days 

Conc. of 

cypermethrin 

(ppm) 

 

Na+ (mmol/L) 

% of 

Control 

 

K+ (mmol/L) 

% of 

Control 

 

Cl
-

(mmol/L) 

% of 

Control 

0.00 105.63±7.25
a
 100.00 12.75±4.52

ab
 100.00 39.63±33.61

ab
 100.00 

0.005 89.75±3.26
a
 84.97 11.13±0.95

b
 87.29 21.88±8.75

c
 55.21 

0.0075 219.00±38.09
a
 207.33 14.13±3.42

ab
 110.82 35.75±14.86

ab
 90.21 

0.010 67.50±3.95
a
 63.90 14.63±1.03

ab
 114.75 45.88±2.86

a
 115.77 

0.0125 97.25±11.68
a
 92.07 17.00±2.74

a
 133.33 35.13±16.13

ab 
88.64 

0.0150 37.38±2.04
a
 35.39 12.50±5.21

ab
 98.04 25.38±9.20

c
 64.04 

Means with the same superscript in the same column are not significantly different (P<0.05) 

 

Table 2. Na+, K+ and Cl- in the kidney of Heterobranchus bidorsalis exposed to various concentrations of 

cypermethrin for 23 days 

Conc. of 

cypermethrin. 

(ppm) 

 

Na
+
 (mmol/L) 

% of 

Control 

 

K
+
 (mmol/L) 

% of 

Control 

 

Cl
-
(mmol/L) 

% of 

Control 

0.00 247.50±21.79
a
 100.00 21.88±1.49

a
 100.00 19.75±4.50

ab
 100.00 

0.005 132.50±5.50
a
 53.54 20.38±1.55

a
 93.14 17.50±0.00

ab
 88.61 

0.0075 160.00±6.35
a
 64.65 19.38±7.33 88.57 21.88±8.75

ab
 110.78 

0.010 105.00±0.00
a
 42.42 20.75±3.07

a
 94.84 33.00±1.83

a
 167.09 

0.0125 216.25±15.79
a
 87.37 23.13±0.85

a
 105.71 19.75±4.50

ab 
100.00 

0.0150 142.50±7.50
a
 57.58 21.88±2.50

a
 100.00 19.75±4.50

ab
 100.00 

Means with the same superscript in the same column are not significantly different (P<O.05) 

 

Table 3. Na
+
, K

+
 and Cl

-
 in the liver of Heterobranchus bidorsalis exposed to various concentrations of 

cypermethrin for 23 days. 

Conc. of 

cypermethrin. 

(ppm) 

 

Na
+
 (mmol/L) 

% of 

Control 

 

K
+
 (mmol/L) 

% of 

Control 

 

Cl
-
(mmol/L) 

% of 

Control 

0.00 275.00±27.17ab 100.00 18.00±2.94ab 100.00 33.13±11.43a 100.00 

0.005 815.00±81.12a 296.36 17.63±2.75ab 97.94 195.75±28.66a 590.85 

0.0075 132.50±5.50c 48.18 16.75±1.71b 93.06 50.50±2.79a 152.43 

0.010 408.75±7.62ab 148.45 20.25±4.56ab 112.50 46.75±2.33a 141.11 

0.0125 206.25±9.62c 75.00 20.88±1.44ab 116.00 58.63±13.62a 176.97 

0.0150 467.50±15.15
ab

 170.00 22.25±4.01
a
 123.61 189.63±26.05

a
 572.38 

Means with the same superscript in the same column are not significantly different (P<0.05). 

 

Table 4.  Na
+
, K

+
 and Cl

-
 in the muscle of Heterobranchus bidorsalis exposed to various  concentrations of 

cypermethrin for 23 days 

Conc. of 

cypermethrin. 

(ppm) 

 

Na
+
 (mmol/L) 

% of 

Control 

 

K
+
 (mmol/L) 

% of 

Control 

 

Cl
-
(mmol/L) 

% of 

Control 

0.00 333.75±18.02
a
 100.00 24.13±3.42

a
 100.00 103.75±6.17

a
 100.00 

0.005 576.25±83.61
a
 172.66 25.13±2.39

a
 104.14 160.00±23.36

a
 154.22 

0.0075 240.00±20.34
a
 71.91 22.63±7.44

a
 93.78 35.00±1.15

a
 33.73 

0.010 233.75±37.50
a
 70.04 22.00±3.88

a
 91.12 82.50±9.37

a
 79.52 

0.0125 105.00±0.00
a
 31.46 22.13±5.20

a
 91.71 89.95±11.48

a
 86.91 

0.0150 178.75±9.05
a
 53.56 24.50±1.78

a
 101.53 29.13±9.73

a
 28.08 

Means with the same superscript in the same column are not significantly different (P<O.05) 

 


