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Abstract 
Clarias gariepinus were subjected to intramuscular injection of prepared concentrations (2.00, 4.00, 6.00, 
8.00 and 10.00ppm) and a control (0.00 ppm) of ethanolic extracts of Lepidagathis alopecuroides leaves 
at a dose level of 2 ml/ Kg. The fishes were killed on the fourteenth day and dissected. The organs (gill, 
kidney, liver and muscle) were excised and the levels of different electrolytes in these organs assessed. The 
results showed a fluctuation in levels of sodium ions in the gill against the control value, (208.75±5.62 
Meq/L). This was lower than control values in the experimental concentrations except at 8.00 ppm where 
value was equal to that of the control (240.00±8.03 Meq/L) in the kidney. Sodium values were higher than 
those of the control in the liver and muscle. The highest level of sodium was observed in the gill at 10.00 
ppm which was 512.50±4.58 Meq/L. Potassium ion levels were higher than those of the control values in 
the gills, but were either higher, equal or lower than those of the control values in the kidney, liver and 
muscle. Potassium ion was highest in the muscle at 2.00 ppm dose concentration with the value 89.13±1.08 
Meq/L. Chloride ions values in the gills were either lower or higher than the values obtained in the control 
(218.75±1.91 Meq/L). There was a general decline in the levels of chloride ions in the kidney when 
compared to the control value (167.13±9.85 Meq/L) except at 4.00 ppm where the value was 168.75±8.87 
Meq/L. Chloride ions in the liver were only higher than the control values at 6.00 ppm (302.50±7.94 
Meq/L) and 8.00 ppm (402.50±2.91Meq/L). There was a general rise in the levels of the chloride ions in 
the muscle in all the test concentrations except at 10.00 ppm concentration. There was a general decrease 
in the levels of hydrogen carbonate ions in the gill and the kidney when compared to their corresponding 
control values. The ions fluctuated against that of the control value in the liver, but higher than control 
values (18.75±7.22 Meq/L) in the muscle. The results obtained indicated a Lepidagathis alopecuroides 
based toxicity to Clarias gariepinus which can be studied by looking at each organ or tissue separately. 
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Introduction 
Fishing, an important aspect of agriculture is a veritable source of livelihood for the inhabitants 
of the coastal regions of Nigeria (Burkhill, 1985) [5]. One of the common methods employed in 
fishing is the use of fish poison (Ichthyotoxins or Piscicides) usually from plant sources (Kritzon 
2003) [10], which occurs in several plant species. A variety of chemicals from plants are reported 
to stun or stupefy fish (Kritzon, 2003; Obomanu et al., 2007) [10, 17]. This action is achieved when 
the chemicals in these plant parts pass through the gills, skin or in some cases when ingested. 
The fish then floats to the surface for easy capture. Examples of plants used as fish poison 
include Anamirta cocculus, Croton tiglium, Barringtonia spp, Derris eliptica, Duboisia spp, 
Tephrosia spp, etc (Kritzon, 2003) [10]. 
A large number of plants and their products are toxic. Kulakkatholickal, (1989) [11] examined 
221 plants in Thailand to ascertain their toxicity to fish and found five plant species that are 
effective in killing predatory fishes. Botanicals are natural biocides (Burkhill, 1985) [5] which 
contaminate natural waters in several parts of Nigeria because of their widespread usage. 
Botanical piscicides are suggested as best alternatives to synthetic materials because of their 
easy availability, biodegradabil, greater effectiveness, lower cost, toxicity against non-target 
organisms and comparative safety towards the environment and human beings (Marston and 
Hostettmann, 1985) [13]. 
Synthetic piscicides degrade slowly in nature. They are persistent, have toxic effects to non-
target organisms by accumulating in their body tissues (Arasta et al., 1996) [2] and adversely
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affect the fish quality and their status (Callen and Connel, 
1992) [7]. In recent years, the use of medicinal plants as 
effective alternatives to synthetic piscicides has gained more 
importance, because they are highly toxic to the target pest 
(Singh and Singh 2005) [20] and easily depurated in the 
environment (highly biodegradable). 
The phytochemical screening of L. alopecuroides showed the 
presence of alkaloids, saponins, tannins, cardiac glucosides and 
flavonoids (Obomanu et al., 2005) [5]. The two main groups of 
phytochemicals that occur in most plants used for stunning fish, 
the rotenones and saponins, as well as a third group of plants 
which librate cyanide in the water, account for nearly all 
varieties of fish poison (Bearez, 1998) [3]. This study was 
carried out to examine changes in the biochemical (electrolyte) 
profile of the functional organs of Clarias gariepinus injected 
with ethanol extracts of Lepidagathis alopecuroides. 
 
Materials and Methods 
Fresh leaves of the plant Lepidagathis alopecuroides were 
collected from Ogbakiri in Ikwerre Local Government Area, 
Rivers State. The leaves were air dried for two weeks and oven 
dried for three hours at 60 0C to a constant weight. The dried 
leaves were ground into powder form using an electric blender, 
sieved into fine powder and stored in a dry air-tight container.  
Clarias gariepinus, mean weight (151.25±86.91g and mean 
total length 30.00±5.23cm) were collected from a private farm 
in Kpite, Tai Local Government Area, Rivers State. They were 
transported in an aerated 25 litres container to the Chemistry 
Department of the Rivers State University. The fish were 
individually acclimated to laboratory conditions in 30 litre 
plastic aquaria for 10 days and were fed with 35% crude protein 
and 1% biomass daily. Unconsumed feed and feacal wastes 
were removed and the aquaria replenished daily with 10 litres 
of water. 
A stock solution of 0.1g/litre of Lepidagathis alopecuroides 
was prepared in 99.7-100% ethanol which was properly stirred 
and allowed to stand for two hours. The experiment was 
divided into five treatment levels and a control. A total of 

twenty four (24) fishes were used. The test solutions (2.00, 
4.00, 6.00, 8.00 and 10.00ppm) and a control were prepared by 
serial dilution for injection of the fish. 2ml/kg of the solution 
was injected into the fish intramuscularly in each of the 
treatment levels with 2ml hypodermic syringe.  
On the fourteenth day after the injection, the fish were killed 
and samples (0.5g) of the gills, livers, kidney and muscle were 
removed. The organs were macerated in laboratory mortars and 
5ml of deionised water added to each sample. The samples 
were centrifuged at the rate of 3000rpm for ten minutes. The 
supernatant was collected for the determination of the 
electrolytes. The colorimetric end point technique described by 
Schales and Schales (1941) [19] was used with slight 
modifications as stated in the kit (TECO® Diagnostics Kits) 
for the electrolytes. Data obtained were subjected to statistical 
analysis using a one way analysis of variance (ANOVA) and 
Duncan’s multiple range test (DMRT) at 95% probability. 
 
Results 
In the gill, there was a notable rise in Na+ levels at 4.00, 8.00 
and 10.00ppm. The increase in these levels was highest at 
10.00ppm (512.50±4.58 Meq/L) followed by 8.00ppm 
(423.75±2.62 Meq/L) which represents 145% and 103% rise 
above the control value (208.75±5.62 Meq/L). At 2.00ppm 
(140.00±5.15 Meq/L) and 6.00ppm (173.75±3.65 Meq/L), 
there were decreases in levels of sodium (Na+) ions by 32.93 
and 16.77% respectively. Potassium (K+) was raised in all the 
concentrations and was highest at 10.00ppm 26.50±2.14 
Meq/L, (130%) as against the control value (11.50±2.87 
Meq/L). There was increase in levels of chloride (Cl-) at 
4.00ppm (283.75±2.40 Meg/L) and 8.00ppm (322.63±2.24 
Meq/L), a pattern similar to that of sodium ion, as against the 
control value (218.75±1.91 Meq/L). This represent 30% and 
47% increase respectively above control values. Bicarbonate 
ion only appreciated at 2.00ppm (38.75±4.79 Meq/L) 
representing 14.81%. The decrease in bicarbonate ion was most 
prominent at 10.00ppm (25.00±1.80 Meq/L) (Table 1).  

 
Table 1: Electrolytes (Na+, K+, Cl- and HCO3-) in the gill of Clarias gariepinus on the 14th day after injection with ethanolic extracts of 

Lepidagathis alopecuroides. (Mean + S.D; n=4). 
 

Conc. Na+ % of K+ % of CL- % of HCO3
- % of 

in ppm (Meq/L) Control (Meq/L) control (Meq/L) control (mmol/L) control 
0.00 208.75±5.62 100 11.50±2.87 100 218.75±1.91 100 33.75±7.50 100 
2.00 140.00±5.15 67.07 17.86±4.99 155.30 162.50±1.67 74.29 38.75±4.79 114.81 
4.00 223.75±8.16 107.19 17.63±4.15 153.30 283.75±2.40 130.00 31.25±6.29 92.59 
6.00 173.75±3.65 83.23 15.13±04.48 131.56 178.75±1.15 81.71 32.50±6.46 96.30 
8.00 423.75±2.62 203 17.25±5.19 150.00 322.63±2.24 147.49 32.50±6.46 96.30 

10.00 512.50±4.58 245.51 26.50±2.14 230 173.75±2.96 79.43 25.00±1.80 74.07 
 

In the kidney, Na+ levels declined in all the doses except at 
8.00ppm which equaled the control value (240.00±8.42 
Meq/L). Potassium ions showed initial increase at the lower 
concentrations 2.00ppm (35.44%) and 4.00ppm (2.11%) above 
the control value (18.00±6.52 Meq/L). But after this, there was 

a decrease at 6.00ppm (16.38±5.86 Meq/L) and 8.00ppm 
(13.38±3.94 Meq/L) and a unit increase at 10.00ppm 
(18.25±3.52 Meq/L). Chloride and bicarbonate ions decreased 
below the control values in all doses applied except at 4.00ppm 
and 6.00pm for Cl- and HCO3- respectively (Table 2). 

 
Table 2: Electrolytes (Na+, K+, Cl- and HCO3-) in the kidney of Clarias gariepinus on the 14th day after injection with ethanolic extracts of 

Lepidagathis alopecuroides. (Mean + S.D; n=4). 
 

Conc. Na+ % of K+ % of CL- % of HCO3
- % of 

in ppm (Meq/L) control (Meq/L) control (Meq/L) control (Meq/L) Control 
0.00 240.00±8.42 100 18.00±6.52 100 167.13±9.85 100 30.00±7.07 100 
2.00 173.75±7.78 72.08 24.38±6.02 135.44 44.25±6.17 26.17 25.00±1.80 83.33 
4.00 186.25±4.85 77.60 18.38±8.70 102.11 168.75±8.87 100.97 27.50±8.66 91.67 
6.00 208.75±3.38 86.98 16.38±5.86 91.00 101.25±3.97 60.58 30.00±7.07 100.00 
8.00 240.00±8.03 100.00 13.38±3.94 74.33 55.50±2.10 33.21 22.50±6.46 75.00 

10.00 150.00±6.92 62.5 18.25±3.52 101.39 37.50±1.91 22.44 28.75±9.46 95.83 
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In the liver, Na+ levels decreased (P<0.05) in all the doses. 
Elevation in potassium ion levels, 0.50% at 2.00ppm, 21.88% 
at 4.00ppm and 7.29% at 8.00ppm were recorded with a decline 
at 6.00 and 10.00ppm. Chloride ion levels did not show any 
distinct pattern at different concentration levels. Increase in the 
concentrations of the chloride ions occurred at 6.00ppm 
(402.50±7.94 Meq/L) and 8.00ppm (402.50±2.91 Meq/L) 
which represent 30.70% and 74.05% increase respectively 

above the control value (231.25±2.10 meg/L). However a 
maximum of 53.73% was recorded at 10.00ppm dose. 
Bicarbonate ion only depreciated at 4.00ppm (25.00±4.08 
Meq/L) which is about 8.26% decrease against the control 
(27.25±1.15 Meq/L). There was appreciation in the bicarbonate 
ion concentrations at the other extracts levels with the highest 
at 6.00ppm (37.50±1.41 Meq/L) representing a 37.61% rise in 
levels compared to the control (Table 3).  

 
Table 3: Electrolytes (Na+, K+, Cl- and HCO3-) in the liver of Clarias gariepinus on the 14th day after injection with ethanolic extracts of 

Lepidagathis alopecuroides. (Mean + S.D; n=4). 
 

Conc. Na+ % of K+ % of CL- % of HCO3- % of 
in ppm (Meq/L) control (Meq/L) control (Meq/L) control (Meq/L) control 

0.00 187.50±5.23 100 24.00±2.74 100 231.25±2.10 100 27.25±1.15 100 
2.00 62.50±3.04 33.33 24.12±6.22 100.50 156.00±1.73 67.53 35.00±4.08 128.44 
4.00 107.50±2.43 57.33 29.25±7.66 121.88 122.75±1.56 53.08 25.00±4.08 91.74 
6.00 152.50±6.37 81.33 18.75±5.52 78.13 302.50±7.94 130.70 37.50±1.41 137.61 
8.00 83.75±5.77 44.67 25.75±1.48 107.29 402.50±2.91 174.05 27.50±5.00 100.92 

10.00 147.50±3.03 78.67 23.13±7.79 96.38 107.00±1.05 46.27 32.50±8.66 119.27 
 

The muscle showed that Na+ levels increased in the treated fish 
at all the doses applied with the highest increase (213.75±7.39 
Meq/L) recorded at 2.00ppm dose followed by 8.00ppm 
(201.25±8.16 Meq/L). The least increase was observed at 
4.00ppm (177.80±6.37 Meq/L) Potassium ion concentrations 
increased at 2.00ppm (89.13±1.08 Meq/L), 4.00ppm 
(27.80±2.14 Meq/L) and 6.00ppm (26.00±2.28 Meq/L) 
respectively which represent 244.40%, 7.73% and 0.46% 
increase above the control value (25.88±3.52 Meq/L). 
Decrease in levels was only observed at 8.00ppm (22.13±4.4 

Meq/L) and 10.00ppm (25.38±5.02 Meq/L). There was a 
gradual decline in Cl- concentration from the highest 
229.50±14.82 meg/L, 194.89% above control (117.50±95.09 
Meq/L) at 0.00ppm to 83.38±17.16 Meq/L at 10.00ppm (which 
was the only concentration with a value lower than control. 
Bicarbonate ion concentrations appreciated in all dose 
concentrations, the highest at 8.00ppm (32.50±2.89 Meq/L) 
followed by 10.00ppm (30.00±4.08 Meq/L), which was 
73.33% and 60.00% rise in levels respectively (Table 4). 

 
Table 4: Electrolytes (Na+, K+, Cl- and HCO3-) in the muscle of Clarias gariepinus on the 14th day after injection with ethanolic extracts of 

Lepidagathis alopecuroides. (Mean + S.D; n=4). 
 

Conc. Na+ % of K+ % of CL- % of HCO3- % of 
in ppm (Meq/L) Control (Meq/L) control (Meq/L) Control (Meq/L) control 

0.00 142.50±7.88 100 25.88±3.52 100 117.50±9.09 100 18.75±7.22 100 
2.00 213.75±7.39 150.00 89.13±1.08 344.40 229.00±1.82 194.89 26.50±1.70 141.33 
4.00 177.50±6.37 124.56 27.80±2.14 107.73 215.00±1.34 182.98 28.75±2.50 153.33 
6.00 196.25±5.50 137.72 26.00±2.38 100.46 126.25±1.93 107.45 23.75±9.46 126.67 
8.00 201.25±8.16 141.23 22.134±.44 85.51 130.00±5.88 110.64 32.50±2.89 173.33 

10.00 187.50±3.24 131.58 25.38±5.02 98.07 83.38±7.66 70.96 30.00±4.08 160.00 
 

The comparative levels of the electrolytes in the fish tissues on 
the 14th day after injection showed variations from one tissue 

to the other. The responses of the ions were tissue and ion 
specific. 

 

 
 

Fig 1: Comparative levels of sodium ion in the various tissues of Clarias gariepinus injected with L. alopecuroides extracts 
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Fig 2: Comparative levels of potassium ion in the various tissues of Clarias gariepinus injected with L. alopecuroides extracts 
 

 
 

Fig 3: Comparative levels of chloride ion in the various tissues of Clarias gariepinus injected with L. alopecuroides extracts 
 

Discussion 
Changes in the biochemical processes of organisms which 
result from the effects of various pollutants make possible the 
study of the mechanisms of the effects of these substances 
(Luskova et al., 2002) [12]. The different species of plants 
employed as piscicides have been shown to have different 
effects which depend on the species of fish targeted (Van 
Andel, 2000) [21]. It can also depend on the active principles of 
the plant part used (leaves, seeds, kernel and bark) which may 
have varying potencies and mode of action depending on the 
form in which it is applied, whether directly or as extracts 
(aqueous or alcohol extracts), Sambasivan et al, 2003) [18].  
The ethanolic extracts of L. alopecuroides caused variation in 
the concentrations of the various electrolytes in the different 
organs. Luskova et al. (2002) [12], observed higher 
concentrations of sodium and potassium and lower 
concentrations of calcium and phosphorus in the plasma of carp 
(Cyprinus carpio) exposed to diazinon. However, Zaki et al, 
(2007) [23] observed lower concentrations of sodium, potassium 
and phosphorus exposed to vanadium toxicity. In the kidney of 
rats co-administered with chloroquine and aspirin, Nwanjo et 
al, (2007) [15] observed lower values of sodium, potassium and 

chloride but an increased value of bicarbonate when compared 
to the control value.  
Sodium, potassium, chloride and bicarbonate are some of the 
most sensitive biochemical markers employed in diagnosis 
because these electrolytes are re-adsorbed in the tubules and 
therefore when there is cellular damage, there will be low re-
adsorption and excretion of electrolytes by the tubules (Nwanjo 
et al., 2007) [15]. The electrolytes are found within the body 
cells and extra-cellular fluids. The balance of these electrolytes 
is therefore essential for normal function of cells and organs. 
The extent to which the renal (kidney), endocrine (glandular) 
and acido-basic functions are performed in the body depends 
on the concentration of these ions in the system (Melissa, 2008) 
[14] and the determination of the extent of metabolic 
biochemistry.  
Sodium ions play the role of transporting electrical signals in 
the body, for example, in the brain, nervous system and muscle. 
Changes in their level will affect the enzyme 
acetylcholinesterase and inhibit the functions of the heart, and 
cause a neurotoxic damage to the CNS of the experimental fish 
(Luskova et al., 2002) [12]. It has been shown (Akpanabiatu et 
al., 2005) [1] that sodium is associated with blood pressure in 
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humans and that lowering of its concentration reduces blood 
pressure. Its increase is an indication that membrane channels 
may possibly be affected by the plant extracts of L. 
alopecuroides. Potassium is the major cation of the 
intracellular fluid which is essential for the normal cell 
functions and the regulation of the heart beat and muscular 
contractions, and therefore its involvement in cardiovascular 
activity is evident (Akpanabiatu et al., 2005) [1]. The decrease 
or increase in both sodium and potassium ions in the tissues 
affects the transport of Na+-K+ ATpase which is involved in the 
transport of these electrolytes across the gill membrane 
(Akpanabiatu et al., 2005; Zaki et al., 2007) [1, 23]. Increase in 
these ions may be attributed to kidney failure or dysfunction, 
since kidney is the normal path for sodium and potassium 
excretion (Zaki et al., 2007) [23]. However, significant reduction 
of these ions suggests that the levels of sodium and potassium 
may not have been regulated primarily by the classical 
membrane-bound Na+-K+ ATpase and the extract may not have 
exerted the sodium shift theory where the influx of the sodium 
ions into the cell is accompanied by a corresponding efflux of 
potassium ions into the extra-cellular fluid (Nwanjo et al., 
2007) [15]. It has been reported that increase in sodium and 
potassium ions in pigs fed meals with preheated and raw 
Mucuna pruriens was due to alveolar collapse in the lungs and 
general water imbalance (homoestasis) and also from muscle 
damage (Emenalom et al., 2004) [8]. Treatment with extracts of 
the plant leaves may have caused similar effects in C. 
gariepinus in this study. 
Chloride is the major anion found in the extracellular fluid. Its 
major role is to maintain osmotic balance in organisms, while 
the bicarbonate act as a buffer to maintain the normal levels of 
acidity (pH) in blood and the other fluids in the body (Melissa, 
2008) [14]. A reduction in the chloride ion may reveal 
underlying changes in gills and a disruption of the osmotic 
balance of the organism, while a change in the levels of the 
bicarbonate reflects an alteration in the acido-basic balance of 
the fish (Harper, 1977) [9]. According to Harper (1977) [9], the 
basic functions of electrolytes in the body lie in the controlling 
of fluid distribution, intra and extra-cellular acido-basic 
equilibrium, maintaining of osmotic pressure of body fluids 
and normal neuro-muscular irritability. Hence any distortion in 
the balance can disrupt the homeostatic balance, leading to a 
series of physiological crises, which if not arrested may lead to 
death of the organism.  
 
Conclusion 
Changes in electrolyte contents were observed in all the tissues 
of Clarias gariepinus injected with Lepidagathis 
alopecuroides extracts. These changes depict alterations or 
distortions in the biochemical functions of the electrolytes. 
Thus, the normal functioning of the fish is under stress. This 
may have fatal consequences if not checked.  
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