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ABSTRACT: 

Chlorpyrifos (CPF) is a very toxic pesticide commonly used for controlling agriculturally important pests. The present study 

investigates DNA damaging effects of CPF on Clarias gariepinus was assessed using genetic assays. Fish were exposed to varying 

concentrations of CPF (100ppm, 200ppm and 300ppm) at 96 hours (acute exposure). LC50 of the pesticide was found to be 120ppm 

and one-tenth of the LC50 (12ppm) was taken for the chronic exposure. Distilled water and colchicine were used as negative and 

positive controls respectively. After 28 days of chronic exposure, fish were fed with inclusion of B. sapida seed (powder) for 14 

days. Liver and gills of the fish were removed following 96h exposure, days 7, 14 and 28 of the chronic exposure as well as after 

the period of amelioration (14 days) for CA assay and histopathological analysis. The results of CA assay showed statistically 

significant (p ˂  0.05) increase in CA in a dose-dependent manner for all the exposed groups after acute exposure and time dependent 

after chronic exposure. Also, this study showed that CPF can potentially induce genotoxic and histopathological changes in fish 

and other aquatic organisms.  

KEYWORDS: DNA Damage; Chromosome Aberrations; Acute; Chlorpyrifos; Genotoxic.  

1. INTRODUCTION 

Pesticide is one of the aquatic pollutants that contribute to the 

environmental problems all over the world. This is due to 

increase in the use of pesticides as a means of controlling insect 

pests in agricultural farmlands (Abowei and Sikoki, 2005; 

Osman et al., 2011). A significantly large amount of the applied 

pesticides end up in aquatic environments (e.g. rivers, lakes and 

ponds) as reported by Werimo et al. (2009) and Esminger et al 

(2011). Contamination of aquatic water bodies by pesticides 

have been reported to have adverse effects on the growth and 

survival in aquatic animals (Candioti et al., 2001; Bolognesi, 

2003; Cavas and Ergene-Gozukara, 2005; Mohanty et al., 

2011). Piemental and Leviton (1986) showed that less than 1% 

of the pesticides used reach the target organism. The 

implication of this is that more than 99% that remain are left 

within the ecosystem, with the help of rainfall, a large portion 

of this left-over are washed to the nearby water body (Vocke, 

1986; Hellar, 2002; Ambali et al., 2010). Considering the 

report of EPA (2001), several conventional pesticides are used 

in different areas all over the world on annual basis. This shows 

that pesticides are spread across the ecosystem worldwide on a 

yearly basis if the estimate of Piemental and Leviton (1986) is 

put into consideration. Arjmandi et al. (2010) reported that the 

remaining insecticides that did not reach the target organism 

are very toxic to non-target organisms in the natural 

environments that are close to the point of application. Fish are 

very sensitive organism to the environmental contaminants and 

as such, pollutants such as pesticides may initiate a significant 

disruption of certain metabolic activities in fish as a result of 

contact between the contaminants and fish organs (John, 2007). 

Many studies that were conducted in recent times have shown 

that pesticides can impair the health of fish (Siang et al., 2007; 
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Nwani et al., 2010a). Since fishes are important sources of 

proteins and lipids for humans, the health of fish is very 

important to humans that depend on them. More importantly, 

reports of previous studies revealed the genotoxic and 

cytotoxic potentials of pesticides on different species of fish 

(Al-Sabti and Metcalfe, 1995; Hartwell et al., 2000; Ali et al., 

2008; Nwani et al., 2010b). health of fish (Siang et al., 2007; 

Nwani et al.,2010b). Since fishes are important sources of 

proteins and lipids for humans, the health of fish is very 

important to humans that depend on them. More importantly, 

reports of previous studies revealed the genotoxic and 

cytotoxic potentials of pesticides on different species of fish 

(Al-Sabti and Metcalfe, 1995; Hartwell et al., 2000; Ali et al., 

2008; Nwani et al., 2010a). 

Chlorpyrifos (CPF), (O,O,-diethyl-O-3,5,6-trichloro-2-pyridyl 

phosphorothioate) is an organophosphate pesticide used for 

controlling insect pests of agricultural importance such as 

cutworms, corn rootworms etc (Rao et al., 2003). It is also used 

as insecticides for indoor use in the control of domestic insects 

such as mosquitoes, cockroaches and houseflies (Daoud et al., 

2009). CPF is a very toxic pesticide and increase in its load in 

aquatic environment can put the existence of non-target fish at 

risk (Rao, 2008). CPF is a can inhibits the acetyl cholinesterase 

(AChE) in synaptic junctions of the nervous system (Rames 

and Muniswamy 2009; Banae et a.., 2011) which can lead to 

disruption of the nervous system and ultimately death in 

animals (Timchalk, 2010; Nwani et al. ,2013a; Nwani et 

al.,2013b). Genotoxic properties of CPF have also been 

observed in the previous studies using different assays 

(although with varying results). The residual effects of CPF 

could be very harmful to aquatic animals even at low exposure 

(Humphrey et al. 2004). The primary mode of action of 

organophosphate pesticides has been established in mammals 

(Testai et al., 2010) and in aquatic organisms, particularly the 
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fish (Giesy et al., 1999). Reports from previous studies have 

clearly shown that CPF is genotoxic to non-target animals 

including fish because of its ability to inhibit DNA synthesis as 

reported by Whitney et al. (1995). Rahman et al. (2002) and 

Daoud et al. (2009) observed that CPF is genotoxic to Channa 

punctatus using micronucleus and comet assays. However, no 

previously published report on genotoxic effect of CPF on C. 

gariepinus using chromosomal aberration assay. Blighia 

sapida (Ackee apple) is a plant that belongs to 

the Sapindaceae (soapberry family) and its botanical name was 

derived from Captain William Bligh who brought it to London 

in the 18thcentury (Veronica et al., 2014). Alkaloids, saponins, 

flavonoids, tannins and phenols are the common bioactive 

contents of B. sapida seed. Phenols and flavonoids are more 

available in the ripe ackee seeds while alkaloids and saponins 

are higher in the unripe ackee seeds (Emmanuel et al., 2014). 

Hence, using ripe ackee seed as an inclusion in animal feed is 

more suitable than unripe seed. The major antioxidants in ackee 

apple seed are phenol and flavonoids. Flavonoids are 

antioxidants with anti-inflammatory activity (Okwu, 2005). 

The large amounts of flavonoids in B. sapida is an indication 

that the ackee seed can offer certain biochemical functions such 

as protection against allergies, inflammation, free radical etc 

(Okwu, 2004; Ekué et al., 2010). Flavonoids are water soluble 

antioxidants and free radical scavengers which can as well 

prevent oxidative cell damage (Okwu, 2004) which is one of 

the mechanisms of toxic chemicals. Flavonoids also have 

anticancer potential and protect against the different levels of 

carcinogenesis (Emmanuel et al., 2014). Despite the 

antioxidant properties of B. sapida seed, there is no 

documented evidence on its usage as ameliorative agent. 

Therefore, this study investigated genotoxic and cytotoxic 

effects of CPF on African catfish, Clarias gariepinus using 

chromosomal aberration and histopathological assays. In 

addition, possible ameliorative effect of B. sapida was also 

studied. 

2. MATERIALS AND METHODS 

2.1 Test Chemical (Pesticide) 

Chlorpyrifos (20% EC) manufactured by M/s. K & N 

Efthymiadis, Greece was procured from the local market of 

Ilorin, Nigeria, under the trade name of Jubaili. It was 

confirmed that the chlorpyrifos of this grade is mostly 

employed in the fields. 

2.2 Water Quality Parameters 

The water quality such as temperature, pH, dissolved oxygen 

and conductivity were monitored throughout the period of the 

experiment 

2.3 Ethical Approval 

Ethical clearance was obtained from the University Ethical 

Review Committee (UERC) of University of Ilorin, Ilorin, 

Nigeria. The UERC approval number is 

UERC/ASN/2016/416. 

2.4 Experimental Animal 

Healthy juvenile African catfish, (Clarias gariepenus) were 

bought from Kwara State Fish Farm in Ilorin. The average wet 

weight and length of the fish were 38.56±2.0g and 

20.20±3.0cm respectively. The fish were acclimatized in well 

aerated water for two weeks during which they were fed 5% of 

their body weight with commercial fish feed (Skreting® Fish 

Feed) in the morning and evening. The quality of the water was 

put at optimum by siphoning and changing the water every 48 

hours to prevent feeds and faecal matter from contaminating 

the water with the aim of providing a healthy environment for 

the fish. Carcass from all the sacrificed fishes were buried 

immediately after removing all the organs needed from them 

for analysis. 

2.5 Collection and Preparation of B. sapida Seed 

Ripe B. sapida (Ackee apple) seed was collected in Ilorin 

metropolis. The seeds were then extracted from the matured 

fruits. The seeds of B. sapida were prepared using biochemical 

method. The seeds of B. sapida were sun-dried for a month 

after which they were milled using attrition mill. The milled B. 

sapida seed was soaked in petroleum ether and allowed to stay 

for 16 hours. The B. sapida seed oil which is less dense than 

the solvent (petroleum ether) was decanted and the residue 

solvent in the ackee seed was evaporated. The defatted ackee 

seed cake was packed in polythene bags and autoclaved at 

1210C and 15psi for 15 minutes to remove any microorganism 

which could be present in the cake and allowed to cool. 

Aspergillus niger was introduced into the seed cake incubated 

at room temperature. In 7 days, the fungus (Aspergilus niger) 

have colonized the substrate and the growth was terminated by 

oven drying the cake at 700C for 24 hours. 

2.6 Acute and Chronic Toxicity Bioassay 

Following the preliminary range finding test, 10 pieces of 

juvenile African catfish, C. gariepinus were introduced into 

each container of 20L of water containing 100ppm, 200ppm, 

300ppm, 400ppm of CPF (20% EC) for a period of 96hr (Acute 

test). A control experiment was also set up in distilled water at 

the same time. Each of the group was set up in triplicate. The 

experiment was carried out using a static non-renewal bioassay 

for a period of 96 hours. The fish were not fed throughout the 

96h exposure and the water media was replaced daily to ensure 

consistent concentration. Mortality, morphology and general 

behaviour of the fish were also noted after 96 hours.  

The lethal concentration at 50% mortality was calculated using 

Arithmetic Method of Karber for calculating LC50 adopted by 

Dede (1992): 

LC50= LC100-∑ (Mean Death x Conc. Diff) ÷ No of Fish per 

Group 

A total of 8 plastic containers were used for definitive toxicity 

bioassay. Ten juveniles of C. gariepinus were introduced into 

three containers with 20L of water containing the same 

concentration (12ppm of CPF) i.e. one tenth of the LC50 in 

duplicate. A control experiment containing distilled water was 

also set up in duplicate. The water media were replaced every 

48 hours to allow for consistency in the CPF concentration of 

the media. 

2.7 Amelioration Procedure 

The three groups of fish exposed to CPF were fed with feed 

formulated with B. sapida during the period of amelioration 

which lasted for 14 days. The first group of the treated fish were 

fed with feed containing 25% inclusion level of B. sapida while 

the second and third groups were fed with the feed containing 

50% and 75% inclusion level of B. sapida respectively. Fish in 

the control group were however fed with normal feed i.e. 0% 

inclusion level of B. sapida. 

2.8 Collection of Samples for histological investigation 

(Liver and Gill) 

Feeding was suspended for 24 hours prior to the time of 

collection of liver and gill sample for CA assay and 

histopathological analysis after acute toxicity test, chronic 

exposure and amelioration period. This was necessary in order 

to reduce stress like gastrointestinal disturbance (in the animal) 

during the process of sacrifice (Garcia and Martinez, 2012). 
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2.9 Chromosomal Aberration Assay 

The chromosomal aberration assay of C. gariepinus exposed to 

various concentrations of CPF and ameliorated with B. sapida 

in this study was carried out using the procedures followed by 

Nagpure and Barat (1997) and Asano et al. (1998) with little 

modifications. Fishes were dissected to remove livers from the 

fish in the control groups (positive and negative) as well as the 

treated groups following acute and chronic exposure and 

amelioration. The livers were put in different petri-dishes and 

then homogenized in freshly prepared 0.56% of KCl using 

mortar and pestle. The cell suspension was poured into 15 ml 

centrifuge tube and incubated for 25 minutes at room 

temperature. The hypotonic action of the KCl was stopped by 

adding 1 ml of freshly prepared and chilled Cannoy’s fixative 

(methanol and acetic acid at 3:1) and left for 30 minutes. Then, 

the cell suspension was centrifuged at 1500 rpm for 10 minutes 

at room temperature. Supernatant was removed with a 

micropipette and cell pellet was slowly over layer 6-8 ml 

freshly prepared chilled Cannoy’s fixative. Thereafter, the cell 

suspensions were centrifuged at 1500 rpm for 10 minutes at 

room temperature. Supernatant was removed leaving behind 

the cell pellet at the bottom of the tube. This was then followed 

by adding another fresh and chilled Cannoy’s fixative. This 

step was repeated 3 times until transparent cell suspension was 

obtained and the clear cell suspension was spread onto grease 

free and clean slide using a micropipette. The slides were 

allowed to air dry overnight (24 hours). The slides were then 

stained with freshly prepared 10% may-grunwald stain and 

then rinsed in distilled water. After air-dried, the slides were 

finally stained with 5% Giemsa stain for 10 minutes and the 

metaphase spread was then viewed under (OLYMPUS 

microscope) at oil immersion objective 100X. The micro-

photographs of the slides were then taken using Amscope 

digital camera 3.1MP APTINA Colour CMOS fastened to the 

ocular eye piece of the microscope. Mitotic index (MI) + S.E. 

was calculated for all the experimental groups. 

3. HISTOPATHOLOGICAL ANALYSIS  

The fishes were dissected to remove the gills for histopathology 

assay in order to assess the level of damage on the tissues and 

cells of the exposed fishes. The removed gills were fixed in 

10% formalin (Sheehan and Hrapchak, 1980) to maintain its 

freshness and taken to Pathology Unit, University of Ilorin 

Teaching Hospital for histopathological analysis. 

3.1 Statistical Analysis 

The results obtained from this study were expressed as mean ± 

standard error (SE) for chromosomal aberration tests. To assess 

the significance of the differences at each sampling time, 

statistical analysis was performed using one-way analysis of 

variance (ANOVA) for CA results. Any P value that is less than 

0.05 was taken as statistically significant using SPSS 16.0 

version. 

4. RESULTS 

4.1 Chromosomal Aberrations  

Various kinds of chromosomal aberrations were observed in 

the structure of the chromosome of the specimen after acute 

exposure, chronic exposure and amelioration period. The CAs 

observed in the treated group includes; centromeric gap, 

acentric fragment, chromatid breaks, chromatid gaps, 

centromeric breaks, chromatid gap. No CA was observed in the 

liver cell of fish in the negative control group. As expected fish 

in the positive control group showed the highest number of 

chromosomal aberrations. The most frequent type of 

chromosomal aberrations observed in this study was chromatid 

break followed by centromeric gaps, acentric fragment and 

chromatid gap. Also, the frequency of chromosomal 

aberrations observed in this study was concentration and time 

dependent in both acute and chronic exposure. Increase in 

frequency of chromosomal aberrations was observed to be low 

following acute exposure such that at 100ppm concentration, 

the chromosomal aberrations frequency observed was 70 

chromosomal aberrations out of 1000 which were found to be 

higher i.e. 159 chromosomal aberrations at 300ppm 

concentration (Table 1). Also, the frequency of chromosomal 

aberrations during chronic exposure increased from 92 

chromosomal aberrations after the 7th day to 225 chromosomal 

aberrations after the 28th day of exposure. However, the 

frequency of damage tends to become reduced after 

amelioration. The group fed with 50% Blighia sapida seed 

inclusion showed the lowest frequency of chromosomal 

aberrations (14) followed by the group fed with 25% Blighia 

sapida seed inclusion level with a frequency of 28 

chromosomal aberrations but the group fed with 75% Blighia 

sapida seed inclusion level showed a frequency of (49) 

chromosomal aberrations 

Table 1. Frequency of Chromosomal Aberrations Induced by 
Chlorpyrifos in Liver cells of C. gariepinus after Acute Exposure 

Concentration Total CA Mean CA±SE % CA MI±SE 

NC (0.0) 0 0±0 0 36.7±0 

100ppm 
 

70 
23.3±0.9* 2.9* 26.7±0 

200ppm 
 

130 
43.3±1.2* 6.2* 23.3±0 

300ppm 
 

159 
53.0±2.5* 9.6* 18.3±0 

PC (Colchicine) 192 64.0±2.7* 32.0* 6.7±0 

Values with* differ significantly from the control (P < 0.05) 

NC= Negative control, PC= Positive control, 

CA=chromosomal aberration, SE= Standard error, MI= Mitotic 

index 

Table 2. Frequency of Chromosomal Aberrations Induced by 
Chlorpyrifos to Liver cells of C. gariepinus after Chronic Exposure 

and Amelioration 

Concentration 
Time 

(day) 

Total 

CA 

Mean 

CA±SE 

% 

CA 
MI±SE 

NC (0.0) - 0 0 0 40.0±1.0 

12ppm 7 92 30.7±1.2* 4.64* 22.0±0.5 

12ppm 14 130 43.3±1.2* 8.7* 16.7±0.1 

12ppm 28 225 75.0±1.2* 37.5* 6.7±0.3 

B.sapida 

(25%) 
14 28 9.30±1.2* 1.6* 20.0±0.1 

B.sapida 
(50%) 

14 14 4.70±0.3* 2.3* 19.5±0.2 

B.sapida 

(75%) 
14 49 16.30±0.3* 8.2* 18.5±0.1 

PC 

(Colchicine) 
- 255 85.0±1.2* 42.5* 6.7±0.0 

Values with* differ significantly from the control (P < 0.05) 

NC= Negative control, PC= Positive control, 

CA=chromosomal aberration, SE= Standard error, MI= Mitotic 

index 

4.2 Histopathological Analysis 

No recognizable changes were observed in the gills of the 

negative control group (Figure 1). At different concentrations 

of CPF, there were observable pathological changes in the gills 

of C. gariepinus after acute and chronic exposure to varying 

concentration of CPF. Exposure of the fish to CPF after acute 

and chronic period showed similar pathologies but severity of 
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the pathologies differs. However, the level of the damage or 

injuries was observed to be less severe after amelioration. The 

major histopathological changes observed include lamellae 

necrosis (in both primary and secondary lamellae) which 

ranges from mild to severe. Also, detachment of primary 

lamella epithelia was observed after exposing the fish to CPF. 

Other observable pathological conditions of the gill include: 

hyperplaxia, edema and dilation of the lamellae (Figure 2, 3, 4 

and 5) as compared with Fig. 1(normal) 

  
 

5. DISCUSSION 

Fish are capable of metabolizing and storing aquatic pollutants 

(Daoud et al., 2009) upon exposure to aquatic pollutants. The 

lipophilic nature of toxicants like pesticides makes their 

accumulation within the tissue of exposed fish possible thereby 

resulting into impairment in the biology of fish. The aim of this 

study is to evaluate the genotoxicity of CPF in African catfish, 

C. gariepinus because of its suitability as animal model for 

studying aquatic pollutants. Also, C. gariepinus was selected 

for this study because of the flexibility in its culturing as it can 

withstand stress for a long period of time and its faster growth 

rate. Secondly, C. gariepinus is of great economic importance 

to the Nigerian fishery at the local level either in the wild or 

aquaculture being one of the commonest species in the wild and 

at the same time, the dominant fish species in Nigerian 

aquaculture.  

Various types of behavioural displays such as loss of balance, 

irregular movement and restlessness were observed by the 

treated fish during acute exposure in this study and this could 

be due to the fact that pesticides can alter the behaviour of fish 

by interrupting the mechanisms or physiological routes of 

nervous system (Pan and Dutta, 1998). The unusual 

behavioural responses of C. gariepinus in this study could be 

connected to primary effect of organophosphate pesticide 

which is the inhibition of acetylcholinesterase enzyme (AChE). 

Acetylcholinesterase enzyme (AChE) is one of the enzymes 

that can inactivate acetycholine (Futlon and Key, 2001) which 

is capable of disrupting the path of neurotransmitter. According 

to Sunanda et al. (2016), chlorpyrifos induced alterations in 

histopathology of various fish species are extensively studied. 

Thus, the behavioural displayed and various lesions observed 

in the gill of the treated fish maybe as a result of the chemical 

constituent of the pesticide. The observations in this study is 

similar to the work of Topal et al (2014); Devi and Mishra 

(2013); and De Silva and Samayawardhena (2002). Therefore, 

a long-term exposure of fish to chloripyfos is capable of 

causing respiratory dysfunction. The use of fish as bioindicator 

for assessing the genotoxic property of aquatic pollutants such 

as pesticides (Rishi and Grewal, 1995; Kamal and Renu, 2010; 

Yadira et al., 2015) and heavy metals (Yadav and Trivedi, 

2009) using chromosomal aberration assay has been proven to 

be successful and useful by the previous studies. 

Chromosomal aberration (CA) represents a small fraction of 

the alteration or deformation in the structure of chromosomal 

DNA (Caporale, 1999). Chromosomal aberrations (CA) are 

among the important biological consequences of exposure of 

living organisms to genotoxic agents (Bryant, 1998). Different 

types of cancers have been found to have connection with 

certain types of chromosomal aberrations in human being 

(Mitelman et al., 1997) but in animals like fish, chromosomal 

aberrations is regarded as indicator of genotoxic substance. 

Chromosomal aberrations are induced by agents that cause 

damage to chromosomal DNA. Previous experimental analyses 

have shown that strand breaks are the principal lesions in the 

process of chromosomal aberrations formation (Bryant, 1998). 

The results of chromosomal aberration assay as observed in this 

study showed that the liver cells of all the treated groups after 

acute and chronic period showed statistically significant 

(P˂0.05) increase in the mean chromosomal aberration when 

compared with the negative control group.  Similarly, 

chromosomal aberrations observed in this study increases with 

an increase in the concentration of CPF relative to the negative 

control group where no chromosomal aberration was observed 

(Table 1 and 2). The significant decrease in mitotic index (P < 

0.05) in the treated fish compare to the fish in negative control 

group as observed in this study which decreases with increase 

in concentration and time of exposure may be as a result of CPF 

toxicity that hinder cell division (mitosis). The disruptions of 

mitotic cell division might have led to the formation of different 

chromosomal aberrations that were observed in the groups 

treated with varying concentrations of CPF. The different types 

of chromosomal aberrations that were observed in C. 

gariepinus in this study are similar to observation of previous 

studies after exposing Channa punctatus to different kinds of 

pesticides and other toxicants. Yadav and Trivedi (2009) 

observed chromatid break and chromosomal break in Channa 

punctatus after 168 hour (7th day) exposure to three different 

heavy metals. Centromeric gap and acentric fragment were also 

among the chromosomal aberrations that were reported by 

Rishi and Grewal (1995) in Channa punctatus treated with 

dichlorvos for 96 hours. Conversely, some reports on fish 

chromosomal aberration assay slightly differ from results of 

this study in terms of increase in the frequency of chromosomal 

aberration with respect to increase in the time or duration of the 

exposure. Their results did not indicate a progressive increase 

in the frequency of chromosomal aberrations induced by 

toxicants after exposure. For instance, Rishi and Grewal (1995) 

observed a decrease in the total chromosomal aberration in 

Channa punctatus treated with dichlorvos. They observed that 

the frequency of chromosomal aberrations observed after 24 hr 

exposure reduced from 45 to 9 after 96 hr exposure. Also, 

Kamal and Renu (2010) observed a higher frequency of 

chromosomal aberration in the kidney cell of Channa 

punctatus after exposure to fenvalerate pesticide at the onset of 

the experiment which later declined towards the end of the 

period of exposure in the treated groups. Although, Bremmer 

et al. (1988) reported that pesticide like dichlorvos was not 

genotoxic to man but the report of Rishi (1989), Rishi and 

Haobam (1990), Biswas and Manna (1992), Rishi and Sunita 

(1993), Rishi and Grewal (1995), and Kamal and Renu (2010) 

clearly established that pesticides is genotoxic to fish because 

of observable chromosomal aberrations that were recorded 

following either acute or chronic exposure of different species 

of fish to varieties of pesticides. Moreover, the result of this 

study showed a significant decrease in the chromosomal 

aberration recorded after the period of amelioration with 
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Blighia sapida inclusion after two weeks (14days). The 

reduction in the frequency of chromosomal aberrations was 

optimum in the group ameliorated with 50% Blighia sapida 

inclusion level (from 75±1.2 to 4.7±0.3 as presented in Table 

2) and this may be suggestive of the best inclusion level (50%) 

for ameliorative purpose in the fish exposed to CPF. However, 

the increase in chromosomal aberrations in the groups that were 

fed with 75% Blighia sapida inclusion level may be due to the 

fact that the 75% inclusion level is more than the tolerable limit 

for the fish and thus becomes toxic to the animal. 

Histopathological examination is a sensitive procedure for 

assessing cellular impairment in the organ of an animal 

following their expose to xenobiotics (Ayoola and Ajani, 

2008). Fish exposed to pollutants have been reported to display 

various pathological conditions in different organs such as 

liver, kidney and gill after their exposure to toxicants 

(Ahmadivand et al., 2014). The gill of fish is capable of 

absorbing toxicants with the gill filaments and lamellae being 

the most important site of the action of xenobiotics in the gill. 

This implies that fish gill is a good indicator of water quality. 

Fish gills are prone to toxicity of aquatic pollutants in water 

because of their relatively large surface area and their location 

(Elif and Erhan, 2006). The lesions observed in the gill of C. 

gariepinus treated with CPF may be an indication of 

cytotoxicity of CPF that was suspected in the liver cells of the 

treated fish as revealed by the chromosomal aberration in this 

study. Also, the necrosis observed in the gill as observed is a 

form of traumatic cell death that occur as a result of acute 

cellular injury. This might be probably due to disruption of 

mitotic cell division that was caused by CPF concentration in 

the exposed fish. The pathological changes observed in this 

study corroborate the observation of Elif and Erhan (2006).  

Also, lesions observed  in the gill tissues of C. gariepinus 

exposed to CPF in this study are similar to pathological 

distortions that were observed in the gills of Oreochromis 

niloticus following its  exposure to dimethoate (Elezaby et al., 

2001) and C. gariepinus exposed to fenthion at varying 

concentrations (Somdare et al., 2015). Vidhya and 

Radhakrishnan (2013) reported lamellae necrosis and edema in 

the gill of Etroplus suratensis exposed to Lambda-cyhalothrin 

pesticide and this is in agreement with the histopathological 

changes in the gill of specimen that was used for this study. 

However, the necrosis observed in this study was later 

observed to be mild after the period of amelioration. Although, 

Myers et al. (1992) stated that gill has the ability to recover 

from the damage suffered during exposure to water pollutants 

if the environmental condition becomes normalized. 

6. CONCLUSION 

CPF is a popular pesticide all over the world but little attention 

is paid to the detrimental and genotoxic effects that it has on 

the living organisms in the environment especially the aquatic 

ecosystem which is usually the ultimate recipient. Based on our 

findings, we therefore suggest that the use of CPF and other 

pesticides has to be properly monitored in order to reduce their 

possible genotoxic effects on fish and other aquatic organisms. 

Also, the use of Blighia sapida in this study to ameliorate 

cytotoxic and genotoxic effects of the effluents on fish may 

results into commercialization of the plant for large scale use 

in bioremediation. 
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