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Abstract: The organophosphate, Dichlorvos (2, 2-dichlorovinyl dimethyl phosphate) is among the most utilized pesticide globally
with a potential to cause harm to non-target organisms. This study assessed the sublethal effect of Dichlorvos concentrations on
gills histology and biochemical parameters in Clarias gariepinus. In the acute studies, fish were distributed into five groups in
triplicates and exposed to 0.40, 0.45, 0.50, 0.55 and 0.60 mg/L of Dichlorvos for 96 hours. Acute toxicity data of Dichlorvos to
fish was observed to be 0.49mg/L. In chronic exposure, fishes were exposed to sub-lethal concentrations of 0.049 mg/L and
0.0049 mg/L of Dichlorvos and a control group devoid of the test chemical for 30 days. Liver and gills were harvested and
evaluated for antioxidant activities and histopathology respectively. In the exposed animals, the activities of the enzyme GSH,
SOD, CAT and GST were biphasic throughout the duration of study. There was a significant induction (P > 0.05) in the activity
of GSH, SOD, CAT and GST on day 14 in fish when compared to day 0. While on day 30, there was a significant inhibition (P >
0.05) in the activity of GSH, SOD, CAT and GST respectively. The level of lipid peroxidation in exposed fish was significant
induced (P > 0.05) throughout the study period. Histological sections of the gills revealed a decreasing incidence of necrosis
induced lesion, disorganization of the whole length of the cartilaginous support of the primary lamellae, hypotrophy of the
secondary lamellae, lamellae fusion and blood clot with increasing duration of the study. The reduced incidence of
histopathological defects with increasing exposure suggest that the gills of C. gariepinus may be equipped with adaptive to
counter prolonged exposure to environmental contaminants. The biphasic activity of antioxidant defense enzymes such as GSH,
SOD, CAT and GST in fish suggest that short duration chronic studies may not be sufficient to give an overview of the overall
health of an aquatic system.
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I. INTRODUCTION
Extensive pollution of the aquatic ecosystems by indiscriminate and broad application of various pesticides by runoff, drift, leaching
and drainage has globally become one of the most significant problems. A vast count of pesticides is frequently used to control
numerous agricultural pests, amongst others, organophosphorus pesticides (OPs) pesticides have emerged as the most utilized class
of insecticides due to their swift degradation ability (USEPA 2006), their low- persistent attributes in the environment (Oruc et al.
2006) and rapid biodegradability (Ye et al. 2010).
Dichlorvos is used as an anthelminthic and a diverse pest control of farm animals, man and plants. On plants it is deployed as a pre-
harvest therapy for vegetable, fruits, rice and field crops while on livestock, it is usually deployed as aerosols, sprays and as
anthelminthic pellets for oral administration of pigs, poultry, and horses (Deka and Mahanta, 2015). However, OPs are known to
wreak havoc towards non-target organisms in the terrestrial and aquatic ecosystem with attendant severe, long term population
effects, especially for the fishes (Mukhopadhyay and Dehadrai 1980a). The primary mechanism of action of Dichlorvos is inhibition
of acetylcholinesterase (AChE), resulting to an upsurge in the level of acetylcholine in the synaptic cleft and hence, inducing
anomalies like alteration in the swimming behavior, spasms, shaking palsy, impaired feeding, impaired reproductive behavior, low
avoidance and escaping from predators, distorted spatial orientation of the species, and other unpleasant effects (Bretaud et al. 2000;
Howard, 1991).
A study by Sisman (2010), showed that developmental abnormalities such cardiac edema, delayed hatching, no blood flow and
vertebra malformations were observed in embryos and larvae of the zebra fish (Danio rerio) when exposed to Dichlorvos. Patar et
al. (2015), Zhang et al. (2010) and Omoniyi et al. (2013) observed Dichlorvos induced discoloration in Anabas testudineus , D.
rerio and Clarias gariepinus respectively.
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Ecotoxicological risk assessment is an important tool in estimating the potential hazard pesticide and it associated metabolites poses
to non-target organisms such as fish. It is also crucial in aquatic pollution management to access the relationship between the
toxicant concentration and its effect on aquatic life (Olaifa et al. 2003). Histopathological defect is often deployed as biomarkers of
the effects of pollutants on organisms and are suited as index of the overall ecosystem health (Velkova-Jordanoska and Kostoski,
2005). Biochemical parameters such as glutathione S-transferases, glutathione, alanine aminotransferase (ALT), superoxide
dismutase (SOD), catalase (CAT), lipid peroxidation (MDA), and aspartate aminotransferase (AST) have also been deployed to
assess environmental stress in relation to existent pollutants (Suvetha et al. 2010).

However, studies on the chronic effects of Dichlovos on tropical fish focusing on durational responses have been insufficient. The
African catfish (Clarias gariepinus) is an important source of animal protein in Nigeria due to its abundance in natural fresh water
bodies, relative inexpensive cost, and ease of rearing them in local ponds. This species can be readily acclimatized to laboratory
condition, thus, provides a suitable model for ecotoxicological research. The aim of the present study is to evaluate the sublethal
effects of Dichlorvos on the histology and biochemical parameters in C. gariepinus over 30 days.

Il. METHODOLOGY

A. Experimental Fish and Chemical

Juvenile African catfish (C. gariepinus) of average total length and weight of 16.5cm and 51g respectively was purchased from a
commercial fish farm located at Agege local government area, Lagos state. The test animals were transferred to the Laboratory
where they were stabilized and acclimatized for 7 days in a plastic tank ((36 x 30 x 48.5cm). The water utilized for stocking the
organisms in the laboratory was sufficiently dechlorinated by aerating tap water in a plastic container with the aid of an aerator
(Cosmo Agquarium, air pump 11,000) for 28 hours (Hr). This was done to accelerate vaporization of chlorine gas in the water.
Throughout their acclimatization, the juveniles were fed with Coppens fish feed. They were fed twice daily at 12-hour intervals
(morning and evening) and the holding water was changed once every two days to avoid accumulation of food residue and waste
metabolite.

Feeding was terminated 24 hours before the commencement of the experiment as recommended by Ward and Parrish (1982), Reish
and Oshida (1987). The test compound was bought from a local chemical store located at Alagomeji, Mainland local government,
Lagos.

B. Measurement of Physico-Chemical Characteristics of Test Media

Physico-chemical parameters were measured at the inception of the experiment and at the end (that is, before change of test media).
The parameters recorded are dissolved oxygen, pH, total dissolved solids, conductivity and salinity using appropriate digital
instruments (Jenway).

C. Acute Toxicity Testing

Acute bioassay (96 Hr LC50) were conducted in 5 L glass tanks (36.5 x 25 x 28 c¢m) in a static system with the test medium kept

constant throughout the study duration. A set of 10 fish per three replicates were randomly exposed to the test chemicals at 0.35,

0.40, 0.45, 0.50, 0.60mg/l respectively and an untreated control.

The quantal response (mortality) was evaluated every 24 hours over a period of 96 hours. Mortalities were recorded when they

showed no response to mechanical stimulation when prodded with a glass rod. Dead specimens were removed to avoid pollution of

the water during the experiment.

1) Sublethal Effects of Dichorvos on C. gariepinus: In the course of the experimental procedure, test organisms were exposed to
sublethal concentrations (1/10th and 1/100th of 96 Hr LC50) of the test compound extrapolated from the acute toxicity
bioassay. A semi static bioassay test protocol was adopted in which the test media was refreshed once every 24 hours with the
same concentration and untreated control. At the end of the experiment- period on day 14 and 28, test organisms were retrieved,
Fish specimens were anesthetized with tricaine methane sulfonate (MS-222) to enable dissection to obtain gill and liver organ
required for histological studies and biochemical assays respectively.

D. Preparation of Tissue Homogenates
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At a pre-determined day, gills of test samples were extracted from sacrificed organisms. They were washed free of all blood
residues in ice cold isolation medium (0.25M sucrose, 5mM tris HCL), lightly blotted and weighed. The gills were sliced into
fragments and homogenized (9% W/V) in 100% methanol and centrifuged at 10,000xg for 15min at 40C after method described by
Hermes-Lima et al. (1995). The supernatant was collected for assays.

E. Antioxidant Assays

The Reduced Glutathione (GSH): The concentration of reduced glutathione (GSH) was determined according to the method of

Beutler et al. (1963), by the reaction of glutathione with the color reagent 5,5-dithiobis- 2-nitrobenzoic acid (DTNB), forming a

thiolate anion (TNB), which was measured at 412 nm. The GSH concentration was expressed in pg GSH.mg protein-1.

Superoxide Dismutase (SOD): SOD enzyme activity was analyzed using the method adopted by Sun and Zigman (1978). The SOD

enzyme assay measured the difference between superoxide anion disintegration and synthesis i.e, its ability to repress the

autoxidation of epinephrine. Enzyme action was observed at absorbance level of 450nm. Concentrations are presented as U/mg or

SOD-Unit/mg protein, where one unit is expressed as the level of enzyme required to inhibit 50% epinephrine reduction per minute

and per milligram of protein at 25% and pH 7.8.

1) Catalase (CAT): Catalase activity was analyzed following the protocol adopted by Cohen et al. (1970). The protocol
focuses on measuring the rate of H202 disintegration at absorbance levels of 240nm. The results were presented as U/mg or
CAT-units/mg protein, where one unit is the level of enzyme that hydrolyzes 1 umol of H,O, per minute and per milligram of
protein at 30°C and pH 8.0.

2) Glutathione-S-Transferase (GST): The level of GST activity was analyzed according to the protocol adopted by Habig and
Jakoby (1981). The measurement of GST activity was carried out by monitoring at absorbance level of 340nm, the induction of
a conjugate between 1mM GSH and 1mM 1-chloro-2, 4-dinitrobenzene (CDBN). The results were presented as U/mg or GST
unit/mg protein, where one unit is expressed as the amount of enzyme that conjugates 1 pmol of CDBN per minute and per
milligram of proteins at 25°C and pH 7.4.

3) Lipid Peroxidation (LPO) Assay: The levels of homogenized tissue malondialdehyde (MDA), as an index of lipid
peroxidation were analyzed by thiobarbituric acid reaction (TBARS Assay). Using the protocol adopted by Yagi (1998). In this
method, malondialdehyde is evaluated spectrophotometrically at absorbance levels of 535nm to assay for the amount of lipid
peroxidation in a sample.

F. Statistical Analysis

Acute toxicity data involving quantal response (mortality) were analyzed using the probit analysis after Finney (1971.The anti-
oxidant activity and lipid peroxidation assessment data were subjected to a one-way analysis of variance (ANOVA) using graphpad
prism 7 statistical package to compare means and to determine the significance differences at a 5% probability level.

11l. RESULTS
A. Acute Toxicity
Computed 96 hours LCs, for fish exposed to Dichlorvos is presented in table 1. The data revealed LCs of Diclorvos to fish to be
0.5mg/L

Table 1: Computed 96 hours LCso for fish exposed to Dichlorvos

LCos(95% CL) LCs0(95% CL) (mg/L) | LCss (95% CL) % SLOPE +SE | df | PROBIT
(mg/L) (mg/L) EQUATION
Dichlorvos | 0.329 (0.380-0.107) | 0.49 (0.476-0.381) 0.585(9.692 - 3.066) 0.267+5.729 2 y=125*x+4
KEY: cl = Confidence limit

df = Degree of freedom

B. Biochemical Results
All antioxidants investigated in this study exhibited a biphasic behavior with respect to day 14 and day 28 respectively when
compared to day 0.
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1) Reduced Glutathione transferase (GSH): The enzyme activity of GSH on Day 14 was significantly induced (P < 0.05) in fish
respectively exposed to 1/10 (0.84p/mg) and 1/100 (0.46/mg) 96 Hr LCso sublethal concentration of the test chemical when
compared to Day 0 (0.72u/mg) (Figure 1). On day 28, the level of activity of GSH enzyme was significantly inhibited (P <
0.05) in fish respectively exposed to 1/10 (0.55p/mg) and 1/100 (0.45u/mg) 96 Hr LCso sublethal concentration of the test
chemical when compared to Day 0 (0.72u/mg) (Figure 2).

2) Superoxide dismutase (SOD): The activity of the enzyme SOD on Day 14 was significantly induced (P < 0.05) in fish
respectively exposed to 1/10 (2.78u/mg) and 1/100 (1.83u/mg) 96 Hr LCso sublethal concentration of the test chemical when
compared to Day 0 (2.13u/mg) (Figure 1). While on day 28, the level of activity of SOD enzyme was significantly inhibited (P
< 0.05) in fish respectively exposed to 1/10 (1.90u/mg) and 1/100 (1.78u/mg) 96 Hr LCso sublethal concentration of the test
chemical when compared to Day 0 (2.13u/mg) (Figure 2).

3) Catalase (CAT): The enzyme activity of CAT on Day 14 was significantly induced (P < 0.05) in fish respectively exposed to
1/10 (15.37u/mg) and 1/100 (10.31p/mg) 96 Hr LCso sublethal concentration of the test chemical when compared to Day O
(10.50p/mg) (Figure 1). While, on day 28, the level of activity of CAT enzyme was significantly inhibited (P < 0.05) in fish
respectively exposed to 1/10 (10.03pu/mg) and 1/100 (8.35u/mg) 96 Hr LCs, sublethal concentration of the test chemical when
compared to Day 0 (10.50p/mg) (Figure 2).

4) Lipid Peroxidation (LPO) Assay: The enzyme activity of MDA on Day 14 was significantly induced (P < 0.05) in fish
respectively exposed to 1/10 (0.081/mg) and 1/100 (0.055w/mg) 96 Hr LCsp sublethal concentration of the test chemical when
compared to Day 0 (0.033pu/mg) (Figure 1). On day 28 as well, the level of activity of MDA enzyme was significantly induced
(P < 0.05) in fish respectively exposed to 1/10 (0.063p/mg) and 1/100 (0.062pu/mg) 96 Hr LCso sublethal concentration of the
test chemical when compared to Day 0 (0.033u/mg) (Figure 2).

5) Reduced Glutathione Transferase (GST): The activity of the enzyme GST on Day 14 was significantly induced (P < 0.05) in
fish respectively exposed to 1/10 (0.84p/mg) and 1/100 (0.53p/mg) 96Hr LCsy sublethal concentration of the test chemical
when compared to Day 0 (0.64p/mg) (Figure 1).While on day 28, the level of activity of GST enzyme was significantly
inhibited (P < 0.05) in fish respectively exposed to 1/10 (0.55pu/mg) and 1/100 (0.53p/mg) 96 Hr LCso sublethal concentration
of the test chemical when compared to Day 0 (0.64/mg) (Figure 2).
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Figure 1: Biochemical parameters of C. gariepinus exposed to sublethal concentration of Dichlorvos on Day 14.
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Figure 2: Biochemical parameters of C. gariepinus exposed to sublethal concentration of Dichlorvos on Day 28

C. Histology

Sectioned gill at day O revealed a flawless state of the gill tissue showing the chondrocyte cells(A), entire length of the extracellular
cartilaginous support of the primary lamellae (B), long primary lamellae (C), epithelium lining on the membrane (D) and long
comb-like secondary lamellae (E) (Fig. 3). There were no observable gill defects such as blood congestion, lesion, epithelial lifting
of lamellae, hyperplasia of the gill epithelium, lamellar fusion, lamellar disorganization and hypertrophy of the gill epithelium (Fig.
3). On day 14 at 1/10" 96 Hr LCs, the histologic section of the gill filament revealed a severe degree of disorganization of the
whole length of the cartilaginous support of the primary lamellae (A) , hypotrophy of the secondary lamellae (B), and incidence of
epithelial lifting (D)( Figure 4) while on day 14 at 1/100" 96 Hr LCs, the histologic section of the gill filament revealed a mild
degree of lesion (A), Blood clot (B) (Figure 5). On day 28, at 1/10th 96 Hr LCsq, the histologic section of the gill filament revealed
gills with mild degree of lesion (A), incidence of lamellae fusion (B), and Hyperplasia of the secondary lamellae (C). (Figure 6),
while on day 28 at 1/100" 96 Hr LCso, the histologic section of the gill filament revealed a pristine state of the entire length of the
extracellular cartilaginous support of the primary lamellae (A) , long primary lamellae (B) very similar to what was obtained in the
control group. (Figure 7). Interestingly, with increasing duration of exposure on day 28, gill tissues began to recover to pre exposure
status.
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Figure 3 at Mg X100: A photomicrograph showing a pristine state of the gill showing the chondrocyte cells (A), entire length of the
extracellular cartilaginous support of the primary lamellae (B), long primary lamellae (C) and long comb-like secondary lamellae
(E) projecting from both sides of each primary lamella, epithelium lining on the membrane (D) .

Figure 4 at Mg X100: A photomicrograph of 1/10th 96 Hr LCso Day 14 gills revealing severe disorganization of the whole length
of the cartilaginous support of the primary lamellae (A) , hypotrophy of the secondary lamellae (B), and incidence of epithelial
lifting (C).
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Figure 5 at Mg X100: A photomicrograph of Day 14 1/100" 96 Hr LCso gills revealing mild degree of lesion (A), Blood clot (B)

Figure 6 at Mg X100: Day 28 1/10th 96 Hr LCso gills revealing mild degree of lesion (A), incidence of lamellae fusion (B), and
Hyperplasia of the secondary lamellae (C).
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Figure 7 at Mg X100: Day 28 1/100" 96 Hr LCs, gills showing a pristine state of the entire length of the extracellular cartilaginous
support of the primary lamellae (A) , long primary lamellae (B) very similar to what was obtained in the control group.

IV. DISCUSSION
Acute toxicity derived 96 Hr LCsp is one of the most important aspects for evaluating toxicity of pollutants in ecotoxicological
studies. In this study, the 96 h LCs, value (i.e. 0.490 mg/L) obtained from C. gariepinus exposed to Dichorvos, suggests that this
pesticide is highly toxic to fish. This conforms to the World Health Organization (WHO) report of 1989 stating that dichlorvos is
highly toxic (LCso in the range 0.1-1mg/L) to moderately toxic (LCso in the range 1 to 10mg/L) to fish. This finding also agrees with
the study of Omoniyi et al. (2013) who reported a 96 Hr LCs value of 0.492mg/L of C. gariepinus exposed to Dichlovos. Toxic
aspects of pesticides on organism is influenced by age, sex, size, species strain, water quality, formulation of test chemical and
temperature (Nwani et al. 2013).
Enzymes engaged in detoxifying xenobiotics and their metabolites, such as biotransformation and antioxidant defense enzymes are
amongst the most intensely studied biochemical biomarkers in fish. Antioxidant enzymes activity such as SOD, CAT, GSH, MDA
and GST could be induced or inhibited by exposure to environmental contaminants depending on the duration and intensity of the
stimulant. The susceptibility of the exposed organisms/species is also an important factor. Ferbal et al. (2012)
Glutathione (GSH), a tripeptide is the first line of cellular defense against damage elicited by oxidants. It plays an important role in
the detoxification of many toxic agents, reactions of oxidation/reduction and amino acid transport (Van der Oost et al. 2003). The
significant increase in GSH activity in the liver observed on day 14 suggest an increase in the production of reactive oxygen species
(ROS), since GSH is primary protective response of cells against ROS (Parvez and Raisuddin, 2006). This observation agrees with a
study by Pandey et al. (2006) who reported an increase in GSH activity under short-term exposure of Corydoras punctatus to
chlorinated insecticide. The significant inhibition of GSH activity in the liver on day 28, maybe due to the utilization of GSH to
counter the propagation of oxidative stress induced by ROS due to exposure to Dichlorvos. Similar observation of decreased GSH
levels were observed by Jin et al. (2011) and Achudume et al. (2010). The decreased GSH in the exposed fish indicates that cellular
mechanisms against ROS damage is required (Shabnam and badre, 2013).
SOD accelerates the dismutation of the superoxide anion radical to H.O, and H,O respectively, which is further detoxified by CAT
and GSH-Px activities. Due to the repressive outcome on ROS formation, the SOD-CAT system proffers the first shield against
oxygen toxicity and usually deployed as an indirect biomarker of ROS production (Pandey et al. 2003; Van der Oost et al. 2003). In
this study, the initial increase of SOD activity in the liver of fish on day 14 indicates Dichlorvos induced adaptive response of fish to
counter the O2- production. This reaction is linked to the synthesis of excess ROS which activated the biosynthesis of SOD, better
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suited to shield the cells against oxidant damage (Zhang et al. 2004a, Zhang et al. 2013). This aligns with previous studies on
induction of SOD in aquatic organisms. For example, Ogunwole et al. (2018) reported an increase in SOD level in liver of C.
gariepinus exposed to paraquat and Oruc & Usta (2007) who described an increase of SOD content, in the gill and muscle of
Cyprinus carpio after diazinon exposure respectively. The significant inhibition of SOD with continuous exposure on day 28 could
indicate a high level of ROS production by the test compound in the exposed organism, ultimately leading to a decrease in the
activities of SOD. Gisela et al. (2008). In addition, excess synthesis of superoxide radicals or aftermath transformation to H,O-
causes an oxidation of the cysteine in the enzyme which deactivates SOD (Dimitrova et al. 1994).

CAT is the basic enzyme responsible for eradicating the ROS formed during bioactivation of toxicants in hepatic tissues (Sk and
Bhattacharya, 2006). It functions by catalyzing the degradation of H O to molecular O and H,O (Shabnam and badre, 2014). The
significant increase in CAT activity with initial exposure of the organisms at day 14 may be due to an increase in antioxidant
cellular shield to eradicate ROS majorly formed during the metabolism and biotransformation of chemical compounds. Similar
significant increase in CAT activity was noticed in liver of Brycon cephalus (Monteiro et al. 2006); liver and kidney of Carassius
auratus exposed to Glyphosate (Lushchak et al. 2009, Zhang et al. 2004). The significant decrease in CAT activity with increasing
exposure of the test compound on day 28 could also be due to decrease in reaction rates emanating from the surplus production of
H,0, (Shabnam and badre 2014). This could have been because of the flux of superoxide radicals, which has been shown to inhibit
CAT activity (Ahmad et al. 2000). Other reasons could be that harsh oxidative stress could hinder antioxidant shield enzymes from
functioning optimally (Zhang et al. 2003), binding of Dichlorvos to CAT or by inhibiting CAT synthesis as reported by Tripathi and
Verma (2004) who suggested the binding affinity of alphamethrin to CAT, thus inhibiting it.

MDA is one of the major processes enhanced by oxidative stress and the first step of cellular damage caused by OP insecticides
(Kavitha and Rao, 2008). The significant induction of MDA throughout the duration of the study could be attributed to either
excessive oxidative stress (Buyukokuroglu et al., 2002) or metabolism of the Dichlorvos pesticide resulting to the peroxidation of
membrane lipids in the liver renowned as a site of multiple oxidative reactions and maximum free radical generation (Atli et al.
2006). The significant elevation of MDA in this study conforms with the findings of VVadhba and Hasan, (1986), who reported a
significant elevation in MDA content in Heteropneustes fossilis exposed to Dichlorvos; Hai et al., (1997) reported a significant
elevation of MDA in Cyprinus carpio and Ictalurus nebulosus exposed to Dichlorvo. Oruc (2011) also reported similar findings in
Diazinon exposure in the liver of C. carpio.

Glutathione-S-transferase (GST) is crucial in the guiding against damage from potentially reactive compounds, coupling them with
endogenous molecules such as reduced glutathione (GSH), to be later excreted by the body. (Van der Oost et al. 2003). The
significant elevation of GST activity on day 14 can be associated with the presence of of xenobiotics that are metabolized by
conjugation with GSH, to be excreted from the body. The significant decline of GST with increasing exposure to the Dichlorvos on
day 28 agrees with the finding of Otitoloju and Olagoke 2009 who reported that some conjugation products catalyzed by GST may
impede this process, indicating that oxidative products can infact hamper the conjugation capabilities.

The qills of fish are essential organs for gaseous exchange, acid-base balance, osmoregulation and nitrogenous waste excretion
(Heath 1987). This places the organ as an entry point for diverse environmental variables (Baskar 2014, Haaparanta et al. 1997). By
virtue of their external location and close contact with the aquatic media, the gills are among the most vulnerable structures of
teleosts making them liable to damage by any toxic agent in the environment often leading to cell pathology (Mallatt 1985, Roberts
1978).

In this study, the most common histopathology observed was lesion which can be attributed to either fish defense system or direct
damage by irritants. These lesions increase the distance between the blood and the environment thus extending the barrier for
environmental interactions (Baskar 2014, Poleksic and Mitrovic-Tutundzic, 1994). Futhermore, lesions are capable of impeding the
primary physiological functions of the gills such as osmoregulatory mechanisms and antioxidant defense. Hyperplasia of the gills is
a function of high proliferation of the epithelia filament which increase the thickness. Continuous cell proliferation with thickening
of the gill filament may result into lamellar fusion evident in this study (Kantham and Richards 1995). These impairments can be
attributed to either a defense mechanism trigger or the effect of the toxic agent which modifies glycoprotein in the mucus covering
of the cells, ultimately affecting the negative charge of the epithelium and favoring adhesion to adjacent lamellae (Ferguson 1989).
The benefit of these histological alterations is an increase in the gap between blood and the external medium. Ultimately, serving as
a barrier to xenobiotics (Fernandes & Mazon 2003). However, the impact of the increased distance between water and blood is
oxygen uptake impairment. Fishes counteract this limitation by elevating their ventilation rate to compensate for low oxygen uptake
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(Fernandes & Mazon 2003). The gills pathology are nonspecific and can be activated by diverse group of toxic agents (Mallatt,
1985). Further studies is required to explain the gill tissue recovery of C. gariepinus with increasing exposure to DDVP.

V.CONCLUSION
The findings of this study reinforced the fact that Dichlovors exposure disrupts normal cellular function leading to alterations in the
fundamental histology and biochemical mechanisms in fish. The reduced incidence of histopathological defects with increasing
exposure suggests that the gills of C. gariepinus are equipped with adaptive mechanisms to counter prolonged exposure to
environmental contaminants.
The biphasic activity of antioxidant defense enzymes such as GSH, SOD,CAT and GST in fish suggest that short duration chronic
studies may not be sufficient to give an overview of the overall health of an aquatic system.
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