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Abstract 

 
The behavioural and histological effects of sublethal concentrations (0.0 ml/L, 12.8 ml/L, 25.59 

ml/L, 38.39 ml/L, 51.19 ml/L, and 63.99 ml/L) of Xylene were evaluated in African Catfish 
(Clarias gariepinus) after 28 days of exposure. Physico-chemical parameters such as 
temperature, conductivity, hydrogen ion concentration (pH), total hardness, total dissolved 

solids, dissolved oxygen, total alkalinity, ammonia, and nitrate levels in the experiment were 
monitored using the standard method. Significant variations were observed in the different units 

except for the controlled unit. Behavioural changes were observed closely during the sublethal 
toxicity test using standard procedures. The bioassay experiments were repeated three times and 
the renewable test method was used. concentrations showed histopathological alterations in the 

gills and liver. Severely deformations were observed at 12.80ml/l, 38.39ml/l), 51.19ml/l, and 
63.99ml/l. No form of abnormalities was observed in the fish gill and liver in the controlled unit. 

Progressive hyperventilation, faster operculum and tail beat movement, erratic movement, 
gulping of air, and spiralling. jumping, display of vigorous jerky movement suffocation, and loss 
of reflex were observed in C. gariepinus exposed to higher sublethal concentrations of Xylene. 

There was a significant dose-dependent variation in parameters in the experiment. In conclusion, 
xylene caused an alteration in the histopathological parameters and the behaviour of C. 

garienpinus. Therefore, we recommend the need for realistic regulatory measures and proper 
monitoring and sensitization on use to stakeholders. 
 

Keywords: Catfish; Histopathological; Behavioural Changes, Xylene; Aquatic organisms. 

 

https://doi.org/10.56201/ijssmr.v8.no1.2022.pg32.40


 

Journal of Biology and Genetic Research (JBGR) E-ISSN 2545-5710  

P-ISSN 2695-222X Vol 8. No. 2 2022 www.iiardjournals.org 

 

 
 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 23 

 

1. INTRODUCTION 

Exploration and production of oil and gas are associated with the introduction of a significant 

amount of chemicals and the application of solvents in stimulation activities, and these affect the 
aquatic ecosystem (Davies et al., 2019). Chemical industries produce xylene from petroleum, 

which is used as a material in the chemical, plastics, and synthetic fibre industries and as an 
ingredient in the coating of fabrics and papers (Condie et al., 2015; Fuente, et al., 2013). Xylene 
is released in large quantities to the environment during oil exploration and exploitation such as 

well stimulation, cleaning and removal of organic deposits like asphaltene. Normally, wellbore 
soaking by a mixture of diesel and xylene is performed to remove the organic plugs in the 

petroleum production system. However, these chemicals impose detrimental impacts and 
continuous threats to field personnel and the environment via storage and its flow back into the 
waste pit and eventually to the aquatic environment (Kharaka and Dorsey, 2005).  

These chemicals have changed the nature of water which influences fish and other aquatic 
organisms in the wild (Nimet et al., 2020). When spillage occurs during exploration, just a 

fraction dissolves and becomes bioavailable to fish and biota (Kuppusamy et al., 2020). When 
completely dissolved, they rapidly diffuse into the fish membranes, then into the blood 
circulatory system which conveys them to tissue cells where they metabolize into more toxic 

components that act on macromolecules of exposed fish (Davies et al., 2019). Worried that 
contamination might impact the well-being and genetic composition of fish and shellfish stocks 

has increased in recent years (Landrigan et al., 2020; Brusseau et al., 2019). 
The aquatic body, in most cases, is the primary recipient of these wastes and other discharges 
from oil and gas exploration (Lodungi et al., 2016) Seiyaboh et al., 2017). The discharged wastes 

from these activities can affect different stages of the food chain, leading to genotoxicity and 
distortions, which may also lead to the extinction of the biota (Okeke et al., 2022; Chow et al., 
2021). However, sub-lethal levels of the most toxic substances have proven to be devastating to 

fish population density (Santos et al., 2019; Madeira et al., 2020). Fish are often considered the 
most appropriate subjects among other bio-indicators of the aquatic ecosystem (Keke et al., 

2020). They are susceptible to modifications in the aquatic ecosystem, especially when exposed 
directly and indirectly to chemicals from oil production (Rand et al., 2020). Thus, fish are useful 
biomarkers for bio-monitoring environmental perturbations (Osman et al., 2018; Manzoor et al., 

2021). 
This paper focuses on the assessment of the sub-lethal toxicity at different concentrations of 

xylene on the African catfish (Clarias gariepinus) to simulate the likely effect of its exposure 
to the natural aquatic environment. This will enable us to assess its behavioural responses 
and haematological indices and thus recommend necessary precautionary measures to be 

taken towards managing the likelihood of dangerous effects it might impact on the aquatic life. 
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2. MATERIALS AND METHOD 

2.1 Fish collection and acclimation  

One hundred and twenty (180) healthy Clarias gariepinus juveniles with a mean length of 

16.40±0.14cm and a mean weight of 11.34±5.1g was collected from the University of Port 
Harcourt demonstration and research farm and transported in plastic containers to the laboratory 

at the University of Port Harcourt. The fish were acclimated in a 150-litre capacity glass 
aquarium tank with an aerator to continuously oxygenate the water to laboratory conditions for 
14 days at a room temperature of 28±510C and were fed twice daily with a commercial fish feed 

which 45% crude protein content at 6% body weight. The water in each of the experimental 
tanks was replenished with fresh water from the laboratory tap every 48 hours as suggested by 

Davies et al. (2022). This juvenile stage of the test organism was chosen because of its high 
sensitivity to environmental stress (Davies et al., 2019).  
 

2.2 Test Chemical 
Xylene was purchased from an oilfield chemical laboratory in Rivers State, Nigeria, and was 

stored in an ambient laboratory condition. A working stock solution was prepared from Xylene 
following a standard method and a test chemical was prepared, using a volumetric and analytical 
method as reported by (Davies et al., 2019). 

 
2.3 Selection of Test Organism for the Assay 

Ten healthy and active juveniles of uniform size were selected randomly from the acclimation 
tanks using a hand-held scoop net and transferred carefully into different treatment units for 28 
days to test for the sub-lethal effect of the Xylene (Sil et al., 2010). The experiment was carried 

out in triplicates including the control. The test was performed using a renewal method to 
maintain toxicant strength and level of dissolved oxygen, minimizing changes due to metabolism 
by the fish during this experiment (Davies et al., 2022). Feeding was suspended 24 hours before 

the renewable exposure period that lasted for 28days. Five test concentrations of 
0.0ml/l(control), 12.8ml/l, 25.59ml/l, 38.39ml/l, 51.19ml/l, and 63.99ml/l were prepared, each 

test concentration was held in plastic aquarium tank of 15 litres and filled to 10 mark. Ten fish 
were randomly selected and put in each of the test concentrations. Each treatment was replicated. 
 

2.4 Determination of the Water Quality of the Test Water. 

After 28 days of exposure, the temperature (oC), conductivity (µS/cm), hydrogen ion 

concentration (pH), total hardness (mg/l), and total dissolved solids (ppm) were measured using 
a handheld multi-meter (EZDO Multi-meter Model CTS-406) while the dissolved oxygen (DO) 
was measured with a Milwaukee Multi-meter (Model MW600). Total alkalinity (mg/l), ammonia 

(NH3-N) (ppm), and nitrate (NO3-N) (ppm) were monitored using standard procedures as 
described by APHA (1988) the water quality parameters.  

 
2.5 Behavioural Responses  

Each treatment group of fish was exposed for 28days during which the behavioural changes of 

the fish samples were assessed by closely monitoring the movement of the fish to report the 
carefully observed responses such as the respiratory movement (operculum beat), tail fin beat 

frequency, loss of reflex, hyperventilation, erratic swimming suffocation or spiralling and 
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recorded. The changes were observed every week from 7, 14, 21, and 28days of exposure. These 
were carried out using the method described by Davies and Uedeme-Naa (2022). 
 

2.6 Determination of the Histological effect on Clarias gariepinus  

At 28-day post-exposure, two active juveniles from each test concentration were euthanized for 

dissection of the gills and livers of each fish to be harvested and prepared for histological 
sections. The organs were fixed in Bouin’s fluid and subsequently dehydrated through a graded 
series of ethanol (Oladokun et al., 2020). Following this, they were embedded in paraffin and 

then manually sectioned with a microtome at 4-5 µm. The sections were dewaxed and stained 
with hematoxylin and eosin (H&E) and examined using a digital light microscope (Leica® 

DM500) (Sogbanmu et al., 2019).  
 

2.7 Statistical Method 

A one-way Analysis of variance (ANOVA) was used in analysing the results with a Statistical 
tool software (Package for the Social Sciences; SPSS Version 23) to determine significant 

differences between various treatments and control. Duncan (1955) Multiple Range Test was 
used to separate differences between means. Differences were considered significant at (P < 
0.05). 

 

2.8 Ethical Approval 

Ethical approval was gotten from the Office of Research and Development (Research Ethics 
Committee) at the University of Port Harcourt after due deliberation and consideration this 
research was approved. 

 

3.0 RESULTS AND DISCUSSIONS 

3.1 RESULTS  

3.1.1 Physico-chemical parameters of the experimental water after 28 days of exposure. 

During the experimental period physicochemical parameters, the experiment water temperature 

value ranged from 26.4 to 28.6°C, the highest pH value ranged from 5.5 to 6.6, conductivity was 
0.18 to 0.31µS/cm, alkalinity value ranged from 34.3 to 36.7±0.02 ml/l, Dissolved Oxygen 
ranged from 3.2 to 4.6mg/l, Total Dissolved Solid value varied from 163.2 to 101.4ppm, 

ammonia varied from 0.98 to 0.52ppm, nitrate ranged from 0.38 to 0.64ppm, and total hardness 
varied from 67 to 105mg/l 3respectively. The values were statistically significant (P<0.05) across 

the concentration gradients. 
Table 1: Mean water quality parameters after exposure to Xylene for 28 days.  

Parameters Concentrations (ml/l) 

0 12.80 25.59 38.39 51.19 63.99 

Tempt (oC) 26.4±0.02
a
 26.9±0.15

a
 27.2±0.03

a
 27.4±0.6

 a
 28.1±0.03

a
 28.6±0.01

a
 

pH 6.6±0.01
a
 6.6±0.01

a
 6.2±0.03

a
 6.1±0.06

a
 5.8±0.03

b
 5.5±0.03

 b 
 

Conductivity 
(µS/cm) 

0.18±0.01
a
 0.18±0.01

a
 0.21±0.00

ab
 0.26±0.01

b
 0.28±0.01

bc
 0.31±0.01

c
 

Total 

Alkalinity 
(mg/l) 

36.7±0.02
a
 35.7±0.03

a
 33.8±0.03

ab
 37.2±0.02

a
 36.5±0.01

a
 34.3±0.02

a
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DO (mg/l) 4.6±0.02
a
 4.3±0.01

a
 4.0±0.02

a
 3.8±0.09

ab
 3.6±0.02

b
 3.2±0.02

b
 

TDS (ppm) 101±0.03
c
 113.7±0.01

bc
 127.4±0.04

b
 153.2±0.13

ab
 158.9±0.31

a
 163.2±0.20

a
 

Ammonia 
(NH3

-N) 
(ppm) 

0.52±0.02
c
 0.56±0.02

c
 0.63±0.03

b
 0.88±0.02

ab
 0.95±0.01

a
 0.98±0.02

a
 

Nitrate (NO3
-

N) (ppm) 
0.38±0.01a 0.41±0.02a 0.45±0.02a 0.49±0.02a 0.56±0.01a 0.64±0.01a 

Total 
Hardness 
(mg/l) 

67±0.01c 79±0.02bc 86±0.03b 91±0.01ab 98±0.02ab 105±0.03a 

Means with the same superscript across the rows are not significantly different at (P < 0.05) 

Means with different superscripts across the rows are significantly different at (P < 0.05) 
{DO =Dissolved Oxygen (mg/l), TDS (ppm) = Total Dissolved solid} 

3.1.2 Behavioural Response 

The behavioural responses of the test fish were observed from 7 days to 28 days (Tables 3 and 
6). Normal behaviour was observed in the controlled group. Fish exposed to 12.80 ml/l to 63.99 

ml/l 
showed normal behaviour from 7 days to 28 Days but afterwards, the fish that were alert stopped 
swimming and remained static for a while in response to the sudden changes in the surrounding 

environment. Generally, fish exposed to higher concentrations such as 51.19(ml/l) to 63.99ml/l 
of the chemicals showed progressive hyperventilation and abnormal behaviour such as very fast 

swimming, an erratic swimming movement, gulping of air, jumping, and displaying vigorous 
jerky movement suffocation and loss of reflex. A faster operculum and tail beat movement was 
also observed with spiralling. The behavioural responses increased significantly (P<0.05) with an 

increase in concentration per time as compared to the control group of fish.  
Table 2: Behavioural response of C. gariepinus after 7 Days of exposure to Xylene. 

Behavioural 

response 

0(ml/l) 12.80(ml/l) 25.59(ml/l) 38.39(ml/l) 51.19(ml/l) 63.99(ml/l) 

Hyperventilation - + - + + + 

Erratic 

Swimming 

-  -  - + + + 

Spiralling -  -  - + + + 

Hyporeflexia -  -  + + + + 

Suffocation -  -  + + + + 

Key: + = present, - = Not present  
 

 

 

Table 3: Behavioural response of C. gariepinus after 14 Days of exposure to Xylene. 

Behavioural 
response 

0(ml/l) 12.80(ml/l) 25.59(ml/l) 38.39(ml/l) 51.19(ml/l) 63.99(ml/l) 
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Hyperventilation -  -  + + + + 

Erratic 
Swimming 

-  -  + + + + 

Spiralling -  -  + + + + 

Hyporeflexia -  -  + + + + 

Suffocation -  -  + + + + 

Key: + = present, - = Not present  
 

Table 4: Behavioural response of C. gariepinusto after 21 Days of exposure to Xylene. 

Behavioural 

response 

0(ml/l) 12.80(ml/l) 25.59(ml/l) 38.39(ml/l) 51.19(ml/l) 63.99(ml/l) 

Hyperventilation -  + + + + + 

Erratic 

swimming 

-  + + + + + 

Spiralling 

 

-  + + + + + 

Hyporeflexia -  + + + + + 

Suffocation -  + + + + + 

Key: + = present, - = Not present  

 

Table 5: Behavioural response of C. gariepinusto after 28 Days of exposure to Xylene. 

Behavioural 

response 

0(ml/l) 12.80(ml/l) 25.59(ml/l) 38.39(ml/l) 51.19(ml/l) 63.99(ml/l) 

Hyperventilation -  + + + ++ ++ 

Erratic 
swimming 

-  + + + ++ ++ 

Spiralling -  + + + ++ ++ 

Hyporeflexia -  + + + ++ ++ 

Suffocation -  + + + ++ ++ 

Key: + = present, - = Not present  
 

3.1.3 Opercular Beat Frequency (OBF) of C. gariepinus exposed to Xylene for 28 days  

The result in table 2 shows that the opercular beat frequency of the fishes in the control unit was 
53.0± 0.3 beats per minute after the 28 days and 54.2±.06 to 58.6±0.3 beats per minute were 

observed in the group exposed to 12.80ml/l while 68.0±0.6 to 79.0±0.6 beats was recorded in the 
63.99ml/l group which was the highest concentration. There was a significant increase (P 0.05) 

in the OBF recorded from the 7th day to 28days and the same increase was observed across 
different concentration gradients. There was a significant difference (P 0.05) in the 

concentrations and control. 
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Table 6: Opercular Beat Frequency (OBF) of C. gariepinus Exposed to Xylene for 28 days.  

Concentration (ml/l) OBF (beat/min) 

7Days 14Days 21Days 28Days 

0 53.0±0.3d 53.0±0.3e 53.0±0.3e 53.0±0.3e 
12.80 54.2±.06d 57.8±0.3d 58.6±0.3d 58.3±0.6d 

25.59 57.3±0.3c 58.0±0.6d 61.0±0.3cd 65.0±0.6cd 

38.39 62.0±0.6b 64.0±0.6c 65.6±0.3c 67.0±0.9c 

51.19 67.3±0.9ab 69.0±0.9ab 72.0±0.6ab 71.0±0.3b 

63.99 68.0±0.6a 71.0±0.6a 75.0±0.3a 79.0±0.6a 

Means with the same superscript down the column are not significantly different 

Means with different superscripts down the column are significantly different.  
 

3.1.4 Tail Beat Frequency (TBF) of C. gariepinus Exposed to Xylene for 28days 

The results for the tail beat frequency (TBF) of C. gariepinus exposed to Sub-lethal (SL) test 
concentrations of xylene for 28 days gave range values of 33.2±0.3 to 34.0±0.6, 34.4±0.3 to 

39.0±0.6, 37.5±0.3 to 43.0±0.6, 41.0±0.6 to 46.0±0.6, 48.3±0.3 to 48.4±1.2, 52.5±1.3 to 54.8±0.3 
beats per minute for the group of fish exposed to control (0), 12.80, 25.59, 38.39, 51.19, 

63.99ml/l of xylene respectively (Table 4.17). The values were significantly different (P<0.05) 
from the control group. A significant increase (P 0.05) was also observed in the TBF for the 

fish exposed to the different concentration gradients (0 12.80  25.59  38.39  51.19 
 63.99ml/l) from the 7th to the 28th day. 
Table 7: Tail Beat Frequency (TBF) of C. gariepinus exposed to Xylene for 28 days. 

Concentration (ml/l) TBF (beat/min) 

7Days 14Days 21Days 28Days 

0 33.2±0.3e 33.8±0.3e 33.6±0.3f 34.0±0.6e 
12.80 34.4±0.3e 34.8±0.9e 38.0±1.0e 39.0±0.6d 
25.59 37.5±0.3d 38.3±0.3d 41.0±0.6d 43.0±0.6cd 

38.39 41.0±0.6c 43.0±0.6c 46.0±0.6c 45.7±0.3c 
51.19 48.3±0.3b 49.8±0.3b 46.7±1.2b 48.4±1.2b 

63.99 52.5±1.3a 54.7±0.3a 55.2±0.6 a 54.8±0.3a 

Means with the same superscript down the column are not significantly different 
Means with different superscripts down the column are significantly different.  
3.1.5 Histopathological alterations observed in C. gariepinus Exposed to Xylene for 28days  

The histological sections of the gills of Clarias gariepinus were exposed to sublethal 
concentrations of Xylene for 28 days. In the Controls (a), the histologic section of the gill 

filament shows preservation of the cartilaginous support of the primary lamellae, with long 
primary lamellae and comb-like secondary lamellae projecting from both sides of each primary 
lamella indicating normal gill (X400). At 12.80ml/l (b) Concentration, the histologic sections of 

gills show shortening and blunt secondary lamellae but the preservation of the primary lamellae 
indicates mild lamellar necrosis (X400); At the concentration of 25.59ml/l (c), the histologic 

sections of tissue show necrosis and destruction of both primary and secondary lamellae 
indicating severe lamellar necrosis (X400); At the concentration of 38.39ml/l (d), the histologic 
section of gill filament shows necrosis and destruction of both primary and secondary lamellae 
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indicating severe lamellar necrosis (X400); At the concentration of 51.19ml/l (e), the histologic 
section of gill filament shows severe secondary lamella necrosis (SLN), epithelial lifting (EL), 
mild deformity of the secondary lamella (DSL), At the concentration of 63.99ml/l (f) the 

histologic section of gill filament also shows severe secondary lamella necrosis (SLN), epithelial 
lifting (EL), severe deformity of the secondary lamella (DSL). 

 
Figure 1: Photomicrography of histological sections showing the gills of Clarias gariepinus 

exposed to sublethal concentrations of Xylene over 28 days at X400 magnification.  
Notes: P = Primary gill filaments; S = Secondary lamellae; MN = Mild Necrosis; SN = Severe 
Necrosis; SLN = secondary lamella necrosis.  

Figure 2 Photomicrography of histological sections of the liver of Clarias gariepinus exposed to 
sublethal concentrations of Xylene for 28 days: in Control (group a), the histologic sections of 
the liver show parallel radially arranged plates of hepatocytes, and no form of abnormalities was 

observed which is an indicator for a normal liver. At 12.80ml/l (group b), the concentration and 
vascular congestion were observed. Meanwhile, the group with 25.59ml/l (c) concentration 

showed cytoplasmic vacuolation and malignancy in the tissue of the liver. Whereas, at the 
concentration of 38.39ml/l (d) Necrosis and Vascular congestion were seen. At the concentration 
of 51.19ml/l (e), Pigment, wrinkling of oocyte membrane and cellular degeneration were 

observed. While the concentration of 63.99ml/l (f) shows pigment, cellular degeneration and 
inflammatory cells. 
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Figure 2 Photomicrography of histological sections showing the Liver of Clarias gariepinus 
exposed to sublethal concentrations of Xylene over 28 days. 
Notes: CD = cellular degeneration, IF = Inflammatory cells, VC = Vascular congestion, VD = 

Vascular degeneration, W = Wrinkling of oocyte membrane and CV = Cytoplasmic vacuolation, 
M= Malignancy N= Necrosis, P=Pigment, CD= cellular degeneration, Haematoxylin & Eosin 

stain, x400. 
 
Table 8: Histological changes of C. gariepinus of liver and gills exposed to Xylene at different 

concentrations. 

TRT 

(ml/I) 

Duratio

n 

Organs Lesion Malignanc

y 

Necrosi

s 

Infla

mmati

on 

Pigment Cellular 

degeneratio

n 

Inclusion 

bodies 

0 28 Gill - - - - - - - 
Liver - - - - - - - 

12.8 28 Gill  + + + + - - - 

Liver + + + + - - - 
25.59 28 Gill  + + + ++ ++ - - 

Liver + ++ ++ ++ ++ + - 
38.39 28 Gill ++ ++ ++ +++ +++ ++ - 

Liver ++ ++ ++ +++ +++ +++ + 

51.19 28 Gill +++ +++ +++ +++ ++++ ++++ ++ 
Liver +++ +++ +++ +++ ++++ ++++ ++ 

63.99 28 Gill ++++ ++++ ++++ ++++ ++++ ++++ +++ 
Liver ++++ ++++ ++++ ++++ ++++ ++++ +++ 

Legend: - (absent), + (present), + + (mild), + + + (severe).  
*TRT= treatments.  

 
3.2 DISCUSSION 
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3.2.1 Physico-chemical Parameters 

The results from mean water quality parameters measured in the tanks during the 28 day 
experimental period showed that the non-targeted aquatic organisms (C. gariepinus) used for the 

experiment may be at risk of adverse changes in the physio-chemical parameters and biological 
effects from exposure to Xylene from non-point sources. The physicochemical parameters as 

reported in this study are very important indicators of the state and health of aquatic lives and 
their environment (Audu et al., 2014, Chindah et al., 2004) In this study, the parameters were 
observed to be significantly different from that in the control unit. The values of the 

physicochemical parameters of the water were not within the ranges recommended by 
(WHO,2000) and Nigeria Industrial Standard Technology ((NIST, 2007). The fact that the water 

quality parameters recommended for the test fish did not differ statistically from the control is 
proof that the changes observed in fish were toxicant-induced. although there was a significant 
difference in the values of the parameters along the concentration gradient, the variation could be 

due to pollutants, impurities, and toxicants capable of changing the different physicochemical 
parameters (WHO 2006). Gbem et al., 2001 Idodo-Umeh et al., 2002) 

3.2.2 Behavioural Response 
The behavioural response of Clarias gariepinus was conducted every week for 28days during the 
sublethal assay and the behavioural responses of the test fish were observed weekly from the 7th 

to the 28th day of exposure. In the control groups, C. gariepinus showed normal behaviour during 
the test period while some changes in behaviour began after the 7th day. Contrary to the control 

tank, loss of equilibrium, slowing their motion, and spending at the bottom were observed in all 
the concentration gradients as observed weekly for the 28days. The fishes were repetitively 
swimming sideways, with increased operculum movement and gaping their mouth for air while 

reactions like hanging vertically in the water, lordosis, and motionlessness were observed. The 
fish exposed to the control showed normal behaviour whereas those in the exposed concentration 
units were observed to be alert, stopped swimming and remained static in a position after 7 days 

which may be a response to the sudden changes in the surrounding environment (Fewtrell and 
McCauley, 2012) 

The fish samples exposed to higher concentrations of xylene showed abnormal behavioural 
responses while trying to avoid the experimental water by moving very fast, displaying erratic 
and jumping vigorously with jerky movements, which is a confirmation that the fish showed a 

direct response of the fish to the toxicant (Davies et al., 2022). A faster opercula bite movement, 
surfacing, hyperexcitation, and gulping of air were also observed this agrees with Inyinbor et al. 

(2018) who stated that apart from natural contamination, man’s impact on the aquatic 
environment poses more serious damage than man has intended. Similar toxic behaviour of an 
aquatic organism has also been reported by Mahmood et al. (2016). According to Laughlin et al. 

(2017), the behavioural activity of organisms represents the final cohesive result of diversified 
physiological and biochemical alterations. The observed behavioural alterations in this study 

agree with previous reports by (Pulgar et al., 2019; Xia et al., 2018; Wang et al., 2021; Boyle et 
al., 2020). 
The behavioural changes observed may be attributed to the neurotoxic effect of the chemical by 

its inhibition (Ogungbemi et al., 2019). This inhibition affects the normal neurotransmission of 
cholinergic synapses and neuromuscular junctions of the nervous system, thereby affecting the 

normal functioning of the nerves (Ogungbem et al., 2020). The impaired physiological and 
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biochemical activities of the organism may have led to the observed changes in behavioural 
patterns which may cause dose-dependent mortality (Depledge 2020).  The study showed that 
Xylene had a negative effect on the behaviour of the test fish and could be a general adaptation 

syndrome (Ogungbemi et al., 2020). The restlessness of the fishes could be attributed to the 
release of the stress hormones to initiate a series of physiological changes as the hormone control 

system began to compensate (Bryant et al., 2022). Significant changes in opercula beat 
frequency and tail beat frequency reported in this study propose that the C. gariepinus were 
stressed by the test chemical which may have caused the fish to exhibit avoidance syndrome as 

earlier reported by Sharma et al. (2019) and Bailey et al. (2016).  
Test fish (C. gariepinus) exposed to higher concentrations of the toxicant swam faster to escape 

it. This may have increased their tail fin beat frequency and opercula beat frequency to gain more 
metabolic oxygen (Cheema et al., 2018). Camarillo et al. (2020) however reported that higher 
performance and ventilation in extremophile fish caused by toxic exposure could have led to 

nervous dysfunction and toxicity in the test fish in this study. C. gariepinus in this study 
ultimately became exhausted, thereby resulting in the drop of the opercula and tail beat 

frequency. These effects of exhaustion and the direct effects of the toxicant on the fish may have 
resulted in subsequent death observed in the end (Bailey et al., 2016).  Bryant et al. (2022) noted 
that opercula hyperventilation had been reported for stressed fish in an unfavourable 

environment.   
 

3.2.3 Histopathological Changes in The Liver  
The liver is where metabolism takes place (Stoyanova et al., 2020). The liver normally develops 
lesions and other histological changes as a result of toxicant exposure and build-up. It is crucial 

to understand how contaminants are transformed biochemically during the toxification process 
(Wang et al., 2020). Additionally, contaminants may have an impact on the organ's strong 
metabolic ability (Authman et al., 2015). The liver of the fish (C. gariepinus) was exposed to 

sub-lethal concentrations of Xylene for 28 days compared to the control showed varying degrees 
of alteration and degeneration in the present study. These alterations may have been induced by 

the sub-lethal concentration effect of the toxicant in the liver which may have led to hepatocytes 
such as necrosis, vacuolization, and nuclear condensation as reported by Wolf and Wheeler, 
(2018). From the results, the fish could not regenerate new liver cells and this could be attributed 

to the toxic alteration that has led to necrosis and vascular degeneration (Wolf and Wheeler, 
2018). The degeneration of hepatocytes may be due to the direct effects of the varying 

concentrations of toxic pollutants on hepatocytes as found in Xylene toxicity (Maurya et al., 
2019).  
The liver fish also had a vacuolated cell showing evidence of fatty degeneration. Necrosis of 

certain portions of liver tissue may probably result from the excessive work required by fish to 
get rid of the toxicant from its body during process of detoxification and a similar report 

observed by Stoyanova et al. (2020). The degenerative effect observed in the liver may have led 
to the inability of the fish to regenerate new liver cells thereby leading to necrosis (Mohammod 
et al., 2015) because the liver has an important detoxicate role in endogenous waste products as 

well as externally derived such toxicity (Li et al., 2016).  
Histopathological effects of xylene on the liver of C. gariepinus showed some form of a lesion, 

malignancy necrosis, cellular degeneration, pigment, and inflammation in the liver after 28 days 
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of exposure.  This also agrees with Renu et al., 2021) who reported impairment and 
physiological dysfunction observed as a molecular mechanism of heavy metals-induced 
hepatotoxicity. At higher concentrations, there was fatty degenerative necrosis and severe 

oedema. This agrees with Mohammad et al. (2015) who reported a similar alteration in the liver 
of silver barbs after chronic exposure to quinalphos where liver showed disorganized hepatic 

cords, coagulative necrosis of liver hepatocytes, and severe oedema. The degeneration and 
necrosis of liver hepatocytes and the hepatic tissue may be due to the severe effect of the 
increase in the concentrations of the toxicant (Eriegha et al., 2019; Saha et al., 2021). Sani et al. 

(2020) reported that some fish exposed to toxicants cause some forms of abnormalities such as 
irregularly shaped hepatocytes, cytoplasmic vacuolation, and nuclei positioned laterally 

revealing evidence of cytoplasmic, nuclear vacuolation, nuclear degeneration, and focal necrosis 
in the fish livers. These changes, which have been described as being more severe, are typically 
connected to the fish’s exposure to higher concentrations of toxins (Audu et al., 2020; Flores-

Lopes et al., 2020). 
The contaminant effect of xylene also affected the proper function of the liver and its optimal 

metabolic capacity (Vijayakumar et al., 2017).  
Histological alterations observed in this study agree with (Singh et al., 2019) who noticed 
different toxicological changes in the liver of fish after exposure to different toxicants. The 

congestion of the central vein in the fish liver was also reported by (Sula et al., 2020; Singh et 
al., 2019). The most frequently encountered alterations in the liver of fish exposed to sub-lethal 

concentrations of xylene in this study are those of vascular degeneration and necrosis. The 
necrosis of the liver tissues and vascular degeneration in this study may be attributed to the 
excessive work required by the fish to get rid of the toxicant from its body during the process of 

detoxification by the liver (Adewumi et al., 2018; Shah and Parveen, 2022). Generally, fish 
hepatic alterations can be classified into different levels and units according to their relative 
significance, most especially as indicators of toxicants (Tashla et al., 2018).  

 
3.2.4 Histopathological Changes in The Gills 

The gill of Clarias gariepinus is made up of the primary lamellae which are arranged in a double 
row and protrusive on the lateral sides of which are a series of alternately arranged secondary 
lamellae (Mazumder, 2022). Among the gills are a cartilaginous supporting rod and blood 

vessels with touches of sinusoidal blood space. This study shows no histopathological changes in 
the controlled group without the toxicant. The gill is the primary organ of first contact with the 

pollutant. The gills exposed to the different gradients of Xylene were observed to be swollen in 
comparison to the control fish because of the effect of the toxicant which is a sign of hyperplasia 
of the gill epithelial cells (Ullah et al., 2019; Abdel-Tawwab et al., 2019). The histology results 

also show a pathological change in the gills of the fish after exposure to sub-lethal concentrations 
of xylene for 28 days. These changes observed after exposure of the gills to the chemical include 

fragmentation, loss of coracobrachialis bones, loss of secondary lamellae, and elongated primary 
lamellae.  
The histopathological changes in the gills, of C. gariepinus observed in this study showed severe 

damage to the gills which is an indication of a toxic effect of the different sublethal 
concentrations of xylene, which may have led to an impairment in the gaseous exchange 

efficiency of the gills Oedematous of the lamella and hyperplasia (Okey et al., 2021). This study 
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agrees with the work by Mishra et al. (2008) who also observed similar alterations in the gill and 
stated that this can provide a quick means of detection of the effects of toxicants. The 
pathological changes observed in the gills could have resulted in the inability of the gills to 

function properly (Olojo et al., 2005). The sublethal exposure also showed marked degenerative 
changes in the gill’s structures and tissues. The gill of the fish epithelial hyperplasia, lamellar 

fusion, epithelial lifting, necrosis, desquamation, aneurism, and curling of secondary lamellae 
were observed with excessive mucous secretion as the concentration increased. A similar toxic 
response was observed in other fish species exposed to other toxicants (Olojo et al., 2005; 

Figueiredo-Fernandes et al., 2007). 
The fish gill is a critical organ for the respiratory, therefore, the osmoregulatory functions and 

injuries observed in gill tissues reported in this study may reduce oxygen consumption and 
disrupt the osmoregulatory functions of the fish (Abdelkhalek et al., 2015; Mishra and Mohanty, 
2008). Xylene is highly soluble in water and therefore can easily penetrate the biological 

membranes thereby causing cellular degeneration by inducing oxidative stress (Asadi et al., 
2017); Engwa, (2018). Therefore, the histopathological alterations in the gill tissues of Clarias 

gariepinus were diverse and the degeneration observed was comparatively more obvious in gills 
at the higher concentrations. This could be attributed to the fact that gills exposed to direct 
contact with toxic chemicals will eventually cause alteration (Braz-Mota et al., 2018); Amin and 

Hashem, 2012). The observed abnormal behaviour and altered histopathology of vital organs 
demonstrate the severity and adverse effects of xylene. Therefore, the sublethal exposure may 

have caused severe physiological and anatomical alterations which eventually will lead to the 
death of fish (Ullah et al., 2018; Hinton et al., 2018). As the concentrations of the chemical 
increased, the fusion of secondary lamellae, oedema, necrosis, and desquamation of lamellar 

epithelium was observed. 
The observed fusion of secondary lamellae, which may be due proliferation of mucous and 
epithelial cells, may be considered a defence mechanism for chemical exposure rather than a 

direct effect of the toxicants (Doherty et al., 2011). The observed proliferated mucous cells were 
for continuous secretion of mucous, which is a mechanism that helps to protect and clean up 

these respiratory surfaces in facilitating the removal of trapped toxicants from them (Ojogu et al., 
2017). The defensive role of increased mucous secretion shrinks due to the rapid depletion of 
mucous cells with substantial loss of mucous after prolonged exposure, resulting in the erosion 

of the exposed fish's skin's superficial cells (Zulkipli et al., 2021), 
 

4.0 CONCLUSION   
The toxic effects of Xylene on the behaviour and histopathology of gills and liver of C. 
gariepinus were investigated and the study shows that non-target organisms in the aquatic 

ecosystems like C. gariepinus may be at risk of toxic effects of the environmentally related sub-
lethal effect of Xylene from point and/or non-point sources. Significant alterations were 

observed in the gills and liver. The implication is that the toxicity of Xylene is high, thus causing 
more damage to the aquatic environment. The study has predicted that the introduction of this 
chemical into water bodies could be a threat to life and their existence. Therefore, the release of 

Xylene in large quantities into the aquatic environment during oil exploration and exploitation 
should be discouraged particularly in areas close to an aquatic environment.  
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4.1 RECOMMENDATIONS 

The study has established those behavioural responses and the histopathological effects can be 

effectively used as biomarkers for toxic exposure to this oilfield chemical in aquatic 
environment. There is therefore a need for actual and realistic regulatory measures and proper 

monitoring in the use of this oilfield chemical in order to reduce the hazardous effects on the 
aquatic environment. 
 

COMPETING INTERESTS  

The Authors declare no conflicts of interest exist and have no relevant financial or non-financial 

interests to disclose. 
 
REFERENCES 

Abdel-Tawwab, M., Monier, M. N., Hoseinifar, S. H., & Faggio, C. (2019). Fish response to  
Hypoxia stress: growth, physiological, and immunological biomarkers. Fish physiology 

and biochemistry, 45(3), 997-1013. 
Abdelkhalek, N. K., Ghazy, E. W., & Abdel-Daim, M. M. (2015). Pharmacodynamic interaction  

of Spirulina platensis and deltamethrin in freshwater fish Nile tilapia, Oreochromis 

niloticus: impact on lipid peroxidation and oxidative stress. Environmental Science and 
Pollution Research, 22(4), 3023-3031. 

Adeogun, A. O., Alaka, O. O., Taiwo, V. O., & Fagade, S. O. (2012). Some pathological effects  
of sub-lethal concentrations of the methanolic extracts of Raphia hookeri on Clarias 
gariepinus. African Journal of Biomedical Research, 15(2), 105-115. 

Adewumi, B., Michael, O. A., & Damilohun, S. M. (2018). Histological and Behavioural 
Changes  

of Clarias gariepinus Juveniles Exposed to Chlorpyrifos and DDforce. International 

Journal of Biological Sciences and Applications, 5(1), 1-12. 
American Public Health Association (APHA). (1998). Standard methods for the examination of  

water and wastewater, 20th edition (Revised edition), American Public Health 
Association NY USA, 1076. 

Amin, K. A., & Hashem, K. S. (2012). Deltamethrin- induced oxidative stress and biochemical  

changes in tissues and blood of catfish (Clarias gariepinus): antioxidant defense and role 
of alpha-tocopherol. BMC veterinary research, 8(1), 1-8. 

Asadi, N., Bahmani, M., Kheradmand, A., & Rafieian-Kopaei, M. (2017). The impact of  
oxidative stress on testicular function and the role of antioxidants in improving it: a 
review. Journal of clinical and diagnostic research: JCDR, 11(5), IE01. 

Audu, B. S., & Ajima, M. N. (2020). Metabolic enzyme profile, behavioural changes and m 
orphophysiological parameters of African catfish Clarias gariepinus juveniles in 

response to burnt waste tyres. Comparative Clinical Pathology, 29(4), 787-797. 
Audu, B. S., Adamu, K. M. & Nonyelu, O. N. (2014). Changes in haematological parameters  
       of Clarias gariepinus exposed to Century Plant (Agave americana) leaf dust. International  

       Journal of Applied Biological Research, 6 (1): 54-65  
Authman, M. M., Zaki, M. S., Khallaf, E. A., & Abbas, H. H. (2015). Use of fish as bio-indicator  



 

Journal of Biology and Genetic Research (JBGR) E-ISSN 2545-5710  

P-ISSN 2695-222X Vol 8. No. 2 2022 www.iiardjournals.org 

 

 
 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 36 

of the effects of heavy metals pollution. Journal of Aquaculture Research & 
Development, 6(4), 1-13. 

Bailey, J. M., Oliveri, A. N., Karbhari, N., Brooks, R. A., Amberlene, J., Janardhan, S., & Levin,  

E. D. (2016). Persistent behavioral effects following early life exposure to retinoic acid or 
valproic acid in zebrafish. Neurotoxicology, 52, 23-33. 

Boyle, S. A., Berry, N., Cayton, J., Ferguson, S., Gilgan, A., Khan, A., ... & Reichling, S. (2020).  
Widespread behavioral responses by mammals and fish to zoo visitors highlight 
differences between individual animals. Animals, 10(11), 2108.  

Braz-Mota, S., Campos, D. F., MacCormack, T. J., Duarte, R. M., Val, A. L., & Almeida-Val, V.  
M. (2018). Mechanisms of toxic action of copper and copper nanoparticles in two 

Amazon fish species: Dwarf cichlid (Apistogramma agassizii) and cardinal tetra 
(Paracheirodon axelrodi). Science of the Total Environment, 630, 1168-1180. 

Brusseau, M. L., Ramirez-Andreotta, M., Pepper, I. L., & Maximillian, J. (2019). Environmental  

impacts on human health and well-being. In Environmental and pollution science (pp. 
477-499). Academic Press.  

Bryant, A. R., Gabor, C. R., Swartz, L. K., Wagner, R., Cochrane, M. M., & Lowe, W. H. 
(2022).  

Differences in Corticosterone Release Rates of Larval Spring Salamanders (Gyrinophilus 

porphyriticus) in Response to Native Fish Presence. Biology, 11(4), 484. 
Camarillo, H., Arias Rodriguez, L., & Tobler, M. (2020). Functional consequences of phenotypic  

variation between locally adapted populations: Swimming performance and ventilation in 
extremophile fish. Journal of evolutionary biology, 33(4), 512-523 

Cheema, N., Bhatnagar, A., & Yadav, A. S. (2018). Changes in behavioural and locomotory  

activities of freshwater fish, Cirrhinus mrigala (Hamilton) in response to sublethal 
exposure of Chlorpyrifos. Journal of Applied and Natural Science, 10(2), 620-626. 

Chow, Y. N., Lee, L. K., & Foo, K. Y. (2021). Scientific rationale of hospital discharge as a  

sustainable source of irrigation water: Detection, phytological assessment and toxicity 
verification. Process Safety and Environmental Protection, 148, 834-845.  

Chindah A. C., and Braide, S. A. (2004). The Physicochemical Quality and Phytoplankton  
Community Tropical Waters: A Case of 4 Biotopes in the Lower Bonny River, Niger 
Delta, Nigeria. Caderno de Pesquisa Série. Biologia, 16, 7-35. 

Condie, K. (2015). Changing tectonic settings through time: indiscriminate use of geochemical  
discriminant diagrams. Precambrian Research, 266, 587-591. 

Davies IC, Ebere S.E, Aduabobo I.H, and Leo CO (2019aL. ethal Effects of Xylene and Diesel  
on African Catfish (Clarias gariepinus). Journal of Environmental Science, Toxicology 
and Food Technology, 13(5): 29-33.  

Davies I.C., Ebere S.E., Aduabobo I.H., and Leo C.O. (2019b). Acute Toxicity of Xylene on the  
African Catfish Clarias gariepinus. Journal of Applied Science and Environmental 

Management, 23(7): 1251-1255.  
Davies I.C., Erondu E.S. and Akoko S. (2022). Haematological And Behavioral Response Of  

African Catfish (Clarias gariepinus) (Burchell, 1822) Exposed to Sub-Lethal 

Concentration of Xylene. World Journal of Advanced Research and Reviews. 14(01), 
554–565.  

Davies, I. C., and Uedeme-Naa, B. (2022). Behavioural Toxicity of a Combined Oilfield  



 

Journal of Biology and Genetic Research (JBGR) E-ISSN 2545-5710  

P-ISSN 2695-222X Vol 8. No. 2 2022 www.iiardjournals.org 

 

 
 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 37 

Chemicals on African Caish (Clarias gariepinus) (Burchell 1822). Asian Journal of 
Biology. Asian Journal of Biology. 15(2): 1-13, 

Depledge, M. H. (2020). The rational basis for the use of biomarkers as ecotoxicological tools.  

In Nondestructive biomarkers in vertebrates (pp. 271-295). CRC Press. 
Duncan DS. Multiple ranges and multiple F- tests. Biometrics. 1955; 11:1-42. 

Engwa, G. A. (2018). Free radicals and the role of plant phytochemicals as antioxidants against  
oxidative stress-related diseases. Phytochemicals: Source of Antioxidants and Role in 
Disease Prevention. BoD–Books on Demand, 7, 49-74. 

Eriegha, O. J., Omitoyin, B. O., & Ajani, E. K. (2019). Water-soluble fractions of crude oil  
deteriorate water quality parameters and alter histopathological components of juvenile 

Clarias gariepinus. Animal Research International, 16(2), 3308-3318. 
Eseigbe FJ, Doherty VF, Sogbanmu TO, Otitoloju AA. (2013); Histopathology alterations and  

lipid peroxidation as biomarkers of hydrocarbon-induced stress in earthworm, Eudrilus 

eugeniae. Environ Monit Assess.185(3):2189-2196. 
Fewtrell, J. L., & McCauley, R. D. (2012). Impact of air gun noise on the behaviour of marine 

fish and squid. Marine pollution bulletin, 64(5), 984-993. 
Flores-Lopes, F., Correia, M. A., & da Silva, D. M. L. (2020). Histological and ultrastructural  

analysis of Tilapia rendalli liver as an environmental assessment tool for Cachoeira 

River, Bahia, Brazil. Intern. J. Zool. Invest, 6(1), 31-48. 
Fuente, A., McPherson, B., & Hood, L. J. (2012). Hearing loss associated with xylene exposure 

in a laboratory worker. Journal of the American Academy of Audiology, 23(10), 824-830.  
Gabriel, U.U. and Obomanu, F.G. (2008). Opercula ventilation and Tail beat frequency of  

Monocron exposed ClariasgariepinusBurch. Journal of Aquatic Sciences, 23(1):  35 -38. 

Gbem, T.T., Balogun, J.K., Lawal, F.A. and Annune, P.A. (2001). Trace metal accumulation in  
Clarias gariepinus (Teugels) exposed to sub-lethal levels of tannery effluent. Science and 
Total Environment, 271: 1-9. 

Hedayati, A. (2018). Sub-Lethal Effects of Heavy Metals Toxicity on Pathological Lesions of  
Sea Bream. International Journal of Veterinary and Animal Research, 1(3), 1-7. 

Hinton, D. E., Baumann, P. C., Gardner, G. R., Hawkins, W. E., Hendricks, J. D., Murchelano, 
R. A., & Okihiro, M. S. (2018). Histopathologic biomarkers. In Biomarkers (pp. 155-
210). CRC Press. 

Idodo-Umeh, G. (2002). Pollution assessment of Olomoro water bodies, using physical, chemical  
and biological indices. Ph.D. Thesis. University of Benin, Benin City, Nigeria. 485. 

Inyinbor Adejumoke, A., Adebesin Babatunde, O., Oluyori Abimbola, P., Adelani Akande  
Tabitha, A., Dada Adewumi, O., & Oreofe Toyin, A. (2018). Water pollution: effects, 
prevention, and climatic impact. Water Challenges of an Urbanizing World, 33, 33-47. 

Keke, U. N., Mgbemena, A. S., Arimoro, F. O., & Omalu, I. C. (2020). Biomonitoring of effects  
and accumulations of heavy metals insults using some helminth parasites of fish as bio-

indicators in an Afrotropical stream. Frontiers in Environmental Science, 8, 576080.  
Kharaka, Y. K., & Dorsey, N. S. (2005). Environmental issues of petroleum exploration and  

production: Introduction. Environmental Geosciences, 12(2), 61-63.  

Kuppusamy, S., Maddela, N. R., Megharaj, M., & Venkateswarlu, K. (2020). Fate of total  
petroleum hydrocarbons in the environment. In Total petroleum hydrocarbons (pp. 57-

77). Springer, Cham.  



 

Journal of Biology and Genetic Research (JBGR) E-ISSN 2545-5710  

P-ISSN 2695-222X Vol 8. No. 2 2022 www.iiardjournals.org 

 

 
 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 38 

Landrigan, P. J., Stegeman, J. J., Fleming, L. E., Allemand, D., Anderson, D. M., Backer, L. C.,  
... & Rampal, P. (2020). Human health and ocean pollution. Annals of global 
health, 86(1).  

Lodungi, J. F., Alfred, D. B., Khirulthzam, A. F. M., Adnan, F. F. R. B., & Tellichandran, S.  
(2016). A review in oil exploration and production waste discharges according to 

legislative and waste management practices perspective in Malaysia. Int J Waste 
Resour, 7(1), 260.  

Laughlin, W. S. (2017). Hunting: an integrating biobehavior system and its evolutionary  

importance. In Man the hunter (pp. 304-320). Routledge. 
Madeira, D., Andrade, J., Leal, M. C., Ferreira, V., Rocha, R. J., Rosa, R., & Calado, R. (2020).  

Synergistic effects of ocean warming and cyanide poisoning in an ornamental tropical 
reef fish. Frontiers in Marine Science, 7, 246.  

Mahmood, I., Imadi, S. R., Shazadi, K., Gul, A., & Hakeem, K. R. (2016). Effects of pesticides

 on environment. In Plant, soil and microbes (pp. 253-269). Springer, Cham.   
Mazumder, F. (2022). Isolation, Characterisation and Preservation of Bacteriophages for Use in  

Treatment of Aeromonas hydrophila Infection in Finfish (Doctoral dissertation). 
Manzoor, M., Bhat, K. A., Khurshid, N., Yatoo, A. M., Zaheen, Z., Ali, S., ... & Rehman, M. U.  

(2021). Bio-Indicator Species and Their Role in Monitoring Water Pollution. 

In Freshwater Pollution and Aquatic Ecosystems (pp. 321-347). Apple Academic Press.  
Maurya, P. K., Malik, D. S., Yadav, K. K., Gupta, N., & Kumar, S. (2019). Haematological and  

histological changes in fish Heteropneustes fossilis exposed to pesticides from industrial 
waste water. Human and Ecological Risk Assessment: An International Journal. 
25:5, 1251-1278, DOI: 10.1080/10807039.2018.1482736 

Mishra, A. K., & Mohanty, B. (2008). Acute toxicity impacts of hexavalent chromium on  
behavior and histopathology of gill, kidney and liver of the freshwater fish, Channa 
punctatus (Bloch). Environmental Toxicology and Pharmacology, 26(2), 136-141. 

Mohammod Mostakim, G., Zahangir, M., Monir Mishu, M., Rahman, M., & Islam, M. S. (2015).  
Alteration of blood parameters and histoarchitecture of liver and kidney of silver barb 

after chronic exposure to quinalphos. Journal of toxicology, 2015. 
Nimet, J., Neves, M. P., Viana, N. P., de Arruda Amorim, J. P., & Delariva, R. L. (2020).  

Histopathological alterations in gills of a fish (Astyanax bifasciatus) in neotropical 

streams: negative effects of riparian forest reduction and presence of 
pesticides. Environmental Monitoring and Assessment, 192(1), 1-13.  

NIST, (2007). National Institute of Standard and Technology, Gaitherburg, Maryland, USA,  
Certificate of Analysis.  

Ogungbemi, A., Leuthold, D., Scholz, S., & Küster, E. (2019). Hypo-or hyperactivity of 

 zebrafish embryos provoked by neuroactive substances: a review on how experimental 
parameters impact the predictability of behavior changes. Environmental Sciences 

Europe, 31(1), 1-26. 
Ogungbemi, A. O., Teixido, E., Massei, R., Scholz, S., & Küster, E. (2020). Optimization of the  

spontaneous tail coiling test for fast assessment of neurotoxic effects in the zebrafish 

embryo using an automated workflow in KNIME®. Neurotoxicology and Teratology, 81, 
106918. 

Ojogu, N. A., Annune, P. A., & Okayi, G. R. (2017). Toxicological effects of aqueous extract of  



 

Journal of Biology and Genetic Research (JBGR) E-ISSN 2545-5710  

P-ISSN 2695-222X Vol 8. No. 2 2022 www.iiardjournals.org 

 

 
 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 39 

piptadeniastrium africanum bark on Clarias gariepinus juveniles. Banat's Journal of 
Biotechnology, 8(15), 123-135. 

Okeke, E. S., Okoye, C. O., Atakpa, E. O., Ita, R. E., Nyaruaba, R., Mgbechidinma, C. L., & 

Akan, O. D. (2022). Microplastics in agroecosystems-impacts on ecosystem functions 
and food chain. Resources, Conservation and Recycling, 177, 105961.  

Oladokun, E. I., Sogbanmu, T. O., & Anikwe, J. C. (2020). Sublethal concentrations of 
dichlorvos and paraquat induce genotoxic and histological effects in the Clarias 
gariepinus. Environmental Analysis, Health and Toxicology, 35(3).  

Olojo, E.A.A., Olurin, K.B., Mbaka, G., Oluwemimo, A.D., 2005. Histopathology of the gill and  
liver tissues of the African catfish, Clarias gariepinus exposed to lead. Afr.J. Biotechnol. 

4 (1), 117–122. 
Osman, A. G., AbouelFadl, K. Y., Abd El Baset, M., Mahmoud, U. M., Kloas, W., & Moustafa,  

M. A. (2018). Blood biomarkers in Nile tilapia Oreochromis niloticus niloticus and 

African catfish Clarias gariepinus to evaluate water quality of the river Nile. Journal of 
FisheriesSciences. com, 12(1), 0-0.  

Pulgar, J., Zeballos, D., Vargas, J., Aldana, M., Manriquez, P. H., Manriquez, K., ... & Duarte, C.  
(2019). Endogenous cycles, activity patterns, and energy expenditure of an intertidal fish 
is modified by artificial light pollution at night (ALAN). Environmental Pollution, 244, 

361-366. 
Rand, G. M., Wells, P. G., & McCarty, L. S. (2020). Introduction to aquatic toxicology.  

In Fundamentals of aquatic toxicology (pp. 3-67). CRC Press.  
Renu, K., Chakraborty, R., Myakala, H., Koti, R., Famurewa, A. C., Madhyastha, H., ... &  

Gopalakrishnan, A. V. (2021). Molecular mechanism of heavy metals (Lead, Chromium, 

 Arsenic, Mercury, Nickel, and Cadmium)-induced hepatotoxicity–A 
review. Chemosphere, 271, 129735. 

Renu, K., Panda, A., Vellingiri, B., George, A., & Valsala Gopalakrishnan, A. (2021). Arsenic: 

an emerging role in adipose tissue dysfunction and muscle toxicity. Toxin Reviews, 1-10.  
Santos, S. W., Gonzalez, P., Cormier, B., Mazzella, N., Bonnaud, B., Morin, S., ... & Cachot, J.  

(2019). A glyphosate-based herbicide induces sub-lethal effects in early life stages and 
liver cell line of rainbow trout, Oncorhynchus mykiss. Aquatic toxicology, 216, 105291.  

Saha, S., Mukherjee, D., Dhara, K., Pal, P., Chukwuka, A. V., & Saha, N. (2021). Biomarker  

approach for assessing chronic toxicity of Captan® herbicide using haematological, 
growth, endocrine and biochemical endpoints in air breathing catfish, Clarias batrachus. 

Sani, A., Ahmad, M. I., & Abdullahi, I. L. (2020). Toxicity effects of Kano central abattoir 
effluent on Clarias gariepinus juveniles. Heliyon, 6(7), e04465. 

Seiyaboh, E. I., & Izah, S. C. (2017). Review of impact of anthropogenic activities in surface 

water resources in the Niger Delta region of Nigeria: a case of Bayelsa 
state. International Journal of Ecotoxicology and Ecobiology, 2(2), 61-73.  

Sil, A., Wakadikar, K., Kumar, S., Babu, S. S., Sivagami, S. P. M., Tandon, S., ... & Hettiaratchi,  
P. (2012). Toxicity characteristics of drilling mud and its effect on aquatic fish 
populations. Journal of Hazardous, Toxic, and Radioactive Waste, 16(1), 51-57.  

Singh, A. K., Rana, K. S., & Sharma, K. (2019). Chromium, nickel and zinc induced  
histopathological alteration in the liver of Indian common carp Labeo rohita 

(Ham.). International Archive of Applied Sciences and Technology, 10(2), 49-55. 



 

Journal of Biology and Genetic Research (JBGR) E-ISSN 2545-5710  

P-ISSN 2695-222X Vol 8. No. 2 2022 www.iiardjournals.org 

 

 
 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 40 

Sharma, M., Thakur, J., Verma, S., & Sharma, P. (2019). Behavioural responses in effect to  
chemical stress in fish: A review. International Journal of Fisheries and Aquatic 
Studies, 7(1), 01-05. 

Shah, Z. U., & Parveen, S. (2022). Oxidative, biochemical and histopathological alterations in  
fishes from pesticide-contaminated river Ganga, India. Scientific Reports, 12(1), 1-12. 

Sula, E., Aliko, V., Barceló, D., & Faggio, C. (2020). Combined effects of moderate hypoxia,  
pesticides and PCBs upon crucian carp fish, Carassius carassius, from a freshwater lake-
in situ ecophysiological approach. Aquatic Toxicology, 228, 105644. 

Sogbanmu TO, Osibona AO, Oguntunde AO, Otitoloju AA. (2018). Biomarkers of toxicity in  
Clarias gariepinus exposed to sublethal concentrations of polycyclic aromatic 

hydrocarbons. Afr J Aquat Sci; 43:281-92 
Sogbanmu, T. O., Sosanwo, A. A., & Ugwumba, A. A. A. (2019). Histological, microbiological,  

physicochemical and heavy metals evaluation of effluent from Kara Cow Market, Ogun 

state in guppy fish (Poecilia reticulata). The Zoologist, 17: 54-61 
Stoyanova, S., Yancheva, V., Iliev, I., Vasileva, T., Bivolarski, V., Velcheva, I., & Georgieva, E.  

(2015). Glyphosate induces morphological and enzymatic changes in the common carp 
(Cyprinus carpio L.) liver. Bulg. J. Agric. Sci, 21, 409. 

Tashla, T., Žuža, M., Kenjveš, T., Prodanović, R., Soleša, D., Bursić, V., ... & Puvača, N. (2018).  

Fish as an important bio-indicator of environmental pollution with persistent organic 
pollutants and heavy metals. Journal of Agronomy, 28. 

Van Ravenzwaay, B., Herold, M., Kamp, H., Kapp, M. D., Fabian, E., Looser, R., ... & Wiemer,  
J. (2012). Metabolomics: a tool for early detection of toxicological effects and an 
opportunity for biology-based grouping of chemicals—from QSAR to QBAR. Mutation 

Research/Genetic Toxicology and Environmental Mutagenesis, 746(2), 144-150. 
Vera‐Ramirez, L., Pérez‐Lopez, P., Varela‐Lopez, A., Ramirez‐Tortosa, M., Battino, M., &  

Quiles, J. L. (2013). Curcumin and liver disease. Biofactors, 39(1), 88-100.  

Ullah, S., Li, Z., Arifeen, M. Z. U., Khan, S. U., & Fahad, S. (2019). Multiple biomarkers-based  
appraisal of deltamethrin induced toxicity in silver carp (Hypophthalmichthys 

molitrix). Chemosphere, 214, 519-533. 
Ullah, S., Li, Z., Hasan, Z., Khan, S. U., & Fahad, S. (2018). Malathion- induced oxidative stress  

leads to histopathological and biochemical toxicity in the liver of rohu (Labeo rohita, 

Hamilton) at acute concentration. Ecotoxicology and Environmental Safety, 161, 270-
280. 

Vijayakumar, S., Vaseeharan, B., Malaikozhundan, B., Divya, M., Abhinaya, M., Gobi, N., ... &  
Benelli, G. (2017). Ecotoxicity of Musa paradisiaca leaf extract-coated ZnO 
nanoparticles to the freshwater microcrustacean Ceriodaphnia cornuta. Limnologica, 67, 

1-6. 
Wang, J., Zhang, Q., Deng, F., Luo, X., & Dionysiou, D. D. (2020). Rapid toxicity elimination of  

organic pollutants by the photocatalysis of environment-friendly and magnetically 
recoverable step-scheme SnFe2O4/ZnFe2O4 nano-heterojunctions. Chemical 
engineering journal, 379, 122264. 

Wang, G., Muhammad, A., Liu, C., Du, L., & Li, D. (2021). Automatic Recognition of Fish  
Behavior with a Fusion of RGB and Optical Flow Data Based on Deep 

Learning. Animals, 11(10), 2774.  



 

Journal of Biology and Genetic Research (JBGR) E-ISSN 2545-5710  

P-ISSN 2695-222X Vol 8. No. 2 2022 www.iiardjournals.org 

 

 
 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 41 

Wang, X., Zheng, H., Zhao, J., Luo, X., Wang, Z., & Xing, B. (2020). Photodegradation elevated  
the toxicity of polystyrene microplastics to grouper (Epinephelus moara) through 
disrupting hepatic lipid homeostasis. Environmental Science & Technology, 54(10), 

6202-6212. 
Wolf, J. C., & Wheeler, J. R. (2018). A critical review of histopathological findings associated  

with endocrine and non-endocrine hepatic toxicity in fish models. Aquatic 
Toxicology, 197, 60-78. 

World Health Organization /UNICEF. Global water supply and sanitation assessment report;  

2000; 87p. 
World Health Organization (WHO). Guidelines for drinking-water quality electronic resource  

incorporating 1st and 2nd addenda, vol 1, Recommendations, 3rd edn. World Health     
       Organization, Geneva. ISBN 92 4 154696 4,2006 
Xia, C., Fu, L., Liu, Z., Liu, H., Chen, L., & Liu, Y. (2018). Aquatic toxic analysis by monitoring  

fish behavior using computer vision: recent progress. Journal of toxicology, 2018.  
Zulkipli, S. Z., Liew, H. J., Ando, M., Lim, L. S., Wang, M., Sung, Y. Y., & Mok, W. J. (2021).  

A review of mercury pathological effects on organs specific to fishes. Environmental 
Pollutants and Bioavailability, 33(1), 76-87.  

 


