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Abstract This study’s goal was to assess the cat-
fish’s response to exposure to monoaromatic petroleum 
hydrocarbons (benzene, toluene, and xylene) and its 
recovery after exposure using oxidative stress, histo-
pathological, and immunological changes as biomark-
ers. Four groups: one as control and other three exposed 
to benzene (0.762  ng/L), toluene (26.614  ng/L), and 
xylene (89.403  ng/L), respectively, for 30  days and 
then recovery period for 30  days. The levels of the 

cortisol, lipid peroxidation, and cytokines (IL-1β, 
IL-6) increased significantly (p < 0.05) after exposure 
to benzene and xylene compared to control. Superox-
ide dismutase (SOD), total antioxidant capacity (TAC), 
and acetylcholinstease (Ach) decreased significantly 
(p < 0.05) in fishes exposed to benzene only compared 
to control group. While glutathione-S-transferase 
(GST) did not show any change in different treatment 
groups compared to control group. The histopatho-
logical signs of liver exposed to benzene, toluene, and 
xylene displayed aggregation of melanomacrophages, 
congestion of sinusoids, vacuolar degeneration of 
hepatocytes, necrotic area with inflammatory cell infil-
tration, and thrombus of central vein. Kidney exposed 
to benzene, toluene, and xylene showed dilatation of 
Bowman’s space with atrophy of glomerular tuft, lyses 
of RBCs with mononuclear cell infiltration, multifocal 
area of hemopoietic tissue necrosis, organized throm-
bus with perivascular hemorrhage, focal inflammatory 
cellular reaction, renal tubular necrosis, and thrombus 
of blood vessels. Spleen exposed to benzene, toluene, 
and xylene showed hyperplasia of lymphoid follicles in 
white pulp in a mild degree. These lesions appeared to 
a mild degree or disappeared completely after recovery 
period to BTX except spleen. In conclusion, monocy-
clic aromatic hydrocarbons (BTX) are hazardous to fish 
and the toxicity level was as benzene > xylene > toluene 
even though after recovery period.
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1 Introduction

The river Nile is utilized to transport a variety of 
commodities, including oil and oil-related products, 
as well as to supply water. Numerous industrial and 
oil distribution hubs can be found along its coasts, 
as well as additional sources of oil pollution such as 
tankers, barges, boats on rivers and canals, industrial 
waste, metallurgical industries, engineering projects, 
garages, and floating cruise ships (floating hotels) (El-
Sheekh et al., 2000). The first study of oil and grease 
along the Nile was conducted by Moursy (1983), 
who found that the area around Lake Nasser port in 
Aswan was the most heavily polluted, followed by oil 
distribution hubs at ship-waiting areas in Assiut, boat 
docks, shipyards, an electric power plant in Cairo, 
and industries areas along Egypt-delta. According to 
a recent study by Moustafa and Shara (2009), oil con-
tamination (PAHs) is detected in the river Nile water 
samples under study at varying amounts depending 
on the location and season.

Freshwater oil spills in particular have detrimental 
effects on the ecosystem and living things (Ewida, 
2014). These adverse consequences are brought on by 
the release of numerous organic chemicals, the bulk 
of which are individual hydrocarbons, which give 
crude oil and oil distillates. In addition to carbon and 
hydrogen, other chemicals that can be found in crude 
oil and oil discharges include sulfur, nitrogen, and/
or oxygen (Manoli et  al., 2000). The fate of the oil 
spill and its impact on the ecosystem will be decided 
based on its properties. Occasionally, oil slicks form 
when light or less dense oil is spilt in surface water; 
the oil accumulates on top and scatters over a wide 
area. As a result, the oil has a greater resistance to 
natural dissipation processes, which prolongs its life 
in the environment (Irwin, 1997). There is mixture of 
substances that are differently soluble in water; some 
oil-based chemicals may partially dissolve in water, 
making them more bioavailable to aquatic organisms. 
The fish, which dwells in a contaminated environ-
ment, will continue to absorb some oil components 
into its body without excreting them; accordingly, the 
concentrations may exceed those of nearby waters by 
several orders of magnitude (Maskaoui & Hu, 2009).

It is estimated that from 18 to 59% of the composi-
tion of oil, gasoline, and its derivatives contain the vol-
atile, monoaromatic hydrocarbons benzene, toluene, 

and xylene (BTX) (Silva et al., 2009). Plastics, rubbers, 
dyes, resins, insecticides, and solvents are all made 
using these hydrocarbons, which are readily detect-
able in the environment (Bolden et al., 2015). They are 
connected to oil or gasoline spills, industrial effluents, 
and atmospheric deposition in the aquatic environment 
(Gebara et  al., 2013; Silva et  al., 2009), which may 
threaten the quality of the water and the survival of 
vulnerable animals (Mendes et al., 2017).

There have been reports of some deleterious 
effects on aquatic organisms, including gill damage, 
delay in hatching, enzymatic alteration, circulation 
dysfunction, lipid peroxidation (LPO), DNA dam-
age, and cortisol elevation (Achuba & Osakwe, 2003; 
Brown, 1993; Pacheco & Santos, 2001; Teuschler 
et  al., 2005; Thomas et  al., 1980; Vanzella et  al., 
2007; Zhang et al., 2003, 2004).

The immunological parameters, histopathologi-
cal changes, and stress indicators are regarded as 
important biomarkers because xenobiotic exposure 
can cause significant changes in these parameters 
(Modesto & Martinez, 2010). They can be used to 
evaluate fish health and identify physio-pathologies 
in response to various stressors (Martinez & Souza, 
2002; Nussey et  al., 1995) and as an indicator of 
immune response (Tavares-Dias & de Moraes, 2004). 
When an animal’s defensive systems for eliminat-
ing reactive oxygen species (ROS) are ineffective 
or insufficient, oxidative damage develops, which is 
linked to a number of disease events, including DNA 
damage and lipid peroxidation (LPO) (Tripathy, 
2016). These injuries are viewed as crucial indicators 
for determining how xenobiotic-exposed organisms 
react (Kurutas, 2016). The recovery evaluation is 
crucial for effect studies in order to confirm an organ-
ism’s ability to return to equilibrium after being under 
stress. Studies of xenobiotic impacts can use this type 
of information (Hasue et al., 2013).

This research examined the toxicological response 
in the tropical freshwater catfish, Clarias gariepinus, 
which are the most widely cultivated fishes, both 
within and outside of its native range of tropical and 
subtropical environments (Adewolu et  al., 2008). In 
order to ascertain if the harm caused by monoaro-
matic petroleum hydrocarbons (BTX) was reversed, 
oxidative stress, histological alterations, and immuno-
logical changes as biomarkers were assessed in cat-
fish following exposure and depuration periods.
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2  Materials and Methods

2.1  Fish

The fish (Clarias gariepinus, weight of 300–350  g 
and length of 26–29 cm) were obtained from an aqua-
culture farm at Assiut University and transported to 
the Fish Biology and Pollution Laboratory, Assiut 
University. The fish were parasitic-free according 
to American Fisheries Society, Fish Health Section 
(AFS-FHS, 2017). Fish were acclimated for month 
in glass tanks (100 cm × 70 cm × 50 cm) under phys-
icochemical conditions of the rearing water as con-
ductivity 260.8  mM·cm−1, pH 7.4, dissolved oxy-
gen 6.9  mg  L−1, temperature 20.5  °C, photoperiod 
12:12 h light:dark. During the acclimatization period, 
fish were fed commercial feed (30% protein) about 
3% of their body weight. Fifty percent of the water 
was changed daily with re-dosing.

2.2  Experimental Design

Catfish (Clarias gariepinus) was randomly distrib-
uted after adaptation period into four groups. Each 
group consists of 60 samples (each replicate 20 fish) 
and was kept in glass containers having the same 
volume of water (100 L). The 1st group was control 
(fed on the control diet in clean water) and the other 
three groups were treated with water mixed with 
BTX as exposed to benzene (0.762  ng/L), toluene 
(26.614 ng/L), and xylene (89.403 ng/L) for sequen-
tial 30  days. The concentration of the tested chemi-
cals was environmentally relevant and selected in 
accordance with the method of Sayed et al. (2023).

After exposure, all groups remain in the water 
tanks without any additions except water change daily 
with 50% dechlorinated water; fish were fed commer-
cial feed (30% protein) about 3% of their body weight 
every day for 30 days as recovery period.

Fish from each group were selected after 30 days 
and 30-day recovery, and ice anesthesia was admin-
istered to reduce stress during processing (Hamed 
et al., 2019). Blood samples were collected from the 
caudal vein in vacuum tubes. To obtain the serum, the 
blood was centrifuged undercooling for immunologi-
cal parameters, stress, and antioxidant biomarkers. 
Liver, kidney, and spleen tissues were used for histo-
pathological studies. Experimental setup, guidelines, 
and fish handling were approved by the Research 

and Ethical Committee of the Molecular Biology 
Research & Studies Institute, Assiut University, 
Assuit, Egypt (MB-21–27-R).

2.3  Stress and Antioxidant Parameters, Lipid 
Peroxidation, and Immunological Parameters

Stanbio kits were used to assay serum acetylcho-
linesterase (AchE) in accordance with the procedure 
specified by Knedel and Böttger (1967). According 
to Foster and Dunn, cortisol levels were tested using 
ELISA (1974). The glutathione S-transferase activ-
ity was measured, according to Habig et  al. (1974). 
According to Nishikimi et al. (1972), superoxide dis-
mutase (SOD) was tested. Utilizing kits, total antioxi-
dant capacity (TAC) was determined (Sigma-Aldrich, 
USA). Malondialdehyde (MDA) was measured using 
a thiobarbituric acid reaction (Ohkawa et  al., 1979). 
Cytokines IL-1 and IL-6 were quantified according to 
Wang and Secombes (2009) and Hanington and Belo-
sevic (2007), respectively, by ELISA kits (Human 
Ultrasensitive, Biosource International Inc.).

2.4  Histopathological Examination

Tissue samples (liver, kidney, and spleen) were dis-
sected anatomically from each fish and washed by 
neutral saline. Then each tissue specimen was fixed in 
neutral-buffered formaldehyde, ethanol-dehydrated, 
cleared in methyl benzoate, wax-embedded, and 5 
µ-sectioned (Horobin, 2019). Slides were dewaxed, 
rehydrated, and then stained with hematoxylin and 
eosin (H&E) (Feldman & Wolfe, 2014). The histo-
pathological characteristics were examined under 
a microscope and photographed using an Olym-
pus CH30 microscope (Horobin, 2019). Severity of 
pathology was evaluated according to Meydan et  al.
(2019).

2.5  Statistical Analysis

The SPSS software was used to analyze the data, 
and 0.05 was chosen as the level of significance. 
Then, the data was checked for normalcy (Sha-
piro–Wilk test). After the one-way analysis of 
variance, the homogeneity of variances was exam-
ined (Levene’s test) (ANOVA). In the event of 
variance equality, Fisher’s LSD post hoc test was 
employed to compare the treatment groups to the 
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control group. In  situations of variance inequality, 
the treated groups were compared to the control 
group using Dunnett’s post hoc test.

3  Results

3.1  Stress Indicators

In both the exposure and depuration periods, the level 
of acetyl cholinesterase significantly reduced (p < 0.05) 
in the benzene group only compared to the control 
(Table 1). In contrast, during the exposure period, cor-
tisol levels significantly rose (p < 0.05) in the benzene 
group only compared to the control (Table 1).

3.2  Antioxidant Parameters and Lipid Peroxidation

In both the exposure and depuration periods, there was 
no significant difference (p > 0.05) in the activity of glu-
tathione-S-transferase (GST) between any experimental 

groups and its corresponding control group (Table  1). 
When compared to the control, only in the benzene 
groups, superoxide dismutase (SOD) and total antioxidant 
capacity (TAC) activity significantly reduced (p < 0.05) 
after the exposure and recovery periods (Table 1). Malon-
dialdehyde (MDA) levels significantly raised (p < 0.05) in 
the benzene group alone in comparison to the control dur-
ing both the exposure and depuration phases (Table 1).

3.3  Immunological Parameters

In comparison to the control group, IL-1β and IL-6 
levels significantly raised (p < 0.05) in the benzene and 
toluene groups after the exposure. Even after the recov-
ery, the level of IL-6 remained significantly higher 
(p < 0.05) compared to control group, even though 
IL-1β had reverted to the regulated level (Table 1).

3.4  Histopathological Changes of Liver

Our observed results of treated groups exhibited loss 
of normal cyto-architectural structure with complete 

Table 1  Effect of monocyclic aromatic hydrocarbons (BTX) on stress and antioxidant parameters, lipid peroxidation, and immuno-
logical parameters of catfish (Clarias gariepinus)

Different superscript letters are significantly different (p < 0.05)

Treatment Exposure period Recovery 
period

Control Control Benzene Toluene Xylene Control Benzene Toluene Xylene

Stress parameters
Acetyl cho-

linesterase 
(µ/L)

550.8 ± 4.2a 440.3 ± 6.3b 544 ± 7.7a 543.3 ± 7.5a 541.8 ± 4.6a 447.3 ± 6.9b 544.5 ± 8.6a 545 ± 7.1a

Cortisol (µg/dL) 13.4 ± 0.5a 16 ± 0.6b 13.8 ± 0.5a 13.4 ± 0.6a 13.8 ± 0.6a 15.3 ± 0.6a 15 ± 0.5a 14 ± 0.4a

Antioxidant parameters and lipid peroxidation
Glutathione-S-

transferase (U/
mL)

36 ± 0.2a 33.7 ± 0.4a 41 ± 2.1a 37.2 ± 1.7a 37.8 ± 1.8a 35.2 ± 0.3a 44 ± 4.6a 43 ± 4.8a

Superoxide 
dismutase (U/
mL)

2.5 ± 0.1a 1.9 ± 0.1b 2.8 ± 0.3a 2.5 ± 0.1a 2.5 ± 0.1a 2.1 ± 0.1b 2.7 ± 0.1a 2.6 ± 0.2a

Total antioxi-
dant capacity 
(nmol/L)

53.1 ±  4a 44 ± 0.9b 49 ±  2ab 46.7 ±  2ab 53 ±  3a 44.8 ± 2.1b 50.4 ±  2ab 49 ± 2.4ab

Malondialdhyde 
(nmol/L)

16 ± 0.9a 30 ± 2.1b 17.6 ± 0.8a 18.2 ± 0.3a 16.8 ± 0.9a 33.3 ± 0.4b 18 ± 0.7a 19 ± 0.3a

Immunological parameters
IL-1 (pg/mL) 12.1 ± 0.5a 21 ± 0.4b 13.4 ± 0.6a 16.4 ± 0.8c 12.1 ± 0.3a 18.4 ± 0.2b 12.5 ± 0.2a 14.3 ± 0.7a

IL-6 (pg/mL) 56.1 ± 1.2a 67 ± 0.5b 57.4 ± 1.1a 61.1 ± 0.7c 56 ± 0.7a 67 ± 0.3b 57 ± 0.5a 60.2 ± 0.8c
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degenerated hepatocytes accompanied with dilation 
and congestion of sinusoids which is clearly observed 
after xylene exposure (Fig.  1a and Table  2). Vacu-
olar degeneration appeared obviously after exposure 
and decreased significantly post-exposure to toluene 
(Fig. 1b and Table 2). Moderate vascular dilatations 
were noticed after exposure to BTX and decreased 
post-exposure. Multifocal cellular hepatic necro-
sis was clearly noticed after BTX exposure and 
decreased post-exposure especially after xylene and 
benzene accompanied with diffuse inflammatory cell 
infiltration (Fig. 1c and Table 2). Diffuse perivascular 
aggregations of melanomacrophages were recorded 
after BTX exposure and decreased obviously post-
exposure. It was clear that congestion of hepato-
pancreas was noticed after benzene exposure but 
decreased and disappeared completely post-exposure 
to benzene and toluene. Heavy perivascular inflam-
matory cell infiltrations were observed with moderate 
necrotic changes of hepatocytes that decreased post-
exposure (Fig. 1d and Table 2). Also, thrombus was 
observed clearly after recovery period to BTX espe-
cially benzene (Fig. 1e and Table 2).

3.5  Histopathological Changes of Kidney

Kidney tissues of the catfish exposed to concentra-
tions of benzene, toluene, and xylene displayed dila-
tation of Bowman’s space with severe atrophy of glo-
merular tuft especially after xylene exposure (Fig. 2a 
and Table 3). These lesions appeared to a mild degree 
or disappeared completely after recovery period to 
BTX. Diffuse dilatation of tubular lumen with hyaline 
cast and vacuolar degeneration of tubular epithelium 
were clearly observed after exposure to BTX and 
focally post-exposure (Fig. 2b and Table 3). Tubular 
epithelium was necrosed and separated from its base-
ment membrane after BTX exposure with moderate 
inflammatory cell infiltrations (Fig. 2c and Table 3). 
Diffuse necrosis of hemobiotic tissue with mela-
nomacrophage aggregation appeared obviously after 
exposure and decreased significantly post-exposure 
to toluene and xylene (Fig.  2d and Table  3). Focal 
perivascular inflammatory cellular reaction was 
observed. Severe degeneration of blood vessels wall 
with perivascular hemorrhages was clearly noticed 
after BTX and post-exposure to benzene only (Fig. 2e 
and Table 3). Also, thrombus was observed obviously 
post-exposure to benzene only (Fig. 2f and Table 3).

3.6  Histopathological Changes of Spleen

Our results clearly showed mild congestion of red 
pulp of spleen that was observed after exposure to 
benzene, toluene, and xylene, but increased post-
exposure to BTX (Fig.  3a). There is severe deple-
tion of lymphocytes or necrosis in white pulp after 
exposure to xylene and post-exposure to benzene, 
and in mild degree after exposure and post-expo-
sure to toluene (Fig.  3b and Table  4). Our observa-
tion also includes marked activation of melanomac-
rophage centers of spleen observed in a high degree 
after exposure to BTX and after recovery; high den-
sity of hemosedrine pigment was clearly observed 
after recovery of xylene. Blood vessels of spleen 
were congested clearly in all groups with inflamma-
tory cell infiltration especially in case of benzene 
exposure (Fig. 3c and Table 4). Congestion of blood 
vessels with thickening of its wall due to hypertro-
phy of tunica media observed obviously post-expo-
sure to benzene and xylene (Fig.  3d and Table  4). 
Also, degeneration of blood vessel wall was clearly 
observed after toluene and xylene (Fig.  3e and 
Table 4). Thrombosis appeared obviously after recov-
ery of benzene, but in mild degree after recovery of 
xylene (Fig. 3f and Table 4).

4  Discussion

Water pollution is the most serious problem facing 
the community of the ecosystem (Inyinbor Adeju-
moke et  al., 2018). There are three monocyclic aro-
matic hydrocarbons in the world: benzene, toluene, 
and xylene. They are used in household and industrial 
applications in both their individual and mixed forms. 
Cortisol levels significantly rose in the benzene group 
only compared to the control group during the expo-
sure period. Our results are in line with those of 
Alkindi et al. (1996), who reported that Pleuronectes 
flesus exposed to a water-soluble portion of crude 
oil had a significantly higher plasma cortisol level. 
Accordingly, Stephens et al. (1997) found that turbot 
larvae exposed to the water-soluble fraction (WSF) of 
crude oil had considerably higher whole-body corti-
sol concentration. Also, our cortisol findings are con-
sistent with research by Simonato et  al. (2013) that 
discovered neotropical freshwater fish (Prochilodus 
lineatus) exposed to WSFG for 96 h had significantly 
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higher plasma cortisol levels. Likewise, Reddam 
et  al. (2017) found a significant increase in cortisol 
level in response to exposing Gulf toadfish (Opsanus 

beta) to PAHs. Those results were inconsistent with 
certain earlier results such as the investigation on 
turbot where Stephens et  al. (2000) discovered no 

Fig. 1  Photomicrograph of catfish liver (H&E) staining after 
exposure and recovery periods of (BTX) showing a aggrega-
tion of melanomacrophages (MMc) and congestion of sinu-
soids (arrow). b Vacuolar degeneration of hepatocytes (VD). 

c Necrotic area with inflammatory cell infiltration (NA). d 
Perivascular inflammatory cell infiltration (arrow) and necrotic 
changes of hepatocytes (NC). e Thrombus formation inside 
central vein (star)
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appreciable rise in the fish’s total body cortisol after 
6 weeks of chronic exposure to 100,000 and 10,000 
diluted produced waters (PW). Also, after 6 days of 
exposure to gasoline water-soluble fraction (GWSF) 
and diesel oil water-soluble fraction (DWSF), plasma 
cortisol levels in European eels (Anguilla anguilla L.) 
considerably decreased (Pacheco & Santos, 2001). 
Intermittent exposure of juvenile Atlantic cod to 
100 ppm and 200 ppm PW did not negatively affect 
their development or cause stress, according to Pérez-
Casanova et  al. (2010). It has been proposed in the 
past that persistent exposure to pollutants may cause 
the ACTH receptors to become desensitized or down-
regulated, which would inhibit the cortisol response 
to a specific stressor (Gesto et  al., 2008). Addition-
ally, it has been hypothesized that corticosteroid elim-
ination under prolonged stress may rise with exposure 
time (Barton et al., 1986).

In both the exposure and depuration periods, the 
level of acetyl cholinesterase substantially reduced 
in the benzene group only compared to the control 
group. Additionally, Akaishi et al. (2004) found that 
the WSF of crude oil decreased the AChE activity 
utilizing Astyanax altiparanae. The metals in fuel 
oil and other petrochemical combinations may be a 
factor in these products’ anticholinesterasic effects 
according to Vieira et al. (2008). Additionally, Este-
ban-Sánchez et  al. (2021) found that both brief and 
prolonged exposures to chemically dispersed crude 
oil resulted in a considerable AChE inhibition. On 
the other hand, Anwar (2021) discovered that expos-
ing fish to WSF of crude oil considerably enhanced 
the level of acetylcholinesterase (AChE), which is in 
contradiction to the results of our study. Additionally, 

WSFG 1.5% had no effect on A. altiparanae brain or 
muscle AChE activity (Bettim et al., 2016).

Glutathione-S-transferase (GST) activity did 
not differ between experimental and control groups 
throughout the exposure and depuration periods in 
this study. Similar outcomes were discovered by Sun 
et al. (2006) for Carassius auratus after exposure to 
phenantrene (0.05 mg  L−1) and a depuration period. 
Compared to controls, crude oil, benzene, toluene, 
and xylene dramatically reduced GST activity in the 
gills and livers of fish (Clarias gariepinus) (Otitoloju 
& Olagoke, 2011). Delunardo et al. (2015) found that 
fish (Hippocampus reidi) exposed for 96 h to various 
crude oil concentrations had lower glutathione-S-
transferase levels. Conversion of PAHs in crude oil 
has been problematic due to an inability to effectively 
conjugate them via the glutathione pathway or alter-
nate pathways, such as UDP-GT and sulfotransferase, 
which indicated by the inhibition of GST activity 
(Silva et al., 2013). As reduced glutathione, or GSH 
which can conjugate electrophilic intermediates with 
substrates under GST’s catalytic activity, another rea-
son for our results is that PAH chemicals hindered 
this enzyme (Habig et  al., 1974). During the decay 
of contamination (DC) group, hepatic A. altipara-
nae GST activity decreased below the respective 
controls, whereas the activity reverted back to equal 
to the respective controls in the water-soluble frac-
tion of gasoline (WSFG) 96 h (Bettim et  al., 2016). 
A significant reduction in SOD and TAC activity was 
observed only in the benzene group compared to the 
control group during exposure and depuration. Sim-
ilarly, Yan and Zhou (2011) discovered that at 50.0 
and 100  mg  L−1 toluene and ethylbenzene, SOD 

Table 2  Effect of monocyclic aromatic hydrocarbons (BTX) on liver lesions of catfish (Clarias gariepinus)

 (-), absent; ( +), minimal; (+ +), moderate; (+ + +), severe; a maximum score (+ +  + +)

Liver lesions Benzene Post-exposure 
to benzene

Toluene Post-exposure 
to toluene

Xylene Post-
exposure to 
xylene

Hepatic cord disarray  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 
Vacuolar degeneration of hepatocytes - -  +  +  +  +  +  +  +  +  +  +  + 
Congestion of sinusoids  +  +  +  +  +  +  +  +  +  +  +  +  +  + 
Necrosis of hepatocytes  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 
Inflammatory cell infiltration  +  +  +  +  +  +  +  +  +  +  +  + 
Melanomacrophage aggregation  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 
Congestion of hepatopancreas  +  + - -  + - -
Thrombosis  +  +  +  +  +  +  +  +  +  +  + 
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activity reduced in comparison to that in the control. 
It shows that greater levels of toluene and ethylben-
zene caused more  O2 to be created, resulting in oxi-
dative stress, and that too much  O2 might cause the 

SOD to become inactive. Also, with the exception of 
50.0 mg  L−1, all doses of SOD in Hydrilla verticillata 
reduced its activity. One rationale was that xylene, as 
opposed to toluene and ethylbenzene, induced more 

Fig. 2  Photomicrograph of catfish kidney (H&E) staining 
after exposure and recovery periods of (BTX) showing a and 
b dilatation of Bowman’s space with atrophy of glomerular tuft 
(GA). c Necrosis of tubular epithelium (circle). d Multifocal 
area of hemobiotic tissue necrosis (HN), melanomacrophages 

(MMC), and mononuclear cell infiltrations (arrow). e Throm-
bus (star) and perivascular hemorrhage (H). f Thrombus (star) 
in blood vessels and necrosis of tubular epithelium (arrow) 
with aggregation of melanomacrophages (MMc)
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severe oxidative damage to SOD. To protect against 
oxidative damage in such a situation,  O2 may be low-
ered by alternative antioxidant defense mechanisms, 
such as nonenzymatic antioxidants such ascorbate 
and glutathione (Fatima and Ahmad, 2005). Addi-
tionally, fish exposed to all of the hydrocarbon chemi-
cals studied had decreased SOD activity in their liver 
and gill tissues (Otitoloju & Olagoke, 2011). In con-
trast, SOD increased in Cyprinus carpio and Hypho-
thalmichtys molitrix exposed to oil fraction (Deér 
et  al., 2010). Anwar (2021) stated that there was no 
induction of the biotransformation enzymes, and it is 
likely that this ROS creation was not the consequence 
of metabolic processes.

As soon as 0.05 mg  L−1 of WSF of diesel oil was 
added to C. auratus, the SOD activity increased after 
4  days, then progressively declined, and the activity 
was comparable with that of the control group after 
15 days. It was only after depuration that the enzyme 
activity recovered. The kidney demonstrated greater 
SOD activity in the WSFG 96 h and DC groups com-
pared to the corresponding control groups, supporting 
the idea that the WSFG 1.5% causes the generation of 
ROS (Zhang et al., 2004). Additionally, during depura-
tion intervals, SOD activity restored to normal levels. 
Similar to this, the production of ROS by WSFG 5% 
boosted the activity of antioxidant enzymes in P. lin-
eatus, and greater SOD activity was also seen for cells 
exposed to other WSF (Nogueira et al., 2011; Zhang 
et  al., 2004). According to Neuparth et  al. (2014), a 
significant rise in LPO levels was discovered in male’s 
Gammarus locusta exposed to greater p-xylene con-
centrations, indicating the production of ROS.

This outcome is consistent with research by 
Achuba and Osakwe (2003) and Avci et  al. (2005), 

which found that fish tissues exposed to petroleum 
hydrocarbons had higher levels of LPO. Furthermore, 
Hatlen et al. (2009) found that after 36 days of expo-
sure to the water-soluble component of crude oil, the 
levels of malondialdehyde (MDA) in the tissue of 
Arctic sea ice (the amphipod Gammarus wilkitzkii) 
considerably rose. Similar research was conducted 
by Kayode et al. (2014), who found that the liver of 
Clarias gariepinus exposed to Nigerian crude oil 
had considerably higher levels of MDA. The Nile 
tilapia (Oreochromis niloticus) liver MDA activities 
were dramatically elevated by exposing fish to suble-
thal amounts of crude oil for 96 h, according to Gad 
(2011), who discovered a similar pattern in our work. 
Similar to this found that goldfish (Carassius auratus) 
exposed to crude oil-contaminated soil had consid-
erably higher MDA and superoxide dismutase SOD 
activity in their liver tissues. Additionally, Wegwu 
and Omeodu (2010) noted that exposure to an aque-
ous extract of Nigerian crude oil dramatically raised 
the MDA in the liver of Clarias gariepinus. The most 
toxic test compound in this study was benzene, which 
was then followed by toluene and xylene.

The level of IL-6 remained high even though 
IL-1β had reverted to the regulated level after the 
depuration phase. Furthermore, juvenile Atlantic 
cod (Gadus morhua L.) exposed to generated water 
showed a considerable up-regulation of interleukins-
1b and 8 (Pérez-Casanova et  al., 2010). Similarly, 
heavy oil exposure elevated the expression of IL-8 in 
juvenile Japanese flounder (Paralichthys olivaceus) 
(Nakayama et al., 2008). This increase in the interleu-
kins was primarily generated by blood monocytes and 
tissue macrophages as a response to tissue damage, 

Table 3  Effect of monocyclic aromatic hydrocarbons (BTX) on kidney lesions of catfish (Clarias gariepinus)

(-), absent; ( +), minimal; (+ +), moderate; (+ + +), severe; a maximum score (+ +  + +)

Kidney lesions Benzene Post-exposure 
to benzene

Toluene Post-exposure 
to toluene

Xylene Post-
exposure to 
xylene

Atrophy of glomerular tuft  +  +  +  +  +  +  +  +  +  +  +  +  + 
Vacuolar degeneration of tubular epithelium  +  +  +  +  +  +  +  +  +  +  +  +  + 
Melanomacrophage aggregation  +  +  +  +  +  +  +  +  +  +  +  +  + 
Necrosis of hematopoietic tissue  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 
Congestion of blood vessel lumen  +  +  +  +  +  +  +  +  +  +  +  +  +  + 
Inflammatory cell infiltration  +  +  +  +  +  + ‑  +  +  +  +  + 
Thrombus  +  +  +  +  + ‑ ‑ ‑ ‑
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Fig. 3  Photomicrograph of catfish spleen (H&E) staining after 
exposure and recovery of (BTX) showing a lymphoid exhaus-
tion of white pulp (LE) with depletion of lymphocytes (arrow) 
and severe congestion of red pulp (RC). b Severe necrosis in 
white pulp (star). c Blood vessels were congested, multiple 
activation of melanomacrophage centers (MMC). d Thicken-

ing of blood vessels wall (double head arrow) with perivas-
cular inflammatory cell infiltration. e Congestion of blood ves-
sels (star) with degeneration of its wall (arrow). f Thrombosis 
(TH), congestion of red pulp (RC), lymphoid necrosis in white 
pulp (LN), and thickening of blood vessels wall (arrow) 
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illness, and other immunological responses (Din-
arello, 1997; Kany et al., 2019).

Histopathology gives helpful information for the 
mechanisms of injuries (Khoshnood et al., 2010). Liver 
is the major detoxification organ which can metabolize 
or accumulate greater concentrations of toxicants in it, 
causing morphological and physiological alterations. 
A particular toxicant’s toxic potential determines how 
severe the damage is (Au, 2004). Kulkarni and Kaware 
(2013) also suggested that during exposure to toxi-
cants, morphological changes in liver tissues through 
rapid metabolism and excretion lead to possible irre-
versible damages, to make animal rids themselves of 
toxic compounds in their liver rapidly. Current liver 
histopathological findings confirm the mentioned fact, 
where catfish exposed to and post-exposed to BTX 
revealed loss of normal cytoarchitectural structure with 
complete degenerated hepatocytes accompanied with 
thickening of central vein and congestion of sinusoids, 
thrombosis, and multifocal hepatic necrosis accompa-
nied with diffuse inflammatory cell infiltration. One of 
the largest lymphoid and immunocompetent organs in 
fish is the head kidney (Zapata et al., 2006). In teleost 
fish, these two organs typically undergo physiologi-
cal and structural changes under environmental stress 
(Xu et  al., 2018). In our study catfish suffered from 
renal dysfunctions which were in the form of cloudy 
swelling and vacuolar degeneration of tubular epithe-
lium, hemopoietic necrosis, thrombus formation, and 
interstitial inflammatory cell infiltration after 15  days 
of exposure. Our observation includes severe lympho-
cytic necrosis and marked activation of melanomac-
rophage centers of spleen observed in a high degree 
after exposure and post-exposure to BTX. Kaewamata-
wong et al. (2013) reported similar alterations in kid-
ney, spleen, and liver after exposure of O. niloticus to 

mercury. Our observed results are closely related to the 
results of Ayanda et al. (2015) that examine the effect 
of glyphosate and paraquat, on liver of Clarias gariepi-
nus juveniles for 8 weeks and of Meydan et al. (2019) 
who observed that after 15 days of toluene injection in 
albino rats there were sinusoid dilation, hemorrhage, 
vacuolization, and necrosis. Clearly, toluene exhib-
its hepatotoxic effects. Evidence of liver damage was 
reported by Persis and Kalaiarasi (2001) in freshwater 
catfish exposed to an organophosphate pesticide which 
is closely related to our observed results. Elias et  al. 
(2018) reported the effects of CITRON®, 50EC on 
the African catfish (Clarias gariepinus) for 3, 9, and 
15 days that showed vacuolar degeneration, necrobiotic 
changes in hepatocytes, dissociated hepatocytes, and 
few melanomacrophage cell infiltration in the portal 
area, which were similar to our results. Also, like our 
results, Li et  al. (2015) cleared structural and func-
tional impairment of various organs after exposure to 
toluene and renal dysfunction in workers exposed to 
a mixture of toluene and xylene (Akgül et al., 2011). 
Roy and Bhattacharya (2006) also reported similar 
results in arsenic-intoxicated fish. Translocation of 
toluene metabolites from the liver to the kidney via 
general circulation produces kidney injury. Ortiz et al. 
(2003) showed tubular necrosis and vacuolization of 
renal tubular epithelium of fishes exposed to linden. 
Kronevi et al. (1979) showed that epicutaneous admin-
istration of toluene in guinea pigs caused histopatho-
logical damage in kidney. Wei et  al. (2021) reported 
pathological damage to the mouse bone marrow, thy-
mus, and spleen after exposure to benzene. As a result 
of these studies, benzene was shown to have signifi-
cant immune-toxic properties that caused direct dam-
age to immune organs and suppressed their functions 
physiologically. Ahmad et  al. (2003) described high 

Table 4  Effect of monocyclic aromatic hydrocarbons (BTX) on spleen lesions of catfish (Clarias gariepinus)

 (-), absent; ( +), minimal; (+ +), moderate; (+ + +), severe; a maximum score (+ +  + +)

Spleen lesions Benzene Post-exposure 
to benzene

Toluene Post-exposure 
to toluene

Xylene Post-exposure to xylene

Congestion of red pulp  +  +  +  +  +  +  +  +  +  +  +  +  +  + 
Melanomacrophage aggregation  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 
Thrombosis in blood vessels of spleen -  +  + - -  +  + 
Depletion of lymphocytes  +  +  +  +  +  +  +  +  +  +  + 
Congestion of blood vessels  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  +  + 
Hypertrophy of tunica media -  +  +  +  +  + -  +  +  +  +  +  +  +  +  + 
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levels of hepatic vacuolation as a sign of degeneration 
which indicates metabolic damage. Underwood (1992) 
reported that hydropic degeneration characterized by 
cell swelling after hypoxia, chemical poisoning, and 
contaminated water exposure. Uy et al. (2017) reported 
that intimal thickening and medial hypertrophy of 
splenic blood vessels formed as a result of Splenic Vein 
Aneurysm (SVA) that leads to elevated portal pressure 
and subsequent fibrosis and aneurysm formation (Ma 
et  al., 2012; Torres et  al., 1999), whereas thrombosis 
occurs after compression of the vessel (Shimoda et al., 
2003; Tolgonay et al., 1998).

Cytologically, melanomacrophage centers 
(MMCs) are so commonly increased at sites of tissue 
injury (Agius, 1985; Stoskopf, 1993). Diffuse activa-
tion of melanomacrophage centers appeared deep in 
color and increased in its number after exposure to 
BTX and turned to bale coloration and its number 
decreased obviously post-exposure to BTX. MMCs 
were most abundant in spleen and kidney, and less 
common in liver tissue; hepatic MMCs were closely 
embedded in the wall of blood vessels or in necrotic 
areas. These results are in agreement with the results 
of others (Dang et al., 2019; Sayed & Younes, 2017; 
Sayed et al., 2019; Suresh, 2009).

Increasing MMCs were linked to histopatho-
logical alterations, suggesting that oxidative stress 
causes lymphocytes to aggregate, which indicates 
an immune response (Kranz, 1989). Researchers 
recorded similar findings in other studies, which were 
in agreement with the findings of the present study 
(Agius, 1985; Stoskopf, 1993). Wolke et  al. (1985) 
observed that increases in the numbers and size of 
MMCs are cleared after environmental pollution or 
environmental stress (Micale & Perdichizzi, 1990).

This outcome is consistent with Irwing (1971) 
research, which claimed that benzene’s water-soluble 
component was more harmful than other monocyclic 
aromatic chemicals. Additionally, when tested against 
C. gariepinus, benzene was discovered to be the 
least dangerous test substance, followed by toluene, 
xylene, and crude oil (Otitoloju & Olagoke, 2011).

5  Conclusion

The monocyclic aromatic chemicals (BTX) were 
more hazardous to fish than crude oil. The toxicity 

level was as benzene > xylene > toluene even though 
after recovery period. Benzene is more stable and has 
a longer lifespan than toluene and xylene; it is more 
easily accessible to the exposed animals compared to 
the more volatile portions. The recovery period made 
an improvement in most of the oxidative and immu-
nological biomarkers but still not as control.
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