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Abstract: The pollution of the environment with petroleum products through spills in oil producing countries has
resulted in the widespread distribution of benzene, toluene, ethylbenzene and xylene. The aim of this study was to
identify histopathological alterations in Clarias gariepinus (catfish) that can be used as biological markers for
detection of petroleum hydrocarbon contamination which can be included in monitoring programmes. The
toxicological evaluations of benzene, toluene, ethylbenzene and xylene were carried out against Clarias
gariepinus. The histopathological effects of benzene, toluene, ethylbenzene and xylene (BTEX) on different organs
were investigated in C. gariepinus, Tilapia zillii, and Chrysichthys nigrodigitatus taken from the impacted areas of
the Lagos Lagoon. Toxicological evaluations of the monocyclic aromatic components, benzene, toluene,
ethylbenzene and xylene on Clarias gariepinus showed that ethylbenzene (0.479 ml/l) was the most toxic
compound tested followed by xylene (0.519 ml/l), benzene (0.666 ml/l) and toluene (1.190 ml/l). The results from
the histological study identified necrosis and deformation of the gills, inflammations in the liver, and wrinkling of
the oocyte membrane in the gonads of fish, as good histopathological biomarkers of hydrocarbon related stressors.
The combination of chemical analysis with these identified biomarkers can be used during environmental
monitoring programmes for the protection of aquatic ecosystem.
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1. Introduction
The hydrocarbon pollution of Nigeria’s water bodies especially the Lagos lagoon is a major problem, as many
people depend on these water bodies as a source of generating income through fishing and other recreational activities.
Some researchers have observed high concentrations of hydrocarbons in the Lagos lagoon [1, 2]. Doherty and Otitoloju
[3] reported total hydrocarbon content varying from 2.03 mg/l - 31.38 mg/l and total Benzene, Toluene, Ethylbenzene
and Xylene (BTEX) values as high as 596.98 µg/l in the Lagos lagoon. Monocyclic aromatic hydrocarbons such as
BTEX can cause harm to fauna and flora in the aquatic ecosystem [4]. There has been a decline in fish organisms in the
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Lagos lagoon which is attributed to hydrocarbon pollution as reported by [5]. Reactive oxygen species (ROS) are
produced when fishes are susceptible to hydrocarbon pollution, and these ROS can lead to cellular damage.
Histological indicators can be generated by ROS, and these indicators can be used as biological markers in fishes
exposed to toxicants [6]. It is significant to research on effect of ROS on histology of fishes in order to understand if
fish species are affected by exposure to contaminants. Oxidative stress resulting from pollution has been reported in
different organisms [7].
Various histological changes in aquatic organisms especially fish have been identified and recommended as
biomarkers in environmental monitoring programs to determine the effects of pollution in water bodies. For example,
studies such as the National Oceanic and Atmospheric Administration NOAA's National Status and Trends Program in
the United States have confirmed that there is an association between fish diseases and levels of contaminants in water
bodies [8]. Histological alterations in fish were employed as the measure used to determine exposure to pollutants in
these programs and certain disorders have been confirmed to be reliable biomarkers of effects evolving from the
exposures. For adequate pollution diagnosis and control, there is also the need to identify biological responses or
biomarkers which can serve as early indicators of petroleum hydrocarbon related stress in oil impacted ecosystems in
developing countries. These biomarkers will complement chemical analysis of pollutant levels in environmental media
during monitoring programmes. Though fishes are suitable indicators of contaminants accumulation, in any pollutant
research on aquatic toxicity due to their high sensitivity to environment [9], few researches have been conducted to
identify indicators of toxic responses for fish species exposed to monocyclic aromatic hydrocarbons particularly the
BTEX compounds. Biomarkers are not used in pollution monitoring by regulatory agencies in developing countries
[10]. The implementation of biomarkers of effects in national monitoring programmes in developing countries is
unquestionably an important near-future step. To this end, biomarkers of effects identified in this study will be an
important contribution. These biomarkers can be useful tools for decision makers to improve the impact assessment of
accidental pollution and they can be used to detect impacts when chemicals cannot be measured or are no longer
detectable. The Biomarkers identified in this study have a huge potential for use in monitoring programmes. The aim
of this study was to identify histopathological changes in the gills, gonads and livers of the fishes that can be used as
biological markers of BTEX exposure and to establish the lethal concentration (LC50) of BTEX.

2. Materials and Method
2.1 Collection of Samples
Tilapia zillii (Gervais, 1848) and Chrysichthys nigrodigitatus (Lacapede, 1803) were caught from the Lagos
Lagoon. The fish species were collected with the assistance of fishermen using a fish cast net (31 mm – mesh size)
which was used to form a complete fence. African catfish Clarias gariepinus (Burchell, 1822) were used for the
ecotoxicological bioassay. The catfish were purchased from the Nigerian Institute for Oceanography and Marine
Research (NIOMR). The fish in the farm were of known stock history. The animal stocks are not affected by any form
of pollutants.

2.2 Test Chemicals
Laboratory Reagent of the following chemicals: benzene, toluene, xylene and ethylbenzene were obtained from
Sigma Aldrich. The focus on BTEX in this study is because they form major constituents of petroleum products mostly
released into the Lagos lagoon.

2.3 Acute Toxicity Studies
The fishes collected were of similar sizes. The juveniles (200 to 300 g- body weight) and fingerlings (1.5 to 2.0 g)
were kept in separate square holding tanks in which they were allowed to acclimatize for two weeks. Rectangular glass
tanks (Vol. 4.5 liters; 15 cm ×15 cm ×15 cm) were used as bioassay containers. Twelve active fish of similar sizes were
randomly distributed into bioassay tanks already holding aromatic hydrocarbon (BTEX) and untreated control medium.
Each treatment had 3 replicates and Clarias gariepinus were exposed to the following concentrations:
(a) Benzene: 0.65, 1.0, 1.8, 3.24, 5.83, 10.49 ml/l.
(b) Toluene: 1.0, 1.2, 1.4, 1.6, 1.8, 2.0 ml/l.
(c) Ethylbenzene: 0.2, 0.3, 0.5, 0.65, 0.85, 1.0 ml.
(d) Xylene: 0.1, 0.3, 0.75, 1.0, 1.5, 1.8 ml/l.
The 96 hr LC50 obtained for benzene, toluene, ethylbenzene and xylene were 0.666 ml, 1.190 ml, 0.479 ml, 0.519
ml respectively.
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2.4 Chronic Toxicity Studies
Rectangular glass tanks (58 cm by 39 cm by 37 cm) were used as bioassay containers. The chronic studies were
carried out for a period of 60 days, to determine the sub-lethal (histopathological) effect of BTEX. Sub lethal
concentrations of BTEX compounds were obtained using this formula -LC50 × 1/10th, according to Otitoloju [11].
(a) Benzene against juvenile Clarias gariepinus at: 0.666 ml × 1/10 = 0.066 ml/l
(b) Toluene against juvenile Clarias gariepinus at: 1.190 × 1/10 = 0.119 ml/l
(c) Ethylbenzene against juvenile Clarias gariepinus at: 0.479 ml/l × 1/10 = 0.0479 ml/l
(d) Xylene against juvenile Clarias gariepinus at: 0.519 ml/l × 1/10 = 0.0519 ml/l
The liver, gonad and gills were quickly removed, and preserved for histopathological analysis according to
standard methods.

2.5 Statistical Analysis
The Probit analysis was carried out using SPSS 14.0. Data was analysed with one-way analysis of variance
(ANOVA). Differences at P < 0.05 were considered significant. This was used to compare several treatment means in
appropriately designed experiments. When significant variations were detected, a post hoc test was performed.
Significant differences at P < 0.05 were used to compare treatment means. SPSS 14.0 computer software package and
Excel 2007 was used to analyse data.

3. Results and Discussion
3.1 Acute toxicity of BTEX compounds against Clarias gariepinus
The acute toxicity studies conducted within 96 hours reveal the LC50 values following this order with the most
toxic compound being ethylbenzene: Ethylbenzene (0.479 ml/l) > Xylene (0.519 ml/l) > Benzene (0.666 ml/l) >
Toluene (1.190 ml/l). The least toxic compound tested against C. gariepinus was toluene.

3.2 Chronic toxicity studies
3.2.1 Histopathological studies in gills of Clarias gariepinus
The structure of the control gills shows normal gill arch, gill filament and nucleus. No pathological effects such as
lesion, necrosis, or inflammation were observed in the control animals. The histological alterations after 60 days
exposure to sub-lethal concentrations of 1/10th 96 hr LC50 of benzene, toluene, ethylbenzene and xylene is shown in
Fig. 1. Benzene: distortion and loss of shape, loss of primary and secondary lamellae, fusion of secondary lamellae,
severe pigmentation, severe necrosis, and inclusion bodies were observed. Toluene: fusion, distortion and loss of shape
of secondary lamellae, atrophy of lamellae, severe necrosis, lesion and pigment were noted. Ethylbenzene: Severe
areas of necrosis and pigment were noted with nuclear abnormality, lost shape and fusion of secondary lamellae.
Xylene: Nuclear abnormality, area of inflammation, decreased lamellae length, distortion and loss of shape, fusion of
secondary and primary lamellae, and loss of secondary lamellae were observed. The primary lamellae were also noted
to be curved.

3.2.2 Histopathological studies in livers of Clarias gariepinus
Control: The structure of the liver of Clarias gariepinus consisting of normal cellular pattern, normal central vein,
bile duct, hepatic vein, hepatic artery and hepatocytes (Fig. 2). No changes were observed: No pathological changes
such as lesion, necrosis, pigments, malignancy, inflammation and inclusion bodies were observed in the control
animals, as the hepatic organization was intact.
Histopathological changes in the livers of Clarias gariepinus after exposure to sub-lethal concentration of BTEX
compounds for 60 days is shown in Fig. 2. Benzene: Moderate area of lesions, nuclear abnormality and area of
inflammation, irregular shaped hepatocytes, nuclear vacuolisation, and bile stagnation as brownish- yellow were
observed. Toluene: Severe area of lesion, nuclear abnormality, nuclear degeneration, vacuolization, bile stagnation as
brownish-yellow granules and area of inflammation were observed. Ethylbenzene: Severe area of lesion, necrosis,
pigment, inclusion bodies, irregular shaped nucleus, vacuolization, bile stagnation and area of inflammation were
observed. Xylene: Area of inflammation, vacuolization, spotted structures melano- macrophages and bile stagnation
were observed.
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Fig. 1 - Gill histology of African Catfish (Clarias gariepinus)- Ct: Control shows normal structure of gill arch
(A), filament (C), ceratobrachial bone of the arch (H), and nucleus (S). Exposed catfishes to BTEX (1/10 th 96 hr
LC50) for 60 days a: Benzene, b: Toluene, c: Ethylbenzene, d: Xylene show evidence loss of both primary and
secondary lamellae (S), fused secondary lamellae (F), Severe area of lesion (LE), Necrosis (N), Pigment (O),
Inclusion bodies (P), Deformation of secondary lamellae (LR), Atrophy of lamellae (A), Necrosis (N), Nuclear
abnormality (Q), Decreased length of lamellae (DL) and Curved primary lamellae (C). Connective tissue (T).
Haematoxylin & Eosin stain, x400.
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Fig. 2 - Histology of liver of the African Catfish (Clarias gariepinus). Ct: Control-had normal structural features
including central vein (A), bile duct(C), hepatic vein (D), hepatic artery (E) and hepatocytes. Exposed catfishes
to BTEX (1/10th 96 hr LC50) for 60 days a: Benzene, b: Toluene, c: Ethylbenzene, d: Xylene show evidence of
cellular degeneration CD, Vascular congestion (VC), Inflammatory cells (IF), Fibrous layer (FL), Wrinkling of
oocyte membrane (W), Contraction of Oocyte (C), Vascular degeneration (VD) and contraction of ovum (CO),
Cytoplasmic vacuolation (CV), Lesion (L) and Pigmentation (P). Haematoxylin & Eosin stain, x400.

3.2.3 Histopathological studies in gonads of Clarias gariepinus
Control: Histopathological examination of the gonad of the control and exposed groups of fish is shown in the
photomicrographs. The structure of the normal gonads of female fish Clarias gariepinus consisting of different
developmental stages namely oogonia and primary oocytes (Fig. 3). No changes were observed in the control animals.
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3.3 Hispathological changes in the gonads of Clarias gariepinus exposed to 1/10th 96 hr LC50
high sublethal concentration of BTEX compounds after 60 days
Benzene: Moderate area of lesion and necrosis with wrinkling of oocyte membrane, deformed oocyte, contraction
of oocytes and melano-macrophages, were observed. Toluene: Wrinkling of oocyte membrane, deformed oocyte,
vacuolated oocyte, shrinkage of nucleus and macrophages, were observed. Ethylbenzene: Wrinkling of oocyte,
deformed oocyte, vacuolated oocyte and melano-macrophages, were observed. Xylene: Moderate area of lesion,
necrosis with wrinkling of oocyte membrane, deformed oocyte, contraction of oocyte, shrinkage of nucleus, were noted
(Fig. 3).

Fig. 3 - Histology of the gonad of the African catfish (Clarias gariepinus). Ct: Control showing large number of
Oogonia (OG) and primary Oocytes (PO) with no malignant, no necrosis, no lesion, no pigment and inclusion
bodies seen. Exposed catfishes to BTEX (1/10th 96 hr LC50) for 60 days a: Benzene, b: Toluene, c: Ethylbenzene,
d: Xylene showing evidence of wrinkling of oocyte membrane (W), Deformed oocyte (L), Contraction of oocytes
(C), Macrophages (M), and Shrinkage of nucleus (N). Haematoxylin & Eosin stain, x400.
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3.4 Identified histopathological biomarkers in Chrysichthys nigrodigitatus and Tilapia Zillii
obtained from the wild in different locations of the Lagos lagoon.
The histopathological alterations seen in the gonad of C. nigrodigitatus and T. zillii from different locations of the
Lagos lagoon (Fig. 4). The pathological findings include aggregation of inflammatory cells, vascular congestion,
cellular degeneration and wrinkling of oocyte membrane. Contraction of ovum, cytoplasmic vacuolation, lesion and
pigment were also seen in the gonads. The histopathological alterations noticed in the gills of C. nigrodigitatus and T.
zillii from different locations of the Lagos lagoon (Fig. 5). Cellular degeneration, fusion of secondary lamellae,
pigment, inflammation, loss of secondary lamellae, necrosis, inclusion bodies, cytoplasmic vacuolation were observed
in the gills. Fig. 6 shows the histopathological alterations seen in the liver of C. nigrodigitatus and T. zillii from
different locations of the Lagos lagoon. The pathological changes observed were vascular congestion and degeneration,
cellular degeneration, inflammation.

Fig. 4 - Histology of the gonad of the African catfish (Clarias gariepinus). Ct: Control showing large number of
Oogonia (OG) and primary Oocytes (PO) with no abnormalities. a-d: Gonads of Wild Catfishes from the Lagos
Lagoon showing cellular degeneration CD, Vascular congestion (VC), Inflammatory cells (IF), Fibrous layer
(FL), Wrinkling of oocyte membrane (W), Contraction of Oocyte (C), Vascular degeneration (VD) and
contraction of ovum (CO), Cytoplasmic vacuolation (CV), Lesion (L) and Pigmentation (P). H & E stain, x400.
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Fig. 5 - Gill histology of African Catfish (Clarias gariepinus)- Ct: Control shows normal structure of gill arch
(A), filament (C), ceratobrachial bone of the arch (H), and nucleus (S). a-d: Gills of Wild Catfishes showing
evidence of cellular degeneration (CD), Fusion of secondary lamellae (F), Pigment (P), Inflammation (IF), Loss
of secondary lamellae (S), Necrosis (N), Inclusion bodies (IB) and Cytoplasmic vacuolation (CV). H & E stain,
x400.
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Fig. 6 - Histology of liver of the African Catfish (Clarias gariepinus). Ct: Control-had normal structural features
including central vein (A), bile duct(C), hepatic vein (D), hepatic artery (E) and hepatocytes. a-d: Liver of Wild
Catfishes showing evidence of vascular congestion (VC), Vascular degeneration (VD), Inflammation (IF), Vein
(V), Hepatocytes H, Cellular degeneration (CD), Central vein (CV). H & E stain, x400.
In the laboratory toxicological evaluations, ethylbenzene was found to be the most lethal when tested against C.
gariepinus. This result is similar to the 96 hr LC50 report from the findings of Barron et al., [12], ethylbenzene was the
most toxic chemical to Pimephales promelas, a freshwater fish. On the basis of the characteristics of the different
compounds, the high toxicity of ethylbenzene can be due to their low vapour pressure, 9.5 mm Hg, which resulted in
high concentration in the media (water). Results from ecotoxicology data can be used in the establishment of regulatory
standards for water quality for BTEX compounds in developing countries which will preserve organisms in water
bodies. BTEX compounds are the water-soluble fractions of petroleum products, as a result they are readily available
to aquatic animals.
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Histopathological changes were observed in the organs exposed to the BTEX compounds. Fish gills are very
efficient as indicators of the quality of water in an aquatic environment [13] mainly because of their large surface area
and external position. The report of this study agrees with the findings of López-López, and Sedeño-Díaz [14]. The
outcome of physiological and biochemical changes in an organism can manifest as histological alterations and these
represent reliable biomarkers of exposure to toxicants [15]. The concentration of chemicals and time of exposure
determines the severity of the damage to the gills [16]. Therefore, the histopathological alterations noted in the fish
tissues in this study, are the effect of pollutants at the histological level. Liver histopathology and macrophage
aggregates which have been used by the United States National Marine Fisheries Services, is being proposed by the
WHO-FAO to be included in monitoring programmes in other countries [17, 18]. The changes in the liver observed in
this study such as inflammation, nuclear abnormality, irregular shaped hepatocytes, and increased nuclear vacuolation
have been associated with fish exposed to hydrocarbons [19, 20, 21]. The liver necrosis observed can be a response to
the hydrocarbon. Increased vacuolisation of the hepatocytes as a signal of degenerative process that suggests metabolic
damage, possibly related to exposure to contaminated water [20].
The hepatic tissue in this study was observed to be spotted and dark coloration were observed.
Melanomacrophages are known by their dark pigments and are the spotted structures observed in this study. Melanomacrophages are pigment (melanin) containing cells and are associated with severe inflammatory lesions. In a state of
environmental stress, melano-macrophage centres increase in size and they have been proposed as efficient indicators
for water quality [22]. Similar effects in gonads observed in this study have been noticed by several authors including
[23, 24]. Tyor and Pahwa [25] observed higher incidence of atretic and deformed oocytes in fish collected from river
Yamuna in Delhi region, India. Tilapia guineensis exposed to sublethal concentrations of parateq produced deformed
oocytes [26]. Melanomacrophages were observed in the ovaries of Corbicula fluminea exposed to Polychlorinated
biphenyl suggesting that the melanomacrophages probably serve as the “clean-up crew” which are involved in innate
immunity and usually associated with atretic oocytes [27]. The reproductive success of fish can be threatened following
reduced quality of gametes as a result of pollution. Histological alterations of gonads of fish resulting from
environmental pollutants have been researched to be an effective biomarker tool in environmental monitoring [28].
Similar findings to results from this study on the effects of pollutants on fish have been reported [29, 30]. The
information provided in this study reveals that fish histopathology could be used as biomarkers to provide details on the
effects of hydrocarbons on fish health.

4. Conclusion
This study revealed obvious histological alterations in the gill, liver and gonad of African Catfish (Clarias
gariepinus) after exposure to sub-lethal concentrations of benzene, toluene, ethylbenzene and xylene (BTEX). Our
finding also revealed some histopathological alterations in the gonad, gill and liver of C. nigrodigitatus, T. zillii and C.
gariepinus. The histopathological changes observed in the selected wild fish species, C. nigrodigitatus, T. Zillii and
C.gariepinus confirmed their relevance as useful biomarkers of hydrocarbon.
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