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Abstract
The degree of contamination in aquatic environment is frequently assessed by the effect of
contaminant exposure in associated biota (Yang & Chen, 1996). In heavy metal pollution (e.g.,
lead and cadmium), organs such as the liver have been identified as the storage sites in C.
gariepinus (Gbem et al., 2001). An investigation on the effect of the heavy metal, lead (Pb) on the
liver and brain of the African catfish, Clarias gariepinus was carried out in the laboratory. Clarias
gariepinus was exposed to various sublethal concentrations (0.0, 0.05, 0.1, 0.5 and 1 mg/l) of lead
nitrate over a period of 8 weeks to determine the histological alterations in the liver and brain.
Pathological lesions observed in the liver mainly in the groups (D & E) exposed to higher
concentrations of Pb include moderate diffuse hydropic degeneration and discrete areas of
haemosiderosis at four weeks into the experiment and extensive hydropic degeneration and
necrosis of hepatocytes at eight weeks. Pathological alterations noticed in the brain include focal
areas of perivascular oedema and haemorrhage; focal areas of malacia with diffuse neuronal
degeneration and diffuse areas of microgliosis. The severity of alterations was significantly
(p<0.05) greater in the fishes exposed to higher doses of lead. The results showed that the degree
of alterations noticed in the liver and brain was proportional to the exposure periods and
concentration of Pb.

*Corresponding author’s E-mail: olanikeadeyemo@hotmail.com; olanike.adeyemo@mail.ui.edu.ng

Introduction
Heavy metals are the important source of
pollution for aquatic habitats. In spite of their
natural occurrence in the aquatic ecosystem,
heavy metals represent a major problematic
environmental issue of increasing concern
(Gill et al., 1990; Hunaiti & Soud, 2000) and
their monitoring has received worldwide
significant attention in the field and under
laboratory conditions (Pandey et al., 2003;
Barnhoorn & van Vuren, 2004; Das et al., 2004).
The presence of heavy metals in different kind
of food constitutes serious health hazards,
depending on their relative levels. Lead for

example causes renal failure and liver damage
(Emmerson, 1973). Lead is a common heavy
metal found in the environment and is toxic
to all aquatic biota.

 In Nigeria, a recent study (Adeyemo, 2007)
reported high lead contamination of surface
waters ranging between 0.5–2.35mg l–1 (mean
0.76mg l–1) and 1.15–2.20mg l–1 (mean
1.34mg l–1) during dry and rainy seasons,
respectively. Lead levels in fishponds were
even higher, at 1.09–2.9mg l–1 (mean 1.88mg
l–1). The main sources of lead pollution in
Nigeria, besides petrol, include lead mining
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and smelting, paints, piping, fixtures and
solder, and lead-based batteries. In field
studies, fish can therefore be used as a
monitoring tool for the quality of the aquatic
environment. As an indicator of exposure to
contaminants, histology represents a useful
tool to assess the degree of pollution,
particularly for sub-lethal and chronic effects.
Histopathological studies have also been
conducted to help establish causal
relationships between contaminant exposure
and various biological responses (Devlin,
2006). Furthermore, it is important to monitor
the effect of these metals in a system, in order
to assess the possible impact on human health
either due to direct exposure or indirectly
through the ingestion of contaminated fish
(Kotze et al., 1999). It is therefore of great
significance to evaluate pollution effects on
fish for both environmental protection and
socio-economic reasons (Lin & Hwang, 1998).

Our hypothesis was that fish exposed to lead
levels as reported in Nigeria show liver and
brain alterations and thus can be used as
indicators for environmental lead
contamination. To test our hypothesis we
exposed Clarias gariepinus to different doses
of lead in a laboratory experiment. This fish
species was selected as it occurs in all Nigerian
freshwater habitats where it represents an
important part of catches of local fishermen.
Further, this species is also intensively
cultured by fish farmers in Nigeria.

Materials and methods
Exposure of fish to lead under laboratory
conditions
One hundred and sixty (160) C. gariepinus
weighing between 165.3 and 177.5g (mean

weight, 169.6g) and total length of between
26.5 and 33.5cm, (mean total length of 29.5cm)
were purchased from a fish farm in Ibadan.
The fish specimens were acclimated to
experimental conditions in the fish and wild
life laboratory of the department of Veterinary
Public Health and Preventive Medicine,
University of Ibadan for 14 days after which
the experiment commenced; the mortality
recorded during the acclimation period was
< 10%.

Fish were randomly allotted to five treatment
groups (A-E) whereby each group consisted
of three tanks with ten fish. Fish were kept in
aerated tanks with a volume of 150-liters.
Total water exchange was done every other
day with freshly prepared lead nitrate
introduced into culture water. Stock solution
of lead nitrate {(Pb (N03)2} was prepared by
dissolving “Analar” reagent grade chemical
(Merck BDH, Poole, Dorset, UK) in deionised
water at a concentration of 100mg/l. The
treatment groups were: A = 0.0 mg/l, B = 0.05
mg/l, C = 0.1 mg/l), D = 0.5 mg/l and E = 1 mg/
l. The maximum exposure concentration was
well below the previously determined 96hr
LC50 of 72.09mg/l.

Experimental fish were fed a commercial diet
(Animal care feed, Nigeria) at a rate of 4mg/
kg body weight twice daily during
acclimation and once daily at throughout
experimental period, respectively. The fish
were observed several times daily and dead
fish were promptly removed. Faeces and food
debris were siphoned out every 48 hours. The
experiment was allowed to run for eight
weeks.



Bull. Eur. Ass. Fish Pathol., 28(3) 2008,  107

Collection and processing of fish samples for
histopathology
Samples of livers and brains from 3 fish per
replicate (9 fish per experimental group) were
collected four weeks after beginning of the
experiment and again when the experiment
was terminated after eight weeks. The organs
sampled were immersion-fixed in Bouin’s
fluid (Luna, 1992). Samples were processed
and stained with hematoxylin and eosin

according to standard methods (Humason,
1979). Histopathological effects were
observed under light microscopy using a
camera-mounted microscope to document
findings. The severity of degenerative changes
was assessed semi-quantitatively using a scale
ranging from 0 to 3 (0 = no lesions present, 1 =
mild lesions, 2 = moderate lesions, and 3 =
severe lesions).

Experimental Groups (9 fish per group) Hydropic Degeneration Necrosis Haemosiderosis

A 0.00 0.00 0.00

B 0.8 ± 0.44 * 0.2 ± 0.44 0.00

C 1.6 ± 0.54* 0.36 ± 0.49 0.2 ±0.34

D 1.8 ± 0.44* 0.68 ± 0.64* 0.61 ±0.54*

E 1.9 ± 0.22* 0.76 ± 0.71* 0.80 ±0.75*

*Indicates that values in columns are significant (p=0.05) relative to control (group A).
Table 1. Mean histologic scores for liver lesions at 4 weeks post exposure.
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*Indicates that values are significant (p=0.05) compared to control (group A) at 95% confidence limit.

Figure 1. Comparative Mean (±SD) Liver Lesions Score at 4 and 8 weeks post exposure.
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Statistical methods
The result of the semi-quantitative assessment
was computed and presented as mean ±
standard deviation (SD) using Microsoft
Excel. The significant level (p= 0.05) of
observed alterations in experimental fish
relative to control at 95% confidence limit was
determined using students “t” test.

Results
No Mortality was observed in the control
groups, mortalities were less than 10% in
groups B, C and D while in group E, three
fishes (10%) died during the course of the
experiment; with 2 of the fish being from the
same tank.

No lesions or alterations were observed in the
control fish. In the exposure groups diffuse
hydropic degeneration and discrete areas of
Haemosiderosis were observed after four
weeks of exposure (Figures 2, 3). No
differences could be found between triplicates
while the severity of alterations corresponded
to the exposure dose (Table 1). Significantly
(p= 0.0028) more severe lesions were found
in group E than in group B (Table 1). After
eight weeks of exposure the degree of lesions
in all exposed groups was clearly higher
(Table 2, Figure 1). Alterations consisted of
extensive hydropic degeneration, necrosis of
hepatocytes and foci of periportal
haemosiderosis (Figures 4, 5) in all exposure
groups. Again the severity of lesions was dose
dependent (Table 2).

Histopathological observations in the brain
Pathological lesions induced by exposure lead
for four weeks consisted of focal areas of
perivascular oedema and haemorrhage

Figure 2. Photomicrograph showing moderate
diffuse hydropic degeneration of hepatocytes in
liver of catfish as observed in groups C, D and E
after four weeks (H and E staining, X 400).

Figure 3. Photomicrograph showing discrete areas
of haemosiderosis in catfish from group C, after
four weeks relative to the melano-macrophage
center. Similar lesions were observed in groups D
and E (H and E staining, X 240).

Figure 4. Photomicrograph showing severe and
extensive hydropic degeneration and necrosis of
hepatocytes at eight weeks post exposure as
observed in the test catfish population, B-E (H and
E staining, X 400).
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(Figure 7); focal areas of malacia (Figure 8)
and diffuse areas of microgliosis (Figure 9).
These alterations were limited to fish of
groups D and E exposed to higher
concentrations (0.5mg/l and 1mg/l) of lead
(Table 3, Figure 6). After an exposure period
of 8 weeks lesions were found in fish from all
exposure groups (Table 4, Figure 6). In
addition, on fish in group E exposed to the
highest concentration of lead nitrate (1mg/l)

Experimental Groups (9 fish per group) Hydropic Degeneration Necrosis Haemosiderosis

A 0.00 0.00 0.00

B 2 ± 0.70* 1.2 ± 0.83* 1.3 ±0.44*

C 2.2 ± 0.83* 1.6 ± 0.89* 1.47 ± 0.46*

D 2.7 ± 0.67* 2.3 ± 0.97* 2.6  ± 0.54*

E 2.8 ± 0.44* 2.5 ± 0.70* 2.7 ± 0.45*

*Indicates that values in columns are significant (p=0.05) relative to control (group A).
Table 2. Mean histologic scores for liver lesions at 8 weeks post exposure.

Experimental Groups (9 fish per group) Oedema/haemorrhage Malacia Microgliosis

A 0.00 0.00 0.00

B 0.00 0.00 0.00

C 0.00 0.00 0.00

D 0.4 ± 0.54 0.31 ± 0.67 0.23 ± 0.32

E 0.51 ± 0.73 0.46 ± 0.64 0.34 ± 0.47

*Indicates that values in columns are significant (p=0.05) relative to control (group A).
Table 3. Mean histologic scores for brain lesions after 4 weeks post exposure.

Experimental Groups (9 fish per group) Oedema/haemorrhage Malacia Microgliosis

A 0.00 0.00 0.00

B 1.52 ± 0.5* 0.66 ± 0.42* 0.4 ±0.3*

C 1.73 ± 0.68* 0.82 ± 0.20* 0.43 ± 0.36*

D 2.3 ± 0.83* 2.04 ± 0.32* 0.86 ± 0.21*

E 2.51 ± 0.58* 2.34 ± 0.41* 1.13 ± 0.76*

*Indicates that values in columns are significant (p=0.05) relative to control (group A).
Table 4. Mean histologic scores for brain lesions after 8 weeks post exposure.

Figure 5. Photomicrograph showing foci of
periportal haemosiderosis observed at eight weeks
post exposure in all test population, B-E (H and E
staining, X 160).
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* Indicates that values are significant (p=0.05) compared to control (group A) at 95% confidence limit.
Figure 6. Comparative mean (±SD) brain lesions score at 4 and 8 weeks post exposure.

Figure 7. Photomicrograph of the brain in catfish
showing focal area of perivascular oedema and
haemorrhage induced by exposure to higher
concentration of lead after Four weeks (in D and
E), similar to what was observed in all test groups
(B-E) after eight weeks (H and E staining, X 160).

Figure 8. Photomicrograph of the brain in catfish
showing focal areas of malacia and glial nodules
induced by exposure to higher concentration of lead
after four weeks (D and E). Similar lesions were
observed in all test groups (B-E) after eight weeks
(H and E staining, X 240).

marked locally extensive areas of malacia
with diffuse neuronal degeneration and foci
of glial nodules were present (Figure 10).

Discussion
Histopathological investigations have shown
to be a sensitive tool to detect direct effects of
chemical compounds within target organs of

fish in laboratory experiments (Schwaiger et
al., 1992, 1996). The liver is one of the most
biochemically complex organs in the body
(Stebbing, 1985; Marieb, 1995; Swee et al.,
1996). Fish liver’s microscopic structure is an
integrator of biochemical functions which,
when altered, may produce biomarkers of
prior exposure to toxicants. Alterations in
structure are expected under certain toxic
conditions (Hinton & Laurén, 1990). Studies
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of wild fish populations from polluted
environments have shown a higher
prevalence of hepatic lesions relative to other
organs (Larsson & Haux, 1982; Harshbarger
& Clark, 1990).

Heavy metals (e.g., mercury and cadmium),
pesticides (e.g., dichlorodiphenyl-
trichloroethane), polycyclic aromatic
hydrocarbons and polychlorinated biphenyls
(James et al., 1998; Rishi & Jain, 1998; Viljoen,
1999) have induced hepatic lesions in various
fishes (e.g. brown trout (Salmo trutta); rainbow
trout (Oncorhynchus mykiss); bluegill (Lepomis
macrochirus;  Clarias lazera) following
controlled laboratory exposure (Park & Kim
1984; Lowe-Jinde & Niimi, 1984; Couch &
Harshbarger, 1985). In this study, the
sequential appearance of lesions starting with
hepatic vacuolar degeneration followed by
necrosis indicated a gradual increase in
severity of liver damage with longer duration
of exposure time and increasing lead
concentration (Tables 1 and 2, Figure 1). Gbem
et al. , (2001) concluded that the high
accumulation of lead in the liver observed in

their study is related to the fact that liver plays
a key role in accumulation and detoxification.
Although, according to Friberg et al., 1971,
fishes are known to possess a sequestering
agent (metallothionein), the bioaccumulation
of these trace elements in the liver tissue
reaches a proportion in which there is gradual
degeneration of the liver cells and the function
of the liver is also impeded.

Fish exposed to high levels of lead has been
reported to exhibit neurological degeneration
and destruction (EPA, 1976; Eisler, 1988). Lead
causes encephalopathy by increasing
concentration of zinc in the brain tissue.
(Tandon et al., 2002; Gordon et al., 2003). The
changes observed were dosage dependent
(Tables 3 and 4, Figure 6) and this corresponds
to results reported from gold fish Carassius
auratus (Zhang et al., 2005).

In conclusion, histopathological effects of lead
in the liver and brain were positively related
to the concentration of lead in the culture
water and the duration of exposure.
Histopathology can therefore serve as a useful
biomarker of lead pollution.

Figure 9. Photomicrograph of catfish brain showing
diffuse areas of microgliosis induced by exposure
to higher concentration of lead after four weeks (D
and E). Similar lesions were observed in all test
groups (B-E) after eight weeks (H and E staining, X
160).

Figure 10.  Photomicrograph of brain showing
marked foci of glial nodules with diffuse neuronal
degeneration in catfish from group E, which was
exposed to the highest concentration (1mg/l) of lead
nitrate at eight weeks (H and E staining, X 400).
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