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Abstract

The river ecosystem serves as ultimate sink for myriads of xenobiotic all over the world with deleterious
effects on the living biota within it. Histopathological alterations in kidney and liver of the catfish Clarias
gariepinus (Burchell, 1822) were studied in River Galma, Zaria Nigeria. Twenty-five samples of Clarias
gariepinus were exposed to the river ecosystem at the peak of rainfall in August, 2015 for 14 days at five
stations along River Galma, using the cage system. Fish samples and controls from each station were
subsequently harvested and transported to the laboratory for histopathological examination of liver and
kidney. Results from photomicrographs of tissues from different stations revealed varying histopathologi-
cal alterations which ranged from vacuolation, constrictions, necrosis and aggregations of cells to conges-
tion of the blood vessels. These results indicated that River Galma is witnessing pollution. This calls for

ameliorative measures by relevant authorities so as to protect aquatic life as well as the public from the

toxic effects of aquatic environmental pollution.
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Introduction

The aquatic environment is confronted with the problems
of pollution chiefly orchestrated through anthropogenic
activities in and around water bodies. Municipal discharges,
agricultural run-offs and industrial discharges are amongst the
major sources of pollutants to the aquatic ecosystems. These
varied discharges are gotten from both point and non-point
sources which are either discharged directly or indirectly into
water or ultimately through run-offs and seepages [25,29].
Organisms in aquatic environments are usually exposed to
a complex mixture of chemicals including parent compound
and their transformation products causing multiple damages
at the organisms, population and ecosystem level, in organ
function, reproductive stages and biological diversity [10,33].
River Galma receives variable levels of pollution from different
anthropogenic activities along its banks [3]. Thus, in the last 50
years, environmental conditions have changed at an unprec-

edented rate, impacting heavily on ecological processes [6].
Trace metals form the focal point of ecotoxicological studies.
While some of these metals are essential in the biological activ-
ity of living organisms others are not but essential metals may
be toxic for the biological activities of organisms above certain
concentrations [16]. Heavy metals including both essential and
non-essential elements have a particular significance in eco-
toxicology, since they are highly persistent and have potential
to be toxic to living organisms [17,30]. Heavy metals can be
taken up into fish [18] either from ingestion of contaminated
food via the alimentary tract or through the gills and skin [28].
Various other organs and tissues of fish have been implicated
in the bio-accumulation of heavy metals. Some of these organs
and tissues that have been investigated include liver and kid-
ney [12,19], muscle, bile, heart, gills [13]. High anthropogenic
activities due to increase in human population have imposed
various threats to aquatic biota with reference to heavy metals
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and their bioaccumulation potentials [18]. River Galma, being
an urban river, has various types of anthropogenic activities
along its banks. UNICEF/WHO (2012) observed that close to
a billion people most living in the developing world do not
have access to safe and adequate water. Most water sources
in developing countries are polluted by both organic and
chemical pollutants which include heavy elements [11,18].
Herbicides may enter into the aquatic environment by direct
application to attack a particular pest or indirectly through
atmospheric precipitation and surface run-off [34].

Eco-toxicological studies may also incorporate physico-
chemical parameters of the river which tell much about its
quality and suitability for both humans and survival of the
living biota because maximum productivity of aquatic biota
depends on optimum level of physicochemical parameters
[23]. The aquatic environment provides a sink for many envi-
ronmental contaminants some of which have the potential
to cause oxidative stress in aquatic organisms [1]. The ef-
fects of pollutants can also be seen in the histopathological
alterations of the organs of fish in the polluted environment.
This is because metals bio-accumulate in kidneys and other
organs of fish, damaging filtering mechanisms and affect-
ing structure and ultra-structure [12,13] depending on the
exposure time and dose [5]. Histopathological lesions provide
a reliable, easily quantifiable index of low-level toxic stress
to a broad range of environmental pollutants. Histopatho-
logical biomarkers can be used as indicators for the effects
of various anthropogenic pollutants on organisms and are
a reflection of the overall health of the entire population in
the ecosystem [14]. The severity of damage depends on the
toxic potentiality of a particular toxicant accumulated in the
tissue. Therefore, exposure to polluted water may adversely
affect various organs in fish which ultimately could lead to
overall toxic impact on organs like gill and liver [12,13,21].

Fish are particularly vulnerable to heavy metal pollution
because they cannot escape from the detrimental effects of
aquatic pollutants [24]. High concentration level of metal is
not a necessity to produce toxic effect in the fish's body [7].
This is because heavy metal accumulation could occur in
animal body tissues gradually and, overtime, can reach toxic
concentration levels, much beyond permissible limits [18,31].
Fish, in comparison to invertebrates, are more sensitive to
many toxicants and are a convenient test subject for indica-
tion of ecosystem health [35]. Fish accumulate pollutants
preferentially in their fatty tissues like liver and the effects
become apparent when concentrations in such tissues at-
tain a threshold level [20]. This paper was aimed at studying
the histopathological alterations in kidney and liver of the
catfish Clarias gariepinus exposed in River Galma polluted
ecosystem in Zaria, Nigeria.

Materials and methods
Study Area
River Galma is one of the main tributaries of River Kaduna. It

has its headwaters near the north western edge of the Jos
Plateau and falls near the Magami village into Kaduna plains.
The main tributaries of River Galma are Shika River in the
middle course and the Rivers Kinkiba and Likarbu in its lower
course. The Galma reservoir which is popularly called Zaria
dam was constructed across the Galma River in 1975. The
major land use in the catchment areas is farming and animal
rearing. There are also some industrial and municipal activi-
ties (in the surrounding towns and villages such as Chikaji,
Dakace and Sabon Gari areas) that produce wastes which
ultimately get to the river on the long-run through run-offs
and seepages. The few industries are located in Chikaji and
Dakace. The sampling areas are all located in the Sabon Gari
Local Government Area of Kaduna State (Figure 1).
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Figure 1. Map of Zaria showing Sample Stations. Modified from
\ the Administrative Map of Zaria.
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Collection and Acclimatization of Clarias gariepinus
Fishes of 20-459 size range were bought from commercial
farmers and acclimatized in the laboratory for a period of
two weeks before they were deployed to the river.

Cage Construction
Five cages were constructed manually according to [26] for
exposure of fish at stations along the river.

Setting-up of the Cage for the Bioassay of Clarias garie-
pinus in River Galma

Five (5) stations were selected along the river on the basis
of security and accessibility. Station 1 was located at Shika
Reservoir (Zaria Dam). Shika reservoir was used as refer-
ence station because it serves as the upper course of the
river and relatively located far from the industrial areas and
the municipal waste load was also relatively low compared
with other stations. Station 2 was located at Kakeyi village
at about 2,000 meters away from Shika dam. This station
receives municipal wastes and effluents and agricultural run-
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offs from the neighbouring villages and town such as Farin
Kasa, Sabon Gari and Kakeyi village. Station 3 and Station
4 were located around FCE, Congo (at about 1,500 meters
from Kakeyi site. Station 3 which receives municipal wastes
and effluents, agricultural run-offs from some parts of Sabon
Gari, Chikaji, Kakeyi and Farin Kasa villages about 500 meters
from Station 4 which receives municipal wastes and effluents,
agricultural run-offs from various parts of the town including
Tudun Wada, PZ, Congo via Kubani stream which drains into
the main at this point stream with waters from Kakeyi. Station
5 was located at Dakace village at about 1000 meters from
Station 4, and receives municipal and agricultural wastes and
effluents from Dakace village and the industries in the area,
as shown in Figure1. Farming and agricultural activities take
place through-out the year in the area. Industries in the area
include Sun Seed Company, Zaria Pharmaceutical Company
and FAN Milk depot.

Five cages (one at each station) were set-up in the river
for 14 days in situ bioassay in the month of August, 2015.
Twenty-five samples of Clarias gariepinus (five per station)
were transported to the river in a special mesh using cage
system for each sampling station and then suspended into
the water. The fish were left to fend for themselves within the
natural ecosystem for fourteen (14) days. Their feeding was
supplemented with coppens feed, 2mm once at dawn after
the first 24hours of exposure in the river for the remaining
days of the exposure period. The cages were constantly moved
from location to location on daily basis whenever the waters
receded to the main river course.

Histopathological Examination of Liver and kidneys

sections of fish samples

The fish samples were harvested from each station 14 days

after exposure and kept in a large plastic container and trans-
ported to the laboratory. Each sample was dissected; livers

and kidneys removed. These organs were preserved in 10%

formalin until analysis. The liver was dissected quickly, sliced

into 3mm thick slabs, and immersed in Bouin's fixative for 24

hours; it was dehydrated in successive percentages of alcohol

and then embedded in paraffin wax. Sagittal sections (5u of
thickness) were cut and mounted on glass slides. The sections

was de-paraffinized in Xylene, hydrated in ethanol and stained

with hematoxylin-eosin (HE). The same procedure was used

for the kidneys. The histopathological analyses were carried-
out in the Histopathology Unit of Ahmadu Bello University

Teaching Hospital (ABUTH), Shika. Livers and kidneys from the

fish used as control were also analyzed histopathologically.
Photomicrographs of livers and kidneys of Clarias gariepinus

from the samples were obtained after 14 days in situ bioassay

in River Gama.

Results
Histopathological damages in the kidney and liver of the fish
exposed in River Galma for 14 days varied from station to

station in comparison with the photomicrographs obtained
prior to exposure of the kidney (Plate 1) and liver (Plate 2).

The histopathological alteration observed in Station 1
showed vacoulation and constriction of the tissues of the
kidney. Similar alterations were observed in the liver of the
fish exposed at the same Station but more severe in the
kidney (Plates 3 and 4).

Vacoulation, constriction and aggregation of cells were
also observed in the kidney and liver of the fish exposed
in stations 2 and 3 with greater severity. In addition to this,
necrosis and infilteration of the cells also occurred (Plates 5-8).

The histopathological damages observed in station 4
showed that in addition to other feature highlighted above,

Plate 1. Photomicrograph of Kidney of Clarias
gariepinus prior to exposure at. NV and NT indicate
the normal tissue vacuoles and normal tissue cells

\_ respectively. Y,

Plate 2. Photomicrograph of Liver of Clarias gariepinus
prior to exposure at x400. NV and NT indicate the
normal tissue vacuoles and normal tissue hepatocytes

\_ respectively. J
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Plate 3. Photomicrograph of Kidney of Clarias gariepinus
obtained from Station 1 after 14 days bio-assay in

River Galma at x400. The letters V and C indicate

severe vacoulation of the tissue and, constriction and
\_aggregation of cells respectively. J
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Plate 4. Photomicrograph of Liver of Clarias gariepinus
obtained from Station 1 after 14 days bio-assay in River
Galma at x400. The letter V indicates vacoulation of the
tissue. The letter C indicates constriction, hypertrophy
\_and aggregation of hepatocytes. J

there was congestion of blood vessels in the kidney of the
fish. The severity of the damage was greater than what were
observed in all the other stations in both kidney and liver
of the fish exposed at this station. At station 5 however, the
tissue alterations were minimal (Plates 9-11).

Discussion

Ecotoxicity assessment of River Galma was evident in the
histopathological examination of fish tissues exposed in the
river for a period of 14 days. Previous studies on River Galma

h by ‘:“.h i‘]'.l« - i v Rty Sk o
Plate 5. Photomicrograph of Kidney of Clarias gariepinus
obtained from Station 2 after 14 days bio-assay in River
Galma at x 400. The letter V indicates severe vacoulation
of the tissue. The letter C indicates constriction,
hypertrophy and aggregation of cells. (A) stands for

\_ necrosis and infilteration of the cells. J

Plate 6. Photomicrograph of Liver of Clarias gariepinus
obtained from Station 2 after 14 days bio-assay in River
Galma at x 400. The letter V indicates severe vacoulation
and necrosis of the tissue. The letter C indicates constric-
\_ tion, hypertrophy and aggregation of hepatocytes. Y

are indicative of the fact that the river is polluted [3,25-27].
The results obtained from this research have demonstrated
remarkable variations in alterations of the liver and kidney
of Clarias gariepinus in situ bio-assay in River Galma from
station to station along the stretch of the river. Polluted
aquatic environment has myriads of sources through which
pollutants enter the aquatic medium [9]. This is why a sus-
tained monitoring of the aquatic environment is necessary
because exposure to polluted water may adversely affect
various organs in fish which ultimately could lead to overall
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Plate 7. Photomicrograph of Kidney of Clarias gariepinus
obtained from Station 3 after 14 days bio-assay in River
Galma at X 400.The letter V indicates severe shattering,
vacoulation and necrosis of the tissue. The letter C indi-
Kcates constriction, hypertrophy and aggregation of cells. )

Plate 8. Photomicrograph of Liver of Clarias gariepinus
obtained from Station 3 after 14 days bio-assay in River
Galma at x 400. The letter V indicates vacoulation of the
tissue. The letter C indicates constriction and aggregation

KOf hepatocytes. J

toxic impact on organs like gill and liver [12,13,21]. This is why
it is important to examine the toxic effects of metals on fish
since they constitute an important link in food chain [17,18]
and causes imbalances in aquatic system [8].

Every station of the sampling points displayed alterations
of the tissues of the fish. These alterations in comparison
with the control (samples prior to exposure) ranged from
constriction, aggregation and vacuolation of the cells of the

Plate 9. Photomicrograh of Kidney of Clarias gariepinus
obtained from Station 4 after 14 days bio-assay in River
Galma at x 400. The letter V indicates severe shattering
and vacoulation of the tissue. The letter C indicates
\_constriction, hypertrophy and aggregation of cells. J

Plate 10. Photomicrograph of Liver of Clarias gariepinus

obtained from Station 4 after 14 days bio-assay in River

Galma at x 400. The letter V indicates vacoulation of the
\_tissue. (C) Indicates constriction and aggregation of cells. /

kidneys of the fish exposed in Stations 1 and 2. Hypertrophy
of the cells was evident at x400 magnification (Plates 3 and 5).
Similar alterations in the liver were also observed but more
severe in the kidney than in the liver of the fish (Plates 4 and 6)
exposed at these two stations where the river is not severely
impacted by anthropogenic activities of the surrounding com-
munities. However, Station 2 is where the direct discharge of
wastes from neighbouring Sabon-Gari town was beginning

5
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Plate 11. Photomicrograph of Kidney of Clarias

gariepinus obtained from Station 5 after 14 days bio-

assay in River Galma at 400. The letter V indicates

severe shattering and vacoulation of the tissue. The

letter C indicates severe constriction, hypertrophy and
\_aggregation of cells.

/

to have impact on the river ecosystem. That kidney, being
the primary organ of detoxification was actively engaged in
dealing with the xenobiotic from various sources was evident
in the alterations of the architecture of kidney tissue (Plate 5).
These findings agree with [5,19] that metals which accumulate
in kidneys damage filtering mechanisms and affect structure
and ultra-structure. This result is also in conformity with the
work of [22] that tissue histopathology, oxidative damage to
biomolecules and modulation of antioxidant enzyme activity
in carp and plant tissues exposed to River llova is the result
of synergistic toxic effects of micro--pollutants present in
the surface water.

The severity of alteration coupled with constriction, vacu-
olation, aggregation, hypertrophy, and necrosis of the tissues
were more evident in Station 3, probably because it receives
municipal wastes, effluents and agricultural run-offs from
some parts of Sabon Gari, Chikaji, Kakeyi and Farin Kasa vil-
lages. Again, the architecture of the kidney was more severely
damaged than that of the liver (Plate 7). These findings are
similar to those of [15] on advancing hepatic necrosis in the
liver of Clarias gariepinus exposed to 2, 4-D amine; and to
histopathological changes in Liver of Clarias gariepinus Fish
exposed to sub-lethal concentrations of Lead Nitrate and
Crude Oil by [13].

Station 4, in addition to the usual alterations observed in
other stations, had congestion of blood vessels in the kid-
ney, with total destruction of the architecture of the tissues
at x400 magnification (Plate 9). The peculiar nature of this
Station 4 which receives municipal wastes, effluents and
agricultural run-offs from various parts of Tudun Wada, PZ,
and Congo via Kubani stream may have accounted for the

total destruction of the architecture of the tissues. Other
workers [4,13,19] reported major histopathological changes
in liver which included loss of cellular architecture, necrosis in
hepatocytes and accumulation of fat in parenchymal cells as
well as congestion of blood vessels as obtained in this Station
4. [2] also demonstrated slightly similar results in mosquito
fish's (Gambusia affinis) kidney and liver.

The tissue sections from Station 5 also displayed histo-
pathological alterations, mainly vacuolation, constriction and
aggregation of cells and hypertrophy (Plate 11). The river may
have started self-purification at this down-stream section of
the river course. These results lend support that histopatho-
logical biomarkers can be used as indicators for the effects
of various anthropogenic pollutants on organisms and are
a reflection of the overall health of the entire population in
the ecosystem [14].

Conclusion

This study has shown varying alterations of the kidneys and
livers of Clarias gariepinus exposed in situ for fourteen days
at 5 Stations along River Galma. The major alterations ranged
from vacuolation, constriction, necrosis, aggregation of the
cells to congestion of the blood vessels. The severity of altera-
tions especially in the kidneys vary from station to station as
an indication that River Galma is experiencing pollution at
different points along the river.

Recommendations

Itis recommended that further studies incorporating the dry
season should be carried out for adequate comparison with
the rainy season effects. Also, the concentrations of heavy
metals and other pollutants should be determined to help
in evidence-base decision by relevant authorities to control
further pollution of River Galma.
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