Research Article

ejbps, 2018, Volume 5, Issue 2 88-93.
Allison TA & Paul CW.

SJIF Impact Factor 4.382

Europeanof
Journal
of Biomedical and Pharmaceutical ISSN
Sciences
2349-8870
European Journal
Biomedical
Volume: 5
Issue: 2
AND Pharmaceutical sciences
88-93
Year: 2018

http://www.ejbps.com

HISTOLOGICAL EXAMINATION OF HEPATIC CELLS OF CLARIAS GARIEPINUS:
AN ECOTOXICOLOGICAL EVALUATION OF MGBUOBA FISH POND
Allison, Theodore Athanasius and *Paul, Chikwuogwo wokpeogu
Department of Anatomy, Faculty of Basic Medical Sciences, College of Health Science, University of Port Harcourt,
Nigeria.
*Corresponding Author: Paul, Chikwuogwo wokpeogu
Department of Anatomy, Faculty of Basic Medical Sciences, College of Health Science, University of Port Harcourt, Nigeria.

Article Received on 10/12/2017

Article Revised on 31/12/2017

Article Accepted on 22/01/2018

ABSTRACT
Background: Ecotoxicological assessment the aquatic life has become an urgent need and an integral part of
human survival. As such this study was undertaken to assay the status of the fishes bred and sold for consumption
in commercial fish farms. Materials and Methods: The sampling involved harvesting of table-sized fish: twenty
fishes from MGBUOBA and ten fishes from ARAC. The histological assessment involved the determination of
the qualitative and semi-quantitative analysis of the liver cells of the harvested fishes. Results: The following
results were obtained for Circulatory Disturbance (CD) [ Haemorrhage 22.0% for ARAC, 24.3% for Mgbuoba;
Vacuolation 40.0% ARAC, 34.0% Mgbuoba]; Regressive Change (RC) [ Necrosis 16.0% ARAC, Mgbuoba
3.9%]; Foci of Cellular Alteration (FCA) [Vacuolated Foci 4.0 ARAC, Mgbuoba 27.2%, Necrotic Foci 18.0%
ARAC, Mgbuoba 10.7%]. Average percentage prevalence 20.0% ARAC and 20.02% Mgbuoba. Conclusion:
Assessment of the depth of alterations in the Liver of the fishes indicates that the fishes were exposed to pollutants
and it is speculative that the pollution could have ensued from poor management or inadequate facility.
KEYWORDS: Liver, ARAC, Haemorrhage, Mgbuoba.
INTRODUCTION
Ecotoxicological assessment the aquatic life has become
an urgent need and an integral part of human survival.
The rate of fish consumption and fish farms have hit the
sky in most nations especially Nigeria. The proliferation
of fish farms and the standard practice have become a
concern not all to Nigeria but the African nations at
large.
Poor management practices which include impure water
constituting the fish habitat, dirty surrounding,
incomplete draining of pond due to lack of proper
drainage, inadequate water supply, infrequent inspection
and repairs are major ways of unconsciously exposing
commercial fishes to contaminants. With time, pollution
sets in, leading to changes in the gross anatomy of the
fish, histological changes specifically. These changes
include: hypertrophy, hyperplasia and even degeneration
of the whole cell. This ultimately leads to growth and
sales of unhealthy fishes which pose a subtle but great
threat to consumers.[1-3]
STUDY AREA
Experimental Site (Commercial Pond in Mgbuoba
Community, Port Harcourt, Rivers State, Nigeria).
Mgbuoba is a community located in Obio/Akpor local
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government area of Rivers state. Its geographical
coordinates are 4o 50’ 51” North, 60 58’ 47” East. The
surrounding
communities
are
Ozuoba
and
Rumuokwuta.[3]
The commercial fish pond located in Mgbuoba
community is made of concrete. There are two sections
of the pond, one for fingerlings and the other for mature
fishes of 600grams to 1kilogram. Each pond section has
demarcations made of concrete which divide each
column into two compartments each. Approximately 800
fishes inhabit both sections of the pond per time. [3]
Fishes cultivated in the pond are fed with a product of
Livestock Feeds Plc-Aquamax. The nutrient composition
of this feed includes 40% crude protein, 12% fat, 2.6%
fibre, 1.0% ash, 2.0% calcium, 2.4% lysine, 1.1%
methionine, 12.0% moisture. The antibiotic-Fish Cure is
administered to the fishes suffering from ill health. Signs
like pale white patches on the head or body of the fishes
and shortened barbells indicate ill health.[3]
REFERENCE AREA (ARAC)
The chosen reference centre, African Regional
Aquaculture Centre is situated in Omuihuechi Aluu,
Ikwerre Local Government Area, Rivers State. It covers

88

Allison TA & Paul CW.

European Journal of Biomedical and Pharmaceutical Sciences

an area of 81hectares. The activities done in this centre
comprise research, training and development of
sustainable aquaculture options in sub-Saharan Africa.[3]

boundaries, monitor research outcomes regularly with
the view of studying impacts and providing quality of
technologies developed.[3]

The Aquaculture was established in 1980 as a result of
recommendations of the Aquaculture Planning Regional
Workshop that was held in Accra, Ghana in 1975. ARAC
develops scientific databank, builds partnerships and
linkages across local regional and international

STUDY SPECIES
Kingdom: Animalia, Phylum: Chordata, Class:
Actinopterygii, Order: Siluriformes, Family: Clariidae,
Genus: clarias, Species: Clarias gariepinus

Fig. 1: African Sharptooth Catfish, Clarias gariepinus (Source: Food and Agricultural Organization of the
United Nations).
STUDY SPECIES DESCRIPTION
Clarias gariepinus is a large, eel-like catfish of African
origin. It is a sharptooth catfish with dark gray or black
colouration on the back which seemingly becomes faded
towards the belly, giving a white belly.[4-6]
This specie of catfish reaches a maximum length of 1.7m
and can weigh up to 60kg (130lb).[4-6] They possess
slender bodies, flat bony heads and broad terminal
mouths with four pairs of barbels. They also possess
large accessory breathing organs which comprise
modified gill arches and only the pectoral fins have
spines.[4-6]
Researchers have to a large extent done works on
ecotoxicology and commercial fish ponds which have
been reported by different authors.[3-26]
AIM
The aim of this study was to carry out a qualitative
histological analysis of the Liver of clarias gariepinus
(catfish), the semi-quantitative histological analysis and
the pollution status of the fish pond.
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MATERIALS AND METHODS
PHASES OF STUDY
PHASE 1 (Preliminary study): The experimental site
was visited and enquiries were made on the quantity of
fish in the pond, type and frequency of fish feed used,
treatment administered to fish in poor health condition,
mode and frequency of changing the water content of the
pond. A sample fish was harvested and taken to the
African Regional Aquaculture Center for identification
by a taxonomist.
PHASE 2 (Sampling of Fish)
CONTROL
Control fishes were harvested. This was done by first
collecting some water content of the pond into a plastic
container which would contain the fishes from the
control site to the laboratory. The essence is to maintain
the original aquatic habitat of the fishes. Afterwards, the
remaining water content of the pond was drained and
with the aid of a seine; ten table-sized cat fishes were
harvested, put into the plastic container in which had
exactly the same water content of the pond.
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EXPERIMENTAL
Experimental fishes were harvested following the
standard procedure. Twenty table-sized cat fishes were
harvested from the pond.

were placed in a warm oven for about 15 minutes to help
the section adhere to the slide.

STEP 1 (RESECTION)
This is the surgical excision of an organ or tissue, either
partially or wholly. Using a dissecting kit, the fishes
were sacrificed using pithing method.

STEP 8 (STAINING)
The process was reversed in order to get the paraffin wax
out of the tissue and allow water soluble dyes to
penetrate the sections. Therefore, Routine H&E
(haematoxylin and eosin) was done using the following
procedures:
a. The tissues were dewaxed in xylene 1 and 2.
b. Then hydrated in descending grades of alcohol and
brought to water.
c. They were stained in haematoxylin for 2530minutes, brought to water.
d. Differentiation in 1% alcohol was done thereafter,
rinsed in water immediately.
e. The slides were rinsed in 1% ammonia water, rinsed
in water & stained in eosin for 2mins.
f. The slides were placed in the oven to dry.

STEP 2 (FIXATION)
This was done by immersing the organs in 10% formal
saline (10mls formaldehyde in 90mls of water) after
excision. The formalin solution slowly penetrated the
tissues, caused them to harden and preserved the tissues.
They were left in the fixative for about 24hours to allow
the fixative penetrate into every part of the tissue.

STEP 9 (MOUNTING/COVER SLIPPING)
The stained section on the slide were covered with a thin
piece transparent plastic or glass to protect the tissue
from being scratched, to provide better optical quality for
viewing under the microscope, and to preserve the
processed tissues. Thereafter, the stained tissues on the
slides were covered using a plastic coverslip.

STEP 3 (DEHYDRATION)
The tissue samples were dehydrated to remove their
water content. Alcohol was used as the
dehydrating
agent (50%, 70%, 90%, 95% and absolute alcohol) of
increasing concentrations.

SEMI-QUANTITATIVEHISTOLOGICAL
ASSESSMENT
A qualitative assessment protocol was used to qualify
histopathological alterations observed in the sections of
each of the organs. A qualitative histopathological
assessment was done using CX31 Olympus light
microscope. Tissue sections were scanned on 400x
magnification. Tissue sections were semi-quantitatively
assessed using part of a scoring system[18] modified from
the protocol.[19] In brief, the tissue samples were assessed
by identifying histopathological alteration in terms of
reaction patterns including: circulatory disturbance,
regressive changes, inflammatory responses, neoplasia.

HISTOLOGICAL ANALYSIS
This analysis involved the microscopic study of the liver
tissues gotten from the harvested fishes. The analysis is
thus divided into two: a qualitative and semi-quantitative
assessment.
QUALITATIVE HISTOLOGICAL ASSESSMENT
This involved tissue processing and microscopy. The
steps were as follows:

STEP 4 (CLEARING)
The alcohol used for dehydration of the tissue had to be
cleared off the tissues; therefore xylene was used for the
clearing process. The solvent (xylene) displaced the
alcohol content in the tissue.
STEP 5 (IMPREGNATION)
After clearing, the tissues were transferred into molten
paraffin wax for about 30 minutes. Paraffin wax is the
most common infiltration and embedding medium. A
typical wax is liquid at 60°C and can be infiltrated into
tissues at this temperature then allowed to cool to 20°C
where it solidifies to a consistency that allows sections to
have a uniform cut.
STEP 6 (EMBEDDING)
The tissue samples which had been thoroughly infiltrated
with wax were formed into “tissue blocks” which could
be clamped into a microtome for sectioning. This step
was carried out using an embedding mould which was
filled with molten wax and the specimen placed into it.

Neoplasia, if identified, the alteration was given an
importance factor which represents the potential of the
alteration to affect fish health: 1 (alteration is reversible);
2 (alteration is reversible if the stressor is neutralized); 3
(alteration is irreversible). A score value representing the
occurrence of the alteration throughout the tissue was
also assigned: 0 (absent), 2 (mild), 4 (moderate), and 6
(severe).[18-20] The score value and the importance factor
for the each alteration were multiplied. The liver index
was calculated for each sample group (experimental and
control group) and was compared between the groups.
This index indicates the combined histological response
of the liver for the individual fish.

STEP 7 (SECTIONING)
This was done to the already embedded tissues thereafter
the tissues were sectioned at 3-5 microns and were
picked up on a glass microscopic slide. The glass slides
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RESULTS
LIVER HISTOPATHOLOGY
A variety of histological alterations were identified in the
liver tissue. These alterations included vacuolated

hepatocytes, necrosis, haemorrhage, foci of cellular
alteration (FCA) which includes vacuolated and necrotic
foci. Vacuolated hepatocytes and necrosis were more
prominent in fish specimen from Mgbuoba.

CV

HPG

BD

(A)

S

(B)
(C)
Fig. 2: Showing normal and histopathologic tissue micrograph of the liver. A.) Normal tissue at x 400
magnification, showing Sinusoid (S), Hepatopancreatic Gland (HPG), Bill ducts (BD) and Central Vein (CV). B)
Histopathologic tissues at x 400 magnification showing, Vacuolation (VAC), Intercellular Oedema (IO),
Hyperplasia (HYP), Architectural and Structural Alteration (ASA) and Melano Macrophage Centre (MMC). C)
Histopathologic tissue at 400 X magnification showing Hypertrophy (H), and Melano Macrophage Centres
(MMC).
Table 1: The percentage prevalence of Liver Histopathology.
Prevalence (%)
Alteration
ARAC (n=10) MGBUOBA (n=20)
Circulatory Disturbance (CD)
Haemorrhage
22.0
24.3
Vacuolation
40.0
34.0
Regressive Change (RC)
Necrosis
16.0
3.9
Foci of Cellular Alteration (FCA)
Vacuolated Foci
4.0
27.2
Necrotic Foci
18.0
10.7
AVERAGE % PREVALENCE
20.0
20.02
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DISCUSSION
LIVER HISTOPATHOLOGY
The liver is a detoxification organ and is essential for
both the metabolism and the excretion of toxic
substances in the body. In the current study circulatory
disturbances (vacuolation, necrosis of hepatic tissue and
hemorrhage), regressive changes, and focal cellular
alterations (FCA) were identified. The histological
responses in the liver were vacoulation, necrosis and
increase in FCA. These circulatory disturbances have
also been mentioned in previous works.[2-12]
Comparison of the liver in both experimental and control
groups showed that there is a level of distortion or
alteration of the livers cells in the experimental group
that is slightly higher than in the control. It therefore
means that the habitat of the experimental group is
polluted to a certain level which is seen by the amount of
alteration recorded, though this magnitude of cellular
alteration is not severe or lethal as to constitute nuisance
to health at the moment. But it is worth noting that if
nothing is done about this level of pollution, it might
proliferate and become hazardous to health on
consumption of the fish. Therefore, it is imperative that
adequate and prompt attention be given to this ponds and
aquatic habitats to ensure a health environment for
growing fishes for commercial consumption.
Focal cellular alteration was seen in both experimental
and control fish categories in the study. Vacuolated foci
were more prominent in the experimental group than the
control group (ARAC) which is a clear indication of a
pathological condition in the experimental group which
is a direct result contamination and pollution of the
habitat. Considering necrotic foci, there was a high
occurrence in the ARAC fishes compared to the
experimental which is suggestive of a normal cellular
morphology in an ideal situation. These results are
consistent with the reports of other authors who have
investigated the liver and reported similar findings. [10-12]
CONCLUSION
Assessment of the depth of alterations in the Liver of the
fishes indicates that the fishes were exposed to pollutants
and it is speculative that the pollution could have ensued
from poor management or inadequate facility. However,
it is important to note that these alterations were not
toxicant specific but could be associated with pathogens,
and metal pollution in the water.
ACKNOWLEDGMENTS
The authors are grateful to the Head of Department and
staff of the Department of Anatomy, Faculty of Basic
Medical Sciences, University of Port Harcourt, for the
use of their facilities and equipment for this study and
the managers of the experimental site where this study
was carried out.
CONFLICT OF INTEREST
We write to declare that there is no conflict of interest.

www.ejbps.com

SOURCE OF FUNDING: Self-funding.
REFERENCES
1. Agbozu IE, Ekweozor IKE, Opuene K. Survey of
heavy metals in the catfish Synodontis clarias. Int. J.
Environ. Sci. Tech., 2007; 4(1): 93-97.
2. Van Dyk JC, Pieterse GM, Van Vuren JHJ.
Histological changes in the liver of Oreochromis
mossambicus (Cichlidae) after exposure to cadmium
and zinc. Ecotox. Environ. Safe, 2007; 66(3):
432-440.
3. Vinodhini R, Narayanan M. Heavy metals induced
histopathological alterations in selected organs of
Cyprinus carpio L. (Common carp). Int. J. Environ.
Res, 2009; 3(1): 95-100.
4. Allison TA, Paul CW. Histological Based
Biomonitoring: A Baseline Ecotoxicological
Evaluation of New Calabar River Using
Chrysichthis Nigrodigitatus. Europe American
Journal: International journal of Environment and
Pollution Research, 2014; 2(3).
5. Atli G, Canli M. Responses of metallothionein and
reduced glutathione in a freshwater fish
Oreochromis niloticus following metal exposures.
Environ Toxicol Pharmacol, 2008; 25: 33-38.
6. Barnhoorn IEJ, Bornman MS, Pieterse GM, Van
Vuren JHJ. Histological evidence of intersex in feral
sharptooth catfish (Clarias gariepinus) from an
estrogen-polluted water source in Gauteng, South
Africa. Environ. Toxicol, 2004; 19: 603-608.
7. Bernet D, Schmidt H, Meier W, Burkhaldt-Holm,
Wahli T. Histopathology in fish; proposal for a
protocol to assess aquatic pollution, J. Fish Dis.,
1999; 22: 25-34.
8. Bols NC, Schirmer K. Biochemistry and Molecular
Biology of Fishes, 2005; 6: 43-84.
9. Bruton MN. The food and feeding behaviour of
Clarias gariepinus pisces: Claridae in lake Sibaya,
South Africa, with its emphasis on its role as
predator of cochlids. Trans Zool. Soc., London,
1979; 35: 47-11.
10. Carrola J, Fontainhas-Fernandes A, Matos P, Rocha
E. Liver histopathology in brown trout (Salmo trutta
f. fario) from the Tinhela River, subjected to mine
drainage from abondened Jales mine (Portugal).
Bull. Environ.Contam.Toxicol, 2009; 83: 35-41.
11. Ololade IA, Lajide L, Amoo IA, Oladoja NA.
Investigation of Heavy Metals Contamination of
Edible Marine Seafood. African Journal of Pure and
Applied Chemistry, 2008; 2(12), 121-131.
12. Ortiz JB, De Canales MLG, Sarasquete C.
Histopathological changes induced lindane (gammaHCH) in various organs of fishes. Sci. Mar., 2003;
67(1), 53-61.
13. Rand GM, Petrocelli SR. Fundamentals of Aquatic
Toxicology.
Methods
and
Applications.
Hemisphere, New York, 1985; 374-415.
14. Dass BK, Mukherjee SC. A histopathological study
of
carp
(Labeo
rohita)
exposed
to

92

Allison TA & Paul CW.

15.

16.

17.

18.
19.

20.

21.
22.

23.

24.

25.

26.

European Journal of Biomedical and Pharmaceutical Sciences

hexachlorocyclohexane. Veterinarski. Arhiv, 2000;
70: 169-180.
El-Kasheif MA, Gaber HS, Authman MMN,
Ibrahim SA. Histopathological and physiological
observations of the kidney and spleen of the Nile
catfish Clarias gariepinus inhabiting El-Rahawy
drain, Egypt. J Appl Sc. Res, 2013; 3: 152-154.
Erkmen B, Caliskan M, Yerli SV. Histopathological
effects of cyphenothrin on the gills of Lebistes
reticulates. Vet. Hum. Toxicol, 2000; 42(1): 5-7.
Farag AM, May T, Marty GD, Easton M, Harper
DD, Little EE, Cleveland L. The effect of chronic
chromium exposure on the health of Chinook
salmon (Oncorhynchus tshawytscha) Aquat Toxicol,
2006; 76(3-4): 246–257.
Ferguson HW. Systematic pathology of fish. Ames.
IA: Iowa State University, Press, 1989.
Hinton DE, Laurén DJ. Integrative histopathological
approaches to detecting effects of environmental
stressors of fishes. T. Am. Fish. Soc. S., 1990; 8:
51-66.
Hinton DE, Baumann PC, Gardner GC, Hawkins
WE, Hendricks JD, Murchelano RA, Okihiro MS.
Histopathologic biomarkers. In: Biomarkers:
Biochemical, Physiological and Histological
Markers of Anthropogenic Stress. Edited by
Huggett, R.J., Kimerly, R.A., Mehrle, P.M. (Jr). And
Bergman, H.L. Chelsea, MI, USA: Lewis
Publishers, 1992.
Jarup L. Hazards of heavy metal contamination.
British Medical Bulletin, 2003; 68: 167-183.
Jiraungkoorskul W, Upatham ES, Kruatrachue M,
Sahaphong S, Vichasri-Grams S, Pokethitiyook P.
Histopathological effects of Roundup, a Glyphosate
herbicide, on Tilapia (Oreochromis niloticus).
Science Asia, 2002; 28: 121-127.
Mallat J. Fish gill structural changes induced by
toxicants and irritants: a statistical review. Can. J.
Fish. Aquat. Sci., 1985; 24: 630-648.
Marchand MJ. A histology-based fish health
assessment to determine the health status and
edibility of two indicator fish species from the
Roodeplaat Dam. MSc Minor Dissertation,
University of Johannesburg, Johannesburg, 2009.
Marigomez I, Soto M, Cancio I, Orbea A,
Garmendia L, Cajaraville MP. Cell and tissue
biomarkers in mussel, and histopathology in hake
and achovy from Bay of Biscay after the Prestige oil
spill (Monitoring Campaign 2003). Mar. Polllut.
Bull., 2006; 53: 287-304.
Martin MH, Coughtrey PJ. Biological monitoring of
heavy metal pollution. Land and Air Applied
Science, London, 1982; 475.

www.ejbps.com

93

