
JJBS  
Volume 14, Number 3, September  2021 

ISSN 1995-6673 
Pages  537 – 543 

https://doi.org/10.54319/jjbs/140320 
Jordan Journal of Biological Sciences                                                                                                                                                  

Histopathological Alterations in the Gills and Liver of Clarias 
Gariepinus Juveniles Exposed to Acute Concentrations of 

Anogeissus Leiocarpus  
Bala Sambo Audu1,*, Idris Audu Wakawa2, Omirinde Jamiu Oyewole3 and Ponwa 

Zingfa Changdaya1 
1Hydrobiology and Fisheries Unit, Department of Zoology, University of Jos, Jos, Nigeria;2 Department of Biology, Umar Suleiman College 

of Education, Gashua, Yobe State, Nigeria;3Department of Anatomy, Faculty of Veterinary Medicine, University of Jos. Nigeria. 

Received: August 12, 2020; Revised: November 25, 2020; Accepted: December 12, 2020 

Abstract  

Over the years, people have used the stem bark extract of Anogeissus leiocarpus in traditional tanneries as a native agent in 
tendering hide and skin. The wastes from the processing plant are washed into aquatic environment and cause pollution. The 
acute toxicity (96hr-LC50) of the aqueous crude stem extract of A. leiocarpus on behaviour and histopathology of gills and 
liver of Clarias gariepinus juveniles (average weight 42.00±0.05 g and average total length 27.83±0.71 cm) were 
investigated in a static non-renewable bioassay to ascertain its toxicity. A total of five concentrations of aqueous crude stem 
extract of A. leiocarpus (450.00, 400.00, 350.00, 300.00, and 250.00 mg/L) and a control (0.00 g/L) were used. Ten (10) 
juveniles were stocked in each tank with dimension of 50x30x25 cm. Of the one hundred and twenty (120) mixed sex C. 
gariepinus juveniles (in duplicate replication) used, mortalities of 100, 70, 50, 20, and 10% were recorded in concentrations 
450.00, 400.00, 350.00, 300.00, and 250.00 mg/L respectively while control recorded 0% after 96 hr. The 96 hr. LC50 of A. 
leiocarpus on C. gariepinus resulted in 353.77 mg/L characterized by upper and lower confidence limits of 390.27 and 
320.69 mg/L respectively.  There was marked variation in the water quality parameters (total alkalinity and free carbon 
dioxide) in all the test tanks compared with the control. The behavioural signs exhibited by C. gariepinus exposed to 
concentrated grades of the plant material were erratic swimming, loss of stability, spiral movement, air gulping, restlessness 
and settling on tank bottom. Histopathological alterations such as lamellar vascular congestion, lamellar clubbing and partial 
to complete inter-lamellar space occlusion were recorded in the gills of Clarias gariepinus exposed to the graded 
concentrations of the extract. The liver of the catfish showed dose-related hepatic lesions such as portal congestion, 
periportal cellular degeneration and cellular infiltration. This study shows that 300.00 to 450.00 mg/L of A. leiocarpus is 
toxic to fish's health. Hence its indiscriminate disposal into aquatic environment should be discouraged or totally avoided to 
avert death of aquatic animals. 
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1. Introduction 

Anogeissus leiocarpus, commonly known as African 
birch, is a deciduous tall plant found in the tropical Africa 
(Steentoft, 1988). It grows continually to attain a height of 
15-18.0 m with the stem measuring about 1 m in diameter 
(Arbab, 2014). The bark of A. leiocarpus is grayish and 
rough while leaves are alternate, ovate to lanceolate shape 
with length-width dimensions of 2.0–8.0 cm and 1.3–5.0 
cm respectively (Mbagwu, 2011). Small branches of A. 
leiocarpus are crushed to make dyes in tanning skin while 
decoction of the bark is reputed man and farm animals 
antihelmintics as well as potent antiprotozoans against 
malaria and trypanosomiasis in animals (Arbonnier, 2004; 
Okpekon, 2004). The sticks are chewed into fibrous brush 
to clean teeth by rural population in Nigeria (Rotimi, 
1988).   

Plants constitute an unlimited origin of a variety of 
biological active substances (Istvan, 2000) which have 
toxic effects on the aquatic biota. Artisanal fishermen use 
plant extract as part of their arsenal of fishing tools (Power 
et al., 2010). Extracts of plants such as Blighia sapda, 
Kigelia africana, Raphia, vinifera (Omoitoyin et al., 
1999), Derris elliptica, Tephrosia vogelli (Oluwatoyin, 
2011) and Balanites aegyptiaca (Wakawa et al., 2018) 
have been reported to be used by fishermen as fishing tool. 
These plant extracts used in harvesting fish have toxic 
properties (Fafioye et al., 2004) that paralyze or stupefy 
fish (Fafioye, 2011) in the aquatic environment. 
Examination of the phytochemicals of plants used as fish 
poison shows the presence of saponins, alkaloid and 
flavonoids (Fafioye, 2011). Others are tannins, resins, 
terpens, cardiac glycosides and balsam (Wakawa et al., 
2018). Saponins affect haematology and oxygen uptake of 
fish (Roy and Munshin, 1989) while alkaloid and 
flavonoids have anaesthetic properties on fish (Tsuchiya, 
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2017). Stem bark of A. leiocarpus contains phytochemicals 
such as tannins, flavonoids, terpens and saponins with 
absence of alkanoids and anthraquinones (Salau et al., 
2013). Introduction of plant extracts containing these 
phytochemicals could result into physiological stress in 
aquatic biota which could ultimately reduce aquatic 
productivity (Oluwatoyin, 2011) or even death.  

In view of the effect of the plant extracts used in 
harvesting fish, many workers have assessed the acute 
toxicity performance of biosynthetic chemicals of plant 
origin to cause disease conditions in tissues/organs, serum 
biochemistry and haematology of different fish species. 
Audu et al. (2020) studied histopathological effects of 
unrefined water fractions of the foliage of Balanites 
aegyptiaca on gills, kidney and liver of Oreochromis 
niloticus fingerlings. Similarly, Audu et al. (2017) 
examined histological changes in gills and liver of C. 
gariepinus intoxicated with acute concentrated grades of 
Vernonia amygdalina. Also, Adesina et al. (2013) 
evaluated the effect of acute toxicity of Moringa oleifera 
root extract on O. niloticus. Nasiruddin et al. (2012) 
investigated the histological alterations in organs of 
Heteropneustes fossilis intoxicated with extracts of three 
dry seed, while Oluwatoyin (2011) studied the Ipomoea 
aquatica leaf extract toxic potential on histopathology of 
O. niloticus. Shahi and Singh (2011) investigated the 
effects of extracts of euphobious plants on serum 
biochemistry and haematology profiles of Channa 
punctatus. There is, however, paucity of data on acute 
toxicity of aqueous crude stem bark extract of A. 
leiocarpus on histopathology of C. gariepinus juveniles. 
Hence this study aimed at investigating the possibilities on 
behaviour and histopathology of gills and liver of C. 
gariepinus juveniles.  

2. Materials and Methods  

2.1. Collection and Preparation of Stem Bark of 
Anogeissus leiocarpus 

A. leiocarpus stem bark (50 g) was collected from 
Hwol Yarje, Jos North Local Government, Plateau State, 
Nigeria. The plant was identified by a plant taxonomist as 
Anogeissus leiocarpus (DC.) Guill & Perr; voucher 
number=JUHN20000324, mounted and deposited in the 
Herbarium of Plant Science and Technology Department, 
University of Jos, Nigeria. The stem bark was sheared 
from the tree plant using an axe and shade-dried over 
seven days with outdoor relative humidity of 57% and 
ambient temperature of 28oC. The dried stem bark was 
pulverized in the laboratory using mortar and pestle into 
fine particles, sieved with a meshed utensil (30 ) and 
stored in airtight transparent polyethene bag for 
subsequent use. 

2.2. Laboratory Conditioning of Test Fish (Clarias 
gariepinus) 

Outright, one hundred and twenty (120) juveniles (6-
9weeks old) of C. gariepinus (average weight 42.00±0.05 
g and average total length 27.83±0.71 cm) were procured 
from a private fish farm at Kangang, Dadinkowa, Jos 
South were moved in three aerated cellophane bags (40 
juveniles per bag) to the Zoology Department 
(Hydrobiology and Fisheries Laboratory Unit), University 
of Jos and stocked using 10 round plastic tanks of 20 L 

capacity (10 fish/tank) each filled with 15 L of 
dechlorinated municipal water.  Commercial diet 
(Multifeeds ®) was given to fish twice daily on satiation 
basis and water in the holding tanks was changed once 
daily. Fish were allowed to acclimate for two weeks during 
this period; fish were held under natural photo regime (12 
Light: 12 Dark) (Bala et al., 2014). 

2.3. Experimental Design 

Sequel to acclimation period, fish were divided into 
experimental tanks which consists of twelve (12) 
rectangular plastic tanks (50x30x25 cm) and 120 C. 
gariepinus juveniles arranged in a randomized block 
design. All the tanks contained ten (10 L) liters each of 
chloric-free pipe borne water, with five (5) of the test tanks 
exposed to varying concentrations (450.00, 400.00, 
350.00, 300.00 and 250.00 mg/L) of the aqueous stem bark 
extract of A. leiocarpus. Ten (10) C. gariepinus juveniles 
each were introduced into all the five (5) test and control 
tanks. The sixth tank served as the control and was not 
inoculated with the test material (0.00mg/L). The setup 
was replicated twice. 

2.4. Acute toxicity test 

Static non-renewal bioassay technique (USEPA, 1985) 
was used for the 96 hr. LC50 experiment. The aqueous 
stem extract was obtained by macerating two (2) grams of 
the finely grinded particles of stem bark of A. leiocarpus in 
distilled water for 24 hours under room (25oC) condition 
from which graded concentrations of 450, 400, 350, 300, 
and 250.00 mg/L were obtained through serial dilution of 
the stock after range finding tests. The control tank 
(0.00mg/L) did not contain the test plant. The test tanks 
with the definitive concentrated grades of the plant extract 
and the control tanks were each duplicated replicated, 
stocked with ten (10) juveniles per tank and were devoid 
of artificial aeration and feeding throughout the 96 hours 
experiment.   

2.5. Aquatic medium quality analysis 

Physicochemical parameters including dissolved 
oxygen (DO), temperature, free carbon (iv) dioxide (CO2), 
hydrogen ion concentration (pH) and total alkalinity (TA) 
were monitored every day as described by the American 
Public Health Association (APHA) (1985) techniques for 
water quality for fish culture throughout the experimental 
phase. 

2.6. Histopathological Examination  

Fish from each of the test concentrations (450.00.00, 
400.00, 350.00, 300.00 and 250.00 mg/L) were sacrificed 
and dissected to excise gills and liver. Excised organs were 
carefully washed of blood stains and kept in specimen 
bottles containing 0.005L formal saline (Audu et al., 
2017). Histopathological examinations were conducted at 
the central diagnostic unit of National Veterinary Research 
Institute (NVRI) Vom, Plateau State, Nigeria. Routine 
paraffin wax method and haematoxylin-eosin staining 
technique of tissue processing described by Drury and 
Wallington (1967) and Avwioro (2011) were adopted for 
the examinations of the excised organs (gills and liver) of 
C. gariepinus exposed to aqueous crude stem bark extract 
of A. leiocarpus. 
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2.7. Statistical Analyses 

Water quality parameters were analysed using IBM 
SPSS (version 20) software. The Analysis of Variance 
(ANOVA) was used to establish significant differences. 
The Tukey test was used to separate treatment means 
while level of significance was determined at α0.05. 

3. Results 

3.1. Mean Water Quality Parameters of Tanks with 
Clarias gariepinus exposed to Acute Concentrations of 
Anogeissus leiocarpus  

Water quality parameters in the 96 hr acute bioassay of 
A. leiocarpus extract on C. gariepinus juveniles are 
summarized in Table 1. Temperature, DO and pH 
decreased as the toxicant concentration increased while 
free CO2 and TA correspondingly rose with elevated 
toxicant concentrations. P-value of significance (p<0.05) 
was obtained for TA and free CO2 in the test tanks 
compared to the control group. 

 

3.2. Behavioural Patterns of Clarias gariepinus 
Juveniles during 96 hr Acute Toxicity Test with Extract 
of Anogeissus leiocarpus  

Fish exposed to the plant extract showed behavioural 
patterns such as erratic movement, loss of stability and 
spiral movement. Fish settled at the bottom of the tank and 
remained motionless for a while and sudden frequent 
swimming to the water surface to gulp air. After prolonged 
exposure (> 48 hr.) the fish skin peeled off and the fish 
gradually became weak, and finally death occurred. Fish 
was considered dead when there was permanent cessation 
of spontaneous movement and a failure to react to strong 
external stimulation probe made of glass rod. The death of 
the juveniles was directly concentration- dependent in 
relation to exposure time. At the highest plant extract 
concentration (400.00 mg/L), mortality was within 24 hr 
exposure while in the lower concentrations (300.00 and 
350.00 mg/L) mortality resulted after 48 hr exposure of the 
juveniles to the plant extract. In the lowest concentrations 
(250.00 mg/L) of the plant extract, death of juveniles was 
recorded after 72 hr of exposure to the plant extract (Table 
2). 

Table 1. Mean Water Quality Parameters of Acute Bioassay of Crude Stem Bark Extracts of Anogeissus leiocarpus on Clarias gariepinus 
Juveniles 

Water Quality 
Parameters 

Concentration (mg/L) 

0.00 250.00 300.00 350.00 400.00 450.00 

Temp. (oC) 25.5±0.00 24.60±0.28 24.20±0.28 24.40±0.07 24.40±0.28 24.20±0.14 

DO (mg/L) 2.20±0.00 1.90±0.00 1.90±0.00 1.70±0.00 1.50±0.14 1.45±0.07 

TA (mg/L) 60.50±0.00 68.85±0.07* 74.90±0.71* 85.00±12.73* 114.50±0.71* 220.10±0.14* 

pH 7.35±0.07 7.20±0.00 7.25±0.07 7.20±0.00 7.20±0.07 7.10±0.14 

Free CO2 (mg/L) 34.00±0.00 49.00±0.00* 49.60±0.85* 54.30±4.94* 60.00±2.83* 68.00±0.00* 

Values with Asterisks (*) in the same Row are Significantly Different Compared with the Control 

TA= Total Alkalinity
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Table 2. Behavioural Patterns shown by Clarias gariepinus 
Juveniles exposed to Aqueous Crude Stem Bark Extract of A. 
leiocarpus 

Concentration 
mg/L 

Behavioural Patterns 
Exposure Period (Hours) 

  24 48 72 
450 Erratic swimming 

Loss of stability 
Air gulping 
Spiral motion 
Inactivity  
Peeling of skin 
Death 

+++ 
+ 
+++ 
- 
_ 
+ 
+ 

++ 
+ 
++ 
+ 
+ 
++ 
++ 

+ 
+ 
++ 
+ 
++ 
+++ 
+++ 

400 Erratic swimming 
Loss of stability 
Air gulping 
Spiral motion 
Inactivity  
Peeling of skin 
Death 

+++ 
+ 
++ 
- 
_ 
_ 
+ 

++ 
+ 
++ 
+ 
++ 
+ 
+ 

+ 
+ 
++ 
+ 
++ 
+++ 
++ 

350 Erratic swimming 
Loss of stability 
Air gulping 
Spiral motion 
Inactivity  
Peeling of skin 
Death 

+ 
_ 
+ 
- 
_ 
_ 
_ 

++ 
++ 
+ 
++ 
_ 
_ 
_ 

++ 
++ 
++ 
++ 
+ 
+ 
+ 

300 Erratic swimming 
Loss of stability 
Air gulping 
Spiral motion 
Inactivity  
Peeling of skin 
Death 

+ 
_ 
+ 
- 
_ 
_ 
_ 

++ 
++ 
+ 
++ 
_ 
_ 
_ 

++ 
++ 
++ 
++ 
+ 
+ 
+ 

250 Erratic swimming 
Loss of stability 
Air gulping 
Spiral motion 
Inactivity  
Peeling of skin 
Death 

_ 
_ 
_ 
+ 
_ 
_ 
_ 

+ 
+ 
+ 
+ 
_ 
_ 
_ 

+ 
+ 
+ 
+ 
_ 
_ 
_ 

No recorded pattern (-), slight (+), moderate (++), severe (+++) 

96 hr (LC50) Acute Bioassay of Extract of Anogeissus 
leiocarpus on Survival of Clarias gariepinus Juveniles 

The effect of 96 hr LC50 acute bioassay of the extract 
of A. leiocarpus on survival of C. gariepinus juveniles is 
shown in Table 3. Survivals of the juveniles depend on the 
concentration of the extract. The rate of survival increased 
with decrease in the aqueous crude stem extract 
concentration. Recorded mortalities were 100, 70, 50, 20 
and 10% of the plant extract concentrations 450.00, 
400.00, 350.00, 300.00 and 250.00 mg/L respectively. The 
control tank (0.00 mg/L) recorded 0% mortality. 

3.3. Linear Relationship Between Mean Probit Mortality 
Versus Log Concentration of C. gariepinus Juveniles 
exposed to Extract of Anogeissus leiocarpus  

Figure 1 shows the linear relationship between mean 
probit mortality and log concentration of C. gariepinus 
juveniles exposed to the extract of A. leiocarpus. The 96hr 
LC50 of A. leiocarpus on C. gariepinus resulted in 353.77 
mg/L characterized by upper and lower confidence limits 
of 390.27 and 320.69 mg/L respectively. 

 
Figure 1.  Linear Relationship between Mean Probit Mortality 
and Log Concentration of Clarias gariepinus Juveniles Exposed 
to Aqueous Crude Stem Bark Extract of Anogeissus leiocarpus 

 

 

 

 

 

Table 3. Effects of Acute Bioassay of Aqueous Crude Stem Bark Extract of A. leiocarpus on Survival of  Clarias gariepinus Juveniles 

Conc. 
(mg/L) 

Log 
Conc. 

No.  of  
fish 

                 Mortality Time (Hours) Total 
Dead 

Mortality 
(%) 

Probit 
Mortality 12 24 36 48 60 72 84 96 

450.00 2.6532 10 3.50 2.50 1.50 1.00 1.00 1.00 0.50 0.00 10 100 8.7190 
400.00 2.6020 10 2.00 1.50 0.50 1.50 0.50 0.50 0.00 0.50   7   70 5.5244 
350.00 2.5440 10 0.00 0.00 1.00 0.50 0.50 0.50 0.00 1.00   5   50 5.0000 
300.00 2.4771 10 0.00 0.00 0.00 1.50 0.00 0.00 0.00 0.50   2   20 4.1584 
250.00 2.3979 10 0.00 0.00 0.00 0.00 0.00 0.50 0.5 0.00   1   10 3.1784 
    0.00 0.0000 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00   0     0 0.0000 

3.4. Histopathology of Gills of Clarias gariepinus 
Juveniles 

Photomicrograph of effects of 96hr acute 
concentrations of extract of A. leiocarpus on gills of 
juveniles of C. gariepinus are presented in Plate 1 A-F. 
The gills of the control (Plate 1A) appear morphologically 
normal with typical structural organization of primary and 
secondary lamellae. There were progressive dose-

dependent gill branchial-lamella injuries typified by slight 
(Plate 1B) to heavy vascular congestion and clubbing of 
the lamellae, partial to complete interlamellar space 
occlusion and lamellar cell hyperplasia. The gravity of the 
tissue distortion seemed to be more visible in the gill 
anatomical structure of juveniles treated with 
concentrations of 300.00, 350.00, 400.00, and 450.00 
mg/L of the plant extract (Plates C-F).  The histo-
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architecture of C. gariepinus intoxicated with the 250.00 
mg/L of the extract appeared to be normal when compared 
to the control. 

  
Plate 1.Light micrographs of the Gills of Clarias gariepinus 
Exposed to Acute Concentrations of Aqueous Crude Stem Bark 
Extract of Anogeissus leiocarpus. A. Control (0.00 mg/L): 
normal gill parenchyma typified by occurrence of structures like 
primary (red arrow) and secondary lamellae (black arrow), distinct 
epithelial (short black arrow) and pillar cells (short red arrow) of 
the secondary lamellae and patent inter-lamellar space or water 
channel (star). B. 250.00 mg/L: Normal parenchyma as revealed 
by intact primary and secondary (red and black arrows 
respectively) lamellar epithelium and water channels (star) except 
for mild lamellar vascular congestion (short black arrow) C. 
300.00 mg/L: Apical lamellar clubbing (red arrow), moderate 
lamellar cell fusion with partial to complete interlamellae space 
occlusion (star and circle outline (within inset) respectively), 
severe lamellar vascular congestion (black arrow) D. 350.00 
mg/L: Severe hyperplastic lamellar cell with total disappearance 
of water channels (oval-outline). E. 400.00 mg/L; F. 450.00 
mg/L: Severe lamellar cell hyperplasia with complete inter-
lamellar space occlusion (oval outlines within inset). 

3.5. Histopathology of Liver of Clarias gariepinus 
Juveniles 

Histopathological lesions noticed in the C. gariepinus 
liver exposed to acute concentrated grades of crude extract 
of A. leiocarpus are presented in Plate 2 A-F. The 
histopathological features of liver of C. gariepinus 
juveniles in the non-exposed (control) group include 
normal hepatic histo-architecture characterized by 
polyhedral outline and roundish nuclear, sinusoidal space 
and central veins; while, in C. gariepinus groups exposed 
to various concentrations of A. leiocarpus, the liver 
displayed increase in severity of histopathological lesions 
as concentration of the plant extract increased. 
Histopathological lesions observed in the treatment groups 
include moderate to severe portal congestion, periportal 
cellular degeneration, cellular infiltration and complete 
hepatocellular depletion.  

 
Plate 2. Light micrographs of the Liver of Clarias gariepinus 
Exposed to Acute Concentrations of Aqueous Crude Stem Bark 
Extract of Anogeissus leiocarpus A. Control (0.00 mg/L): normal 
hepatic histo-architecture as revealed by hepatocytes with typical 
polyhedral outline and roundish nuclear (black arrow), sinusoids 
space (white arrows) and central vein (star).  B. 250.00 mg/L: no 
visible lesion as evidenced by liver with intact hepatocyte (black 
arrow), sinusoids space (white arrow) and central vein (star) C. 
300.00 mg/L: visible lesion except for moderate sinusoidal 
congestion (black arrow). D. 350.00 mg/L: moderate portal 
congestion (star) and peri-portal cellular degeneration (circle 
outline). E. 400.00 mg/L: severe portal congestion (star), marked 
peri-portal cellular infiltration (arrow) and peri-portal cellular 
degeneration (circle outline) F. 450.00 mg/L: Severe hepato-
cellular depletion (circle outline).              

4. Discussion 

Determination of water quality parameters in fish 
culture during an experiment is necessary owing to the 
complete dependent nature of the whole life process of fish 
on the quality of the immediate surroundings (Bolorunduro 
and Abdullahi, 1996). Water quality is determined to 
confirm whether it plays any role in the alterations 
observed during the experiment as decline in water quality 
influences stress and disease in fish (Devi et al., 2017). 
The concentration-dependent decrease in DO in this study 
corroborates the findings of Makori et al. (2017). The 
minimum DO requirement of fish is 3.00 mg/L (Makori et 
al., 2017); therefore, the minimum mean DO (1.45±0.07 
mg/L) in this study could be attributed to the presence of 
the plant extract in the water (Adebola and Ayo, 2014). 
The pH range (7.10±0.14-7.25±0.07) in treatment tanks of 
this study is within the tolerable limits of catfish since the 
optimum pH for their survival is between 5 and 8 (Nobre 
et al., 2014); therefore, the pH in this study could not have 
affected the recorded mortalities in the test animal. 
Similarly, the recorded temperature range (24.20±0.14-
24.60±0.28 oC) in treatment tanks falls within the standard 
range (20-35 oC) documented by Ngugi et al. (2007), 
hence temperature could not have influenced the observed 
distortion in the histology of organs (gills and liver) of C. 
gariepinus. The TA which measures water productivity 
shows that the water tainted with the plant extract in this 
study is productive since the TA range (68.85±0.07-
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220.10±0.14 mg/L) is within the productive (50-500 mg/L) 
level (Devi et al., 2017). 

 The abnormal behavioural patterns such as erratic 
movement, loss of stability, spiral movement and air 
gulping displayed by C. gariepinus juveniles in the higher 
treatment concentrations (350.00, 400.00 and 450.00 
mg/L) of the aqueous stem bark extract could be due to the 
fish’s deliberate effort to overcome the toxic plant 
bioactive substances and the hypoxic condition possibly 
caused by the aqueous stem bark extract of A. leiocarpus. 
The manifested behavioural patterns have earlier been 
linked to derangement in the biochemical and nervous 
systems of the stressed fish (Fadina et al., 1991; Fafioye et 
al., 2005). In addition, the dose-related increase in the 
mortality rate seen in this study further established the 
toxic nature of Anogeissus leiocarpus. The trends of 
behavioural signs and the mortality rate shown by fish 
exposed to graded concentrations of A. leiocarpus are 
similar to those documented for Trephosia vogelii 
(Adewoye, 2010), Parkia biglobosa (Ojutiku et al., 2012), 
Carica papaya (Eyo et al., 2013), and Vernonia 
amygdalina (Audu et al., 2017). 

Histological distortions have been extensively 
optimized as biomarkers of pollutants in fish (Naeemi et 
al., 2013). Gill of fish plays important function including 
respiration, osmoregulation and excretion (Camargo and 
Martinez, 2007; Jalaludeen et al., 2012; Audu et al., 2017) 
due to its contact with the immediate water environment 
(Olojo et al., 2005). This proximity with the external 
environment predisposes it to histological damages such 
that the fish becomes vulnerable to respiratory and 
osmoregulatory difficulties (Olusegun and Adedayo, 2014) 
especially when toxicants enter the body and cause 
damage to gill membranes and affect its physiological 
functions (Bala and Malachy 2020). Succinctly put, fish 
exposed to toxicants die when their gill lamella epithelia 
and blood vessels are adversely affected (Hinton and 
Lauren, 1990).  

Therefore, the observed moderate to severe gill histo-
architectural alterations (lamellar vascular congestion, 
lamellar clubbing, partial to complete inter-lamellar space 
occlusion and lamellar cell hyperplasia) in this study 
further established the toxic potential of A. leiocarpus 
extract. The gill histopathogical profiles in this study 
corroborate lesions earlier reported in similar studies 
conducted by Camargo and Martinez (2007) in 
Neotropical fish caught from stream laden with toxicant 
and the histopathological report of Nasiruddin et al. (2012) 
on Heteropneustes fossilis exposed to three dried leaves 
extracts.  

The detoxification and biotransformation processes are 
reputed functions of the liver which has directly placed it 
as most morpho-physiologically disrupted organ by 
contaminants in the water (Hadi and Alwan (2012). With 
respect to these physiological roles, the histopathological 
alterations (moderate to severe portal congestion, 
periportal cellular degeneration, cellular infiltration and 
complete hepatocellualar depletion) shown by C. 
gariepinus exposed to graded concentrations of A. 
leiocarpus could precipitate serious hepatic dysfunction. 
The dose-related disruption in the liver parenchyma of C. 
gariepinus juveniles has earlier been credited to extreme 
physiological activities needed by the fish to excrete the 
toxic substances out of its body during detoxification and 

biotransformation processes (Adebola and Ayo, 2014). 
However, further studies that will incorporate liver 
enzymes profiles and anti-oxidant assays will be necessary 
to reveal the impact of the extract (aqueous stem bark) of 
A. leiocarpus on C. gariepinus liver physiology.  

5. Conclusion 

This study has demonstrated that aqueous crude stem 
bark extract of A. leiocarpus has deleterious and piscicidal 
effects on C. gariepinus juveniles, hence its washing, 
processing and indiscriminate disposal into aquatic 
environments should be discouraged or totally avoided to 
preserve aquatic biodiversity and abundance particularly of 
fish species such as tropical freshwater African catfish C. 
gariepinus. 
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