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ABSTRACT 
 

This study used static bioassay to evaluate oxidative and genotoxic effect caused by ethanolic 
extract of A. philoxeroides in the liver of C. gariepinus as well as the Histopathological damages 
caused by the extract on the liver, gills and intestine of the fish. LC50 of the ethanolic extract of A. 
philoxeroides was determined by probit regression analysis. Fishes were exposed to the sublethal 
concentration of the extract at the rate of 1% and 10% concentration of the LC50 value in replicate 
for 21days. During the cause of exposure the fishes exhibited some behavioral changes such as 
erratic swimming pattern, restlessness and excessive mucus secretion. The oxidative stress study 
revealed that antioxidant enzyme activities were lower in the liver suggesting deficiency of the 
antioxidant system to compensate for oxidative stress. DNA damage was high in liver of the 
exposed fish indicating genotoxic effects. The histological structure of the liver of the 
fish showed the presence of traces to mild onset of nuclei degeneration. The gills of fish exposed to 
the extract showed severe collapse of the secondary lamella in conjunction with hyperplasia of the 
pillar cells within the lamella as well as severe atrophy of the cells, degeneration of the primary 
lamella and severe cellular and structural damages of the gills. The intestine of the fish group 
exposed to the extract revealed a small amount of PAS-positively stained substances in the 
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lamina propria, mucus cells and the apical borders of the epithelial cells showing the presence of 
mucous substances. This study concluded that exposure of C. gariepinus to ethanolic extract of 
Alternanthera philoxeroides have the ability to negatively affect the behavior, suppress the activities 
of major antioxidant enzymes of the liver thereby causing oxidative stress, with consequent 
degeneration of liver and gill tissue which expresses its genotoxicity. 
 

 
Keywords: Oxidative stress; genotoxic; hyperplasia; probit. 
 

1. INTRODUCTION 
 
A leafy vegetable called Alternanthera 
philoxeroides (Mart.) Griseb is frequently referred 
to as “Alligator weed” in English and "Malancha" 
in Bengali [1,2,3]. Alligator weed contains 
phytochemicals like saponin, alkaloids, 
flavonoids, tannin, and cardiac glycoside [4]. It is 
collected and sold in the local markets on a large 
scale [5]. Studies have also shown that this plant 
contains significant levels of nutrients, minerals, 
amino acids and secondary metabolites [6,7]. It 
has also been shown to have great potential 
phytoremediation and antioxidant activities [8,9]. 
 

Being an invasive weed around the globe, the 
plant A. philoxeroides has been regarded to have 
long-standing traditional medicinal uses, 
especially against viral infectious diseases [3]. 
According to Akbar et al. [2], this plant is of great 
therapeutic potential. Other studies have also 
shown the plant to be very popular in the 
treatment of different health complications such 
as night blindness, coughing up blood, 
hematuria, measles, cold and pyrexia, stranguria 
with turbid urine, encephalitis B, anthracia, 
eczema, venomous snake bite, and furunculosis 
[10,11].  
 

Alternanthera philoxeroides have been reported 
to have a potential performance in free radical 
scavenging capacity with high antioxidant activity 
against in vitro oxidative stress [12]. In in-vitro 
studies, Glutathione-s-transferases, superoxide 
dismutase, catalase, reduced glutathione, and 
the lipid peroxidation biomarker malondialdehyde 
are examples of commonly used oxidative stress 
indicators in ecosystem monitoring [13] including 
the aquatic ecosystem. These biomarkers give 
an indication of how well organismal systems are 
able to combat the assault of free radicals and 
reactive oxygen species [14].  
 

However, despite all the medicinal and 
antioxidant qualities of this plant on human and 
other terrestrial mammals, there is a dearth of 
information on its significance on culturable fish 
species. This study therefore focused on the 

antioxidant effect of A. philoxeroides extract on 
Clarias gariepinus, being a universally cultured 
fish species. This study also evaluated the effect 
of this plant extract on the fish health using 
organs histological changes since histological 
changes have been described as a sensitive bio 
monitoring tool on fish health [15,16]. Also, 
formation of micronucleaus cells was also 
monitored using genotoxicity test to determine 
the safety of this plant extract on the fish [17]. 
The objective of this study was to evaluate the 
oxidative, genotoxic and the histopathological 
effect of the ethanolic extract of Alternanthera 
philoxeroides on Clarias gariepinus. 
 

2. MATERIALS AND METHODS 
 

2.1 Plant Collection and Preparation 
 
Fresh plants of Alternanthera philoxeroides was 
collected from Lagos mainland at the University 
of Lagos with the coordinate of 6.50259

0
 N, 

3.39689
0
E. The plant was sorted and air dried at 

room temperature for 14days. The whole plant 
was grinded using a mechanical grinder and the 
powdered form of the plants was then stored in a 
tight transparent container and clearly labeled 
before the extraction procedure begins. 
 

2.2 Phytochemical Screening 
 
The grinded plant sample was subjected to 
phytochemical tests to identify and determine the 
chemical constituents present quantitatively and 
qualitatively. This was carried out at the 
Biochemistry Department of the Nigerian Institute 
of Medical Research (NIMR). Phytochemical 
screening was carried out on the aqueous, 
ethanol extracts and the powdered sample to 
identify the constituents as described by Edeoga 
et al., [18] with slight modification. 
 

2.3 Experimental Animals Collection and 
Acclimatization 

 
Two hundred fingerlings of Clarias gariepinus 
(catfish) were obtained from the area of Makoko, 
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Lagos state. The fishes were kept in a nylon bag 
and were oxygenated, it was then transported to 
the laboratory for acclimatization. The fishes 
were transferred into a precleaned transparent 
container and the tank was covered with a net 
without feeding for 24hrs. The water was 
changed after 24 hrs and dechlorinated water 
was added to the tank and left for another 12hrs 
before feeding. Immediately the process of 
acclimatization started with daily feeding and 
water was changed at an interval of 2days within 
the 14days acclimatization so that they can 
properly adapt to the laboratory environment. 
 

2.4 Experimental Procedures 
 
2.4.1 Range finding test 
 
Range finding test was conducted following 
standard procedures, to determine range of 
concentration for the definitive test (Acute toxicity 
test). M The test was conducted in a white 
rectangular plastic container (37.5 × 24 × 22cm, 
10L capacity). The range finding test was carried 
out using four treatments (0.1g/L, 0.5g/L, 1g/L 
and 1.5g/L). Each treatment had two replicates 
with ten (10) fishes introduced into them. The 
experiments were carried out under standard 
bioassay procedures and the experiment was 
monitored at 3hours interval and lasted for 24 
hours. Clarias gariepinus mortality was recorded 
and failure to respond to external stimuli was 
used as criteria for death.  
 
2.4.2 Acute toxicity test 
 
Four (4) different bioassays were prepared with 
different concentration in 2litres of water, the 
concentrations are as follows; 500mg/l, 700mg/l, 
900mg/l, 1100mg/l and a control was also 
provided as a blank bioassay, 5 fingerlings of 
catfish was introduced into each bioassay 
making a total of 10 fishes per concentration. 
The setup was observed for 96hrs, observation 
was taken at 24hrs interval. 
 
2.4.3 Sublethal toxicity testing 
 
The concentration used for the sublethal testing 
was determined by the LC50. The least 
concentration was 1% and the highest 
concentration was 10% of the Lc50 value as 
described by Muyiwa, et al. [19]. Each 
concentration was prepared in duplicates (A&B) 
and also a control (having zero concentration of 
the plant extract). Each concentration was made 
in a transparent plastic container having 2L of 

water and 10 fishes was introduced into each of 
the plastic container and the fishes and fed with 
0.5mm of aller feed containing 60% crude 
protein, 15% crude fat, 12.6% Ash, 0.7% Fibre. 
The fishes in each exposure containers were fed 
once in two days and the water is changed at 
four days interval where observations will as well 
be recorded. The exposure lasted 21 days, and 
the feeding was stopped 24hrs to the end of the 
exposure and the test organisms were prepared 
for further testing. 
 

2.5 Behavioral Studies 
 
The behavioral responses of Clarias gariepinus 
fingerlings to ethanolic extract of A. Philoxeroide 
in the treatment groups and the mortality rate 
was observed on daily basis and recordings was 
made at 3 days interval for 21 days exposure 
time. The expected responses are 
aggressiveness, erratic swimming pattern, loss of 
reflex, discoloration, moulting, gulping of air, 
restlessness, spiral movements and excessive 
mucus secretion. 
 

2.6 Antioxidants and Oxidative Stress 
 
2.6.1 Homogenizing sample 
 
The dissected liver and intestine were removed 
and weighed. The organs were homogenized 
with 0.1phosphate buffer (PH 7.2) putting the 
organ each into the mortar and was blended with 
a pestle together. The resulting homogenate was 
centrifuged at 2500RPM for 15minutes. The 
supernatant was decanted and stored at -20°C. 
 
2.6.2 Determination of catalase activity 
 
Catalase (CAT) was assayed using colorimetric 
method at 620nm and expressed as moles of 
hydrogen peroxide (H202) consumed/min/mg 
protein. 1.0ml of 0.01M pH 7.0 phosphate buffer, 
0.1ml of Plasma and 0.4ml of 2M H,O, made up 
the reaction mixture (1.5ml). The addition of 
2.0ml of dichromate-acetic acid reagent (5% 
potassium dichromate and glacial acetic acid 
were mixed in 1:3 ratio) stopped the process. 
 
2.6.3 Determination of reduced glutathione 

(GSH) 
 
The method of Ellman, G. L. [20] was used to 
determine reduced glutathione (GSH) was 
determined. 10% TCA (equal volume) was added 
to the homogenate added and centrifuged. 0.5 ml 
of Ellmans reagent (19.8 mg of 5, 5°- 
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dithiobisnitro benzoic acid (DTNB) in 100 ml of 
0.1% sodium nitrate) and 3.0 ml of phosphate 
buffer (0.2M, pH 8.0) were added to 1.0 ml of 
supernatant. At a wavelength of 412 nm, the 
absorbance was measured. 
 

2.6.4 Determination of Glutathione 
Peroxidase (GPx) 

 

0.2ml of 0.4M phosphate buffer pH 7.0, 0.1ml of 
10mM sodium azide, 0.2ml of plasma, 0.2ml of 
glutathione salt (GSH) and 0.1ml of 0.2mM H2O2 
were added to evaluate glutathione peroxidase 
(GPx) activity. The mixture was incubated at 
37°C for 10mins. The reaction was arrested by 
0.4ml of 10% TCA, and centrifuged. Ellman's 
reagent was used to measure the glutathione 
content of the supernatant. 
 

2.6.5 Lipid peroxidation 
 

Malondialdehyde (MDA) an index of lipid 
peroxidation was determined using the method of 
Buege and Aust (1978). 1.0 ml of the 
supernatant was added to 2 ml of(1:1:1 ratio) 
TCA- TBA-HCI reagent (thiobarbituric acid 
0.37%, 0.24N HCl and 15% TCA) tricarboxylic 
acid- thiobarbituric acid-hydrochloric acid reagent 
boiled at 100°C for 15 minutes and allowed to 
cool. Flocculent materials were removed by 
centrifuging at 3000 rpm for 10 min. The 
supernatant was removed and the absorbance 
read at 532 nm against a blank. MDA was 
calculated using the molar extinction coefficient 
for MDATBA- complex of 1.56 x 105 Mi'CM-1. 
 

2.6.6 Determination of superoxide dismutase 
(SOD) activity 

 

Total SOD activity in tissue homogenates 
assessed using a modified version of the 
Marklund and Marklund technique. The approach 
is based on SOD's ability to inhibit the 
autoxidation of pyrogallol. In 970uL of buffer 
(100mMTris-HCI, ImM EDTA, pH &,.2), 10uL of 
homogenates and 20uL pyrogallol (13Mm) were 
combined. At 25°C, assay was carried out in 
thermostated cuvettes and variations of 
absorbance were measured using a 
spectrophotometer set to 480nm. The amount of 
enzyme can inhibit the auto-oxidation of 50% the 
total pyrogallol in the process is defined as one 
unit of SOD activity. 
 

2.7 Methodology for Micronucleus Assay 
 

Blood samples were obtained from the caudal 
vein of the fish using a syringe [21]. The blood 

was then smeared on glass slides per 
concentration. According to the method used by 
George et al. [14], the smeared slides were air-
dried overnight at room temperature, then, fixed 
in absolute ethanol and allowed to dry for 15 
minutes. They were stained with May-Grunwald 
stain for 10 minutes, and then counter stained 
with 5% Giemsa for another 10 minutes, rinsed 
very slightly through tap water and allowed to 
dry. The slides were analyzed at 100x (oil 
immersion) for micronucleus and other nuclear 
abnormalities under a light microscope (Olympus 
CHC Model). The micronuclei were characterized 
by the presence of a small cell inclusion 
detached from a larger definite nucleus, while 
those with two joined nuclei of equal size were 
defined as binucleated. Other cells with eight-
shape and notched were also observed. The 
cells were counted using a hand-held counter 
(Counter Compass: No. 7777, China).   
 

2.8 Histopathology Studies 
 

The fingerlings were dissected to collect the gills, 
intestine and livers. The harvested organs were 
then preserved with Bouin’s fluid, stored in a 
universal bottle. These tissues were fixed in 10% 
formal saline, dehydrated in graded alcohol, 
cleared in xylene before embedding in paraffin 
wax. Serial sections of 5-6 µm thickness were 
cut using rotary microtome (Model: MSLK236, 
manufacturer: Lake-link Nigeria company, 
Agege), then passed through xylene followed by 
absolute alcohol and water. The sections were 
stained with haematoxylin and eosin, dehydrated 
in graded alcohol, cleared in more xylene and 
mounted in Canada balsam. The slides were left 
to dry on a hot plate for 2 hours before 
observation under the light microscope. 
 

2.9 Methods of Data Analysis 
 

Data obtained were subjected to statistical 
analyses using the Statistical Package for Social 
Sciences (SPSS) version 20.0 [22]. Mean values 
were compared using one-way analysis of 
variance (ANOVA). Results were presented as 
Mean±Standard deviation. Post hoc test was 
done using the Student-Newman-Keuls (SNK). 
P – value less than 0.05 was considered to be 
statistically significant. 
 

3. RESULTS 
 

3.1 Phytochemical Screening Result 
 

The tables below show the Phytochemical 
parameters carried out on the ethanol extracts 
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and the powdered sample of Alternanthera 
philoxeroides. 
 

Table 1. Qualitative parameters of dried 
Alternanthera philoxeroides 

 
S/N Metabolites Result 

1 Saponins + 
2 Alkaloids + 
3 Flavonoids + 
4 Tannins  + 
5 Cardiac glycoside - 
6 Steroids - 
7 Phenolic + 

 
Table 2. Quantitative parameters of dried 

Alternanthera philoxeroides 
 

S/N Metabolites Result (%) 

1 Saponins 2.1 
2 Alkaloids 3.2 
3 Flavonoids 3.14 
4 Tannins  1.34 
5 Phenolic 0.32 

 

3.2 Behavioral Studies 
 
Table 3 reveals the behavioral studies of the 
exposed fishes at 21days having the control set 
up to be free of all reactions. The 1% and 10% 
set up was observed to have experienced 
restlessness, spiral movement and excessive 
mucus secretion. 

Table 3. Physical responses of Clarias 
gariepinus to the ethanolic extract of A. 

Philoxeroide 
 

S/N Reactions Control 1% 10% 

1 Aggressiveness - - - 
2 Erratic swimming 

pattern 
- - + 

3 Loss of reflex  + + 
4 Discoloration - - - 
5 Molting - - - 
6 Incessant gulping 

of air 
- + + 

7 Restlessness - + + 
8 Spiral movement - + + 
9 Excessive mucus 

secretion 
- + + 

 

3.3 Levels of Oxidative Stress Markers 
 
3.3.1 Reduced glutathione (GSH) 
 
The levels of reduced glutathione (GSH) 
recorded in the liver of Clarias gariepinus 
exposed to ethanolic extract of Alligator weed, 
Alternanthera philoxeroides are shown in Fig. 1. 
Levels of GSH recorded in the control C. 
gariepinus group and those exposed to 1% 
ethanolic extract of alligator weed were higher 
and not significantly different (p > 0.05). On the 
other hand, level of GSH was lowest in the C. 
gariepinus exposed to 10% ethanolic extract of 
alligator weed. 

 

 
 

Fig. 1. Level of reduced glutathione (GSH) in the liver of C. gariepinus exposed to ethanolic 
extract of Alligator weed; 

abc
Bars with similar alphabets are not significantly different (p > 

0.05); Error bars represents standard deviation 
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3.3.2 Superoxide dismutase (SOD) 
 
Fig. 2 shows the levels of superoxide dismutase 
(SOD) recorded in the liver of the experimental 
C. gariepinus exposed to ethanolic extract of 
alligator weed. Level of SOD was significantly 
highest (p < 0.05) in the control C. gariepinus.  
This was followed by those exposed to 1% 
ethanolic extract of alligator weed. Level of SOD 
was however lowest in the C. gariepinus 
exposed to 10% ethanolic extract of alligator 
weed. 

3.3.3 Catalase (CAT) 
 
Level of catalase was highest in the liver of C. 
gariepinus exposed 1% ethanolic extract of 
alligator weed (Fig. 3). This was followed by the 
control C. gariepinus. Level of catalase was 
lowest in the C. gariepinus exposed to 10% 
ethanolic extract of alligator weed. However, the 
level of catalase recorded in the control C. 
gariepinus and those exposed to 1% and 10% 
ethanolic extract of alligator weed were not 
significantly different.  

 

 
 

Fig. 2. Level of superoxide dismutase (SOD) in the liver of C. gariepinus exposed to varying 
proportion of Alligator weed; 

abc
Bars with similar alphabets are not significantly different (p > 

0.05); Error bars represents standard deviation 
 

 
 

Fig. 3. Level of catalase in the liver of C. gariepinus exposed to varying proportion of Alligator 
weed; 

abc
Bars with similar alphabets are not significantly different (p > 0.05); Error bars 

represents standard deviation 
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3.3.4 Glutathione-S-transferase (GST) 
 

Level of glutathione-S-transferase (GST) was 
observed to significantly reduce in the liver of the 
experimental C. gariepinus with increase in the 
percentage of exposure to ethanolic extract of 
alligator weed (Fig. 4). Level of GST was 
significantly highest in the control C. gariepinus. 
This was followed by those exposed to 1% 
ethanolic extract of alligator weed. C. gariepinus 
exposed to 10% ethanolic extract of alligator 
weed however recorded the lowest GST level. 

3.3.5 Malondialdehyde (MDA) 
 
The levels of malondialdehyde (MDA) used as 
lipid peroxidation marker in the liver of the 
experimental C. gariepinus are represented in 
Fig. 5. Levels of MDA recorded in all the 
experimental were not significantly different. 
However, level of MDA was highest in the control 
C. gariepinus. This was followed by those 
exposed to 1% and 10% ethanolic extract of 
alligator weed.  

 

 
 

Fig. 4. Level of glutathione-S-transferase (GST) in the liver of C. gariepinus exposed to varying 
proportion of Alligator weed; 

abc
Bars with similar alphabets are not significantly different (p > 

0.05); Error bars represents standard deviation 
 

 
 

Fig. 5. Level of lipid peroxidation [Malondialdehyde – MDA] in the liver of C. gariepinus 
exposed to varying proportion of Alligator weed; 

abc
Bars with similar alphabets are not 

significantly different (p > 0.05); Error bars represents standard deviation 
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3.4 Micronucleus Assay 
 

3.4.1 Numbers of micronucleated cells 
 

The mean numbers of micronucleated cells of 
tilapia fish exposed to ethanolic extract of 
Alligator weed, Alternanthera philoxeroides are 
shown in Fig. 6. Results showed significant 
increase in the mean number of micronucleated 
cells in the experimental fish with increased 
concentration of exposure to ethanolic extract of 
Alligator weed. Mean number of micronucleated 
cells was significantly highest in the fish exposed 
to 10% ethanolic extract of Alligator weed. This 
was followed by those exposed to 1% ethanolic 

extract of Alligator weed and lowest in the 
control. 

 
3.4.2 Numbers of bi-nucleated cells 

 
Fig. 7 represents the mean numbers of bi-
nucleated cells in the tilapia fishes exposed to 
ethanolic extract of Alligator weed. Mean number 
of bi-nucleated cells was significantly lowest in 
the control fishes. On the other hand, mean 
number of bi-nucleated cells recorded in the 
fishes exposed to 1% and 10% ethanolic extract 
of Alligator weed were high and not significantly 
different. 

 

 
 

Fig. 6. Mean numbers of micronucleated cells of tilapia fish exposed to ethanolic extract of 
Alligator weed, Alternanthera philoxeroides; 

abc
Bars with similar alphabets are not significantly 

different (p > 0.05); Error bars represents standard deviation 
 

 
 

Fig. 7. Mean numbers of bi-nucleated cells of tilapia fish exposed to ethanolic extract of 
Alligator weed, Alternanthera philoxeroides; 

abc
Bars with similar alphabets are not significantly 

different (p > 0.05); Error bars represents standard deviation 
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3.4.3 Numbers of eight-shaped cells 

 
The mean number of eight-shaped cells of cat 
fish exposed to ethanolic extract of Alligator 
weed is presented in Fig. 8. Mean number of 
eight-shaped cells was highest in the tilapia 
fishes exposed to 10% ethanolic extract of 
Alligator weed. This was not significantly different 
from those exposed to 1% ethanolic extract of 
Alligator weed. Mean number of eight-shaped 
cells was significantly lowest in the control group. 
Mean numbers of eight-shaped cells was 
however observed to increase in the cat fishes 

with increased concentration of exposure to 
ethanolic extract of Alligator weed. 
 

3.4.4 Numbers of notched cells 
 

Fig. 8 the mean numbers of notched cells 
recorded in the control tilapia fish and those 
exposed to 1% and 10% ethanolic extract of 
Alligator weed are shown in Fig. 9. Mean number 
of notched cells recorded in the all the 
experimental groups was not significantly 
different. However, this was lowest in the group 
exposed to 1% ethanolic extract of Alligator 
weed. 

 

 
 

Fig. 8. Mean numbers of eight-shaped cells of cat fish exposed to ethanolic extract of Alligator 
weed, Alternanthera philoxeroides; 

abc
Bars with similar alphabets are not significantly different 

(p > 0.05); Error bars represents standard deviation 
 

 
 

Fig. 9. Mean numbers of notched cells of tilapia fish exposed to ethanolic extract of Alligator 
weed, Alternanthera philoxeroides; 

abc
Bars with similar alphabets are not significantly different 

(p > 0.05); Error bars represents standard deviation 
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Fig. 10. Photomicrograph of typical blood smear showing abnormalities observed in the 
erythrocyte of some of the juvenile African Catfish, Clarias gariepinus exposed to the alligator 

weed extracts 
 

3.5 Histopathological Evaluation 
 
3.5.1 Histopathology of the liver  
 
The histopathological evaluation of the liver of 
catfish exposed to ethanolic extract of Alligator 
weed, Alternanthera philoxeroides is shown in 
Fig. 1. The liver structure of the control catfishes 
showed normal histology architecture. Similarly, 

the histological structure of the liver of the catfish 
exposed to 1% ethanolic extract of alligator weed 
showed normal histology of the liver hepatocytes 
central vein epithelial layer and hepatocytes. 
However, liver of catfish exposed to 10% 
ethanolic extract of alligator weed showed 
normal histoarchitectural arrangement with 
presence of traces to mild onset of nuclei 
degeneration.  

 

 
 

Plate 1. Histopathology of the liver of catfish exposed to ethanolic extract of Alligator weed, 
Alternanthera philoxeroides; A = Control; B = 1% ethanolic extract of alligator weed; C = 10% 
ethanolic extract of alligator weed; liver hepatocytes Central vein (Yellow arrow); Epithelial 

layer (Red arrow); Hepatocytes (Black arrow); Haematoxylin  and  Eosin  stain, ×400 
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3.5.2 Histopathology of the gills  
 

Plate 2 shows the histopathological evaluation of 
the gills of catfish exposed to ethanolic extract of 
Alligator weed, Alternanthera philoxeroides. 
Normal pillar cells and epithelial cells located 
within and lining the secondary lamella 
respectively were observed in the gills of the 
control fish. Also, the nuclei material of the cells 
appeared darkly stained inferring active mitotic 
activities. On the other hand, the gills of catfish 
exposed to 1% ethanolic extract of alligator weed 
showed severe collapsed of the secondary 
lamella in conjunction with hyperplasia of the 
pillar cells within the lamella as well as severe 
atrophy of the cells and degeneration of the 
primary lamella. The gills of catfish exposed to 
10% ethanolic extract of alligator weed however 
revealed a severe cellular and structural damage 
of the gills. 
 

3.5.3 Histopathology of the intestine  
 

Histopathological evaluation of the intestine of 
catfish exposed to ethanolic extract of Alligator 
weed, Alternanthera philoxeroides is shown in 
Fig. 1. The intestine of the control fish group 
showed neutral mucous substances secreted by 
the stomach epithelium. However, the intestine of 
the catfish group exposed to 1% ethanolic extract 
of alligator weed revealed a small amount of 
PAS-positively stained substances in the lamina 
propria. On the other hand, the intestine of the 
fish exposed to 10% ethanolic extract of alligator 
weed extract revealed mucus cells and the apical 
borders of the epithelial cells showing the 
presence of mucous substances. 
 

4. DISCUSSION 
 

This study has evaluated the effect of ethanolic 
extract of Alligator weed, Alternanthera 
philoxeroides exposure on the antioxidant 
system of the liver of Clarias gariepinus. Levels 
of glutathione-S-transferase (GST) and 
superoxide dismutase (SOD) were observed to 
significantly reduce with increased percentage 
exposure to ethanolic extract of Alternanthera 
philoxeroides. Glutathione S-transferases have 
been described as enzymes that generally 
catalyse the formation of conjugates between 
glutathione (GSH) and a wide variety of 
electrophilic compounds such as carcinogens, 
toxins, and drugs (Loguercio et al., 1998; Hayes 
et al., 2005). A high GST activity is therefore 
assumed to be strongly correlated with increased 
resistance to oxidative stress [23]. According to 
Rameshthangam and Ramasamy [24], reduction 
in the level SOD has been associated with 

increasing amount of reactive oxygen and 
hydroxyl radicals that inactivate the chemical 
structure of SOD and results into loss of enzyme 
activity. Thus, reduction in these two antioxidants 
in the liver of C. gariepinus exposed to ethanolic 
extract of Alligator weed suggests that this plant 
extract is capable of inhibiting the enzymes 
production by increasing free radical and 
peroxide processes which are mainly involved in 
the control of host antioxidant status 
(Skuratovskaya and Zavyalov, 2008). Levels of 
catalase recorded in the liver of C. gariepinus 
exposed to 1% and 10% ethanolic extract of 
Alligator weed and those of the control group 
were not significantly different. This could be as a 
result of the shared role played by catalase in the 
antioxidant system. Previous study of Lijun et al. 
(2005) explained that superoxide radicals that 
are generated during oxidative stress are 
converted to H2O2 by the action of SOD, while 
the accumulation of H2O2 is jointly prevented in 
the cell by glutathione and catalase. However, 
consumption of A. Philoxeroides have been 
shown to pose health risks and health issues due 
to the presence of high level of heavy metals 
such as iron, zinc and cadmium which can cause 
tissue damage due to free radicals [5]. The 
presence of these metals in the alligator weed 
samples could possibly be the reason behind the 
suppression of antioxidant enzymes in catfish 
liver recorded in this study.  
 
This study has also shown that exposure of 
Clarias gariepinus to ethanolic extract of Alligator 
weed, Alternanthera philoxeroides could be 
genotoxic, leading to the production of more 
micronucleated cells, bi-nucleated cells and 
eight-shaped cells. Micronucleus evaluation has 
been previously used to assess the level genetic 
damage in fish species as a result of their 
exposure to toxicants [25]. Elevation of the 
number of mucronucleated cells is therefore an 
indication of genetic damage. The presence of 
micronucleus in cells is a reflection of structural 
and/or numerical chromosomal aberrations 
arising during mitosis [26]. Hence, exposure to 
ethanolic extract of alligator weed has the 
potential to initiate genetic damage in the Clarias 
gariepinus. 
 
Lastly, this study has also evaluated the 
histopathology of the liver, gills and intestine of 
catfish exposed to ethanolic extract of Alligator 
weed, Alternanthera philoxeroides. Exposure of 
catfish to this plant extract does not show 
significant effect in the liver and intestine of the 
fish. It is therefore possible that the liver and 
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intestine of the catfish exposed to ethanolic 
extract of alligator weed were not significantly 
affected because they were not in direct contact 
with this plant extract. On the other hand, 
structural damages of the gills were recorded in 
the catfish exposed to ethanolic extract of 
alligator weed. This structural damage was 
observed to increase with increased 

concentration of extract exposure. Changes in 
fish gills are among the most commonly 
recognized responses to environmental 
pollutants [27]. Hence, it is possible that the 
extract of alligator weed used in this study also 
contains some metals or toxic chemicals                
which have negative effects on the gills            
tissues. 

 

 
 

Plate 2. Histopathology of the gills of catfish exposed to ethanolic extract of Alligator weed, 
Alternanthera philoxeroides; A = Control; B = 1% ethanolic extract of alligator weed; C = 10% 

ethanolic extract of alligator weed; Red arrow: secondary lamella, yellow arrow: primary 
lamella, yellow arrow head: pillar cells, black arrow: collapsed secondary lamella; 

Haematoxylin and Eosin stain, ×400 
 

 
 

Plate 3. Histopathology of the intestine of catfish exposed to ethanolic extract of Alligator 
weed, Alternanthera philoxeroides; A = Control; B = 1% ethanolic extract of alligator weed; C = 

10% ethanolic extract of alligator weed; Haematoxylin and Eosin stain, ×400 
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5. CONCLUSION 
 
This study reveals that the ethanolic extract of 
Alternanthera philoxeroides have the ability to 
suppress the action of the antioxidants in the 
liver of clarias gariepinus resulting into oxidative 
stress in catfish. Also, the study further reveals 
that the plant extract is capable of causing 
genotoxic effects of long-term exposure sublethal 
concentrations of ethanolic extracts of 
Alternanthera philoxeroides on C. gariepinus. 
This study has shown that exposure of C. 
gariepinus to ethanolic extract of Alligator weed, 
Alternanthera philoxeroides could be genotoxic, 
producing higher number of micronucleated cells, 
bi-nucleated cells and eight-shaped cells. This 
indicates that, its effect on lower biota and non-
target organisms could even be far more 
devastating. This study also raises concerns 
about the mutagenicity of the ethanolic extract of 
the alligator weed not just on the fishes but to 
humans as well. Therefore, the use of the 
extracts of A. philoxeroides could lead to 
contamination of an ecological system, thus 
posing great threat to fish and other non-target 
organisms. Furthermore, based on the results of 
this study, exposure of catfish to ethanolic extract 
of Alligator weed, Alternanthera philoxeroides 
does not significantly affect the liver and intestine 
tissues. However, it resulted in the degeneration 
of the gills tissue at high concentration of 
exposure. 
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