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Abstract

Pesticides from agricultural run-off pose a severe threat to non-target organisms, such as fishes. This study was carried
out to evaluate acute toxicity and histological and genotoxic effects (erythrocytic nuclear abnormalities) of lethal and sub-
lethal concentrations of three commonly used pesticides: Atrazine, Butachlor and Glyphosate on the African mud catfish
(Clarias gariepinus). Fishes were exposed to the pesticides for 96h periods to determine their LCso and the sub-lethal
effect at various concentrations (1/10%", 1/100™, 1/1000"" 96h LCs) over 28 days. The 96h LCso values were 7.63mg/I,
0.7mg/l and 15.97mg/l for atrazine, butachlor and glyphosate, respectively. Histological sections of the liver of C.
gariepinus exposed to the three pesticides showed mild vascular congestion but no necrosis in the tissue. There was a
significant (p<0.5) dose-dependent increase in micronuclei and nuclear abnormalities in the erythrocytes of exposed C.
gariepinus compared to the control by 28 days. The study confirmed that C. gariepinus are at risk of adverse effects from
exposure to pesticides. Discharge of agricultural run-off around water bodies should be prevented or prohibited to avoid
adverse effects on aquatic life.

Keywords: African mud catfish, agrochemical runoff, herbicides, pesticides, priority pollutants, sub-lethal exposure

Received: 10 August, 2022 Revised: 23 August, 2022 Accepted: 25 August, 2022

Introduction

The rise in human population accompanied by the ever-
increasing urbanisation and industrial development have
significantly contributed to water pollution, especially in
the agricultural sector. This has led to one of the major
environmental and public health challenges (Ayoola
2008a). Water soluble toxicants from agricultural run-off
are rapidly finding their way into natural water bodies,
where they ultimately decompose, volatilise or
sometimes form insoluble salts, which precipitate and get
incorporated into the sediment (Ezemonye and Tongo
2009). Pollution from agricultural pesticides have gained
much attention globally. It has now been classified as a
priority pollutant based on its ability to bioaccumulate
and deleterious impacts on the environment, animals and
humans (Ullah et al 2016). High concentrations of
herbicides are known to reduce fish survival, growth and
reproduction (Rahman et al 2002).

Toxicity testing of pesticides on animals has been
used for a long time to determine the potential harm
pesticides pose to humans (Rahman et al 2002). It has
been the cornerstone of programmes on environmental
health and herbicide safety (Oshode et al 2008). Aquatic
bioassays are necessary for water pollution control to
determine whether a potential toxicant or noxious

substance is dangerous to aquatic life and to find the
relationship between toxicant concentration and its effect
on aquatic organisms (Olaifa et al 2003).

Atrazine (2-chloro-4-(ethylamino)-6-
(isopropylamine)-S-triazine) is an herbicide commonly
used in many countries to control weeds of broadleaves
and grasses in intensive agricultural farms. Atrazine acts
by inhibiting electron transport in Photosystem 11, which
disrupts the plant's ability to photosynthesize and causes
starvation in broad-leaf plants and eventual death
(Giddings et al 2004). It has been shown to have diverse
effects on organisms such as amphibians and fish that
develop and live in freshwater (Rohr 2018). Low
concentrations of atrazine (1 pg/l) have been found to
alter olfactory-mediated endocrine function in male
Atlantic salmon (Salmo salar) (Moore and Lower, 2001).
In vitro studies in fish have shown that atrazine may
affect the secretion of cortisol, involved in
osmoregulation and stress response (Bisson and Hontela
2002).

Butachlor (2-chloro-N-(2,6-diethyl phenyl
acetamide) is an herbicide widely used by farmers to
control perennial grasses and weeds with broad leaves
(Geng et al 2005). It is found in effluents from farmlands
causing contamination of the aquatic ecosystem they are
deposited into (Ateeq et al 2005).
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Studies on Salmonella typhimurium strain TA 100 have
demonstrated the mutagenicity potentials of butachlor
(Hsu et al 2005) and induction of micronuclei in catfish
erythrocytes (Ateeq et al 2002). Glyphosate (N-
phosphonomethyl glycine) is a non-selective herbicide
used to control a wide variety of annual and perennial
grasses and broadleaved weeds in commercial farmlands
and household gardens. Glyphosate, known as
Roundup®, is next to atrazine (Rohr 2018). These three
herbicides are highly soluble in water. They may leach
into water bodies after being sprayed on farmlands or
directly applied to water systems to control macrophytes
(Soso et al 2007). Due to their high solubility in water,
they regularly contaminate terrestrial and aquatic
ecosystems.

Fish are essential bioindicators for determining the
conditions and state of the aquatic environments. Hence,
studying and understanding fish's physiological,
biochemical and histopathological responses to changes
or stress in their ecosystem is necessary and vital. The red
blood cells of fish are suitable biomarkers for monitoring
of water quality of an aquatic environment (Popoola
2018). They are also helpful in evaluating the damage to
organs and the consequent physiological, biochemical
and behavioural disorders of non-target animals. In order
to investigate further the exposure risk of these
herbicides, induction of genetic damage in the DNA
following acute and/or chronic exposure to xenobiotics
can be evaluated using micronucleus assays (Ruiz de
Arcaute et al 2016; Sogbanmu et al 2016).

African catfish (Clarias gariepinus) is a significant
commercial fish and it is one of the most common and
widely consumed freshwater fish in Nigeria (Olaifa et al
2002). Itis a very good bioindicator to study responses to
various pesticides. Clarias gariepinus exhibits structural
and physiological changes to the presence of xenobiotics.
This fish is highly cosmopolitan; apart from being found
in African rivers, they are also found in temporary
puddles in arid areas after a bit of rain. This study aims to
determine the effect of the 96-h acute and sub-lethal
exposure of African catfish (Clarias gariepinus) to these
three pesticides.

Materials and methods

Test pesticides

Trademarked chemicals were used for this study.
Astraforce (active agent 80% atrazine) was used as
atrazine, retachlor (50% EC butachlor) used as butachlor,
and Wynca Nwura wura (active ingredient 360g/I
glyphosate) was used as glyphosate. All three are soluble
in water. Retachlor and Wynca Nwura wura were in
liquid form, while Astraforce was applied in powdered
form. They were obtained from a commercial vendor in
Lagos, Nigeria.

Test animal: collection and acclimatisation

A total of 200 fingerlings (body weight range: 6-12g;
total length range: 4.0-6.0cm) and 50 juveniles (body
weight range: 15.79-35.8g; total length range: 15.5-

20.1cm) of C. gariepinus (Chordata, Osteichthyes,
Siluriformes, Clariidae) were purchased from a reputable
farm at Bariga. The fingerlings of African catfish were
used for the toxicity test, while the juveniles were used
for the chronic test. This is due to the more sensitive
nature of fingerlings and juveniles than adults for toxicity
tests. Water from the tap at the laboratory was
dechlorinated by standing it in the sun for 36 hours before
use. The fish were allowed to acclimatize to laboratory
conditions (temperature: 28+2 °C; relative humidity:
78+5%) for 72 hours prior to tests. During
acclimatization, the fish were fed twice daily with a
commercial fish feed (Coppens), and the water in the
holding tanks was renewed daily (this was done by
replenishing 50% of the water in the stock tank to avoid
stress to the fish). Feeding was stopped 24 h prior to
commencement of the bioassays (Qayoom et al 2016).
The water’s temperature, pH and dissolved oxygen
parameters were monitored. After acclimatization, the
fish were introduced to the test toxicants.

Bioassay for acute toxicity

A static renewal bioassay technique by American Society
for Testing of Materials (ASTM) was used for this study
(ASTM 1990). Preliminary screening was carried out to
determine the appropriate concentration range for the test
chemicals as described by Sogbanmu et al (2018). For
each herbicide setup, five fish were exposed per
concentration in duplicates over a duration of 96h. Based
on this, five concentrations of each herbicide were
prepared and tested on fish for the definitive test. After a
range finding test, the fingerlings were exposed to
varying concentrations; 2 mg/L, 4 mg/L, 6 mg/L, 8 mg/L,
10 mg/L and control (dechlorinated water alone) for
atrazine, 14.4 mg/L, 16.3 mg/L, 18.0 mg/L, 19.8 mg/L,
21.6 mg/L and control (dechlorinated water alone) for
glyphosate and 4.7 mg/L, 9.4 mg/L, 1.441 mg/L, 1.88
mg/L, 2.35 mg/L and control (dechlorinated water alone)
for butachlor. At the beginning of the tests and every 24
hours, number of fish mortality was counted, removed
and disposed immediately to prevent contamination of
the test media (Sogbanmu et al 2018). Fish were
considered dead when there was no movement and the
body was floating horizontally at the top or sinking at the
bottom of the test media. The results of the median lethal
concentration (LCso) at 96h were evaluated and recorded.
The physicochemical parameters of the test media,
including temperature, conductivity, dissolved oxygen,
pH, salinity and total dissolved oxygen, were measured
and maintained with Hanna instruments (Sogbanmu et al
2018).

Acute Toxicity Tests

The acute toxicity tests were carried out using C.
gariepinus fingerlings. The Organization for Economic
Co-operation and Development’s (OECD) guidelines
(OECD 1992) for acute toxicity testing in fish was used.
The studies were conducted using plastic tanks
measuring 5 L covered with a mesh to prevent the fish
from escaping. Five fingerlings were selected randomly
into the test tanks for toxicity testing. After a range
finding test, the fingerlings were exposed to varying
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concentrations; 2mg/l, 4 mg/l, 6 mg/l, 8 mg/l, 10 mg/l and
control (dechlorinated water alone) for atrazine; and
4.7mg/l, 9.4 mg/l, 1.441mg/l, 1.88mg/l, 2.35mg/l and
control (dechlorinated water alone) for butachlor;
14.4mg/l, 16.3 mg/l, 18 mg/l, 19.8mg/l, 21.6mg/l and
control (dechlorinated water alone) for glyphosate.

Mortality

Mortality was recorded at an interval of 24 hours over a
period of 4 days (96 hours). Dead fish were removed and
disposed of immediately to prevent contamination of the
test media (Sogbanmu et al 2018).

Sub-lethal Toxicity Tests

The sub-lethal toxicity tests with atrazine, butachlor, and
glyphosate on juveniles of C. gariepinus were carried out
for 28 days period. The fish were kept in plastic
containers measuring 5 litre covered with mesh to prevent
the escape of the fish. Five juveniles were randomly
selected for the sub-lethal studies. The 1/10™, 1/100™ and
1/1000" of the 96h median lethal concentration (LCso)
values of atrazine, glyphosate and butachlor against the
juveniles of C. gariepinus were used. The juveniles were
exposed to 0.763mg/l (1/10™ 96-h LCso), 0.0763 mg/I
(1/100" 96-h LCs), 0.00763 mg/l (1/1000"" 96-h LCso)
for atrazine; 0.07mg/l (1/10" 96-h LCso), 0.007mg/I
(1/100™ 96-h LCso), 0.0007mg/I (1/1000'" 96-h LCso) for
butachlor; 1.597mg/l (1/10" 96-h LCso), 0.159mg/I
(1/100" 96-h LCso), 0.016mg/I (1/1000" 96-h LCso) for
glyphosate, and control (dechlorinated water alone). A
semi-static bioassay protocol was followed in which the
test media was changed every 48 hours to prevent
contamination of the test media with waste metabolites
(OECD 1992; Sogbanmu et al 2018).

Micronucleus (MN) assay

The juveniles of C. gariepinus were exposed to sub-lethal
concentrations (1/10" and 1/100th of 96h LCso value) of
the test herbicides in duplicates for 28 days. At 28-day
post-exposure, blood samples were collected from two
active fishes exposed to the test herbicides and the control
for micronucleus assay (Obiakor et al 2014). The blood
samples were collected with a 2ml syringe, smeared on a
clean glass slide tilted at an angle of 45° and dried for 24
hours at room temperature. After 24 hours, the slides
were fixed in absolute methanol for five minutes and air
dried. Subsequent staining was conducted using the May-
Grunwald Giemsa stain. The smears were observed under
a light microscope (Leica® DM500, Wetzlar, Germany)
with an objective lens of x100 (Mumuni and Sogbanmu,
2018). For proper identification, each MN must have the
same colour, the plane of focus, clearly separated and
smaller than one-third of the main nucleus (Nwani et al
2014).

Histological studies on C. gariepinus exposed to atrazine,
butachlor, and glyphosate

At 28-day post-exposure, two active juveniles from
which blood was drawn (for micronucleus assay) were
euthanised and dissected. The liver from each fish was
harvested and prepared for histological studies. The liver
was fixed in Bouin’s fluid and subsequently dehydrated

through a graded series of ethanol (Eseigbe et al 2013).
They were embedded in paraffin and then manually
sectioned with a microtome at 4-5pum. The sections were
then dewaxed and stained with hematoxylin and eosin
(H&E) and examined using a digital light microscope
(Leica® DM500) (Sogbanmu et al 2018).

Statistical analysis

The toxicological dose-response data for acute toxicity
studies were calculated using the probit analysis to derive
the median lethal concentrations (concentration of test
pesticides that caused 50% mortality of exposed test
fishes) for 96-h (96-h LCsp). Toxicity Factor (TF) was
calculated as the ratio of the least toxic pesticide to the
most toxic pesticide. The micronucleus assay results were
presented as mean + standard error. One-way analysis of
variance (ANOVA) and Fisher’s least significance
difference (LSD) test were employed to test for
significant difference between treatment means and
control at p< 0.05. All statistical analyses were performed
using IBM SPSS, Version 20.0.

Results

Acute toxicity concentration-response of C. gariepinus to
pesticides exposure

The acute toxicity of C. gariepinus to atrazine, butachlor
and glyphosate is summarized in Table 1. The lowest
(2.0mg/l) and highest (10.0mg/l) concentrations of
exposure to atrazine resulted in 20% and 70% mortality
of catfish, respectively after 96h, indicating an increase
in mortality as concentration increases. The Control
(0.00mg/l) had a 10% mortality.

Table 1: Concentration-response relationship of C.
gariepinus exposed to atrazine, butachlor and glyphosate

Conc. Log 96h %
Pesticide (mg/) Conc. Mortality Mortality

2 0.3 2 20

© 4 0.6 1 10
‘N 6 0.78 4 40
£ 8 0.9 5 50
< 10 1 7 70
0 0 1 10

0.47 -0.33 4 40

5 0.94 -0.03 6 60
5 1.41 0.15 7 70
£ 1.88 0.27 9 90
o 2.35 0.37 10 100
0 0 1 10

14.4 1.16 4 40

= 16.3 1.21 5 50
§ 18 1.26 6 60
e 19.8 1.3 8 80
o 21.6 1.33 10 100
0 0 0 0

The lowest concentration (0.47mg/l) of butachlor

pesticide caused 40% of mortality after 96hours, while
the highest (2.35mg/l) concentration resulted in 100%
mortality of C. gariepinus after 96hours. There was 10%
mortality in the Control after 96 hours. The lowest
(14.4mg/l) concentration of glyphosate caused 40% of
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mortality in the fish after 96 hours, while the highest
(21.6mg/l) concentration resulted in 100% mortality of C.
gariepinus after 96 hours. There was no mortality in the
control after 96 hours.

The overall toxicity after 24hours showed butachlor
as the most toxic of the three pesticides with LCso value
of 4.48mg/l, while atrazine and glyphosate had 43.45mg/I
and 114.67mg/l, respectively. Butachlor showed a
toxicity that was 7 times more than glyphosate and 2.6
times more than atrazine (Table 2). The toxicity of the
pesticides after 24 hours is summarized as follows:
Butachlor>Atrazine >Glyphosate. After 48 hours,
butachlor was still the most toxic of the three pesticides,
showing toxicity of over 16 times more than glyphosate
and 7.5 times more than atrazine. After 72 hours,
butachlor showed toxicity of over 23 times more than
glyphosate and 11.6 times more than atrazine. The overall
toxicity after 96 hours showed that, butachlor was the

most toxic of the three pesticides with an LCso value of
0.67mg/l, while atrazine and glyphosate had 15.97mg/I
and 7.63mg/l, respectively. Butachlor showed toxicity
approximately 24 times more than glyphosate and 11.32
times more than atrazine. The toxicity of the pesticides
after  96hours is  summarized as  follows:
butachlor>atrazine >glyphosate.

Nuclear abnormalities of C. gariepinus erythrocytes
exposed to the pesticides

The frequencies of occurrence of these abnormalities in
the C. gariepinus juveniles exposed to sub-lethal
concentrations of the selected pesticides are presented in
Table 3. The abnormalities observed in the red blood cell
nucleus of exposed catfishes were micronuclei (MN),
binuclei (BN), bud-shaped nuclei, 8-shaped nuclei,
notched nuclei and bleb shaped nuclei (Plates 1 and 2).

Table 2: Comparative 24h, 48h, 72h and 96h acute toxicity of the pesticides on fingerlings of C. gariepinus

LCs LCso LCos
Time  Pesticides (mg/l) (mg/l)  (mg/l) DF SE Probit equation  TF
- Atrazine 2.99 1140  43.45 3.00 124 3.00x-3.20 2.55
N Butachlor 0.05 4.48 38458 3.00 0.86 0.88x-0.55 1.00
Glyphosate 8.40 31.04 11467 3.00 3.44 3.50x-4.93 6.94
- Atrazine 2.88 8.54 25.33 3.00 124 350x-35 7.56
) Butachlor 0.07 1.13 18.62 3.00 0.75 6.00x-7.5 1.00
Glyphosate 9.95 19.00  36.26 3.00 3.00 150x+0 16.81
o Atrazine 1.87 8.24 36.37 3.00 092 2.86x-2.36 11.65
c,:l Butachlor 0.10 0.71 5.20 3.00 0.78 2.50x+0.50 1.00
Glyphosate 9.96 16.90  28.69 3.00 290 10.00x-12.00 23.90
- Atrazine 1.29 7.63 45.32 3.00 0.83 357x-257 11.32
© Butachlor 0.17 0.67 2.72 3.00 0.86 2.86x+0.64 1.00
Glyphosate 11.15 15.97 2245 3.00 3.06 9.33x—11.13 23.70

LCs = 5% Lethal Concentration, LCso = 50% lethal concentration, LCes = 95% lethal concentration, DF = degree of freedom at

95% confidence level, TF = toxicity factor, SE= standard error

Table 3: Frequencies of nuclear abnormalities in C. gariepinus juveniles exposed to sub-lethal concentrations of the

three pesticides (n = 1000 erythrocytes per pesticide)

Pesticides  Concentration MN 8-SHAPED NT BLB BUD BN Total
Atrazine 1/10t 4(0.4) 4(0.4) 4 (0.4) 8 (0.8) 4(04) 12(1.2) 36(3.6)
1/100t 6 (0.6) 6(0.6) 10(1.00 22(2.2)
1/1000t 3(0.3) 2(0.2) 3(0.3) 6 (0.6) 6 (0.6) 3(0.3) 23(2.3)
Butachlor  1/10% 10 (1.0) 14 (1.4) 8 (0.8) 8 (0.8) 40 (4.0)
1/100t 10 (1.0) 2(0.2) 4 (0.4) 16 (1.6) 32(3.2)
1/1000th 12 (1.2) 4(0.4) 4 (0.4) 12(1.2) 8(0.8) 40(4.0)
Glyphosate ~ 1/10™ 5(0.5) 9(0.9) 10 (1.0) 14 (1.4) 38 (3.8)
1/100t 3(0.3) 10 (1.0) 5(0.5) 5(0.5) 10 (1.0) 33 (3.3)
1/1000th 5(0.5) 10 (1.0) 7(0.7) 22 (2.2)

Control 0 0(0.0) 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0)

MN = Micronucleus; NT = Notched; BLB = Blebbed; BUD = Budded; BN = Binucleated

All the cells of the exposed catfishes displayed at least
two nuclear abnormalities with the micronucleus being
the most observed in the exposed groups. Butachlor
1/10" and 1/1000" induced the highest nuclear
abnormalities of 33 abnormalities, representing 3.3% of
the exposed cells, while the least abnormalities were

induced by atrazine 1/100" and glyphosate 1/1000™.
Figure 1 shows the nuclear abnormalities caused by
different concentrations of atrazine, butachlor and
glyphosate, while Figure 2 shows the comparison of the
three herbicides.



Akeredolu et al. Toxicity of pesticides to Clarias gariepinus 55

Blebbed

8shaped

I 8 shaped

Notched

Plate 1. Nuclear abnormalities caused by (a) Atrazine
and (b) butachlor

BUD = Budded, MN = Micronucleus; BN = Binucleated

Histology of the C. gariepinus liver exposed to the 1/10™,
1/100" and 1/1000" LCso of Atrazine, Butachlor and
Glyphosate

Plate 2a is the histologic section of C. gariepinus liver
tissue exposed to 1/10™ of the LCso of atrazine. It showed
parallel radially arranged plates of hepatocytes with
central vein (CV), portal vein (PV) and the basophilic
portion with nucleus and the acidophilic cytoplasm of the
acinar cells. No abnormality was observed. Plate 2b is the
histologic section of C. gariepinus liver tissue exposed to
the 1/100" of the LCso of atrazine. It showed parallel
radially arranged plates of hepatocytes with central vein
(CV), portal vein (PV) and the basophilic portion with
nucleus and the acidophilic cytoplasm of the acinar cells.
No abnormalities were seen. Plate 2c shows the
histological section of C. gariepinus liver tissue exposed
to the 1/1000™ of the L Cso of atrazine. There were parallel
radially arranged plates of hepatocytes with central vein
(CV), portal vein (PV) and the basophilic portion with
nucleus and the acidophilic cytoplasm of the acinar cells.
No abnormality was seen.

The histologic section of C. gariepinus liver tissue
exposed to the 1/10" of the LCso of butachlor is shown in
Plate 3a. It shows parallel radially arranged plates of
hepatocytes with central vein (CV), portal vein (PV) and
the basophilic portion with nucleus and the acidophilic

cytoplasm with acinar cells. No abnormalities like
necrosis were observed.
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control 1/100th

Figure 1. Mean nuclear abnormalities against sub-lethal
concentration of atrazine, butachlor and glyphosate
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Figure 2. Mean nuclear abnormalities against all three
pesticides

Plate 3b showed the histologic section of C. gariepinus
liver tissue exposed to the 1/100" of the LCso of
butachlor. There were parallel and radially arranged
plates of hepatocytes with central vein (CV) and portal
vein (PV). The basophilic portion with nucleus and the
acidophilic cytoplasm had acinar cells. No abnormalities
were seen. Plate 3c showed the histologic section of C.
gariepinus liver tissue exposed to the 1/1000™ of the LCso
of butachlor. It had parallel and radially arranged plates
of hepatocytes with a central vein (CV) and portal vein
(PV). The background contained areas of aggregates of
infiltrating red cells and congested blood vessels were
observed.

The histologic section of C. gariepinus liver tissue
exposed to 1/10™ of the LCso of glyphosate is shown in
Plate 4a. It showed parallel radially arranged plates of
hepatocytes with central vein (CV), portal vein (PV) and
the basophilic portion with nucleus, and the acidophilic
cytoplasm with acinar cells. No abnormality was
observed. Plate 4b showed the histologic section C.
gariepinus liver tissue exposed to the 1/100" of the LCso
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of glyphosate. The tissue had parallel and radially
arranged plates of hepatocytes with central vein (CV) and
portal vein (PV); the basophilic portion with nucleus and
the acidophilic cytoplasm with acinar cells.

Plate 2. Section of the C. gariepinus liver exposed to (a)
1/10™ (b) 1/100™ and (c) 1/1000" LCso of atrazine

No abnormality was observed. Plate 4c showed the
histologic section of C. gariepinus liver tissue exposed to
the 1/1000™ of the LCso of glyphosate. It had parallel and
radially arranged plates of hepatocytes with central vein
(CV) and portal vein (PV). The background had areas
with aggregates of infiltrating red cells. Congested blood
vessels were also observed.

Discussion

The result of this study showed that the three pesticides
exhibited acute toxicity to the exposed catfishes for 96
hours and based on 50% lethal concentration; butachlor
was the most toxic while glyphosate was the least toxic.

The difference in the toxicity of the herbicides might be
due to the differences in their chemical composition as
well as their specific mechanism of action. For example,

Plate 3. Section of the C. gariepinus liver exposed to (a)
1/10% (b) 1/200™ and (c) 1/1000™ LCso of butachlor

butachlor a chloroacetanilide compound acts by
inhibiting the production of lipids, alcohols, fatty acids,
proteins, isoprenoids and flavonoids (Heydens et al
2002). Atrazine is an endocrine disruptor that can cause
hormone imbalance (EPA 2012); while glyphosate is a
neurotoxin, which acts by inhibiting acetylcholinesterase
(USEPA 2011). The observed LCsy values of the three
pesticides varied with those from previous studies of
Nwani et al (2020) who reported LCso values of 4.84mg/I
and 54.74mg/l for butachlor and atrazine pesticides
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exposed to C. gariepinus and Ayoola (2008a) who
reported LCso value of 1.50mg/I for glyphosate exposed
to Nile tilapia.
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Plate 4. Section of the C. gariepinus liver exposed to (a)
1/10™ (b) 1/100™ and (c) 1/1000" LCso of glyphosate
CV = central vein; PV = portal vein

These differences in responses may be attributed to the
formulation of the pesticides used in the studies, the age
of species used, time and conditions of exposure. This
study proved the fact that responses by organisms to
pesticides are usually species dependent as well as
pesticide specific. This implies that, it depended on
organismal susceptibility even within same species, age,
environmental conditions as well as the particular
chemical characteristics of the pesticides rather than a

universal toxicity response by organisms (Amaeze et al
2020).

Nuclear abnormalities and micronuclei induction in
erythrocytes can be attributed to the elimination of
amplified genetic materials from the cell (Fench 2011),
they can also be from chromosomal breaks or losses that
were not incorporated into the main nucleus during the
cell division cycle (Renu and Saxena 2015). The findings
of this study showed a correlation between exposure to
pesticides and induction of nuclear abnormalities in the
red blood cell of catfishes. Nuclear abnormalities
especially micronucleus have been reported in several
fish organs (Srivastava et al 2016), and their induction in
fish has been associated with environmental stress
(Arkhipchuk and Garanko 2005).

Sub-lethal concentrations of the three herbicides
assessed in this study showed varying degrees of nuclear
abnormalities. These abnormalities are induced in
response to genotoxic agents being linked with exposure
to heavy metals (Ergene et al 2007) and pesticides (Malla
and Ganesh 2009) in fishes.

Results from this study showed a concentration and
time-dependent increase in nuclear abnormalities in C.
gariepinus exposed to atrazine, butachlor and glyphosate.
It was similar to the findings of Nwani et al (2020) who
reported an increase in micronucleus frequency in C.
gariepinus exposed to three commercial herbicides.
Cavas (2011) reported a significant increase in the
frequencies of MN and DNA strand breaks in the
erythrocytes of Carassius auratus exposed to sub-lethal
concentrations of commercial atrazine formulation.
Elevations of MN frequency have been reported in blood
erythrocytes of Cnesterodon decemmaculatus (Vera-
Candioti et al 2013) and Rhamdia quelen (Piancini et al
2015) exposed to the pirimicarb-based formulation and
atrazine herbicide, respectively.

Fishes have a slower rate of repairing damaged DNA
when compared to mammals especially humans, making
them useful warning organisms i.e. sentinel species in
assessing the impacts of genotoxic pollutants (Espina and
Weis 1995). The increase in nuclear abnormality can be
attributed to oxidative stress, resulting from the
production of reactive oxygen species (ROS). This is
buttressed by findings from Ullah et al (2016) and
D'Costa et al (2018) who pointed to the fact that oxidative
stress is a major precursor for DNA damage.

There are growing public health concerns of pesticide
runoffs into freshwater bodies, the associated effects with
the consumption of fishes, which have bioaccumulated
these pesticides (Eqani et al 2013) as well as their usage
as a source of portable drinking water (Sankhla et al
2018). Sankhla et al (2018) reported that pesticide
exposures to humans are associated with reproductive
and developmental defects as well as immunological
abnormalities and haematopoietic cancers.

Morphological alterations in the organs of living
organisms are usually more obvious to identify the
physiological variations (Fanta et al 2003); hence are
useful tools for early warning signs to the health of an
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animal. Lanning et al (2002) describe histopathological
study as a sensitive endpoint for evaluating the impacts
of toxicants on organs of living organisms and capable of
providing specific information on the acute and chronic
effects of toxicants on targeted organs that may not be
detected by functional biomarkers (Amacher et al 2006).
In the present study, the exposed liver showed parallel
radially arranged plates of hepatocytes with a central vein
(CV), portal vein (PV) background containing an area of
aggregates of infiltrating red cells and congested blood
vessels as well as mild vascular congestion, none of the
concentrations showed necrosis in the observed tissue.
The histopathological abnormalities  observed
particularly in the higher sub-lethal concentrations of the
pesticides agreed with the observations in the MN assay,
which can serve as early warning indices for the
evaluation of fish health in the aquatic environment.

Conclusion

The acute toxicity effects, induction of genotoxic effects
in C. gariepinus as well as alteration of histological
parameters observed for all pesticides assessed, show that
non-target aquatic species are at risk of environmentally
relevant concentrations (sub-lethal) of pesticides
especially from non-point sources making it a serious
health concern to aquatic organisms and man as well. In
view of this, consistent monitoring of pesticide levels and
sensitization of farmers on responsible use of pesticides
should be carried out by environmental agencies to
mitigate adverse ecological effects in aquatic ecosystems.
More than ever, product control of pesticides, and the use
of environmentally acceptable, target-specific and quick
degrading chemicals in pesticide formulation should be
encouraged in order to mitigate the potential negative
consequences on fish and other non-target aquatic
organisms. Furthermore, it is also important to locate
farmlands far away from water bodies in order to
minimize the risk of surface runoffs and atmospheric
depositions into the aquatic ecosystem.

References

Amacher, D.E., Schomaker, S.J., Boldt, S.E., Mirsky, M.
2006. The relationship among microsomal enzyme
induction, liver weight and histological change in
cynomolgus monkey toxicology studies. Food
Chem. Toxicol. 44:528-537.

Amaeze N.H., Benjamin, O.K., Abdulbashir, F.S.,
Kingsley K.A., Tam-Miete, D.B., Opeyemi O.O.
and Micheal A.F. 2020. Comparative assessment of
the acute toxicity, haematological and genotoxic
effects of ten commonly used pesticides on the
African catfish, Clarias gariepinus Burchell 1822.
Heliyon 6(8):
https://doi.org/10.1016/j.heliyon.2020.e04768.

Arkhipchuk, V.V. and Garanko, N.N. 2005. Using the
molecular biomarker and micronuclei test on in vivo
fish fin cells. Ecotoxicol. Environ. Saf. 62: 42-52.

ASTM (American Society for Testing of Materials)
1990. Method: Guide for conducting acute toxicity
test with  fishes, macroinvertebrates and
amphibians. 729-90.

Ateeq, B., Abulfarah, M., Ali M.N. and Ahmad, W.
2015. Induction of micronuclei and erythrocyte
alterations in the catfish Clarias. Int. J. Environ. Sci.
Technol. 12: 4025-4036.

Ayoola S.0. 2008a Toxicity of glyphosate herbicide on
Nile tilapia (Oreochromis niloticus) juvenile. Afr. J.
Agric. Res. 3(12): 825 834.

Ayoola S.O. 2008b. Histopathological effects of
glyphosate on juvenile African catfish (Clarias
gariepinus). Am.-Eurasian J. Agric. Environ. Sci. 4:
362-367.

Bisson, M. and Hontela, A. 2002. Cytotoxic and
endocrine-disrupting  potential ~ of  atrazine,
diazinon, endosulfan, and mancozeb in
adrenocortical steroidogenic cells of rainbow trout
exposed in vitro. Toxicol. Appl. Pharmacol. 180:
110-117.

Cavas, T. 2011. In vivo genotoxicity evaluation of
atrazine and atrazine— based herbicide on fish
Carassius auratus using the micronucleus test and
the comet assay. Food Chem. Toxicol. 49: 1431-
1435.

D’Costa, A.H., Shyama, S.K., Kumar, M.P. and
Fernandes, T.M. 2018. Induction of DNA damage
in the peripheral blood of zebrafish (Danio rerio)
by an agricultural organophosphate pesticide,
monocrotophos. Int. Aquat. Resour. 10(3): 243-
251.

Egani, S. AM.AS., Malik, R.N., Cincinelli, A., Zhang,
G., Mohammad, A., and Qadir, A., 2013. Uptake of
organochlorine pesticides (OCPs) and
polychlorinated biphenyls (PCBs) by river water
fish: the case of River Chenab. Sci. Total Environ.
450: 83-91.

Ergene, S., Cavas,, T., Celik, A., Kdleli, N. and Aymak,
C. 2007. Evaluation of river water genotoxicity
using the piscine micronucleus test. Environ. Mol.
Mutagen. 48(6): 421-429.

Eseigbe, F.J., Doherty, V.F., Sogbanmu, T.O., and
Otitoloju, A.A. 2013. Histopathology alterations
and lipid peroxidation as biomarkers of
hydrocarbon-induced stress in earthworm, Eudrilus
eugeniae. Environ. Monit. Assess. 185(3): 2189-
2196.

Espina, N.G., and Weis, P. 1995. DNA repair in fish from
polluted estuaries. Mar. Environ. Resour. 39(1-4):
309-312.

Ezemonye, L.I.N. and Tongo, I. 2009. Lethal and sub-
lethal effects of atrazine to amphibian larvae.
Jordan J. Biol. Sci. 2(1): 29-36.

Fanta, E., Rios, F.S., Romao, S., Vianna, A.C.C., and
Freiberger, S. (2003). Histopathology of the fish
Corydoras paleatus contaminated with sub-lethal


https://doi.org/10.1016/j.heliyon.2020.e04768

Akeredolu et al. Toxicity of pesticides to Clarias gariepinus 59

levels of organophosphorus in water and food.
Ecotoxicol. Environ. Saf. 54(2):1 19-130.

Fench, M. 2011. The in vitro micronucleus technique.
Mutat. Res. 455: 81-95.

Geng, B.R., Yao, D., and Xue, Q.Q. 2005. Acute toxicity
of the pesticide dichlorvos and the herbicide
butachlor to tadpoles of four anuran species, Bull.
Environ. Contam. Toxicol. 75: 343-9.

Giddings, J.M., Anderson, T.A., Hall Jr., L.W., Kendall,
R.J., Richards, R.P., Solomon, K.R. and Williams,
W.M. 2004. A probabilistic aquatic ecological risk
assessment of atrazine in North American surface
waters. SETAC Press, Pensacola, FL, USA.

Hanke, W., Gluth, G., Bubel, H. and Muller, R. 1983.
Physiological changes in carps induced by
pollution. Ecotoxicol. Environ. Saf. 7: 229-241.

Heydens, W.F., Lamb, I.C. and Wilson, A.G. 2002.
Chloroacetanilides. In: R. Krieger (ed.) Handbook
of pesticide toxicology (2nd ed.). Academic Press,
San Diego. 1543-1558.

Hsu, K.Y., Lin, H.J., Lin, J.K., Kuo, W.S., and Ou, Y.H.
2005. Mutagenicity study of butachlor and its
metabolites using Salmonella typhimurium. J.
Microbiol. Immunol. Infect. 38: 409-16.

Lanning, L.L., Creasy, D.M., Chapin, R.E., Mann, P.C.,
Barlow, N.J. and Regan, K.S. 2002. Recommended
approaches for the evaluation of testicular and
epididymal toxicity. Toxicol. Pathol. 30(4):507-
520.

Malla, T.M. and Ganesh, N. 2009. Cytogenetic and tissue
toxicity by synthetic sindoor in fresh water catfish
Heteropneustes fossils. Biomed. Pharmacol. J.
2(1): 85-89.

Moore, A. and Lower, N. 2001. The impact of two
pesticides on olfactory mediated endocrine function
in mature male Atlantic salmon (Salmo salar L.)
Comp. Biochem. Physiol. B129: 269-276.

Mumuni A.A and Sogbanmu T.0. 2018. Embryotoxic,
developmental and genotoxic evaluations of
endosulfan and deltamethrin mixture on the African
Sharptooth Catfish (Clarias gariepinus). West Afr.
J. Appl. Ecol. 26(1): 1-10.

Nwani, C.D., Ejere, V.C. and Madu, J.C. 2020. Toxicity
and genotoxic evaluations in African catfish
Clarias gariepinus (Burchell 1822) exposed to Act
Force Gold, Butaforce, and Atraforce. Environ. Sci.
Pollut. Res. 28: 262-269.

Obiakor, M.O., Okonkwo, J.C. and Ezeonyejiaku, C.D.
2014. Genotoxicity of freshwater ecosystem shows
DNA damage in preponderant fish as validated by
in vivo micronucleus induction in gill and kidney
erythrocytes. Mutat. Res. Genet. Toxicol. Environ.
Mutagen. 775-776: 20-30.

Organization for  Economic  Cooperation and
Development (OECD) 1992. Fish acute toxicity
test. OECD Guidelines for Testing Chemicals No.
203, 1-9.

Olaifa F.E, Olaifa A.K. and Lewis O.0 2003. Toxic
Stress of Lead on Clarias gariepinus (African
catfish) Fingerlings. Afr. J. Biomed. Res. 6:101-
104.

Oshode, O.A., Bakare, A.A., Adeogun A.O., Efuntoye,
M.O. and Sowunmi, A.A. 2008. Ecotoxicological
assessment using Clarias gariepius and microbial
characterization of leachate from municipal solid
waste landfill. Int. J. Environ. Res. 2(4): 391-400.

Osibanjo O. and Jensen S. 1980. Ecological and
environmental perspective of pesticides pollution.
Proceedings of First National Conference on water
pollution and pesticides residues in food. University
of Ibadan Press, Ibadan, Nigeria. 206-220.

Piancini, L.D.S, Santos, G.S., Tincani, F.H. and Cestari,
M.M. 2015. Piscine micronucleus test and the
comet assay reveal genotoxic effects of Atrazine
herbicide in the neotropical fish Rhandia quelen.
Ecotoxicol. Environ. Contam. 10:55-60.

Qayoom, 1., Shah, F.A., Mukhtar, M., Balkhi, M.H.,
Bhat, F.A., and Bhat, B.A. 2016. Dimethoate
Induced Behavioural Changes in Juveniles of
Cyprinus carpio var. communis under Temperate
Conditions of Kashmir, India. Sci. World J. 2016:
https://doi.org/10.1155/2016/4726126.

Rahman, M.Z., Hossain, Z.M., Ellah, M.F.R. and
Ahmed, G.U. 2002. Effect of Diazinon 60EC on
Anabus testudineus, Channa punctatus and Barba
desgomonous. NAGA. The ICLARM Quarterly,
25:8-11.

Renu C. and Saxena K. 2015. Genotoxic evaluation of
fenvalerate in Channa punctatus by micronucleus
test. India J. Sci. Res. Technol. 3:30-33.

Rohr, J.R. 2018. Atrazine and Amphibians: A Story of

Profits, Controversy, and Animus. In: D.A.
DellaSala, and M.l. Goldstein (eds.). The
Encyclopedia of the Anthropocene, Vol. 5.

Elsevier, Oxford. 141-148.

Ruiz de Arcaute, C., Soloneski, S. and Larramendy, M.L.
2016. Toxic and genotoxic effects of the 2,4-
dichlorophenoxyaceticacid (2,4-D)- based
herbicide on the Neotropical fish, Cnesterodon
decemmaculatus. Ecotoxicol. Environ. Saf. 128:
222-229.

Sankhla, M.S., Kumari, M., Sharma, K., Kushwah, R.S.
and Kumar, R. 2018. Water contamination through
pesticide & their toxic effect on human health. Int.
J. Res. Appl. Sci. Eng. Technol. 6(1): 967-970.

Sogbanmu, T.0O., Nagy, E., Phillips, D.H., Arlt, V.M.,
Otitoloju, A.A. and Bury, N.R. 2016. Lagos lagoon
sediment organic extracts and polycyclic aromatic
hydrocarbons induce embryotoxic, teratogenic and
genotoxic effects in Danio rerio (zebrafish)
embryos. Environ. Sci. Pollut. Res. Int. 23(14):
14489-14501.

Sogbanmu, T.O., Osibona, A.O., Oguntunde, A.O. and
Otitoloju, A.A. 2018. Biomarkers of toxicity in


https://doi.org/10.1155/2016/4726126

60 The Zoologist, 20:51-60, October, 2022

Clarias gariepinus exposed to sub-lethal
concentrations of polycyclic aromatic
hydrocarbons. Afr. J. Aquat. Sci. 43: 281-92.

Soso, A.B., Barcellos, L.J.G., Ranzai-Paiva, M.J.,
Kreutz, L.C., Quevedo, R.M., Anziliero, D., Lima,
M., Silva, L.B., Ritter, F., Bedin, A.C. and Finco,
J.A. 2007. Chronic exposure to sub-lethal
concentration of a glyphosate-based herbicide alters
hormone profiles and affects reproduction of
female Jundia (Rhamdia quelen). Environ. Toxicol.
Pharmacol. 23: 308-313.

Srivastava, P., Singh, A., and Pandey, A.K. 2016.
Pesticides toxicity in fishes: biochemical,
physiological and genotoxic aspects. Biochem.
Cell. Arch. 16(2): 199-218.

Tate, T.M., Spurlock, J.O, and Christian, F.A. 199).
Effect of glyphosate on the development of
Pseudosuccinea columella snails. Arch Environ.
Contam. Toxicol. 33: 286-9.

Vera-Candioti, J., Soloneski, S. and Larramendy, M.L.
2013. Pirimicarb-based formulation induced
genotoxicity and cytotoxicity in the freshwaterfish
Cnesterodon decemmaculatus (Jenyns 1842)
(Pisces, Poeciliidae). Toxicol. Ind. Health. 31:

Popoola O.M. 2018. Toxicity effect of atrazine on
histology, haematology and biochemical indices of
Clarias gariepinus. Int. J. Fish. Aquat. Stud. 6(3):
87-92.

Olaifa F.E, Olaifa A.K. and Lewis O.0. 2003. Toxic
Stress of Lead on Clarias gariepinus (African
catfish) Fingerlings. Afr. J. Biomed. Res. 6: 101-
104.

Nwani C.D, Nagpure N.S, and Kumar R. 2013. DNA
damage and oxidative stress modulatory effects of
glyphosate-based herbicide in freshwater fish,
Channa punctatus. Environ. Toxicol. Pharmacol.
36: 539-547.

US Environmental Protection Agency. (2011). Pesticides
industry sales and usage, 2006 and 2007 Market
Estimates. Washington, DC: US Environmental
Protection Agency.
http://www.epa.gov/opp00001/pestsales/07pestsal
es/market_estimates2007 pdf. Accessed 27th
November, 2020.

Ullah, S., Begum, M., Dhama, K., Ahmad, S., Hassan, S.
and Alam, I. 2016. Malathion induced DNA
damage in freshwater fish, Labeo rohita (Hamilton,
1822) using alkaline single cell gel electrophoresis.

1051-1060. Asian J. Ani. Vet. Adv. 11(2): 98-105.
Citation: Akeredolu, O.E., Ekele, S. A, Olaleru, F. and Egonmwan, R. I. 2022. Acute and
sublethal toxicity in African mud catfish (Clarias gariepinus, Burchell) exposed to some
pesticides. http://dx.doi.org/10.4314/tzool.v20il.7.

;‘\\\ ’“;4“1"&1

0

* 43 * |l The Zoologist, 20. 51-60 October, 2022, ISSN 1596 972X.
AN Zoological Society of Nigeria



http://www.epa.gov/opp00001/pestsales/07pestsales/market_estimates2007
http://www.epa.gov/opp00001/pestsales/07pestsales/market_estimates2007
http://dx.doi.org/10.4314/tzool.v20i1.7
http://dx.doi.org/10.4314/tzool.v19i1.2

