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,  INTRODUCTION

Pyrethroids are neurotoxic, they target the receptor site of 
the voltage-gated sodium channel, specifically in insects 
(Valmorbida et al., 2022), and cause changes in the 
membrane potential resulting in abnormal state of hyper-
excitability in the nerve cell. These alterations in insects 
have sub-lethal, incapacitating 'knockdown' effects, and 
kill exposed insects by binding to sodium channels 
resulting in excitatory paralysis (Davies et al., 2007). 
There are over twenty pyrethroids widely used in 
insecticide formulations; some are combined to reduce 
insect resistance and improve the effectiveness of the 
formulations. There are two types of pyrethroid 
pesticides- Type I and Type II. The Type I pyrethroid 
pesticides cause Type I Poisoning syndrome, or "T 
syndrome." The symptoms include tremors, poor 
coordination, prostration, seizures and death. The Type II 
pyrethroid pesticides cause Type II 'Choreoathetosis 
syndrome' or "CS syndrome." The symptoms include 

Pyrethroid pesticides are synthetic insecticides derived 
from pyrethrins, an insecticidal chemical present in 
natural pyrethrum, in Chrysanthemum cinerariaefolium 
(Evan and Evans, 2009). They are amongst the important 
classes of pesticides mostly used in the control of pest 
populations and domestic insects (Ayaz and Kumar, 
2023). These pesticides are the only class of pesticides 
recommended for application on insecticide-treated nets 
(ITNs) and are the cheapest pesticides for controlling 
malaria vectors (Van den Berg et al., 2021). These 
pesticides are present in all WHO-pre-qualified types of 
ITNs (WHO, 2020; Lissenden et al., 2021), used in the 
production of long-lasting insecticidal nets (LLINs), 
hence, its wide usage in areas where such vectors are 
prevalent.

MATERIALS AND METHOD

Two hundred and forty fingerlings of C. gariepinus of 
mean weight and length, 2.620 ± 0.370g and 6.480 ± 
0.598cm respectively were procured from a fish farm in 
Akenfa, Yenegoa, Bayelsa State, Nigeria. These were kept 
in holding in plastic tanks of 50L capacity to acclimatize 
for seven days in the laboratory of the Department of 
Biological Sciences, Niger Delta University, Bayelsa 
State using borehole water (Reish and Oshida, 1987). 
They were fed twice daily with Coppen® feed (0.8-
1.2mm) at 5% body weight during the holding period, 
with change of media to prevent stress and fouling of the 
water. The fingerlings were monitored for mortality and 
behavioural changes to allow for stabilization before 
exposure. No mortality was observed during the holding 

hyperactivity, hunched back, salivation, tremors, and 
progress to sinuous writhing movements (Gupta and 
Crissman 2013). The wide use of pyrethroids pesticides 
especially for insects control, threatens the health of 
aquatic organisms, as they end up in aquatic ecosystems 
through spray drifts, run-offs and discharges (Bashir et al., 
2020; Galadima et al., 2021), with their resultant toxic 
effects on the environment and non-target organisms 
amongst which are fish. 
There is an influx of assorted 'labeled and unlabeled', 
'powder and liquid' insecticide formulations into markets 
in Bayelsa State, Nigeria. This gave rise to the need to 
assess the toxic effects of one of these 'labeled', 'liquid,' 
locally produced insecticide formulations (a Type II 
Pyrethroid, classed as moderately hazardous), which was 
a mixture of Deltamethrin, Cypermethrin and Cyhalothrin 
(pyrethroid mixture) using Clarias gariepinus 
fingerlings. 
 	

Test Organisms 

HISTOPATHOLOGICAL EFFECTS OF A PYRETHROID MIXTURE 
ON THE FINGERLINGS OF Clarias gariepinus (BURCHELL, 1822)

ABSTRACT 

The toxic effects of a commonly sold pyrethroid insecticide on Clarias gariepinus fingerling were assessed. One hundred 
and sixty fingerlings of mean weight and length, 2.620 ± 0.370g and 6.480 ± 0.598cm respectively were procured, 
acclimatized for seven days and randomly allocated to five exposure concentrations of 0.0045, 0.0085, 0.0110, 0.0125 and 
0.015ml/L in triplicates, and a control (0ml/L) for 96hours in the laboratory using Completely Randomized Design. The 
gills, muscles, intestines and brain were excised for histopathological examination. Some physicochemical parameters of 
the test media were determined. Mortalities per exposure concentration were recorded 24hourly, and the 96hr-LC  of the 50

pyrethroid mixture was calculated using Probit analysis. The results showed that, the mean values of the physicochemical 
parameters varied significantly (P< 0.05) and were concentration dependent. The histopathology of the tissues reflected 
concentration- dependent degenerations and alterations. Fish mortality varied with time, mortalities were 6.67, 10.0, 
56.67, 30.0 and 63.33% in the 0.0045, 0.0085, 0.0110, 0.0125 and 0.015ml/L concentrations respectively, indicating 
concentration-dependent effects. The lethal concentration (96hr-LC ) of the toxicant was 0.0128ml/L which implied that, 50

the insecticide was highly toxic, and will pose risk to fish and aquatic life by extension if introduced into aquatic 
ecosystems. These findings underscore the importance of understanding the toxicological effects of such insecticides on 
non-target species, so as to develop effective environmental management strategies to mitigate their ecological risks.
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period. 

Range Finding Test 

In this study, the toxicant used is a commonly sold and 
used pyrethroid mixture with the assigned name 'B' (to 
protect the 'trademark'). The insecticide is locally 
produced in the State and was procured from a market in 
Yenegoa metropolis in Bayelsa State, Nigeria. This 
pyrethroid mixture-'B' (thus, named) was a mixture of 
three pyrethroids: Deltamethrin (0.5%), Cypermethrin 
(0.2%) and Cyhalothrin (0.4%).

This was carried to determine the concentrations at which 
responses will be elicited from the exposed fish to the 
pyrethroid mixture- 'B'. The concentrations of 0.0045, 
0.0085, 0.0110, 0.0125 and 0.015ml/L respectively were 
determined as the acute toxicity exposure concentrations 
after 0.025, 0.05, 0.10 and 0.20ml/L respectively modified 
after Yidi et al. (2021) and Mohammad et al. (2022), 
resulted in one hundred percent (100%) mortality within 
three hours of exposure. 

Toxicant

Experimental Design
A static toxicity test with five exposure concentrations of 
0.0045, 0.0085, 0.0110, 0.0125 and 0.015ml/L, and a 
control (0ml/L) made up to 15L with borehole water of 
acceptable quality in the 50L plastic tanks was carried out 
for 96hours (during which the fish were not fed to reduce 
fouling of media). The experiment consisted of one 
hundred and sixty (160) fingerlings of C. gariepinus 
randomly allocated to the five exposure concentrations in 
triplicates, each having ten fish; and a control using 
Completely Randomized Design.

Physicochemical Parameters of Test Media (Water)
Some physicochemical parameters- dissolved oxygen 
(DO), temperature, total dissolved solids (TDS), pH, 
electrical conductivity (EC) and salinity were evaluated to 
ascertain the suitability of the water for fish survival 
(Boyd, 2015) before and after exposure. These were 
measured in-situ using Hanna HI 9828 pH/ORP/EC/DO 
water analyzing device.

The toxicity testing was based on the determination of the 
mean values of the evaluated physicochemical parameters 
of the exposure media and the control compared with 

Toxicity Testing 

During the 96-hr exposure period, observations were 
made and records taken of the mortalities in the exposure 
concentrations every 24hrs, and the percentage 
mortalities deduced with respect to time. Probit Plot of 
mortality was used to determine the median/lethal 
concentration (96hr LC ) of the toxicant. 50

Statistical Analysis

standards, assessment of the mortalities of the fish in the 
exposure concentrations and control with time, 
determination of the lethal concentration (96hr LC the 50; 

concentration at which 50% of the test population will 
die), and histopathological examinations of the excised 
gills, muscles, intestines and brain of the exposed fish 
compared with the control. 

Mortalities

The muscles, gills, intestines and brain were excised from 
the C. gariepinus fingerlings harvested from the exposure 
concentrations. Sections of the excised muscles, gills, 
intestines and brain of C. gariepinus were prepared by 
dehydration, clearing, impregnating, embedding, 
microtomed and stained with Hematoxylin and Eosin. 
The prepared slides were then viewed under the 
microscope and microphotography was done using 
Olympus CX31 binocular microscope at x100 for general 
examination and x400 magnification for detailed view.

Histological Analysis

Data obtained were analyzed for means ± standard 
deviation. One-way Analysis of Variance (ANOVA) was 
used to compare the differences in the means at P < 0.05 
and Duncan's Multiple Range Test was used for the post 

®hoc test using SPSS  version 21. 

RESULTS 

The results of the mean values determined for the 
physicochemical parameters evaluated in the test media 
(Table 1) showed that, there were significant differences 
(P<0.05) with respect to concentrations with obvious 
differences in the mean values of the TDS (which ranged 
from 92.00±1.0 to 124.50±2.50mg/L in the exposure 
concentration while the control was 119.30±3.33mg/L), 
EC (from 183.50±1.50 to 249.00±5.00µS/cm with 
253.00±5.23µS/cm in the control) and salinity values 
(from 133.76±3.20 to 159.36±3.20mg/L,  and 
151.50±11.37mg/L in the control). 

LELEI, K.E., W. V. EBIKEBUNA, N. L. EZAMGBA AND O. S. NANAKUMO

 

Table 1: Result Showing the Mean ± Standard Deviation of the Physicochemical Parameters of the Test Media of 
the Different Exposure Concentrations of the Pyrethroid Mixture –‘B’  

Exposure 
Concentrations 
(ml/L) 

Temperature 
 

(? ) 

pH DO 
 

(mg/L) 

TDS 
 

(mg/L) 

EC 
 

(µS/cm) 

Salinity 
(mg/L) 

0 26.90±0.10a 6.95±0.04cd 4.73±0.09ab 119.30±3.33d 253.00±5.23d 151.50±11.37d 
0.0045 27.85±0.05b 6.83±0.10ab 5.37±0.25ab 110.50±8.50bc 221.50±17.50bc 141.76±11.20b 
0.0085 27.95±0.05bc 6.59±0.08a 5.31±0.70ab 104.00±3.00b 209.00±5.00b 133.76±3.20ab 
0.0110 27.95±0.05bc 6.92±0.03c 4.94±0.04a 92.00±1.00a 183.50±1.50a 117.44±0.96a 
0.0125 28.00±0.00c 6.79±0.12bc 5.62±0.30b 124.50±2.50d 249.00±5.00c 159.36±3.20cd 
0.0150 28.10±0.00d 7.09±0.01d 5.68±0.17b 115.50±11.50cd 231.00±22.00bc 147.84±14.80cd 
WHO (2008) <40 6.5–8.5 > 4 500 70 <600 
USEPA (2011) - 6.5–8.5 - 500 - - 
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The gills in the fish from control had the gill filaments 
arranged in parallel rows, the gill archs and gill 

Microscopic examinations of the prepared slides showed 
histopathological changes in the muscles, gills, intestines 
and brain of C. gariepinus from the exposure 
concentrations when compared with the control (Plates A - 
L). 

Histology of the Gills, Muscles, Intestines and Brain filaments/rakers were intact with the secondary branchial 
lamellae evenly spaced (Plate A). The gills from the 
exposed fish showed acute necrosis and lesions of the 
epithelial cells, damaged gill filaments and rakers 
(shortening of and eroded secondary lamella), congestion 
of secondary gill lamella, and diffusion of mucous cell. 
The changes increased with increase in the concentration 
of the toxicant that is, the alterations were concentration-
dependent (Plates B and C). 

Key: Means with the same superscripts down the columns were not statistically different at P<0.05; DO =Dissolved Oxygen; pH = 
Potential Hydrogen; EC = Electrical Conductivity; TDS = Total Dissolved Solids; WHO = World Health Organization; USEPA = United 
States Environmental Protection Agency

th th nd thFor the mortality, there were 32, 9, 6 and 4 dead fish at the 24 , 48 , 72 , and 96  hour. The exposure concentrations of 

0.0045, 0.0085, 0.011, 0.0125 and 0.015ml/L had 6.67, 10.0, 56.67, 30.0 and 63.33% mortality respectively while the 

control had none (Fig. 1). 

The muscles of fish are striated musculature arranged in 
myotomes which exhibit sloping patterns. These were the 
patterns observed in the fish tissues from the control (Plate 
D). The muscle tissues in the fish from the exposure 
concentrations showed slight thickening or atrophy of the 
tissues with increased sloping, necrosis, vacuoles and 

splitting of muscle fibers. The vacuoles and degenerated 
muscles increased with increase in concentration of the 
toxicant (Plates E and F).

LELEI, K.E., W. V. EBIKEBUNA, N. L. EZAMGBA AND O. S. NANAKUMO

Fig. 1: Mortalities of Clarias gariepinus fingerlings in the Different Exposure Concentrations of the Pyrethroid Mixture 

– 'B' with time.
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The villi showed alterations (degeneration/damages) in 

the intestines from the exposed fish (Plates H and I) which 

increased with increase in concentration when compared 

with the control. Tissue alterations included erosion of the 

villi, clumps/atrophy in the villi, shrinkage and deadening 

of the goblet cells (darker colour), lesions in the mucosa 

which may result in intestinal dysfunction. 

The sectioned brain showed atrophy of tissues in the grey 
matter (lighter shade) and white matter (darker shade), 
with vacuolation and necrosis which were obvious in the 

tissues of the fish from the exposure concentrations 
(Plates K and L) and were different from the control (Plate 
J). 

LELEI, K.E., W. V. EBIKEBUNA, N. L. EZAMGBA AND O. S. NANAKUMO
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DISCUSSION

The mortalities observed in the exposure concentrations 
increased with the exposure concentrations, and was 

thhighest in 0.015ml/L by the 24  hour. The observations 
indicated that, fish mortality varied with time. This was 
attributed to the degradation (effects of photolysis and 
oxidation) of the insecticide; mortalities increased with 
increase in concentration, thus, was concentration-
dependent. 

The values of the physicochemical parameters 
determined were juxtaposed and compared with the 
World Health Organization (2008) and United States 
Environmental Protection Agency (2011) Guidelines. The 
values showed that, the parameters were affected by the 
toxicant and the variations were concentration-
dependent. The obvious differences in the values of the 
total dissolved solids (TDS), electrical conductivity (EC) 
and salinity among the exposure concentrations were 
likely due to the interaction between the toxicant and test 
media, and resultant physiological responses of the fish 
which increased with increased concentrations of the 
toxicant. The DO and EC levels exceeded the 
recommended WHO (2008) and USEPA (2011) water 
quality guidelines, which could have implications for fish 
physiology and stress responses of the fish in the test 
media. These values also indicated increased presence of 
solutes in the test media which could indicate stress on and 
in the fish. These findings had similar trends with the 
reports of Yidi et al. (2021), who studied the effects of 
Deltamethrin on Chanas argus and Hossain et al. (2022), 
who reported on the effects of Chlorpyrifos on 
Oreochromis niloticus. 

The lethal concentration (96hr LC ) of the insecticide was 50

estimated to be 0.0128ml/L which implied that, this 
pyrethroid insecticide was highly toxic. Since, the lower 
the LC  value, the more toxic the substance (Shefali et al., 50

2021), in this case, the pyrethroid mixture. Prudencio et 
al. investigated the acute toxicity of (2023), increasing 
concentrations of Pyrinex Quick 212 EC the insecticides- 

−1 −1(Deltamethrin 12g L and Chlorpyrifos 200g L ) and 
−1Pyro FTE 472 EC (Cypermethrin 72 gL and Chlorpyrifos 

−1400g L ) o . The reported 96hr LC  values 50n C. gariepinus
−1were 0.004 and 0.012µL L  for Pyrinex and Pyro 

respectively, indicating very high toxicity to C. gariepinus 
juveniles. These values were similar to the findings of this 
study for the Cypermethrin,  Cyhalothrin and 
Deltamethrin mixture, implicated in the toxicity of this 
insecticide as reflected in the mortalities observed. The 
96hr LC  value obtained in this study was lower than the 50

1.94 µg/L 96-hour LC  reported by Yidi et al. (2021) for 50

Deltamethrin alone, suggesting that the combined 
formulation of Deltamethrin, Cypermethrin, and 
Cyhalothrin may have contributed to the higher toxicity of 
the insecticide used in this study. 

The low propensity of pyrethroid pesticides to accumulate 

in organisms (Ayaz and Kumar, 2023), their quick photo-
biodegradation (Agnieszka et al., 2018), and efficiency 
(Li et al., 2017) have resulted in their abuse with 
predictable resultant effects. In insects, Type II pyrethroid 
insecticides cause 'choreoathetosis syndrome' (Gupta and 
Crissman, 2013). Characterized by symptoms that include 
hyperactivity, hunched back, salivation, tremors, and 
progressing to sinuous writhing movements. Paul and 
Simonin (2006), reported that, pyrethroids were 10–1000 
times more toxic to aquatic animals than to mammals and 
birds due to their lower ability to degrade pyrethroid 
pesticides. Fish have reduced esterase-mediated 
hydrolysis of pyrethroids compared to mammals, making 
them more susceptible to pyrethroid toxicity (Yang et al., 
2016). Several studies have shown that, pyrethroid 
pesticides are hazardous to fish in reproductive and early 
development phases (Farag et al., 2021). 

The histological changes in the gills of the exposed fish 
observed in this study as acute necrosis and lesions of the 
epithelial cells, damaged gill filaments and rakers 
(shortening of and eroded secondary lamellar), congested 
secondary gill lamella, and diffusion of mucous cell were 
similar to the reports of Hossain et al. (2022). These 
histological changes in the gills could imply respiratory 
dysfunction, alterations in osmoregulation and excretion; 
and may lead to death. Li et al. (2023), observed swellings 
in the muscle layer of the intestinal tissue of juvenile 
Trachinotus ovatus in response to stress. The folds 
showed slight swelling to shedding and deformation. The 
intestinal mucosa was necrotic, had vacuoles which 
increased with the stress, erosion of the villi was also 
observed (2023), . Prudencio et al. investigated the acute 
toxicity of the insecticides- increasing concentrations of 

−1Pyrinex Quick 212 EC (Deltamethrin 12g L and 
− 1Chlorpyrifos 200g L ) and Pyro FTE 472 EC 

−1 −1(Cypermethrin 72  gL and Chlorpyrifos 400g L ) on C. 
gariepinus with emphasis on liver histopathological 
effects for 96hr. And reported on the degenerative effects 
of  on the liver tissues. Uptake of the insecticides
pyrethroids in fish may be due to the lipophilic and 
hydrophilic properties (Clasen et al., 2018) and the ease of 
entry into exposed fish through the gills, skin, during 
feeding, and their transport to tissues through blood 
circulation thereby, resulting in the toxic effects. 
Deltamethrin, cypermethrin, and lambda-cyhalothrin 
have been shown to cause histopathological abnormalities 
in tissues such as, fish gills, liver and muscles (Ogueji et 
al., 2019; Yang et al., 2020) which were comparable to the 
effects of Chlorpyrifos in Oreochromis niloticus (Hossain 
et al., 2022), and as observed in the alterations in the 
excised gills, muscles, intestines and brain in this study. 
The observations in the intestines of the exposed fish in 
this study were in line with the study of Wu et al. (2022), 
who studied Deltamethrin disruption of the intestinal 
health of Crucian Carp. The intestines are important in the 
digestion, uptake and absorption of nutrients after 
ingestion (Sæle et al., 2018). They are the first barrier in 
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the body's defense system, important in maintaining the 
body's normal nutrition, metabolism, and immune 
defense (Lall, 2020), functioning as a barrier against 
foreign antigens and pathogens from entering the mucosal 
tissues. The intestinal mucosa in fish is an effective barrier 
to maintain intestinal health due to its integrity of 
morphology, structure, and function (Lin et al., 2020). It is 
also associated with mediating and stimulating optimal 
gastrointestinal growth (Hassenrück et al., 2020). The 
microvilli, mucosal fold height, villus width, and 
muscularis thickness of the intestines are important 
indicators for evaluating intestinal function (Hassenrück 
et al., 2020; Cheng et al., 2022). The villi increases the 
internal surface area of the intestine, facilitating the 
efficient absorption of nutrients. The integrity of the 
goblet cells and their secretions-mucins play vital role as 
intestinal barrier in maintaining intestinal homeostasis. 
Stress leads to a significant decrease in the number of 
goblet cells and an increase in the number of vacuoles in 
the intestinal tissue. With the prolonged stress time, the 
intestinal villi in fish become arranged disorderly and 
eroded (Cheng et al., 2022). As observed in the 
histological examination of the intestines in this study, the 
villi and goblet cells were altered, attributed to the effects 
of the toxicant. The villi were eroded which may reduce 
the internal surface area of the intestine, thereby, affecting 
the efficient absorption of nutrients. The damaged goblet 
cells in the intestines of the affected fish can result in 
goblet cell dysfunction which may impair mucin 
secretion, compromising the intestinal mucosal barrier, 
thereby, increasing susceptibility to opportunistic 
bacterial colonization and inflammatory responses in fish 
(Johansson and Hansson, 2014; Birchenough et al., 2015; 
Yang and Yu, 2021). These can pose threat to fish health 
and well-being. 

CONCLUSION
Following the environmentally relevant concentrations of 
the pyrethroid mixture-'B' in this study, the findings have 
clearly shown histopathological alterations that are 
detrimental to the health and well-being of C. gariepinus. 
The insecticide mixture is highly toxic to fish and can be 
toxic to other aquatic organisms by extension, as evident 
in the fish mortalities. The presence of the toxicant had 
negative impacts on the evaluated physicochemical 
parameters of the test media (water), and can affect 
aquat ic  product iv i ty  by impl ica t ion .  Having 
understanding of the toxicological effects of such 

The observed histological changes in the excised gills, 
intestines, muscles and brain of the exposed fish as 
observed in the sectioned tissues can impair the 
behaviour, respiratory function, nutrit ion and 
development, swimming performance and balance, and 
wellness of the fish. These can have significant 
implications on the survival, health, well-being and even 
reproductive successes of fish and other non-target 
organisms when exposed to such insecticides in aquatic 
ecosystems. Therefore, further studies on the responses of 
aquatic organisms to insecticide mixtures are suggested to 
understand their toxicological implications on non-target 
organisms and aquatic environment.
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