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Abstract 
Currently terrestrial ecologies are polluted by numerous chemical compounds unceasingly 

leading to high risk of exposure to variety of life. Among these, bifenthrin is widely used 

for the control of different sucking and chewing insects and other leaf miner insects 

around the globe. The current study elaborated the toxic effects of oral administration of 

bifenthrin in male Japanese quails at sub-lethal (less than 1% mortality) concentrations 

(10mg/kg, 20mg/kg and 30mg/kg b.w.) during a period of 30 days. During the course of 

the study, the quails did not show any behavioural or clinical signs. However, a 

significantly (p<0.05) decreased RBCs and platelets counts and haemoglobin 

concentration while a significantly (p<0.05) increased MCV, MCHC, total leucocytes and 

neutrophils were observed in the birds administered with higher concentrations of 

bifenthrin. Moreover, the incidence of lobed nuclei, blebbed nuclei, condensed nuclei, 

notched nuclei, binuclear, pear shaped and micro-nuclei were significantly (p<0.05) 

increased in the erythrocytes of the groups C and D during the experiment. The diameter of 

seminiferous tubules, height of germinal epithelium and the number of seminiferous tubules 

containing normal spermatozoa were significantly (p<0.01) decreased while the number of 

pyknotic cells and degenerated seminiferous tubules were increased significantly (p<0.05) 

towards the end of the experiment (day-30) in the quails of groups C and D compared to the 

control group. Hence, the alterations in the hematological indices and histopathological 

changes in heart, spleen and testes indicate potential toxicity of bifenthrin and its adverse 

effects in the Japanese quail even at sub-lethal concentrations. 
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Introduction 
 

Recently the attention towards the potential 

deleterious effects of herbicides, pesticides and 

industrial effluents has extremely increased all over 

the world (Ghaffar et al., 2020; Hussain et al., 2021). 

The persistent use of these compounds at crops and 

animal feed industries is harmful for target and non-

target animals and food web (Arslan et al., 2017; 

Xiong et al., 2017; Rubin et al., 2019; Jayakumar et 

al., 2020; Safdar et al., 2022). These synthetic 

chemicals are causing significant endocrine 

abnormalities like alterations in the development and 

hormone secretary potential of pituitary gland, brain 

and gonads (Xu et al., 2018; Zhou et al., 2019; 

Scarano et al., 2019) and dysfunctions of 

hypothalamus, pituitary gland, thyroid, pancreas, 

adipose tissue, cardiovascular system, liver, kidney 

and reproductive system (Gaston et al., 2020; Gripp 

et al., 2017; Razali et al., 2019). Currently, synthetic 

pyrethroids are widely used class of insecticides, 

accounting for more than 25% of the global 

insecticide market (Yang et al., 2018). The increase 

in pyrethroid applications may be credited to 

perception of less toxic alternative to 

organophosphate pesticides (Fong et al., 2016). In 

fact, the pyrethroids are considered as less 

detrimental to mammals and birds although 

detrimental effects are reported in fish (Farag et al., 

2021; Ullah et al., 2019). These organic compounds 

are found to cause the formation of reactive oxygen 

species (ROS) that induces the oxidative stress 

(Shafqat et al., 2023; Sule et al., 2022; Ullah et al., 

2019). Avian species occupy a remarkable position in 

the ecosystem, are good indicator of a healthy 

ecosystem and are a sign of early warning to 

environmental issues (Sheikh et al., 2021; Luqman et 

al., 2021). Avian species die due to ingestion of 

pesticides and their remains may decompose rapidly 

or might be eaten by the scavengers (Arya et al., 

2019). For several years, birds were used as bio-

monitor species of environmental contaminations 

(González-Gómez et al., 2020). Moreover, sub-lethal 

toxicity effects of synthetic pesticides cypermetherin 

have been studied on spermatogenesis and male 

reproductive organs in rat that are significant to 

elaborate the toxicological effects caused by low 

quantities of pesticides used in the field (Dahamna et 

al., 2010). Likewise, the erythrocytic abnormalities 

are a good indicator to determine the oxidative stress 

due to cypermethrin in broiler chicks (Sharaf et al., 

2010), chlorpyrifos in Wistar rats (Uchendu et al., 

2018) and toxicity of dietary lead (Abd et al., 2023) 

or monomehypo (Khan et al., 2023) in Japanese 

quails.  

Bifenthrin (BIF) is a synthesized 3
rd

 generation 

pyrethroid insecticide that is extensively used these 

days to eliminate the harmful insects (Farag et al., 

2021; Fong et al., 2016). BIF disturbs the sodium ion 

channel and induces neuro- and immuno-toxicity in 

the insects (Wang et al., 2017). Additionally, to these 

toxic effects, the drug also causes serious 

consequences like hormone dysregulation, hepato- 

and immuno-toxicity in the Zebrafish (Park et al., 

2020; Eghan et al., 2023). It was found to be an 

endocrine disrupter with anti-estrogenic activity via 

disrupting the hypothalamic-pituitary-gonadal axis 

cause a declined reproduction and morphological 

abnormalities in the fish embryos (Pan et al., 2024; 

Patisaul, 2021). Nevertheless, the data are not 

available regarding the hematological and histo-

pathological effects of BIF in the Japanese quails. 

Hence, the study was conducted to investigate the 

clinically non-apparent sub-lethal effects of 

bifenthrin on various haematological parameters, 

absolute and relative weights of brain, lungs, trachea, 

liver, proventriculus, gizzard, intestine, kidneys, 

testes, spleen and heart and to analyse the nuclear 

abnormalities in red blood cells in different birds 

treated. 

 

Material and Methods 
 

Experimental design and treatment 

The present study was executed at The Department of 

Zoology, the Islamia University of Bahawalpur. A 

total of 48 sexually grown-up male Japanese quail, 

weighing between 80 to 100gm were bought from the 

commercial bird market of Bahawalpur. The quails 

were kept in the natural environment for about two 

weeks and fed with standard commercial feed 

according to 10% of body weight. Clean pure 

drinking water was supplied ad-libitum. After 

adaptation, the birds were divided into four groups 

(A, B, C and D) each containing 12 quails.  

Bifenthrin (10% w/v Emulsifiable concentration) was 

purchased from Jaffar Group of Companies, Pakistan, 

2.5% w/w solution was prepared and was fed orally 

to the birds in drinking water, accordingly for 

different concentrations of BIF i.e. 10mg/kg, 

20mg/kg and 30mg/kg body weight to the birds of 

groups B, C and D, respectively for a period of 30 
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days. While the birds of group A were served as 

control (0 mg/kg body weight). All the experimental 

procedures used in the study were executed according 

to the guidelines and prior permission of the office of 

Directorate of Research and Bioethics Committee, 

The Islamia University of Bahawalpur for the use and 

welfare of laboratory animals. 

 

Haematological and biochemical analysis 
All the birds were monitored twice daily for 

behavioural and clinical signs. At the time of 

sampling (on the experimental days-10, 20 and 30), 

04 birds from each group were randomly slaughtered 

for collection of blood in the EDTA coated 

vacutainers for hematological analyses, as previously 

described (Ayub et al., 2018; Malik et al., 2018). 

 

Histo-pathological analysis 

After collection of the blood, the visceral organs 

(brain, lungs, trachea, liver, proventriculus, gizzard, 

intestine, kidneys, testes, spleen and heart) were 

collected to determine the absolute and relative 

weights of the organs and the microscopic histo-

pathological abnormalities. For this purpose, the 

tissue pieces of about 01cm were preserved in 10% 

formalin solution and processed by paraffin 

sectioning technique (Ali et al., 2024; Akram et al., 

2021). For microscopic observations, about 4-5µm 

thick histological sections were prepared and stained 

with hematoxylin and eosin staining technique, for 

histo-morphological studies, as previously described 

(Ali et al., 2017; Sikandar et al., 2020). 

 

Statistical analysis 

The recorded data were subject to statistical analysis 

by using one way ANOVA (Analysis of Variance). 

Mean ± SE values were determined and Multiple 

Mean Comparison was implied through Tukey’s test. 

p<0.05 was accepted as statistically significant 

difference. 

 

Results  
 
Hematologic analysis 

The total erythrocytes / RBCs count and hemoglobin 

(HGB) concentration decreased significantly 

(p<0.05) at the day-20 in the groups C and D and the 

values were further decreased at the day-30 in the 

quails of group D (Fig 1a-c). With the increased 

exposure of bifenthrin in the Japanese quail, the 

leukocyte / WBCs count was increased significantly 

(p<0.05) in each group B, C and D. Similarly, the 

hematocrit (HCT) values were goes on decreasing 

after 10 day to days-20 and 30 at the exposure of 

bifenthrin from groups B to D (Fig 1a-c). The values 

of mean corpuscular volume (MCV) and mean 

corpuscular hemoglobin concentrations (MCHC) 

were also increased significantly (p<0.05) in the 

groups C and group D up-to the end of the 

experiment at days-30 (Fig 1 d-f). 
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Figure-1. Haematological parameters of birds of different treatment groups: B (10mg/kg b.w.), C 

(20mg/kg b.w.) and D (30mg/kg b.w.) of bifenthrin compared to the control group A, at days-10 (a, d), 

20(b, e) and 30 (c, f). 

  

a 

b 

C 

d 

e 

f 
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Nuclear abnormalities 

The results revealed that various nuclear 

abnormalities in RBCs significantly increased in the 

groups exposed to different concentrations of 

bifenthrin as compared to control group. It was 

observed that the percentile rate of erythrocyte with 

hetero-pycnotic nuclei, lobed nuclei, blebbed nuclei, 

cells with micro- and broken nuclei were 

significantly (p<0.05) increased in the groups D than 

the groups B, C and control group A, during the 

experiment (Fig 2). There was significant increase in 

the occurrence of binuclear and pear shapes in the 

erythrocytes of the birds of group D at day-30 

exposed to higher bifenthrin concentration of 

30mg/kg (Fig 2). The condensed and notched nuclei 

were significantly (p<0.05) increased in the groups C 

and D at the days-20 and 30 in the groups exposed to 

higher concentrations of the drug (Fig 2-3). 

 

 
 
Figure-2. Nuclear abnormalities in RBCs of the 

birds of different treatment groups: B (10mg/kg 

b.w.), C (20mg/kg b.w.) and D (30mg/kg b.w.) of 

bifenthrin compared to the control group A, at 

days-10 (a), 20 (b) and 30 (c) of sampling. 

 

 
Figure-3. Photomicrograph of erythrocyte of 

mature birds given higher concentrations of 

bifenthrin showing different nuclear and 

morphological ailments like micronucleus 

(arrow), lobed nuclei (arrow heads) and 

condensation of nuclei (c). 

 
Morphology and histological observations of 

visceral organs 

Body weight of C. japonica exposed to different 

concentrations of bifenthrin significantly (p<0.05) 

decreased in the groups exposed different 

concentrations (10mg/kg b.w., 20mg/kg b.w. and 

30mg/kg b.w.) of bifenthrin, as compared to control 

group A. The absolute (Figure 4) and relative (Figure 

5) weights of liver and intestine increased 

significantly (p<0.05) in the groups C and group D at 

20 and 30-days of exposure of bifenthrin. The weight 

of kidneys increased from group A to group D with 

an increase in the concentration of bifenthrin in a 

time dependant manner. Similarly, the absolute and 

relative weights of brain, spleen, lungs, 

proventriculus, gizzard and heart increased 

significantly (p<0.05) in the groups C and D 

compared to group A (Figure 4-5). Histo-

pathologically, there observed necrosis of cardiac 

myocytes, edema and myofibrillosis, presence of 

inflammatory exudates, necrosis of cardiac myocytes 

and breakdown of cardiac myofibers (Fig 6). While 

the spleen sections revealed dis-organisation of 

splenic cords and sinuses, presence of inflammatory 

materials and depletion of splenic cells (Fig 7). 

 

b 

C 

a 
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Figure-4. Absolute weights of visceral organs of quail of different treatment groups B (10mg/kg b.w.), C 

(20mg/kg b.w.) and D (30mg/kg b.w.) of bifenthrin compared to the control group A, at sampling days-10, 

20 and 30. 

 

 
Figure-5. Relative weights of visceral organs of quail of different treatment groups B (10mg/kg b.w.), C 

(20mg/kg b.w.) and D (30mg/kg b.w.) of bifenthrin compared to the control group A, at sampling days-10, 

20 and 30. 
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Figure-6. Histo-pathological sections of heart of adult 

Japanese quails depicting necrosis of cardiac myocytes 

(arrow head) and presence of edema (arrow) in 

myofibrillosis (a). Moreover, necrosis of cardiac cells 

(arrow head) and presence of inflammatory exudate 

(arrow) and edema fluid (*) were observed along with the 

breakdown of cardiac myofibers (b). Scale bar = 50μm. 

 

Morphology and histological observations of testes 

The testes of the quails in the group A (control 

group) were found to be regular in size, while the 

testes of quails subjected to different doses of 

bifenthrin had been significantly (p<0.05) decreased 

in size at days-30 in all groups as compared to 

control group. In the group D, the testicular length 

and width of quails has been extensively smaller in 

comparison to the control group (Figure 8). 

Histo-pathological observations of the testes of the 

birds in the control group found to have all the 

successive tiers of spermatogenesis including 

spermatogonia, primary and secondary 

spermatocytes and spermatids. 

 
Figure-7. Histological sections of spleen of adult quails 

exposed to different doses of bifenthrin showing 

different histo-pathological alterations like 

disorganisation (a) and depletion (b) of splenic 

parenchyma showing inflammatory exudate (arrow) 

and depletion of splenic cells (*). Scale bar = 50μm. 

 

 
Figure-8. The dimensions and size of testes of 

Japanese quail exposed to different 

concentrations of Bifenthrin at the end of the 

experiment (day-30). A = Control, B = 10mg/kg 

b.w., C = 20mg/kg b.w., D = 30mg/kg b.w. 

 
While, the testes of quails subjected with different 

doses of bifenthrin found out admixture of necrotic 

cells inside the lumen of seminiferous tubules with 

arrest in spermatogenesis. The diameter of 

seminiferous tubules, height of germinal epithelium 

and the number of seminiferous tubules containing 

normal spermatozoa were significantly (p<0.01) 
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decreased in the quails of groups from C to D 

compared to the control group (Fig 9-10). The 

diameter of seminiferous tubules was decreased 

while the tubules having unusual sperms were 

additionally significantly increased from the day-10 

(p<0.05) of the experiment in the treated groups up-

to the end of the experiment (day-30; p<0.01) (Fig 9, 

Table 1). At the histo-pathological level, the number 

of pyknotic cells and degenerated seminiferous 

tubules were found to be increased significantly 

(p<0.05) along with an admixture of necrotic cells in 

the lumen of seminiferous tubules. Moreover, there 

observed an arrest of spermatogenesis, necrosis of 

spermatids and sloughing of germinal epithelium of 

seminiferous tubules, pyknosis, admixture of necrotic 

cells in the lumen of seminiferous tubules and 

degeneration of seminiferous tubules. The tubules 

were found to be congested having an increased 

number of abnormal cells (Fig 10, Table 2). 

 

Discussion 
 
Bifenthrin is extensively used insecticide in 

agriculture and at storage houses of crops and grains 

at worldwide. Despite, its beneficial effects against 

the harmful insects and pests, the compound causes 

serious deleterious impacts of different non-target 

organisms. However, the data were not available 

regarding the effects of bifenthrin exposed to 

Japanese quail. The dietary LC50 of the drug has been 

reported to be 1280mg/kg and 4450mg/kg for 

bobwhite quail and mallard ducks, respectively 

(Tomlin, 2000) and we have selected quite low 

concentrations (below than 1% mortality) of the drug 

to elaborate the sub-lethal effects in Japanese quail 

that the selected doses of the drug might not cause 

the death of the bird but impart non-apparent sub-

clinical but severe physiological health effects. 

Hence, the current study revealed the alterations in 

the hematological parameters and tissue morphology. 

It has been previously shown that RBCs, HGB, 

hematocrit and lymphocytes were significantly 

(p<0.05) decreased while leukocyte counts were 

significantly increased in fresh water fish on 

exposure to Emamectin benzoate (Kumar et al., 

2022) or Butachlor (Ghaffar et al., 2015).  

There found a significant increased incidence of 

different morphological and nuclear abnormalities 

like pear shape RBCs, microcytes, pear shape RBCs, 

erythrocytes with micro-, lobed, blebbed or notched 

nuclei and cells with nuclear remnants were 

observed, as like quinalphos insecticide caused 

genetic alterations and nuclear changes in the 

peripheral RBCs of silver barb (Sadiqul et al., 2016). 

Our results also showed significant increase in the 

WBCs count and increased values of hemoglobin, 

erythrocyte, hematocrit and lymphocyte in the 

Japanese quail exposed to different concentrations of 

bifenthrin, as also previously reported (Ghaffar et al., 

2018; Qureshi et al., 2016) wherein the authors 

exposed the common carp (Cyprinus carpio) to 

different concentrations of fipronil and found that 

erythrocyte count, hemoglobin and hematocrit were 

decreased significantly (p<0.05) and MCV, WBCs, 

neutrophils, monocytes and lymphocytes were 

significantly increased (Ghaffar et al., 2015).  

 

 
Figure-9. The seminiferous tubules with normal process of spermatogenesis (a) and diameter of 

seminiferous tubules (b) in the testes of Japanese quail exposed to different doses of Bifenthrin at 

different days of sampling. A = Control, B = 10mg/kg b.w., C = 20mg/kg b.w., D = 30mg/kg b.w. 

 

b a 
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Figure-10. Histo-micrograph of testicular tissues 

of Japanese quails exposed with bifenthrin 

showing various histo-pathological alterations 

including arrest of spermatogenesis (arrow 

heads), necrosis of spermatids (*) and sloughing 

of germinal epithelium of seminiferous tubules (a) 

along with pyknosis, admixture of necrotic cells in 

the lumen of seminiferous tubules (arrow) and 

degeneration (arrow head) of seminiferous 

tubules (b). Scale bar = 50μm. 

 
Moreover, total serum proteins, MCHC and MCV 

were significantly (p<0.05) decreased that indicate 

that fish were suffering from microcytic hypochromic 

anemia (Ghaffar et al., 2015). The reduction in the 

absolute and relative weights of different visceral 

organs may be attributed to systemic toxicity in the 

Japanese quail.  

There observed reproductive modifications in the 

testes of quails in the form of significant decrease in 

the weight and testicular morphometry. Similar to 

our findings, it was previously found that the relative 

weight of testes was decreased in the quails exposed 

to triazophos in comparison to control group 

(Ghaffar et al., 2015). Moreover, at histologically 

level, the number and diameter of seminiferous 

tubules and height of spermatogenic epithelium was 

decreased in the quails exposed to triazophos 

compared to control group (Ghaffar et al., 2015). In 

the same context, many environmental toxicants 

produce variations of functions of reproductive and 

other body systems simultaneously with impact on 

the behavior and referred to as neuroendocrine 

disrupters function via hypothalamo-pituitary-organ 

axis (Hussain et al., 2011; Hussain et al., 2012; 

Hussain et al., 2014). The decrease in the relative 

weight of testes could be correlated with preceding 

findings displaying a decrease in the relative weight 

of testes at 90 days of treatment by various levels 

(62.5mg/kg and 125mg/kg b.w.) of pirimiphos-

methyl (Ngoula et al., 2007) or of chlorpyriphos-

ethyl at the dose of 7.5mg/kg, 12.5mg/kg and 

17.5mg/kg b.w./day (Joshi et al., 2007) in rats or by 

37.5mg, 56.25mg and 75mg of AS/kg b.w. in 

Japanese quail (Ferdinand et al., 2017). The 

substantive diminution of spermatogenic cellular 

population lead to widening of the intra-tubular area 

of the seminiferous tubules along with an admixture 

of necrotic cells, arrest of spermatogenesis, reduced 

seminiferous tubule diameter and epithelial height. 

Insecticides usually produce oxidative strains, free 

radicals and variations in the antioxidant levels, the 

scavenging enzyme machinery and lipid peroxidation 

(Sule et al., 2022). It has been observed that 

insecticides have the efficiency to pass the blood-

testis barrier inducing oxidative pressure and lipid 

peroxidation that destroy the organic membranes in 

the testes (Tijani et al., 2024; Zuščíková et al., 2023) 

resulting in necrosis, infection and degeneration of 

the spermatogenic tissues (Babazadeh and Najafi, 

2017). 
 

Conclusion 
 
These results signify the detrimental effects of 

bifenthrin on the health and physiological well-being 

of C. japonica suggesting the potential risks and 

harm to avian species when exposed to this pesticide. 

The comprehensive analysis and data presented in 

this study emphasize the impact of bifenthrin and 

other similar pesticides on avian species and 

ecosystems, urging for more stringent regulations and 

environmentally conscious practices to mitigate these 

harmful effects. The research conducted on the toxic 
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impacts of bifenthrin in adult C. japonica revealed 

significant and serious alterations in the 

hematological indices and histopathological changes 

in different organ tissues. Bifenthrin exposure 

resulted in disruptions in the blood parameters and 

histological changes in the organs indicating potential 

toxicity and adverse effects on the health of these 

birds that warranted to comprehensively understand 

the mechanisms underlying these effects and to 

devise strategies to mitigate the impact of pesticides 

on wild avian health. 
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