
ISSN: 2320-5407                                                                                          Int. J. Adv. Res. 7(5), 70-85 

70 

 

Journal Homepage: -www.journalijar.com 

 

 

 

 

Article DOI:10.21474/IJAR01/9006 

DOI URL: http://dx.doi.org/10.21474/IJAR01/9006 

 

RESEARCH ARTICLE 

 
BIFENTHRIN INDUCED BIOCHEMICAL AND HISTOPATHOLOGICAL ALTERATIONS IN RATS. 

 

Enas A. Tahoun
1
, Shimaa M. Abou-Zeid

2
 and Huda O. AbuBakr

3
. 

1. Department of Pathology, Faculty of Veterinary Medicine, University of Sadat City, Egypt.  

2. Department of Forensic Medicine and Toxicology, Faculty of Veterinary Medicine, University of Sadat City.  

3. Department of Biochemistry and Chemistry of Nutrition, Faculty of Veterinary Medicine, Cairo University, 

Giza, 12211, Egypt. 

…………………………………………………………………………………………………….... 

Manuscript Info   Abstract 

…………………….   ……………………………………………………………… 
Manuscript History 

Received: 02 March 2019 
Final Accepted: 04 April 2019 

Published: May 2019 

 

Key words:- 
Bifenthrin, oxidative stress, apoptosis, 

inflammation, histopathology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Bifenthrin is a third-generation synthetic pyrethroid with a broad 

spectrum insecticidal and acaricidal activity used to control a wide 

range of insect pests in many applications. The current study was 

designed to investigate the toxic effects of bifenthrin in male rats 

exposed orally by stomach intubation at 7 mg/kg for 28 days. Liver and 

kidney functions were monitored in addition to oxidant/antioxidant 

parameters in serum, liver, kidney and brain. The immunohistochemical 

reactivity to iNOS, COX-2 and caspase-3 were studied and the 

histopathological findings were recorded. Our results revealed 

significant elevations in serum ALT, AST, LDH and ALP activities and 

blood BUN and creatinine levels while serum total protein was 

reduced. The level of MDA increased in liver, kidney and brain with 

reduction in GSH level and SOD, CAT and GPx activities. The activity 

of iNOS increased in hepatocytes, glomeruli and renal tubular cells. 

Strong immunoreactivity to COX-2 was observed in the brain. The 

expression of caspase-3 increased in both liver and brain. The liver 

revealed degeneration with loss of cellular outlines and areas of 

coagulative necrosis infiltrated with inflammatory cells. The kidney 

showed congestion of blood vessels and glomeruli, necrotic renal 

tubules and hyperplasia of fibrocytes with leucocyte infiltration in-

between renal tubules. The brain revealed loss of some Purkinje cells, 

demyelination, neuronophagia, widespread neuronal necrosis with 

marked edema and proliferation of perineural satellite oligodendroglia 

cells around the cell body of motor neurons ‘satellitosis’. In conlusion, 

bifenthrin produced toxic effects in rats which seem to be mediated by 

oxidative stress and release of inflammatory mediators. 

 
                 Copy Right, IJAR, 2019,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Pyrethroids are a class of synthetic insecticides that have been designed and optimized based on the structures of the 

pyrethrins, the natural insecticides obtained from pyrethrum. Pyrethroids have been widely used in agricultural,  

urban and home environments over the last decades as a result of restrictions on the use of organophosphates and 

carbamates (Sunderland, 2010). Pyrethroids account for about 30% of insecticides used globally because of their 

Corresponding Author:-Enas A. Tahoun. 

Address:-Department of Pathology, Faculty of Veterinary Medicine, University of Sadat City, Egypt. 

 

http://www.journalijar.com/


ISSN: 2320-5407                                                                                          Int. J. Adv. Res. 7(5), 70-85 

71 

 

relative safety to human and animals, excellent insecticidal activity and rapid degradation in soil (Prasanthi et al., 

2005).  

 

Bifenthrin is a third-generation type I (non-cyano) pyrethroid insecticide and miticide widely used for agricultural 

and domestic pest control. Commercial bifenthrin products are used on vegetables, some fruits, corn, cotton, cereals, 

grass seed, alfa alfa, and ornamentals (Johnson et al., 2010).  The use of bifenthrin is also preferred in veterinary 

practices and public health programs to control ectoparasites and disease vectors, respectively (Anadón et al., 

2009). 

 

The main target for pyrethroids in nerve cells is the voltage-gated sodium channel. Pyrethroids prolong the sodium 

tail current by retarding the closure of sodium channel gates after initial sodium influx during the depolarization 

phase. Because bifenthrin lacks the alpha cyano group, it binds with sodium channels transiently causing repetitive 

firing of axons without any effect on resting potential (Khan et al., 2013). 

 

Due to its widespread use, residues of bifenthrin are frequently detected in environmental media, residential areas 

and biota, thus arising potential risks to the health of human and animals. Bifenthrin exhibited high acute lethal 

toxicity to aquatic species. Additionally, bifenthrin caused sublethal toxic effects on various non-target organisms, 

including developmental toxicity, neurobehavioral toxicity, immunotoxicity and endocrine disrupting effects (Yang 

et al., 2018). 

 

However, the underlying mechanisms mediating bifenthrin toxicity are poorly understood so far. Generation of free 

radicals by other prethyroids through oxidation reactions mediated by cytochrome isoenzymes and through ester 

cleavage and subsequent oxidative stress have been previously demonstrated (Wang et al., 2016; Aouey et al., 

2017).   

 

Therefore, the current investigation was performed to evaluate the subacute toxicity of bifenthrin in relation to 

oxidative stress parameters, inflammatory mediators and apoptosis in rats orally exposed daily for 28 days. 

Haematoxylin and eosin staining was performed as a reference of examination of cytoarchitecture of tissues.  

 

Materials and Methods:- 

Chemicals  

Bifenthrin 100 g/L EC was purchased from King Quenson, China. Test kits for measuring liver and kidney 

functions and the oxidant/antioxidant biomarkers were obtained from Biodiagnostic (Egypt).  

 

Animals and experimental design 

The experimental design was approved by the Ethical Committee of Animal Experiments of University of Sadat 

City, Egypt, VUSC-002-1-19. 

 

Young adult male Sprague-Dawley rats (150 - 200g) were purchased from Al-Zyade Experimental Animals 

Production Center (Giza, Egypt). Animals were maintained under standard experimental conditions (a 12-h 

light/dark cycle; temperature maintained 23 ± 2°C) and supplied with food and water ad libitum. 

 

Animals were randomly allocated into two groups, 25 animals each. The treated group received bifenthrin orally 

dissolved in corn oil for 28 days by stomach tube at a daily dose of 7 mg/kg body weight, equivalent to 1/10
th
 LD50 

(Tsuji et al., 2012). The other group received no chemical treatment and administered the vehicle only to serve as 

control. 

 

Samples collection 
Every week, 5 animals from each group were sacrificed under diethyl ether anesthesia and liver, kidney and brain 

were excised and fixed in 10% neutral buffered formalin for histopathological and immunohistochemical 

investigations. 

 

At the end of experiment, blood samples were collected from both groups before sacrifice, under diethyl ether 

anesthesia, from the retro-orbital fossa using capillary tubes in aliquots containing heparin at 10 IU/ml of blood.  

Serum was collected and stored at -20 ºC until used for biochemical analysis. Animals were sacrificed and liver, 

kidney and brain were excised immediately and stored at −80°C for further tissue biochemical analysis.  
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Liver and kidney function tests 
The influence of bifenthrin on liver function was evaluated by measuring the activities of serum alanine 

aminotransferase (ALT), aspartate aminotransferase (AST) (Reitman and Frankel, 1957), alkaline phosphatase 

(ALP) (EL-Aaser et al., 1977), lactate dehydrogenase (LDH) (Bais and Philcox, 1994) and levels of total protein 

(Gornall et al., 1949). Kidney function was assessed by measuring serum levels of BUN (Fawcett and Scott, 1960) 

and creatinine (Schirmeister et al., 1964). 

 

Oxidant/antioxidant biomarkers 

Total antioxidant capacity (TAC) in serum was estimated according to Koracevic et al.  (2001). The level of 

malondialdehyde (MDA) (Ohkawa et al. 1979) was estimated in liver, kidney and brain. Glutathione reduced 

(GSH) level (Beutler et al., 1963) was measured in addition to activities of superoxide dismutase (SOD) (Nishikimi 

et al., 1972), catalase (CAT) (Aebi, 1984) and glutathione peroxidase (GPx) (Paglia and Valentine, 1967) in liver, 

kidney and brain.  

 

Immunohistochemistry 

For immunohistochemical staining, 4 μm thick sections were fixed at 65ºC for 1h, deparaffinized, rehydrated, and 

endogenous peroxidase activity was blocked with 3% H2O2 in methanol. Sections were pre-treated in citrate buffer 

(pH 6.0) in a microwave then incubated overnight at room temperature with rabbit polyclonal antibodies against 

inducible nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2) and caspase-3 according to their manufacturer’s 

specification. The sections were incubated with biotinylated goat anti-polyvalent, then with streptavidin peroxidase 

and finally with diaminobenzedine plus chromogen. Slides were counterstained with hematoxylin before 

examination under the light microscope. The slides were visualized under light microscope and the extent of cell 

immunopositivity was assessed. Photos were photographed using a digital Leica photomicroscope (LEICA DMLB 

Germany). 

 

Semiquantitative scoring 

Immunohistochemical evaluation of the tissues  

Semiquantitative data analysis of each parameter was performed in five rats from each group and three randomly 

selected different microscopic fields from each rat. The total number of cells in the microscopic field was calculated 

by counting hematoxylin-positive cells and immunopositive cells after performing color deconvolution command. 

Results were the mean value of counting fifteen sections. The mean prevalence of each parameter was performed 

according to the number of immunopositively stained cells compared to total number of cells with scores ranging 

from (-) to (+++) and degree of staining of immune positively stained cells with scores ranging from (0) to (III). 

 

Number of immune stained cells Degree of staining 

(-): (0% no immune-positive cells)  (0): negative staining    

(+): (<25% immune-positive cells) (I): weak staining 

(++): (25-50% immune-positive cells) (II): moderate staining 

(+++): (>50% immune-positive cells) (III): strong staining 

 

Histopathological examination  

Following necropsy, tissue specimens from liver, kidneys and brain were collected and rapidly fixed in 10% neutral 

buffered formalin solution. The fixed specimens were trimmed, washed, dehydrated in ascending grades of ethyl 

alcohol, cleared in methyl benzoate and processed through the conventional paraffin embedding technique. Paraffin 

blocks were prepared from which 3-5 μ microns sections were obtained using microtome (LEICA RM 2135) then 

routinely stained by hematoxylin and eosin (H & E) stain according to Bancroft and Gamble (2008). Stained slides 

were microscopically analyzed using light microscopy. Histopathological Photos were photographed using a digital 

Leica photomicroscope (LEICA DMLB Germany). 

 

Statistical analysis: 

Statistical analysis was determined by student t test. All statistical analyses were performed using SPSS (Statistical 

package for Social Sciences) Version 17. Values were presented as mean ± SE. Differences were considered 

statistically significant at P≤0.05 and P≤0.01. 
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Results:- 
Liver and kidney functions 

Subacute administration of bifenthrin to rats caused significant elevations (P≤ 0.01) in serum activities of ALT, 

AST, LDH and ALP, while the level of total protein was reduced (Table 1). The levels of serum BUN and 

creatinine were significantly elevated (P≤ 0.01) in bifenthrin treated rats.  

 

Table 1:-Serum biochemical parameters in control and bifenthrin-treated rats 

 Control  Treated  

ALT (u/l) 38.6 ± 1.220 80.8 ± 1.53
**

 

AST (u/l) 83.3 ± 1.86 103.2 ± 2.09
**

 

LDH (u/l) 962.8± 5.96 1317.4 ±9.36
**

 

ALP 182.8 ±2.42 200.6 ± 3.41
**

 

Total protein (g/dl) 5.98 ± 0.140 4.81 ± 0.128
**

 

BUN (mg/dl) 50.2 ±1.36 95.6 ±1.94
**

 

Creatinine (mg/dl)  1.18±0.019 2.72±0.114
**

 

TAC (mmol/L) 1.25± 0.048 0.56 ± 0.031
**

 

Values are presented as mean ± SE, n=5. **Significant at P≤0.01 

 

Oxidant/antioxidant biomarkers 

Serum total antioxidant capacity (TAC) was significantly reduced (P≤ 0.01) in treated rats compared to control 

values (Table 1). Fig. 1 revealed significant increase (P≤ 0.01) in MDA and NO levels in liver, kidney and brain of 

treated animals while the concentration of glutathione reduced decreased significantly (P≤ 0.01) in these organs. The 

activities of antioxidant enzymes SOD, CAT and GPx in the three organs were significantly suppressed due to 

bifenthrin treatment (Fig 2). 

 
Fig 1:-Effect of bifenthrin on levels of a) malondialdehyde (MDA), b) Nitric oxide (NO) and c) glutathione (GSH) 

in liver, kidney and brain of control and treated rats. Values are presented as mean ± SE, n = 5, ** significant at P≤ 

0.01. 



ISSN: 2320-5407                                                                                          Int. J. Adv. Res. 7(5), 70-85 

74 

 

 

 
Fig 2:-Activities of a) superoxide dismutase (SOD), b) catalase (CAT) and c) glutathione peroxidase (GPx) in liver, 

kidney and brain of control and treated rats. Values are presented as mean ± SE, n = 5, * significant at P≤ 0.05, ** 

significant at P≤ 0.01. 

 
Immunohistochemical findings 

Our findings reveald that subacute administeration to bifenthrin incresed iNOS immunoractivity in hepatocytes in a 

time-dependent manner (Table 2, Fig. 3). In the kidney, strong immunoreactivity was observed in glomeruli, renal 

tubules and in-between medullary tubules in a manner proportional to the time of exposure (Table 2, Fig. 4). 

 

Concerning COX-2, the immunoreactivity increased in intensity and distribution with increasing time of exposure, 

so that after 4 weeks strong immunoreactions were distributed all over the cerebrum (Table 2, Fig. 5).  

 

Regarding caspase-3, significant increase in hepatocytes with intense caspase-3 immunoreactivity was observed 

(Table 2, Fig. 6). In brain, most of neurons revealed strong expression of caspase-3 (Table 2, Fig. 7).  
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Fig 3:-Representative photomicrographs of iNOS expression in rat liver (X20). 

 

Control group: showing no cytoplasmic iNOS immunoreactivity in the hepatocytes except for a line demarcation of 

sinusoidal endothelial cells by iNOS. Bifenthrin 1w: showing iNOS immunoreactivity in sinusoidal endothelial 

cells. Bifenthrin 2w: showing weak iNOS immunoreactivity in the cytoplasm of some hepatocytes (arrows) in the 

portal area. Bifenthrin 3w: showing strong iNOS immunoreactivity in the cytoplasm of multiple hepatocytes in the 

portal area (arrows). Bifenthrin 4w: showing increased number of iNOS-positive hepatocytes (the majority of these 

cells exhibited a strong intensity (circle). 

 

 
Fig 4:-Representative photomicrographs of iNOS expression in rat kidneys (X20), (black arrow: strong iNOS 

immunoreactivity; blue arrow: weak iNOS immunoreactivity). 
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Control group: showing light immunoreactivity in the glomeruli and sporadic renal tubules. Bifenthrin 1w: 

showing strong iNOS immunoreactivity in the glomeruli and weak immunoreactivity in renal tubules. Bifenthrin 

2w: showing strong immunoreactivity in the glomeruli and some renal tubules. Bifenthrin 3w: showing strong 

immunoreactivity in the glomeruli and most of renal tubules. Bifenthrin 4w: showing strong immunoreactivity in 

both glomeruli and renal tubules in cortical region of the kidney (1) and in-between medullary tubules (2). 

 

 
Fig 5:-Representative photomicrographs of COX-2 expression in rat cerebrum (motor neurons) (X20). 

 

Control group: showing no COX-2 immune-stained cells. Bifenthrin 1w: showing sporadic scattered individual 

COX-2 immune-stained cell (arrow).  Bifenthrin 2w: showing some immune-stained cell (arrow).  Bifenthrin 3w: 

showing multiple immune-stained cells (arrows).  Bifenthrin 4w: showing numerous COX-2 immune-stained cells 

with strong immune reaction distributed all over the cerebrum with perinuclear immunoreactivity. 

 

 
Fig 6:-Representative photomicrographs of immunohistochemistry for caspase-3 in rat liver (X20). 
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Control group: showing hepatocytes with no expression of caspase-3. Bifenthrin 1w: showing sporadic scattered 

hepatocytes with caspase-3 immune reaction (arrows). Bifenthrin 2w: showing some hepatocytes with strong 

positive caspase-3 immune reaction (arrows). Bifenthrin 3w: showing multiple hepatocytes with intense immune 

reaction in the portal area (arrows).  Bifenthrin 4w: showing a significant increase of hepatocytes with intense 

caspase-3 immunoreactivity (arrows).   

 

 
Fig 7:-Representative photomicrographs of immunohistochemistry for caspase-3 in rat mid brain (cerebral cortex) 

(X20). 

 

Control group: showing normal neurons with no expression of caspase-3. Bifenthrin 1w: showing some neurons 

with weak expression of caspase-3. Bifenthrin 2w: showing neurons with weak expression of caspase-3. 

Bifenthrin 3w: showing neurons with strong expression of caspase-3. Bifenthrin 4w: showing most neurons with 

strong expression of caspase-3.  

 

Table 2:-Distribution of histopathological grades of semiquantitative analysis of Immunohistochemical evaluation 

of liver, kidney and brain in rats. 

 

 

Weeks of experiment 

Histopathological grades 

Parameter  Organ 1w 2w 3w 4w 

Control Bifenthrin Control Bifenthrin Control Bifenthrin Control Bifenthrin 

iNOS Liver - (0) + (I) - (0) ++ (I) - (0) ++ (II) - (0) ++ (III) 

kidney + (I) + (II) + (I) ++ (III) + (I) +++(III) + (I) +++(III) 

Cox-2 Brain - (0) + (I) - (0) + (I) - (0) ++ (II) - (0) ++ (III) 

Caspase-3 Liver - (0) + (II) - (0) + (III) - (0) ++ (III) - (0) ++ (III) 

Brain - (0) + (I) - (0) + (I) - (0) ++ (III) - (0) ++ (III) 
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Histopathological findings 

Control animals showed normal histology of liver, kidney and brain (Fig. 8). After one week of bifenthrin treatment, 

liver showed congestion of central vein and sinusoids, granular degeneration of hepatocytes with granular 

cytoplasm. Edema in the portal area and coagulative necrosis of hepatocytes were recorded after 2 weeks. 

Congestion and edema in the portal area with inflammatory cell infiltration and coagulative necrosis of hepatocytes 

were noted after 3 weeks. At the end of experiment, the liver showed degenerated area with loss of cellular outlines 

(prescence of pyknotic nuclei and more esinophilic cytoplasm) and areas of coagulative necrosis infiltrated with 

inflammatory cells in the portal area. 

 

Kidneys of treated animals showed congestion of glomeruli, edema of interstitial tissue, necrotic renal tubules and 

cloudy swelling of most renal tubules (Fig. 9). Hemorrhage, edema and inflammatory cell infiltration of interstitial 

tissue were noted after 2 weeks. At the third week, kidney revealed periglomerular hyperplasia of fibrocytes with 

leucocyte infiltration inbetween renal tubules and cloudy swelling of most renal tubules with hyaline and epithelial 

casts. At the end of experiment, the kidney revealed congestion of blood vesseles and glomeruli, necrotic renal 

tubules and hyperplasia of fibrocytes with leucocyte infiltration inbetween renal tubules.  

 

The brain of control rats revealed normal histological architectures (Fig 10). After one week, brain of treated rats 

revealed necrosis of some Purkinje cells, mild congestion, neuronophagia, perineuronal edema and hemorrhage. 

After 2 weeks, necrosis of most of Purkinje cells, diffuse gliosis, proliferation of microglia cells around dead 

neurons (beginning of neuronophagia) and neuronal necrosis were observed. After 3 weeks, widespread necrosis of 

Purkinje cells, diffuse gliosis, necrotic neurons, neuronal necrosis and perineural edema were observed. At the end 

of experiment, brain revealed loss of some Purkinje cells, demyelination, neuronophagia, widespread neuronal 

necrosis with marked edema and proliferation of perineural satellite oligodendroglia cells around the cell body of 

motor neurons ‘satellitosis’. 

 

 
Fig 8:-Representative photomicrographs of liver sections of rats in different groups (H&E X20). {edema (star); 

congestion (head arrow); pyknotic nuclei (double head arrow); coagulative necrosis (thick black arrow); 

inflammatory cell infiltration (thin black arrow); granular degeneration of hepatocytes (blue arrow)} 
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Control group: showing normal histology. Bifenthrin group 1w: showing congestion of central vein and 

sinusoids, granular degeneration of hepatocytes. Bifenthrin 2w: showing edema in the portal area, coagulative 

necrosis of hepatocytes. Bifenthrin 3w: showing congestion and edema in the portal area with inflammatory cell 

infiltration and coagulative necrosis of hepatocytes. Bifenthrin 4w: (1) showing degenerated area with loss of 

cellular outlines (prescence of pyknotic nuclei and more esinophilic cytoplasm). (2) showing area of coagulative 

necrosis infiltrated with inflammatory cells in the portal area. 

 

 
Fig 9:-Representative photomicrographs of Kidney sections of rats in different groups (H&E X20). {Edema (star); 

necrosis (thick arrow); congestion (head arrow); inflammatory cell infiltration (thin arrow)} 

 

Control group: showing normal histology. Bifenthrin group 1w: showing congestion of glomeruli, edema of 

interstitial tissue, necrotic renal tubules and cloudy swelling of most renal tubules. Bifenthrin 2w: showing 

hemorrhage, edema and inflammatory cell infiltration of interstitial tissue. Bifenthrin 3w: showing periglomerular 

hyperplasia of fibrocytes with leucocyte infiltration also inbetween renal tubules, cloudy swelling of most renal 

tubules with hyaline and epithelial casts. Bifenthrin 4w: (1) showing congestion of blood vesseles and glomeruli, 

necrotic renal tubules, (2) showing hyperplasia of fibrocytes with leucocyte infiltration inbetween renal tubules.  
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Fig 10:-Representative photomicrographs of brain sections of rats in different groups (H&E X20). A, B, C & D 

represent: cerebellum, cerebellar white mater, midbrain & medulla oblongata (motor neurons) respectively. 1, 2, 3 & 

4 represent bifenthrin group after 1w, 2w, 3w, 4w respectively. 

 

Control group: showing normal histology of cerebellum (A), cerebellar white mater (B), midbrain (cerebral cortex) 

(C) & motor neurons in medulla oblongata (D). Bifenthrin group 1w showing: necrosis of some Purkinje cells (A1), 

mild congestion (B1), neuronophagia (C1), perineuronal edema and hemorrhage (D1). Bifenthrin 2w showing: 

necrosis of most of Purkinje cells (A2), diffuse gliosis (B2), proliferation of microglia  cells around dead neurons 

(beginning of neuronophagia) (C2), neuronal necrosis (D2). Bifenthrin 3w showing: widespread necrosis of Purkinje 

cells (A3), diffuse gliosis (B3), necrotic neurons (C3), neuronal necrosis and perineural edema (D3).  Bifenthrin 4w 

showing: loss of some Purkinje cells (A4), demyelination (B4), neuronophagia (C4), widespread neuronal necrosis 

with marked edema (thin arrow) and proliferation of perineural satellite oligodendroglia cells around the cell body of 

motor neurons ‘satellitosis’ (thick arrow) (D4). 

 

Discussion:- 
Bifenthrin (BF) is one of the widely used pyrethroid insecticides applied alone or in combination with other 

insecticides to controls a wide variety of insect pests in agriculture, horticulture and forestry (Johnson et al., 2010). 

In the current study, we provided evidence that bifenthrin induces toxic effects on the liver, kidney and brain 

associated with oxidative stress and inflammatory responses. In addition, we demonstrated that the induced tissue 

injury involves caspase-mediated cell death. 



ISSN: 2320-5407                                                                                          Int. J. Adv. Res. 7(5), 70-85 

81 

 

In the present investigation, administration of bifenthrin to rats at a dose level equivalent to 1/10
th
 oral LD50 for 28 

days induced significant increases in serum ALT, AST, LDH and ALP activities with reduction of serum total 

protein level.  

 

Similar to our findings, bifenthrin induced elevation in serum ALT in mice (Nieradko-Iwanicka et al., 2015), plasma 

ALT, AST and ALP in goat (Khan et al., 2013) and LDH and ALP activity in rainbow trout (Velisek et al., 2009). 

Other pyrethroids were reported to induce similar effects in rats (Hocine et al., 2016; Rjeibi et al., 2016). Contrary to 

our results, Zhang et al (2015) reported that mice injected with bifenthrin for 7 days showed no change in liver 

marker enzymes. 

 

Hepatocellular degeneration or necrosis causes leakage of intracellular ALT to serum due to damage of cell 

membranes. ALT is considered the most sensitive marker enzyme for liver function, where the rise in serum activity 

is correlated with the degree of liver damage. In acute hepatotoxicity, ALT activity elevates to peak within 1-2 days 

(Hall and Everds, 2014; Plaa et al., 2014). AST is not specific to the liver like ALT, as it is present equally in liver 

and heart. In liver injury, blood AST elevates with ALT where it leaks out cell membranes to peak within 24-36 

hours. In cardiac affections, AST activity increases while ALT is only slightly affected (Whalan, 2015). 

 

LDH is a marker of no-specific cellular injury, as it is present in almost all tissues. Elevated serum LDH indicates 

cytotoxicity and cellular damage causing cell lysis (Bagchi et al., 1995). ALP is found in liver (especially the biliary 

tree), kidney and intestinal mucosa, therefore, ALP is not specific for the liver. Elevated ALP may be an indicator of 

cholestasis, liver disease and osteoclast activity (Whalan, 2015). 

 

As most of serum proteins are synthesized in liver, the reduction in serum total protein level may be attributed to 

affection of synthetic function of liver as a consequence of bifenthrin treatment (Whalan, 2015). In our study, the 

changes in liver marker enzymes and total protein in bifenthrin-intoxicated rats correlates well with the recorded 

alterations in oxidant/antioxidant parameters and the histopathological alterations in liver.  

 

Our findings revealed that subacute intoxication of rats with bifenthrin caused significant elevations in serum BUN 

and creatinine levels. The nephrotoxic effects of other pyrethroids including cypermethrin and deltamethrin were 

previously reported (Gündüz et al., 2015; Soliman et al., 2015). BUN is produced from ammonia in liver and 

excreted by glomerular filtration. Creatinine is non-protein nitrogenous substance produced during muscle 

metabolism from muscle creatine and phosphocreatine. Because creatinine is filtered almost entirely by the 

glomerulus, it is considered a more specific marker than BUN for kidney damage by toxicants (Whalan, 2015).  

 

Our results demonstrated that subacute intoxication of rats with bifenthrin was associated with oxidative stress 

evidenced by reduced serum TAC, elevated levels of MDA and NO with reduction in concentration of glutathione 

reduced in liver, kidney and brain. The activities of antioxidant enzymes SOD, CAT and GPx were downregulated 

in these organs.  

 

Similar to our results, blood of rats exposed to bifenthrin orally or dermally for 30 days revealed oxidative stress in 

the form of elevated MDA level, reduced GSH level, and increased activities of SOD, CAT and GPx (Dar et al., 

2013, 2015). Our findings partially agree with those of Nieradko-Iwanicka et al. (2015) who reported that mice 

treated with bifenthrin for 28 consecutive days showed reduced liver GPx activity while SOD activity increased. 

Concerning the kidney, our results are in agreement with those of Dar et al. (2015) who reported reduced SOD, CAT 

and GPx activities in kidney of rats dermally exposed to bifenthrin. Other pyrethroids were reported to induce 

oxidative stress (Hocine et al., 2016; Rjeibi et., 2016; Wang et al., 2016; Aouey et al., 2017; Martínez et al., 2018).    

 

In accordance with our findings in the brain, rats treated with bifenthrin orally for 30 days showed increased lipid 

peroxidation and inhibited activities of SOD, CAT and GPx in brain (Syed et al., 2016). Studies performed in vivo 

and in vitro on rats demonstrated that bifenthrin increased lipid peroxidation and production of ROS, NO and H2O2 

in brain with reduction of levels of GSH and activities of SOD, CAT and GPx (Gargouri et al., 2018a,b). 

 

The changes in the oxidative stress biomarkers have been reported to be an indicator of the tissue’s ability to cope 

with oxidative stress.  The elevated MDA levels in liver, kidney and brain is indicative of high rate of lipid 

peroxidation with failure of body antioxidant system to detoxicate the ROS (Nordberg and Arnér, 2001).  
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Cellular glutathione and antioxidant enzymes SOD, CAT and GPx are the first line of defense against the adverse 

effects of free radicals. The reduction of blood TAC and the depletion of tissue glutathione with downregulation of 

antioxidant enzyme activities of the redox system (SOD, CAT and GPx) reflect the inability of the antioxidant 

mechanisms to counteract the high levels of ROS produced by bifenthrin exposure, thus leading to oxidative stress 

and tissue damage (Zhang et al., 2017). The decrease in tissue SOD activity may be attributed to increased 

production of superoxide radical (Kale et al., 1999). Suppression of CAT and GPx activities is suggestive of 

increased enzyme utilization to detoxify the H2O2 resulting from lipid peroxidation. The reduction in activity of GPx 

may be due to a reduced level of GSH, which acts as a substrate for the enzyme (Raina et al. 2009).  

 

Our findings demonstrated that bifenthrin increased the levels of NO in liver, kidney and brain and the pro-

inflammatory mediators iNOS in liver and kidney and COX-2 in brain. These data suggest an involvement of 

inflammatory mechanisms in bifenthrin-induced toxicity in rats 

 

Similar to results, Gargouri et al. (2018c) reported increases in expression of inflammatory mediators COX-2, IL-1β, 

IL-6 and NF-kBp65 in brain, as well as the production of TNF-α and ROS in rats intoxicated with bifenthrin. 

Elevated levels of the inflammatory mediators are suggested to be the earliest events in the development of many 

degenerative disorders (Niu et al., 2017). Under many pathological conditions, iNOS produces large amounts of NO, 

which is a major source of reactive nitrogen species (RNS). Particularly, peroxynitrite (ONOO-) can damage a wide 

range of cellular molecules including DNA, lipids, and proteins, and can also facilitate protein nitration, affecting 

structure and function of many target proteins (Iwakiri and Kim, 2015). The COX-2 pathway is involved in stress-

induced brain damage. Overexpression of COX-2 is known to be both a marker and an effector of neural damage (de 

Oliveira et al., 2016). 

 

In the current study, we have examined the apoptosis by measuring caspase-3 activity and found increased activity 

in liver and brain of intoxicated rats. Our results agree with those of Zhang et al. (2015) who reported that bifenthrin 

induced liver injury through caspase-mediated mitochondrial-dependent cell death in mice. Other pyrethroids like 

lambda-cyhalothrin are reported to increase the mRNA expression of several genes important for apoptotic cell 

death, including Casp-3 in rats (Martínez et al., 2018). Generally, apoptosis is caused by ROS through activation of 

caspases, rise in mitochondrial permeability with the release of cytochrome C, and cleavage of poly(ADP-ribose) 

polymerase (Shupp et al., 2010). 

 

Our findings revealed that administration of bifenthrin to rats for 28 days produced degenerated area in liver with 

loss of cellular outlines and areas of coagulative necrosis infiltrated with inflammatory cells in the portal area. 

Kidney revealed congestion of blood vessels and glomeruli, necrotic renal tubules and hyperplasia of fibrocytes with 

leucocyte infiltration in between renal tubules.  Brain revealed loss of some Purkinje cells, demyelination, 

neuronophagia, widespread neuronal necrosis with marked edema and proliferation of perineural satellite 

oligodendroglia cells around the cell body of motor neurons ‘satellitosis’. 

 

Our findings are in accordance with those of Nieradko-Iwanicka et al. (2015) who demonstrated that bifenthrin 

administered to mice for 28 days at 8 mg/kg induced lymphocyte infiltrations around hepatic blood vessels and 

biliary ducts. In addition, Zhang et al. (2015) reported that mice given intraperitoneal injections of 8 mg/kg 

bifenthrin for 7 days produced nuclear pyknosis and vacuolar degeneration in liver. In rainbow trout, bifenthrin 

induced degeneration of hepatocytes, especially in the periportal zones. Affected hepatocytes showed pyknotic 

nuclei and many small vacuoles or one large vacuole in the cytoplasm. Vacuole shape was typical of fatty 

degeneration of the liver (Velisek et al. 2009). Synthetic pyrethroids like cypermethrin and deltamethrin were 

reported to produce histopathological changes in liver, kidney and brain of intoxicated animals (Sankar et al., 2012; 

Saoudi et al., 2017). 

 

The recorded histopathological alterations recorded in the liver, kidney and brain of intoxicated rats are compatible 

with the recorded oxidant/antioxidant imbalance and the changes in liver and kidney biomarkers.  

 

Conclusion:- 
We have demonstrated that bifenthrin exhibited hepatotoxic, nephrotoxic and neurotoxic effects. These were 

associated with oxidative stress and inflammatory responses in liver, kidney and brain that involved the activation of 

iNOS and COX-2 pathways. In addition, bifenthrin induced liver and renal injury through caspase-mediated apoptic 

cell death. 
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