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  1. Abstract 

Fipronil (FIP) is a globally utilized insecticide that leads to environmental pollution. Exposure 

of non-target organisms to FIP causes occupational and non-occupational neurological hazard. 

Therefore, this study aimed to assess the histopathological and immunohistochemical changes 

in the cerebral cortex of adult albino rats exposed to FIP. Twenty adult male albino rats were 

divided into 2 groups: control and experimental groups. Each rat of the experimental group 

received a daily oral dose of FIP at 10 mg /kg body weight. After 45 days of FIP daily 

administration, samples from the cerebral cortex were collected from both groups and were 

processed for histopathological and immunohistochemical examination. The cerebral cortex of 

treated rats showed severe neuronal degeneration, reactive gliosis, neuropil vacuolation and 

elevated immunoreactivity to GFAP, iNOS and Caspase 3 (active form). In conclusion, sub-

acute FIP exposure has neurotoxic effect that appeared in our study in the form of apoptosis 

and tissue reactivity of the cerebral cortex. 
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2. Introduction 

Fipronil,(±)-5-amino-1-(2,6-dichloro-

α,α,α-trifluorop-tolyl)-4 

trifluoromethylsulfinylpyrazole-3-

carbonitrile [1] , (CAS number 120068-37-

3) [2],  is a  synthetic [3] second-generation 

insecticide of  phenylpyrazole derivatives 

class (4). It was originally discovered and 

produced between 1985 and 1987 by the 

French company Rhône-Poulenc Agro 

(now Bayer Crop Science) [4].Then, it 

reached the market in 1993 [5] and was 

formally registered by the U.S. 

Environmental Protection Agency in the 

United States three years later [2]. FIP is a 

broad-spectrum insecticide which has been 

applied in Veterinary Medicine; it has an 

excellent therapeutic action and persistent 

activity against fleas and ticks of domestic 

dogs and cats [6]. In agriculture, it is 

accustomed to fight insects in sugarcane, 

rice, cotton, potato, maize and soybean 

crops [3]. In public health, it is used to 

control the main anthropozoonosis vectors 

[7]. The broad range of application and 

usage of FIP leads to possible exposure of 

mammals and non-target organisms to its 

toxic effect. In this context, FIP exposure 

may occur through its application on 

animals as insecticide [8,9] and 

consumption of different food products 

containing FIP residues [10, 11], indicating 

the risk to human health [12]. Several 

studies have reported that FIP potentially 

induces specific neurotoxicity in mice [13], 

rat [14] and human [15]. The cerebral 

cortex is the largest portion of vertebrate 

brain that plays crucial role in neural 

transactions which enhance memory, 

plasticity, cognition, speech and mental 

activity. Moreover, it was considered in 

several studies as a site to explore 

insecticides induced neurotoxicity.  Many 

cellular and tissue alterations may occur in 

cerebral cortex via sub-acute exposure to 
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FIP. For this purpose, histopathological 

examination was performed in this study to 

evaluate the histological alterations of the 

cerebral cortex. Then, 

immunohistochemical analysis for iNOS, 

GFAP and caspase-3 (active form) was 

conducted.  Inducible nitric oxide synthase 

(iNOS) is not expressed in normal brain, 

while astroglia and microglia express it 

following ischemic, traumatic, neurotoxic, 

or inflammatory conditions [16]. For 

immunohistochemical detection of reactive 

gliosis (astrogliosis) as a prevalent reaction 

to various sorts of brain injury, GFAP 

antibodies were used [17- 19]. Eventually, 

immunoreactivity to the active form of 

caspase-3 was screened and quantified to 

check apoptosis in paraffin sections [20-23] 

of cerebral cortex. 

3. Materials and Methods: 

3.1. Contrast Agent: 

The chemical formula of technical grade 

FIP insecticide is: C12H4Cl2F6N4OS, 

purity: 92% WG, a product of Crop Life 

Science LTD. Pesticides Company, India. 

3.2. Lab Animals: 

20 Wistar strain (Rattus norvegicus) 

healthy adult (age of 7-8 weeks) male rats 

of 160–180 g body weight were purchased 

from Vaccera EGY VAC (Helwan, Egypt).  

The animals were acclimatized for 2 weeks 

in the Animal House of Pharmacology 

Department, Faculty of Veterinary 

Medicine, Cairo University. The rats were 

housed in plastic cages (dimensions 43cm 

× 40cm × 29cm), five animals were housed 

in each cage, with stainless steel top grills 

(netted cover) and soft wood shavings 

employed as bedding. They were 

maintained under good hygienic conditions 

and standard laboratory conditions 

(controlled atmosphere; standardized 

temperature, humidity, and light 

conditions) at a temperature of 22± 2°C, a 

dark/light cycle of 12 and 50–70% 

humidity. Standard food and water were 

provided ad libitum. 

3.3. Study Setup: 

The twenty rats were randomly allocated to 

two groups (10 rats for each group); control 

(CTR) and treated (FIP) groups. The 

control group received corn oil (0.5 ml), 

while the treated group received FIP 

(technical grade) at 10 mg/kg body weight 

[24] daily for 45 days [25]. Both corn oil 

and FIP were administrated by oral gavage. 

Then, the animals were euthanized by 

Ketamine (5mg/kg body weight) and 

Xylazine (90mg/kg body weight) taken 1:1 

ratio and injected at 0.1ml/100 gram body 

weight. Each rat was rapidly exsanguinated 

by incision of the jugular blood vessels. 

Brains were immediately excised, weighed, 

and washed. Then, they were immediately 

immersed in 10% neutral buffered formalin 

(10%NBF) for histopathological and 

immunohistochemical examination. 

3.4. Histopathological Analysis: 

After routine dehydration with various 

ascending grades of alcohol, brain tissues 

were cleared by immersion in xylene and 

finally embedded in paraffin (melting point 

56°C) to prepare paraffin blocks. Then, 

serial coronal sections (4 μm) were 

obtained by using microtome (Leica, 

Germany) for hematoxylin and eosin 

(H&E) [26] and toluidine blue [27] 

staining. The stained slides were examined 

via  using the light microscope (LEICA 

DM500), then images were captured with 

the camera (LEICA ICC50 HD) attached to 

the microscope and finally examined by 

image analysis software (Leica 

microsystems, LAS version 3.8.0 

[build:878 ] Leica Ltd image analyzer 

computer system) at Cytology and 

Histology Department, Faculty of 

Veterinary Medicine, Cairo University.  

3.5. Immunohistochemical Analysis:  
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5 μm thick deparaffinized sections were 

prepared for the immunohistochemical 

analysis, according to the manufacturer’s 

protocol.  Deparaffinized retrieved tissue 

sections were treated with 0.3% H2O2 in 

PBS for 20 minutes to block endogenous 

peroxidase activity, followed by incubation 

with anti-iNOS (PA1-036) (1:20) 

Thermofisher Inc., anti-GFAP – Glial 

Fibrillary Acidic Protein - by using Mouse 

monoclonal antibody, Cat. No. MS-280-P1 

from thermo scientific Co. (1:100) and with 

Mouse Anti-Active Caspase 3 antibody 

(bsm33199M- Sun Long Biotech Co., 

LTD) 1:100 for 1hr.  Tissue sections were 

washed out by PBS followed by incubation 

with secondary antibody HRP Envision kit 

(DAKO) for 20 mins, washed out and 

incubated with diaminobenzidine (DAB) 

for 15 mins.  Then, they were washed by 

PBS and counter stained with hematoxylin, 

dehydrated, cleared in xylene and covered 

with cover slip for microscopic 

examination [28].  Different fields (five 

fields) from cerebral cortex of 

immunostained sections were scanned for 

determination of the area percentage of the 

expression levels of iNOS, Caspase 3 

(active form) and GFAP by using Leica 

Queen 500 software for morphological 

analysis (Leica Microsystems GmbH, 

Germany). 

3.6. Statistical analysis: 

Comparisons between control and fipronil 

treated groups in cerebral cortex were 

performed using independent t test. 

Shapiro–Wilk and Levene's tests were used 

to check normal distribution and equality of 

variance assumptions, respectively. The 

analyses and graphs were performed in R-

studio [29, 30]. P-value of ≤ 0.01 was 

accepted as statistical significance for the 

mentioned tests. 

3.7. Ethical statement: 

The study was conducted in the Faculty of 

Veterinary Medicine, Cairo University, 

Giza, Egypt. The maintenance of 

experimental rats and all implemented 

experimental procedures were approved by 

Institutional Animal Care and Use 

committee (IACUC). Reference No. is Vet 

CU20022020135. 

4. Results: 

4.1. Histopathological examination: 

4.1.1. Hematoxylin and eosin staining: 

Histological study of the control group 

exhibited normal histological appearance of 

the cerebral cortex (Fig.1.a), while fipronil 

treated group showed significant 

histological alterations which appeared in 

the form of  histological disorganization, 

neurons in different degrees of 

degeneration, highly neuroglial infiltration 

(diffuse gliosis), minute neuropil 

vacuolation and hemorrhages in the cortex 

parenchyma (Fig.1.b).  

4.1.2. Toluidine blue staining: 

Light microscopic examination of the 

control group revealed normal 

histoarchitectural structure of the cerebral 

cortex (Fig.2.a), while fipronil treated 

group showed significant histoarchitectural 

alterations appeared as histoarchitectural 

disorganization, neurons (granular 

neurons) in different stages of degeneration 

appeared darkly stained with ill-defined 

nuclei, neuropil and perineural vacuolation 

and glia cell infiltrations (Fig.2.b). 

4.2. Immunohistochemical findings:  

4.2.1. Caspase 3 (active form): 

The control group revealed low positive 

immunostaining reaction to caspase 3 

(active form) observed in neurons of the 

cerebral cortex (Fig.3.a), while fipronil 

treated group exhibited positive 

immunostaining (Fig.3.b). Moreover, the 

mean area percentage of caspase 3 (active 

form) was significantly increased (p≤0.05) 

in fipronil treated group when compared to 

the control group (Fig.3.c). 

4.2.2. inducible nitric oxide synthase 

(iNOS): 
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Low positive iNOS immunoreactivity was 

observed in the cerebral cortex of the 

control group (Fig.4.a), while fipronil 

treated group showed high positive 

immunostaining in neurons and glia cells 

(Fig.4.b). Moreover, the mean area 

percentage of iNOS was significantly 

increased (p≤0.05) in fipronil treated group 

when compared to the control group 

(Fig.4.c). 

4.2.3. Glial fibrillary acidic protein 

(GFAP): 

The control group showed mild positive 

immunoreaction to GFAP which 

represented the normal morphological 

pattern in astrocytes and glia fibers in 

cerebral cortex (Fig.5.a), while fipronil 

treated group exhibited strong positive 

immunoreaction to GFAP (Fig.5.b) as 

astrocytes appeared hypertrophic with 

extensive overlapping and interdigitations 

of their branching processes. Moreover, the 

mean area percentage of GFAP was 

significantly increased (p≤0.05) in fipronil 

treated group when compared to the control 

group (Fig.5.c). 

5. Discussion: 

FIP is a widely used insecticide in 

agriculture, veterinary and household 

applications. This extensive usage may lead 

to high rates of contamination and 

exposure. Therefore, public health 

questions for its adverse effects on non-

target organisms have been raised [1]. The 

response to its exposure varies between 

experimental studies and case reports; it 

depends mainly on the duration and the 

level of exposure as well as the route of 

exposure. However, neurological response 

is prominent.  In the current study, we 

focused on investigating the possible effect 

on the cerebral cortex following sub-acute 

exposure of albino rats to 10 mg/kg body 

weight of fipronil. Cerebral cortex has vital 

functions in the fine motor control, motion 

fractionation and sensorimotor 

incorporation [31,32]. Our data showed that  

rats treated for 45 days with fipronil at 10 

mg/kg body weight developed several 

histopathological alterations in the cerebral 

cortex in the form of histoarchitectural 

disorganization, different degrees of 

neuronal degeneration, highly neuroglial 

infiltration (diffuse gliosis), minute 

neuropil vacuolation and hemorrhages in 

cortical parenchyma. These results agree 

with previous studies that showed nuclear 

pyknosis and degeneration in the cerebral 

cortex neurons [24,25]. In this study, three 

different antibodies [caspase 3 (active 

form), iNOS and GFAP] have been used to 

test the effect of fipronil on the cerebral 

cortex. The current study revealed that 

iNOS expression in fipronil treated group 

had statistically significant positive 

cytoplasmic immunoreaction in cerebral 

cortex compared to the control group. 

These findings are in line with a study that 

revealed increased levels of iNOS in the 

substantia nigra (SN) and in the striatum of 

FIP treated rats after infusion of fipronil in 

SN [33].  iNOS expression in neurons has 

possible impact on inflammation and 

neurodegeneration of human brain [34]. 

Moreover, other analysts have stated that 

the expression of iNOS may be one of the 

coordinate impacts of inflammatory 

process [35]. In addition, another study 

revealed elevated nitric oxide NO in brain 

tissue upon fipronil exposure [36]. 

Nitrosylation reactions which results from 

the action of excessive production of 

reactive nitrogen species could alter the 

protein structure and thereby impede their 

normal function [37]. Moreover, many 

investigators explained the presence of 

immunoreaction to the role of iNOS in 

inducing protein nitration, which may be 

associated with changes in cell morphology 

[38, 39]. Therefore, fipronil may induce 

generation of NO mediated by 

overexpression of inducible form of nitric 

oxide synthase (iNOS) resulting in 

morphological alterations in cerebral 

cortex. The second antibody is anti-glial 

fibrillary acidic acid protein (GFAP) which 

is a specific marker protein for astrogliosis 

and reactive astrocytosis [40]. Our findings 

revealed immunohistochemically 
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overexpression of GFAP in the cerebral 

cortex of fipronil exposed group when 

compared to the control one. These results 

are consistent with another study that 

exhibited via western blot analysis the 

upregulation of GFAP in SN and striatum 

after fipronil injection in SN of rats [41]. 

Therefore, fipronil exposure may lead to 

astrocytic hyperplasia and hypertrophy in 

cerebral cortex. Caspase activation is an 

integral process of apoptosis during neural 

tissue damage [42].  For this reason, the last 

studied antibody in the current work was 

the activated caspase 3 which is crucial for 

the execution of apoptosis [43]. Moreover, 

both internal and external apoptotic 

pathways meet at the level of caspase 3 

[44]. The present study exhibited elevated 

immunoreactivity of caspase 3 (active 

form) in cerebral cortex of rats exposed to 

fipronil.  This result supports investigations 

which suggested apoptosis upon fipronil 

exposure mediated by elevation of Caspase 

3 expression [25, 33, 45]. Therefore, we 

suggest the ability of fipronil to induce 

apoptosis in cerebral cortex mediated by 

caspase 3 activation. 

 

6. Conclusion: 

The present study documented the ability of 

fipronil to induce tissue reaction and 

apoptosis in the cerebral cortex of adult 

male albino rats upon their subacute 

exposure to fipronil at 10 mg/ kg body 

weight. Tissue reaction appeared 

histopathologically as neuron degeneration 

and neuroglia infiltration and 

immunohistochemically through 

upregulation of GFAP and iNOS. 

Moreover, apoptosis appeared though 

elevated caspase 3 (active form) 

expression.  
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Fig .1. Photomicrographs of cerebral cortex section of adult male albino rat 

stained by H& E stain showing: (a) Control group with normal intact histological 

structure of cerebral cortex; it shows its normal structural components including 

granular neurons with round open face vesicular nuclei and prominent nucleoli 

surrounded by pale basophilic cytoplasm (white arrow). Neurons are disposed within 

abundant neuroglia with dense small nuclei without properly seen cytoplasm (red 

arrow) and acidophilic neuropil (green star). Blood vessels are also present (yellow 

arrow head).(b) Fipronil treated group: cerebral cortex shows different degrees of 

neuronal degeneration appear as deeply stained shrunken neurons with contracted dense 

hyperchromatic pyknotic nuclei (yellow arrow), highly neuroglial infiltration (diffuse 

gliosis) (blue circle) and hemorrhage in cortex parenchyma (white star). (H&E, 400X).  

 

 
Fig .2. Photomicrographs of cerebral cortex section of adult male albino rat 

stained by Toluidine blue stain showing: (a) Control group: normal intact 

histoarchitectural structure of cerebral cortex that shows the main cellular components 

including granular neurons with round vesicular nuclei and prominent nucleoli 

surrounded by rim of  darkly stained scanty cytoplasm (yellow arrow). Neurons are 

disposed within abundant neuroglia with dense small nuclei without properly seen 

cytoplasm (red arrow). (b) Fipronil treated group: cerebral cortex shows area of 

neuronal degeneration appear as deeply stained shrunken neurons with ill- defined 

darkly stained nuclei (yellow arrow), extensive neuropil, perineural vacuolation (green 

star) and neuroglial infiltration (red arrow). (toluidine blue, 400X).  
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Fig .3. Representative micrographs of immunostained specimens of cerebral 

cortex from the control (a) and the experimental (b) groups of rats (n = 5 

animals/group).   Specimens were probed with antibody specific for Caspase 3 (active 

form). Magnification, 400 X; scale bar, 50 µm. Immunostaining was quantified by 

mean area percentage per slide in each section in cerebral cortex for active caspase 3 

(c). Values are expressed as means, n = 5. Significance at P ≤ 0.01. 
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Fig .4. Representative micrographs of immunostained specimens of cerebral cortex from 

the control (a) and the experimental (b) groups of rats (n = 5 animals/group).   Specimens 

were probed with antibody specific for iNOS. Magnification, 400 X; scale bar, 50 µm. 

Immunostaining was quantified by mean area percentage per slide in each section in the 

cerebral cortex for iNOS (c). Values are expressed as means, n = 5. Significance at P ≤ 0.01. 
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Fig .5. Representative micrographs of immunostained specimens of cerebral cortex from 

the control (a) and the experimental (b) groups of rats (n = 5 animals/group).   Specimens 

were probed with antibody specific for GFAP. Magnification, 400 X; scale bar, 50 µm. 

Immunostaining was quantified by mean area percentage per slide in each section in the 

cerebral cortex for GFAP (c). Values are expressed as means, n = 5. Significance at P ≤ 0.01. 

 

 

 

 

 


