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1. Introduction 

Fipronil is a pesticide that belongs to the phe-
nylpyrazole chemical group. It is an insecticide with 
widespread use in the control of many agricultural and 
domestic pests. Over the last decade, the usage of 
Fipronil has increased considerably because it was de-
veloped to replace conventional pesticides, such as or-
ganophosphates, carbamates and pyrethroids insecti-
cides, which becoming have no action against resistant 
pest strains (Narahashi et al., 2010). More addition, the 
fipronil has a broad spectrum of action against insects, 
being used to control fleas, ticks, termites, mole crickets, 
ants, root-worms, beetles, cockroaches and other insects 
(Tingle et al., 2003). Also, fipronil now is used in home 
applications as a public health pesticide. Fipronil toxici-
ty is attributed to its ability to act at GABA-gated chlo-
ride channel receptor as a noncompetitive inhibitor of 
the GABA-receptor of neurons in the central nervous 
system. Fipronil act as a blocker of this receptor witch is 
the chief inhibitory neurotransmitter in the mammalian 
central nervous system. Its principal role is reducing 
neuronal excitability throughout the nervous system. So, 
any blocker of these receptors like fipronil leads to re-
duce neuronal inhibition, which leads to hyperexcitation 
of the central nervous system, convulsions, and death 
(Zhao et al., 2004). As well known, the occupational 
exposure to pesticides has been linked to the human 
body by three ways: oral through the mouth, dermal 
through the skin or eyes, and inhalation through the 
lungs (British Colombia, 2013). Most of the pesticide  

 
workers in developing countries and Egypt may 

not be full protected from the pesticides when run the 
application because they often do not care to wear the 
personal protection equipment when applying the pesti-
cides; therefore they are directly exposed to these com-
pounds, whose toxicity is ranged from moderate to haz-
ardous (Mansour, 2004). The last route of the exposure 
by inhalation may be the most accidental route of entry 
in Egypt because the Egyptian spray workers often do 
not care to use the safety mask of pesticides when spray 
the pesticides. So, the information on the inhalation tox-
icity and the adverse health effects of this type of expo-
sure is very important. Furthermore, a limited number of 
these studies have been done to evaluate the risk of inha-
lation exposure (Noaishi, et al., 2013). More addition the 
type of formulation that composing the commercial form 
of the pesticide is very important, because the additives 
to the pesticide formulation may be increase or decrease 
the toxicity of the pesticide formulation (FAO, 1995) or 
solvents using in preparation of the formulations. So, the 
inhalation exposure effect  to the pesticides may differ 
according to different additives of the formulation. On 
the hand, the toxicological parameters are many but 
some of its may be suitable than other. Because of the 
histopathology is a critical part of the toxicologic and 
risk assessment of drugs or chemicals (Crissman et al., 
2004). The investigation of histopathological changes in 
lung tissues is a sensitive and rapid method, commonly 
be used in this type of the assessment (Al-Sharqi et al., 
2012; Al-Qudsi, and Linjawi, 2012). Also, cytogenetic 
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analysis gives valuable information about mutagenic 
potentiality of the tested material. The inhalation expo-
sure to mutagens may induce its effect in the blood or 
bone marrow in treated animals (Kehdy et al., 2007). 
So, the present study was aimed to evaluate the side 
effect of two types of fipronil formulations which are 
free sale and registered in Egypt on the lung tissues as 
main target organ and as well as cytogenetic analysis in 
the bone marrow of treated rats. Also, to determine 
which type of them is more hazard than the other when 
exposed by inhalation for 28 days continually.  
 

2. MATERIALS AND METHODS 
2.1 The tested insecticides: 

The tested formulations of the fipronil were com-
mercial formulations which are free sale and registered 
in Egypt. The first formulation was emulsifiable con-
centrate (EC) with active ingredient 5% and the second 
formulation was suspension concentrate (SC) with ac-
tive ingredient 20%. The formulations were purchased 
from local distributors.  

2.2 Animals: 
A total of 30 apparently healthy male albino rats 

(Wistar strain) weighing 160–180g were used through-
out the whole study. The animals were obtained from 
the laboratory animal house of the Modern Veterinary 
Office, Giza, Egypt. The animals were housed of five 
rats per cage, had free access to fresh water and fresh 
well-balanced diet, and then kept under supervision for 
two weeks before commencing the experimental work.  

2.3 Experimental design: 
The rats were randomly divided into six groups 

each of it has a five rats per cage. The first group was 
used as a sighting study to determine the range of dose 
levels of the main study. The other animals were divid-
ed into five groups (a, b, c, d and e). The first group (a) 
was kept as control without exposure just an ambient 
air. The doses were calculated according to the volume 
of pesticide formulation which is evaporated in 6 hrs per 
day and the chamber size which is approximately 15 
Liters. The high dose was the double of the low dose by 
putting two bottles of tested formulation. Group (b) was 
exposed to low dose (25mg/L) and group (c) to high 
dose (50mg/L) of EC formulation. Group (d) was ex-
posed to low dose (30mg/L) and group (e) to high dose 
(60mg/L) of SC formulation. The rats were exposed to a 
whole body by using inhalation plastic room which is 
local made. The room is consists of an enclosed plastic 
cage with two fans for inlet and outlet airflow and sup-
plied in one side with bottle contained the tested pesti-
cide and tissue paper that help to spread the vapor of the 
pesticide. This enclosed cadge or room is suitable for 
liquid formulation only. The inhalation room is illustrat-
ed in figure (1) which clears the design and working 
process of it. This chamber was used in previous work 
(Noaishi, et al., 2013). The rats were exposed to the 
tested formulations for 6 hours per day for 28 days con-
tinually. The signs of toxicity and the body weights of 
rats were recorded weekly. The treatments were accord-
ing to guidelines of (OECD 412, 2009). 

2.4 Cytogenetic assay  
Cytogenetic analysis in the present study was a 

chromosome aberrations assay in bone-marrow of treat-
ed rats. The metaphase of cells was performed accord-

ing to the technique described earlier by (Adler, 1984) 
with some modifications was recommended by authors. 
In brief the animals were injected intraperitoneally with 
colchicine (6mg/kg b.wt.) 2hr before the harvest of the 
cells, in order to accumulate metaphase cells and pro-
vide more readily analyzable chromosomes. The rats 
were sacrificed after 24hrs of the last dose exposure. 
Both femurs were excised out and cleaned of any adher-
ing muscle, the bone-marrow cells were collected from 
both femurs by flushing with Hank's balanced salt solu-
tion (HBSS 1X) the tubes were kept in the refrigerator 
at 4°C for 45-min. then centrifuged at 1100×g for 10min 
and discard the supernatant and the pellets were re-
suspended very well with a potassium chloride hypoton-
ic solution (0.075M KCl). After that the tubes were kept 
in the refrigerator at 4°C for 45-min. This step is very 
important and recommended by the author. The cell 
suspension was centrifuged at 1100×g for 10min, and 
then fixed with cold fixative freshly prepared (methanol: 
glacial acetic acid, 3:1 v/v). Centrifugation and fixation 
were repeated three times and the tubes were kept in the 
freezer at overnight. In next day the tubes centrifuged 
again, discard the supernatant and the pellets re-
suspended in a small volume of fixative, dropped on 
cleaned slides, dried, and stained with 20% Giemsa for 
45-min. One hundred good-quality metaphases contain-
ing 42 chromosomes were examined per animal to score 
different aberrations. 

2.5. Histopathological examination: 
Histopathological alterations in tissue may be 

used as a rapid method to evaluate the toxic effects of 
chemicals in different tissues and organs (Bernet et al., 
1999). In our study the lung specimens were obtained 
from sacrificed rats and fixed in 10% formalin for 24 hrs 
and decalcification was performed on formic acid then 
washed in tap water. Serial dilutions of alcohol (methyl, 
ethyl and absolute ethyl) were used for dehydration. 
Specimens were cleared in xylene and embedded in 
paraffin at 56 °C in hot air oven for twenty four hours. 
Paraffin bees wax tissue blocks were prepared for sec-
tioning at 4 microns thickness by sledge microtome. The 
obtained tissue sections were collected on glass slides, 
deparaffinized, stained by hematoxylin & eosin stain, 
and examination was done through the light electric 
microscope (Banchroft et al., 1996). 

2.6 Statistical analysis 
Statistical analysis was performed using SigmaPlot 

statistics software, Ver.11. All data were represented as 
mean ± standard error (SE). Statistical Significance be-
tween control and treated values were compared using 
Studen’s t-test and P values less than 0.05 were consid-
ered significance.  

3. Results and Discussion 

3.1. Effect on the body weights 
The present study revealed that there are no signs 

of toxicity like convulsions or eye bleeding observed on 
rats during inhalation exposure period (28 days) of two 
FPN formulations. These observations are in agreement 
with Chodorowski and Anand, (2004) who reported that 
a 50-year-old man was exposed by inhalation to the 
fipronil solution when he was spraying his field, there 
were no seizures, other neurological deficits, signs of 
conjunctivitis or skin irritation were observed. Physical 
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examinations and biochemical results were normal. The 
patient just complained of a headache, nausea, vertigo 
and weakness. All symptoms resolved spontaneously 
after about 5h. Also our results revealed that there was 
no decrease in body weights after 28 days from repeated 
inhalation exposure in the both treatments of two formu-
lations see (Fig 2). The results is apparently in agree-
ment with previous findings but by another route entry 
Hughes et al., (1997) found that slight loss of weight 
was seen after treatment with an oral single dose 25 mg/
kg bwt of FPN (purity, 97.9%). Also our results are in 
agreement with Badgujar et al., (2015) who reported 
that there was no significant change in the body weight 
of mice treated orally with fipronil 2.5, 5 and 10 mg/kg 
b.wt. respectively for 28 days as compared to control. 
So, according to our result it can be propose that the 
inhalation exposure of both treatments did not induce 
significant effect in the body weights of the treated rats. 

3.2. Effects on the cytogenetic: 
The detection of chromosomal damage serves as 

a tool for the verification of the genotoxic effects of 

chemical substances in vitro or in vivo (Ficová and 
Galdíková, 2017). The present results of genotoxicity 
presented in table (1) and Fig (3) revealed that, only the 
high doses of two formulations induced significant ef-
fect in chromosomal aberrations CAs. EC-formulation 
induced high significant effect (p < 0.001) but SC-
formulation induced moderate significant effect (p < 
0.01). Low doses for both formulations did not induce 
any significant effect. These findings are agreements 
with Badgujar et al., (2017) who found significant 
increase in CAs in bone marrow cells and DNA damage 
in the lymphocytes in the male and female rats were 
gavaged with various doses of fipronil (2.5, 12.5, and 25 
mg/kg b.wt. as compared to their respective controls. 
Also Çelik et al., (2014) reported that FPN induced a 
statistically significant increase in the micronuclei (MN) 
and sister chromatid exchanges (SCEs) frequency and 
DNA damage in a dose-dependent manner in human 
peripheral blood lymphocytes cultures in high and me-
dium doses (0.7 and 0.3 μg/mL) but there is no signifi-
cant difference in low dose (0.1 μg/mL) when compared 

Fig (1) The view of the inhalation room (a), the inlet and outlet air flow and location of tested pesticide (b). 
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Table ( 1 ) : Chromosomal aberrations induced in rat bone marrow after inhalation exposure period of two 
types of fipronil formulations 

Treatments 

Types of structural  

aberrations 

Numerical  

aberration 

Polyploidy 

>(2n) 

Total aberrant 
cells/ 500 scored 

metaphases 
Mean ± S.E. 

tg tb e-e c-a 

Control group 2 0 0 2 2 6 1.2 ± 0.2 

EC  

formulation 

Low dose 

25mg/L 
2 1 1 1 5 10 2.0 ± 0.316 

High dose 

50mg/L 
2 5 3 4 7 21 4.2 ± 0.583 *** 

SC  

formulation 

Low dose 

30mg/L 
1 1 2 2 6 12 2.4 ± 0.51 

High dose 

60mg/L 
1 2 4 3 5 15 3.0 ± 0.316 ** 

    Values are from five replicates in each treatment and the last column represent mean ± S.E. of aberrant cells per 500 
spread metaphases/treatment;      ***  Significant at p < 0.001;      **  Significant at p < 0.01 

Abbreviations: tg, chromatid gap; tb, chromatid break; e-e, end to end chromatid association; c-a, centromere attenu-
ation 
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Fig(3). Rats bone marrow metaphases, showing (a) normal metaphase; (b) chromatid break(tb); (c) 
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with a negative control. On the other hand, if we take in 
consideration the different between species Ziliotto et 
al., (2017) repor ted that a single dose (6.7mg/kg) of 
FPN on the dorsal neck region of dogs after 3, 8 and 24 
hours does not induce systemic genotoxic effect. So the 
last report was in parallel with our results which indicat-
ed only high doses of two fipronil formulations induced 
genotoxic effect. Furthermore our data revealed that 
genotoxic effect of EC formulation is more extent than 
SC formulation.  

 

3.3. Effects on the lung tissues  
Lung is a target organ for detoxification and is 

prone to various disorders as a consequence of exposure 
to environmental pollutants (Castell al., 2005). Unfortu-
nately, there are little data about the side effect of FPN 
exposure on the lungs. The present study may add some 
information about the FPN inhalation exposure effect in 
mammals. The histopathological examination of speci-
mens taken from control group showed normal histolog-
ical structure of the bronchioles and surrounding air 
alveoli as well as the blood vessels (Fig.4, 1-A) and 
(Fig.5, 2-A). The specimens taken from low dose group 
of EC-formulation showed just infiltration in air alveoli 
with focal lymphoid inflammatory cells (1-C). But the 
high dose group showed hyperplasia in the bronchiolar 
lining epithelium cells as well as collapse in the air alve-
oli. But still the main effect in bronchiolar tissues is 
associated with hyperplasia which is the enlargement of 
tissues caused by an increase in the reproduction rate of 
its cells; often happen as an initial stage in the develop-
ment of cancer. On the other hand, SC-formulation 
groups showed other type of lung tissues damage. The 
low group showed massive number of lymphoid cells 
proliferation with infiltration in the air alveoli. But the 
high dose group showed focal abscess formation with 
pus cells; sever congested blood vessels and collapse of 
the air alveoli in the peribronchiolar tissues. These re-
sults are agreements with Merkowsky et al., (2016) who 
found that the airway epithelial cells were enlarged and 
domed in mice treated intranasally with fipronil (8 mg/
kg/day) for 7 days. There was an increase and accumu-
lation of inflammatory cells in the alveoli and increase 
the expression of Toll-like receptor 4 (TLR4 receptor) 
which is responsible for activating the innate immune 
system. Also in review article by Lee et al., (2010) re-
ported that the most Illness cases(89%) of spray workers 
in the USA associated with occupational exposure to 
fipronil products from 2001 to 2007 had mild and tem-
porary health effects. Neurological symptoms such as 
headache, dizziness, and paresthesia were the most com-
mon symptoms (50%). So, previous findings indicate 
that exposure to fipronil can pose a risk in health effects 
in various body systems. But our findings indicated that 
the different types of FPN formulations induced differ-
ent harmful effects on lung tissues. The EC-formulation 
induced hyperplasia in the bronchiolar lining epithelium 
cells because this type of formulation usually contains a 
liquid active ingredient and one or more petroleum-
based solvents which give EC formulations their strong 
odor. So, may these solvent induced these types of dam-
age. While SC-formulation induced focal abscess with 
pus cells. This may be due to the active ingredient con-
tent in the SC formulation three times of the EC formu-
lation. So, the content of active ingredient evaporate in 

SC-formulation is more than EC-formulation. This in-
crease of active ingredient content may leads to impair 
in immunity system and formation of focal abscess and 
pus cells as a consequence of malfunction of the defense 
system. 

 

Conclusion 
There are no signs of toxicity observed on rats after re-
peated inhalation exposures for 28 days of two tested 
fipronil formulations. Also no decreased in body 
weights in animals were observed. Furthermore the gen-
otoxic effect was observed significantly only at high 
doses of two formulations but low doses not induced 
significant changes. However the EC formulation is 
more extent as genotoxic agent than SC formulation. 
The histopathological findings in this study revealed  
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Fig (4) (1-A) rat lung tissues from control group showing normal histological structure of bronchioles 
and surrounding air alveoli(n); (1-B) from low dose group of EC-formulation showing infiltration in air 
alveoli with focal lymphoid inflammatory cells(f); (1-C), and (1-D) from high dose group of EC-
formulation showing hyperplasia in the bronchiolar lining epithelium(h) as well as collapse in the air 
alveoli(c). 

 
2-A 

n 

 
2-C 

P 

Fig (5) (2-A) rat lung tissues from control group showing normal histological structure of the bronchi-
oles(n) and as well as the blood vessels were recorded; (2-B) from low dose group of SC-formulation 
showing massive number of lymphoid cells proliferation(f); (2-C), and (2-D) from high dose group of SC
-formulation showing focal abscess formation with pus cells(p), sever congested blood vessels(v) and 
collapse of the air alveoli in the peribronchiolar tissue(c).  
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الاثار الوراثية الخلوية والنسيجية المرضية بعد التعرض لاستنشاق نوعين من مستحضرات 
 مبيد الفيبرونيل في الفئران البيضاء

 د. محمد عبد الفتاح ابراهيم نويشي* ، د حسام الدين عبد الحفيظ

،قسم بحوث سمية المبيدات للثدييات، المعمل المركزي للمبيدات ، مركز البحوث الزراعية، وزارة الزراعة واستصلاح الاراضي  
 مصر.

noaishi@gmail.com:*البريد الالكترونى 

 الملخص العربى
هو من مجموعة الفينيل بيرازول من المبيدات الحشرية، والذي يستخدم للسيطرة على مجموعة واسعة من الآفاات الازراعاياة والاباياطارياة  (FPN)فيبرونيل 

ثاا. حادياوالصحة العامة. و تهدف هذه الدراسة إلى تقييم خطر التعرض لاستنشاق نوعين من مستحضرات الفيبرونيل المسجلة مؤخرا في مصر والمستخدمة 
و أيضا لتقييم أي نوع من المستحضرات هو أكثر سمية أو خاطارا مان الآخار. و امالاس الادراساة عالاي ماعايااريان لالاساماياة الاول هاو فاحا  الشاذو ات 

الاجاسام  وزنالكروموسومية في خلايا نخاع العظام في الفئران المعاملة، والثاني هو الفح  النسيجي المرضي في أنسجة الرئة، وكذلك تسجيل التغايار فاي 
جرام. وتم اساتاخادام الاماجاماوعاة 170للفئران المختبرة أثناء المعاملة. وفي هذه الدراسة تم استخدام ثلاثين من  كور الفئران البيضاء الأصحاء وزنهم تقريبا 

كال ماناهاا  هـا الأولى كدراسة اولية لتحديد مدى مستويات الجرعة في الدراسة الرئيسية. ثم تم تقسيم الحيوانات الأخرى إلى خمس مجموعات )أ، ب، ج، د، 
قاد تام حسااب ت فابها خمسة فئران. تم الإبقاء على المجموعة الأولى )أ  كمجموعة ضابطة سلبية وتم فيها التعريض للهواء النقي فقط. ام بالنسباة لالاماعاامالا

لتر. و كانس الجرعة الاعاالاياة ضاعاع الاجارعاة  15ساعات وحجم الغرفة الذي هو حوالي  6جرعات المعاملات وفقا لكمية مستحضر المبيد الذي يتبخر في 
ملاغام ل لاتار  و الاماجاماوعاة )ج   25المنخفضة و لك من خلال وضع زجاجتين من مستحضر المبيد المختبر. تعرضس المجموعة )ب  لجرعة منخفضة )

ملغم ل  30وتعرضس المجموعة )د  لجرعة منخفضة ) .(EC)ملغم ل لتر  من تركيبة مستحضر المبيد الاول وهو مركز قابل لاستحلاب  50لجرعة عالية )
تعرضس الفئران لمستحضارات الامابايادات  .(SC)ملغم ل لتر  من تركيبة مستحضر المبيد الثاني وهو مركز معلق  60لتر  والمجموعة )هـ  لجرعة عالية )

هاواء، الا المختبرة بكامل جسمها باستخدام غرفة استنشاق محلية الصنع. وتتكون من غرفة بلاستيكية مع اثنين من المراوح الصغيرة لمادخال وماخارج تادفاق
باياد. الاماوهي مجهزة في جانب واحد بزجاجة أو زجاجتين تحتوي على المبيدات التي تم اختبارها وتحتوي على انسجة ورقية والتي تساعد على نشار باخاار 

وزن الاجاسام فاي وأظهرت النتائج أنه لا توجد علامات سمية على الفئران مثل التشنجات أو نزيع العين أثناء فترة المعاملة كما لم يتم تسجيل أي اناخافااض 
رة. ولاكان ختاباللحيوانات المختبرة طول فترة التعريض. وسجل تأثير السمية الوراثية بشكل ملحوظ في كلا الجرعتين العاليتين من مستحضرات المبيدات الم

كذلك أظهرت نتائج الفح  النسيجاي الامارضاي فاي  .(p < 0.01) (SCمن المستحضر) (p < 0.001)كان تأثيره الوراثي أكبر معنويا  (ECالمستحضر)
في احداث تاهاياج لاخالاياا انساجاة الارئاة  (ECخلايا أنسجة الرئة أن تم رصد نوعين مختلفين من الآثار الضارة على أنسجة الرئة. فبينما تسبب المستحضر)
لاكان ناجاد مان الانااحاياة الأخارى  .(hyperplasia)وتسبب في الجرعات العالية في احداث نمو كثيع للخلايا الليمفاوية وحدوث نمو عشوائي لها بما يسمي 

تسبب في تكون خراريج وخلايا صديدية. كما أدى التعرض لاستنشاق الجرعات العالية إلى آثار مدمرة على أنسجة الرئاة مان الاجارعاات  (SCالمستحضر)
باؤ باماا ساوف لاتاناالمنخفضة والتي أدت إلى آثار طفيفة. وأخيرا على الرغم من ان النتائج القائمة على أساس الدراسة علي حيوانات التجارب فإنه لا يماكان ا
الاتاعارض  مان يحدث للبشر في حالة التعرض لاستنشاق المبيدات. و لك لأن الفئران أكثر تحملا عن الإنسان وهذه النتائج هي اناذار او تاناباياه لاهاذا الاناوع

ي تاوخاويفرض بقوة الحاجة إلى اختبارات أكثر تفصيلا عن السمية الناتجة عن التعرض المهني لمبيدات الآفات وخاصة عن طرياق الاساتاناشااق، وياناباغاي 
 الحذر في التعامل معها في وقس التعرض لفترات طويلة والتي قد تؤدي إلى آثار صحية ضارة. 


