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Abstract: Fipronil (FPN) is a phenylpyrazole class of insecticides, which is used for control a wide range of
agricultural, veterinary and household pests. The present work was aimed to evaluate the risk of inhalation exposure
of two types of fipronil formulations which recently registered and used in Egypt. Also to evaluate which type of
formulations is more hazardous than the other. The study included two toxicity criteria. The first is chromosomal
aberrations assay in bone marrow and the second is the histopathological examination in lung tissues. In addition,
the change in the body weights during the treatments was recorded. Thirty healthy male white rats weighing
170g£10% were used. The first group was used as a sighting study to determine the range of dose levels of the main
study. The other animals were divided into five groups (a, b, ¢, d and ¢) each of has five rats. The first group (a) was
retained as a negative control without exposure just ambient air. The rats were exposed to the tested formulations for
6 hours per day for 28 days continually. The high dose was the double of the low dose by putting two vials of tested
formulation. Groups (b and c) were exposed to low dose (25mg/L) and high dose (50mg/L) of EC formulation re-
spectively. Groups (d and e) were exposed to low dose (30mg/L) and high dose (60mg/L) of SC formulation respec-
tively. The results revealed that there are no signs of toxicity like convulsions or eye bleeding observed on rats after
repeated inhalation exposures of two FPN formulations. Also no decreased in body weights in animals were ob-
served. The genotoxic effect was significant at both high doses of two formulations but low doses not induced sig-
nificant changes. However the EC formulation is more extent in genotoxicity than SC formulation. The histopatho-
logical findings in this study revealed that the different types of FPN formulations induced fluctuated harmful ef-
fects on lung tissues. The EC-formulation induced hyperplasia in lung tissues while SC-formulation induced focal
abscess formation with pus cells. Also the inhalation exposure at high doses led to destructive effects on the lung
tissues than the low doses which led to slight effects. Although the results are based on study on experimental ani-
mals, it is not possible to predict what will happen to humans in the case of inhalation of these toxicants, because the
rats are more tolerant than humans. This result is a warning or an alarm for this type of exposure and strongly im-
poses the need for more detailed about the toxicity resulting from occupational exposure to pesticides, especially by
inhalation. Care should be taken at the time of prolonged exposure which may lead to adverse health effects.
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1. Introduction : . ,
workers in developing countries and Egypt may

Fipronil is a pesticide that belongs to the phe-  not be full protected from the pesticides when run the
nylpyrazole chemical group. It is an insecticide with  application because they often do not care to wear the
widespread use in the control of many agricultural and  personal protection equipment when applying the pesti-
domestic pests. Over the last decade, the usage of cides; therefore they are directly exposed to these com-
Fipronil has increased considerably because it was de-  pounds, whose toxicity is ranged from moderate to haz-
veloped to replace conventional pesticides, such as or-  ardous (Mansour, 2004). The last route of the exposure
ganophosphates, carbamates and pyrethroids insecti- by inhalation may be the most accidental route of entry
cides, which becoming have no action against resistant  in Egypt because the Egyptian spray workers often do
pest strains (Narahashi e al., 2010). More addition, the  not care to use the safety mask of pesticides when spray
fipronil has a broad spectrum of action against insects,  the pesticides. So, the information on the inhalation tox-
being used to control fleas, ticks, termites, mole crickets, icity and the adverse health effects of this type of expo-
ants, root-worms, beetles, cockroaches and other insects  gyre is very important. Furthermore, a limited number of
(Tingle ef al., 2003). Also, fipronil now is used in home  these studies have been done to evaluate the risk of inha-
applications as a public health pesticide. Fipronil toxici-  lation exposure (Noaishi, et al., 2013). More addition the
ty is attributed to its ability to act at GABA-gated chlo-  type of formulation that composing the commercial form
ride channel receptor as a noncompetitive inhibitor of  of the pesticide is very important, because the additives
the GABA-receptor of neurons in the central nervous  to the pesticide formulation may be increase or decrease
system. Fipronil act as a blocker of this receptor witch is  the toxicity of the pesticide formulation (FAO, 1995) or
the chief inhibitory neurotransmitter in the mammalian  solvents using in preparation of the formulations. So, the
central nervous system. Its principal role is reducing inhalation exposure effect to the pesticides may differ
neuronal excitability throughout the nervous system. So,  according to different additives of the formulation. On
any blocker of these receptors like fipronil leads to re-  the hand, the toxicological parameters are many but
duce neuronal inhibition, which leads to hyperexcitation  some of its may be suitable than other. Because of the
of the central nervous system, convulsions, and death  histopathology is a critical part of the toxicologic and
(Zhao et al., 2004). As well known, the occupational  risk assessment of drugs or chemicals (Crissman et al.,
exposure to pesticides has been linked to the human  2004). The investigation of histopathological changes in
body by three ways: oral through the mouth, dermal lung tissues is a sensitive and rapid method, commonly
through the skin or eyes, and inhalation through the be used in this type of the assessment (Al-Sharqi et al.,
lungs (British Colombia, 2013). Most of the pesticide 2012; Al-Qudsi, and Linjawi, 2012). Also, cytogenetic

14



Noaishi and Abd alhafez

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, ¢, 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, ef 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-
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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 1100xg for 10min
and discard the supernatant and the pellets were re-
suspended very well with a potassium chloride hypoton-
ic solution (0.075M KCI). 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 1100xg 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 (Bemet 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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Fig (1) The view of the inhalation room (a), the inlet and outlet air flow and location of tested pesticide (b).

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 (Ficova and
Galdikova, 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 Celik 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 ug/mL) but there is no signifi-
cant difference in low dose (0.1 pg/mL) when compared
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Fig.(2): The correlation between the time of exposure of FPN and the mean of body weights of control and

treatment groups.
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Table (1) : Chromosomal aberrations induced in rat bone marrow after inhalation exposure period of two

types of fipronil formulations

Types of structural Numerical
aberrations aberration Total aberrant
Treatments cells/ 500 scored Mean + S.E.
Polyploidy metaphases
tg tb e-e c-a
>(2n)
Control group 2 0 0 2 6 1.2+£0.2
Low dose
2 1 1 5 10 2.0+0.316
EC 25mg/L
formulation High dose
2 5 3 7 21 4.2 +£(.583 ***
50mg/L
Low dose
1 | 2 6 12 24+0.51
SC 30mg/L
formulation High dose
1 2 4 5 15 3.0+0.316 **
60mg/L

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

Fig(3). Rats bone marrow metaphases, showing (a) normal metaphase; (b) chromatid break(tb); (c)
centromeric attenuation & (tb); and (d) polyployidy(>2n).
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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) reported 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 ef 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
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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).

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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