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ABSTRACT

Imidacloprid (IMI) is a systemic insecticide belonging
to a class of chemicals called the neonicotinoids which act
on the central nervous system of insects. It was the most
widely used insecticide in the world. However, currently
there are limited information regarding the impact of
pregnancy on their biodistribution and toxicity. In this
study, the biodistribution and potential toxic effects of IMI
in pregnant and non-pregnant mice at different critical
gestational ages (Gds 8,10,12, and 14) administrated one
day treatment of 10, 15, and 20 mg/kg/d IMI by gavage
were determined. Also, the effects of IMI on the
biodistribution were recorded on pregnant mice
administrated repeated doses of 10, 15, and 20 mg/kg/d
IMI on different critical gestational days (6- 15, 8- 15, 10-
15, 12- 15, and 14- 15) compared to non- pregnant at the
corresponding age. No significant biodistribution changes
were observed between non-pregnant and pregnant mice
treated on 8, 10, 12, and 14 Gds on all the treated groups
of 10, 15, and 20 mg/kg. Apparent toxic effects (e.g., signs
of toxicity, reduction in body weights and weight gains at
all difference gestational days) were observed by repeated
dose of 20mg/kg comparable to controls and non-pregnant.
Also, there was a positive relationship between the
accumulation of IMI at different gestational ages and
maternal toxic effects. These results indicated that the
maternal biodistribution patterns of IMI in pregnant mice
dependent on dose, exposure length, and gestational ages.
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INTRODUCTION

Imidacloprid (IMI) is the first chloronicotinyl
systemic insecticide belonging to neonicotinoids.
It was firstly commercialized in the market in the
year 1991 for crop protection and veterinary use. it
has become one of the largest selling insecticides
worldwide accounting for 41.5% of the whole
neonicotinoid market (Jeschke et al., 2010). It is
proposed mainly as a seed treatment for wide-
ranging crops like rice, cotton, wheat and other
crops (potatoes, vegetables, sugar beets, fruits,
cotton, hops and turf) (El-Zahi and Farag,
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2017).Besides  its  agricultural use for seed
treatment, it is also used to control houseflies on
poultry farms, and as foliar spray applications in
fruit crops and orchards. Tremendous use of IMI
in agriculture may have added to its soil
persistence and soil storage (Sarkar, et al., 2001)
and ground water contamination (Gervais, et al.,

2010). Additionally, it may enter water bodies
from spray drift or accidental spills, leading to
local  point-source  contamination. In water

sediment system, IMI
into guanidine compound.

Despite original belief that imidacloprid has
low mammalian toxicity, there is increasing
evidence that it may cause heart, kidney, and other
organ  damages along  with gastrointestinal
irritation, neurological symptoms and even death
when ingested along with alcohol (Yeh, et al.,
2010). It has been reported that, 90 days oral
administration of IMI at 20 mg/kg/day produces
pathomorphological changes and hormonal
imbalance in female rats (Kapoor, et al., 2011).
Previous study with IMI have shown genotoxic
effects in rats (Karabay and Oguz, 2005) and
cultured human lymphocytes (Demsia, et al.,
2007). In albino rats, IMI induced immunological
effects (at single dose tested, i.e., 0.21 mg/kg/day
for 28 days) were successfully ameliorated with
daily supplementation of thymoquinone, an anti-
oxidant (Mohany, et al., 2012).

Effects of imidacloprid on human health depend on
the dose, duration, and frequency of exposure.
However, to optimize the beneficial effects of IMI
applications, it is essential to understand the
fundamental interaction of IMI with biological systems.
On the other hand, IMI may be harmful to human
health, especially during the formation of the embryo.
Therefore, comprehensive knowledge about the
distribution or biological fate and toxicity of IMI is
needed.

is degraded by microbes
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Distribution of the IMI through the fatal organs adds
another important factor to toxicity, especially during
pregnancy. A single oral dose of radio-labeled
imidacloprid at 20 mg/kg was administered to rats. One
hour after dosing, imidacloprid was detected throughout
the bodies with the exception of fatty tissues and the
central nervous system (Klein, 1987). Embryos are
most sensitive to the harmful factors in the critical
periods of embryogenesis when mortality or different
congenital anomalies are highly possible. The classical
critical periods of fetus formation in mice are as
follows: implantation and early organogenesis (6- 9
Gds), placenta formation and active organogenesis (10-
13 Gds), and the time before birth, when placental
activity decreases (18 Gd) (Zalgeviciene et al., 2006).

To date, there is a paucity of data available
regarding impacts of IMI potential risks particularly at
critical periods of pregnancy. Therefore, the current
study was considering the first on literature for
determining the effects of Imidacloprid distribution on
some maternal parameters on different critical periods
of pregnancy. Hence, this study was conducted to prove
or negate our theory assumed that “Does accumulation
of IMP in the fatal organs and blood at the critical
periods of pregnancy give different toxic effects of IMI?
To prove or disprove this theory, pregnant mice were
treated at the critical pregnancy’s periods using three
dose levels: one that induces some toxicity on pregnant
females (20 mg/kg/d), one unable to induce toxicity (10
mg/kg/d) and intermediate one (15 mg/kg/d) compared
to control and non-pregnant mice. These doses were
approximately equal 1/15, 1/10, 1/8 of acute oral LDsg
imidacloprid in mice which equal to 150 mg/kg/d
(Gupta, etal., 2019).

MATERIALS AND METHODS

1. Tested insecticide and reagents:

Imidacloprid technical 95% pure was obtained from
Changlong Chemical Industrial Group (Changzhou,
Jiangsu, China). Methyl sulfoxide (DMSO), methanol
and acetonitrile (HPLC-grade) were purchased from
Acros-Organics (USA).

2. Tested animals:

Four hundred forty pregnant, 440 non-
pregnant, and 220 male mice (CD- 1 Wistar strain)
were obtained from the Faculty of Science,
Alexandria  University, Alexandria, Egypt. All
animals were maintained under standard
management conditions (23 * 2 °C, 50-60%
relative humidity, and 12 h light-dark cycles). The
animals were given standard pellet diet (Feed
Animal Private Company, Alexandria, Egypt) and
tap water for drinking ad-libitum. Animals were
acclimatized in the laboratory conditions for a

period of two weeks prior to the start of
experiment. An approval from Alexandria Animal
Ethics Committee (AUAECQC), Alexandria
University, Alexandria, Egypt was obtained.

2. Experimental design and treatment:
2.1. Pregnant mice:

440 females mated with 220 males (2 females
/ one male) and the presence of wvaginal plug
was confirmed 12 hr later and considering as
day 0 of gestation. Bred females were randomly
assigned to treatment groups according to the body
weights.

The pregnant
groups as follows:

Four groups of pregnant mice according to the
gestational ages (critical gestational periods)
were: gestation days (Gds) 8, 10, 12, and 14 (40
mice / each). Each group was devided into four
subtreatment groups (n = 10 pregnant) as follows:

Subgroup 1: Control, receiving corn oil as vehicle
by gastric gavage in the same amount as that

mice were divided into nine

used for disolving imedacloprid in the other
groups.

Subgroup 2: Received imedaclprid at a dose of 10
mg/kg/ day.

Subgroup 3: Received imedaclprid at a dose of 15
mg/kg/day.

Subgroup 4: Received
mg/kg BW/day.
The administered volume of each dose was 0.

4 ml/kg body weight per day and adjusted for

recorded body weight changes during the study.

Other four groups of pregnant mice (fourty/ each)
for studying the effects of distribution of the IMI
on maternal parameters toxicity through different
gestational periods as follow: 8- 15, 10- 15, 12-
15, and 14- 15 Gds. Each group was divided into
four group subtreatment groups (10 mice / each)
as descriped prevouisly.

The last group of pregnant mice was treated by
gavage on gestation days 6- 15 to confirm the
results of distribution of IMI and its effects on
maternal parameters compared to the controls.
Also it was devided to four subtreatment groups as
prevouisly decribed (n= 30 mice).

2.2. Non pregnant mice:

Fourty hundred and fourty of non pregnant
mice were randomaly assigned to the same nine
groups as pregnant mice at the same crossponding
ages. Each group was divided into four
subtreatment groups of 0, 10, 15, and 20
mg/kg/day. The administered volume of each dose

imedaclprid at a dose of 20
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was 0. 4 ml/kg body weight per day and adjusted
for recorded body weight changes during the
study. Treated non pregnant mice were used to
compare the results of the distribution of IMI for
pregnant mice.

2.3. Maternal Observations:
3.1. Clinical Signs of Toxicity:

Pregnant and non- pregnant females for each
group were examined daily (between 9:00 and
10:00 am) for signs of toxicity in the form of
salivation, vomiting, diarrhea  and muscle
weakness according to Hovda et al., 2005.

3.2. Maternal weights and weight gains:

Maternal body weights were recorded on
gestational days (Gds.) according to the critical
gestational ~ periods.  Maternal  weights  were
recorded on Gds. of 6, 8, 10, 12, and 14 (one
treatment day) after 24 hr. of the treatment. For the
repeated doses group, maternal weights were
recorded on day O, first day of the treatment, and
the day of caesarian sections for all the treated
groups. Body weights for non-pregnant mice were
also recorded at the same manner of pregnant mice
and at the same crossponding ages.

3.2. Maternal Organ Weights:

Weights of maternal liver, kidneys, and brain
were recorded at the Cesarean section time on day
18 of gestation (8- 15, 10- 15, 12- 15, 14- 15, and
6- 15 Gds.). Also, organs weight were recorded for
one treatment day groups (Gds. 8, 10, 12, and 14).

3. Determination of Imidacloprid accumulation in
the organ tissues and blood by HPLC:

3.1. Extraction of Imidacloprid from organ tissues
and blood:

Extraction of the IMI was carried out on all the
treated groups of pregnant and non- pregnant mice.
While Pregnant treated by one day treatment ((Gds. 8,
10, 12, 14) were killed after 24 hrs. of treatment,
pregnant mice treated on Gds. 6- 15, 8- 15, 10- 15, 12-
15, and 14- 15 were killed on day 18 of gestation. Non
pregnant groups in the same crossponding ages and
treated groups were killed at the same time. Three
tissues (brain, liver, and kidneys) and blood samples
from each group were collected. Imidacloprid was
extracted from brain, liver, kidneys, and blood, of
pregnant and non- pregnant mice by using the methods
of Yang et al., 2014 and Devan et al., 2015 with slight
modifications.

Brain, liver, kidneys tissues and 0.5 ml of blood
samples/ each were excised, weighed, and minced finely
and then homogenized for 2 mins with 5 ml of
acetonitrile, 5 ml of methanol and 1g sodium sulfate

anhydrous. The homogenates were clarified through a
filter paper (No.l). The combined acetonitrile extracts
were frozen for 2h at -4 C° to remove the remaining
fatty acids. The extracts were clarified once more and
De-ionized water and HPLC grade solvent were
degassed in an ultrasonic bath just before used.
Evaporated to dryness using rotary vacuum evaporator
and reconstituted with 1ml of methanol.

3.2. Determination of Imidacloprid content:

Estimation of imidacloprid were done on Agilent
1260 infinity 1l chromatographic system encompassed
with a quaternary pump, a micro vacuum degasser, a
thermo stated column compartment equipped with a
diode array UV detector at 270 nm. 5 ul of samples
were injected by autosampler into Agilent Zorbax SB-
Cis (250% 4.6 mm, 5 pum) column. Mobile phase was
water: methanol HPLC grade (50:50, v/v) and the flow
rate 1 ml/min. Filtration of the mobile phase was carried
out before injection using 0.45 um Millipore membrane
filter. Agilent OpenLAB CDS ChemStation software,
version C.01.07 was utilized to collect and process data.
The utilized mobile phase consisted of water: methanol
(50:50, v/v). Filtration of the mobile phase was carried
out before injection using 0.45 um Millipore membrane
filter. The HPLC calibration standards of imidacloprid
with 95% purity were prepared from a 100 pg mL-
stock solution in HPLC grade methanol was used for
the preparation of working standard solution up to
0.0625 pg/ml. For standard calibration curve according
to the method described by (Yang et al., 2014 and
Devan et al., 2015). The total run time was about
3.2 min.

Recovery studies: Untreated organ were spiked with
3 incremental concentrations of the technical grade of
imidacloprid (0.75, 1.50 and 3.00 pg) prior to extraction
and clean-up. Three replicates of each concentration
were passed through the entire process of extraction,
clean-up and analysis. The recovery values were
calculated, and the obtained results were corrected
according to the recovery rate.

2.4. Statistical Evaluation:

Maternal toxicity was estimated from maternal body
weight, weight gain, and absolute and relative organ
weights. Analysis of obtained data was carried out using
one-way analysis of variance (ANOVA) test using
SPSS 19.0 software (IBM Corporation, Armonk, NY,
USA)., followed by multiple comparisons test to
determine the least significance of differences among
groups. Data are presented as mean = SE. The criterion
of statistical significance was fixed at probability level P
< 0.05, with the litter as the treatment unit was used to
compare toxicity rates between the treated groups. The
maternal body weight on GD6 was used as a covariant
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(ANOVA) for comparing weights of the treated groups
with those of the control.

Statistical significance between different groups for
them was evaluated by LSD t-test or Tukey’s method
after analysis of variance (ANOVA). Statistical analyses
were performed by comparing the treatment groups with
the control group. (Lehmann and D'Abrera 1975,
Norusis 1994).

RESULTS

Maternal tissue and blood accumulation of
imidacloprid:
1. In Organ tissues:

Distribution levels of imidacloprid in the pregnant
and non-pregnant brain, liver, and kidneys mice tissues
as well as the blood serum after oral administration of
Imidacloprid (IMI) by gavage shown in Tables 1- 4.

There were no significant detectable levels of IMI
were recorded in any of organ tissues for tested
gestational ages (8, 10, 12, and 14 (one- treatment day)
on all treated groups of 10, 15, and 20 mg/kg/d
compared to the controls (Data not shown).

Results obtained in the present work revealed a
dose-related accumulation of IMI residues in all
examined tissues of different dosed. The residues of
imidacloprid showed a rising tendency with increasing
the exposure length period for pregnant and non-
pregnant mice. The imidacloprid contents in all the
organs were significantly increased with increasing
maternal exposure length compared to non-pregnant (8-
15 Gds. (0.282, 0.422 pg/g brain; 0.140, 0.148 po/g
kidneys; 0.306, 0.588 ug/g liver, on 15 and 20 mg/kg,
respectively); (10 - 15 Gds. (0.249 ug/g brain; 0.093
pg/g kidneys on 20 mg/kg; 0.230, 0.312 pg/g liver on
15 and 20 mg/kg, respectively); (12- 15 Gds. (0.220
Mg/g brain; 0.031 pg/g kidneys; 0.288 ug/g liver on 20
mg/kg/d); (14- 15 Gds. (0.190 pg/g brain on 20 mg/kg;
0.011 pg/g kidneys; 0.170 pg/g liver on 20 mg/kg). For
non- pregnant, the same trend for the IMI contents in
the different organs was shown as follows: (8- 15 Gds.
(8 continuously treatment days) (0.91, 0.127 pg/g brain;
0.083, 0.112 pg/g liver on 15 and 20 mg/kg,
respectively; 0.003 pg/g kidneys on 20 mg/kg/day); (10-
15 Gds. (6 treatment days) (0.093 pg/g liver on 20
mg/kg). For 4 and 2 continuously treatment days for
non- pregnant groups, there were no detectable levels of
IMI found on all the organs compared to the controls.

Pregnant mice treated on 6-15 Gds. (10
continuously doses) had dose dependent effects of

IMI organ contents as follows: 0.328, 0.636, 0.800
pMg/g  brain; 0.131, 0.154, 0.577 pg/g kidneys;
0.182, 0.428, 0.622 ug/g liver for 10, 15, and 20
mg/kg/day compared to the control. For non-
pregnant, IMI contents were found on all the organ
tissues in the same manner of pregnant mice. IMI
contents were as follows: 0.039, 0.144, and 0.254
Mg/g brain; 0.094, 0.097, 0.217 pg/g liver on 10,
15 and 20 mg/kg/day, respectively; 0.06, 0.09
pg/g  kidneys on 15 and 20 mg/kg/day,
respectively compared to the controls.

2. In blood serum:

Data are shown in Tables 3 and 4 While the
deposition of imidacloprid in the blood serum of
dams treated on Gds. 8 and 10 (one day treatment)
was detected on 15 mg/kg/ day (0.144, 0.264
pg/ml on 8 and 10 Gds., respectively) and 20
mg/kg/day (0.261, 0.570 pg/ml on 8 and 10 Gds.,
respectively), a dose dependent manner was
appeared on Gds. 12 and 14 for serum level of IMI
content. IMI serum levels were as follows: 0.392,
1.295, 2.692 pg/ml for 12 Gd; 0.570, 1.954, 4.514
pg/ml on 14 Gd compared to the controls. In the
same trend, accumulation of IMI in serum blood
was detected for non- pregnant mice on the treated
groups of 15 and 20 mg/kg/day at the same age
and one day treatment compared to the controls.
IMI serum contents for non-pregnant were: 0.123,
0.218 pg/ml for corresponding age of 8 Gd; 0.128,
0.220 pg/ml for corresponding age of 10 Gd;
0.130, 0.227 pg/ml for corresponding age of 12
Gd, and 0.135, 0.227 pg/ml for corresponding age
of 14 Gd on 15 and 20 mg/kg/day, respectively
compared to the control group.

In a dose dependent manner, levels of IMI
were increased significantly by increasing the dose
and exposure length except treated group on 14-
15 Gds. as follows: 8- 15 Gds. (2.137, 4.162,
5.836 pg/ml); 10 - 15 Gds. (1.192, 1.793, 3.255
pg/ml); 12- 15 Gds. (0.632, 1.232, 1.354 pg/ml);
14- 15 Gds. (0.263 pg/ml on 20 mg/kg/d)
compared to the controls. In the same trend and in
a dose dependent manner, IMI serum contents of
non- pregnant mice were measured. IMI serum
contents for non-pregnant were: 0.972, 1.894,
2.655 pg/ml for corresponding age of 8-15 Gds.;
0.235, 0.629 g/l on 15 and 20 mg/kg/day,
respectively for corresponding age of 12-15 Gds.
compared to the control group.



Amina T. Farag et al.,: Effects of Imidacloprid and Gestational Age on Biodistribution and Maternal Toxicity in Pregnant Mice ... 835

Table 1. Relative IMI (ug/g) accumulation in pregnant mice organs after repeated doses at different critical gestational periods:

Dose Brain Kidneys Liver
(mg/Kg/d) 0 10 15 20 0 10 15 20 0 10 15 20
Gds
6- 15 N 0.328 +.1** 0.634 +.02** 0.800 +.1** N 0.131+.06** 0.154+.08** 0.577+.07** N 0.182+.01** 0.428+.04** 0.622+.05**
8-15 N N 0.282 +.01** 0.422+.07** N N 0.140 +.08** 0.148+.01** N N 0.306 +.02**  0.588 +.07**
10-15 N N N 0.249+.09** N N N 0.093 + .04* N N 0.230 +.01**  0.312 +.03**
12-15 N N N 0.220+£.03** N N N 0.031+£.01* N N N 0.288 + 11**
14 - 15 N N N 0.190+.04** N N N 0.011 +.08* N N N 0.170 + .05**

N= Nondeductible

*Significantly different from control at P <0.05

**Significantly different from control at P < 0.01 by ANOVA with Tukey's test post —hoc

Table 2. Relative IMI (ug/g) accumulation in non-pregnant mice organs after repeated doses at the crossponding ages:

Dose Brain Kidneys Liver

(mg/Kg/d) 10 15 20 0 10 15 20 0 10 15 20
Gds.
6- 15 N 0.390 +£.05** 0.144 +.02** 0.0.254 +.01** N N  0.06 +£.04* 0.09 +.05* N  0.094 £.09* 0.097 .08 0.217 = .04**
8- 15 N N 0.091 = .01* 0.127 £ .07** N N N 0.03 £ .03* N N 0.083 £.02* 0.112 £.0**
10-15 N N N 0.249 + .09** N N N 0.093 £ .04* N N 0.230 +.01**  0.093 +.03*
12-15 N N N N N N N N N N N N
14-15 N N N N N N N N N N N N

N= Nondeductible
*Significantly different from control at P <0.05
**Significantly different from control at P <0.01 by ANOVA with Tukey's test post —hoc
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Table 3. Relative IMI (ug/g) accumulation in pregnant mice blood serum after administration of single dose at different gestational periods compared
to the accumulation on non- pregnant blood serum at the crossponding ages

Gds p! Dose (mg/kg/d) NP2 Dose (mg/kg/d)
0 10 15 20 0 10 15 20

8 N N 0.144 £12 ** 0.261+ 14** N N 0.123 + 16** 0.218 £28**

10 N N 0.264 £+ 18** 0.570 £ 27** N N 0.128 + 12** 0.220 £ 22**

12 N 0.392 £ 10** 1.295 £ 55** 2.692 £ 54** N N 0.130 = 15** 0.227 £ 23**

14 N 0.570 £ 28** 1.954 £46** 4,514 + 60** N N 0.135 + 18** 0.227 £ 23**

Pregnant mice
2Non-pregnat

**Significantly different from control at P < 0.01 by ANOVA with Tukey's test post —hoc.

Table 4. Relative IMI (ug/g) accumulation in pregnant mice blood serum after administration of repeated doses at different gestational periods

compared to non- pregnant at the crossponding ages

P!  Dose (mg/kg/d) NP? Dose (mg/kg/d)
Gds 0 10 15 20 0 10 15 20
6-15 N  3.045 + 55** 5.932 £87** 6.617 £ 88** N 1.488 £ 45** 2.900 £ 88** 4.665 + 67**
8-15 N 2137 + 62** 4,162 + 57** 5.836 + 68** N 0.972 £ 67** 1.894 + 55** 2.655 * 45**
10-15 N 1.192 £45** 1.793+ 64** 3.255 + 45** N N 0.235 + 23** 0.629 + 20**
12-15 N 0.632+34**  1.232%*+ 53** 1.354 + 48** N N N N
14-15 N N N 0.263 + 14** N N N N

Pregnant mice
2Non-pregnat

Nondeductible (N)
**Significantly different from control at P <0.01 by ANOVA with Tukey's test post —hoc
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Pregnant mice treated on 6- 15 Gds. (10
continuously doses) had a dose dependent effects
of IMI serum contents as well as non- pregnant as
follows: 3.045, 5.932, 6.617 pg/ml for pregnant
mice; 1.488, 2.900, 4.065 pg/ml for non-pregnant
mice compared to the controls.

2. Maternal toxicity:
2.1. Maternal Signs of toxicity:

There were no deaths or abortions associated
with single or repeated gestational exposure to all
the treated groups compared to the control. Single
oral dose or repeated exposure of IMI of 20 mg/kg
body weight for pregnant in different gestational
periods and non-pregnant in corresponding ages
had not produced overt signs of toxicity in female
mice but showed mild symptoms of toxicity like
salivation, diarrhea, tremor, and weakness in all
the treated groups. The clinical signs of toxicity
appeared at 6 hr. after single or repeated doses and
persisted up to 24 hrs. for single doses and
progressed throughout the period of treatment for
repeated dose group of 20 mg/kg/day. These signs
were seen in 50 to 80 % of dams in all the single
and repeated groups. No signs of toxicity appeared
in single or repeated groups for 10 and 15 mg/kg/d
compared to the control groups.

2. 2. Maternal body weights and weight gain:

There were no statistically significant
differences in the weight of the dams and non-
pregnant as well as the weight gains among all
groups treated with only one day dose of 10, 15,
and 20 mg/kg/day of imidacloprid (IMI) on the
gestation days (Gds.) of 8, 10, 12, and 14 and the
corresponding ages for non-pregnant compared to
the control groups. Body weights recorded on the
next day of treatment for both pregnant and non-
pregnant (24 hours of treatment) (data not shown).

Tables 5 and 6 summarize the maternal body
weights (mean + standard deviation) recorded
during different critical periods of pregnancy with
different doses in terms of quantity and number.
Statistically significant reduction on the maternal
body weights (of pregnant mice treated with 20
mg/kg/day IMI on gestation days 8- 15 (8-
contanousely doses), 10- 15 (6 continuously
doses), and 12 — 15 (4 continuously doses) were
recorded compared to the controls and other
treated groups. This reduction appeared on 18 Gd
(Percent of reduction was equal to 12, 13, 7% of
controls for the same previous critical gestational
periods, respectively) (Table 5). No significant
statistically differences on the maternal body
weights were observed on all the treated groups of

Imidacloprid on gestation day 14- 15 (two
continuously doses) compared to the control
(Table 5).

In the mice group treated with 15 and 20
mg/kg/day Imidacloprid on gestation days 6- 15
(10 continuously doses) to confirm the results,
statistically significant decreases in the maternal
body weights were observed. These decreases on
maternal body weights appeared on Gd 18 by a
percentage 5, 11% for 15 and 20 mg/kg/day,
respectively (Table 5).

No statically significant differences in the body
weights of non- pregnant mice on all the treated
groups of 10, 15, 20 mg/kg/day at all the
crossponding ages compared to the control groups
(Table 6). Data are shown according to differences
on the body weight on Gd 0.

Data of maternal weight gains are shown in
Figure 2. There were a significant decrease in
dams body weight gains in the highest IMI dose
20 mg/kg/day on all the treated groups of 8- 15,
10- 15, 12- 15, and 14- 15 Gds which started from
the first day of the treatment through the end. The
percentage of overall reduction (0-18 Gds.) on the
20 mg/kg/day was 39, 30, 19, and 19 % for mice
treated on 8- 15, 10- 15, 12- 15, and 14-15 Gds.,
respectively compared to their corresponding
control groups. Maternal body weight gain was
decreased on the middle and highest groups of 15
and 20 mg/kg/day for the mice treated on 6- 15
Gds. The reduction also started from first
treatment day, and it escalated to reach a
maximum for gestation day 18. The percentage of
reduction was equal to 13 and 35% for 15 and 20
mg/kg/day respectively compared to the control.

In the same manner, no statically significant
differences in the body weight gains of non-
pregnant mice on all the treated groups of 10, 15,
20 mg/kg/day at all the crossponding ages
compared to the control groups (Fig.1).

2.3. Maternal Organ weights:

On the level of the effect of Imidacloprid on the
absolute organ weights of pregnant female mice after
cesarean section, the results present in Tables 7- 11.
When compared with the control groups, significant
decreases in the absolute weights of the brain were
recorded in the 20 mg/kg/day, which treated in different
pregnancy periods of 6-15, 8 -15, 10-15, 12-15 and 14-
15 Gds. compared to the control groups and 10
mg/kg/day. Absolute weights of brain and kidneys
decreased on the treated group of 20 mg/kg/d exposed
on 14-15 Gds. compared to the control. No significant
differences in all the absolute weights of non- pregnant
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treated in the same crossponding ages compared to the
controls.

No statistically significant differences in the relative
organ weights for pregnant and non- pregnant mice on
all the treated groups of 10, 15, and 20 mg/kg/d at the
different gestational periods compared to the controls.

No statistically significant differences on Absolute
or relative for pregnant and non- pregnant organ weights
treated on Gds. 8, 10, 12, and 14 by one day treatment
compared to the controls (Data not shown).

DISCUSSION AND CONCLUSION

Unlike prenatal exposure to IMI which has
been examined in detail in the rodents and
humans, the effects of the critical periods of

gestation exposure of mammals to the distribution
of IMI in tissues and serum blood has remained
relatively unexplored. We sought to begin to fill

this gap by investigating the effects of IMI content
levels in the different tissues and serum blood on
the critical periods of gestation on some maternal
parameters compared to the non- pregnant mice.

Mild acute effects of IMI such as salivation,
diarrhea, tremor, and weakness in the highest
treated group of 20 mg/kg/d in pregnant and non-
pregnant mice at critical periods of gestation were
recorded This result were in consistent with the
results of the studies of (Tamura, et al,. 2002,
Proenca, Teixeira et al., 2005 Agarwal and
Srinivas 2007, David, et al, 2007, Lin, et al.,
2013)  which  indicated that repeated oral
administration of imidacloprid at 5 and 10
mg/kg/day did not produce any signs of toxicity
and mortality during all exposure periods of the
pregnant and non- pregnant mice.

Table 5. Effects of Imidacloprid on body weights of female mice treated on different gestational days

Doses (mg/kg/day)
0 10 15 20
Body weight (g)
Gds. (6- 15)*
Number of Dams? 25 24 28
0 26.0+0.1 26.7+0.3 25.9+0.6 26.9+0.3
6 275104 28.1+£05 275104 282+05
18 42.1+05 424 +05 39.9 + 0.6* 37.4 +£0.5%*
Gds (8- 15)!
0 25.8+0.2 26.5+0.4 26.0+0.1 26.7+0.2
8 28.9+0.3 29.3+04 289+0.1 29.4+0.2
18 40.8+0.5 41.2+0.8 41.7+0.6 35.9 + 0.9*%*
Gds. (10-15)*
0 26.8+ 0.4 26.1+0.5 25.9+09 25.7+04
10 31.0+0.3 305+0.2 30.8+0.7 31.1+0.5
18 40.2+0.3 40.0+0.9 39.9+0.2 35.1 +0.2*%*
Gds. (12-15)*
0 26.2+0.1 27.3+0.5 265+0.4 25905
12 324+0.2 33.4+0.4 33103 329104
18 40.7+£0.6 40.9+0.3 41.1+04 37.8+0.3**
Gds. (14-15)*
0 25.8+0.2 26.0+0.5 26.5+0.4 27.1+£0.3
14 35.6+0.4 36.1+0.3 359+0.3 354 +£0.3
18 41.0+05 416+0.2 40.9+0.6 404+04

!Gestation days

2Number of dams for each treated group (n= 10) except Gds (6-15).

*Significantly different from control at P <0.05.
**Significantly different from control at P <0.01
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Table 6. Effects of Imidacloprid on body weights of non- pregnant mice treated on corresponding ages of

pregnant
Doses (mg/kg/day)
0 10 15 20
Body weight (g)
(10 doses)*
Number of Dams? 25 24 28
0 25.0£0.2 258+04 27.0x0.6 26.3+x04
6 25505 26.2+0.8 275205 26.9x0.3
18 26905 27.8x0.3 28904 28.4+0.3
(8 doses)?
0 25.2x0.1 26.1+0.2 26.3+0.3 25.8x0.5
8 26.1x04 27.2x05 276x0.3 26.7£ 0.2
18 28505 295+ 0.6 29905 29.2+0.6
(6 doses)*
0 25.6 0.3 25.1+0.7 253+04 25.8x0.2
10 27204 26.8 0.5 26907 27604
18 28.0x0.2 27.7£0.6 27.7x0.2 28.4 0.2
(4 doses)*
0 254101 26.6 0.5 26.1+0.2 26.0x0.3
12 27.0x0.1 28.0x0.3 275x0.2 27502
18 27905 29.0+0.1 28.7+0.5 28901
(2 doses)*
0 25507 26404 265103 26.1+0.6
14 27.3x0.3 28.3x0.3 28.4+04 28.0x0.1
18 288+ 0.5 29.8x0.3 29.8+0.2 29404

Corrosponding ages for non-pregnant

2Number of dams for each treated group (n= 10) except Gds. (6-15).
Data are shown according to differences on the body weight on Gd 0.

There were no effects on the weights and
weight gains of the pregnant mice treated on
different critical periods of pregnancy in all the
treated groups (10, 15, and 20 mg/kg/day) by one
day- treatment compared to the control. These
results indicated that if pregnant mice were
exposed to one day- treatment of IMI on any of
the critical gestational days, the pregnant did not
show any changes, whether in their body weight or
appetite. These results were in consistent with our
results for the IMI contents in brain, liver, and
kidneys which indicated no detectable IMI
accumulation

The reduction of the maternal weight gains was
found to be decreased on 20 mg/kg/day for all the
groups in the critical periods of gestation, whereas the
length of exposure period was found to be increased.
Among the treated mice in different gestation periods,
the highest percentage of the maternal weight reduction
was identified on 20 mg/kg/day for the treated groups of

8- 15 Gds., followed by 10-15 Gds., and then from 12-
15 Gds. compared to the controls. The percentages of
reduction in the maternal weight gains on these groups
were as follows; 39, 30, 18, and 20% for 8- 15, 10- 15,
12, 15, and 14- 15, respectively of the controls. There
was a direct relationship between the length of exposure
to the IMI and the percentage of reduction in the
maternal weight gains. In addition, the risk of exposure
to the imidacloprid was also increased by maternal
exposure on organogenesis critical period. These results
are in consistent with the data reported that there was a
significant decrease in the body weight gain of mice in
the high dose group of 20 mg/kg/day(Zheng, et al.,
2020). In similar, significant toxic symptoms, together
with significant decrease in weight gain appeared in rats
exposed to 20 mg/kg/day of IMI (Kapoor, et al., 2011).
Exposure of pregnant mice on 6- 15 gestational days
produced reduction on the body weight and weight
gains on the middle and highest doses of imidacloprid
compared to the control.



840 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 42, No.4. OCTOBER- DECEMBER 2021

18

=
(=]
1

W 0-6 Gds._M6-18 Gds MO0- 18 Gds

= e e
M
1 1

Body weight gain (g)
=
1

L =L -
1

b -]

15

20

Pregnant

Non- pregnant

0 10 15 20

Doses (mg/kg/d)

16
14 ds+M8-18 Gds MO0-18 Gds
&g
T 12 4 Pregnant
& 10 - *
B g -
3 6 Non- pregnant
=
'5 4
2
0
0 10 15 20 0 10 15 20
B Doses (mg/Kg/d)
18
16 HO0- 12 Gds 12- 18 Gds MO0- 18 Gds
B 14 - Pregnant
= o
_ 17
&
_iF; 10
3 B -
i 6 - Non- pregnant
g 4
2 -
D -
o 10 15 20 0 10 15 20
D Doses (mg/Kg/d)

Body weight gain (g)

Body weight gain (g)

16
14
12
10

[ T S T A = I«

18
16
14
12
10

[ Y (S TR < O TR i

10- 18 Gds W O- 18 Gds

Pregnant
L

Non- pregnant

0 1w 15 20 0 10 15 20

Doses (mg/Kg/d)

W 0-14 Gds 14- 18 Gds MWO0- 18 Gds

*F'regnant

Non- pregnant

0 10 15 20

0 10 15 20
Doses (mg/kg/d)

Fig. 1. Effects of IMI on the weight gains of pregnant mice treated on (A) 6- 15 Gds. (n = 30), (B)
8-15 Gds. (n= 10), (C) 10-15 Gds. (n= 10), (D) 12- 15 Gds. (n= 10), and (E) 14- 15 Gds. (n = 10)
compared to non- pregnant mice in the same crossponding ages and number. Data are shown as
mean =+ SD. **Significantly different from control at P < 0.01.
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Table 7. Effects of Imidacloprid on organs weight of pregnant mice treated on gestational days 6 — 15 compared to non- pregnant.

Doses (mg/kg/d)
0 10 15 20
Number of dams! 10 10 10 10
Terminal pregnant body weight (g) 42.1+05 42.4+0.5 39.9 £ 0.6 37.4 £0.5**
Terminal non-pregnant body weight (g) 25.0+0.2 25.8+0.4 27.0+£0.3 26.3+0.4
Absolute organs weight (g)
Pregnant
Liver 2.14 £0.03 2.19+£0.04 2.14 £0.04 2.26 £ 0.03
Kidneys 0.39 +0.03 0.40 £ 0.02 0.39+0.02 0.40+0.03
Brain 0.43+£0.04 0.42 £0.03 0.41+0.03 0.37 £ 0.04**
Non- pregnant
Liver 1.37+£0.05 1.43+0.05 1.46 +0.03 1.44 +0.08
Kidneys 0.24+0.03 0.27 £ 0.03* 0.28 £ 0.02* 0.24 £ 0.03
Brain 0.25+0.03 0.27 £ 0.03* 0.27 £ 0.03* 0.26 £ 0.03
Relative organs weight?
Pregnant
Liver 0.05 + 0.001 0.05+0.001 0.05 £ 0.001 0.05 +0.001
Kidneys 0.01+.001 0.01+0.001 0.01+0.001 0.01 £ 0.001
Brain 0.01+.001 0.01+0.001 0.01+0.001 0.01+ 0.002
Non- pregnant
Liver 0.05 £ 0.001 0.05+0.001 0.05 £ 0.001 0.05 £ 0.001
Kidneys 0.01+.001 0.01+0.001 0.01+0.001 0.01 £ 0.001
Brain 0.01+.001 0.01+0.001 0.01 £ 0.001 0.01+ 0.002

Number of pregnant females used in experiment
2Organ weight (g)/body weight (g)
*Significantly different from control at P <0.0
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Table 8. Effects of Imidacloprid on organs weight of pregnant mice treated on gestational days 8- 15 compared to non- pregnant.

Doses (mg/kg/d)
0 10 15 20
Number of dams?! 10 10 10 10
Terminal pregnant body weight (g) 41.7+0.6 41.2+0.8 40.8+05 35.9 £ 0.9**
Terminal non-pregnant body weight (g) 29.9+0.6 29.5+0.5 29.2+05 28.5+0.6
Absolute organs weight (g)
Pregnant
Liver 2.30+£0.08 2.27+£0.03 2.20+£0.05 2.22£0.05
Kidneys 0.43 +0.03 0.43+0.02 0.40+0.03 0.40+0.03
Brain 0.44 £ 0.03* 0.42 +0.03 0.41+0.03 0.37+£0.03
Non- pregnant
Liver 1.55+0.05 1.60+ 0.05 1.56+ 0.03 1.58 + 0.08
Kidneys 0.27+0.03 0.27 £ 0.03 0.29+ 0.02 0.33£0.03
Brain 0.28 +0.03 0.28+0.03 0.30+0.03 0.28+0.03
Relative organs weight?
Pregnant
Liver 0.05 + 0.002 0.05+ 0.001 0.05+0.001 0.05 £0.001
Kidneys 0.01+.001 0.01+0.001 0.01 +0.001 0.01+0.001
Brain 0.01+.001 0.01+0.001 0.01+0.001 0.01+ 0.002
Non- pregnant
Liver 0.05+ 0.001 0.05+0.001 0.05 £ 0.001 0.05 +0.002
Kidneys 0.01+.001 0.01+0.001 0.01 £ 0.001 0.01+£0.001
Brain 0.01+.001 0.01+0.001 0.01 £+ 0.001 0.01+0.001

Number of pregnant females used in experiment
2Organ weight (g)/body weight (g)
*Significantly different from control at P <0.05.
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Table 9. Effects of Imidacloprid on organs weight of pregnant mice treated on gestational days 10- 15 compared to non- pregnant.

Doses (mg/kg/d)
0 10 15 20
Number of dams?® 10 10 10 10
Terminal pregnant body weight (g) 40.2+0.3 40.0£0.2 39.9+0.2 35.1+£0.2
Terminal non-pregnant body weight (g) 28.0+£0.2 27.7+£0.6 271.7+£0.2 284+0.2
Absolute organs weight (g)
Pregnant
Liver 2.20£0.06 2.23+£0.04 2.29+0.04 2.20+£0.03
Kidneys 0.40 £0.04 0.42 £0.05 0.44 £ 0.02 0.42 £0.04
Brain 0.41£0.03 0.41£0.03 0.43+0.03 0.39 £ 0.03*
Non- pregnant
Liver 1.53+0.04 1.54+0.08 1.58+ 0.04 1.52+0.03
Kidneys 0.27+0.05 0.29 £0.03 0.30£0.05 0.33£0.03
Brain 0.28+0.04 0.28 £ 0.08 0.29 £ 0.04 0.31£0.03
Relative organs weight?
Pregnant
Liver 0.05 + 0.002 0.05 + 0.001 0.05 £ 0.001 0.05 +0.001
Kidneys 0.01+.001 0.01+0.001 0.01 £ 0.001 0.01 £0.001
Brain 0.01+.001 0.01+0.001 0.01 £ 0.001 0.01+ 0.002
Non- pregnant
Liver 0.05 £ 0.002 0.05 £ 0.001 0.05 £ 0.001 0.05 +0.001
Kidneys 0.01+.001 0.01+0.001 0.01 £ 0.001 0.01 £ 0.001
Brain 0.01+.001 0.01+0.001 0.01+0.001 0.01+ 0.002

Number of pregnant females used in experiment
20rgan weight (g)/body weight (g)
*Significantly different from control at P <0.05.
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Table 10. Effects of Imidacloprid on organs weight of pregnant mice treated on gestational days 12- 15 compared to non- pregnant.

Doses (mg/kg/d)
0 10 15 20
Number of dams® 10 10 10 10
Terminal pregnant body weight (g) 40.7+0.6 409+0.3 41.1+04 37.8+0.3
Terminal non-pregnant body weight (g) 27.9+0.5 29.0+0.1 28.7+05 28.9+0.1
Absolute organs weight (g)
Pregnant
Liver 2.23+0.03 2.20+£0.03 2.15+0.03 2.22£0.03
Kidneys 0.39 +0.04 0.42 £0.02 0.41+0.03 0.43+£0.03
Brain 0.40 £ 0.03 0.40 £ 0.03 0.41+0.03 0.38+ 0.03*
Non- pregnant
Liver 1.54+ 0.03 1.58+ 0.03 1.50+ 0.04 1.51+£0.04
Kidneys 0.27+0.04 0.30 £ 0.02 0.28+0.03 0.32+£0.03
Brain 0.27+£0.03 0.27+0.03 0.28+0.03 0.27+£0.03
Relative organs weight?
Pregnant
Liver 0.05 +0.001 0.05+0.001 0.05 £ 0.001 0.05 +0.001
Kidneys 0.01+.001 0.01+0.001 0.01+0.001 0.01 £ 0.001
Brain 0.01+.001 0.01+0.001 0.01+0.001 0.01+ 0.002
Non- pregnant

Liver 0.05 £ 0.001 0.05+0.001 0.05 £ 0.001 0.05 +0.001
Kidneys 0.01+.001 0.01+0.001 0.01 £ 0.001 0.01 £ 0.001
Brain 0.01+.001 0.01+0.001 0.01+0.001 0.01+0.002

'Number of pregnant females used in experiment
2Organ weight (g)/body weight (g)
*Significantly different from control at P <0.05
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Table 11. Effects of Imidacloprid on organs weight of pregnant mice treated on gestational days 14- 15 compared to non- pregnant:

Doses (mg/kg/d)
0 10 15 20

Number of dams? 10 10 10 10
Terminal pregnant body weight (g) 41.0+0.5 416+0.2 40.6 +0.2 394+04
Terminal non-pregnant body weight (g) 25.5+0.7 26.4+0.4 26.5+0.3 25.5+0.7

Absolute organs weight ()

Pregnant

Liver 2.22+0.03 2.18 £ 0.04 2.25+0.04 2.16 £ 0.03
Kidneys 0.40 +0.04 0.42+0.02 0.40+0.03 0.39+0.03*
Brain 0.41+0.03 0.42 £0.03 0.42 £0.03 0.39+ 0.03*

Non- pregnant
Liver 1.57+0.03 1.58+ 0.03 1.50+ 0.04 1.51+£0.04
Kidneys 0.28 +0.04 0.30+0.02 0.29+0.03 0.29+0.03
Brain 0.29 £0.03 0.20£0.03 0.29 £ 0.03 0.29 £ 0.03

Relative organs weight?
Pregnant

Liver 0.05+0.001 0.05+0.001 0.05+0.001 0.05 £ 0.001
Kidneys 0.01+.001 0.01+0.001 0.01 £ 0.001 0.01 £ 0.001
Brain 0.01+.001 0.01+0.001 0.01+0.001 0.01+ 0.002

Non- pregnant
Liver 0.05+0.001 0.05+0.001 0.05 £ 0.001 0.05 £ 0.001
Kidneys 0.01+.001 0.01+0.001 0.01 £ 0.001 0.01+0.001
Brain 0.01+.001 0.01+0.001 0.01 £+ 0.001 0.01+ 0.002

'Number of pregnant females used in experiment
2Organ weight (g)/body weight (g)
*Significantly different from control at P <0.05.
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Therefore, the effects on the 15 mg/kg/day appeared
whereas the exposure length was extended to all the
days of organogenesis. These results are in consistent
with previous studies indicated that oral administration
of imidacloprid of mice at 15 or 20 mg/kg/day
significantly reduced body weight, whereas mice
exposed to 5 and 10 mg/kg/ day revealed no change in
body weight when fed chow diet(Bhardwaj, et al., 2010,
Arfat, et al., 2014). It is obvious that recording of the
maternal body weight provides information on general
health level of pregnancies which can also be important
interpretation of reproductive effects (Aly, et al., 2009).
Although the maternal body weights were reduced for
the critical gestational period, no changes in non-
pregnant body weights or weight gains were recorded
on all the treated groups.

The present study analyzed the concentration of IMI
in different organs (brain, liver, and kidneys) and serum
blood. The findings of the study indicated that IMI was
easily absorbed after oral administration as indicated by
its presence in fatal organs and blood (Kapoor, et al.,
2014).

The different gestational ages for one day treatment
had no noticeable effects on the accumulation of the
IMI in the different organs. However, there were no
significant  differences were observed in IMI
biodistribution between pregnant and non-pregnant at
different gestational ages. No organ IMI contents were
observed on all the treated pregnant on the tested
selected gestational days (8, 10, 12, and 14 Gds.) and
non- pregnant mice in corresponding ages on one day
treated groups of 10, 15, and 20 mg/kg/d. These results
are consistent with the results indicated that
imidacloprid was rapidly absorbed and distributed
throughout the body and more than 90 % of IMI was
eliminated in the urine and feces in the first 48 hours
following exposure (Nabiuni, et al, 2015). By
increasing the gestational ages in parallel with the
exposure period length, the highest percentages of the
IMI contents were found in the brain and liver tissues
compared to its presence in the kidney tissue on the
medium and high doses (15 and 20 mg/kg/day) of the
IMI and on all tested gestational ages (8-15, 10- 15, 12-
15, and 14 —-15 Gds.). The concentration of IMI was
maximum attained at 6- 15 Gds post dosing in organs
liver and brain and serum blood compared to the
kidneys' IMI content in dose dependent manner.

It is not clear if the toxicity of IMI in pregnant mice
is due to the parent compound or its metabolite, IMI is
highly absorbed in the pregnant mice organs, especially
liver and brain as well as the blood. Administration
doses, blood and brain concentration of IMI are
predictors of maternal weight changes in pregnant mice.
The entry of IMI into mouse brain as confirmed by an

ex vivo suggesting potential effects on mammals (Chao
and Casida 1997). Furthermore, chao reported the
accumulation of IMI or its metabolites in mouse brain.
Toxicity signs of IMI were evident within 24 hrs.
following oral administration, might be due to rapid and
complete absorption (Bai, s et al., 1991, Nauen, et al.,
2001, Solecki, 2001, Tomizawa and Casida, 2005).

Pregnant is well known to be sensitive to IMI,
through our results, it was found that pregnant mice had
much higher retention of the IMI in the organs and
blood than non-pregnant mice. These results are
confirmed by the presence of the IMI at a high
concentration on the highest dose group 20 mg/kg/d for
all the critical gestational periods in the different organs
and blood of pregnant mice compared to non-pregnant.
It is also clear that the percentage of IMI in the blood
increased by increasing the treatment period (a positive
relationship). Therefore, it could link between the
presence of the IMI in a high percentage in the organs
and blood of pregnant mice with the effects of the
different gestational periods. All these factors together
can be linked to toxic effects that appeared for the
pregnant such as weights reduction and signs of toxicity
compared to the non-pregnant. Despite IMI showed
higher accumulation in brain and liver according to the
period of pregnancy, relatively low amounts were
determined in the kidneys. Accumulation of IMI in
organs and blood of the preghant and non-pregnant did
not initiate inflammation or abnormality in the
morphology of all the examined organs as well as in the
relative organ’s weights in all the treated groups on
different exposure periods. For non-pregnant mice, an
accumulation of IMI in the organs and blood was much
lower than that of pregnant, which was significantly
reflected in the accompanying effects. Where there were
no effects on all the toxicity parameters for the non-
pregnant group.

In conclusion, we have demonstrated that the
biodistribution of IMI in pregnant mice is gestational
periods-and dose dependent, with dose dependent.
However, there were significantly differences were
observed in IMI distribution between non- pregnant and
pregnant mice of different gestational ages. Clearance of
IMI from pregnant and non- pregnant after one
treatment day at different gestational ages revealed that
IMI being excreted quickly through urine frome non-
pregnant mice. Pregnant status again proved to have
effects on IMI clearance and accumulation. Exposure to
the IMI appeared to have adverse effects on body
weights, weight gains and caused signs of toxicity in
dose and gestational ages dependent in pregnant mice
compared to non-pregnant. Imidacloprid is considered
as moderately toxic (WHQ) and classified by EPA as
toxicity class Il and class Ill agents because it blocks
specific neuron pathway that is more abundant in insects
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than warm blooded animals. Hence it is more selective
to insects than mammals (EPA 1994, Handbook 1995).
This study highlight some important role of different
gestational ages- associated biodistribution and
biological effects of IMI in pregnancy compared to non-
pregnant, and lay a foundation for the use of IMI as a
pesticide during the critical pregnancy periods.

REFERENCE

Agarwal, R and R. Srinivas. 2007. "Severe neuropsychiatric
manifestations and rhabdomyolysis in a patient with
imidacloprid poisoning." The American journal of
emergency medicine. 25(7): 844-845.

Aly, H. A. A., O. Domerech, B. Ashraf and B. Abdel Naim.
2009. "Aroclor 1254 impairs spermatogenesis and induces
oxidative stress in rat testicular mitochondria." Food and
chemical toxicology. 47(8): 1733-1738.

Arfat, Y., N. Mohamood, M. Usman, T. RashidS. Arijum, F.
Zhao, D-J. Li, Y-L. LO Sun, L. Hu, C. Zhihao, C. Yin, P.
Shang and A-R. Qian. 2014. "Effect of imidacloprid on
hepatotoxicity and nephrotoxicity in male albino mice."
Toxicology reports. 1: 554-561.

Bai, D., S.C.R. Lummis, W. Leicht, H. Breer and D.B.
Sattelle. 1991. "Actions of imidacloprid and a related
nitromethylene on cholinergic receptors of an identified
insect motor neurone.” Pesticide science. 33(2): 197-204.

Bhardwaj,S., M.K. Srivastava, U. Kapoor and L.P. Srivastava.
2010. "A 90 days oral toxicity of imidacloprid in female
rats: morphological, biochemical and histopathological
evaluations.” Food and chemical toxicology. 48(5): 1185-
1190.

Chao, S. L and J. E. Casida. 1997. "Interaction of imidacloprid
metabolites and analogs with the nicotinic acetylcholine
receptor of mouse brain in relation to toxicity." Pesticide
Biochemistry and Physiology. 58(1): 77-88.

David, D., .A. George and J.V. Peter. 2007. "Toxicology of
the newer neonicotinoid insecticides: imidacloprid
poisoning in a human." Clinical toxicology. 45(5): 485-
486.

Demsia, G., D. Vlastos, M. Goumenou and D.P.
Matthopoulosa. 2007. "Assessment of the genotoxicity of
imidacloprid and metalaxyl in cultured human
lymphocytes and rat  bone-marrow.”  Mutation
Research/Genetic  Toxicology and  Environmental
Mutagenesis. 634(1-2): 32-39.

Devan, R.S., A. Mishra, P. Prabu, T. Mandal and S.
Panchapakesan. 2015. Sub-chronic oral ‘'kztoxicity of
acetamiprid in Wistar rats. Toxicol. Environ. Chem. 97,
1236-1252.

El-Zahi, E.S and A.l. Farag. 2017. Population Dynamic of
Phenacoccus solenopsis Tinsley on Cotton Plants and Its
Susceptibility to Some Insecticides in Relation to the
Exposure Method. Alex. Sci . Exch. J. 38: 231-237.

EPA, U. 1994. "Pesticide fact sheet: imidacloprid."
Washington, DC.

Gervais J.A., B. Luukinen, K. Buhl and D. Stone. 2010.
Imidacloprid Technical Fact Sheet. National Pesticide
Information Center, Oregon State University Extension
Services, OECD guideline..
http://npic.orst.edu/factsheets/imidacloprid.pdf.

Gupta, R. C., R. Ida, M. Mukherjee and J.K. Malik. 2019.
Insecticides. Biomarkers in toxicology, Elsevier: 455-475.

Handbook, F. C. 1995. "Meister Publishing Co." Willoughby,
Oh.

Hovda, K.E., O. H. HUNDERI, A.-B. TAFJORD, O.
DUNLOP, N. RUDBERG and D. JACOBSEN. 2005.
Methanol outbreak in Norway 2002-2004: epidemiology,
clinical features J.Internal Medicine. 254 (2): 181-190

Jeschke, P., R. Nauen, M. Schindler and A. Elbert .2010.
Overview of the status and global

strategy for neonicotinoids. J. Agric. Food Chem. 59, 2897—
2908.

Kapoor, U., M.K. SrivastavaL and P.Srivastava . 2011.
"Toxicological impact of technical imidacloprid on
ovarian morphology, hormones and antioxidant enzymes
in female rats." Food and chemical toxicology. 49(12):
3086-3089.

Kapoor, U., M. Srivastava, P. Trivedi, V. Garg and L.
Srivastava. 2014. "Disposition and acute toxicity of
imidacloprid in female rats after single exposure." Food
and chemical toxicology. 68: 190-195.

Kaémar, P. 1999. "Immunotoxicology and veterinary
medicine." Acta Veterinaria Brno 68(1): 57-79.

Karabay, N. U and M. G. Oguz. 2005. "Cytogenetic and
genotoxic effects of the insecticides, imidacloprid and
methamidophos.” Genetics and Molecular Research. 4(4):
653-662.

Klein, O. 1987. "Investigations on the distribution of the total
radioactivity in the rat by whole body autoradiography."”
Unpublished report no. PF2891.

Lehmann, E. L and H. J. D'Abrera .1975. Nonparametrics:
statistical methods based on ranks, Holden-day.

Lin, P-C., H-J. Lin, Y-Y. Liao, H-R. GUN and K-T. Chen.
2013. "Acute poisoning with neonicotinoid insecticides: a
case report and literature review." Basic & clinical
pharmacology & toxicology. 112(4): 282-286.

Mencke, N and P. Jeschke. 2002. "Therapy and prevention of
parasitic  insects in  veterinary medicine  using
imidacloprid.” Current topics in medicinal chemistry. 2(7):
701-715.

Mohany, M. 2012. "Thymoquinone ameliorates the
immunological and histological changes induced by
exposure to imidacloprid insecticide.” The Journal of
toxicological sciences 37(1): 1-11.

Mohany, M., M. El-Faki, I. Refaat, O. Garruad and G. Badar.
2012. "Thymoquinone ameliorates the immunological and
histological changes induced by exposure to imidacloprid
insecticide." The Journal of toxicological sciences. 37(1):
1-11.


http://npic.orst.edu/factsheets/imidacloprid.pdf
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=HUNDERI%2C+O+H
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=TAFJORD%2C+A-B
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=DUNLOP%2C+O
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=DUNLOP%2C+O
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=RUDBERG%2C+N
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=JACOBSEN%2C+D
https://www.sciencedirect.com/science/article/pii/S0278691511004522#!
https://www.sciencedirect.com/science/article/pii/S0278691511004522#!

848 ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL. 42, No.4. OCTOBER- DECEMBER 2021

Nabiuni, M., K. Parivar, R. Noorinejad, Z. alahati, F.
Khalili and L. Karimzadeh. 2015. "The reproductive side
effects of Imidacloprid in pregnant Wistar rat.
International  Journal of Cellular & Molecular
Biotechnology . 10-18

Nauen, R., U. Ebbinghaus-Kintscher, A.Elbert, P.Jeschke
and K. Tietjen. 2001. Acetylcholine receptors as sites for
developing neonicotinoid insecticides. Biochemical sites
of insecticide action and resistance, Springer: 77-105.

Norusis, M. J. 1994, SPSS advanced statistics 6.1, SPSS.

Proenca, P., H. Teixeira, F. Castanheira, J. Pinheiro, P.V.
Monsanto, E.P. Marques and D. NunoVieira. 2005. "Two
fatal intoxication cases with imidacloprid: LC/MS
analysis." Forensic Science International. 153(1): 75-80.

Sarkar, M. A. 2001. "Persistence and metabolism of
imidacloprid in different soils of West Bengal." Pest
Management Science: formerly Pesticide Science. 57(7):
598-602.

Sarkar, M. A., S. Roy, E.K. Kole and A. Chowdhury .2001.
"Persistence and metabolism of imidacloprid in different
soils of West Bengal. Pest Management Science: formerly
Pesticide Science. 57(7): 598-602.

Solecki, R. 2001. Toxicological evaluations. Imidacloprid.
Joint Meeting on Pesticide Residues.

Tamura, M., Y. Endo, Y. Kuroki, N. Ohashi, T. Yoshika and
T. Sugimoto. 2002. "Investigation and case study of

Imidacloprid insecticide caused poisoning." Chudoku
kenkyu: Chudoku Kenkyukai jun kikanshi= The Japanese
journal of toxicology. 15(3): 309-312.

Tomizawa, M and J. E. Casida .2005. "“Neonicotinoid
insecticide toxicology: mechanisms of selective action.”
Annu. Rev. Pharmacol. Toxicol. 45: 247-268.

Yang, H., L. Du, X. Tian, Z. Fan, G. Sun, Y. Liu, J. A. Keelan
and G. Nie .2014. Effect of nanoparticake size and
gestational age on maternal biodistribution and toxicity of
gold nanoparticales in pregnant mice. J. Toxicology
Letters, 230: 10-18.

Yeh, 1I-J., T-J. Lin and D-Y. Hwang. 2010. "Acute multiple
organ failure with imidacloprid and alcohol ingestion."
The American journal of emergency medicine. 28(2): 255.
e251-255. e253.

Zheng, M., Q. Qin, W. Zhou, Q. Liu, S. Zeng, H. Xiao, Q. Bai
and J. Gao .2020. "Metabolic disturbance in hippocampus
and liver of mice: A primary response to imidacloprid
exposure." Scientific reports. 10(1): 1-12.

Zalgevigien¢, V., M. Burkanas, J. Zukiené, J. Lapienis, A.
Sukackaité, G. Grazeliené and J. Didziapetriené. 2006.
The influence of photosensitized treatment on
development of rat embryo. The 4th International
Conference on Medical Physics. Kaunas, Lithuania; p.
12-5.



Amina T. Farag et al.,: Effects of Imidacloprid and Gestational Age on Biodistribution and Maternal Toxicity in Pregnant Mice ... 849

il padlal)
s AG)Ra Jalsal) (il B dragal) dvandly ggad) aisil) o Jaall jasg bpslSina) il
Jalgad)

BYTA] u;mi Qe c‘SALA; e:_mj\d.u: dasa ‘_)...a.\n_}.j PV SVEN cC)S il ‘\..\:\Ai

Jalsadly Jalsall s (LAl Gy (gl apysill (8 508
o daall e VE 1Y 5V 5 A gl 8 cadae
.eH/e;S/e_;AV~}\°}\~ U_AQLQ}A;AS\C_)A;
Uty dendl Aldle e IMI A dalod) el il e yela
abia) Jead) sl apen 3 i€l () aall 35
M)meés/eé.&"' Q)\mv‘)ﬁaubﬁ&_\:\h‘\é\”
Ot Aonse A Al cuilS LS L Jwlgall ey Jalgall
A dpand) e alilly Aabadl) Jeall Hleel 3 IMI 815
IMId 23U (gsaall aysill el o ) esial) o0 o)L
il Jyhag depall e aaias Jalgall o5l

el leeds
(A S8 Ay caalY) cila g ialiva) Kl
PSR

Alead s ldas (o g inal) aads

Gy bl 2ie) die allal) elad] asen 8 Jraalsdl
o 1S gl adal i (adds W) Al Gl
Lalls llia @by aay Alall Adpdas Jaxe (alissly
sl sl Ao Jaad) El ol 3300 Claglas
iy gsad) @yl Ay S Ayl oda 8 el
Leiyliay Jalsall oyl 2y siKlaned Aldinall Aol
As Gds) iapall Jeall jlael caline 8 Jaloall yuay
[ oS anle Yosho ) e cly S (VE5 VY 5V e
sl (Ao 2y silae) il s L o5 sy
38 Gilepa baglhe) o5 Al dalsadl (Ll e g5l
oLl (8 aslSIna) o [ aaS [ ana Yo g0 50 e
—VY o=V Yo-A Vo1 Adliad) s all Jaall
s o Jaadly ol Jalsal) i djlie (VoY E 5 (Vo



