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ABSTRACT

Present study was aimed to evaluate the effect of oral administration of imidacloprid on weekly body weights and hematological
parameters in female rats and also to determine the protective role of Withania somnifera against imidacloprid induced toxicity.
Forty eight (48) female albino Wistar rats were divided into four (4) groups of twelve (12) animals each. Group 1 served as
control, groups 2 was given with imidacloprid at the rate of 30 mg/kg b.wt/day, group 3 was maintained as Withania somnifera
(WS) control (1g/ kg feed) and group 4 was treated with both imidacloprid + Withania somnifera (dose as above). The experiment
was carried out for a period of 30 days and the test compound was administered daily by oral gavage. Blood samples were
collected on 15% and 30% day for hematological analysis. A significant (P < 0.05) reduction in weekly body weights were
observed in group 2. Hematology revealed a significant (P < 0.05) decrease in TEC, Hb, PCV, MCV, MCH and MCHC and
increase (P < 0.05) in TLC in group 2. The DLC revealed a significant (P < 0.05) increase in neutrophil count and significant
(P < 0.05) decrease in lymphocyte count in group 2. Administration of Withania somnifera along with imidacloprid brought

moderate protection in all the above parameters.
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Indiscriminate usage of pesticides in agriculture leading
to environmental pollution and several authors have
documented the adverse effects of pesticides on non-
target organisms viz. humans, birds, bees, fishes and
other aquatic organisms (El-Sayed er al., 2007; Sabra
and Mehana, 2015; Gregorc et al., 2018). Imidacloprid
(IM) is the first registered neonicotinoid insecticide
used to control insect pests on agricultural crops,
ectoparasitic arthropods on animals (Hutchinson et al.,
2001; Tomizawaand Casida, 2005). It is also used for seed
dressing (Felsot, 2001). It is one of the fastest growing and
most widely used insecticides in the world (Jeschke and
Nauen, 2008). It is having high affinity towards nicotinic
acetylcholine receptors (nAch) in insects than mammalian
and hence it is selectively toxic to insects (Tomizawa and
Casida, 2003). In recent years, the extensive use of IM in

agriculture leading to its persistence in soil (Sarkar et al.,
2001; Wettstein et al., 2016), water (Sanchez-Bayo et al.,
2016), fruits and vegetables (Gervais et al., 2010).

Withania somnifera (WS) is also known as Ashwagandha
and is commonly used as an ayurvedic medicine due
to its anti-stress, antioxidant, immunomodulating and
anti-arthritic activities (Bhattacharya et al., 2001;
Bhattacharya et al., 2010). The roots of WS are the most
pharmacologically active part of the plant and are known
to possess free radical scavenging and antioxidant activity
(Shahriar et al., 2013).
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In present study, the toxic effects of imidacloprid and its
amelioration with WS in female rats were investigated
with special reference to weekly body weights and
hematological parameters.

MATERIALS AND METHODS

Chemicals

Imidacloprid was procured from Tropical Agrosystem
India Pvt. Ltd.,, Chennai, Tamilnadu and Withania
somnifera was obtained from Herboleaf Organic, Haryana,
India.

Experimental animals

Forty-eight (48) female Wistar rats weighing 200-250
g were procured from Jeeva life sciences, Hyderabad.
Before the commencement of study, the rats were allowed
to acclimatize to the experimental conditions for ten days.
The rats were housed in solid bottom polypropylene
cages at RUSKA Labs, Hyderabad and were maintained
in controlled environment (Temperature 20-22°C)
throughout the course of the experiment. Sterile rice husk
was used as a bedding material. All the rats were provided
with standard pellet diet (procured from Vyas Labs, Uppal,
Hyderabad) and sterile water ad /libitum throughout the
experimental period. The experiment was conducted
according to the guidelines and with prior approval of the
Institutional Animal Ethics Committee.

Experimental design

A total of 48 female rats were divided into four groups
comprising of twelve each.

1. Group 1 - Control.

2. Group 2 - Imidacloprid at the rate of 30 mg/kg b.wt/
day.

3. Group 3 - Withania somnifera at the rate of 1g/kg
feed.

4. Group 4 - Imidacloprid +Withania somnifera (30 mg/
kg b.wt/day+1 g/kg feed).

The test compound was administered daily for a period of
30 days by oral gavage.
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Weekly body weights / weight gains

Individual body weights of all the rats were recorded by
using electronic balance on day one and subsequently
on 7%, 14% 21t and 28™ day of experiment to study the
weekly body weight gains.

Hematology

On 15" and 30" day of experiment, 2 to 3 mL of blood
was collected from retro-orbital plexus with the help of
a capillary tube into an anticoagulant coated vaccutainers
for hematological examination. Total erythrocyte count
(TEC), total leukocyte count (TLC), hemoglobin (Hb)
concentration, packedcell volume (PCV), mean corpuscular
volume (MCV), mean corpuscular haemoglobin (MCH),
mean corpuscular haemoglobin concentration (MCHC)
and differential leucocyte count (DLC) were estimated by
using automatic whole blood analyzer (Huma count, med
source ozone biochemical Pvt. Ltd).

Statistical analysis

The data obtained were subjected to statistical analysis
by applying one way ANOVA using statistical package
for social sciences (SPSS) version 16.0. Differences
between the means was tested by using Duncan’s multiple
comparison test and significance level was set at P<(.05
(Snedecor and Cochran, 1994).

RESULTS AND DISCUSSION

Effect of imidacloprid on weekly body weights

Significantly higher mean values were recorded in group 1
(262.17+0.50,273.20+0.56,282.75+0.68 and 289.83+0.98)
and group 3 (261.96+0.79, 271.91+£0.47, 281.92+0.65 and
289.25+0.91) on 7%, 14, 215t and 28 day of experiment
respectively than the group 2 (256.96+0.77, 264.79+0.45,
267.42+0.42 and 269.83+0.42) and group 4 (259.25+0.42,
267.70+0.35,273.08+0.42 and 278.17+0.66). A significant
difference was also observed between group 2 and group
4. There was no significant difference between group 1
and group 3 (Fig. 1).
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Fig. 1: Effect of oral administration of imidacloprid on weekly
body weight in female rats

Results are represented as Mean =+ SE.

Effect of imidacloprid on weekly body weight gain

A significant (P < 0.05) reduction of body weight gain was
observed in group 2(7.33+0.28, 6.33+0.38, 3.17+0.38 and
2.4240.15) on 7%, 14t 215 and 28™ day of experiment
respectively in comparison to group 1 (11.50+0.26,
11.04+0.23, 9.92+0.33and 7.08+0.69). There was a
significant (P < 0.05) increase in body weight gain in
group 4 (8.21£0.24, 8.2940.30, 4.92+0.38 and 5.08+0.30)
on 7t 14t 215t and 28™ day of experiment respectively
in comparison to group 2 and there was no significant
difference between group 3 (10.83+0.32, 10.88+0.27,
9.75+0.21 and 7.33+0.31) and group 1 (Fig. 2).
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Fig. 2: Effect of oral administration of imidacloprid on weekly
body weight gain in female rats

Results are represented as Mean =+ SE.

The reduction in body weight gain in imidacloprid treated
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rats might be due to decreased food intake as a result of
direct toxicity or stress induced by imidacloprid. Anorexia
in imidacloprid toxicity might be due to its toxic effect
on gastrointestinal tract. These results agree with previous
workers (Bhardwaj et al., 2010; Kapoor et al., 2011; Bagri
et al, 2013; Arfat et al., 2014; Mehmood et al., 2017,
Hassan et al., 2019).

Hematology

Total erythrocyte count (TEC): A significant (P <
0.05) decrease in TEC values were observed in group 2
in comparison to normal control. In group 4, there was a
significant (P <0.05) increase in TEC values in comparison
to group 2 and there was no significant difference between
groups 1 and 3 on day 15, and a similar trend was observed
on day 30 of experiment (Table 1).

Total Leucocyte Count (TLC): A significant (P < 0.05)
increase in TLC values were observed in group 2 in
comparison to normal control. In group 4, there was a
significant (P <0.05) decrease in TLC values in comparison
to group 2 and there was no significant difference between
groups 1 and 3 on day 15, and a similar trend was observed
on day 30 of experiment (Table 1).

Hemoglobin (Hb): A significant (P < 0.05) reduction in
Hb concentration was observed in group 2 in comparison
to normal control and there was no significant difference
between groups 1, 3 and 4 on day 15, and a similar trend
was observed on day 30 of experiment (Table 1).

Packed Cell Volume (PCV): A significant (P < 0.05)
decrease in PCV values were observed in group 2 in
comparison to normal control. In group 4, there was a
significant (P <0.05) increase in PCV values in comparison
to group 2 and there was no significant difference between
groups 1 and 3 on day 15, and a similar trend was observed
on day 30 of experiment (Table 1).

Mean Corpuscular Volume (MCV): A significant (P <
0.05) decrease in MCV values were observed in group
2 in comparison to normal control. In group 4, there
was a significant (P < 0.05) increase in MCV values in
comparison to group 2 and there was no significant
difference between groups 1 and 3 on day 15, and a similar
trend was observed on day 30 of experiment (Table 1).

Mean Corpuscular Hemoglobin (MCH): A significant
(P < 0.05) decrease in MCH values were observed in
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Table 1: Effect of oral administration of imidacloprid on hematological parameters in female rats

Group 1 Group 2 Group 3 Group 4
Day 15 Day 30 Day 15 Day 30 Day 15 Day 30 Day 15 Day 30
TE.C, 11.03+£0.31* 10.88+0.20° 838+0.29° 8.12+023° 11.02+0.15* 10.78+0.22% 9.73+0.07> 9.33 £0.26"
(millions/ul)
TLC
9.31+£0.40° 9.73+£0.22° 13.18£0.23% 14.92+0.30* 9.45+£022° 9.67+0.54° 11.92+0.26> 13.03+0.32°
(thousands/pl)
Hb (g/dL) 16.70 £0.18% 16.17 £0.30* 14.95+0.36°> 13.87+0.42> 16.85+0.42* 16.32+0.18* 16.17 +0.50* 15.88 + 0.20°
PCV (%) 64.32 £ 0.65* 65.12+£0.62* 56.65+0.50° 55.55+0.65¢ 63.37 £0.53* 64.22 £0.52* 58.83 £0.31°> 59.97 +0.75"
MCV (fl) 63.03+£0.36* 62.88+0.35% 56.83+0.20° 56.56+0.25° 62.30+0.38% 61.98+0.35* 60.22 +0.55* 59.83 + 0.60°
MCH (pg) 22.07+0.23% 23.15+0.24* 1927 +0.28" 19.83 +£0.19* 21.38 +£0.37* 22.50 +0.22* 19.52 +0.33> 20.33 +0.30P
MCHC (g/dL)  33.67+0.31* 32.62+0.46% 29.50+0.13° 28.98+0.29° 33.22 +0.20* 33.32 +0.32% 31.48 £ 0.40> 30.65 + 0.26P
Values are mean + SE (n=6), One way ANOVA, Means with different superscripts in a row differ significantly (P<0.05).
Table 2: Effect of oral administration of imidacloprid on differential leucocyte count (%) in female rats
Lymphocyte Neutrophil Monocyte Eosinophil
Group Day 15 Day 30 Day 15 Day 30 Day 15 Day 30 Day 15 Day 30
Group-1  81.67+0.628 81.33+£0.92* 15.00+0.37° 15.33+£0.62° 1.83+0.31* 283+0.61* 1.50+0.22* 0.50+0.23?
Group-2  73.17+0.60° 72.33+£0.99° 23.50+£0.62* 24.00+£0.73* 2.00+0.26* 2.50+0.57* 1.33+0.21* 1.17+0.30*
Group-3  82.00+0.58* 81.17+0.79* 15.17+0.31°¢ 15.67+0.43° 1.67+0.33* 2.17+£0.55* 1.17+£0.31* 1.00+0.36?
Group-4  76.83+0.48> 76.50+0.50° 20.17+0.40° 20.50+0.35> 2.17+0.40*° 233+0.49* 0.83+0.17*° 0.67+0.22°

Values are Mean + SE (n = 6); One way ANOVA, Means with different superscripts in a column differ significantly at P<0.05.

group 2 in comparison to normal control. There was no
significant difference between groups 1, 3 and groups 2
and 4 on day 15, and a similar trend was observed on day
30 of experiment (Table 1).

Mean Corpuscular Hemoglobin Concentration
(MCHC): A significant (P < 0.05) decrease in MCHC
values were observed in group 2 in comparison to normal
control. In group 4, there was a significant (P < 0.05)
increase in MCHC values in comparison to group 2 and
there was no significant difference between groups 1 and
3 onday 15, and a similar trend was observed on day 30 of
experiment (Table 1).

Differential leucocyte count (DLC): A significant (P <
0.05) increase in neutrophil count was observed in group
2 in comparison to normal control. In group 4, there
was a significant (P < 0.05) decrease in neutrophil count
in comparison to group 2 and there was no significant
difference between groups 1 and 3 on day 15, and a similar
trend was observed on day 30 of experiment (Table 2).
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A significant (P < 0.05) decrease in lymphocyte count
was observed in group 2 in comparison to normal control.
In group 4, there was a significant (P < 0.05) increase in
lymphocyte count in comparison to group 2 and there
was no significant difference between groups 1 and 3 on
day 15, and a similar trend was observed on day 30 of
experiment (Table 2).

There was no significant difference in mean values of
monocyte and eosinophil count in groups 1, 2, 3 and 4
on dayl5, and a similar trend was observed on day 30 of
experiment (Table 2).

The decrease in hemoglobin concentration in imidacloprid
treated rats might be due toreduced synthesis of hemoglobin
which require iron and it is generally obtained from stored
ferritin or from the diet. In imidacloprid toxicity the feed
intake is reduced hence there is reduced iron intake from
the diet which resulted in iron deficiency. Reduction
of hemoglobin content may further cause decrease in
erythrocyte count and hematocrit values. The decreased
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hematological values viz., TEC, Hb, PCV, MCV, MCH and
MCHC may also be due to toxic effects of imidacloprid
on bonemarrow due to increased levels of reactive oxygen
species which cause stress and effect erythropoiesis in
bonemarrow or due to its toxic effect on liver, kidney which
play role in extramedullary hematopoiesis and synthesis of
erythropoietin by respective organs. Increased TLC may
be related to an increase in total neutrophils count which
might be due to activation of leucopoiesis by imidacloprid.
These findings are in accordance with earlier researchers
(Mohany et al., 2011; Ravikanth et al., 2017; Badawy et
al., 2018). In the present study, administration of Withania
somnifera provided moderate protection in all the above
parameters. It might be due to its free radical scavenging
and anti-stress properties.

CONCLUSION

The current study revealed that exposure to imidacloprid
(30 mg/kg body weight/day) in female rats resulted in
a significant decrease in body weight gain and marked
alterations in hematological parameters. However,
Withania somnifera is a potent antioxidant which
ameliorated the toxic effects induced by imidacloprid to
certain extent.
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