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Introduction
Insecticides are being used extensively in the field of agriculture, 

veterinary medicine, and public health. The indiscriminate use of 
insecticides has led to a widespread concern over the potential adverse 
effects of these chemicals on human and animal health. There is ample 
evidence to suggest that the use of insecticides in crops, in storehouses, 
in poultry houses and livestock leaves behind its residue that may cause 
interference with some of the fundamental biological processes. Many 
cases of high mortality among poultry and other avian species are 
associated with acute exposure to insecticides [1-3].

Imidacloprid is the first representative of the neonicotinoid 
insecticides that was registered and is presently the most widely used 
insecticide worldwide. Imidacloprid is the insecticide with the world’s 
fastest growing sales and is considered possible replacement for 
organophosphorus insecticides in agriculture [4,5]. 

Few studies have examined the deleterious effects of Imidacloprid 
on vertebrate animals. The acute oral toxicity (LD50) of imidacloprid is 
31 mg/kg, 152 mg/kg and 25-50 mg/kg in Japanese quail, bobwhite quail 
and pigeon, respectively [4], while the acute oral LD50 of imidacloprid 
in chicken is 104.1 mg/kg bw [6]. However there is lack of information 
on chronic toxicity of imidacloprid in chickens. Among the sublethal 
effects of  insecticides, immunotoxicity is  important because immune 
system is the key for disease prevention in poultry. The immunotoxic 
effects of insecticides may include histopathologic effects in immune 
tissues and organs (bone marrow, thymus, spleen, and lymph nodes); 
cellular pathology, including abnormal proliferation of stem cells; 
altered maturation of immunocompetent cells; changes in B and T 
cell subpopulations; and functional alterations of immunocompetent 
cells, which are classified as altered humoral-mediated immunity, 
cell-mediated immunity, or nonspecific responses. Imidacloprid 
was found to be immunotoxic to rats inducing significant reduction 

of hemagglutination antibody titer, leukocytic migration inhibition 
and phagocytic indices [7]. Insecticides may affect the immune cells 
by production of free radicals. Antioxidants can increase immune 
responses by controlling the amount of free radicals generated by 
insecticides. Vitamin E and selenium functions as antioxidants in vivo 
as well as in vitro by scavenging active free radicals [8].

The present study was conducted to investigate the chronic 
immunological implications of imidacloprid in chickens and the role 
of vitamin E and selenium to modulate these implications.

Materials and Methods
Experimental design

Broiler chicks (n=90) aged day old were randomly segregated into 
three groups of 30 chicks each and were kept in separate pens (30 chicks 
for each pen divided into 3 replicates of 10 chicks for each replicate). 
Chicks were acclimatized to the place for seven days before the 
experiment. On day 7, chicks in all groups were weighed and vaccinated 
against Newcastle disease (ND) using F1 strain (Venkys, Pune, India) 
by ocular route. On day 8, chicks in group I were administered 1/20 
LD50 imidacloprid (5 mg/kg bw mixed with water) orally. Chicks in 
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group II were given imidacloprid at the dose rate of 5 mg/kg bw by 
the same route as in group I plus a mixture of vitamin E and selenium 
(Micro Labs, Ltd., Banglore, India) at the dose rate of 200 mg/kg feed, 
while group III was given distilled water (DW) orally and served as a 
control for both the groups.

On day 21, eight chicks were randomly selected from each group 
and humanely euthanized for collection of blood and tissue samples.

On day 28, chickens of all groups were given a booster vaccination 
against ND using La Sota strain (Indovax Pvt Ltd, Hisar, Haryana, 
India) by intraocular route. At the end of the experiment on day 45, 
remaining chickens from each group were humanely euthanized and 
representative blood and tissue samples were collected. The experiment 
was performed after getting the permission from Institutional Animal 
Ethics Committee, GADVASU, India.

Immunological examinations
The chronic effect of oral administration of imidacloprid (5 

mg/kg bw) on humoral immunity in broiler chickens was assessed 
by measuring serum antibodies against ND vaccine strain using 
haemagglutination inhibition (HI) test [9]. The results were expressed 
as log2 [10].

The chronic effect of oral administration of imidacloprid (5 mg/kg 
bw) on cell-mediated immunity was assessed by contact hypersensitivity 
response of the chicken’s skin to dinitrochlorobenzene (DNCB) [11]. 
The percentage of skin thickness increase was calculated as follows: 
Percentage of thickness increase (%) = [(skin thickness after challenge 
– skin thickness before challenge)/skin thickness before challenge] × 
100 [12].

Total immunoglobulins and Circulating immune complexes were 
estimated in serum samples [13] and [14], respectively.

Histopathology 
The detailed post mortem of chickens was conducted on day 21 

and 45 and the representative tissue samples of bursa of Fabricius and 
spleen were collected in 10% neutral formalin. After overnight washing 
in running water and dehydration in ascending grades of alcohol, the 
tissues were embedded in paraffin and 5 μm thick sections were cut and 
stained with haematoxylin and eosin [15]. 

Statistical analyses

Data are expressed as means ± SE. Analysis of variance (ANOVA), 
with Tukey HSD post hoc test was performed using the SPSS 11.5 
computer program (SPSS Inc. Chicago, Illions, USA). P-values less 
than 0.05 were considered statistically significant.

Results 
Immunological examinations

The effect of chronic oral administration of imidacloprid at the 
dose rate of 5 mg/kg bw on humoral immunity in broiler chickens and 
the protective effect of a mixture of vitamin E and selenium ≅ 200 mg/
kg feed are summarized in Table 1. Imidacloprid produced significant 
(P<0.05) decline in the titer of antibodies against ND vaccine from 
8.25 ± 0.42 log2 in control group to 6.5 ± 0.15 log2 in imidacloprid 
treated group on day 45. There was no significant difference between 
imidacloprid plus vitamin E and selenium group and control on day 
45, suggesting the protective role of vitamin E and selenium to enhance 
the response of immune system in the presence of insecticide’s immune 
suppression.

The skin revealed infiltration of heterophils and mononuclear cells 
in dermis and hypodermis layers. There were no significant differences 
in the skin thickness between imidacloprid treated chickens (Figure 
1A) and chickens of control group. However, skin thicknesses of 
chickens belong to imidacloprid plus vitamin E and selenium group 
was slightly increased but was not statistically significant (Figure 1B). 

The results of daily oral administration of imidacloprid on 
serum total immunoglobulins and circulating immune complexes 
are presented in Table 2, which revealed significant changes on day 
45. Serum levels of total immunoglobulins and circulating immune 
complexes were significantly decreased from 0.72 ± 0.02 g/dl in control 
chickens to 0.59 ± 0.02 g/dl in imidacloprid treated chickens and 
from 0.07 ± 0.003 g/dl in control to 0.04 ± 0.006 g/dl in imidacloprid 
treated chickens, respectively. There were no significant changes in 
serum total immunoglobulins and circulating immune complexes 
between chickens given imidacloprid plus vitamin E and selenium and 
chickens in control group indicating the protective role of vitamin E 
and selenium.

Groups
HI antibody titer (log2)

Day 21 (n=8) Day 45 (n=12)
Control (DW) 7.37 ± 0.49 8.25 ± 0.42ab
Imidacloprid 5.75 ± 0.25 6.5 ± 0.15c
Imidacloprid + Vit E and Selenium 7.00 ± 0.59 7.50 ± 0.15b

Values indicate mean ± S.E
Means ± S.E. within a column lacking a common superscript differ at P<0.05

Table 1: Effect of chronic oral administration of imidacloprid  (5 mg/kg bw) on humoral immunity in broiler chickens on day 21 and 45 and the ameliorating effect of vitamin 
E and selenium (5 mg/kg bw + 200 mg/kg feed).

Values indicate mean ± S.E
Means ± S.E. within a row lacking a common superscript differ at P<0.05

Table 2: Effect of chronic oral administration of imidacloprid (5 mg/kg bw) on total immunoglobulins and circulating immune complexes in broiler chickens on day 21 and 
45 and supplementation vitamin E and selenium (5 mg/kg bw + 200 mg/kg feed).

Variable Day
Groups

Control Imidacloprid Imidacloprid + Vitamin E & Selenium

Total immunoglobulins (g/dl)
21 (n=8) 0.70 ± 0.06 0.52 ± 0.04 0.63 ± 0.04
45(n=12) 0.72 ± 0.02a 0.59 ± 0.02b 0.68 ± 0.01a

Circulating immune complexes (g/dl)
21 (n=8) 0.07 ± 0.005 0.06 ± 0.006 0.07 ± 0.006
45(n=12) 0.07 ± 0.003a 0.04 ± 0.006b 0.06 ± 0.003a
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Histopathology of lymphoid organs 

Daily administration of Imidacloprid at the dose rate of 5 mg/kg 
bw produced edema and severe depletion of lymphoid cells in cortex 
and medulla of bursa of Fabricius, mild vacuolation in epithelial cells 
and mild interfollicular fibrosis on day 45 (Figure 2A). Spleen showed 
mild haemorrhage and lymphocytic depletion on day 45 (Figure 3A). 
However, chickens given imidacloprid plus vitamin E and selenium 
showed mild depletion of lymphoid cells in bursa (Figure 2B) and 
spleen (Figure 3B).

Discussion
The immune system integrity is the key to effectively preventing 

poultry diseases. Many poultry diseases are now controlled by properly 
planned biosecurity and vaccination. Immunosuppressive effects 
of xenobiotics are very important causes of vaccination failure thus 
predisposing animals to diseases. Alterations of the normal immune 
response can result in increased susceptibility to viral, bacterial, or 
parasitic infections [16]. 

Numerous studies reported immunotoxic effects of insecticides in 
different animal species [17-23]. 

Our data showed that daily administration of imidacloprid at the 
dose rate of 5 mg/kg bw is immunotoxic to chickens, altering mainly 
their humoral immunity measured by assessing the titer of antibodies 
against ND vaccine on day 45. Histopathological investigation of 
lymphoid organs showed some alterations in bursa of Fabricius and 
spleen. The lesions observed in bursa of Fabricius may explain the 
significant decline in antibodies measured against ND vaccine on 
day 45. Moreover, the serum levels of total immunoglobulins and 
circulating immune complexes were significantly declined on day 45 in 
chickens administered imidacloprid. There were no significant changes 
in the skin thickness between imidacloprid treated group, imidacloprid 
plus vitamin E and selenium group and control group. However, 
it is not clear whether the reason is due to compensatory responses. 
The presence of both enhanced and suppressed immune responses 
following exposure to pesticides suggests that the immune alterations 
are not a generalized cytotoxic effect and specific immunomodulation 
involving immuno-compensation may be present, although the extent, 
exact nature, and environmental significance of the compensating 
action are unknown [24].

Similarly significant progressive decrease in haemagglutinating 
antibody titer was reported in rats administered imidacloprid for 
28 consecutive days [7]. The spleen exhibited depopulation of 
lymphocytes, mild fibrous tissue proliferation, thickening of capsule 

Figure 1A: Section of DNCB applied skin showing infiltration of heterophils 
and mononuclear cells in imidacloprid treated group at day 45. H&E × 40.

Figure 1B: Section of DNCB applied skin showing more extent of cellular 
infiltration in imidacloprid plus vitamin E and selenium group at day 45. H&E 
× 40.

Figure 2A: Section of bursa of Fabricius in imidacloprid treated chicken 
showing severe depletion of lymphoid cells in cortex and medulla and mild 
vacuolation in epithelial cells (arrows) at day 45. H&E × 40.

Figure 2B: Section of bursa of Fabricius in imidacloprid plus vitamin E and 
selenium treated chicken showing mild depletion of lymphoid cells at day 45. 
H&E × 40.

Figure 3A: Section of spleen in imidacloprid treated chicken showing mild 
haemorrhage and mild lymphocytic depletion at day 45. H&E × 40.

Figure 3B: Section of spleen in imidacloprid plus vitamin E and selenium 
treated chicken showing mild lymphocytic depletion at day 45. H&E × 40.
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and disintegration of white pulp and focal necrosis in all treated groups 
of rats as compared to control. The thymus showed mild congestion, 
depopulation of leukocytes, hemorrhages, edema and fibrous tissue 
proliferation. However, cell-mediated immunity which was assessed 
by subcutaneous administration of sheep red blood cells (SRBC) 
suspension into footpad showed insignificant difference between 
different groups of rats [7]. 

In a recent study, spleen tissues of the imidacloprid-treated rats 
displayed low numbers of lymphocytes and thymus tissues showed 
lymphocytic depletion with pyknotic nuclei [25]. 

In the present study, supplementation of vitamin E and selenium 
resulted in marked improvements in humoral immunity and pathology 
of lymphoid organs. This is in agreement with significant increase of 
antibody titres against SRBC antigen in growing Japanese quail fed 
two selenium supplemented diets (0.5 and 1.0 mg/kg) suggesting that 
supplementing the diet with selenium has a beneficial effect on immune 
responses [26]. Moreover, significant decrease in the concentration of 
total immunoglobulins and circulating immune complexes in chicks 
following administration of malathion were successfully counteracted 
by a combination of vitamin E and selenium [22]. Addition of vitamin 
E and selenium to the poultry ration was found to significantly increase 
antibody titres (HI and ELISA) against ND Virus at 10 days post 
inoculation in broilers [27].

Antioxidants can increase immune responses by controlling the 
amount of free radicals generated by exposure to insecticides in a cell. 
Vitamin E functions as an antioxidant in vivo as well as in vitro by 
scavenging active free radicals. α-Tochopherol is biologically the most 
active form of vitamin E and the major lipid-soluble antioxidant present 
in cells and blood [8]. Selenium activates an antioxidant enzyme called 
glutathione peroxidase. It forms selenocystine, part of the active site of 
glutathione peroxidase [28]. 

It is concluded that imidacloprid insecticide has immunological 
deleterious effects in chickens targeting the humoral immune responses 
with vitamin E and selenium supplementation decreasing the ill 
effects of imidacloprid. In view of the scarcity of data on imidacloprid 
immunotoxicity in poultry and other animals, the mechanism of 
action of imidacloprid on immune system is not known and needs 
to be elucidated. Thus further research may focus on the effect of 
imidacloprid on inhibition of non-target serine hydrolases, inhibition 
of esterases or production of cytokines etc.
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