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Abstract

Imidacloprid is a member of the neonicotinoids insecticide group and the systemic accumulation in food
acts as a major source of exposure. The indubitable need for investigations of imidacloprid toxicity in
non-target species is required to understand the implications on food chain and ultimately human health.
In the present study, we aimed to investigate the subacute effect of imidacloprid on haemato-biochemical
parameters of black Bengal goats. In this experiment, 20 healthy black Bengal goats were divided into
two groups, Group A: 4 goats and group B:16 goats further subdivided into groups | (DI) and 11 (DIl)of 8
animals each which were administered technical grade imidacloprid as oral gavage for 28 days at
minimum toxic dose (45 mg/kg bw/d) and maximum non-toxic dose (25 mg/kg bw/d). Out of 8 animals,
4 were sacrificed on the 29™ day of the experiment, and the remaining 4 were sacrificed at the end of the
withdrawal period of 15 days. Blood and serum samples were collected on days 0, 14th, and 28th day
respectively, and hemogram, and biochemical parameters were observed. No significant change in the
hemogram but slight increase in serum protein, AST, and ALT levels observed which could be
corroborated with the tissue biochemical levels and pathological changes in the liver and kidney tissue.
The findings of the study were somewhat similar to the previously documented literature and
contradicted at a few parameters. Thus, the results of the experiment indicate that imidacloprid had a
minimum toxic effect at the given dose.
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1. Introduction

Pesticides are any substances or mixture of substances intended for attracting, preventing,
destroying, or mitigating any pest. They are mainly applied in agriculture to protect crops from
insects, weeds, and bacterial or fungal diseases during growth and to protect foods during
storage from rats, mice, insects or diverse biological contaminants (Bolognesi et al., 2011) [},
They can also be used as plant growth regulators, defoliant and desiccant and nitrogen
stabilizers. Besides the plant safety concern, pesticides also pose a threat to various non- target
species. The residues of the undesirable contaminants in animal feed and food products have
become a serious threat to public health. Pesticides may enter the body by different ways
depending on species, metabolic peculiarities, and susceptibility to toxins (Lushchak et al.,
2018) [,

Imidacloprid [1-(6-chloro-3-pyridylmethyl)-2-nitroimino-imidazolidine] (IMI) belongs to a
major new class of synthetic insecticides called neonicotinoids and is used widely to control
insect pests on crops and fleas on domestic animals. Imidacloprid acts as a potent agonist on
insect nicotinic acetylcholine receptors (nAChRs), specifically at the a-subunits of the
nicotinic receptor, like nicotine (Matsuda et al., 2001) [®l. The receptors nAChRs are ligand-
gated ion channels involved in synaptic transmission in the central nervous system (CNS)
(Dani et al., 2001) [, Neonicotinoids, including IMI are comparatively more toxic to insects
than to mammals, thus providing an excellent example of selective toxicity (Matsuda et al.,
2001) Bl The selective toxicity of IMI on insects than to mammals is attributed to differences
in their binding affinity or potency in the nicotinic acetylcholine receptor (Bal et al., 2010) I,
IMI doses are moderately toxic. It damages the biological nervous system through calcium ion
imbalance, mitochondrial dysfunction, oxidative stress, and DNA damage, ultimately leading
to biological death. The acute oral LD50 for rats and mice is 450 mg/kg bw and 150 mg/kg
bw, respectively. In male rats, the NOEL dose of IMI is 14 mg/kg bw/d.
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Chronic exposure to IMI is associated with neurobehavioral
deficits in offspring rats following in utero exposure,
genotoxic and mutagenic alterations (Bal et al., 2012) [,
Behavioural and respiratory distress signs, disturbances of
motility, narrowed palpebral fissures, transient trembling, and
spasms were noted in rats and mice treated orally at doses
>200 mg/kg bw and >71 mg/kg bw, respectively. In the recent
years Imidacloprid has been reported as an emerging
contaminant in all parts of the world and has the potential to
adversely impact ecosystems and human health (Pang et al.,
2020) [, Therefore, imidacloprid was taken into
consideration to study the toxic effects of this insecticide.
According to the 20th Livestock Census conducted during
October 2018, the total Goat population in the country in
2019 is 148.88 Million showing an increase of 10.14% over
the previous census, contributing to about 27.8% of the total
livestock population (Vikaspedia, 2022) . The milk
production of the goat is 5.75 million metric ton according to
the 2017 financial year data. Goat milk contributes about 3%
of total milk production in India. Milk-producing animals
accumulate pesticides from contaminated feed and by
inhaling contaminated air. Goats have very high exposure to
pesticide-treated fields as they graze in an open field.
Considering the above, black Bengal goats were selected as
the test animal of the study.

2. Materials and Methods

2.1 Experimental Design

Technical grade imidacloprid was obtained from M/S United
Phosphorus Limited, Ankleshwer, Gujarat, India and the
purity was more than 97.3%. Clinically healthy 20 black
Bengal female goats weighing 8-12 kg of approximately 1% -
2 years old were used for this experiment. Prior permission
and approval from the Institutional Animal Ethics Committee
(IAEC) and Committee for the Purpose of Control and
Supervision of Experiments on Animals (CPCSEA) were
taken before conducting the experimental protocol, and the
animals were kept in standard laboratory conditions. The
goats were divided into two groups consisting of 4 goats in A
group and 16 goats in the group B. Group A consisted of 4
animals, while 16 animals of group B were further divided
into groups | and Il with 8 animals, which were administered
with a minimum toxic dose (45 mg/kg) and maximum non-
toxic dose (25 mg/kg) dissolved in 0.5% DMSO daily orally
for 28 days. Out of 8 animals, 4 were sacrificed on the 29th
day of the experiment, and the remaining 4 were sacrificed at
the end of the withdrawal period of 15 days. Haemogram,
blood biochemical, blood residue, and the hormonal status
during the experiment in black Bengal goats following daily
oral administration at two dose levels of pesticides for 28 days
was observed as a part of the study.

2.2 Sample collection

2.2.1 Blood: Blood samples were collected from the jugular
vein of each animal of all the groups at the 0™, 14™ and 28%"
day of the experiment. Blood samples were collected in
EDTA vials for hematological study, residue analysis, and
blood biochemical study, and in sodium fluoride for glucose
estimation, 2 mL of blood was allowed to clot for separation
of serum and stored at —20°C for AST, ALT, serum protein
and hormonal assay and other biochemical parameters. Blood
for oral disposition kinetic study was collected from right
jugular venipuncture at different time intervals of 0, 1, 2, 3, 4,
6, 8, 12, 16, 20, 24, 36, 48, and 72 h following oral
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administration of pesticides in goats.

2.2.2 Tissue: Four animals of all the groups were sacrificed
on 29" day of the experiment and the remaining four animals
on day 15 post-dosing (after the withdrawal period) i.e., on
439 day. Organs like liver, kidney, heart, lung, skeletal
muscle, spleen, fat, adrenal gland, brain, uterus, bile, skin,
large intestine, small intestine, rumen, reticulum, omasum,
abomasum, bone, mammary gland, urinary bladder, and
subscapular lymph node were collected for estimation of
residue of imidacloprid pesticide. A small portion of liver,
heart and kidney were collected for estimation of tissue
biochemical parameters and a part of the caudate lobe of liver
was used to estimate cytochrome Paso. Tissue homogenate
10% and 5% was used to estimate various parameters like
catalase, total protein, AST and ALT, etc. For hormone
estimation, a male goat was introduced into the herd before
starting the experiment to bring synchronization of estrous

among the female goats (Shelton, 1960; Skinner et al., 1969)
[9, 10]

2.3 Analytical Procedures

The methods described in Schalm’s veterinary haematology
(Jain, 1986) M were used for the estimation of haemoglobin,
total erythrocyte count (TEC), packed cell volume (PCV),
total leukocyte count (TLC), and differential leukocyte count
(DLC). For Serum protein, Bi-Uret method (Wooton, 1974)
1221 was used. Blood glucose was determined by the Glucose
Assay kit by GOD-POD method using in vitro Diagnostic kit
(Trinder, 1969) [ Serum alanine and aspartate
aminotransferase activities were measured using COGENT kit
based on 2, 4-DNPH method (Reitman, 1957) 4. The
estimation of lipid peroxidation was done (Buege 1978) [*%],
For blood biochemical parameters, haemolysate (5%) was
prepared and performed following haemoglobin (Coffin,
1953) 161 superoxide dismutase (Misra et al., 1972) 1, and
catalase (Aebi, 1974) 11, Reduced glutathione (Griffith,
1980) %1 methods. A portion of liver, kidney, heart, spleen,
and lymph node collected from both control and experimental
goats and fixed in 10% formal-saline for histopathological
study (Lillie et al., 1976) 29,

2.4 Statistical analysis

The results were expressed as Mean + Standard error (SE).
The data were analyzed statistically using one way analysis of
variance (ANOVA) between the groups in SPSS 10.0 version
of the software.

3. Results and Discussion

Blood parameters are considered important for assessing the
body’s homeostasis in mammals. These parameters provide
an opportunity to determine the presence of toxic metabolites
and their constituents in the body (Etim et al., 2014) 24,
Figure 1 reveals a significant reduction in case of hemoglobin.
Non-significant reduction in TEC and PCV values in the
groups intoxicated imidacloprid was also evident. A similar
finding has been reported by Américo-Pinheiro et al. (2019)
(221 where a significant decrease with in the number of red
blood cells was observed in the fish compared to those not
exposed to the insecticide. Such changes in the red blood cells
were suggestive of affecting oxygen transport and can be
related to the inflammation process of gill lamellae caused by
poisoning (Vosyliené, 1999) 23],
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Fig 1: Effect of imidacloprid on haemoglobin (g/dl) in goats
following daily oral administration at two dose levels (25 and 45
mg/kg BW) for 28 days. (Mean+£SE of 4 replicates).

On the other hand, no significant changes were established in
the hematological parameters like Hb and TEC, in acute
toxicity of imidacloprid on swiss albino mice (Bagri et al.,
2013) 4. Findings of a study also reported that Tilapia fish
exposed to sublethal concentration of IMID-polluted water
significantly reduced hemoglobin, MCHC, Eosinocytes, and
monocytes counts (Naiel et al., 2020) [, Whereas, in
contrary to our findings transient elevation and decrease in the
PCV and Hb concentrations was noted at various hourly
intervals in South American grayish baywing (Agelaioides
badius) after IMI treatment.

Findings from another study reported a significant decrease in
TEC, PCV, Hb, MCV, MCH, MCHC, and increase in TLC in
30 mg/kg bw imidacloprid treated group (Soujanya et al.,
2020) [?81, Significant decrease in number of erythrocytes,
hemoglobin (Hb), hematocrit (HCT) and erythrocyte
sedimentation rate (ESR) in a dose dependent manner on
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exposure to IMI in case of female mice was also documented
(Kataria et al., 2016) 27, Meanwhile, a report of the decrease
in mean corpuscular hemoglobin and mean corpuscular
hemoglobin concentration in adult male wistar rats that
received an IMI suspension via the oral route at doses of 1.5,
5, and 15 mg/kg bw for 45 consecutive days was observed
(Tonietto et al., 2022) 8, The various factors that may be
responsible for reduction in Hb/RBC includes internal
haemorrhage, decrease in Hb synthesis or due to an increase
in Hb destruction and due to defective maturational and
functional status of different marrow cell lineage. The
pesticide metabolites may damage the supportive stromal
matrix due to which adequate number of hematopoetic cells
may not form or hematopoetic process halts. Severe oxidative
stress can also lead to hemolysis as erythrocyte is very
sensitive to peroxidative reactions, which are normally
protected by catalase and glutathione activity. Moreover, the
histopathological sections of the liver and kidney indicated
hemorrhages and hyperemia that correlate well with the
hematological changes.

Table 1 reveals a non-significant reduction in TLC and DLC.
Our results were somewhat different than that as reported by a
researcher where oral exposure of imidacloprid for 28 days on
birds resulted in a significant reduction in TLC (Balani et al.,
2011) 91, Reports of significant increase in neutrophil count,
and significant decrease in lymphocyte count in imidacloprid
treated male albino rats were also seen Soujanya et al (2020)
1261, They further stated that Imidacloprid is a ring-structured
compound, and compounds having benzene ring or other ring
structures act as a hapten that combines with the protein
constituent of leukocytes to form an antigen to which the
animal develops antibodies that are toxic to leukocytes,
causing either lysis or agglutination (Benjamin, 1978) [ and
this may have caused leukocytopenia.

Table 1: Effect of imidacloprid on leukocytic series of goats following daily oral administration at two dose levels (25 and 45 mg/kg bw) for 28

days.
Parameters Days 0 14 28
Groups

A 14.47+0.94 15.64+1.02 14.66+1.60

TLC (x10°/L) DI 14.57+1.00 14.00£1.07 14.04+0.90
DIl 16.96+0.80 16.11 £0.90 15.34+0.91

A 66.90+1.81 68.07+1.25 68.75+1.36

Lymphocytes (%) DI 65.05+1.47 64.87+1.28 63.83+£1.32
DIl 66.77+1.96 63.77+1.31 58.39+1.63

A 10.55+0.82 10.20+1.13 10.37+0.78

Eosinophils (%) DI 10.63+0.61 10.05+0.84 9.11+0.77
DIl 10.28+0.85 9.10+0.64 8.47+0.55

A 48.25+1.54 49.43+1.90 49.79+1.74

Neutrophils (%) DI 47.76+1.75 46.94+1.65 46.66+1.60
DIl 55.78+1.70 52.44+1.14 49.28+0.86

Group A; control group administered with DMSO

Group DI and DIl were administered orally with 25 and 45 mg/kg bw imidacloprid for 28 days.

A significant increase in total leukocytes, neutrophils, and
lymphocytes in tilapia fish exposed to all sub-lethal
concentrations of imidacloprid was documented (Américo-
Pinheiro et al., 2019) %2, The justification was that increasing
the number of leukocytes will assist in removing cell debris
and necrotic tissue and stimulate the immune defense of the
host (John, 2007) B4, The non-significant reduction was also
observed in hematological parameters like (Hb, TEC,
differential neutrophilic and lymphocytic count) of IMI
treated swiss albino mice. However contradictory to our
results, the mean value of TLC had increased non-

significantly, which might be a rebound effect of imidacloprid
on hematopoetic tissue (Bagri et al., 2013) 4. Pesticide-
contaminated feed administered to rabbits has also shown a
non-significant change in the case of TLC. However, the
percentage of neutrophils and eosinophils had significantly

decreased in the pesticide-exposed rabbit (Kobir et al., 2020)
[32],
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Fig 2: Effect of imidacloprid on serum ALT (U/L) in goats
following daily oral administration at two dose levels (25 and 45
mg/kg bw) for 28 days. (MeanzSE of 4 replicates)
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Fig 3: Effect of imidacloprid on serum AST (U/L) in goats following
daily oral administration at two dose levels (25 and 45 mg/kg bw) for
28 days. (Mean+SE of 4 replicates)

The results of our serum biochemical parameters revealed
non- significant induction in the serum protein level. Contrary
to our results Kumar et al. (2014) B3 reported a significant
decrease in total protein on IMI exposure (37.5, 75, and 112.5
mg/kg bw) in the case of female albino mice. Documentation
of significant reduction in total protein in imidacloprid (80
mg/kg bw) exposed rats for 28 days orally was also found
(Soujanya et al., 2013) B34, Liver is considered the target
organ of insecticide toxicity. Group DIl showed a non-
significant (P<0.05) increase in ALT values on the 28th day
of the experiment compared to Oth day. In the case of AST
value, Group DIl defined a non-significant (P<0.05)
difference with the increase in their values on the 14th, and
28th days of the experiment compared to the Oth day value.
Our findings indicated in Figure 2, and Figure 3 were in
agreement with (Vohra et al., 2014) B where reports of
significant increase in liver marker enzymes such as AST,
ALT, and phosphatases on imidacloprid intoxicated rats were
seen, which indicated increased permeability, damage and
necrosis of hepatocytes (Sathiavelu et al., 2009) 61, 1t may be
due to hepatocyte degeneration, which contributed to
increased cell membrane permeability that resulted in the
release of transaminases into the bloodstream. In case of liver
injury, the transport function of the hepatocytes is disturbed,
which leads to leakage of the plasma membrane, thereby
causing an increased enzyme level in serum (Jadon et al.,
2007) 71, The activity of serum enzymes like AST, ALT,
ALP, urea and GGT were significantly increased after 28 days
of exposure to fipronil-IMI mixture in case of male albino rats
in a 28 day study (Badawy et al., 2018) [8l, Qadir et al.
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(2014) B reported significant increase in ALT and AST
levels on four days of treatment of imidacloprid (120mg/l) in
the case of Labeo rohita. Similar findings were also
documented in Arfat et al., 2014 0 where a high dose of
imidacloprid caused a significant elevation of serum
biochemical parameters like serum glutamic oxaloacetic
transaminase (SGOT), serum glutamic pyruvate Kkinase
(SGPT), alkaline phosphatase (ALP), and total bilirubin
(TBIL). The results were in conjunction with the liver and
kidney histology, which indicated hepatotoxicity and
nephrotoxicity at a high dose of imidacloprid @15 mg/kg/day
in mice.

In the case of tissue protein, no significant difference was
observed in the protein values of liver, heart and kidney
between groups A, DI, and DIl. In the case of Alanine
aminotransferase (ALT) and Aspartate aminotransferase
(AST), no significant difference was observed in ALT values
of liver, heart, and kidney between groups A, DI, and DII. But
in the case of AST value only in the heart, the value increased
significantly (P<0.05) in group DIl compared to group A. Our
results corroborated with the findings (Toor et al., 2013) “3,
where treatment of rats with imidacloprid caused changes in
the enzyme levels of aspartate aminotransferase (AST) and
alkaline phosphatase (AKP) in liver tissue by causing a
significant increase in AST level in the liver tissue. The
increased level of enzymes suggests the detoxification of
pesticides, which may be based on mutation of genes
responsible for synthesizing these enzymes. A significant
increase in AST and ALT was also reported (Mahajan et al.,
2018) 1“2 in the imidacloprid treated rats, where the animals
received combined treatment of imidacloprid along with
arsenic. The increased levels of these cellular enzymes could
be due to degeneration and necrosis of hepatocytes, resulting
in increased cell membrane permeability with leakage of these
biomarkers into the blood.

4. Conclusions

Imidacloprid is a member of the neonicotinoids insecticide
group. It acts as a selective agonist on insect nicotinic
acetylcholine receptors. The systemic accumulation in food
acts as a major source of imidacloprid exposure. The
indubitable need for investigations of imidacloprid toxicity in
non-target species, we evaluated the effects of 28-day oral
exposure of minimum toxic dose (45mg/kg bw) and
maximum non-toxic dose (25 mg/kg bw) of imidacloprid in
female black Bengal goats. The findings of our study were
somewhat similar to the previously documented literature and
contradicted at a few parameters. The imidacloprid exposure
revealed no significant change in the hemogram of intoxicated
animals. The blood biochemical changes were evident with an
slight increase in serum protein, AST, and ALT levels which
could be corroborated with the findings of tissue biochemical
levels and pathological changes in the liver and kidney tissue.
Thus, the results of the experiment indicate that imidacloprid
had a minimum toxic effect at the given dose.
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