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Abstract
Aim: To see the toxicopathological changes after multiple exposure to acetamiprid (ACP) and also to obtain more information 
regarding the manner in which ACP acts at cellular level.

Materials and Methods: A subacute toxicity study of ACP was undertaken in 72 female Wistar rats in four groups (18 each). 
Three different concentrations of ACP (25, 100 and 200 mg/kg of body weight) were administered orally to rats. Untreated 
rats served as control. Different plasma enzyme and analytes were measured. Gross and histopathological observations were 
noted in this experiment.

Result: There was a significant increase in the plasma enzymes tested in this experiment. There was a significant decrease 
in plasma glucose, cholesterol and low-density lipid. Necrotic and degenerative changes were observed in vital organs.

Conclusion: It is observed that ACP has the toxic potential (on liver, kidney, heart, ovary and brain) at sub lethal doses.

Keywords: acetamiprid, histopathology, Wistar rat.

Introduction

Pesticides are the chemical formulation increas-
ingly used in agriculture, animal husbandry and pub-
lic health operation to kill the insects, weeds and 
fungus and to get rid of insect transmitted diseases. 
The frequent and continuous use of pesticide has 
resulted in their widespread distribution in the envi-
ronment. These pesticides are toxic not only to 
insects and pests but at different levels to animals and 
human beings [1]. These agrochemicals, if not prop-
erly used, may pose serious hazards to human and 
animal health. Therefore, the present-day concern is 
with regard to their judicious and proper use, so that 
they can be applied safely with proper instructions 
and guidance to have minimum risk to human and 
animal health [2]. The neonicotinoids, the newest 
major class of insecticides, have outstanding potency 
and systemic action for crop protection against pierc-
ing-sucking pests [3] and they are highly effective 
for flea control on cats and dogs [4]. Several neon-
icotinoids are harmful to honeybees, either by direct 
contact or ingestion. This may lead to a reduction in 
pollination [5].

Acetamiprid (ACP), a member of the neonic-
otinoid insecticide family. It is used in floriculture 
widely, on leafy vegetables, cole crops, citrus, cot-
ton, ornamentals, and fruiting vegetables. Studies 

found ACP concentration in bee collected materi-
als, i.e., pollen, bee bread, honey and beeswax [6]. 
Widespread use of ACP is causing pesticide entry 
into the food chain, which in turn causing toxicity 
to man and animal. Information regarding selectiv-
ity of insecticide for judicial use may be generated 
only through properly designed laboratory and field 
studies.

It seems that a little work on the toxicopatholog-
ical effect of ACP in rats has been done. Thus, there 
is an urgent need to obtain more information regard-
ing the manner in which ACP acts at cellular level. 
The present study has been planned on rat as a model 
animal to see the pathological changes as an indirect 
exposure in human, domestic, as well as wild animal 
and poultry through feed.
Materials and Methods
Ethical approval

Experimental protocol was approved by 
Institutional Animal Ethics Committee before starting 
the experiment (Ethical No. - 445/01/a/CPCSEA).
Animals

The present study was conducted on 6 weeks old 
healthy Wistar female rats. The rats were procured and 
housed in cages at Animal House, College of Veterinary 
Science and Animal Husbandry (Indira Gandhi Krishi 
Vishwavidyalaya), Anjora, Durg, Chhattisgarh, India. 
Animals were allowed to acclimatize for a period of 
7 days prior to experiment and provided standard feed 
(Nutri Lab, rodent feed, Vetcare Pvt. Ltd, Bangalore) 
and allowed purified water ad libitum.
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Chemical
ACP (extra pure, CAS No-135410-20-7) 

was procured from the Department of Veterinary 
Pharmacology and Toxicology, Indira Gandhi Krishi 
Vishwavidyalaya, Raipur, India. ACP was formulated 
using normal saline as a vehicle. ACP suspension was 
administered directly in the stomach by oral gavages 
with dose volume of 10 ml/kg. Body weights were 
recorded before administration of ACP. The daily oral 
administration was continued for 28 days.
Experimental design

A preliminary dose-range-finding study was 
done to determine the dose of ACP in female Wistar 
rats for subacute toxicity study. For subacute toxicity 
study, 72 female Wistar rats were randomly selected 
and divided into four groups (Groups I, II, III and 
IV) each containing 18 rats. Highest dose was given
(200 mg/kg body weight) to Group IV based on the 
preliminary dose range - finding study showing trem-
ors, excessive salivation and hyper aesthesia, whereas 
the low dose that is, 25 mg/kg body weight showing 
only very mild salivation compared to control group 
was administered to Group II daily for 28 days. 
Medium dose of 100 mg/kg body weight was selected 
as Group III, showing watery salivation and tremors in 
the pilot study (Group III was administered 100 mg/kg 
body weight). At the end of the experiment on day 
28 plasma samples were collected before final culling 
of rats for the estimation of some biochemical param-
eters. Blood was collected by retro-orbital bleeding. 
Heparin (sodium salt) was used as an anticoagulant 
(10 IU/ml; Gland Pharma Limited, India). Rats were 
kept in desiccators and anaesthetized using absorbent 
cotton soaked in isoflurane (Baxter, UK) during blood 
collection.
Histopathology

All the rats sacrificed (using guillotines under 
anesthesia) on day 28 were examined by conducting 
postmortem examination for the presence of gross 
pathological changes and then tissue samples were 
collected in 10% neutral buffered formalin for histo-
pathological examination. For histopathological exam-
ination, a routine procedure adopted at Department of 
Veterinary Pathology, College of Veterinary Science 
and Animal Husbandry, Durg, India, were employed. 
Tissue sections were cut between 3 and 5 μ and stained 
with hematoxylin and eosin stain.
Plasma analytes

Alanine aminotransferase (ALT), aspartate ami-
notransferase (AST) and alkaline phosphatase (ALP) 
level in the blood was measured by using kit (Bayer 
Diagnostics India Ltd.) on ERBA Chem-5 autoana-
lyzer (Transasia, Italy) as described in literature pro-
vided by manufacturer. Enzyme level was expressed 
as u/l. Acid phosphatase level in was measured by 
using Kit (Teco Diagnostics, Anahei, CA 92807 
U.S.A.) from Core System on Photometer ERBA 
Chem-5 autoanalyzer (Transasia, Italy) as described 

in the literature provided by manufacturer. Acid phos-
phatase was expressed as IU/L.

Glucose, Triglyceride, cholesterol and high-den-
sity lipoprotein (HDL) levels in blood were estimated 
by standard kit (Bayer Diagnostics India Ltd.) in spec-
trophotometer (AE-11M, ERMA Inc., Tokyo, Japan) 
with the method as described in literature provided by 
manufacturer.

Low-density lipid level in the plasma was mea-
sured by using Friedewald’s equation:
Low density lipoprotein (LDL)−cholesterol = Total 
cholesterol - (Triglycerides)/5 - HDL

Very LDL (VLDL) level in the plasma was mea-
sured using the formula:
VLDL = (Triglycerides)/5

The unit for the measurement of lipid profile was 
expressed as mg/dl.
Statistical analysis

Statistical analysis was carried out by using one-
way ANOVA followed by Dunnett’s multiple com-
parison test in Graph Pad Prism version-5 (GraphPad 
Software, Inc. USA).
Photography

Photography was carried out by using cyber shot 
DSC-P200 (Sony Corp., Japan).
Results

The effect of the ACP on plasma enzymes and 
analytes in female Wistar rats during sub-acute tox-
icity study is given in Table-1. There was a signif-
icant increase in the level of plasma AST of rats of 
both 100 mg/kg Group and IV compared to rats of 
the control group. However, in 25 mg/kg group the 
increase in the level of plasma AST was found to 
be non-significant (p≤0.05) compared to rats of the 
control group. There was dose dependent significant 
(p≤0.05) increase in plasma level of ALT and ALP 
activity in the ACP treated rats compared to rats of 
the control group. There was significant (p≤0.05) 
increase in the activity of acid phosphatase of rats of 
Group IV compared to rats of the control group. There 
was significant (p≤0.05) decrease in the plasma glu-
cose level of rats of 100 and 200 mg/kg group com-
pared to rats of the control group. The mean values of 
plasma level of triglyceride, cholesterol, HDL, LDL 
and VLDL for each experimental group are presented 
in Table-1. Non-significant increase in the mean val-
ues of triglyceride, HDL and VLDL, were found in 
rats of Group II, III and IV compared to rats of the 
control group. An effect of daily oral administration 
of ACP for 28 days on plasma level of cholesterol and 
LDL was dose-dependent (p≤0.05).
Gross pathology

Liver: In the control group, no gross lesions 
were noticed in liver at necropsy. Petechial hemor-
rhages were observed in liver of rats of 100 mg/kg 
group. Liver of rats of 200 mg/kg group showed a 
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slight enlargement and petechial hemorrhages. Livers 
of rats of 200 mg/kg group were also found to be of 
pale yellow in color, friable and with rounded edges 
indicating fatty changes (Figure-1a).

Lungs: Focal hemorrhages were noticed in lungs 
of rats of 25 mg/kg group. Some rats of 25 mg/kg 
group showed pneumonia. Ecchymotic hemorrhages 
(Figure-2a) and severe consolidation of lung were 
observed during post mortem examination of the rats 
of 100 mg/kg group. Rats of 100 mg/kg group also 
showed severe hemorrhagic pneumonia. The lungs of 
rats of 200 mg/kg group showed the atelectasis.

Kidney: Grossly there were no changes found 
in the kidneys of rats of Group I and II. enlargement 
of the kidneys were found in the rats of both groups 
100 mg/kg group and 200 mg/kg group (Figure-3a).

Spleen: There were no changes recorded at nec-
ropsy in spleen of rats in all experimental groups 
except a slight decrease in size of spleen in the rats of 
200 mg/kg group.

Heart: Hearts of rats of all the experimental 
groups found to be normal at necropsy.

Ovary: Congestion was observed in the ovary 
of rats of 200 mg/kg group. No gross changes were 
found in any other groups.

Brain: No gross lesions were observed in the 
brain of rats of any of the groups of experiment.
Histopathology

Liver: Severity of changes in the liver was 
dose dependent. Mild degenerative changes were 
seen in liver of rats of 25 mg/kg group. Mild fatty 
changes and increase eosinophilia were also observed 
under microscope in liver of rats of 25 mg/kg group 
(Figure-1b). In the rats of 100 mg/kg group, the liver 
showed increased granularity of the cytoplasm. There 
were severe fatty changes and necrosis in the liver 
of rats of 100 mg/kg group (Figure-1c). Liver of rats 
of 200 mg/kg group showed severe fatty changes in 
the hepatocytes towards the periphery of the liver. 
Increase eosinophilia was also observed indicating 
degenerative changes. There were focal necroses lead-
ing to lysis of hepatocytes (Figure-1d).

Lungs: The effects of ACP in lungs of female 
Wistar rats were dose dependent. Lungs of rats of 

Table-1: Effect of acetamipirid on plasma level of different analytes after sub-acute exposure.

Parameters Group I (control) Group II (25 mg/kg) Group III (100 mg/kg) Group IV (200 mg/kg)

Triglyceride (mg/dl) 39.02±6.60 40.88±0.83 45.39±1.75 47.41±1.36
Cholesterol (mg/dl) 43.75±0.68 36.48±1.39 35.28±2.60* 30.94±0.76**
HDL (mg/dl) 9.75±0.69 10.05±1.94 11.42±0.82 12.78±2.33
LDL (mg/dl) 24.53±1.41 17.65±1.66* 14.32±1.37** 11.40±1.82**
VLDL (mg/dl) 7.80±1.32 8.18±0.17 9.08±0.35 9.48±0.27
Glucose (mg/dl) 85.50±1.06 85.33±4.05 67.00±3.68* 48.67±0.41**
AST (U/L) 44.17±2.26 52.00±2.42 130.05±1.84** 158.92±5.25**
ALT (U/L) 37.31±1.33 57.24±3.123** 77.78±2.843** 115.25±2.74**
ALP (U/L) 36.00±2.45 57.27±9.70** 85.03±15.81** 105.77±6.08**
Acid phosphatase (IU/L) 5.13±0.62 8.21±1.58 12.11±0.33 20.36±6.09**

*p≤0.05, **p≤0.01 as compared with control (Group I), ALP=Alkaline phosphatase, ALT=Alanine aminotransferase,
AST=Aspartate aminotransferase

25 mg/kg group showed interstitial pneumonia. There 
were also hypertrophy of alveoli, mild congestion and 

Figure-1: (a) Livers of rats of 200 mg/kg group showing 
pale color, friable and with round edges, (b) Mild fatty 
changes and increase eosinophilia in liver of rats of 
25 mg/kg group, (c) The liver 100 mg/kg group showed 
increase granularity of the cytoplasm, severe fatty changes 
and necrosis, (d) Fatty changes, eosinophilia, focal necrosis 
leading to lysis of hepatocytes in 200 mg/kg group.

dc

ba

Figure-2: (a) Echymotic hemorrhages in 25 mg/kg group, 
(b) Mild congestion and thickening of alveolar septa in 
25 mg/kg group,  (c) In 100 mg/kg group bronchi of rats 
filled with mononuclear cells and red blood cells, emphysema 
and thickening of alveolar septa, (d) Severe hemorrhages 
and edema in lungs of rats of 200 mg/kg group.

dc

ba
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thickening of alveolar septa (Figure-2b). In 100 mg/kg 
group bronchi of some rats were filled with mono-
nuclear cells and red blood cells (RBCs). There were 
also emphysema and thickening of alveolar septa 
(Figure-2c). Moderate degree of edema was also noted 
in lung of rats of 100 mg/kg group. There were severe 
hemorrhage and edema in lungs of rats of 200 mg/kg 
group (Figure-2d). There was also thickening of alve-
olar septae.

Kidney: Moderate degree of degenerative and 
necrotic changes in proximal convoluted tubules 
(PCT) and distal convoluted tubules (DCT) was found 
to be noted in the rats of 25 mg/kg group (Figure-3b). 
In the rats of 100 mg/kg group there were conges-
tion and hemorrhages in kidney. Moderate degener-
ative and necrotic changes were noted in the rats of 
100 mg/kg group (Figure-3c). Rats of 200 mg/kg 
group revealed degenerative and necrotic changes in 
PCT and DCT of kidney. In some area of kidney tubu-
lar cells had undergone complete lyses leaving reticu-
lar framework (Figure-3d).

Spleen: Depletion of lymphocytes in the periar-
teriolar lymphoid sheath and marginal zone in white 
pulp was observed in spleen from rats of 25 mg/kg 
group (Figure-4a). Spleen of rats of 100 mg/kg group 
showed severe depletion of lymphocyte from mal-
pighian corpuscle and hemorrhages (Figures-4b and c). 
In spleen of rats of 200 mg/kg group there was also 
severe depletion of lymphocytes from the malphigian 
corpuscle (Figure-4d).

Heart: There was hemorrhage in myocardium in 
rats of 200 mg/kg group. Overall alterations in heart 
due to ACP toxicity in high dose group was degen-
erative and necrotic change in cardiac muscle cells. 
Some areas of the heart in rats of 200 mg/kg group 
were hyalinized (Figure-5a). Necrosis was found in 
the heart of rats of 100 mg/kg group. In this group, the 

heart showed edema (Figure-5b). In some of the rats 
of 25 mg/kg group, mild hemorrhages in epicardium 
and edema (Figure-5c) were observed during micro-
scopic examination.

Ovary: Ovary showed a mild necrotic change 
in the medullar parenchyma in high dose group. 
Severe degenerative changes were observed in fal-
lopian tube where the mucosal fold were signifi-
cantly regressed and filled with mononuclear cells 
(Figure-5d).

Brain: Neural degeneration was found in brains 
of rats of 200 mg/kg group (Figure-6a). Mild degener-
ative changes and hemorrhages were observed in brain 
of rats of 100 mg/kg group (Figure-6b). However, no 
significant histological alteration could be seen in the 
section of the brain of rats of Group II.

Figure-5: (a) Some areas of heart in rats of 200 mg/kg group 
were hyalinized, (b) In heart of rats of 100 mg/kg group 
showed edema, (c) In rats of 25 mg/kg group, mild 
hemorrhages in epicardium and edema, (d) Severe 
degeneration changes in fallopian tube of 200 mg/kg dose 
group, where the mucosal fold were significantly regressed 
and filled with mononuclear cells.

dc

ba

Figure-4: (a) Depletion of lymphocytes in the periarteriolar 
lymphoid sheath and marginal zone in white pulp in spleen 
from rats of 25 mg/kg group, (b and c) Spleen of rats 
100 mg/kg group showed severe depletion of lymphocytes 
from malpighian corpuscles and hemorrhages, (d) In spleen 
of rats of 200 mg/kg group showing severe depletion of 
lymphocytes from the malphigian corpuscle.

dc

ba

Figure-3: (a) Enlargement of the kidneys in 200 mg/kg 
group, (b) Moderate degree of degeneration and necrotic 
changes in proximal and distal convoluted tubule in the rats 
of 25 mg/kg group, (c) In rats of 100 mg/kg group showed 
congestion, hemorrhages and necrosed tubules, (d) Rats of 
200 mg/kg group revealed complete lyses leaving reticular 
framework.

dc

ba
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Discussion

Significant increase in plasma AST activity 
in ACP treated rats suggests an increased respira-
tory burst and mitochondrial involvement as AST is 
chiefly a mitochondrial enzyme. Mitochondrion plays 
an important role in maintaining hepatocyte integrity 
and function, which may be hampered due to exces-
sive physiologic stress [7]. Activity of AST is high in 
acute and chronic liver injury [8]. Elevation in the AST 
can be associated with cell necrosis of many tissues. 
Pathology involving the skeletal or cardiac muscle 
and/or the hepatic parenchyma allows the leakage of 
a large amount of this enzyme into the blood. The ele-
vation in AST is produced by the ACP is an indication 
of widespread tissue damage.

ALT is a key cytoplasmic enzyme present in liver 
and other cells. It is particularly useful in measuring 
hepatic necrosis, especially in small animals [9]. ALT 
is employed as a marker of hepatocellular damage and 
in general ALT is considered a more sensitive indicator 
of liver cell injury than AST [10]. Though AST and 
ALT are not known to have any function in the plasma, 
but their increase level in the blood indicate cellular 
damage and increased membrane permeability [11] 
and their altered metabolism. Although it is difficult 
to point the damage to any particular organ by ACP, 
increased levels of aminotransferases in rats may be 
attributed to liver damage, as it is the primary organ of 
biotransformation of ACP. ALP, a brush border enzyme 
having of organic phosphatase esters mediates mem-
brane transport at optimum pH between 9 and 10 [12]. 
They are zinc metalloenzymes that are composed of 
two identical subunits arranged around an active cen-
ter. It is known to be involved in a variety of activities 
such as permeability, growth and cell differentiation. 
The elevation in plasma in ALP activities in female 
Wistar rats are not in accordance with the findings of 
Bhardwaj et al. [13] who reported augmented level of 
ALP activity in rats following 90 days of oral adminis-
tration of imidacloprid. Release of ALP usually occurs 
due to its increased synthesis brought about by vari-
ety of liver conditions. Elevated plasma ALP might be 
due to destruction of epithelial cells in gastro intestinal 

tracts [13]. Significant increased levels of ALP in ACP 
treated rats suggest alteration in membrane structure 
as ALP is a plasma membrane enzyme. The level of 
a significant increase of acid phosphatase is in accor-
dance with the findings of Mishra and Kuswah [14]. 
Acid phosphatases belong to a class of enzymes called 
hydrolases, and they are characterized by their abil-
ity to hydrolyze a large variety of organic phosphate 
esters with the formation of an alcohol and a phosphate 
ion [12]. Significantly increased plasma levels of acid 
phosphatase in the ACP treated rats indicate increased 
lysosomal activity in liver of rats, leading to the leak-
age of excessive enzyme into the plasma.

In the present study, hypoglycemia was observed 
on 28th day and there was a dose-dependent decrease 
in glucose concentration after 28 days of oral admin-
istration of ACP. The results of the present study 
showed that dose-related decrease in the level of blood 
glucose is in agreement with the observation of  Jain 
and Punia [15] in imidacloprid treated rats. Studies on 
rats have indicated that thyroid could be sensitive to 
ACP. As ACP and imidacloprid both are nitroguani-
dine insecticide and have structural similarity, ACP 
can also affect thyroid function. Hypoglycemia also 
occurred on feeding of broiler chicks with fenvaler-
ate (20 ppm), monocrotophos (2 ppm) and endosulfan 
(2 ppm) for 8 weeks [16].

Significant (p≤0.05) decrease of cholesterol in 
rats of both 100 and 200 mg/kg group may be due 
to hyperthyroidism. Hydroxymethylglutaryl (HMG-
CoA) reductase is the primary control point for cho-
lesterol synthesis [17]. Hepatic HMG-CoA reductase 
is inhibited by phosphorylation of the enzyme. The 
protein kinase system responsible for the phosphoryla-
tion of HMG-CoA reductase is stimulated by intracel-
lular cyclic activated protein kinase (cAMP). Hepatic 
intracellular cAMP levels are controlled in part by 
plasma glucagons, which decrease it. Condition that 
increase glucagons (e.g. fasting) would decrease 
cholesterol synthesis [18]. In the present study, ACP 
could possibly affect in feed intake of the animal and 
cause animal to be off fed. Increase in the triglycer-
ide levels indirectly indicating either decrease in cir-
culating insulin level or decrease in insulin receptor 
and also liver damage in rats of both groups. Due to 
the cumulative effect of partial liver damage and drop 
in either insulin level or insulin receptor, there was a 
reduction in cholesterol level in rats of both the group 
than the rats of the control group. Report available on 
plasma cholesterol levels in ACP treated rats is scanty. 
However, Ayub Shah and Gupta [19] observed a mar-
ginal increase in serum cholesterol levels in rats due 
to low doses (@ 24-54 mg/kg body weight) of per-
methrin but at higher doses (@ 80-120 mg/kg body 
weight) the levels of serum cholesterol of rats reduced 
significantly.

Report on pathology in ACP toxicity in rats 
is scanty in the available literature. However, 
Piramanayagam and Manohar [20] reported mottling 

Figure-6: (a) Neural degeneration in brains of rats of 
200 mg/kg group, (b) Mild degenerative changes and 
hemorrhages in the brain of rats of 100 mg/kg group.
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of liver in gross changes induced by malathion tox-
icity in rats. Bhelonde [21] documented enlargement 
of liver in rats (@ 5.916 mg/kg body weight) in fen-
propathrin toxicity. Tamuli et al. [22] reported mild 
to severe degree of emphysema covering the whole 
organ barring a few areas where they also observed 
congestion and moderate hemorrhages in calves in 
paraquat intoxication. They recorded no gross lesions 
in the kidneys of the calves, except perirenal gelatini-
zation of fat during paraquat intoxication. An enlarge-
ment of sinusoids, degeneration of hepatic cords and 
hepatocytes and vacuole formation [23] in hepatocyte 
in rat liver were observed in intoxication. Kaushal 
et al. [24] reported congestion and mildzonal granular 
to vacular degenerative changes in liver on nitrosodi-
ethylamine (NDEA) administration under conditions 
of low dietary protein level in albino rats. Anoxia can 
cause vacuolar degeneration of the parenchymatous 
tissues. In the present study, congestion and reduction 
in blood circulation might have caused anoxia, which 
resulted in vacuolar degeneration in the hepatocytes. 
From adipose tissue, lipids are released and trans-
ported as free fatty acids. Free fatty acids enter the liver 
cell and most are esterified to triglyceride in order to 
be secreted by liver, intercellular triglyceride must be 
complexed with specific apoprotein molecules called 
“lipid acceptor protein” to form lipoprotein [25]. ACP 
could possibly be a hepatotoxin that alters mitochon-
drial and microsomal functions. Increase free fatty 
acid synthesis, diminished triglyceride utilization, 
decrease fatty acid oxidation, a block in lipoprotein 
excretion and enhanced lipolysis increase delivery and 
uptake of free fatty acids leading to ACP induced fatty 
liver. Reports on histopathological studies on lungs 
of female rats in ACP toxicity are scanty in the avail-
able literature. However, microscopic lesions of the 
lungs in paraquat toxicity in calves revealed varying 
degree of emphysema, moderate congestion and hem-
orrhages around the pulmonary vessels and interstitial 
spaces [22]. They also indicated edema in lungs during 
histologic examination of calves. Severe congestion, 
moderate interstitial reactions and mild pleuritis in 
lungs were reported by Kaushal et al. [24] in NDEA 
induced oxidative stress in albino rats. Hemorrhages 
and thickened interalveolar septae with infiltration of 
mononuclear cells in lungs were reported after ben-
zalkonium administration [26]. In the present study, 
the lung lesions may be the result of cyclic reduction 
oxidation of ACP, which were brought via circulation 
with subsequent release of superoxide radicals leading 
to lipid peroxidation in the cell of the alveolar wall. 
Congestion was seen in blood vessels. Bronchi and 
bronchioles were filled with exudates and RBC, and 
this extended into the interstitial spaces. Because of 
infiltration, the interalveolar septa were thickened. 
The poisonous substances cause damage in vascular 
endothelium as well as to the alveolar epithelial cells. 
As a result of damage in vascular endothelium and 
increased vascular permeability excessive fluid and 

plasma proteins leaks out initially into the interstitium 
and subsequently into the alveoli [27]. Degeneration 
of the epithelial cells of the renal PCT has been found 
in the toxicity of asbestos [28]. Severe congestion of 
the blood vessels, desquamation or coagulative necro-
sis of the epithelial cells of the tubules and prolifera-
tion of the endothelial cells of the glomeruli were seen 
in the kidney of goats due to cypermethrin intoxica-
tion [29]. Whereas, mild degenerative changes such 
as cellular swelling and necrosis were noticed in rats 
receiving cypermethrin [30] Coagulative necrosis and 
degeneration of tubular epithelium were reported by 
Kaushal et al. [24] in NDEA induced oxidative stress 
in albino rats. In the present experiment possibly pro-
gressive dehydration in 100 mg/kg group and IV caus-
ing decrease in glomerular filtration rate and lesser 
blood supply through efferent artery to PCT and DCT 
resulted in low nutrient supply leading necrosis and 
lysis of the cell.

Cha et al. [31] observed depletion of spleen lym-
phocytes in the periarteriolar lymphoid sheath and 
marginal zone in white pulp. The depletion of lym-
phocytes in the malpighian corpuscles and subsequent 
necrosis of white pulp have also been reported in tox-
icity studies [32] However, in histopathological find-
ings of imidacloprid toxicity in rats Gatne et al. [33] 
reported depopulation of lymphocytes, mild fibrous 
tissue proliferation and thickening of capsule in spleen 
of all treated groups as compared to control group and 
the severity of the lesions was more at highest dose 
level (160 mg/kg body weight) that showed additional 
findings like disintegration of white pulp and focal 
necrosis. Congestion and decrease in number and 
size of lymphoid follicles in spleen were reported by 
Kaushal et al. [24] in NDEA induced oxidative stress 
in albino rats. The marked depletion of the lymphoid 
cells from the germinal center of the splenic follicles 
in the present study corroborates with the observation 
related to suppression of cell mediated immunity and 
indicated that ACP have immunosuppressive effects. 
Mondal et al. [2] also suggested that the immunosup-
pressive action of ACP is the reflection of the func-
tional defect in immunocompetent cells, depletion of 
the responding cell type and alteration in normal hor-
mone levels. Thus the suppression of cellular immune 
response as observed in the present study might be 
due to the result of the cytotoxic effect of ACP on 
T-lymphocyte.

Mild but focal areas of degeneration with mild 
congestion in myocardium have also been observed 
in rats due to doxoubicin toxicosis [34]. The lesions 
observed in the heart muscle might be due to the effect 
of disruption of oxidative phosphorylation. There are 
no reports in the available literature on female repro-
ductive tract in ACP toxicity. Regression of mucosal 
fold and exudation in fallopian tube suggested that 
ACP E-modulate functional changes in female repro-
ductive tract by interfering secretary and cilliary activ-
ities. The lesions observed in brain in the present study 
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resembled the lesions reported by Piramanayagam 
and Monohar [20] in malathion toxicity in rats. They 
observed neuronal degeneration, gliosis, perivascu-
lar cuffing, neuronal necrosis and hemorrhages in 
the histological section of the brain tissues of mala-
thion treated rats. In paraquat intoxication, Tamuli 
et al. [22] observed necrotic lesions in the cerebrum 
of the calves characterized by degenerated neurons, 
satellitosis and neuronophagia. They also observed 
focal distribution of congestion and hemorrhage in 
brain of paraquat-intoxicated calves. Moderate gliosis 
and astrocytic proliferation in the present study [35] 
could be a direct effect of the toxin (ACP) coupled 
with interference of ionotropic receptor as observed 
in a report [36].
Conclusion

It seems that the ACP at the dose levels tested in 
the present study for a period of 28 days may not have 
such extensive neurotoxic effects but at chronic expo-
sure this insecticide can alter the functional attribute 
of brain. The above findings suggested that the liver 
being the major detoxifying organ suffered the max-
imum damage while kidneys as the excretory organ 
also shared the damage. It is now clear that more 
studies are required to understand the toxicity of ACP 
on animal health hazards and establish guidelines for 
acceptable residues in the environment.
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