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The present study has been carried out to 
study clinical signs, alteration in feed 
consumption, apoptosis in liver tissue and 
pathomorphological changes induced by 
Acephate toxicity in rats. Accordingly, 
fourty adult Wistar rats were divided 
uniformly into four equal groups Viz. Group 
C1, Group T1, Group T2 and Group T3. 
Group C1 was administered distilled water 
and served as pesticide vehicle control. 
Group T1 (low dose) rats received 1/40th of 
LD50, group T2 (mid dose) received 1/20th of 
LD50 and group T3 (high dose) received 
1/10th of LD50 of Acephate suspended in 
distilled water for 28 days. The clinical 
symptoms were observed in high dose group 
i.e. T3. The most common signs were 
sudden onset of depression, reduced feed 
intake, dullness, salivation and tremor (in 
few rats). While in mid dose Acephate 
treated group T2, rats were dull and 
depressed. In low dose Acephate treated 
group T1, no visible clinical signs of toxicity 
were observed. There was no statistically 
significant effect on body weight up to 3rd  
week of experiment in Acephate treated 
groups. There was significant (p≤0.05) 
decrease in mean live body weight in male 
and female rats treated with high dose of 
Acephate during the 4th week of exposure as 
compared to control group. There was no 
statistically significant effect on feed 
consumption up to 2nd week of experiment 
in all Acephate treated groups. There was 
significant (p≤0.05) decrease in feed 
consumption from 3rd week in high and mid 
dose and highly significant (p≤0.01) 
decrease in feed consumption in high dose 
from 4th week in male and female rats as 

compared to control group. All the rats 
exposed to Acephate at three different dose 
levels revealed dose dependant pathological 
changes. The main target organs affected 
were found to be liver, kidney, brain and 
testis. The pathomorphological changes 
comprised varying degrees of congestion, 
hemorrhages, degeneration, and necrosis in 
various visceral organs and lysis of 
lymphoid cells in spleen. The severity and 
distribution of such lesions were found 
higher in rats of Group T3 followed by 
group T2. No appreciable changes were 
observed in rats of group T1 receiving low 
dose of Acephate. The molecular detection 
of apoptosis by DNA ladder assay of liver 
tissue revealed the smearing effect of 
apoptosis due to DNA fragmentation in the 
lanes of agarose gel electrophoresis in 
almost all the samples of liver tissue of 
treatment group in a dose dependant manner. 
Key words: Acephate, Histo-pathology, 
Toxicity, Wistar rat  

 
Organophosphates as a class have become 
the most frequently used pesticides because 
of their rapid breakdown into 
environmentally safe products. However, 
they have far more immediate toxicity than 
DDT and other related products and they 
each cause acute and sub-acute toxicity. 
They all work by inhibiting 
acetylcholinesterase (AChE) and cause a 
similar spectrum of symptoms (Watson et 
al., 2004).  
Acephate causes apoptosis, which occurs 
during normal cell turnover and tissue 
homeostasis, embryogenesis, induction and 
maintenance of immune tolerance, 
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development of the nervous system, 
endocrine dependent tissue atrophy, 
radiation and chemotherapeutic agents and 
via cell mediated immunity. A hallmark of 
apoptosis is endonuclease-induced 
chromosomal fragmentation into 200 base-
pair fragments (McConkey et al., 1990). 
Histologically, apoptosis is recognized by 
the presence of condensed, sometimes 
fragmented nuclei, which can be found in 
phagocytic macrophages ('tingible body' or 
'starry-sky' macrophages) (Kendall, 1991). 
This study has been taken to detect the 
symptomatology, change in body weight, 
alteration in feed consumption, Molecular 
detection of apoptosis in liver and 
pathomorphological changes in organs of 
Wistar rats due to Acephate exposure. 

 
MATERIALS AND METHODS 
The present study was carried out in the 
Department of Pathology, College of 
Veterinary Science and Animal Husbandry, 
Sardarkrushinagar, Gujarat, India. Acephate 
(>97% pure) obtained from Meghmani 
Organics Limited, Ahmedabad, India, was 
used for inducing toxicity in rats. All the 
other chemicals used in the study were of 
standard analytical grade. 
Experimental Animals: 
The Institutional Animals Ethics Committee 
(IAEC) approved the experimental protocol. 
The experimental protocol met the national 
guidelines as per the guidelines of 
Committee for the Purpose of Control and 
Supervision of Experiments on Animals 
(CPCSEA). The study was conducted on 
forty colony bred Albino Wistar strain rats 
of both sex, which were procured from 
Cadila Pharmaceutical Ltd., Dholaka, 
Gujarat, India. The housing and feeding 
were provided as per the CPCSEA guide 
line during whole experiments. Animals 
were kept in laboratory conditions for a 
period of seven days for acclimatization.  
Experimental Design: 
All the rats were randomly divided into four 
groups (C1, T1, T2 and T3) each comprised 
ten rats (five male and five female). The oral 
LD50 in male and female rats is 945 mg/kg 
and 866 mg/kg, respectively (Worthing, 
1987). This was taken into consideration for 
calculation of different dose groups. The 

group C1 was administered distilled water 
and served as pesticide vehicle control. 
Group T1 (low dose) was given as 1/40th of 
LD50 (23.6 mg/kg and 21.6 mg/kg for male 
and female, respectively), group T2 (mid 
dose) received 1/20th of LD50 (47.2 mg/kg 
and 43.3 mg/kg for male and female, 
respectively) and group T3 (high dose) 
received 1/10th of LD50 (94.5 mg/kg and 
86.6 mg/kg for male and female, 
respectively) of Acephate suspended in 
distilled water. Acephate in distilled water 
was administered directly in esophagus by 
using rat cannula attached to a disposable 
syringe, which was graduated up to 5 ml. 
The daily oral administration was continued 
for 28 days.  
Collection of Tissues: 
Rats were anesthetized by using diethyl 
ether for blood collection on day 0 and 28th 
of experiment. All the rats were humanely 
euthanized by overdose of diethyl ether on 
day 29th of experiment for tissue collection. 
Tissues from various organs (viz., liver, 
kidney, brain, testes, lung, heart, spleen, 
stomach and intestine) were collected for 
histopathological study in 10 per cent neutral 
buffered formalin and liver tissue freeze at -
80°C for further processing for Molecular 
detection of apoptosis.  
Parameters Studied: 
Symptomatology 
All the experimental rats were observed for 
any behavioral change or mortality during 
the entire period of experiment.  
Body weight and feed consumption 
The body weight and feed consumption were 
recorded weekly throughout the 
experimental period. 
Pathomorphology 
After recording the gross lesions the tissues 
from affected liver, kidney, brain, testes, 
lung, heart, spleen, stomach and intestine 
were collected from sacrificed animals and 
subsequently preserved in 10 per cent 
neutral buffered formalin for at least 24-48 
hours. Further these tissues were processed 
by routine method of dehydration in graded 
alcohol, clearing in xylene and embedding in 
paraffin. Sections of 5-6 µ thicknesses were 
prepared and processed by routine 
Hematoxylene and Eosin method to study 



P 453

 

Copyright © Society of Animal Science, Department of Livestock & Avian Science, Wayamba University of Sri Lanka  http://www.wayambajournal.com 
 

the general histopathological alterations 
(Luna, 1968).  
Molecular detection of apoptosis by DNA 
ladder assay 
DNA ladder assay was carried out for 
treated and control tissue of liver 
homogenate to detect the apoptosis. The 
extraction of genomic DNA from liver 
tissues was done as per the method of Todd 
et al. (1992) with minor modifications. The 
liver tissue (0.25 g) was taken and cut into 
small pieces with a sterile scalpel and 
separated out for any adherent adipose tissue 
from it. The liver tissue pieces were 
transferred into an autoclaved porcelain 
mortar and pastel. Liquid nitrogen was 
poured into the mortar and the liver tissue 
pieces were allowed to freeze.  
The liver tissue was ground thoroughly with 
the frequent additions of liquid nitrogen. 
Liquid nitrogen was poured in sufficient 
quantity into the mortar while swirling. The 
liver tissue homogenate was transferred into 
a sterile 1.5 ml tube and allowed the liquid 
nitrogen to evaporate. 0.5 ml Lysis buffer – 
ST (50mM Tris-HCl, 10MmM EDTA, 
100mM NaCl) was added to the tube along 
with 10µl of 20mg /ml proteinase K and 
SDS (10%) to make final concentration to 
2%. The homogenate was incubated for 12 
hours or overnight at 55°C. The incubated 
lysate was transferred to an autoclaved 1.5 
ml tube and equal volume 0.5 ml of Tris 
saturated phenol (pH-8.0) was added and 
mixed gently for 10 minutes. The lysate was 
then centrifuged for 10 minutes at 10,000 
rpm at 15 °C. The supernatant was collected 
into the 2 ml tube and added half the volume 
of Tris saturated phenol : chloroform: 
isoamyl alcohol (25:24:1) and mixed gently 
for 10 minutes and centrifuged for 10 min at 
10.000 rpm at 150C. Again, the supernatant 
was collected into 2ml centrifuge tube and 
equal volume of chloroform: isoamylalcohol 
(24:1) was added and mixed gently for 10 
minutes and centrifuged for 10 minutes at 
10,000 rpm at 15°C. The supernatant was 
collected into a fresh 2ml centrifuge tube 
and 1/10th volume of 3M sodium acetate 
(pH 5.5) and equal volume of isopropyl 
alcohol was added. The DNA was 
precipitated by slowly swirling the tube. 
Precipitated DNA was washed thrice with 

70% ethanol to remove excess salt and air 
dried and dissolved in 200 µl volume of 0.3 
x TE. 
The extracted liver tissues DNA were 
electrophoresed and compared for their 
DNA laddering pattern in 0.8% (w/v) 
agarose gel containing ethidium bromide (at 
the rate of 0.5µg/ml) in 0.5X TBE buffer 
using horizontal submarine electrophoresis 
apparatus. 
To confirm the liver tissue DNA extraction 
and ladder pattern in DNA, 5µl of extracted 
genomic DNA from each treatment and 
control group was mixed with one µl of 6X 
gel loading buffer and electrophoresed at 
constant 80 V for 30 min. in 0.5X TBE 
buffer. The electrophoresed DNA was 
documented by using gel documentation 
system (Syn Gene, Gene Genius Bio 
Imaging System, UK). 

 
RESULTS AND DISCUSSION 
Symptomatology 
The rats were regularly and keenly observed 
throughout the experiment. The clinical 
symptoms were observed in high dose group 
i.e. T3. The most common signs were 
sudden onset of depression, reduced feed 
intake, dullness, salivation and tremor (in 
few rats). While in mid dose Acephate 
treated group (T2), animals were dull and 
depressed. In low dose Acephate treated 
group (T1) did not show any visible clinical 
signs of toxicity were observed.  
Terrill and Murphy (1987), Nemec (1995) 
and Nemec (1996) were observed similar 
sign like tremors and increased secretory 
responses at different concentration of 
Acephate in different breeds of rat. The 
clinical signs like sudden onset of depression 
reduced feed intake, dullness and rough hair 
coat in mice due to Acephate exposure was 
observed by Sankhala (2007), Purohit (2005) 
and Tripathi (2006).  
Body Weight  
The effect of subacute exposure of Acephate 
in different doses on mean live body weight 
of rats is presented in Table-1. 
There was no statistically significant effect 
on body weight up to 3rd week of experiment 
in Acephate treated groups. There was 
significant (p≤0.05) decrease in mean live 
body weight in male rats and highly 
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significant (p≤0.01) decrease in mean live 
body weight in female rats during the 4th 
week of experiment treated with high dose 
of Acephate as compared to vehicle control. 
There was dose dependent decrease in body 
weight gain in all Acephate treated groups 
from 1st week until the end of experiment. 
Similar findings were observed by Terrill & 
Murphy (1987), Lochry (1989), Nemec 

(1997) and Hoffman (2000) in different rat 
studies. The marked reduction in body 
weight of the Acephate treated birds was 
observed in subacute oral toxicity of 
Acephate in synthetic white leghorn birds 
(Purohit, 2005, Tripathi, 2006 and Sankhala, 
2007). 

Table No. 1: Effect of daily oral administration of Acephate on body weight (gm) in male 
                        female rats. 

Body 
Weight 

Group 
C1 T1 T2 T3 

Male  Female Male  Female Male  Female Male  Female 
0  

Day 
336.00 
± 11.22 

248.00 
± 6.63 

336.00 
± 9.27 

248.00 
± 6.33 

330.00 
± 14.49 

248.00  
± 3.74 

330.00  
± 9.49 

248.00  
± 3.74 

1st  
week 

354.00 
± 10.77 

254.00 
± 5.10 

346.00 
± 9.27 

250.00 
± 9.27 

340.00 
± 14.49 

248.00  
± 3.74 

338.00  
± 8.60 

248.00  
± 3.74 

2nd 
week 

362.00 
± 14.82 

250.00 
± 7.07 

354.00 
± 6.00 

248.00 
± 6.00 

348.00 
± 15.94 

248.00  
± 3.74 

344.00  
± 7.48 

246.00  
± 4.00 

3rd  
week 

374.00 
± 15.68 

260.00 
± 8.37 

370.00 
± 5.48 

256.00 
± 5.48 

360.00 
± 14.49 

254.00  
± 2.45 

328.00  
± 10.20 

238.00  
± 7.35 

4th  
week 

380.00 
± 16.43 

268.00 
± 6.33 

378.00 
± 4.90 

266.00 
± 5.10 

362.00 
± 15.28 

256.00  
± 2.45 

320.00  
± 16.43* 

230.00  
± 6.32** 

* Significant at p≤0.05, ** Highly significant at p≤0.01 
 

Table No. 2: Effect of daily oral administration of Acephate on feed consumption (gm) in  
                         Male and female rats. 

Feed 
Consumption 

Group 
C1 T1 T2 T3 

Male  Female Male  Female Male  Female Male  Female 
1st  

Week 
530 ± 
2.39 

525 ± 
1.23 

528 ± 
2.04 

523 ± 
5.18 

526 ± 
1.63 

521 ± 
5.78 

524 ± 
1.57 

524 ± 
4.70 

2nd week 
593 ± 
2.39 

540 ± 
3.70 

590 ± 
3.37 

538 ± 
4.08 

586 ± 
4.29 

536 ± 
8.03 

584 ± 
5.60 

534 ± 
2.53 

3rd  
Week 

654 ± 
1.67 

541 ± 
1.17 

653 ± 
6.85 

537 ± 
2.80 

647 ± 
6.44 

533 ± 
5.93 

639 ± 
2.32* 

525 ± 
2.68 

4th  
Week 

681 ± 
1.22 

550 ± 
1.26 

678 ± 
8.79 

549 ± 
4.49 

664 ± 
5.23* 

540 ± 
5.26* 

648 ± 
4.21** 

512 ± 
3.40** 

* Significant at p≤0.05, ** Highly significant at p≤0.01 
 

Decrease in body weight gain in insecticides 
has been attributed to the effect of 
insecticide on gastrointestinal tract resulting 
in decreased appetite and absorption of 
nutrients form gut or might be an indication 
of direct toxicity or stressogenic activity of 
these compounds (Gowda et al., 1983, 
Goyal et al., 1986). The reduction in the 
weight gain also could be attributed to 
anorectic properties of insecticides 
(Mohapatra and Mallick, 1998).  

Feed Consumption 
The Table-2 represents the effect on feed 
consumption by Acephate exposure in 
different doses in rats. 
There was no statistically significant effect 
on feed consumption up to 2nd week of 
experiment in all Acephate treated groups. 
There was significant (p≤0.05) decrease in 
feed consumption from 3rd week in high 
dose, significant (p≤0.05) decrease in feed 
consumption in mid dose and highly 
significant (p≤0.01) decrease in feed 
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consumption in high dose from 4th week in 
male rats, while high dose treated female 
rats showed significant (p≤0.05) decrease in 
feed consumption was observed in 3rd week 
and highly significant (p≤0.01) decrease in 
feed consumption in 4th week of experiment 
as compared to vehicle control. There was 
dose related decrease in feed consumption 
observed in all Acephate treated group from 
1st week until the end of experiment. 
Similarly decrease in feed consumption in 
Sprague-Dawley CD rats exposed to 
Acephate was observed by Hoffman (2000) 
and Gupta and Moretto (2005).   
The decrease in feed consumption is 
correlated with decrease in body weight gain 
in all Acephate treated groups. This might be 
due to effect of Acephate on gastrointestinal 
tract resulting in decreased appetite and 
absorption of nutrients form gut. 
Pathomorphology 
Stomach and Testis did not showed any 
appreciable gross lesions, where as Heart 
and Spleen, shows mild congestion with 
round border in T3 and congestion and 
haemorrhages in rats belonging to group T3, 
respectively. In case of Liver Group T3 rats 
liver was found moderately congested. In 
case of Kidney with variable vascular 
lesions were observed in rats belonging to 
group T2 and T3, while In lung mild to 
moderate congestion and hemorrhages in 
rats belonging to group T3 was observed. 
Grossly, in case of brain of rats receiving 
high dose of Acephate reveal moderate 
congestion with softening, where as, rats 
receiving mid dose of Acephate showed 
mild vascular lesions. 
In liver of group T2 were mild in nature and 
characterized by sinosuidal dilatation only. 
Where as, liver of group T3 rats showed 
fatty changes around dilated central vein and 
changes were characterized by hepatocytes 
containing vacuoles with eccentric nucleic. 
Besides degenerative changes, group T3 rats 
showed severe congestion and hemorrhages 
in dilated sinusoids, focal areas of hepatic 
necrosis were evident at few places, where 
as in case of kidney of group T2 rats 
comprised scattered haemorrhage along with 
tubular degeneration with presence of 
hyaline cast in the tubular lumen. 
Coagulative necrosis of tubular epithelium 

with resultant tubular atrophy was also 
noticed. Rats of group T3 showed moderate 
to severe nephropathy characterized by 
vascular changes like massive tubular 
haemorrhages along with tubular 
degeneration.   There were also severe 
haemorrhages in glomeruli with 
degenerative and necrotic changes in 
tubules. At places, few glomeruli showed 
increased Bowman’s space.  
In case of brain of rats, T2 group observed 
moderate to severe scattered hemorrhages in 
choroid plexus along with enlargement of 
meningial vessels, along with this mild to 
moderate neuronal changes comprising of 
degeneration with increased perineuronal 
space was also evident in this group. In 
addition to neuronal degeneration and 
increased perineuronal space, there was 
margination and condensation of 
hyperchromatic neuron. Rats of group T3 
showed pronounced neuronal changes 
comprising of increased perineuronal space 
with severe neuronal degeneration. 
Histopathological lesions in testis of Group 
T2 rats showed mild to moderate testicular 
degeneration along with edema between 
seminiferous tubules. At few places, 
vacuolation within the tubules was also 
evident. Testis of Group T3 rats showed 
moderate to severe testicular degeneration 
with emptying of seminiferous tubules. 
Vacuolation and cystic dilatation of 
seminiferous tubules was also seen at places, 
similarly in lungs of Group T2 rats revealed 
emphysema characterized distention and 
dilatation of alveoli with occasional rupture. 
In rats belonging to group T3 emphysema, 
edema, hemorrhages and congestion was 
evident. There was thickening of 
interalveolar septa with admixture of 
erythrocytes and few mononuclear cells. At 
places, peribronchial and perivascular 
infiltration of mononuclear cells was also 
evident. 
Microscopic changes in heart of Group T3 
rats comprised of separation of myocardial 
fibers with scattered hemorrhages between 
the cardial muscle fiber bundles and severe 
congestion. Occasionally, degeneration and 
defragmentation of myocardial fibers was 
also evident. Histopathological examination 
of spleen of Group T3 revealed scattered 
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haemorrhages and rarefaction as well as 
depletion of lymphoid cells in germinal 
centers. In case of stomach, there was 
desquamation and necrosis of villi at tips 
was observed. 
Though, extensive and exhaustive research 
work has been carried out on pathological 
changes induced by various 
organophosphates pesticides, there are very 
few reports available on Acephate induced 
pathological changes in animals including 
laboratory animals. The pathomorphological 
changes observed in liver of Acephate 
treated rats were also reported earlier by 
Sutcu et al. (2006), Kalender (2007) and 
Choudhary et al., (2003). 
Sankhala (2007) observed no microscopic 
changes in spleen and thymus at low dose 
(8.78 mg/kg) group but in mid dose 
Acephate treated group (11.70 mg/kg) 
spleen revealed congestion and mild 
depletion of lymphocytes. Farag et al. 
(2000) observed histological changes in the 
testis, including exfoliation of the germinal 
cells into the lumen with ill-defined 
spermatogenesis in adult male ICR (CD-1) 
mice treated by gavage with Acephate. 
Molecular detection of apoptosis by DNA 
ladder assay 
Molecular detection of apoptosis by DNA 
ladder assay DNA ladder assay was carried 
out for treated and control tissue of liver. 
The smearing effect (Figure-1) of apoptosis 
due to DNA fragmentation was observed in 
the lanes of agarose gel electrophoresis in 
almost all the samples of liver tissue of 
treatment group in a dose dependant manner. 
Rahman et al., (2002) studied the assessment 
of genotoxic effects of chloropyriphos and 
Acephate by the comet assay in mice 
leucocytes. The mice were administered 
orally with doses ranging from 0.28 to 8.96 
mg/kg body weight (b. wt.) of 
chloropyriphos and 12.25 to 392.00 mg/kg 
body weight of Acephate. A significant 
increase in mean comet tail length indicating 
DNA damage was observed at 24h post 
treatment (P<0.05) with both pesticides in 
comparison to control. Similarly, Das et al., 
(2006) estimated apoptosis and necrosis 
caused by various pesticides in vitro on 
human lymphocytes using DNA diffusion 
assay. They reported that all the above 

pesticides induced apoptosis and necrosis in 
cultured human peripheral blood 
lymphocytes in in-vitro conditions. Subacute 
oral toxicity of Acephate in synthetic white 
leghorn birds with daily oral administration 
of 42.6, 28.4 and 21.3 mg per kg body 
weight of Acephate, suspended in 1 ml of 
groundnut oil for 28 days conducted and 
observed Smearing effect in the lanes of 
almost all the samples by using DNA ladder 
assay in the above treatment (Tripathi, 
2006). Thus, the appearance of DNA 
smearing effect might be due to apoptotic 
death induced by Acephate in rat 
hepatocytes. DNA fragmentation is one of 
the distinct features of apoptosis (Nagata, 
2000). 

 
 
 
 
 
 
 
 
 
 

Figure-1: Photograph showing apoptosis in 
liver tissue in form of smearing effect due to 
DNA breakdown on agarose gel 
electrophoresis. 

 
Effects of Acephate on human health and the 
environment depend on how much Acephate 
is present and the length and frequency of 
exposure. Effects also depend on the health 
of a person and/or certain environmental 
factors. Acephate is low in toxicity to both 
male and female rats. Inhaled Acephate has 
very low toxicity to rats. The acute LC50 in 
rats is >61 mg/L. 

 
CONCLUSION 
Acephate administered at high dose rats 
showed dullness, depression, reduced feed 
intake and decrease in body weight. 
Pathomorphological lesions induced by 
Acephate toxicity were of vascular and 
degenerative in nature and were dose 
dependant. Liver, kidney, brain and testis 
were found as the most affected target 
organs of Acephate intoxication in rats. 
Apoptosis due to DNA fragmentation was 
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observed in the all samples of liver tissue of 
treatment group in a dose dependant manner. 
Further work on sub chronic Acephate 
toxicity with special reference to 
pathomophology, genotoxicity and 
immunotoxicity should be carried out. 
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