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ABSTRACT
Acephate (Ace) is an organophosphate foliar spray in-
secticide of moderate persistence with residual systemic
activity of about 10-15 days. This study was designed to
evaluate the immunotoxic effect of oral subacute
acephate exposure in 125-day old WLH Cockerel chicks
for 28 days. The experimental birds were randomly di-
vided into five groups (C1, C2, T1, T2 and T3), each
comprising 25 birds. The birds of group C1 were given
no treatment and served as control. Group C2 was ad-
ministered groundnut oil (1ml/kg) and served as control
(vehicle). Group T1

 
was given ALD

50/40
 (21.3 mg/kg),

and Group T2 was put on ALD
50/30

 (28.4 mg/kg), while
group T3 received ALD

50/20
 (42.6 mg/kg) of acephate

suspended in groundnut oil. Experimental birds of all
groups were vaccinated with New Castle disease vac-
cine at day 7.

Blood was collected at two-week intervals for evalua-
tion of humoral immune response. Parameters such as
TLC, TP, antibody titre against ND vaccine, DNCB dye
test, and histopathology of immune organs were studied
to evaluate immunotoxicity.

The results were statistically compared (p<0.05) with
the control. Acephate produced decreased humoral im-
mune response in terms of New Castle disease vaccine
antibody titre, total protein, serum globulin, and serum
albumin. Cell mediated immune response was checked

with 1-chloro 2, 4 dinitrobenzene dye dermal sensitization
test, and it did not reveal any significant differences.
Lymphoid organs such as thymus, spleen, bursa, and liver
were weighed during necropsy for calculation of organ
weight: body weight ratio. After 28 days of acephate
exposure, organ:body weight ratios of immune organs
were significantly reduced except liver:body weight ra-
tio on 14 days of exposure, which was increased in all
treatment groups as compared to control groups. His-
topathologically, bursa and spleen showed mild depletion
of lymphocytes. To further identify the specific type of
cell death as apoptotic or necrotic, DNA ladder assay
was performed. DNA fragmentation assay detected lad-
der pattern (180bp) in DNA from hepatocytes and
splenocytes of acephate-treated birds.
It is concluded that acephate is immunotoxic, and exerts
its immunotoxicity through induction of apoptosis and al-
teration of immunological parameters.
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Introduction
The lowered immunocompetence in animals and birds
due to environmental pollutants may lead to increased
susceptibility, occurrence of recurrent infections, epidem-
ics of disease and vaccinal failure. Application of pesti-
cides has become inevitable in agriculture today to aug-
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ment the farming output. However, it is now being real-
ized that the unsystematic and negligent use of pesti-
cides might endanger the disease fighting capabilities of
man and other animals, including poultry.
Organophosphates (OPs) that replaced the use of
organochlorines (OCs) are known for their pesticidal
potency. There are reports confirming their toxic effects
on immune, endocrine and nervous systems. Acephate
is one of the top ten organophosphate insecticides sold
throughout the world. It is a water-soluble insecticide
belonging to the phosphoramidothioate group of organo-
phosphate insecticides, and is considered non-phytotoxic
on many crop plants.1 Since the presence of insecticide
residues in agriculture produce is toxic to both animal
and human health, the present study was conducted to
investigate the effect of repeated (28 day) oral adminis-
tration of acephate on the immune system of male white
leghorn (WLH) cockerel chicks.

Materials and Methods
Experimental Animals
The present study was conducted on one-day old healthy,
male White Leghorn (WLH) chicks. The chicks were
procured and housed in pens at the Central Poultry Re-
search Station, Anand Agricultural University, Anand. The
chicks were provided with ad libitum standard feed and
water, as followed by the research station. Standard pro-
cedures were adopted to keep the birds free from all
stress.

Experimental Design
The birds were randomly divided into five groups (C1,
C2, T1, T2, and T3), each containing 25 birds. Apparent
LD

50
 of acephate (852 mg/kg) was taken into consid-

eration for calculation of different dose groups.2 Birds
were treated with acephate at dose rates of LD

50/40
,

LD
50/30 

and LD
50/20 

in three treatment groups for a pe-
riod of 28 days starting from day 1 of age. Group C1
was given no treatment and served as control. Group C2
was administered groundnut oil and served as vehicle
control. Group T1 was given 1/40th of LD

50
 (21.3 mg/

kg), group T2 was put on 1/30th of LD
50

 (28.4 mg/kg),
and group T3 received 1/20th of LD

50
 (42.6 mg/kg) of

acephate suspended in groundnut oil.

The daily oral administration was continued for 28 days,
and the live weight was recorded at weekly intervals.
On the 7th day of experiment, the birds were vaccinated
with Newcastle disease Lasota strain vaccine (Indovax)

through intra-ocular route. The birds were also vacci-
nated against Marek’s disease (MD) using MD Bivalent
vaccine (Merial) 0.2ml at day old age, and IBD using
Georgia strain - Indovax, at day 14.

Immunological Parameters
After 14 and 28 days of oral administration, the birds
were weighed and blood samples were collected before
final culling of birds, for estimating total leukocyte count
(TLC).3 Blood in glass tubes were kept under refrigera-
tion, to separate serum which was utilized for estimation
of antibody titer against ND by ELISA (using ELISA kit
from Symbiotics Corporation, USA), serum total protein,
and albumin and globulin levels. DNCB dye test for moni-
toring cell mediated immunity was done before 48 hours
of culling of birds after primary sensitization at day 13.
Skin over the left and right lateral abdomen of each bird
was defeathered, aseptically cleaned and 2” x 2” area
was marked with India ink. Primary sensitization was
carried out by intradermal injection of 0.1 ml 0.5% DNCB
dye solution in acetone on day 13 on left side, while on
the right, acetone 0.1 ml was injected. Skin thickness
was measured with Vernier callipers at 0, 24, and 48
hours after challenge. The sensitized birds were chal-
lenged after 14 days, i.e., on day 27 with 0.1 ml of 0.05
% DNCB solution in acetone on left side lateral abdomi-
nal skin, while the right side was injected with acetone.
Reaction was assessed by measuring skin thickness at
0, 24, and 48 hours after challenge. The birds were sac-
rificed after taking body weight, and the weights of liver,
spleen, thymus, and bursa were taken at necropsy for
calculation of organ: body weight ratio. Organ: body
weight ratio was calculated to know the effect of
acephate on over all growth, as well as growth of vari-
ous organs. O: BW ratio was calculated by dividing or-
gan weight with body weight (g).

O: BW = Organ weight (g)/ Body weight (g) X 100

Histopathology
The organs (liver, kidney, spleen, thymus, and bursa) were
then collected in 10% formalin for histopathological ex-
amination. Sections were cut at 6-8 microns thickness,
and were stained with haematoxylin and eosin (H & E)
stain.4

Molecular Detection of Apoptosis by DNA Ladder
Essay
DNA fragmentation assay was carried out for treated
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and control tissues of liver and spleen. The liver and
spleen tissue homogenates were used to detect apoptosis.
Extraction of genomic DNA from tissues was done as
per standard procedure. Briefly, tissues were minced and
incubated overnight at 65ºC in lysis buffer containing
25mM Tris HCl, pH 8.0, 10 mM EDTA, 150 g Protein-
ase K /500 l, 10% SDS to make 2% solution, and 30 g
RNAse/100 l DNA. Each sample was extracted with
a mixture of Phenol:Chloroform:Isoamyl alcohol (25:24:1)
once, and the DNA precipitated with chilled isopropyl
alcohol. The DNA was pelleted by centrifuge at 10000
rpm/25ºC/10min. The DNA was resuspended in Tris
EDTA pH 7.4 and quantified using UV Spectrophotom-
eter at 260 and 280 nm. The DNA having ratio of 1.8
was considered as being of acceptable purity. The con-
centration of DNA was estimated using the following
formula:

Concentration of DNA ng/ l = OD 260 ? 50 ? dilution
factor

The extracted tissue DNA samples were
electrophoresced and compared for their DNA laddering
pattern in 0.8% (w/v) agarose gel containing ethidium
bromide (0.5µg/ml) in 0.5X TBE buffer using horizontal
submarine electrophoresis apparatus.

To confirm the tissue DNA extraction and ladder pattern
in DNA, 5µl of extracted genomic DNA from each treat-
ment and control group was mixed with one µl of 6X gel
loading buffer and electrophoresced at constant 80 V
for 30 min in 0.5X TBE buffer. The electrophoresced
DNA was documented by using gel documentation sys-
tem: Syn Gene (Gene Genius Bio Imaging System, UK).

TBE 5 (5X)
Tris base 54g
Boric acid 27.5g
0.5 M EDTA (pH 8.3) 20 ml
Deionized water up to 1000 ml

Agarose gel loading buffer (6X)
Bromophenol blue 0.25% (w/v)
Xylene cynol FF 0.25% (w/v)
Ficoll 15% (w/v) (Type 400;

Pharmacia)
Dissolved in appropriate volume of Deionized water

Ethidium Bromide 1% used @ 5 µl/100 ml
agarose gel solution.

Statistical Analysis
One-way analysis of variance (ANOVA) was used to
compare the effects of treatment of various doses of
acephate on different biochemical, haematological and
immunological variables in control and treated birds. The
results were presented as mean ± Standard deviation
(SD). Statistical analyses were performed using EXCEL
software to determine the one-way analysis of variance,
and for assessment of statistical significance (ANOVA,
student’s t-test). Differences between means were con-
sidered significant for p<0.05.

Results
The results of immunological study of oral subacute
acephate exposure to day old WLH Cockerel chicks on
TLC (total leukocyte count), protein metabolism, and
organ: body weight ratios are displayed in Tables 1 to 3.
Gross Lesions - The liver was pale in colour and was
friable. It was greasy and easy to cut, and appeared fatty.
At 14 days of acephate treatment, the size of liver was
found to be enlarged in all the treatment groups as com-
pared to those of control groups. Similarly, at 28 days of
treatment also, there was enlargement of liver in T1 and
T2 groups, whereas a marked reduction in size of liver
was observed in T3 group. Further, areas of haemor-
rhages, necrosis, and congestion were noted in the treat-
ment groups, but the severity varied from mild to intense
on the basis of the acephate dose administered. Consist-
ency of spleen was normal in all the groups, but conges-
tion was observed in birds given acephate. Size of spleen
was reduced corresponding to the toxic dose of acephate.
No observable changes were found in the bursa at
necropsy. There was hypotrophy of individual thymic
lobes in the thymus. Size and consistency of kidneys were
normal in all the groups, but marked congestion was ob-
served in the treatment groups at necropsy.

Histopathological Findings - The changes were mainly
noticed in the group T3. Microscopic alterations were
observed in almost all the collected organs of acephate
treated birds except in the thymus. Sinusoidal conges-
tion and parenchymatous degeneration of hepatic cells
and fibrosis in hepatic portal areas were observed in liver.
Spleen showed congestion and severe lymphoid deple-
tion. There was severe atrophy of bursal follicles and
fibrosis in the interfollicular areas in the bursa of
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birds sacrificed on 29th day. However, no changes could
be observed in the thymus.

Discussion
As the immune system is one of the most sensitive tar-
gets of pesticides owing to continuous proliferation and
differentiation, and as the study was conducted on day-
old WLH cockerels, these chicks were more susceptible
to toxicity on the immune system, as the lymphoid or-
gans were in the growing phase.

Different non-functional (serum total protein, serum to-
tal albumin, serum total globulin and organ: body weight
ratio), and functional (ELISA and DNCB) immunologi-
cal parameters were studied after 14 and 28 days of oral
subacute acephate exposure in these chicks.

TLC was done to see the effect of acephate on
leukopoietic organs. ND antibody titres were measured
to see the effect of acephate on development of humoral
immunity, while DTH was evaluated by DNCB dye test
to monitor development of cell-mediated immunity. Or-
gan: body wt. ratio of immune organs was calculated
after taking the body weight of immune organs at
necropsy. The collected organs, namely liver, spleen, bursa,
thymus, and kidney were also used for observing his-
topathological changes in these organs.

TLC - The administration of acephate did not generate
any significant change in the Total Leukocyte Count in
WLH cockerels after 14 and 28 days of oral administra-
tion of acephate, but at both 14 and 28 days of exposure,
there was a non-significant reduction in TLC in the birds
of treatment group, whereas no effect was observed on
birds of control group (Table 1).

Toxin exposure causes a specific immunologic imbalance
unseen by other causative agents, including a general
decrease in cell-mediated immunity (CMI), and an in-
crease in humoral immune response.5,6

In the present study, antibody titres against ND vaccine
were measured by enzyme linked immunosorbent assay
(ELISA) to monitor humoral immune response, and
DNCB dye test was done to monitor cell-mediated im-
munity in the birds, previously vaccinated at 7 days of
age with Lassota strain ND vaccine. The results indi-
cated no significant change in antibody titres against ND
vaccine at 14 days exposure, except an increased anti-
body titre in the group T1 (21.3 mg/kg body weight).
However, there was significant reduction in antibody ti-
tres against ND vaccine at 28 days exposure. Similarly,
a reduction of antibody titres was observed in rats in the
6-7 weeks of an immunization procedure that commenced
either one day before, or one day after an oral dose of
half of the LD50 of parathion.7 Most organophosphorous
pesticides elicit autoimmune reactions and suppress the
production of antibodies against vaccines.8

Elevation of humoral immunity often results in produc-
tion of antibodies to various tissues,9 and is also seen in
exposure to chlorinated pesticides.10

Rishi and Garg (1993) observed a stimulatory effect on
total antibody titre at low doses of malathion in chicks;
however, immunosuppression was observed at higher
dose level.11

Various groups of pesticides have been found to cause
an immunosuppressive effect in birds. Suppression of
humoral immune response was observed by
chlorpyriphos,12 quinalphos,13 lindane,14 and
alphamethrin15 in chickens.

Table 1 Effect of Daily Oral Administration of Acephate on Total Leukocyte Count (no./cmm) in WLH Birds

Groups TLC (MEAN±S.E.)

14 day 28 day

Group C1 (Control) 15750.00a± 946.485 15678.33a± 959.408
Group C2 (Vehicle Control) 15854.50a±1087.170 15833.33a± 1301.708
Group T1 (LD50/40) 15733.33a±437.163 15399.50a± 524.811
Group T2 (LD50/30) 15483.33a±416.667 15278.33a± 640.096
Group T3 (LD50/20) 15350.00a±963.933 15066.67a± 517.472

Values indicate Mean ± S.E. (figures in brackets indicate ‘n’)
Means having different superscripts at a particular period of treatment differ significantly (P<0.05)
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In general, low level of organophosphorous pesticide
exposure appears to have a stimulatory effect, while
higher level of exposure depresses immune functions.16

The exact mechanism by which immunosupression oc-
curs is in many cases not clear.

In this study there was no significant difference in in-
crease in dermal thickness, i.e., DTH response to DNCB
dye between control and treatment groups on day 14
and day 28 on left and right sides after 24 hrs and 48 hrs
of sensitization. The comparison of increase in thickness
of left side (injected with dye) and right side (injected
with vehicle) showed that there was more increase in
thickness on left side as compared to that of the right.
This result suggests that acephate may be non-toxic with
regard to cell-mediated immune response at dose rates
administered in this study. Similarly, quinalphos in mice
and monocrotophos in goats did not cause suppression
of CMI as tested by DNFB dye test.17 Lack of statisti-
cally significant effect of aldicarb on immune system was
observed when mice received water containing aldicarb
for 34 days, while chlorpyriphos,12 butachlor,18

fenvalerate,19 quinalphos,14 cypermethrin,20 and
alphamethrin,15 cause suppression of CMI in chickens.
Suppression of CMI in lambs was observed on exposure
to monocrotophos,21 fenvalerate,20 and carbofuran.22

Chahal, (1995) studied the toxicological effect of
fenvalerate in buffalo calves, and reported suppression
of cell-mediated immunity on  dermal spray of
fenvalerate.23

Koller et al., (1976) observed no significant alteration of
primary and secondary immune response in mice by feed-
ing leptophos up to concentration of 500 ppm for 12
weeks.24 Similarly, triphenyl phosphate (TPP), a poten-

tial feed contaminant in the diet did not produce signifi-
cant effect on immune response.25

In the present study, after exposure to acephate, the se-
rum total proteins, serum total albumin, and serum total
globulin were found significantly decreased (Table 2),
as compared to control, indicating significant damage to
vital organs and interference with protein metabolism.
Similarly, decreased level of serum proteins has been
noted in white leghorn birds with subacute oral adminis-
tration of acephate for 28 days in other studies.26,27 A
decrease in serum total proteins and albumin has also
been observed due to exposure of different insecticides
in birds,28 whereas no effect on serum albumin was ob-
served due to cypermethrin in chicken.29 Serum globu-
lins were found to be decreased due to feeding of
endosulfan and quinalphos in chicks,30 and lindane and
monocrotophos in lambs.21

The fall in total serum protein could be due to the
stressogenic effect of acephate, or general toxic action
that also leads to decrease in weight gain in the insecti-
cide-treated birds. Reduction in total serum protein has
also been reported in cockerels following prolonged feed-
ing of fenvalerate-medicated ration at the rate of 4000
ppm.31 Serum globulin level was decreased in all treated
groups following feeding of broiler chicks with 20-ppm
fenvalerate, 2 ppm monocrotophos, and 2 ppm
endosulfan.13

In the present study, organ: body wt. ratios of immune
organs were calculated after taking the body weight of
immune organs at necropsy. The weight and gross mor-
phology of lymphoid organs were the first parameters

Table 2 Effect of Daily Oral Administration of Acephate on Serum Protein, Albumin & Globulin in WLH Birds

Groups Serum Total Protein (MEAN±S.E.) Serum Albumin  (MEAN ±S.E.) Serum Globulin  (MEAN ±S.E.)

14 day 28 day 14day 28 day 14day 28 day

Group C1 (Control) 2.83b,c±0.21 3.13b± 0.32 1.39b,c±0.10 1.15b,c±0.09 1.45a±0.21 1.98a±0.33
Group C2 3.06c±0.13 3.15b±0.40 1.46c±0.02 1.18c±0.06 1.61a±0.13 1.97a±0.43
(Vehicle Control)
Group T1 (LD50/40) 2.48a,b±0.20 2.21a±0.15 1.20a,b±0.08 0.98a±0.05 1.28a±0.24 1.24a±010
Group T2 (LD50/30) 2.17a±0.19 2.25a±0.12 1.19a,b±0.09 0.94a±0.06 0.98a±0.23 1.38a±0.13
Group T3 (LD50/20) 2.08a±0.18 2.06a±0.11 1.13a±0.02 0.91a±0.05 0.94a±0.19 1.16a±0.14

Values indicate Mean ± S.E. (figures in brackets indicate ‘n’)
Means having different superscripts at a particular period of treatment differ significantly (P<0.05)
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studied in assessing toxicity, as the response to injury is
often expressed as changes in tissue or organ weight,
size, colour, and gross appearance. These observations
were combined with leukocyte counts, studies of differ-
entiation, and the results of histopathological evaluations
of lymphoid organs and tissues. After 14 days of acephate
treatment, the liver to body weight ratio increased in all
treatment groups compared to control groups. However,
the ratio at 28 days of acephate exposure increased in
T1 and T2 groups, whereas a significant reduction was
recorded in T3 group (Table 3). A similar increase in
liver: body wt. ratio has been observed due to malathion
treatment in mice,32 and PCB in mice.33 This trend of
increase and decrease in various treatment groups could
be substantiated on the basis of the principle that there
will be acute inflammatory reactions which lead to in-
crease of weight and size of organ critically, followed by
reduction in both, particularly in group T3, which might
be due to the toxic effect of acephate during its metabo-
lism in the liver as evidenced by histopathological changes
in the hepatic parenchyma. The exact route of exposure
also affects the organ weight at necropsy. In one study,
significant depression in liver weight was found at all
oral exposure levels of carbaryl, while dermal exposure
revealed no significant change.34

In the present study, no significant change in spleen: body
weight ratio was noted on 14 days of acephate expo-
sure, however there was significant decrease in spleen:
body wt. ratio on 28 days of acephate exposure (Table
3). Similar reduction in spleen: body wt. ratio has been
observed following cypermethrin, 29 carbaryl,35

carbofuran,36 and chlorpyriphos12 exposures in broiler
chickens. A decrease in spleen: body weight ratio at the
highest dose suggests that acephate might be

immunotoxic at higher doses. Decrease in spleen: body
wt. ratio was supported by histopathological observations
indicating depletion of lymphocytes in individual splenic
follicles.

There was significant reduction in bursa: body weight
ratio observed after 14 and 28 days of acephate expo-
sure (Table 3). Similar results have been observed by
various earlier workers following exposure to
cypermethrin,29 carbaryl ,35 carbofuran, 36 and
chlorpyriphos12 in broiler chickens.  Rupture of bursal
follicles and reduction in follicular density are suggestive
of decreased bursa weight due to acephate toxicity on
lymphoid organs. Decrease in bursa: body weight ratio
was supported by gross and histopathological observa-
tions.

A dose dependent reduction in thymus: body weight ratio
was also observed in this study. However, there was more
significant reduction in thymus: body weight ratio in T3
group as compared to control groups (Table 3). A simi-
lar decrease in thymus: body weight ratio has been ob-
served due to exposure to PCB,33 and carbofuran36 in
broiler chickens. The significant reduction in thymus: body
wt. ratio might be due to the immunotoxic effects of su-
bacute acephate exposure at higher dose levels. Since in
the case of cockerels, the postnatal growth of thymus
occurs up to 8th week, only negligible histopathological
changes could be observed, which can be substantiated
on the basis of compensatory mechanism of growing tis-
sues. The decrease in thymus: body wt. ratio was also
supported by gross pathological observations, which
showed hypotrophy of individual thymic lobes, but the
histopathological examintaion did not show any decrease
in lymphocyte populations.

Table 3 Effect of Daily Oral Administration of Acephate on Organ:Body wt Ratio of Immune Organs in WLH Birds

Groups Liver: Body wt ratio Spleen: Body wt ratio Bursa: Body wt ratio Thymus: Body wt ratio

14-day 28-day 14-day 28-day 14-day 28-day 14-day 28-day

Group C1 (Control) 3.03a±0.09 3.13b±0.14 0.13a,b±0.01 0.21b±0.01 0.63b±0.02 0.57b±0.06 0.25a,b±0.01 0.28b±0.03
Group C2 (Vehicle 3.03a±0.10 3.06b±0.14 0.14a,b±0.01 0.21b±0.01 0.64b±0.05 0.66b±0.05 0.29b±0.03 0.29b±0.04
Control)
Group T1 (LD50/40) 3.32a±0.11 4.55c±0.28 0.19b±0.05 0.16a±0.02 0.58b±0.07 0.54b±0.06 0.23a,b±0.03 0.21a,b±0.06
Group T2 (LD50/30) 3.26a±0.08 4.31c±0.27 0.14a,b±0.01 0.15a±0.01 0.57b±0.01 0.30a±0.03 0.21a±0.01 0.20a,b±0.04
 Group T3 (LD50/20) 3.31a±0.10 2.04a±0.28 0.10a±0.01 0.15a±0.02 0.43a±0.04 0.27a±0.05 0.20a±0.02 0.13a±0.01

Values indicate Mean ± S.E. (figures in brackets indicate ‘n’)
Means having different superscripts at a particular period of treatment differ significantly (P?0.05)
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Histopathological studies were made to evaluate the ex-
tent of immunotoxicity caused by acephate at the admin-
istered doses from organs such as liver, spleen, thymus,
and bursa of Fabricius. Microscopic changes were ob-
served in almost all the organs collected. Severity of
microscopic lesions in different organs and different
groups of birds given acephate was in accordance with
the dose given. Severity of lesions was more in the group
given the highest dose of acephate (Group T3:

 
42.6 mg/

kg body weight). The nature of histopathological lesions
observed in different organs in various dose groups are
listed below.

Liver changes comprised mild to severe congestion, haem-
orrhages, parenchymatous degeneration of hepatic cells,
and fibrosis in hepatic portal areas. These lesions may
be attributed to decomposition and metabolism of
acephate to methamidophos in liver. Liver being the or-
gan of biotransformation of majority of the compounds,
most prominent lesions such as congestion, vacuolar de-
generation, accumulation of fat in centrilobular area, fo-
cal to extensive necrosis, hyperplasia of kupffer cells and
dilation of sinusoids could be observed. Similar nature of
lesions was also reported by earlier workers.35,37-40

In the present study, no significant gross changes were
observed in immune organs such as bursa and thymus,
while spleen showed minor lesions in the form of pale-
ness and reduction in size in some of the birds of T3
group. Histopathological examination of bursa of Fabricius
showed mild to moderate depletion of lymphocytes, and
mild interfollicular fibroblastic proliferation. Spleen
showed severe depletion of lymphocytes, while thymus
did not reveal any histopathological lesions. The lesions
were principally observed in the highest treatment groups,
and indicated that higher doses may produce significant
signs of toxicity in spleen and thymus.

Similar depletion of lymphocytes in focal areas in bursa
of Fabricius and spleen have been observed by Khurana
et al (1996a) in broiler chicks.29 Cha et al (2000) ob-
served depletion of spleen lymphocytes in the
periarteriolar lymphoid sheath and marginal zone in white
pulp.41 Fibroblastic proliferation in the bursa of Fabricius
was observed by feeding butachlor to birds for 6 months.42

However, no changes could be traced in the thymus. Some
workers failed to demonstrate any histopathological
changes following feeding of famphur43 and aldicarb44

in rats. It could be due to low doses, or short duration of
exposure.

The immune system plays a central role in the mainte-
nance of an organism’s health; the interaction of
xenobiotics with various components of the immune sys-
tem has become an area of profound interest. Suppres-
sion of immune responses by certain pesticides has been
suggested to be the basis of increased allergy, hypersen-
sitivity and malignancy. Therefore, there is an urgent need
to obtain more information regarding the manner in which
pesticides cause immunotoxicity.

In this study, to further identify the specific type of cell
death as apoptotic or necrotic, DNA ladder assay was
performed. DNA fragmentation assay detected ladder
pattern (180bp) in DNA from hepatocytes and
splenocytes of the birds in the treatment groups as com-
pared to control group. Thus, the appearance of DNA
ladder confirmed the apoptotic death induced by acephate
in avian hepatocytes and splenocytes. DNA fragmenta-
tion is one of the well known features of apoptosis. The
DNA Ladder assay is based upon the principle that dur-
ing apoptosis, cellular nuclear DNA is non-randomly
cleaved into 180-200 base pair units. When run on an
agarose gel, this DNA ladder can be detected, and is an
indicator of apoptotic cells. DNA fragmentation has been
suggested to be one of the first irreversible events to
trigger mature immune cell apoptosis.

Thus based on these findings, it can be concluded that
acephate is immunotoxic, and induction of apoptosis is
one of the ways by which it executes immunotoxicity.
The consistency in results from all experiments strength-
ens the claim that this pesticide induces apoptosis and
causes immunotoxicity. There is no assay that can con-
clusively detect and measure immunosupression and
apoptosis or necrosis in cells. Therefore, it is important
to examine multiple parameters, as done in this study,
before drawing conclusions, particularly since apoptosis
is a very rapid event and it is also likely that both modes
of cell death occur simultaneously.45

The results indicated that acephate was found to be
immumnotoxic at the dose level tested. As immune sys-
tem is one of the most sensitive targets of pesticides owing
to continuous proliferation and differentiation, acephate
could be considered as immunotoxic at this exposure level
as it was found to be immunotoxic.
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