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ABSTRACT

To evaluate immunotoxicological effects of environmental chemical, subacute toxicity of repeated (28 day) oral 
administration of acephate (Ace) in BALB/c mice was assessed. Thirty two (sixteen male and sixteen female) mice 
were divided into four different groups with each group containing eight (four male and four female) mice. Mice 
of Group C1 were administered normal saline only and served as control. Group T1 was given 1/40th of apparent 
LD50 (ALD50) (8.78 mg/kg), and group T2 was put on 1/30th of ALD50 [11.7 mg/kg], while group T3 received 1/20th of 
ALD50 [17.55 mg/kg] of Ace suspended in normal saline. The blood samples were collected from mice after 28 days 
of oral administration and analyzed for hematological, biochemical, and immunological parameters. The study 
showed that hematological parameters (monocytes and granulocytes) remained unaffected except total leukocyte 
count and lymphocyte which were decreased highly significantly [P≤0.01] in mice of group T3 on the 28th day of 
experiment. Serum total protein (TP) and serum globulin decreased significantly in mice of treatment groups dose 
dependently; however, no significant change was seen in serum albumin. Progressive increase in live body weight of 
mice decreased significantly in extremely toxic group only while spleen:body weight ratio decreased significantly in 
dose-dependent manner. Furthermore, Ace produced suppressed humoral immune response and the delayed-type 
hypersensitivity response to Sheep red blood cells (SRBCs) was altered nonsignificantly. The results of this study 
describe the suppression of immune responses following exposure to Ace at low concentrations in experimental mice.
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greenhouses and outdoors (including lawns, turf, and 
cut flowers); and in and around the home. Acephate 
(Ace) was first registered in 1973 for ornamental uses 
and in 1974 for food uses (agricultural crops). Target 
pests include: Armyworms, aphids, beetles, bollworms, 
borers, budworms, cankerworms, crickets, cutworms, 
fire ants, fleas, grasshoppers, leafhoppers, loopers, 
mealybugs, mites, moths, roaches, spiders, thrips, wasps, 
weevils, and whiteflies. The toxicity of Ace is attributed 
to its bioactivation to methamidophos and has weak 
cholinesterase inhibitor action in non-target animals.[1]

Most of the studies on toxicity of pesticides have been 
focused on enzyme alterations, gross pathological effects, 
mutagenic, and carcinogenic potential of these agents. In 
recent years, the effect of pesticides on immune response 
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INTRODUCTION

Acephate (O, S-Dimethyl acetylphosphoramidothioate) 
is among the top ten organophosphate insecticides sold 
throughout the world and currently registered for use 
on a variety of field, fruit, and vegetable crops; in food 
handling establishments; on ornamental plants both in 
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has received attention. Many pesticide chemicals such as 
pyrethroids, organophosphate compounds [OPC], and 
organochlorines are known to cause suppression of the 
immune system. Immunosuppression leads to increased 
susceptibility to infectious diseases and decreased immune 
response to vaccination. Therefore, this study was 
conducted to investigate the effect of repeated (28 day) oral 
administration of Ace on hemato-immunological profiles 
in BALB/c mice.

MATERIALS AND METHODS

Experimental animals
This study was conducted on 6–8-week-old healthy BALB/c 
mice. The mice were procured from Cadila Pharmaceuticals, 
Dholka and kept in cages at Laboratory animal house, 
Veterinary College, Anand Agricultural University, Anand, 
Gujarat. The mice were provided with standard pelleted 
feed and water ad libitum.

Chemicals
Technical grade Ace [97.3% purity] used in this study was 
procured from Meghmani Industries Agro chemical, R and 
D Chemist Ahmedabad, India.

Experimental design
Mice were acclimatized for a period of 1 week before the 
start of oral dosing with Ace. All the mice were randomly 
divided into four groups [C1, T1, T2, and T3], with each 
group containing eight mice-four male and four female. 
Apparent oral LD50 [ALD50] of Ace 351 mg/kg was taken 
into consideration for calculation of different dose in the 
groups.[2] Mice were treated with Ace at dose rate of 1/40th 
LD50/40, 1/30th of LD50/30, and 1/20th of LD50/20 in 
three treatment groups for a period of 28 days. The group 
C1 was administered normal saline and served as control. 
Group T1 was given as 1/40th of LD50 [8.78 mg/kg], 
group T2 was put on 1/30th of LD50 [11.70 mg/kg] and 
group T3 received 1/20th of LD50 [17.55 mg/kg] of Ace 
suspended in normal saline. Acephate in normal saline 
were administered directly in esophagus by using mice oral 
feeding needle with 1 mL BD syringe.

The daily oral administration was continued for 28 days 
and the live weight was recorded prior to treatment and at 
weekly intervals and mice were observed for any toxicity 
symptoms during the entire period of experiment.

Hematobiochemical estimation
After 28 days of oral administration, the mice were 
weighed and blood samples were collected from retrorbital 
plexus under ether anesthesia before final culling of mice 
for estimating hematological parameters namely total 

leukocyte count [TLC] and differential leukocyte count 
[DLC e.g., monocytes, granulocytes, and lymphocyte], 
and biochemical parameters, namely, total protein, serum 
globulin and serum albumin using standard kits (Merck 
System).

Immunological evaluation
Animals were immunized by injecting 0.2 mL of 5×109 
SRBC suspensions intraperitoneally, 7 days prior to sacrifice 
the experimental animals.

Assessment of humoral immune response 
(antibody titer)
Serum was separated from blood to determine the 
antibody titer by the hemagglutination test. Antibody 
titer was carried out as described by Puri et al.,[3] in 
briefly, twofold dilution of test serum was made in 
0.15 M phosphate buffer saline (PBS) and aliquoted 
in “U” bottomed microtiter plates. One percent SRBC 
suspended in PBS was dispended in each well and mixed 
thoroughly. The plates were incubated for 4 h at 37°C and 
then observed visually for hemagglutination. The highest 
dilution of the test serum giving hemagglutination was 
taken as antibody titer.

Assessment of cell-mediated immune response
Cell-mediated immune response was assessed as described 
by Lagrange et al.,[4] in briefly, all the animals under 
various groups were immunized by injecting 20 μL of 
5×109 SRBC per mL subcutaneously into the right 
footpad on 19th day of treatment. Thickness of left footpad 
was measured using Vernier calipers on the 26th day of 
treatment. The mice were then challenged by injecting 
20 μL of 5×109 SRBC per mL intradermally on the left 
hind foot pad (time 0). Foot pad thickness was measured 
after 24 and 48 h of challenge. The difference between 
the thickness of left foot just before and after challenge 
in millimeter was taken as a measure of delayed type 
hypersensitivity (DTH).

Mice were sacrificed after taking body wt. and the weight of 
Spleen and Thymus were taken at necropsy for calculation 
of organ:body wt. ratio. O:BW ratio was calculated by 
dividing organ weight with body weight [g]

O:BW=Organ weight [g]/Body weight [g]×100

Statistical analysis
One-way-analysis of variance (ANOVA) was used to 
compare the effects of treatment of various doses of Ace on 
different biochemical, hematological, and immunological 
variables in control and treated mice. Differences between 
means were considered significant for P<0.05 and highly 
significant for P<0.01.[5]
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The decrease in live body weight of mice gives an indication 
of stress due to given doses of Ace.

Significant reductions were obtained in TLC values in mice 
of treatment group T3 that had received Ace at highest 
concentration [Table 2]. Besides, there were nonsignificant 
decrease in granulocytes count and monocytes count after 
28 days oral administration in comparison to control group 
[Table 2]. The significant reduction in TLC suggests that 
Ace at high concentration has immunotoxic potential and 
might suppress leucopoiesis.

Estimates of total serum proteins and the albumin/
globulin ratio may give useful information about the liver 
and lymphocyte function. There was significant decrease 
in serum total protein and serum globulin in the mice of 
high-dose Ace-treated group [T3] whereas nonsignificant 
decrease was observed on the medium- [T2] and low-
dose group [T1] as compared to the control group [C1]. 
Acephate treated mice at different doses showed a 
nonsignificant decrease in the serum albumin level after 
28 days oral administration in comparison to the control 
group [Table 3]. Similarly, the 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.[6] The fall in total serum protein 
and serum globulin could be due to the stressogenic effect 
of Ace, or general toxic action that also leads to decrease 
in weight gain in the insecticides treated mice.

The weight and gross morphology of lymphoid organs 
are the first parameters studied in assessing toxicity, as the 
response to injury is often expressed as changes in tissue 
or organ weight, size, color, and gross appearance. There 
was significant decrease in the spleen:body weight ratio 
in the mice of the high-dose Ace-treated group [T3] in 

RESULTS AND DISCUSSION

This study was conducted to see the effect of various doses of 
Ace on the hematobiochemical and immunological profile 
of BALB/c mice. An approximate LD50 of Ace, that is, 
351 mg/kg b. wt. in mice, was taken into consideration for 
the calculation of doses of Ace to be administered to mice. [2] 
The effect of administration of Ace at the rate of 1/40th of 
LD50 [8.78 mg/kg b. wt.], 1/30th of LD50 [11.70 mg/
kg b. wt.] and 1/20th of LD50 [17.55 mg/kg b. wt.] once 
daily for 28 days on body weight, hematological parameters, 
protein metabolism, and immunological functions have 
been investigated in the present study. TP, total albumin 
and total globulin were measured to see the effect of Ace 
on protein metabolism, and organ: body weight ratio of 
immune organs, serum antibody titer, and skin thickness 
were measured for monitoring the immunological function.

There were no apparent clinical signs of toxicity at all dose 
level tested up to 14 days of experiment. After second 
week, clinical symptoms were observed in the mice of 
high-dose Ace-treated group, that is, T3 [17.55 mg/kg]. 
The most common signs were sudden onset of depression, 
reduced feed intake, dullness, and rough hair coat in high-
dose Ace-treated mice. While in medium-dose Ace-treated 
group [T2, 11.70 mg/kg body weight] animals were dull 
and depressed. Mice of control group [C1] and low-dose 
Ace-treated group [T1] did not show any visible clinical 
signs of toxicity.

After 14 days, Ace-treated mice at different doses showed 
a nonsignificant dose-related decrease in the live body 
weight gain as compared to control group [C1]. At 21st 
and 28th day of experiment, progressive increase in live body 
weight was significantly reduced in the mice of group T3 
[Table 1] that had received Ace at highest concentration. 

Table 1: Effect of daily oral administration of acephate on progressive increase in live body weight of 
BALB/c mice
Group Live body weight (gm)

0 day 7 day 14 day 21 day 28 day
Group C1 (control) 32.788 ± 0.700 33.263 ± 0.583 34.050 ± 0.578 34.400 ± 0.555 34.63 ± 0.386
Group T1 (LD50/40) 33.900 ± 0.593 33.588 ± 0.518 34.363 ± 0.566 34.075 ± 0.468 33.90 ± 0.397
Group T2 (LD50/30) 33.550 ± 0.447 33.813 ± 0.878 33.000 ± 0.385 33.012 ± 0.337 32.55 ± 0.583
Group T3 (LD50/20) 33.588 ± 0.563 33.663 ± 0.566 33.050 ± 0.492 32.588 ± 0.372* 32.20 ± 0.515*

Values indicate mean ± S.E. The means having asterisk (*) superscripts at a particular period of treatment differs significantly (P≤0.05). Note: N=8; *P≤0.05

Table 2: Effect of daily oral administration of acephate on hematological parameter of BALB/c mice
Group TLC (×103/μL) Lymphocytes (×103/μL) Granulocytes (×103/μL) Monocytes (×103/] L)
Group C1 (control) 11.050 ± 0.32 5.650 ± 0.11 3.46 ± 0.210 2.000 ± 0.21
Group T1 (LD50/40) 10.912 ± 0.20 5.550 ± 0.17 3.41 ± 0.172 1.700 ± 0.20
Group T2 (LD50/30) 10.475 ± 0.56 5.263 ± 0.39 3.30 ± 0.134 1.913 ± 0.22
Group T3 (LD50/20) 09.725 ± 0.28** 4.900 ± 0.10* 3.24 ± 0. 210 1.550 ± 0.14

Values indicate mean ± S.E. The means having asterisk (*) and (**) superscripts differ significantly (P≤0.05) and highly significantly (P≤0.01), respectively at a 
particular period of treatment. Note: N=8; *P≤0.05; **P≤0.01
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comparison to control group; however, a nonsignificant 
effect was observed in medium- and low-dose groups. 
Nonsignificant reduction in the thymus:body weight 
ratio was observed in the mice of treatment groups [T1, 
T2, and T3] as compared to the control group [Table  3]. 
A decrease in spleen:body wt. ratio suggests that Ace 
might be immunotoxic at higher doses used in this study 
[Table 3]. This reduction in organ:body weight ratio of 
immune organs suggests that there might be some toxic 
effects on immune system of mice after their exposure to 
Ace at higher concentrations.

In this study, nonsignificant effect of Ace on serum antibody 
against SRBC was observed in the mice of all groups except 
the high-dose Ace-treated group [T3] in which significant 
decrease in antibody titer against SRBC was noted [Table 4]. 
Similarly, significant suppression of the humoral immune 
response was reported following administration of malathion, 
endosulfan and chlordimeform in mice.[7] This result led to 
immunosuppression at higher concentrations of Ace.

Nonsignificant increase in paw skin thickness in response 
to SRBC was observed in mice of treatment groups after 
24 and 48 h of challenge as compared to control group. 
Similarly, leptophos, quinalphos, triphenyl phosphate 
[TPP], and aldicarb in mice[8] did not cause suppression of 
CMI. On the contrary, suppression of CMI was reported 
after exposure to Atrazine in rats.[9] This suggests that Ace 
may be nontoxic or marginally toxic in regards to cell-
mediated immune response at dose rate administered in 
this study.

In conclusion, Acephate seems to be toxic for immune 
systems in BALB/c mice at the dose administered. Dose-
dependent reduction in progressive increase in live body 

Table 4: Effect of daily oral administration of acephate on antibody titer and skin thickness (cell-
mediated immunity) of BALB/c mice
Group Antibody 

titer
Skin thickness

0 h 24 h 48 h
Group C1 (control) 320 ± 64.00 0.2850 ± 0.0105 0.3388 ± 0.0100 0.3225 ± 0.0036
Group T1 (LD50/40) 208 ± 102.45 0.2700 ± 0.0108 0.3400 ± 0.0037 0.3063 ± 0.0129
Group T2 (LD50/30) 80 ± 16.00 0.2688 ± 0.0106 0.3325 ± 0.0045 0.3075 ± 0.0055
Group T3 (LD50/20) 64 ± 22.62* 0.2588 ± 0.0114 0.3250 ± 0.0026 0.3112 ± 0.0047

Values indicate mean ± S.E. The means having star mark (*) superscripts at a particular period of treatment differs significantly (P≤0.05). Note: N=8; *P≤0.05

weight of mice suggests stressogenic effect of Ace. The 
reduction in organ: body weight ratio and serum protein 
indicative of degenerative changes in spleen and thymus. 
Besides, Acephate caused leukocytopenia and lymphopenia 
at the dose of 17.55 mg/kg/day.
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