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Abstract

Organophosphate (OP) pesticides such as dimethoate and malathion intoxication has been shown to produce oxidative stress due ftc
generation of free radicals and alter the antioxidant defense system in erythrocytes. It is possible that vitamin E being present at the c
membrane site may prevent OP-induced oxidative damage. In the present study, rats were pretreated orally with vitamin E (250 mg/kg bo
wt, twice a week for 6 weeks) prior to oral administration of a single low dose of dimethoate and/or malathion (0.9J%TrhP result
showed that treatment with OP increased lipid peroxidation (LPO) in erythrocytes, however, vitamin E pretreated rats administered OP
showed decreased LPO in erythrocytes. The increase in the activities of superoxide dismutase (SOD) and catalase (CAT) and total-
content in erythrocytes from dimethoate and/or malathion treated rats as compared to control appears to be a response towards incre:
oxidative stress. Vitamin E pretreated animals administered OP’s showed a lowering in these parameters as compared to OP treated
which indicates that vitamin E provide protection against OP-induced oxidative stress. The glutathione-S-transferase (GST) activity i
erythrocytes was inhibited in OP intoxicated rats which partially recovered in vitamin E pretreated animals administered OP’s. Inhibitior
in erythrocyte and serum acetylcholinesterase (AChE) activity was not relieved in vitamin E pretreated rats administered OP’s probably di
to the competitive nature of enzyme inhibition by OP’s. The results show that vitamin E may amelierate OP-induced oxidative stress b
decreasing LPO and altering antioxidant defense system in erthrocytes. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction LPO in chicken [3] and in mice [4]. As some of the OP’s
may be present in blood of exposed humans and animals, it
Pesticides are occasionally used indiscriminately in large may produce oxidative stress in erythrocytes. The antioxi-
amounts causing environmental pollution and therefore, aredant enzymes such as superoxide dismutase (SOD), catalase
a cause of concern. Residual amounts of organochlorines(CAT) as well as total-SH content in erythrocytes, however,
(OC) and organophosphate (OP) pesticides have been demay neutralize the oxidative stress. Vitamin E, a constituent
tected in the soil, water bodies, vegetables, grains and otherof plasma membrane, is an effective antioxidant and as it is
foods products [1]. OP are known to cause inhibition of present at the site of free radical generation, it may neutral-
acetylcholinesterase (AChE) activity in the target tissues [2] ize the toxic effects of reactive oxygen species (ROS). The
which accumulates acetylcholine and prevents the smoothrats were thus, pretreated with vitamin E, prior to di-
transmission of nerve functions leading to convulsions and methoate and/or malathion intoxication in order to show
death. However, low intakes of OP’s through food and whether vitamin E prevents OP-induced oxidative stress in
water may not show clear symptoms of OP intoxication erythrocytes.
such as convulsions but it may show mild inhibition of
AChE activity in erythrocytes and tissues. Recent studies
indicate that dimethoate intoxication produce oxidative 2. Materials and methods
stress by the generation of free radicals and induce hepatic
Male Wistar rats weighing 150—-180 g were housed in
polypropylene cages under standard conditions with free
* Corresponding author. Fax:0091-731-470372. access to drinking water and basal diet. Rats were selected
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animals were regularly weighed. The animals were ran- the method of Dacie and Lewis [13]. The protein content
domly divided into eight groups each comprising of six was determined by the method of Lowry et al. [14]. The
animals. The rats were administered orally 0.2 ml. di- statistical analysis was performed by one way analysis of
methoate and/or malathion (0.01% LJpas a single dose variance (ANOVA) followed by Tukey multiple compari-

in 1 ml groundnut oil as vehicle. Groundnut oil was admin- son procedure to calculate the significane< 0.05 was
istered to control rats and its feeding showed no affect on considered significant.

the study. LR, for dimethoate and malathion are 300

mg/kg body wt and 1350 mg/kg body wt respectively [5].

The dose of diamethoate and malathion administered to rats3- Results

was 0.03 mg/kg body wt. and 0.13 mg/kg body wt. respec-
tively. The doses were selected to provide low level of
pesticide intoxication. Some of the animals were pretreated
orally with vitamin E -tocopherol acetate) at a dose of 250
mg/kg body wt., twice a week, up to 6 weeks and were then
orally administered dimethoate and/or malathion at the
above mentioned doses. Basal diet was pellet feed and wa
not loaded with vitamin E. Vitamin E dose was adminis-
tered to provide higher levels of vitamin E in the erythro-
cytes. The animals were killed by decapitation after day 3 of
dimethoate and/or malathion treatment. Blood was collected
by cardiac puncture in vials containing citrate (2%). The
blood was centrifuged and the erythrocytes were washed
twice with 0.1 M phosphate buffered saline (PBS, 1:9), pH
7.4. Erythrocyte lysate was prepared according to the
method of McCord and Fridovich [6] for the assay of
antioxidant enzymes.

3.1. Lipid peroxidation in erythrocytes

Vitamin E treated rats (group 2) showed erythrocyte
LPO comparable to control (Table 1). Treatment with di-
methoate and/or malathion (group 3, 5 and 7) showed in-
é:reased LPO in erythrocytes, as compared to control. Vita-
min E pretreated rats administered dimethoate and/or
malathion (group 4, 6 and 8) showed significant decrease in
erythrocyte LPO as compared to rats administered di-
methoate and/or malathion without vitamin E pretreatment
(group 3, 5 and 7).

3.2. Superoxide dismutase activity in erythrocytes

SOD activity in vitamin E treated rats (group 2) was
comparable to control (Table 1). Treatment with dimethoate
and/or malathion (group 3, 5 and 7) showed increased ac-
tivity of SOD in erythrocytes as compared to control. Vita-
min E pretreated rats administered dimethoate and/or mal-
athion (group 4, 6 and 8) showed significant decrease in
erythrocyte SOD activity as compared to group 3, 5 and 7
respectively.

2.1. Lipid peroxidation in erythrocytes

LPO in erythrocytes was estimated by the thiobarbituric
acid (TBA) reaction with malonyldialdehyde (MDA), a
product formed due to peroxidation of lipids by the method
of Stocks and Dormandy [7]. LPO was expressed as in 3 3 catalase activity in erythrocytes
nmoles of MDA formed/hr/g Hb using a molar extinction

coefficient of MDA as 1.56x 10°. Vitamin E treated rats (group 2) showed erythrocyte

CAT activity comparable to control (Table 1). Treatment
with dimethoate and/or malathion (group 3, 5 and 7) showed
o ) N increased erythrocyte CAT activity as compared to control.
SOD activity was determined by the ability of the en-  vjtamin E pretreated rats administered dimethoate and/or
zyme to inhibit the autoxidation of pyrogallol by the method  ,a1athion (group 4, 6 and 8) showed decrease in erythrocyte

of Marklund and Marklund [8]. Catalase was assayed by the caT activity as compared to group 3, 5 and 7 respectively.
decomposition of hydrogen peroxide by the method of Aebi

[9]. Glutathione-S-transferase activity was determined by 3.4. Total-SH content in erythrocytes
the method of Habig et al. [10].

2.2. Antioxidant enzymes

Erythrocyte -SH content in vitamin E treated rats (group
2.3. Total-SH content in erythrocytes 2) was comparable to control (Table 2). Treatment with
dimethoate or malathion (group 3, 5 and 7) showed in-

Total-SH content was assayed using Ellman’s reagent by creased -SH content in erythrocytes as compared to control.

the method of Beutler et al. [11]. Vitamin E pretreated rats administered dimethoate and/or

_ S malathion (group 4, 6 and 8) showed decrease in erythrocyte
2.4. Acetylcholinesterase activity in erythrocytes and -SH content as compared to group 3, 5 and 7 respectively.
serum

3.5. Glutathione-S-transferase activity in erythrocytes
Acetylcholinesterase (AChE) activity was assayed by the
method of de la Huerga et al., as described by Varley [12].  Vitamin E treated rats (group 2) showed erythrocyte
Haemoglobin was estimated using Drabkin’s reagent by GST activity comparable to control (Table 2). Treatment
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Table 1

Lipid peroxidation and activities of superoxide dismutase and catalase in erythrocytes

S.No. Group LPO soD® CAT®

1 Control 691+ 5 28.6+ 2.6 482+ 58

2 Vitamin E 708+ 21 39.7£ 9.1 543+ 84
(NS) (NS) (NS)

3 Dimethoate 99% 80 81.7+ 3.3 1062+ 31
(P < 0.001) P < 0.001) P < 0.001)

4 Vitamin E + Dimethoate TT76E 42%+ 58.7 = 6.3* 779+ 97*
(P < 0.05) (NS) (P < 0.05)

5 Malathion 872+ 63 79.0* 8.7 1089+ 89
(P < 0.001) P < 0.001) P < 0.001)

6 Vitamin E + Malathion 673+ 36*** 46.7 + 6.4* 816+ 85*
(NS) (NS) P < 0.05)

7 Dimethoate+ Malathion 819+ 53 50.8+ 9.2 680+ 86
(P < 0.001) (NS) (NS)

8 Vitamin E + Dimethoate+ Malathion 706+ 39*** 26.9 = 5.8* 412+ 93*
(NS) (NS) (NS)

2= nmoles of MDA formed/hr/g Hb.

b = Units/mg protein.

¢ = wmoles of HO, decomposed/min/mg protein.

Values are meart SD of 6 animals in each group.

P value in parenthesis show significance of groups 3, 5 and 7 as compared to control and groups 4, 6 and 8 as compared to group 2.
*** P < 0.001, *P < 0.05when group 4, 6 and 8 was compared to group 3, 5 and 7 respectively.

with dimethoate and/or malathion (group 3, 5 and 7) mark- 3.6. Erythrocyte and serum acetylcholinesterase activity
edly inhibited erythrocyte GST activity as compared to

control. Vitamin E pretreated rats administered dimethoate  Vitamin E treated rats (group 2) showed erythrocyte and
(group 4) showed recovery in GST activity as compared to serum AChE activity comparable to control (Table 2).
group 3, however GST activity in group 6 was comparable AChE activity in erythrocytes and serum was inhibited in
to group 5 while GST activity in group 8 was significantly dimethoate and/or malathion treated rats (group 3 and 5) as

less as compared to group 7. compared to control. Vitamin E pretreated rats administered

Table 2

Total-SH content and activities of glutathione-S-transferase and acetylcholinesterase in rat blood

S.No. Group Total-SH GST Erythrocytes Serum
content activity® AChE® AChE®

1 Control 6.9+ 0.2 222+ 21 75.4+ 3.2 98.3* 3.6

2 Vitamin E 7.0 0.4 220+ 18 73.3+= 5.7 95.1+ 8.8
(NS) (NS) (NS) (NS)

3 Dimethoate 10.x 0.4 ND 51.0+ 1.1 204+ 75
(P < 0.001) P < 0.001) < 0.001)

4 Vitamin E + Dimethoate 7.2+ 0.9%** 101 + 12%+* 53.2 = 3.4 31.8+ 6.0**
(NS) (P < 0.001) P < 0.001) P < 0.001)

5 Malathion 8.7-0.4 73+ 4 30.2*+ 6.8 40.3*+ 8.7
(P < 0.001) P < 0.001) P < 0.001) P < 0.001)

6 Vitamin E + Malathion 6.9+ 0.8** 75+ 9f 26.9+ 5.9 51.2+ 4.8*
(NS) (P < 0.001) P < 0.001) < 0.001)

7 Dimethoate+ Malathion 7.7+ 0.6 147+ 25 347+ 29 38.6+ 8.1
(P < 0.05) (P < 0.001) P < 0.001) P < 0.001)

8 Vitamin E + Dimethoate+ Malathion 5.7+ 0.6%** 102 & 2%** 28.0 = 3.4* 26.6 = 5.7**
(P < 0.001) P < 0.001) P < 0.001) P < 0.001)

2= umoles of DTNB conjugated/g Hb.

b = nmoles of CDNB conjugated/min/mg protein.

¢ = Units/ml.

Values are meart SD of 6 animals in each group.

P values in parenthesis show significance of groups 3, 5 and 7 as compared to control and groups 4, 6 and 8 as compared to group 2.

*** P < 0.001, *P < 0.01, *P < 0.05, " not significant when group 4, 6 and 8 was compared to group 3, 5 and 7 respectively idDdetectable.
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dimethoate or malathion (group 4 and 6) showed erythro- less toxic forms by conjugation with -SH groups such as
cyte AChE activity comparable to group 3 and 5 while GSH. The marked inhibition in erythrocyte GST activity in
serum AChE activity showed mild recovery (group 4 and 6) dimethoate and/or malathion treated rats indicate insuffi-
as compared to group 3 and 5. Treatment with dimethoatecient conjugation of electrophiles and detoxication of these
and malathion together (group 7) also inhibited erythrocyte species. However, the recovery in erythrocyte GST activity
and serum AChE activity without any recovery in vitamin E  in vitamin E pretreated rats administered dimethoate and/or
pretreated rats administered both the pesticides (group 8). malathion may lower oxidative stress due to metabolism of
electrophiles.

) _ AChE activity in erythrocytes and serum was inhibited in
4. Discussion OP intoxicated rats, however, the activity was not relieved
by vitamin E pretreatment probably due to the competitive
nature of AChE inhibition by OP’s. However, the recovery

malathion produce LPO in erythrocytes. Vitamin E pre- j, oryihrocyte AChE activity may depend upon the renewal
treated rats administered dimethoate and/or malathion how—Of the erythrocytes and breakdown of the older red cells,

ever, showed de_cre_:asgd LPO i_n erythrocytes as po_mpare(_jt hile the recovery in serum AChE may depend upon the
OP treated rats indicating that it may have beneficial role in synthesis of the protein in the liver [25]. The results show

I_owenng op tox_|C|t_y. Ther_e are no_rgports to show protec- that vitamin E decrease OP-induced oxidative stress in
tive effect of antioxidants in OP toxicity, however, some of . . .
erythrocytes, however, it may not have a direct role in

it::eoséusgesstigz\;’sgsgﬁ 2:1%%2?:{?52;3 Loéf);[fi(?rlitlg%(l?fg trelieving the in.hibit-ion of circulating AChE activity which
16]. Vitamin E allow free radicals to abstract a hydrogen may recover \.N'th “’.“e- .
atom from the antioxidant molecule rather than from poly- in .conclusmn, dimethoate and/or malathm_m prodgced
unsaturated fatty acids (PUFA), thus breaking the chain of PO in erythrocytes, however, pretreatment with vitamin E
free radical reactions, the resulting antioxidant radical being 0Wers LPO in intoxicated rats. Erythrocyte SOD and CAT
a relatively unreactive species [17]. The consequences ofactivities and GSH content increased in pes_t|C|_de intoxi-
dietary vitamin E deficiency result in the peroxidation of Catd rats, however, these erythrocyte antioxidants de-
subcellular fractions of various organs [18,19] whereas di- créased in vitamin E pretreated animals intoxicated with
etary vitamin E gave protection against increased LPO [20, OP’S. Erythrocyte GST activity was inhibited in dimethoate
21] Vitamin E dep|eted erythrocytes were shown to be and/or malathion treated rats which recovered in vitamin E
more susceptible to LPO and lysis than those from animal Pretreated rats intoxicated with pesticide. Erythrocyte and
on normal diet [22]_ The result indicate that vitamin E Serum AChE activity was inhibited in pesticide treated rats,
pretreatment may decrease LPO and protect the erythro-however, the AChE inhibition was not relieved in vitamin E
cytes from OP-induced oxidative stress. pretreated rats administered pesticides.

SOD and CAT activities in erythrocytes were increased
in dimethoate and/or malathion treated rats probably to
dismutate superoxide anions fO) and to decompose Acknowledgments
H,O, The increase in these enzymes was probably-a re
sponse towards increased ROS generation in OP toxicity. The authors thank the University Grants Commission,
Vitamin E pretreated rats administered dimethoate and/or New Delhi for financial support.
malathion showed decrease in erythrocyte SOD and CAT
activities, as vitamin E scavenges ROS and lowers oxidative
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