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ABSTRACT

The adverse effects of spraying pesticides to the ecosystem are being widely studied. While the
effects of their oral and topical exposure have been reported, especially on carbohydrate
metabolism, the effects of inhalational exposure have not been reported. Hence, this study was
undertaken to investigate the effects of malathion, a commonly used pesticide, on blood glucose and
antioxidant status in rats. In acute study, 8 groups of 6 animals each were exposed to 50%
malathion for 5 min. Blood glucose level was estimated for all the rats before exposure and at 5, 10,
20, 30, 60 120, 180 and 240 min after exposure for groups 1 to 8, respectively. Blood glucose
increased from the basal level of 88 mg dL. !, reached 131 mg dL."'in 60 min and attained basal
level at 240 min. In sub chronic study, there were two groups of 6 animals each control and test.
Test group was exposed to malathion vapours for 5 min every day for 28 days. Glucose level was
estimated on days 0, 7, 14, 21 and 28 for both groups. The base line value of 93 mg dL " increased
te 178 mg dL7! on day 28 in test group. Test animals also showed weight loss of 9.2% and
significant reduction of anti oxidants level compared to control group. Thus acute malathion
exposure has caused transient hyperglyveemia and sub chronic exposure, progressive hyperglycemia
(p<0.05) and weight loss. In conclusion, sub chronic malathion exposure causes progressive
hyperglycemia which can be a risk factor for diabetes.
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INTRODUCTION

It is well known that organophosphate pesticides contribute to environmental pollution causing
great. public concern (El-Kott and Bin-Meferij, 2008). It 1s reported by Kiely et al. (2004) and
S EPA (2002) that more than 5 billion pounds of pesticides are used annually worldwide.
Binukumar and Gill (2011) mentioned that according to WHO estimates, 3 million cases of
poisoning and more than 2,50,000 deaths cceur due to pesticides every year. The commonly used
pesticides are the organophosphates. Among organophosphate pesticides, malathion, diazinon,
parathion, dimethoate, acephate and chlorpyrifos are frequently used. Though, these pesticides are
generally considered safe and non toxic to humans, recent studies conducted in animals and
humans have reported the adverse effects on carbohydrate and lipid metabolism, immune and
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nervous systems(Hectors et al., 2011; Rezg ef al., 2010; Beard et al., 2003). Tos-Luty ef al. (2003),
in addition all these effects, have shown genotoxic effects in rats.

Malathion {O,0-Dimethyl 5-(1,2-dicarbethoxyethyl) phosphoredithioate) 1s one of the most
commonly used OF pesticides and it is also the first recognized OP insecticide with high selective
toxicity (Kl-Kott and Bin-Meferij, 2008). Lasram et al. (2009) have reported that malathion induced
dyslipidemia might result in insulin resistance and hyperglycemia which might contribute to the
increased incidence of diabetes all over the world. Few studies conducted on oral ingestion of OFs
have shown increased bleod glucose level (hyperglycemia) in animals (Kamath and Rajini, 2007,
Rahimi and Abdollahi, 2007; Abdollahi et af., 2004). The cause for hyperglycemia has been
attributed to the effect of malathion on the production of free radicals and oxidative damage to
pancreas (El-Demerdash, 2011; Datta et al., 2010; Koc ef al., 2009; Fuha et al., 2011;
Shadnia et @l., 2011). Hussein and Abu-Zinadah (2010) also reported that pesticides can cause
oxidative damage to mammalian organs.

But, Sadeghi-Hashjin et al. (2008) concluded that crgancophosphates on topical application may
reduce excessive blood glucose level without affecting basal glucose level implying that malathion
may be beneficial to diabetics and non toxic to normal subjects. Thus oral ingestion appears to be
hyperglycemic but topical application euglycemic. The results of these studies have shown
contradictory effects and whether the difference in the route of administration results in different
plasma levels leading to different metabolic reactions is not knoewn. Moreover, no study has been
reported on the effects of inhalational exposure. As inhalation is the most likely mode of
occupational exposure, the present study was undertaken to find out the effects of malathion on
blood glucoese level and anti oxidant status in rats by inhalational exposure. This study may lead
to further human studies to find out the association between pesticide exposure and diabetes.

MATERIALS AND METHODS
Approval: The study protocol was approved by the Institutional Animal Ethics Committee at
Chettinad Hospital and Research Institute in its meeting held on 08.02.2011.

Chemicals: Liquid Malathion (50%) was purchased from Paramount Fertilizer Limited Chennai.
Thiobarbituric acid (TBA), Xanthine Oxidase (XO), Ethylene Diamine Tetra Acetic acid (EDTA),
hydrogen peroxide (H,Q,), glutathicne reductase (GR), 5,5-Dithic-bis-2-Nitrobenzoic Acid (DTNB),
20,70-dichlorofluorescin diacetate were procured from M/s Sigma ChemicalCo. (8t. Louis, MO,
USA). All the chemicals used were of analytical grade.

Animals: Sixty wistar albino rats weighing between 150-250 g were procured from the animal
house of Chettinad Hospitals and Research Institute, Kelambakkam, Chennai, India, a registered
ammal facility with CPCSEA of India. The animal house was well ventilated and the animals had
12+1 h day and night rhythm throughout the experimental period.

Experimental procedure: Blood glucose level was estimated using the glucometer (5D CHECK
GOLD, Blood Gluco Meter, sensitivity-1 mg dL ™Y drawing blood from the tip of tail of all the rats.

Method of exposure: Animals were kept individually in transparent. acrylic boxes containing air
holes. Five mL of 50% liquid malathion was instilled into a cotton ball and kept inside the boxes.
The animals were taken out at the end of 5 min.
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Acute study: Forty eight rats were included for acute study. The animals were kept. under fasting
for 12 h prior to the study and throughout the procedure. Basal blood glucose level was estimated
for all the animals before exposure to malathion vapours.

Animals were then divided into 8 groups (6 in each) and each group was exposed once to the
vapours of 50% liquid malathion for a peried of 5 min Blood glucose level was estimated at 5, 10,
20, 30, 80 120, 180 and 240 min for 1 to 8 groups, respectively.

Sub chronic study: Twelve rats were selected and divided into 2 groups, control and test
(6 in each). Basal blood glucose level was estimated for all the rats. The test group was exposed to
malathion vapours every day for b min for 28 days. Bleod glucoese level was estimated on days 7,
14, 21 and 28 for both the groups. All the animals were sacrificed on the 28th day. The pancreatic
tissues were taken for antioxidant estimation.

Estimation of antioxidant enzymes: Catalase activity was assayed by monitoring the
decomposition of H,O, at 240 nm as described by Aebi (1984). Superoxide dismutase (50D) was
assayed employing the method of Flohe and Otting (1984). The activity of glutathione reductase
was determined by monitoring the oxidation of NADPH in the presence of GSSG and expressed as
nmol NADPH oxidized min™ mg™ protein by the method of Carlberg and Mannervik (1975).
Activity of glutathione peroxidase was determined using the method of Paglia and Valentine
(1967). GPx was assayed by Rotruck et al. (1973).

Statistical analysis: Data are presented as Mean+5D. One way analysis of variance (ANOVA)
followed by LSD was used to compare the means of different groups by using SPSS 7.5 student
version.

RESULTS AND DISCUSSION

In the present first inhalational study, acute inhalational exposure to malathion resulted in a
significant increase in blood glucose level which reached a peak level of 131 mg dL " at 80 min
{(p<0.05) but animals tested 120 and 180 min started showing decreased blood glucose level and
finally showed normal level at 240 min (Fig. 1). In sub chronic exposure, there was a sustained
increase in blood glucose level, reached a peak of 178 mg dL! at the end of 28th day and the
difference from the baseline value was 85 mg dL ™, which was found to be significant (p<0.05,
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Fig. 1. Effect of Malathion on blood glucose level in wistar albino rats (Acute study). Each value
is expressed as Mean+5D of six mice in each group. Comparisons are made between groups:
a: Significant, b: Highly significant, NS: Not Significant. The symbols a and b also
represent statistical significance at p<0.05
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Fig. 2: Effect of Malathion on blood glucose level in wistar albino rats (subchronic study). Each
value is expressed as Mean£5D of six mice in each group. Comparisons are made between

groups: *significant, at p<0.05 NS: Not significant.

Fig. 2). The average increase in blood glucese level after acute inhalation was 43 mg dL™ (50%)
and sub chronicinhalation, 85 mg dL™ (100%).

Abdollahi et al. (2004) have reported that oral administration of malathion resulted in elevated
blood glucose level up to 25% in rats and that it is due to alteration in glucose metabolism in
skeletal muscle (Pournourmohammadi et ¢l., 2005). Joshi and Rajini (2009) have also reported that
oral administration of acephate has resulted in 80% increase in blood glucose level. But in our study
inhalational exposure to matathiond has caused upto 100% increase in blood glucose level. This
shows that inhalational exposure especially sub chronie, carries a high risk of developing
hyperglycemia.

In addition it was also observed that there was a gradual reduction in body weight of all the
animals after sub chronic exposure. The average bodyweight reduced from 195 g to 177 g in 28
days (loss of 9.2% of body weight) p<0.05 (Fig. 3). The weight loss may due to gluconeogenesis and
glycogenolysis in the muscle and adipose tissue. These effects of inhalational exposure have not,
been reported so far and Abdelgadirand and Adam (2011) have not cbserved any change in body
weight of the rats after feeding with diet containing malathion for 8 weeks.

We have also estimated the antioxidants level in the pancreatic tissue. The levels of
antioxidants, SOD, CAT, GR, GPx and GSH reduced significantly (p<0.05) (Fig. 4). This indicates
the oxidative damage to pancreas which might have led to decreased insulin release and
hyperglycemia. Oxidative stress has been implicated to be an important component of the
mechanism of toxicity of malathion (Ranjbar et al., 2010; Franco et al., 2009; Durak ef al., 2009).
It is reported that hyperglycaemia is due to liver glycogenclysis and gluconeogenesis
(Rezg et al., 2010, 2007; Joshi and Rajini, 2009),

Increased activities of liver Glyecogen Phosphorylase (GF) and phosphoenolpyruvate
carboxykinase (PEPCEK) have been documented which could finally result in hyperglycemia and
diabetes (Rahimi and Abdollahi, 2007; Rezg ef al., 2006, 2007; Begum and Vijayaraghavan, 1999).
Thus multiple mechanisms seem to be involved in the elevation of blood glucose. The transient
hyperglyvecemia caused by acute exposure can be explained by glycogenolysis and gluconeogenesis
and the progressive hyperglycemia and weight loss in sub chronic exposure may be due to oxidative
stress causing pancreatic damage. As hyperglycemia was transient in acute exposure and
progressive in sub chronic exposure, whether recurrent exposure as in field use, would cause a

sustained increase in blood glucose in humans has to be evaluated.
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Fig. 3. Effect of Malathion on body weight in wistar albino rats (subchronic study-test group). Each value
is expressed as Mean£5D of six mice in each group
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Fig. 4. Effect of Malathion on antioxidant level in wistar albino rats sub chronic study. Each value
1s expressed as Mean®S5D of six mice in each group. Comparisons are made between groups:
*gignificant at p<0.05,

Hyperglycemia and oxidative damage observed in our study are in support of the earlier studies
with oral route hut in our study the route of exposure 1s inhalational. The severity of hyperglycemia
is found to be greater with inhalational exposure. But it is contradictory to the report of
hypoglyeemia by Sadeghi-Hashjin ef al. (2008) after topical application in mice. Whether the
difference in route of administration and species contributes to the difference in response has to be
studied further. The loss of bodyweight observed in this study has not been reported so far and 1s
an additional observation.

CONCLUSION

Inhalation of pesticides 1s an inherent risk not only to the field workers but also others in the
envirenment. Henece, studying the effect of inhalational exposure is mandatory and the present
study is the first of its kind to investigate the effect of malathion on blood glucose and its probable
mechanism in rats after inhalational exposure. It can be concluded from the results of the present
study that acute inhalational exposure of malathion caused transient hyperglycemia and sub
chronic exposure resulted in progressive hyperglycemia which could be due to the oxidative damage
to pancreas as evidenced by the altered antioxidant status. In addition sub chronie exposure has
also caused loss of body weight of the animals. Malathion exposure thus may contribute as one of
the environmental factors to the current increased global incidence of diabetes.
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