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Abstract

This study investigates the effects of subchronic exposure to organophosphate insecticide Malathion (Fyfanon 50 EC 500 g/l)
of commercial grade. It was administered intragastrically by stomach tube in the amount of 1 ml of corn oil containing 100 mg/kg
body weight (BW) daily for 32 days. At the end of the experiment, acetylcholinesterase activity (AChE), haematocrit value,
haemoglobin content, and blood glucose concentration were estimated. The liver and the skeletal muscle were removed to de-
termine hepatic and muscular glycogen, hepatic proteins and lipids contents. No sign of toxicity was observed until the end of
experiment. No significant change in the haematocrit value was observed, in spite of the significant increase in haemoglobin con-
tent, which can be considered as an adaptive situation in order to guarantee a good oxygenation in response to pulmonary damage
induced following subchronic exposure to organophosphorus compound. Malathion intoxication decreased significantly hepatic
proteins and lipid contents that could be associated to liver gluconeogenesis. This result was coupled with a significant decrease
in muscular glycogen rate, which indicates a stimulated glycogenolysis in favour of glucose release into the blood until reaching
hyperglycaemia. Several studies indicate that hyperglycaemia is temporary, which is probably due to a stimulated glycogenesis that
increases hepatic glycogen deposition and return of glucose to control levels, as demonstrated in our study. One possible explana-
tion for these results could be the turnover of glucose by a succession between its release via glycogenolysis and gluconeogenesis,
which involves abnormal hyperglycaemia, and its storage via glycogenesis in subchronic exposure to malation. To cite this article:
R. Rezg et al., C. R. Biologies 330 (2007).
© 2006 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.

Résumé

Incidence métabolique du malathion après une exposition subchronique chez le rat. Cette étude s’intéresse aux effets
hématologiques et métaboliques d’un insecticide organophosphoré, le malathion (Fyfanon 50 EC 500 g/l), lors d’une exposition
chronique chez le rat. Le malathion, solubilisé dans 1 ml d’huile de maïs à raison de 100 mg/kg de poids corporel par jour, est
administré par gavage durant 32 jours. À la fin de l’expérience, nous avons déterminé l’activité de l’acétylcholinestérase (AChE),
le taux d’hématocrite, la concentration en hémoglobine et la glycémie. Le foie et le muscle ont été isolés pour la détermination du
glycogène hépatique et musculaire, ainsi que les taux des lipides et des protéines hépatiques. Aucun signe de toxicité n’est enregistré
jusqu’à la fin de l’expérience. Nous n’avons pas enregistré de différence significative des taux d’hématocrite, malgré l’élévation
significative de la concentration en hémoglobine, qui pourrait être une situation adaptative en réponse aux dommages pulmonaires
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induits par l’administration chronique du malathion afin d’assurer une bonne oxygénation. L’intoxication par le malathion entraîne
une diminution significative des taux des protéines et des lipides hépatiques qui pourrait être due à une néoglucogenèse active au
niveau du foie. Par ailleurs, ces résultats sont associés à une diminution significative du taux du glycogène musculaire, indiquant
une glycogénolyse active en faveur de la libération du glucose dans le sang jusqu’ à atteindre une hyperglycémie. Plusieurs études
ont montré que l’hyperglycémie enregistrée est transitoire, ce qui provoquerait ultérieurement une activation de la glycogenèse,
qui entraînerait l’élévation du taux de glycogène hépatique et le retour de la glycémie à son niveau normal. Nous proposons,
dans cette étude, une explication possible pour ces résultats, qui pourrait être l’installation du mécanisme de turnover du glucose
durant l’exposition chronique au malathion. En effet, il semble que l’administration du malathion entraîne quotidiennement la
succession de la libération du glucose dans le sang, jusqu’à atteindre une hyperglycémie, et de son stockage, jusqu’au retour de la
glycémie à son niveau normal. L’hyperglycémie est probablement due à l’activation de la glycogénolyse dans plusieurs organes et
la néoglucogenèse dans le foie, qui aura pour conséquence une hyperglycémie anormale, qui sera affrontée par l’activation de la
glycogénogenèse. Pour citer cet article : R. Rezg et al., C. R. Biologies 330 (2007).
© 2006 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction

Pesticides are occasionally used indiscriminately in
large amounts, causing environmental pollution; they
are therefore a cause of concern. The use of organophos-
phorus pesticides (OP) has increased considerably due
to their low potency and durability as compared to
organochlorine pesticides [1]. Residual amounts of (OP)
pesticides have been detected in the soil, water bod-
ies, vegetables, grains, and other foods products [2,3].
The mechanism of the toxicity of (OP) compounds con-
sists mainly in blocking acetylcholinesterase, an en-
zyme that decomposes acetylcholine [4,5]. Immobili-
sation of this enzyme results in an accumulation of
excessive amounts of acetylcholine in nervous tissue
and muscular motor plates, as well as in symptoms of
endogenic poisoning by this neurohormone. The OP
compound malathion [S-1,2(bis ethoxycarbonyl) ethyl
O,O dimethyl phosphorodithioate] is used extensively
throughout the world to control major arthropods in
public health programs, animal ectoparasites, human
head and body lice, household insects and to protect
grain in storage [6]. Among the targets for malathion
toxicity is the liver, which is the most important organ
in glucose homeostasis and production of related en-
zymes [7].

It has been reported in several studies that hyper-
glycaemia is one of the side effects in poisoning by
OP in acute treatment and in subchronic exposure via
glycogenolysis and gluconeogenesis [1,8–11]. Never-
theless, Rezg et al. have noted for the first time an acti-
vation of glycogen storage and stimulation of enzymes
of glycogenesis, accompanied with normoglycaemia in
subchronic exposure to malation [12].
The main question of the present study was: what
will happen to metabolic parameters in subchronic ex-
posure to malathion to establish these antagonist reac-
tions, glycogenesis and glycogenolysis associated with
gluconeogenesis? In addition, the present investigation
examines malation effects on some haematological pa-
rameters.

2. Materials and methods

2.1. Chemicals

Malathion (fyfanon 50 EC 500 g/l) of commercial
grade was used in this study.

Acetylthiocholine iodide, 5,5-dithio bis(2-nitroben-
zoic acid) (DTNB), trichloroacetic acid (TCA), KOH,
ethanol, ether, Coomassie G250, bovine serum albu-
min, orthophosphoric acid 85%, chloroform, methanol,
and NaCl were obtained from Sigma-Aldrich Co. (Ger-
many).

2.2. Animals and treatments

Adult male Wistar rats (170–180 g), procured from
the Tunisian Society of Pharmaceutical Industries, were
kept in clean plastic cages and allowed to acclimatize
in the laboratory environment for 7 days. Balanced food
and drinking water were given to the animals ad libitum.

Animals were randomly divided into two groups of
12 animals and treated for 32 days. The first group
received orally 1 ml of corn oil by force-feeding.
The second one received 1 ml of corn oil containing
100 mg Mal/kg body weight per day. The experiment
was performed in ethical conditions. At the end of the
treatment, 24 h after the last dose of malathion, animals
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were killed by decapitation, without preliminary anaes-
thesia, and arteriovenous blood was taken quickly. The
liver and the skeletal muscle were removed by trans-
verse abdominal incision and kept frozen at −80 ◦C.

2.3. Acetylcholinesterase (AChE) activity assay

Acetylcholinesterase activity of plasma was esti-
mated by the method of Ellman [13], using acetylthio-
choline iodide as a substrate. The rate of hydrolysis of
acetylthiocholine iodide is measured at 412 nm through
the release of a thiol compound, which, when reacted
with DTNB, produces the colour-forming compound
TNB.

2.4. Haematological parameters

2.4.1. Haemoglobin concentration
Haemoglobin was measured through its transforma-

tion to cyanmethemoglobin, which is measured spec-
trophotometrically at 540 nm under the action of potas-
sium ferricyanide and potassium cyanide [14].

2.4.2. Haematocrit content
This assay was done directly using a centrifugal ma-

chine to haematocrit.

2.5. Metabolic parameters

2.5.1. Plasma glucose assay
Glucose was measured by the glucose oxidase and

peroxidase using quinoneimine as a chromogen. The
amount of plasma glucose is related to the amount of
quinoneimine, which is measured spectrophotometri-
cally at 505 nm [15].

2.5.2. Hepatic and muscular glycogen assay
For the determination of glycogen, we followed the

technique of Good [16]: 0.5 g of liver or muscle was ex-
tracted with 3 ml of 30% KOH, incubated for 30 min
at 100 ◦C, cooled and brought to acid pH by addition
of 20% trichloroacetic acid. Precipitated protein was re-
moved by centrifugation for 10 min at 3000g. Glycogen
was precipitated by ethanol and weighed. The results are
expressed in g of glycogen per 100 g of liver.

2.5.3. Hepatic protein assay
The protein content in liver was quantified by the

method of Bradford [17], using bovine serum albumin
as a standard.

2.5.4. Hepatic lipid assay
The lipid content in liver was quantified by the

method of Folch [18], using a mixture of chloroform
and methanol for the extraction. Lipid was precipitated
by ethanol and weighed. The results were expressed in
g of glycogen per 100 g of liver.

2.6. Statistical analysis

All data are expressed as mean ± SEM by factorial
ANOVA, followed by Student test. Differences between
groups were considered significant when P < 0.05.

3. Results

3.1. Physical observation

No signs of toxicity were observed in malathion-
treated animals until the end of experiment.

3.2. Acetylcholinesterase (AChE) activity and
haematological parameters

Malation reduced significantly AChE activity. No
significant change was observed in haematocrit values,
in spite of the significant increase in haemoglobin con-
centration (Table 1).

3.3. Effect of malathion on metabolic parameters

Malathion at dose of 100 mg/kg/day decreased sig-
nificantly hepatic proteins and lipids contents and mus-
cular glycogen rate, in spite of the significant increase in
hepatic glycogen rate. Blood glucose concentration was
not significantly different between groups (Table 2).
Table 1
Effect of subchronic administration of malathion on AChE activity, haematocrit value and haemoglobin concentration

Treatment AChE
(nmol/min/mg protein)

Haematocrit
value (%)

Haemoglobin concentration
(mmol/l)

Control (n = 12) 12.20 ± 0.79 42.28 ± 0.76 1.64 ± 0.13
Malathion (n = 12) 6.62±0.07*** 42.03 ± 0.63 2.00 ± 0.09*

Values are presented as the mean ± SEM, n: number of rats used.
* p < 0.05 as compared with control.

*** p < 0.001 as compared with control.
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Table 2
Effect of subchronic administration of malathion on plasma glucose concentration, hepatic and muscular glycogen rates and hepatic proteins and
lipids’ contents

Treatment Blood glucose
concentration (g/l)

Muscular glycogen rate
(g/100 g of liver)

Hepatic glycogen rate
(g/100 g of liver)

Hepatic proteins rate
(g/100 g of liver)

Hepatic lipids rate
(g/100 g of liver)

Control (n = 12) 1.16 ± 0.24 2.7±0.10 3.91 ± 0.34 4.20 ± 0.21* 5.92 ± 0.16
Malathion (n = 12) 1.20 ± 015 1.88±0.06*** 5.88 ± 0.43** 3.60 ± 0.09 4.65 ± 0.18***

Values are presented as the mean ± SEM; n: number of rats used.
* p < 0.05 as compared with control.

** p < 0.01 as compared with control.
*** p < 0.001 as compared with control.

Fig. 1. The mechanism of turnover of glucose in subchronic exposure to malathion: A time-dependent variation of different metabolic parameters.
4. Discussion

4.1. Effect of malathion on haematological parameters

The results of this study indicate that malathion, in
subchronic exposure at a dose of 100 mg/kg per day,
decreases significantly acetylcholinesterase (AChE) ac-
tivity on plasma, which is often taken as an indicator
of (OPs) pesticide intoxication. In addition, our results
showed a marked increase in haemoglobin concentra-
tion, which can be considered as an adaptive situation
in order to guarantee a good oxygenation in response
to pulmonary damage induced by subchronic exposure
to malathion. Indeed, a rise in the haemoglobin content
is generally among the signs of the pulmonary fibrosis
[19,20], which several studies suggested to be among
the injurious consequences of (OP) compound adminis-
tration [21–23]. This explanatory assumption needs to
be examined in more detail with appropriate biochemi-
cal and hormonal determinations. On the other hand, the
haematocrits’ count has not been changed significantly.

4.2. Effect of malathion on metabolic parameters

The results of this study indicate that malathion
in subchronic exposure decreased significantly hepatic
proteins and lipid contents. This reduction could be as-
sociated to liver gluconeogenesis. Indeed, Abdollahi et
al. [11] have showed an increase in the hepatic glu-
coneogenic enzyme activity, phosphoenolpyruvate car-
boxykinase (PEPCK), in response to malathion expo-
sure, which indicates a stimulated gluconeogenesis.
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In addition, several studies indicate that malathion
exposure causes hyperglycaemia, as an immediate con-
sequence of malathion administration [8–10], which
was explained by stimulation of glycogenolysis in sev-
eral organs [1,10,11] and of gluconeogenesis in liver
[11], provoking glucose release into the blood. This ex-
plained the significant decrease in hepatic proteins and
lipid contents and the observed muscular glycogen rate.

However, it is interesting to note that hyperglycaemia
is temporary [8,9]. Indeed, a time-dependent variation
in blood glucose concentration was probably repeated
daily, independently of the duration of the treatment
(acute or chronic). Thus, malathion induced a gradual
increase followed by a decrease in blood glucose, which
can even reach hypoglycaemia [12]. On the other hand,
it has been shown that acute exposure to malathion leads
to the increase of glycogen deposition in liver during 6
to 24 h after malathion treatment [8]. It is well estab-
lished that the increase in hepatic glycogen rate is due to
the stimulation of key enzyme of glycogenesis (glyco-
gen synthetase) [12].

One possible explanation for these results could be
the turnover of glucose by its release through a suc-
cession of glycogenolysis and gluconeogenesis [1,11],
which involves abnormal hyperglycaemia and its stor-
age via glycogenesis [12] in subchronic exposure to
malathion (Fig. 1).

Consequently, the divergence observed between stu-
dies may be due to the difference between the ex-
perimental protocols, especially the duration separat-
ing sampling and last administration of malathion.
However, finding out the exact mechanism of glucose
turnover in subchronic exposure needs appropriate sam-
pling and molecular analysis. This explanatory assump-
tion is currently under study by our team.
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