Available online at www.sciencedirect.com

; sc.ence@n.“m. mmﬂﬂlﬂﬁv

ER Toxicology 208 (2005) 25-33

ELSEVI

www.elsevier.com/locate/toxicol

Prospective protective role of melatonin against
arsenic-induced metabolic toxicity in Wistar rats

Sudipta Pal, Ajay K. Chatterjée
Biochemistry and Nutrition Laboratory, Department of Physiology, University of Calcutta,
92 Acharya Prafulla Chandra Road, West Bengal, Kolkata 700009, India

Received 1 September 2004; received in revised form 2 November 2004; accepted 2 November 2004
Available online 13 December 2004

Abstract

Subchronic exposure to arsenic is associated with alteration of glucose homeostasis. Arsenic treatment (as sodium arsenite)
of male Wistar rats (weighing 130-150 g) at a dose of 5.55 mgd kgdy weight (equivalent to 35% of Ldg) (i.p.) per day
for a period of 30 days produced hypoglycemia, with associated increased urinary excretion of glucose and depletion of liver
glycogen and pyruvic acid contents. Mobilization of free amino acids from kidney to liver was facilitated by arsenic treatment.
Arsenic exposure significantly decreased the glutamate-pyruvate transaminase activity in kidney. Glucose 6-phosphatase activity
in liver tissue was also significantly decreased after arsenic treatment. In addition to these, liver lactate dehydrogenase activity
was elevated due to arsenic treatment.

Melatonin supplementation (i.p.) at a dose of 10 mglapy* for last five days prior to sacrifice reversed most of the above
changes caused by arsenic. Melatonin, being a potent free radical scavenger may reduce arsenic-induced free radical production
and thereby, eliminating its toxic effects. So, arsenic-induced hypoglycemia, with associated glycogenolytic as well as glycolytic
activities of liver can be partially counteracted by melatonin supplementation. Accordingly, it may be suggested that melatonin
can serve as a prospective protective agent against arsenic-induced metabolic toxicity.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Arsenic, being a potent environmental toxic agent,
leads to development of various hazardous effects on
Abbreviations: LDH, lactate dehydrogenase; GOT, glutamate- human health. Arsenic is considered as a human car-
oxaloacetate transaminase; GPT, glutamate-pyruvate transaminase'cmogen Wang and Huang, 1994:e||u|ar mechanism

ROS, reactive oxygen species; i.p., intraperitonealGCS, - . S . . . :
glutamyl cysteine synthetase of arsenic toxicity involves generation of reactive OoXxy

* Corresponding author. Tel.: +91 33 23590051. gen specie; (ROSWeh ?t al., 1998 Moreover, ROS
E-mail addressajaykc12@yahoo.co.in (A.K. Chatterjee). is involved in genotoxicity caused by arsenihé et
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al., 1992, tissue degenerative changd¥gsad and  Theywere maintained in the laboratory conditions with
Rossi, 199% and unstability of cytoskeletal structure 18% protein diet and sufficient drinking water for seven
(Li and Chou, 1992 Enhanced generation of ROS af- days. The 18% protein (casein) was used as it is con-
ter arsenic exposure alters cells’ intrinsic antioxidant sidered as an adequate (normal) dietary protein level,
defenses and results in oxidative streSscél et al., which was used on earlier occasio@hétterjee et al.,
2007). In addition to these findings, there are several 1984; Ghosh et al., 1992; Maiti and Chatterjee, 2000;
reports of altered carbohydrate metabolism in arsenic Nayak and Chatterjee, 200 he carbohydrate (amy-
intoxication Boquist et al., 1988; Reichl et al., 1988; lum) content of the diet was kept at 71%. The other in-
Szinicz and Forth, 1988Liver glucose and glycogen  gredients of the diet and supply of vitamins were same
depletion were found to be a major problem in arsenic as reported earlieQhatterjee et al., 1976, 1984 he
toxicity (Kawaguchi, 1981; Reichl et al., 19p0This animals were then divided into three groups of equal
finding is further supported by the study Beichl et average body weight. They were continued with the
al. (1991) who also indicated that liver glucose de- 18% protein diet.
pletion is an important factor of arsenic toxicity. Re-
cently, Pal and Chatterjee (2002)so demonstrated
that hypoglycemia with associated glycogenolysis and
other associated changes are supposed to be involve
in arsenic-induced alteration of glucose homeostasis.
Melatonin (N-acetyl 5-methoxytryptamine), a
pineal hormone, has been found to influence various
physiological activities, such as neuroendocrine func-
tions Reiter, 1988; Falcon et al., 20)3easonal repro-
duction Malpaux et al., 1999; Bayarri et al., 200zhd
immune functions $rinivasan, 1989Hotchkiss and
Nelson, 2002 Studies byBandyopadhyay et al. (2002)
revealed that melatonin has protective effect against
gastric ulceration. Several reviews have supported
claims that melatonin possesses high antioxidant
activity (Reiter, 1996, 199/ It detoxifies a variety of
free radicals and reactive oxygen intermediales (et
al., 1993. The antioxidant effect of melatonin has been
claimed as a protective factor towards carcinogenesis,
neurodegeneration and agingardeland et al., 1993;
Poeggler et al., 1994; Melchiorri et al., 1998 view
of the above, the present investigation is carried out
to reveal the effects of melatonin supplementation on
altered glucose homeostasis due to arsenic treatment2.3. Collection of urine, blood and tissues
Melatonin, being a potent antioxidant is expected
to reduce the oxidative stress caused by arsenic. So, After the period of treatment was over, the an-
it is further intended to see whether melatonin can imals of each group were kept fasted overnight in
counteract the hypoglycemic effect of arsenic. separate metabolic cages to collect 24 h urine. The
animals were then sacrificed by cervical disloca-
tion. Blood was collected from hepatic vein in a
heparinized tube, containing sodium citrate as gly-
2.1. Animal maintenance colytic inhibitor and kept in frozen condition. Liver
and kidney tissues were removed, washed in ice-cold
Eighteen male rats of Wistar strain weighing 0.9% NaCl, blotted dry and stored at20°C until
130-150 g were included for the present investigation. analysis.

2.2. Arsenic treatment and melatonin
éupplementation

The animals of one of the groups were injected in-
traperitoneally (i.p.) with arsenic as sodium arsenite ata
dose of 5.55 mg kg! body weight per day for a period
of 30 days and marked as arsenic-treated group. The
present dose of sodium arsenite is equivalent to 35% of
LDsgo, which was determined earliekgiti and Chat-
terjee, 200D The animals of one of the groups
were also treated with sodium arsenite at the
same dose and duration along with melatonin sup-
plementation (i.p.) 1h before arsenic injection at
a dose of 10mgkgt body weight for last five
days prior to sacrifice. The animals of the remain-
ing group received the vehicle (0.9% NaCl) only
and served as control. The animals of the control
group and those of arsenic-treated group supple-
mented with melatonin were pair-fed to arsenic-treated

group.

2. Materials and methods
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