
Chronic administration of diazepam (DZP) caused an increase in malondialdehyde (MDA) levels and a
decrease in glutathione (GSH) content. DZP also markedly lowered Ca2+ATPase activity. Treatment with
Se plus vitamin E reduced MDA levels and increased GSH content. Our results suggest that, increased
lipid peroxidation together with alteration in Ca2+-ATPase activity may play a role in DZP induced hepat-
ic injury and Se plus vitamin E treatment may contribute to the attenuation of DZP induced hepatotoxi-
city.
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Diazepam (DZP), a benzodiazepine, is widely used as an anticonvulsant, muscle
relaxant and psychosedative agent [12]. It has been suggested that prolonged use of
DZP causes impairment of rat liver function [4]. Earlier, it has been reported the
involvement of free radicals after DZP treatment in different regions of rat brain [7].
On the other hand, vitamin E and selenium (Se) have been reported to decrease the
generation of free radicals and alleviate lipid peroxidation in various tissues [8, 13].
Therefore, the treatment of the rats with Se plus vitamin E may reduce the effects of
DZP on rat liver. On the other hand, it has been demonstrated that high concentra-
tions of benzodiazepines may inhibit the activity of Ca2+-ATPase leading to the cal-
cium accumulation [1].

For these reasons, we investigated the role of chronic administration of DZP on
calcium accumulation and lipid peroxidation and the protective effect of Se plus vit-
amin E treatment on DZP induced hepatotoxicity.
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The control group was fed with normal commercial diet and water ad libitum for
90 days. The second group received a normal commercial diet and DZP solution at
a constant dose of 10 mg/kg/day. DZP (Sigma Chemical Co., St. Louis, Mo, USA)
was dissolved in a minimal volume of 0.1N HCl and further diluted with saline. The
third group was offered DZP (10 mg/kg/day) and 8.88 mg/lt sodium selenite (con-
taining 4.05 mg Se) in their drinking water in addition to normal commercial diet.
Vitamin E (DL-α tocopherol acetate) (Sigma Chemical Co., St. Louis, Mo, USA) of
30 mg/kg was given intraperitoneally three times a week for 90 days. Lipid peroxi-
dation was evaluated by measuring malondialdehyde (MDA) formation using thio-
barbituric acid by the method of Ohkawa et al. [11]. Diene conjugate (DC) formation
was determined spectrophotometrically at 233 nm according to Buege and Aust [2].
Hepatic GSH levels were assayed by the method of Beutler et al. [3]. Hepatic plas-
ma membranes were obtained and Ca2+-ATPase activity was determined in liver plas-
ma membranes according to the method described by Yamaguchi [15]. Protein con-
tent was determined by the method of Lowry et al. [6]. Statistical analysis was per-
formed by ANOVA (LSD) test. P value <0.05 was considered significant. 

According to our results, DZP treatment increased significantly DC levels with
parallel marked increase in MDA levels and decreased GSH content. However, Se
plus vit E prevented the effects of DZP on MDA, DC and GSH levels. In addition,
the decrease of Ca2+-ATPase activity after DZP treatment showed a tendency to
increase by Se plus vit E (Table 1).

Earlier study by Musavi et al. [7] showed that single dose of DZP treatment was
responsible for distinct responses of lipid peroxidation in different regions of rat
brain. Long-term treatment of rats with DZP decreased TBARS content in mito-
chondria from cerebrum and showed a rise in TBARS in cerebellum and brain stem
[9]. However, there is no evidence in the literature indicating the role of DZP on
oxidative stress in rat liver. In our study, the increases in DC levels in DZP-treated
group show parallelism with the changes in MDA levels. Although the exact mech-
anism of toxicity is not known, the involvement of free radicals may stimulate lipid
peroxidation after DZP administration. In addition, Se plus vitamin E treatment pre-

Table 1
Concentration of MDA, DC, GSH and activity of Ca2+-ATPase

in DZP and DZP+ Se+ vit E treated rats (means ± SD)

Control DZP DZP + Se+ vit E
(n = 10) (n = 10) (n = 10)

MDA (nmol/mg protein) 1.31 ± 0.19a 2.19 ± 0.32b 1.15 ± 0.20a

DC (nmol/mg protein) 16.1 ± 1.8a 22.50 ± 3.7b 15.31 ± 1.7a

GSH (nmol/mg protein) 28.8 ± 2.47a 18.70 ± 5.32b 28.30 ± 3.2a

Ca2+-ATPase (nmolPi/mg protein/min) 120.4 ± 20.9a 88.20 ± 16.4b 106.00 ± 12.2b



vented lipid peroxidation in rat liver. These results indicate that Se plus vitamin E
treatment reduced the severity of the liver injury by decreasing oxidative stress due
to their antioxidant effects. In addition, it has been reported that accumulated calci-
um in erythrocytes stimulates lipid peroxidation [10]. Benzodiazepines were
described as inhibitors of calmodulin [5] that participates in the regulation of the
plasma membrane Ca pump [14]. The inhibition of Ca2+-ATPase may be due to inter-
action between DZP and calmodulin.

We conclude that calcium accumulation together with increased lipid peroxidation
may play an important role in DZP induced toxicity and Se plus vitamin E treatment
may have restorative effect.
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