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Abstract

Background: Chromium is a naturally occurring heavy metal found in the environment.
Objectives: The aim of the present study was to determine the effect of simvastatin (SIMV) on sodium dichromate [Cr(VI)]-induced
oxidative stress in the rat lung.
Materials andMethods: Forty-eight adult male Wistar rats (180 - 220 g weight) were randomly assigned to eight groups (each n = 6).
Group one received SIMV 20 mg/kg/day. Group two was given vehicle only. Groups three, five, and seven received intraperitoneal (i.p.)
Cr(VI) at doses of 8, 12, and 16 mg/kg body weight, respectively, for eight consecutive days. Groups four, six, and eight were pretreated
with 20 mg/kg SIMV 30 minutes prior to administration of Cr(VI) at doses of 8, 12, and 16 mg/kg, respectively, for eight consecutive
days. Twenty-four hours after the last administration, the animals were killed with an overdose of sodium pentobarbital. Lung
tissues were excised for measurements of malondialdehyde (MDA) and glutathione (GSH), and for histopathological examination.
Results: The level of GSH was significantly decreased in the Cr(VI)-treated rats. In contrast, the lung level of MDA was significantly
increased in a dose-dependent manner in the Cr(VI)-treated rats when compared to the control animals. SIMV had no effect on GSH
and MDA levels compared to the control rats, but there were significantly increased GSH concentrations and decreased MDA levels
in lungs of rats treated with Cr(VI).
Conclusions: The observations suggest that SIMV may have a protective effect against Cr(VI)-induced oxidative stress in the rat lung.
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1. Background

Chromium is a naturally occurring heavy metal found
in the environment. Hexavalent chromium [sodium
dichromate, Cr(VI)] compounds are highly toxic to biolog-
ical systems, but are widely used in many industries, such
as chrome plating, welding, wood processing, and tanner-
ies (1, 2). Cr(VI) enters the body through the lungs and gas-
trointestinal tract, and to a lesser extent through the skin.
Exposure to this agent can lead to severe respiratory, car-
diovascular, gastrointestinal, hepatic, and renal damage
(3-6). Cytotoxicity and genotoxicity of Cr(VI) in humans
has been reported (7). Chronic exposure to high concen-
trations of Cr(VI) in drinking water causes intestinal ade-
nomas and carcinomas in mice. Cr(VI) produces damage
to intestinal villi and crypt hyperplasia in mice after only
one week of exposure (3, 4). Kumar and Gangwar (2012) re-
ported that Cr(VI) produced injuries in the liver and kid-
ney (8). Lipid peroxidation (LP) and oxidative stress in the
liver and kidney of Cr(VI)-exposed rats has been reported

(8). Xiao et al. (2012) found that Cr(VI) also induced liver
mitochondrial damage (9).

The respiratory tract is the primary target of inhaled
chromium. Exposure to Cr(VI) has induced pulmonary in-
juries in humans and animals (6, 10-13). Asatiani et al. (2011)
reported that Cr(VI) can impair the antioxidant defense
system (14).

The mechanism of lung toxicity of Cr(VI) compounds
has not been clearly documented; however, chromates are
readily taken up by cells and reduced to reactive Cr species,
which may also result in the generation of reactive oxygen
species (ROS) (14, 15). Cr(VI) is rapidly converted to Cr(III)
intracellularly, and can induce apoptosis through different
mechanisms (14, 15).

Many compounds have been identified as having an-
tioxidant activity. Each of these antioxidants has specific
activities, and they often work synergistically to enhance
the overall antioxidant capacity of the body (16). The fa-
vorable effects of statins can be expanded to antioxidant,
anti-inflammatory, and immunomodulatory effects in an
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in vivo murine model of allergic asthma (17-20). The an-
tioxidant properties of statins extend to organ protection,
especially the myocardium and the lungs. Statins have
been shown to both prevent and attenuate pulmonary hy-
pertension in animal models. It has been reported that
statins protect the kidneys against gentamicin-, cisplatin-
, and cyclosporine-induced nephrotoxicity (19, 21, 22). Sim-
vastatin (SIMV) modulates a number of the underlying pro-
cesses described in lung injury (18, 20). As Cr(VI) is a toxic
heavy metal with wide industrial applications and signifi-
cant potential for occupational exposure, studying the ef-
fects of SIMV on Cr(VI)-induced lung injury in experimen-
tal animals may be useful for a better understanding of the
clinical picture following Cr(VI) exposure in humans. Such
studies may lead to a better understanding of the mecha-
nisms by which Cr(VI) may induce pulmonary toxicity. The
purpose of the present study was to study the effect of SIMV
on Cr(VI)-induced injury in the rat lung.

2. Objectives

The aim of the present study is to determine the effect
of SIMV on Cr(VI)-induced oxidative stress in the rat lung.

3. Materials andMethods

3.1. Chemicals

All reagents and chemicals were of analytical grade
or higher purity. Cr(VI) was purchased from Aldrich
Chemical Co., thiobarbituric acid (TBA) was purchased
from Sigma Chemical Co. Other products included
SIMV (Tehran chemise), 5,5-dithiobis,2-nitrobinzoicacid
(DTNB) (Sigma), 1,1,3,3-tetraethoxypropane (TEP) (Merck),
and trichloroacetic acid (TCA) 50% (ACROS). Reduced glu-
tathione (GSH) and sodium pentobarbital were obtained
from Sigma Chemical Co.

3.2. Animal Treatments

This study was conducted using 48 adult male Wistar
rats (180 - 220 g). The animals were kept under standard
12/12-hour darkness/brightness conditions at a tempera-
ture of 23 ± 2°C. The standard pellet rat diet and tap water
were freely available. The rats were divided randomly into
eight groups (each n = 6). The study groups were assigned
the following regimens: Group one was treated with SIMV
via oral gavage at a dose of 20 mg/kg body weight (BW)/day
for 8 consecutive days. Group two was used as the con-
trol group and given vehicle only (normal saline). Groups
three, five, and seven received intraperitoneal (i.p.) Cr(VI)
at doses of 8, 12, and 16 mg/kg BW/day, respectively, for eight

consecutive days. Groups four, six, and eight were pre-
treated with SIMV (20 mg/kg BW via oral gavage) 30 min-
utes prior to administration of Cr(VI) (8, 12, and 16 mg/kg
BW, respectively) for eight consecutive days.

Twenty-four hours after the last treatment, all of the
rats were killed with an overdose of sodium pentobarbi-
tal. Lung tissues were removed and washed with normal
saline, then fixed and processed for light microscopy, us-
ing hematoxylin and eosin (H&E) staining. Five histolog-
ical sections, each at least 15 µm thick, were taken from
each tissue block and stained with H&E. The criteria for cell
injury included nuclear dilation, loss of staining capacity,
and obvious cellular swelling. Other parts of the lung tis-
sues were collected for determination of malondialdehyde
(MDA) and glutathione (GSH) levels. MDA was estimated by
the method of Buege and Aust (23), while GSH concentra-
tion was measured with DTNB by Ellman’s method (24).

The study protocol was approved by the ethics commit-
tee of Ahvaz Jundishapur University of Medical Sciences.

In this experiment, the dose of Cr(VI) to induce oxida-
tive stress was based on a report by Goodarzi et al. (25) and
Ferreira et al. (26). The selected dose of SIMV was as per
Ozbakis-Dengiz et al. (27) and Mohammadi et al. (28).

3.3. Biochemical Assays

3.3.1. Peroxidation Markers

MDA, the product of lipid peroxidation, was estimated
by the method described by Buege and Aust (1978). Tis-
sue lipid peroxidation was measured in whole-lung ho-
mogenate, and after centrifugation at 10,000 g for 10 min-
utes, the supernatant was taken. Aliquots (1 mL) were ana-
lyzed for MDA content after the addition of 2 mL of thiobar-
bituric acid reagent. The tube was then vortex-mixed for 10
seconds and placed in a boiling water bath (90 - 100°C) for
20 minutes. After cooling for 7 minutes, the resulting su-
pernatant was removed and measured at a wavelength of
532 nm with a SERIEC-7000 spectrophotometer. The MDA
concentration was determined by using TEP as an external
standard (0.5 - 2.5 µM) (23).

3.3.2. Estimation of Reduced GSH

Reduced GSH was measured by the method of Ellman
(1959). For this, 5 mL aliquots were added to 4 mL of dis-
tilled water (DW) and 1 mL of 5% trichloroacetic acid (TCA),
and the mixture was vortexed and centrifuged at 3,000 g
for 15 minutes. Then, 2 mL of supernatant was added to
4 mL of Tris buffer (0.4 M, pH 8.9) and 0.1 mL of DTNB.
The mixture was allowed to stand for approximately 5 min,
and forming a yellow substance. The absorbance was mea-
sured at 412 nm (24).
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3.4. Statistical Analysis

The data were analyzed using SPSS 16.0. One-way anal-
ysis of variance (ANOVA) was performed, followed by post
hoc analysis with the LSD test. A probability value of ≤0.05
was determined to be statistically significant.

4. Results

Cr(VI) induced dose-dependent elevation of MDA lev-
els in rat lungs when compared to the control group (P ≤
0.05). SIMV had no effect on rat lung MDA levels when com-
pared to the control group, but this chemical significantly
(P ≤ 0.05) decreased the MDA concentrations in Cr(VI)-
treated rats when compared to those receiving the same
dose of Cr(VI) only (Figure 1). GSH levels were significantly
decreased in the Cr(VI)-treated rats compared to the con-
trol animals. However, pre-treatment of animals with SIMV
markedly increased the GSH levels in the Cr(VI)-treated rats
when compared to the non-pretreated rats that received
the same dose of Cr(VI) (Figure 2).

Figure 1. Effect of Simvastatin on MDA Levels in Rat Lung Tissues Treated With Cr(VI)
(Chromium)
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*Significantly different from rats pretreated with normal saline (NS) and instead of
who were given the same dose of chromium (P ≤ 0.05).

Administration of saline (vehicle) alone did not pro-
duce detectable injuries in the rat lungs (Figure 3). How-
ever, Cr(VI)-induced damage in the lung tissue included
marked infiltration of inflammatory cells into the alveolar
space and septal thickening (Figure 4). The extent of injury
was increased in a dose-dependent manner. SIMV caused
no obvious injury in the rat lungs, with the lung tissue in
these rats similar to that of the control animals. However,
SIMV markedly reduced pulmonary damage in the Cr(VI)-
treated rats (Figure 5).

5. Discussion

Chromium is one of the most widely used indus-
trial metals. Several million workers worldwide are esti-

Figure 2. Effect of Simvastatin on GSH Levels in Lung Tissues of Rats Treated With
Cr(VI) (Chromium)
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*Significantly different from rats pretreated with normal saline (NS) instead of SIMV
and given the same dose of chromium (P ≤ 0.05).

Figure 3. Light Micrograph of Lung of a Control Rat, Showing no Obvious Injury to
the Lung Cells (H&E 10×)

mated to be exposed to chromium compounds in an ar-
ray of industries, such as pigment production, chrome
plating, stainless steel welding, textile manufacturing, and
leather tanning (1-3, 29, 30). A high incidence of lung in-
juries has been reported in workers exposed to certain in-
haled particulate Cr(VI) compounds. These workers were
found to have increased incidences of pulmonary conges-
tion, edema, lung tissue fibrosis, and hyperplasia of the
bronchial epithelium (1-4, 10). A large body of evidence
supports the view that Cr(VI)-induced pulmonary toxicity
in rats is similar to that reported in humans exposed to
Cr(VI) (10, 13, 29, 30).

The results of the present study indicated that the level
of GSH was significantly (P≤ 0.05) decreased and the level
of MDA was significantly increased in the lungs of rats
treated with various doses of Cr(VI), compared to the con-
trol group. Soudani et al. (2013) reported that the lungs
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Figure 4. Light Micrograph of a Rat Lung Treated With 16 mg/kg Cr(VI), Showing Ex-
tensive Injury, Including Marked Infiltration of Inflammatory Cells Into the Alveolar
Space and Septal Thickening (H&E 20×)

Figure 5. Light Micrograph of rat Lung Pretreated With 20 mg/kg SIMV and Treated
With 16 mg/kg of Cr(VI), Showing Cr(VI)-Induced Lung Injury That was Diminished
Compared to the Non-Pretreated Animals That Received the Same SIMV Dose (Figure
4) (H&E 20×)

of rats exposed to Cr(VI) showed increased MDA and de-
creased GSH levels (11). Acharya et al. (2004) observed
biochemical alterations in rat lung tissues after i.p. ad-
ministration of Cr(VI) (31). Garcia-Nino et al. (2013) stud-
ied the effect of Cr(VI) on oxidative stress in rats. These
authors reported that Cr(VI) enhanced the level of oxida-
tive stress (32). The present study showed that Cr(VI) in-

duced dose-dependent cell injury in the rat lung. Zhao et
al. (2014) showed that intratracheal instillation of potas-
sium dichromate at doses of 0.063 and 0.630 mg/kg for
four weeks produced Clara cell injury in the rat lung (33).
Fongmoon et al. (2014) showed that hexavalent chromium
caused marked alveolar thickening associated with fibrob-
last and myofibroblast proliferation and collagen produc-
tion in interstitial tissue, leading to pulmonary fibrosis in
a rat model (34). An in vitro study indicated that Cr(VI)
produced oxidative stress and induced apoptosis of lung
epithelial cells (35). In the present study, severe degenera-
tion was observed in rat lungs exposed to Cr(VI). It is prob-
able that increased ROS production in the lung tissue may
be responsible for this organ damage, as reflected by the
changes in MDA levels. Another player in the induction of
these changes is the depletion of thiol groups in the lung.
Both of these effects, in concert, led to the development of
Cr(VI)-induced lung injury.

Jabbari et al. (2011) reported that SIMV protected the rat
kidney against gentamicin-induced nephrotoxicity (22).
Fouad et al. (2013) reported that SIMV treatment amelio-
rates injury to rat testes induced by cadmium toxicity (36).
Stoll et al. (2005) expressed that the antioxidant effects of
statins likely contribute to their clinical efficacy in treating
cardiovascular disease, as well as other chronic conditions
associated with increased oxidative stress in humans (37).
The results of the present study demonstrate that SIMV at a
concentration of 20 mg/kg BW/day gave significant protec-
tion to the animals against the chromium-induced oxida-
tive damage. Hadi et al. (2013) reported that SIMV amelio-
rates myocardial ischemia/reperfusion injury (38). Ferreira
et al. (2014) found that treatment of mice with 20 mg/kg
of SIMV improved the pulmonary damage caused by expo-
sure to tobacco smoke when compared to control animals
(26).

To the best of our knowledge, the effect of SIMV on
Cr(VI)-induced lung biochemical and histopathological al-
terations had not been previously reported. Our findings
are the first report of an in vivo study providing evidence
for the beneficial effects SIMV on lungs exposed to Cr(VI).

In conclusion, the present study demonstrated that
SIMV protected the lung against Cr(VI)-induced biochemi-
cal and histopathological changes in rats. The mechanisms
of this pulmonary protective effect mainly include amelio-
ration of lipid peroxidation induced by Cr(VI), as well as el-
evation of GSH levels.
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