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Exposure of cigarette smoke aggravates noise induced
kidney damage
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ABSTRACT

Article Type:

Introduction: Noise is defined as an interfering and unwanted sound. Exposure to noise
induces health problems in humans and animals. Cigarette smoke (CS) has also been known
to cause serious problems in health hazard and leads to many kinds of diseases. However, the
effects of these agents on the kidney are poorly studied.
Objectives: The current study purposes to investigate the impact of noise and/or CS on rat’s
kidney
Materials and Methods: Four groups of six Wistar adult male rats were used. They randomly
were divided into four groups of rats. The first group was used as control. The second group
was exposed to noise. The third group was exposed to cigarette smoking and the fourth group
was exposed to both noise and CS. The experiments were repeated for two weeks (five days per
week). Twenty-four hours after last exposure, the animals were killed by sodium pentobarbital
overdose. Renal function was evaluated by the determination of blood urea nitrogen (BUN) and
creatinine levels. Oxidative stress was estimated by glutathione (GSH) and malondialdehyde
(MDA) assays.
Results: The concentrations of BUN and creatinine remarkably raised (P ≤ 0.05) in all groups
compared to those in control rats. However, elevations of the biochemical tests were more
predominant in rats exposed to combined noise and CS. Elevation of MDA was observed in all
exposed rats, while it was more pronounced in the animals exposed to the combined noise and
CS when compared to control, CS or noise exposure rats alone. The level of GSH decreased in
all exposed groups. It was more obvious in rats exposed to the combined noise and CS when
compared to those of control and exposure rats to noise or CS separately.
Conclusion: Exposure to noise or CS impaired renal function. Generation of oxidative stress
at least in part may be responsible for their nephrotoxicity. Our findings demonstrated CS
aggravated noise induced impairment of renal function.
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In this experimental study, we observed, exposing rats to noise or cigarette smoke induced impaired renal function.
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Introduction
Noise is described as an unpleasant and unwanted sound.
Noise has been associated with numerous health disorders
in human and experimental animals. Noise stress is known
to be linked to a variety of health problems. It is generally
accepted that noise can cause extra-auditory abnormalities
such as increased blood pressure; neurological disorders,
gastrointestinal motility dysfunction and kidney damage
(1-4). Numerous xenobiotics can cause morphological
and functional damage to the kidney. Cigarette smoke

(CS) consists of more than 7000 species of substances.
In fact, of all environmental pollutions (5). CS is found
to be associated with various diseases. Some chemicals
of CS are nephrotoxic and can induce adverse effects on
renal function. The harmful impact of kidney function
was reported previously in mice following short exposure
to CS. Raza et al found that tobacco smoke-induced
oxidative stress in mice kidney as detected by increasing
the levels of reactive oxygen species and the alterations
in the metabolism of GSH (6). Additionally, Adedayo et
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al showed, shrinking of the glomerulus and glomerular
hemorrhage in rats exposed to tobacco smoke. These
authors concluded that exposure of rat to tobacco smoke
may be associated with structural damage to the kidney
(7). Similarly, Ozan et al demonstrated that CS produced
structural alterations in the rat kidney too. The levels of
total thiol and tissue proteins were significantly reduced in
the kidney of cigarette smoked-exposed rats as compared
with control animals (8).
Several studies demonstrated the positive association
between smoking and occupational noise exposure. These
authors found that inhaling CS will exacerbate hearing
loss caused by the noise (9-13). Noise-induced oxidative
stress with tobacco smoke which generates free radicals
which may lead to serious changes in the kidney. The
presence of noise combined with tobacco smoke can be
an aggravating factor of the impairment of the kidney.
Previously, Sung et al determined that smoking causes
accelerate noise evolved hearing loss (10). However, to our
knowledge, there is limited data available in the literature
regarding their effects on the kidney.
Objectives
The current study investigated their impact of noise and/
or CS on rat kidney.
Materials Methods
Animals
Twenty-four adult male 200-250 g Wistar rats were
provided by maintenance center of laboratory animals
Ahvaz Jundishapur University of Medical Sciences. The
animals were kept under standard 12/12-hour darkness/
brightness conditions at a temperature of 23 ± 2°C and
supplied with food and water ad libitum. They were
separated into four groups in a random order (each n=6)
• Group I; control group (These rats did not expose to
noise or CS),
• Group II; exposed to 100 dB noise, 4 hours daily 5
days per week for 2 weeks long,
• Group III; exposed to CS, 4 hours daily 5 days per
week for 2 weeks long,
• Group IV; exposed to 100 dB noise and CS, 4 hours
daily 5 days per week for 2 weeks long.
Noise exposure
The intended noise (100 dB, 700-5700 Hz) was reproduced
and recorded in a sound-insulated animal room that was
from a large textile factory. During exposure to noise,
noise intensity was measured regularly at inside the
animal room using calibrated Bruel and Kjaer noise meter
device (MODEL 2238). The selected sound intensity was
based on previous studies (14,15).
Cigarette smoker exposure
Animals exposed to CS were kept to a special glass box of
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30×40×60 cm, a hood over the cage to evacuate the extra
smoke. The cage had an inlet for the smoking apparatus.
The whole body of the rats was exposed to 10 cigarettes for
4 hours daily for 2 weeks (5 days per week) (16).
Specimen preparation and measuring
Twenty-four hours after the last exposure, rats were
killed by sodium pentobarbital overdose. Blood has been
collected for analyzing renal function, lipid peroxidation,
and glutathione levels
Renal function tests
Renal function was evaluated by the determination of
BUN and creatinine levels. The blood urea nitrogen
(BUN) was assessed by diacetyl monoxime assay (17),
while serum creatinine was done by alkaline Jaffe’s picrate
method (18).
Peroxidation markers
The level of blood lipid peroxidation was assessed by
determination of malondialdehyde (MDA) as the index
for lipid peroxidation. Blood MDA concentration was
evaluated by the method of thiobarbituric acid reactive
substances (TBARS) (19).
Estimation of plasma level of reduced glutathione
The blood level of reduced glutathione (GSH) was
evaluated by Ellman’s method (20).
Ethical issues
This experimental protocol was performed according
to the regulations of the Research Ethics Committee
of Iranian Ethical Guidelines for the use of animals in
research. Additionally, all animal experiments were
in accordance with protocols approved by the United
States National Institutes of Health (NIH, 1978). This
study was also approved by Ethics Committee of
Ahvaz Jundishapur University of Medical Sciences (IR.
AJUMS.REC.1394.666). Additionally, This study was
extracted from master thesis of Jamshid Alizadeh, at the
Occupational Health Engineering Department, School of
Health of this university.
Statistical analysis
Data were expressed as mean ± standard error. The results
were analyzed using SPSS 16.0. The statistical significance
between groups is determined by using a one-way analysis
of variance (ANOVA), followed by post hoc analysis with
least significant difference (LSD) test. Probability value of
≤0.05 was determined to be statistically significant.
Results
Renal function test
The levels of BUN and creatinine significantly increased
(P ≤ 0.05) in rats exposed to noise, CS and combined to
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noise and CS as compared to control rats. However, the
elevation of the biochemical tests was more predominant
in the group exposed to combine noise and CS compared
to those in animals exposed to CS or noise only (Figures
1 and 2).
Oxidative stress tests
Elevation of MDA as the index for lipid peroxidation
was observed in all exposed rats in comparison to those
in the control group (P ≤ 0.05). However, it was more
pronounced in the animals exposed to combine noise
and CS as compared to those in animals exposed to CS or
noise only (Figure 3).
In contrast, the concentration of GSH decreased in all
exposed groups in comparison to control rats (P ≤ 0.05).
However it was more obvious in rats exposed to combine
noise and CS when compared to those in the animals
exposed to noise or CS only (Figure 4).
Discussion
Noise is one of the most common harmful agents inducing
kidney injury. Our findings demonstrated that the level

Figure 1. Effect of noise and/or cigarette smoke on BUN level in rats.
Each value represents mean ± SE.of six animals. * Significantly different
from control rats (P ≤ 0.05). ** Significant difference between animals
exposed to combined noise and cigarette smoke (P ≤ 0.05).

Figure 2. Effect of noise and/or cigarette smoke (smoke) on serum
creatinine level in rats. Each value represents the mean ± SE. of six
animals. *Significantly different from control rats (P ≤ 0.05). ** Significantly
difference between animals exposed to combined noise and cigarette
smoke (P ≤ 0.05).
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of BUN and creatinine increased in the kidney of rats
exposed to noise compared to those in non-exposed rats.
Helal et al reported that the levels of BUN and creatinine
increased in female rats exposed to noise when compared
with control animals. These authors also found that noise
caused histopathological damage in mice kidney (3).
Similarly, Zymantiene et al demonstrated the biochemical
and histopathological alterations in the kidney of female
rats exposed to noise (21). Our findings along with others
support the view that noise impaired renal function.
The mechanism by which noise produced kidney damage
is not fully understood. However, it has been reported that
acute and chronic exposure to noise-induced oxidative
stress and causes disorder involving an extra-auditory
system (22-24). Among them, the kidney is appeared to be
relatively susceptible to free radical damage. We observed
noise increased the level of malondialdehyde as indicated
by lipid peroxidation in rats’ sera when compared to
unexposed rats. Similarly, Dereköy et al showed the MDA

Figure 3. Effect of noise and/or cigarette smoke on malondialdehyde
(MDA) level in rats. Each value represents mean ± SE. of six animals.
*Significantly difference in comparison to those in control animals
(P ≤ 0.05). **Significantly difference among animals exposed to combine
noise and cigarette smoke (P ≤ 0.05).

Figure 4. Effect of noise and/or cigarette smoke on glutathione
(GSH) level in rats. Each value represents mean ± SE of six animals.
*Significantly difference in comparison to those in control animals
(P ≤ 0.05). **Significantly difference among animals exposed to combine
noise and cigarette smoke (P ≤ 0.05).
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level enhanced in rabbits following exposure to a 100 dB
sound pressure level (22). Yildirim et al observed higher
MDA levels in textile workers when compared to those
in control workers (23). Glutathione (GSH) plays a major
role in protecting cells against oxidative-induced damage.
We found the GSH level decreased in rats exposed to noise
compared to unexposed animals. The reduction of GSH
value in the sera following exposure of rats to noise was
also reported by Koc et al. They showed, noise exposure
leads to oxidative stress in rats’ serum (24).
Many chemicals induced morphological and functional
damage in kidney tissue. The presence of these chemicals
and noise may cause the aggravating factor of the
impairment of the kidney. Several studies have shown
smoking has a higher risk chance in higher frequency
hearing loss (9-13). However, most studies have focused
on the effects of CS on noise-induced hearing impairment.
To our knowledge, very limited study has been focused
on the combined effect of these agents on the kidney.
Besides noise, exposure to CS also caused impairment of
renal function as evaluated by increasing levels of BUN
and creatinine when compared to unexposed rats. Pekmez
et al reported that CS enhanced BUN level and structural
and functional alterations in rats’ kidney when exposed to
CS (25). Likewise, Suriyaprom et al found the level of BUN
was significantly higher in smokers than nonsmokers
among males in Bangkok, Thailand who voluntarily
participate in the study (26). We observed the level of
MDA increased and GSH content decreased in rats sera
exposed to CS. These findings support the view that CS
could produce kidney damage, by bioactivation of reactive
toxic metabolites and generation of oxidative stress.
We also observed that presence of the noise with CS
caused potentially more damage to the kidney than
when each insult separately. The levels of BUN, serum
creatinine and MDA considerably higher since the level
of GSH significantly lower in rats exposed to combined
noise and CS in comparison to those in the animals only
exposed to noise or CS. These findings suggest that kidney
injury is more pronounced in rats exposed to CS and
noise than those observed in animals exposed to noise
only. Solvents and metals are considered a risk factor
associated with noise. The presence of noise combined
with some of this nephrotoxic agent can be potentially
more harmful than when exposed separately. Cobanoglu
et al, reported histopathological damage in the kidney was
more pronounced in rats exposed to CS and thinner in
comparison to only thinner exposed animals (27). The
histological changes in the kidney of CS and ethanol were
also more severe than those observed in CS alone (28).
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