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Abstract

Occupational noise enhances the risk of several cardiovascular and non-cardiovascular diseases. The
reason behind the drastic effects of noise exposure is the excessive generation of reactive oxygen species mol-
ecules. The present study investigates oxidative stress due to occupational noise exposure in 192 male smok-
ing workers exposed to normal noise (sound level <80 dBA), low noise (sound level 8§1-94 dBA), and loud
noise (sound level >95 dBA). University-aged volunteers were selected for the normal sound exposed group.
Drivers and conductors were selected for the low-noise exposed group, and workers of power loom factories
were chosen for the high-noise exposed group. Oxidative stress was estimated using 8 OHdG as a biomarker
for oxidative DNA damage. Serum aldosterone and serum cortisol level was estimated using the enzyme
immunoassay method. Results indicated that 8 OHdG level was significantly different in different exposure
groups. It was highest in the low-noise exposed group (0.370+0.017 ng/ml) and lowest in the normal-sound
exposed group (0.2240.01 ng/ml). Level of 8 OHdG in the high-noise exposed group was 0.29+0.00. There
was no significant variation of aldosterone levels among different groups. Cortisol levels of both noise groups
was higher than that of the normal sound group. It can be concluded that noise exposure induces stress in the
Pakistani population. This stress leads to oxidative DNA damage.
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Introduction

Some occupations involve noise exposure for longer
duration for workers. Excessive noise exposure may
enhance the risk of high blood pressure, myocardial infarc-
tion, and coronary artery disease [1-4]. About 600 million
workers face occupational noise worldwide [1]. The impor-
tance of genetic factors in raising the chances of noise-
induced health problems have been realized [3]. In addition
to genetic factors, other factors may affect the drastic out-
comes of noise exposure. For pointing out those factors, it

*e-mail: kashifnawazshabbir@yahoo.com

will be essential to understand the biochemical basis of
noise induced health damage. Current knowledge of this
field reveals the importance of reactive oxygen species
(ROS) [5, 6]. ROS production happens due to physiologi-
cal processes of normal aerobic living cells. These have a
critical role in normal body functions. Nevertheless, their
excessive production may cause oxidative damage to pro-
teins, DNA, and lipids of cellular membranes [7].
Decreased catalase activity of growing lymphocytes was
observed due to noise exposure [8].

Effects of noise not only depend on oxidative stress but
some genetic variations may also play their role. For exam-
ple, ACE ID and ACE G2350A polymorphism was
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observed to modulate the association of noise with high
blood pressure [2]. Nevertheless, no association of ACE
polymorphism with increased blood pressure in the local
population of Pakistan was observed in either case of noise
exposure [9]. Several exogenous factors are known to
increase the generation of ROS. These include exposure of
UV, gamma radiation, tobacco smoke, benzene, styrene,
asbestos, silica, chromium, arsenic, cobalt and polycyclic
aromatic hydrocarbons [10]. There exists a balance
between endogenous oxidants and numerous antioxidant
mechanisms in normal physiological condition. When
imbalance happens, oxidants cause extensive oxidative
damage. In the case of DNA damage, mechanisms involv-
ing different enzymes play their role for DNA repair for
normal cell functioning. Failure of DNA repair may result
in mutations leading to the aging, carcinogenesis, shock,
ischemia, reperfusion, or injury [11, 12]. Oxidative DNA
damage has extensively been studied using 8-hydroxy
deoxyguanosine (8OHdG) as an oxidative DNA damage
biomarker. This molecule is produced due to the interaction
of hydroxyl radicals with guanine (nucleobase of DNA).
On the basis of increased 8 OHdAG level, Van-Campen et al.
[13] observed noise-induced oxidative DNA damage in
rats. Noise-induced DNA damage in human beings has not
been studied in detail. In the present study, it was investi-
gated if the noise exposure of 80 dB causes the excessive
production and release of ROS molecules leading to oxida-
tive DNA damage. 8-hydroxy-2-deoxyguanosine (8OHdG)
was used as a biomarker of oxidative DNA damage. Blood
from workers and volunteers (exposed to specific sound
level ranges) were used as a sample for the estimation of
oxidative DNA damage. The effect of noise exposure on
serum aldosterone and cortisol level also was analyzed.

Materials and Methods
Study Sample

All procedures were in compliance with the declaration
of Helsinki and the study protocol was approved by the uni-
versity ethics committee of Punjab Lahore, Pakistan.
Occupational sites and workers residing in these sites for
eight hours per day and seven days per week were selected
as already described [2]. Initially 389 samples were select-
ed. Out of these 389 samples, workers with similar expo-
sure duration and smoking habits were finally selected for
the estimation of SOHdG level. Samples showing positive
results for HIV, HCV, HBSAg, diabetes, and deafness were
excluded from the study. The subjects were divided in three
groups on the basis of noise level at their work site; normal
sound exposed group: Volunteers exposed to <80 dBA;
low-noise exposed group: workers exposed to 81-94 dBA;
high-noise exposed group: workers exposed to >95 dBA.
The normal-sound exposed group consisted of volunteers
from university and colleges. The low-noise exposed group
consisted of drivers and conductors. The high-noise
exposed group consisted of workers in power loom facto-
ries.

Detection of 8 OHdG

DNA of each sample was extracted by using Fermentas
kit (#K0512) according to manufacturer’s protocols.
Pretreatment of the samples and estimation of 8 OHdG was
performed according to manufacturer’s protocol for highly
sensitive ELISA kit (JaICA, KOGHS 040914E).

Detection of Cortisol Serum
and Aldosterone Serum

Quantitative determination of cortisol in serum was per-
formed using enzyme immunoassay as per instructions of
manufacturer (NOVATEC, Product No. DNOVO0O01).
Serum aldosterone level was estimated using enzyme
immunoassay as per manufacturer instructions
(NOVATEC, Product No. DNOV012).

Statistical Analysis

Levels of 8 OHdG, serum aldosterone level, age, and
body mass indices were compared using Duncan’s test.
Matrix plots were explained in terms of Pearson’s correla-
tion.

Results

A total of 192 samples were collected on the basis of
inclusion criteria. Forty-six samples belonged to the normal
sound group, 69 samples were from the low-noise group
and 77 samples were from the high noise group. Baseline
characteristics of the groups are shown in Table 1.
Comparison of age of different groups indicates that the
low-noise group had significantly higher values as com-
pared to the other groups (normal sound and high noise).
Weight, height, and body mass index of low noise groups
were also higher in the low noise group as compared to
other groups. Considering these differences, the estimations
were made after adjusting data for the confounding vari-
ables accordingly.

80HAG concentration was highest in the low-noise
group and lowest in the normal sound group. The concen-
tration of 8OHAG in high noise group was lower than that
of the high-noise group but higher than that of the normal
sound group. Serum aldosterone level was not significantly
different in all the groups. Serum cortisol level of both
noise (low and high) groups was higher than that of the nor-
mal sound group. Fig. 1 shows the matrix plot for different
variables. A significant relationship was seen in the case of
age vs SOHdG and age vs. serum aldosterone. The linear
relationship between weight vs. height and weight vs. cor-
tisol was also recorded as significant. Height and SOHdG
showed the relationship with change in cortisol level.

Discussion

The present research was conducted to find epidemio-
logical evidence showing oxidative DNA damage due to
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Table 1. Characteristics of groups.

Normal Sound (46) Low noise (69) High noise (77)
Age 38.3540.45° 42.4240.41° 38.99+0.47°
Weight 77.67£1.74° 82.45+1.42° 64.62+1.59°
Height 1.63+0.01° 1.674+0.01* 1.59+0.01°
Body mass index 29.17+0.49° 29.74+0.48" 25.4940.55°
8 OHAG Concentration 0.2240.01° 0.37+£0.01° 0.29+0.00°
Serum aldosterone level (pg/ml) 55.65+£2.54° 49.57+1.83* 63.77+8.01°
Serum cortisol (ng/ml) 25.39+1.87° 35.16+1.86" 38.95+1.67°

(Mean £+ S.E.M)
c<b<a (p<0.01)
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noise in the different groups defined on the basis of noise
exposure. The present study shows the positive correlation
between age and 8OHAG level. The reason for this rela-
tionship might be explained in terms of accumulation of
ROS in the aging body. Increased levels of 8SOHdG in
noise-exposed groups as compared to that of normal sound
group indicates the role of noise in raising oxidative stress.
Similar oxidative stress due to noise was detected in textile
workers of Turkey [5]. Comparison of SOHdG between
low noise and high noise groups showed that SOHdG was
higher in the low-noise group as compared to that of the
high-noise group. The reason for this difference may be
described in terms of different exposure conditions of each
group. The low-noise exposed group was composed of dri-
vers and conductors. They were not only exposed to noise
but also exposed to air pollution (benzene and other pol-
yaromatic hydrocarbons) [14]. The additive effects of
noise and air pollution might have increased the oxidative
DNA damage. In the case of the high-noise group, all the
samples were power loom workers. They were exposed
only to extreme noise pollution. Therefore, oxidative DNA
damage level was low in them as compared to the low-
noise group.

The level of serum cortisol increased in noise-exposed
workers whereas no significant variation was seen for the
levels of aldosterone. Our findings are in agreement with
the information presented by Fouladi et al., which shows
the variation of cortisol levels due to noise exposure in
blue-collar industrial workers [15]. Similar findings were
reported by Sjodin et al. while studying the stressful effects
of noise on preschool employees [16]. Positive correlation
of cortisol with that of 8OHdG indicates the relationship
between these two different stress markers. Recently
Joergensen and coworkers also have reported similar obser-
vations while studying the phenomenon of aging [17].
According to them, cortisol might be the reason to increase
oxidative DNA damage in aging cells. Cortisol level was
having negative correlation with that of weight and height.
That means a higher level of cortisol is responsible for
lower values of weight or height. In this way, the present
finding supports the hypothesis that cortisol and body mass
index are inversely related. Similar observations were
recorded by Daniel et al. while studying obesity in blue-col-
lar women [18].

An increased level of aldosterone is found to be associ-
ated with the increased risk of renal complications, inflam-
mation, and oxidative stress. Fibrosis in a number of tissues
and metabolic syndrome are also related to elevated levels
of aldosterone. Increased risk of cardiovascular diseases,
including hypertension, directly and indirectly to elevated
levels of aldosterone by increasing the risk of obesity and
renal complications have also been reported by several
research groups [19-21]. Positive correlation was observed
between age and serum aldosterone level. This indicated
that samples having higher age were having higher values
of serum aldosterone level, which indirectly indicates high-
er chances of cardiovascular diseases [20].

The strength of the present study may be defined in
terms of the use of occupational noise exposure, which

remains stable through the whole working day. Selection of
such working sites grants maximum possibility of getting
the workers exposed with defined sound level.
Additionally, the selection of age matched and similar
smoking habits of samples also helped in avoiding potential
confounding effects.

Conclusions

The noise exposure induces stress in workers exposed
to noise. The impact of this stress causes oxidative DNA
damage. A strong relationship between SOHAG and cortisol
points toward the role of cortisol in influencing the level of
8OHdG.
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