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Abstract

Oxidative stress due to noise was estimated at cell level using model of growing lymphocytes. Lymphocytes were isolated and cultured us-
ing conventional methodology. Cell culture of each group was exposed to sound of frequency 1 KHz during incubation. Three groups were 
defined on the basis of exposure of sound with specific range of intensity and duration of exposure. Group A and Group B were exposed to 
sound with intensity 110 dBA for four hours per day and for eight hours per day respectively. Control group was exposed to sound less than 85 
dBA. Viable cell count was performed using trypan blue. Catalase activity of each group was estimated using ELISA kit.
Viable cell count of Group A and Group B was almost same but significantly less than that of control group. Catalase activity of lymphocytes in 
Group B was significantly low as compared to Group A and controls (p=0.003, p< 0.05). There was no significant difference between catalase 
activity of Group A and control group.
Exposure of sound with frequency 1 KHz and intensity 110 dBA for 4 hours and eight hours per day may induce oxidative stress in growing 
lymphocytes causing the difference in viable cell count. However the catalase activity depends on duration of exposure. In case of noise expo-
sure of 8 hours per day, it declines significantly as compared to noise exposure of 4 hours per day.
� © 2011 Association of Basic Medical Sciences of FBIH. All rights reserved
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Introduction

Environmental noise may be considered as the most perva-
sive pollutant. Due to industrial growth and progress in trans-
portation system, it is inevitable to avoid it. Its role in chang-
ing the normal states of blood pressure, immune functions, 
hormone levels and respiratory systems has made it debatable 
during previous decades [1, 2]. Recently Moslehi et al have 
observed the effects of noise on digestive system of rats [3]. 
They found that one day to three weeks noise exposure may 
increase the secretion of gastric acid. However four weeks 
noise exposure could not raise the secretion of gastric acid 
that indicates the adaptation of rats according to the environ-
ment. Stansfeld et al observed the noise effects on cognitive 
performance of the children [4]. Effects of noise on auditory 
system have also been well documented [5]. Several inves-
tigations about noise induced hearing loss have led to the 
conclusion that noise causes excessive production of reactive 
oxygen species (ROS) [5, 6]. According to Samson et al, noise 
induced ROS production not only causes the hearing loss but 

also disturbs the normal physiological functions [7]. Present 
study aimed to investigate the minimum sound intensity and 
exposure duration which may induce the oxidative stress in 
growing lymphocytes through estimation of catalase activity. 

Material and Methods

Samples and Procedures
All procedures were in compliance with the declaration of 
Helsinki, and the study protocol was approved by the ethi-
cal committee and Board of Advance studies and Research, 
University of the Punjab, Lahore. After taking proper consent 
and satisfaction of ethical criteria, 2 ml heparinated blood of 
a healthy individual of age 28 years old was used for the study. 
LSM 1077 lymphocyte separation medium (PAA, Cat# J15-
004, Lot # J00409-0346), Dulbecco's Phosphate-Buffered Sa-
line (DPBS) (HyClone, Cat# SH30028.02, Lot # ATK33267), 
2 % Fetal Bovine Serum (FBS) (PAA, Cat # A11-101, Lot # 
A10108-1650) and Hanks Balanced Salt Solution (HBSS) (Hy-
Clone, Cat# SH30588.01, Lot# ATL 33470) were used for the 
lymphocyte isolation. Viable cells were counted by using try-
pan blue stain. Cell culture media (10% FBS, 1X PBS, 2 mM 
L, glutamine, RPMI 1640) was prepared for lymphocyte. 10 
ml cell culture media was poured in culture flask. 250 µl of 
cell suspension with density of 89.33 X 106 cells was inocu-
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lated in culture media of each flask. The culture flasks were 
incubated in incubator (Sanyo, MCO-15 AC) with 5 % CO2 
at 37 °C. Sound waves were directly exposed to growing lym-
phocytes. Acoustic system was developed for the exposure 
of sound to lymphocytes for a certain period of time. Noise 
effects were generated by using computer software named 
as NCH tone generator. This software helped in producing 
the sound waves of specific frequency. This software was 
prepared by NCH softwares, USA (http://download.cnet.
com/NCH-Tone-Generator/3000-2169_4-10019045.html). 
Sound with frequency of 1 KHz was generated. Sound in-
tensity was changed by using amplifier. Intensity of 110 
dBA was confirmed by digital sound level meter before the 
start of experiment. For avoiding contamination, speak-
ers were fitted within the lid of culture flasks. Three ex-
posure groups were defined on the basis of exposure of 
specific range of sound intensity and exposure duration 
(in case of noise exposure). Group A was exposed to noise 
for 4 hours per 24 hours and group B was exposed to noise 
for 8 hours per 24 hours. Control group was not exposed 
to noise. Noise was exposed to lymphocytes after 16 hours 
of inoculation of culture media with lymphocytes in group 
A and group B. This incubation period allowed the lym-
phocytes to grow. After 72 hours incubation, cells were 
harvested in 50 ml falcon. Falcon tubes were centrifuged 
at 1500 rpm for 10 minutes and supernatant was discarded. 
10 ml DPBS was added to culture flask and using sterile cell 
scraper, remaining cells attached to the surface of culture 
flasks were removed from the flask surface. This DPBS solu-
tion containing lymphocytes was also added to 50 ml falcon 
tube. Falcon tube was centrifuged again to obtain cell pel-
let. Supernatant was discarded. Cells were used for further 
analysis. Viable cells were counted by using trypan blue stain 
and hemocytometer. Oxidative stress was estimated by us-
ing ELISA method for Catalase assay (MERCK, catalogue # 
219265). Before assay, cell lysis was performed by sonication 
on ice in 2 ml cold buffer (i.e., 50 mM potassium phosphate, 
pH 7.0, containing 1 mM EDTA). After centrifugation at 
10,000 x g for 15 min at 4°C, su-
pernatant was isolated for assay 
and was stored on ice. On the 
same day, ELISA was performed 
and catalase activity was esti-
mated following the instructions 
of manufacturers of ELISA kit. 

Statistical analysis
Viable cell count and catalase ac-
tivity of different exposure groups 
were compared using ANOVA 
followed by Duncan’s test. 

Results 

Results of viable cell count are shown in Figure 1 which indi-
cates that the number of lymphocytes in noise exposed groups 
(A and B groups) was significantly smaller than that of nor-
mal sound groups (C). However in group A, viable lympho-
cyte count was not significantly different from that of group B. 
Figure 2 indicates the standard curve for the estima-
tion of formaldehyde (micro moles). After estimation 
of formaldehyde concentration, catalase activity of each 
sample exposed to different noise groups was estimated. 
Results obtained for each group were compared for the 
assessment of noise effects on catalase activity (Figure 
3). It was found that catalase activity of the samples ex-
posed to noise for four hours was higher than that of nor-
mal sound exposed samples and noise exposed samples 
for eight hours. However the difference in catalase activ-
ity of 4 Hour exposed group and control group was not 
significant but the difference in catalase activity of 8 Hour 
exposed group was significantly different from that of 4 
Hour exposed group. Catalase activity of 8 Hour exposed 
group was significantly less than that of control group. 

FIGURE 1.  Comparison of viable cell count in different exposure 
groups. Bars with different letters indicate significant difference 
among the groups (p< 0.05).

FIGURE 2.  Standard curve for the estimation of formaldehyde (micro moles).
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Discussion

All cells of the human body have developed mechanisms for 
neutralization of reactive oxygen species. If cells fail to mini-
mize the oxidative stress, severe cellular damage may happen. 
This damage may result in the development of several types 
of diseases like cancer, cataracts, cardiovascular diseases, ag-
ing and age related maculapathies. The studies about oxida-
tive stress inducers may help in understanding the etiology 
of these health problems. Several factors have been found to 
induce oxidative stress. Noise exposure is one of them. Suc-
cessful use of antioxidants in the treatment of noise induced 
hearing loss point out the role of oxidative stress due to noise. 
Furthermore the harmful effects of noise were reported by 
Van Campen et al in rats [8]. They observed that noise ex-
posure causes the oxidative DNA damage in cochlea, brain 
and liver of rats. This finding helped us to build a hypothesis 
stating that duration of noise exposure is an important fac-
tor in increasing the oxidative stress. For confirmation of this 
hypothesis, lymphocytes of a healthy individual were exposed 
to sounds with different intensities and catalase activity of dif-
ferent groups was estimated. It was found that noise causes 
oxidative damage depending on the intensity of exposure. 
Catalase activity of lymphocytes was affected by the duration 
of noise exposure. In case of control group and A group (4 
hour exposure per day), no significant difference was pres-
ent between the catalase activity of two groups. However the 
catalase activity of B group was significantly different from 
control group and A group. Catalase activity was found to be 

decreased with the increase in noise exposure duration. De-
creased catalase activity indicates high oxidative damage [9]. 
These findings indicate that antioxidant enzyme activity can 
neutralize the drastic effects of noise for a certain level. If the 
stress crosses the threshold value, it may result in increased 
production of free radicals. Depletion in activities of catalase 
enzyme after eight hour noise exposure indicates the en-
hanced radical production. Similar decline in catalase activity 
associated with the increased oxidative damage was observed 
in textile industry workers due to noise exposure [6]. Compa-
rable effects of noise induced oxidative stress were reported 
by Srikumar et al during investigation of the protective ef-
fects of Triphala on cell mediated immune response [10]. 
Present study is a preliminary but leading investigation that 
has provided a model for investigation of drastic effects of 
noise on eukaryotic cells. Strength of the present study is 
the use of complete exposure control of noise with strat-
egy to remove the variations induced by potential affecters 
like oxygen level, pH, temperature, radiations and oxidiz-
ing agents. Use of polymorphonuclear lymphocytes for the 
estimation of effects of noise on catalase activity has pro-
vided a model to study immunosuppression due to noise 
exposure. Use of only one oxidative damage biomarker 
and lack of gene expression data for claiming the stress-
ful effects of noise on lymphocytes has restricted the study. 

Conclusion 

In conclusion, we found that duration of noise exposure 
have important role in changing the catalase activity of 
growing lymphocytes. In case of short duration of noise 
exposure, catalase activity increases but its difference is 
not significant as compared to the control group. Discor-
dantly noise exposure for longer duration may result in 
the decline in catalase activity of growing lymphocytes 
which indirectly indicates the excessive production of reac-
tive oxygen species molecules. So, noise exposure for long 
duration causes oxidative stress in growing lymphocytes.
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FIGURE 3.  Comparison of catalase activity in different noise 
groups. Bars with different letters indicate significant difference 
among the groups (p=0.003, p< 0.05).
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