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ABSTRACT

Simultaneous exposure of highly-used chemical and physical agents are expected to happen in many
occupations. In the present study the impact of simultaneous exposure to noise and formaldehyde on
oxidative stress in blood and liver tissue of rat was investigated. Animal study was conducted in the
School of Public Health, Shahid Beheshti University of Medical Scineces, Tehran, Iran in 2013. A total of
42 male Wistar albino rats were randomly divided into 6 groups (7 in each group). Rats in control group
were not exposed to any stressor, while 2 groups were exposed to 6 and 12 ppm formaldehyde, 1 group
to noise (0.7-5.7 kHz, 100 dB SPL) and 2 groups to noise + formaldehyde (8 h/d, 28 days). The level of
oxidative stress in blood and liver tissue were determined through GSH and MDA measurements. Sound
pressure level was monitored using a calibrated Bruel and Kjaer 2238 sound level meter (Denmark).

Formaldehyde concentration was monitored four times an hour by a photo ionization detector
(Photocheck +5000, lonscience Co., UK). GSH concentrations were measured through titration and
guantification of thio-nitro-benzene using spectrophotometry at 412 nm. MDA levels were quantified by
absorption at 535 NM wavelengths using a spectrometer. The results revealed that exposure to both
stressors significantly reduced the GHS levels and significantly increased the MDA levels in exposed rats.
The level of changes in groups with simultaneous exposure was dose-dependent (p<0.05). The current
study clearly confirmed that co-exposure to noise & formaldehyde has an additive effect in oxidant
/antioxidant system imbalance.
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INTRODUCTION

Formaldehyde (FA) is used mainly as an
intermediate product in the manufacture of synthetic
resins and their applications, such as adhesives and
binders in wood product, furniture, pulp and paper,
synthetic vitreous fiber industries and in medical
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applications as a disinfectant and Preservative agent [1-
3]. High levels of occupational exposure to inhaled FA
(6-12 ppm) has been reported that may induce liver
toxicity [2, 4]. The International Agency for Research
on Cancer (IARC) reclassified FA as a human
carcinogen (group 1) in 2009. Adequate evidences show
that formaldehyde causes nasopharyngeal cancer and
leukemia [4-5]. Moreover, several investigators such as
Sogut et al. [6], Zho et al. [7], and Kum et al. [8] have
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Table 1. The body weight of subjects in studied groups before and after exposures (n=7)

Whody, 91 Wiiver /Whody
Before exposure After exposure After exposure
Mean (SD) Range Mean (SD) Range Mean (SD) Range
C 200.6 (17.6) 170-226 227.5(16.0) 203-246 0.047 (0.002) 0.044-0.049
N 194.9 (13.9) 185-222 220.0 (14.9) 203-241 0.034 (0.002) 0.033-0.038
FA6 208.6 (19.2) 175-228 200.0 (19.2) 173-220 0.032 (0.001) 0.029-0.033
FA12 207.6 (17.6) 186-235 185.0 (21.0) 152-207 0.030 (0.002) 0.028-0.034
FAG6+N 196.4 (17.4) 173-218 186.0 (13.0) 165-199 0.030 (0.002) 0.028-0.033
FA12+N 204.6 (15.2) 182-226 190.7 (11.8) 174-205 0.027 (0.001) 0.026-0.030

reported that exposure to formaldehyde is associated
with oxidative stress in many organisms [9].

It has been confirmed that loud noise not only leads
to hearing loss but also may harm other body
organisms. In addition to hearing loss, other damaged
factors may include oxidative stress, vascular changes,
mechanical trauma, etc. [10]. Mbuligwe demonstrated
that the noise intensity level of wood-metal industries in
a developing country was higher than permissible
exposure level recommended by US-OSHA [11]. The
analysis of data obtained from human studies and NIHL
revealed that long term exposure to noise leads to
unusually high levels of ROS (Reactive Oxygen
Species) in exposed subjects [12]. Aravind and
Manikandan reported that short and prolonged exposure
to loud noise produces excessive free radicals and
induces disorders in organs such as cardiovascular,
nervous and endocrine systems in addition to auditory
organs [13-14].

The impact of noise and organic solvents on
auditory organs of animals have been studied in a large
number of experimental investigations. The synergistic
impact has also been described in rats subjected to a
combined exposure to ethyl benzene and noise, toluene
and noise as well as styrene and noise [15-17].
However, the impact of noise and formaldehyde was not
recognized in literature. A synergistic impact in
oxidative stress indices of subjects exposed to noise and
formaldehyde is expected.

The present study was carried out to explore the
combined impacts of noise and formaldehyde on
oxidative stress indices in blood & liver tissue of rats.

MATERIALS AND METHODS
Animals and Chemicals

Animal study was conducted in the School of Public
Health, Shahid Beheshti University of Medical
Scineces, Tehran, Iran in 2013. Forty-two adult male
albino Wistar rats (from Pasteur Institute, Tehran, Iran)
weighting 200+25 g were randomely divided into 6
groups (7 in each group). The groups were divided
according to the type of exposure summarized in Table
1. Animals were housed in a 12/12 h light/dark cycle
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(light on between 7:00 a.m. and 7:00 p.m.), maintained
at 25+2 °C, with a relative humidity of 45-55% and free
access to chow and tap water.

All experiments were executed in conformity with
the Guide for the Care and Use of Laboratory Animals
(US National Institutes of Health Publication No. 80-23,
revised 1996). The proposal was approved by the
Research and Ethics Committee of Shahid Beheshti
University of Medical Sciences, Tehran, Iran.

The number of rats in each group was determined
based on the results of previous studies as well as the
results of preliminary experiments [13, 14, 18]. The
subjects were exposed to noise and formaldehyde, 8
h/day for 28 days. The chamber was ventilated for 12
air changes per hour through an exhaust fan.

Chemicals used in this study were of analytical
grade manufactured by Sigma Chemical Co. (St. Louis,
MO, U.S.A.) and Merck (AG, Darmstadt, Germany).

Noise Exposure

Conscious animals were exposed to a continuous
noise (0.7-5.7 kHz) at 100 dB SPL (Sound Pressure
Level). Broadband noise was generated by a computer
system using Cool Edit Software to provide OBN
(Octave Band Noise) with center frequencies of 1, 2 and
4 kHz. This signal was amplified by an amplifier and
fed to speakers located approximately 30 cm above the
subjects. Sound intensities were measured at the level of
the rat’s head by a daily calibrated Bruel and Kjaer
2238 sound level meter (Denmark). The sound pressure
level in the chamber was monitored every hour. The
variations of more than 1 dB in noise level were
adjusted.

Formaldehyde Exposure

FA gas was generated by thermal depolymerization
of para-formaldehyde (Merck AG, Darmstadt,
Germany) at 70-90 °C according to a method described
by Chang et al. [19] Formaldehyde concentration in the
exposure chamber was controlled at a rather desirable
range by changing the airflow. FA concentration was
measured and monitored four times an hour by a photo
ionization detector (Photocheck +5000, lonscience Co.,
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Table 2. The P-values of comparing average body weight of each group with other groups before exposure.

C N FA6 FA12 FA6+N FA12+N
Cc - 0.987 0.950 0.971 0.997 0.998
N 0.987 - 0.656 0.723 1.00 0.888
FAG 0.950 0.656 - 1.00 0.759 0.998
FA12 0.971 0.723 1.00 - 0.818 0.999
FA6+N 0.997 1.00 0.759 0.818 - 0.944
FA12+N 0.998 0.888 0.998 0.999 0.944 -
Table 3. The P-values of comparing average body weight of each group before and after exposure
Group C N FA6 FA12 FA6+N FA12+N
P-value 0.001 0.001 0.014 0.001 0.024 0.001
UK). The preciseness of the measurement was between different variables using SPSS version 16.0

controlled according to the 2016 method recommended
by the US National Institute of Occupational Health and
Safety (NIOSH) with a sensitivity of less than 0.1%

ppm [20].

Surgery and Specimen Preparation

Rats were anesthetized by carbon dioxide inhalation
and placed in a stereotactic apparatus before
decapitation. After blood was taken from the heart, liver
was removed and placed in ice-cold saline. Then liver
tissues were washed out from contaminating blood with
ice-cold buffered saline. They were weighed and
homogenized in Tris-HCI buffer (pH 7.4) for one
minute at 16000 RPM with a Homogenizer (Ultra

Turrax Type T-25-B; IKA Labortechnic, Staufen,
Germany).
GSH and MDA level Determination

GSH concentrations were quantified through

titration with 0.1 mmol/l 5, 5’-Dithibios (2-nitrobenzoic
acid) in a 0.1 mol/I disodium phosphate buffer solution,
pH 8. The thionitrobenzene as reduced product was
measured at 412 nm wavelength using a spectrometer
[21-22]. Liver and serum GSH levels were represented
as pmol/g and mg/dl respectively.

MDA level was quantified by the method described
by Wills & Buege et al. [23-24]. For this purpose,
reaction of MDA with thiobarbituric acid was
performed by incubating over 60 minutes at 95-100°C.
Following the reaction, the absorption of MDA+TBA
reactive solution was determined
spectrophotometrically at 535 nm. Liver and serum
results were represented in terms of nmol/g and nmol/l
respectively.

Statistical Analysis
All data were remarked as meantS.D. Student-t test
and ANOVA test were applied to detect the relationship
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(SPSS, Cary, NC, U.S.A)). Statistical level of the test
was considered to be P value less than .05.

RESULTS

The averagetstandard deviation of body and
liver/body weights of studied groups are shown in Table
1. The results of statistical comparison of the average
body (before and after trial) and liver/body (after trial)
weight of each group are shown in Table 1.

The results revealed that there was no significant
difference (p>.05) between body weights of different
groups before exposure (Table 2). The statistical tests
showed that exposure to noise significantly increased
the body weight of the exposed rats. Mean time, the
exposure to FA as well as FA+noise significantly
reduced (p<.05) the body weight of the exposed rats
(Table 3).

Oxidative stress indices
Liver GSH and MDA

The study showed that exposure to noise alone did
not significantly reduce (p>.05) the GSH level in liver
tissue of rats (Fig 1). Exposure to FA significantly
reduced (p<.05) the GSH level in liver tissue of rats
(Fig. 1). The influences of FA+noise exposure seems to
be synergistic (Fig 1).

The results showed that exposure to noise alone
significantly (p<.05) increased the MDA level in liver
tissue of rats (Fig 2). The exposure to FA also
significantly increased the MDA level in liver tissue of
rats. The simultaneous exposure of FA+noise seems to
be non synergic (Fig 2). Fig. 2 showes that induced
elevation of MDA in liver tissue seems to be dose
dependent. Furthermore, stress factors including (noise,
FA (6PPM), FA (12PPM), FA(6PPM)+noise &
FA(12PPM)+noise) elevated liver MDA levels by 3.09,
5.45, 5.85, 4.67 & 5.54 times respectively.
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Fig 1. GHS levels in liver tissue in groups under study (N=7)
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Fig 2. MDA levels in liver tissue in groups under study (N=7)

Serum GSH and MDA

According to the results, the serum GSH level in
exposed groups significantly decreased compared to the
control group (p<.001). GSH level depletion due to FA
exposure and noise seems to be synergic (Fig 3). In
addition, GSH depletion caused by FA exposure was in
a dose-dependent pattern (p<.05, Fig 3).

The results also revealed that serum MDA level
significantly increased in exposed groups compared to
the control group (p<.001). The statistical analysis
showed that the levels of changes in FA exposed groups
as well as FA+N groups were not dose-dependent
(p>.05). Furthermore, the serum MDA levels of
exposed groups (e.g. N, F6, F12, F6+N, F12+N) were
elevated by 2.4, 259, 284, 3.71 & 4.28 times
respectively compared to the control group (Fig 4).
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DiscussioN

According to our results, simultaneous exposure to
noise and formaldehyde could result in oxidative stress
in blood and liver tissue of experimental animals.
Exposure to noise in the workplace may accompany
chemical solvents such as Formaldehyde. Although,
workplace-related noise exposure is considered as a
major reason of stress, there are also evidences showing
interaction between certain chemicals and noise on
oxidative stress [15-17]. However, to our knowledge, no
released paper attempted to investigate the interaction of
noise and FA on oxidative stress. ROS are generated by
cellular metabolic activities and various environmental
factors, such as air pollutants, noise [10, 25].

The present study showed that exposure to 6 ppm
Formaldehyde for 8 h/day and 28 days significantly
decreased the body weight by 3.8% while the exposure
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Fig 4. MDA levels in serum of groups under study (N=7)

to 12 ppm of FA for the same period led to 10.6% body
weight loss. In addition, liver to body weight ratio in
experimental groups was significantly lower than
control group (p<.001). A dramatic loss in total body
weight and in selected organ weights of experimental
animals is usually considered to be a representative of
general toxicity following stress exposure [26]. Body
and liver weight decreased after high dose/short term [8]
or low dose/long term exposure to FA [27]. Body and
liver weight were depressed after 20ppm FA inhalation
exposure [28]. The results of the present study well
agree with those in literature.

While Monsefi found that noise exposure had no
effect on the body and liver weights [29] conversely in
Manikandan study, body weight loss was observed after
20-day noise exposure [13]. In the present study the rats
exposed to a broad band noise (0.7-5.7 khz) at 100 dB
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SPL, gained their weight by 12.9%. Since the control
group also gained their weight by 13.4%, it seems that
noise had no effects on the exposed subjects.

Almost all previous studies regarding the effect of
organic solvents and physical stressores on the activities
of antioxidant and xenobotic enzymes have focused on
liver or testis, kidney or brain [30-32]. Study on NIHL
using animal models has resulted in two primary
theories for the fundamental cause. One is that
metabolic stress initiates hair cell death [33-34].
Recently metabolic stress theories have focused on the
formation of ROS (free radicals) evoked by excessive
noise stimulation, pursued by activation of apoptosis
signaling pathways to cell death. Immediate appearing
of ROS after noise exposure [35] and its persisting for
7-10 days [31], leads to delayed spread of injury, that is
a principal characteristic of oxidative stress, as it might
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provide a “window of opportunity” for post-exposure
intervention and restraint of the extent of injury.

In the present study, after the noise and FA
exposure, liver and serum MDA levels in exposed
groups had altered dramatically (p<.001). Although
MDA elevation resulted in GSH level depletion in
serum and liver tissue, but in the noise exposure group,
liver GSH remained unchanged (p>.05). Besides the

level of GSH and MDA changes in simultaneous
groups were dose-dependent (p<.05). In this study,
MDA levels were similar to those reported in other
studies, which showed that toluene, xylene,
Formaldehyde and noise caused an increase in liver and
serum MDA significantly [36-40].

Comparison of biochemical parameters of rats
exposed to noise, FA or both showed that FA is the
major factor for increased oxidative stress. This
relationship was also investigated in groups of rats
exposed to FA and noise under different experimental
conditions [41-42]. Serum GSH decrease in animals
exposed to noise may demonstrate that the noise-
induced damage is systematic oxidative stress rather
than localized one.

In the present study, depletion of liver GSH levels,
as expressed by increase of tissue MDA levels, in rats
exposed to FA and a mixture of the two stress sources
were observed. This study is the first to evaluate the
effects of noise and FA on oxidative stress
simultaneously.

CONCLUSION

Four weeks exposure to noise, FA or a mixture of
the two is toxic to blood and liver tissue, especially in
co-exposure groups. For further research exploring the
toxicities of noise and FA simultaneously in
occupationally exposed groups is recommended.
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Nomenclatures

dB, decibel; FA, Formaldehyde; OBN, Octave Band
Noise; ppm, Parts per million; GSH, Glutathione; ROS,
Reactive Oxygen Species; IARC, International Agency
for Research on Cancer; RPM, Rotation Per Minuite;
MDA, Malondealdehyde; TBARS, Thio-Barbituric
Acid Reactive Substances; NIHL, Noise-Induced
Hearing Loss; Wyeay, Body weight; Nm, nanometers;
Wiiver, Liver weight.
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