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Abstract

This is a detailed experimental and comparative study evaluating the harmful
effects of graded loud noise on hematological and antioxidant in Wistar albi-
no rats. Wistar albino rats were divided into a control group (those kept away
from the noise due to a generator set), groups 1 (exposed to varied, 85 - 105
db levels of loud noise from a generator) and groups 2 (exposed to less, 40 -
55 db levels of loud noise from generator set) and exposed to way off fumes
from electrical generator sounds at different sound level for 8 hours each day
for 28 days. The result indicated that activities and concentrations of the an-
tioxidant enzymes: glutathione peroxidase, catalase and glutathione increased
significantly (p < 0.05) when compared with the control group in group 1.
There was also an increase in the concentrations of malondialdehyde and
hematological parameters (RBC, WBC, PCV, hemoglobin, platelets) among
the rats exposed to loud noise from a generator set in group 2, when com-
pared to the control group.
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1. Introduction

The lack of constant electric power supply to meet utility usage in developing
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countries like Nigeria has warranted the use of petroleum powered generators to
supply electricity. Environmental stressors such as noise and air pollution are
becoming more and more important in our industrialized world and pervasive
aspect of many modern communities, work environments, which represents a
potential novel cardiovascular risk factor, as well as metabolic disease (Ig-
wo-Ezikpe et al, 2014) [1].

Noise pollution is a threat to health and wellbeing, an environmental stressor
and nuisance (Smith and Broadbent., 1992) [2]. It is one of the foremost envi-
ronmental pollutants that has direct effects on human performance (Debasish
and Debasish., 2012) [3]. As a common physical nonspecific stressor, it affects
the normal functioning of the cardiovascular, endocrine, and immune systems
in the body as they manage to balance with the environmental or perceived de-
mands of the individual (Orensen et al, 2011) [4]. Body’s inability to handle any
overstimulation can result in hazardous stress implications which can affect the
immunity and hence causing disease state (Basner and Samuel, 2005) [5]. Its ef-
fect on immune function and suppression from the stress load can increase the
risk of acquiring diseases. Its damaging effects particularly the productions of
free radicals are not limited to the auditory organ. The response to noise may
depend on characteristics of the sound, including intensity, frequency, complex-
ity of sound, duration and the meaning of the noise (Abbate et al, 2005 [6]; Ra-
vindran et al, 2005 [7]). Oxidative stress is generated by an imbalance in the
number of free radicals produced and the antioxidant system of the body. Reac-
tive oxygen species (ROS) including the members superoxide (O, ), hydroxyl
radical (-OH), hydrogen peroxide (H,O,), singlet oxygen (*O,), and nitric oxide
(NO) can cause cellular injury or subcellular injury when they are generated in
huge amount, or the enzymatic antioxidant defense systems are damaged irre-
versibly. Additionally, as the non-enzymatic antioxidant defense system is dam-
aged, the same results can be seen in terms of the harmful effects of ROS. Ma-
londialdehyde (MDA), or as a more general term, thiobarbituric acid reactant
substances (TBARS) are produced during the attack of the ROS to the cellular
and subcellular membrane lipoproteins and polyunsaturated fatty acids (PUFAs)
(Esterbauer, 1993) [8]. Studies show significantly (p < 0.001) higher and lower
levels of MDA and SOD in the exposed group to noise than the control groups
respectively (Seyedtaghi et al, 2020) [9]. Cardiac hemodynamic parameters,
which decline immediately under hypoxic conditions, recover during reoxyge-
nation (Liu et aZ, 2002) [10], but the biochemical and histopathological studies
provide a complicated pattern (Freisleben et al, 1991) [11]. Several studies have
demonstrated the interdependency of oxidative stress, immune system, and in-
flammation (Valero et al, 2013 [12], Csillag et al, 2010 [13]). These enzymatic
and nonenzymatic antioxidant systems are necessary for sustaining life by
maintaining a delicate intracellular redox balance and minimizing undesirable
cellular damage caused by ROS (Durackova, 2010) [14]. The cellular population
of reacting oxygen species either decreases antioxidant by increasing the activi-

ties of the antioxidant enzymes (like catalase, superoxide dismutase and gluta-
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thione peroxidase) or by stopping the activities of ROS-generating enzymes like
NAD(P)H oxidase and xanthine oxidase (XO) (Babisch and Kamp, 2009) [15].
Therefore, the study was designed to evaluate the biochemical effects of noise
stress on the hematological and antioxidant properties of the exposed Wistar

rats.

2. Materials and Methods
2.1. List of Chemicals/Reagents Used (Table 1)

All the chemicals used in this study were of analytical grades and products.

2.2. Experimental Animals

Fifty (50) albino rats of the Wistar strain aged 10 - 12 weeks and weighing 70 -
100 g bred in animal house of the Department of Zoology and Environmental
Biology (ZEB), University of Nigeria, Nsukka Enugu State were used for this
study. The animals were transported in aluminium cages to Michael Okpara
University of Agriculture Umudike. All animals were housed at controlled room
temperature of about 27°C - 30°C with a photoperiod of 12-hour light and
12-hour dark per day. The animals were fed Vital Growers Mash and water ad
libitum and allowed to acclimatize to their environment for 7 days before expe-

rimentation.

2.3. Toxicological Study Design

The fifty (50) albino rats of the Wistar strain aged 10 - 12 weeks and weighing 70
-100 g bred were all fed with Vital growers mash and water, then were randomly
grouped into 3 main groups, which consist of a control group, group 1 and
group 2. Group 1 (for high sound level of 85 db - 105 db) and group 2 (low
sound level of 40 db - 55 db) were sub divided into subgroups with five albino

Table 1. List of chemicals and reagents and their manufacturers.

Reagents/Chemicals Manufacturer
Buffer Randox Kit, UK
Phosphate buffer Randox Kit, UK
a-Oxoglutarate Randox Kit, UK
2,4-Dinitrophenylhydrazine Randox Kit, UK
Carbonate buffer pH Randox Kit, UK
Xanthine oxide 0.3 u/ml Randox Kit, UK
Sodium hydroxide solution Randox Kit, UK
2-Amino, 2-methly-1-propanol pH 11 (7.9 M) Randox Kit, UK
Na,PO; (80 nM) Randox Kit, UK
ethylene diamine tetra acetate (EDTA) Drug House (BDH) Ltd.
Tris-HCl Drug House (BDH) Ltd.
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rats and exposed to way off fume from electrical generator sounds at different
noise levels for 8 hours each day for 28 days as follows:

Control group: kept away from generator set at noise level less than 30 deci-
bels

Group la: Exposed to noise level of 85 decibels

Group 1b: Exposed to noise level of 95 decibels

Group lc: Exposed to noise level of 105 decibels

Group 1d: Exposed to noise level of above 105 decibels

Group 2a: Exposed to noise level of 55 decibels

Group 2b: Exposed to noise level of 50 decibels

Group 2c¢: Exposed to noise level of 45 decibels

Group 2d: Exposed to noise level of 40 decibels

Group 2e: Exposed to noise level of below 40 decibels

They were anaesthetized with chloroform, sacrificed by cervical dislocation
and blood samples collected through cardiac puncture using 2 ml syringes.
Blood samples for biochemical assays were collected in plain tubes and allowed
to clot before centrifugation and the sera were separated thereafter and used for
the assays, while the blood samples for haematological parameters were collected

in EDTA-containing sample bottles and used for the tests.

2.4. Determination of MDA Concentration

The concentration of malondialdehyde (MDA) was evaluated in the serum. The
method described by Wallin et al (1993) [16] was used. The principle of the
method was based on the spectrophotometric measurement of the colour devel-
oped during the reaction of thiobarbituric acid with MDA. The solutions were
cooled under tap water and the absorbance was measured with an ultraviolet
(UV) spectrophotometer (T80+ UV/Visible Spectrophotometer, PG Instruments
Ltd., Leicestershire, United Kingdom) at 532 nm. The concentration of MDA in
the samples was calculated by using the absorbance coefficient, MDA-TBA
complex 1.56 X 10> cm™-M™.

2.5. Assays of the Activities of Serum Antioxidant Enzymes

Superoxide dismutase activity was assayed by the method of Arthur and Boyne
(1985) [17] as contained in Randox kit. Catalase activity was assayed with the
Randox kit according to the method described by Sinha (1972) [18]. Glutathione
peroxidase (GPx) was measured according to the method of Paglia and Valen-
tine (1967) [19], while the reduced glutathione level was determined by the me-
thod of Exner et al (2000) [20].

2.6. Hematological Evaluations

The total white blood cell count was determined by haemocytometry following
the method described by Ochei and Kolhatkar (2008) [21]. This method was
used for the determination of red blood cells, where, the blood specimen was di-
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luted 1:200 with RBC diluting fluid and cells were counted under high power
(40x) objective by using a counting chamber. The number of cells was calculated
and reported as the number of red cells/mm? of whole blood. The packed cell
volume was determined using the microhaematocrit centrifuge (JouanA13 mod-
el). The haemoglobin (Hb) concentration was measured spectrophotometrically
by cyanomethaemoglobin method. The platelet count was obtained using the

haemocytometer.

2.7. Data Analysis and Statistical Procedures

Statistical analysis of the data was carried out with SPSS version 22.0 using One
Way Analysis of Variance (ANOVA). The statistically analyzed data were re-
ported as Mean * SD. Significant difference was accepted at 95% confidence lev-
el of probability Ze. if p < 0.05.

3. Results

3.1. Effects of Consumption on Haematological Parameters
(Table 2)

The red blood cell count, white blood cell count, platelets concentration, hae-
moglobin concentration and packed cell volume in groupl exposed to high noise
level (between 85 db - 105 db) increased significantly (p < 0.05) when compared
to the control. However red blood cell, platelet and Packed Cell Volume of the
Wistar rats in group 2 exposed to low noise level (between 55 db - 40 db) in-
creased slightly though significantly (p < 0.05) above the control group but not

as much as those in group 1.

3.2. Effects of Sound Level Exposure on Antioxidant Balance
(Table 3)

The glutathione concentration of the Wistar rats in groupl exposed to high noise

Table 2. Effect of sound level exposure to heamatological parameters.

Exposed PLATELET

WBC (x10°/L) RBC (x10'%/L PCV (% HB (g/dL
Groups ( ) ( ) (x10°/L) (%) (g/dL)
Control 4,15+ 0.74% 3.09 + 0.38¢ 195 + 0.48° 36.75+0.70°  13.15 % 0.08°

Group la 575+ 0.78%  36+0.28°  254.0+2.83  36.0+2.83"  12.83+0.25°
Group 1b 5.0 +0.28° 3.95+£0.35%  2585+212°  40.5+0.71°  15.29 +0.86¢
Group 1c 5.45 + 1.34%® 4.9 +0.42¢ 254.5+0.71° 470+ 1.41¢  16.22+0.17¢
Group1d  6.65+0.71°¢ 495+ 1.06° 2485+2.12¢ 485+0.71¢ 1512 +0.17¢
Group 2a 7.55+0.49% 4,60 +0.28*  232.0+2.82°  46.0 £0.00°  15.74 + 0.09%
Group 2b 5.8 +0.28%¢ 3.4+0.28  219.50+2.83% 47.0+1.41¢  1551+0.14¢
Group 2¢ 7.55 + 0.49% 3.6+0.28% 21150 £6.36¢ 350+ 1.41°  11.32 +0.03®
Group 2d 8.25 +0.21¢ 325+035  222.0+282° 350+1.41°  11.72 £0.04°
Group 2e 7.15+0.63¢  3.9+0.14%  202.5+2.12°  325x0.71°  10.93 £ 0.04°

Values are expressed as Mean + Standard Deviation.
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Table 3. Various effect of sound level on pro- and antioxidant balance.

Exposed Groups GPX (U/mg) CAT (U/L) MDA (U/dl) CRP(U/dl) GSH (U/dl)

Control 41.75+0.78¢  2.73+0.18  3.15%0.23¢ 1.23+0.02¢  2.22+0.78
Group la 23.9+0.86°  3.58+0.20° 331023  241+000°  3.08 +0.06°
Group 1b 22.7+0.49° 318 +£0.50°  4.32+0.04  2.75+0.04"  3.87+£0.02°
Group 1c 20.28 £0.50°  4.10+0.42°  3.35+0.13*  2.52+0.04° 3.37+0.08¢

Group 1d 20.03 +0.85°  3.32+0.04%¢  3.70 +0.02° 2.28 +0.02° 4.91 +0.02f
Group 2a 42,70 + 0.45¢ 249 +0.36" 4.86 + 0.08° 1.91 £0.02°  2.77 +0.04°
Group 2b 445%0.56°  291+0.21°  3.63+0.06°  1.62+0.02°  2.31+0.21°
Group 2¢ 40.69 £0.59°  3.16 £0.85°  3.54+0.06°  1.62+0.05  2.79 £0.12°
Group 2d 45.6+2.06° 248 £0.04*°  3.67 +0.08®  1.66 +0.04* 2.17 £ 0.08

Group 2e 42.1 +0.60% 2.62£0.14° 4.04 £ 0.08° 1.70 £ 0.07* 2.57 +0.03°

Values are expressed as Mean + Standard Deviation.

level (between 85 db - 105 db) increased significantly (p < 0.05) when compared
to the control. However, the glutathione concentration of group 2 exposed to
low noise level (between 55 db - 40 db) increased significantly but not as high as
those in group one. Malondialdehyde concentration of the Wistar rats in groupl
exposed to high noise level (between 85 db - 105 db) increased significantly (p <
0.05) when compared to the control. There was a significant (p < 0.05) increase
in the activities of the antioxidant enzymes catalase and glutathione peroxidase
in group 1 exposed to high noise level (between 85 db - 105 db) when compared
with the control and group 2, while their group 2 exposed to low noise level
(between 55 db - 40 db) showed a significant (p > 0.05) decrease when compared
with the group 1.

4. Discussion

In this study the effects of generator noise pollution from a running noisy gene-
rator set on certain biochemical parameters were evaluated using Wistar albino
rats kept at different positions which is dependent on the measured sound level.
The effects of noise pollution at these different sound pressure levels were con-
sidered and compared to the control group. This was achieved in two different
groups of the animal exposure, in order to know the effects of our parameters at
this distinguished sound pressure levels in group one and group two. Noise ex-
posure higher than 90 dB is considered a source of stress (Wright et al, 2014)
[22].

Oxidative stress is a state where there is a significant imbalance between oxi-
dants and antioxidants which can cause cellular damage, dysfunction or death
(Gouin et al, 2012) [23]. The body produces more antioxidants that can help
cushion the increasing oxidative stress (Messarah et al, 2011) [24]. The gluta-
thione concentration of the Wistar rats in group 1 exposed to high noise level

(between 85 db - 105 db) increased significantly (p < 0.05) when compared to
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the control. Glutathione is a tripeptide that is found in many mammalian tissues
and is a very necessary free-radical scavenger (Molina et al, 2016) [25]. Gluta-
thione plays a crucial role in the antioxidant defense system; removing free-radical
species, such as hydrogen peroxide and superoxide radicals as well as maintaining
membrane protein thiols (Molina et al, 2016) [25]. The significantly increased lev-
el of the glutathione shows the body response to cushion the oxidative stress
caused by the high noise. However, the glutathione concentration of group 2
exposed to low noise level (between 55 db - 40 db) increased significantly but
not as high as those in group one which obviously shows that the oxidative stress
at that sound pressure isn’t much.

Lipid peroxidation is an oxidative process where reactive oxygen species and
free radicals generated break down lipid molecules, especially the lipids on the
cell membrane leading to cell death (Messarah et al, 2011) [24]. Malondialde-
hyde is one of the byproducts of lipid peroxidation and a good indicator of oxid-
ative stress (Messarah ef al, 2011) [24]. The result of our study showed that ma-
londialdehyde concentration of the wistar rats in group 1 exposed to high noise
level (between 85 db - 105 db) increased significantly (p < 0.05) when compared
to the control. This indicates that the noise stress at that sound pressure level
caused an increased oxidation stress. This result agrees with the result from
many studies done on noise effects on lipid peroxidation.

The antioxidative enzyme glutathione peroxidase, catalyzes the conversion of
Hydrogen peroxide (H,O,) to water (H,O) by using reduced glutathione (GSH)
and reduced NADPH as cofactors (Molina et al, 2016) [25]. Glutathione perox-
idase is a major antioxidative enzyme in many tissues and has been speculated to
be a major antioxidative mechanism in the brain (Molina et al, 2016) [25]. Also,
in the antioxidant system, catalase catalyses two important reactions, firstly it
catalyses the conversion of hydrogen peroxide (H,O,) to water and oxygen, also
secondly it catalyses the reduction of hydrogen and lipid peroxides which is also
an oxidative defense function. This study agrees with other works done in effects
of high sound pressure on the antioxidant enzymes. There was a significant (p <
0.05) increase in the activities of the antioxidant enzymes catalase and gluta-
thione peroxidase in groupl exposed to high noise level (between 85 db - 105
db) when compared with the control and group 2, which indicates the action of
the antioxidant enzymes in mopping up the generated free radicals, hence cu-
shioning the oxidative stress that is produced from the increased lipid peroxida-
tion and other oxidative mechanisms. Group 2 exposed to low noise level (be-
tween 55 db - 40 db) showed a significant (p > 0.05) decrease when compared
with group 1, this reduced activity of the antioxidant enzymes shows a reduced
oxidation stress. The activity of the antioxidant enzymes builds up when there is
increasing oxidation stress, to cushion the effect of the increasing oxidative
stress (Babisch and Kamp, 2009) [15]. The increased level of malondialdehyde
and the concomitant increase in glutathione, glutathione peroxidase and the cat-

alase enzyme shows the organism strives to adaptation in the environment
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(Messarah et al,, 2011) [24].

Haematological assay suggests the physiological disposition of the Wistar rats.
Haematological studies show the physiological responses of an animal to its in-
ternal environment (Kurosaki et al, 2015) [26]. Haematological parameters like
red blood cell, white blood cell, packed cell volume, hemoglobin etc. have been
identified as a good indicator of the immune status of the animal. The results of
this study are in accordance with past studies. The hematological parameters of
the blood sample from the Wistar rats which include their red blood cell count,
white blood cell count, platelets concentration, hemoglobin concentration and
packed cell volume in groupl exposed to high noise level (between 85 db - 105
db) increased significantly (p < 0.05) when compared to the control. This result
agrees with the work done by Sabahi and colleagues which they discovered that
the number of red blood cells, white blood cells, hemoglobin, and hematocrit of
blood cells of mice increases due to noise exposure over time, which is caused
due to effects of vibrating sound on the immune system and hence increasing
blood parameters (Sabahi and Moradi, 2002) [27]. Also, Litman in his work ex-
plained that noise pollution can increase hemoglobin, hematocrit, and red blood
cell count in oil refinery workers, while the mechanism of this process remained
unclear (Litman ef al, 2005) [28]. Also hematological parameter like red blood
cell, platelete and packed cell volume of the Wistar rats in group 2 exposed to
low noise level (between 55 db - 40 db) increased slightly though significantly (p
< 0.05) above the control group but not as much as those in group 1 which
shows that the noise level at that sound pressure is not a strong stressor to affect
the immune system. Studies have shown that increased serum levels of CRP, the
evidence indicates that platelet parameters are markers that reflect a systemic in-
flammatory response (Tasoglu et al, 2017 [29]; Akboga et al, 2016 [30]).
Chronic inflammation is typically associated with reactive thrombocytosis, in-
duced by the overproduction of pro-inflammatory cytokines, leading to mega-
karyocytic proliferation (Miiller-Newen et al, 2017) [31].

5. Conclusion

In conclusion, elevation of MDA level, an indicator of lipid peroxidation asso-
ciated with a systemic inflammatory response, by noise exposure indicates that
there is oxidative stress in the group exposed to noise in the present study. GSH
and GSH-Px activities were increased by noise exposure in the noise group.
Therefore, these results appear to support the fact that noise might cause damage
not only in the ears but also in whole body leading to oxidative stress. Further
studies are needed to clarify how MDA, CAT, CRP and GSH-Px changes caused

by noise exposure may affect various degrees of damages in the cells.
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