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Noise exposure leads to hearing loss in industrial workers due to release of superoxide anions which
damage cochlear epithelium in the ear. These free radicals are regulated by superoxide dismutase 2
(SOD2) and polymorphism in this gene may abet in predisposition to noise induced hearing loss (NIHL).
The current study describes prevalence of polymorphism at two different loci of SOD2 gene in NIHL
patients and association of smoking habit with NIHL. PCR-SSCP analysis of polymorphic sites revealed
mutation in NIHL patients. Results showed that IVS1+8A/G and IVS3-23T/G SOD2 polymorphisms are
associated with NIHL (p< 0.05, Cl 95%) irrespective of smoking habit (p > 0.01). It is intended that SOD2
polymorphism plays a significant diagnostic role in determining susceptibility of NIHL in Pakistani

industry employees.
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INTRODUCTION

In industrialized countries, hearing impairment is the most
frequent disability and noise exposure appears to be the
root cause of hearing impairment (Ries, 1994). Loud
noise exposure, vibration and certain drugs like cisplatin
and gentamicin can damage small structures involved in
hearing (Prasad et al., 2008).

It depends on the level of noise exposure that
permanent threshold shift induced by acoustic over
stimulation will result into in either complete recovery or
loss of sensory hair cells and spiral ganglion neurons,
respectively (Endo et al.,, 2005). It has been demon-
strated in experimental systems that noise induces the
local release of free radicals which damages the cochlear
sensorial epithelium. ROS causes irreplaceable hair cell
death involving apoptotic as well as necrotic mechanisms
(Henderson, 2006). Consequently, genes involved in the
regulation of ROS, such as SOD gene, may affect the

vulnerability of the cochlea to noise-induced hearing loss
(NIHL) as well as diseases like cancers, liver damage,
Parkinson’s disease, Alzheimer’s disease and even the
process of aging itself (Ries, 1994; Ohlemiller et al.,
1999).

Superoxide dismutase (SOD) is one of the primary
regulators of ROS. Three members of SOD: copper-zinc
containing SOD (Cu/ZnSOD), manganese containing
SOD (Mn-SOD, SOD-2), extracellular SOD (EcSOD)
have been identified in eukaryotes which catalyzes the
conversion of superoxide to hydrogen peroxide (H,O,)
(McCord and Fridovich, 1969).

Three variants of MNSOD are known. In a genetic poly-
morphic variant of MNnSOD, valine is changed to alanine
at -9 position in the signal peptide. It was suggested that
this change might affect the cellular location and mito-
chondrial transport of MNSOD (Rosenblum et al., 1996).
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Table 1. PCR conditions for SOD2 gene screening.
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Polymorphic site  Primers, 5°-3°

PCR condition
Annealing temperature (°C)  Product size (bp)

Fwd: 5" TGTTGTCTAATTTCTTGGGCC 3’

IVS1+8A/G

57 434

Rev: 5" AGACTCTGGGTGTTATCTGTTAAG 3
Fwd: 5" AAAGTTGAAATTGAGAAGATGC 3

IVS3-23T/G

Rev: 5" GCTTAACATACTCAGCATAACG 3

53 250

A polymorphic variant of MNnSOD at 58 position from
isoleucine to threonine decreased thermal stability and
reduced enzymatic activity in vivo and in vitro (Borgstahl
et al., 1996; Zhang et al., 1999). Another reported muta-
tion of MnSOD at position 60 from leucine to phenyl-
alanine renders the MnSOD protein sensitive to redox
regulation by intracellular thiols (Hernandez and McCord,
2003).

NIHL is one of the most serious issues in Asia as most
of the countries are still in developing state and also
number of affected laborers is so high. In most of the
Asian countries, access and awareness to preventive
programs is limited. According to WHO estimates, 278
million people worldwide have a disabling hearing impair-
ment. This could increase to 700 million by 2015 and 900
million by 2025 (Fuente and Hickson, 2011).

The current research aims to determine the prevalence
and association of noise induced hearing loss with poly-
morphism at two different polymorphic sites of SOD2
gene, that is, IVS1+8A/G and IVS3-23T/G in industrial
workers.

MATERIALS AND METHODS
Sample collection, DNA extraction and PCR

The inclusion criterion for participants was exposure to mean (SD)
noise level equivalent to 92.4 dB for 20 years. Age range varied
between 30 and 60 years. Peripheral blood samples of 80 NIHL
and 20 control individuals were collected in EDTA vacutainers from
a production unit of a textile factory at Raiwind road, Lahore,
Pakistan. Samples from 40 deaf individuals were also included in
the study to detect the genotype of deaf individuals. NIHL cases
were defined and identified according to ACOM (2003). The
information regarding medical history, age and smoking habit was
collected individually. The current study was approved by the local
ethical committee and was completed in agreement with second
Helsinki Declaration. All the workers participated voluntarily in this
study and a written informed consent was obtained from the
participants.

Isolation of genomic DNA from blood samples of patients and
control individuals was carried out by standard procedures and
analyzed qualitatively (Sambrook et al., 1989). The sequence of the
oligonucleotide primers used to amplify the polymorphic sites was
same as reported by Fortunato et al. (2004) and synthesized by
Fermentas. The sequence of oligonucleotide primers used in the
study, their PCR product sizes and annealing temperatures are
given in Table 1.

PCR was performed in volume of 50 pl containing 5 pl of 10X
PCR buffer, 3 pl of 1.5 mM MgCly, 0.4 pl of 0.2 mM dNTPs, 5 pl of 1
uM/ul forward and reverse primer, 0.2 pl of 1 U/ul Tag DNA
polymerase, 26.4 pl of sterile distilled water and 100 ng of DNA
sample. Thirty cycles of PCR were performed in thermocycler (Bio-
rad, Japan). The PCR profile for amplification was 94°C for 3 min
(initial denaturation), followed by 94°C for 30 s (denaturation), 57°C
for 30 s (annealing); 72°C for 30 s (extension) and final extension at
72°C for 10 min. Five microliters of PCR product were mixed with
ethidium bromide and run on a 1.5% agarose gel in 1x TAE buffer
(40 mMTris-acetate and 1 mM EDTA), pH 8.0 at 80 V in an electro-
phoresis apparatus. PCR products were visualized on Gel docu-
mentation system (GDS) (Syngene, USA).

Native polyacrylamide gel electrophoresis

To screen out point mutations in the samples, the restricted sam-
ples were resolved on 8% native-PAGE and visualized by staining
with ethidium bromide (Sambrook et al., 1989). Non-denaturing
polyacrylamide gel was prepared from 30% acrylamide-bisacryl-
amide (29:1) in 5x TBE buffer (89 mMTris-borate and 2 mM EDTA),
50 pl of 10% ammonium persulphate, 20 pl of TEMED and made
final volume up to 7 ml. 10pl of digested sample mixed with 6x
loading dye was loaded in the wells and electrophoresed at a
constant voltage of 75 V for 2 h. The gel was stained with 50 pg/ml
ethidium bromide solution in TBE buffer and visualized under GDS.

Single stranded conformation polymorphism (SSCP) analysis

To determine the polymorphic site mutations at IVS1+8A/G in intron
1 and IVS3-23T/G in intron 3, SSCP-native PAGE was performed
as described (Ho and Crapo, 1988) on each PCR product obtained
by using gene specific primers as shown in Table 1.

Statistical analysis

Data was analyzed by using applied test and independent sample
‘t’ test.

RESULTS

Genotype of 120 (80 NIHL and 40 deaf) samples were
analyzed and compared with 20 control individuals. Two
polymorphic sites were selected: IVS1+8A/G and IVS3-
23T/G as shown in Figure 1. The NIHL group consisted
of 35 to 60 years old patients who has been working for
more than 20 years in factory and included significantly
higher percentage of smokers while congenitally deaf
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Figure 1. Schematic diagram showing the SOD2 gene and PCR fragments. The expected sizes of each PCR product in

bp are shown. Arrows indicate 5°—3" direction of the primers.
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Figure 2. PCR amplification and SSCP analysis of products of IVS1+8A/G on intronic region 1 of SOD2 gene in
deaf (D) and NIHL (N1-N4) individuals when compared with the control (C) samples. (a) PCR amplified products of
434 bp. (b) SSCP analysis of PCR products. Difference in mobility shift as indicated by arrows. Lane 1:
Homozygous (AA) wild genotype, lane 2: Homozygous (GG) mutant genotype, lane 3-6: heterozygous (AG) mutant

genotype.

individuals were selected from deaf rehabilitation center,
Lahore, Pakistan.

The amplification of IVS1+8A/G and IVS3-23T/G pro-
duced 434 and 250 bp fragments, respectively, by using
specific primer pairs as shown in Figures 2a and 3a.

Analysis of DNA polymorphisms in the SOD2 gene by
PCR-SSCP

PCR-SSCP analysis was used to determine the mutation
in intron 1 (IVS1+8 A/G) and intron 3 (IVS3-23 T/G).
Three patterns of mobility shifts represented two
homozygotes for each allele and one heterozygote. For
the intron 1 polymorphism, which is one of the novel
polymorphisms as described formerly (Fortunato et al.,
2004), control and deaf individuals were homozygous for
A/A and G/G, respectively whereas A/G heterozygosity
was observed in NIHL individuals (Figure 2b). The most
prevalent genotype for deaf and NIHL was G/G (Figure
4). Similarly, IVS3-23T/G polymorphism presented two
homozygous patterns, that is, T/T and G/G and one
heterozygous pattern for both alleles (T/G) as shown in
Figure 3 and the most prevalent genotype was G/G in
both deaf and NIHL (Figure 5). In both polymorphic sites,

it appears that GG genotype is most prevalent and it may
be suggested that this genotype is associated with NIHL
and deaf patients as confirmed by statistical analysis
using applied test and independent sample ‘t’ test (p <
0.05) with CI 95%.

DISCUSSION

The present study shows that free radicals produced
throughout the body as by products of normal cell meta-
bolism can cause extensive damage to living tissues,
including the sensory hair cells in the inner ear, if remain
untreated by antioxidant enzymes, which may lead to
NIHL

Employees working in the weaving department of
textile industry were included in the study because
weaving department is one of the areas where noise
levels are the highest and workers are more prone to
NIHL. ROS are being produced all the time in human
body and electron transport chain (ETC) in mitochondria
utilizes >90% of body’s oxygen whereas 1 to 5% is
released as superoxide and H,O, (Boveris et al., 1972)
ROS may also be generated from different metabolic
activities (Roy et al., 1999).
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Figure 3. PCR amplification and SSCP analysis of products of IVS3-23T/G polymorphic site in intron 3 of SOD2 gene
in deaf (D1 and D2) and NIHL (N1-N4) individuals when compared with the control (C1) healthy individuals. (a) PCR
amplified products of 250 bp. (b) SSCP analysis of PCR products. Lane 1: homozygous (TT) wild genotype, Lane 2:
heterozygous (TG) mutant genotype, lane 3: homozygous (TT) wild genotype, lanes 4 to 6: homozygous (GG) mutant
genotype, lanes 7 to 8: homozygous (GG) mutant genotype.
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Figure 4. Graph showing most prevalent genotype for Figure 5. Graph showing most prevalent genotype for IVS3-

IVS1+8A/G region of SOD2 gene in deaf, NIHL and control
cases.

As mtDNA has low repair capability and it lacks histone
proteins, so it is more exposed to oxidative damage due
to ROS, which is continuously generated in mitochondria
by ETC (Penta et al., 2001). These ROS are detoxified by
two major enzymes: MnSOD and glutathione peroxidase
(GPX) 1 (Fridovich and BocaRaton, 1982; Nomura et al.,
2001). It is biologically plausible that the 11e58Thr poly-
morphism in SOD2 play an important role in ROS

Noise-induced cochlear epithelium damage can cause
hearing loss in industrial workers. Noise induces the
release of free radicals so it has a strong association with
damage to cochlear sensorial epithelium. Therefore, gene
involved in regulating the ROS could influence cochlear

23T/G region of SOD2 gene in deaf, NIHL and control cases.

vulnerability to noise. In the present study, an association
was established between prolonged expo-sure to loud
noise and propensity to NIHL among SOD2 polymorphic
variants.

A significant correlation between noise exposure and
hearing loss among polymorphic variants was observed
in the the present study as supported by earlier research
(Ohlemiller et al., 1999; Fortunato et al., 2004). Reason
for this effect of noise is that antioxidant enzyme, SOD?2,
affect the cochlear membrane vulnerability to damage
due to high load of ROS in the body leading to NIHL.

The first study goal was to compare the prevalence of
the polymorphic variants of SOD2 in deaf, NIHL and
healthy normal individuals and secondly, to study the



126 Afr. J. Biochem. Res.

effect of age and smoking on these variants. In reports
regarding the effect of smoking on NIHL (Pouryaghoub et
al., 2007; Mizoue et al., 2003), it is stated that smoking
may accelerate NIHL and smokers are at greater risk of
hearing loss as compared to non-smoking industrial
workers whereas here we found out that smoking
probably do not effect hearing loss (p > 0.01). Such a
relationship has also been tried to develop in British
patients (Palmer et al.,, 2002) and their findings were
similar to our results, however, significant association
was observed with frequent headache, tiredness and
stress. It is suggested that workers exposed to long-term
noise should be discouraged from smoking, the extra risk
of smoking on hearing loss, in noisier environment, is
small relative to that of noise itself.

In Pakistan, NIHL is a very serious problem and it was
observed that hearing loss was significantly associated
with noisy environment, working experience of more than
10 years. Random tests in different cities showed that the
noise level in most of areas was as high as 70 to 90 dB
(A) which is much higher than the acceptable limits. To
deal with industrial noise, the organizations are handi-
capped to take any legal action because of the absence
of national standards for noise (Ashraf et al., 2009).

PCR-SSCP method is easy to handle, less time con-
suming, involve no special equipment or expertise and
reagents are simply available. PCR-SSCP technique has
been used to genotype [B-globin gene in Thai families
(Chinchang et al., 2005) but there is no comparative data
pertaining to role of genetic variation in SOD2 gene
directly related to oxidative stress and noise induced
hearing loss progression. It would be of value to compare
our findings with those of similar studies in other
populations.

Several studies have also emphasized on the use of
antioxidants for prevention of NIHL. Antioxidants and
magnesium may prevent permanent noise-induced hearing
loss when given before and a few days after exposure.
Vitamin C, E, a-lipoic acid and n-acetylcysteine (NAC)
are observed to reduce noise-induced cochlear damage
and hearing loss in guinea pigs (LePrell et al., 2007).
Another study supports their role in protecting against
noise-induced damage in cyprinid fish (Scholik et al.,
2004).

Conclusion

In conclusion, the association of SOD2 polymorphisms
with neuro-sensorial hearing could represent a marker of
susceptibility to NIHL. Free radicals may contribute to the
formation of some metabolic changes in workers in noisy
environment. PCR-SSCP method is sensitive enough to
be used for determination of SOD2 gene mutations. The
pattern of such mutations can be used prospectively for
determining these common mutations, at least in our po-

pulation. Consequently, it is considered that workers
exposed to noise are under the risk of free radical
mediated ear damage.

ACKNOWLEDGEMENTS

The authors are grateful to Dr. Mohammad Amin Athar,
Director, Institute of Biochemistry and Biotechnology,
University of the Punjab, Lahore, Pakistan, for his support
and provision of laboratory facilities. We are also thankful
to the deaf rehabilitation centre, Lahore, Pakistan, for
providing blood samples of known by birth deaf indi-
viduals. The authors also thank, Syed Gohar Ali Shah,
Senior manager, Marketing Department, US Denim Mills,
Raiwind road, Lahore, Pakistan, for the sample collection
of noise induced hearing loss patients.

REFERENCES

ACOM Noise and Hearing Conservation Committee (2003).
Occupational noise-induced hearing loss. J. Occup. Med. 45:579-81.

Ashraf HD, Younus MA, Kumar P, Siddiqui MT, Ali SS, Siddiqui MI
(2009). Frequency of hearing loss among textile industry workers of
weaving unit in Karachi, Pakistan. J. Pak. Med. Assoc. 59:575-9.

Borgstahl GE, Parge HE, Hickey, MJ, Johnson MJ, Boissinot M,
Hallewell RA, Lepock JR, Cabelli DE, Tainer JA (1996). Human
mitochondrial manganese superoxide dismutase polymorphic variant
11e58Thr reduces activity by destabilizing the tetrameric interface.
Biochemistry 35:4287-4297.

Boveris A, Oshino N, Chance B (1972). The cellular production of
hydrogen peroxide. J. Biochem. 128: 617—-630.

Chinchang W, Viprakasit V, Pung AP, Tanphaaichitr VS,
Yenchitsomanus P (2005). Molecular analysis of unknown B globin
gene mutations using polymerase chain reaction-single strand
conformation polymorphism technique and its application in Thai
families with B thalassemias and B globin variants. Clin. Biochem. 38:
987-996.

Endo T, Nakagawa T, Iguchi F, Kita T, Okano T, Su-HuaSha, Schacht
J, Shiga A, Kim T, Ito J (2005). Elevation of superoxide dismutase
increases acoustic trauma from noise exposure. Free Radic. Biol.
Med. 38:492-498.

Fortunato G, Marciano E, Federica ZF, Mazzaccara C, Intrieri M,
CalcagnoG,Vitale DF, Manna P. L., Saulino, C. Marcelli V,
SacchettiL (2004). Paraoxonase and Superoxide Dismutase Gene
Polymorphisms and Noise-Induced Hearing Loss. Clin. Chem. 50:
2012-2018.

Fridovich, BocaRaton FL (1982). The discovery of superoxide
dismutases: a history. In Oberley LW, ed. CRC Press, Superoxide
Dismutase. 2:1-10.

Fuente A, Hickson L (2011). Noise-induced hearing loss in Asia. Intl. J.
Audiol. 50:(Suppl 3)7-10.

Henderson D, Bielefeld EC, Harris KC, Hu BH (2006).The role of
oxidative stress in noise-induced hearing loss. Ear Hear. 27: 1-19.
Hernandez SD, McCord JM (2003). Paradoxical Effects of Thiol
Reagents on Jurkat Cells and a New Thiol-sensitive Mutant Form of
Human Mitochondrial Superoxide Dismutase. Cancer Res. 63:159-63
Ho YS, Crapo JD (1988). Isolation and characterization of
complementary DNAs encoding human manganese-containing

superoxide dismutase. FEBS Lett. 229: 256—260.

LePrell CG, Hughes LF, Miller JM (2007). Free radical scavengers
vitamins A, C, and E plus magnesium reduce noise trauma. Free
Radic. Biol. Med. 42:1454-63.

McCord JM, Fridovich | (1969). Superoxide Dismutase: an enzymic

function for erythrocuprein (hemocuprein). J. Biol. Chem. 244:6049-55.


http://www.ncbi.nlm.nih.gov/pubmed?term=Henderson%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16446561
http://www.ncbi.nlm.nih.gov/pubmed?term=Bielefeld%20EC%5BAuthor%5D&cauthor=true&cauthor_uid=16446561
http://www.ncbi.nlm.nih.gov/pubmed?term=Hu%20BH%5BAuthor%5D&cauthor=true&cauthor_uid=16446561

Mizoue T, Miyamoto T, Shimizu T (2003). Combined effect of smoking
and occupational exposure to noise on hearing loss in steel factory
workers. Occup. Environ. Med. 60:56-59.

Nomura K, Imai H, Koumura T, Nakagawa Y (2001). Involvement of
mitochondrial phospholipid hydroperoxide glutathione peroxidase as
an antiapoptotic factor.Biol. Signals Recept. 10:81-92

Ohlemiller KK, Wright JS, Dugan LL (1999). Early elevation of cochlear
reactive oxygen species following noise exposure. Audiol. Neurotol.
4:229-236.

Palmer KT, Griffin MJ, Syddall HE, Davis A, Pannett B, Coggon D
(2002). Occupational exposure to noise and the attributable burden of
hearing difficulties in Great Britain. Occup. Environ. Med. 59:634-9.

Penta JS, Johnson FM, Joseph TW, William CC (2001). Mitochondrial
DNA in human malignancy. Mut. Res. 488: 119-133

Pouryaghoub G, Mehrdad R, Mohammadi S (2007). Interaction of
smoking and occupational noise exposure on hearing loss: a cross-
sectional study. BMC Public Health 7:137.

Prasad KN, Cole WC, Haase GM (2008). The Case for Using Multiple
Antioxidants in Hearing Disorders. Hearing Rev. 15:48-49.

Ries PW (1994). Prevalence and characteristics of persons with hearing
trouble: United States. 1990-1991.Vital Health Stat. 10:1-75.

Igbal et al. 127

Rosenblum JS, Gilula NB, Lerner RA (1996). On signal sequence
polymorphisms and diseases of distribution.Proc. Natl. Acad. Sci.
USA 93: 4471-4473.

Roy D, Liehr JG (1999). Estrogen, DNA damage and mutation. Mut.
Res. 424:107-115.

Sambrook J, Fritsch EF, Maniatis T (1989). Commonly used techniques
in molecular cloning. In Molecular cloning: a laboratory manual.
Volume 3.2™ edition.Cold Spring Harbor, NY; Cold Spring Harbor
Laboratory Press, Appendix E3.

Scholik AR, Lee US, Chow CK, Yan HY (2004). Dietary vitamin E
protects the fathead minnow, Pimephalespromelas, against noise
exposure. Comp. Biochem. Physiol. C Toxicol. Pharmacol. 137
(4):313-23.

Zhang HJ, Yan T, Oberley TD, Oberley LW (1999).Comparison of
effects of two polymorphic variants of manganese superoxide
dismutase on human breast MCF-7 cancer cell phenotype. Cancer
Res. 59:276-283.



