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ABSTRACT

This studies whether the water extract of Osmanftaggans can prevent noise-induced hearing lod$i(l) after
exposure to a noisy environment. Twenty-four hgdiélctory workers in southern Taiwan were recruite@he
hearing threshold was determined before and afehealosing period. Measurements of oxygen radibabebance
capacity (ORAC), glutathione (GSH), oxidized gluimte disulfide (GSSG), GSH/GSSG ratio, superoxide
dismutase (SOD) and glutathione peroxidase (GPxlasma as well as audiometric measurements wem@ema
before and after the extract was ingested for 2a@@sd The results demonstrate that consuming si@gheanthus
fragrans extract (SOFE) during continuous expostgenoise levels that exceed 85 dB for 270 days aediu
temporary hearing loss (TTS) from 6.4 £2.3 dB 16L.2t8 + 1.6 dB HL. The values of ORAC, GSH, GSH(&SS
ratio and GPx activity were significantly increasetiereas those of GSSG and SOD were significaetiyaed by
the ingestion of Osmanthus fragrans extract. Furti@re, the complex Osmanthus fragrans extract (CQOgrBup
exhibited a perceptible improvement in hearing $hidd and antioxidant activity. The results hersiowed that
the correlation coefficients of ORAC, GSH, GSH/GS8t®, GPx, GSSG and SOD with the TTS at 4000Hz
exceeded 0.90. After taking Osmanthus fragransieix{OFE), workers at a factory with a high-noisevieonment
exhibited increased antioxidant capacity, whiclinadttely mitigated TTS.

Keywords: Antioxidant activity, Noise-induced hearing logdlIL), Osmanthus fragran®Rure-tone audiometry
(PTA), Temporary threshold shifts (TTS)

INTRODUCTION

Noise is the most common cause of occupation-itlatmaring loss. Noise-induced hearing loss (NIHtf@as
more than 10% of the adult population in indusized countries [1]. NIHL is a sensory deficit thgpically
presents as an audiometric “notch” at frequendieser 4000Hz (4k notch) [2]. A working environmesith noise
that exceeds 85 dB should be categorized as higtdgrdous workplace [3,4]. Eight hours of exposoneoise that
exceeds 85 dB in the workplace can adversely affechealth of employees [5]. Damaging noise ugladlises a
transient blunting of hearing acuity, increasing gubject’'s audibility threshold for a period ofun® Repeated
exposure to noise in thesemporary threshold shifts (TTS) may eventuallydléa a permanent threshold shift
(PTS)[2].

Relevant literature has verified that noise israpartant environmental factor in causing hearirgglas it damages

tissues in the inner ear mechanically and metaditli¢6] Biochemical and histological evidence sagt that
exposure to noise alters the responses of coclidsaes to oxidative stress and increases the ¢té¥ete radicals in
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the cytosol [7,8]As highly toxic molecules, reactive oxygen spedBR©OS) adversely affect the organizational
structure of the inner ear cells and mitochondr@lies, even damaging the cochlea. This mecharasises the up-
regulation of oxidative stress response chemicaling to noise-induced hearing damage. Antioxidhatapy may
therefore prevent NIHL[9].

As the main auditory organ of the inner ear, theht®a contains two major classes of active antaxtidenzymes.
The first class of enzymes, which includes glutatki S-transferase enzymes, GPx, and glutathionecteesk, is
involved in GSH metabolism. The second class af/eres is responsible for the cleavage of supercaiens and
the antioxidant activities of hydrogen peroxidedancludes catalase and SOD, for example) [9]. Adicg to a

previous investigationyg-tocopherol [10-12], water-soluble coenzyme Q10],[I3SH [14], N-acetylcysteine [15],
and D-methionine [16] can retard the oxidativessreignals that are caused by hair cell death eff@osure to high
noise [17-19].

Osmanthus fragranis a genus of approximately 30 species of flongplants of the family Oleaceae. It is used not
only as an ornamental plant, but also as an aéditifood, tea, and other beverages because stfdtsg fragrance.
The flower of Osmanthus fragrans has been demaedtia exhibit strong antioxidant activity [20,2Lhis study
investigates the ability ddsmanthus fragran® alleviatehearing impairment after exposure to higlise.

EXPERIMENTAL SECTION

Preparation of OFE

Dried flowers ofOsmanthus fragransvere purchased from Hung Chao Co., Ltd., Taipeaiwa@n, in 2009. The
samples were authenticated by Dr. Mo-shin Tang,aftepent of Pharmaceutical Sciences and Technologyng
Hwa University of Medical Technology. Thesmanthus fragran$l0 kg) were milled, suspended in 150 L of
distilled water, and boiled for 60 min at 100°CteXffiltration with filter paper, the solution wagray dried into a
powder and filled in capsule by the Standard Chiaharm. Co., Ltd., Tainan, Taiwan.

Deter mination of total phenolic content in Osmanthus fragrans

Following the method described by Yen and Hung [#2$ sample solution in methanol (0.1 mL, 1 mg/mlas
well mixed with 2% NaCO; (2 mL). After 3 min, 50% Folin-Ciocalteaure agédtl mL) was added. The mixture
was allowed to stand at room temperature (RT) omdn with intermittent mixing. The absorbance 80 hm was
recorded. A standard curve using gallic acid wapared. The total phenolic content was expresseyliis acid
equivalents (mg of GAE per g extract).

Deter mination of total flavonoid content in Osmanthus fragrans

Following the methods described by Woisky and $#af23] and also by Chanet al,[24] 0.5 mL of sample
solution was mixed with 1.5 mL of 95% EtOH, 0.1 ml.10% AICL, 0.1 mL of 1 M KOAc, and 2.8 mL of distilled
water. The mixture was allowed to stand at RT fon8n, and the absorbance was measured at 415heramount
of sample solution was substituted by the same amofua quercetin solution (0-2Q@/mL) as a standard. The
amount of 10% aluminum chloride was substitutedHgysame amount of distilled water to serve asaakilThe
total flavonoid content was calculated from thetpdd absorbance against quercetin concentrationgubnear
regression analysis and expressed as quercetivadepiis (1g of QE per g extract).

DPPH freeradical scavenging assay

DPPH is a stable free radical with a purple colmttis reduced by antioxidants to a colorless camgo We
employed DPPH in an assay modified from the metfoShimadaet al[25] MeOH (3.8 mL), sample solution in
methanol (0.2 mL, 1 mg/mL), and 1 mM DPPH solut{@r0 mL) were mixed well and left to stand in therldat

RT for 30 min. The final concentration of the saenplas 4Qug/mL. The absorbance at 517 nm was measured. The
sample in methanol was used as a blank, while DRgidal in methanol solution was used as a confitoé. DPPH
radical scavenging activity was calculated accaydinthe following equation:

% of DPPH radical scavenging activity = [1 —s{fns Aviand/Acontrol * 100, where A is the absorbance at 517 nm.
The concentration providing 50% inhibition ¢§f DPPH radical scavenging activity calculated frém plot of
inhibition percentage against sample concentrdtiolinear regression analysis.

Subject selection

This randomized, double-blind, parallel-group studgs the sample and placebo preparations were gadkia
capsules. All doctors, research staff, and volust@e/olved remained unaware of the actual proddahinistered
during the entire study period. This study receiapgroval from the Institutional Review Board (IR&f) Chung
Hwa University of Medical Technology. The brewergsva noisy workplace, because the measured ngissune
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exceeds 90 dB. The volunteers were consideredbkdidor study participation if they worked in anearwhere
exposure levels equaled or exceeded 85 dB. Pdtemtianteers were selected based on a dietary iQnestre
regarding their dietary habits, to enroll indivitkiavith similar eating habits, especially fruit anggetable
consumption. Subjects with low fruit and vegetalitake and on hypocaloric, vegetarian or vegan diete
excluded from this study. Subjects reporting the efsmedication or dietary supplement, and subjeitts a history
of major illness were excluded as well. Twenty-feofunteers were randomly divided into 3 group3: ffacebo
(n=10), served with capsules containing only cdarch; (2) singleOsmanthus fragranextract (SOFE, n=14),
served with capsules containing 200 migOsmanthus fragrangxtract; and (3) comple©®smanthus fragrans
extract (COFE, n=15), served with capsules comgii00 mgof Osmanthus fragranextract, 25 mg of grape seed
extract and 50 mg of astaxanthin extratie astaxanthin extract is a strong antioxidants gnaghe seed extract
purchased from Standard Chem. & Pharm. Co., Lt@indn, Taiwan.

The test supplements were taken one capsule pextdagakfast. The volunteers were instructed goffar at least
8 hr before blood collection on the first,"™0180" and 278 day. 10 mL of fasting blood were collected in
heparinized tubes and centrifuged at 3500 rpm @omin, for the determination of ORAC, GSH, GSSG [sand
GPx.

Questionnaire

A structured questionnaire was administered taciotiformation about demographic characteristiesrk history,
health habits (smoking and alcohol drinking), maticonditions, noise exposure, as well as use aficagons,
dietary supplements and hearing protection devices.

Noise exposur e measur ement

Personal noise exposure was evaluated from 7 a.r8. p.m. during the work shift using a noise dosstem
Frequency characteristics of noise were then medausing a real-time noise analyagith one-third octave bands.
A half-inch, free-field condenser microphone witfrequency range of 31.5 Hz to 16 kHz was also uBeding the
work shift, the participants did not use hearingtection devices.

Pure-tone audiometry

These workers were reminded to avoid explosive en@sposure for at least 12 hr before receiving ehes
audiological assessments. Each subject receivedhifteaudiometry from 6:30 to 7:30 in the morniofthe test
day. Post-shift audiometry was performed immedyaaftier the work shift. It was uniform across sutbge

An audiologist obtained pure-tone audiometry (PTf8) all subjects in a sound-attenuating chamberh veit
background noise level of< 25 dB, which complies with the criteria of Interiomial Organization for
Standardization (ISO) 8253-1. For each ear, theftequencies included 250, 500, 1000, 2000, 3@000, and
8000 Hz.

The hearing level (HL) for high frequencies (HF) BYA was defined as the average of HLs at 4000AHZAour
hearing assessments by PTA were completed forfeactulation period on the frist day pre- and pdsftsand the
270" day pre- and post-shift. Finally, the amount ofSTWas calculated by subtracting the pre-shift negari
threshold from the post-shift hearing thresholdath frequency.

Plasma antioxidant capacity assessment

Deter mination of plasma ORAC

As a modification of the protocols outlined by Clwet al [26] 100uL of 0.1 uM B-phycoerythrin and 8gL of 75
mM AAPH were added to 1AL of plasma. The fluorescence was measured immadigxcitation emission 480
nm, 520 nm) using the FLOUstar (FLUOstar OPTIMA, 8Nlabtech, Inc., USA). The fluorescence was reabrde
at 5 min intervals for 120 min, until the fluoresce of last reading declined to less than 5% ofitsereading. To
calculate the area under the curve (S), the follgwequation was used:

S =(0.5H5/fg+ o/ fo +fi5/fp ....... + o5/ f9)*5

Wherefn is fluorescence measurement at time n.

ORAC values are expressed using Trolox equivalents:

ORAC value gM) = 20 * k * ( Siample— Soiank) / ( Srotox— Sblank)

Where k is the sample dilution factor.
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Determination of GSH, GSSG and GSH/GSSG ratio

This GSH method was modified from the procedurerneg by Sedlak and Lindsay, [27] 15Q of each sample
were added to 450L 5% trichloroacetic acid solution then subjectedéntrifugation at 20000 rpm for 10 min. 30
uL of supernatant were injected into 96 well plateseach well 14QL of 0.4 M Tris buffer and 1QL of 0.01 M
DTNB were added and incubated for 5 min. The atzswé value was measured using the ELISA reader 84R
Molecular derices, LLC, U.S.A), and the GSH conierthe plasma was subsequently calculated.

The GSSG level of plasma was measured with a coniahdit (NWLSSTM", Northwest Life Science Specialties,
LLC, Vancouver). Using GSSG (0-1M) as the standard. The diluted sample solutiostandard (20QuL) was
mixed with 200uL of 5% MPA, centrifuge at 7700 rpm for 2 min. Th@®0puL of the supernatant was taken and
mixed with 10 pyuL of IN NaOH and 10uL of 4-vinylpyridine. The mixture was allowed toastd at room
temperature for 1 hr. Fifty microliter of the reiact mixture was mixed with 5QL of the reagent (DTNB in
phosphate buffer) and 50 of GR Enzyme (Glutathione reductase in phosphate buffdr BDTA, pH 7.6 with
protein stabilizer) in an incubation microplate tomin at room temperature, followed by the additaf 50 pL
NADPH (B-nicotinamide adenine dinucleotide phosphate ifdpufith stabilizer). The reaction mixture was then
incubated at room temperature, and the absorbadbanm was determined at 15 sec intervals famikbusing an
ELISA reader (VERSA, Molecular derices, LLC, U.S.A)he concentration was expressed as GS8®) (n
plasma. For each plasma sample, GSSG/GSH raticalaslated.

Deter mination of plasma GPx activity

The GPx activity of plasma was measured with a ceroial kit (Cayman, Cayman Chemical Company, U.S2A)
uL of plasma were added to 100 of assay buffer (50 mM Tris-HCI, pH 7.6, contaigi5 mM EDTA) and 5QL

of co-substrate mixture (containing a lyophilizesiqoler of NADPH, GSH, and glutathione reductase dgirsg 2
mL of HPLC-grade water to each vial and vortex)e Thaction was initiated by the addition of |20 of cumene
hydroperoxide into the mix. Then, the reaction mnigtwas incubated at 37 °C, and the absorbancéOah® was
determined every minute for 5 min using a ELISA dexa (VERSA, Molecular derices, LLC, U.S.A).The
measurement values were incorporated into theviitig formula:

AAz4dMIN = (Agao, time 2— Asao, time Y/ (time 2 — time 1)
GPx activity {M/min) = (AA34dmin/0.00373uM™) / (0.19 mL/0.02 mLx sample dilution

Deter mination of plasma SOD activity

This SOD method was modified from the procedurerig by Magnanét al[28] Briefly, 50 uL of pyrogallol and
50 uL of plasma (Tris buffer for the blank) were addedh test tube. Additionally 3 mL of Tris-buffer meeadded
to the test tube. The contents were mixed genty the tube was placed in a spectrophotometer (gy¥630
bio, JASCO International Co., Ltd. Japan). The mg&lat 0-sec mark and at 30-sec mark under 32&ema taken
to calculate the change in absorbance value. Therbhnce change of the blarkn{ax), and of the sampléX)

were used to calculate the % inhibition:

Inhibiting superoxide anion activity (%) =Athax -Al)/Amax]x 100

Statistical analysis

Each experiment (plasma antioxidant capacity asssss ORAC, GSH, GSSG, GSH/GSSG ratio, GSHPx, SOD)
was conducted in triplicates. Two-tailed unpairedisnt's t-test is used to compare the differebedseen groups
and ap < 0.05 indicates statistical significance.

RESULTS

Demographic and personal characteristics

Thirty-nine workers were involved in this study (89, 88.6%). The workers had been employed in ®ifador an
average of 18.5 years. Most of them were middletaG®l-59 years old). During the days in which TTS
measurements were made, the average daily noisesanep(time-weighted average of 8 hr, TWA-8 houasiged
from 88.6 to 93.3 dB, as determined using persomwdéde monitors. Some investigations have menticthed
smoking is a risk factor in the development of NIHE! The risk of NIHL has been shown to increase wiité t
number of pack-years of smokifgAlthough this study included seventeen (43.1%) lsnwsubjects and fifteen
(38.5%) alcohol-drinking subjects, Table 1 revehbst smoking tobacco and drinking alcohol had mmificant
effect on TTS level. We speculate that the amoahtsbacco smoked and alcohol drunk may have ba@totv to
have significantly affected changes in the heattimgshold.
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Table 1. Demographic and personal char acteristics

Placebo group SOFE group COFE group

Quantitative variable Mean(SD) Mean(SD) Mean(SD)

(n=10) (n=14) (n=15)
Age 52.8(2.7) 54.5(3.0) 51.0(3.7)
Employment (year) 18.4(3.7) 20.7(2.6) 18.5(6.9)
Personal noise exposure 90.1(1.1) 90.7(1.8) 91N (2.
(TWA-8 hours) (dB)
Pre-shift HF PTAa (dB HL)
Frist 26.3(2.2) 32.5(3.2) 30.0 (3.1)
90 th 26.9 (3.6) 31.7 (2.8) 29.6 (2.5)*
180th 25.6 (3.0) 29.2 (3.0) 27.5 (3.4)*
270th 27.5(5.3) 28.9 (3.5)* 25.7 (3.0)*
HF TTSb (dB HL)
Frist 5.8 (3.1) 6.4 (2.3) 6.4 (1.8)
90 th 5.0 (0.0) 4.6 (3.7) 5.4 (2.8)
180th 4.2 (1.2) 4.3(2.6) 4.6 (1.6)*
270th 6.4 (3.3) 2.8 (1.6)* 2.1 (2.5)*
Categorical variable Number (%) HF TTS(dB HL) pual
Drink alcohol
Yes 17(43.1) 7.5(2.3) 0.3
No 22(56.4) 6.2(2.6)
Smoking tobacco
Yes 15(38.5) 7.3(1.9) 0.36
No 24(61.5) 6.6(1.5)

3 The average of hearing threshold levels of thatrand the left ears at 4000 Hz by pure-tone audioy(PTA).° The average of hearing
threshold levels of the right and the left eard@®0 Hz by temporary threshold shift (TPSSignificant difference between the frist and,90

180", 270" at p < 0.05. ** Significant difference between frist and 96", 180", 270" at p < 0.01.

Table 2. Effect of antioxidant statusin plasma after consuming Osmanthus

Placebo group SOFE group COFE group
Mean (SD) Mean (SD) Mean (SD)
(n=10) (n=14) (n=15)
ORAC (mM Trolox equivalent)
Frist 3.29(0.35) 3.41(0.23) 3.32(0.19)
og" 3.01(0.36) 3.62(0.34) 4.04(0.22)
180" 2.89(0.37) 3.90(0.2%) 4.48(0.30§
27d" 2.75(0.35) 4.09(0.19) 4.59(0.24)"
GSH M)
Frist 6.33(0.12) 5.98(0.43) 6.49(0.19)
og" 6.38(0.14) 6.48(0.55) 7.56(0.16)
18d" 5.94(0.20) 7.14(0.24) 7.80(0.10Y"
27d" 5.59(0.07) 7.51(0.21) 8.13(0.19)"
GSSG (IM)
Frist 0.15(0.01) 0.16(0.02) 0.18(0.03)
og" 0.16(0.03) 0.14(0.01) 0.15(0.02)
18d" 0.15(0.03) 0.13(0.01) 0.13(0.01)
270" 0.18(0.01) 0.12(0.02) 0.12(0.02)
GSH/GSSG ratio
Frist 42.15(2.33) 39.03(1.21) 37.19(1.18)
og" 39.80(2.11) 45.82(1.46) 52.53(0.99)
180" 35.07(1.42) 55.92(1.35) 59.68(1.64)
27d" 31.20(1.50) 61.16(1.58) 69.63(1.40)
GPx UM/min)
Frist 0.43(0.05) 0.23(0.08) 0.34 (0.13)
og" 0.42(0.01) 0.27(0.09) 0.38(0.13)
18d" 0.41(0.05) 0.29(0.09) 0.39(0.10)
27d" 0.40(0.08) 0.32(0.12) 0.40(0.14)
SOD (U/L)

Frist 5.92(2.50) 4.72(0.26) 4.73(0.68)
og" 5.79(2.36) 4.56(0.37) 4.56(0.78)
180" 6.31(2.52) 4.38(0.12) 3.89(0.09)
27d" 5.48(2.40) 4.26(0.16) 3.59(1.01)

* Significant difference between the frist and'9080d", 270" at p < 0.05** Significant difference between the frist and"9080", 270" at

p < 0.01. *** Significant difference between thésfrand 9¢, 180", 270" at p < 0.001.

Audiometry and temporary threshold shift

Figure 1 displays an audiogram that reveals theifgéhresholds at various frequencies from 258060 Hz for
different treatment groups on the first day and 2@6" day of treatment. According to Figs. 1a and 1b,the
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placebo group, the hearing threshold increased £8r8 dB HL to 30.0 dB HL for the right ear andrfr®3.6 dB
HL to 25.0 dB HL for the left ear. Therefore, thaqebo group exhibited increases of 1.2 dB HL adddB HL in
the hearing thresholds of the right dedt ears by the end of the trial. In the SOFE grahe hearing threshold was
improved from 29.0 dB HL to 28.6 dB HL for the rigkar and from 34.2 dB HL to 29.3 dB HL for thet ledr (Figs.
1c and 1d), representing a recovery of hearing4fti® HL for the right ear and 4.9 dB HL for thétlear after 270
days in the same working environment.

Table 3. Correation coefficient of 4000Hz temporary hearing loss and antioxidant capacity

ORAC GSH GSSG GSH/GSSG GPx_ SOD

Placebo -0.57 -0.43 0.67 -0.54 0.77 0.71
Temporary Hearing loss at 4000 Hz SOFE -0.97 -0.95 081 -0.9 -0.97 0.95
COFE -0.95 -091 0.98 -0.95 -0.94 0.93

Figure 1. Hearing threshold before the work shift PTA of placebo group at frist day (a) and 270" day (b), SOFE group at frist day (c)
and 270" day (d), and COFE group at frist day () and 270" day (f)
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The COFE group also exhibited an improvement inttineshold from 29.3 dB HL to 25.8 dB HL for thght ear
and from 30.7 dB HL to 25.8 dB HL for the left eagpresenting recoveries of 3.5 and 4.9 dB HL, eepely
(Figs. 1e and 1f). A clear notch was observed G044z.

In Table 1, the PTA and TTS at 4000 Hz for thead#ht groups were presented as averages for thaniefright
ears. For the placebo group, the pre-shift heatireshold on the first day was close to that or2fi@ day, and the
difference was insignificant. For the SOFE and CQ@f&ups, the pre-shift HF PTA declined gradualbynfr32.5 +
3.2 on the firsto 28.9 + 3.5 dB HL on the 2¥alay and from 30.0 + 3.1 on the first day to 25.3.@ dB HL on the
270" day, respectively. The HF TTS level in the SOF&ugron the first day was 6.4 + 2.3 and that or2fr@" day
was 2.8 + 1.6 dB HL; the corresponding levels i @OFE group were 6.4 + 1.8 and 2.1 + 2.5 dB Hipeetively.
The significant decreases in both the HF PTA andrfiB values indicate that the OFE significantlyueed noise-
induced temporary hearing threshold shift.

Total phenolic and flavonoid contents and DPPH scavenging effects of Osmanthus fragrans

The total phenolic content was 340.68 + 19.47 mde@extract, while the total flavonoid content wi®s97 + 4.40
mg QE/g extract. The DPPH 4g€of the water extract was 1f/mL, which was less than that of the methanol
extract (12.8ug/mL) and trolox (4.9ug/mL) [21]. As previously,Osmanthus fragranss rich in phenolics and
flavonoids, and exhibits strong antioxidative aityiv*

Antioxidant capacity of plasma

An increase in antioxidant capacity can be desdrédsean increase in ORAC, GSH level, GSH/GSSG eattbGPx
activity or a decrease in GSSG level. Table 2 prssthe ORAC, GSH, GSSG, GSH/GSSG ratio, GPx aytisnd
SOD values on the (first, §0180", and 278 days. After the subjects in the SOFE group hademed OFE for
270 days, their plasma ORAC values had increaseti8dy + 13.7%; their GSH levels had increased by 25
12.0%; their GSH/GSSG ratios had increased by 523.8 % and their GPx values had increased by 83.5.7%.
Their GSSG and SOD values had declined by 27.2.692%nd 9.7 + 7.8%, respectively. However, in tHeFE
group, the ORAC and GSH values began to incregsifisantly from the 98 day. By day 270, ORAC, GSH level,
the GSH/GSSG ratio and GPx had increased by 3216.4%, 30.3 + 6.4%, 88.2 + 45.8 % and 34.9 + 22.3%,
respectively, whereas their GSSG and SOD had dssuiely 48.2 + 33.1% and 15.2 + 5.5%, respectivEhe
GSH/GSSG ratio was an indicator of antioxidantustg?8,29] Sincé©smanthus fragransicreased the GSH/GSSG
ratio by significantly increasing GSH and reduci@®SG, the results herein confirm tf@smanthus fragrans
enhancesghe antioxidative activity of plasma.

Correlation of temporary hearing loss at 4000Hz with antioxidative capacity

The physiological effects of consuming OFE, anaitiant supplement, for 270 days on ORAC, GSH |e@8SG
level, GSH/GSSG ratio, GPx activity, and SOD atyjiwvwere quantified. Interestingly, a definitive oelation was
observed between temporary hearing loss at 400@rdzantioxidant activityp( < 0.05). As shown in Table 3,
negative correlations were observed between TTSpasma ORAC, GSH, GSH/GSSG ratio and GPx, with
—0.90 t0—-0.97 for the SOFE group amd=-0.91 t0—-0.95 for the COFE group. In both groups, GSSG a0b are
positively correlated with TTSr(> 0.81). The placebo group exhibited negative elations between TTS and
plasma ORAC, GSH and GSH/GSSG ratio with -0.43 t0o-0.57. The antioxidant capacity is an importantdact
in importantly affects NIHL. Consequently, an inase in antioxidant capacity by OFE reduces thdiliked of
hearing loss at 4000Hz.

DISCUSSION

This study demonstrated that continuous exposureige levels of over 85 dB HL for 270 days regulite TTS
values at 4000 Hz of 6.4 + 3.3 dB HL. The issuéRX¥S" was not evaluated in this study. This findiegeals that
noise progressively worsens the hearing of workersprevious tests, the antioxidative capacityQfmanthus
fragrans was found to be second only to that of green gelditionally, Osmanthus fragransan scavenge free
radicals [21].

Treatment with OFE significantly strengthens thdicidative capacity of plasma, and has been aategti
increases in ORAC, GSH, GSH/GSSG ratio and GPxreddctions of GSSG and SOD. These effects reduee th
TTS level at 4000 Hz. This study confirms the stratorrelations between TTS and antioxidative cdpaci
suggesting that the antioxidative state may afasteptibility to hearing loss.

Relevant literature has established that noisecesI GSH levels, increases GSSG levels in the iraer and

induces ROS-related cell injury [34,35]. Severald&s have indicated that GSH reduces hearingifossimals
that are exposed to noise [14,19,25-38]. Kaygusual[39] found that the blood of workers under higtiseo
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conditions exhibits increased GPx activity, andt tttes physiological change is a natural antioxiddefense
mechanism. The antioxidizing enzyme that is foumdhie mammalian cochlea GSTM1 appears to be capdble
protecting hair follicle cells from noise and agifidnerefore, antioxidants can obviously withstad&#ilN14, 35-38].
In this experiment, GSH and GPx was related to &78000 Hz with negative coefficients €8.91 t0-0.95 and
—-0.94 t0-0.97, respectively. The results in this study taing OFE may reduce hearing damage by incredhing
GSH level and GPx activity and reducing the GSSgl|enhelping to counterbalance the generation pEsuxide
anions, reactive oxygen species, and malondialdehydhe cochlea in noisy environments [39,40].

This study demonstrated th@smanthus fragranéncreased antioxidant levels in the human bodyiclwiwere
negatively correlated-0.95 t0-0.97) with TTS at 4000Hz in individuals who work moisy environments after
they took OFE for 270 days. This result arose fthemability of antioxidants to neutralize ROS radiéc reducing
TTS at 4000 Hz. Accordingly@smanthus fragraneot only is an excellent antioxidant in the hunbaay, but also
mitigates hearing impairment.

CONCLUSION

After 270 days of taking with OFE, workers at fagtavith a high noise level exhibited increased axitlant
capacity and, consequently, significantly reducetivily of reactive oxygen species in their bodi€bese effects
ultimately mitigated temporary hearing loss at 40@2 Hence, this study finds th@smanthus fragrangs an
excellent source of antioxidants and can protetividuals from hearing loss.
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