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The Effects of Alcohol Intake on OHCs Activity
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Purpose : Alcohol is an ototoxic drug that is known to negatively affect cells and nerves
related to hearing in the short and long term. This study was conducted to immediately
examine changes in auditory and OHCs activity before and after alcohol intake.

Methods: Subjects without middle ear or hearing problems were selected according to the
criteria of this study, and K-MMSE, PTA, TEOAE, and DPOAE were measured for the
selected subjects. Thereafter, alcohol was freely ingested in a noise-controlled
environment, and blood alcohol concentration was measured after 90 minutes. The PTA,
TEOAE, and DPOAE were re-measured for subjects who were judged to have no cognitive
problems in the K-MMSE re-measurement. The difference in hearing and OHCs activity
before and after drinking was compared and analyzed using a rtest with blood alcohol
concentration as a co-variate after drinking.

Results: First, the average score of K-MMSE before alcohol intake was 29.3, and the
average score after ingestion was 28.3, and the average blood alcohol level was .13 from .05
to .21. Second, after alcohol intake, the PTA threshold increased in most frequencies,
confirming negative changes, and TEOAE and DPOAE emissions responses also showed a
tendency to decrease in most frequencies after alcohol intake. Third, there was no significant
correlation by frequency of PTA, TEOAE, and DPOAE before and after alcohol intake.
Fourth, blood alcohol level did not have a significant effect on hearing and OHCs activity
before and after alcohol intake.

Conclusions: It was confirmed through experiments that the intake of alcohol has an
immediate negative effect on human hearing and OHCs activity, regardless of cognitive
ability and blood alcohol level.
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. M2 e A B4 AEoE AR dAIE &4, A, HE
YA-Z2AF E(Wernicke-Korsakoff) 35S TAYAZD
£ oYLa LT} o ZAHl A2 1 Yg UeEHE o AoH(Cho et al, 2009), ¥ ARl A F

A okEolt AEYTES ofehE{ethanol)olet EgE= I3
F 7.1kcal®] ¥l AURFOZ, FATohA Aol S5EE AT o

50~80%= AFLo Aolg Hol7l st Al AA7eY &4
S Btk 48 4= QtkBates et al., 2002).

PAES thSle] QA Elolul, Hlelwl Zo] AW} JoRURE & o] &2 HEHOR Ao IFE F= A& H IF
ulsla AR dokio] T4ohS WAl H(Licber et al., AT ARde IFe e d7=0l o EAsH A
ol qiEzeltt. A& dFE AHE I Fo A4 A

2012), ¥, WH], 918 58 0P| sitiBae et al., 1998).

e e gaad 5

AcKStandridge et al., 2004H)E A+t YA, EEF 44

AFoHEe] AldA7E
2006), AlZHA olAls
ZHi} AJok9] AL H

ANz} ORI 2
ZA=d, A% H(guinea pig)d Aol o7 7k "o o

A He Zgol WAE%(Cheon et al,
2ol ZA(Kim et al., 2019), 281 A

AR ItHJeong et al., 2016).
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W (generation)”|5& Ao AIE AU, Popelka

A FERpolA  ASSHFAL(AFTE ( AFT),  SEIHA
YX|(acoustic reflex threshold)= HAsH= AFE A7|: o}
ot g #2 49 8%¥E HHeE Huvl HH A%
o}29l 7158 HEO|STPIAHDPOARE 53 EA% I&<
FHHwang et al, 2003)°A%= LE IFTpoA  HARS
(emission)o] EOlEE E&HS Hol Q9RAR] FALIL E
ojfitk= 23E 2tk

o714 FE e HA2 AREARY 4= Aol @
ol FWA|E(hair cell of cochlea)= Wol9] <k W =¥
71 organ of corti)oll X HeFlt moko] FEAER
A QFHAE(OHCs)2 WREAE(HCH)ZE ozt o] &
QEANEE WAz Hlsf BFgZo] A3t .001mme] of
A2 Axg, Yol S0l fAeIYUAY Z7]o] wet &4

ST EolH HHsH FFAAFE Ulold T 98

- e X

E3F o] YREAEE tiH9 AHY ApHE
I g YA 95%=E olFolXl AlEEMN, AR &A=
WHE gFEo] Axo AHY JFE € & e FRE F
g5l7]o] At Aol

QFEAEE of7] 7HA] 840 WS I St ATE
o] Qlojgk=t], £3] ol (ototoxicity) F=E0] WS- oFt &
F2 HAU 4R A, oA, FAA Ee AT A Ee
Ay FEEY 082 FRAE &2 fdtks d#d ZA
2 AFE7= slH(Kettle & Schacht, 2002), $E7} & <&
Bl A3lehke d4FSE HHAQ] o= qE F SHHE HESt
Al Hez HAUSS ot iAo BRI FFE &0
£ A9 7K d7E0] At Morizono & Sikora, 1981).

QFEAEY EAZ Qol9] IHIEE ASAA 7 29
o] Fro] BA44 JFE "R A o= 7P Foe W
9] ofF HEFgox A JFE o dREAMEY &
524 279 9k99 F7H(scala media)E S0l FAlOIY
Ag FuedsE Hoh 97kEA wheolso] dag QIAE B
o g4 wEolFe dFE F¥ske dHl, ol 499 F4E
Hop ®EolA wEolFe aHE Eoh 4EA UtKSon,
2012).

164,770 40~09A d= 4Rl WeE X3Pt 3
FAo] B AFME F|HeR dFSE HFcke ik
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ol5/dE dFE9 A7IFR HIHH YREARY Aol

X,
1o
L 19
i
50
[‘l!‘
i)

EE
3

e e
>,

Q.

=

wseo] Ak Uobt 344
Aole gelolsde] Atz
ol optaET QX As,

38

thre] A7oly o] SHol i A4 L HAA, ol
SRARY BYF] o2V R GFS FArke ofe] 7
o] glAeh, IS HAZ s U1 & G AAH BAS 5
Aste] AT AT Fohr] oletgict. wepd 2 Ao &
T& W YN 3A% deuAEe] vAL g% A
T o 34 A7 SR S, AR 85Uw
=2 FARle] oluE JUWAVL YAS 12 Yol
o
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ot fifo

1. HAChA

AR, AF A olFAAIA Qojmet IHo] ool gl
o, HEAAZoA Fol7} YZ(middle ear pressure:
MEP)°] +50daPa ©JW, ¢Jo]x=&&(ear canal volume: ECV)
o] .6~2cc oW, H&EA(static compliance: SC)°] .3~1.5ml
ojie]l {Ask= A typeolofof Fh © 3 HAKpure
tone audiometry: PTA)IA Z-7]%= 9A| Zo|(air-bone
gap: ABG)7} 5dB HLO|W2}H As type, Ad typeT AR}
g 5 Qi

A, A FEe 7 ARlolojok sh, A A AN ¢
AEAANA 1k Hz, 2k Hz, 3k Hz, 4k Hz9 9%& 2% f
T 4R o] ASRE 3 3ok X getglo] 25dB HL
ool EAfsfioF gk

AR, wyel=2HS ZF5E o] I o] glojof it

A, Al - A4EQ0 e 2 4 Qe A T A
($-25, BAEES 9ol 9L, YANH(K-MMSE 243 o
‘el EA7F lofok gk

oA, d3Z ASIE AEEa AU, ARE
739o] glofof gttt

oA, 4329 HH T A oA dF29 FHx
AFHE JA7sol Aot A-HK-MMSE 204 wlvh) AF
SR A A2zt

9 24& BF FFshe 200 &9 13%S A
T2 AFPotglom, ol A AT HHo| ozt FEe A
< ot o FYME B2 T AFE APtk WA F
182 IA Folde Yokd ZHo] Sl vukes4 FHAPIA
Ad typeol UgAR, @Al= IEEUIL ABGZF 5dB HL o[
B Uet oty 23tk skwt @dIiEst vA
AAoR EA U g B2 qYgFom fidAolA AYst,
1298247 2= 39, A& g HF: dFRE AdAst
k.
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2 A7e FARl OOt Y HYAACA JPEHUA
o, R4 SE8Y Y AYAEM FFLIsSs: Y7
£ Aol Ao ARGSIGth Aol AMEE EE A=
2 E] 9.

Td 71490 Y BYE 23 glow, Aol JPd B3

1) 1Rt CHYRE MEHZAKO|ZEAL, DTHRSEAS, =SF24EA)

oA A= AL HeksHA oAtol 2AEE Aol A, A
9] AE o]F(otoscope, HEINE NT-200, USA)S o]&3}o] &<t
o7 I=dll, V54 AE(middle ear analyzer, Tympstar
pro, GSI, USAZ AAslth ol 239 A7t w924
(double-wall audiometric booth, SDD-280, Korea)o|A &
A2 A audiometry, AC40, interacoustics, Denmark)E A%
5190, 7|=H%(air conductiony= FE=Al(audio headset,
TDH-39, USA), &H%Z(bone conduction)s ZAE7](bone
vibrator, Radioear B71, USA)Z A5t

2) 2Rt THARL MEZAZIOHAISEIZIAD

12 AdAARIA AEE RSl disiA A B &
- 5o ozt 7 QIERE AWt F AR A, F
gHFE, diksd, 7|98, dojsEs AEE 4 Qe 7l
HAJE A HKorean  Mini-Mental — Statue  Examination:
K-MMSE, £34&staged, 20095 AAlskrt.

-

3) EUALILOISYYAL HEOIZELUAD

XA Al AdEPARIA AV gl T 2 Ad
< AFPsion, QdREARY FHEE RIsh] A ol
A AHotoacoustic emissions, 1LO-6, Korea)E AAISIS

oh olSFIARAAL QA BUT HRERACA AAsigion,
Aol S AKtransiently evoked otoacoustic emission:
TEOAE)?} WZo|SdAKdistortion product otoacoustic
emission: DPOAE)E AAJ5H¥Lt.

4) YTF29| ¥

g = BE FAPE B & A0 €22 HHE Alet
gt ¢3EE AT 4, dFLY = TFE =Y - F
T8 A FASKAE XUt sHARE Almele #Fo] A
&Eo] WSk IS BAGH] Fdl AN &
S247](sound level meter, smart app, Korea)Z A2 A
47 0= 85dB Aolol= FAIEE=A] SRl

LFL9] HIF A 4A7H+1A7Ho R Astelda, Tk o
AR AotA st dTE APT 4 gl Frot JobE o
AR A A5kt

YIS GF7F A[ZME 30 DXz Fe

F25T &747](blood alcohol concentration meter, Alcocell
CA20FS, casio, Japan)g ©l8sto] 189 7HS Fi1 & 31¥9
GSLISEEAANE AASH] BAAE Folith S8 & e
A3 A Aol HAES YT A= APsSic

l.‘

4, Zuxe

odAte] ok AolA 4%, PTAY 1k, 2k, 3k, 4kHz9 %
Z(dB HL), TEOAEY] 1k, 2k, 2.8k, 4k Hz AR AdizH(dB
peSPL), DPOAEY] 1k, 2k, 2.8k, 4k Hzo| WARS ZAdizi(dB
SPLS A4 £ WA A7 ek, SPSS 22.0& ©]89]
of .39 Aol|o AWALE Folglow, 7+ HAMER gF
< AH A3 Aolg FFYISEE x 100 HeleR F
I PSEE rtestE BAGHYC)

. g7Zut

gFL HF A-F9 K-MMSE AL Zjolg AuHy
AR gukzel EfogL K-MMSE #4E 23g A3
FA 28014 o 30¥CE Ho] 293702 YERgy, ¢F
2 A3 T A 230904 g 308°o2 BHF 28.3FHOFE et
ok gAY 9%932%EE 1249 g E5YIes

Tt 24 05M Y 21744 W 1302 et

R

. Y32 83 W -2 REME #39| Hal

1) YRS MF M- F PTA 24| Xf0)

=—4—Pre == Post

DB HL
O P N W A U1 O N B O

PTA125 PTA250 PTA500 PTA 1K PTA 2K PTA 3K PTA 4K
HZ

Note. PTA=pure tone audiometry.

Figure 1. PTA threshold difference before and
after alcohol intake (125k~4k Hz)

dFE A5 A &FHAANIA 125H2004 8.33, 250Hz

oA 5.42, 500HzolA 3.54, 1k HzollAl 3.33dB HL, 2k Hzol
A 1.25dB HL, 3k HzolA 3.54dB HL, 4k HzolA 4.17 dB
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HLZ Yy, €38 43 %, 125Hz00A 8.13, 250HzolA]
6.25, 500HzolA 7.08, 1k Hz 5.83dB HL, 2k HzolA 3.54dB
HL, 3k HzolA 6.46dB HL, 4k HzollA 6.46dB HLE U<} o

BB Fupholq 28 A5siet

Table 1. PTA threshold difference before and after alcohol
intake (125~1k Hz)

PTA 125 Hz 250 Hz 500 Hz 1k Hz
Pre (dB HL) 8.33 5.42 3.54 3.33
Post (dB HL) 8.13 6.25 7.08 5.83

Note. PTA=pure tone audiometry.

Table 2. rtest result of PTA threshold difference before and
after alcohol intake (1k~4k Hz)

Ne24
M (SD) ¢

Pre 3.33 (3.81)
PTA 1k Hz HL -4.153

Post 5.83 (3.81)

Pre 1.25 (3.38) .
PTA 2k Hz HL -2.882

Post 3.54 (3.45)

Pre 3.54 (5.61) -
PTA 3k Hz HL -3.444

Post 6.46 (6.67)

Pre 4.17 (4.82) "
PTA 4k Hz HL -3.114

Post 6.46 (4.77)

Note. PTA=pure tone audiometry.
“p01, T p<.001

d3& A3 A3 Fo] PTA AAL A 2 FakpE IXE H|w
& Axl 1k Hz(p<.001), 2k Hz(p<.01), 3k Hz(p{.01), 4k
Hz(p{.01)olA BARLZ o3t zlolE HIrt

2) UTFL M7 ™ - 59| TEOAE YALS HO{X| X[0|

—&—Pre —@—Post

12

10

TE 1K TE 2K

PESPL
)

TE 2.8K TE 4K
HZ
Note.  TEOAE=transiently =~ evoked  otoacoustic =~ emission;
PESPL=peak equivalent SPL.
Figure 2. TEOAE response difference before and

after alcohol intake (1k~4k Hz)
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SIS HH A ol HAL Axk=s 1k HzolA 252
peSPL, 2k HzolA 5.33 peSPL, 2.8k HzolA 4.73 peSPL, 4k
HzollAl 3.10 peSPLE E2d, 43& 43 ol 1k Hzol
A 2.52 peSPL, 2k HzolA 5.03 peSPL, 2.8k HzolA 4.35
peSPL, 4k HzolA 2.63 peSPLZ WEFHLE

Table 3. ttest result of TEOAE response difference before
and after alcohol intake (1k~4k Hz)

N=24
M (SD) t

Pre 2.52 (5.23) .
TEOAE 1k peSLP 3.594

Post 1.23 (5.68)

Pre 5.33 (5.41)
TEOAE 2k peSLP 1.465

Post 5.03 (5.72)

Pre 4.73 (5.07) .
TEOAE 2.8k peSLP 2.885

Post 4.35 (5.26)

Pre 3.10 (5.72) "
TEOAE 4k peSLP 2127

Post 2.63 (6.39)

Note. TEOAE=transiently evoked otoacoustic emission.
“p<.01, T p<.001

U7 A7 Adl 59 TEOAE AAM A 2+ Fulpd WAKS: 5
712 wasiE Aat 1k Hz(p<.01), 2.8k Hz(p<.01), 4k Hz(p<.01)
oA EAHOR ROt AlolE HL.

3) ¥TE HF ™ - 9 DPOAE HARS HUHX| X0
—4—Pre —i—Post
10
9
8
7
6
g s
4
3
2
1
0

DP 1K DP 2K DP 2.8K DP 4K
HZ
Note. DPOAE=distortion product otoacoustic emission.

Figure 3. DPOAE response difference before and
after alcohol intake (1k~4k Hz)

UFE AH A HxRolFFIAL A= 1k HzolA 9.44dB
SPL, 2k HzolA 8.40dB SPL, 2.8k HzolA 7.11dB SPL, 4k
HzollA 8.55dB SPLZ Yelgth 472 ¥ Fof:= 1k Hzol
A 8.20dB SPL, 2k HzollA 8.54dB SPL, 2.8k HzolA 6.30dB
SPL, 4k HzolA] 5.88dB SPLE UElyrh



Table 4. t#test result of TEOAE response difference before
and after alcohol intake (1k~4k Hz)

N=24
M (SD) ¢
Pre 9.44 (4.90) "
DPOAE 1k SLP 3.470
Post 8.20 (5.57)
Pre 8.40 (7.71)
DPOAE 2k SLP -.394
Post 8.54 (7.38)
Pre 7.11 (6.97)
DPOAE 2.8k SLP 1.424
Post 6.30 (6.46)
Pre 8.55 (5.68) "
TEOAE 4k SLP 2.948
Post 5.88 (7.39)

Note.  TEOAE=transiently = evoked  otoacoustic ~ emission;

DPOAE=distortion product otoacoustic emission.
“p<01, T p<.001

U5 43 M3 9 DPOAE A4 4 2 F3d wake
2712 w23, 1k HapC0D), dk He(pODeIA A

. 42 M3 M-% PTA, TEOAE, DPOAES| I

7 e Foied gme 43 An 59 An Aol A

=
TPl 43S Bo FueE ARde 439 mgout fo
=
=

3. 9432 M3 M -§ PTA, TEOAE, DPOAEY| &3
(o] =

x 1008 22 4H A T A
Wgos ¥ o] gue FiA Asugol} 33w
SES A5 2] fold JFE 74 gk

filo ol

2 2 d

WSS Amias] o) AP ofn), Ymeo] YFL
A

T

3
2 AF ¥ K-MMSE #ee Bt 264(x3.4H0= i
o, HE BT e WE V9@ Fois ¥
At FEolA A7t AF SiEgske BES Hth ol W
AREel  EFUIEETE WS PAk(degree  of
drunkenness) 7|F°22 9Fw(05~.10%), A=(10~.15%), &
SE(15~25%)71A] RaElo] e, AT o9 Fko|

YIS P77t ARZME S0 DXl= ¥

g

)

AL 298 79 W Ausd B9 4sE Holte 2
AU 392 R

I8y B Aqoals 333 HAR] PTAQOIE $H2ke] 52
of ke WA o= AW HAF TEOAESH DPOAEE A ARS
A, Al 7H] A A FRe 997 gt SUAAY
HI= ofPANE, e AN BYsH 252 Qlsto] 84l
FFe WS APS Bl AT & AT

TEOAES} DPOARE 19784 WA olF 43§29 P
W] org b opdzl, HZRReAIFRl AVI HABES A
Aoz E4o] Thsdithe olfE AAoIA A
ot ESE PTASK] Ao digt =971 A& olod =
o, o Avola et Aol w2 ABdES Pearson’d
e Bl B4oIda, diFEY Ay AgEold 1 AR
do] dFEeH, 53] 1Fmete] Aol o EA e
UtHEngdahl et al., 2013). &, TEOAES} DPOAES] WAR:
o] A7t Aol =& 4 Utk= Aol

B A9 PTASIAE, ol ARESH tiiR9] Fut= 250,
500, 1k, 2k, 3k, 4k HzolA &5 ol& HZAAX7} Agdohe 2
e d9loH, 250HzE A YR FuiolAs BAA &
o w3t sl AR PTA AF(125, 250, 500, 1k
Ho)¥95} vFax(1k, 2k, 3k, 4k H2)¥H9] Aol FH2 o
2 =95k okom, TEOAESH DPOAEY] A9t tf-§H]mwo]l
St 13T J9S FHH o TSItk TEOAES DPOAE
AME FA| g9 Fapolla ESE= AN Bt Hache
AME 2t

2 dFode PTA HARIM 125HZE ALIFH250, 500,
1k, 2k, 3k, 4k) 6719 FulolA FAAX7L slEols Ey
< Ho, &5 A% o/l F4(250, 500, 1k, 2k, 4k, 8k
Hz)ollH 927t sikgicky Bagh AA-H(Upile et al.,
2007)% 4% Fukeet Hwo] Aolg Hol7l SHAARE HAb
St AYE Aoy B & Qlck
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e
0
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o o

UTS PH AR £SHMAL 4 FAAN A B
A9 G WOk Ao HLS 29 By, 34 4
[e]

F= ofAt 29 ol SFE o HAEIFG7H A %
FAIEG7E)S YAt HRolSIIAIR  H|wet
“HSivakumar, 2015°M% S5 o PAIECMAN 5%
AX7} HlwACE t o] AFoh, IFTE HARgo] T
o #athe ZAE o] ¥ A7l Zme JHEg S

=
FU.

o g2 N R ol

Zolstl, Uob}t AT HAZ AT 37 a9 Yol

olo] RRAZAE ke 4 Ytk HS T T AR,

Aol Jge VXL Ad A4S AAEAE 2k ol o
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Fofslgity ok¢-9] SEAE Sk, OAE7 A
o QGRAELO] I3} (subsurface cisternae)?] FE =HS}F
£ EQt= Bt Qiglen, 7IUnds & 23] ZA ox
AL 3B E SHYTHCalli et al., 2012).

A, ¥IZ AFE AT g4 aH9 A 4 ok &
F&E QAo S0l =AF T HW=A HiEAZ|7] flgt
|1 dRe AxEE 9% ¢ HEF L ¥EE

O]

=45 OF A9 JYoMz FLA7)7] 93 HiE: FEE0l
AR Choi, 2013). ol2fdt 24 282 WHZHo] il
e 2 AHA0E FAH JFE Fo YJREARY &5
AL AN 7154 ESE A’ Song et al., 2015).

AR, AE W mEZELole] ZAR % AY Sk Stk <
A AEe vEZseete] ARy g WMeE HAdste
o, dFE9] =442 ot A wiAUBel A FFE v
Acg. g3F EF T HPo= FRHW, NAD+/NADH
ratiod] FHQ FF& Fol MEZFIL Al ITe
3l (Cederbaum, 2012), ©J2fet FF2 REAES] Eede
AstA7lE A]lel 2 4 .

offdt olfER m|RojHol AFEY Hie FAHo=
HAIZS] S5 W el FHA 9P € 4 deH 2
79 Adlo] I FYE sAHCE F Hohd A
F Atk A7 IR v|RojHol FEAE TFHI
oigh FFol At £ = AT ASE0H A& Ee
A BAE oI 7k ER AR dopt <o, <l
A Y OAEE 5 Nl 2A e € 4 dHa B4R
ok

ot 2 dolde sI=E Aol wt Aol Eofd &
= PTA 6k, 8k Hze= 2AOIA A3, 125Hz00M e =5
Ago= 2 Hgls #EY + golth I3 & dAvelMe
PTA 57 A 4ol AMgshe et 59et 5dB HL 7H4°.
2 A A, 5 dolde mARt Heke Heat 4
oA ZEsk7] el 1dB HL 7H402 #H7ks Afsh: 3o
B AFEE Eole Wl 2 Aot

E gFe0] RENZE RHoR FAUNE HFUSel
diside oFl gk el vt glow, 9 EEE
A9l Fo gI2 ol Ao, ARl AdeE FANES
dol o Ao} w7 wEE FHom wiRofmol, Fzad
9] fAQlo] ©s] fEAEARE rial wHE = gle Ao
2 A3,

o ¥ 7K WAReE ETshr A& AHF A% &
o] PTA, TEOAE, DPOAES] A7 u]Rojuo}l g 437}
4T ARl el ARl AdE HEHe Ag
2 47E B € & ds AR F o et drdAs
3l ol 8450 s 5 A7 8% Aow And
ok

e 2 Jo

e

0|
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