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ABSTRACT

Background and Objectives : The purpose of this study was to investigate the effects of low level laser for the prevention and
treatment of aminoglycoside-induced vestibular ototoxicity. Materials and Method : An organotypic culture of 2 to 4 days old
rat utricular maculae was established. Rats were divided into 6 groups according to the treadtment of the utricles : G (gentamicin-
treated), L (laser-irradiated), LG (laser-irradiated and gentamicin-treated), GL (gentamicin-treated and laser-irradiated), LGL
(gentamicin-treated during laser-irradiated) and C (control) . After organotypic culture, the utricles of 6 groups were examined by
confocal laser scanning electron microscope and scanning electron microscope. The results of each group were compared with
each other by statistical methods. Results : The number of vestibular hair cells of the group G was smaller compared to that of
the group C. The group L had no difference compared with the group C. The groups LG and GL showed more vestibular hair cells
compared with the group G. The group LG showed more vestibular hair cells than the group GL. The group LGL showed most
vestibular hair cells compared to that of the groups G, LG, and GL. Conclusion : The most effective treatment of aminoglycoside-
induced vestibular otoxicity is the irradiation of low level laser before and after the insult of the aminoglycoside. Further clinical
studies using low level laser were needed to prevent aminoglycoside-induced ototoxicity and to promote the regeneration of ves-
tibular hair cells. (Korean J Otorhinolaryngol-Head Neck Surg 2009352:19-28)
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A)
2~4) 2] 37 (Spraque—Dawley rat, Orient, Seongnam,
Korea) 2538 dojglom F 61elA 7 39 74, &
4295 AFEsFT. FM1—-43{N— (3—triethylammoni-
um—propyl) —4— (4 — (dibutylamono) —styryl) pyridinum
dibromide} (Molecular Probe, USA) &% @4S& Z3t
TR AE o ERle] ARE Gk HE 370
©1, Phalloidin—FITC (Sigma, USA) 3% 943} FA}
AR dAudS B3 FE AEL] s Fldt it
o TR 247 270 F AT A 839 nkE = ke-
tamine hydrochloride (30 mg/kg) & <53k A5k
th A AHE 75% HER A5 F AFE dds)
of FHE A2 FYstal Ty ¥ 2AE AAS H
A+2.9] DPBS (Dulbecco’s Phosphate Buffered Saline)
7F 970 petri disholA A& 17 (stereomicroscope,
OLYMPUS LG-PS2)stelA dads Zelatalvt. Adnt
v HA ST e BE vA 7ke] 9 mAl 2
2 AASL A FE AEL] ARE 248 &S] 4

U ZAANHA AASIE. 24 WS T oE 5
7HARQL 22k glol 54 o)A FAF dvA o A5
sk = QI = uldo] cover glass® HoI0+= culture di-
sh (FluoroDish, World Precision Instrument, Inc, USA)
£ ARgekela welE 222 4.5 g/LeRe gucose, 10%
FBS(Fetal Bovine Serum), 100 x¢1/10 mL&%2 N-1
supplement (Sigma, USA) 83 100 U/mL2 peni-
cillin 5°] ¥&¥ DMEM (Dulbecco’s Modified Eagle’s
Medium) #jekeo] 271 culture dish® 71 $ wioFS A
Aot 228 £717] el 220] culture dish®] vje
Hof| A F2H 4= JEE gelatin layer coatingS A3
3t 5%9] 'kl 95%2 U1V wEEa A4
ot 29 37CY 257t f-A1% = #%7](Thermo For-
ma, USA)ellA] wjgstgion 29 1A 0w wjokdls

Akl
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e G, L, LG, GLE, LGLio® 24sts]
I, RS Croz AAsgltt e 72 dydit =
o] culture dish®] vledoe] ot w A H2kd 4 Q=

24A13F B viF 5 APE AlFEich
G 1Y Fek ob A glo] 24wk & vk 1Y
A{1 Day In Vitro(1 DIV)} 58 394 (3 DIV)7H4] 1 mM
9] gentamicin(Sigma, USA) & o] &3] o]=A)& F23t
o2 3k
L2 1Y &<k ok A §lo] 224 wjek &, wljeF 1Y
A (1 DIV)F-E wjeF 1494 (14 DIV) 74 wjd 3p5el
60%7F 670 nm Diode #°]4 3.0 mW/cm*(16.3 J/cm®)
= AV Fo7 Aol
LG 1Y &2t ob Az §lo] 24wk & wioF 1
A (1 DIV)H€ wjeF 3941(3 DIV) 714 24 &<t 3H5
6
xe)

ZAFSE 3 ujok 344 (3 DIV) 58] v 544 (5 DIV)

1 mM9] gentamicing 48A|%F EoF 2gsle] o=
s st Lo Sk

T 1Y R obF A §lo] 24 wiek & wigk 1
AA (1 DIV) FE uleF 394](3 DIV) 74 1 mM2] gen-
tamicin = 48413k St A2)et 5, Wik 3LA (3 DIV)
g Wik 1494 (14 DIV) 7HA] 3k 60427+ 670 nm Di-
ode #°o]A 3.0 mW/ecm?(16.3 J/em?) & FAFSE £O07
SISt

LGL 19 5<F oF A glo] =4 ik 5, wlig

194 (1 DIV)FE wioF 1444 (14 DIV) 7HA] 315 60%
7} 670 nm Diode #l°]A 3.0 mW/cm*(16.3 J/em) & %
ARRE o= wjoF 3UA (3 DIV)F-E ek 544 (5 DIV)
7H4 1 mM9 gentamicing 48A17F 5<F A3t Fo0.2
sk Wb LGLT2 gentamicin ©]5A el 297k
A&y dolAZ oW AHFIIH T 1 F gentamicin ©]F
4 Fo= AGEA A5 Ao AEY dolAE wd
ZAFsIGITE sk obed A g glo] ik 1494 (14
DIV) 7FA] wllefqt A7l & tl3a Clcontro) 2 43131
h(Fig. 1).
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OlFY & NEH 30| ZA}

v A f5 AEY o5 F24E 93] amino-
glycoside A% &AYAIQ! gentamicing AHE-8FSIH.

7 oA dolAE A Wl 670 nm Diode #lo]A
£ 3.0 mW/em®(16.3 J/em?) 9] ZARFOE optic fibers
B3l 449 culture dishell sde] dolA7t AR &
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Fig. 1. Schema of experimental paradigms. C : control, G : gen-
tamicin-treated, L : laser-iradiated, LG : laser-iradiated and gen-
tamicin-treated, GL : gentamicin-treated and laser-irradiated,
LGL : gentamicin-treated during laser-irradiated.

12k metal box QoA culture dishe] G/W7F &
gl el A FolAE AFISITH(Fig. 2).
2 gA Ol =AM XESHDE
FM1-43 33} o3
FM1-43 ¥ A7elA #53 #olA FAF dnjde
2 7 7o f5 A ok e 5o WskE #Es)
et g A AjekoZ A3t g A Aok &
o nfo]AE FIE o] gt W] S Qo] ¢lA
frAE o] AR Folsls W OR dglon, 33

AWML 93] 3 xMC] FM1-432% 1027F 28l vl
oFstx] 194 = 21 DIV)FE W dad f5 A=

[e]

£ 354 9geolA A} dv)7 (Confocal Laser Scanning
Microscope, LSM 510 META, Zeiss, Germany)©.
SEETEY

g 7AA (7 DIV) 2k 1444 (14 DIV) o] vl g7l &
£ A% 5 AZAA FM1-43 33 948 Algst] 2
TR G A R ARG FE AL A 2
e ARSIt f 2 AR = 7R 4000 st
(30,000 pm?) el GAAR1 FefE FAs {1 AE
7k 7V ol #ARE 330 st i Al 5 Al

F Bagon Ak

Phalloidin-FITC 3% I
ujoF 744 (7 DIV) £ 1494 (14 DIV) el phalloidin—

FITC &34 94 5 54 dolA A dvjds &3 4

Fig. 2. Method of low level laser irradiation. A : 670-nm Diode
laser. B : Laser irradiation on culture dish placed inside the metal
box. C : Laser intensity across culture dishes creates a parabolic
effect. D : Metal box is designed to distribute laser more evenly
& efficiently by delivering laser by a optic fiber inserted at the
ceiling of the box.
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FITC 33 44 $3) 1,:}63%% 4% paraformaldehyde
(Sigma, USA)ell 1A17F &t 12783k 3 0.1 M phos-
phate buffer saline®.Z A|&3t & 587+ 0.25% Triton
X—100(Sigma, USA)& A2|at3it}h. 1 % phalloidin—
FITCE 4087t A3t & 0.1 M phosphate buffer sa-
lineo= 3 M3 & ZFAHo]
(Difco, USA) & o] &3l &Yd& & 5=
n)7dE o] &8l dds HEIt
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FA} A2} #n)7 (Scanning electron microscope)
FAF A2 #v)7 (Field Emission Scanning Electron
Microscope, S—4300, HITACHI, Japan)2 %3t &e|g
2 #A2S Qe vjeF 1444 (14 DIV) ol 4% paraformal-
dehyde® 4Ceol|A 12A)3F B¢t 12} 4 3 1 M PBSZ
207t 23] M3 1% osmium tetroxide©lA] 1A]
sk 22k aAs v v 2L o R AlFskaL
70%, 80%, 90%, 99% UT-&5 ol&3 BrAgS AA
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Fig. 3. The findings of cultured hair
cells of rat utricles stain with FM 1-
43 at specific times (DIV 1 or 3, DIV
7, DIV 14) in group C & G by CLSM
(upper row ; group C, lower row ;
group G). The number of hair cells
is numerous in group C. The num-
ber of hair cells is much decreased
compared with group C in group
G. CLSM : confocal laser scanning
microscope, DIV : days in vitro.
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Fig. 4. The mean number of hair cells/30,000 ;m? field of CLSM.
There are statistical differences among all groups (¥p<0.05) ex-
cept between control and L by Mann-Whitney U test. CLSM :
confocal laser scanning microscope.
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AA (14 DIV)ell FM1-43 ¥3% <
* x4 i’low TAF dnjEoR A R AR
S Alof glsteleh 7UAl Cry Gro WY fE= Al
F= 231.0(+15.7) 708 62.3(£14.9) 71t} 149
A= Co] 214.3(+19.6) Mek G-o] 47.7(+8.3) W
Ack(Fig. 3). vk 7, 144 &lst G+l A 1
AL 75 Cruth BATAOR uQIA v #hs 1
S tHp=0.002) (Fig. 4).

A FE A Ads FeE Flsh] 98 Aldet
phalloidin—FITCE o] &3 &

5]
3% 499HFig. 5) F4F A
A @elg 220 (Fig. 6) C23} G2 Aol F Fa1g

> 2 o2 Mo T

1o

4= 312ltk Phalloidin—FITC &% 44 %ZD. 240 G
79 A B AES = FM1-4304 9} npairiA 2

geds o Fd= B3 (Fig. 5). olHE i AE
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Fig. 5. Photomicrographs showing

utricular organotypic cultures la- 3

beled phalloidin-FITC by CLSM in

DIV 14 (scale bar : 20 um). A :
cular hair cells of group C. B :
cular hair cells of group G. C :
cular hair cells of group L. D :
cular hair cells of group LG. E :
cular hair cells of group GL. F :
cular hair cells of group LGL.
number and morphology of hair §

Utri- |

Utri-

Utri- 8

Utri-
Utri-
Utri-

The ¥4

cells in group LGL are well preser-

ved compared with group G, LG, §

and GL. CLSM : confocal laser s-
canning microscope, DIV : days in

vitro.

Fig. 6. The morphologic findings of '

group C & G by SEM (upper row ;
group C, low row ; group G). Left :
Utricular hair cells (10 kV, scale bar
50 xm). Right : Utricular hair cells
(10 kV, scale bar 10 #m). The mor-
phology of utricular hair cell is nor-
mal and well preserved in group

C. There are morphologic changes

of vestibular hair cells such as ble-
bbing, cell-to-matrix adhesion and
cell-to-cell aggregation in group G.
SEM : scanning electron micros-

t}(Fig. 6).
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L8 FM1-43 33 A4S &3 354 dolA 74 4
u)7 A2 Co AR s R3ith(Fig. 7).

HjeF 7441 (7 DIV) & 14441 (14 DIV) of] E13 L]
4R MES = 47 224.3(£11.2) 719} 206.3
(£9.9) 70k o]Re Ce] A4 FE AEe] 479 vl
39S w SAEHOZ Apol7t gl Aot (p=0.669)

St phalloidin—FITC 33 A4S 3 254 #olA

FAF dud 2709 (Fig. 5) FAF AAF @u) 2ol M=

(Fig. 7) C3¥ fARSE 278 Btk wadute] 94 &
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XNEH go[x<Q ol5d oY 2rHLGT)
A=Y #o)A ZAF $ gentamicinOZ o]5dS st

LGzold FM1-43 &3 94 5 3524 dlolA A &
ngo R v At vk 74A4 (7 DIV) oF 1444 (14

7
DIV) 9] 4 WA 55 AE S+ 747} 143.3(£13.9)

% 131.3(+15.1)/19ckFig. 8). oleld dah= 459
glolAel At YR G Hlske] FAHOZ 9
Spll R AEY 47k B 201 (p=0.002) (Fig. 4), o)
279 CTo} IS i foleb dagnel i
AZA 72w ol

Fig. 7. The findings of cultured hair
cells of rat utricles stained with FM
1-43 at specific times (DIV 1, DIV
{ 7, DIV 14) in group L by CLSM (up-
per row) . The number of hair cells
is similar to that of group C. The
| morphologic changes of hair cells
| are not observed compared with
group C in group L (low row). CL-
|l SM : confocal laser scanning mi-
croscope, DIV : days in vitro, SEM :
scanning electron microscope.

Fig. 8. The findings of cultured hair
cells of rat utricles stained with FM
¥ 1—43 at specific times (DIV 3, DIV 7,
DIV 14) in group LG by CLSM (up-
per row) . There is significant diffe-
rence in numbers of hair cells be-
tween group LG and group G. The
7 numbers of hair cells are statistically
more than that of group G. The
morphology of hair cells is relatively
i preserved compared with group
o G in group LG (low row). CLSM :
¥ confocal laser scanning microsco-
1 pe, DIV : days in vitro, SEM : scan-
ning electron microscope.
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Phalloidin—FITC 3% 445 53 354
o) 243 (Fig. 5) FAF Az #v)A

8) Cir#} Hlwalgls w A5 AE7F 242 A&
W, G HlwEklS Wi 5 AETF B
ol w3k FAF AR Hujgow AvE A §5 AR
Feeta] r7ol| M= Garoll nlste] A% FE Al
Bl7h vlmd & fA = gk (Fig. 8).

B
o
]
¥
o

A
43 3 A 5 F3A FolA FAF dvFo® st
A3}, H et 5 AE 5 247 104.0(£6.6) 9
107.7(£7.9) Wk (Fig. 9). GL12 gentamicin®.=Z ©]
=4s e Gl vlste] sAIAOZ frolsiA B
BRSO 7F #EE o (p=0.002) (Fig. 4), A&Y

glo]A ZAF ¥ gentamicin®® o|FAE et LGk
e 9 2 5 AE T 2708 Bth(p=0.004)
(Fig. 4).

TSk ik 7R  149AE v wElS wW{104.0(+
6.6), 107.7(£7.9)}, #lolA Hzle] 7]7te] Aojx|d w]A|

I8y 9
oo

%

HER G5 AR 571 o] Beloy SAgH o R
gt 21 o AtHp=0.756).

Phalloidin—FITC % @4 AdelA LG nixbrt
A7 Criths 48 1 AE 248 1309, G
H WS w5 AT B A&
TEgk AL Az dnjdoE AEE A
2 LM E Gl vlste] A4 &
H w4 2 525 ck(Fig. 9).

XNEE Ho|XQ o|=y o¥t X 20| SA| ZXHLGLD)

24A13F BF o A2 §lo] wieket - wiok 1A (1
DIV) FE] wjek 144# (14 DIV) 7] A &H 02 A&
golA HzlE wromA ok 3941 (3 DIV) FH 544 (5
DIV) 7}A] 48 A7t =2t gentamicin &% oA A=+ F+
o], gentamicin 2] A 2 ¢t n|g] A=Y Yol|AR 9
W AE)E okl gentamicin ©]FA ol wid #]&A 0
% A5 el AEY golA AMelE % LGLTe] wief
A= o 2k LGLi-g FM1-43 33 94 $ &
34 oA FAF Avjdor w3 Ayl wjek 794 (7
DIV) 8} 1494714 DIV) A% 5 AIE9] = 247+ 187.2
(£20.5) ¢} 163.7(£15.3) 7Nt (Fig. 10). o= C¢
A R AL o Hweole w FAGORE ofn QA

S olslony 5719 AdE F L veo® ¢ R

Fig. 9. The findings of cultured hair
cells of rat utricles stained with FM
¥ 1—43 at specific times (DIV 5, DIV 7,
DIV 14) in group GL by CLSM. There
is significant difference in numbers
of hair cells between group GL and
group G (upper row). The numbers
of hair cells are statistically more
than that of group G. The morpho-
logy of hair cells is relatively pres-
erved compared with group G in
| group GL (low row). CLSM : con-
=% | focal laser scanning microscope,
=2 DIV : days in vitro, SEM : scanning
1 electron microscope.
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(p=0.007, p=0.004) (Fig. 4).

Phalloidin—FITC &3 94 &A% (Fig. 5) FAF A=}
AuE 27 = ([Fig. 10) LG, GL1-3} v w3kS
o S A7t PFEQon FAL Ax} FnjFgow A
HE A R AEY Festa] sdols A FE Al
o] Je7E LG, GLTRT Cd 7H fAkeh s
Bt

1
—

i

Il

Aminoglycoside?] °]&54d-2 & d#A gleH 71 7)A
of th3t thekslt A4t A¥rt BuEHEA aminoglycoside
oS AEsta o Yoyt Aol o]E5Ado] oSo] &
A vjg] A520% offetaizt sk A7t K8 ar Qe

s vEs 478 ol 2 Alxe Al 7]
3PE ghREo] 4 WA ebds] Eehd AHo|lRE &
A o]Fe &do] 7halAIH, A8 (regeneration) ¥4 ¢kot
Qo] oL v7E ARl Aot A AelE doyivta
defA ghrh 2y EAF] Yol R Al e o
T, AT, 2FIAE o5 & FelE o] f1 Al
7t AR THE Abdo] HuEwWA” ZHFAE o]
TR AL A E=A el st WL A7 Slol st
HO AT A5 LA TEOIA aminoglycoside

olEA Box A F1 AE} o] AL ATt B

26

Fig. 10. The findings of cultured hair
cells of rat utricles stained with FM
1-43 at specific times (DIV 3, DIV 5,
DIV 7, DIV 14) in group LGL by CLSM
| (upper row). The numbers of hair
cells are statistically more than that
&4 of group G, LG, GL. The morpho-
1 logy of hair cells is most well pre-
served compared with group G,
| LG, and GL in group LGL (low row).
1 CLSM : confocal laser scanning mi-
d croscope, DIV : days in vitro, SEM :
i5| scanning electron microscope.

2 ATeIAE Bge) 24 were B AL 1Y
O:
P

FATh olefgh djo] 71¥ke] Z2] wjoke o] o ¢

o

S F Aot B2l Tlgt ATE 915 7|2He A
2A9) 918 At HFA 24 s 915 LE 3}
Ao £5H AN A58 7178 olgslel ABaL
Wlepele Bergaren 591 24 wjepol AHE wlepelS B

alo] ke fAskA?
Ao AFR-E styryl pyridiniumAl 9] &3 Gl
FM1-432 #F F&9 o] 7 5 A3l d4o] ¥
o F72 AZo]9] (endocytosis) 2 A E2]-3 (exocyto-
sis) I 28 synaptic vesicle recyclings #H2351=t] o]
S5 FE A AEZA7A] wE AR el gdo] &
ek F912] AR AEoE AEEE Galo] B Zlo
IedA Qo' Fukuda - 3717ke] 9459 x4 wjok
oA FM1-43¢] |48 §5 AE7F F7H49 4o 24
TH Slolk 25 o] A& g #EE I w4
aminoglycoside EAAE H71st o= FAH FE A
20 F7F @43] 2ol Ae Hil &S 5 Alx
gt galo] ¥ EAL sty Bk 7ee
ool o W B4 FE AES] A s ]
sl ol gl aEAol 248 1ol 228
JARE AS T Ut Aol Sl
dolA= 2 =9l wet 1% (high—power) 2 AEH
(low—power) #lo] A= F2o] H=dl, 23tA Fokol 9l
ol 1EY #olAE: 3,000~10,000 mW FE=Z, F=2

=
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S|HARl Fa HAANA % Nt AHEEY 1
BAeA A& WESTE AEY FolA+= 1,000 mW #
ko] oA S Wty F2 AEE AEEE avE yE
U, 98 ek o= AdElelA T2 FeyA] (photo
energy) & ©o|&3lth, 18 oA g} A& dolA g 7}
A £03F 2ol Aad(thermal effect)olth. 1EE 7
olAE g WIAA it Alxel Q= —)Fl‘f—g LA
Aoz A= Alxy 245 "W E= 2345 7 e
), A oA Oﬂol WAekA] kol 1 ARgo] Al
1,H —rX} /\EEB‘]—Xﬂ o7 o o E

A&y dolA Fde %—’F?} AxE
energy) & A8 3
Z HSAA, 9]
inflammatory effect), @
sive effect), ¢ &, 3 X, 55 ¢43h, I57F
o, At 9 A A A A 2 ddE 529 55 YE
Al ==, olegt ?ﬂ’é}é TAHOoE A FH ay
(bio—stimulation effect) Ekﬂ_ e}, 1419
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