creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000265174

201649 24

up A} S 9] = F

Cisplatin 24 o] =5 A 9

3 Tempol?d R s 383



Cisplatin 24 o] =5 A 9

3 Tempol?d R s 383

Protective effect of tempol against

cisplatin—induced ototoxicity

2016 2€¥€ 25¢

Collection @ chosun



Cisplatin 24 o] =5 A 9

3 Tempold R s a7

=4 (o)
o) wFL oSuAl FYNF EROT A

201549 10¢

Collection @ chosun



2]

_(H

124

201549

Collection @ chosun



X

i

e
i
b
d.o

A =

10

y

14

Ie

17

¥
oy

18

ry
]
!

_Xn

22

Collection @ chosun



Fig. 1. Effect of tempol on viability of HEI-OC1 cells. The viability was
not significantly affected until a 50 UM concentration of tempol
was reached. However, tempol was cytotoxic at a concentration
over 100 uM. HEI-OC1 cells were maximally protected at 50 uM

concentration of tempol. *Optimal experimental concentration of

Fig. 2. HEI-OC1 cells were pretreated with 50 uM tempol for 2 h, and
then exposed 30 uM cisplatin for 24 h. Tempol provided a
significant protection against cisplatin cytotoxicity. (CP; cisplatin,

TP; tempol, *p<0.05) ———————————""""——————— 23

Fig. 3. Apoptotic features in HEI-OC1 cells were reduced by pretreatment
with 50 uM tempol for 2 h before cisplatin exposure for 24 h. The
Control and tempol treated cells show round-shaped nuclei with
homogeneous intensity (A,C). Ciplatin exposed cells show
condensed and fragmented nuclei (B). These features are reduced
in pretreated cells with tempol (D). ~——————————"""—"-———— 24

Fig. 4. Intracellular reactive oxygen species (ROS) production was
determined by flow cytometry (A). ROS production increased in
the cisplatin group. However, the tempol-pretreated group had
significantly lower ROS production (B, CP; cisplatin, TP; tempol,
#*p<0.05). ——————— 25
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Fig. 5. The number of apoptotic cells was counted using flow cytometry.
Apoptotic cells were reduced by pretreatment with 50 uM tempol
for 2 h before cisplatin exposure for 24 h. (CP; cisplatin, TP;
tempol, *p<0.05) ———————————————— 26

Fig. 6. Effect of tempol on cisplatin—-induced changes in apoptosis markers
and nitric oxide synthase (NOS). Expression of cleaved PARP,
cleaved caspase-3 and 1NOS increased in the cisplatin—treated
group. However, tempol inhibited the expression of cleved PARP,
cleaved caspase-3 and iNOS. (CP; cisplatin, TP; tempol) ——- 27

Fig. 7. Confocal microscopic studies of the mitochondria and the nucleus
in HEI-OCI1 cells. Cells seeded on coverslips were treated with 30
uM cisplatin for 24 h with or without pretreatment of 50 uM
tempol for 2 h. Mitochodrial structure was detected by Mitotracker
(red dot) staining in the control and tempol groups. In contrast,
the mitochondrial structure decreased in the cisplatin alone group.

Pretreatment with tempol improved the structural expression. — 28

Fig. 8. Mitochondrial polarization was determined by flow cytometry (A).
Exposure to 30 uM cisplatin for 24 h caused mitochondrial
depolarization. Enhancement of mitochondrial depolarization
significantly decreased in pretreated cells with 50 UM tempol for 2

h before cisplatin exposure (B, CP; cisplatin, TP; tempol, *p<0.05).
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ABSTRACT

Protective effect of tempol against cisplatin—induced
ototoxicity

Kim Jun

Advisor : Nam-Yong Do, MD, Ph.D.
Department of Medicine,

Graduate School of Chosun University

One of the major side effects of cisplatin chemotherapy is hearing loss.
Ototoxicity disturbs treatment and often reduces the dosage of the
cisplatin chemotherapy. This study aimed to investigate the effect of
tempol on cisplatin-induced ototoxicity in an auditory cell line. Cultured
HEI-OC1 cells were exposed to 30uM of cisplatin for 24 hours with or
without pre—treatment with tempol, Cell viability was determined by the
MTT assay. Cells undergoing apoptosis were identified using Hoechst
33258 staining and flow cytometry. Western blot analysis was done to
determine whether tempol inhibited cisplatin-induced C-PARP, C-Caspase
and mNOS activation. Intracellular reactive oxygen species(ROS) were
tested to investigate whether tempol was able to scavenge
cisplain—induced ROS accumulation. Confocal microscopic studies of the
mitochondria was done and mitochondrial membrane potential was tested
to investigate whether tempoal was able to protect cisplatin-induced
mitochondrial dysfunction. The cisplatin-treated group showed decreased

cell viability, increase in apoptotic features and markers, increase in ROS
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accumulation and increase in mitochondrial dysfunction. Pre-treatment of
tempol before cisplatin exposure significantly increased cell viability and
reduced apoptotic features, ROS production and mitochondrial dysfunction.
These results demonstrate that tempol inhibited cisplatin-induced
cytotoxicity in the auditory cell line and tempol could play a preventive

role against cisplatin—induced ototoxicity.

Key Words : Cisplatin, Ototoxicity, Tempol, Apoptosis
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al, 2007) ol= <laf ZHA FA g AT & F Uk oA A
Cisplatindl] 9|3+ o]=4 o] Ha3gt 7| d& &3] vaAA ghov F714
X2~ F(Reactive oxygen species)o] 8 d&8- = Aoz 4¥A 9l
o o]g2 Qd] &9 st E el AP o Z(Dehne N et al, 2001), F5Al
X2 e 9L doA AE AEANApoptosis)E st EA s Al
o] ¥ V|Hez Hu¥ i tHGongalves MS et al. 2013).
Tempol(4-hydroxy-2,2,6,6-tetramethylpiperidinyl-1-oxyl)< Nitroxide 3}
=9 dFoF Superoxide dismutase(SOD)W Catalase®t £ 534
2171 A A A (radical scavenger)®|th. AEW Ab3ld &2 3 EHA] 7] A3}
EfaE d3AA AgEHE F3A 7] A (Ahmed LA et al, 2014) A+
Al A Rdo HAAl =Z7|E ZFo]al(McDonald MC et al. 1999) % X+
ALo] 3k B3 a7 e Aoz a%e nudQrt £33 dygs
47 sdete] AARS #FEe vEbd & JtkLiang Q et al, 2005). °]<}
o]

k& (Cisplatin®] ¢]gt 4tsl ~2Ed A%

NS

:10 o,

o

olo]] A A= Cisplatin®] €3 oA & FHsls= r|dozg dud A
AEo] ot AX AEAL HAo] Tempole] #HoIsli=x] <lslar

T dAe Be Bd2AMe JheAe detraat E ATE Al dsk(th

Collection @ chosun



A7 AEFFT o5 WFstal =Y 7o 54X A ZAAE
e+ Aoz 4e7 House Ear Institute-Organ of Corti 1(HEI-OCI1)

MEFZE AFESLY TR HEI-OC1 Al 53+ Transgenic immortomouse®] 4%

7h. X W

HEI-OC1 AM¥ & 10% fetal bovine serum(FBS, Lonza Walkersvile, MD,
USA)T 74 13559 Dulbecco's modified Eagle's medium(DMEM;
GIBCO BRL, NY, USA)ell A ulfstslom 5% CO.9 33C9 #4o® #4
sto]  R3IER Fxm AEHHE Sl sheeAl %tk Cisplatin,
Tempol(Sigma, Saint Louis, MO, USA)e| Z+ZF 24A|7F &t =E& Al A H|%F
sten Tempol® AAATol|AM= 2417 S Tempols AAAF <

Cisplatinell 24A13F &<t =& A1 A Wl stk

. MTT #4

A AEE 4L Y8 MTT (3-[4,5-dimethylthiazol-2-y1]-2,5-
diphenyltetrazolium bromide) 42 Ald&s}H vl HEI-OC1 Al¥XE 24 well
plated] 7} welld 3x10" NEE 253 T 5% CO9 33CS] 7o) §AH
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£o¥(Sigma, Saint Louis, MO, USA)S A& slod 5% CO:9F 33Co] &3
F71el 4rZF | AlFskd el Formazan 4742 A2 2F welld 500
uLe] DMSO(dimethyl sulfoxide)& #H7Fgk $o 570 nme| pAfolA 33
E=ABioTek, VT, USA)E ©]&3dto] FH=E S48t

t}. Hoechst 33258 4

A Ao Qg AEALE AHALSH] $18] HEI-OC1 A9 &2 Hoechst
33258(Sigma, Saint Louis, MO, USA) AJeF2 o]&35te] st}
HEI-OC1 A2 E 6 well plated] 7} well? 3x10° A|ZE 233 & 5% COo
9 33Ce] &40 FAHE F@FF7I0A wFadth. 4 wellol 10 ng/mL
Hoechst 33258 A oF& Ab&5lo] 1027 A8kt AIEE 13000 rpm= 200

2 ¥ 9MRY F Bl e AZSA  Eobn AEES phosphate

|

buffered saline(PBS)® A& % Ab2o]A 104 &9t 49 formaldehyde® i1

Aottt PBSE Ab&ste] 23] Az & & Fdv 4 (Olympus IX71, Tokyo,
Japan)g Ab-gste] HF s .

#}. Western blot #4]
AEES Fol 2000 rpmlE 38 Eob gAlRe] T wjkols x| A8ttt

MEES PBSE A2 F lysis buffer(20 mM HEPES; pH 74, 2 mM

L

EGTA, 50 mM glycerol phosphate, 196 Triton X-100, 10% glycerol, 1 mM
dithiothreitol, 1 mM phenylmethylsulfonyl fluoride, 10 pg/ml leupeptin, 10
pg/ml aprotininy 1 mM NasVOsandSmMNaF) ¢} 0Ceol A 103%7F ¥k-g-A] 7] a2

15000 rmpmo®  HAFEste] @HAE FESAT. ST @Ud

tan

o

Bio-Rad dye binding microassay(Bio-rad, Hercules, CA, USA)E ©|-&3}¢]
At o Laemmli sample bufferdl A 983C=ZE 53-%F 7} st & SDS-PAGE
gel A71¥ &S APt @FWAL nitrocellulose membrane(Millipore,

Darmstadt, Germany)2. 2 %71 5 TBST@0 mM Tris-HCl, pH 7.5, 137
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mM NaCl, and 0.1% Tween-20)9} 5% skim milkE o]&3s}o] 2 2oA 1A]
FEet WA A M 5ol HQl AF-E AR Ut dxF A vESAIF TR
Azt 3A= Cleaved PARP, Cleaved Caspase-3, iNOS(Cell signaling
Technology, Danvers, USA), COX-1, B-actin(Santa Cruz Biotechnology,
CA, USA)E A&stslal, 22t TBST &9le] 1110002= 3|48ty
membranes ¥l 4T B vEEAZ T L2]al TBSTE 1564 &2t 47}
g AHI & o]z FAE 1140008E 3|43 5% skim milk & o] 2417F
e A7l & oAl TBSTZE 4xkd A3 stAvh. 2% &A= Sheep
anti-mouse, Donky anti-rabbit(Jackson immunoresearch, PA, USA), Donky
anti-gout(Santa Cruz Biotechnology, CA, USA)E Al&3loch aai4d wi=
+ Western blot detection system(iNtRON biotechnology, Daejun, Korea)<
ol &sle] HEsIH om olulx] A 7(LAS-3000 imaging system, FujiFilm,
Tokyo, Japan)& °]-&sto Y& AlFsAT

vt Al 83040 E FA

HEI-OC1 AMZE 6 well plated] 7} welld 3x10° A|EE B33 I 5%
COz9 33T &go] A=
E9 Trypsing A st d4d Ax=z #2/¢ ¢ 1000 rpme 2 3% &9 ¢
At AFels wEa, PBSE  ol&sted AFHsrh 10 uMe
CM-H:DCFDA(fluorochrome marker 5-(and-6)-chloromethyl-2 * ;7
-Dichlorodihydrofluorescein diaceate, acetyl ester, Invitrogen Molecular
Probes, Eugene, OR, USA) &%k AxE FH{HAA 1555 5% CO9 3
3Ce &40l A= F2FF7]0A HlFedtt. A¥EES PBSE 23] 4
2% Flow cytometry(FACScalibur, BD Biosciences, San Diego, CA, USA)
£ ol&ote FF ALE SAHATE AT 542 Cell Quest AZE
o}(BD Biosciences, San Diego, CA, USA)E AR&3}e] H-A13519 a1, AAtE
3

P 4w SAA) Fagos va BAsh
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HE XA AL A
g 7le] F2E Ao Trypsing A 2lste] £2l8 Al¥XES 2000 rpm

o2 3% e dAaEE F wgds AASAT. AEEES Ice—cold PBSE
&

el
Mo
d

o} 709% cold ethanol® 143}t PBS®E thAl F
WM Az & Propidium iodide & <(50ug/ml PI, 50ug/ml RNase A, and
0.05% Tritone X-100 in PBS)ell 158 &<t WS A|HTE PI A|2Fo] HalH
ME DNAQ #E3F ZJEE Flow cytometry(FACScalibur, BD Biosciences,
San Diego, CA, USA)E o]&3slo] EA4319a  Cell Quest 2ZESo](BD
Biosciences, San Diego, CA, USA)E AF-&3led 3 d Zr%o utgl DNA %42
ALE stk GO/GL 7] vvk AIZFE Sub-GO/Gl Alze} sfa ZEAL Al

R EAsAT

AL R[N A S T vEF=Eole gt B4

6 well plate®] ZF wellell Poly-L-lysine(Sigma, Saint Louis, MO, MSA)-2-
93 12mm cover glass(Deckglaser, Braunschweig, Germany)S Y il
HEI-OC1 Al¥& 3% % Cisplatin % Tempol2- #1835} 5% CO22} 3
3Ce &4ol AN F2FF7o ] 2443 E¢t wFstArh Axs E
Aol gl HIF|elA 200 nM MitoTracker® Red CMXRos(Invitrogen,
Waltham, MA, USA)Z 20:23F @48ttt d4d AEE PBSE 531
Az T Ao 15%3F 37% formaldehyde 1mLE o]-&3Fe] 1743} T}
adE MEEES PBSE 23] AlH% DAPIL4,6-diamidino-2-phenylindole)
(GBI Labs)E& ¥3§3t Fluorescent mounting medium= ©]-&3sle] A X7} F
ZH cover glassE &#lol=eo] aAelHal Zeiss LSM 510 Meta %4 &

v| 7 (Carl Zeiss, Milano, Italy) 2 2 s}t

o}. Mitochondrial membrane potential ¥4
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MitoTracker® Red CMXRos(Invitrogen, Waltham, MA, USA)E A}-&3}
ol Mitochondrial membrane potential %412 Al &5}l HEI-OC1 A X9
Cisplatin % Tempol2 A28t & 24A17F v S5t A o] gl vl R o A
200 nM MitoTracker® Red CMXRos(Invitrogen, Waltham, MA, USA)Z 20
B GASA T M Trypsing A5t AXE 23 ¢ 1000 rpm S
JEEet A st Hlgd s A Al¥ES PBSE 23] AlF

fr

% Flow ctytometry(FACScalibur, BD Biosciences, San Diego, CA, USA)E
o] &3dle] F AEE =AU Cell Quest 2ZEH o] (BD Biosciences,

San Diego, CA, USA)E AL&35}o] Al4kslsth.

2, EZE= ol g

e AEES 2000 ripmeE 3E EF A st WA S Al A s}
ALt AEES ice-cold PBSE AlE & ImL A¥d FZ% buffer(l mM
HEPES (h 79), 15 mM MgChk 02 mM DTT, 1 mM
phenylmethylsulfonyl fluoride, 10 pg/ml leupeptin, 10 pg/ml aprotinin, 1
mM NazVOs, 5 mM NaF, 02% NP-40)oll4 5% &< d&-3H4dstoll whE-A

Atk HlFE 5 257014 ImL FAM|E ol 88fe] 208 FHA AT AlE 1)
= (Cell debris) 4TColA 157 &<k 13000 rpm o= Y4l st A A s}

Atk AFAE oA 168 52k 80000 rpmeE A EE stH o ek
NEZEgolE ImL AXAE F= buffer® MFHste] @S A A
o] ¥ wEF=Zo}E 100 uL lysis buffer(20 mM HEPES; pH 7.4, 2 mM
EGTA, 50 mM glycerol phosphate, 1% Triton X-100, 10% glycerol, 1%
NP-40, 1 mM dithiothreitol, 1 mM phenylmethylsulfonyl fluoride, 10 ug/ml
leupeptin, 10 pg/ml aprotinin, 1 mM NasVOs and 5 mM NaF)o] &A1 7
o vEZEgete] g %ol7] st 3x st 23] 253 AHeE T
S ATo| A 1568 &<t 13000 rpme =z dAFEste] d5d vEFZ=gol

o,

Collection @ chosun



EA A BAL Student’s paired t-testE o] &8t #AASHH AL, p<0.052)

B9E BARSRE §% Qon BFSA,
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1. Tempoldl] ¢]¢ HEI-OC1 A% A& s

Tempolo] AM¥ AFEHo| wX= FgFE dolH iz HEI-OCI MEE
Tempol =222 w=FZAA AX AEHES E43AY. 5 uM, 10 uM, 25 1
M, 50 uM, 100 uM, 200 pMell 24417 w=Z3 A3 Mx BEHL 7H7
104.8+1.8%, 97.8+4.9%, 97.3+5.3%, 96.015.2%, 90.3+3.1%, 86.2+2.7%<] A&
2 WEAT A4 Tempol s&=#E 243 AAAS 30 pMe
Cisplatin® 24A17F &<t =38t MY AEHES A3 A3 247
65.6+2.196, 69.011.9%, 82.0+4.3%, 83.9+3.9%, 79.7+6.8%, 75.315.1%2] AEE
S YERATE 50 uMe] Tempol F=7-4] AlEAEH & W3l e
50 tM F%9] Tempole A Ag A3} Cisplatind] st 7F¢ & REg3y
£ Uehdlol 248E 9% A4 v=2 ARSIt E 1.

i

2. Tempol® Cisplatin Al ZEA 6] g B35 § 7

HEI-OC1 Al¥x& 77t Control «, 30 uM Cisplatin *#]+", 50 1M
Tempol A+, 50 uM Tempol® 2A17F A A x5 30 pM Cisplatin * #] i
B ouFo] 24A3 Fob Al 5 AlE AEHE Hae e Control i
hH] ZF2F 59.243.1%, 96.0+5.2%6, 83.9+3.9%¢2] AEE-S VeI Tempol
S AHA A 2 Cisplatin XA 3te] Cisplatin®t &gk o] H]ste] 251
HE AFEZO] F718ATH(p<0.05, ¥ 2).

3. Hoechst 33258 Ao <olg AAA 549 w¥s
A ate] o E Ak dEjea 58S vluws] ¥ HEI-OC1 A¥2 7+

fr

7} Controlit, Cisplatini®, Tempoli®, Tempol %13 * % Cisplatin =& 2

_10_

Collection @ chosun



NM = EUZE Aol QI AE. Cisplatina ol A= AFE A

H2E ) 1 Tempold A2 23 o

i
o,
ro
oo
Sy
A,
=
S
e,
i,
X
m
)
O,
>
rir

Cisplatin =% % <7Fd 443EE9 9Fo] Tempole] HAAZ Q1351
AR =A] ol iz}t A7FA] oA AE 4 ARFY S S48
Controlst, Cisplatini®, Tempolst:, Tempol % *1 %% Cisplatin =&t ol| 4] Z¢
7b 50.5+2.9%, 93.7+1.7%, 462+4.0%, 73.2+4.9%< AnE ERSIT
Cisplatin® 93] <S7Fd &4 Fo] Tempol AAA$E FostA 1 o]

ZF A3 TH(p<0.05, 1§ 4).

5. AHALR AlES9 W3

Cisplatin A¥X =422 Y= 31 AXEAY] e AHAF AXE7}
Tempol®] AAA o] olste] oAH A Lolrnzl AEA Axo] FE
Flow cytometryE ©]-&3le SH3sIH . Controla, Cisplatini:, Tempolir,
Tempol AA*F Cisplatin oA Zh2F 65421, 234.0+27.0, 23.0£3.5,
162.0+11.0¢] A& el Cisplatine] ©jste] AEAL Az § F7}
7F #lE 0o Tempol A Aol efste] AL AE ] 71 Fof oA
2SFATH(p<0.05, 13 5).

6. AHEA @l C-PARP, C-Caspase 3¢ " E&=¢ o} Nitric
oxide synthase® %3}
Cisplatin A% o8] et 2AEAL W317F Tempole] A Ao 2]
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sto] Al =AE @6ty ekl dEA AEAF v 24 FE
Cleaved PARP, Cleaved Caspase-3 ¥ urd-2 =435} t}. Cisplatine] <
3to] Cleaved PARP, Cleaved Caspase-3 ©® 2d =717 &2l¥ Qo
Tempol A Ao &3] 1 Lol ZHAHT) Cisplatin Al XS4 o8k Ab
sfAEf 27t v EZE ot WA= gike gl fa MEZ=ol ¢
WA Fefste] INOSE A4 st Cisplatine] 93] HlEZ=2]ole] INOS
S7b7F SE e Tempol A Aol o 2 wdo] FamATH(T

T
=X
el
ol

7. A MEE=dots] dusa A

Cisplatin AlX=de] st vehbes vEFZE=ole] FEjshs w37}
Tempol®] A Ao ofste] A ==A] gelslr] fJote] w|EZ=gof -3
of thak FFFNLe F3ste] MRl Controlol 41 DAPI gA% & o]
zZH #REG e AExHe HF2Mow dAFE uwEZ=gol HERA

(Mitochondrial network)”7} 2 #2= vt Tempoli-ol 4 %= Controla- 3 H

_

2% 27o] BAEe] MEZEY YEAAL F HEAE AL AAT 5
91915}, Cisplatinio] 4 &= 9)meke] Wga) Polo] gasglom Axdy v

Ergol HE AR Faslth Tempol AA A F- Cisplatin =& ol A=
Cisplatinir 3} W] nlslo] mEF=gjol HE9 =] Fejsts {3yt BEy=

e #lsit (4 7).

8. M EZ=¢ o} Transmembrane potential® A 3}

Cisplatin M54 98] vehy= vlESZ=2ol Wsl7} Tempole A
2o sl A H =X FSlsl7] $18}e Transmembrane depolarization
(9%6)2 =Asl¥E . Controls, Cisplatini®, Tempolss, Tempol F> =3
Cisplatin =&w-ol A 232F 50.741.9%, 85.4+2.7%, 43.412.2%, 783+2.8%<] 4

_12_
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B2 eIt Cisplatinell 98] %7}%¥ Transmembrane depolarization©]

Tempol HAAA & FofstA 1 o] AR (p<0.05, 71§ 8).

— 13 —
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A FAHS FEE 7 o] 2 ARgo] AFE g Uk Cisplatine] % Z47]

o £4& dovle dole BH7kA 7ol dojdn i 2 4y 71de

(Goncalves MS et al. 2013; Campbell KCM et al, 2000). A2t 4hF o]
ZbskAl HW ool Wl 3FakEA| (Endogenous antioxidant)®  &+e] X
glutathione, superoxide dismutase(SOD), catalase, glutathione peroxidase &
o] &A%} FHof o] A|ASHA HuFRybak LP et al, 2009). k4% Cisplatin
of A&HHoT wEA BTG Aot FHHA HAL o= o]HF Jglg
ghabslA o A S AAEtA Bk Tempold ¢+ A<l Nitroxide 3HgE 2 A
HAk3l £ o]-2(Superoxide anion)¥} HE-S-3} Hydrogen peroxideE &4 sl
SODeF  FArsE AEE 7HAZ e 9FHRA 27l A AA (radical
scavenger)©] tH(Wilcox CS et al, 2010). Tempol A&EA=HMW: 172)2 7}
A 47l wel fAA AMEHE st AEU FhEsE FolE AAE
4= 913L(Samuni et al, 1988; Thiemermann, 2003) ©]¢} Z& EX o7 &
s AER Y A E@HAHE Tt GRS AEE vEE T
(Liang Q et al, 2005). A=7kA A WolA e dFolvt 4bsl &4be gt
oy RI FE&Eo] Bl HQowW(Gonzalez EJ et al, 2015, Thiemermann,
2003) 53], vhE dAstAlERT dHAHS fGA FHsle SAHLE M9
A SEAd HES, IS Y EECA AARS Ago] Ha HIYT
(Januschowski K et al, 2014; Wanyong Y et al, 2015; Deng-Bryant Y et
al, 2008).

Tempol2 A|E 9] Iits} ol AAS=H 7|l FadspA= 7 #ol

_14_
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R 1% = N-acetyl cystein(NAC)THE E 34 ol NACS AT LA L3
8 BAats Sole F7AIIE Ade= 2]l Tempol ©l# e g1E e}
WA ol AERTA vs F3A ot (Wilcox CS, 2010; Patel K et al,
2006). &3l Catalase®t Zo] Hydrogen peroxide® UiAME &35t H4] 3
= &4 FYZ(Hydroxyl radical) A4S AT (Wilcox CS et al, 2008).
ikl Fol 23 AFSAANO)E 43 SAIWE(oxidant)l ONOO & ®HE
o] MEELE dovvt Tempold oleld HAE E£F AL F Ut
(Caroll et al, 2000). ¥ 7oA Cisplatin 24 AlFE=Ao] gk Tempol
o] HZEHE dolry] g8 AxW &44ads 543 43 Cisplatind]
ole] Z7td EAatsE 9 ko] Tempol HAAAF Fo A st

Btz o]l 8 AEZYE Pro-apoptotic Bax @2 A¥ 2 Y& o] F A
7)o mEZ=gol Ho] £A0F  Cytochrome ¢ FgE Yo7
Caspase-32] #A43lE do7 AEAE dod|A HrHRybak LP et al
2009). T3 A AFAFELS Transient vanilloid receptor potential 1 o] A
de] Bds S7AA AFUE Zae] s S7HA A Caspase-39 274

312 Ao 7lti(Mukherjea D et al, 2008). ¥ <oA% Cisplatinel] ]38 =

o

7t ApE A @ Cleaved Caspase-3, Cleaved PARP7} Tempol® 73] &2
Tao] oA el FAEAL T e S Stk Fakst Fol2
2%t Pro-apoptotic Bax ©¥le] Al AU o]x2 wESHE=go} "o &
@A Ha ole mEF=ol 9] (Mitochondrial transmembrane
potentia)®]  A3=  7PAH LA HW(Bomer C, 2003) Mitochondrial
depolarization®] %7}sFAl Bt (Margiotta N et al, 2010; Nawrocki ST et al,
2013). & <Al A Cisplatindl] 98] 7ld w|EZ=2ole] gejehs =41
Mitochondrial depolarization®] Tempol®] Ao 93] FraAHE O ZA
Cisplatin 274 Abst2Eg 2o o3k n|EF=gjol E4o e A aw7 9l
w2 & T UATR

2 Cisplatin 24 MN¥E5A 71" o2+ Cisplatine] DNAS] guanine 9

_15_
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7ol Agtste] pb3e fristal AlEZF7]E BAAA AEAE A
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Fig. 1. Effect of tempol on viability of HEI-OC1 cells. The viability was

not significantly affected until a 50 uM concentration of tempol
was reached. However, tempol was cytotoxic at a concentration
over 100 uM. HEI-OC1 cells were maximally protected at 50 uM
concentration of tempol. *Optimal experimental concentration of

tempol.
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Fig. 2. HEI-OC1 cells were pretreated with 50 1M tempol for 2 h, and then
exposed 30 uM cisplatin for 24 h. Tempol provided a significant
protection against cisplatin cytotoxicity. (CP; cisplatin, TP; tempol,
*p<0.05)
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A. Control

C. Tempol D. Tempal+ Cisplatin

Fig. 3. Apoptotic features in HEI-OC1 cells were reduced by pretreatment
with 50 uM tempol for 2 h before cisplatin exposure for 24 h. The
Control and tempol treated cells show round-shaped nuclei with
homogeneous intensity (A,C). Ciplatin exposed cells show
condensed and fragmented nuclei (B). These features are reduced
in pretreated cells with tempol (D).
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Fig. 4. Intracellular reactive oxygen species (ROS) production was
determined by flow cytometry (A). ROS production increased in
the cisplatin group. However, the tempol-pretreated group had
significantly lower ROS production (B, CP; cisplatin, TP; tempol,
*p<0.05).
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Fig. 5. The number of apoptotic cells was counted using flow cytometry.

Apoptotic cells were reduced by pretreatment with 50 uM tempol

for 2 h before cisplatin exposure for 24 h. (CP; cisplatin, TP;

tempol, *p<0.05)
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Fig. 6. Effect of tempol on cisplatin—-induced changes in apoptosis markers

and nitric oxide synthase (NOS). Expression of cleaved PARP,

cleaved caspase-3 and 1NOS

increased in the cisplatin—treated

group. However, tempol inhibited the expression of cleved PARP,

cleaved caspase-3 and INOS. (CP; cisplatin, TP; tempol)

Collection @ chosun

_27_
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Fig. 7. Confocal microscopic studies of the mitochondria and the nucleus
in HEI-OCI1 cells. Cells seeded on coverslips were treated with 30
uM cisplatin for 24 h with or without pretreatment of 50 uM
tempol for 2 h. Mitochodrial structure was detected by Mitotracker
(red dot) staining in the control and tempol groups. In contrast,
the mitochondrial structure decreased in the cisplatin alone group.

Pretreatment with tempol improved the structural expression.
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Fig. 8. Mitochondrial polarization was determined by flow cytometry (A).
Exposure to 30 uM cisplatin for 24 h caused mitochondrial
depolarization. Enhancement of mitochondrial depolarization
significantly decreased in pretreated cells with 50 UM tempol for 2
h before cisplatin exposure (B, CP; cisplatin, TP; tempol, *p<0.05).
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