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Protective Effect of Ursolic Acid from Corni fructus on the Hydrogen
Peroxide-induced Damage of HEI-OC1 Auditory Cells
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The fruits of Cornus officinalis have been used in traditional Oriental Medicine for treatment of inner ear diseases,
such as tinnitus and hearing loss. In the present study, we showed that.the ursolic acid obtained from Comi fructus
protected HEI-OC1 auditory cells from hydrogen peroxide cytotoxicity in a dose-dependent fashion. In addition, to
investigate the protection mechanism of ursolic acid on hydrogen peroxide cytotoxicity toward HEI-OC1, we measured
the effects of ursolic acid on lipid peroxidation and activities of superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPX) in hydrogen peroxide treated cells. Ursolic acid (0.05 - 2 pg/ml) had protective effect
against the hydrogen peroxide-induced HEI-OC1 cell damage and reduced lipid peroxidation in a dose-dependent
manner. Pre-treatment with ursolic acid significantly attenuated the decrease in activities of CAT and GPX, but SOD
activity was not affected by the ursolic acid or hydrogen peroxide. These results indicate that ursolic acid protects
hydrogen peroxide-induced HEI-OC1 cell damage through inhibition of lipid peroxidation and induce the antioxidant
enzymes CAT and GPX.
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E941A (reactive oxygen species: ROS)E A1A) &) offiA A AED (in vitro)WollA X1EE AEBAE fEdhs BEE

A Ak, FaEel AZA 3HE B HAAAE ST ge] ol Y. I3 A4 9§ ROS ol 7172 4
Foglo) MMER, B R e wEdo] w1 EQHEsiM EX Y &) Heis] 593 Jgg St ROSY EEY
MEZHO] St SOt o2 ROSY| FH 0] FE M ZU 2 AAZE S SR Wol AA-E T T4 AlLEH
A& H4rs}, DNASH Zo) 45 YoA AR &MY & HlEAAe] A2l g3le]  ojFoRt. G4 AlLHEES
7 FEAAS L E AEE, HAZEE, 5WEs 4 superoxide dismutase (SOD), catalase (CAT), glutathione
* WAARL L G8S, AR AIRE AT AMHE FEUSS Y peroxidase (GPX), & glutathione e Fax AJ2E S0 &EdA
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Ursolic ac1dE At (Corni fructus)EE—Eﬂ
FQ8)l titerpenoid & shloItkY.  USFUR
officinalisye SBUE-Tol] &31H, 0|2 Bl k3t #
20T oI, TS0l Wik IS B
th= O1&E ZVIL St ArRE OlEidl AR ERE
grle 52 49 gulE BE AE AASH & ARSI
I VIO Sl 2 o', EAE, FERIAEE, O
715, A, AEEE) ARSI kM. Akeaot
, 8h1e g9, adeia) g, e &
2 AR Aol7t EF 9 7VsH EHY
B3, 445 X9 S43 HE MR By &
I Zo) HuTo] Tk I8 T ursolic acid= SRS, &
377, mdsnEan? sol BusAC
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ursolic acid E¢]

Argl AR, okl tialslorzold FUNE T8 3
B0l Bt AFBSINICE Ak 20 kg 2 L) mEkSo]
79 0t YA = quer1(Watman No. 1) ol 7%5 < oy s

Cornus fructus {2.0kg)
MeOH
MeOH extract (200q)
| cHzCre

Residue

CH2Cl2 layer f
5 EtOAc

| Evaporation

EtOAc layer

CH2Clz fraction (8.8g)
Silicagel column with hexane satd. | Evaporation
With hexane:EtOAc gradient elution Residue
. EtOAC fractlon (17.0g) | BuOH

Ursolic acid (350.0mg) ~BuOH layer
| Evaporation

~BUOH fraction (32.89)

Water layer

Evaporation

Water fraction(141.0g)

Fig. 1. Extraction procedure of ursolic acid from Corni fructus.

2. ME gk
323} F (Immortomouse(l, Charles River Laboratories,

USA)Q 942 (cochlea) ZRE] Ei) wiQFgt HEL-OC1 A)|z="
Dulbecco’s modified Eagle medium (DMEM, Gibco, USA)ol
10% fetal bovine serum (FBS, Gibco, USA)Z} 50 U/ml
gamma-interferon (INF-y, R&D System, USA)0| 71 ufety
OFZ WiYUBINCE ME HieE7] (5% COy, 337)Y AT HitHe

2¢) mirt gl FRACt

3. Methyl thiazolyl tetrazolium (MTT) assay

Ursolic acid 9] HELI-OC1 Aol thgh MEEH ZHS
MTT  (3-(45-dimethylthiazol-2-yl)-2,5-diphenyl
bromide, Sigma, USA) assay””” ol83ll ZEFINCH
HEI-OC1 AT 24-well plate®] 7} wellxt 4x10* M ZE BF3)
Ak AMEZE wid7IolA 24 A1ZE SO QPESL A7) &, 01%9)]
dimethylsulfoxide (DMSO, Junsei, Japan)ol] =¢1 ursolic acid
(0.05, 0.1, 05, 1, 2, 5 pug/ml)& AFFo] J211 0.1% DMSOE=
ETo] BrlolRict 5HF S siekel AlZE PBSE &dlich
MTT 8% 300 W& Zt wello]l F7slod 4417 S¢b BiFSIATE
DMSO (200 pl)E H713}d ZalAl7] formazan ZFHO ST =
96-well plate® ©]&E3kd, 540 nm T}AQ] ELISA analyser
(Spectra MAX 250, Molecular Devices Co., USA)E 0|3l &
ol o NE=EHES Rl gl MEEE AESIN
1mM N-acetyl-cystein (NC)2 QHUIZTLOE AMRSIICH B‘:_f'e;
WIseAE FEE HEFOCL M =4 o8 S7E 85
2130 ursolic acid (0.05, 0.1, 0.5, 1, 2 ng/ml)S TikdlAs (40 1
M) AMzis] I AAglel & 19 wht &, Al Z0] YESE2S
MTT assay WO 2 ZH3IGC

tetrazolium

o

ol
—

4. 29 NdMIE Y i 54 2d &

IR E JEE HEFOCL AZ) Aaitstel et
3l 34 g¥ofl Al ursolic acid®] EWE EHE6H]
ursolic acid (0.05, 0.1, 0.5, 1, 2 ug/ml)& 3484 (40
Aels) 1A AARISIEE 19 = wikl Mz g 0]’ ¢
AEF] (3000 X g, 682)5lod AFAS 7<ﬂ7%oj Z g2 cell pallet
ofl phosphate buffer saline (PBS, pH 74)5 W1 C}A] YEE]
(3000 X g 65)3 & AHNUL A g% cell palleto]
PBS (pH 74)2 1ml @o] 22T 248t & A4l2E] (4000 X
g 102)3l0] YFAg -80 Coll RISIHA Adaptsl 834
AT E AT cell lysatesE ARESFIS
1) NAE 2

RNA ISR TBA ™ o 98 SH5IUT 28018 2
5t cell lysate 80 ploll 8.1% sodium dodecyl sulfate 20 plS 2

3 1087 2FSAIZ] & 20% acetic acid (pH 3.5) 150 ul, 0.8%
TBA (in 0.05 N NaOH) 150 pl& RE7}sld & E¢Hot 5 14|7¢
SQF 71E3819 ) n-buthanol-pyridine (1:3)2 1mlg H715t &
ol 15000 x goll4] 587 YEPSH] AE5H FFTE 532
nm IpEOIA] SHEITE A2 IS WP EE thiobarbituric
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acid  reactive  substance  (TBARS)E  ZF3TI oM,
malonedialdehyde nmole/mg protein®F FAISIHCH 1mM
NCE FEHETLE ARSI
2) Superoxide dismutase (SOD)&}

SOD2] g EE SOD assay Kit (Dojindo Molecular
Technologies Inc., Tokyo, Japan)E A2l £4835149 1“/]-32) g
T& microplate reader (Spectra Max 250, Molecular Devices
Co)& ©l83ld 450 nmollx HFBINTE 49 k=
bovine erythrocyte SOD (Sigma-Aldrich Co., St. Louis, MO,
USA)Ql B& AZFAd £3 AlxIet & Thid 1mg & Unit
T FAIBKYT} (Unit/mg protein)

3) Catalase (CAT) 8% &8

CATY EHEE Camillo 79 Wee HE/INCE 50
mM¢] PBS (pH 7.0)0]l 3% HxO» 12 it} cell lysates 100 wl& 7}
6}04 FEHOE 1.0 m7} HES 3l 37 CollA 28 Azl
240 nmollA] 587 ERE WSE 5T 7 18 S 41E
H;O; pmoleE 1 UnitE &lod ©h8Zl 1 mg & UnitE FAISIA
CHUnit/mg protein).

4) Glutathione peroxidase (GPX)

GPX9|] 84 EE Flohed} Gunzler™o] ol Qslod &3
BICE Cell lysates 10 plojl 100 mM PBS (pH 7.2) 200 ul<} 2.4
U/ml GR, 10 mM GSH, 3 mM NADPHE Z+z} 10 pl¥ A7}
SICh AEF O F 12 mM cumene hydroperoxideZ 10 ul 71}
o] UkSS MRS B 37 CollA] 52 E0F 340 nmollA] EBE ¥
3} £35l0] GPX S4EE thild 1 mg & 12 S0 AH|E
NADPH nmole€ 1 mUnitZ FA|5HA
5) Bulg B 53

Lowry =%9] dhHo)| <J5le] bovine serum albumin

=]
(Sigma-Aldrich Co)g EFEWCE AIE3Io] HEBIATE

(mUnit/mg protein)

4o pE 33 =g on, de A EAZEIH
£ A28, B EESAE AMAIGIN2

T ERlol tieky
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1. Ursolic acid®} HEI-OC1 M=ol theh Al E/g

Ursolic acid®] HEI-OC1 A Zol| thaled AEAQ ESHAER
MIT 2FHOF RABIHCE TS &59 ursolic acid 0.05, 0.1,
05, 1, 2 pg/mlS 24 A|7} ¢ A2Idt 23} 2 pg/ml 015ksE0l
’\15 AZ BEg ¢ APlE TEE = UASLE 5 ng/ml

=2 9) ursolic acidE S98 MEZEXS UERITE o] 238 2
GOE ursolic acid9] HELOCL MZ H3 a7 W A& 3413}, &
AFS} G4 AFE 2 ug/ml 01810 BEOIM SHEIIT (Fig. 2).

il

2. Ursolic acid9] Ii¥slea AZEN A g3

TABl=A T A28 A EEA o] thh ursolic acid9] B8 &
= I Pﬁ} | BlA, J/H_@ﬁ‘ﬁ: (40 uME Azl 1AL A o
9] ursolic acid (0.05-2 ug/ml)E HEOCI M3zl X
[l e xﬂ:t WELS RABIACE Fig. 33 Zo] BIEeA TS
Al ME HEEL thE T HIUSk] 55%E ZH4gh v,
ursolic acid HZ|7E AlsT 0.05 ug/ml OJHAMEE 5%
JEXQ A E MEE FVIE VET 5 AU (p<0.05). 57, 2
ug/ml APTolAE 7% =2 HEEE BUoH, o8
01 NC (1 mM) Fg]Fol vlisle] 52 EES LERICL

19

~ 10
S 100
2 %0
=
2 ®
..g
> 40
Ezo
0

0 o5 o 05 1 2 5
Ursolic acid (ug/ml)

Fig. 2. Cytotoxicity of ursolic acid on HEI-OC1. Celis were pretreated with
various concentrations of ursolic acid for 1 day and cell viability was determined
by the MTT assay. Data are mean = SE. in triplicate. *p{0.05 when compared with
control group.

8

Cell viability (%)
2

82 & 3 3

Usdicadd Cotrd =~ 0 0B 01 05 1 2 NC
Hydrogen peroxide 40 uM

Fig. 3. Protective effect of ursolic acid on hydrogen peroxide-
induced cell damage. Pretreatment of ursolic acid resulted in increase of
HEI-OC1 viability after hydrogen peroxide addition. Cells were preincubated with
the indicated doses of ursolic acid for 1 h prior fo the addition of hydrogen
peroxide and further maintained for 1 day. Data are mean + SE. In tripiicate.
*040.05 when compared with hydrogen peroxide-reated group without ursolic acid
pretreatment. NC, 1 mM of N-acetyl cysteine.

3. Ursolic acid®] A& IeF A g3
Tbskeao] 98 HELOCL Mzol ARshisol thsh
ursolic acid®] FIE FABE| sk IIske4 (40 uM) A
2] 1A17+ A ursolic acid (0.05-2 pg/ml)E AZ|er & ADtst
S SXGIT} (Fig. 4). Ursolic acid A2]& 0.05 pug/ml o) &k
9 BEAA =L JEXHOF Iisleio] At AEIISE
A BIHATL (p<0.05). BB ursolic acid 2 pg/ml M)+ NC (1
mM) M)z Bl AAINRISE ZaAlZiT)
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Ussolicadd 0 0 005 01 0.5 1 2 NC
Hydrogen peroxide 40 pM

Fig. 4. Inhibitory effect of ursolic acid on hydrogen peroxide-induced
lipid peroxidation of HEI-OC1. Cells were preincubated with various doses
of ursolic acid for 1 h prior to the addition of hydrogen peroxide and further
maintained for 1 day. Data are mean + SE. in triplicate. *p<0.05 when compared
with hydrogen peroxide-treated group without ursolic acid pretreatment. NC, 1 mM
of N-acetyl cysteine.

4. SOD, CAT, GPX 4%

Table 12 ursolic acid (0.05-2 ug/ml)o] BAIGLEAE &
¥ HELOC1 A %9 SOD, CAT, GPX9] 84 5o t)x)= ¢E
LIERARICE SOD 4L & 3RSk teE AEgE 7o)
ursolic acid (0.05-2 pg/mhE Zo] Ag)gr & EF thRTo] 1
ol FAS APO]E HOIA] Tt TIELt CATS} GPX &85+
IS ATEE AR 2 tiETol Bls] Lozt ursolic
acid (0.05-2 pg/m)HI L B8} (p<0.05). 3] CAT &4
T ursolic acid (0.05-2 ng/mil) Ag] 5EE7l wjgh EHO.
2 E71519E ursolic acid 0.05 pg/ml 01AQE HEldt F2
NATEN 52 8T8 UBIAE GPX &dTe ursolic
acid 0.05-2 pg/mlg SAlo] Aelgh FollAl IIsleavke X2
B ol Higkd GPX 4571 RAF SR E718132mM (p<0.05),
1 pg/mlg AMelgh o] 7HE =2 8T E LIERISITE

H1

b

il

=

A

Table 1. Effect of ursolic acid on SOD, CAT and GPX activities in
HEI-OC1 cells.

Sample Hydrogen S0D CAT GPX

concentration  peroxide (Unit/mg (Unit/mg (mUnit/mg

(ng/ml) (40 uM) protein) protein) protein)
Control - 5501022 29.36+1.45 61.94£312
0 + 514057 2353+0.53 3843£0.77
0.05 + 508+0.03 2459108 4737£3.29
0.1 + 520£0.13 27.32+1.03° 5355+4.78*
05 + 517+0.15 34.32+0.46* 60.86+542*
1 + 5.79£005 38.31£047* 62.90£6.13*
2 + 6.06+0.15 39.32+0.82* 54.55%3.20*

a Z

ApF (Cornus officinalis)yy= HQ7HI (RETE), AE&
b (EEERY), 1A EEIED 350 Yo ZEe 4
35 olgols(HIE®R)0] AU W 201T1 1 71250 Qi
ololl 439 dull (Corni fructus) ZFE] ursolic acidE 2e)3}
of HZAEFQ HELOCIo| njxe @8k ok A3, skt
glaol 9sk HELOCL M ZE=Ho) theh ursolic acidd] B35 &

AR REE &3 ursolic acid7h BAFEEAE 4% HELOCL HAAZE 5] RIX]

rr

g

0o

WE Bae 4 JRACE HEFOCT Al ZoflA] 40 uM IHitaleedne
HNEZZHE tizzd 5% $ECE UEEE AasiuoL,

o 2 pg/ml & AT YEES 77%7MA S7ISIACE oA
2 o gEZ0 NC (1 mM) FE|EHrt =2 4&E801%ch

Abgloll jXE gge RABIECE A8 ool Q5IH Atga
A2 FEFE 0]54o] ROSH dal R Az & it
Blo} o] Ui a S} HELOCT M ZEoflA] g4t o)
o) BlEskd el A% S7HE AAIKISE FEIINS
ursolic acid®] MXElol] g5l & JEHOE dAEe H&
& 4= QAACE olEABH ursolic acid9] X &MAIEE AAH S 2
Abglrdol 9t MEEHE Holske T8 287149 shg
FE¥t

Ursolic acid7} 3415140 MESA ) thel I THE HE
7198 LolRr] {dl, ursolic acidzt IisleAgE Al
HEI-OC1A| 9] SOD, CAT, GPX 4o uX]= dag FANG
Hol gl AE XAeldF HEI-OCT A 2o] ursolic acidE &
ol SOD #42 HolA 22 vhH CATS} GPX &4 & 797
OF 718t ol SOD, CAT, GPXS] 87189 RolE
Holn], SODe= AMZEY ZEXEY EEEN AYEe
superoxide aniong THRITHFAE AEI7IE 547012 1
Abgkrane] 98 4HEE AE A0 tgE B0l BIES Ao)
L1010 Z AZIRICE UhHH, CATS} GPXe € T IRIGEAE A|
ke G407 EY ROE M4grt &, CATE g
A8 A4S EE Agks 84011, GPXE peroxidase &2
2 RSl E AASNA JIeleas) ERIY glutathione
(GSH)T} ®128lod 4F5FE glutathione (GSSG)E A4GHL 0]
GSSGE GRO] =298 NADPHo) 2lg) tii] GSHE 2171
TP ist GPXE microsomeoA] ABHE BSR4 B
IRIGLE o= 71sol CATED M EHE o8 &gdle A28
2 Y=, ursolic acid2 AT (0.05 pg/ml)ol AT tiE
ol Blsl FYEQ1 AlolE VB IRIgle4 B9 IRIENE
= Zlsd Be SR AR W7Ect

Shih??= ursolic acid7} 29 hippocampusol| 4] kainate &
T FHE 2R E, olAR ursolic acid7t A 211 H
de AaAZEd Aw BgE AlA dle 71de sdAlsiL
H1519C) Balanehru &} Nagarajan™= ursolic acid7} X &3}
ABE ol EMNES URECII HusKEch J2id
Martin-Aragon®2 ursolic acid”} carbon tetrachloride2 RE g
&40 |EE Holrn, 119 gkisl £X18 E7kA17IvtaL
BAI5le] ursolic acid7} Wo]7t ohd TIHE 71@o = g41sl G5}
7} A8 HAFI Uk

ojake] AuolAl B i} 220 ursolic acid= HEI-OCT A
E MY BRISIEAE S48t A1 TRESkEAY] 4HeHE &
HOERE AE BS §HE UERIA € 4 AL ASE 47
Fr}. E3| ursolic acid 2 ng/ml N F2 CAT X TV} 713
= VERECH, 1 ng/ml HZ|2 GPX 4 EE dXsHA &

-

v 3

A<

i,

B

= e
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793 - MME - AEE

A EElENE HAth

OO & ursolic acid®] MEW BRIBIEA B4 717S Y]

71 SioixE O B2 a7t O]-,—O-]X%o]: g Rolm, B AT

ABE Ho} ursolic acid®] HZ ZFQ] HEI-OC1 N EQ] A3}
& &g RG] A 018 e Add 2 4 Ark

4 £

=SB BE] RES) ursolic acid7F A2 3] HEI-OC1
HZEY 23E &4 dFol uXle EAE AP {5k
ursolic acid (0.05, 0.1, 0.5, 1, 2 ng/ml)g X2|gt & 40 pM 4}
BlEAE ARE Z ursolic acide IKIgkRAo] IE
HEI-OC1 N Z9] MZEHE /IS drsks aHE Ve
Rom (p<0.05), Hasleio] Qg A2 NAIRIBIE A
BI9C} (p<0.05) ESH ursolic acid7} IRIEGAE AEISH
HEI-OC1 A|£9] SOD, CAT, GPX 9] 84 %ol nxE 98k
gols Z3} SOD Y TE Rol7t AR CAT E¥E=
01,05, 1, 2 pg/ml EEE It Foli thxTol vldld /4
HOE =9om (p<0.05), GPX EHTE 005 01, 05 1, 2
g/ml 5 H@F EF thRo niskd |SYFoE =jUrt
(p<0.05). 0]2}e] A, ursolic acid2 HEIFOC1 MZ oAl &
A3} 549 4 ETNLLE Qg ROSY &g AXIAIA

AR &4 thigt ol & J)r7} U= AT WA, Yol
HE3l] ke F7HEe d7vt 298 AL Held
Ak
o] =R 004AT AZristue] mH] Aol S8l $EEAE.
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