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Effect of the Ethanol Extract from Steamed Roots
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A mechanism of hair cell damage caused by noise and ototoxic agents is mediated through generation of free
radicals and reactive oxygen species (ROS). It is known that most of animals have defense systems to protect against
ROS, and the cochlea of inner ear in animals also has ROS defense systems including several antioxidant enzymes
such as superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPX), glutathione reductase (GR), and
glutathione (GSH), which efficiently detoxifying ROS generated under normal condition. Steamed roots of Rehmannia
glutinosa have been traditionally used in Oriental medicine for the treatment of auditory disease such as tinnitus,
vertigo, and hearing loss as well as inflammatory diseases, hectic fever, night sweat, and headache. In the present
study, we showed that the ethanol extract from steamed roots of R. glutinosa (ESRG) increased the antioxidant
enzymes such as SOD, CAT, GPX, and GR activities and GSH level in HEI-OC1 auditory cells. This extract itself did
not show any significant cytotoxicity up to 50 pg/mi. Our results further support the view that ESRG is promising
sources of potential antioxidants. Future studies will be aimed at investigating the effects of ESRG on the regulation
of cellular mechanisms and isolating and identifying the substances responsible for the regulation of antioxidant
enzyme system from the plant extracts. '
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peroxyl radical (HO;'), nitric oxide radical (NO")i} Z+2 Sa&lgt
023 t)ZEest ohd singlet oxygen (02, 2EO
hypochlorous acid (HOCl) 1211 HO, Eo] ey ol
ROSQ &Ao| F& A ZWH AZ 9] 34tal, DNASE thilElo]
sl Yo ZAEYT e HuZ4g 22 HHdAE R
HAZEE, sWEsl, Ay, 18 g3, AIDS J811
Eoll UoiAl Hel& Q10 YA Qti . BAH
A zslA M AL S0lollE ROSY &3 Uie]
S1E9] ol FAS 4l Yo RRE ZAE H
A W9l ROSY 2HUE Axslel BE4 AIFIALL olo]
¥ roldidZe AAsIfSE wold ERiE|degE
superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPX), glutathion reductase (GR) 53} Z2 &H4tg}
G412} glutathione, ascorbic acid, sulthydryl groups, Vitamine
A, Vitamin E 53} 22 Hla4A0 SRIslEY Sol ™.
418} aA4Ee MERS XA s &4, sulthydyl-8F &
9 Egdg), 7o thlzlo] uAEE §8 4O7|= ROSE B
A3k AIFIHU AARCZH G4t} 2HEE 1A By, E5l, SOD
= AZH SEEREY BAUEER M5 superoxide aniong 1}
ARIRAE M7 oA MHE HO,E CATS} peroxidase
7} 882 HMSKIZITHY, GPXE: peroxidase AEOE HO,Z 4715}
T4 HO9 #¥H  glutathione (GSH)Y HRS8l]  4Aksky
glutathione (GSSG)E MGEL ©] GSSGE CGRY 208
NADPHol| 9J3) tii] GSHZ Sksicys,

£ &2 A& (R. glutinosa Liboschitz)Q] )
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ol X7 71Hol T ATABE & YA YA @Bk

2 dFolE SR8 ol £E20] B2 AEF (auditory
cell line)ol HEL-OCT A Eoll Th3} BH4ksta 0] 4ol nl7le &
2 Aaslo] S8 AE LY BISH Holch

s 2y
1. $A% detg 2&2 Z)

SAYS A2 ABAIFA SULS TUS B o]
BHsio] AIBSIALE ZA B £AE 100 g€ 2 LY ojEkSo]
72417} WA % oA (Watman No. o] A %, 79} 553}
o} WE AZAIY & 20 Tol HBHEA AFol FrlsC
2, A3 ueF

(Immortomouse™ Charles River Laboratories,

[
E
ok

[iN)

USA)9 QILERE] 22| uiekst HEFOC1 4 ZE° Dulbecco’s
modified Eagle medium (DMEM, Gibco, USA)oll 10% fetal
bovine serum (FBS, Gibco, USA)1l 50 U/ml gamma-interferon
(INF-y, R&D System, USA)o] H71d sligtHol] 288 & 5%
COy, 33 T uHVIGIA] BHITE 2, 22duict AHER uiJHO R
wugd FACt AR Meled §4 845 %W GSH €8 &8
Ui A& AEe Z2EE 0, 5, 10, 50 pg/ml, resveratrol
10 pg/mlz A3 3A17F Mol WA M2lsiict. 341 & mi
I AZE Eot AHEE] (3000 X g 62)5l YHAE AT

% &2 cell palleto] phosphate buffer saline (PBS, pH 74)Z &
I o] el 2E] (3000 X g, 62)8F F MM G AMASIHCE &
2 cell palleto] PBS (pH 7.4)Z 1 ml Qo] £S50)}2 248 &
Y EE] (4000 X g, 102)3lo] A -80 Toll BHSIHA §
LU E I} cell lysatesZ AHESIAA

3. Superoxide dismutase (SOD)%} Catalase (CAT) 4T &£H
SOD9} &M E= SOD assay Kit (Dojindo Molecular

=i

Technologies Inc., Tokyo, Japan)& A3l SHBIHCP?. &8

T & microplate reader (Spectra Max 250, Molecular Devices
Co)E olBslel 450 nmold BESIIC) Fa0 BHEE:

bovine erythrocyte SOD (Sigma-Aldrich Co., St. Louis, MO,
USA)S] #E @ekadol &dlo] AlSH & Tzl 1 mg &
Unit2 FAIBICE (Unit/mg protein).

CATY ¢EE Carillo §72 Wyg AE3IAT) 50
mM&] PBS (pH 7.0)ol 3% H:0» 12 pli} cell lysates 100 nlS 7}
Slol AEHLE 1.0 my} HEF 5le] 37 TollAl 227 Azis
% 240 nmollA] 527 FBE WHE STE F 12 5O 4AF

H;0; umoleE 1 UnitE glod Th¥E 1 mg Y UnitE FAISIA
T} (Unit/mg protein).

4. Glutathione peroxidase (GPX)%} Glutathione reductase (GR)
2z &3

GPX9] &4 T Flohe®} Gunzler™] whglol] Sgjo &3
3Kt Cell lysates 10 plof] 100 mM PBS (pH 7.2) 200 pi$} 2.4
U/ml GR, 10 mM GSH, 3 mM NADPHE 217} 10 ¥ & 7)s}
Aot AEHOF 12 mM cumene hydroperoxideZ 10 ul & 715}
o §3E 7HAIGH & 37 CoflA] 58 St 340 nmollA EET ¥
SIE £H0I GPX 885 E vl 1 mg 12 5 488
NADPH nmoleZ FAI5I%E} (nmole NADPH consumed/min/
mg protein).

GRY 4T = Carlberg®} Mannervik®9] gpHo] Fa}od
ZH319TE 0.1 M PBS (pH 7.6) 1.65 ml, 0.5 mM EDTA 0.1 ml,
1 mM 4}8}& glutathione (GSSG) 0.05 ml, 0.1 mM NADPH 0.1
ml 22111 cell lysates 0.1 mlE 7}5lo] WISEENS 2 mIE T
Eof 37 CollA] 915417 &, 340 nmoll A} ERE HEE 256}
ok gdre wEd 1 mg B 18 S 4kl NADPH
TAIGIY NADPH  oxidized/min/mg

nmolez (nmole

protein).
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=X& othE £EE0] HELOC Al

5. GSH g&e] &3

ZHOE &
Q4 TollA allAISIATE T8l 1200 X gol A 20E
Zlgh & 4&9 0.05 miE 35k 100 mM DINB 0.1 ml, 01 M
phosphate buffer (pH 7.4) 1.35 mlE 7I5l0d 24N 1.5 mlg 1}

lysates@} 4% sulfosalicylic acid

SQC) WAl F rgho] wEE B4 BRBEAZ 412 nm
oM EBEES S GSH 222 Tald 1 mg B 1g02

FEAIBIST} (ug/mg protein).
6. Methyl thiazolyl tetrazolium (MTT) assay

<A 8 OBt ZZE9 HELOCI M Eo] tigt HEEHS
ot 7] 6kd MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide, Sigma, USA) assay’ "ol 95l] ZR3I%
t} «A8 B2 FEE2E 0,5 10, 50 ug/mlo] SEHEE 7k}
Al Eoll AEIdl, 2417350t viYSE &, MTT 100 ug/ml% 2}
719] welloll 7151 4A17F S¢F 37 T wifrlollA Bk AlZ
Ch Zr wellg] AENMES ZED &, 7} wello]] 200 plo) dlmethyl
sulfoxide (DMSO)E #7718 & 540 nmollA] 258 8351

ERAE il o MR (ED
7. Nl B 57

Lowry =%9] wpHol 9l5kd bovine serum albumin
(Sigma-Aldric CE Al8sld £85I

:r
0

o

fiio

B oL
i
o

1 (o2

8. EAEA
U2 IF 38 UiEs1gon, de 4 &
Q1 SPSS (ver 10.0)5 AEdld, BO EEAE AMAlSIRHS
tH

m, =005 #FA LFFW HEFY FFAlel ool
Student’s t-test® FOHE ASsIHGTCE
2 ¥

1. SODS} CAT 4%

Table 12 =X oE}E Z&E (5-50 pg/ml)o] HE-OC1
A 29} SODSL CATS &M ol viAle FEe VEMACE =
A& detg FEE (5-50 pg/ml)g AEIs 72 tiFE ol H)
BB SODS} CAT 25 &4 7} £71613E) (p<0.05).
SODof| thail < A1& 10 ug/ml KEloliAl thZ ol Bis] 4%
7} 2uf o1y &8It QBT A T0) resveratrol 10 pg/ml A
2l thz ol blal S9EQ1 Zol7t Yo, £X8 oEte
FEE 10 pg/ml A2FRE B G2 @458 VR

Ol
=

==
=0

CATE A& dehE £&8 550 ng/mig Aelst oAl tiE
ool Bigld  CATY &HEr7t FOXHLE Srieldor

(p<0.05), 10 ug/mlE HEITt FO| 7ha =2 BHTE LEhi
D} Resveratrol 10 pg/ml AZlZ% thasrol Blsl FIXH 0=
E716IN 2, £AE oltkg FEE 10 ug/ml AMzlol v|3iH
B7F e SN EE LIERIQCE

=0 1=

ot

12 oy

Table. 1. Effect of the ethanol extract from steamed roots of
Rehmannia glutinosa (ESRG) on SOD and CAT activity in HEI-OC1
cells.

Sample
COTSS?%UOH (Unn/n?g %rotein) (Unit/ n?gATprotein)
0 1166138 108312223
ESRG 5 2123£362 146.33£3.40
10 255521.20* 160.00£6.67*
50 240141.46" 15424178
Resveratrol 10 1443161 14300395

Cells were treated with ESRG for 3 h and SQD activity was measured at 450
nm and CAT activity was measured at 240 nm. Data are mean*S.E. in
triplicate. * p<0.05 when compared with control group.

2. GPX$} GR g6 E%

Table 20] X8 oE}2 Z&E0| HE-OCT A9 GPXQ}
GR g T ulAE FTE VEMALE SXE o8 &
(550 ng/mh2 =% AEHOZ ZE o] vludld {9t 4=
9] GPXQl BMEE LERIYL) (p<0.05). 5] 4X)8 oﬂE}E =
E2 50 pg/ml A+ thx ol vl GPX &4 5 7} 5uf o]4t
E715I30). 18] 3L resveratrol 10 pg/ml AZ|FE thE ol )
8 GPX 457t RAUF SR &I om, £X18 dEte £&
= 10 pg/ml HZIZHD} o =2 S48 VERHICE GR &
e sAg dEE FEE 5, 10 ng/ml ME|T thE Tl vl
Sl /AEQ! Rjol7t YIRS 50 ng/ml AZFS FAHOZ
E7}15IA T} (p<0.05). Resveratrol 10 ng/ml M2 GR X T
7 izl vlol YRR EI6IR e, A8 olgtE &&
= 10 pg/ml A2l Hot 8571 =3t

Table. 2. Effect of the ethanol extract from steamed roots of
Rehmannia glutinosa (ESRG) on GPX and GR activity in HEI-OC1
cells.

Sample GPX GR
Concentration (nmol NADPH (nmol NADPH
{ng/mi) consumed/min/mg protein)  oxidized/min/mg protein)
0 5482+5.09 4020%0.18
ESRG 5 71.38+2.60% 4010034
10 10751£1.78* 41562080
50 30733754 4893069
Resveratrol 10 122.25+2.18* 44112055

Cells were treated with ESRG for 3 h and GPX and GR activity was measured
at 340 nm. Data are meantS.E. in triplicate. * p<0.05 when compared with
control group.

5, 10 ug/ml Az]7*& GSH E&o]
o1 Zjol7} YA 2Lt 50 ng/ml A2l

1548 &7isle /oAl AolE HY r/}
&0l His) GSH gt
10 p

R dla] o
(p<0.05). Resveratrol 10 ng/ml Xzl
ol FAQ] Aot fiem, X8 ogE FEE
g/ml ME|2F SARE $:F0|ct (Fig. 1).

4. =XE oigkg FE29 HEFOCT Mol theh 2=
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£X8 JEtg & g 9] HEI-OC1 Aol theh B A0l =
AMAZS MIT RO oot} A8 oEle ZEE 5,
10, 50 pg/mig 24Al B¢ AElS Ao M EEgo] tE Tl
nlal FAs AolE VIERIA] 23RATHFig. 2).

500 r
400 |
300

200 r

GSH level
{ug/mg protein)

100

] 5 10
ESRG (ug/mi)
Fig. 1. Effect of the ethanol extract from steamed roots of
Rehmannia glutinosa (ESRG) on GSH level in HEI-OC1 cells. Cells
were treated with ESRG for 3 h and GSH activity was measured at 412 nm. Data
are mean£SE. in triplicate. * p(0.05 when compared with control group. R :
Resveratrol 10 pg/ml.

120 ¢
100
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10
20

Cytotoxicity (%)

ESRG (ug/mi)
Fig. 2. Cytotoxic effect of the ethanol extract from steamed roots of
Rehmannia glutinosa (ESRG) on HEI-OC1 cells. MTT assay was
performed after 1 day incubation. Data are mean+SE. in friplicate.
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), RIE@EM), TSEE), SHEE(TER), ToHEH), =
(Bix) 89 BEY g% /\}BOH’/}

2 o oA X8 ofet Z320] HE-OCL AZojlA]
ROS AASH T Q= 8labal 3A SOD, CAT, GPX, GRS &4
T 57KE :% Bz 4+ AATH

SODE= AMZW T EANEY] B2 EA Y= = superoxide
anionoll ZHESHE A HAl GAFA] HO.E FERIA AZU
superoxide anion8] HFLE Zod&oi?. HOx= superoxide
anion Hr} E40] okh CATQ} peroxidased] SJgiA] wl<L wa
2/ REH9 HO0E [P ™. Table 19 2 A7Z3},
SOD7} HEIOC1 Mol thislol A& oiekE FEE Aeld
(5-50 pg/ml)oi|A] thETo] Hlsh FAFLE =2 &8 Vehd
ori (p<0.05), CAT %3t A& olets F&= A2l Al (550 v
g/ml) thxTol Hisld do] Eriske ASE UERITH
(p<0.05). ol= SAE otz FEEo| SODY 42 =9
superoxide anionZ H,0,Z HER]71H 0]2} Zro] W& E HO,
ol thet A WAl Yol 7IMOE Uexl™ CATY &4 w3 57}
AlAA BEE HOE HOE Hesle] A E F535} AlY)
T G480 g2 vAls ALE HOILE E9] A8 o#t
2 FEE 10 pg/ml MglFollA] SOD}F CAT 247} thE ol Hl
Shad 2.2ul, 1.5u4 57}6}03

GPXE= H0,9F 2913 glutathlone(GSH)J/} ‘?j-c—;o]-fﬂ Arsl
& glutathione (GSSG)& 44811 0] GSSGE GRojQ] E22 &
NADPHol 913} TH] GSHE SHASICH*. Table 20§14 :;K]Rl
oletE ZEE Mol (5-50 ug/mhS 5% YEXCE AT
Blled GPX 457t E71E02H (p<0.05), GR Ed T 50 n
g/ml MelEol Aet thZETtol vish FoEQl Aolrt ULTE =,
A8 dEE FEES GPX S4EE TUECE S7MKIA
H:0,2 GSHS A8 A FE5FAIA S EA HELOCL M2 4
S £YOERE BS ddke 8 ACE B Art &8 GPX
= microsomedijA} AHE HO, 59 iMbElE dl= 7isd
CATEC} O EIHOZ B85 AOE Ued e, SA)
g dEE RBES AT (5, 10 ng/mlol X T thET ol Hish
F9E0l XlE VERIA S, 50 ng/ml A2l hETHT}
GPX 4571 5u ol &71510] HO, B9 3KtskE o= 7]
S g giEd AT QBZiEch

GRE NADPHE o} &3l0] GSSGE GSHE TtIA] &H5Hd

rHI H mlo
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=X & dgkg F£&20] HELOCI HlE9)

AYATE B8 G200, 418 dElg £&E 50 1
g/ml AMg]FolA] GR 857t |5k 75K} (p<0.05).
Ol wAlg g F&& 50 ng/ml HE] Al, GPX7} H0.9
GSHS} vtE3ld GSSGE A6k GSSG= GRY &mjztay)
NADPHol| 9Jgh T4A] GSHE #Hi%) = 71 ™ol 28610, aaA
QF Z}7} GPX, GR 49 FHEE S7KIFES ¢ 4 Ut

Fig. 10141 LIER 0] GSHE 4X8 oBtg £&E
g/ml AE]TolA R0 Hgld F9A¢l GSH &l
LIERHO] GPX, GR, GSHSl ¥ 9| Shitg} 7)1Hol #Bodstd QL
2g ¢ 4 UCh

Resveratrol LT O] 4, A2 So FE 2E5t1 Q1om,
phytoalexin®] I&EC T HAEN EAUST tHFEEQ eHtd) 2
Ao|c}?. Resveratrol 10 pg/mlS 218 2ol Al T ol HIEH
SOD &H & FYHQ Aol7t gldlert, CAT, GPX, GRe &
e RYHCR ZU/BIMI, GSH g32 F9F91 xlolr}
NACL A ofEE FEE 10 pg/ml A2 22 5129
resveratrolol] B3] CAT, GPX, GR &4 T 7} GSH §HE2 H]4
KASLE SOD 8 EE SEASA =Tt olo]l X8 e &
£E 10 pg/mi2 resveratrol 10 pg/mlE T} superoxide anion of
= 540| U &2 ALZE Heloh
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HEL-OCT M WollA9] BRISLEAE 23l A|AH 418k &
OERE ME HE a8 VERIA & = A& A0E 4%
th B3l A8 deE &= 10 pg/ml MR SOD, CAT
U5 71 =A LERGSH, 50 ng/ml 272 GPX, GRY
SBHEE SAGH 5714191 8 GSH grg sols guEs
LElo] &2 Hislaste BT

s 9XEHI, 4S9 A SIERS, menadioned} tBHPY]
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FZtM| 230 HEOC1 MEQ] 4H5lH &8 Axshl
gt X189 §3E XRARE] Y8k HELOCL Al Z uieklo]

A& otte FEEE 5 10, 50 ug/ml 5T E XNelet & 84t
g G491 SOD, CAT, GPX, GRY] #4T9} GSH slete &85}

B 54 Edol nAlE Jg

Rk 1 A A8 olBE FEE (5, 10, 50 pg/ml) A2
SOD, CAT &dZ7l thETol Higld FYHOTE =hor
(p<0.05), £3] 10 ng/ml H2)7o)A] SOD, CAT BHT7} 71a
= VEITE A8 ottt &8 (5-50 ng/ml) M7 5
T OEHOZ thETol Hlslod GPX BEE} £71EAC0H,
GR 459 GSH & 50 pg/ml M|l Mgt thE ol 1]
3 S0)H0l xjo]7} UKCH (p<0.05). T2) L £X& olEIS £
= 5, 10, 50 ug/ml XM2]zt2 thxatoll Hisl Fo&e] Al
g UEBHIA gttt olde Ay, A8 dug &
HELOCL A% tollA] 8418} G40 888 S7/MI8o7
ROSS| LS SIAlAIZ AKEE Eyol tHel Wol &t s
ALE Aamm, eolA A3 Qe F71E |7}
HQs ALx Belr)

z
&

2 de slusict 138kl Vestibulocochlear Research
Center (VCRQ) RO 4-3E|2)S (R13-2002-055-01003-0).
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