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Neuroprotective and Anti-oxidant Effects of Gastrodiae Rhizoma
Extracts against Hydrogen Peroxide-induced Cytotoxicity
in SH-SY5Y Cells

Kang Beom Kwon, Ha Rim Kim, Ye Seul Kim, Eun Hee Park, Han Byeol Choi, Do Gon Ryu*

Department of Physiology, School of Korean Medicine, Wonkwang University & Ilwonbio Co., Ltd.

We recently reported that Gastrodia elata

extracts (GEE) had an

effects to protect against

lipopolysaccharide-induced cognitive impairment in vivo model. In this study, we investigated the neuroprotective
effects and the mechanism of action of GEE in hydrogen peroxide (H;O;)-induced cell death of SH-SY5Y human
neuroblastoma cell. The SH-SY5Y cells were divided into five groups, including control(non-treated group), 100 pM
H;02, 100, 200, 500 pg/m¢ GEE+ 100 uM H20, groups. Pre- and co-treatment with GEE prevented cell death induced by
100 yM H;0; for 24 h in SH-SY5Y cells. Our findings also showed that anti-oxidants enzymes (Cu/Zn superoxide
dismutase, Mn superoxide dismutase, catalase) were up-regulated by 100 yM H;0,. But GEE suppressed H;0;-induced
anti-oxidants enzymes decrease in a dose-dependent manner. Treatment with GEE also inhibited phosphorylation of
eukaryotic initiation factor-2o (elF-2a) and p38 by H;0,. Taken together, the neuroprotective effects of GEE in terms
of recovery of antioxidant enzymes expression, down-regulation of elF-2a and p38 phosphorylation, and inhibition of
cell death are associated with reduced oxidative stress in SH-SY5Y cells.
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ol u33st= X|uf, =14y (Parkinson's disease) S Z+
1919] EJSiA x]¥di(neurodegenerative disease)2 Z71A|7]
Aoz wyEy 15}1) E3iY H¥We doyle =g Yol
shU= A AAZE(reactive oxygen species, ROS)o| 9Jst Al
ANZ 54g oprlste oz %A YY) FAYALF L sup
eroxide radical (O;’), hydrogen peroxide (H;0;), hydroxyl ra
dical (OH) §o| glef, Yo7t o met &d4tase o A
BERL FAEoO] A8t AEYAE PO, oy AFAR] =
e QoA EHPA YW EF. ol2dt AAYAAES AA
sto] FPAATo] 5 NE =& Wolstr] 3t 4kt Al E
o] &Ajstct. ol2jst 7|58 5t A8t 842 Cu/Zn superoxide
dismutase (SOD1), Mn superoxide dismutase (SOD2), catalas
e (CAT), glutathione peroxidase (GPx) So] ¢&#A °‘E}5 3|2
SOl ol gatol Alsp AEF A0 o3t AZNE Bz Bt L
Z)do] gt A7sk waeln Yo oleldt APE wAgW 5
1510] x%gnq;q %k‘kl—/\&(}" o]t 1\]7:11\111 %1«12 B33t gyt
7l domle Moz Moty AEd A0 o3t =YX
PFsAL RBY 2 Uk APISNE B2 AAT A}

% wxs Agsted Qost Qi Hoz Az
MUK Gastrodia elata BL.)= YZ3IKOrchidaceae) o] 43t
thaAy 71&xEe 27g 7AxF ez’ APFoz AN Z
20 tigt in vitro'® @ in vivo ¥o] g3}, AARozZ 7o
g ol Ozt 2y So| gt Aoz wugat. A2 97
lipopolysaccharide (LPS)o] 9laf] =¥ QX715 242
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1. Aot 388 Az
2 Ao A" (H)AuKGastrodia elata)x F353(F+5
=, AR)NA 2Uste] ofafiet Zo] F&stgct Aot 100 gof 15
vj4o] 28 EUgH & 90°ColA 6AIZt HEste] F&HEE Ao
ojgtsti, THA] 12} ZtojZof 158]49] -“g% o] 90°CollA] 6|3k
Aot 27t 2582 Aol AHs F, 1, 2 5588 £, &
&, A, B2UXE slo] 302 g9 £EHEL ST 3 MY

AFgstoict.

2. A% 2 A=

Minimum essential medium o (MEM-a), Antibiotic-Antim
ycotic (10,000 units/ml penicillin, 10,000 pg/md streptomycin,
25 ng/md amphotericin B), Fetal bovine serum (FBS), phosph
ate buffered saline (PBS), Trypsin/EDTA solution (0.025% tr
ypsin, 0.01% EDTA) Gibco (CA, USA)o|A 75t 11, Hydr
ogen peroxidex= TCI (Tokyo, Japan)olA] FY35t9ct. EZ-cyto
x, EZ-SOD assay kit= Dogenbio (Seoul, Korea)olA] 135t
t}. RIPA buffer®t BCA Protein Assay kit:= Thermo Fisher S
cientific (CA, USA)o|A FYU5t¢ 11, Phosphatase Inhibitor Co
cktail, Protease inhibitor Cocktail, ECL kit:= Millipore (Darm
stadt, Germany)ollA] tY435t%c}t. p38 MAPK Antibody, Phosph
0-p38 MAPK (Thr180/Tyrl182) Antibody, Phospho-elF2a. Anti
body+x Cell Signaling Technology (MA, USA)OA 13591,
Anti-Superoxide Dismutase 1 Antibody, Anti-SOD2/MnSOD
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Antibody, Goat Anti-Mouse IgG H&L (HRP), Goat Anti-Rabbit
IgG H&L (HRP)= Abcam(Cambridge, UK)olA] st 1L, B-A
ctin Antibody+= Santa Cruz Technology (CA, USA)2XE L
A5ttt skim milk= BD Difco (NJ, USA)OA 13519, PV
DF blotting membrane?2 GE Healthcare Life Sciences (Bucki
nghamshire, UK)o|A] Y5t TRIzol™ Reagent: Invitrog
en (CA, USA)OJA L5t 1, Prime Script TM reagent kit (p
erfect realtime)= Takara (Tokyo, Japan)o|A] U35} 11, Pow
er SYBR Green PCR Master Mix= Applied Biosystems (CA,
USA)=2HE 35ttt 1 Q] Bovine serum albumin (BSA), Is
opropanol, Methanol £ t}2 R|%E2 Sigma-Aldrich (MO, U
SA)ol A FYstATt.

3. A= b

2 Ao ALg3 A7 AZFBAEEA SH-SYSY AERE
A EF238(Seoul, Korea)o 2 RE] Ffo} ALR-5FQICE 10%
FBS, 2mM L-glutamine, 100 units/m{ penicillin, 100 pg/md st
reptomycin, 250 ng/m¢ amphotericin B7} Z3tsl MEM-a %]
2 ujYgstga, PBS, Trypsin/EDTA solutionS ApE35to] Ao
wjoyatgirt.

4. Az =4 Ad

Water soluble tetrazolium salt (WST) assay A]2FQl EZ-cy
tox3 AR5t Nz =48 &QI5tgitt. SH-SY5YS 1.3X10° cel
Is/well9] =% 2 96well plated] &35t 37°C, 5% CO. 70|
A 4817t FQF Higst § 100 pg/me, 200 pg/ml, 500 pg/ml 5
£o] Aut £2&582F 95202 AsHAUY 100 uMO] Hydrogen pe
roxide?t 7 A2|sto] 2447 SO wjgsiit. 2 wello] 10ul
9] EZ-cytox A|2F2 A7Fsta 37°C, 5% CO. 2704 308 E9t
¥r2X]71 & ELISA reader (Molecular Devices, California, US
A)2 450 nm IPFolA FFEE FA5H

5. SOD activity A&

EZ-SOD assay kitE® A}235to SOD activityS #1519t
M=Z= J T2 protease inhibitor, phosphatase inhibitorg
=35 RIPA lysis bufferg AR83sto] 22|35ttt BCA protein a
ssay® olgstol Peldh BMe AL WA o] SUstE
Z ZAAE AFstYct. AU ddH00] WST working solution
715t Enzyme working solutiong 715K LAY A7pst
3 37°ColA 2087t ¥r2A]Zch o]& ELISA readerZ 450 nm
wgold SES S4stel AE U SOD &S elstsict

6. Western blot analysis

M=x | Al protease inhibitor, phosphatase inhibito
r= IS RIPA lysis bufferS AF235to] £2]519ch BCA prote
in assayg o|-&sfo] 23t SRS FFoty TGN o] 5L
Ste2 ZAXE AAstUct 20 pge] TuiAlS sodium dodecyl su
Ifate-polyacrylamide (SDS-PAGE) gelo] ¥Z35t1 A7|9ZA|AH
ot Gel Yo A7]Es Fajg WAL PVDF membr
aneo]| o|=A|Fict. Z+2E9] membranel 5%9] skim milk F=
5%9] BSAE ARgsto] 2A17t &t E2A5HE L, 1A FAl= lug/
mE 1 : 200002 3|AM3te] 4°ColA WA YHSAIZCh 2xF A
£ 1: 200002 3|Aste] A2oA 1A 5 §HZA]7] ECL
kite} image analyzer (EZ-Capture ST, Tokyo, Japan)E A&
stol tha wawe shalsta.

7. Total RNA ¥2] U Real time reverse transcription-polym
erase chain reaction (RT-PCR)

MlZ Y RNA: TRIzol reagent (Invitrogen, CA, USA)E o]
g3to] Ba)stgln, BB A(IMPLEN GmbH, Munich, Germa
ny)ol X SFEE 5ot FFoteth. RNAZBE[O] cDNA &4
£ 1pg total RNAQ} Prime Script reagent kit2 o] 83}o] %13§
5}9ict. real time RT-PCR2 cDNA, primer sequences (Table
), Power SYBR Green PCR master Mix2 o]23}0] 43851

ot 2dE Z47F 9 XA mRNAYLS Real-time PCR systems
(Applied Biosystems, CA, USA)E o]835}o] GAPDHo|| Tjjst Atcf
HQl Foz AMstoirt.

Table 1. Sequences and Accession Numbers for Primer, Forward and
Reverse, Used in Real time reverse transcription-polymerase chain rea
ction

Gene Prime Sequence (5" — 3) Accession no.

Forward: GTCAGTGGTGGACCTGACCT

GAPDH Reverse: TGACAAAGTGGTCGTTGAGG NM_001357943.2
SODT e CCACAAGCCAMACOACTTCCAG  NM-0004ses
002 e CETOCTCLCACACATC AN NM_0013228192
8. 37 A
BE AY At ¥F + FFHEAZ 175Ut ZF 2 79
EAR S99 AR 2 EAEAL ANOVA (One-way analys

is of variance test) Ducan A}$ ZAA v|ZE AlX|5}0] p<0.05
d o {95t Aoz WASHAUCKSPSS vi12., SPSS Inc, IL, US
A).

2

L 3tk AE S40 Higt Aot 2589 ol &3
A AHEE Aot 2229 528 457l Yt 100, 2
ng/md Mot £&FFZF SH-SY5Y AZGA| R0 48X S
< ZARE A1 A2 B SR Ax &
42 BAEA] EAtHFig. 1A).
st O3 AFAR 4o Oigt o] axg ZApsH
7] 9dsto] isteAE AIRE 9 AEshr] ofF Ao 100, 200,
500 pg/md Hob &2 A2 & 24X Fo] NE 588 X
AstQitt. 2 A3k 100 pM 3HistRAE AEd #o] Nx BES
2 644 + 3.2%=2 txzo] us] QolstA ZHA(p<0.01)stAct.
J24 100, 200, 500 pg/m AU} FEES ANYF ¢ Az A

J

E£2&2 717F 74.2 £ 5.5%, 79.4 + 2.5%, 89.6 + 4.1%= ¥}AIsH
24 OE a2 vastel 3osHA F715teIckFig. 1B)
(A) (B)
9 T o ﬂ#
Ewn g . L
3 :
2 o z "
3 8
0 0
0 100 200 500 H,0, (100 pM) - + + + +

GEE (ugimi) GEE(ugml) - - 100 200 500

Fig. 1. Cytotoxicity test of Gastrodia elata extracts (GEE) in SH-SY5Y ¢
ells. (A) Cells were treated with various concentrations of GEE for 24 h.
(B) Cells were pretreated with various concentrations of GEE for 24 h, and
then exposed to hydrogen peroxide (H202) and/or GEE for 24 h. The data
are expressed as mean=SD in triplicate. **p<0.01 vs. non-treated group; #
p<0.05, ##p<0.01 vs. H,0, treated group.

2. SOD ¥ U &deo gt Aot 2529 &3

g A2X 8 AASH=s 842 YA superoxide dismutase
5889 &g R ot BusL4
g 24717t F< Aestz] sk Ao 100, 200, 500 pg/my Hot F

E22 A3t 3 24A17F $0] SOD mRNA, ©uldl SN E &

Motd AEe|a guQIAtel FAaa A2zl SODI, SOD2
mRNA 9 Jz= ZFF 0.57 + 0.05, 0.53 + 0.08 Hfj(fold)= Cf
270 vla] golspl Azslgiont Mot 2588 Meld ZolAs
Aele swol JEs oz golshl S7IsIACHFig. 2A)

E4 100, 200, 500 pg/nd Mo} 25T Malst 29| SODL,
SOD2 Tl Wd FE: mRNA Zuel SASH muslsas
Helgt 2ol vlal S7HsIAcHFig. 2B)

opRgto 2 e FZA0|A SOD &4 E(activity)o] Tzt Ao

29 aiE ZARIQAG. 3 2y HAstea s 95 A2siy
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9] SOD A EL 49.00 + 5.4%=2 Tfx2(100%)o] v]3] L-9)st
Al(p<0.01) ZAsIF oL} Aop &5 A2t #9 SOD EH =
+ At o sty FrtstAct. £3] 200, 500 pg/md A
o 2528 2§ 79 SOD FAH T 65.93+12.94, 79.03+6.0
T%=2 FJitstas B 5 A2 vlwste folstA 571t cHFi

g. 2C).
12 o sob2
10 #
os T p-acti
o8 H,0,(100uM) - + + + +
o GEE (Mg/m - - 100 200 500
02 |
oo

an

e
0n
[
0
|§| I

6}

SOD2MRNA (fold)  SOD1 rRNA (fold)
5§

3pes
SOD activity (%) ~

H.0,(100 uM) - + + + + o
GEE (ug/ml) -~ - 100 200 500 Hz0; (100 kM) - + + + +
GEE (pg/ml) - e 100 200 500

Fig. 2. Effects of Gastrodia elata extracts (GEE) on SOD1 and SOD2 m
RNA, protein expressions and SOD activity in SH-SY5Y cells. Cells wer
e pretreated with various concentrations of GEE for 24 h, and then expos
ed to hydrogen peroxide(H202) and/or GEE for 24 h. (A) SOD1 and SOD2
mRNA expressions, (B) SOD1 and SOD2 protein expression, (C) SOD activi
ty were analyzed as described in materials and methods. The data are ex
pressed as meanzSD in triplicate. **p<0.01 vs. non-treated group; #p<0.0
5, ##p<0.01 vs. H,O, treated group.

3. Catalase I@o] jgt Mot £&=9 &3t

Y 2E5E AAske 42 L7 catalased] tfgt Hot
ZE5E9 aig RAe7] Ysoto], st AE 24A7F B9t A2
5}7] sF& Ao 100, 200, 500 pg/md Mo} £EES Ad &
A7t 29 catalase T THFS RASIAC

Ate AEYA QUQIARQ IHiEtSA A2]9] catalase
WAl uy Yl gjxFo v)s] ZAastgi oy, 100, 200, 500
/ml Auh &3S A3 9 catalase THA P e
AstaaE Ad ol vls] 5715t AckFig. 3).

0] N

B &

Catalase | mmmms « v s —— —

B-actin | umy e e -y -

H,0,(100 uM) - + + o+ 4+
GEE (pg/ml) - - 100 200 500

Fig. 3. Effects of Gastrodia elata extracts (GEE) on catalase protein ex
pression in SH-SY5Y cells. Cells were pretreated with various concentrati
ons of GEE for 24 h, and then exposed to hydrogen peroxide(H,O.) and/o
r GEE for 24 h. Catalase protein expressions were analyzed by western blo
ts as described in materials and methods.

(A) (B)
PelF2e py g on vy e P-p38 | N S|
pactin P3| — - - e
HO(100pM) -+ + + 4 H0,(100pM) - + + + +
GEE (ugml) - - 100 200 500 GEE(ugiml) - - 100 200 500

Fig. 4. Effects of Gastrodia elata extracts (GEE) on phosphorylated elF
2a and p38 protein expression in SH-SY5Y cells. Cells were pretreated
with various concentrations of GEE for 24 h, and then exposed to hydrog
en peroxide(H,O,) and/or GEE for 12 h. phosphorylated elF2a and p38 pr
otein expressions were analyzed by western blots as described in material
s and methods.

4. Eukaryotic translation initiation factor 2o (elF-2a)9} p38
Sud wo) gt ot 2529 Ay
ARA AEHAZ AF A5 A QAR elF-20)

re o

w2 afl it

chulRl Il mitogen activated protein kinase (MAPK) Al
A22 A% 4% BA SAAY ps) Austy Ty
st Aot &89 g3t ZASH] Ys5to, Hitstyr4 s
¢ Astz] Ao 100, 200, 500 pg/md Hop FEFS 24Xt
SO MM & T wFFS AT

Harstaa Aelze

|t
ne P >

._

I

R
N

QAAStE p-elF2o THA TH Fe=

=0l wls] F7tstR e, 100, 200, 500 pg/md Hop F&F
A2t 29 p-elf2a T Hd Jet= RSpLE AT
of uls) F4stAHFig. 4A).

Hastea A2l29 J4hd p-p38 SR T RFEs
ZZ2o) v|s Z7bstRdert, 100, 200, 500 pg/md Ful £EE
A2t 29 p-p38 THA ¥ FeE PeteAE AT 2
H|3f 45t cHFig. 4B).

M o

2 mo L

S

22 8 5& Mol £&E20] lipopolysaccharide (LPS)o]| 9]
3l Q= AR5 2ARRN Wol aupt g BustH
% 9 =gYoA 100, 200, 500mg/kg Jut FE2g EojF 7
= LPSo] o3t ¥ &30 thaf W} @TE Uerien 1 7|Ho|
] n]A9] mitogen-activated protein kinase (MAPK) ¥d <o
A7t Zdslol 9ee waow, oleig Aue Hol 3520
A7ls 248 AYstAY AT 2 A AA LY $HEH0|

AR7159 &2 /ditao 9§t AFAN =29 uAHapoptosi
s)7t 79 ¥9o2 AA Qo Fig. 1BA HojZxTo| AghA A
EZAS Qutst- WAe}44A(hydrogen peroxide, H;02)& SH-S
Y5Y AZAMz] ANAPE ¢ Nx FEZo| FsHA Zasirt.
I 2588 AXYEE Lol IAsteLo] 9dt Ax
t -

& S'Wo] wmg Auel tjEo] Mo} £FEo0] AEH A0
o3t AFHE BEEY FAE PolT2 AN

AEYAE Gutst: A4 (Reactive oxygen speci
es, ROS)= Aoz £2 "R R Has ol & tjAL
ol A ARt o]2fd ROSy F4tet 71 & vitamin C, 4t
gt a4 ol o8 AL Fig. 2014 J4e &4 F st s

s
uperoxide dismutase(SOD)o]] 3t Mo} 559 qiIE XA
ot 22 2o oot dxstoln] A 52 mFlx AghoA

a2

Azsiat Mz ZA)st= SOD1 (Cu/Zn-SOD)9} U] E-ZE 2]o}
of £xjst= SOD27F @A APty BuEYcH?). Fig. 29
A BoFTo] MStA AEIYAE FPste dAsteATE MY
ANZAN=ZE= SOD1#} SOD29] mRNA (Fig. 2A), SHlAl(Fig. 2B),
&/d E(activity)?t 221 vlwsto {9t Zastgct. 12yt
Aot 2522 AAS & Hustpaer Zo] Adh oA zat
3t440] ogt SOD13} SOD29] mRNA, THHlAl, gz o] 7H 42
S8 olAStgL. olaF At Fig 19 AuelN B4
of o8 NAAE SHE Solshl Wolgt Ao 2529 @3} 7]
Ao Fast g4 5 549l SODY ¥ ¢ EdE F7Pt T
3 AlARHTE.

SODe cgo] Alspe AEdAZRE ARAZ 242 ol
sl &47} catalase® LHA AcH”. FA4FQ superoxide
radical(O;’)= SODY| oJaf] atitstpis WEA7|=0 Hojsty,
o] wigtel TASISAL catalased] AALCH?. Fig. 30]4 Ao}
FEE22 AT 2 RS20 S catalase THA T
7222 golshl oFstitt. ol2ist A: Fig. 2014 BolE S
ODo| Aot 529 &aet tjgo| aHitstpao s FEE+=
ABAE o gt Po] &xp 7)Ao F4 &4 F U c
atalase®] W&l 2717} Boighe LEpdict.

B2 Asd AEF A0 9F APAE E4& fEsted &
IA] AE# A(endoplasmic reticulum stress, ER stress)’l o
ofgttty MuEw okt AxA] AEA0] Bolsht T
%9] 37t protein kinase R-like endoplasmic reticulum kin
ase (PERK)o|t}?. A:A] AE# A0 o3t PERKO| &4ste ¥l
9(translation) 7FAIGA oA H3AY-E 7JA]Q1AQ] eukaryotic ini
tiation factor-2 (elF-2)9] QAIstE G rslo] Al 542 §&5t
O}, Fig. 4AdlA MU} 2522 A2lgt 2olH QAtstEl elF-2a
(p-elF-20)9] H@L Iiste4AE A3t Fat vlwsto |9st
Al AAE Q. ol2|gt Aahe dAsteA= PERK &Adsto] o3t
olF-20] QMstE GEste] AZAE S Swstgoy Mot
Z&30] o] 7|Ag AT RN istpao] o3t Nl E44S



212

K. B.Kwon et al

wolahe At

A]—g}x—l AEZ A 93] %}1\4;}5‘]01 7:1)@1]1 5}\-10 ouro}l-
711 % 347l mitogen activated protein kinase(MAPK)o|tc}.
A 523 Pan 579 w3o] g APHE] HAALAE A7
51H MAPKE /Jst= ©WA Z JNKe} p389] Ql4t3H(phosphor
ylation}g &8 &3yt fEEo 42 SUoit & A1
X SH-SY5Y AZGAZo] aHitsteaE A2t oA p38—1 Q4
o fEotdoy Ao £EES A FAN e aHiERA
o3t p389 QAStE & JENoz AF|oITHFig. 4B). 12
U Muop 2520] of2 MAPK pathway 74 2491 ERK® JNK
o it oA awt= YEhdA] ¢ifkth(data not shown). o]&
Mol 3829 Mobd AEdad] oFt MPHE 54 Wol mu
71X o] MAPK pathway % p389] #4353} A7} #ojghS Lehd

o},

Fysue, Foh £522 NN AErd 9@ vg Az
S oelnl, 2 Jo] QuS 54 WE L AZA| AE
2ol o3t W oA WA, MAPK st oA} t“ﬂ%a A2k
e,

4 &

B A7E Aot 2529 Buskrid] 93 AFAE 54 %

of &g % 71HE APstel olfgt 2o AEL AU

Hop 2322 Bstaad o3t A
golt oM st

Hop 3522 Hiss
g9l oM st

Hop 2328 Bstrad] o8 U7
elF-209} p3ge] QlAkst olx|7} Tolstairt.

olje] Aot Mot 2320 AR AEao] oF A
Iz E4S (Hx-“z;-}crl om

2o oJg Pus B2 WA YrE

A 54 ol 7139

¥ A7E 202245 Ychsta iu] AYo] ) 239,
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