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Memory Enhancing Effects of Gastrodia elata Extract in a
Scopolamine—Induced Memory Deficit Model

Han Byeol Choi, Sang Yun Han, Ryeo Won Kim, Cheolhwan Yoon, Chang Su Kim?,
Eun Suk Lee!, Kang Beom Kwon*

Department of Physiology, School of Korean Medicine, Wonkwang University & Ilwonbio Co., Ltd.,
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Gastrodia elata (GE), a traditional medicinal herb rich in gastrodin, is known for its neuroprotective and
anti-inflammatory properties. This study investigated the effects of standardized GE extract on scopolamine-induced
memory impairment and its underlying mechanisms. Various concentrations of GE extract administration significantly
improved learning and memory performance in the Morris Water Maze and Barnes Maze tests. GE extract also
reduced hippocampal acetylcholinesterase activity elevated by scopolamine, restored BDNF(Brain-Derived Neurotrophic
Factor) expression and CREB(Cyclic AMP Response Element-Binding protein) phosphorylation, and normalized
MAPK(Mitogen-Activated Protein Kinase) signaling through decreased ERK(Extracellular signal-Regulated Kinase) and
JNK(c-Jun N-terminal Kinase) activation. GE extracts also suppressed scopolamine-induced increases in
pro-inflammatory cytokines. These effects were most prominent in the GE200(200mg/kg GE extracts) and
GE500(500mg/kg GE extracts) groups and were comparable to donepezil. These findings suggest that Gastrodia elata
extract ameliorates scopolamine-induced cognitive deficits through cholinergic enhancement, neuroplasticity support,
MAPK regulation, and anti-inflammatory actions.
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A =2 AX7I5 Aste] BA 7|7AE ¥shr] Ag 5222 F

A|tl(dementia) 71912, WYY, a5 5 cigs AR
ol AstEle EAQ Ry HuTeR, wYst Ao sefet
A wgEel PEs ktn ok 2 xstolofy
(Alzheimer’s disease, AD)2 AA x|uje] <k 60-70%= A}X|5}
0, AZARY] &3 A FA 7]5 Atz s) g 2 719 7]
ol A7 g xcH . dxstojogo] Wejgaloe of
&gt 7Hdol AAIE L gloy, aFoAE FUAY AFFALAA
715 AsHcholinergic deficitye ¢1X]7]5 ZEQ] Fagh UQlo
2 gdgA Qo+, o]glst 234 7}4d(cholinergic hypothesis)2
7lgto 2 AR] YAo|AHE acetylcholinesterase(AChE) 2A|Aol

donepezil, rivastigmine S-o] X242 A2 1 Qich

3]

S= 7198 7E 292 muscarinic
acetylcholine  receptor2  AEiAOog oA A5t sfjat
(hippocampus)?] U/ NFALE Asido=zH 3r5-719 ol
£ gutste mdeg da] €890’ Scopolamine £0j= AChE
274 57t A WolAA T2, 54 AIEFI 71 Hid
X173 949l AHBrain-Derived Neurotrophic Factor, BDNF) %
cAMP dr2 94 AF EA(Cyclic
Element-Binding protein, CREB) &4lo] A5} 7oz HiE]
glou™0, olx eizke] 7] Auj FAT GAH 54 o]
g2o] A7 1A Aol AYE ndz Yoisch

MoK Gastrodia elata Blume)x= ‘FE3HOrchidaceae)o]] 43}
L 429 27g AR Aoz, sofsloliE WIE(TITLM)

scopolamine

AMP Response
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APRSEERILE) 852 vHes &5, oXFF, 4, 5%
52 xaske o ArgEo] Y. Ao of2jsr Aol Mup:=
e}, FAE, FEY, APEs aatg YW odst A73A
Agk adoy Fupt wugn ot Hute] Fo &Y HEO
ZE gastrodin(4-hydroxybenzyl alcohol B-D-glucopyranoside)
of  g¥d oy, FFAUFANA APES
(neuroprotective) AH2-2 UEH]: Aoz wyEo] g},

Aot 2229 #874F9 gastrodin2 dfupoflA H {2117
FEAXL HHS F7HA71L cAMP ¥HS Q4 Z3 A Qlits}
S FX5to A'EA 7h4/d(synaptic plasticity)S Z3ste A2
SCE I CE
Kinase(MAPK) AsAY A& & Extracellular signal-Regulated
Kinase(ERK), c-Jun N-terminal Kinase(JNK)Q] &3S oA
sto] AtAEYA U AHESS F4A7|0Y, microglia 4
Z273& 3o %574 APIEFQNTNF-o, IL-6, IL-1B)9] THZ o
Alste aite Bugo] ri®. E3] gastrodin® scopolamine
o7 39 7198 ZE 2doA F7|19 38, AChE &4 2
2, ¥EF &9, AN A8 58 R&dte A At
5 R 1533 1 Sl

2 Ao AMRE Ao FEE2 = AZIENHA
(MFDS)lA 7HEAAY 716 ¥as 5UY BFES 2K2A, o]
o] Bugt “LPSE R=H A7 &4 LhA Hop 2589
B3 3i” A3 34 AN, 45 7Juk RF(LPS)E oflg}
F34 715 Ast 7189 719 Foli(scopolamine) f-= 2=
Aup £&80] |&FA 4RE sk, AUAQ QAX|-71Y 715
M 138E 2o E2GA 95k ol 2 £X8o] 9t

TetA, JHofe] FEF-ANFES Fato] tigh ot A4t B
A& 1 91O}, scopolamine BRoJA Hup F&FFo| 7|dH A
2 #%ste O% 7IA(AChE %A, BDNF-CREB % 43l
MAPK 413 24, G34 AOIEIRI Aafl)Z Aol 4% A+
+ AgAott. & AFoA= scopolamineC g (F=E 7193 A
st 2oq Hop 2529 353 A(memory performance) 741
2IHE Briska, sfjur =AM 9] EU4 &4 F/J(AChE), BDNF
-CREB A157X9, MAPK 7 Z(ERK, JNK), 457 Alo|E7}Ql Ud
2 2Asto] Aokl 719 Vi &3 @ 717AE RARSIICH

ek}

tru

Mitogen-Activated  Protein

BRI

—_

- Auk 2529 Az

B o] A9 HutFEEE(Gastrodia elata Extract)2 &
AZFZUAPA(MFDS)2RY AR7ISAE 71578 |28
Y da)z AP FuEES(APYSE: A2024-195)2 At
sttt g ¥ss (FUHBARESEE FFA RS I52
19-8)0]l4 715744 ¥=APA SAE SREEM=(RA= Aup —
1A & & — ot — 24t € 35 > o - & > 55

e - 2742 e AA AxEHU

oo e H

2. Nt 9 A2

RIPA buffer®t BCA Protein Assay kit= Thermo Fisher
Scientific (CA, USA)A U5t¥ 1, TRIzol™ Reagent:=
Invitrogen (CA, USA)o|A] U5}t Positive control2 ARE-
st Donepezild} Anti-B-Actin  Antibody= Santa Cruz
Technology (CA, USA)JA U5ttt SAPK/INK Antibody,
Phospho-SAPK/JNK (Thr183/Tyr185) Antibody, p44/42 MAPK
(Erk1/2) Antibody, Phospho-p44/42 MAPK (Erkl/2)
(Thr202/Tyr204) Antibody:= Cell Signaling Technology (MA,
USA)oA U591, Goat Anti-Mouse IgG H&L (HRP), Goat
Anti-Rabbit IgG H&L (HRP)+= Abcam(Cambridge, UK)of|A] It
A5ttt Phosphatase Inhibitor Cocktail, Protease inhibitor
Cocktail2 Millipore (Darmstadt, Germany)oA 5ttt
PVDF blotting membrane2 GE Healthcare Life Sciences
(Buckinghamshire, UK)ollA] 735}9ct. AChE activity kit=
Dogen bio(Seoul, Korea)oA] 95ttt Prime Script TM
reagent kit (perfect realtime)= Takara (Tokyo, Japan)o]A]
A5ttt Power SYBR Green PCR Master Mixe= Applied
Biosystems(CA, USA)ZY.E A5tk 2 9] Chloroform,
Isopropanol, Methanol 5 t}& R|9F52 Sigma-Aldrich (MO,

USA)IlA A5kt

3. 5249 R dde 4

2 AY2 43U 249 2Ll SAsto Algst
AoH (SUU2:WKU25-52), HdE =0 ot #38& &43H%
. ddE22 453, B+ 198 79 ICR 2% ABFE He=2
(Osan, Korea)olAl Fa'&ol A&stict. dd g Feole &
At RARE, 2122°C; &5, 50~60%; 12A17F Z7] 9/eh)o]A]
LU AYPAtEet 22 FE0] TIONUA 157 X AN £ A
gl Argstit. ddEE2 AHMNgsE ROl AT
(Control, CON), Scopolamin A2]#(SCP), Yoz 4

mg/kg donepezil Foigt FDNP), SCPet Hut ZEE
100(GE100), 200(GE200), 500 mg/kg/day(GE500) =2 Eojst
9 F 6¢2g ol AFE st 719 442 sl
3mg/kg?] L2 SCPE 1Y 13], PFAIE AFY =3 5 78]
B Fosigth. Aup 583 donepezil2 EU1E o]-&5to] 11
At FF Fojsiyon, FFE 1197 Foish= g4, aix|
oF 59 Zol2 Morris % O|ZA]F(MWM)1}t Barnes 0]ZA|H
(BM)9] 27HA] FsAdZ d&5R 0z AA|stgtt. opx]9 SCP &
o] At 3, & AAZEL diethyl etherg o]-85t0] QAL
oW o3 ZA st ] RAZ A Esto] -80°Col ¥Esto]

Aol AHgtsict.

4. 37t st5 2 79 53 GIHAI(MWM, Morris water maze)

0te28 X5 oF 57cm, 70| 63.5cmo] 9 $=x0 o] &
gFo HSA &, 22 o] AR FAFS FopteE A
stk £7] Ag &, teAs A2 oE AF REQN 225
FASES sto AT =3t o 2P Al

A ol A2E JISSAAT}. FAL FF o I F Wl

rlO mlbl
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6. AChE activity &%

Y xm9 oI EUNAEOIAACKE)  BHL
EZ-Acetylcholinesterase Assay Kit (DG-ACE100, Dogen,
Korea)s AMgsto] Hrtstct. 7b A+ sfot =42 0.1 M
phosphate buffer (pH 7.5)0] ®ASH %, homogenizer
(T10basic, IKA Works, Inc., Germany)2 «ZAs8tstoict. #43}
g AL 10000xgolA] 587 ANEaste] Faole Bstw,
olg 24} 8|Yste] B4 YAOE AMBSIYICE ACKE HY 58L
96-well plateo]s #stict. 7 welols BEZH & Alaet
AlY §4YL 21, AChE assay buffer2 £ Hu]7} 50 07} &
EE ZA6IAT. olo] 50 pl9] v E¥EZ Atsta, 37 *Cof
Al 30827t 4r2A]171 S microplate reader (Multiskan, Thermo
Scientific, MA, USA)Z A}25}0 570 nm mAoA EPrE =
Ratoict.

v o9

7. Total RNA 2]

Aol BY 5 A& §fuf £ 02HEH total RNAQ| &3
L Trizol reagentg ©|&35}0] A|Z3JAM} A3t whdo] ot
2Ptk Ao 2AZ A A2 £ 1 md Trizolz &340
£ 200 o chloroformg A7Isto] A& 04 102 &< ¥HA|
Zch. ¥So] TY 5 4°ColA 13,000 rpmO.g 20% YAE
o] A5dqs M2 tubed] FFoh 9§ AEAA F
isopropanolg A7lsto] AL &  4°Co|A 1X]7t &9 ¥he-
t}. ¥t2o] B4 3 4°CoA 13,000 rpmo 2 105 YAla]
AFES 75% EtOH=E 291 AFsigict. AIRE RNAS XA
% DEPC water 20 W2 o]l E34e7|(IMPLEN GmbH,

Munich, Germany)ollXl §3 =& &7sto] st

8. AX|ZF AAAL §4 £FHES (Real Time PCR)
AKX AL 9H2 (reverse transcription reaction)2 1 pg total
RNASQ} Prime Script TM reagent kit (perfect realtime)E ©0]-&

sto] Aze|AIoIA Agat ol wet Aelstoirt. iR} §hS
2 total RNA(1 pg), oligod(T)primer (25 pmol), PrimeScript
RT enzyme Mix I, 5X primeScript Buffer7} $t5-5 yrgoioz
37°ColA 158, 85°ColA 5%, 4°CE QX|A]7]= ¥-20o2 cDNA
£ gAY AN AFA &A FY Wee 104 S
cDNAO]| Power SYBR Green PCR Master MixS o|&3lo] 4383
styict wed 2 QAR mRNAYLS  Real-time PCR
systems (Applied Biosystems, CA, USA)E o]-£35}0] B-actino]
izt AR dozA AMsitt. AHEE primer?] sequence
+= Table 19| 7|23}t

Table 1. Sequences and Accession Numbers for Primer, Forward and
Reverse, Used in Real-Time PCR.

Gene Prime Sequence (5" — 3')
Forward: ATCACTATTGGCAACGAGCG

Accession no.

B-actin Reverse: TCAGCAATGCCTGGGTACAT NM_007393.5
Forward: TACCTTGTCTACTCCCAGGTTCTCT
TNF-a Reverse: GTGTGGGTGAGGAGCACGTA ~ NM.001278601.2
Forward: GAGGATACCACTCCCAACAGACC
6 Reverse: AAGTGCATCATCGTTGTTCATACA ~ \M.031168.1
IL-1B Forward: ACCTGCTGGTGTGTGACGTT NM_008361.4

Reverse: TCGTTGCTTGGTTCTCCTTG

9. Western blotting
Aol ¢ £ AEd yHud zA Y DAL protease

inhibitor, phosphatase inhibitor2 st RIPA lysis buffers

= 5
protein assay2 THAZZ AFolo] 72 ko TUidFos
BES WER, ABIYT 20 pg BHLL 10% of2Lofujol =}
sHA| sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE)E Ahgsto] Halst¥il, PVDF
membranesg AREsto] o]55t%ct Z7E9] membrane2 5%9]
bovine serum albumin E& skim milkE A}R2-5lo] 2A]7F 59
E275I, YA FA= 1 pg/mdZ 1 0 200022 F]Msto] 4°C
WA A overnight X2]5tgit}t. o]x} A= HRP-conjugated
IgG(1:2000 dilution)S Al&351¢ict TuWiAl @HH3FL jmage
analyzer(EZ-Capture ST, Tokyo, Japan)S Ar&5to] 2QI5t9ict.

10. AEA

18] At PF+REZEQRXHMean+S.D.)2 AAbstyct
72 19 SAd oy ARl wE AR
ANOVA(one-way analysis of variance test) Duncan AFEZA%A
WBE AAstel p<0.05Y T R HoB WHSIUTHSPSS
V12., SPSS Inc, Chicago, IL, USA).

[t
S

L=
L

N
d
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rlo

2

1. Morris Water Mazeol|A] Fut £&59] 7|3 /X &7t
Morris Water Maze(MWM) A139] HiA| AAHEZL Fig. 1A
HAE biel Zo] dEglon, 9 AXMEH Hut £&2(GE: 100,
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200, 500 mg/kg) = YAUIZF Donepezil(DNP, 4 mg/kg)S
19 13 A7 Solsigln, 13 UAMEE Sds F=2=2
scopolamine(SCP, 3 mg/kg)S ¥83to] QUAA7|s ZEES kst
At BEAPL 9~12 Uxo] visible platform A}&3F
training M-S AA|gE §, 13~17 Y&} hidden platformE O]
83t acquisition BAE B8 3G 5HE Fristdon, opx|
Fo2 18Ul ERE AlA £ probe trialZ 385t FIH7]

s AN
scopolamine(SCP) Foj#2 Day 1~4 A 7|7t 5Q escape
latencyZ} 47(NC)ell Hlall 2317 =7 SAI=H &5FXMo|
PR FYOHFig. 1B), GE Folge &F oEFoz
latency7} Zt23ts MY ok WS Bk 53] GE200 2
GE500:42 Day 3% Day 4014 SCP# tu] §2J3t latency Zha
£ Uehln, DNPZE AA2H SAKE 7bg whe o4 sjug
ich. Probe trial(Fig. 1C)o|A& SCP£9] target quadrant A&
Azl @AAE Zastel axW slole] At Astelgont,
GE2003} GE500%2 SCPZ Tiu] {03t AFA 3718 BYo
U, GES00Z-2 AZol AT 227M a%atgic. ol 2
o= Aok £E20] SCPoz {Ed FsE Aol 2 719 |A
Astg =E Jdste adrh 918 BolFn, 53] GE200~500
mg/kg A7 7P £38 719 715 BS auts yepfe 7o
2 ERIE

A QA =3 Acquisition

(A) GEE(100, 200, 500 mg/kg), DNP(4mg/kg) sacrifice

+Scoplamine ‘

: - — ——
5 1time/day 12 13 14 17 18 20 days

Training Acquisition P&b! trial
(visible platform) (Hidden platform)  (No platform)

(8) (@
801 Ea NG B SCP DNP g
ES GE100[MD GE200 2 GE500 Z 50
o
s -]
§ 601 5‘”
3] e
g 5
bES &
go
E
Vv o »
& & & &

Fig. 1. Effects of Gastrodia elata extract on learning and memory in
the Morris Water Maze test. (A) Experimental schedule for GE
administration and SCP-induced cognitive impairment. Training with a
visible platform was performed for 3 days, followed by 4 days of
acquisition trials with a hidden platform and a probe trial on Day 18. GE
(100, 200, 500 mg/kg, p.o.) or DNP (4 mg/kg, p.o.) was administered once
daily; SCP (1 mg/kg, ip.) was given during the acquisition period. (B)
Escape latency during the acquisition phase. (C) Probe trial performance
on Day 18. Data are expressed as mean + SD. Statistical notation:
Ap<0.001, Bp<0.01 vs. NG, ap<0.001, bp<0.01, cp<0.05 vs. SCP; NC,
normal control; SCP, scopolamine; GE, Gastrodia elata extract; DNP,
donepezil.

2. Barnes Mazeo|A] Ao} £589] Z7t7|9 ¥W5 #it

Barnes Maze A|@9] AA| AP AAIZL Fig. 2A0] AA|=
uiel Zo] dEglon], &2 9 UAMEH Hut &2(GE 100,
200, 500 mg/kg) £+ donepezilDNP, 4 mg/kg)S 14 13 7
FEojstdn, 13 YAMEEE FYSHA scopolamine(SCP, 3
mg/kg)S W8St 719 PEE [t BEAIAL 59 &
Alo] escape chamber®} guidanceg 83t 7] &HE ZIsfsH
, 13~17 Yx}o] escape chamberE #-83t acquisition @&
3ol 3EM s gy F55HE FrIetey, 18 Uit
escape chambers A|#$t probe trialE &8 st&H 31719
9] §A ABE EA5IYY. Acquisition Z3N(Fig. 2B)o] w24,
scopolamine(SCP):+2 Day 1~4 BTO|X escape latency’l 7
A2 (NC)ol| vj3] 39J51A 716t L @ F(primary error) 314
& = Y 3 Sl shgslo] AvkAleg xshe A
A9l QXA o] mH-E Bt €WrH GE100, GE200, GE5007-°f
K 25 SCP# HjH] escape latency’} Z4sh= 7 o]
gIE]on, Es] GE2003} GE500#oA& =& 7[3F ¢t
latency 247 B3P UEht 8% o&d A &apt v
2ich. DNP#2 Z& GRolA 71 w27 latency?t Zaste] 7
Adat FARE stg 318 FAHE BT Probe trial(Fig. 2C) 2
oA = SCP2 target area AFAIIto] AA|5] A OL,
GE200z} GE500#2 SCP+ ofy] {93t AIF 5718 Hw
GE500¢2 7/dol <A 85 £FZ UEo] Barnes Maze
M= Aot F&E0] WY FA5HE JIdske &t A3
= A5 ol2igt Ay Hup Fx&Fo] SCPE {od It
gA Zolet 719 3A AgtE 5 @dtsty, GE200~500 mg/kg
HY7t Barnes Mazed| A= 71 A9l 719 75 B3 82

Uepdchs g ojulgict.

ol

(A) GEE(100, 200, 500 mg/kg), DNP(4mg/kg) sacrifice

’ +Scoplamine >
- T
; — — —
2times/day 5 9 1 time/day 12 13 14 171: 20 days
Training Acquisition Probe trial
(E.C + Guidance) (Escape chamber) (N escape chamber)
P Ve, aevey,
g I . o 9 . .
L. o P
s . s
(8) (©

Ea Ne &8 SCP DNP
ES) GE1000I GE200 2 GES500

80

8 3

@

8
Y

Escape Latency (sec)
8

Time spent in target quadrant(%)
o

o

) &

& & ) RO
Fig. 2. Effects of Gastrodia elata extract on spatial memory in the
Barnes Maze test. (A) Experimental schedule for the Barnes Maze test.
GE and DNP were administered as in Fig. 1, and SCP was injected to
induce memory impairment. (B) Escape latency during the 4-day
acquisition trials. (C) Probe trial results on Day 18 showing time spent
around the target hole. Data are expressed as mean + SD. Statistical
notation: Ap<0.001, Bp<0.01 vs. NC; ap<0.001, bp<0.01, cp<0.05 vs. SCP;
NC, normal control; SCP, scopolamine; GE, Gastrodia elata extract; DNP,
donepezil.
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3. ofiut ZAloA] AChE &7 %A &t

sfjut RZlo|A] &£A3t acetylcholinesterase(AChE) &/ Zu}t
L Fig. 39| AX|5tYct. Scopolamine(SCP) £oj#2 AAHANC)
of Hls] AChE 4ol 31 7Istel(p < 0.001), 284 417
Aol dAs] ANiE LS =stAcHFig. 3). ¥HH Fddix
9l donepezil(DNP, 4 mg/kg) Fol&+2 AChE 42 4= &
THR] 37 ZAaXA 7P AEF dAaaE 29eH, Aut £&
(GE) o+ E3t SCP¥ Oju] AChE 7ol {olstA Z4std
£5] GE200+1} GE500+2 247} p < 0.01, p < 0.001 &2
AAEIE Yol wg&FoA o e MM axst =l
, o= DNPZI} SARSE mfl8g& w9t GE100:o|A %= AChE
A 3ol UERFoy Foid2 ARt olz2jgt Axt
0} 2&-80|] SCPo oJs]l 5714 oflu} AChE &g AAIde
2R EAAE AT Jls AR 7199¥E2 duisiy, 53]
200~500 mg/kg &FoIA F3F Flans YePrdS HojEch

r
ol -l)‘v

Y

R

R
oX

3

*k %

AChE activity
(mU/mg protein)

Fig. 3. Effects of Gastrodia elata extract on Acetylcholinesterase
(AChE) activity in hippocampal tissue. AChE activity were analyzed as
described in materials and methods. Data are expressed as mean + SD.
***p < 0.001 vs. NG, ##p < 001, ###p < 0.001 vs. SCP. NC, normal
control; SCP, scopolamine; GE, Gastrodia elata extract; DNP, donepezil.

4. BDNF/CREB A3AY =4 F3}

slop zAo|A9] A7F7tAA W TWAa MAPK AsHY
7 209] WslE Fig. 49 A|Alstect. WA Fig. 4A9] Western blot
2A0A  scopolamine(SCP) o7& ZFA(NC)ol H]|s] BDNF
ol wrdo]l  dA|s]  Zrastgly, CREB Qe g
(p-CREB/CREB) E3t 37 Asl&|o] SCP £oi7} sfjute] A37ta
e B 2BAAE Ystgith. ¥ Donepezil(DNP)-2
BDNF I@1} p-CREB v & 4+ +&71A 3l8A1zlen, Aot
FE2(GE) B A &F &EXog Jfd adxs UEA.
£3] GE20073} GE50020]4+ BDNF @@o] golstA F7tstL,
p-CREB/CREB H|&E p < 0.01, p < 0.001 &9 =313t 3]2g
Ho| DNP#at fARt 259 A7 3% ans e
Fig. 4BoJlA] AAIgH MAPK H2 ZAo]A= SCPolA p-ERK ¥
p-INK H@o] 4+ tiy] @AX3] 75t scopolamine©] 2J%t
2EPA ¥hS 9 AF&M o] st dEZ EE Qo d2u
GE200 ¥ GE500¥ p-ERK ¥ p-JNK TdZ o5t FaAA
(Z+7F p < 0.05, p < 0.01, p < 0.001) MAPK Als&go] nHahy
sts aatxoz JdxstYct. oj2jg WA W wshe Hup x5

Lud

o r2 ri

go| BDNF/CREB 42 43lstn SAlo] ERKe} INKS] wabgst
2 oAFoEA, 247 AIANT 7S J1Fe dERoR

3 =A71 AFe 232 oJuaict,

(A)
BONF —_—— —
(27kDa) - - -‘

B-actin
(43kDa)
p-CREB
(43kDa)

(REB
(43kDa)

NC SCP DNP 100 200 500

’—---“‘

Relative Protein expression

(8)
p-ERK

r eeasa
24kDa)
ERK

44kDa)

p-INK P e GRS g el
86,5440 L — - T — —
a)

(a6,58kD

3 NC SCP DNP 100 200 500

Relative Protein expression

Fig. 4. Effects of Gastrodia elata extract on BDNF-CREB signaling and
MAPK pathway proteins. (A) Western blot analysis of BDNF, CREB, and
p-CREB levels. (B) Effects on MAPK signaling. Data are expressed as mean
+ SD. *p < 0.05, **p < 0.01, **p < 0.001 vs. NG, #p < 0.05, ##p < 0.01,
###p < 0001 vs. SCP. NC, normal control; SCP, scopolamine; GE,
Gastrodia elata extract; DNP, donepezil.

=
=
£

(fold)

Relative IL-68 mRNA
(fold)

Relative TNF-a mRNA
Relative IL-1B mRNA

v 00 - 0
o 6 0 0 @ o o o @
PEPLES NI
CICICR SO
ey ¢ 8
S A
O o ¢ o T ¢ o ¢

Fig. 5. Effects of Gastrodia elata extract on inflammatory cytokine
mRNA expression. Real-Time PCR were analyzed as described in
materials and methods. Data are expressed as mean + SD. **p < 0.01,
***p < 0.001 vs. NG #p < 0.05, ##p < 0.01, ###p < 0.001 vs. SCP. NC,
normal control; SCP, scopolamine; GE, Gastrodia elata extract; DNP,
donepezil.
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