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[e)

el oA, 6-27H2(6-shogaol)

et

3]
=
ar

=
24
=
=

A

A

ur

i

o]
e
o
j=5
=

[0059]
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[0061]
[0062]
[0063]
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[0065]
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E
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]

z

B

S
z

3}
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ol

=
Yl (witepsol), PFAEF,

3Z

ol2 gk LG AAl

A A s}l

=1
=
L

L

A

A

1=

j=5
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Ao 7] A=

.

|

iy

]

z

=

A o9l = A olAr viavlE, B4 T
b

2 584

T AUt

A A o]l

i

k)
o

o3

=

sahm o9 o7 7HA BFA, o=

=

, 27
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Hd 4 gl

A= Al A3}

kel
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-
X
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E9l(tveen) 61, 7heA], ehoaA, FeARAE Fol A8 S alu,

7] oo ofsh aEe ey A g, BF wE TPl Mo FEF FOR FolF
sick

B odgel s o], "Fol't: ofud AAd Yo vyl ¥ WPl oFhy 2YES EYst AL W
W, Fol AEt BA ¢ EU@ 4 Qi @ AT b 0gT ggd J2E Ful Fold 5+ A

¥ owyel o d 2YBE B4 Ei Bao ek FAGNN ASHE BEA P, Folgel @ ol 35
of whek ARSI A Folw & Qovl, HAR Folst B wyel oty xYBe F % Fol N5 A
g8t s FHO R, Fol 4=, AW, A% AW, Ao, A 9% @ AF, L AB] FFE 2
& v el ols) s 249 = ek,

2 owgeAe go] "epoR fEF F'e %Y Suel 4 AF5E FUYA FA/AY MER W
2 od wE gEslo] FEE Fe Aquse, fE §F FEe A BF 2 FFE, A9, 99, ou
94, ool @ PR, Fol A, Fol 42 % WE W&, AR/, A ASHE GBS TIE 8k
2 7leh o5 bl @ elzl aiol W 249 & itk

ER, B oUwel ®ouhE gURA, B oIye ] 24ES A6 Felshs WA Tgshs By o
WoEE AR PN AT,

w ool gof A, 4] slewel wE sbsgel AW, EE UWE Qe E3F NE BES
ovigch, ¥ wye] YRS A FolFORA, AUEHS 3} BE AT F Ak

[EA]]]

AA 1. AF FH] 9 53 Hhy

1-1. s}st 54 9 AJef

Enhanced chemiluminescence(ECL) A]¢F2 EMD Millipor(Billerica, MA, USA)ollA F+ddlom | TBS W3 (Tris-
buffered saline)i= Boster Biological Technology Ltd.(Wuhan, China)ollA] F+¢3le] AF&-3F3ltlk. CCK, Dyn A,
BDNF 2 NT 4/5¢] 3A|E-2 Abcam Biotechnology(Cambridge, England)ollAl F+dslo] AFE3lle™, B-actin
A S-S Santa Cruz Biotechnology(Santa Cruz, CA, USA)old F43t AL AL&stFuk. ANz AL F8a
A0S (real-time reverse transcription polymerase chain reaction, RT-PCR)& ¢+ 2|1 wEd EH
Z(oligonucleotide) =Z&}o]™ (primer)E Bioneer(Seoul, South Korea)olr Z=¥€dH HES AM&3}SItl. Easy
Blue kit 2 w@¥la &3] %N (protein lysis buffer)< Intron Biotechnology(Seoul, South Korea)ollA -
skl AFE3IA AL, First-Strand cDNA synthesis kit< Amersham Pharmacia Biotech(Oakville, ON, Canada)
ol Fdste] ARESFSTE. SYBR Premix Ex Tagi= Takara(Tokyo, Japan)olx] A|ZF ALS AF&3iom, CCK,
Dyn A T BDNFE 93 54223 H Y& 27 A (Enzyme-linked immunosorbent assay, ELISA) 7]Ei Ray
Biotech, Inc(Peachtree Corners, GA, USA)ellA +J&}Sitt.

1-2. 5% =g

@O Aol AH8E FA(mice)= 2 C57BL/6 7 7 +% F(MPTP-induced PD mice; n=10/715) R 12 59
(MPTP/p-induced PD mice; n=10/1%)E X33}, EF Daehan Biolink(Eumseong, South Korea)ollAl F-¢]3d}<]
ARSI TR A U3 AS e AM Foll, 2341 T 2% 60 £ 10 %] Hr) FEolA 12
AME BEF7IE ko], 7 ams WY AolAel s&dtar Eol AHrEA A ¢ e dHE dssl
0. BEE ww A 284 T del AN 2y UD 80-23, 1996 | HA) R = Ma F3d S
a (59l W& KHUASP (SE) -17-129 % KHUASP (SE) -18-140)l 2Jsf &7bel "y

o
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@ WPTPe| 9l& fr=d I&W vk 2 (MPTP-induced PD mouse model)2 2]4<=ol ¥gtE MPTP 24F
(MPTP hydrochloride)(30 mg/kg/day in saline)& 5U%¢F E7}o)] FAletE vy o g

thz=+91 B8] (vehicle-treated group)w = FYL3 WhHow e ko] MALE FALS
A Az G0ER vk Bdo]l & AFE=A gelEr] fE, =9Wd wH wAJ TH |
(Tyrosine hydroxylase immunostaining)s G335, FAFAAFA W] 7 (scanning electron microscope, SEM)S
28] AZA(striatum, ST) 2 ZAXUR (substantia nigra pars compacta, SNpc)olAl GA® TupwlAd

Q.
2 :[r 3
2 oo oE oo o p@

2 BAF A3}, % ladlA vehd wish gol, YETHTH WIPE FUW vhesel HEA R FAAWY
E5hng el felahAl Fad AL Helste], W& vhgs wdle] A AU LS S,
olel AAR e ks mUWE whAT WIP Ak 7 R, 799 Agke] i Fol SERHEL 5
Pehln, LFERAL v A, AU 24 ARS8 4R

@ MPTP/pell 98 =% 1w vkg-~ 2D (MPTP/p-induced PD mouse model)S 21%3g=o] MPTP %3AFd (MPTP
hydrochloride)(25 mg/kg/day in saline i.p.)S& ZZH YA =(probenecid)(100 mg/kg/day in 5% NaHCO3,
i.p)¥ &7 103 FArsle] AxeATH(103] FAME 55 4o 3.59 A4S Fa FAEITH. HluE 9
g thF*¢l B3] F (vehicle-treated group)we FUd Wgom e ko] 2tH U455 FALSY] Az}
At ZRHUAI == WPTP 4k F91 3024l e s, Z2uulA = WIPZF Al d oz A7 5]
AL WA, FAF & 6719 Tt AxA| (striatal)Y Eole] THgH oz AAATE WHHS F8, MPTP
NAEAAE A7) 719], szﬂi ARESESITE. ol E A AFE ISR k- Bdo] & A E =R g
371 98, =9 7 ubAQd TH WG (Tyrosine hydroxylase immunostaining)S 335, FAMA
&1 7 (scanning electron microscope, SEM)S E3f, AZA| (striatum, ST) ¥ SZX]UX(substantia nigra
pars compacta, SNpc)ollA FAE Z=gwlA FHS #23 23 = 1bel veld wvle} o], diEatE Tt MPTP/p
FAZ vhe-20 Az 9 SAAERA =g o] et AT s QOL }04 5 v
zdlo] & AFEJrHE AMES FRAsGh. o g A A ZE vl REE T]E ozl ukek Zo] MPIPRE
& a2~ B HlE] 7] W v ARl 7S] S-S UERSIT. MPTP/p g s f

=
108 FA1E Fe e $ERAS Fasge

o rf

o

>

iy vk o tiste] MPTP 2 Z 2|4

=t
SERAS vk T, ) 24 AREAS 98 344

L= DO = S T VA
oo

o

K=

ﬁi

3. vk A e

AdE A, ve2=E ojAbsleAa(C0) R wiHS L, SAAZ F, R vk S 5HE I 5 (nid-
abdominal skin)E A=21, =dA HAZ FH&(rectum)/¥Y ZAA(distal colon)S F=HA &A, dF
(large intestine)®] =& ¥y, =3, 245 357 98, F(mesentery)old A% (small
intestine)& ¥Wolla, < (pylorus)olAl ‘Hoﬁxﬂ ANE 2E 7tEAY ddste &2 238 2Pl o
27 vl g 2 2 232 -80 T 2XdA BiEHSH.

1-4. ZE}EE HAE(rota-rod test)

71EY vk BdoA %5 %‘ii(hypokln651a)*~ S4st7] 99, REIRE H2EE F333Tt. ZER
= H2EE WPIP vkAE 9 $ 79 TE MPTP/pel viAEr 43 g3 Faq3itt. H2ES 93 FA =

27 7.3cm9) 3H ~WE(rotating spindle)d} F 5ulg]E FAlo] AP ¢ == A 5709 AE FEo
2 FAEJE. 3 B 8rpme] W FER FPG Ao HAE o|Fe, oF £25 1lrpnlo =
Z7tete Bl~EE Fdsia, 7o HA7E sk Toel goldde AR 579 1HAS F 3H 9 Eﬂ’\EE
A 4 AEE HAd 30022 7|Fsiglem, 3We] HAES Hi AZRE AbEste] dlo

MPTP(% 2a) 3= MPIP/p(%= 2b) AHEg #21&W nhg-s Bdll Boa {3t 2558 HAE 1%‘%‘

mo
mL
rlo
r_>.i

1-5. GAAL FFAEAANTS(RT-PCR) E AAZF AAAL F3a A 398 (qRT-PCR)

First-Strand cDNA synthesis kitE @83 & 1 AAAE S35 2| Easy Blue kitE
Fgste] AL RNAZS FE38k9th. PCRS 98 Zelolme sh7] § 19 Zgo|w S A}83}9 3, Thermal
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[0100]

[0101]
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[0104]
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Cycler Dice Real Time PCR system 2 SYBR Premix Ex TaqE &3] cDNAS SZ3a &fg] A
(dissociation curve)S ®A13 Ax}, @ I F(single peak) S <18k 4= vk, #AA] FH1x9 HdS T
A cDNAY] Ct(threshold cycle) HZhS GAPDHES #H=xdlo] A t3lsl= whsel Ct Bl (comparative Ct) HHH

2 Abgstel B

Z 1
Gene name Forward primer sequences Reverse primer sequences
(5'-3") (5'-3")
NPY GCCACGATGCTAGGTAACAA TTGATGTAGTGTCGCAGAGC
Ghrelin CCAGAAAGCCCAGAGAAAGG CTCTTTGACCTCTTCCCAGA
VIP TACAGCAGACTTCTGGGTCA TGTAACTCCCTCTTGCCTGT
CRF GAGCCCAAGTACGTTGAGAG TTCTCCTCCCTTGGTAGGTG
GLP-1 CTCTGTCTACACCTGTTCGC TGGGAATGATCTGGGGTTCT
Leptin AGGAGTTGACTCTTTCCGGA CTTTTCTTGGGGCTCACTGT
Peptide YY GCTCTGTTCTCCAAACTGCT AACATGCAAGTGAAGTCGGT
Calcitonin gene-related CTCCTCGGCAGAGAAACTTC AGCCTCTGGTAAAGCCTGTA
peptide

galanin GAGAAGAGAGGTTGGACCCT TGTAACTCCCTCTTGCCTGT
CCK CCTCTGGTTGGGGTGTAACC AGTCAAGCCAAATGCAGACA
Dyn A GGTGGTCCTTGTGTGCTGTA TCCCCAAGTCCTCCTTGTCA
Neurotensin ATCAGCAAAGCAAGTCCTCC TCATGCATGTCTCCTGCTTC
BDNF ACTTCAGCGAGCTCAATGAG AAAGCGTCTTTTCCGAGGTT
NGF AGTTCAGCGAGCTCAATGAG GCGTCGAATCCTGTTGAGAG
NT3 GGAGGAAACGCTATGCAGAA CGAATGTCAATGGCTGAGGA
NT5 GCAGGTAGATCATGGCCATC CCTCCAGGCAATCTTCTGTC
GAPDH GAGTCAACGGATTTGGTCGT TTGATTTTGGAGGGATCTCG

1-6. G423 A A F2AHAHELISA)

<
olo
=
2,

offl fu
=

DTAS AFg3lo] w92~ A (serum)S FH3FR oM,

A 158 &<QF 1000 x g9 A=E=Z A s, 1A YAl S 8] AAs] 3, 2-8TCe
A 10 F<9F 10,000 x g9 AREEE YA G358 AAEZGE B FoR
neuropept ides(CCK, Dyn A) % neurotrophin(BDNF)¥ RayBiotecholl 4] A|Z% EIA kitES A}&3to] 4= AT}.

1-7. 2%l E=2¥ (Western blotting)

=2
=
[€)

=

&
oy
—a

dodecyl sulfate polyacrylamide gel electrophoresis) 7] d&S T w+dEHAct. A7 95 F,
WS INZEES A71EEH (electroblotting) st
membranes) 0.2 AL, =& 5%9] ©X|H-(skimmed milk)
buffered saline)S X}er-89(blocking solution) && AF&sle] 20 T &LolA 3085t vjaks 5, 3x9
CCK, Dyn A, BDNF, NT5 ¥ B-actin®| 12} |9} &7 5% ©2|f9F TBS-TtellA 4 Co] 2== YAl wjds}
AT, wigo]l B F, " 43] AlFst 12 FAE AASGA, 1
(horseradish peroxidase, HRP)E F7Fste] 1A1ZF B¢t 7= wjFsivt. sidS vzl H, ECL &40 2 3+
5ot F71 ket F, Image Quant LAS-4000(Fujifilm Life science, Tokyo, Japan)E E3] W uk-guli=9] A]

Zah 2 BAS Fag,

PE EA A mis)¥H<=(parameter )= GraphPad Prism 5.0 ZZ13S o] &35l A&, e

_12_

=ended

=]
=

A gdS FE237] f8 9l g3 &5 (protein lysis buffer)S AREdon | FEHE oz
Bradford assayel & A=At @wWAL 10-15%9 AFEo2AAHoEZgoladoln =4 (sodium

Z}o] =2 (polyvinylidene fluoride
Tween 20(TBS-T)E X5 TBS W (Tris-

& Ao A horseradish ¥4H3l &4

:
o,
=t
H+
=]
AN
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[0110]

[0111]

[0113]

[0114]

[0115]

[0117]
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HAXH(SD)E FE . A& dolHE %= HAE(two-tailed test)$} 7 Student's t-testE E3f 4
H AL, p valueZk 0.05 o]3lel A TAALE o3t Aoz 33T},

AAld] 2. MPTP Aol 93] A&y fed vles mulo] Fhgr FHele= g FR2EZAY gRNA 5

= A Efo] =
(neuropeptide) 2 viEiT&(neurotrophln)J mRNA ddS S5y 8l 25 v BEe) 5l
&Ho]l =

(mortor impairment) ¥ ZAXZA|(nigrostriatal) =347 719 H3IE A@Astozxn, w7
o Gskar, olgA FHlE vk 2E 9 gjFR2d (vehicle )9 A% H el A 12709 FEFE=
(NPY, ghrelin, VIP, CRF, GLP-1, leptin, peptide YY, calcitonin gene-related pept1de galanin, CCK, Dyn
A ¥ neurotensin)®t 4719 w2 EZH (BDNF, NGF, NT3 2 NT5)2] mRNAZ RT-PCRE &-&3le] =43 23}
3a°l YEhd nikel o], 2709 FFEFMERO] =91 CCK(0.57 £ 0.09; #p<0.05), Dyn A(0.40 * 0.14; #p<0.05)
2709l wE3EFo]= BDNF(0.42 + 0.11; #p<0.05), NT5(0.53 £ 0.09; #p<0.05)2] mRNA #&o] el 2
A ad A2 #el s, T, = 3belA vkt wish o], 2ol A nRNAS] w@o] felakA o]}

pue! 1~ﬂ

™ - N=
A 2ee BAT S A, olud AnE B W el FRERYC] WPIPE fRd e
W oohgo mE el A4S dasel 9ge AT + A,

2-2. R FEE Phes walol el N rEAEels L rRERYe vy

1

el

|\

g

th & (vehicle #)3 MPTP A glel 9&f 1< Fed wpgx 2o g, A7) A& o 2-104 mRNA2
wao] kA 279 FERIMEo|E D 279 FREZHY pRNAY ¢EsEsteE dwld FES 9 AE Bz

] 2]
(western blotting)S %8 T3 Ay, = 40 yehd npel o], CCK(0.63 = 0.15; = p <0.05), Dyn
AC0.65 £+ 0.19; = p <0.05) % BDNF(0.76 = 0.07; * p <0.05)2] @tz W& {93 A #HA3H oy, NT 5
of Ty WHLe ISy fEd vk Bdi gixg Abole] zpelrh AL fleS 1 4 AT

ur3 xé

b
i)
p
[

2-3. R FEE Phes wals YelN EAEIE L FRERV Ty
S

& (vehicle )3 MPTP A gl 9& o215 Fed v~ EU ﬁ’“(serum)oﬂfﬂ A7) Add 2-1 4
gk, duld = ol YEslsh= mRNAS F5=0]

FREZWY gild =35 FLISAItE E38 #=E A3, & 5

AAl Faxe AIPYE B, F% 59 AstE g

3 S 33l Mann Whiteny TestZ ©]-&3}

o2 TAAA FE AT F ASH-.

RF FAaske 2709 wEHAEO|E 9 1749
o ‘%E]—‘_ npe} o] CCK, Dyn A % BDNF &5
T k. ok JPEQIR zxq%}a bk
p values AAES o, 37 & 29 ERd

-]

0 M

X 2
Control 7t MPTP fr%wr ¥ |P-value

Eix
BDNF 2.480 2.020 0.495
CCK 1.687 1.436 0.110
Dyn A 3.070 2.558 0.604
BDNE+CCK 4.167 3.456 0.338
BDNF+Dyn A 5.549 4.578 0.074
CCK+ DynA 4.757 3.993 0.423
BDNF+ CCK+ DynA 7.237 6.014 0.023*

A 3. WPTP/p Al & e FEH vkeA mdo A fFEfEels ¥ prE=v] gy
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uy =5

MPTP/p A zlell o3 vHdAQl AW fed w92 o] figea 2wl E2YS S8 7] dAld 28
ol ¥R " e o]E 45l mRNAQl wdoe]l BT AStE= RS R ElE CCK, Dyn A E BDNF9
A, % 69 YERd BFeF o] CCK(0.45 £ 0.0

64 £ 0.09; * p <0.05)¢] wuld w&o] {&
< PRk ofy ek, MPTP/p A&

=
B A B,

Aelal 91 | ola) A 2] R g ey S4e
HolE wpex~ mulo] g A% CCK, Dyn A Z BNFo] @A wo] fagE #aste], 2 Iyl u Wi
| 3] 27 A e 289 5+ Jogs gt

O F0&WH e Pds H =3 A E4bo] At W G PM(Proteus mirablis)< PR
o AH#3t ¥, A (large intestine, colon)olA] Y28l EREL E3) A7) 2Ald 28 E3) Wax dwzd
F= o] otadlali pRNAC] wHalo] W AdtE = Ao w 3old CCK, Dyn A 2 BDNFo| whila wha o w3}

= o gy o] Adhe S F

Gk, 2 A3, PME A 83k vkg-29] o= 47| CCK, Dyn A 2 BDNF =
WHol Lubyl A EA4Fo] dAlste] gIEW I FAGE S )& Ho

@ CCK, Dyn A T+ BDNFe] ZF&A|(agonist)Q) 6-£2712(6-shogaol) & AEEAo] gl 5%(0.2-5 pM)E A

gk thg, STC1 intestinal enteroendocrine cells¥} Caco-2 intestinal epithelial cellsell 24A17F 2] gk%
RT-PCR % Western blottingS ©]&3l BDNF, CCK, Dyn AS] mRNA 2& (% 8a) % wild W& (% 8bh)o =&
e w, 6-27F2S H2g AlEA BINF, CCK, Dyn A2 ©&lo] Frisks A& skt

AC)

¢

A7) A% B age] Age dAE A% delu, B wye] &3 A&Roke] BAbY A4 bl A= B
ol J1%A Abgolt B4H 4L WP guA v TAH Fez G4 wHel ssvks A
oalE 4 U Aelth. AR ool F1ed AN RE WolA A Zoln @R ohd A

Vehicle MPTP

g
g

=
-

H
H

=

-
(% of vehicle

Optical density of THin 8T
(% of vehicle)
£
TH-positive cells in SNpc

Vehicle MPTP Vehicle MPTP
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e
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|
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>
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§25
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o
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Relative mRNA expression
o
o

o
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Vehicle

g
S

>

MPTP

Relative mRNA expression
= %, [

Vehicle
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Relative mRNA expression
= - ] w -

Vehicle

"
o

T

MFPTP

Relative mRNA expression
P
m o=

I

]

Vehicle

<

n
o

o

T

Relative mRNA expression
e
b

MPTP

]
=

Vehicle

1

MPTP

§25

Relative mRNA expression
o

(4

L

—
Vehicle

—

Relative mRNA expression
P S
o o @

°

Vehicle

T

MPTP

MPTP

Vehicle

lwe)

Rel ative mRNA expression
o T
o P

e

Vehicle

-

M
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= o

o

Relative mRNA expression
=
o

o

Vehicle

T
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T

MPTP

MPTP

MPTP
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o o4 o4
m o oo ot

Relative mR NA ezpressior

o
=]

Vehicle

MPTP

Vehicle

MPTP

C

§25
)

220
Zis

£

1
%05

-

é00

G

Vehicle

|

MPTP

§ 3.0
225
§za
%15
1.0
£os
€ 00
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§15
310
% x
05
£
3
& 00
Vehicle MPTP
§ 25
l’r 20
fis
1.
]
E10
fos
2,
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o

M w

Relative mRNA stpression

o

~

Relative mRNA expression
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-

1
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e
=)

Vehicle MPTP
5§20
H
215
]
% 10
205
5
€00
Vehicle MPTP
§15
£
£10 I
gns
£
3
£ 0
Vehicle MPTP
; 15
]
H
Bio
H *
E 0.5
&
Bo0ll
Vehicle MPTP
E 15
240
£
% 05
z
Booll
Vehicle MFTP
5 2.0
£1s
£
£10
-
f0s
i
¢ 0.0
Vehicle MPTP
E 25
]
5 20
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E 1.0
§ 0.5
€ 0o -
Vehicle MPTP

)

M
=

i
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L

BDNF | =—— .

NT-5
B-actin

Relative expression

e

k1
N2
%]

8.000
7.000
6.000
5.000
4,000
3.000
2.000
1.000
0.000

S

k1
N2
()Y

Veh MPTP/p

CCK |
DYynA | —
BDNF | =

pan = —

BT
& &

Relative expression

Vehicle MPTP

W Control

Vehicle
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Relative expression
;
T
<
;
i H
:
Relative expression

Relative expression

Vehicle

T‘

\g G‘\{&.

Vehicle MPTP

serum levels

EMPTP S EZ

w
(@]

_{

Relative expression
o
*

Relative expression
o

o

MPTP/p Vehicle MPTP/p Vehicle MPTPIp
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CCK [N s DynA | e -
B-actin |em— — B-actin | cum—w —
=1 & L
0 ]
o w
; 10 I § 1.0 I
= x g
L= o
% 05 ﬁ 05
= ®
2 1
= oo L3 00 .
Vehicle PM Vehicle
EHH8a
BDNF CCK
o i 5 20
i H A
STCc-1 24 55
2 g3 ™
F= sz
0 0.25 1 5 L 0 0.2 1 5
B-shogaol B-shogaol
ETH8h
STC-1
6-shogaol 0 02 1 5 (pglimi) 6-shogaol
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