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Effect of Moutan Cortex Radicis on gene expression profile of
differentiated PC12 rat cells oxidative-stressed with hydrogen peroxide

Hyun Hee Kim', Sam Woong Rho', Youn Gin Na’, Hyun Su Bae'?,
Min Kyu Shin', Chung Suk Kim®, Moo Chang Hong™

1. Department of Oriental Medicine, Graguate School of Kyunghee University,
2. Purimed R&D Institute, 3. Korea Institute of Oriental Medicine

Yukmijihwang-tang has been widely used as an anti-aging herbal medicine for hundred years in Asian countries.
Numerous studies show that Yukmijihwangtang has anti-oxidative effect both in vivo and in vitro. It has been reported that
Moutan Cortex Radicis extract (MCR) was the most effective herb in Yukmijihwang-tang on undifferentiated PC12 cells upon
oxidative-stressed with hydrogen peroxide. The purpose of this study is to; 1) evaluate the recovery of neuronal damage by
assessing the anti-oxidant effect of MCR on PC12 cells differentiated with nerve growth factor (NGF), 2) identify candidate
genes responsible for anti-oxidative effect on differentiated PC12 cells by oligonucleotide chip microarray. PC12 cells, which
were differentiated by treating with NGF, were treated without or with hydrogen peroxide in the presence or absence of various
concentration of MCR. Cell survival was determined by using MTS assay. Measurement of intracellular reactive oxygen species
(ROS) generation was determined using the H2DCFDA assay The viability of cells treated with MCR was significantly
recovered from stressed PC12 cell. In addition, wide rage of concentrations of MCR shows dose-dependent inhibitory effect on
ROS production in oxidative-stressed cells. Total RNAs of cells without treatment(Control group), only treated with H.0.
(stressed group) and treated with both H,O. and of MCR (MCR group) were isolated, and cDNAs was synthesized using
oligoT7(dT) primer. The fragmented cRNAs, synthesized from c¢DNAs, were applied to Affymetrix GeneChip Rat Neurobiology
U34 Array. mRNA of Calcium/calmodulin-dependent protein kinase |1l delta subunit(CaMKIl), neuron glucose transporter
(GLUT3) and myelin/oligodendrocyte glycoprotein(MOG) were downregulated in Stressed group comparing to Control group.
P2X2-5 receptor (P2X2R-5), P2X2-4 receptor (P2X2R-4), c-fos, 25 kDa synaptosomal attachment protein(SNAP-25a) and
GLUT3 were downregulated, whereas A2 adenosine receptor (A2AR), cathechol-O-methyltransferase(COMT), glucose
transporter 1 (GLUT1), EST223333, heme oxygenase (HO), VGF, UI-R-C0-ja-a-07-0-Ul.s1 and macrophage migration inhibitory
factor (MIF) were upregulated in MCR group comparing to Control group. Expression of Putative potassium channel subunit
protein (RCK4), P2X2R-5, P2X2R-4, Interferon-gamma induging factor isoform alpha precursor (IL-18 a), EST199031, P2XR,
P2X2 purinoceptor isoform e (P2X2R-e), Precursor interleukin 18 (IL-18) were downregulated, whereas MOG, EST223333,
GLUT-1, MIF, Neuronatin aipha, UI-R-C0-ja-a-07-0-Ul.s1, A2 adenosine receptor, COMT, neuron-specific enolase (NSE), HO,
VGF, A rat novel protein which is expressed with nerve injury (E12625) were upregulated in MCR group comparing to Stressed
group. The results suggest that decreased viability and RO$ production of PC12 cell by H20: may be, at lease, mediated by
impaired glucose transporter expression. It is implicated that the MCR treatment protect PC12 cell from oxidative stress via
following mechanisms; improving glucose transport into the cell, enhancing expression of anti-oxidative genes and protecting
from dopamine cytotoxicity by increment of COMT and MIF expression. The list of differentially expressed genes may implicate
further insight on the action and mechanism behind the anti-oxidative effects of herbal extract Moutan Cortex Radicis.

Key words : Moutan Cortex Radicis, Yukmijihwangtang, anti-oxidative effect, PC12 cell, oligonucelotide chip microarray,
anti-aging
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Eeo] QoW o] wrye 4 girk= “ERFEA HARFF V)
ZEg 5 YE ALE, ERE HESH W oM ke
7RO [FS] AEQR, S4 58 YEkdle #|4 HHO|
AMSElo] gith J2ut Q11 /B £EE Ad YEA0IZE
32 WE 2ol Yl A2 0)E IS ABRIAA L3 &
S FHslL +BES JATHs Aol B4R 3¢ A7 =Y
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g ZAZEsIFT ol2i¢) o2 Fuiol T Bt JEHE mIXA I
FRES BFOT sl REES HEES BEHES dish] A
3 RoIRT. Mekoshd pubdo) QloJAlE ROS (Reactive
Oxygen Species)7} ' 2}9] 2IQ1012h= R0l HHSi=HA] 413}
7} FEE AMEolA] ROS YHigt ZAE ERIcH= WHOR #ifk
{tmEol tist 427} ol AR I k. SjslolE FE Bl
BE AFECEN LIE dAdke ol tid d7t ksl
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T3 B QI HED KRRk so) 8219 71sHe g
Az B op)E} v1E3} PCI2 celld) 41E]0A] S LIERAICE
T B3 v} Uck B3] BET AWEE 849 LU0 )
23} PC12 cell9] BRVHIG S0E 2013 23 HAR FEE0]
7V 240 ARE VEMIE S Bash v} itk I8 238
PC12 cell€ AR 41} A1Q] §3 W 715l thigh I+ i
O} ABRES 21210) TH U8 & n|23} PCI2 cell) By
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35ke G501 YoM tAlFFE oA Yk LH
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factor)oll SJ3 23}t PC12 cellol] tist HFTREQ st AE
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1. AJEY) ZA

¥ 7 (Moutan Cortex Radicis, 4}5, &=, 2001)= Z3lth
ghu gro| st BAStuA HSE W4o] 48 wol A&t
Rew FE W AR FHES st sty at Yejeta
Aol HSolth 5 £2E29 MAE compoundd &4
£0]1 IFY FVISIEETA At REGLA oS F
EHE AESsIHT) UEE #AHE 300 g& Eal71 2 Bdslolo]
70% ethyl alcohol (&4}3}8}, Korea) 1¢ 7} B3] iAol &
11 AL20jA4] sonicator (Branson, USA)Z 30237} £&8ld 45
HE ZHoIYcE SEYE AAS @2 HAHE 2US 85%,
100% ethyl alcoholZ 0]838)d] 22 HHOE FETH & JFH
g 25 FEsiict AZE 318t JHE evaporator (EYELA,
Japan)& =%3¢} &, lyophilizer (EYELA, Japan)E EZ71%6M
NEZEE HFIE 628 g (78 26%)E JF0IUT HEFES
2100 mg/mt S FFeoll 0]l 10,000 x gollA] 1587 A
UEe)3lel B8Y ETE AMAT &, 0.2 m filterE EFHAIA

HEoll AI835IrCt

2 A8y NEsd 24

Bt FEES HAHEY AEEZHQ paeonol (2-Hydroxy-
4-methoxyacetophenone, Wako Pure Chemical Industries Co.
LTD. Japan) & 0185101 Waters Breeze System (717+
Autosampler, 2487 dual A absorbance detector, 1525 binary
HPLC Pump, Waters co, Milford, USA)oliA4] HPLC E4E Edl
BRI oM data® A2l Waters Breeze System (Ver. 3.20,
Waters co, Milford, USA)E Al23Ict Paeonol 10 mgE
methanol (JT Baker, Mallinckrodt Baker Inc., USA) 5 mio}} =9l
F 05,04, 03,02, 01 ng/m2E BAT FEHES ol8sld d
B ZYGINTE Mt FEE 10 ngS methanol 5 ME =0
% 045 pm syringe filter (PVDF, Waters co, Milford, USA)E &
A BHCZ ARBSIFTE HPLC BMZAE oo ZUTh

- Column : Symmetry®C18 5 um (ODS, 4.6 X150 mm)

(Waters co, Milford, USA)
- Mobile phase :
solution = 35 : 65 (v/v)

- Detection : UV 274 nm

- Flow late : 1 mé/min

- Sample injection : 10 pf

acetonitrile : 2% acetic acid aqueous

- Temperature : 227C
MR £E89] paeonol HES EFY paeonolQ] Yol
FHEE & E9| paconol peak HE G Flil EFH paeonol peak

WHOZ Lol TAINOM 38 ARl BIUS 5T

3. BFARSY 239 PCI2 celld) tigr @413 a3 &3
1) PC12 cell
PC12 cell line (Rat, pheochromocytoma)y2 3= A ZF 2



M PCI2 cell BEHIM A3 % neuronal FHA} WP profile Edoll ch$t AP

o4 FUBI AHESIFCH (KCLB #21721).
2) PC12 cell®] o

B350 PC12 cell® WAl flaskE  collagen
(#C-9791, Sigma, St. Louis, USA)C.2 FEEH £ 10% horse
serum (#16050-122, Invitrogen Life Technologies, Rockville,
USA)I} 5% fetal bovine serum (#B-2518, Sigma, St. Louis,
USA) ¥ 1% penicillin-streptomycin (#15140-122, Invitrogen
Life Technologies, Rockville, USA)o] &8 RPMI 1640 uiA]
(#31800-022, Invitrogen Life Technologies, Rockville, USA)E A}
8314, %7} FAEE 37T, 5% CO; incubator(Nuaire, USA)o]
Al B 2m, AthilY Bles 10818 E71A 58 Siict

3) PC12 cell9] B3}

PC12 celld) H3h= Holtsberg =™ whdo] wlz} 10%
fetal bovine serum3} 1% penicillin-streptomycin®] §HFE
RPMI 1640 uiA] of] nerve growth factor (#G5141, Promega co.
Medison, USA)E 100 ng/ni7} H L& E&S6K] 37C, 5% CO;
incubatorofA] 627} SIS ZA FE51SC}

4) A)5.%} hydrogen peroxide®] Xzl

647 23 BF & 5x10° cells/mQ 2351 PCI2 cellS
96 well plateoll 2F5}1L 24417} B0} 37°C 5% CO; incubatorol]
Al HRQFBIITE. BN AASIL &7] WHO T & HIE
FE8E 355%71 0,001 01, 1 mg/m =7t HEF uixo]
3| A31 celloll HABLIL 37 CAA 24A17F S¢ HAE] 31Th
24A)7} ¥ cellS ZS MIXZ 18] $AIGHL 100 #M hydrogen
peroxideZ} Z&HE wjA|E 30&7F AX]SIICT

5) MTS assay

MzZEs W HMzEde 7671 Yol Cellliter 9%6®
AQueous One Solution Cell Proliferation Assay kit (#G3581,
Promega co. Madison, USA)E AM25}0] R ZA} protocol tHE
WBIGTE 4)oll4] 100 #M hydrogen peroxideZ XE|8t cell
2}2}0) wellol] MEN 100 05 20 40 MTS 8RS W1 37C
5% CO; incubatorofiA} 1417} &E0F HHE F microplate reader
(Molecular Device, USA)E 01&3lc] 490 nmoll4] UV E3T &
EFsich

6) ROS (Reactive Oxygen Species) 58

ROS %2 Hai Yan Zhang 59" g 883l U4
BICE 5x10° cells/me2] 2318l PC12 cell 96 well plateo) 2
ZFLIL 24817} SO 37°C 5% CO; incubatorol|A] BiQBIALCE Al
Zoll HFHR FEE 0, 001, 01, 1 ng/meE ZEFSHE MXE &
I YT 20X 244170 MYBIRTE. MES FBS-free uiAlZ
13) M8k CHS 100 M hydrogen peroxideZ 3027} HE)6h
1L, 1 m¢ N',N-dimethyl formamide (#C-4254, Sigma, St. Louis,
USA)oll 100 mg H2DCFDA (#D399, Molecular Probes Inc.
Eugene, USA)E =01 & AE5%7} 50 x Mol HTE iAol
B)A5le] ME) & 37T water bathollA] 1417} BFSEICE Wil
¥ BB Fluoroscan Ascent FL (Type 374, Labsystems,
Finland)& ©]£3l0] excitation 485 nm/emission 538 nmoj|A

EF3Ict

4. Oligonucleotide Chip Microarray
1) PC12 cell harvest

3x10° cells/mQ PCI2 cellS EEILT % 2t flask9| cell
€ PBSE 13] M&ET r}s R T (Control group)s} AT
(Stressed Group)oll== 10% FBSE &35 siAE Agidll 48
Z (MCR Group)oll A& 10% FBSS} 1 mg/ml HAE ZEES
93 IXE M6l 24417 S0 37°C, 5% CO; incubatoro)
Al HNQFEISITE. 24A17F BHQEFE 7} flask®) cellg PBSE 13] AIE
3 Ue UEFS AU GNZH Aol 100 gM
hydrogen peroxideE 3027} Azislo] 4HEE {usll tix
o, AAIE, HETY cellS 2t FEHE 10259 300X gollA] ¢
AE2Eleld ZRUTh

2) Total RNA 2]

2} #EE HORRl PC12 cell® RNaeasy mini kit (#74104,
Qiagen GmbH, Hilden, Germany) € A}&8}] Total RNAE ¥
ZI5K5t) 1/100 B3] B-mercaptoethanol (#M-7522, Sigma,
St. Louis, USA)7} 71 600 ut buffer RTLZ cell pelletoll H7}
S} pipet2 2 cell clumpZ} RloiZ wf 74 & 410iFE F pellet
pestle (#Z35,996-3, Sigma, St. Louis, USA)E homogenizeS}ir}.
Sampleol] 600 pf 70% ethanolS 211 At 2312 & 600 A 28],
Rneasy mini spin columnof @11 8,000 x gollA] 1557} A4 &
Bl Columnoll 700 4@ buffer RW1S W1 99} 22 #pHO
= dalEelslo] MATH £ 500 ut buffer RPES W1 22 W
O MAESPIE 23] disslE 2dME 14000 xgolA 28271 A
Aegigict. Columng MZ2 1.5 mé RNAse free tube ol &
711 30 w¢ DEPCAZ] /58 WL 12 F 8,000 x golla] 1274
X EEI6H Total RNAE elutionsir) 2] total RNAE
spectrophotometer (DUS500, Beckman Instruments Inc. Fullerton,
USA)Z ERS ¥ 5571 2 pg/ w7t HEH SIRICE

3) cDNA B4

18 ;g9 total RNA7} ds cDNA §Holl AFRE|UCE cDNA
5192 Superscript Choice System for ¢DNA Synthesis
(#18090-019, Invitrogen Life Technologies, Rockville, USA)E A}
E51Ct. Total RNAO] 1 29 100 p¢M T7-(dT)24 primer
{Genotech co. Daejun, Korea)& @1l 70 TollA] 1027} vl Yo}
o] annealingdlrt. o710l 4 ut 5 X first strand Buffer, 2 uf
0.1 M dithiothreitol (DTT), 1 ¢ 10 mM dNTP mix, 2 uf 200
U/ ¢ Superscript II reverse transcriptase® @1 & 412 % 4
2°ColA] 1417} SO vlQFslo] first strand <DNAS BHI5IRICH
First strand cDNAoY| 91 ¢ DEPCAZ} 584, 30 pf second
strand buffer, 3 g 10 mM dNTP mix, 1 g 10 U/l E. coli
DNA Ligase, 4 p£ 10 U/ g€ E. coli DNA Polymerase, 1 u¢ 2 U/
(4 E. coli RNase H £ @ T & 40]4} 16CollA] 2417HE} 1
QFSIIL THAL 2 uf 5 U/t T4 DNA polymeraseE @2 & 16T
oA 5587F E712 ni U6k second strand cDNAE 4513
Tt DNA FHE oid FIE DNAdl 162
phenol:chloroform:isoamyl (25:24:1)  (#15593-049,
Invitrogen Life Technologies, Rockville, USA)E 4104} 2 me

alcohol
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PLG(phase lock gel) heavy tube (Eppendorf AG, Hamburg,
Germany)ol] €11 12,000 X goilA} 5837 A4 2e|ot T 4 Hol|
1/28) HiuQ] 75 M ammonium acetate, 2.58f F3]9] -20C
100% ethanolS 211 14,000 xgoll4] 20837} Y4 EE]sld AA
AlFck ARNG HMASIL G2 cDNA pelleto]] 400 uf -20C
80% ethanol® ‘21 14,000 xgollA] 527+ AAIEEI5H 23 4]
M3 B ] AHAS MASHT 7Fold SHE] BHCE A
=¥ DNAo 12 ¢ DEPCHZ! E/54E ol 59t
4) Biotin-labled cRNA $H

12 409) ds cDNA & 3.3 407} biotin-labled cRNA &0l A}
8=]JTt Biotin-labled cRNA 1 ENZO BioArray Highyield
RNA transcript Labeling Kit (#900182, Affymetrix co. Santa
Clara, USA)E AIZ3IHC) cDNAo] 4 pf 10 X Hy reaction
buffer, 4 ¢ 10 X Biotin labeled ribonucleotides, 4 uf 10 X DTT,
4 4£ 10 X Rnase inhibitor Mix, 2 zf 20 X T7 RNA polymerase
£ @1 DEPC Hz] E54E 40 u7} HEE 3 & 37 CollA 4
A7} BiSle] biotin-labled cRNA §HJ5I¥TE §H4E biotin-
labled cRNAS RNaeasy mini kitE ARRSIY cleanupdt #
spectrophotometer2 FEBSIA 1 ug/ S 7 HEE sIct
5) Fragmentation of cRNA

B E (RNA 20 pugoll 2 4£9] 5X Fragmentation buffer (200
mM Tris acetate pH 8.1, 500 mM KOAc, 150 mM MgOAc)E
718 & DEPCE Xo|® EFTE 40 07t EA 1T 40 it
O} HIEAL2 94 TollA] 3527} ksl 30-200 bases?] fragment
Z eI
6) Array chip hybridization

cRNA fragment 5 ;g 1,300 0]2}9] Rat EFAEA 74
A7t gAlxlo] e GeneChip® Rat Neurobiology U34 Array
(P/N900283, Affymetrix co. Santa Clara, USA)ol| &H&3Hd
hybridization 85Tt 50 pf 2 X hybridization buffer (200 mM
MES, 2 M [Na+], 40 mM EDTA, 0.02% Tween 20), 1.7 x£ 3 nM
control oligonucleotide B2 (P/N900299, Affymetrix co. Santa
Clara, USA), 5 uf 20 X eukaryotic hybridiztion controls (bioB,
bioC, bioD, cre 30 pM each) (P/N900362, Affymetrix co. Santa
Clara, USA), 1 g 10 mg/mf herring sperm DNA (¥D1811,
Promega co. Madison, USA), 1 uf 50 mg/mé acetylated BSA
(#15561-020, Invitrogen Life Technologies, Rockville, USA), 10
ul 0.5 ug/ b fragmented cRNA EFtHo] DEPC XE| EF/FTE
H7151 100 109 BISNE BIEATE SHEA2 9T 58, 45T
583 EHE £ 15000 X goll4] 5827 AM Belsldd E8dEde
AABIACE  Array chip septa® EBlH 80 w9 1 X
hybridization bufferE AF & rotisserie hybridization oven
(Affymetrix co. Santa Clara, USA)ollA] 60 rpm, 45T, 10870
incubationd}$iC}. Array chipollA] hybridization bufferE XA
ot & 80 u£9] YRZ g XS 1L Rotisserie hybridization ovenoi]
4} 60 rpm, 45°C, 16417} S0} BI2AIA
7) Array chip9) stainingT} scanning

digo] ZEY array chip2 GeneChip Fluidics Station
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(Affymetrix co. Santa Clara, USA)2] Mini_eukl protocolol wizh
washing @ staining®t & GeneChip System confocal scanner
(Hewlett-Packard, Santa Clara, USA)E ©O|83)d 3 pum
resolution®F T scanslirc}.
8) Sample®] Quality E7}

Z}79) total RNAQ} cDNA % fragment cRNAE 1 pg&
1% agarose geloll A7 1B &SI sizeE FH716IHC) B-actin |
GAPDHS| 3 oligonucleotide®} 5 oligonucleotide®] average
Differental expression ratio= A XA FEUE 3 0|TRIZIE

gRlsich

5. Data A2}

MTS assay A= 212 vl 2ol thdh AlE BEE %2 1
Al8}$3C). dataE mean £ SEM(standard error mean)Z EAlSIA
1 AN |olN H7)e SPSS 8.0 for windows(SPSS, Inc)E 0|
254 Student T-testE AA|GIICE. Array chipQ scan datasz
GeneChip 3.1 software(Affymetrix co. Santa Clara, USA)E 0|8
3lol 24813t Hybridization9] 248142 control oligonucleotide
B2, bioB, bioC, bioD, creQ| signalg HIR& O A Hriglct
AM2E array chipol®= HE probe oligonucleotideo] i3l
mismatch probeZ} Q1A BAREIO] Qo] positive matchol] T
5l HtiE O 2 mismatchy} & F P& dataciiA] AASKSLE 24
SHALY WSIZS signal intensity®] B#EtOE normalizationd}
o average differential expression(AD)g& T%t & GAPDH, 8
-actin & housekeep gene® F4J¥ internal control?} spike
controlZ9} AD valueol] th$t 4R E 0183l BIRE2EA
w3 Zo|7t Y& FUAE FESINCE ST vlae o
Z2TE 71E02 dAFAAY LEE BluskALL A
7IECE AdEFolAg U E vl ustAL JAITEE 71E
A Folr0 BAYS Buske & 37149 HILE HAIBIR
. 59 SAANG AdEI7HY oligonucleotider} A EX]o] 91O
O Z 7} oligonucleotide®| hybridization intensity®] HF3CE
HNE 3l om ey xolg sk 7IES 7I2HeZ
AZEAIY ZHNE £2 0]HOZ BTt

A}

2 g

1 AHEY AEEY 24

Pcak Arca

 000e+006.{
[ Y AR Y SRR TTAREY" AARY" AT AR 1" AR R Y Rk ?f
Concentration (mg/mi)

Fig. 1. The standard calibration curve of paeonol



HAEZO) PC12 cell Byflild] T3 Y neuronal SXX} 28 profile 2ol tidt A7

HFHEO] A ZEEQ! paeonolg HPLC 245l 243 &
FHYHES Fig. 13 21, MEIAENEG ol83ld I R2 3k
2 09UIE AY AP ENcke AL E UERNRITE

0.1 mg/mé Paeonol W 2 mg/m¢ HFFEz FEEQ HPLC
chromatogram2 Fig. 2, 33} ZoW HAR FEE 1 g&
paeonol &2 12,57 +0.00 mgolUCt.

&~ Pacunel 10.678

i L.

TTid TUdd T Tdd  asd T wod T dod T wWod | wnd | wed | wod
Minuies

Fig. 2. The HPLC chromatogram of paeonol (0.1 mg/mf)

b~ Paconol 10.646

nasJ \
0004 T L3
T T Tdod T dod T T ded T wed  ded | 'wod | eod | wed | 00
Minutes

Fig. 3. The HPLC chromatogram of Moutan Cortex Radicis extract
(2 mg/mt)

2. PC12 cell®] 23}

PC12 cellg 10% fetal bovine serumi} 1% penicillin-
streptomycinO] M3 RPMI 1640 wiX|oll NGFE 100 ng/méo]
FTE Z§6led 37C, 5% CO; incubatorol 4] 6217} slQkskod
njAd oz BA5K3r).(Fig. 4) NGFE AEiHAl &2 PC12 cell
o =2] NGFZ2 627} Aelg PC12 cello A+ neurite/} E4E
SEN B3t HASE I & Arch

4

Fig. 4. Differentiation of PC12 cell A Undfferentated PC12 celi B To
dif-erentate PC12 cell was cultured in medium supplemented with 100 ng/ml NGF for
6 days. PC12 cell extended neurtesiwhite arrows) and differentiated to sympathetic

neuron-like cells.

3. Hydrogen peroxideo| 93] SEF AlZ&do] g HFHE
FEEY ol 57

BT 2EE0| B31% PC12 celloA] RISAEH 20 o)
3 o ATE BEG) A6l MEE 9% well plateo] 5x10°
cell/wellZ BF3FI 37°Collx] uieFsle cello] & BZE Hul
Aslo] AIZSINTE BF ul 44171 Zoll HFYE ZEEEZ 0,
0.01, 0.1, 1.0 mg/me0] T EE Mok 24417 ot & 100 g
M hydrogen peroxideE 3087} MEISIHECE I & 2+2}9] well
o] M=zl 100 we 20 wo MTS EME E1il 37C 5% CO,
incubatorollA] 1417} &t BkS & microplate readerE 0] &6}
490nmollA] UV EHTE &FsIir) 23} datas cell viability
& HFHEE S} hydrogen peroxide §lo] uish ol tish BIEE
FAIFAC} (Fig. 5).

PRNEIUEN S Moutan Cortex Radicis

—— Moutan Cortex Radicis
* 10,

8

T

H

i

H

t
i
i
&

Cell viability (%)
L -

g

0 001 01 1
Moutan Cortex Radicis (mg/mi)

Fig. 5. Cell viability of PC12 cells in medium containing various
concentration of each Moutan Cortex Radicis extract after 24hr.
Cell proliferation were quantified by MTS assay. Error bars indicate SEM. ™ p(0001 vs.
respective control,

21 #3100 #M hydrogen peroxide XMEjA] Al E WEE0]
53%7Al 26156 2, hydrogen peroxideZ M E &4 BT
EE 1 me/mE A2IS 3o MEYEE0] 79% 2 thR Foll v]s}
o | B7IGKRTL (p<0.001).

4. Hydrogen peroxideo]] 9J3] A2l ROS ol thot B
ZZE9 9H 57

5
8

~=- Moutan Cortex Radicis

—— Moutan Cortex Radicis
+H202

g

2,7 OCF Fluorescence / MTS
(Arbitrary unit)
2
.

o 001 04 1
Moutan Cortex Radicis (mg/mi)

Fig. 6. ROS measurement of PC12 cells in medium containing v
arious concentration of Moutan Cortex Radicis after 24hr. ROS of
each samples were quantfied by DCF fluorescence intensity (excitation 485 nm / em:-
ssion 538 nm). Eror bars indicate SEM. ™ p<0.001 vs. respective control,

5x10* cells/well®) 235} PC12 cellZ 96 well plateol 2

FEHL 4A17E B9t 37ColA wist &, M Zol| HFAR F2E2E-
€ E3ohe XS B3 5YsH ZollA] 24417 BiRSIRATH
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NEE FBSfree BiXIE 13] 4=AIE T}z 100 M hydrogen
peroxideE 3027} Aeldlil, N',N-dimethyl formamideol] &3l
¥ H.DCFDAE HEsT7) 50 pMo] HETE Aelsly 37C
water batholl4] 1A]7} B}S$F & ROS Wl g FF8I¥t A
£ ROs £8ES MIS FEYLE LE2EH4 MEy ROS &
MY EAGICHEg 6. 1 FW 23 PC12 cellol
hydrogen peroxide A2JA] ROS #4o] 195% & E71=E%oH,
HAE 58 A2l & hydrogen peroxideZ A4 &£434] ROS
ggol vzl vlskd FalshAl ZAsIRTt (p<0.001).

5. Sample quality®] #7}

Array chipoll 2 8% cRNA7} full-lengthQ17}E 2Q015}7]
3l internal controlQ] B-actin % GAPDHOJ 3’ oligo®} 5
oligo9] average Differential expression ratiog H7}19 A=
Table 13} Zt}. Cut-off range= A ZAIY HAAZE 3 njmioZ
sl thED, dAlT, 48T HFolA] 37/5 ratios 20|9IS
2 ZUE UEAIzE

Table 1. The average differential expression of internal controls
Ratio of AD
(3/5)

GAPDH 885127 864731 899363 88307.35 102

Probe Set AD* (57  AD (M) AD (3) AD (ald

(OOM g acin 51630 1073306 989312 BGBME 193
Ty GAPDH A5 ooT06 10682 eI 112
B-acin 69868 107370 1001149 917389 145
o CAPDH 1118017 1160657 120909 11700945 108
B-acin 789951 1168355 1000009 61351 127

* AD : average differential expression, which was normalized with average signal value.
To evaluate which sytheszed cRNA was full-length, ratio of 3Joligonucleotde and 5
oligonucleotde AD of internat controls was checked. The cut-off range was less than 3
according to manufacturer’s recommendation. Ratio of all sample was less than 2 so
that be available to be used.

6. Microarray
1) hybridization efﬁciency

R, AxE 89 sample@ Array chipoll hybridi-
zation A]7] & scang}l O]u)X|ollA] positive control B negative

controlol] 9I3} OniXE HYSIA EQIE 4 Ui

Table 2. The average differential expression of spike controls

Probe Set AD Ratio*
BioB 352191
Con BioC 8165.65
BioD 2041948
CreX 1178376
BioB 3261.28 0.925998
Str BioC 765327 0937252
BioD 19836.77 0971463
CreX 1149855 0.975796
BioB 223452 0634463
MCR BioC 6355.12 0.778275
BioD 16060.24 0.786516
CreX 1026124 0.870795

* Each spike control's AD of Stressed and MCR group was compared to that of Control
group. To evaluate the efficency of hybridization, the ratio of each spke control's AD
between samples was checked. The ratio was moderately regular i sample.

O - BES - BRE

Hybridization efficiency®} B7}e 26ld H7ME spike
control®] AD B]€& 321 Z= Table 29} Zr). Az
418179 spike control2 IZ 9 spike controld} H| W31 &
o} YT BIEE VERY S Z X hybridization efficiency= A&
sl 29 MREE FR26 H2E JEhdrt

2) 7} "8 Hybridization Intensity®] 4]l

PCI12 cell9] E3}E FE8 & R hydrogen peroxide

B 43S fust dAE 9 48 fet & HAR FEE 1 me/

& AZ|Ig 489 microarray scan ZIHE log-log scale?)
scatter plot2 2 TA|GHH Fig. 71 2t 2t 29 signal value:x
biotin-labeling®l cRNA7} oligonucleotide chipol] hybridization
B BT E 9u|él 242} internal controlS 0] €313 normaliza-
tion 3IACE

(A) (B)
o0, o
g om0] ' L 5" g o
1 2
? - 5 oo
3 L'}
{ :
L™ §
i 'R
! g
HEY 0
W W W um ww W R S e
ControlGroup S Voo Cootol Grocp Sl Vi
©)
o

Fig. 7. Scatter plot of signal
value means hybridization
intensity in log-log scale (A
Companson between Control and
Stressed group: (B} between Control
“ and MCR groups (C) between Stressed
. » and MCR group. All signal value
0 % w e wee wew  means AD, which was normalized

Sirvssed Group Sigeal Vake with average signal value.

MCR Group Bignal Valus

3) 3] Aolg Bl FUA}

Z} FRRS UHYE signal intensity®] BIAUSE
normalizationg}] average differential expression (AD)E %}
% GAPDH, B-actin & housekeeping geneZ 7% internal
controli} spike controlE9] AD valueol] thgh AR E 0]8E}
of plusidchk {FHXQ oligonucleotideEQ) hybndlzatlon
intensity7} & HAE 71 2 84 ZTEIYWY algorithmo]
HFshe RAsEE wEol Wt (2] olsky 2ol 78
2 AUE Aol UAAU 2] old9) Rl malgol AFHA

e o] UUTE A FollA 2Tl Higho Wiy Aol
2ol FHALE 3528 BT wdlo] Z4sigirt (Table 3).
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Table 3. The genes expressed significantly different between Control
and Stressed Group.
Gene Name Fold* D#
Calcium/calmodulin-dependent protein kinase |l delta

subunit (CaMKii-delta) USRS
Neuron glucose transporter (GLUT3) 22 D13962
Myelin/oligodendrocyte glycoprotein (MOG) 37 M99485

“ Fold means ratio of hybndizaton mntensity, The genes with negative value are
abundant in Gonvrol group, while positive value are abundant in Stressed group. # ID
indicates the accession number of GenBank (NCBI).

A TolA thET Hlsl WY AolE HY FHA
EOF Table 49} ZT} 0] oA 559 FAAR: wdlo)

L.
fony
pa

1
#4368l , 959 /AR wWdlo] Frksiirt

Table 4. The genes expressed significantly different between Control
and MCR Group.

Gene Name Fold* D
P2x2-5 receptor (P2X2-5) 31 AF020758
P2X2-4 receptor (P2X2-4) 26 AF020757
c-fos 23 - X06769

25 kDa synaptosomal attachment protein

e oNAP-252) P 18 56261
Neuron glucose transporter (GLUT3) -18 D13962
A2 adenosine receptor (A2AR) 22 547609
Cathechol-O-methyltransferase (COMT) 39 M93257
Glucose transporter 1 (GLUT1) 57 568135
EST223333 40 AI179610
Heme oxygenase (HO) 38 J02722
VGF 22 M74223
UI-R-C0-ja-a-07-0-Ul s1 23 Al029917
Neuronatin alpha 26 U08290
Macrophage migration inhibitory factor (MIF) 20 573424

* The genes with negative value are abundant in Control group, while positive value are
abundant in Stressed group.

Table 5. The genes expressed significantly different between
Stressed and MCR Group.

Gene Name Fold* D
Putative potassium channel subunit protein (RCK4) -2 X16002
P2X2-5 receplor (P2X2R-5) 28 AF020758
P2X2-4 receptor (P2X2R-4) 24 AF020757

Interferon-gamma inducing factor isoform alpha

precursor (IL-18 ) 21 urr

EST 199031 -18 AAG43532

P2x receptor (P2XR) 25 Ui4414

AP2X2 purinoceptor isoform e (P2X2R-e) 26 AF028603
Precursor interleukin 18 (IL-18) 22 AJ222813
Myelin/oligodendrocyte glycoprotein (MOG) 39 M99485
EST223333 32 Al79610

Glucose transporter 1 (GLUT1) 44 568135
Macrophage migration inhibitory factor (MIF) 17 S73424
Neuronatin alpha 18 108290
UI-R-C0-ja-a-07-0-Ul.s1 20 AI029917

A2 adenosine receptor (A2AR) 22 S47609
Cathechol-O-methyltransferase (COMT) 27 M93257
Neuron-specific enolase (NSE) 20 X07729
Heme oxygenase (HO) 34 J02722

VGF 20 M74223

A rat novel protein which is expressed with nerve 27
injury {£12625) :

* The genes with negatve value are abundan! in Stressed group, while positve value
are abundant in MCR group.

E12625

A4 QRFoll visl WA X0 Hel F8%}
£ 205252 Table 59} Zit} 0] HollA 859 FHEAI: walo]
23R, 1289 |IAANE W) SrIBIRCh

Rl Bk AAlFolA Briske ZEe 2oll 48
ol TS E71dke AEE Hel $R8XHs MIF, COMT, VGF,
GLUT1, EST223333, HO, Neuronatin-alpha, UI-R-C0-ja-a-07-0-
Ulsl B 8%, AA|atollAis Halglchy) A8 Falie S7ishk=
TS H0) FUXAH= NSE, A2AR € 25, oA ZolMe Zad)
Gt AEFolA] Eriche A2 Hol {FAE E12625,
GLUT3, CaMKll-delta, MOG £ 4%, AA|TolA S718107} A
BI04 AR ASES H0) SFAR= EST199031, P2X2R-¢,
P2XR, RCK4, IL-18, IL-18¢ £ 65, YAIToIA] 2487t &

O

oA B2 2448 28E B9 SHXR= c-fos, SNAP-25a,
P2X2R-4, P2X2R-5 & 4Z 0T}
b1 &

T3k AlZ) wE MElE Hele] dREoIn Lt Al
Al7100 thiBld A SIREE whe} HEY e £ 4
71 0% S2& o7 ot L3t B1E YO E QI W3l
& oiieh Sitiel eAlE LSIE QIdle WAl £48 Wl
T 3 LdE £d01%d UehlE Bi71gd HIlE Be A
o] ?E‘\QEOIDP‘”.

TR - RIBESE AR, JNAE 404 olF9 Wiy B4
ol Haldl wWE w310 AIEN sl setie AS B
9 £R7 AAE 715g ABKI7IHA 48EEe] Herst
710, Kol Q3 QHEE FohaA &8s BRI BXE
Hald A2 A& AR Ko B2 Y BESiXL okt
=R = A E viHo] Zhe AYE VBRI lom, TEE -
FE, DojAlE k310 ANS FMs K AU0F LMYSIHA
404] 0| & 317t AlZIE] o] 5081 RE] FRLRMES =AMT ER
57t A7) Alaksle iRt 8 g4I A5kl UiH 2F0]
2% SaAA F£8ol o]2A B SI¥Ct = TREY - EEHX
Hzh, YolAE 01719 Uolol mE A& W 3o BEg F3
SHHAT SIS RS XNASke BRY BET HEsIL ®
“RRBE, FSIREEH MBRE8H T ol BLE NHAFI
A BEE HEGor g8 2RI ololl ule} EERE
£ YdlME B HESHE Bk U H¥o] Ftal: ®ol
A8 Tt 53] AEHEE, BB A, LR ORI T
EHT E R LaXdand il dEdes 7Y
Bl HEE AIE7} o]ol XL Ui,

Bl Aerolals] w3lo] 2012 o] 7iA shdo] waul
STEE, ME/BA} level, 7NA levelZ F35IL UY1? Ed
M E/EX} level & RHF-521714 (free radical theory)2 Harman
ol 913 1956 d0l A71E ‘ROS7} L3l Aloltyek= o|ES
ZAHE 3 AT ROSE QJztoll A& olFA £ HARE 7}
F 2E EAE ANASHs UZA AZU AE g4l sl &
iEl= O 219 @vl‘é}%ﬂllﬁ drlsh Ty, RNA, DNA
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S HMZEED dAZ HISsl I A8A 2 siEHE ¢
M O1Z Q5kd M EHE0) 2l 7I5g 44l 4% F
2 AIZ9] apoptosisE FEIVIE 50 H&Foll w2l Suisiod
L3519 910l0) "t dlrt. ROSY o ¥ superoxide radical
(0%), hydroxyl radical (OH), proxyl radical (RO*) 3} radical
o] olATt WA HHFF hydrogen peroxide (H0y),
hypochlorous acid (HOCI), singlet oxygen, peroxynitrire
(ONOO) %o] Uem o]52 FHuE dAlmE Sl YHE=
Z, Aol = 8418} 71F7F S0k EXSHA Eok olelst &
APSI7IM 2 t &) RO ascorbate, a-tocoperolS9] MR
nEgLE FESHE HBREWESI superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GSH-Px)2} 22
71::31d 5 35l 1
2 4dgo] AKE® PCI12 cell2 rat adrenal gland9)
pheochromocytoma lineQ &2 414ollA] Feig HZE7} opdalT
B3} NGF7) g+3% uiXloll4] sympathetic neuron-like cell
Z E23l50] neuriteg HHTI} 0]FA NGFol o8 2319
PC12 cell2 MM 2L FAR} SEE 7HK L Qo] THE7] ol
Z AEHEE th4lEl neurotoxic B2 1} UFIAEHA SO
$ulE]E neuronal €eitol] g Udlo) o) o] BECHY, 40
BEDol AMBohs REEQ NEMEE 24419 FHYEES
OlE3dlo] BIEIA 222 PCI2 celld] HBUIERES ERISH 23}
R, L5 E, BRI S5 PCI2 cell9) 41818 A5l
HAEZE 71 243 ZH/E UEINAESE B3} b ck
B S5t =EESIM O, B BECE ASK
G, BOER BERSIE HEEE Adcl FHEE paeonol,
paeonoside, paeonolide, paeoniflorin, benzoylpaeoniflorin,
oxypaeoniflorin, benzoyl-oxy-paeoniflorin, apiopaeonoside 0]
Tt MO SRIZES HE 49EE, ¥Ed, 585““735}
GHAG, PUTFBAE, YR, WUSAB, T
W, FFEXE, 2, S, o1 So] Wl vt %D}B).
R d+olA HERSh: 7SR BRGNS & MRs)
© 8385€ Ad #AKR F&80] 713 2438 SAE Ad A2
Tha 992 42t 28u BEKSHE Aol QA tial &
LHEE HASKE 7158 ETIokE ACE B Wl HFAREE A

ZolM tiALE LHE R SHERE AABOZH BII5S B
£ A0 AZEr) B AgoNE HAKE ethanol 55, §
ZAXSHL PC12 cell2 NGFZ 627} XE5ke] 23417 & &

U1Z2E neuriteE FHOIREA ERIsl AMESINTE B3l
PC12 cello} hydrogen peroxideZ A}=25le) 41518 {uk|7] &
%tﬂBZ FEES sTHEE FololHA ¥ PC12 celld] W&

g IERIE HTE MIS assayz EQIGIKH 2 Z#o
hydrogen peroxide AF=0 2 thxTtoll Hal 53% HEE ®olX
PC12 cell®} YESO] HfHR FEE 1 ng/mt FHTONA] 75%F
FAY WA E7HE Ae O 4 AUt ol2rt AL s5ol
ME SrIske 482 E0lsid B v AR rvisigen

FAEE USHA PUTE Hydrogen peroxide AF=g10) 5z
FEEUVES FooliAM HE YESE EES 23 1 g/t 5

oAl MEEHES VERNA QIS0EH HES dgxnoed
AIEET) HA R 7 2318 PCI2 cell®) Hilslo) n)R)s gste
Eolglol H7| Q8 MEY AEER w =2
A 2E &% (001, 01, 1 mg/me)S) HFHEROA 253t A5k
2 url oA g7t QEEIReH 1 mg/meollA 71 246 &
BE UERIQZ4 )23} PCI2 cellg 0|83 Aol Y® 2
2 9 AAE UEMIRICE ED, AT, A8 § Mg
cRNAE oligonucleotide chip microarrayol] hybridizationg} 2
3 AAHA Rl BlSld 389 FHAL} eido) 746
[ AE oA HEFol Higld 559 FHA} wdlo] 7t
431 959 fAA} Wdlo] E71BIRen, dE a4 A
ol vlsle] LSEe] XolE Hol AR 2052F 859 &
A7} @3o] A48l 1259 {FHAA €dlo] S71814T).
ARToAA R Tol didle] Walwkel HElE Hol RUAES
AHEBH, MOG f8XRs AxiZolA thEol vldkd 3.78071
L4 AL E Ueht il A TolAe ] QAol Bldlo] 3.9
iz} Bl 2l Mg 38T A2 E VEGCEN B
ZZE 207} hydrogen peroxide] A}=o]l 95l e 413)
£ dalsled Uoix EQT VHE HEE ACE £5519
2 4 Atk o) MOG {§AAL= immunoglobulin FH XS]
superfamilyo] £38}= minor myelin protein@ 24 &3A1ZF7)
9} myelin mambrane FHolA] WX transmembrane
glycoproteino]C}**. MOGE A7lAS 0] BHEE] UATL, &
5] YATAOA] neurite®] outgrowthE ZZA)J)E HOE o
2A UYTH. CaMKIIY delta subunit A& FolAl 176471 2
2ERTL FYE HEE oL AEToA Ax ol HisH
o 1.58] E71E AL Z VEhdt) CaMKIIE= Signal pathwayol]
Al 5% ZEE Sh= ALE ¢TA el I AAHQ mRNA
L} THE subunit®] mRNA USE2 Al BFollA] Xlol7t Qi
Z2 2 Uehdtt GLUT3 fAXRs daltollA] iAol HIsid
22007} 243t ASE UEL AEFAE diET) Hlsk
18607} 248 RS Z UEhIA tia B EEE A8 UEhATI
£ Ao 7sHA 3BATIAE R GLUT3 |FAR
metabolismoll A SH= protein 2 FA] neuronol|AjTF H|$H 2

Z Y41l = glucose transporterO]D]-m.

A FolA Rl Hiskd UAFE HIE Hel |HXL
E AW, Extracellular ATPoll 9]&)¢] activation® © Z4)
Ca? inflix® Z7KF )= ATP-gated cation channelsQl P2X
receptory= ES0|L} 243 22 22159 Hudol 599 &
g 5= A"om aEd QY Pa2X2RE P2X receptor9)
sublype 9| GHIE splicing TFEoIAS) Walol W2} 6749
isotypeo] WARIACEY. 0] P2X2RY] 671 isotype & 3, 4, 5 =
370} isotypeo] & AFo] ALEE array chipoll BAE] JAA
o} A3t E5F dgolA] 2Tl vigke] 212} 1.9, 2.6, 3.18)
b 44a3 ALE UERdE & ohigt drlTol tisldA T 2t
2} 17, 24, 28HH7} 248t WO UERITE THUF P2X2-3
receptor®] AL FAH S AUAl E3IUTE P2XRT A8 ToilAd
tE Tl vk 1.8HH, Axaoll 818k 258 248 AL E v}

l' Mo r
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BFHEZO) PCI2 cell Bofbi&l E3} % neuronal FHAL WH profile B4lo) tid} A7

E O 24 P2XR FE0] BF HfARE FEE FOE sl 2
5l ZAAY ALR JUEehdrh P2XR R P2X2RE2 ATP7}
starvation® & ST¥ PCI12 cell®) apoptotic cell deathE A
sk Tl ol wdPol B71sle] G influxE E7KIFIL
MAP kinase cascadeE 43ISO 2H £33 A& Gk
ROZ YBM ASE™ e ul 4K FEEY FAE O
O TIE 7182 S510) PC12 celle] £42 AR RS E50k
B 4 ok cfos FRAKE AEFdlA iR T Ik 230 2
A3t RO VERGTE c-fos fF A= protooncogene groupoil
£35H= immediate early response gene (IER)oll dlgdh= RO E
Al IER gene2 AIZ 413} 23} Rl /HUsks A2Z &
#HA Ut C-fos7} codingdh= FOS protein® DNA-binding
protein @ ZA] Jun family proteini} Z 35l activating protein
1 (AP-1)2 EM8H=t AP-12 target gene@] AP-1 sequenceoi]
bindingsled MAIE ZESHE FQ7) transcription factoro]™
excitotoxicity & KUE 2102 deid Jci*?. 5] NGFE ol
85 PC12 cellg] E3lollAlE cfos gened] WS NGF 8o &
308 ol Xulole Uitz ZasiH
outgrowthol] BoIsHE RO E WHHTYY. SNAP-25at A F
oAl thETol Hldl] 188 ZABIACE SNAP-25a&= SNAP
receptor (SNARE) protein 59| $W1EZ Neuroni} W2H] Ao
Al WEEm, axond} AlAETr W cytoplasmic  vesicular
membraneoll 5P A] neurotransmitter®] exocytosisoll A&
HEr S Fle SNAP-ZS'proteinQI isotypeolt‘/%”'”). SNAP-25 gene
2 intracellular Ca>’9} NGFoll 9}5l0] whdto] E7151a PC12 cell
o)Al neurite9] outgrowtholl ZHRISHF ™. QrollA] At v} U
= GLUR3E dEFolAl iRl Blolod 1.8u) ZAsiict 4
B9 A2ARE IR, AAlE EFol Hldle 2208 57K A
2 Z VERATE A2ARE stimulatory GTP-binding protein (Gs)
I coupling &l Gs& ZEE SI adenylate cyclaseE
stimulationA]7]&= R QEX YTk, 4@ FolA] COMTE
thzol Hiskd 393, Aajzel vlsld 2780 E76ITh
COMTXE neurotransmitterl.} hormoneE % catechol 72 & 7}
A& S (E5] dopamine)?] O-methylationg {akdlel 1
HAPIES oAE 2 ohlEl degradationA]7IEH®. GLUT-3
geneo] AR HE T ZFoIA HEZO sl Hat A
E UAHOFE GLUT-1 gene2 HETolA thiZEdtoll niglds
5.7a, Aol WIBIdATE 448 S718F AL E LERITE 018
£ NeuronoljA} E0]1HOF Enl& = glucose transportero]Th.
HOE A@TolA thE ol Bls) 3.88), A&l vlaiAl 3.4uH
719 ALE LT HOE 4=l sk Wolakgs
UERIE AO2 Qe ATHY. ABAEY) EHolt AIsAl=,
AZol ther AZ o 71dol ZH8ske HOE 48jA=0l A8
o} heme protein© 2 HE} FE|%)= hemeo] BOIAH w0l &
7V} Heme8) HTiel £X 2 ROSQ 2 & X151 MZE9
&3S 2ulEA Blet] HOE hemeg biliverdun, iron, carbon
monoxide® EaEl] MEQ] &41g ol BrT. ozt
AIE S §h= HOY HAHE &8 £ ddl &7lske A2

neurite

Z Uehd A2 #itE 2289 (18 dd 539 538 71d
g ondke AR B 4 Aot 4taiA=ol tisle] Mz ¥
OJZIEE VIEMIE enzymel
catalase, glutathione peroxidase, glutathione reductase, heme
oxygenase Z0jA] WHEE heme oxygenase?} 2 Aol AL
9 array chipoll Z8¥E)o] QAT EST2233332 A TolA o
Z 7ol vl 408} 718 R2E Uehdedl ok 7150l ¥
BAX 22 ESTEA| consensus sequenceO} HO gened)
cluster® AU Ui4] HO geneo] EEE0] BrIE 2R
E 4 g Rolth. VGF gene2 AET0lA] thEToll Blgh 22
o, SAAITol HIgkd 2000 718 A2 E UERATE NGFoll 213)
A& ddo) fuElE VGFY 282 FE NGFe 22
neurotrophin0] MAP kinase pathway £& C}2 718 g ol
AIAAMF2] neuronal differentiationg FUsh=H £33 98
g & ¥ ohie} thAlE £F3IN ofiiA] balance 229 7158
AY A0Z gedx Yo, ULR-C0-a-a-07-0-UlLsl SHAR= 4
BFolA iR Tol vlal 2360, Aol Hlgked 2.088 71 A
22 Ukt o] $AAY Egoll tislolAs ofdl BieiT vl
QI oiE} 2 arrayol] AMEE 0] KAL) clusters A8 TolA
&0l B1al 1.96, Axlzol vis) 2080 Bo] wWoig RALE
LIERt NSE SXIAIY] Y5 22 sequenceE TG Ui
Ol YIFSIL UE RACBE B 4 JYZTh Neuronatin alpha
E A FolA] thETol vld) 2684, ARl BI5Id 1880 St
3 ASZ UERJT). ligand, cofactors, small cell adhesion
molecule EQF ZN2EH= transmembrane proteing encoded}
= ASE UEiXl neuronatin® splice Hojol WE FY
isoform &0l HIOILF”. Neutronatin® 3] wWATHAGIA 41
ZA 43 fAo FEE rIAIH NGFE PCI2 cellg 23141
71 23180 visle) wdo] Z4sIRirt7t NGFE MAsH o
Al walo] E71iche APE I} AR, MIFE HH HEA)
Adl AAM Q% HAREA THREHEZH A IHSE ollA
=3 dofoll YolA 538 HEE Bl glucocorticoid] FHS
1 mooH 289 HEE fAske 715g Ad ALE ¢
A . 22 @FZ o) WEW MIFE PCI2 cellof4] A2
=41 282 AU MZuUl dopamine cytotoxicityol] T Z
Zg Wol7|HE Bole AOE yAML™. old AEge A
MIF FAAN wglo] AFolAd ehETol Hish 2.0, AAIZ
of 8i5l 178 E718t A2 &2 JEollA] MTS assay 2 &
E3l= 87 2m COMTY] wigo] 5718 A e 4}
B £&E F0i7} dopamined) cytotoxicityE sk A2 2
& degradation A|71E ZHEE e AR F£E3IH £ 5 U
o} A FolA ARl Blgl LEY Rlo]§ B [REAE
HH, P2X2R-5, P2X2R-4, P2XR P2X2R-e 59 |AX= AT
ol Hlgld ZAE RET Uehd RUAEZA] HolA A=)
Bl7} Tk RCK4 {8XRs AgTtola Aol vlated 2180
243 ROB VERGCn | dataB4 9] Hofolxle Blod
wout gaTolA Aol vldlad 21 &1t AL E LiEhd
O ZH AATolA] thETol Blekd 5718t RCK4 FAAN 2

e X superoxide dismutase,
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88 HAE ZEE Fool 95l 3E3} ACE & 4 UATL
RCK4= membrane protein®] voltage-dependent K+ channel
(RCK) family9] 571 subfamily &9} sh1o|H C}E subfamily &
RCK1, RCK29} 7|15 Fx &= o}F FASILY channel9] Zido) 3
¥R 715HolM e #5) THE A2 & B v Aot RCK10]
L} RCK271 U8 Mg2+9] E5u WMol wie} &6l whH
RCK4= OFF =2 FollAiet koA Eole ALE ¢edd U
P9, Precusor IL-18 isotype alphai A& oA} thZ ol Hidh
258, Aol Hiskd 270 ZAT HOE Ve L tiET
9| data7} ROl HRlollA] Bloful o] ci&2T 9| Hide 2R
oll A} BT} Precusor IL-182 WX ZE 12 HUL w AX|
ol 14ul E7FIGETE A8 TolAe 18uf Z4B 2N d
oA Axicol Hisl] 2.280 24T AR LERdTE o7]
oML AT AT HlE 7Y W ol ATt 2
WH o2 HFE $&E 597} hydrogen peroxideol] 2]5lo] w
o] thhi 7St Precusor 1L-189] UWHE AT £F 0|5}
Z 24X BAIE UERYACE. IL-182 {2l Interferon-gamma
inducing factorZ 2glo} Al EF Z inactive formQl precusor
moleculeZ #40] F & caspase-l £9 enzymeo] 95}
cleavage® % actication®rC}”. IL-182  preinflammatory
cytokine© & T cell, B cell, macrophage, microglia & ZHATH
cellof] A} THEAA|H 7|BHOE T celloj4] IFN-7 BdE &

sk 7158 AGoP™. 13} IL-182 AZA Y A7iH o) 2a
B N1HCZE MY AE AEE =i AeH AEEYY
Z710] 440l E7iske A0Z LA =} UTH. EST199031
& JE ol AxFef vlslod 1.80] Ztae A2 E Vb=t
7152 ol YHAIAl 2UTE MOG gene2 AAlZolA tiAET
o Blalad 378 ZASIATEZH AE oA AATol HIgked 3.9
vl E7Ho 2 Al JElE 2S5 AR HolA] d&sh Ht
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