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Studies on the Anti-apoptotic Effect of the Mudanpi

Duck Yun Kwon, Young Chun Bae*, Sang Min Lee, Kwan Seok Yoo, Jong Cheon Joo, Kyung Yo Kim

Department of Sasang Constitutional Medicine, College of Oriental Medicine, Wonkwang University

Midanpi (Cortex Moutan Radicis; the root cortex of Paeonia suffruticosa Andrews) is an important Chinese crude
drug used in many oriental prescriptions. 1,2,3,4,6-Penta-O-galloyl-beta-D-glucose (PGG), a major component of this crude
drug, has been shown to possess potent antioxidant, anti-mutagenic and anti-proliferative effects. In this study, | examined
whether PGG could protect Neuro 2A cells, a kind of neuronal cell lines, from oxidative damage through the induction of
HO-1 expression and HO activity. Expasure of Neuro 2A cells to PGG (10-50 uM) resulted in a concentration- and
time-dependent induction of HO-1 mRNA, and protein expressions and heme oxygenase activity. PGG protected the cells
from hydrogen peroxide-induced cell death. The protective ¢ffect of PGG on hydrogen peroxide-induced cell death was
abrogated by zinc protoparphyrin IX (ZnPP 1X), a HO inhibltor. These results indicate that PGG is a potent inducer of
HO-1 and HO-1 induction is responsible for the PGG-mediated cytoprotection against oxidative damage.
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2. A|EAZE

FEY WSt 500.0gS methanol 2LE 2 A7} @l
Shod S CIE, methanol ILE AHESHA 1 AIRFSQ &
HoIUT). e MR 2B MlE 63k, ol8 MERRME
ot 106.78g (21.36%)E At O] methanol EEE(MEM:
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o RS, UMA MEMQZERE]  benzoylpeaoniflorin,
pentagalloyiglucose(PGG), gallic acid, peaoniflorigenone Hl
peaonolE HIEEBESIATE. 2 (LAWY sikkoBE B #SHER
2 EDERER BEER Aol #7818

3. AlEdRE

F ol mASMMIERC! Neuro 2A ffifle ATCCollA] &},
5% COy/95% air EEEEONA] #Holl QHA] FEEMT 10% fetal
bovine serum (Gibco fit)0] @&%F Dulbeccos modified Eagles
medium (DMEM, Sigma iit) BBEOE #H&Slo] Hi Byl
we} FERBIECL

4 HENESYH 55

M4 12 MTT(Sigma iit) A RS  FESHS
ELISA #y#r882 WOLE 570nmol A BIESIICE 50 uLe] MTT
[KFEFSHR (0.05g MTT/50mL PBS)S & EEHO) RES ClS 4
AIZF S0t &SI, KESHAl 242 MTIT BIRS Hel L A
foll oot MIT RIEFERE A formazang Dimethylsulfoxide
(DMSO) = &#Esle] filiAR e BHENCE &N

5. Heme Oxygenase Activity &8

Heme oxygenase 3% EtE 218 Hkol dsk #EiEsh
Aol MMEEE] 48SH microsomes®} rat liver cytosol
(nicotinamide adenine biliverdin
reductase®] source)S hemin 7]210] L& KE BEEW G
Th J213 37TolA A1 E¢F KEAIZCH 1 mLY
chloroformg H718l0] RKES KEAIZCE mHE bilirubing

22 464 nm} 530 nm ol B A1 2 FHEBIN

dinucleotide phosphate,

6. mRNA =&

mRNAE #ifgE PBSZ Al ®H HE#ESH ol TRIzol
(TM)(Molecular Research Center) FHZE #g&7) Eitsl=
protocololl W} S3EESIATE

7. RT-PCR EAPH

1 mM dNTPs, 1.75 U/ut RNA {#8ZR, 25 U/ w9
M-MLV 3¥i{#% 535 (Promega iit), 25 U/ Q) S2)1(dT) =g}
oje, MtHE 25 ng RNA, 5 mM MgCl2 2 PCR E#iH (5 mM
KCL; 10 mM Tris-HCl pH 83)S &H56I1L, 242 20 LS 2=
WEE KE BReHs S50t D, 85 I8 RE BS
WS EEolA] 105 SOF #5338 thermal cyclerZ FIFEGIA
BEE RES ot BEE REGRES 42CHA 608,
4CollA] 320 E gl —R (DNAE AfSH & KE FEE &
ol 52 S KiEeH #& PCR g0l FIFSICL PCR RIEBEHE
£ 25 U9 AmpliTagTM DNA polymerase (Promega fif), A~
Zgjo|Hel OIE|HlA Z2lolH 5 ug/ul, WEE KEERK 20 u
L, 2 mM MgCI2 & PCR &, &K 100 uLE &ESI} PCR
&S GeneAmp PCR A[A#](Perkin Elmer it)2 MG &

frél, PCR RRFEBH-= cycle #1T Bilol 94TolA] 58, 60Tl
4] 55 81 70°TA 90X HIRHEGHL 94TolA 8#(denaturation)
45%, 60TOlA od@(anealing) 45% % 75TColA] #HEE
(extension) 90E9] cycleZdh HO-1 ¢DNAol thdhile= 25
cycle #B175H, B-actinoll tiIAE= 20 cycle B4T3IICE 1A
Ot cycle 2 94°Co|lA] 45K, 60TCollA] 45%, B 72T oA 10837
B RHEAIZICE ©F 0.05 X 02 B89 RT-PCR KEEWS
12% optEA dolA EREKE & HEIE BERooj=
(Sigma fih)E 5L, UVE FFSH #MELRIES HESRSHL
RT-PCR s#hol] fERE ZElo]Hi= Tt 23 2% Jvple
ol AlE #Kifsle] BASINTL

HO-1 (forward) 5-ACTTTCAGAAGGGTCAGGTGTCC-3'
HO-1 (reverse)  5-TTGAGCAGGAAGGCGGTCTTAG-3 (524 bp)
B-actin (forward) 5-CCTTCTACAATGAGC-3'
B-actin (reverse) 5-ACGTCACACTTCATG-3' (594 bp)

8. Western blot 24J

Western blot 2#rS ©h23 o]
inhibitor Z§tE
fluoride, 5 mg/ml aprotinin, 5 mg/ml pepstatin A % 1 mg/ml
chymostatinjo] 3" 20 mM Tris HCI buffer (pH 7.4)& &1
A1ZATh. Lowry protein assay kit (P5626, Sigma)E o838k &
HES T8I 589 ZRE HEES 12% sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)E 01&
5lo 4yEESEl Hybond enhanced chemiluminescence (ECL)
(Amersham) 2 2 ERSITE
Membrane& 5% skim milkE blocking 5} primary antibody
(Santa
conjugated secondary antibodyE ZEH[7] Uhs &0l B
She BEEY #B BEE $IESIICH

oIt g

protease (01 mM phenylmethylsulfonyl

nitrocellulose =~ membrane

Cruz Biotechnology) %! horseradish peroxidase-

=LEE:

1. MEMO] HO(heme oxygenase)&dol u|xl= it

HA MEMo| HO i&ttoll tixle BRE ZASIRTE o1&
#8ta] Neuro 2A fifHE 2] 7] 59 MEMOR 18 KRS
HESlol HO activityZ BIESIIC}. Neuronal heme oxygenase
iGoll ek MEM 2EE(0-100 pg/mL)ol mME EEE Fig. 10
VIERAZITE. MEMQE AzlE filgoiad HOY &7id &S
HHHERE MMMl EHREC HEM e Z2EE 232H, 100
ug/mL EEOA 219 BR EHES UERATEL DT ZE &
ol MEMO] EE= 100 ng/mL 2 IF8] =38l

2. MEMO| 3Rtaledoll Od fEE MZTA) v|Rl= 3

MEMo| @bk ol Qlef FEE MiEkTtol niils R
£ Neuro2A A ZollA] RALSIATE 0 & #I6}o] Neuro 2A i
E BERLKSR (200 pM)E 8 R MEkSH SR Neuro 2A
ffgol cieksl #ESl MEME 12 Fif RIS tkoll SBERILK
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BARE7E MEATES) Mol PIRE Bl BRS TE

F (200 pMYE 8 [pf AIGESH FEEIEES] MIRMTEE D ZASH
Frk 7L SR MEM (100 png/mL)o] SEEMEKRE FHEE M
Hte Mfehs e A ZArt (Table 1). MEMoY| 915 HO
gidol AXGH E7Isks sl 100 ng/mLollA] %ffgafol )
o MlEARAR BEE UX 2k 200 M ST BELK
FE 8 FE St Mol Melidh &R #MA4frEo] Hiagkol vl
3l 36:3%7A] #AHEHATKTable 1). 3k, 100 ug/mL 559
MEMCZ RIS %ol BEMVKES 8 B HEksH R0l
MRS B9 £F4AS BRKRED 8 i R EERS
Mol B1a) 74:2%9) ABAES BT} (Table 1).

3000~

2500+
1500+
2000-4

1000+

Heme oxygenase activity
(pmole of bilirubin/mg protein/h)

5004

-

0 10 25 50 100 200
MEM (uig/mL)

Fig. 1. Effect of MEM on heme oxygenase activity in Neuro 2A cell.
rigme oxygenase achvity was measured . Neuro 2A cels at 18 h after {reatment
w it vanods concentrations of MENM. ' the contro! group, cells were incubated with
medim alone. These data represent the means + SO of three independent
experments. *P < 005 vs control. (MEM. metrano! exiracts of Madanpi)

Table 1. Effects of MEM on HP induced neurotoxicity. =

Treatment Viabty (% of control)
Control 100
H:0, 36+ 3
MEM + H0. 74 72

“Newro 2A cells were treated with vanous comcentrations of MEM for 12 h and then
~cubated or 8 b with H.C, (200 wiv). Cel' vabiity was determined by MTT assay.
3. MEMOlIA &4 Tl JE9 £E

MEMoliAl HO 88g REshALE  BERLKH oo &
I MREAESE IOl thal &l BR7E UG AR BEEs
5 189 B— BoE DEESISTE Fg 2.2 MEMOA] Sgte BH—
oyl (KEstEE W MEM 1g¥ G4% B5H9 88 REsKiTh
MEMAl&= 89 tanningg 291 PGGY} &HH UL

4. G4 T A2 Neuro 2A A ZojA] Tl AR0] HEL
Aloll ARl g3

A MEMollA] )i 5 B BE— Wog BRIVKEE &
HIAIZ) Neuro 2A A O] MARLTE MMM RS ZARSINECE 0]
& 215l Neuro 2A #BIEE BEEVKE (200 tM)E 8 BERS Al
FoH HARF T Neuro 2A ol 5 B Buore 242 12 BER &1
JRFESH tBoll BER(L KR (200 UM)E. 8 RS #HIERSH EEESY M
FREES HIGL RASIQCE Table 20041= 5 89 Bisy ZollA]
PGG7} 712 RO BEEEVKFRE FHEE Neuro 2A fHf10)
HRIREES ISR T PGG 2ol gallic acidoA = BR&ILKE

E FHEF Neuro 2A #iEQ) MRTE 14 BRE BEE = U
2L}, PGGHETE #7538 Mt HRE HArHTable 2).

H
1o "
W
\p Ho " m
0
) GHa J/_Oo H

i HO
o i
H H
oH \0 o
H
HO H
0H
i HO

Pentagalloylglucose (PGG)
270mg from 1g MEM

Benzoylpeaoniflorin
5.1mg from 1g MEM

0, OH 0 CMa
wCHy
0 \ )\ 0
L0
HO OH o don OH
OH 8
Gallic acid Peaoniflorigenone Peaonol

54mg from 1g MEM Img from 1g MEM 6.2mg from 1g MEM

Fig. 2. Chemical structures isolated from MEM. Five molecules were
isolated by using HPLC, and their chemical structures were confirmed by using H1
and C13 NMR spectra together with mass spectra.

Table 2. Effects of five compounds isolated from MEM on hydrogen
peroxide-induced neurotoxicity.

Treatment Viability (% of control)
Control 100
H:0p 3BHt4
+ Benzoylpeaoniflorin 37 £3
+ PGG 74>
+ Gallic acid 60 £+ 5%~
+ Peaoniflorigenone R
+ Peaonol 40 £ 3

*Neuro 2A cells were pre-treated for 12 h with each compound at 100 ng/mL and
then incubated for 8 h with H202 (200 uM). Cell viability was determined by MTT
assay. * *p ( 005 vs. cells treated with H202 alone.

5. PGG s kol me} HO-1 Thld v 3 HO g4 4ol vlA]
= 8%

HO-1 BEE #Hol thsh PGGY) 8BS Rkl sk
oled 7HA S PGGE 18 #5 S9F Neuro 2A ol EHE
It HO B & EW HO-1 EHE #Eo sl PGG EBE
(0-50 uM)oll w2 482 Fig. 3A9} Boll LIERHATE. Western
blot 43#r 22 RE PGGoll ¢t HO-19] B KEHN FES
et &= UJAchFig. 3B). £l PGGE 188ERISQr Neuro
2A #fol BHAID LS EA HO iE#:o] BE KEMCE 18
e BEE 4 AArhFig. 3A). PGG AMzlE #ifgols]l HO-1
o] e 2 HEE fieciA e EHE H Y UE =
£E HOon, 30-50uM BE HEigolA &&S BR SO0
Z7hg LIERNRIE}. Western blot 43470l A1 PGGoll Q160 1k
© HO ##%2 HO-1 ERE K B0 Rl JUSS
LIERH ATHFig. 3A, B). 30 uM BE 9] PGGoA] A hel HO-1
®ERE FEIARTE UT BE #EEOIA PCGYl EEE = 30 uM
2 1Fsle] £HE3An
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A 3000+

Heme oxygenase activity
(pmole of bilirubin/mg protein/h

0O 10 20 30 40 50

PGG (UMD
HO-1 A - — ———
B-actin —
[¢] 10 20 30 40 50
PGG (UM)

Fig. 3. Effect of PGG on HO activity and HO-1 expression in Neuro
2A cells. HO actvity(A) and HO-1 protein expression(B) were measured in Neuro
2A celis at 18 h after treatment with various concentrations of PGG. In the control
grodp, cells were ncubated with medium alone. Total cellular proteins were
isolated from the cells treated with PGG as above and Western blot analysis was
perormed using spesific antbodies for HO-1 and B-actin. Each bar represents the
mean £ SD of three Independent experments. *P < 0.05 vs. control.

6. PGG 8 A7t wig} HO-1
g4 gyl nAle a3

Fig. 4B.ojA] B= A3} o] Neuro 2A #ifEol14] PGGoll 2|
$F HO-1 BREES B RENCE st 30 uM PGGE
HO-19] #EES EH % 6 BER0] LB chEd LIERLY] 1BIE
IR 2w, 18 BERE Aol Feoll FESICE olEler Bk
Figure 4A%] HO ¥t srirolA] BoFE A3} 2ol B K1F
ISR ¥E#o] sk A —B6IHr Neuro 2A #AfOIA]
PGG EH# #% HO-1 mRNAS ERRE BES FABP| 25}
o} RT-PCRE 4=#3I19Ct 30 pM PGGE EFsHL 242} 3, 6, 9,
12, 18, 24 A7t Zol] MA RNAS E2islo] HO-1 mRNA BH
2 SHreiRTiFig. 5A. HO-1 mRNAQ] #E #5f WERNSE
IEAGIATE. HO-1 mRNA B 6 B R5E #msh] A&
SR om 12 B Aol 2 Aol ZE6IA AL 24 FEREE
BB AIZBIACE ESE, 10-40 uM HRollA] PGG ol wh
£} mRNA o] AR O F 1ingt S Z4 Neuro 2A Al ZofjA]
PGGol] 2l8F HO-1 mRNAS] BHRS BE KFEHYS o 4+ U
QTHFig. 5B). HO-1 mRNAE 10 uMOllA RE] 1@sk7) A&}
o 40 pMojlA] A dglol] SEsITt

L EOFAA

FEA 3 R W} HO

7. IR¥SHeE40) Qél FEE neurotoxicityoll ther PGGOl .3}

B E BktE DNA BES Mfldchks 2R hydroxy
radical®} superoxide®t -2 HLAMRTIE BESHE HiEO] U
So] WEFATH. Wk K FIFOAE BERILKRE HRE
Mk Bl i PGGY] Bl HRE ZAISI 2 558 PGGrt
BE RENOE BRKEE FED MRS milchs A
S oA EIQUCHFig. 6A). TIOHSH EEEO] PGGE 12 B BIEE
ot TIS BELKES 8 FR EHSH #%oll Neuro 2A #IRS] A4
7RSS AIESIACE PGGoll 93 HO #&#ko] $IAalA 1ginshke

f4 - FEE - 048
A 3000
& ¥
£ = w
& § 25007 »
S E
2 B 2000
< 5
& £ 1s00- =
2
S 8 1000
=
2 E 500
0_.
0O 3 6 12 18 24
Time (h)
HO-1 s —— — ot
PB-actin n—
o 3 6 12 18 24
Time (h)

Fig. 4. Effect of PGG on HO activity and HO-1 expression in Neuro
2A cells. Neuro 2A cells were treated with 30 uM of PGG, and HO activity (A)
and HO-1 protein expression (B) were measured In Neuro 2A cells at various time
points Indicated In the figures. In the control group, cells were Incubated with
medium alone. Total cellular proteins were Isolated from the cells treated with PGG
as above and Western blot analysis was performed using specific antibodies for
HO-1 and B-actin. Each bar represents the mean = 3D of three Iindependent
experiments. *P ¢ 0.05 vs. control

Time (h)
HOAI _
Pracin —
SM. 0 10 20 30 40 50
PGG (pM)

Fig. 5. Expression of HO-1 mBNA in Neuro 2A cells treated with 30
M PGG for the indicated times (A) and with the indicated
concentrations of PGG for 12 h (B). Total ANA was isolated and analyzed
for HO-1 mRNA expression by RT-PCR. B-Actin was used as the loading control.

Q! 20-50 uM HelollA HEBE MBS LSl MiBARFE
2 BEg O 2T 200 M BES) ERLKRE 8 i S
QF Aol EHESH R M4 ] HHERE Mol Hisla] 65%
7} BABIATE (Fig. 6A). T3, 30 yM =%.9] PGGE giEEst
% EEELAKFR BHE MR 39 £FFS BRIKZEL K

o #ifdol Hwgalod 78%9) ArFERE HIrHFig. 6B). £ £
o1& HO #iifsi#el ZnPP IXE o] &3lo] PGGE] #ilgdl, iEttkoll
A} HO-19] RS BRESR SHHTE o] wiol B KRE 75
B MEIEETEOl tiS PGGE] HI& %57t 5 uM &S] ZnPP IX
ol el FESAA HEHE AE BEE & UAUTLL ol2HT &
B PGGY) #iE{L WEy} HO-19 #Hatol 98] LEh = RY
g 5P5IA AAlskeE Aotk
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BrYRe ot MiiEETES) ol vIXle ol RS #TR

BRQOpM - + + + - - -
PGGEOWM) - - + + + - +
PP SpM) - - - 4+ - + +

PGG (M) 0 0 10 20 30 40 50

Fig. 6. Effect of PGG on hydrogen peroxide-induced neurotoxicity.
(A) Ce's were treated with varous concentrations of PGG {0-50 uM) and then
~esbated for 8 » with H202 (200 uh). (B) Celis were treated with 30 uM of PGG
for 12 nin the preserce or abserce of 5 uM ZrPP IX. After this pretreatment, cells
were meubated for 8 howik ~202 (200 nM) After these treatments, ceils were
washeo and viap ity was assessed SN the MTT assay, Each bar represents the
Tean + S 0 three ‘ndependert experiments, *P ¢ 005 vs. H202: #P ¢ 0.05 vs.
#202 pus PGG.

Il Z

W E e vlUZIoABIZHE LR, Ranunculaceae)ot) £:8F
TREE/NEARQ] HZE Paeonia suffruticosa ANDR.(=P. moutan
SIMS) % && THAIEQl £wgh P suffruticose var.
spontanea REHD. - @2 X 2+ P. papaver-acea ANDR. - AtH gt
P. szechuanica FANG 59 ¥e|AZE £ Reki), Hul
(FHE7), ERIT (SRR oM, 2eiviet | digol A sl
NoH #HiE & 3~5F @ BEIE V1T A G £9)
g REGHL ol WRl AL Hiskol ML ok, A%

Z AR duEol “EbRolEkel bR, FEH, PR
1, BEME, RERRNESEE, K1, FEE ozl 4
B ol EAA AEEEY o) 1A U BIREUA
#REEES BEK SOl gl MRS Tk 8RS AHA] Wi MBS
R AVR AQEA Hkol §8E e FE ARSI I
WiaEe SXAA fAQ Be BRESIIA E BWS 2 e Bl
=, ol T3 o] RESYAYE o8 Fol ARSSHL itk
BROlE kIS BH0T R/ B TR RO ARSI, 1
HER ERolAl= 25 #ggkol oISt 2d g3 nhmolut il
M, HKHERS) B2, MFEM:BEER, BlMo] A3t BRRE, REEIEE
B9 FAg AEelL Ark AMAA LT BFHZY (LA,
53282+ 1,2,3,4,6-penta-O-galloyl-beta-D-glucose (PGG)
paeoniflorin, oxypaeonifloein, paeonol, paeonoside,
paeonolide, benzoylpaeoniflorin %! benzoyloxypaenoniflorin,
oxypaeoniflorin,2,3-dihydroxy-4-methoxyacetophenone,
3-hydroxy-4- methoxyacetophenoneEo] Qi

HFRO EHIERS AHEBH Paeoniflorin®  HrfE#ol

HolA #pda vt Jom, il B MEET BR7 s ¥
OohdZl W71 IR FIRFRTE UL ol i St stsEER
& Urh ¥ PaeonolT HEMEIR % SFFEIERC] UE ¥ oliEt

ATHIOE HESIASH Bl thel MAYERC] AS0l™ Ledzict
BotRol t 3 Q8 PGGE rat serumol|A] K4 A A9
T8 744171 bezno(a)pyrene Ames test (1M 22 A
AE)olA BEHo] A 84 Hary. w8l e g
Na, K-ATPase &4 oAl &a 0t opget?, elbsl a1}
EME RO Basyrt®™. gif ¥ @ S0 o 71X E
B2y B AmpEny S0l dEoll thdt PGGY Frggol Sl w
%7} Z@Fol UH*?. PGGE 4151 DNA #E8 M#sH
AME 7HA L A9, hydroxyl radical®} superoxide@} & B
% radicalg BFESRs BHE 7L A0 B
Al AERAE YBloH RE SHIA KR Y BIED
U2 RIS KRS BREd oA EQ% S ok
wEhi ol St RIS EHES MBRITH RES UISH Y
9} TR Saol 71dE Zolth HO-12 oI 7R 43k
AEH ALY dlEo] Qe AFEOE Ll AEFA BIE T}
B Zo|ct?, 1211 HOQ & 23S 22 hemeo] £3is]
biliverdin, Y4F31EEA (carbon monoxide; CO) 2 A& A4
P, Biliverdin 44 5o biliverdin reductased] 2)&kd zZk
b 8RS G E LIERAE bilirubin© 2 HEE0) QAHSERA
cyclic guanidine monophosphate (¢cGMP) #l89) st&1t &
& £ W ZA perfusion 3} 22 7|5E 2w LA A
(nitric oxide; NO)&} H22 FAKEE 7IAL i, HO-1 2
n}@ A= endotoxemia’?, chronic hypoxia%) 52  cardiac
xenograft (£17 01&01A)9] AP UAY WEEE HolVl mE
Oﬂ MEE AEd 20 i BIS2 T HO-19) R £Q%H B
&4 71Fo|th bilirubin®] Ag|EHY L= HAISKRAT Sut
He WIAEe] &4 AGAA171H, Al €A plasmao]A] ©t
BE O] AE1E uhopErl?.
2 gigeolsd = PGGY SHats) o] odrd 7EX) AEZ AN
Hllikol ThSE BHER RSl BAE heat shock protein®] HO-1<)
2 FEg 4+ JAsAE HWILAL SIKrt WA S
MEMo] HO ol mIXlE WRE £AKE 23 MEM A2l
oAl HOSl S71E 152 HiEEF Mool st &
Bt ole =HE 230, 100 ng/mL EENAN H1O ¥R
Eie VIERARACE.(Fig. 1) #1528 MEMOo] BEgft kol 2l
ol FEY MiaEstl tiAle HRE RASH 23 200 M B&
o] ERMLKERE 8 BRI =¢F Mol Xldt 4% Mls4EaEo]
iR W15k 36+3%7MA 4B, 100 pg/mL EQ]
MEME BIEHESE &l BRCOKRE 8 F5i MEs RERHY
B 74£2%9) AFEERE HR O, MEMRE Xt @9‘& IR
B} sl AR BEE whA U (Table 1)
olZgh #FftEE MEMoflA4] HO €4 2 %E g BB KSRl
Joﬂ T MAETE 1A BRI e = BEEE 5 EY
— Hre e 2 29 289 E}H’S—E— PGG7t &85
o UL, o] 2] vl HE29] MEYE HIH MRS TAKSH
23 PGG & gallic acid7t 242t 77+4% %} 60:5% 2 718 GuMA
OIQL}. (Fig. 2, Table 2.) PGG EEZ(0-50 uM)oll mhE HO-1 &
= BEHM HO R iStho] tish &S TASH Zaldes

O

ﬁ_‘ﬂ,dﬁ

Ry ]

..
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30-50uM 2 oA &S HO & (981 B7DE VeI
Ord, 30 pM BEEQ] PGGojA] Atho] HO-1 #RE FHEsIH)
(Fig. 3). PGG & B§RE(3-24h)0] WHE HO-1 #ETF % 08
BT HO BEH Eikol tidh BE8E ZAS ZYolie PGG
B R KTENCE HO St 1808181, HO-1 mRNAS]
BHS B REMOE sgske] 12 B ZTHAlol Hax]ol
TE5IH O, PGG EE U2 mRNA BHS BE KEHNS
2 1Emmeked, 40 pMolA] & gkl TEEIRiTh(Figd., Fig5.)
BEAUKFR] Dol FEE neurotoxicityol] thet PGGY]
£ UotET] gt WollA] Tist B9 PGGE 12 HEH A
RIS U} BEMUKERE 8 Fefl IS 8ol Neuro 2A RS
AHES BESH 23, PGGoll A3l HO iE#o] SAXSHA #8ms)
= BEQI 20-50 uM WlollAe &EEET sl Mifnsrras
2 EEg UK QUon, 200 uM EEQ HEEMKE XIS
FE BIBATFEC] 35%TIA BAOIACt. SHH, 30 uM 559
PGGE #IEHES # BRtkFRol BiHE HL 8%Y AEEES
How, E0]8 HO sl ZnPP IXE 0]183lo] PGGE] #i
Bl ¥l A HO-19) BB S BERERSH oAM= BERLX
£E ALY #FEMsiol thel PGGS sl %&R7 5 uM BEY
ZnPP IXol Q5 FEHAA HEHE AE ¢ 4 UACt(Fig. 6)
old9 AFES B0l KPS HEE HEQl PGGY} i
MRSl HO-1 #ET W £0E BHI HO EMS BES B
EFMNCE L @Echhs Ae SEslych PGGE o]
Relslae 2% ASHE e #ilE Bl tish B2 5
#E UElE RE BEBIN oM, olmfoll HO-1 29 #FjEo]
FHEE MHpFES] Aolo] Hie ACE JEhIT) d1F, olEieh
A5l A5kl Q1A PGG7} blood brain barrierE E151=X]
St BN A Mol BER=AlE olF BHSA WHXX 2%
211, in vivo AollA] o] {EH0] WALRITH: RE
AHE #eAE ofF sdajor & HAE Jorlrh
ot 71X IREERN BRiEE0] 418y AEHIAS) =0l
Q71 wiFol e R A BES e 5851t uiet
A ol@EBt @4tEl ol ZABI PGGE 41E1E AE#HAV}
FEEElol e T JEY KR 22 HHoA gads
Z o888 £ AE AHolw, IS F olol gt Frt AT
Zost Aog B
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KIS BAES BRIVKEE FEY BT BRE
HESHIL MEAERTE A o] tidlol BRICE RSt R
= Ued 2o ERE 4 JAUTE MEME Neuro 2A o4
HO {4 s, BRlkZo) s FHEg MkEe m
#3199} Neuro 2A #fEollAl PGG (10-50 pMy= RSl FRY
RERCE HO-1 mRNA 3 EAE #E HO BHES 18I0
7itt. PGGE Neuro 2A #Hi0l IR SIS A% BRIKRE
FHEE MRSt oish Il WERE BTt PGGoll SIS MfRssE
i = HO #IfI#4Q! zine protoporpyrin IXofl 913l =R

Tk DLEO] FERE niFo] Hurteie] Myt Ml BlRe Bt
B PGG7L HO-1 @EF BB FETOEMN Bl &
EXAERE WEMARE RES ¢ ASS VBRI AT
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