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HA S2(EZ)0 28 heme oxygenase-12 ESSI}

HEF (stroke) & oP7lhE W - AtaF 2% €A
AAL £4He ARBSA 3 G e Fo

Upregulation of heme oxygenase-1 by Scutellaria baicalensis GEORGI Water-Extract in a Hypoxic Model
of Cultured Rat Cortical Cells. Won Chol Lee, Wan Sik Kim, Gil Jo Shin, Il Soo Moon™ and Seung
Hyun Jung*. Department of Oriental Internal Medicine, College of Oriental Medicine, and 'Department of
Anatomy, College of Medicine, Dongguk University, Gyeongju, Korea — Scutellaria baicalensis GEORGI (SB)
is used in oriental medicine for the treatment of incipient strokes. Although it has been reported that
SB is neuroprotective in a hypoxia model, its mechanism is poorly understood. Here, we investigated
the-effect of SB on the modulation of-heme oxygenase-1 (HO-1), which has important bielogical-roles
in regulating mitochondrial heme protein turnover and in protecting against conditions such as hypo-
xia, neurodegenerative diseases, or sepsis. Rat cerebrocortical day In vitro(DIV)12 cells were grown
in neurobasal medium. On DIV12 cells were treated with SB (20 pg/ml) and given a hypoxic shock
(2% O2/5% CO,, 3 hr) on DIV14. In situ hybridization results revealed that SB upregulated HO-1
mRNA in neuronal dendrites in both normoxia and hypoxia (38.5% and- 59.2%, respectively). At the
protein level, SB upregulated HO-1 in the neuronal soma in both normoxia and hypoxia (22.4% and
15.7%, respectively). Interestingly, most significant increase was associated with astrocytes, which in-
creased HO-1 protein by 77.5% compared to SB-untreated culture. These results indicate that SB upre-
gulates both neuronal and glial HO-1 expression, which contributes to the neuroprotection efficacy in
hypoxia).

Key words — rat cortical cell culture, heme oxygenase, hypoxia, Scutellaria baicalensis GEORGI
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[943-45]. A A Xl = 9] 2HAa7HAA} (02 sensor) 7} S

a0l 229 Kol 25z,

T oIt dutH o g AAAMEE FAbLd M 9s
(anoxia-sensitive) M| Eo|t}H2]. ¥ 2 FFHE 247 Az
TEOZ AHY AAH T 5E-olulo] ATP 90%7} A
= H[10], ol M X @& (depolarization)[18] B
Ca®e] AZU 9, glutamated] AE 9 §Z[40], mi-
tochondria®) =AY At & FAJAF4 (reactive oxygen
species, ROS) A4 7<) 5[26,34]& of7|3] A Z At} Al
EAAALE FEsiA Eoh

aehd AZAME7} AikiFe) s A3 WolsHe] ¢l
RE& ofri19,36]. TEAEE AT AFAste] Wl
ST F JE FHA 2adg 23 9lo], Fol FHH
A7t BEE 83 2EH A B gty s Fat
S2Ef A FRAEY #HdE F/MIIH, HEF AN
(erythropoiesis)@ Z@FHAA  (angiogenesis)o] ZZHT}
(1632} =8 ZFJE-ATP A4S W33r] A3td &g
(glycolysis)® X% 4% (glucose transport)e]] FTdl=

e

*Corresponding author
Tel : +82-54-770-1253, Fax : +82-54-770-1500
E-mail : omdjeong@hanmail net

nicotinamide adenine dinucleotide phosphate (NADPH) &
& A 08 AFete] AR FEAS ™A 9
[39]. A5 AANEZE AAhFFo] AT AAAMELHS
T8 o]2EY o]FE £, AUA A4k Azt wE
QA ARE Zo|0, hypoxia-inducible. factor (HIF)-13}
nuclear factor kappa B (NFxB) 59 A}l A} (transcription
factor)E BAFAA §F FHAEY 2EE A7,
3846)]. HIF-12& Aitigol A S4315 0] Astd 4dad 7
4-5h=d| ¥ 23§ vascular endothelial growth factor (VEGF),
erythropoietin (EPO), 3|3 f4 (glycolytic enzymes), E= %
F& o A(glucose transporters), A EF7)Zd e A (cell
cycle regulators), transferrin, heme oxygenase-1 (HO-1), 1
#31 inducible nitric oxidative synthase (iINOS) 52 %3&
S FE36,1541].

HO-1& Hsp322 &= €A MEdathidgry sz
2 AN SA8EH[7,20], AL/ HE, ) 72 (cerebral
infarction) 2 3 944 ¥ &4 (traumatic brain injury)d]
A #8o] F7HATL7]. 221 S FolA HO-13 thE heat
shock protain (HSP) ¥ & Eo] AAME 3 MA WA Eo|
A mE &5 THS7E Yojdo]l B EH ATHE). W



HO-2%= constitutive form 0 24 =718} &+<=tH7]. Heme
oxygenase= cytochrome pathwayZE £3}o] A Ed|Al(iron
metabolism)oll 7152 §tH42]. HO= heme$S biliverdin,
carbon monoxide (CO) % irono. & E-&jdl=d|[34], CO=
7 A@BaAA o, biliverdingt 2 AHE<¢] bilirubin®
}e] f& A shA ol THAT]. whEkA] A dAaF oA HOY S0t
BHEY Hid TEE & AR FHHr
%}%(%5)0 A (M), vl LT, TR FER
AAQFLER), AASHIERX), Aol 7 (HRMER) e
BEAZ(HESGE), & QA (REER), J@%aﬂ(ﬁéﬁ“
AT T (AEIEM)S A 85m[5152], & X]E°ﬂ
WA SRR ), SEs 58 iiiﬁiw(%), +3
HimLT) 52 oldd F79 A& 4 Yehlle
g7 U5y BHE 4P AFRE F S
[29]9 %%‘4 A8 mdoMo] AARAAT, & F[22]
Artad BdoA AT AAA HA 2 A8 53,
4 S(23]9] A4athZ R4l microarray 23 catalase, HO
59 Z7} B3, F 5[50]e] A4AZE 2l ROS A4k
A& % mitochondria A #A 5ol Ut
AFolA G 9ste] HOS #de] o o
ARANZALE A s Ego] 2 AR o old
2 dFdAe Wgd g3 dHANBARY AdaF 2
A4 HGA X389 4 (Immunocytochemistry, 1C) 713
in situ hybrldlzatlon (ISH) 7| o2 gAslAEYAF A9
HO-19] #&g mRNA % @id LFdx fFas nf,
HO-10] AAAE g Wolm A Fell A fostA £8e] F7}
= A
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Hofl A" 8 (Scutellaria buzcalensts GEORGI, SB)&-
A2 ek o doF AT 52 A F
o Aoy ol A ??Jo}%i‘jr

YAl 18U (embryonic day 18 : Eis)S} Sprague-Dawley7)
9719 DS AAAAEES Brewer SBIS ol st )
F3tA F, B BHE dry icert E0lE F& 3~5
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27t ol viRebn, A2 L Jle ¥ 84 dolg Asn
£ gt dHad 232 37°ColAM 5&3F 0.25%
trypsinc 2 213l 1 mM sodium pyravates} 10 mM
HEPES (pH 74)7} #7}¢¥ HBSSE H(Invitrogen Life
Technology, Carsbad, CA, USA) 5 mlZ 4~53] o Ekixes!
5 9% 2388 1 ml Hank's §9jo2 &7)w
S Eo gFo] M-S &4 g pasteur pipette O Z 6~7

ERAA AANES BAAAT, o] F 24D ATE
o3 AESFE A3 g5 oF 1,500 cells/mis =& B27

748k plating neurobasal media (Invitrogen Life
Technology)(100 ml neurobasal, 2 mi B27 supplement, 0.25
ml glutamax I, 0.1 ml 25 mM glutamate, 0.1 ml 25 mM
2-mercaptoethanol)o]] HZ3}a] 5% CO, v Zol A uj et

L 2~39 Ao g uj%Y-g feeding neurobasal media
(100 ml neurobasal, 2 ml B27 supplement, 0.25 ml gluta-
max D2 1/3% ndstY)

tjo b j&l‘ o

MiAE 7

Culture plate® CO, Water Jacketed Incubator (Forma
Scientific Inc., marietta OHIO, USA)E ©]-8-3l4] 2% Oy5%
CO, 7oA 342 A8t AdAFE FEtAT A4t
A Agrt B iiGAEE BtA 873 WYz §7
3 A% s

Immunocytochemistry

u b8 7] (24 well plate) B¢ 9ol SHET okl
500 ul9} ice-cold D-PBS (phosphate-buffered saline) (0.1 g/
L CaCl, 02 g/L KCl, 02 g/L KHyPOy, 0.1 g/L MgCls-
6H,0, 8.0 g/L NaCl, 2.16 g/L Nath,PO+7THO)Z w83}t
t}. D-PBSE 4°C methanol (500 pl)2 w &3}z 58 & -20°C
methanol (500 pl) 2 ThA] W33 TS -20°Col A 2087t F
21}, Methanol-& ice-cold D-PBS (500 pl)2 w#slx 158
% preblock solution[0.05% triton, 5% normal goat serum
in h-PBS (20 mM NaPO4, pH 74, 450 mM NaCl)]-& ¥
4°Coll A 1A ZF A g]st et 124 34 (anti-HO-1 rabbit poly-
clonal, 1:200, Affinity BioReagents, Golden, CO, USA; an-
ti-PSD95(postsynaptic density 95) monoclonal, 1:500, Upstate
Biotechnology Inc., Lake Placid, NY, USA)E ¥ 1 4°Cef| A
1A17F wH-EA1 7] 3 A L4 A preblock solution .2 2084 3
3] AFHsAT. ¥FEde] EAE 23 A (anti-mouse
IgG, Alexa 488-labeled, 1:2,000 && anti-rabbit IgG, Alexa
568-labeled, 1:2,000)2 ¥ 1Aj7F o w8271 &, D-PBS=Z

1584 33 Al3sd

FEXt cloning
Z3ta 4 A4 k3 (polymerase chain reaction, PCR) 71§
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o 2 34 primer (FW 5-atggagegtccacagee-3” ; R: 5-geettet
gtgcaatcttc-3) & 0] &3t HO-1 @A 9] oju]=acho) &)
@3t 461bpE FE3I9th. 3Z® DNA HHE pCRI-
TOPO transcription vector (Invitrogen Life Science)ol] 4]
a1, A9 W3& DNA sequencing®. 2 <13l¢t}.

in vitro transcriptiondi| /8t riboprobe?| =

FA8z7E € pCRI-TOPO A2E plasmidE A|g-&
4£F AHE-ste} A ststa(inserte] AYWd 4183 o)
Ae® BaE 27t sRadel AU T7 (Roche
Molecular Biotechemicals, Indianapolis, IN) &£ SP6 RNA
polymerase(Invitrogen) & ©]-§-8}<] in vitro transcriptiond}
ok o] o digoxigenin(DIG)2.2 %A@ UTP (DIG-UTP)
(Roche)E #7138l c(RNAZ DIGE #E A5ttt

in situ hybridization

InnoGenex in situ hybridization Kit(Komabiotech, A}2-)
€ ol&3lo] ISHE st gith. W g Mol ¢ AEol hy-
bridization buffer 100 plE ¥ 31 50°Coj| A 3023+ A& § o
+, DIG-labeled c(RNAE % 7}8}31(200ng/ml) 50°Co) A 16
~18X17F Mg]st ¥t} PBSE A3 % biotin-conjugated an-
i-DIG A& Y1 A2 3027 {32120 A PBS
2 M3 UL alkaline phosphatase-conjugated streptavi-
ding 93 A2o|A 203 #8212 ¥, BCIP/NBTE 4

o) AR,

0I0|X] M2 ¥ signal intensity £H

FME AELE CCD camera(Photometrics Inc,, Germany)
7} 28 333w 7 (Leica Re search Microscope DM IRE,
Germany)© 2 #2351, QFluoro version V1.0b software
(Leica Microsystems AG, Wetzlar, Germany)Z ©]&-3}
digital imageE ¥ 534t} ICY signal intensityS =3 &}
7] 913te] digital image= Photoshop 5.0K (Adobe) soft-
wareg o] §3sto] ZWo g W3 gray scale 0~255)3t1 3
&g ¥HAg thd, NIH Scion Image (version beta 4.02;
Scion Corporation, Frederick, MD, USA)&2 &A1&} t}. ISH
image2] 7} E7]o) A ¥ RNA granuled] £& 338}y
H3te] ISH Z3 imageS NIH Scion Image softwareE o]
83t £43H ) ol gray scale intensity 502 threshold
2 3o I o|4S #7 signal® Bgton, HlEe A=
10~100 pixel2 A 9J3tH 4.

EZE APE H4 sFE AP, MEe 4ELe
27 tigh W& (% of contro) & E A3ttt A3
Mann-Whitney U testZ 7153}t

2 o

Haat2EA(normoxia) MM 20l HO-1 mRNA 3
ol olXlzs g&

50| ROS AA #Hoste 49 HO-19) mRNA
o vlA= 43 ISH 7|22 ZAstg ok HO-1 g d
9] ojuj=wgto] s)Fate fHAF 9] (461bp)S PCR 7)Y
© 2 FZ3}1(Fig. 1A), transcription vector?l pCRII-TOPO
9 cloning} % thFig. 1B). Sense cRNA probeE THE7] 9
3o o] A 2% plasmidE BamHIo.Z #Aa} Moz uE
3 T7 RNA polymeraseg ©]-8-3}9] in vitro transcriptiond}
A th(Fig. 1B, right panel). o] DIG-UTPE #7}3ld cRNA
& DIGE £A3l9 1. Anti-sense cRNA probeE "HE7} 9
ghe] o] =T plasmidE FcoRVE et Moz sy
SP6 RNA polymerases ©]4-3}¢] in vitro transcriptions}
t}(Fig. 1B, right panel).

DIV12¢] skl 2ol 3320 pg/ml)S A2 g 5 DIV14
o AAFAkL Ao A HO-1 mRNA 28-S anti-sense RNA

A M HO

2000 - ==
: g 289

N e — c

F: 5'-atggagcgtccacagcc-3'’

1000 -

500 -
R: 5'-gccttctgtgcaatcttc-3°

Fig. 1. In vitro transcription of the HO-1 gene. The DNA frag-
ment (461bp, N-terminal 153 amino acids) was ampli-
fied by PCR using the primers shown in A. The ampli-
fied DNA fragment (arrowhead in the lane HO in panel
A) was subcloned into pCII-TOPO vector (B). The iden-
tity and orientation of insertion was confirmed by DNA
sequencing. The recombinant DNA was linearized by
digestion with EcoRV, and in vifro transcription was
performed with SP6 RNA polymerase to make anti-
sense cRNA (B). M, DNA size marker in base pairs.
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Fig. 2. In situ hybridization showing the expression HO-1
mRNA in normoxia SR (20 ug/ml) was added to
cortical cultures on DIV12. On DIV14, cultures were
subjected to ISH with DIG-labeld anti-sense HO-1
cRNA (A, left panels). The images were converted in-
to gray 255 scale, the threshold of signal intensity
was cut at 50 (A, right panels), and the number of
particles (defined as 10-100 pixels) were counted (C).
Scale bar, 20 pm.

probeE ©|-&3te] #&3 A THFig. 2). HO-1 mRNAE &, A
EA, A E 7o B8 = A hFig. 2A, left panels). 3 o] A <]
¥ AT E densitometer® ST 2y S A o)
FollA ok ZagAou BAH F4L U THEFig. 2B).
ady 7R &7 $AE HO-1 mRNA #3 9] & fo
A F7H8FH TH38.5%, P = 0.001)(Fig. 2C).

MataF(hypoxia) MM &Z0] HO-1 mRNA &i0] 0]
= g

o ggFo] HaaZdA HO-1 mRNA & wx)
= ZAM At DIVI2¢] vl Al £l 35(20 pg/ml)
< A F DIV AirZ S fE3a, oA ZAaks
3749 A 2417+ o wjst T DIG-labeled anti-sense HO-1
cRNAE ©o}83}o] ISH 7|y o2 #&3}%chFig. 3). oA
9] ¥¥ HEE densitometerZ A Ay FFL A
oA FzF By BAF fre4de fisithFig.
3B). 28y 7FAE 7] F4E HO-1 mRNA #@9 F&
433) F7hE AH59.2%, P = 0.001)(Fig. 3C).
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Fig. 3. In situ hybridization showing the expression HO-1
mRNA in hypoxia. SR(20 ug/ml) was added to cort-
ical cultures on DIV12. On DIV14, cultures were ex-
posed to hypoxia (2% 0p/5% CO, 3 hr) and sub-
jected to ISH with DIG-labeled antisense HO-1 cRNA
(A, left panels). The images were converted into gray
255 scale, the threshold of signal intensity was cut at
50 (A, right panels), and the number of particles (de-
fined as 10-100 pixels) were counted (C). Scale bar,
20 pm.

HAMAEH (normoxia) M 830 HO-1 EHiE &
ol oixle gg

o] Aata B0 M ROS AAY Hosts a4
HO-19) &) wXE G3FS 2ASS T DIVI2S] H) %A
¥ol 320 pg/m)E MY ¥ DIV BFAata 873
A HO-19 28L& FAE o] 83te IC 7|Heg #23)
AcHFig. 4). ©l™ PsD95 B el hg FAE o]FFH 3}
of NAAEE Atk HO-1& AAAHEY FAe
ZatA EEHA oUW AEAAME FFon, 7tAE 7N
T o oA T B pSDBE HEEA ¥,
o) g o2 HolwA E(astrocyte)2 Hole MIEAXME 2
gHA LA AT (Fig. 4A). TH A=E FF3 A HO-1
AGGY or|X g FWoz Adsty FYL HEND F
(Fig. 4B) AZAME 7 HEA AET7E(signal in-
tensity) & Z33Ach I ZF HO-1& AAANE oA
T g4 g% 29 #Hsrt A9 Aoy AZAgN =
o8 E718 g TH224%, P = 0.005)(Fig. 4C).
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L]

SB(-) ) SB(+)

o nm:la ul 1Y purlknryon

Fig. 4. Immunocytochemistry showing expression of HO-1 in
normoxia. SR(20 pg/ml) was added to cortical cultures
on DIV12. On DIV14, cultures were subjected to double-
staining with anti-HO and anti-PSD95 antibodies which
are labeled with Alexa 568 (red) and Alexa 488 (green)
fluors, respectively. Separate and merge images are
shown in A. The HO-1 immunocytochemistry images
were converted into gray 255 scale, signal was inverted
(B), and the signal intensities in the nuclei and perikarya
were measured separately (C). Scale bar, 20 um.

F‘;
I
o

(hypoxia)lAM &30] HO-1 EHYE WH0f OIX|

rnr
S0
dlo 0ok
o
fiti

gFo] AaaZFolA HO-19 L&l vX= 9
AretgTh DIVI2¢] vl FA Zel 8520 pg/ml)S A

DIV149] A224%(5% 0y/5% COy, 37°C, 3 hrs)&
T, 31, TRA] AAA A A A 2417 o] Wl k3 & HO-1
AL FAE o] 43 IC 7Y o2 FAE A (Fig. 5).
2 e B wigtd AdaFdM o FetA T
dEiom, 5] WoluMEE Hole ANZAA X H&
ZelA 2= UATHFig. 5A, a). A4S B A9} e w
Moz ARG AARAENAN Y SHY=E ST 4
% "‘_]7§/‘1]i(15 7%, P = 0.048), A7 LA E(77.5%, P = 0.001)
BFo X &5 A wFelA FesHA Sk AtHFig.
5B, Fig. 5C).

1o Ho 1 o%
2 hrl\ e o
i -101- FN

uy
<.3
—_

&

A okA BF EEZfl(Labiatae)oll &8 thay 2#Q)
F(Scutellaria baicalensis GEORGI)S| He| & #IfE 3t A %3
AB4SE <KEHE [S50M= “ARIRE), PIRERE
TEER) EE@E), TT(EE ), S+ e (FEBAEK
AZ(EE), F2(EH), T FRE), FD0ka), AL

~—
<

SB{ SBi+}

SB(-) SB(+)

Snucieus wxtrocyte |

Fig. 5. Immunocytochemistry showing expression of HO-1 in
hypoxia. SR(20 pg/ml) was added to cortical cultures
on DIV12. On DIV14, cultures were exposed to hypoxia
(2% O2/5% CO, 3 hr) and subjected to doublestaining
with anti-HO and anti-PSD95 antibodies which are la-
beled with Alexa 568 (red) and Alexa 488 (green) fluors,
respectively. Separate and merge images are shown in
A. The HO-1 immunocytochemistry images were con-
verted into gray 255 scale, signal was inverted (B), and
the signal intensities in the soma and dendrites were
measured separately (C). Neurons and astrocytes were
marked by arrowheds with a and n, respectively. Scale
bar, 20 pm.

1 3 on AMEEEK), AF SRR
H(ikm)o Aol Qo) FA(RA), s E(REYE AT
S LERE)C AH8ET B3 B Y(RRER), &
FET) F FRHERR), TIRME T %%(':Plik) 7747

o HEHE WFSRAIFIREER), SEHLIEFEFL
JO), tHAli%(k%aﬂi%)[se], d ?‘&i%(@k%%a &7 5
o 28 74 FAjoln el aFo2e FIFAER,
G| EL L, AE2E, FAAE, AAERAE Fol Atk
[24,56]. EFo B3 AFH A7 F F[30] FFo] €Y
15, S Z24 2 Agdold uAe 9L, (4 F
9] gholgF o] A3 AFE, # F[37]S ROSY +3)
Zgo 3 BF AR A HiFEo] B dF 5&
Bk 53 F 58] 79 FHHE BdAN ¥

o AR ERE Husdon, & 521 FF0) A4
A BA M AEALY B3 E, AitaZ B oA apop-
tosis 71 Z Bcl-29] WE ZF7}, caspase-39] activity 7HA ol
FEA Aot HET W F 2E e AR A
Atell A% &37h gl AeE Easiith

HEFE Y - APLF JF AR AR o}



g} AAEAE AE AE %—’}‘-31 242 mitochondria
9} olu]x] Azl Atz Ql4aks}(oxidative phosphor-
ylation)ol X} AzG=EAE 2g3ch ABAHEE ALEH
o 7} 0 AZE AAA FH2] HE FFHE 4o
7V A4 £ 2 HolA W uA] nzdo] dojut xS
o gRZo] Yo} [18,24] o} 2H Ca’ influx, Na* 5%
Hlol A4, MEY glutamate T F7}7} o7 TH40].
o7l &44o) w2 AAATE AFe AR $aol d8) =
A oLk B (necrosis)h, ¢ Ug £ AT Polupe
programmed cell death Z}7(apoptosis)&.2 &}
Aol AE 58 ROS7 o) 448t 94 ) 4
2 9% AR Af719 ROSE A ) 27 £950]
AEQ A o] 4" uwjo] BAEZ[11], superoxide radical
(O7<), hydrogen peroxide (H2Oz), nitric oxide (NO), perox-
ynitrite (ONOQ) 0] AT}5]. o]EL& AE U4 EAste
Super Oxide Dismutase(SOD), catalase, ®J&] &< perox-
idase 59 @3l E4A 9 vitamin E, vitamin C, gluta-
thionet 2+ g4stEdol s A|AAH51] 68 - A
AAE9 AitAast 7] 74oll nitric oxide (NO)$} superoxide
anion (07)& MZ WH-3-3le] vf$ wh-§-Alo] £& peroxyni-
trite (ONOO)E ¥ A 6}{— 91[12], ¢] ROSE A AA E 54
ol I AL g AHHTB4] ROS7F At aFolA A EALS
TR Ao WHAGA[48], HZ =9 Az a o
ARZNERS gt dFEo] o] FojAa UH21,30]. 4
T3l olstd AMLFTAM 5L SOD A4 HHE
F7H71E Ao g YEtgth B3 F[50] H.DCF- DA
o alg o] &3te] ROS 742 HyOy, peroxyl radical, perox-
ynitrite anion® 243t A3} gL ol AXY ¥
A5 ¥3=m, mitochondria®] @AY FAdE G50] 9

Ae A2 Eil%‘ﬁr The o] AR 72 ZHO; sen-

S AN AR AUE ol
F8% 9% 3} dEA AMaFoA 44U Na'
o] eEE 9 Kol 2EZE AiEAs}l I Afsld TEA
oleETE A5ty A o|LEZE A A NEI}
g 324 wrEth =3 NADPH oxidases A3l e
(redox state)ol] wje} b2 o] 252 dli A o] 2F Y&
B2 e Jee Jeanl ode 9%E )
1 D dEd ALDAAZE AL ql7ksl AA}
(transcrlptlon factor)Ql HIF-1¢ 7 o]t}{27,40]. HIF-1& A A

Zol A @A EY, o] G ALE H3H A HS 3=
Eﬂ Q3 oFd §AXE dHA 71T ol st FHAE 7}
d)&= VEGF, EPO, 33 & 4(glycolytic enzymes), ¥ =%

£l d(glucose transporters), A 57| Tl F (cell

5%
2:2 BN

>

[e]
ne
N
T
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cycle regulators), transferrin, HO-1, 18] a1 iNOS Fo] ¢t}
[6:1541].
o] M2

2AE AMste ]‘ﬁii er?ﬂxﬂ‘i“:}(unmunoﬂuorescence)
Solidol 1 Zxst duisteg 9oy AE o}
FHeA &0l ot F9 PCR 713 &7 EANE
71y F9 st ISH 7PE2 Al EY 230 EHdte 5
A QHJ—‘?—H% A& d & A A9yt & 9
dre g 87 dHIBATY AdLF ZdoA IC
7193 ISH 7| 0.2 JASAEH 2 a4 HO-19] HdS
#aste] o] AEA JAo Fdste Tl & FHA

2o vH= GYE ZABIA
HO-1& @Az mRNAZF B FAAA 37 2 A4
FolA g st Zdol FIHHAT HO1 /A
89 fET EHECME*[MM AdaFAA[3]edAM B
. HO-1& heme¥ biliverdin, CO ¥ iron® 2 53] ﬂc}
. Coe #49% @”}E}’E}Zﬂ o], biliverdin® 1 A&
bmrubm— 399 FASAoI], £ HO1S HE8A)
2 AFE 884 ¥ 2 Adde 202 yEo28]. 182
A AZo| A transcription factord] HIF-10] #4315 <=H|
@u2e Ae Badl A8ted BRY P 43
A= “a?ﬂ 1719 &7]9l€ HO-1: gk wetA 35
98 HO-1 F7he AAtLZo M AAAMES] BT vfs &
D77 ARG, Sl BE HOAL FRNA B4 2
Aol Hotm A LM AZ A Zoll vste w¢ ol
FAENE, ol Holu 27t HO1E F2 2dste A
Z2A APaZAM AAZAE BHeste FE 9
e /‘V‘}ff}r’}-
3ol A
]74 ‘ﬂ-‘%—’\? }% JX]’E?PE AoE FAHEY,

"“zem’il%
T R

o]

=

0
g superoxide dismutase, catalase 3
iy éA}szEL AL Fv2¢ Aoz AlgdY.

#oE8
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