KA EEE A268 A4E(2011¢ 129)
Kor, J. Herbology 2011 ; 26(4) : 169—180

FLEKol MEHLEm 215 2) RErAAET

Matrix Metalloproteinase ¥&o]| u]x]= g3}

SAR, oA, AAY, ANE, 9
Asloyst SAJeket solutehag

Effects of Rhodiola Rosea on Brain Edema and
Matrix Metalloproteinase Expressions Following Intracerebral Hemorrhage in the Rat
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ABSTRACT

Objectives : This study aimed at evaluation of the effects of Rhodiola rosea on brain edema and expressions of
matrix metalloproteinases (MMPs) related to blood—brain barrier (BBB) disruption,

Methods : Brain edema following intracerebral hemorrhage (ICH) was induced by the stereotaxic intrastriatal
injection of bacterial collagenase type VII in rats (Sprague—Dawley). Then ethanol extract of Rhodiola rosea was
treated once a day for 3 days. Brain edema % and water contents, and BBB leakage were examined,
Immunohistochemistry was processed for MMP-9, MMP—-12, and iNOS expressions in the brain sections and
each immuno—labeled cells were analyzed with image analysis software,

Results : 1, Ethanol extract of Rhodiola rosea reduced brain edema following ICH in rats significantly,

2. Ethanol extract of Rhodiola rosea reduced excessive brain tissue water contents following ICH in rats
significantly,

3. Ethanol extract of Rhodiola rosea reduced BBB leakage in the cerebral cortex following ICH in rats,

4. Ethanol extract of FRhodiola rosea reduced cellular edema of neurons in peri—hematoma and the cerebral
cortex following ICH in rats significantly,

5. Ethanol extract of Fhodiola rosea reduced MMP—9 positive cells in the cerebral cortex following ICH in rats
significantly,

6. Ethanol extract of Rhodiola rosea reduced MMP—12 positive vessels in the cerebral cortex following ICH in
rats significantly.

7. Ethanol extract of FRhodiola rosea reduced iNOS positive cells in the cerebral cortex and external capsule
following ICH in rats significantly,

Conclusions : These results suggest that Rhodiola rosea reveals protective effect against brain edema and
cytotoxic edema of neurons by means of down-—regulation of MMPs and iNOS expressions, and inhibition of
BBB leakage.

Key words : Intracerebral hemorrhage, Rhodiola rosea, Brain edema, BBB, MMPs, iNOS,
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FE & HESS A AARSE FA AR 3t ¥d &
s B opyzl FoAEe Uzt WA AFTE F 24
AYE olo] £ HAR Aol B2 Ao, HEFS
HEE T HIE 522 sty 25715t AAE
ol 5& ke Aoz, AEICE o5 F 40%=
F5x9 715Nt Sl AERE Aobrbar, 15-30%= A2
g Aofjglog Mol Aok, qmos gt oo Fw=
= OE FlRFEG T35 "ol © =1, Az Sl
2 QIF ghdigt AHE] A vlg-o] Hk STkt JHRIAQL 4o A
st 5 A ABEAZ gEga ok,

HEZFO AA F AYdAE HEH] HA HEZTY
10-15%2 A SFAAE 30% FEol] ol2h”, =
W HuoA H&d HFS 1960d ol AN HIPAs
o 46.1%2 XASHE, 1970Wthel 39.1%, 1980dthol
33.2%% 2HA|gte] HA} A EE FAlolY A3 2 HlE
2 ugsta glom! gt 7] S84 M HshH
32719 57} B R Hog dEjA oY,

o= e, RS, TERL, MERIL BRI, vEIE
5o M AR ol tumel thdt helgte]
Aa FoFES a5 WET AFATANA JABY HAEM
o distols W AFEIE0] Jov HEH| g Tyt
o Y T FEY EedAT Bis ufe =&

#I5=K (Rhodiola rosea, "golden root")< G} ofA|o}
o mAAIY o] g HEEo| Aigs thal 2EAERA
EE7 (Crassulaceae)®] =Z< (Rhodiola)ol &3t -
EZolzts EAE AL o REe £V o4& gt
210 golstol i EUED (FHI}, Crassulaceae)ol 3}
= KMHLERKR (Rhodiola kirilowi®) MRi} %S ARESHH,
RO, SRR, Yk, BoNEEY EFoE R
53, JRIERE, FEEZh, MR wEE 59 B2 AR
SHATHY ol TARLS FuEel FaELo] glon,
ARFT D&, =044 A4, S, A2, WE, 1
9 whd A AR, AR 9 HSEor AYF Tl AR
stgom” ) w3 ARA AT, 25 g, %Y F
A, 23E, 1A dq o fa% ASYER FaET
ofrlool|l A @ HRE ARGEo] FrH Y HZol: FAA
o Fikst a5, AEF A9 A YL FAY,
ARAEEA BE ST 719 Y 9 5%
Y=o go] Ry o3 FAMY JEol ZAY
4 HEE3 HEF| detoe gAY a5S U AL
A=Y o]d tfgt AE 7} §lgiTh

JglEg & dAois FAEH HEE HEF| HX
= ATe WE] ke, AHFFTEY H A=xA
(striatum) Wl collagenaseE FYUstd HRIAYWEEF
(intracerebral hemorrhage, ICH)E {43t EA4H g
SFEEE AFRYT T HEZE HEEEE
(blood—brain barrier, BBB) & £AF AIAANZ] AZX
Foll Witk FFE PES e, HEFT BBB &40 o
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3l= FQ9Ix¢] matrix metalloproteinase (MMP)—92}
MMP-12 9 inducible nitric oxide synthase (iINOS) W&
S AgzZgstga oz S vl o3t s doj o9
H18l= Hiolo},

Az} g

dd5E2 MEE (Samtako, Korea)olldl T 115
%, F 300 g AF9| Sprague—DawleyAl <3 IFE A&
stttk AFs 2= (21-23°0), F&= (40-60%), =% (12
AZE /ol AsAoR fAlEe ARRACAN Faeeet
ARE AEA FEtH AREL, AR & 15 o]
4 AZAI T ARG

2. B9 AZ L Kol

B AFo|| AMEE SoFEe £4H (Rhodiola rosea, RR)
2 ZIFEEARAT (KB, FEDOIA Fdstach M=
F S74A 400 gol 40% ethanol 3,000 mlE 7}ske] A&
547k

2 & o

x

E3t9 o, AANE rotary evaporatorZ 7
5= ¥ $871=%35t9 62,5 mg/gd FEES ¥ol &
6.3% olAtt. AFs=Y 13 T 2F AF 100 g
20.8 mge 2 mlY 20 Hoq HEAYWEE ' 34
F3E 19 18] 39 375 sgiet,

=

o

o)
32 oft N

S ol rlo

HzAYWEE g TAHY asS BEs] flste] A
HAo-Z thadt Zo] FESHE whFe FARY mRdd)
9 =EY HF 3L AFgsigod HxF Y9
collagenase® FUsHA] k2 427 (Sham)a 9]¢ 1}
At Z2 AHFEH] =gof o]o] AxRA Y collagenased 3
At H2AYWEES fEe Q27 (ICH) ¥ dizad &
o] HRAWEHE S Fth ok 3¢ THA AHEFEES
AFEAT FAHFT (CH+RR)LE UR3th ZF +9
AHTES 227 18utey £ 54vte]g, HEF AL Hx
7 £ESF 24, HEAIE & T 4 HRF] Hezx
Azletgag oz st

0

8

PRRSESRESERED

HrAYEE 9HkS 93t  $eukge electronic
temperature controller (CMA150, CMA, Sweden)S %3}
of AAAL  (37+0.5°C)°] A== AHlA, 2%
isofluranes EF3 70% N,OLF 30% O, gas® SYu
3lof| A o]FojFom, A3t HY F7MEOE pentobarbital
sodium (50 mg/kg)& EAFA SHATh. FaedAde 1Hds)

Agsta chat 2o,
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e 2AFH HeE HAYILFYA (Stoelting, USA)9
AT oy FAARY AFAL wet gRE s FiE
o] =¥UA Ak FIHZ bregmaZiE oz (.2
mm, YFCZ 35 mm X A7|EHE ARESte] oF 1
mm AFY FHE s, HFATFGX | FERE
hamilton FA}7] (26—gauge, 10 z 1, Hamilton, USA)Z
A9 (dura mater)2E2XE 55 mm ZHo|E AXRA | A
olatgct, olojA 1 x 19 0.23 U, bacterial collagenase
type VII (C0773, Sigma—Aldrich, USA) €9 hamilton
ZA719] 9Z2E micropump (Model 310, Kd Scientific
Inc, USA)E #53t 0.1 g 1/min® &£=2 FUsIAT
Collagenase 892 F¢lo] Ed Foj= oF 1083
hamilton FAF|E $A3} collagenase £99] IFE W
A3tQ9em, o]F hamilton FAPIE AASIL FHL bone
wax2 & the A/gE FARY fR1E BIst v oA

MAUA st
5. W55 24

HRAYEE 47 ZHH JJeeFEE 59 39%9
A =B 7-889] pentobarbital sodium EXFAIZ 3
ARG, SA dFstL HE FEF ohF AFE brain
matrix (ASI, USA)E ARSI 2 mm FA9 ¥HxZ A
& WEI, digital camera® 293 thS Imaged software
(ver. 1.41)8 AHEsto Z2+9] x| Ao RRE HFAHE 7|
T2 ICHFEEY A5 dixit Hae S35k, 4
AZ xRkt W3] gt ICHHEE dixwTte] Hdulg&
2 WEE uES ALbstat (Fig. 1).

Fig. 1. A representative section of the rat brain with edema
formation following intracerebral hemorrhage. Brain edema % is
calculated from expanded area of ICH hemisphere (B) with
respect to the area of intact hemisphere (A).

6. H28 SEge] 24

HAYEE i A EEREE Fo 3%
AYSES 7832 pentobarbital sodium EHFAIZ I
BAZ & ZA] FESHL HE AET g HERE 2H9t
HrE AAS e FeAE wet A4ET ICHAES =Rt
T EYsat. H2AYWEEol fdE dEyte RAE

AAAE&Z  &A3sFaL, 120°Ce] mechanical convection
oven (DMC121, Daeil Engineering Co., Korea)ollA] 24A]
7F 5 A2 oy AxFFE st 1 FA Xl H]
&L 3 A8 ARSI

7. HEHAE T2 BF

HEAYEE Y 3AA deEFEE Fo 39 29
APEEL 2% isofluraned E3st 70% N02+ 30% Oq
gas® FYutHstaL, HEHFHE B3t 4% Evans blue &
WL 4 ml/kg FUT S 308 Fol| DFste AHATES
AHAT, FA HE FHES o -40°CY  dry
ice—isophentane &M o2 ZZA|7|1L, cryocutl®E 20 u
m FA9 BFEHCRE AZSt slide glassoll #2HeE ok
hot plateolA] &3] HAEAIRT o]F HEo] FA glo] &
Yokl 2AEES ARpsta Fakdvn]E (BX51, Olympus,
Japan) 2.2 TSR,

8. ABAM=E A7]9 574

8—1. L|Z=ZI9| XMz| I cresyl violet S

HRAYWEE U7 3 dEEFEE 59 39 9
AP EES pentobarbital sodium® BFAIZ ZA wlFHgt
o2 &St A& B3] 0.05M phosphate buffered
saline (PBS)x} 4% paraformaldehyde®2 FE3] T3l
olZ HE H&ESH S 24X HE  post—fixationd}il,
sucrose &N 7} AAWAFHY, oS HE -40°CY dry
ice—isophentane fMo 2 Z=AA|7|1L ZZAAHE A2 of
7HAE —80°Coll Hsiitt HE2A2 cryocutl® 20 x m
FAY WHEAHeR AFste] gMo] ARSIt Cresyl
violet FAL ¥ZZE ALo|X 1.0% (w/v) cresyl violet
acetate & 287F FMslaL, FEE ethanol o= &
3 o2 Bdste] 2ARES ARSI

ME

82, MZMZOl PAEA U 27l0| £

Cresyl violet @ME ¥HzxZA9 FJAF& FIAH
(BX51,0lympus, Japan)e]l &2 CCD camera (DP70,
Olympus, Japan)& &8t FFEAAILH ARs,
Image J software (ver, 1.41)5 AR&slo] AAAEL] =7]
£ St 1 RS 3HE 1dE] 7lestd et
Zt (Fig. 2).

Image JolA &4 e 4L E9L o3 (step 1),
FAE 8-bite] Zujggoz BFSIT (step 2), FF9
grey level thresholdE YZ3dte] (step 3), FWMFA o ZH
B threshold Zt ©]A4+9] optical density® Uehf= AAA
I areas ARSI} (step 4). AFE pixelEo] T4s=
area & 300 x m”? o™ 30 1 m? ©|5tY areas =, Al
Mz 0]9e] BHQ3t areasS AAST (step 5), Zze
pixel areaZs &Rt (step 6). & 500 7Y AAAZ
371E 4%t 11 HHdE& ARE ANSHAT

A

P

oL

10 o
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Fig. 2. Image process for measurement of neuron cell size in cresyl violet—stained brain sections by using an image analysis software

(Image J, ver. 1.41). Step 1, opening of the cresyl violet—stained image ;

threshold optical density ;
30 4 m? and greater than 300 x m?;

9. MMP-9, MMP-12 ¥ iNOS W39 "oz
At 9

L E==ZIo| Xz
YRAYEE SUT AW JHEFEE Tl 3Y T
Al EES pentobarbital sodium® EFAIZ ZA b3
e o2 AEEtE AAFE E3te) 0.05M  phosphate
buffered saline (PBS)I} 4% paraformaldehyde® ZE3|
RS, olF N A3W 0 99 ABAE 532 9
g XA Ay 8-13t FUsHA AlsHit

9—2. HAXXISISIHAM

¥zz H#L 0.05M PBSE2 587t 33 Aojuyi, 1%
HoO:014 10-158 A= WHGAIY] o oAl 33] Hlojd
10% normal horse serum (Vectastain, USA)I} bovine
serum albumin (Sigma—Aldrich, USA)S PBS¢| 4l&
blocking solution®l 3t A7t Ax ¥FA|FTH o]% 33 A
o] W Attt Primary
antibody= anti-MMP-9 1 :200 (AB19016, Chemicon,
USA), anti-MMP-12 1:20 (MAB919, R&D, USA) %
anti—iNOS 1 :250 (610329, BD, USA)Z ARMEslgHoH,
PBS9} Triton X—100& 412 fdoZ 3JA3 T 4°CofA]
overnight2 HFAIFTE TS biotinylated anti—rabbit
secondary antibody 1 :200 (Vector Labolatories, USA)
of A4 1ATFERE ¥HEAIZ] R, 22 PBSE Aoy
abidin—biotin immuno—peroxidase2] sy (ABC
Vectastain Kit)ol w2t Zzb 1AIZHY 9ESAIHT o2
3,3 ‘—diaminobenzidine tetrachloride (DAB, Sigma—
Aldrich, USA)olA 1-283F 24 BkEAl7|3, $AI% o
g2, BYste] =AEES AlFStT

3 primary antibodyS

9-3. MMP-9, MMP—12 2! iNOS gi&ie| =F
MMP-9, MMP-12 ¥ iNOS W&o 24L& 93t gAE

49 PP Ao ABHE 27] 274 s-2et FAY
7(']0§ 1;]4 7]— Hﬁtﬂi EO]J_— OE]x %_:] (105 u mZ) LHO“
A oFAERES Yeld AAANES 4Z Image J software

(ver, 1.41)8 AHg3te] ST,
10. SAA=

24 HE AFE Student's t—testE ARSI OiRt

step 4, selection of all pixels greater than threshold optical density ;
step 6, measurement of area of particles.

step 2, making of 8—bit image ; step 3, determination of

step 5, discard of particles smaller than

(ICH)# 37Tz (ICH+RR) AtoleflA PL0.059] f<f4=
o2 AR

SERE:

1. ¥%F vl Wt

A4S dEEtte] Hud HEAWESE

To] HEE Bl&S X3 23 Shama> 1.8+0.2%9] |
Zo] Yelgoen, ICH 2L 19.4+0,8%2 HxAUE

dof oJste] @AF HEFY ST FEEHSI olof s}

o] ZAHFATZL 17.1+0.6%2 ICH tjxFo| |8}

P<0.059 F94 e HES vy F2E UEH

(Fig. 3).
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Fig. 3. Effect of Rhodiola rosea on brain edema % following
intracerebral hemorrhage induced by the intrastriatal injection of
collagenase. A significant decrease of brain edema % resulted
from administration of ethanol extract of Rhodiola rosea (ICH+RR),
compared with that of ICH control group (*, P<0.05 ; n=6).

2. ¥=7 sE3e] wal

HzYEEoe| dE giuRite] ~EIFS 4% A
I} ShamT-& 79.34+0.14%2] 423k Jehy9l, ICH

27e 81.16+0,33%% l:]?.:?ﬁllﬁégon o3t & 1
B S7F SEEH[ ool Hlste] %%‘Zd?tﬂ-&c
80.08+0.31% ICH thzzo] ®lste] P<0.059 #94 9
© TR #AaE YElY (Fig. 4).
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Fig. 4. Effect of Rhodiola rosea on brain tissue water contents
following intracerebral hemorrhage induced by the intrastriatal
injection of collagenase. A significant decrease of brain tissue
water contents resulted from administration of ethanol extract of
Rhodiola rosea (ICHHRR), compared with that of ICH control group
(*, P€O.05; n=6).

3. MEBAE 2o Wl

HRIAYWEE U 42 HILLE 529 &Y s
Evans blue Yo 2 &g A3, ShamwoAe HEHH
7 R&S 3 4 gl ICH thxZo|A4+= hematoma
FHFA HIBIE 4ol st M3 Evans blue
5 WEE £ e (Fig. 5-1), dEgZdoN= E
F4ofl Evans blue7t +&9 AL TEE 4+ A} (Fig.
5-3). olof H|gt] ZFHHFAELL hematoma FHFA=
Evans blue %&o°| ICH tjz23 & 2o]7} glloy (Fig.
5-2), dixuZdos= HFY Evans blue FZ°] ICH o
23] v|ste] HAE AL AT 5 AU (Fig. 5-4).

e P
ad

I
100 um

Fig. 5. Representative sections of BBB leakage in the rat brain
with intracerebral hemorrhage induced by the intrastriatal injection
of collagenase (x400). In ICH control group, excessive Evans blue
leakage resulted from intracerebral hemorrhage in peri—hematoma
(1), and that of ICH+RR (2) was not different from ICH control
group. Evans blue leakage in the cerebral cortex of ICH+RR
group (4) was decreased than that of ICH control group (3).
Scale in the section 4 is applicable to all sections.

HEAWEEo] 8 theutolA hematoma FHF<}
duudo] ARAEZE AR oz S v Shamet
AR AxA E g9 639 +25 UEhtt (Fig.
6-1, 4). ICH o2 AxA 4w 94 =279
hematoma7} A= 20, hematoma FHEL AAANZ
S T Y= AE7t A SEH A=A FH (Fig.
6—2, arrow)& R dF= AT AEEF FH (Fig.
6—2, arrow head)E UEHHSItE T FolA= layer
II/11%} layer V/VIQ| AZAES0] AERF FH (Fig.
6-5, arrow head)E Uellon, E3] layer V& Al7A|
ZEA AZRZFo] Hslet oo Blsty FAAFATLES
hematoma FHE (Fig, 6-3)2 5@ layer V (Fig.
6—6) HFolA AFAEZY AEEFo] g AL TS

& g9l

Aot ZE AEEF] Wsts AFgHor sy 95ty
Ztzre] 2 o2HEH AFANEe FVE
hematoma FHEO|AE Sham?S 77.42+1.38 4 m*&
Yeh¢lx, ICH 272 90.18+1,90 4 m?’©2 Sham
o u|ste] MEA7|7} oF 16.5% VI o] w3t &
AAELL 81.75+1.96 4 m’O&2 ICH iz H]|sts]
P<0.059 4 Qe ABAE 2719 FA7E BEEIG
(Fig. 7). =3t 929 layer VoAE Shamad-2
92,93+1.61 z m*& YeRgla, ICH oz 115.07
+2.67 x4 m*’©2 Shamo| Blgt] MZEZ7|7} oF 23.8%
Z7kstch. ool wlstel THATATE 102,88 4 m°OR
ICH tiz=o] Hlste] P<0.019 94 Q= AFAE =27]
o] Zrart BEEAG (Fig. 7).

EF 2+ #o| AAME F7|E 50-100 xm® ols},
100—-150x m? ©]3} & 150 4 m? oJFeE FHSle] 1 B
25 gk AykE= Table 19 A|ASHCE Hematoma FH
FollA ICH djz27# FAHAFAEE Shamwol] Hlste] A
Z37)7} 50-100 g m? o|8kel AL ZAska, 100-150
m® o|3} ¥ 150 x m” ol R F7Ist e, ICH t=
T FHAFOL 2ol 271 BEE {3 A7t Ytk
(Fig. 8). d=uA2] layer VollAE ICH 27y SHAFE
o2 Shamtoll Hlate] HEA7]7} 50-100 ¢ m* ©]3kl
AL A FAFAL, 150 x m? o] Ao| A FrIEIEL
o, B3] $HHTATLE 150 £ m® o2 NEA7] vl
ICH dizzo] v|gte] P0.059 #94 U= #4E ey
Aot (Fig. 8).
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Fig. 6. Representative cresyl violet—stained sections of the rat
brain with intracerebral hemorrhage induced by the intrastriatal

injection of collagenase (x400). Neurons in peri-hematoma (1)
and the cerebral cortex layer V (4) of Sham showed normal
configuration. In ICH control group, some neurons in peri—
hematoma (2, arrows) showed dense shrinkage. Some neurons
in perichematoma (2, arrow heads) and the cerebral cortex
layer V (5, arrow heads) showed excessive cellular edema. In
ICH+RR group, cellular edema of neurons in peri-hematoma (3)
and the cerebral cortex layer V (6) were decreased with
administration of ethanol extract of Rhodiola rosea (ICHARR),
compared with that of ICH control group. Scale in the section 6
is applicable to all sections.

Peri-Hematoma Cortex layer V

Fig. 7. Effects of Rhodiola rosea on neuron cell size in the rat
brain with intracerebral hemorrhage induced by the intrastriatal
injection of collagenase. A significant decrease of cellular edema
resulted from administration of ethanol extract of Rhodiola rosea

(ICH+RR), compared with that of ICH control group in
peri-hematoma (*, P{0.05; n=6) and the cerebral cortex layer V
(1, P.O1; n=6).

Table 1. Cell=Size Population of Neurons Following Intracerebral Hemorrhage Induced by the Intrastriatal Injection of Collagenase in Rats

Peri—Hematoma

Cortex layer V

cell-size (x m?

cell-size (z m?)

50<100 100<150 150< 50<100 100<150 150¢
Sham 83.6x1.0 11.7+1.1 48+1.1 67.7x1.5 25,5110 6,7+0.5
ICH 71.8+£2.8 17.4+1.7 10.8+1.9 53.3+£3.4 26.4+1.6 20.3+1.4
ICH+RR 71.3+3.2 20.5+1.8 8.2+1.1 55.1+3.1 29.4+1.3 15.5+1.5%

Data presented Mean =+ Standard Error.
Sham : Sham operated group without intracerebral hemorrhage.

ICH @ Control group of intracerebral hemorrhage induced by collagenase injection

ICH+RR : Sample group administrated ethanol extract of Rhodiola rosea

after intracerebral hemorrhage.

* 1 statistical significance with Student's #test between ICH and ICH+RR (*, P{0.05 ; n=6).

0 Sham
a0
miCH

80 7 BICHYGR
T
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50
40
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Cell popul ation of neurons (%)

20

s

100<150

150< |
Cortex layer V

Fig. 8. Effects of Rhodiola rosea on cel—size population of
neurons in the rat brain with intracerebral hemorrhage induced by
the intrastriatal injection of collagenase. A significant decrease of
percentage of cell population in cell-size over 150 xz m? resulted
from administration of ethanol extract of Rhodiola rosea (ICHHRR),
compared with that of ICH control group in the cerebral cortex
layer V (*, P{0.05; n=6).

50<100 100<150 150< 50<100

(ﬂ r'h [

Peri-hematoma

5. MMP-9 W&o ¥}

HzAYWEdo] +8E dEvttol|A hematoma FHES}
= gZe] MMP-9 ¥dS HYRASSFNE Folo] T
3t Ay} ShamzollME A=A (Fig. 9-1D)¢ g9 (Fig.
9-4) mFoA 23] Ao AEZo|Agt MMP-9 FAuheS
st = 9)9ith ICH IRFEL hematoma WHEe} FHE
oA wje g MMP-9 ¥4 vehlle AlZE0] @ol
= e (Fig, 9-2, arrow), =Tz 47 A7
ANz 2t MMP-9 FAduhgo]l TEEUY (Fig. 9-5,
arrow). ©]of| H]gte] FTHHAFSFE hematoma FHE<}
W) layer V 2EAIH MMP-9 4uhs-e] 2w ICH
2} zfol7h ot NS AlESrt ghaeh AL
zZet 4= 9ldtt (Fig. 9-3. 6, arrows).

$ek T2 MMP-9 FARES NZso] ¥sts HH3
2 TES] Yste] A4z 229 WA oA FAukS
AzsE Z743% B, hematoma FHFEANE= Shamet

i

[e]

l
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0.8+0.5 7I& Yex, ICH iz 84.2+8.6 77}t
TEEG o, olo Hgty ZTHHFAZLE 66.0£5.0 =
ICH di&<tol Hleto oF 21.6% FAstR oY FAA 94
2 Itk (Fig. 10). =3 ti=gA9] layer Vo4& Sham
& 0.7+£0.3 /M2 Y9, ICH HRZL 44.7+6.4
W7t BEEQeH, oo Hgte] FHHFATLE 26.5+4.4
7H2 ICH dizwell Hlste <oF 40.7% A48k, P<0.059]
944 = MMP-9 Fuhe A2 Hart T
(Fig. 10).

Fig. 9. Representative MMP—9 immuno—labeled sections of the rat
brain with intracerebral hemorrhage induced by the intrastriatal
injection of collagenase (x400). MMP-9 positive cell was not
observed in peri-hematoma (1) and the cerebral cortex layer V
(4) of Sham group. In ICH control group, peri—hematoma showed
strong positve MMP—9 immuno—labeled cells (2, arrow) and the
cerebral cortex layer V showed weak positve MMP-9
immuno—labeled neurons (5, arrow). In ICHHRR group, MMP—9
immuno—positive density was not different from ICH control group,
but MMP—-9 positive cells were decreased both in peri-hematoma
(3, arrow) and the cerebral cortex layer V (6, arrow) than that of
ICH control group. Scale in the section 1 is applicable to all
sections.
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Fig. 10. Effects of Rhodiola rosea on MMP—-9 positive cells in the
rat brain with intracerebral hemorrhage induced by the intrastriatal
injection of collagenase. A significant decrease of MMP—9 positive
cells resulted from administration of ethanol extract of Rhodiola
rosea (ICHH+RR), compared with that of ICH control group in the
cerebral cortex layer V (*, P{0.05; n=6).

6. MMP-12 w39 ¥}

HeAYWEE] e teRtolA hematoma FHFeL
djode] MMP-12 HdE HIRZSANS Fato] &
Z3t A3 ShamolMe AZRA (Fig. 11-1)¢ dix=z
(Fig. 11-4) EFoA MMP-12 ¥/4RHS NZ5 #2d 5
Uik ICH ti®3-2 hematoma UL FHRA gt
MMP-12 992 Uil AlxEe] Wol #F=eH
(Fig. 11-2, arrow), H=Tdolx A5 I oAt 7
g MMP-12 <Advhgo] BE= AT (Fig. 11-5, arrow).
oo ulgle] FTHHVEFZL hematoma FHES} djxu]d
layer V 2FoA MMP-12 FA8WHg-9] 7=+ ICH b=+
I zpo|7h gllot FANtgo) Al2et W 47 Ao A
EE 5 Y3 (Fig. 11-3, 6, arrows).

Aot 22 MMP-12 Whs Al 2 E8 59 ®s)
£ AFHoR BHsy] Yot 24z 229 YAHE HolA
Fuks Az 9 % 5 34T ¥l hematoma FHF
oA ICH tiza-& 33.5+4.2 7He AE7} #EEon,
oo H|gte] TAMFAFLL 27.3+2.8 W2 ICH R
Hjgte] oF 18.4% AR oY BAF f94L sl
(Fig. 12). EZ =79 layer VoA ICH iz
48.3%5.5 7H9] Exto] T om, o]o H|ste] FTHAE
o2 29.5+3.6 JIE2 ICH iz H|stq ¢F 39.0% %
43k, P0.059 f9A U= MMP-12 FA¥Hs 3 &
o] Zra7h WEEHAS (Fig. 12).

ftlo

Fig. 11. Representative MMP—12 immuno—labeled sections of the
rat brain with intracerebral hemorrhage induced by the intrastriatal
injection of collagenase (x400). MMP—12 positive cell was not
observed in peri-hematoma (1) and the cerebral cortex layer V
(4) of Sham group. In ICH control group, peri-hematoma showed
strong positive MMP—12 immuno—labeled cells (2, arrow) and the
cerebral cortex layer V showed strong positive MMP—12
immuno—labeled vessels (5, arrow). In ICH+RR group, MMP—12
immuno—positive density was not different from ICH control group,
but MMP-12 positive cells or vessels were decreased both in
peri-hematoma (3, arrow) and the cerebral cortex layer V (6,
arrow) than that of ICH control group. Scale in the section 1 is
applicable to all sections.
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Fig. 12. Effects of Rhodiola rosea on MMP—12 positive cells and
vessels in the rat brain with intracerebral hemorrhage induced by
the intrastriatal injection of collagenase. A significant decrease of
MMP—-12 positive vessels resulted from administration of ethanol
extract of Rhodiola rosea (ICH+RR), compared with that of ICH
control group in the cerebral cortex layer V (*, P{0.05; n=6).

7. iNOS w3 o] w3}

HrAYWEdo] 4E Rkl A hematoma FHIF
o2l 2 QE (external capsule)olA] INOS &S ©
Az spstF S F3lo] AT Ay ShamwolAe A=A
(Fig. 13-1)¢} 9=gd (Fig, 13-4) 2 9= (Fig. 13-7)
BT 23] m|oFgt iNOS FAHRS-S AT 4 )
ICH tj&7-2 hematoma e} FHEA iINOSO| %A
S Yehie AlZEo] wo| IEEgeH (Fig. 13-2,
arrow), WETANME AR AFA|ZA INOS FA9Hs
2 A 4 AUt (Fig. 13-5, arrow). £3] hematoma
7t FAE AzA dETd Abo]9] elEoME INOS ¥4
He-E T = Uk (Fig. 13-8, arrow). ©]of B[}
LT ATLLE hematoma FHES =T layer V &
QE mEoA INOS FgWHge] 7= ICH txatd Zfo]
7b glgley FAdukse MESTE At AL TEE & 9
ot (Fig. 13-3, 6, 9, arrows),

9ot 22 INOS FAWHS MZSo wslE HFHoz
Zal7) Qlste] ZHzh 2o dAHA Yo A FAEES AlES
£ 243 v}, hematoma FHE|A ShamwS 0.5+0.3
i, ICH ti2a-2 40.7+5.4 7i7F #EAEow, o] u|s}
o] TAHATGLS 36.3+3.5 7|2 ICH thxzol Hlste] oF
10.7% #ZAsIPoY BAF oL Gtk Fig. 14). E
3 o) 2o layer VoAl Shama< 1.3+0.9 7, ICH 9
& 32.3+3.5 77k BEEZoH, o]of vlgte] THAE
o 22.5+2.5 |2 ICH thzxol Hste] <F 30.4% 7+
238431, PL0.059 §94 Q& iNOS AW AlZ4=9] 7
&7F #HEEYS (Fig. 14). 53] Y24 Shamat2
1.2+0.8 7, ICH t27& 31.8+2.2 7I7} #FHUoH,
olo] H|ste] TAATFCZLL 18.7+2.1 /|2 ICH Tzl
Hato] oF 41.4% ZAasta, P<.019 424 & iNOS %
AUk NZzaee] ZhAavE R (Fig, 14).

©

Fig. 13. Representative iINOS immuno—labeled sections of the rat
brain with intracerebral hemorrhage induced by the intrastriatal
injection of collagenase (x400). iINOS positive cells were scarce in
peri-hematoma (1), the cerebral cortex layer V (4), and external
capsule (7) of Sham group. In ICH control group, peri-hematoma,
the cerebral cortex layer V, and external capsule showed strong
positive iINOS immuno—labeled cells (2, 5, 8, arrows). In ICH+RR
group, iINOS immuno—positive density was not different from ICH
control group, but INOS positve cells were decreased in
peri-hematoma (3, arrow), the cerebral cortex layer V (6, arrow),
and external capsule (9, arrow) than that of ICH control group.
Scale in the section 1 is applicable to all sections.
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Fig. 14. Effects of Rhodliola rosea on INOS positive cells in the rat
brain with intracerebral hemorrhage induced by the intrastriatal
injection of collagenase. A significant decrease of INOS positive
cells resulted from administration of ethanol extract of Rhodiola
rosea (ICH+RR), compared with that of ICH control group in the
cerebral cortex layer V and external capsule (*, P{0.05; T,
P{0.01; n=6).
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Sfehy, BT W AAH AsadsAEe] i AP
FaFC] dAFHEHen, I Ay FAHFLE a4
(Panax ginseng)olVy 7WAN27}y]  (Eleuthero— coccus
‘O]HEA (adaptogen) o YFTo=Z
Bago] Qg OHEA ot Aot sk}
Lazareve] 93l  AQtE &9ojo|n],  Brekhmand}
Dardymov7t 24§ Spha], A=ty 3l AA# SEFH Q1A
= A A 34 22 APA v Eeld §hgE YE
Wi, 25 AEAQAR ] 93t A2y gyoldel disty
Wkl Atgle AYd "3 & ames JHAY, ZA4E
A AA el delds 2 s IR ge 2EES

RN o Ado FANALY.

THAHMcz Y EEld AHUFPJEZDELS organic acids,
flavonoids, cyanogenic glycosides 2 phenolic
glycosidesE ZZsto] 12%F o9 AEZo] HIEHTh
10242 E3]  ojYEAY FHFS Uehl: AHEo=
p—tyrosol¥} phenolic glycoside rhodiolosideZ} &&A

senticosus)&t T

o™ ptyrosolE  ASHY Ao IREST}
5—lipoxygenase Af&%o] i, salidrosided] LZE<Q
rhodioloside®} rhodiolin, rosin, rosavin, rosarin,

rosiridin 59 FEAEEC] et &%, FrEFHAY,
AAA Agse A9 e5se Y Sxa 719 24
19 Zo] thoRst AEET B3] AANERA BHEEE0S
It ALE HiEo] 9o, B AFA= FHEHY HeE
ol ost wHEFY HIJHJE  (blood—brain barrier,
BBB) &40 digt 85 #AstaAl skt

H2AYWEES BBBY &S zFdte] HEEFS S
¥ BBB: Y27 mAEBY YmAZSo] YA
(tight junction)o2 A¥E o] 4" By & o2
BBBY 243 fA= ABAE AZHdEY nAES /A
st zEst=t Fa3 98 It E3F BBBES A5
= EAERY] yuAxzet 2AEE FAE AL e A
olmAEZ 9 AFNEEL 7|5HOE AR ST TUALS
7, of@] 71 BN theFstA =EHH,

HzZ9] HZL histamined bradykinin® EH]e}
cytokine=9| ¥@E 53t BBBY HAAHS L&8HA o
T RS ZTHA HEES U B3 HAN o
3, A}, i A3, Alzheimer s disease,
Parkinson's disease, 7Hd, &Y, H&E 5 o3 5
A73A A3 ZHLoA BBBY Ty F7ket &£A4fo] dojut
I, oaHFoE HEEo] SUEFY B3| HAM| AL
= AAoluA|Eo|A  EH|EE  transforming growth
factor—-8 + HzZ EAEH WIAZA HabEdas
ol tPA (tissue plasmogen activatior)®} thrombomodulin
o rES HAAA BBBE &A1, e 7)Aga
4 7149 iz Baig EXlste] R3S ST s
AP ol BBBY &AtEt Rl Fvte] o3t MR
22 g4 YHEE (vasogenic edema)©]z} 3t3, BBBYJ
£ BAgle] MEdA Na'zsh Kol F3bg F7F, oy
A 17| w2 Na'/ K" ion—pump?] &ofl, 454 a2
9 A&A 44 Y 7140 st Al Yo tEFe] 4=
o] f=E gojus HEFL2 AlZEA HEZF (cytotoxic
edema) 22 HEFIT}0)

-

At

32,

HEAYEEE S5 ZA
(striatum)©ll bacterial collagenase type VIIE F¢3}o]
HzAWEE ol wE HEFE st 393 2HA
AHSFEEL HATFYE o2 58S J=E SHs =& A
Ho A3, IAMAFARLL 2ol H|gte] (e e u
£E vEY A4aE Usiiglen, HxAyEde] 4% o
Hubre] 88 F7HE FosHl dAISH T E3E Evans
blueE E#o 2 FU3te] HEBJTES F&& TS A,
hematoma FHFOIM  HEJFE o ofst] AT
Evans blue 755 & 4 Sl%lon, diHudoqe= &
Bl Evans blue7t #2249 A& #ET 5= AT ol
H|gte] SAHAHESFLS hematoma FHENAE Evans
blue F&°] dizza & Zol7t oy, dixujdofA=
gz vjste] ZaE g BT 4+ ok ol F3
2 2A9 w9t £Fo] Agt hematoma FHFO|A=
oA et AAFHCRE IHM0] HRAYWEEE Qs
o BBB7} &4 o] ftEE @3 HEESS dAske &5
o] IS HoFE Aol

E3 H2AYEEY 58 oA hematomaZl AZA|
Woll BAA=EEE collagenaseE FUSIFLERE, Y £F
o] $EE AXA9 hematoma FHES}L NESA HFo|
ot i mdoA ZHzh AFMEe] 3718 JESACH
1 A3, hematoma FHFL] AZAM|2Z= Shamo |5t
oF 16.5%9 FFo] dojwten, A layer V AZA
Zo A= oF 23.8%8 A|lEEZFo] dojubz Ao TRE I
olo] H|gte] ZTAHAFALLE XA T4 hematoma
SRS dugd layer V BEFOA AN ES BES 3
27 AL WA = e, AFNE] FUE EXF
A JHAMT o3t AFNE 2719 THATE AREA
o} o]g3t Aut= TAHo| BBB €At 9% A RED
AZEZe AFNE HE BE5E FYsHA dAIsk= 59l
e 4 sk= Aol

sfate] I

=2

A
o
8

MMPs+ serine proteases®} A ¥HZZA mAE3} Al
ANE F99 AIE7]E (extracellular matrix)< At
I R+ type IV collagen®}t laminin, fibronectin &2 £
A=2 Eolste] BBBE wridtal, HEZI 2AET S Yo
71t Tolshs FRQAAo|TPP | FtHos MMPsE F3
AZA Q] g7 o= AAFAEY olF, AFE719 4% 59

o] EHoz Folspr|e FFY, T Ao F3A
ZANA = AAAQ dHdA s SREA ¢, 2 HEF
Jefoll Al AAAME, Aot Z, H|AAE (microglia), &
A2 FollA Hdo] F718t BBBE &4AA HEF
I S GIANE? EF] MMP-9& HzxZ &4 A
oA AgAtotmA|ES} ml A EfA HHo| FTste] A2
A3 BBBE £AMA]7|W, o] immediate early genes,
free radicals®} cytokine52 TASHA|Z|ZL, TASHE
cytokineE°] ©A] MMP-9 W&-E oL F7HA o<
o &4 FEATIL AFAZY AFEE RESIEE &4
& O szl Aoz dEA Yot MMP-12 94
hematoma FHE &£4H oA Ldo] JF7lsiH, o=
ZAMEILREE Hu|E TNF-a & &= o5t Zrlsthe
Aoz Fye] &4kt HEol FA o Tojdtrta s,

2 A Ziox FHHe] H2FWEEE <Iste] BBB
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7t BaE FiEHE 284 HEEE dAlske Bl ¥

Hong voprt F7Ho] MMP-99 MMP-12 W&ol ]
A 9L A9z ENE oo TS 1 2
I}, HRIAYEER Q5 hematoma el oA o
£ 73k MMP-9 ¢8-S Uetdl= AxEo| To| TEE
fo, tEudoN= ?——'l‘tll‘ AN Zof A 2FgE MMP-9 ¥

Aukgol  TEEUY oo Mgt FHPFAZLL
hematoma FHE} =& layer V EFo|A MMP-9
Fuhee B dzdd zol7b glglou FAATS AlE
7t Tashe AFE BYon, MMP-9 PR HEso
WIS AFoR ARt Aate dEdo)As fod A=
a7k AR, MMP-12 FAvks @3 =& 3% 2
I HA| hematoma FHPNE FooHA] k9L, dix|y
oA 8§94 9= MMP-12 YARRE9] Zart QA=
ot olggt Aile ZTAHe Y FEFY dAmIt
MMP—9Q- MMP-129] IdS dAsk= 7]1-] &g A&
F53H 3ot 123 hematoma FHFENA {7t a1trh
e A gF2 A2 &40 Aert A fael Aoz 4z
Hct
Ha|dolup HEFo|A INOSe| <lste] A== nitric
oxide (NO)+&= peroxynitrite®} hydroxyl radicalsE A4}
o BBBE &A171L HEES fdsted Fa3 988 ¢
g AL Z A ARolt ) a3 NOS} free radicals
£ MMPsE SUSIA Y2 a4 QAT TS
gtk shoH?, agEg A0l INOS W nxe 9
e WYRABEENE  Fotk 3"’:‘1}3}@‘3}. a1 Ax,
hematoma FHFAN= F2otA] XatqaL, dixndat 9
ZoXe FHH] INOS FATEE 7—10}71] 7“\/\153‘:]'
Z74Ho] AR gE 9zoA INOS UEZ

£3]
S A A ENAS Eotel HEEel S A
2 Rt A} 9 FPA Ak,

B a7 Anse FUeE, $AAL HaagEEs 9
3 %‘?:IEI HRE H g HEA o) SRS RS o
EALER S P R —&4 w23 AHAE A
EYES RO ARARCnE Mz dad g
A AZEY 558 st wol gl Aoz 4

Aot E3F 9)329] iNOS TS §-95HA ‘317<ﬂ°}-
Hol, §7AL WAL 5 HEFY p;mo Hl—x]s}»«
asol YE F55M U}E} olfgt 34
hematoma FHEL} o= Aox MMP— 99]- MMP 12 il
iNOS9] IdS A6t BBB &42 Hosk= 7|4 9
gt Ao 2 yZHEr

b L

2 2

T7AH] HEEY vXE 55 TS HItd, FH
9 ¥ HAxA Wl collagenases FAIY HZAYWEES
sk, A °1]E‘r5’——r"”§ AFEAS & =5 o
23] SEF HETTEE R &4 AFNEY AERE
o gt FFS TP o, HRZFI BBB &4 s}
= F2x8 MMP-9¢} MMP—-12 9 iNOS ¥d& HYz

Aoisto s B v Thea Be ARE A

e Hxggas

A A7t iz Q)
quae ae s,

)ll

T4 AJEeFEEd HEAWEER U hematoma
FHFe} e ABAE NEZRFTS st d

ATt

5. T3A oEeaEEe HxAUYEI=R Qs FvHd
hematoma FHF S MMP-9 2dS {25HA A
Eatgoy, dixudofA F7HE MMP-9 #Hd2 o5t
A A

6. 33 AHEFEEL HZFUYESIER Qo F
hematoma FHEe] MMP-12 2d& {9stA4 AA st
A g o, deudoa F7hd MMP-12 U
ol5tA| A5kt

e
flo
o

7. 3RA AEEFEES HRAUWSER st UM
hematoma FHF2] INOS H&S FostA AAISHA] %
stEou, dixudat QoA F7hE INOS HL {2
SHAl AAISFET.

ool Auz wo, FAWE HxAWEY Agelq
REwh AN ALY HES oA Bko] gon,
oli= MMPse} iINOS THar@g oJAlshe 2Hgo] ojgt Aow
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