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Effects of Salviae Miltiorrhizae Radix on Blood—Brain Barrier Impairment of
ICH—-Induced Rats

Chang—Hoon Park#, Youn—Sub Kim'

Department of Anatomy—Pointology, College of Oriental Medicine, Gachon University

ABSTRACT

Objectives : This study was performed in order to evaluate the effects of Salviae Miltiorrhizae Radix (SMR)
water extract against the cerebral hemorrhage and the blood—brain barrier (BBB) impairment in the intracerebral
hemorrhage (ICH).

Method : ICH was induced by the stereotaxic intrastriatal injection of bacterial collagenase type IV in
Sprague—Dawley rats, SMR was orally given three times every 20 hours during 3 days after the ICH induction,
Hematoma volume, water content of brain tissue and volume of evans blue leakage were examined,
Myeloperoxidase (MPO) positive neutrophils and tumor necrosis factor-a (TNF—a ) were observed with
immunofluorescence labeling and confocal microscope,

Results : SMR significantly reduced the hematoma volume of the ICH—induced rat brain, SMR significantly
reduced the water content of brain tissue of the ICH—induced rat brain., SMR reduced the percentage of the
evans blue leakage around the hematoma on the caudate putamen compared to the ICH group, especially on
the cerebral cortex, SMR significantly reduced the volume of the evans blue leakage level in the peri—hematoma
regions of the ICH—induced rat brain, SMR significantly reduced MPO positive neutrophils in the peri—hematoma
regions of the ICH—induced rat brain, SMR reduced the TNF—a expression in peri—hematoma regions of the
ICH—induced rat brain, TNF—« immuno—labeled cells were coincided with MPO immuno—labeled neutrophils in
peri—hematoma regions of the ICH—induced rat brain,

Conclusion : These results suggest that SMR plays a protective role against the blood—brain barrier impairment
in the ICH through suppression of inflammation in the rat brain tissues,
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(MPO)€} Tumor necrosis factor—a (TNF—-« ) SA] o4&
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1. A8%E

A % ekt e 8 (Nara Biotechnology, Korea)ol
Al gk 11527, oF 300 g A$9] Sprague—DawleyA 3=
A IHE *F%OP?&EP. IFHL 2= (21-23C), B&
(40-60%), =7 (12A7F B/ol ALz FAH= AM
Ao Ed3,e AARE A S8t ARSSFAaL, A
AA B 15 ol FAIR £ ARSSHAT
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0. okEe] Azst o]

E Ao AME3SE Fi% (Salviae Miltiorrhizae Radix,
SMR)2 ()Y B, e=)olA 7 =3st W%*}“

FskEeh, AESE A 400 g9 3,000 m] B& 75ty
Agsta, RS rotary evaporator® A =3 T &
27z stk 152.0 89 FEEE o] &2 38.0% ©]

fom, 500 mg/kgx ARTEY 13 FAFLRE st Hz
A&d g9k 3AIZF 3ERE oF 2047 7HHe® F 3% HT
F9q st

SESIET. S TEsr] Yot AdL
2 o3t Zol :rL—cﬁ} D} ”h—lg} FARY w2 2 F
NEY AT FFL APsA 2 collagenaseE FYUHA|
¥ AAYRE (Shamdt), FAHZE Ay F ARA
collagenase® FYstd H2FEE S FHAZ di=7 (ICH
) 9 txa o] HRAEES e oS fAE B 5
EES A+ B9 AR (CH+SMRE)S2 Weieh
Z 9 AFFES 307Ed F 90utElE ARSI
Shamw9] 222 A FollA FAHRFLZ ARSI
ow, 1 AFE APANZE AAEA| gttt

4, HMzAZYY §F
HZAEE 92 9%t &AL electronic temperature
controller (CMA150, CMA, Sweden)E E3}o] HAALX
(87+£0.5 ©)°] SR == AHHoA], 2% isofluranes ZE3}sH
70% NoO%F 30% O gas® FUwH 3lollAl o]Fojglon,
a3t AL F7HH2Z pentobarbital sodium (50 mg/kg)S
Bt st $enAS 7ids] Alsstd ohga) goHY,
o= dFeo HElE HAHTAAA (Stoelting, USA)]
A% ohE FARY F5AS wet gR1E dAfste FAE
o] =UA stk FHEY bregmaZiE Yoz 0,2
m, $Z02 35 m X A71=EE& AREste] oF 1 mn
A7 FAE HAFE TS, HFALFGH A=
Hamilton FAF7] (26—gauge, 10 wl, Hamilton, USA)S
79t (dura mater) 2 2HE 55 m ZHol2 A=A 44
stk gl FUF 1 wl Wl 0.23 U9 bacterial
collagenase type IV (CO773, Sigma—Aldrich, USA) &9
<, micropump (Model 310, Kd Scientific Inc, USA)Z
A3t 0.1 wl/min®] $E2 Hamilton FAE E3) 3
A5kt Collagenase §H9 F{lo] B Fo= ¢ 10&
7t Hamilton FAF]E X319 collagenase M9 I7E
WABFE e, o] Hamilton FAP|IE AASL FHEY
AT bone waxZE Wl oS /NS FPE] gR1E B3t
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5. ¥&8 3719 —i‘.—"s‘

HEAESE fE 484t F AHAAEES 150 mg/kgd
pentobarbital EZFAIZ BAYA|7| EA] ©BE5I%TH HE
&% the 3FE brain matrix (ASI, USA)S A3}
1 m F7A9 ¥ AHE, collagenase F¢Y YAE 7|Ee =2
st ATR F 639 dES wENUT G4 §lo] FA X
AHE digital camera® #YPF T ImageJ software
(ver, 1,41, NIH)E AHgsto 7z ¥ HH JAo=Re A4
Z Okt (intact hemisphere)Q} 8= Ol (hemorrhagic
hemisphere) @ H&d9 WAL =Asta, ZHzte] WA
= AR 639 FAE Fot AFE Astdd, 1822
Addn Arg2 AAE d=ute] A3 FJe eyt
ZA|Ho] oz} collagenase Y AE 71&T 6% = A

Heo] tukr Aol
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HzAEE f9 48N = AAFTES 150 mg/kgd
pentobarbital EZFAIZ SAA|7| EA] ©E5ITH HE
AET o2 2N kg AASE HE AAST 285
QupTE oS Shth 2 gl PAS chemical
balance (Mettler, AM100, Switzerland)® Z=#3+ -2
120CY dry oven (Daeil Engineering, DMC121, Korea)
oA 48A7tEF ARt oA BEAE S 2T
< ZF Quge] Ax e BA ZolE vlEE Aikste 2
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AT FI-E7} Evans blue T2

Evans blue (EB)2| 3% o83 IR T
e ARTEL HRNEE U 487 F ol
dEZdef 7 EIS A4St 2% Evans blue (EB) £9&
ml/kg SFOR XS] FUstH 3087 «FAFHE e A
de=g AAEsE AgEFRskL HE F&Es =
cryocut® 2 50 um FAC 2AEAUS The, HX9 a4 ¢
o] confocal laser—scanning microscopy (LSM510 META,
CarlZeiss, Germany)® a3}t ¥3F EB Eulke] =4
2 HAAE, HE FHES o2 H2FE 20% trichloroacetic
acidoA Eafste] EBE 5% 3k, 1500 oA 1587 94
3] st the fluorescence spectrophotometer (620 nm,
Glomax20—20 Luminometer, Tuner Biosystems, USA)ojJA]
EB &3S &Adlal standard curve?} HZZ] FAZ 2A
st FapRs AL
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HezAstet 9 HEPF NS 8 HxAEE fE
4817 & AYPEES 150 mg/kgpentobarbitalS B7FAL
2 ZA " o Asste ARE Estel 0.056 M
phosphate buffered saline (PBS)™} 4% paraformaldehyde
2 ZE5| BRI olF HE FE3 ohs 2447 A=
post—fixationd}t3l, sucrose £ HH HAAFTH e
HE 4009 dry ice—isophentane £Ho2 ZAA|7|1L
Z2A49UE AZE "7iAs -80ce] Edsidt HxA
cryocut® 2 30 un FAQ BWAEACZ AAste] GMo| AF
|34t

0. MezAss} U Wiy @A

Hz2& 0.05 M PBSE 587F 33 Aoy, 1% H:Oq
oA 1087F BESAIXL o Al 33 Hojd H 10%
normal horse serum (Vectastain, USA)¥} bovine serum
albumin (Sigma—Aldrich, USA)S PBSo| 41< blocking
solution®]] g+ A|7t A= ¥RGAIZT o]F 33 Aol W =
12 FAZS Astgrt. TNF—a o WA 12 A=
anti“TNF—a (1:100, Sc—1349, Santa Cruz Biotechnology,
USA)E AMg3lgon, PBS9F Triton X—100& 412 o

&l vAE eF 21

e

2 &% & 4CoA €AY E  biotinylated
anti—rabbit secondary antibody (1:200, Vector Labolatories,
USA)ol| A2oA 1X7Hg<t BREAI712L, 22& PBSE Ao
W % avidin—biotin immuno—peroxidase?] =HHo| wat
Z¥zZF AR RESAIFLE the 0.05% 3,3 —diamino—benzidine
tetrachloride (DAB, Sigma—Aldrich, USA)olA 287+ 2
AAFHY, SFSAARET FHE E4E myeloperoxidase
MPO)ll a4l 13} A= anti-MPO (1:250, A—0398,
DAKO, USA)E, 2% &A= Cy5—conjugated goat anti—rabbit
(1:200, ab6564, Abcam, UK)Z AM&ste] HIFFHA 3}
Ak, ESF MPO2F TNF—a 9] double fluorescence labeling
< M= 99 1% IFAE olF2E HRSAF|AL, Cy3%t
Cyb2 3% @Aste] AlskL 243 oy Sty 3%
25 A#stat

10, Fguks A= #F

DABZ RHIE TNF-« &2 CCD7|Et (DP70, Olympus,
Japan)7} AZtE FEdu]7 (BX51, Olympus, Japan)<
ARGt #EEIG o, MPO ¥ MPOS TNF—« 9 o5
&L dME LZ3ZL2 confocal laser—scanning microscopy
(LSM510 META, CarlZeiss, Germany)S ARg3to] 25}
gt Zr A7 Id Azes PN AEZ £8 Y
Hlwelgty, FITS Al = SHE 8N 44y Gt
GAFEA A Ao AAStal, Image] software (ver, 1.41,
NIH, USA)E AMgsto] HEE FHEAA FAS AEZE 5
£ EAT oS ¢AHE (105 m2 )02 HASA (E2
AFg3het.

11. 34 A3

=48 ZE AEE student's t—testE AMESIe] ICHZT
ICH+SMR<- AtelollAl X0.059] oo s HIskgth

2 3

1. ¥&8 77]9 W}

H2AEE FF fA£ES T & HEE g =4
3t A3}, ICHZL 31.37+1.73 m ©|goH, S =43
ICH+SMRZ-E 22.74+1.06 m'2 $214(20.01) Y= ¥
£8 3719 a5 vehydth (Fig. 1).
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Fig. 1. Representative brain slices of ICH-induced rats. Red
colored regions on slices indicate the hematoma induced by
collagenase injection. SMR treated rat (ICH+SMR) shows a
reduction in hematoma volume compared with ICH group.

ICH##} ICH+SMRt Atole] w3kt
"o A ICHE-S 81.13+0.38%2] 8¢
of wghAl oF 3.8% F7etch g Foid ICH+SMRT
£ 795940, 51%2 AAFZ0] vISIA ¢k 2.1% Z715tE2
ICHZO HlsiA= #94(X0.05) e HE2H 23
#aE yeldet (Fig. 2).
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Fig. 2. Effect of Salviae Miltiorrhizae Radix (SMR) on water content
of brain tissue in ICH—induced rats. SMR significantly reduces the
water content of hemorrhagic hemisphere compared with ICH
group (*, &0.05; n=6).

3. BAAE FH-&9 W3}

Evans blue £t oJgt H:jFE Fahge F2HAT]
7 FAoE BEF A, ICHZEL £ yuubpols A
zA49] 2889 F9 (Fig. 3, ICH x20)= EE dyxy=z
(Fig. 3, ICH x200)9|X% @A EB &o] H2= ot
f£E& Fogt ICH+SMRuAAE AxAY 285EY =4
(Fig. 3, ICH+SMR x20)9l4] EB +&o] #Z4ggloen, =
5] tf]ud (Fig. 3, ICH+SMR x200)¢ll4& ICHol| H]s|
EB +&°] @AM 74" AL T 4= Aok
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ICH+SMR;

ICH+SMR;

Fig. 3. Representative brain sections of Evans blue—fluorescence
in ICH—induced rats. SMR treated rat (ICH+SMR) displayed weaker
EB leakage around the hematoma on the caudate putamen
(upper) compared to the ICH group, especially on the cerebral
cortex (lower). In high power (x200), EB leakage is diminished
also in ICH+SMR group compared with the ICH group.

4, Evans blue £33F9] ¥3}

HEAEY AR FHES Fold F RS o
282 7o) BB Fuwe 243 2% 34=L ICH
LF.

Hlsl|lA oF 85.8% F7FstEth fAEE Fodt ICH+SMRa2
3.22+0.55 mg/g brain tissueZ AAZo| HFA <F
41.9% F7Ften, ICHwol HlsiA= F+944(40.05) L
= EB B9 #AAaE Ueifiglth (Fig. 4).
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Fig. 4. Effect of Salviae Miltiorrhizae Radix (SMR) on Evans blue
leakage level in the brain tissue of ICH—induced rats. SMR
significantly reduces the Evans blue leakage level of hemorrhagic
hemisphere compared with ICH group (*, &0.05; n=6).
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ICH+SMR

Fig. 5. Effect of Salviae Miltiorrhizae Radix (SMR) on MPO positive
cells in peri-hematoma of ICH—induced rats. (A) Representative
sections of fluorescence MPO—labeled neutrophils in peri—hematoma.
Arrows indicate MPO positive cells (scale bar, 100 um). (B)
Number of MPO positive cells in peri-hematoma. SMR significantly
reduces the MPO positive cells compared with ICH group (n=6).

6. TNF-a¢ W39 W3}

H2ZEE FH S B T E2F FRRF YA
TNF-¢ &g HogRZsistgMoz kst dxh f5&
=3t ICH+SMR T2 [CH#o| B8] TNF—a W&o ZHa

4 9t (Fig, 6, arrows). IHY TNF—qa
1_1 “ﬂ -715‘?‘1}—3]94 YR AT TEEo] FAPTRS AE

42 2AsAE 2oyt
ICH ICH+SMR

Fig. 6. Effect of Salviae Miltiorrhizae Radix (SMR) on TNF—a
expression in peri—hematoma of ICH—induced rats. SMR reduced
the TNF—a expression in perichematoma compared with ICH
group (arrows, scale bar; 200 um).

FANYTF A TN ] A
HzZ&d FHEEA MPO AW F
TNF—a 3 NZ7 QXFE71E o|FHIFgFgNoz &
2%t Ay, MPOO FAHHSS Kol 79 fgifEe] FAu)
oA TNF-« 7} HAEJ o™ (Fig. 7, arrows), 4%
MPO FAuke-o] ZAMILL TNF— S HsHA] et
(Fig. 7, arrowhead). 1¥E2 £3 FHPo|r TdH
TNF-a & 49t ddE Aoz g}

Fig. 7. Representative double—immunofluorescence section of
TNF—e and MPO positive cells in peri-hematoma of ICH—induced
rats. TNF—a immuno—labeled cells (green) were coincided with
MPO immuno—labeled neutrophils (red) in the peri-hematoma
(arrows) (scale bar, 100 m).
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ok eut 7)o Aaizl WA PR a4
H—”K—%Q A%H FA7 9ot GALB/EY] &
1Y {4, A AT 949 HY

‘_—1 22O dojub, o3t WHIP} EHzF
&FE 4ot IAY AHFAT 242+ Cytokineset
Chemokines Z& ¥Z ulj7}E, Thrombin, Hemoglobin
breakdown products, Ats} AEFA
2H (Complement), Matrix metalloproteinases (MMPs)
—O] AL, o] wi/fE GF 7he] AT Fgo] AT, o
25 AQGstAY iyl HF FEE Addtes HHE F

??H HE¥z e TR SRS ofus Qo
7189 aFolA HEF O HEF A4 2ot T8

_E_ls'ér

(Oxidative stress),

% 8ol vt BuE figo] FHETEY &AdoE Fat
7t e g5t AT1E /\]5]’0}@‘:} = ‘I]:rL"ﬂ/ﬂ“
29| HEF] o3t BAFE &4 vjA= T
sl Hstd, AFFEY 4 ﬂ el iﬂ]”ﬁl 1_5“5-—’-\—
(collagenase)S FYslo] &€ % LERA YT, S1E B 25
B2 3497 AT Fosty HEE dARY H g Ire —’:.i

Attt 1 23 HEE 37|+ ICHZ b3 fAEsEE
& 5% ICH+SMR#o| FsHAl #4stqt. o|2A4 Ffi&
o] AFHoR HEEE JAIot=d S5t a3t S ¢
A5t
AL TR &4 HEFY ARE 7HH e,
< 5] Ao HeEEEFES S5, HESde 8y
TR Adto] wat ME N (extracellular fluid)e] =
3 FQETEL] &40l EXQ Y HE (vasogenic
edema)d} GATFEL] &4 glo] MEY F=ERUL 7t
94611 e AESY EF (cytotoxic edema)o] ATH?
AToA HEE 2FY 28 Y H2F #Eg

Eo]:— 4% 43, 285 diEwolA] ICHZO| vlsl Fig
& FEES 59T ICH+SMRZo| 9t #4d Aoz
THEGT ol fHgol §°“H L—Fv': £4E dstete HAE
29 £EFYLS AAIg A FE5H

LR FaAS @437] Hall, BdEQ H¢ &
A TRS EF}SE 4= Q= Evans blueE 0|88t Exbd
L AXFETE Evans blues FduBRo] 2AFEH
albumin®} Z3ste] HAZZ 9|2 & Evans blued &
T S AL TR &4 dHE dotRs Woe] "ot
YoHzd 3ze 282 guulteld EB Exo] o3 @
AR B HIE R 23, ICHES HE8o] #
dre tjeeiate] AxA| HANA EBY H2 FFAE &
Ho3hA T3 S 9lgloem, E3] WAE (internal capsule)
£ et gt H2 F3dAte] TEE T ICH+SMREAIA
= HEE FHY AxACt Yz HFoA ICHZ H|sh
EBO] &2 Fgito] dASHA HaEe] At o3t
EB E3t= mujgo] 3% ICHZo| 3t ICH+SMR
oA @ASHA ittt B HEE IFY 28S o
wukroll A EB EaeRs #Ee 23t ICH+SMRo] ICHZ
o vls o4 = EB Tk fAAE Ushfiglth o2
2 o figro] FAHTRE &4 AR 9 mavt ok

4

il i;‘(ﬁ}- /\ olr;].
HEEE AN 2H0) Be FudTel 27 Y8
& X A3 FFgol Ful f&r}“\ MPO S B

AWEZZRE ] oxidant WAFH= EF fdo] IS
n)x)A @02 MPOo| 7193t chlorinated compounds®]
Ao dZAse] APe st A2 ARgER, oz
£8 IFY 8= gy HEE FHEA MPO
FAE Hols FANES HFE TS 23, MPO %
Adrs AZ7F ICHZ vl8 A & FE£2EE 5o
ICH+SMR#-o] ¢9J5HA Zrastgict.

TNF— = 92829 9 ZJIA=E, IL-6 (interleukin—6)
Lo th2 AGEA cytokined] E7F AR A =
3ol Al TNF—a £ mRNAQ] A& o5 AZAsHA 24

AF? a2 wo HZo] dojubH macrophageset
microglia?t TNF-a & 8434811 A4S ol B,
Hzz 2¥ dF9 2¥S diEuy HEE FHRA
TNF-a W&E HozAsstgyoz a9t 21, ICHE
o HF fE E FEEL F9F ICH+SMRwo] FAsHA
o olF E W fZFo] HEE o|F9 HzZ Y AFHEE
AAeH= Hlo &3t okl & 5 ok

E8of gt Az old AFA MPOSt TNF—a &
ol digt Zzke] avk= URE AL Q3o ojEe dx
Aol digh A7 ol JEHH AFoNE HEd I

N

O

o

R

i

it

o] £¥Z diuuht HEE FHFA MPO Fgukeel &
JNgel TNF-a o 1:57} AX|FTtE o|ZHAF Y
dHoz FEseh I 2} YR AZE AYsta A9 o
RRO| ZHMETL|A TNF—a 7} magh Aoz TEEY
o o2 & o FANETL} TNF-a & ZolHA
&4 ARt & 5 A

THHoRE A AHE éab%itﬂ HEY o] fES
ofgt oA TR ¢k Fof H|g HEH F7|9t HeE
sFolu TR B34, Evans blue £33 £
2 MPOS} TNF-a #Hde] Aol gt avs yet
Wik,

o]xu AIER Hol fEL &8 FH RN Y

7 R R AAIGtY HEE s fo3 852
HE*?J%I% Aoz AZE

-

iE 3 HZ\—?%‘%@OHH

o

§° e o ﬂ-% = TE%‘% AT BAsyth. &8

FE 48AZE Fof| HEE Z7|9 HxZ RIS S5

1, Evans blued @HHIE FiE HJFsIGOH, MPO

FErEe] FAWMET FAF TNF-a HadS TEIM} of
et 22 daE A
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