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Effect of Kurozu on intrastriatal hemorrhage-induced brain damage in rats

Min-Chul SHIN, Touma NISHIYAMA, Tomoki HARANO, Tetsuko TANAKA,
Takayuki FUKUNAGA, Takashi YUKIHIRA, Atsushi DOI
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ZO#E, v—%—vvy FbL v F3I VB open field AERICB W THEEKZGH LD
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THRGHIPH O A B2 fi/h A iz, MIEICRIHET 5 c-Fos IZBWTIE, ZRAEGHEIIH L
300mg/kg BRI G- TR O B R AH 5N, caspase-3I2 B W T b 28 H KB G- HIC
xf L300mg/kg HEER: 5-#F C caspase- 3B M OB BRIV A LN, TNHDORRED
HEEOBPUIEAL A N L 20, P oz s &S L, BB X 2 R ERA o
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WHRRER 3 7 A S 6 7 A F TR ZIMEO M
(Eﬁ\ VOOLNLEHELTWE, ZNHDOHENS
N2 % D B RE LS D IIE R 2 © DR TH
FLWZ EAURIEEN LY, Awapara bIZX B &,
EIMAE S 7 IV BELDTWT, FLAEDT
I/ BRIEMAER L) QBEE W LRI NT
WbV, FT7 I MBI Y V8BS TH
0, MEERHIEOR A, R, BHEICEEREHE
B2l TWh, 2 EHIC—EoRETIE, 7TI/ W
ZEEHCERT A2 8T, XD RIRN SR EES
BNHZELRBEINTVSEY, BEEICIE, —K&D
BEEICHARY VX AT 5T 3 /%@@07
IR ans i, BRESLEY IV, 34T,
AFGIADVERLLHEENT ST BERCILE

55 MR RS A1V ¥ DWIDUREE, v L S,
NREACHTGR R, RS,  MUBEAE_E R3] 72 &,

FHERBIIZZ LW OOFEL ) IEEICRWES
b, HWELRZREORBEEMTH Y, 4 HTIEK
BRH T )AL FPTOILLANREBED TN D,
Frld, BEESHEEST7 - v ARMEEEH
EERHOMILAY, LA L, B X 2 Ed) 8
74— ¥ ZAOMT R MREIREE AR A9 2 FREE D
BRIZOWTIERZHEIZ SN T v, £TTH
WF7E T ARBEOEIARERMIME T IV T v b Ok
87 4 —< v AOT & ARG A KT T

BIZOWTATEI T B L O et 2N Tk %
HWTHHTAZEZ2HBE L.

I.M8RELCHE

. KEREM
‘1‘)1/51‘:/0) S HEBR T A 700, Wister SR fEME
7 v b (220~250g) 200 H v T, A.

Hemorrhage + 28K #5-# (ICH+DW, n=6), B.

Hemorrhage + 100mg/kg B 5-# (ICH+100mg
KZ n=7), C. Hemorrhage +300mg/kg HF:#%5-
# (ICH+300mg KZ, n=7) ® 3FI25F720 T v
MR OfEB X 0K E2 HEICHEIS &, &K
FFERFEROR ST HwTEhEhD T v b
DOHFICEERG- Lz, BiofE L X OFERICEL
1Z, REARCRER R FEWMEIZE B 2O/ 215
Tiro7z (B&kdk7T, B817-009).
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2. BAREmMETIVS Y MES

BN IILE 7 v F v MEBRIZIE, Stereotaxic %

& (Model 51900 : Muromachi Kikai %) % fii

LtowxﬁWTfﬁﬁ WZANR & BT 72,
Stereotaxic % & (2 & ) £ I # &k (-02mm :
anterior, 3mm : lateral and 6mm : depth to
bregma) (ZHESAKHIMLEE TI12024U ® a5 7 F —
¥ (type V) % & &4 P& K120l %30gage @
Hamilton syringe (2 C{H#EA LN IILE 7 )V % E
B 2000,

3. AECEREE

Sham (ICH+DW) HECIIHEEKE, BE:5H

TIXRM LB $ 2 2 2 £1100mg/kg,

300mg/kg DiEFETHREKIZED L, HIiLE T IVE
B EME2 SRS SEZHWCTIH LR, £h
ZhoORELZ 1ml 3o, HEIEERS L7,
HEED D B & JITILEF IR G L7z, &5HIHI,
TheEhl » A& L7z, LB B X OF4r HAE,
FARAEOWE H, EHFRHIH, fopbH %
LITRT,
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4. 1TEAER
4-1, O—%—0Ovy Kbkl vy FIILEER
O—%—uy FhL vy FIVRKEIZT v bE
O—%—uvy FhLy FIVER (MK670, %HT)
Z v, NI E 7OV /R R 1 8 B ET 2 5 10rpm
OHETHET A0 — T — FRESE, 20002
EATHREIC 72 % F CHlRRA B D B L 720 PN i€
FVERY I —% —ay F Ly NI VETE
MoOHlE % 3EATV, ZOFHiEx 1 LEHHEL, €
FUAERE 1 » AWM E T 1AM & BT OZL
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ZIRET L7ze Wl TiE, 7 v bAY0 ~30rpm
FCHHE L TR0 —F =06 T3 % % TOREH
Z i K300F £ Tl L7z,

4-2. Open Field &

PP X 24T B O ZAL 2 WET 5 72012
Open Field B2 £ L 720 BoXRy 7 2 (50
x50x50cm) WIZT v b&iEE, HEICITH S,
3HMOTEENE LT H AT Ttk L7z (X
2)o #Dt, Image ] ZHWTitsk L7235 Mo
BURD 5 B, 308~ 2453300 2 5 ofTEiZ L%
fRAT L, REhEREE, PR E) & &R HBRGET

L7
A T

\

=

X 2. Open Field HE&EE
Open Field #ER%EE 04 (A) ENHE (B)o
50X50%X50cm BB OKR Y 7 2D EICETFTH 7
A5 EFZEL, Tv bOHMBITEF 30
L7z,

5. BM{EXA ML X - EMEHAIE

ot H OB FEBRFE it 18512 3 TR A IRREESE
(A5 M3V 03mg/kg+ 25V F L 4mg/kg+ il
AT V77—V 5mg/kg) ZHWTT v b
ZRREEL, OB OSBRI AT - 720 MR O
SEEL, BUY L 72 iiE & T, SR 728 R DL
WIZERALA b L R LG O E 247 - 720 W
WERIE 7Y — 5 TV IENT % FREE CARRIO
DUO (WISMERLL #:) # M7z, il ¥ v Mg,
AL A b L ZADHIEIIZ d-ROMs 7 A b (QEFHIPH :
2007 5300U. CARR) (Diacron #:#L), Hie{t )
DOWPEIZ BAP 7 A b (Fe#fH © 2200uM/L 2L |)
(Diacron #:#) % L7z. d-ROMs 7 A b TlZ,
pHASD B i F = X v F%37C £ THIRLL,
PRI L 72F 2 Xy M2MiE20ul % AN7:1%, 26
woraesry N, NVIZFIWNRSG T2 Y
73 V) R0uIANREL, BEFHCANTHYE
W 7V =SV ANZE AR THLE Fax

VEFY FOmENELL, BALIZU. CARR ¥
HwHih, 1U. CARR =008mgH.0,/dL (2% 5.
BAP 7 2 M, FF 7 VEBEFERE &R
AV DF xRy FEICE TR, =Mz &
LRI ASOULH T, A LR Bs, SBEE
TEAGERA A VIREZWE, ZMhghA 4 v %A
LCwaREICmiE % 10ul ARTRAT 5 &I
HOPRLIE OEH T Mk A + v IEIT S h
Bt 3hbd, TotoZ e LERcarllL, 1mig
DRI % 5l L 72,

6. mELEE

LA SR %, 4 & 1l % Phosphate Buffered
Saline (PBS) & XX # § %, € @&, 4 %
Paraformaldehyde (PFA) TR % L CTIMEEA % 1
L, RT774 vAMHEEHWT, BRI 21E
#1172, Nissl Heto % v CHIMIC X 2 84k 115
R A FERR L 720 Nissl Feftiid, S~ v [EE S
T4 VAR F LTI T4 v ERRR
K&, TNA—NVTHARAILZ, 20Kk, 7LV
NAF Ly b TIOWELRR, B0 72070% T 5
J — VT H R MMLEE L7, c-Fos & caspase-3%4¢fiid,
AN T 7 4 Y &Rk, 73—V THRKA
L7ze WRERLVF F T 5 —E2BRET 572012
0.3% WAL AT A 5 7 — v TI55 I L 72 1%
AF =227y H— &ML THERISLE (pHS,
Nichirei) T95C, 405 B L 720 FEFFE UG %
PIH 9 % 728 1225% normal goat serum (Vector
Laboratories) 2 C204 ML B L 720 — KPR
7 v I+ ¥l cFos (1:100, SANTA CRUZ),
caspase-3 (1 :100, Abcam) A% WV THERT
607 MPURPURSUG 1T - 720 b ) AfRM A A
JK (Tris Buffered Saline : TBS) T L 72,
ZRbifA (ImmPress Reagent, Vector) %\,
FiR T30 M Kt S 7%, TBS TG L 72,
V7 37 XYY Y v (Diaminobenzidine : DAB,
Dako f1) THth 728, Mgt s LTAT b
F) BB ELT o 72,
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7. BEFIBESGL, c-Fos, caspase-3f5i4ilHa
DAE

Cell Sens Dimension (Verl7, OLYMPUS) #
T X 2 84 R IREER AL O TR 2 05 L 72,
RO TS X 2 EORE S M A
Z x100] ¥ 12 THEMB L 720 c-Fos, caspase-3F% 1
MFEOWE X Lee 5 O FPFEICHE T THE L 720
Cell Sens Dimension % H\»T200f5 D5 E % 4 7 Fr
5 F AL THERFE L, 250um X 250um Wi %
FtEdiaE Ao v v 352 & TRl 4T 720

8. EtEEMT

A, u—%—uvy FML v FINVKEE open
Field Bk 7 — ¥ 13739 + w2 (SD), W
¥Rz, c-Fos FatEMilig, caspase-3fatEMilied 7 —
FILF RS (SE) 22hEnSim L7z,
HEM 2 — K E BT E L, FHRMEL LT
Scheffe i€ # V7= £ EIE AT > 720 BBAE
KH#EIZS5% (p<005) & L7z

. #&=XR

1. FEOZEIL

BFER GAMREZLIC T T B OWTIRET L
7oo B3 EAMUIAR K G Z0HE LAz 14
W& DEREDOHRZ RS, BNHMEREZ L7z%
O—HEENIEEDOH MDA SN Do 1205, ZDtk
A IAREORIMAZ /R L, &M EH I &R
100g FEE QMM A LNz 1 7 HEOKREIZH
L CRERETHE TOREBMA A DN, A EE
E %o 72,

Ao "
D L]
- | |
30 L |
= " *
i a0 - CHeDW
& SHE 1 Dhepug KF
L b e L
100
a g
] T 14 Fa za k=]

Days
3. AEDZEIL
ICH, Hemorrhage; DW, ZE8H/K : KZ, Rk ;
Mean = SD; n =6~7
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2. EFREFRENT v FOEEREHEEHEE
EICRIFTRE

B G- DSA R & b A 2 2B e ) &
BROKTICKITT LR T 5720, 0—¥—
Ty KLy FIJVikEE & open Field il % 17 -
720 B A AL 7 VBT O TR &2 1 &
L, MMEFWERT » M E T, 1HAMIEDE
TR OZALZ R T, MBI OB H CTIELRE L B
W2, AT ET O BB RE T D90 % FEEE DAL T 23 & N7z 25,
HEAESIR O NG o7 20K, EEIEE I
e cmiE L, 17 ATl Rs 58 c50%#
£, 300mg/kg HEER G-BETIXT0%FEEE T Tl &
NI HEEE IR o7,

w CHDW
: = w
1.0 ‘:::1%5
0.5
i e—
&
§os l 8 $ .
0.4
§os
| |
Eﬂ'.II
L] 7 14 21 I8 35
Days

X4. O—42—0Oy KkLvy N IJILiRER
ICH, Hemorrhage; DW, 78 /K ; KZ, HFEE;
Mean = SD; n =6~7; ns, no significant

537y FoRBEHIHEME FHBHALE -
GEB) &) D2 bZRT, BB PR E) A
E— FiZBWT, W H#%70~80% F C#EB)
BOMTHEARLND, BHAEEI R, 72 &
e H O TEYIEE T, AR G R EE
BHHECTHTOUBEDRALNZLDODOHEAET R
o208, PHBE) A ¥ — FTi2300mg/kg HEE
SHTINVAELRBEAY — Fon LD 5Nz,

3. BERSHFREMERICRIFTHE
SRR G REIAOR R PGB & iR L TSR ) 2t
BN D o 72720, FEEJRES) DU & AKX
MRER DR Z A § 2 BT, REHOTE)IER
SRtk MR L, R EET Lz, 7
HIMIS & 2 fHE P 2 fERR 3 % 7212 Nissl Heta 2
EiL72o a7 =7 F—BEARKE KRS Lz
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5. BEREIHENS v FOEHEICRIET
=2

e

A, 1TEyELER. B, BB, C, “FHRBE)IHE,
ICH, Hemorrhage; DW, & % /K:KZ, 5 B
Mean=*=SD; n =6~7; %, P<005; ns, no significant

TSR D591 +82% DIEE A HER S 725,
300mg/kg Wk %E He G L7 HETl3488 +52% TH
KB G-HE & i LA B 2 R HIPE o #i /N ATiE S
(X16),

o

-

L] EH
e L LR e

X 6. REFHMEREICHT 5REEORR
A, BEAENOBINEGEF. B, & HimEH,
ICH, Hemorrhage; DW, 7% % /K:KZ, 2 F;
Mean =SE; n =6~7; %, P<0.05; ns, no significant

e

4. BEFRSHIHREICSZSZE

c-Fos 138k 4 ZAMRIENC & ) 22> — 8
FEINL DL, MO ED< = —&
LTl fibNTwb, —F, ccmyc (max) X
Bax & 3EZ7 R M=V ABHERK T L LTHISNTW
%, F 72, cysteine-aspartic acid specific protease-3
(Caspase-3) DIHMEALIZ T & b — ¥ A DO EE L B
D1>2THDY, caspase-3lZ 7 K F— ¥ 2AD R

M 2R DEELRTTT T —EThHb, REET
(E ERWER G- 2584 AR I ARG SR A7 C Dl s 12 5 2
5 5222\ T c-Fos & caspase-3% W THE L
720 c-Fos 128 W T2 K512 L300mg/
kg BEER 58 T c-Fos Bk MIE O & 72 A 53 R
b7z (M7)e 72, caspase-3l2B VT &K
5 HEITR L300mg/ kg B EES 5-BF T caspase-3Fa
PRI BOF B2 WHARD 5/ (K8),

ICHs KCH+
ImpigHE  M0empikg KT
7. BEHRED c-Fos BBHMRFERICRIFTE
A, BEARE MEAL TO c-Fos Bt flia 588
B, 3 c-Fos i3 =,
Red arrows indicates the c-Fos positive cells. ICH,
Hemorrhage; DW, ZE% /K : KZ, HEEE: Mean+
SE; n =6~7; % % P<0.0I; ns, no significant

- Lot

[Tr =3
Totmgthg KX Jotergieg KX

8. EEH%EH caspase-3fEIHHIIIFIRIC
RIFTEE
A, BERHIERL T O caspase-3F AT FE 3 o
B, ¥ caspase-3W1EsHIE
Red arrows indicates the caspase-3 positive cells.
ICH, Hemorrhage; DW, 7% % /K :KZ, 5 B ;
Mean*=SE; n =6~7; %, P<0.05; ns, no significant
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5. BM{EXA ML X, HEEHAE

BEICIED & LHIRRILER S 5 L S TH
D, EBRIFRICHIRRLER 2 <, RR D Ev LR
HEINTWEY, T, BEEEBILA ML X LN
AL OBRZ BEHS 5 720102, I % v CEL
A ML REYFRRALD ZWE L7z K IEMBILA ~ L
R EPBAL I OREREZ RS, BRILA L ZAIZBNT
(E AR AP 5810 L300meg/kg BFE 5B CREL
A MV AOFEZIHPE SN (9 A). F72,
PURAL I B TR AR KB G-HE 20 L300mg/ kg
LR G- CHBRIL ) O A B M ESRBO bz
(KI9B)o INLHDMERNSEILA ML AEEHI
L7724 R 25K 9 CTdH %, BAP/d-ROMs <1250
BEEBALA N L AREE AT, BIEA ML AR
DOEHAER, ARG LRR R G TAER
BEALA b L ZREOYEN R Sz,

A o - _ .
]

1z ]‘"‘i

is 7
e B PR R

" o e et s n L. RIELER, B
VSl g oy

L e
§

R S B
X9. BREREIERILR bL X ERBR{ENIC
RIFTEE
A, BALA ML A, B, #tiR b, C, BALA &
L AR,
ICH, Hemorrhage; DW, 75 %8 /K:KZ, 2 B
Mean*=SE; n =6~7; %, P<0.05; ns, no significant

V. %

ARWFZETIL, BEEOF G- 058G L4 0 5H B 2 X
74— v AT & MRRE IR R IF R EID
WTHGT L7z ZO#%, v—%—ay FhL o F
I VikBR & open Field ikBi % H W 723 B E 7 12 %)
T AME T, 300mg/kg BFER G- TR AR I
B OB EE KT I LA AKEG-HRE & diakEn

{7 G

BAOLNT. HINSHIZX 5L, BECIZINE S Y
HEORBPEEZ WL S LBELD Y, EH
TA = VADFHICEEEGZ L EHE I Tw
58, Fi PHESIE, 73 BSOS
WCHIE G RERTH ), EHOBFMAHY AR — b
J A R RPN O BIEIC S B < EHELTw
5%, TNHOWMENS, FUNRIERWET LT
I BENLLEENTOLBEEEOERIC I Y, K
Ao BERE NN O B EICE) X, )
7+ =RV ADYHE B GRS E LS
b,

ARWFFE TS & Y BB LM (7R
b= ) RS B BEEORYE & AN H R P,
c-Fos & caspase-3THAS L7z € OHKER, 2K
B GRRT L300mg/ kg MR G-#E TH B MR AEE
W22 BT A G O/, c-Fos & caspase-3
R M D IRA D3RR S 7z Yang H1E, MEHAE
ILE TV T v MCHT 28IHHICB VT, #BEK
B c-Fos BEIMEIH] & caspase-3D & BN A AKX
R OIRBFERAL N T A Z T A2 ENTE S
EHEEZ LT Y Lee HIXMEAMINLE 7V
Ty bNO MLy FIVT Y=y 7Hl#E T 2
2 X o THGHEH O/ & caspase-3D A & 7= A
WAL, THRM=Y AP SN2 & THEEH
PO/ Do 7z & it L Tw b, c-Fos &
K% 7 ST BGE DD — B IS HE SN D 2 &
POMBERIROY = —L LT flibhiTwa,
s iR T2a—FLTBY, MG % Rt
L7-#il o3, BEGE, FrAEmE R EE 2 H - T
W5 —F5T, cmyc (max), Rax £ & HIZ7 KR F—
VAR T-E LTSN TWA, BHESICL D L,
MRENY 7+ v 7 BN 7a v A%H#H (c-Fos %
B 7A=Y AZHRTHEHMELTNDY,
¥ 72, caspase-3id caspase YA DL L D& vy
BEHML, TR =V ADOEFANLERHHEE
%777 —¥THhEY, MBI THEsS 2 -
ZFHIEIZEST, MREAICHEI PaY Y
T BRI Ao FIUTER L TRAT 1L
A MV ATHRMFEICHEAST 2 I 7027 7 OMH)
WX B RIEIGATEZ Y, MG 5, 7R
M= 2%, MG R 2L 5T, TNFaR,
Fas, DR3, DR47% & OMNIEZEADEEAL S
52 L THEIND, TOMIBZHMARE TR —
VA% D% SR E % caspase-30%H o T 5, HEE
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WZEENTVDE AT A4 Y R P by
BdbHEMEINTVDEY, FEIZd &b Pt
TER S 5 L HiE SN TW D75, BENISFICHIERL
PERASR L, BRI BHEINRTVREY, ZhbD
MR LD, BFEOBEBIUIBRIL I OBMZL| &S
LEELA N L 20T 52 & T, BxHmEgE s
DOMINIEIN T (c-Fos, caspase-3) DFEHL % A &
&, MIFEE 2 P S S E kAR S e, 2L
T, Z OMINEFE OPH N H iR P O fE & 5
SR, EHST +—~ v 20U R EIEB R
T 56 O ME D e S & 2 getEAVRIg S iz,
Tong 51, BEEAIT AN F—HZ2MREEL, IF
iAo A4 X2 Wil T5Z E2HmELTVLT
D RS T RFER G- R XKL G-/ & X
HEOWD 2 WFF L7225, FReARERDIR O
Lol TOHMME LTE, REBRTISELE
ML a0 o7-2 L LIEROFHELIT-> T
HBWZELHY, HELWRRPHEro72LEZD
N5, 72, Kifgecid, /X7 + —< Y AKT
WZBWTETomELPR O NG o7z 4 l—#
FICIN AR R O RIEABEZE ICAOND 1 » HE W9
WM CEBZITo 72, 3y bu— VLKL T
BEER GO MEPH OF B iihdA b2
Enn, ZoOWMHZMREERREORALDD %
3rACEESELZ LT, IR EZEON
LUWHEMDEDHLDOTII Ve ER D, DEnZ k
£ 0, BEEOEIUING A o [l H i 3 P o i
ANl LTI R ) &, BT —< v
A DYF IR 2 WFFCT & B REMEA R S 7z,

V. #5RE

AFFEORR, BEEOERUIMRALZ + L A Ol
EHRAL DR 2 5 S 2 L, R o
HMNBFEN D REB 2 A S5 2 & T, Mtz
i) S &7 RMEAVRIE S N7z 2 DRMILIE D PP 1E
i AR B RSP O/ N2 D SR 2 L, B/ 87 + —
< Y ADUE, EEHRREEIT A 5 O RE b Lk S 2
HUREVEDVRIR SN Tze AtRiE, FEBRIIH & fiit
HIRIE O 2§ /AR DDH % 3 7 AIZEE L THgT
i) 2Lk, BIRTOMBHGE, 72, PHIRIR
FOMHOLETHLEERZ LN D,

AHE

AWE7EIE, REARER AR NE7EE (2017-C-

03)

DY E Z T FE R L 72,

FlaER

AHFFEC BT B LR BUIAAAE L 2\

1)

2)

3)

4)

5)

6)

7)

8)

9)

VI. 5IAXE

JEATEL - AR R TR — SR OB WA 5 U
YV TFr—varIT-. WHEE, EE E
SOTHE itk W R A 5 0. B
e Y bkt pp91-96, 2013.

RMTFRF, B, ATF 5% 0 BBCOR AR
SHIBATHRANIINLE 7V 7 v b OB
Z Ay P4tk Supplement, 42 Suppl,
No.2, 2015.

Teasell R, Foley N, Salter K, et al:Evidence-
Based Review of Stroke Rehabilitation:
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2014.
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Effect of Kurozu on intrastriatal hemorrhage-induced brain
damage in rats

Min-Chul SHIN, Touma NISHIYAMA, Tomoki HARANO, Tetsuko TANAKA,
Takayuki FUKUNAGA, Takashi YUKIHIRA, Atsushi DOI

Abstract

Intracerebral hemorrhage (ICH) is an important public health problem leading to high rates of
death and disability in adults. It has been reported that black vinegar (Kurozu) can confer
benefits such as improvement of exercise performance, promotion of neurogenesis, and protection
of cells. However, the effects of Kurozu on ICH-induced motor performance decline and nerve
injury have not been clarified. In the present study, the effect of Kurozu on ICH-induced motor
performance decline and neuronal cell death in rats was investigated via behavioral tests, Nissl
staining, and immunohistochemistry for c-Fos and caspase-3. The results indicated that Kurozu
intake improved motor performance decline compared with the distilled water (DW) administered
group, but there was no significant difference. However, the size of the ICH-induced nerve injury
lesion and apoptotic neuronal cell death in the striatum were significantly suppressed by Kurozu
intake. Kurozu intake also significantly inhibited the oxidative stress and increased the antioxidant
levels when compared to the DW administered group. These results suggest that Kurozu may
inhibit apoptotic cell death by decreasing the expression of c-Fos and caspase-3 in ICH-induced
nerve injury areas by suppressing the oxidative stress and increasing the antioxidant level. In
addition, inhibition of apoptosis is thought to be due to a reduction of intracerebral hemorrhage,
which may have brought about the recovery of motor function, including improvement of exercise
performance.

Keywords: Kurozu, black vinegar, rat, intracerebral hemorrhage, motor function
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