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Neuroprotective Effects of Hyulbuchookau-tang (M Z55%5)
on Global Cerebral Ischemia of the Rats

Eun-hee Cho, Jung-nam Kwon, Young-gyun Kim
Dept. of Oriental Medicine, Graduate School, Dongeui University

Objectives : This study examined the neuroprotective effect of Hyulbuchookau-tang (IIFF %5515, HBCAT) against
neural damage following global cerebral infarction.

Methods : Sprague-Dawley rats were induced with global cerebral infarction by occlusion of the bilateral common
carotid artery with hypotension (CCAO). The rats were divided into 3 groups. We treated extract of HBCAT to one
group after operation (sample group), one group wasn't induced with ischemic damage after operation (sham group),
and one group was induced with ischemic damage after operation (control group) but not treated.

We observed neurological scores and cresyl violet-stained hippocampus CAl area, TUNEL-positive neurons, and
Bax-positive neurons in brain regions.

Results : HBCAT treatment after CCAO increased pyramidal neurons in CAl hippocampus induced by CCAO.

HBCAT treatment after CCAO reduced Bax-positive neurons in CAl hippocampus of brain regions induced by
CCAOQO. '

HBCAT treatment after CCAO wasn't effective for HSP70-positive neurons in CAl hippocampus induced by
CCAO.

Conclusions : These results suggest that HBCAT has a neuroprotective effect against global cerebral ischemia.

Key Words : Hyulbuchookau—tang (HIFFZFE%, HBCAT), common carotid artery occlusion (CCAQ), neuroprotective
effect, global cerebral infarction
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HYFEE HoleAwTAF)AN TU 12

%, <F 300g A3-9] Sprague-DawleyA 7 3
= }.9_0}9\511:} HAe _E (21~230), ¥%
(40~60%), =% (12717t B/ehe] AsHoZ &

ASE ARANA FREFS AR AFEA
FHem, 494 @79 15 o1 447

F AHgstich

Table 1, Prescription of Hyulbuchookau—tang

ghope Aoy &
Br(= Perisicae Semen l6g
E Angelicae 12g
A E Rehmanniae Radix 12g
L4t Carthemi Flos 12g
Fh Achyranthis Radix 12g
Wi Aurantii Fructus 8g
L Paeoniae Radicis Rubra 8g
5HE Platycodi 6g
& Chidii Rhizoma 4g
]| Bupleuri Radix 4g
HE Glycyrrhizae Radix 4g
A total amount 98g

[ (305)

2. =2 =H|

B Ao A3 B MFRRGE AW
gL ol ol 2ok FE ZAle dnkA
32 d7|2 Az 9, 53 % 500g
< 3,000mle] E3 A BA7)7F A A"
Zil s ‘475 o #3}iL rotary

1o

_!
P

oA 2A)1ZHESE

evaporator2 ¢t 5% F BAAZRIA 1214g
9 E&& A7|2E AUk "a A 559 13 F49
ko g3 AF 100g B HFH|E ArrEFe S|

9l 200mge.2 &t} (Table.l)

3. dedde =

A3 &40 g EERE] £ &
A7) Yate], AT AHHP L fis

3 Fed APt oy HPELE
& AANZET (Sham)d A3 Y

2T (Control) 2 P& 8 £ MAT L@%{%
2 A7)25 19 134 597 TRt m
FIBTAT (Sample) o2 Witk 24 & 7
52 6vlE¥ & WA h

|:|0II

4, Hhsge| R4

AHHE S Fuslr] lsled, Chan 50 Ab
&3 A AN 45 FATEE EAHL
2 ¥ 3= transient global ischemia (TGI) %
AHEEI L B 70% N20¢t 30% 029
Z37t2o) 5% isoflurane &2 ©l3E Alz}beto]
TE EFd e 1.52%2 FE= 7S A5
t}. A& feedback-regulated heating padZ 4=
A2 F<k 37.0005C2 AT 4 M3
Hol g8 5HE =&A70 F PE-50 polyethylene
catheterS A#A7|1, 3Zo|= phygiographE
ddste FUIELE v AW B¢ AEKH e
2 71&s, U 952 Ay EE H%

m{o
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Al PE-30 polyethylene tubeZ
A& 12 E At T2 AHE
A EHlFao] B F F5Ee VB F
Ak AU FEE Sugawara V9 A4
ol AT F5 dEFHo2RE waAd ¥
A& AAt] FEFRE Y] 40mmHge °]2
Al st FAAZT Aol FEd S A7
Fo] F45HW AHE neE 271 metal clip
2 nFee] WHPL AL Held fu
108 %o 45 FAFAS H4% metal clipS
AAs P& AN gk, HEgsHE T3t
g AFdstd s AR 3 EAFT
o|F FAFAE TRk wF M A A
k.

oh

[o

5. L|Z=X[o| %2

AH8E i 5970l APEE S pentobarbital
sodium® H2FAIZ ZA v}33 o g3t
A7-& %3l 0.05M phosphate buffered saline
(PBS)¥} 4% parafomaldehydeZ %3] #F3IA
t} ol% & FAZEHE AAT the 24A1%
A= post-fixationd}1, sucrose SN Ho A
A ZTE the -400C9] dry ice-isophentanol X £
A7l 2428 E A2 Y7 & -800Ce] B#
BIATh HZ22AL cryocuto & 50pm FAQ A
Ho g z&ste] Mo ALL-3}IH ).

6. Cresyl violet *_'1 al MZMI 50| 2zt
qut]o-]g = AE‘?:!%%Q] };]17(] = pOly—L—

lysine® 2 3 % gofol=dl 29 H2RA71, 1%
cresyl violet solution© 2 2¥%-7F GAlata, ') Aukz]
A ZAFZA Y whet g, B3 st AW
3 GEFod wE vl (hippocampus)
CA1gglA NEAxEe] HElE Basit) w3l
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ot CA17Y FANANE & 2 FANANE 29|

A= CCD 7Fiveket AR AHo] Hate 3
&R 02 cresyl violet FAE 2294 CA19

2B8do] (400um) ol EAlske FANEAH EL]
45 “NIH Image” software® =7 &}3ith

rui'

7. TUNELY} Bax A ol 2t

A8 S e AdEE9] Hx23 & 0.05M
PBSEZ 5&7t 33 AU, 1% H,0.0014 10
158 A& A7 the oAl 33] Ao
10% normal horse serum (Vectastain)®} bovine
serum albumin (Sigma)E PBS©] 432 blocking
soiution®l] g A7t A= ¥HEA|ZTh o] F 33] A
o] ¥ %, primary antibodyZ A 2]3}%t}l. Bax9}
TUNEL
Oncogene Science)= 1:2009] 3]Au]-&2 PBSS}
Triton X-1002 412 &40 2 M3 F, 4T
A ovemightZ ®HEA|ZIT} o]& %A & PBSE
ARl 3L, abidin-biotin immunoperoxidase®] 1Y
(ABC Vectastain Kit)oll wie} 2+t 3k A|7H ub
SAACES? e NiC2-H20 (Sigma)E 42
diaminobenzidine-tetrachloride (Sigma)ollA] 5~10

B2h 84 Hhe

antibody (mouse monoclonal IgG,

Al7]a1, Z& & poly-L-lysine &
&alol=o] £ F 23412 AZA o8 &
@ete] 2HELS Azttt TUNEL 3
Bax @do] W3ls AgHoz #Aslr] s,
Haute] 444& CCD 7Mete Fato] 93E4
Al 2dlof| AAetn “NIH Image” softwareZ Al-&
&t} CAL §-91olA Sk AAAE 5 23
St

8. B2 gy

SA AL Student’s t-test® ANOVAE A&
3T P<0.050]3t8 BAA foAe] e Ao
2 AF 3T
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Fig. 1. Effect of Hyulbuchookau-tang(ILFF Z#:5) on
the pyramidal neurons in the hippocampus
CA1 of TGl rats. Sample group demonstrated
significant (+; P<0.05) increase of the
pyramidal neurons in the hippocampus CA1
as compared with the control group. Data
presented as mean * standard error.

BEKA
1. 3ot MZMIEol et S
H3E L F vt CAl #91 400um 2]

g ABAES] & A3 vt ShamTolAe
96.0+4.2 7] NAAE7} #ZAEQ1, Control™
AXE 44.3+3.6 /N9 AAAE7} Baslo] HF
do| ogto] AAAZIL dA-sA FAs
SampleTol X 58.3+4.1 79 AZAA L7 #F

Table 2, Effect of Hyulbuchookau-tang(LEFZH55) on
Pyramidal Neurons in CA1 Hippocampus of

3] 9|

291 mFREHEE] BF Y A wXe FF (307)

Fig. 2. Cresyl violet stained sections of the
hippocampus of TGl rats. Section 1 shows
sham group, section 2 shows control group,
and section 3 shows Sample group. Sample
group demonstrated significant increase of the
pyramidal neurons in the hippocampus CA1 as
compared with the control group.

o] Controlo] H3} 31.6 % F713t9ion,
EASH 0 2 P<0.059 §9A d= 7= vg
Wol MmAFZ#EE Folol ot fodt H3d &
e ik #EFAT (Table 2, Fig. 1, 2).

2. lsiorel TUNEL-FHLS
=k
Hed i ¥ Hafivk CAL F9] 400um 2ol
oM TUNEL- 8 A78AI 2} 8 533 vt

AMAMZO| CHEt

Table 3. Effect of Hyulbuchookau-tang(MLFFZHE5) on
TUNEL- Positive Neurons in CA1

TGl Rats Hippocampus of TGl Rats
Number Increase % P-value Number  Decrease %  P-value
Sham 96.0+4.2 - - Sham 4.2+1.0 - -
Control 44.3£3.6 - - Control 52.54£2.5 - -
Sample 58.344.1 31.6 <0.05 Sample 44.3+4.8 15.6 non

Sham: Group operated without TGI

Control: Group operated with TGI

Sample: Group operated with TGI and then treated with
Hyulbuchookau-tang(IMFF ZH15)

Data presented as mean % standard error.

Sham: Group operated without TGI

Control: Group operated with TGI

Sample: Group operated with TGI and then treated with
Hyulbuchookau-tang(IAFZH5)
Data presented as mean + standard error.
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Fig. 3. Effect of Hyulbuchookau-tang(ILFFEHES) on
TUNEL-positive neurons in the hippocampus
CA1 of TGl rats. Sample group did not
demonstrate significant decrease of
TUNEL-positive neurons in the hippocampus
CA1 as compared with the control group. Data
presented as mean + standard error.

ShamTo A E 4.2+1.0709] AAAE7}F FEAFHA
31, ControlZl A& 52.5+2.5709] AANZ7 &
2ts]o] w3 do] 2lsle] TUNEL-JuH-&-2 vHet
A AAAE7E AAsHA F7HEKATE SampleTel
M 44.3+4.8709) AZAAE7} T2 ] ControlT
o B8l 15.6% s oy BATACRE fo
A& 21drt (Table 3, Fig. 3, 4).

Table 4, Effect of Hyulbuchookau-tang( lLEFZ% %) on
Bax—Positive Neurons in CA1 Hippicampus

of TG! Rats
Number Decrease % P-value
Sham 3.2+0.7 - -
Control 74.7£7.7 - -
Sample 53.5£5.7 283 <0.05

Sham: Group operated without TGI

Control: Group operated with TGI

Sample: Group operated with TGI and then treated with
Hyulbuchookau-tang(IFTZ#515)

Data presented as mean + standard error.
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Fig. 4. TUNEL stained sections of the hippocampus of
TGl rats. section 1 shows sham group, section
2 shows control group, and section 3 shows
sample group. Sample group did not
demonstrate significant decrease of
TUNEL-positive neurons in the hippocampus
CA1 as compared with the control group.

3. Li5Hote] Bax—4AEtS 412

A&y 4 F Haful CAl #9 400um Zo]
A Bax-4Aure AAAE & =33 bt
ShamE“’ﬂH—‘E 3.240.7709] AZAAE} FEHY
I, ControlZo A& 74.7£7.77/02] AANE7 &
“15101 & do] 9Jste] Bax-FdureS Yehd
NAAE7} FA8A F7IetEh Sampled ol A
£ 53.545.7702] AZAA LI BEEH| ControlT
of wlsld 283% ZAdHon, FATHLE
P<0.052] $94 e F4AE Jehlo] WiFEHR
5 Rodo] oJsta] folF HHY £ vt
#2% e} (Table 4, Fig. 5, 6).
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Fig. 5. Effect of Hyulbuchookau-tang{lLFFZF %) on
Bax-positive neurons in the hippocampus
CA1 of TGl rats. Sample group demonstrated
significant (+; P<0.05) decrease of
Bax-positive neurons in the hippocampus
CA1 as compared with the control group. Data
presented as mean * standard error.
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Fig. 6. Immuno-reacted brain sections against Bax on
the hippocampus of TGl rats. Section 1 shows
Sham group, section 2 shows control group,
and section 3 shows Sample group. Sample
group demonstrated significant (+; P<0.05)
decrease of Bax—positive neurons in the
hippocampus CA1 as compared with the
control group.

49 w9 AgE Tetx Utk AL A<l
el AP A Po] ehdrh T4y
¥ A5 FE HAFHFY FE, 897
g, AAg dod £ e B A F
WA Fe ) ojatH oz Vehte MAY
Z%, thromboembolic stroke, -4 ol 2|}A
U =& Foll 9t dold 91‘:}. A+ sd
& F2 AR ste] By

Y &) g Aol ALeEHE FEAE
2y A F4HEH (focal ischemia)®t =]
38 (global ischemia)®] F7}A Z¥o g JE&
F Ak? AHHd 28 F IS SommHg |
2 W& A™dA 459 FAEHE Adste
e HERE I 15% A= FAAA Hant
(hippocampus), ™32 (cerebral cortex) Z
ZA (striatum) 250 Y EYES FEgy
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Y £ 7P s vke-sle A7 A ot

H&in} CAl 792 BE AAATES 457 3

T AN e oN £48 W] Az}

= Hdte CA3 792 <F 20 FH&9 S H

2ol g7 ek E3 W&l cAl F
A

1A ALgsl] AlRtele] dztel] 2A A3t
Aoz AMgahe M EA| YA (delayed cell death)<]
%S Jehge 7 ok 108 o]de] AXEE &
el o 79F A9 BE NAAEI} APY
gtin Bagol itk a3jue 51083te] My
g fFddelolA Halint CAl 79 FANZA
o Jehlle AxEae W), 4F a9 o
A el ¥t 5 HFde] tig AR &%
71l gt Ao} oFEe] RS tig o
g%5S dyshed 7 &3] AMgEE AEE E
o 2 Ade Ax), W ¥ 8 T Halinl CAl F
$l 400um ZololA AAMES £& FHI ut
Sham@ A= 96.0+4.2709] AZFAE7F B2
31, ControliZolME 44.343.6709] AAAME7F B2
go} A3 Yol 2sled AAANEI}F AR et
Atk SampleTol A& 583+4.1709] AAAE7} &
250 Controldl] ¥]3l 31.6% F7FtH oM, &
AgH o2 P<0.059] o4 e $7HE HEhlo]
MAFEHEE Folol o8t fefdt Had &4
A7t HAE A

AAAE AAAl= vwA & FEsin whd A
ol 23 &g HAHE H|EFA ATPAREY 87
g 249 AZAME Aoz, Axrte] 540
A E Jelelr MEe] doat a2 35
o olo] ME $Zo] vehta AE27|HEH ¢
AAo] ZAFAAH (apoptotic body)E B33 th& F
W A T2 2380 ot AbEshks HEe 7
AP Qo) AAAE ke TS AdA
7% 3 DNAZ} internucleosomal 180-200 base2]
zZto 2 ZEXE ¥4 (DNA laddering)?t DNA
fragmentationo] doju= A& 0|43 terminal
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deoxynucleotidyl transferase-

mediated dUTP nick-end labeling (TUNEL)S 3}
£ Wol 7H el AR E D oY B A3
A3, H388 L F Halivt CAl £ 400um 2
ool TUNEL-Juhg A xS & 54T
H} ShamTo| A& 4.2+1.0709] AZAA E7} B39
1, ControliZoM & 52.542.5709] AZBAE7F &2
5o} A& ¥ oJsle] TUNEL-¥AWH--S ek
ANABAE7F dAHA S8t SampleToll A &
44.3+4.8702] ANZAME7} TE=] o] Controlel] H]
3tod 15.6% TASIov BATHORE fod
ATk mfFEHGe] A AIA FANAAE
Fo] f3 2715 Vehd 2122 Hol TUNEL-&
kS AAAE = FAH 22T e 7]
st ey Axe 48k stttk ole o=
Hajul CAl FelA] Yelvhe AR EAFES] Al
7+ A3} DNA fragmentation £54+9] A|7H 2}
olo <Jgt Axz Ak AR TAHHQ] Ao
o] 7144 tside Bt 13HE A7 8% A
oltt.

Bax¥ Bcl-2 (B-cell lymphoma 2)¢F &7 Al
EAAANE 2Hse AAelTE Baxe Bel-29}
AL FAREE olm| et MEE 7 1 len, 3
T3 e A$ AEs AdA B S Lo
714 @t} ol g Baxy EFAAAL AZAA
FolA Izt B S 9lor w3te} 3 Frtete
73 8g vepdt). o]o] ulgte] Bel-2w Al EAA
AE dAst AEe BES FR6H, 437
o] NAAEA thFe g EAsht x5t
343 A%} Bel29] AEAQAA AT
& Bax® 233t Bax7} MEAAALE dod)
E 71%S Adste] Jvehdth 1222 Baxst
Bel-2& Al A& Abgd Avtd dE3s

Aoz oA dnt 53] Bax
E H3Ey 22 g A REFEY &
1AXNEY &4 7188 A%

A
Aoz BaEol gt} agjmg
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HE ol 9t s AzdetA ARBAEL] A
AAZE Qolvte Haint FA A A ElA Bax
o] wral e Az NAMES} Abge Ao a]__‘:
S B F Qe T8 AEE AMREHR
oL 2 AdeA H&d 48 F H3at CAl
29 400 ym ZololA Bax-$AuHe AL
o] &2 233 u} ShamTAAE 3.2+0.771]
AR T #2523, Controldo| & 74.7+

77709 AZAE7E BEE ] W3]l ofsted]
Bax-dWH-3-& JeRR AR Z7L dASA St
319tk SampleollME 53.55.7709) AAA 7}
50| ControlTol] B3k 28.3% Ao,
EASE o2 P<0.059 Fo4 e AAE Ve
o} IMAFZHE Tl oste] foldt Ky &4
9] 7+t #AE A

olde] AMeg AT uf MFRRGS W3]
2 A3 AAAE AAAE AAlste 1A
93l AFMELEG N BiesS Jehle
Aoz AAsW &5 mgEHELe] odz A%
%9 A5EF vX e FIF st dB3AHA
A77h esivta AzEch

MRS A=88 vAle £5& A7t

7] YA, A Aejola] g2 AT
Ho g FHfste EoR HPENE Fdsta m
iSREs St %—zr%%% B3 o} Hafnt CAl T
Aol FAANAAM T Wslel TUNEL-ZAHHS
2 Bax-3Awh % AT Wale B3l ol
o} e AIE Ak

1. MAFZERTATE HHsde] Haint 4
ANAAZ k] felat AAAE o Zis
VFERAAT

2. MFERETATE AP H3jvl CAl
?%ﬂﬁ TUNELOW gk AN T ek &
o F%-& JeERA Rk

AREREE] 879 A3 vXe 9F (1)

3. MfFERETATS A8 Hallvt CAl
Tl Bax-Fduke AZAH T tiste] frolgt
Bax-WHe- AZAE o] 24aE VeI

ol el AtE Ho} MmfEHES Mg ol
slod o] AAMESY HEFF| Y Aod
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