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Effect of Chungpaesagan-tang on Ischemic Damage Induced by Middle Cerebral
Artery Occlusion in Diabetic Rats
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Department of Anatomy, Coflege of Oriental Medicine, Kyung Hee University
Department of Neuroscience, Graduate School of East-West Medical Science, Kyung Hee University
Department of Gynecology, College of Oriental Medicine, Sangji University 2

Objectives : Chungpaesagan-tang (CPSGT), which is frequently used for treating patients of cerebrovascular disease, has
not been reported by clinical doctors concerning the effect of neuronal aptosis caused by brain ischemia. To study the effect of
CPSGT on focal cerebral ischemia in normal and diabetic rats and SHR, focal cerebral ischemia was induced by transient
MCAO, and after onset CPSGT was administrated.

Methods : Rats (Sprague-Dawley) were divided into four groups: sham-operated group, MCA-occluded group, CPSGT-
administrated group after MCA occlusion, and normal group. The MCA was occluded by intraluminal method. CPSGT was
administrated orally twice (1 and 4 hours) after middle cerebral artery occlusion. All groups were sacrificed at 24 hours after
the surgery. The brain tissue was stained with 2% triphenyl tetrazolium chloride (TTC) or 1% cresyl violet solution, to
examine effect of CPSGT on ischemic brain tissue. The blood samples were obtained from the hearts. Tumor necrosis factor-«
level and interleukin-6 level of serum was measured from sera using enzyme-linked immunoabsorbent assay (ELISA). Then
changes of immunohistochemical expression of TNF- in ischemic damaged areas were observed.

Results : In NC+MCAO+CP and DM+MCAO+CP, CPSGT significantly (p<0.001) decreased the number of neuron cells
compared to the control group. CPSGT markedly reduced (p<0.01) the infarct size of the forebrain in distance from the
interanral line on cerebral ischemia in diabetic rats. CPSGT significantly reduced the TNF-e expression in penumbra region
of damaged hemisphere in diabetic rats.

Conclusions : CPSGT had a protective effect on cerebral ischemia in SD rats, especially in diabetic rats compared ‘with
normal SD rats.

Key Words: Cerebral ischemia, MCAO, diabetes mellitus, TNF-a, IL-6, Chungpaesagan-tang
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A7 2988 S FERD HHHEIG FoIo
T s
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L 21~24T, $EE 40~60%2 GA3AD
w3 o] Frle 247 124]7te 2 SRt A
@4 B 233 AN F ALEIIR 0w
APA e #FFH AFL 250~300g ojAgrt. 4
AL A2 YFAd. AHA 15 dg
AHEEZME AN FY3 AF 180g AF9
Sprague-Dawley (SD)Al 3 #FHE A}&-31
FoH 5 S A3 AL NC+MCAO)
3} o)of] HHAIRE FoIdt & (NC+MCAO+CP)
o2 U¥det. dafE2 ShA 239 me
el e streptozocin (STZ) 60mg/kgS 13 FA}
e dHo® HHd {8 15Y Hol| FAst
ol MCAO & 34 g &5 glucose =7}
150mg/dl & RS AHsct. /LT
L gt F FUHEEHE AT FTRadE
T (DM+MCAO)#} o]0 HHAAD G- Fol3lt
& (DM+MCAO+CP)2. 2 1} t},
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Table 1. Contents of Chungpaesagan-tang.
org B 5%
BEAR Puerariae Radix l6g
i Scutellariae Radix 8g
-1 Angelicae tenuissimae Radix 8g
BEr Raphami Semen 4g
FErE Platycodi Radix 4g
e Angelicae Dahuricae Radix 4g
FH-k. Cimicifugae Rhizoma 4¢
K& Rhei Rhizoma 4g
total S2g
doll ARFAT. FEHERES Fo3
NC+MCAO+CP ## DM+MCAO+CP #& A5
AP E3EE 193.9mg/100g 4 1ml FFol

=0y A], AAWZTEWNC+MCAO) 2 Fftd 3 3
N EHE HH3 g2 F (DM+MCAO)L
Iml $H#FE %—ﬂlkl%&“ﬁ%léﬁ F 1A} 427k

-~

3. HEed 7
ZUx 5 Ao &)@ 5 =4 Belayev
S0l AHE3 EAU B MY € (intraluminal
method) & A%
SRTHF L AF 250~300g Atele] A7
?SL SDA IAHAE 70% N202} 30% 027} 43¢l
B3 7t 2d) 5%9] isoflourane .2 HrulH E 3}
I FE FAE 1.5% % A
(. A 22 feedback-regulated heating pad =
T AR F<k 37.0+05CE Z2HHC.
uFH7 €@ dFHE F<8 A (Carl Zeiss,
Zeiss, Germany)3dloll Al HA ARG R &L
Heleold YBe wEA F $39 AR5
(external carotid artery)¥} &7 £
carotid artery)2 2 A2tz LA Tl ExX
Q1 E%F %9 (occipital artery)®} AH7HAFZ-aR
(superior thyroid artery), & electric coagulator
(Nazme, JAPAN)Z Ab-&-sto] ddsiant. 974

IIJ?J.

i

[¢]

isoflourane & =&

(internal

TR 0] *ﬁ%.ﬁﬁé a9 femigfel vl e g 425

THe deye AFsa,
suture)2 3 ndE F )
A= A

WASAS FFERE &4

=4 (5-0 silk
5o $& ¥

2l (3-0 silk suture)
I} artery clamp (microvascular clip)E A}-&-3}o
dd g 9 stk nAFEs4
(Microdissecting Spring Scissor)2 &]| 74 Ewlo] &
#3 g %3t A/ & poly-L-lysine £ o}
(SIGMA Diagnostics, P8920, 0.1% w/v in water)=
AP & T4 9HE A (4-0 nylon

suture, Ethilon, England)Z 18-20mm % &= 4 s}

=

A}, Arel T A EuwIl A2 S A T
FA7 1, AR EUe] PARE FRAAY.
AARe] HRe B, 255D vlHelA 7

F2 oA 3tATh FuldE
o oHH 1208 2e ‘%} o2 AutF st &
A

AR
4. =5/ &40 sFxRF A "ot
4-1. A 52 34
A8 5E-S 4% paraformaldehyde in PBSE 4]
FHRFRIFS NS F, FASNA HE A
£33 Al FEZB A 1241 Tt FuF
& AN, FA2 A% 2AHNE WA

(cryoprotection)d} 7] $&te] o] AL ThA
20% sucroseZ Y331+ 0.1M PB S o) 244]
t ot Hol 238 71aberdl §|, Tissue-Tek
O.C.T. compound= ¥u}3}l31 COxgas & G54
FAIZ &, EA4HH\7] (Leica, Cryostat, Japan) 2
A 25ume] AHE TE thE 002 MPBS £
oo Hola]l A& A7}A] stock solutiono] H=
st

42, 99" &4 9A L AR 23

Heto] A HAHE gelatlne coating ®l
slided] 231 SFAE AxA A7 A
A8 & HE staind}l G Th, G2lo] 2y F zhzhe]
-2 scanner (Epson, GT-9500, Japan) = scan
3lod 7 3B (Macintosh, Power PC G3, USA)|| ¢
23k oS FdA4EA S “NIH Image” software

X
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(NIH, Ver. 1.66, USA)E A}&-3te] 2 A #H
A HE5d &4 vEE SHsAT HEE &
A HA (A FFo 93t EAHA ] ol

< H%‘o}?l Aoted, WA FFS chent
5%‘ 3 £ S T 3

= A
Hg e W (A=BOoR AMAA.
58 &3 AAE b A3t Lol At
G,

434318 £4 %9 ABAE BE 9

zbzrol A AW LS F3d v (Olympus,
VANOX AHBS-3, JAPAN)C 2 200v]-& 3ol A
H5d £45Yol deve 2AEA WEE
#BAsHA] AFE (Macintosh, Power PC G3,
USA)el 94S 48H3tdet. 488 I4<
“NIH Image” software (NIH, Ver. 1.66, USA)E A}
23l interaural 6mm AH = T2 H <
20 WA (320um X 466m)U o] A 20um? ©] 2]
A71E Ze AR3AxY £ AVE FH R
o} (Fig. 1)

8% TNF-«2t |L-6

223 HA =2 (Enzyme-Linked immunoa -
bsorbent assay)o]] = ELISA kit (R&D Systems,
USA)E AME3te] MEHA E24HE o &3t
T} o] A¥e] AHEE ZE ASE kit £
d AL AFgsi. AddAg S g%y o
=3 Z},

FoidEd A 2407 B 77t AdE
% A4ozRy o ime FAS A sl
2000g14) 127 QA BeIete] AL welet
I Ao 2A12F BEstd dAS SRAIRA
. SxE RS 2000go A vhA] 2082 9
AEste] AL I A AHEE7] A7t
-80C WeAdd 2@t o] & 2012 3
MY ¥ 5045 S TNF-« 2 IL-69 o
9 Z= &4 (monoclonal antibody)7} ZH ¥ H
microplateo] %74 d7We] TNF-« 2 IL-67}
micoroplated] ZHH TAZFE3A o} A=A
3t & wash buffer2 FH-3| A& 3le] ¥b3-d
TNFo ¥ IL69]9) FUAEE AAIT TA] INFa
2D 1.-69] 8423 OFE A (enzyme-linked
A 7tetd % %@Zﬂ@%*ﬂ
o} A=A 3 B wash buffer2 & 83| |23}
Hrbstglch, o] EawtgoR

O

mlo

[eZaN

ml

ﬁ

polyclonal antibody)&

T 1A EdE

Fig. 1. Schematic diagram of coronal section in the rat brain (interaural 6 mm). Cell number and size larger than 20 yn*on the

circle were evaluated with light microscopy ( x 200).
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o, o] BPNe A LAE Hrts}
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BFTA 2 27338l standard curveE
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],

ol

% (floating method)>.
= < 0.IM PB
o2 M#Es1, ¢tA 0.02M PBS 8o g
4 39 ARl $AZA W B
.T. compound A} £-& A A &}¢t}.

Aol @ # old welwgs uwr
10% normal goat serum (NGS)2. 2 1A] 7}
< @) AAE, 13 FAS 1% NGS
2} 1% bovine serum albumin (BSA)e] 3+&3
PBS§e] Age wgw st 4N
48417 BH2 X171 & PBSE 158714 39 A3
sttt olojA] 22 A 2] biotinylated goat-
anti rabbit immunoglobulin G & PBS £ 9
1:5000.2 & A3lo] 4TolA 24A2F WA
T PBS 2 1587 33 AFsaY. 1 % %
AL-g 30&EHo] TES L& ABC
(avidin-biotin peroxidase complex, A : 104, B : 10
M in 1ml PBS) & Ao 1A F2F vt
SA1Z1 & PBS$} Tris-HCI buffer(TB, 0.05M, pH
74) &Aoo 2 15EHA zhzt 39 A A5t

olo]J Al TBo| 0.05% 3,3 -diaminobenzidine
tetrahydrochloride (DAB)7} &% % 7] &0
A ELL AeolA 3083 £ 5, oAl TBol
DAB®} 0.03% hydrogen peroxide7} &3+d 712
fdo] 5~108-7F Fol LAl wr3-Al7] T TB,

PBS® Zhz} Al Hsta §s)ste] A3t

—_

4geg

7. SAHXE|
A3 A7 EA =z SPSS® for
windows (version 11.0, SPSS, Inc.,

US.A)E AREste] A H IR H8 P o)

)=}
Bye

Chicago,

| EATERTEC] MR AR MR miael e Kg 42D

2 HFHA|EE Oneway ANOVAES
©.1, Oneway ANOVA©] A fo]4& p
Value<0_05 o] g}¢l 749 post hoc test A
Scheffe’ s testZ A| 3314 o).

Z

1. 5|8y =M 29
%% dF oA ischemia® F¥3 P2 T
NC+MCAO ¥ Fx3F oA ischemiaZ {4+
et 279 DM+MCAO FollA &84 ¥ &4
AmE A o A HPS’/] interaural 12mm 73 of| 4]
B ¥ ZHk] interaural 2mm AH7}R] EFolA] U}
Ebdth, NC+MCAO 9 7% interaural 8mm
sectiono] A infarct W& o] 7}& 2 wiH
DM+MCAO & interaural 10mm sectiono| 4] 7}
B HE] dolke& BTt (Fig. 2, 3).
NC+MCAO 9|4+ interaural 12mm ¥ o) A
HH interaural 2mm HBA7}A] 17.84+3.11me,
27.47+3.69mr, 29.72+3.25m?, 16.89+2.52m, 8.8
+ 1.94m*, 5.88+ 1.80m & Y EUW Y T
NC+MCAO+CP T A& 16.513.26me, 27.01+
2.81mr*, 26.00+2.73mm, 18.92+4.14m2, 4.99+1.55
me, 0.93+0.22m? & Yehlo] ARz &£AE 9
of WAol Zad ALS Jehydon B3
interaural 2mm oA BAIH o2 £ol3 (p<0.05)
94 B 248 Jehiglt (Fig 2).
DM+MCAO oA & interaural 12mm 233 o] A
%5 interaural 2mm AA7LR] 29.63+3.74mr,
32.28+2.90me, 27.74+2.26mm, 24.01 =2.7 1me,
10.35+0.96m?, 4.52+ 1.64m*S ER Q2
DM+MCAO+CP Tl A& 10.14+2.09me, 24.92+
2.15me, 24.68+ 3.54me, 11.86=+3.62mm*, 0.89+0.56
e, 0.00£0.00mE Febo] A2 oz wEi |
dashe AeE Jeplglon,
12 mm, 4 mm (p<0.01)9} 6mm, 2mm (p<0.05)°]| 4]
€ SAFAHLEE {3 7AE By (Fig. 3).
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Fig. 2. Infarct areas in brain section 12 mm to 2 mm from

interaural line. NC+MCAQ, MCA.occluded rats of
SD-rats; NC+MCAOQO+CP, Chungpaesagan-Tang
administrated rats after MCAOQ. Error bars indicate
standard error of the mean. * p<0.05 compared to
the NC+MCAQ group.
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Fig. 3. Infarct areas in brain section 12 mm to 2 mm from

interaural line. DM+MCAQ, MCA occluded rats of
diabetic rats; DM+MCAO+CP, Chungpaesagan-
Tang administrated rats after MCA O. Error bars
indicate standard error of the mean. * p<0.05,
**p<0.01 compared to the DM+MCAQ group,
respectively

350

TNF -infarct volume (mm3)

NC

Group

Fig. 4. Total infarct volume of each group. NC+MCAO, MCA occluded rats of SD-rats NC+MCAO+CP, Chungpaesagan-Tang
administrated rats after MCAO. DM+MCAQ, MCA occluded rats of diabetic rats; DM+MCAO+CP, Chungpaesagan-
Tang administrated rats after MCAQ. Error bars indicate standard error of the mean. ** p<0.01 compared to the each

controi group.

2. 5|8y Al 29| HA 9| wis}

Zux 29 S ¥ 48 NC+MCAO 79| H3|d &
A A& 210.00+ 18.70mr ©]21 2.1, DM+MCAO
Fe257.04+2032m0 2 TS 23 H7b HA
ARG P4 HEad A Ao At Frke o #
IS Hold #uth. AHAARETES A
NC+MCAO+CP o] 384 H &4 422 188.79
+24.39mr 2 NC+MCAO 9] v|dtd Z+Astg o
U §9)8tA] ¥3kth (Fig. 4). DM+MCAO+CP F9]
FEA HeA ARL 14497+ 16.55m =

222

DM+MCAO ol Hjgte f23t #a (p<0.0D)E
JeR AT (Fig. 4).
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Fig. 5. Each Section Demonstratesthe MCA Occluded Cortex Stained by Cresyl Violet (magnification A, D, G, J, M: 100x; B,
E, H, K, N:200X; C, F, I, L, O:400x). (A-C) shows the neuron cells in the normal brain cortex. (D-F) MCA occluded
group in SD rats (NC +MCAO). (G-l) Chungpaesagan-tang administrated group after MCAO in SD rats
(NC+MCAOQ +CP). (J-L) MCA occluded in diabetic rats (DM+MCAO). (M-N) Chungpaesagan-tang administrated

group after MCAQ in diabetic rats (DM + MCAO + CP).

Table 2. The Number of Neuron Celis and Cell Size

Number of neuron cells Size of neuron cells (um?)
Intact 172.60+£6.30 53.66+1.47
NC+MCAO 97.33+3.18 37.80+£1.24
NC+MCAO+CP 159.50 £ 8.50%** 39.25+£1.72
DM +MCAO 81.00+4.00 38.23+£3.83
DM + MCAO+CP 135.00£3.79%** 46.57+3.83

NC+MCAO, MCA occluded rats of SD-rats NC + MCAO+CP, Chungpaesagan-Tang administrated rats after MCAO. DM +MCAO,
MCA occluded rats of diabetic rats; DM+MCAO + CP, Chungpaesagan-Tang administrated rats after MCAO. Data presented mean +

standard error. *** p<0.001 compared to the each control group.

3ol folA (p<0.001) Y& AAAL 59 &4 o

A& JeR)iTh (Table I1, Fig. 5). Badl# el 2o
e AHANE S Fo48 DM+MCAO+CP 9]
NAME FE 13500+ 3.79 /o]l oo
DM+MCAO 2| 81.004.00 7}l ®)ata] ¢
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Fig. 6. Effects of Chungpaesagan-Tang on the level of serum TNF-¥4n the MCA occluded rats. DM+MCAQ group is MCA
occluded rat with diabetes. DM+MCAO+CP group is Chungpaesagan-Tang administrated rat after MCA occlusion. Error

bars indicate standard error of the mean.

Fig. 7. The effect of Chungpaesagan-tang treatment on focal cerebral ischemia induced TNF-a expression (magnification A, D,

G: 100x; B, E, F: 200x; G, H, |

1 400 x). Tissue sections were immunostained with antibodies against TNF-a as

described under Materials and methods. (A-C) Ischemic section shows expression of TNF- in diabetic rats. (D-F) The
brain section from the rats treated with Chungpaesagan-tang shows very little TNF-« expression in diabetic rats. (G-I)

Normal brain section showing no expression of TNF-a.

o4 (p<0.001) 3= AZAE o] &4 dAE Y
el @1t} (Table 11, Fig. 5).
4. o8y Ed 2o MEME 379 H
A4 Weae UA we PR g sie)

A YEE AAME T/ s 53.66+1.47m? 0]9]
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NC+MCAO+CP 79| AZ4ME 27| & 39.25+1.72
um?2 NC+MCAO 12} 37.80+1.24um? o] v] &t
4 &3t AYS EYdov fogde gldd
(Table II, Fig. 5). Sx8F 9] 2 o= A
< T DM+MCAO+CP 79 AAANE =A7)&
46.57+3.83um 20] 9L © ® DM+MCAO # 9
38.23+3.83 im29l] H|sle] NAAE 277 @ 93
HA o frolstA = 9UtTh (Table I1, Fig. 5).

o Lf TNF-« %! |L-6 2| w15}

A F £33h= mature FE S TNF-a9] F&
AFHASYE R ST 23, dukaH
=W HHF¢ NC+MCAO 73} o]d that
AP A o9 NC+MCAO+CP & ¥ti2
Apol g HolA| gston, G At S
¥ EHS # g DM+MCAO 79 & J TNF-«
k& 271.39+64.31pg/ml o]l o HHAAES
£0J3 NC+MCAO+CP oA 218.67+18.22
pg/mlZ 2729 DM+MCAO Tl H)sto] 7+48}
T RS Eiod frolahA g Aoz YEikt
(Fig. 6). " U] 1L-6 9] ¥3}o) SlojA = HHARE
B 2o 3t NC+MCAO+CP # ¥ DM+MCAO
+CP & 25 glojA {9 oW B2 ZoE e
stk

24 4 wEHEEIEU“ ol oiMe Ao THHA

wskom, G Fux S Aol B¢ F
@ 3de 2ot FeaFe] AAARigE Tl

DM+MCAO+CP 9] 7§ tlZ&7ol| u}3le] TNF-
a o] Houkgo] gHs] o3lE AL & 4+ U
(Fig. 7).

95 Qo] PAHE 4D SR b= TR BFY

| iSRSl MR A7 Al v g (@3D

T A0 R ANAAE £A4

& oA wzeln EAke ol
How AYle d2ugoltt Haido] BaE 4
ZAAxe] giEZo] doji}a synaptic glutamate”}b
fFelH o] Al X 9| glutamate 5=/} S713tCh”. &
g ATPY] 42 g 5F55FEe] 94 AX 9
glutamate®] &3 7}&EAIZITH . A £ 8] glutamate
o #7e golee AT U H4YE Zolaer
Care) AT W) §0] Zlelel B8 Co )2
protease, lipase$} 7} modulatore] o] g
t}. A free radicalo] AAtEo] A ¥E 5 AE F
Z22< st ARAE7 4 Db 23A 9
o,

AR BT Ege
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