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Immunohistochemical Study of Yanggyuksanhwa-tang on Focal
Cerebral Ischemia of Diabetic Rats

Il Gwon Boo, Youn Sub Kim*

Department of Anatomy-Pointlogy, College of Oriental Medicine, Kyungwon University

This study evaluated neuroprotective effects of Yanggyuksanhwa-tang (YST), which have been known to be
efficacy in the treatment of the stroke and diabetes. on focal cerebral ischemia of diabetic rats. On primary
experiment, diabetic condition in rats was induced by streptozotocin injection, then, focal cerebra! ischemia was
induced by the middle cerebral artery occlusion (MCAQ) under the diabetic condition. Then neuroprotective effect of
YST was observed with changes of infarct size and volume, expressions of ¢-Fos, Bax, and hypoxia inducible factor
(HIF)-1a in the brain tissues by using 2% 2,3,5-triphenyltetrazolium chloride (TTC) staining and immunohistochemistry.
YST treatment showed a significant decrease of infarct size and volume induced by MCAO in diabetic rats. YST
treatment showed a significant decrease of c-Fos and Bax positive neurons in cortex penumbra. YST treatment
showed a decrease of HIF-1a positive neurons in cortex penumbra, but it was not significant statistically. These results
suggest that YST has effects on neuroprotection against cerebral infarct under diabetic condition. And it is supposed
that neuroprotective effect of YST reveals by anti-apoptosis mechanism.
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1. UEEE
NEERS 0] QA LY AGF)IN TG 105, OF 250

F 29| Sprague-Dawley7] 47 SFE AT EFe 2%
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1) A =4

Aglo] AMSTE oe Ay WES ofelie} Zrt. (Table 1)

Table 1. Herbal Components of Yanggyuksanhwa-tang
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monofilament, Ethicon, Edinburgh, Scotland)S WASHE &

alof oF 20 mm 7R S| Al BASISNY FIAIR7}
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HUE UQE se4e 28 ) 185
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AAEAZ| L ZAHE oEeIA Aol 319

2 AHY £F
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S URE 3UA71L, FA HE HES @FE brain
matrix (ASI, USA)E A3l 2 mm T/ 9 HEA FEOE
MEATE H2A HHE 2% 2,3 5-triphenyltetrazolium chloride
(TTO) 2 FA51L, digital camera® £ S L2 “NIH Image J”
softwareZ AMSSl] 7} RE SR HE] XA WHE ZHTHL

FHUCETRE BARE AbSIAT.
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(PBS)T} 4% parafomaldehyde® F235] ZFIIUCE OlF HE
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2) c-Fos, Bax 4! HIF-1a9] &34

AYEEQ) ¥RZ) S 0.05M PBSE 527} 33) Nojl L, 1%
H000A 101582 HE w8417 the thi] 338] Aoji 5 10%
normal horse serum (Vectastain)i} bovine serum albumin (Sigma)
& PBSoll 43 blocking solutionoll $F A7 H & WFZA]ZAEL 0]
% 33 Ao W@ Z, primary antibodyZ AZ|5IACT Primary
antibody= Z}7} c-Fos (anti-mouse, 1:200, Oncogene Science,
USA), Bax (anti-mouse, 1:200, Santa Cruz, USA) % HIF-1a
(anti-rabbit, 1:50, Santa Cruz, USA)E A}235}92H, PBSY}
Triton X-100& 412 MO F 548 & 4T oA overnighte &2
UHSAIZCE ol&  ZEAE PBSE  Alojull, abidin-biotin
immuno- peroxidase?] @ (ABC Vectastain Kit)oll wi} zkz}
& A1 GHSAZT) TFS NiChH:O (Sigma, USA)E &
diaminobenzidine tetrachloride (Sigma, USA)ojA] 5-10827}
4 9EA1713, £2S poly-L-lysine ZEE &ajo]Eo] 2ol

23/ AZRAR thg g4, BEsld ZA xRS MBI

Q= rfo

S1a “NIH Image ]J” softwareZ AL260d, X7 40] Sui=l ¢
e & i m 29| ] Z 48 HAES (cortex penumbra)Sh 4
ZA (caudoputamen)ollA] BEYE AHHE (137,600 pmz) Wofl

A9 BHUIS NBME =5 SR

o

mmOIACt BhUEiolA HAE $42 QU 5 BREASE
T2 HAZY 67) o)A HFN WHo] Zpzk 61.245.3
mm’, 90.6+8.3 mm?, 88.4+5.7 mm?, 80.8+5.8 mm?, 47.8+5.8 mm?
B! 20842 mm’Z 1H ¥} 581 LU 68 ABo)A] tETol v]
St 42t 79d Ue HFA HAHY 2 (P<0.01, P<0.001)E
LIERARIT) (Fig. 1, 2).

ESH HAMY ZAHEHS RS 103162362 mm® 0]YL
o, FEREXETS 779.2:321 mm’ O & Ao H|5l0 24.5%

B9 FaxGIH uigt FREKES) HAXEBH dF

#HosIRen, 7AY UE HBM SAX 24 (P<0.001)E 1}

ERARICH (Fig. 3).
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¢ Lsecﬁonl section 2 section 3 section 4 secton § section §

Fig. 1. Effect of YST on TTC-stained infarct area in brain sections
of MCAO rats treated with streptozotocin. YST treatment demonstrated
significant decrease of the infarct area in 1st, Sth and 6th brain sections as compared to
the controi(™, P(O01, ™ P(0001). Control: Group treated with streplozotocin (60 mg/kg)
1p. Injection. Sample: Group treated with water-extract (567 mg/100 g body weight) of
Yanggyuksanhwa-tang afler streptozotocin (80 mg/kg) ip. injection,

Confrzal Sample
Fig. 2. Representative TTC-stained brain sections of MCAQ rats
treated with streptozotocin. YST treatment (sample) demonstrated significant
decrease of the infarct area as compared o the control.
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Fig. 3. Effect of YST on TTC-stained infarct volume of MCAO rats
treated with streptozotocin. YST treatment demonstraed significant decrease of the
infarct volume as compared to the control(*™*P(0.001).

2. c-Fos QRIS RIAME 420] HI]

| xzloA A HAM] AARSY (penumbra)e}
ZA] (caudoputamen)oilA] c-Fos QFERMS S LIER] AZME 5
€ 53¢ vl shamzoA1= HZMo] BAFA] QEkOLY c-Fos
JEHSE  UEM  AHMES  tiHalZ] penumbraci4]
238125 7)), caudoputamend| Al 10.3:2.6 717} TAE QL) o
BEielA HElE &do] FuE tIRETS penumbraciA
24514267 7}, caudoputamenoilA] 65.0:7.6 7}S] c-Fos QWIS
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AZHE7 BEREACE Rl HAE £4g FUst =
BERSEZS penumbraciA] 161.7+20.6 7, caudoputamendi]
4] 48.325.8 7HS) c-Fos QRUES AAMZ7 TaFH] thE ol
HI5}0] penumbraclAl 394 U= c-Fos QNS AAME
9] 7+4(P<0.05)Z VIERAIT} (Fig. 4, 5).

[ Sham
= Control

Sample

c-Fos positive cells .

Cortex Penumbra Caudoputamen

Fig. 4. Effect of YST on c-Fos positive neurons in cortex penumbra
and caudoputamen of MCAQO rats treated with streptozotocin. YST
treatment demonstrated significant decreases of ¢-Fos positive cells in cortex penumbra as
compared to the control(*, P{0.05).

e .
AN ST

Fig. 5. Representative brain sections of c-Fos immunohistochemistry
of MCAO rats treated with streptozotocin (section 1, sham-cortex penumbra:
section 2. sham-caudoputamen; Section 3, control-cortex penumbra; cection 4, control-
caudoputamen: section 5, sample-cortex penumbra; sections 6, sample- caudoputamen).
YST treatment demonstrated significant decreases of ¢-Fos positive cells in cortex penumbra
(section 5) as compared to the control (section 3).

3. Bax QUES A1ZM I 9] W5}

YA ATV SN0 ZARS) (penumbra)Sh 4177
{caudoputamen)oflA] Bax @HJUESE LIERH AFME 5 55
v, HAHETOA S HAdo] BRTRA] BpOH Bax KNS
LIERA AZAM EESE BRI A Rich DideiolA Heid &8
0] {uiE ARTE penumbracA] 26.5+2.8 71|, caudoputamenof]
A1 162¢22 719} Bax HHHS ABM 27 BEEHUG G
BlolA] HEE 42 e & HREKE T2 penumbrao]
A 16.0£3.6 7N, caudoputamencilA] 10.8+2.1 749 Bax &HHIS 4
AME7E BEEe] tiETe Bl6K penumbracild FEE U=
Bax QPG A1BAE 429] L4 (P<0.05)E LIERARICY (Fig. 6, 7).
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4. HIF-1a Fdbg UBAHZE 49 Hg}
SR Aol thnlZ A HARL] (penumbra)@t
A (caudoputamen)o|A] HIF-1a ¢FIUFEE VIERH JAME

& S
5 £4¢ v}, shamTolAe HFMo] TAHA tout

HIF-1o 2R9I2S VIER AZAEZE ti¥ 2l penumbraolA]
6.21.5 71, caudoputamend A= 43113 7§71 BELJACE
Hefolla] Hal@ &do] fUE ETES  penumbradiA
105.2+12.9 7Y, caudoputamenol| 4] 46.2+8.9 7§} HIF-la QFMu}
S @M Z7F AEECE GRAHA HAE e fakdt
% FRESKIE TS penumbrac]A] 81.7+8.6 7, caudoputamenol]
X 303169 719 HIF-la QHERIS AN E7} TAEl] R
ol Bl BT Zadle S LIERR 2L BAEE 794
2 Yt (Fig. 8, 9).

O Sham
rrrrrrrrrrrrrrrr o Control oo
2 Sample

Bax positive cells .

Cortex Penumbra Caudoputamen

Fig. 6. Effect of YST on Bax positive neurons in cortex penumbra
and caudo- putamen of MCAO rats treated with streptozotocin. YST
treatment demonstrated significant decreases of Bax positive cells in cortex penumbra as
compared to the control(*, P(0.05).

Fig. 7. Representative brain sections of Bax immunohistochemistry
of MCAQ rats treated with streptozotocin (section 1, sham-cortex penumbra:
section 2, sham-caudoputamen: secion 3, control-cortex penumbra: section 4, control-
caudoputamen: section 5, sample-cortex penumbra: sectiens 6, sample- caudoputamen).
YST treatment demonstrated significant decreases of Bax positive cells in cortex penumbra
{section 5) as compared to the control (section 3.
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40 [-ooeeeeeees

20 [-eeenees
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Cortex Penumbra Caudoputamen

Fig. 8. Effect of YST on HIF-1a positive neurons in cortex penumbra
and caudoputamen of MCAO rats treated with streptozotocin. YST
treatment demonstrated decrease of HIF-1a positive cells as compared to the control, but
it was not significant statistically.
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Fig. 9. Representative brain sections of HlF-1u nmmunohlstochemlstry
of MCAOQ rats treated with streptozotocin (section 1, sham-cortex penumbra;
section 2. sham-caudoputamen; section 3, control-cortex penumbra: section 4, control-
caudoputamen: section 5, sample-cortex penumbra; sections 6 sample- caudoputamen). YST
treatment demonstrated decrease of HIF-1a positive cells as compared 10 the control, but
it was not significant statistically.
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