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Effect of Yanggyuksanhwa-tang on Pyramidal Neuron and HSP72
Expression in Ischemic Damaged Hippocampus of Aged BCAO Rats

Eun Kyung Park, Jung Won Shin', Young Joo Sohn', Hyuk Sang Jung, Ran Won', Nak Won Sohn™

Department of Anatomy, College of Oriental Medicine, Kyunghee University,
1. Department of Neuroscience, Graduate School of East-West Medical Science, Kyunghee University

This study investigated the effect of Yanggyuksanhwa-tang on cerebral ischemia of the rats. Considering
age-related impact on cerebral ischemia, aged rats (18 months old) were used for this study. Ischemic damage was
induced by the transient occlusion of bilateral common carotid arteries (BCAO) under the hypotension.
Yanggyuksanhwa-tang was administered twice orally. Then changes of pyramidal neurons and heat shock protein 72
(HSP72) expressions in ischemic damaged hippocampus were of observed. The BCAO in aged rats led significant
decrease of pyramidal neurons in CA1 hippocampus. While the treatment of Yanggyuksanhwa-tang significantly
attenuated the reduction of pyramidal neurons in CA1 hippocampus following BCAO ischemia. The BCAO in aged rats
led significant increase of HSP72 expression in CA1 and mild in CA3 hippocampus. While the treatment of
Yanggyuksanhwa-tang significantly attenuated the increase of HSP72 expression in CA1 hippocampus following BCAO
ischemia. The extent of HSP72 expression in CA2 and DG of hippocampus was not different between the sham
operated group, the BCAO ischemia control group, and the group of Yanggyuksanhwa-tang administration after BCAO
ischemia. The treatment of Yanggyuksanhwa-tang significantly attenuated the increase of normalized optical density
depending on HSP72 expression in CA1 hippocampus foliowing BCAO ischemia.

Key words : Aging, Ischemia, Heat shock protein, Yanggyuksanhwa-tang, Rat

HEFol e kg9 a5S ESSIUA Sk tiRES 43d
TolA HABHL FHE HESEE A8 A2, Al Q4E

A

&

HES w0l 523 991 94 F shv kgolnt? Az
B Alghol] QolMT HE Ertol wlgl 71 & %8 F(basal cerebral
blood flow)7} ZtAEo] Ba HoQIL? HE T At =
Aol olgid &F Bl whE Hsl T2 JASIHL I
oY 3 Haoln) XulY] Ao BB AHERIAME 98 5
7holl wet 59 BHEE A5 HFo] /A Haloke
ROZ HImel Yok HEF Hale > AlRMY] HEe)
e LES ZA0] UALDE 3 B7lol WE 71 2HE R/ A
£50] Zhak ) oluiAlthAlY] ZAE SusiA Bkt 22

e I S g = 6 By iy

* AR} 9, F7) 8RIAl 7188 A Hel, Zaiehn SAShE
+ E-mail: sohnnw@khu.ac.kr - Tel : 031-201-2747
- F4 0 2003/03/28 - 8 : 2003/04/29 - XY : 2003/05/30

7oKl O ABEEE ARSI AT e AotEy) oy
Th? olgidt Me 4YE GTEDYG UM PolA B £ U=
A5 Alolg) A oZ EAEIL k) IBEE B dFE AA)
29wy dgol LY@ HE UGl AYVEES 24 3
BALE ©H B3 AIBHOEN ABH NUE ATt
RSB HERHET N PBRA BRHRES X8
= Ayog FHEen,? & 0w ) 94 EA @
Foll 93l EREAERC] HESY Juoli 71 v 218
=AY 5 2 BT HoAUTh EREAE oS 4gH
HFEE HEBASY BHSIY 019 UV M Ms W 2h
HEE E7} E5E, o) AFUs &8 olF9 Ayl HalH
H3E JEAAE a7} AckL B TE[.

- 791 -



olEis HESd T FREARY g5 T8 EFolA

EOIGE LA M58 A2 MY Auoli] g ZHENS
UAFOZ HHEe WHPOE &S SuElI, HREXE

SA% T, AEHCTE HAIZY &4F U BEENE
Bolz NEZ ol8F I & HWEE CA17TH FARZHNE
EUFEE ZASEOE BEBIN M, HEE &4 HA
9 AL e AlgAlol tisld HEUIHE Lodie AR
UBA Yo, HAUZBMEY ZHE AEH Aol S} HHS9) A E
& UEAZ heat shock protein 72 (HSP72) Tl &)P190] wisi® T
& BETH} fo3 AHE Pol olof BUFH=s Hlolth

Koo o o

o}

SRS

UEESES B 2ARYAF)A TS 1871E (750~
900g)9] Sprague-DawleyZ| =71 EF & AIZ3ICt F= =2
T (21-237T), §% (40~60%), £F (1241 /ol ASH2Z
FAEE ARFdoA BS540 AlE7} AMREA SEEIUS
o, 48 870 1F oldt FSA & ABSI¥Ch

2 I AW WS oklg 2ok QukEel 5% A7)A A
ol 95iol 18 & 17389 A7IAE GNTh RBL =Y
}

oM Ho o= o

Table 1. Prescription of Yanggyuksanhwa-tang

BEY e3-54 R
3¢ Rehmanniae Radix Preparat 80 g
B R Lonicerae Caulis 80¢g

2 oM Forsythiae Fructus 80g
W ¥ Gardeniae Fructus 409

bR Menthae Herba 40 g

0 8 Anemarrhenae Rhizoma 40 9

t % Gypsum Fibrosum 40 g

B B L edebourieliae Radix 40 g

o Schizonepetae Herba 40 g

g 5 480 g

3 AEze 72

€ FEol] S5l AlgR Fes A
EZ8U9 HATUES MAshL HE FelE e Al
TS shamT (Sham) 2 F 611, AEY LJeHolA] X5
T 4B TS AT (Control), AE U dEHolA HEE
11 ER#gkEe 37500 dEde EREKET
(Sample) 22 F25I% 20, 2t AE TS 18714Z &3 6n}
gl¥ oz 745t
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4. Y&E &8 72
55182 Chan 579 whio] wit MEY delolM ¥

EZEWE YAEOF HAMSk= transient global ischemia
(TGI) eiHE H &8It TGl e & 75| JHslH, nid s
70% N0 30% 0,9 E87120l 5% isoflurane .2 OIFE A|
gl e e 15~2%9 sL & riHE FASKIC A
22 feedback-regulated heating padZ ¢ AWE ¢t
370:05CZ2 ZHoIc. &5 MRS vESUE L&A1
% PE350 polyethylene catheterE® A7), JEoE=
phygiograph & &%l SHELE v FHE AL A&EH
07 712511, tH2 &L blood gas 58 W HEY Fute
A AR F ol AMBIIACE o] F AHRoA ¢F FHEW
L.ZA]7] & PE-30 polyethylene tubeZ TUI= #H48 T2IE
oIt 54EW HME AT FHlego] Bd F o 52
OFE7IE FRIth AEUY SEE Chan Y9 YD
Sugawara S «7Zul ZASKY FIFSWEYo
40mmHg7} RAETE 2% HEIZUZRE wiZ2A gde
HASIATE Aol FUE FA| WFR s uelE g7l
metal clipQ 2 A& SHSHE Ao HEE FUAIXCH
H5g Fe 88 ol ¥E 5HSUE HH3) metal clipE A
Aol @@ MVNEDHIL ElSWE Bl Ede AMFUS)H
o S HAoR B2 ol YMREHE Seol vt
FollA MoAUA I Fig. 1 &X).
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Fig. 1. A physiograph chart recorded the mean arterial blood pre-
ssure (MABP) from the femoral artery. The MABP was decreased to ~40
mmHg. Bilateral common carotid artery occlusion was maintained for 8 min. Then the
blood flow was reperfused, and the MABP was restored.

5. X A9 He]

TGl ¢ 241 & 279 HBEEE  sodium
pentobarbital®] EZFAIE ZA vlF e thS MB35 LB E
&3l 0.05M phosphate buffered saline (PBS)1} 4% parafo-
maldehydeE HE35] FFSIACE 01& HE FASERE A
At Ch2 24417 AT postfixation 5}, sucrose S0l 2o
ABAIZATE T2 40T9 dry ice-isophentandiiA] SZA]7]1L
ZAERG A W7RE 80Co BAHAIICE HEAES
cryocut® 2 50im FAY BUHEICE AMEGI o) Alg
ST

6. Cresyl violet &Y

MElgl HEX S poly-L-lysineQ E THE &EiolSol EH
ZAZRA)F)3, 1% cresyl violet solutionQ & 227} Q283 o} &
HiEQl AAFTEA A ol Wit g4, SR8
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7. HSP72 HS 27 31813 A8

MUt HZAE 005M PBSZE 5&%F 33 Aol 1%
H0004 108~158 T 8417 thd tHA] 33] Hojd H
10% normal horse serum (Vectastain)I} bovine serum albumin
(Sigma)E PBSol| 412 blocking soiutionol] A1 BT HESA]
7). o1& 33) Mol W %, primary antibodyE XEISIIT)
Hsp72/73 antibody (mouse monoclonal IgG, Oncogene
Science)t= 1:2009] )Ml & E PBS2} Triton X-1008 432 89
OF 843} F, 4TollA overnight 2 & BISAIZT. 0]F XA &
PBSZ Aol 1, abidin-biotin unmunoperox1dase,4 gHH (ABC
Vectastain Kitjoll whed 242} §F A17H) gig2AlZch o} Nid,:
H:O (Sigma)E 432 diaminobenzidine- tetrachlorlde (Sigma)oll
A} 5~1087} hﬂg t‘ﬂ_% ]7]31, ZAg poly-L-lysine TEHE &
glolzoll Q1 & 2341 AZAIR thg g4, Sdld 281
22 A&t

s

8 Haiml CA17Y ERAUFZHE 49 &3

ot CAIFY FANEME 4= CCD 7iigte} 42
A A-0] R WEEHN)ZOZ cresyl violet QAF E Ao
Al CA1¢] ¢EZol (1000um) wioll EXdls FAMEY +E
NIH Image softwareZ &85

J

9. Yo} Z+ 29 HSP72 W TEFJE=T &5

Haiute] CAl, CA2, CA3 W DGO HSP72 eidlof uj2
BEZE=T (normalized optical density, NOD)9] &£F& CCD
Fviziel GArRAIAR0] Baig BSHD|ER NIH Image
softwareg AMZ3l0] ZHBIRCE HSP72 whglo) WA XA 51814
SO F @AE gl 259 7t BE CCD FHelE &l ¥
SEMA L) AFSHL Hairle) 71E79, CAL 1Y Ha)
I HAZA N F8612A S FE9 BET (optical density)
> 256539 grey levelol ulgl £85I, SHFH SHAE
7IETFEY SF) sl FESSE Q2 E NODE 7kt
el =

=

I
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1. xaiot CAlofA] AABAMEL W}

=S8 &4 Faol 98l Hajul CAl B8] ZAHAFA
F7h X5 Z2a5IRam, VFME 1019 7H0] YolA
227} o)A AR EREAE FoTolies &5
w:f_ 4:9) ZAJ) @ASIA Pom, 11 BFE HA] Sham

Hs% Qg BAFRICE (Fig 2 &%)

=aivt CA1 BQoA SEE FAFEQ FAHAUAMNEY
2= ShamPol| A= 40423171 O|UOH vl EFol A 234418
MNE 28I, ERE&EXE FoTS 3282572 thE ol
Hlgld FYSA (P<0.001) S7t=ol flod, Had &4l of
S ABAEZREFHT e ASE FHEHIUCH (Table 2,
Fig. 3 &%)

LF*LIHtl

Fig. 2. Cresyl violet stained hippocampus and CA1 of aged BCAQ
rats. Secton 1 and 2 are Sham operaled group, Section 3 and 4 demonstrate the
decrease of pyramidal neurons in CA1 of hippocampus of the BCAO aged rats (Cont-
rol group). Section & and 6 demonstrate the increase of pyramidal neurons, compared
lo the control group, in CAt of hippocampus following Yanggyuksanhwa-tang treatment
1o the BCAO aged rats.

Table 2. Changes of the Number of Pyramidal Neurons in CA1 of
Hippocampus of Aged BCAO Rats

Groups No. of Neuron Decrease %
Sham 40431

Control 234+18 21
Sample 30825" 188

Data demonstrated Mean * Standard Eror. Sham. Sham operated group without hyp-
otension and bifateral common carotid artery occlusion. Control: Group operated with 40
mmHg of hypotension and bilateral common carotd artery occlusion for 8 minutes on
aged rats. Sample: Group operated as same as control group and trealed with Yangg
yuksanhwa-tang. Decrease %. percentage with respect to Sham data. ™ statistical
significance, P<0.001.

Number of Pyrarrical Newons

Sham Control Sample

Fig. 3. Changes of the number of pyramidal neurons in CA1 of
hippocampus of aged BCAO rats. Sham means the sham operated group
without hypotension and bilateral common carotid artery occlusion. Control means the
group operated with 40 mmHg of hypotension and bilateral common carotid artery oc-
clusion for 8 minutes on aged rats. Sample means the group operated as same as

controt group and treated with Yanggyuksanhwa-tang. Signficant decrease of pyramidal
neurons in CA1 hippocampus was reduced by- treatment of Yanggyuksanhwa-tang in

BCAO aged rats.
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2. Xolntoll A HSP72 w9 W3}

AEUH HEE S FUBIA %S ShamT9] CA1Y CA3
HollAl= HSP727F YAEAl B2 CA29 DGollAi= Bl oret
wdlo] BEEo] hippocampus®] Z+ 7o) HSP72 WA T ol
wet & FEHEE Qi BAEFUcE olol HIdld AU ¥
FEES FUSt tiETAE CAl FHoA] HSP729] widlo] &
8] B71518. 00, CA3 FHollA T njokst wato] BATIUCH
et CA29 DG 7ol 9] WEE T M) ATk HiR
KBS F03 Folile thET vIgkd CAl FHoli9)
HSP72 wksio] 724451910m, CA3 FAolAlE Zash= A3
H3il, CA29 DG THoiliE Hs7t BETA) 94t ol2ist
A= 518 £4oll 5k HSP72& hippocampus®] CA1 T
HollAl walo] AXE 7151, ol2ig HSP729) walo) /miagk
KiE9 Fololl 9l ZAagt ACE BEFUCE (Fig. 4 FX)

Hippocampus cA1 ca2 cA3 06
T e M I -
t?t - '.;.'.’ . .o ,
Sham - con - ' . ) *
e PN
/2‘-—w~~\\ -
pit . . 3
Control , . L Ui . .
3 o - E .
1 ~a
t Lo
Sample
ot . %
Polians " S
s T »

Fig. 4. HSP72 expressions in hippocampus of aged BCAO rats

with immonohistochemical staining. Sham row shows hippocampus of sham
operated anmals wthout hypolension and biatera! common carotid artery occlusion,
Control row shows hppocampus of aged rats operated with 40 mmHg of hypotens'on
and blateral common carotd artery occlusion for 8 minutes. Sample row shows hipp-
ocampus of aged rats operated as same as control group and treated with Yanggyuks
anhwa-tang. HSP72 prote'n was expressed strongly in CA1 and weakly in CA3 of
h-ppocampus of BCAQ aged rats. Strong expression of HSP72 in CA1 hippocampus
was reduced by treatment of Yanggyuksanhwa-tang in BCAO aged rats.

3. EREFETE o183} Holu} 2 FAg) HSP72 WRFEY Wl

Halul 2 TeolMY EEFETE NEYH HHES &
WaK] QS ShamBES CA1 FolAl 5841, CA2 TelolA]
16017, CA3 FAojjA] 10243 X DG Tl = 150172 LiERG
L} O3 EEBEEO) XL CAl ool HSP727} Wl
EIR] kI, CA3 TolAl HSP727} mieksiz waisision,
CA29} DG Folol i HSP727} BRG] LENSS LIE
Frh AEUT H5E0) FYE HETolAE CA TeolA]
10414, CA2 FHollA]| 16419, CA3 FHollA] 128+4 2! DG +¢
oA 164:82 ZFHEIICH Ol HSP72 wlo] CA1 Feloll4]
= oF 179% Z7151910m, CA3 TelolAle o 125% E715k
I, CA29} DG Fololli= M7l SIS S VERIED R
KBS FOIB F2 CA1 FAolM 763, CA2 FoolA] 16616,
CA3 FolA] 125:6 Y DG FHolAE 159+88 ZHEUCH
ol BREABS Sl Y3l CAL FeolA] HSP729| Wl
o] o 131%UF E71EHO A TIETol ulsll RYY (P<0.001)
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Table 3, Fig. 5 &%)
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Table 3. Changes of Normalized Optical Densities of Sub-regions of
Hippocmapus in Aged BCAO Rats

Sub-reglons of Hippocampus

Groups CAl CA? CA3 06
Sham 58+ 1607 1003 15047
contol 10424 16449 108+4 16448
(1793%)  (025%)  (1255%)  (1083%)
Sample 743" 1666 19546 15948
(1310%)  (1088%)  (1205%)  (106.0%)

Data are demonstrated MeanzxStandard Error. Percentages in parentheses are increase
percentage with respect 10 Sham data. Sham: Sham operated group without hypotension
and bilateral common carotid artery occluson. Control: Group operated with 40 mmHg
of hypotenson and brlateral common carotid artery occlusion for 8 mmnutes on aged
rats, Sample: Group operated as same as control group and treated with Yanggyuksa

nhwa-tang. *** statistical significance, P(Q.001.

g7

Normalized Optical Density (NOD}

ca2 CA3
Hippocampus Regions

Fig. 5. Changes of normalized optical densities of sub-regions of
hippocmapus in aged BCAQO rats. Sham means the sham operated group
without hypotension and bilateral common carotd artery occlusion, Control means the
group operated with 40 mmHg of hypotension and brlateral common carotid artery occl-
usion for 8 minutes on aged rats. Sample means the group operated as same as Co-
nirol group and Vreated with Yanggyuksanhwa-tang. Strong expression of HSP72 in CAt
hippocampus was reduced by treatment of Yanggyuksanhwa-tang :n BCAO aged rals.
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T 719sE2 1 #F0) visldd F§2 #F0) 2451920,
ClEidt 2= AlRolul 87 BFolA] SYUS AXsEY dY
QEH ofE} Ay YxlskE Aok
SHOR He g0 vk '@ BFofi4] NMDA-receptor 2
ol ZEASHH Zoske Aol HEHAU M, GABAYOLL &
Y gH9) H3lglo] NMDA-receptorol] 9j5t BISE0| HE T}
T2 UHESH BEHE A2E HIEY ot ol =8 8
oM MATH £ SEAT = 71837 BHEE excitotoxicity 7}
ZaEE A8 VERIDL? olnlT L9 & JISHOE dF
O HL S H JEES BEAIA g QEH &l it
ol gk 580l AL 4% ATk sck? BAEY A,
5ol sl Hsinl CAl 219 ZAMAMNEY 471 24
SINCH, AIZAE Alo]9] 7HH0] YolA 1 E7) olgERe
o, ZREKES Fool 8l AFHE =9 7k 88 1
BEx7H didoll KA BRI Ha 8ol 9% Halul CA1 2
f FANFME 9] WIS FE ZAANME FEREXES
Roje ko HEEE HAE &dol tiaia ABMERSE
W7t e AR FJELUCE T2t o18S FREABRY 85
o] HEEES ¢l F7lol UHF BHo] Y=rt dle Holl o
Sl ] B2 A7t Qlojor g Aolttk Heat-shock protein
(HSP)2 AE# A4 chl A (stress-induced proteins)] Y&EC
%, heat-shock gene2 E&EZHo|} 58 = 25 AEdA &
HYUIAZ W5 B8 A A0 tid BFESOR 11 U
o] E7IEN, AEo|L} O] AE, diEZlol W HE EJF Mo
Al HCE HSP familyolli= 11 B2l 95l HFo| 2d
%X} HSP10, HSP27, HSP60, HSP70 (or HSP72) HSP% &3}
ubiquitin 0] £M$I}. HSP702 HSP722E B, & 4lo}
I= MZoiA 2EEe 71a WiEAQl inducble HSPOIT).
HSP702 &, 53%, 54, 518 & ] 2E# L0 ti 8IS2
2 g8ent™ HsPy A8718e Wi sl 2
-HSP900] heat-shock-factor proteins (HSFs)S2HE] Bejz=
AL ZRE A|ZEM, HSPI0S: FHadtelolAe= HSFsoff Ztat
o] HSFsE ARSI Y™ HSFsEHE] HSPHS) Hel= HSFs
9] phosphorylationg {8, LEF protein kinase C (PKC)ol|
95k HSF7t 43} grt. #4319 HSFse 358AE g4t
a1, HSP70 gene2| promotorol] ZEI5H transcriptionS X6
00 1 A3 AEHAE W MEol: HSP70 ©uan
mRNA $=F0] 223] £715HA4 #ch 44k HSP70 thige
WA R 7} AES ThE, HSP702 ATP hydrolysisoll 9131
FrEE AE WA HEdEg §48 JET 3ATE
9} 292 Aot & HYThMZo] HSP70Q] W g Al=6id,
HSP702 HYTHREO 22} 7158 Edle ASE Y8A
AEP 2AYHE T HEFUo] S L HAE MU ZE
SEAM Zolix] HSP70 mRNAZ} ei8=EQicill B uEe] ok
HSP70 THEEE X Z4 SHRA sl8ol o] s WAl
oAl FE AAUEIRCM, HAN dpEgd AgHEs] HE
A 7HERIZ]9) A1 R ZolA T WHBCE SIPE” ol2id HE
4 Bz E Aol 49 HSP70 WH =58 penumbrag 831
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AU HEEY Folld] HBEHEFA (zone of protein
denaturation)2 ZEsh= AT E ABECE* 3 22 Q70
ok HSP709] TEdh Wil in vitro AEolA] MZIA}F Y
A ZAHARE FEdhs S4oERH HAX Baaar e,
in vivo UFolAE HSP709) L $t @ddo] ool ddol
Qgle] FUE xadol tigly £4AAEIN) e ASE w
ot 24U 3 NEYH HelEe FUsK %e
Sham#9] CA13} CA3 FHol|Al= HSP727} W= 2t}
CA2%} DGollAl& nlekeh widio] WatE o] hippocampus®] 7t 7
ol HSP72 W E Toll wigh & FEE & Qg BHFUCE o]
ol viglad MEU HEldEE FUS R Tl A= CAl T
4] HSP729) whgio] EAEIR 2H, CA3 FHollA L u|ekgh ed
o] FEAFAUCY It CA29 DG FHol|A9] gL HEl
7t YAt EREAEES F08 Tolis iRl vkl CAl
FHollA19) HSP72 ulglo] ZtadIgiom, CA3 Folis Zia
3he Z3e B, CA29 DG FeolAle Hslyl #ETiA] &
Qkrh S HSP729] i g A-A o HESK] fskd E&8
SEE Ak AR E9¢ e HAFAUrk

2ot 22 Al sl EREkECl v 379 Had
&4l gl RS 50l JASES ¢ 4 ARLt 18U F
2 @FoM a5T v H sFaMg g5 S njudT ¥ 7™
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