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Effect of Puerariae Radix on HSP70 Expression
in Ischemic Damaged Rats

Youn Sub Kim*

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

This study investigated a HSP70 expression of Puerariae Radix in cerebral ischemia. The global cerebral
ischemia was induced by bilateral common carotid arteries occlusion under hypotension (40 mmHg) in Sprague-Dawley
rats. After the treatment of Puerariae Radix extract, the heat shock protein 70 (HSP70) expressions were measured
immunohistochemically. The upregulation of HSP70 expression in hippocampal regions resulted by cerebral ischemia.
Then Puerariae Radix treatment demonstrated significant decrease of HSP70 expressions in CA1 region and dentate
gyrus of the hippocampus as compared with control group. These results suggested that Puerariae Radix reveals the
neuroprotective effect through the control of noxious stress stimulations to neurons.
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2 HE9] §5 AEE S 7MY wol A18dk= Aol Haiut
CA1TY ZANZM LY H3lE BaBH= A0, 3} heat
shock protein (HSP)2 @ &ZoI} 518 & 2HE AEd 2ol 9
sl RUEOE MEUAA Fulxls thBE (stress-induced
proteins)?] YFCZY, X5 Eyoll sl HEFTo] TR
22 HOE M EE ¥EAES w2 M Zolx HSP70
mRNA7} HHEIQCLT B0} 1o22™ HSP70 philzlo) u
2 L6189 dAFYE HEsAU HolE 9 Sollal vl
Zl Hd5LH(zone of protein denaturation)2 ZAsh= AX E&
245 AEFH 20l the HAZAE 929 NERZ A8

ololl WA= X51Eol thst 229 558 4SSN &
QPR HSIE &4 AL deloli] A& ZZEWE o
AIFCE sk WHoE &£ FWdlil, HalulolAd
HSP70 chilZl o] WAL & HAXXSSlEd M g B35l BHash
v} fA$t ZAE dof olo) Rish= uHjejth

289y

APEES HlolQALHAGFOIN FAS 12FY (280
300g)2) Sprague-Dawleyl 42 83E AIBsigicE A= 2
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T (1-BT), & @0-60%), 8 (12417 B/l AEHeR
AR AR RFB5 AES} AREAN BIFAAS
o, 4B 8ol 17 o]y HBAY & AT

2. o9 A W £

2 A8 AI8% EL2 22 (Puerariae Radix)T )
200gS YuiEQl BERE dAr|A AMEgHol bl o) 4g &
1,500mg2] A7IAE LYt AES Mot £ 19 1314 3271 Y
TEA 5Kon, 18] Foe AF 100g Y 2502 F It

HHE ML LE WY E AT vl e
shama* (Sham)2 & 6t NEY JelollA] g5 SHSU S 88
7t Hsl HE e Rt TE€ AT (Control), AL &
elojA i 2ET Y Helge Fusll 22F&E8S 4
TREAS S LET (Sample) 0 Z FRIIKCH, 2t HEF2
83 enZIN e E FHs6Irt

4. X5 &8 72

H5/@S Chan 29 wrdol w2k ALY Ueholx U
EZAEWMS UAHCF Hl4Gh= transient global ischemia
(TG]) 2RES HBaIgich. TGl WY E 1Tk AEam, vias
70% NOS} 30% 00 Egl7t2ol 5% isoflurane 2 E UIHE A
A g ERAE 15-20%0 sEE vHE |ASKITE A
22 feedback-regulated heating pad2 & HIE Eot
37.0:05CE ZE3IPTt Y& MR tESUE LEAR]
% PE50 polyethylene catheter& ZHEMA|7)4, 3lBols
phygiographE @Zslkd SUEUE & AAE EQ A&H
OF 715311, T &2 AEY FUE AT AR A
8ottt ol HHRA & 5FEHWE L EAIU F PE30
polyethylene tubeZ THE HHE 1ZIE FASINC S588Y
HHE At Fvlaeo] B4 & o 59 HFIIE FUCL

AP FEE Chan S WD} Sugawara 579
7230 ZAT] BESWHYOl WmmHg7t FAEES B
% OEswoRsH WA HAS AASGH Yol
40mmHgol] 0|2 FA| AZ R #HelE Y711l metal clip
o @5 575US sl HeiEe KUk HelE B
W 82 Fol U SHEUES A metal clip@ A0} Y
82 ANESL, HESUS S50 Yole AU Y
FHORE FEBAZTE olF YARAE SESHL viFollA] 7o
VA sl
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5. X ZA9] Xzl

TGl 2 3 & 21719 A EEE sodium pentobarbital
9] BZFAIE ZA viHd the /i&skl 4aE S5l 0.05M
phosphate buffered saline (PBS)3} 4% parafomaldehyde® &2
3l F3IAC). olF HE FNIREE A IS 24107 F

asyd

T A LEEIL, sucrose EMol ol FMAICE TS 40TY
dry ice-isophentan® 2 SZAF| 1L ZAZEHE A& W&l =
-80Col BASIFTY. HEARLS cryocut & 50m FAHQ BAE
#oZ HMztel) Fakol] ARSI

6. HSP70 R 5 x| sloied ™

AEgl HZAE 0.05M PBSE 587 33 Molui, 1%
H0004 102~158 Ak 9R3AR] ThE thAl 33 Hojld H
10% normal horse serum3} bovine serum albumin& phosphate
buffered saline (PBS)oll 432 blocking soiutionol] §F A|7F BT
B2 A)ZC) 0)% 33] Aol WA &, primary antibodyE X2)31%3
T} HSP70/73 antibody (mouse monoclonal IgG, Oncogene
Science)= 1:2009] 3w E PBSS} Triton X-100€ 432 89
oF 348 &, 4TolA] overnight @ 2 BI2AlZC). 0l% RS
PBSZE A ojui 1L, abidin-biotin immunoperoxidase®] ¥}¥ (ABC
Vectastain Kit)oll wigh 242} g A|7H 924173t thE NiCly-
H,O0Z A& diaminobenzidine-tetrachlorideoil A} 5~1087} kg
8IS A7)0, RS poly-Llysine THE STIITo] 2ol &
2~3217F FZAR thE g, SE6id ZAERE Akt

7. Haliol 2+ 419 HSP70 ¥ HePM s ol 55
Haiule) CAl, CA2, CA3 Y DG+ 9] HSP70 Wdol utg
HAPMET (immuno-reaction density, IRD)9] &&2 CCD
7iElet G0 R AGHADIZ 3 NIH Image
softwareE AFB3dlod FFBIFC) A5 ABEIR, HSP70 U3
o] HEZASIBIHOZ AMY Wt 2R 2t BHJE CCD 7}
HElE §okd FaRMA A 0l QASHL, Haivke] 7187 1)
EF3IARL e FE9 HAGUEEE 6539 sk
(grey leveloll wizh £A5Li, H799 F8ue 7181499
F8u0l tiskd IEdchs WHOE HABMETE ARBIA
o} 7IEF4 2 CAl SRS Hdlint Ha XA B STt

4947

1. XJaiul CA1 FHollA] HSP70 didiol] g HEHMETo) W3l

HEEE FUSIA & shamgoliA] Haiv}l HSP70 ghsio)
IRDE CA17A0)A] 3515, X180l fuE tiXxF2 CA1Y
dollA} 57.24820F FHEACE ol Hsiol 2l HSP70
w3lo] CAITollA T2 A 771 BEE AE Vehdh
HEgol fY & Z2FEEE 58 222, CA17Y
ol]A] 3454848 tHETC0] HIBKY P<0.052] £2& HSP70 wrsl
9} Z+47) HAEIUCE olE Bk Ftol YFA AFMELE
4 B5E5E 7L YSE UEED (Fig 1 2)

2. X3l CA2 THollA] HSP70 Wlol] ulE WY EBET o] M)

HFHEE FuBlAl 22 shamTolA] k&iu} HSP70 wtslo)
IRD= CA27 o4 5325, MH5|8ol Fale 22 CA2TS
ollA] 24746802 ZHEIYrt ol HE-dl Ak] HSP70 wid
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230! =5l &4 AR vt FHY HSPT0 Wlof vlAE Y

o) AREA F7h7t BEY RS vehich.

HEE0l 9 $ YTRESS FoiP BEFE, CAZTY
A B754 hETol BBl ZAE KoL BABE @
4L Yirh(Fig 1, 2)

Immuag-teaction Densities (1D)

CAl TA2 CAZ DG

Fig. 1. Effect of Pueratize Radix on immuno-reaction densities
depending on HSP70 expression in hippocmapus of ischemic
damaged rats induced by bilateral common carolid artery
occlusion. ¢ ; P(goe

Fig. 2. Immunohistochemical expressions of HSP70 in hippocam-
pal sub-regions of ischemic damaged rats induced by bilateral
common carotid arlery occlusion (secton 1, 2 and 3, Sham; secton 4, 5
and 6, Controb secton 7, 8 and 8, Sample). The sample group (Pueranae Radw
treatment groupt shows sgaifcant decrease of mmuno-feacton of HSPTO 1 CAY and
DG of hippocampus as compared to the control group.

3. xJ&iv} CA3 RG] HSP/0 uigoll wE Hap st o] Wl

XS EE FUSH %S shamTol A gju} HSP70 wigiol
IRDE= CA37HolA] 159438, XG{Ho] FUR AT CAIT
Hojal 291618 FHFHUCL o= =S80l sl HSP70 wb
Fol FAEHA 717 BER Rg UEhath

HElEol fu & AIFEEE TS Y2RS, CAEY
N} 27.144.78 CHETO) BiBla] 24 SIBNoU EASE |
¥ PACk (Fig. 1, 2)

4. x3iw} DG FHoll A} HSP70 Wiloll miE HoE T o) W3]

el E FUSH ZE shamiPoliA] Haful HSP70 2k3iQ
IRDE= DGFAOA = 2031318 TIE 7ol 18 niad =2
gslo] BEEACEL HEPol FUE HXT2 DGR
5118622 HFHEUCE ol X3 del Si5lo) HSP70 wWol
XA B0 S3E AS LiERACE

580 B & YSEEES FAY 222, DGTH
oAl 33.2:4.1F i ol 18I0 P<0.089) ROI38F HSP70 wHl
9 Z4v) BEEUCE olRi AP 220 YR NHMNTL
& B3E5E 7L A{E VEWIELDL (Fig. 1, 2)

a2

ER2 S3o] 43 chay @A Mo BelE A0 A
o8 oryol H%, Wikl %) REERS KM=
Ago] YOUT AR, Mol AN, ARl F501
o] FROE, HE B0l ARSI S, E£S Mk BB
B, BEHET WUES BRASS So 88%¥clD siein}
9, Iz EY HEM WA BSol Yoo, BaEw
a0 HEEY 571 Y 7198 £7 280l Ru ) .

Bifol U3 A= S@BScls =1 B
alcohol A} Y alcohol B0l thd FE™1 7280l i
@7} wol HasPon, HZ ATol osHE  Eio]
alcoholg RIS ABEEY Havlolr B71R c-Fos WS
Bifo] QOB AAAHOR  sgem®,  Hsjoloiiisl
5-bromo-2-deoxyuridine (BrdU) MNE AHMEQ nitric
oxide synthase (NOS) @} & F310) alcohol &4koff thgh BiR
o) aES BAS vl BESol Sl ASHE BrdU giuig
AZMELL NOS w8l g S9814) 70T Bidc™. w3
BiIRY REHEQY puerarin® D-galactoseoll 9aled @0 4
FolA pure 719E9) ZEE SAFA HE, HEAQ
superoxide dismutase (SOD) 84E |AsA FS71K)7x
lipofuscin B2 F8MH ZAAPIEZ Lol WE A2
AVeH 43 (oxidative damage)S /HAISHE G50 AT SI
T, 13} puerarin SulHEW siyol WE HEES {95
A ARIBKICHL SHACEY. 01213 BRES B UAY &4
of BBl BB REEES Ve 4 USS A&54 dick

UBEE HAYEE fUsE U £ SYHERE sz
Bk FaEE (focal ischemia) Wolie @It £7)51S
2 W AITHEQ EWE HHEKI0} 1, S8 L0l Ko &
B Bool AEHER sl8eA0 SRS BRI 2] T
& HAE, Held FEe UEliE Rol A8H wEolg®,
5 TSI (global ischemia) BrollAts: ESE Bl247} o]
olX7] PHMAE UB 2BEUWES AP Aol ¢S A
ENg UAHOR Mok Sht 2TEW MY FEo] =
Aolal BN Bi7} Qoid & Y vEo) Y. anm
F 2 HJolxs Chan 27} Sugawara 570} AHRE WO
Z 40 mmHg B2 QS FUB Auioli AEUS 3
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Slo] LA1EQ) HGiE e Rushs WH & ARESINT ol2e ¥
He 485eg 983 Holge weE & e ol Ut

HSP702 HSP722 % Eg]H, AlE0IU} ol AE, HiHzlop B
EFE 5 ZE 4ol AEoA wAEnEs 7 ol EE
inducible HSPO|L}®™, HSP702 &, B34, B4, 38 S ¥y
oz e MAsh= o] AE# A0 g 8IS0 E shEn,
HSP familyoll= 1 2XFgo] 8l B&o] EojZl HSP1G,
HSP27, HSP60, HSP70 ) HSP90 S3} ubiquitin S0| Zx4gic}
99 HSPY Zgr1M2 wduhzle) ojgled Z§-HSPIo)
heat-shock-factor proteins (HSFs)Q 2 RE] 22lEE RO ZHE]
A)AlE]m, HSFs2HE] HSP90o| B2|xW HSF7} 8435} 51,
E43e HSFsi= HSP70 genedl HALE EZGlY AEHAE
w2 M zuloll= HSP70 thilZl 1 mRNA ¢&0] £33 5715}
A VPt 224618 £ HERY0l M 22 BAE A%
ZE 5|8 A EolA] HSP70 mRNA7Z} ©liSEACi BaIgo]
T} HSP70 thilZ 2 kA8 FH=RA] sidol wiido] A3 Wl
AZA F2 BAEAOH, HEY upEgd ol AFHES}
HAM 71X AR ZANT LB} S, ol
3 5174 uiggelolAol HSP70 Uaie Hoigel FAdag
FEGAU W58 99 Sold TMIAHYTA (zone of
protein denaturation)2 ZEsl= X FE ABPCIY.

2 A9 23 Holgdg FUsiAl &2 shamrolA] &)
o} 2} F<99] HSP70 w2 DGF oA Rl Bl A =2 wdlo]
JELHAUCE Mol FUE iRI2 Mool 3 FYolA
HSP70 wrdlo] SX5HA 719 em, 53] CAlITFHol e o
< A% 7P ALt HEldo] /Y & AIFEES
Foigt a2, CA1FHolA e ti Rl B8l P<0.059] &
95 HSP70 243 9] ZHArt #EERLIL, CA29 CA3F-Hollile
a0l Biskd Zas 5l oL EAISH FI4 QIdT)
3§ DGTF-HollAE tiR ol H|BKY P<0.059) {olgt HSP70
9 Z47 BEEIUCE ol2id A HEE [l 9o
&71 HSP70 @io] 229 Foloj 95} CAld DGTF-Hoj
Al EAS| @4 olgid ATte dool gFEY JEAZEEY
B3asg 71 USE UEEDL

4 &

Hoi8ol thet 220 §58 UEEENA I A
HolE E42 AEY Yelolx Y& SHENE AHCE 5
Hoks YHOE &4 FushaL Mool HSP70 thil o)
USHPLE HYZRAGRIFNE Solo] T el Z2
Z2IE dUrt

Hego] it & Z2ZFEEES oS 22T 2 CAITHo
A1 thEol 115l /S HSP70 wigio) ZhAr} BTt &
5l8o] Rt ¥ ZIFEES 50 eI CA29 CA37Y
ollxl thzToll Bisk] HSP70 Wdo] ZaE it A5
FAL2 iUt Holgo] At & UIREEE RSl 22T
2 DG7HolA 78 U= HSP70 W9 A7 BE=UCE

ol4e) AT Kot B2 W3 ol sk AFAE 7}
ANE Fol AEHA WSS BAAYOTH NBAEEY B
SENE Lehis HOR M2,

it 2

The present research has been conducted by the
Research Grant of Kyungwon University (FY2002-2003)

A3EH

1. o]l B&8h X2:918HA} pp.65-66, 1975.

2. ABIEOIBIY. BE) BEAROIN. pp.532-534, 1977.

3. o1gel, e, ATlal. SHIRIYEE. M8, JHAL pp.370-
372, 1982.

4. 53, gerlish ASFEY. pp.92-94, 2001.

5 AXE, 488, 48T, YA, g9 34 gelax 22
(Radix puerariae)?] F71%07t €5 ¢F skl njxle &
2k AA"PLQ8EL 35(6):1230-1235, 199%.

6. ZEZ, 4B, 28T, LAF. LI JE&IolA] B0l
LIS 2 iy FAEFH Aol nx= I AF
HA10)8}. 36(5):861-869, 1997.

7. Lee MK, Cho SY, Jang JY, Cho MS, Jeon SM, Jang MK,
Kim M], Park YB. Effects of Puerariae Flos and Puerariae
Radix extracts on antioxidant enzymes in ethanol-treated
rats. Am ] Chin Med. 29(2):343-354, 2001.

8. Keung WM. Anti-dipsotropic isoflavones: The potential
therapeutic agents for alcohol dependence. Med Res Rev.
23(6):669-696, 2003.

9. &3, olFE, dEH. AR L0} d-galactosamine, &
M alcoholBE R CCUBE W0 7alol mjRlE G
thekstelals] K], 18:411-429, 1997.

10. $24, &4, 443, 3538, 4y, 22480l Ethanol
202 RuE 879 7l viAlE 28 BERTH
Al 15:279-288, 1998.

11. Guerra MC, Speroni E, Broccoli M, Cangini M, Pasini P,
Minghett A, Crespi-Perellino N, Mirasoli M, Cantelli-Forti
G, Paolini M. Comparison between chinese medical herb
Pueraria lobata crude extract and its main isoflavone
puerarin antioxidant properties and effects on rat liver
CYP-catalysed drug metabolism. Life Sci. 67(24):2997-3006,
2000.

12. Arao T, Udayama M, Kinjo J, Nohara T. Preventive effects
of saponins from the Pueraria lobata root on in vitro
immunological liver injury of rat primary hepatocyte
cultures. Planta Med. 64(5):413-6, 1998.

13. Jang MH, Shin MC, Lee TH, Bahn GH, Shin HS, Lim S,
Kim EH, Kim C]. Effect of Puerariae radix on c-Fos

- 170 -



14.

15.

16.

17.

18.

19.

20.

21.

22.

24.

g0l Hold £4 879 ol 7HEE HsP70 woldl nixle 38

expression in hippocampus of alcohol-intoxicated juvenile
rats. Biol Pharm Bull. 26(1):37-40, 2003.

Jang MH, Shin MC, Chung JH, Shin HD, Kim Y, Kim EH,
Kim CJ. Effects of Puerariae radix on cell proliferation and
nitric oxide synthase expression in dentate gyrus of
alcohol-intoxicated Sprague-Dawley rats. Jpn ] Pharmacol
88(3):355-358, 2002.

Xu XH, Zhao TQ. Effects of puerarin on D-galactose-
induced memory deficits in mice. Acta Pharmacol Sin.
23(7):587-590, 2002.

Wang L, Zhao A, Wang F, Chai Q, Chai X. Protective effect
of puerarin on acute cerebral ischemia in rats. Zhongguo
Zhong Yao Za Zhi. 22(12):752-754, 1997.

Dimagl U, ladecola C, Moskowitz MA. Pathobiology of
ischemic stroke: an integrated view. Trends Neurosci.
22:391-397, 1999.

Michenfelder JD, Lanier WL, Scheithauer BW, Perkins WJ,
Shearman GT, Milde JH. Evaluation of the glutamate
antagonist dizocilipine maleate (MK-801) on neurologic
outcome in a canine model of complete cerebral ischemia:
correlation with hippocampal histopathology. Brain Res.
481:228-234, 1989.

Lindquist S. Heat-shock proteins and stress tolerance in
microorganisms. Curr Opin Genet Dev. 2(5):748-755, 1992.
Kinouchi H, Sharp FR, Hill MP, Koistinaho ], Sagar SM,
Chan PH. Induction of 70-kDa heat shock protein and
hsp70 mRNA following transient focal cerebral ischemia in
the rat. ] Cereb Blood Flow Metab. 13:105-115, 1993.
Hossmann KA. Viability thresholds and the penumbra of
focal ischemia. Ann Neurol. 36:557-565, 1994.

Chan PH, Kawase M, Murakami K, Chen SF, Li Y, Calagui
B, Reola L, Carlson E, Epstein CJ. Overexpression of SOD1
in transgenic rats protects vulnerable neurons against
ischemic damage after global cerebral ischemia and
reperfusion. ] Neurosci. 18(20):8292-8299, 1998.

. Sugawara T, Kawase M, Lewen A, Noshita N, Gasche Y,

Fujimura M, Chan PH. Effect of hypotension severity on
hippocampal CA1 neurons in a rat global ischemia model.
Brain Res. 877:281-287, 2000.

Gilby KL, Armstrong JN, Currie RW, Robertson HA. The
effects of hypoxia-ischemia on expression of c-Fos, c-Jun
and Hsp70 in the young rat hippocampus. Mol Brain Res.
48:87-96, 1997.

. Zhang RL, Chopp M, Chen H, Garcia JH. Temporal profile

of ischemic tissue damage, neutrophil response and

vascular plugging following permanent and transient (2H)

26.

27.

28.

29.

31

32,

33.

35.

36.

37.

- 171 -

middle cerebral artery occlusion in the rat. ] Neurol Sci.
125:3-10, 1994.

Osborne KA, Shigeno T, Balarsky AM. Quantitative
assessment of early brain damage in the rat model of focal
ischemia. ] Neurol Neurosurg Psychiat. 50:402-410, 1987.
Pulsinelli WA, Brierly JB. A new model of bilateral
hemispheric ischemia in the unanaesthetized rat. Stroke.
10:267-272, 1979.

Pulsinelli WA, Buchan AM. The four-vessel occlusion rat
model: method for complete occlusion of vertebral arteries
and control of collateral circulation. Stroke. 19:913-914,
1988.

Welch W]. Heat shock proteins functioning as molecular
chaperones: their roles in normal and stressed cells. Philos
Trans R Soc Lond B Biol Sci. 339:327-33, 1993.

. Yenari MA, Fink SL, Sun GH, Chang LK, Patel MK, Kunis

DM, Onley D, Ho DY, Sapolsky RM, Steinberg GK. Gene
therapy with HSP72 is neuroprotective in rat models of
stroke and epilepsy. Ann Neurol. 44:584-591, 1998.

Abe K, Lee TH, Aoki M, Nitta Y, Isoyama S. Preferential
expression of HSC70 heat shock mRNA in gerbil heart
after transient brain ischemia. ] Mol Cell Cardiol.
25:1131-1135, 1993.

Beckmann RP, Mizzen LE, Welch W]. Interaction of Hsp 70
with newly synthesized proteins: implications for protein
folding and assembly. Science. 248:850-854, 1990.

Welch W], Brown CR. Influence of molecular and chemical
chaperones on protein folding. Cell Stress Chaperones. 1:
109-115, 1996.

. Zou J], Guo Y, Guettouche T, Smith DF, Voellmy R.

Repression of heat shock transcription factor HSF1
activation by HSP90 (HSP90 complex) that forms a
stress-sensitive complex with HSF1. Cell. 94:471-480, 1998.
Morimoto R, Kline MP, Bimston DN, Cotto JJ. The
heat-shock response: regulation and function of heat-shock
proteins and molecular chaperones. Essays Biochem.
32:17-29, 1997.

Wu C. Heat shock transcription factors: structure and
regulation. Annu Rev Cell Dev Biol. 11:441-469, 1995.
Nowak TS Jr, Jacewicz M. The heat shock/stress response
in focal cerebral ischemia. Brain Pathol. 4:67-76, 1994.

. Kinouchi H, Sharp FR, Koistinaho J, Hicks K, Kamii H,

Chan PH. Induction of heat shock hsp70 mRNA and
HSP70 kDa protein in neurons in the ‘penumbra’ following
focal cerebral ischemia in the rat. Brain Res. 619:334-338,
1993.



