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INTRODUCTION 

Virtually all organisms respond to up-shifts in 

temperature (heat shock) by synthesizing a set 

of proleins called heat shock proteins (HSPs) 

The田 HSPsare induced not only by heat shock 

but also by various other environmental slresses 

(Schlesinger el al 1982). Usual1y. HSPs are also 

expressed const.itutively at normal growth tem 

peratures and have basic and indi叩cnsablefunc 

tions in the life cycle of proteins as molecular 

chaperones (Hartl 1996: Hartl and Hayer-Hartl 

2叩2;Morimoto 2002). as well as play a role in 

protecting cel1s from 個別ronmentaldeleterious 

stresses (Par百 11and undquist 1凹3).Molecular 

chaperones are able to inhibit the aggregation of 

partial1y denatured proteins and refold them as 

demonstrated in in vitro and in vivo studies 

(Minami et aI同開;Michels et al 1開7).The陀:fore.

molecular chaperones are considered to be 

endogenous cytoprotective factors， liftεguards，or 

guardians of proteome (Morimoto and Santro 

1998; Jaatte1a 1999; Ohtsuka and Hata 2000; 

Ohtsuka and 5u四 ki20∞: Muchowski 2002) 
Many Iines of study indicate that molecular 

chaperones have beneficial functions at bo由 the

cel1ular and tissue level for the organism. For 

examp1e. induction of mo1ecular chaperones in 

animals by whole body hyperthennia or by gene 

transfer can protect the brain and heart from {時

sue injury induced by ischemia (uu et al. 1992 

Plumier et al 1997; Brown and Sharp 1999; 

Carroll and Yellon 1999). A moderate overex-

pression of molecu¥ar chaperones resulted in an 

cxtended life span in nematoda and the fn叫 fly

(Smith 1958. Lithgow el al. 1995. Talar et a1 

1997; Yokoyama et al 2002; Hsu et a1 2003; 

Walker and uthgow 2003: Mor1ey and Monmoto 

2帥4).Al回.mo1ecular chaperones can suppress 

the aggregate fonnalion of mutant proteins thal 

cause neurodegcnerative diseases. such as spin 

ocerebellar ataxia 1 (SCAl) (Cummings et al 

1998)， spinal and bulbar muscu1ar atrophy 

(SBMA) (Kobayashi el al 2000). familial amy-

olrophic 1ateral出:Iero制(FALS) (fakeuchi et al 

2002). and Huntington's disease Qana et al 

20帥)， as demonstraled by model expenmenta1 

systems. A1though the subst目tesof出emolecu-

1ar chaperones are usually nonnal or wi1d-type 

proteins. molecular chaperones can also deal 

with mutanl proteins川 田 mecases: that is， they 

can hclp even mutant proteins (old correctly and 

maintain normal function by inhibit.ing non-prcト

ductive folding pathways Ueoung et al 1991; 

Tang et al 199η 

To date， several chemica1 compounds are 

known 10 have凹 S山veeffects On由einduct.ion 

o( HSPs. such as gerany1gcranylacclone (GGA) 

(Hirakawa et al 1996). bimoc¥omol (BRLド42)

(Vigh et al 1997)， herbimycin-A (Morris et a1 

1996). rebamipide (Hahm et aI1997)， and car-

benoxolone (Nagayama el al 2001). GGA. an 

ac町lici田prenoid.is c1inically used 白 血 anliul田r

drug and can induce HSPs via HSFl activation 

Pretreatment of animals with GGA markedly 

suppresses I配 hemia-reperfusioninjury of the 

liver. small intestine. and heart (Rokutan 2000) 

Induction of HSPs by GGA. however. is却 mewhat

cel1-type specific. occurring especially in 

gastrointestinal mucosal cells. Bimoc¥omol. a 

hydroxylamine derivative， is a co-inducer of 
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the six mixtures were tested for the induction of HSPs. 8imoc1omol itse1f has 00 HSP inducing 

activity， but when cells are heat shocked in the HSPs. ln the first stage of screening， we ，去、ked

whether these herbal medicines could enhance 

thc induction of HSPs in the prcsence or 

absence of l11ild heat shock. Expr四 sionlevels of 

HSPs in HeLa cells treated with herbal medi 

cincs for岳4hr with or without mild heal shock 

(42・'cfor 2 hr) werピ monitorcdby wモstcrnblot 

ting with anti-Hsp70 antibody. As shown in Fig 

1， four l11ixtures of herbal mcdicines (941， 948， 

960， and 4841) had enhancing effects 011 the 

induClion of Hsp70 by mild heat shock; Ihe 

expression 1ヒvelof Hsp 70 was higher lhan that 

of heat shock alone [5().400μg of herbal medi 

cine+heat(+) in日g.1 (a) to l(d)]. On the other 

hand， three l11ixtures (948， 960， and 4841) each 

had a positive cffect on the induction of Hsp70 

by ilself; the expression level of Hsp70 was high 

er than that of the non-treated conlrol [5か400pg

of herbalmcdicinc+heat(ー)川町g.l(b). 1(0). 

and 1 (d)]. The問 wasno obvious dose-dependcncy 

in the induction of Hsp70 under our present 

experimental conditions at this stage. TJ-48 

alone or TJ-60 alone had some positive effect on 

the induction of Hsp70 (dal"a nOI shown) 

Since Ihe results shown in Fig. 1 alゅearto bc 

attributable to the spe白血cconstituenls in山ese

herbal 回目1icines，we chosc ten representative 

presence of bimoc1omol. HSPs are induced at 

hほh町 levelsthan with hcat shock alone (Vigh 

el al 1997). Bimoc1omol. however， is re戸)rted10 

show protective activities against various fonns 

of stresses at thc lcvels of cel1， tissue， or organism 

(Nanasi and jcdnakovils 2同1;Lubbe四 eta12oo2) 

Herbimycin-A， rebamipide， and carbenoxolone 

have no¥ been extensively examined with respect 

¥0 thヒinductionof HSPs. It should be ve町 useful

and bcncficial 10日剛Iother nontoxic chaperone 
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 aggregatiOll 

INDUCT10N OF HSPs 

BY HERBAL MEDICINES 

We obtained five herbal medicines (TJ-9， Tj 

41， TJ48， 1]-60， and Tj-3020) from Tsumura Co 

Ud.， and prepared six mixtures by mixing cqual 

amounts of two hcrbalmedicines (941-'1]-9+'1] 

41. 4841-TJ-48+TJ-41. 948・¥')-9+1')-48

4160-1')41 + 1'}60. 960-1]-9+1Jる0，and 4剖O-TJ

48+ TJ-60) (Table 1). Each herbal medicine and 

Table 1 Hcrhal medicines (Kampo medicines) 

and their mixturcs used in this study'l 

Table 2 Rep同sentativeconstiluents in herbal medi 

cines" 
Name of herbal mcdidne 

Mixturc~ 

4841 9曲

0
0
0
0
0
0
0
0
0
 

Constituents 

0
0
0
0
0
0
0
 

948 

0
0
0
0
0
0
0
0
0
0
 

941 

0
0
0
0
0
0
 一
0
0
0

...."saiko回pon1l1

企 glycyrrhizin<>付
企 liquiritin

a‘gm凶enoちide
baicalcin 

zingerol 

企 paeonif1otin<> 
atractylodin 

atragalosidie 

企 WOgOlll1l

Sho-saiko-to 

Hochuモkki-to

Juzen-taiho-to 
Ke時hi-kヨshakuyaku-to

Koujin 

Product numbcr of 

rsumura Co. Ud 

町9

1]-41 

'1]-48 
T].6。
TJ.3020 

州

刷

醐

州

蜘

棚

刀 9+1J-41 

IJ-48+町41

1J-9+'円48

1]-41 +11-60 
1]-9+'1]-60 

IJ-48イ円-60

M凶 ures'l

O 

心O :11lCC山、lilu叫 i引 ndudedin the mixtunれ
n川仁刷ll:ltlluCnlis nOI induded in thc m以turιs

bl企 11lCconstitucnt thal was ICSICd in this sludy 
叶o: ']11C conslilucnl thal has a positive cffecl on thc 
induction of HSPs demonslr.lted in this study 

'1百lCSChcrbat mcdiones問問kindly叩 ppliedby Tsumum 
CO. I.1d.， japan. 'nley a陀目Irnctgranlllcs for cthicalll鎗
MixtllT曲 we問 prc(四 αjbym凹 ngequal mlloun凶of同 ch
hcrbal mcdicinc 



InduclIoll of Hsp70 by rnixlurcs of h町balrnedicincs. HcL1 cclls wcre Ir凶 tcdwilh 941 (01). 948 (b)， 960 (c) 

or 4841 (d) mix1Urcs 011 37 C for 24 hr 011 the concentrations Indi印 Icd(!(g!ml)， wI山orwIlhoul mild h剖 t

shock. H四 1shock (42'C for 2 hr) was♂vcn for thc final 2 hr of hcrbal rncdidnc Ircalmcnl， and cc¥ls wcrc 

cultllrt，，'{1 for further 3 hr al 3TC. Hsp70 w泊sdelt.'Clcd by wcstern blouing山ldlhc問1，仙台 inlcnsIlyof each 

band was mcaSllred by dcnsilomelry. Each bar Indicalcs山cmcan土5Dof Ihe rcla¥ive al110unl of Hsp70 
frol1l al I凶 slIhrcc indcpcndclll cxpcrimcnts. '111C rclalIvc‘Illlounl of l-Isp70 in non.lrcatcd control cells 

was 11IkcI1時間施(Control.open bar). Typical叫 slcrnblol dala a町 shownundcr e:n:h &，，-aph. A11 four 

mixlurcs of herbalmedicines had enhancing effecls on the induclion o( Hsp70 [heal付 1:the rclalive 

amounl of H叩，70is much more Ihan Ihal of heal shock alone (Heal. c10制 lbar). Threc mIxlures (b. 948 
c.960: d時 11)cOllld induce Hsp70 wilhoul hcal shock [h削(.)1: lhc rclativc atnollnl of Hs])70 is much 

morc Iha11 IlIal oflhe non.lrcaled conlrol (Conlrol， opcn bar) 

florin On Hsp70 indllction (indicated by c10sed 

Iriangles in Table 2). Among these six COII 

stitucnts， paeoniflorin and glycyrrhizin had posi 

live effects on山einduclion of Hsp70 (Fig. 2) 

80th paconiflorin and R"lycyrrhizin had an 

enhanc川氏eff，札:1011the Hsp70 induction by mild 

heat shock: the expression le¥'el of Hsp70 was 

higher than Ihat of heat shock alonc 11仏80pg of 

Chapcroncトinducingcom似川nds-43 
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Paeoniflorin 
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Effect of paeonif1orin and凶ycyrrhizinon Ihe illduction of H叩70.HeL.1 cells were Ircaled with paeoni 
f10rin (a) and glycyrrhizin (b) at 37'C for 24 hr at thc conccntrations indicated (μg/ml)，間 thor聞 thout

mild hcat shock. Heat shock (42"C for 2 hr) was given in Ihe final 2 hr of paeonif1orin or glycyrrhizin 

lrealme川，and cel1s were 印刷redfor further 3 hr at 37'C. H叩70was delected by wcstcrn blotting， and 
the rclative intensity of each balld was measured by densItomelry. Ench bar indicates the rn剖 n:tSDof 
the relative amount of Hsp70 frorn al least three indel削 ldentCXl犯rimcnts.lllC rcl<ttivc amount of Hsp70 

in non-Irealed conlrol cclls was taken as 100% (Conlrol， 01沈 "b川').Typical wcslcrn blot data afe shown 

under each ~r.叩 h.The struClurc討。fpa凹 nif10rin<lnd glYI.:yrrhizin arc shown over each graph. Peoniflorin 
is includcd in 948， 960， and 4制1mixlur田 bulnot in the 941 mixlurc. Glycyrrhizin is included in al1 four 
rnixlures. Both paconif1orin and glycyrrhizin had cl1hancing effects 011 the induction of Hsp70 [hcal(+) [: 
thc rc1ativc alllounl of Hsp70 i5 much morc Ihan Ihat of heal shock alone抑制cJo開 1bar). Paeonif1orin 

but not glycyrrhizin could induce H5p70 wilhout heal shock [heal(.ー.)1: the rclativc amount of Hsp70 is 

much more than that of thc non-trcated control (Conlrol. OI)Cn bar) 

Figure 2 

NRK cells with resl淀ct10 Ihe induction of HSPs 

bythc担 herbalmedicines (data Ilol shown) 

111C conccnlralIon of paconiflorin required for 

the induction of HSPs was relativcly high (more 

than 10μg/ml・20.8μM)under our ex酔nm叩凶
conditions (10% (elal bovine世 間 m).When cells 

wcre incubaled in senllll-fr田 mcdium，however 

1-5μg/ml o( pilCOllinorill could induce HSPs 

(dala 1101 shown). Therefore. it seems that 

paconif1orill mighl bind to or be inactivaled by 

盟 問 mprotein (s) 

pa四 niflorin+ heal (+) in Fig. 2 (a). and 10-80 pg 

o( glycyrrhizin + he叫叶 inFig. 2(b) J. AcconJjng 

to our expectalion. IJaeonif1orin alonc could 

induce HSI>70 wilhout the necessily of added 

heal sh配 k110-80 pg of凹eoniflorill+ heat (ー)in 

Fig.2(a)卜butglycyrrhizin alone could not 

illduce Hsp70 110-80μg of glycyrγhizin+heat(-) 

in Fig. 2(b) J. In this印 sc，agaill. we could not get 

obvious dose-dcpcndent induction of Hsp70 in 

I he range of 10-80μg/ml of paeoniflorill 

Paeoniflorin was able to illduce Hsp40 and 

Hsp27 as well as Hsp70 (lanes 4-7 in Fig. 3(a) 

and 3(b日 Similarrt:!sults wcre al回 obtainedin 
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indicator of ce11s being under stressful conditiOIlS 

Phosphorylatioll of HSFI is usually det.ect.ed as 

a11 upward band-shift by weslern blotting (Sarge 

et al 1993). As showl1 in Fig. 3， Irealmenl of 

HeLa cells or IMR-32 cells with paeoniflorin (80 

μg/ml) for 4-8 hr resu¥ted in the c1ear寸culup-

shift of the HSFl band (1anes 3 and 4 in Fig 

3(a)-3(d)). 00 the other hand. glycyrrhizin could 

not induce the up-shift of the HSFI (Ianes 5 and 

6 in Fig. 3(c) and 3(d)). These results c1earJy 

indicate thal paeoniflorin but not glycyrrhizin is 

able of promoting the phosphor拘tionof HSFl 

Following the treatment. of cells with paeoniflonn 

for 16-24 hr. the phosphorylated form of HSFl 

disappeared (lanes 6 and 7 in Fig. 3帥 and3(b))。

indicaling dephosphorylation of HSF 1 

HSF1 ACTIVATION BY PAEONIFLORIN 

Induction of HSPs by heat shock is usually 

regulated by the trans-acting heat shock tran 

scription factor 1 (HSF1) and cis-acting heat 

shock elemenl (HSE) present at the proT1lot.er 

region of each heat shock gene (WU et (11994) 

Activation of HSFl is a multi-step process， 

including relocalization into the nucleus， 

oligom白 ization，acquisition of a DNA-binding 

competent state， and phosphorylation. unlil il 

finally accumulales in the charactcristic struc 

tures ¥0 form HSFl granules in the nucleus 

(Sarge et a1 1993; Collo et a1 1997; Morimoto 

1998). A1though the phosphory1ation of HSFI is 

not always neces田町 for its activation， in some 

case~丸 山 phosphory lation can be used as a good 

[h，) 

HSFl 

PF80μg/ml 、
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Phosphorylation of heat shock factor 1 (HSF1) and induction of HSPs in HeL1 cells (a and c) and IMR-32 

cells (b and d) by paeonitlorin. (妙。，):lane 1. cclls were heated at 42'C for 2 hr: lane 2， non-treated con 
1m1 cells_ Cel1s were treated with 80 f~ g/m1 of仰 印 nisorin(P町for4hr Oane3). 8hr (1叩e4)， 12 hr (lane 

5)，16 hr (1anc 6). and 24 hr (1ane 7). After trealments.lhe ccllly帥 ICwas analy聞 Iby western b10tting 
with anti-HSFl antibody (IOp of pancls a and b)， or問 thanlトHsp70.anti-Hs凶O.or anlトHsp27antibodies 

(c). (d): lane 1， cclls wcre hcated a142'C for 2 hr: lane 2， non-trealed control cc¥ls: ccl1s wcrc trcatcd with 

80μg/ml of paeoniflorin伊町 for4 hr Oane 3) and 8 hr (lanc 4). or閉山80'1 g/ml of glycyπhizin (GL) for 
4 hr (1ane 5) and 8 hr (lanc 6). After I.reatmenls， celllysate was analyzed by w田 ternblotting with anti 

HSFI antibody. T町atlllent()f cells with heat shock (1ane I in panels (a)-(I市)or paeoniflorin (lanes 3 and 4 

in panc1s (a)-(d)) resulted in c1ear mobi1ily shift of lhe HSFl signal as cornparcd wilh tl，al of non-treated 
control cclls (lane 2 in pancls (a)-(d)) for bolh Heじ1and IMR-32 cclls. Thc mobi1ily shift of HSFI imp1ies 

phosphorylation of HSF1. Trealment of 四I1swith !)aconisorin for 16 and 24 hr r凹 llltedin disappearancc 

of the phosphorylatcd form of HSFI仏anes6 and 7 in pancls (a) and (b)). iT】dicatingaltcnuation of HSFI 

activity. Glycyrrhizin treatment had no effect on the mobility sh凶ofHSfl (lanes 5 and 6 in pancls (c) and 

(d)). Hsp7U. Hs!>40 and Hsp27 were induccd by paeoniflorin trealment (lanes 4-7 in panels (a) and (b)) 

4 3 2 1 6 5 4 3 2 

Figure 3 
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was localized both in the cYloplasm and the 

l1ucleus at l10rmal growth lempcrature (Fig 

5(b)). Upon heal shock (42"C for 2 hr)， HSFI 

州 srcJocalized int.o the川 deus10 form lypicaJ 

HSFI granules (Fig. 5(d)). 11Je HSFl granules 

were clearly differenl from Ihe !)hase dense 

nucleolus (comparc Fig. 5(c) with 5(d)). ¥Vhcn 

cells were treated with pa凹 ninorin(:剖 μg/ml)

for 4-8 hr， evident HSFl gralluJes were fomled 

(fig. 5(c) and 5(円).IlItcreslingly. Ihe HSFl 

granllles disappeared dllring continuous treat 

ment of cells問 thpaeonif1orin for 16 and 24 hr 

(Fig. 5(g) aud 5(h)). 'nlC timc course of口NA

billding activity of HSFl (Fig.4) and the fonnation 

and disappearance of HSFl granules (Fig. 5) 

wcll corrcsponds 岡 山atof phosphorylatioll and 

dcphosphoryl岨onof HSFl (Fig耳目1時間ght

irnply the activation of HSFl and all.enuation of 

rhc acquisition of DNA binding ability of 

HSF¥ by pa同 nifJorintrcatmcnl was demons回 led

by a gel mobi1ity shift抽出yusing labeled HSE 

oligonuc¥eotide. Specific DNA-protein complexes 

were detecled in cel1s Ireated with paeoni日onn

for 4 and 8 hr (Fig. 4 (a)， lanes 3 and 4) as well as 

in heat-shocked cells (42"C for 2 hr， Fig. 4(a) 

lane 2). The bands of DNんproteincomplexes 

were supershifted in the presence of anti.HSFl 

anlibody (Fig. 4(a). lanes 8-10). inc1icating that 

thc protein bound 10 HSE was HSF1. 1l1e specif. 

ic DNA-protein complcx d削 pp山間dwhcn ce¥ls 

werc tr印刷1with paeonif1orin for 12-24 hr (日g

4(a). lanes 5-7). In contrast. glycyrrhizin could 

not induce DNA binding activity of HSFI (Fig 

4(b)，lanes3-7) 

¥n回 cellularlocal闘 tiOI1of HSFl was四 amined
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Gcl mobility shif1 assay. (<1) Effect of pa岡 山sorin(PF). L.1ne 1， extract frOt1l control凶 lls;lanc 2. extract 
from hcat shockcd (42'C for 2 hr) cclls: lanes 3-7. extracts (rom cells treatcd wilh 80/1 g/ml of paconi 

sorin for 4， 8， 12.16， and剖 hrs町叩ectivcly;lanc 8， CXlmcl from heat shockcd (42"<: for 2 hr) cells訓，，¥

thcn incubate【1with anti-HSFl antibody; lanc 9. cxtracl 針。111cclls treat創1with 80μg/ml of paconisorin 

for 4 hr and Ihcn incubatcd wilh anlI.HSFI antibody: lanc 10. cxtract from cclls tr.刷出IwIlh 80 JI g/ml of 

paconisorin for 8 hr and thcn incubat民Jwilh anli-HSFl anlibody. (b) Effecl of glycyrrhizin (GL). 1 ... 1ne 1 

cxlr配 tfrom conlrol cclls: lane 2， extract from hcat shocked (42"C for 2 hr) cells: lanes 3-7， cxlnlcts from 

cel1s trealt.，<1 wilh 80 l' g/ml glycyπ"hizin for 4， 8， 12， 16， and 24 hrs， 陀叩eclivcly:lallC 8. cxtract frυIII hcal 

shock吋 (42'Cfor 2 hr) cclls and Ihcn incubaled刷 thanli-HSl、1alllibody: lauc 9， cxtracl from ccl1s trcal 

ed凹 th80μg/llll of glycyrrhizin f()r 4 hr and Ihcll incubated刷 thanti-I-ISF1 antibody; lanc 10， extract 

from cells treatcd with 80，1 "，/ml of gly町rrhiz川 for8 hr and thcn incubated with :mti-HSド1anlibody 
Opcn arrowhcads indicale nons似則自cbands. Fillcd arrowh出血indicate1-151可附削incomplexes. Arγows 

indicale su~淀rsh i ftedcomplcxes with anti-HSF1 antibody 

9 8 7 6 5 4 3 2 10 9 8 7 6 5 4 3 2 

Figure 4 
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Figure 5 Intracellular localization of H$Fl in HcI.ll cells帥 (b):non-lrcated control cclls; (C). (の cellsheated at 
42.C for 2 hr: (e). (0. (g)， (h): cells treatcu刷 thp;加'"臥)rin(P町for4， 8， 16， and 24 hr， respedively: (i) 

(j)， (k)， 0): cclls trcated with glycyrrhiun (GL) for4. 8.16. illld 24 hr. rCSrK!ctively. H$Fl is localizcd 

both in th... cytoplasm and the nuclcus in non-lrc川edcontrol cclls (b)， Treallllenl of ce¥ls wilh heat sl刷、k

(d) or with paeoniflorin for 4 and 8 hr (c and 0 induced relocalizilt的nof HSF1 Into thc nuclcus to forlll 

typical HSFI granulc匂 ContinuousI問almentof cclls with pac制】iflo吋nfor 16 and 24 hr陀sultedinlhe

dω1;叩i附珂x犯~ilrll羽I】叱ceof HS日Flgr~胡n川"川llc凹s氏. m刈d化a川山ti川nga川tt旬e"川"川"川1肌a川山li仙 ofHSIド、刊1

‘C叩:yrrけhi山"山Zlll陀resu叶lt旬e吋【dil川nlh問egr口印‘"【d山1"山1悶a川1，町'clt削 [; 拍 lion of HS日i白 1 into thc nucleus (i. i. k. and 1). -nlC phase-con 
trast microgral)hs arc shown in (a) anu (c): thc HSFl叩CCl日cf1uor剖 ccncemicrographちofeach cor-
responding field制治hownin (b)山 1(d) 

鉱山田町sponsc.A叩川larphenoll1enon h梢 been

reported when cells were contInuously heatcd al 

42"C for 1l10re than 6 hr (Sarge et al 1996)， ThllS， 

the aclIvalIon of HSFl and its attenuation during 

conlinllolls paeoniflorin trealll1ent indicale Ihal 

cells are being eXI}()sed 10 a mild level of slrcss 

On thc othcr hand. when cells were treilted with 

glycyrrhizin (80μg!ml)， HSFI appeared 10 bc 

gradually 陀 localizedinlo thc nuclcus， but HSFl 

granules wcre nol ionned (Fig. 5(i)， 5(j)， 5(k) 

and 5(1)). As shown in Fig. 2(b). glycyrrhizin 

had an enhancing effecl 011 Ihe indllclion of 

HSPs by hea! shock. 'I1lis migh! be explaincd， in 

part， by the gradulll relocalizalion of I-ISFl by 

glycyrrhi:tin treatmenl. Thus， glycyrrhizin 

may be callcd aι:o-inducer of HSPs. Since HSFI 

is 1101 phosphotylal.ed and ils DNA binding activ 

ily is llol induccd by Ihc Ireatmcnl with gly 

cyrrhizin (Figs. 3 and 4)， HSFl mighl be relocal 

ized into the nucJells ir陀 specliveof its同】ospho-

rylation and DNA binding competency. In other 

words， HSFI might be first relocalized inlo the 

ll11deus aflcr which the subsequcnt HSFl孔.ctlva-

lion slcps (oligomerization. acC]uisition of DNA 

binding abili!y， and phosphorylation) might 

occur in Ihe nucIeus under the stress condi 

tions 

From th凶 ereslllts， it附 stronglysuggested 

that induction of HSPs by Ihe trealmenl with 

pacon旧Ortl11詩 mediatedby Ihe i1clivatioll of 

HSFI 
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INDUCTION OF THERMOTOLERANCE BY 

PAEONIFLORIN AND PAEONIFLORIN-CON-

TAINING HERBAL MEDICINE 

When living cells are exposed 10 non-Iethal 

heal shock. lhey a叫 uirea transienl resistance to 

an otherwise lethal heat challenge as detennined 

by Ihe increase in cJonogenic cel1 survival 

(Gemer and Schneider 197町Thisphenomen叩

is termed acquired thermotole悶 nce.As shown 

in Fig. 6(a). thennotolerance was c1early induced 

by the treatmenl with paeoniflonn (80μg/ml for 

24 hr)。田d出e策調日mぽ則re(4曲μg/mlfor 24 hr) 

which contains paeooiflorin. SUlviving fmctions 

of these cells were almosl lhe same as those of 

cells treated with mild heat shock (42"Cfor 2 

hr). 10 contrast. glycyrrhizin or the 941 m世

ture (not containing paeoniflorin) could nol 

induce thennotolerance at the same con白 ntTauons

(Fig. 6(b)). Thus， the development of thermotol-

erance is well correlated with the induction of 

HSPs 

PAEONIFLORIN AND GLYCYRRHIZIN ARE 

NOTTOXIC 

For the pu巾O日 ofc1inical use of char町 'onc-

(a) 

10 

E 1o， 

E i 103 
10‘ 

10.5 
o 

-lト-42"C.2hr
-o-960-24hr 
-o--PF-24hr 
ー〈トーContrω

15 30 4-5 60 
Time at 45"C (min) 

inducing compounds， they should not be toxic or 

dclclerious. When HeLa cells were cultured in 

the presence of a mIXture of herbal medicines 

(960 and 941) at a concenlrauon of 4凹μg/ml

叩 din出epr田enceof paeoniflonn or glycyrrhizin 

at a concentralioo of 80μg/ml， 110 appreciable 

growth inhib山onwas ob拙 ved(Fig.7恒)).Als。
the cell cycle phase distributions of HeLa cells 

trcaled閉山由e世 herba1medicin田町田nsbtuents

(24 hr at 37"C) were not significantly different 

from those of non-treated control cells (Fig 

7(b)). Of course， these herbal mcdicines and 

constituents had 00 ap田町nle百四t00由emor' 

phology of HeLa cells uoder the組問conditions

as described in Fig. 7(b) (data not shown) 

DISCUSSION 

In the present study， we demonstrated that 

廿eatmentof cells聞出回国niflorina10ne resulted 

in the phosphorylation and acquisiuon of DNA 

binding abilily of HSFI. relocali回 lionof HSFl 10 

foml characteristic HSFl grnnules in the nucJeus， 

aod finally Ihe induction of HSPs廿leseresults 

strongly suggesl that the induction of HSPs by 

paeoniflorin is mediated by the activatiOIl of 

(b) 

10 

~ 10市

.e 10.2 
E i 103 
10‘ 
10.5 
o 

一喧r-42t:-2hr
ー+-941.24hr
-・....GL-24hr-・-Control

15 30 4 60 
Time 創刊"C(min) 

Figure 6 帥 Dcvelopmentof themlOtolcrance in UeLa cells trcatcd刷 lh1対ilt.'Onisorinand the時omixture (contain 

ing paeonillorin). Cells were trcaled剛山hcatshock (42"C for 2 hr. d)後泊nuxture利回μg/mlfor 24 hr 

0). or paeoniflorin (PF. 80!， g/ml for 24 hr.口).thcn hcated al 45'C for the indicated period. After 4S'C 
heating. cells werc subjectcd 10 thc clonogenic survival 師団y.(b) Effect of glYL'Yrrhizin and Ihe 941 mix 

lu陀 (not四 n凶IlIngpa同 niflorin)on thc dcvelopment of thermolole悶 ncein Hela cells. CelJs were treat. 

""刷山 heatshock 似 て for2 hr， a)， 941m凶 U問 (4曲ρg/mlfor 24 hr. +)， or gly町打hizIn(1心L回μg/ml
for 24 hr. .)， Ihcn heated at 4St for thc indicated period. A恥r4S.C hcaling. cclls were叫 bjected10 the 
clonogenic survival as同Iy.Survival印 rveso( non-tr酬 cdeontrol cclls are indicated by open and dosed CIr-

CI目 illpanel (a) and panel (b). reSj陀ctively.All data points reprc世 ntthe means of thr'匝 independellt
expenments 
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Figure 7 Effect of herbal mcdicincs and conslilucnlS on ccJl growth and ceJl cycle. (a) HeLa cells (1 x ¥01) were 
m町 ulatcdin triplicatc 011 day 0 and incubatcd at 37"C in the prcsence of l>aeonifiorin (1唱 80JIg/ml口)
glycyrrhizin (GL. 80μg/ml， 0)， 960 mixturc (400μg/mlム)肝 941mixturc (400μg/ml.・)for up 10 
12 days. Evcrγtwo days， thc number of cells was counted wIth a hemocytomeler. Each data pc叫ntrcpr。
sents the rnean of three independcnt experiments. No appreciable growth inhibition was observed in cells 
lrcated帆 Ihherbal med山 nesand constituents. (b) Hel.<iιells we陀 trealedwith heat shock (42'C for 2 
hr)，9剖 mixture(4同 μg/mlfor 24 hr)， 941 mixlure (4加μg/ml[or24 hr)， pa回 niflorin(PF， 80 l' g/ml for 
24 hr)， or glycyrrhizin (GL. 80，1 g/ml for 24 hr). 111cn ccllqclc phase distribulIon was analyzcd by t10w 
cytom凶ry.0， GI phase;口，Sphase;ム。G2/Mphasc. Each dala poilll rcpre世 1115Ihe mcan of thrcc inde 
pendent cxperiments. lllcrc are no apparenl differences hetwcen non-lrealed control cells and cclls Ircal 
ed with herbal medicines and constiluenls 

HSF1. Although glycyrrhizin alone cOllld nol 

indllce HSPs. it prornoled relo印 lizalionof HSFI 

into the nuc1eus. This might explain why gly. 

cy汀hiziocould enhance the induction of HSPs in 

combination with mild heat shock. Also， develop-

rnent of therrnotolerance is well correlated with 

the expression of HSPs. These rcsull.sじlearly

indicatc that paeoniflorio is a chaperonc inducer 

and glycyrrhizin a chaperone co-inducer. Precise 

molecular mechanisms of the positive effect of 

these compounds on the induction of HSPs， 

howevcr. remain 10 be elllcidated 

It has been reported Ihal several chemical 

compounds can induce or enhan凹 theexprcssion 

of HSPs. Geranylgeranylacetonc (GGA) is 

showll 10 induce HSPs in a primary cllltllre of 

gastric mucosal cells und町 thecondition of low 

serum concentration (Hirakawa 1996). GGA 

however， could not induce HSPs ill cultured rat 

hepalocytes (Ikeyama el al 2001). 111crefore thc 

positive effect of GGA on the induction of HSPs 

might bc cell-type specific. Wheo orally admiois 

tered， howevcr， GGA enhanced the ioduction of 

HSPs in lhe ral liver凹 combinationwith heat 

shock and protectcd the liver irom the injury 

caused by ischemia-reperfusion ry叩 lagamiet al 
2帥0).Bimoclomol (BRLP-42)， a hydroxylamine 

derivative. acts as a co-inducer of HSPs. enhancing 

the am加 01of HSPs following heat shock com 

pared wi出 hcatshock alone (Vigh et al 1997) 

Bimoc1omol is shown 10 bind direclly 10 HSFl 

and induce a prolonged binding of HSFl 10 HSE 

(Hat官itaiet al 2003). It has been reportcd (rom 

rcsults in experimental animal models Ihat 

bimoc¥omol has poleotial therapeulic u時 inthe 

trcatment of diabetIC pcripheral neuropathy 

(Biro el al 1997). cardiac dysfunction (Lubbers 

el al 2002)， and ccrebrovaSClllar disorders (Erdo 

and Erdo 1998)日ncepaeonillori.n and gly叩TnlZln

had 00 appreciable toxicity at the concentrations 

used in this sludy， they might be used for the 

prevention and treatment of various pathological 

stales， such as stress ulce四 and配 hemi制 n【:Iuce<l

1町uries.and of discascs asso口atedwith protein 
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misfolding and prolcin aggregalion 

Pヒonyplants. sllch as PaeOlua SlIffntficosσp  

lacliflora. P. veitchii. and P. obovala. have been 

ulilized in traditional Chinese Illcdicines or 

he児e巾a1me剖d;陀旧Cαcm師 in China a叩n<【dωl リJ

isolaled frOlll P. lactり'7om.is onc of thc major 

ι:onstilucnls of peony planls. Peony extracts alld 

Iheir consliluenls have been shown 10 have V;U;OllS 

biological and bio-modulating activitics inclllding 

improvemenl of mcmory (Ohlll el al 1993) 

anlio氾danla(1ivity (Okubo et al2皿)()).anl同 pileptic

acllvllyσsllda el al 199乃， anti.mulagenic pro!>， 

C巾剖(Sakaict al 19回1).and anti-hy肘rglycemia

(Hsu el al 1997). Glycyrrhizin. tripertenoid 

岡田n山田IllIX猶α1of 0田 mola:uleofら骨cyrrTIe山11C

配idand two of gllKuronic acid， is a maillωe同itt剛"
of the hydrophilic fraction of 1icorice (G/~戸;yrrh iza

glabra) exlracls. which have also been used as 

herbal med山 ncs.Glycyrrhizin is known 10 have 

a wide range of pha1'macological actions. sl1ch as 

anti-viral (Pompci CI al ¥979)， a川1αIrclnogell1c

(Nishino et al ¥984). anti-allergic (Takcda el al 

1991: Pa1'k et a1 2004). and anti.inflammato1'Y 

aclivities Onol1e et al間同 A1thou認hthe mol町 ul"，

mechanisms of thesc phanna叫 logi凶 1funclIons 

of peoniflorin and glycY1'rhizin arc 1101 yel fl111y 

understood. thcse activilies mighl be ascribed in 

part 10 Iheir positive effcct on the indllction of 

molecu¥ar chaJ淀ron回 Inthe fulure. a wide va巾'ty

of pharmacological activ山田 ofI>coniflorin and 

glycyrrhizin Ollghl to be sludie(1 in relation 10 

their pro凹rtiesof chaperone indl1cer and co 

inducer. Also. paeonil1orin and paeonil1orin-con 

taining herbal medicines might be uscd clinically 

as chaperonc inducers. and glycyrrhizin and gly 

叩 Th印刷馴刷ninghc巾a1medi印 刷 ascha酔rone

co-induccrs、Veare now剖刷:¥yingwhelher 
paeonif1orin and glycyrrhizin c川Iinduce or 

cnhance the expression of HSPs in the wholc 

organism 

In Ihi!> sludy. we tested a limited numbCT of 

herbal medicines and conslilucnlS. It may be of 

value 10 sea1'ch for olhcr chaperonc inducers 

and co-inducers in hcrbal medicincs 
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