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% Eucommia ulmoides Oliv (%3 Eucommiaceae)¥ 1% 1&9 AERA, T35 2ES 73 (Eucommia
ulmoides)®] AHL =, $7 P oA AFAR AEH I vt 2 FF U& A2 8 vA"H A
Yool A5 &7 Q3 olwgdrt vk &E A Yvh(Okada, Shirata, Niwano, Koshino, & Uramoto, 1994;
Tomoda, Gonda, Shimizu, & Kanari, 1990). Aol gajr FFo =R E vhkd fad, Tt i-ol= o]
Yrol= B HEdwel=rt £yd & dvkal Bagul 3l (Ho et al., 2005; Hua, Yin, Li, Hu, & Pei,
2002; Kim, Moon, Lee, & Choi, 2004; Tanaka, Nakamura, Nakazawa, & Nohara, 1997). 47| FZ%o=z5E &
g5 g3E T dFET AsAA, AEAA, F-GS5A, ZoAE T2 9 ddAFY anE e Ao
2 Bt ) (Hoet al., 2005; Hua, Yin, Li, Hu, & Pei, 2002; Kim, Moon, Lee, & Choi, 2004; Tanaka,
Nakamura, Nakazawa, & Nohara, 1997).

o 274 2z 1 (HSF D& 9%, w43, kst ~Edg 2 7o} 2 ulole]|~ 7193 e ~Eg 2 2714
d 7 oA (HSP) 32k 2de] F8 Z-EAt; (Lee et al., 2006). ~E# A Z7oA HSF 12 AR
2 B3 g5E WEH HSP 25, HSP 27, HSP 70, HSP 72 2 HSP 903 Z2 d&FZduwizo] uys
fregtt, deAdmd (HSP)] Zde] S7te Axe &4& AT ¢ 03 Alx QS T + dvx
Hagnk vk

TAAReR A& Wi e AN A8 a7 ok Bagvr 91em (Luo, G.-R. et al., Are heat
shock proteins therapeutic target for Parkinson's disease? Int J Biol Sci 3 (2007) 20-26), HSP 259] -
do] F7he &4 gEA Axe &E4E nodttn ®mudwt vk (Lee, H.-J. et al., (2006).
Radioprotective effect of heat shock protein 25 on submandibular glands of rats. Am. J. Pathol.
169(5), 1601-1611). T3, A4 SMAHSP 70)9] L] F7hs 57 -F% sto| XA atolut A sty
ol 28] HotAl-f% ¢RYolel] & wAstE Rx=FRaul (NHLCDO 93 9HT Az &45 I
T o] A Az §E&F & vk BiaEvt vk (Oyake, J. et al., Over-expression of 70-kDa
heat shock protein confers protection against monochloramine-induced gastric mucosal cell injury. Life
Sciences 79 (2006) 300-305). &, HZFZ WA (HSP 90)o] HAZ7FZ g HSP 909 #AF AR 7]l
oA ALY E4E AT 7 dom olF B3 HlzEH R EA FAANSAID)Hl o w4
2 oz A3 g 8T 4 9 Bugnl gt} (Tamaki. K. et al., Evidence for Enhanced
Cytoprotective Function of HSP 90-Overexpressing Small Intestinal Epithelial Cells. Dig Dis Sci 56
(2011) 1954-1961). 3k, AF7 &l (HSP 70)¢] fr= adfol] olsix TN 3ol o3 g NG &
e AT 4 o Ruddl dth(Wang, Z. et al., Induction of heat shock protein 70 inhibits
ischemic renal injury. Kidney International 79 (2011), 861-870). %3+, <d=Z wwWz(HSP 70)9] L& =
Zvell oej A kA A ¥ Al E(human lens epithelial cells : hLEC)S] DNA ££4+& oad 4= glvfa ®al
#u} ok (Lixia, S. et al., Effects of 1.8 GHz radiofrequency field on DNA damage and expression of
heat shock protein 70 in human lens epithelial cells. Mutation Research 602 (2006) 135-142). 3%k, HSP
27 9 OHSP 729 #E FUtel oA AR Ze AT XmAERA FE&E 5 Uvka Eiudvr gt

(Ohkawara, T. et al., Polaprezinc protects human colon cells from oxidative injury induced by

°
M

hydrogen peroxide: Relevant to cytoprotective heat shock proteins. World J Gastroenterol 12(38),
(2006) 6178-6181). T3k, HSP 272 wtd Z7lo] oair 48 AAA T i3t B3 a7t Jrta Hauwa)
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[0006]
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2t (Toth, M. E. et al., Neuroprotective effect of small heat shock protein, HSP 27, after acute and
chronic alcohol administration. Cell Stress and Chaperones 15 (2010) 807-817). X3F, HSP 709 #%= &
o] oEA] A" ATAFE et Raadrst duia Ru"Euk dd (Morris, S. D. et al, Specic
Induction of the 70-kD Heat Stress Proteins by the Tyrosine Kinase Inhibitor Herbimycin-A Protects Rat
Neonatal Cardiomyocytes. J. Clin. Invest. 97(3), (1996) 706-712). WS+, " IFAX QAo w37}
Putal BaEsl Atd (Zhou, X. et al., Heat Shock Transcription Factor-1 Regulates Heat Shock Protein-
72 Expression in Human Keratinocytes Exposed to Ultraviolet B Light. THE JOURNAL OF INVESTIGATIVE
DERMATOLOGY, 111(2), (1998) 194-198). & HSF 1, HSP 27 2 HSP 709 w&e] &d& Fmstd g4
ko] ov} 2 X5 a¥rt vk BuEnl It} (a) Dillmann, W. H., Small heat shock proteins and
protection against injury. Ann. N. Y. Acad. Sci., 874 (Heart in Stress), 66-68, 1999; b) Bluhm, W.F.
et al., Specific heat shock proteins protect microtubules during simulated ischemia in cardiac
myocytes. Am. J. Physiol. 275 (Heart Circ. Physiol.): H2243-H2249, 1998).

oo B WPzELS 2l BEHZHE HSP-2Hd 2EAE sy Y8 d4sd ¥, %5 (Eucommia ulmoides)
o] AARKEH 3 FEo] ET49Hd f 2 @48 2 R[S dlste 2 S dsiin.

H]| & 5] ¢
(M E3] &3 0001) Bava, S. V., Puliappadamba, V. T., Deepti, A., Nair, A., Karunagaran, D., & Anto,
R. J. (2005). Sensitization of taxol-induced apoptosis by curcumin involves down-regulation of nuclear

factor-kB and the serine/threonine kinase Akt and is independent of tubulin polymerization. Journal of
Biological Chemistry, 280(8), 6301-6308.

(M E3] &3 0002) Ha, H., Ho, J., Shin, S., Kim, H., Koo, S., Kim, I., & Kim, C. (2003). Effects of
eucommiae cortex on osteoblast-like cell proliferation and osteoclast inhibition. Archives of
Pharmacal Research, 26(11), 929-936.

(R ESE3 0003) Ho, J. N., Cho, H. Y., Lim, E. J., & Kim, H. K. (2009). Effects of aucubin
isolated from Eucommia ulmoides on UVB-induced oxidative stress in human keratinocytes HaCaT. Food
Science and Biotechnology, 18(2), 475-480.

(M E3+4 0004) Ho, J. N., Lee, Y. H., Park, J. S., Jun, W. J., Kim, H. K., Hong, B. S., Shin, D.
H., & Cho, H. Y. (2005). Protective effects of aucubin isolated from Eucommia ulmoides against UVB-
induced oxidative stress in human skin fibroblasts. Biological & Pharmaceutical Bulletin, 28(7), 1244-
1248.

(R &3] &3 0005) Hua, H.-M., Yin, H.-Q., Li, B.-Q., Hu, B., & Pei, Y.-H. (2002). A new monoterpene
from the bark of Eucommia ulmoides. Journal of Asian Natural Products Research, 4(3), 201-204.

(M &34 0006) Kim, H. Y., Moon, B. H., Lee, H. J., & Choi, D. H. (2004). Flavonol glycosides
from the leaves of Eucommia ulmoides 0. with glycation inhibitory activity. Journal of
Ethnopharmacology, 93(2-3), 227-230.

(M EFEE 0007) Kobayashi, H., Karasawa, H., Miyase, T., & Fukushima, S. (1985). Studies on the
constituents of Cistanchis Herba. VI. Isolation and structure of a new iridoid glycoside, 6-
deoxycatalpol. Chemical & Pharmaceutical Bulletin, 33(9), 3645-3650.

(R &3] &4 0008) Lami, N., Kadota, S., Kikuchi, T., & Momose, Y. (1991). Constituents of the roots
of Boerhaavia diffusa L. III. Identification of calcium channel antagonistic compound from the
methanol extract. Chemical & Pharmaceutical Bulletin, 39(6), 1551-1555.

(M E3 &3 0009) Lee, H.-J., Lee, Y.-J., Kwon, H.-C., Bae, S., Kim, S.-H., Min, J.-J., Cho, C.-K.,
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& Lee, Y.-S. (2006). Radioprotective effect of heat shock protein 25 on submandibular glands of rats.
American Journal of Pathology, 169(5), 1601-1611.

(M &3 %3 0010) Lee, Y.-J., Kim, E.-H., Lee, J. S., Jeoung, D., Bae, S., Kwon, S. H., & Lee, Y.-S.
(2008). HSF 1 as a mitotic regulator: phosphorylation of HSF 1 by Plkl is essential for mitotic
progression. Cancer Research, 68(18), 7550-7560.

(M &8 &3 0011) Miyagoshi, M., Amagaya, S., & Ogihara, Y. (1987). The structural transformation of
gardenoside and its related iridoid compounds by acid and glucosidase. Planta Medica, 53(5), 462-464.

(53T 0012) Okada, N., Shirata, K., Niwano, M., Koshino, H., & Uramoto, M. (1994).
Immunosuppressive activity of a monoterpene from Eucommia ulmoides. Phytochemistry, 37(1), 281-282.

(R E3&]&4& 0013)  Ono, M., Ueno, M., Masuoka, C., Ikeda, T., & Nohara, T. (2005). Iridoid glucosides
from the fruit of Genipa americana. Chemical & Pharmaceutical Bulletin, 53(10), 1342-1344.

(M 533 0014) Schumacher, B., Scholle, S., Hoelzl, J., Khudeir, N., Hess, S., & Mueller, C. E.
(2002). Lignans isolated from Valerian: Identification and characterization of a new olivil derivative
with partial agonistic activity at Al adenosine receptors. Journal of Natural Products, 65(10), 1479-
1485.

(M E53&3 0015)  Seo, H. R., Chung, D. Y., Lee, Y. J., Lee, D. H., Kim, J. I., Bae, S., Chung, H.
Y., Lee, S. J., Jeoung, D., & Lee, Y. S. (2006). Heat shock protein 25 or inducible heat shock protein
70 activates heat shock factor 1: dephosphorylation on serine 307 through inhibition of ERK1/2
phosphorylation. J Biol Chem, 281(25), 17220-17227.

(M 533 0016) Steeves, V., Forster, H., Pommer, U., & Savidge, R. (2001). Coniferyl alcohol
metabolism in conifers - 1. Glucosidic turnover of cinnamyl aldehydes by UDPG: coniferyl alcohol
glucosyltransferase from pine cambium. Phytochemistry, 57(7), 1085-1093.

(ME3E4d 0017) Takeda, T., Narukawa, Y., & Hada, N. (1999). Studies on the constituents of
Leonotis nepetaefolia. Chemical & Pharmaceutical Bulletin, 47(2), 284-286.

(M E3EA 0018) Tanaka, C., Nakamura, T., Nakazawa, Y., & Nohara, T. (1997). A new triterpenoid
from the leaves of Eucommia ulmoides Oliv. Chemical & Pharmaceutical Bulletin, 45(8), 1379-1380.

(ME3 A 0019) Tomoda, M., Gonda, R., Shimizu, N., & Kanari, M. (1990). A reticuloendothelial
system-activating glycan from the barks of Eucommia ulmoides. Phytochemistry, 29(10), 3091-3094.

(F 534 0020) Walcott, S. E., & Heikkila, J. J. (2010). Celastrol can inhibit proteasome
activity and upregulate the expression of heat shock protein genes, hsp 30 and HSP 70, in Xenopus
laevis A6 cells. Comparative Biochemistry and Physiology, Part A: Molecular & Integrative Physiology,
156A(2), 285-293.

(R &3 &4 0021) Oyake, J. et al., Over-expression of 70-kDa heat shock protein confers protection
against monochloramine-induced gastric mucosal cell injury. Life Sciences 79 (2006) 300-305.

(ME3=A 0022) Tamaki. K. et al., Evidence for Enhanced Cytoprotective Function of HSP 90-
Overexpressing Small Intestinal Epithelial Cells. Dig Dis Sci 56 (2011) 1954-1961.

(ME3+d 0023) Wang, Z. et al., Induction of heat shock protein 70 inhibits ischemic renal
injury. Kidney International 79 (2011), 861-870.

(ME3]+A 0024) Lixia, S. et al., Effects of 1.8 GHz radiofrequency eld on DNA damage and
expression of heat shock protein 70 in human lens epithelial cells. Mutation Research 602 (2006) 135-
142.

(M &3]+ 0025) Ohkawara, T. et al., Polaprezinc protects human colon cells from oxidative injury
induced by  hydrogen peroxide: Relevant to cytoprotective heat shock proteins. World J
Gastroenterol 12(38), (2006) 6178-6181.
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(MESEA 0027) Morris, S. D. et al, Specic Induction of the 70-kD Heat Stress Proteins by the
Tyrosine Kinase Inhibitor Herbimycin-A Protects Rat Neonatal Cardiomyocytes. J. Clin. Invest. 97(3),
(1996) 706-712.

(B &3 73 0028) Luo, G.-R. et al., Are heat shock proteins therapeutic target for Parkinson's
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[0015] [3}&4] 3]
[0016]
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[0018]
[0019]
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[0021] [3}5H4] 6]
o
OGlc
GlcO H
[0022] —0
[0023] [8}sh2] 7]
o
OGlc
OCHs
HsCO
GlcO
[0024] —0
[0025] F71 AellA, Glee D-=F 3237 2= %A 7] (D-glucopyranosy loxy) ©] T},
[0026] B oo AR EE o] "FZ(Eucommia ulmoides)"S SguEomx H3to] F2 BEIdE A
o UFAAS A=A AL F2 AMEEY AEA 2 349, FHES A5AR F2 AMEEY
[0027] B oA AR EHE fo] "FE"E FZ(Eucommia ulmoides)S NA L &ujE Alg3le] E =
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Uy, B dygd e 559 4 2l
A7) T e FEES FEEE Y3y A7) 1 A 79 SFES FEE 4 Jdvk
ok, B Ao T3 (Eucommia ulmoides)S WEHEE FESlY 5 FEES At W, AV 75 FEES
FEreR BEsle] 53 HEES v WA 2 Y] v 2E8ES 4Y a=2vEad9E Fdske s 1,
2 B 58 BAHE AFES A dAE TS 1, 2 B 5 IANHE SFE AxUHE AT
[3}3h2] 1]
H
\ o
HO o O
o}
% -
HO o
[3}&4] 2]
H
X
o
H
HO 0Glc
[sFet2] 5]

HO OGlc

F71 AellA, Glee D-=F 23] 2= S A] 7] (D-glucopyranosy loxy) ©] T},

711, 2 B 52 FAHE e FEoERH £UE ¢ v AR disiAe Fddls <A A
gorom, & wHode A7] 1, 2 e 52 FANHE sES FF AT AEERSYH Byd F dde s
Agow Wt B owge) Axde] oshy zizhe] sghEe] Fxi= H, C, DEPT, COSY, HSQC, HMBC, NOESY

A7) #Eka 1 uA 79 FFES A FFE 1 A 7R R A2 gk 7] EsrES 247t 3t
¥% 1 (coniferaldehydeglucoside) (Steeves, Forster, Pommer, & Savidge, 2001), 3}3% 2 (bartsioside)
(Kobayashi, Karasawa, Miyase, & Fukushima, 1985), 3}¥+% 3 (geniposidic acid) (Takeda, Narukawa, &
Hada, 1999), 3}3% 4 (geniposide) (Ono, Ueno, Masuoka, Ikeda, & Nohara, 2005), 3}3+& 5 (feretoside)
(Miyagoshi, Amagaya, & Ogihara, 1987), 3}$tE 6 (pinoresinoldiglucoside) (Schumacher, Scholle, Hoelzl,
Khudeir, Hess, & Mueller, 2002), 33t& 7 (liriodendrin) (Lami, Kadota, Kikuchi, & Momose, 1991)°]t}.

FE FEES FEE Sdow FHste] & FEES Y] SFE 1 WA 7S gFew xdetent, 454
e} & ) )
o e g4s 2k v
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Wae] FEE B AEe] nE % A4 T
Aead Ex avABe] A8 wE o] F83
HEZ F837 AgE Aok

ool Ada Ao wE Eucommia ulmoides AAEREH EE3F 33ES 1132 A¥E Z%E]?Z =
HSF 1, HSP 27 % HSP 70¢] ¢3S Western blotting o air =43 AxS veEbd Aolt}k. B-Actins W
FogRToR AMEElaL, L132 AEE 12 h 59 3 pM SFER At

T 28, B e dAA e wE T AE2RE B8 35S 18 NCI-H460 Ao A gh 3o HSP 25
EHSP 70 TREE B4 vkl glolth, ol Zzke] ge Al Aol By AW BFishelth EF wp<
0.05 vs. CON group, *#p<0.01 vs. CON group ©|t}.

T 32, B iye] JAA Y] mE T35 PAREH FE3 FE 1 UX 72 A L132 HE AE T
Y g gzFend g&" o AL AF $Ye WIZ 4% A%E vehd ol

% 49 Ab dzuBegeR AEAE f58 ¥, A9 caspase 3 W AT PARP-1S B3] HFE 19 WA}
A oagte og ATAE F2ANGE Z0E ek Zelth, B S3% 1o U@ R A Fo AL 4
FR®S e Aolth. ¢ 2 1o 0@ 85" A Fo AL AEE®LS ek ol

% 5, b9l AARS] AAS AAoR EAG F SR 1o o8 YA @ AAbo] gadths
7

ggs A5tz A A UE
ojgt, i W olslE w7l Hste] H} A AAlE AARE. Ty a7]e] dAjde E wEE g 4
Al elslakr] late] AlFEHE Y B, AAde oFte] £ dye] ygo] @gEE 38 ohyrtt,

AAd 1: Ag E Uy

25 Cold F8 3dS P-1010 HBA(JASCO, Japan)Z ZA3ATE. WV 2 IR AFEZHLS -3000 #3357
(Hitachi, Japan) @ FTS 135 FT-IR #37 (Bio-Rad, CA)= ZZ+ 7]&31%th. 1D 2 2D NMR 232 H EzZH
g2 (TNS)S W FEFo 7 o] UNITY INOVA 400 MHz FT-NMR %] (Varian, CA)= F3q3}sitt. AFEA S
Micromass Q-Tof wlo]=a = A EXA 2 Agilent 6220 Accurate-Mass TOF LC/MS system ¥ A%t Waters
ACQUITY UPLC system o2 ZF33lgict. Adaznteaegals Aglgl A(230-400 mesh, Merck, Germany), RP-
18 (YMC gel ODS-A, 12 nm, S-150 gm), Sephadex LH-20 (Amersham Pharmacia Biotech), ™ Diaion HP-20
(Mitsubishi Chemical Co.)2. & =83} t}. TLCE Kieselgel 60 F 254 (silica gel, 0.25-mm & 574, Merck,
Germany) % RP-18 F 254S(Merck Germany) ZHolER 35l UV light (254 nm 2 365 nm) 2 10% (v/v)
H80, 2232 o] &2 7hA 8hekQlal 120 CollA 5 #3F &5 7183t

AN 2: = (Eucommia ulmoides) "ErE FEE A|X

o
i
it
-

F% 20 kgs 100% WEHe 18 L o Har Ao 24 AIZMY 33 FE31Y], 7 TFd wEe
kge AAr}.
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AobAElO]E 3w 200 g& TSI, BV §dT AHow sl n-ehy wAE 450 ¢ 2L x5
3)) R FF AT4 g5 FHESI

e £

AX G 4: FZ (Eucommia ulmoides) HEt& O ZHE 3
& =) (& 100%—™ €S 100%) & Diaion HP-20 2

ol-rjtg_l,

7] Al 39 Febs £ 450 g5 WEE-E =%
S AAEke] 6719 BF (FO1-F06) o& rsdth. o FO5 8o 2XE 33 3 (2.3g, 0.0115% w/w)o°]
o8 Ao}, F02 £3 3.208 ZERIE: Uﬂ% 38 (24:1-19: 1) AgsHd AP ZnlE 18}
Z8Yste] 3= 4 (200mg, 0.001% w/w)E AATF. H3FH, FO3 3 124.0g0l wisle] SR2REZE vere &

”r}01 ol

A
1.
H

F&m (9:1:0.1-7:3:0.5) = Ag7HA APaErtEasyE 283t 13719 Al&E (F03.01-F03.13)& ¢
Atk AlEE F03.063 F03.0724%8 27 33% 7 (36mg, 0.00018% w/w)¥ 3+&E 6 (270mg, 0.00135% w/w)

eSS o] &3 AR dojAirt. o= AWE F03.08 2.4g & "WEE:E 80 (6:4-9:1) =
gRA- g2z E 22 (YMC gel ODS-A, 12 nm, S-150 pm)S X 33te] 4709 A&% (F03.08.01- F03.08.0
4)S Ark. wErE 100% |2 Al A LH-20 ZA%  (Amersham Pharmacia Biotech)S R &3sle] E3IF
03.08.029} F03.08.030.22E 31&% 2 (5mg, 0.000025% w/w)<t 3% 5 (5mg, 0.000025% w/w)7} z+z o
Aok, T3, ®3) F05 (35g)° disle] FRREXEZ e E 2380 (9:1:0.1-7:3:0.5) = Ag7}2 AH=m
2utE oS 2dste] 10 719 AlEE (F05.01-F05.10)% LAtk. o] F F05.01 12go] tidle] wee: &
stan] (9:1) 2 gGdAgaznEIEd] (WMC gel ODS-A, 12 nm, S$-150 pm)E 3ste] 4719 A&
(F05.01.01-F05.01.04)S 4o o1 F F HA 23 (F05.01.02) & g2 100% vz Alutd s LH-20 2
& (Amersham Pharmacia Biotech)& Z&3}e] 33H&E 1 (10mg, 0.00005% w/w)& LAt

Qo u& o o

>

o

)

(ol

g7\e) Belpgel e T3 AE AERYE SR 1, STE 2, SHE 58 P & Aot A% AL
= wgch webd, 9= 1, SEE 2, 82 5ol disiAE H, | C, DEPT, COSY, HSQC, HMBC, NOESYS} 7+
o D¢} 2D NMRS ©]-&3}<] ?ig al7]e} o] BA3819it).

Fl

398 1 (Coniferaldehydeglucoside)®] NMR ©jo]E}
A4 1A4; [al”) -48.0 (¢ 0.05, MeOH): UV (MeOH) o (log e) 300(4.2), 327 (4.7) nm; IR (KBr) vpm

3385, 1717, 1650, 1541 cmi%lH NMR (CDsOD, 400 MHz) d9.61 (1H, d, J = 7.6 Hz, H-9), 7.62 (IH, d, J =

15.6 Hz, H-7), 7.32 (1M, d, J = 1.8 Hz, H-2), 7.26 (1H, dd, J = 8.4, 1.8 Hz, H-6), 7.21 (1H, d, J =
8.4 Hz, H-5), 6.72 (1H, dd, J = 15.6, 7.6 Hz, H-8), 5.00 (1H, d, J = 7.6 Hz, Glc-1'), 3.91 (3H, s,
OCH;-3), 3.88 (1H, dd, J = 11.8, 2 Hz, Glc—6'b), 3,69(1H, dd, J = 11.8, 5.2 Hz, Glc-6'a), 3.48 (4H, m,

Gle-2', 3', 4", 5'); C NMR (CD,OD, 100 MHz) d130.5 (C, C-1), 128.4 (CH, C-8), 124.5 (CH, C-6), 117.4
(CH, C-5), 112.9 (CH, C-2), 102.2 (CH, Gle-1'), 78.5 (CH, Gle=3'), 78.0 (CH, Glc-5'), 74.9 (CH, Glc-
2'), 71.4 (CH, Gle-4'), 62.6 (Clly, Glc-6'), 56.9 (CH;, OCH;-3); HR-ESIMS m/z 363.1056 [M + Nal' (caled
for CigllsOgNa, 363.1050).

313} E 2 (Bartsioside)2] NMR ©lo]E}
w2 99 [a]”) -94.5 (¢ 0.1, MeOH); UV (MeOH) Apm (log &) 218 (3.2) nm; IR (KBr) v 3318, 1710

cmﬂ; I NMR (CDs0D, 400 MHz) &§6.26 (1H, dd, J = 6, 2 Hz, H-3), 5.72 (1H, brs, H-7), 5.13 (1H, d, J =

6 Hz, H-1), 4.88 (1H, dd, J =6, 3.6 Hz, H-4), 4.68 (1H, d, J = 7.6 Hz, Glc-1'), 4.28 (1H, brd, J =
14.2 Hz, H-10a), 4.16 (1H, brd, J = 14.2 Hz, H-10b), 3.84 (IH, m, Glc-6'a), 3.66 (1H, m, Glc—6'b),
3.19 - 3.45 (4H, m, Glc-2', 3', 4', 5'), 2.91 (1H, m, H-5), 2.77 (1H, t, J = 6.8 Hz, H-9), 2.61 (1H,
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m, H-6b), 2.06 (1H, m,Hﬁa%wCNME(UMD,]OOMHﬂ §145.1 (C, C-8), 141.0 (CH, C-3), 127.9 (CH, C-

7), 108.4 (CH, C-4), 100.0 (CH, Glc-1'), 96.5 (CH, C-1), 78.4 (CH, Glc-3'), 78.1 (CH, Glc-5'), 75.1
(CH, Glc-2'), 71.8 (CH, Glc-4'), 62.9 (CHz, Glc-6'), 61.6 (CHy, C-10), 48.9 (CH, C-9), 40.0 (CH,, C-6),

35.8 (CH, C-5); HR-ESIMS m/z 353.1212 [M + Na]+ (calcd for CislypOgNa, 353.1207).

33E 5 (Feretoside)] NMR ©lo]E}
gle wabd A [al’y -62.0 (c 0.2, NeOH): UV (MeOH) Amy (log & 232 (3.6) nmi IR (KBr) ve 3316,

1698 cm ' 'H NMR(CDAOD, 400 MHz) 87.51 (1H, d, J = 1.2 Hz, H-3), 5.80 (1H, t, J = 1.4 Hz, H-7), 5.19
(1, d, J = 6 Hz, H-1), 4.67 (1, d, J = 8 Hz, Gle-1'), 4.54 (I, m, H-6), 4.34 (1H, brd, J = 16 Hz,
H-10b), 4.18 (1H, brd, J = 16 Hz, H-10a), 3.86 (IH, dd, J = 12, 2 Hz, Glc=6'b), 3.75 (3H, s COOCHs~4),
3,63 (1, m, Glc-6'a), 3.28 (4, m, Gle-2', 3', 4', 5'), 3.03 (1H, m, H-9), 2.99 (1. ddd, J = 7.6,
4.4, 1.2 llz, H-5); C NMR (CD,OD, 100 MHz) §170.8 (C, C-11), 154.4 (CH, C-3), 148.1 (C, C-8), 130.6

(CH, C-7), 111.3 (C, C-4), 100.8 (CH, Glc-1'), 98.8 (CH, C-1), 82.8 (CH, C-6), 78.9 (CH, Glc-3'), 78.4
(CH, Glc-5'), 75.3 (CH, Glc-2'), 72.0 (CH, Glc—4'), 63.2 (CHy,, Glc—6'), 61.5 (CHy, C-10), 52.6 (CHs,

COOCH;-4), 47.6 (CH, C-9), 46.1 (CH, C-5); HR-ESIMS m/z 427.1204 [M + Na]+ (caled for CiHziOnNa,
427.1211).

AAd) 5: Western blot ¥4

FEorty Zod e HSF 1 3 HSPs TEES S48 fls dHE TREF(Lee et al., 2008)°] 23|
A S35, &aECA T SDS—PAGEoﬂ S AL, YolExAER QA Hut (GE Healthcare,
UK)ell electro-transfer ¥ i, 54 A=z B3 vt. 28]al ECL A5 A28 (Thermo Scientific, USA)
o2 7}A gkt S-HSF 1, -HSP 27, z?}—HSP 70 2 3} b-actin A= Santa Cruz Biotechnology (USA)&
58 Tkl

FE5E0] HSF 1 % o]o] AAF €7, HSP 27 2 HSP 70 FE&¥E /A il A 55 4317 st 4
7] BgE2 A ¥ AfolAE, L132 AEE A3 o Western blotS 12 A7 FoF 4=3skic}. HSF 1 2
AL 33E 1 WA 79 Al 4611*1 S/ et 29E BT, 53], BAIgHoR S9E 1 2 IFE
7oA e DA77 AFEJA T HSP 27 2 HSP 709 Ao, BE 3§Eo] o5 duld Wy F4S
frestivt. 53], ATA R nAE dxaH HastlS W HSP 270 tisiMe s 1, 5 2 7oA =2
wE o] gkako]l #EE QAL HSP 700] thalAE SEE 204 =& wae] dhito] #AHATG(E 1 2D F 1).

Celastrol, HSP W& =3A
HSP 27 & HSP 70¢] 23
= AS HolEn. HSF 19 7B & Ql

tlo o

9%k A dlZ (Walcott & Heikkila, 2010)&HSF 1 w@haide] wd F7}b gle]
AL celastrol 7 F5 ¢ owo]l e MAYUTOR A8

Z7he e 1904 e

c

AA e 6: MIT assay
3]

MEE AHAHYY XZEZF (Bava, Puliappadamba, Deepti, Nair, Karunagaran, & Anto, 2005)°] uwjglx 3-
(4,5-tfolmE Mol opE-2-9)-2 5-tol A dH EetEe| g H=rfol = (MIT; Sigma) FIRER o]5°] AX=4d&
SAsTt

T AdRAY od ggES L132 cells (ICs g >5 uM)oll A oW A=A Yehl#] ¢ whd,

ot
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obAl er2"e 12.3 ule] 10y, AS Zti Al

5

=,
=

o,
tlo
)
fu)
=
32
O
™
N/

AAd 7: HSP ZE2REH 24
HSP 25 =3 HSP 70 ¢ Z2WE 48 AyE TREF(Seo et al., 2006)0l wle} FA|HetA @ LE XS
Ak, 21zt ¥ 9F NCI-H460 A ¥+ 35-mm dishes ©ll 1x10° A X2 BEF3F I 400 ng FAH B
A a];ﬁ_lﬂ T2 2 400 ng B-ZEEXTHA(B galact051dase) e WEH2 FE-

Axe setd oz AHHAUR % 12 h $ol gt FAHHA 24
[3 ZFEA A EE (Promega) &2 Xé*o‘ﬁro}‘ﬁq E’_—E‘ A= A e 59 AT HgESh =
yetid. A4 S84 (p 3 AgfshA &2 7] Student's t-test = ZAASFAT.

A7) A 8ol HSF 19] 71 &9l v F7lE BojFe 3EE 18 o]&3ke] HSP 25 (HSP 272 murine
FEl) B OHSP 700 didk A4S St SFE 12 HE&%Fd oEske] HSP 25 ¥ HSP 709 FA|H A =
2RYH 48 @AY, 53], & 20 vERd vkel 2ol seE 12 50 uM o4 HSP 25 1.47 8] R HSP
70 1.09 wje] ZERE &4& F7HAZT.

B-Actin signal® AA3}sr o] L1132 (human embryonic lung tissue cells)ollA¢] HSF 1, HSP 27 2 HSP 70
o] AHAQ WG AHE 7] i 1o 23T

721
FAAE ()
3IeHE HSF1 HSP27 HSP70 ICs0(ulD)

1 1.214 + 0.013= 1.316 £ 0.067% 1.102 £ 0.057 > 5uM

2 1.144 £ 0.066 1.270 £ 0.085 1.162 £ 0.048% > 5uM

3 1.159 £ 0.108 1.331 £ 0.115 1.205 £ 0.063 > 5uM

4 1.114 £ 0.054 1.295 £ 0.109 1.157 £ 0.077 > 5uM

5 1.153 £ 0.052 1.357 £ 0.082x 1.129 £ 0.043 > 5uM

6 1.041 £ 0.086 1.179 £ 0.073 1.158 + 0.057 > 5uM

7 1.167 £ 0.046% 1.333 £ 0.093x* 1.152 £ 0.091 > 5uM

Celastrol 1.019 £ 0.003 1.193 £ 0.038= 1.319 £0.040% > 5uM

T ® ND ND ND 12.3
axol

1 B 32 Ay 5 12417 3o A HY AE Fo Hy+ Spolvk. @ 2 ujA e Abe]e] HSP 70, HSP 27
TEHSF 1 d o] HuE E3 EAE2Q Fa3 Ao]E #p<0.05 & YERHATF. [C5akS L132 cells?

S 500 Adlst=d 2adk sx(ulolth. Celastrol HSP @3S 93 thxatoz ALgE Q. a8 g

= AEHES A% dxzaes AHEHAH.

AZHoR FFE 1 9 7L 3 uMdllA] HSF 19 wdL 77t 1.214 2 1.167 ¥ Z7/MA A, &= 1, 5 2 7
of a4 HSP 27¢] WAL zb7} 1.316, 1.357 2 1.333 wi7} HJct. 2 2= 1.162 w2 HSP 70¢] 239
PAs FreE ZYE BolFEAok. w3k, s 18 50 uM oA HSP 25 (1.47 ) 2 HSP 70 (1.09 =)<
FAH A Z2REE ST, olH e AMAE SgE 12 dA AxgdelA g AR ggEelE)
£ AE Yehdn. oAL T3 AAERH FEH 3= 1 WA 79 HSF 1, HSP 27 2 HSP 709 % €4
S HxzE ®B1d Aot}
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Ao 8: AE FETH £4

A3 TaxolT [R(PAM) B AEAE &48 F F I8 F54 SFES HstAY == A dARdel
JZAA AAEE 9 5095 = ZAA 5}8&” (coniferalaldehyde glucoside @} coniferalaldehyde®] HSF13}
HSP 5ol Fdatttes AS lste], dAZFY stgE= Ayl fsiA 2 o 518k 19 3hghE<d
glucosideH B S A&} oniferalaldehyde FFES Fulste] AE8S W SAHS FAIAZS L I A
1 Fo AxE EY EF(trypan blue)® A8kl A7 7] (Hematocytometer) 2 A XFE SAT & A
58S Western blot WE o2 A3},

SBE 19 A EALY] W= S

e

gat7] flal A caspase-3 B AT PARPL ©h A WS AT
L] Eo A dAS SPS-PAGES] oafjA] EHAa, UolEEAERZ e~ Au (GE Healthcare, UK)ol AA-#
(electro-transfer) HQ, A FAZ E=rstgdvt. 18] ECL A= A~ (Thermo Scientific, USA)<S
2 7MX 33T, 8F-cleaved caspase 3, @-cleaved PARP1, ¥ 3 B-actin &A= Santa Cruz Biotechnology
(Ush) 258 skl

X

oo,

3, Abgha-E Blo} #) A 3E(human embryonic lung cell)¢l L132 Ao IR
%1871 #180 apoptosis "F# ] Cleaved PARP9} Cleaved caspage3< ¢l @ &

gk TellA &g i3k HEadE e MX AEES Yot A &4 mE A
Qg g T (= 4).

i
)
b
b
>
o

AAd 9: T8 ALY 4

upg-2=o AR TyE HFAA FE 1o g AEeHs AT A AY EF xd ste=

1(coniferalaldehyde)& 75 oIskal (5mg/kg, 10mg/kg) Thed A (whole body exposure)s =7 I

ZAIZ & 39 B AR o= BAFAE AASIGTE. o] & FEo] BF APdEtE Y A "gf%l% 1

f‘L:é}oq WA e adts lelE A3 Ht bdmg/kg Fo] TollA 3.7Y, Ht 10mg/kg Fo TollA 3.99 A
Yol 27}0}—'\3 A& 2 &k (= 5).

Con. 1 2 3 4 5 6 7 Celastrol (3uM/12hr)
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A Control

IR Taxol

+

-+ -+

W —

— — =

-

B 120 4

100 -

o
o

Cell survival (%)
L (=]
o o

N
o

0 -

IR
Compound 1

EWS

12

10

% Survival

Compound 1

Cleaved PARP

Cleaved caspase3

B-Actin
C 120
—~ 100 *
=X
S 80
Z B
Z 60
=]
»
= 40
(6]
20
0 -
Taxol - - + + + ++
Compound1 - + - + — &
== Con

~==Compound1 20mg/kg

-+ |R alone

== |R + Compound1 5mg/kg
=+ |R + Compound1 10mg/kg

13 85§67 9 1113151719 21 23 25 27 29

Days
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