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FEAF~EY Y= HL-60 Aot 2 dAFFAE S-S AsA 9411]3}919-“1,
HL-60A129] oncogene?l c-Myce &S @A Attt A~ 99 3
ola 37} apoptosisfr=el] 93 HAYS DNA fragmentation, sub-Gl hypodiploid
cell population®] 37}, chromatin condensation® @ 2A&}A T FFAF2~ 2] 3] of A
FE FaEAdS FHSEA e dd RS ZEEkan BE 4EA de =42
o]u}, cornoside, eutigoside B % eutigoside C= FH5AI2#UYY AEo=w By
H7b gk ol FolA e FAAA EaE dEhue, st tiE Balvt m
"3k eutigoside CE AFg&3}o] apoptosis FFE=7] Ao thale] Ay B kt}. Eutigoside
C+= Bcl-29 down regulation® P EZE=g o2 HE 9] cytochrome C2o 2o <
3 A2 9] caspasesE &4 313l HL-60 Al* 9] apotosisE F =84S & 4 AT}
QEAL A~ T oA B3 eutigoside B 2 C7} chemopreventive &37F =4 4
3 #HdFH pro-inflammatory cytokines (TNF-no % IL-6), COX-2, iNOS ¥ NO
A4 ol digk a3E HAAste ol A eutigoside B 2 C7F TNF-a H
IL-6 A7, INOS¢ COX-2¢] @il 2y g NO¢ S dA3] Asiatdct. ¢
A2 E 9o A 28 d eutigoside C= apoptosis 2 A5S Aol doxm 2
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- SCIF %X 9 Cancer Letterso] “Induction of the apoptosis of HL-60
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promyelocytic leukemia cells by Eurya emarginata” i=%o] AA590S HokS-.
- FY Y AEsFEx| 9l oFst3] x|o] “Eurya emarginata® murine macrophage
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< EXECUTIVE SUMMARY >

Pointed Keyword Related Keyword

Eurya emarginata Bel-2 c~Myc

Keyword - —
apoptosis Bax eutigoside B

eutigosides caspases eutigoside C

p The purpose of present study is to examine the effects and action mechanism of
urpose

o Eurya emarginata on the growth of cancer cells, and to develop anti—cancer

Research agents using the constituents of the plant..

The crude extract of E. emarginata markedly inhibited the growth of leukemia
cells such as HL-60. When the HL-60 cells were treated with the EtOAc
fraction, DNA fragmentation, morphologic changes and sub-Gl hypodiploid cells
were observed. Therefore, the inhibitory effect of E. emarginata on the growth
of the HL-60 cells appears to arise from the induction of apoptosis. Moreover,
the EtOAc fraction markedly reduced c-Myc in a time-dependent manner. We
isolated four compounds, quercitrin, cornoside, eutigoside B and eutigoside C
from E. emarginata. Eutigoside C reduced the Bcl-2 protein and mRNA levels
Contents in a time-dependent manner, whereas the Bax protein and mRNA expression

of levels were increased. The release of cytochrome c¢ from mitochondria into the
Research cytosol was observed. Also, the expressions of the active forms of caspase 9
and 3 were increased in a time-dependent manner compared to the control, and
the activation of caspase 3 was demonstrated by the cleavage of poly
(ADP-ribose) polymerase, a vital substrate of effector caspase. These results
indicate that eutigoside C from E. emarginata induces the apoptosis of HL-60
cells via the down-regulation of Bcl-2 expression and activation of caspases.
And, eutigoside B and eutigoside C potentially inhibited the production of IL-6
and TNF-n0, and reduced the iNOS and COX-2 protein levels.

- Isolation of 3 biologically acive compounds from FEurya emarginata
- Examination of anti-cancer action mechanism of Eurya emarginata
- Proposition of the base for the use of eutigoside C as chemotherapeutic and
chemopreventive agent
Effectiveness |~ Patent applied for the anti—cancer activity of Eurya emarginata
of - Patent applied for the anti-inflammatory activity of Eurya emarginata

Research - The manuscript entitled "Induction of the apoptosis of HL-60 promyelocytic
cells by Eurya emarginata” has been accepted for publication in Cancer Letters.
- The paper entitled "Suppression of pro-inflammatory cytokine production by
Eurya emarginata in murine macrophage RAW?Z264.7" has been published in
Yakhak Hoeji.
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- NMR, Mass spectroscopy, IR spectroscopys < ©]-&3F 21

@ HL-60% H£3 dAX HFd dg $F5AI2d8Te 57 HA

- QFAIE ] w9k (HL-60, U937. Jurkat, SK-OV-3, MCF-7, SNU C5, A549 & 15%)

- dAE el digk &3 A4 AR A (MTT assay)

- GAEFIL obd AA AEZF (CCD-25Lu 2 HEL-299)9] Aol thdt $EAlxwy FE559
29 A4

Q@ FHEAIEAT Y BAFTF AX SHHA 71 T3

Z 2 0] A

- Apoptosis Fxol 93 Z AFE ZF2

: DNA fragmentation assay, DNA content &%, morphologic changes %+
- 2ok FEel o3 FYAS

CAEEW Y e FHews)

S xo]—

2
o

o
e

@ SEAI=E Y FEAEY EYFYF AXE Apoptosis =71 73
- c-Myc mRNA % protein®] Z&deo] tfst g3}

- Bcl-29] mRNA ¥ protein®] @3of] W3t g3}

- Bax mRNA ¥ protein® 2&o] o3t a3

- nEZ= o2 HE MXEZZ cytochrome Co #3

- caspase-9¢] &4 3}

- caspase-39] @43t 2 7142 poly(ADP-ribose) polymerase® 2 ¥ 3}

® FEAIEH Y FEAEY A AIEF] JAEH

- pro-inflammatory cytokine?l TNF-a % IL-6 o] 3t &3}
- COX-29] W&ol gt g3

- INOS®| o] g &3 % nitric oxide Aol ofgh &3
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Q@ FEAEY EH

FEAb=E T o] g £ FolA Fa@Ae] =2 oHotAHo]E #& o] thste] normal-phase
column chromatography % reverse-phase column chromatography S< Al33te] oz EEoz
thra A gekEAd S Aske] FadEel A B82S F4 38t Normal-phase silica gel column
chromatographyll & Silica gel 60(230-400mesh ASTM, Merck)e] A} &% om, Ha Ao Al&
¥ TLC(Thin-Layer Chromatography)= precoated silica gel aluminium sheet(Silica gel 60 Fosa.
2.0mm, Merck)& A}&3th TLCAHAA EEd EZES g2str7] #3519 UV lampE AF&3sHA Y
TLC plateZ visualizing agento] X2 A7l 3 heat gun<s ©]&3o] AZA| AT} Visualizing agent®
© 3% KMnO, 20% KyCO; % 025% NaOHE <33 898 AF&stsith. HPLC(High
Performance Liquid Chromatography)E Waters 2487(Dual A absorbance detector, Waters)S Ab-&
3+ 1, ODS column(Prep Nova-Pak HR C18, 7.8x300mm column)& #2tste] o) 284
o] o] &% += NMR(Nuclear Magnetic Resonance)= JNM-LA 400 (FT NMR system, JEOL)S o]-&

&3l

2) HAT] Aol g $EA2eN 228 L FHAR 53} A4
O Al EH &

qy FTFHe FHEFTE o MEFT 2YPKCLB) L ZHFE =Y §rol 37T, 5% COy @271 A
st om, A wFEe 3~4Y0) FHA A Ps¢h. HL-60, MCF-7, HCT-15 SK-OV-3,
SNU-16, SNU-C5, HEL-299, A549, KG-1, U937, K562, % Jurkat &AIEZE2] #j¢tel= 100 units/
2] penicillin-streptomycin® 10% fetal bovine serum< *33F= RPMI 1640 wj A = A}-&3 At}
8] 3, A-498, CCD-25Lu, MIA Paca-2, A431, HepG2, 2 SKN-SH A 9] Hj kel = 100 units/
m¢2] penicillin-streptomycin® 10% fetal bovine serum< 3X3+5li= Dulbecco’s defined Eagle's

medium (DMEM)E A}-&3}5 T,

@ EAES Ao dg 23 HA - AEAE FA (MTT assay)

96-Well microplate =+ 24-well microplatee] ¢HAZE 3x10° cells/ml® 231, $EAL~H T F
=&, B, e BE AES 100 gg/mee] sE2 A v 447 wjdstidth 7]l 2 g
/ml 2] 3-(4,5-dimehtylthiazol-2-y1))-2 5-diphenyltetrazolium bromide (MTT)ZS 50 pl 3 7}sFal 44
ZF o wjkst o, 94 BEEste] A AS A ARG o7 dimethylsulfoxideE 718l A&

=A43sto], MTTY o] W& formazan A= A A

ﬂllﬂ.l

S &7 the 540 nmell A S =
o

3) $EAIZG Y YFF AIXE SHYA 71A 79
7}) Apoptosis F=o 9% FF AE F24 A
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- DNA fragmentation assay

HL-60 AE (3x10%m0)el 100 pg/me] Fw= A &E 718 the 12 AzF wjgstdet. A xs +
A3 & Promega Wizard® Genomic DNA Purification KitE A}-&3}¢] DN Ty sk ek

DNAE 15% agarose geldllAl 4A]ZHG0V)Er 7955 ¢ o5 ethidium bromide®= @M &}aL
UV transilluminatordlell /1 DNAY#H 3} dAAS #2319 o}

- AEF719 &4

HL-60 A% (3x10%me)el 100 pg/mle] %2 A|2E 7}ek thS 24 AJ7F wjekalitl. HL-60 Al
XE FE3to] PBSE AAHT v, -20 CTolA 1x3Et 24X 7 & PBSE A% 33, RNases
At L gl  propidium iodide®Z @A 3stil, FACScan flow cytometer® A EF7]E 4

3Fo] apoptois = FAMSF T

- Morphologic changes
HL-60 A% (3x10%mé)el 100 pg/mel TR ABE 713k U 24 A7F wjksldith HL-60 Al
F53lo] PBSE Al X3 the, 2 % paraformaldehyde® 1A A7l 5 PBSE A H3stadvt. 1t}

e
i

2o MAEZE 46-diamidine-2-phenylindole dihydrochloride (DAPDZ 30& &< dAstx, dAE A
X E slided] mountst thol 3 dv| 4 S ALEste] #E3se T
W) B3f=e g3 FTF AxE FA YA

- Fluorescence-activated Cell Sorter Flow Cytometry

HL-60 AE7F ¥3to] o= dAo HE AEAVE Dolry] i ALEY F9& 45

&}

At 28l SEANAY TS FEEY AP st AlxXxd o] W3lsl=AE HAste] ofu
A2 BE3st=A Lolr gkt Hematopoietic celle] E3dAS Lolr 7o A3 CD antigen®l

(o,

th 3+ monoclonal antibody(E3], mouse antihuman CD33, CD34, CD14, CD66b)E Al-&3tutt. &%
Ar=gd el FEES 7tete] 593 wiYgst HL-60 AXE2E 838t PBSE Al sl Tubeol
HL-60 AX (2x10° 100xLE 7}38kar, 7)o monoclonal antibodyZ Z+zF 20 A 7}8ke]  vortex
mixing3t ©S, WS s F ATCoA 3083 S AHT. tA] ZF TubeE vortexd oS 1%
paraformaldehyde &9 500< 7bete] MEE mAAZl F. COULTER“EPICS®XL™ Flow
Cytometer(BECKMAN COULTER)E Aldste] Alxzxd FAS A5t

4) FEA=EY FEYE 4TS A E Apoptosis #E7IA
@O Western Blot Analysis
FEAFY o] AT apoptosis frE=7] S Bel-2 @M E el @y, Bax @] w2y,

c-Myc ©+¥1d o] 234 Caspase-9¢ &4 3}, Caspase-39] @43 2 poly(ADP-ribose) polymerase
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(PARP)9] A2 olr gttt HL-60 HXE (25x107/ml)ell $-EAr2=3 o] et 2e Aed ths
A 3tsle] PBSE 2~33] A& & 500 w9 lysis buffer® #H7}sle] 14175 ¢r lysis AlA L

AR
™ rpmell A 2083 4 ZE ko] Alxe AR 55 A7stth @A 5= Bradford W
m
=]

!

=
=

4

14,0

()
S

= ]

o

stol A% 3Tt 40 pg9] lysateE 10 % 2 12 % mini gel SDS-PAGEZ WA &2 8}
o], o] 2 PVDF membrane(BIO-RAD)el 200 mA= 2A| 7+ %<t transferdt$ith. 28] 32 Membrane ]
blocking& 5 % skim milk”7} &% TTBS (TBS + 0.1 % Tween 20) &8 A AL A7 &
ob AAEATE. c-Mycd & S AESY] 93 FgAEZE anti-human c-Myc  (1:1000)
(Santa-Cruz), Bel-29] 2d &S #HES7] Y3 A Z = anti-human Bel-2 (1:1000) (Santa-Cruz),
Bax9] 28 & HESY] 93 FAZE anti-human Bax (1:1000) (SantaCruz), PARPS] =& <

S HAE3F 7] 93 dAZ anti-PARP (1:1000) (Santa-Cruz), caspase-9 @439 4& HAESH7] 9
3l A 2 cleaved Caspase-9 Ab(1:1000) (Cell Signaling) ¢ caspase-3 A 39 %S AESF 7] 9

o
O

A 2 cleaved Caspase-3 Ab (1:1000) (Cell Signaling)S TTBS &oA 32X sle] A3 2

=)

WS Aol A 2417 FoF A} 23 dA 2= HRP (HorseRadish Peroxidase)”7} Z23ghs
anti-rabbit IgG(Amersham Co.)¥} anti-mouse IgG (Amersham Co.)E 1: 500002 3] 3&lo] o] &3}
Fom, Nhg2 A 302 F¢ AP sTE I F membranes TTBS® 33 A4 3ste] ECL 7]
A (Amersham Co.)Z} 1~383F ¥8 5 X-ray &l #3333
@ RT-PCR Analysis

HL-60 AIZ(2 x 10 °/me) o $-EA=de] e Add de AXS #4890 A
= 2 ~ 33| Phosphate Buffered Saline (PBS)® A]%3F t}g, RNAZ TRI reagent (Molecular
Research Center, Inc., Cincinnati, OH)E ©]-&3}lo] #2331tk TRI reagent 1 mE FH7bshal A&
oAl 53t WA & 0.2 mle chloroforms Y3 2 412 U, 16 $o 14,000 rpmo 2 94 &
g dte] A=dL Hagoh of7]el 05 mlel isopropanold ¥o] RNAZS HAAZ ©e, 75%
ethanol® M &3stxx AZAZT Transcriptase-Polymerase Chain Reaction (RT-PCR)o| 23k
cDNA A3} PCR amplification®] Table 19| sequenceE Zt+i= primerE ©] &3t th 1 pgd A
RNAE 23 1(dT)18 primer, ANTP(05 uM), 1 ©$] RNase A 34 (inhibitor) 3 M-MuLV < ZA}
& 2 (reverse transcriptase, 2U)% 70ColA] 5%, 37ColA 58, 37ColA 605, 8|3 70TCA 10%
A TFEAI OB M-S TAA AT A FEFHES(Polymerase Chain Reaction, PCR)2 &4
H cDNAZH ¥ Bax, Bcl-2, cMyc, (-Acting FZFA17]7] $8Fed, 2 w cDNA, 4uMe] 53 3
primer, 10x €= (10 mM Tris-HCl, pH 8.3, 50 mM KCl, 0.1% EzE X-100), 250 uM dNTP,
25 mM MgCl,, 2@ 1 Unit Tag polymerase(Promega)E 4131l SHITE AAE 25 W= @ oL
W7l -dw §12 Z=Z7)(Perkin-Elmer Thermal Cycler)E ©] &3] PCRS A A& tl olwWf PCR
27E 94T/45%, 55760C/45%, 72T/60%, 353 1™, PCRel| o5t AdE &2 1.5% agarose

geldl A A7]19 %S AA3FaL ethidium bromide® 92 3le] =4 bandE #9213}t
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Fragment size(bp)
292

Table 1. Sequences of primers and fragment sizes of the investigated genes
364
397

Primer sequences
5'-TGCACCTGACGCCCTTCAC-3’
5'-AGACAGCCAGGAGAAATCAAACAG-3'

5'-ACCAAGAAGCTGAGCGAGTGT-3’
324

in RT-PCR analysis
5'-ACAAAGATGGTCACGGTCTGCC-3’

Gene
5'-TCTGGATCACCTTCTGCTGG-3’

5'-GCTCCTCTGCTTGGACGGAC-3'

Bcl-2
5'-CCAAGGCCAACCGCGAGAAGATGAC-3’

5'~AGGGTACATGGTGGTGCCGCCAGAC-3’

Bax
C-myc

SRR RV

o, A v 3~4Yol kA Al P33

Joll A wl]

{ﬂ,

[i-Actin
FEA A2 T AFA AlolEFY A&
S
t}. Lipopolysaccharide (LPS. E. coli serotype 0111:B4)= Sigma@ZFE T Y3te] AFE3g o,

5)
O M= =2 A
g7
Interferon-¥ (mIFN-¥, recombinant E. coli)= RocheZ%F F3to] A& AF&3FA
ATk o] F HiAE AA
ok

(1 pg/m)=
-(:)‘l_

Murine macrophage cell line ¢! RAW264.7 A3+ KCLB (Korean Cell Line Bank)® F-¥

& wWrol 100 units/m¢ penicillin-streptomycin® 10 % fetal bovine serum (FBS)¢] %% DMEM
Al & ARE-ste] 37 C, 5 % COq

)=}
AA .

Murine macrophage cell line 91 RAW264.7 AEZE DMEM HIAE o] 8359 1.0x10° cells/ml=

TTLE

EEFA g 099 ol

2ol A weFsteith 6417 F TNF-a sh L6 4%
HF Qo)A Adstgith TNF-o #%
-{51_

@ In vitro A pro-inflammatory cytokine ¥4 2 A%
S 24 well plate o HE3}3L, 5 % COy F-27]o A 18417 AwjoF 3

%

2

=%
()

A3 5 24 well plateo] HZE
}\o]_

108 s% (1 mg/mO)= A" AFEHD 50 weF 450 el LPS
Alell A glate] oA YU %=

Z4 %
Sk =
A2 wWAE &
L g wWxE 4AEH (12,000 rpm, 3 min)ste] A2
cytokine A %2 mouse ELISA kitE ©]-§3t% 2™ standard © ©f
| EA8tE NO, o FHl= SAs AT, Al Zvjd
H  sodium nitrite (NaNO2)=

)
LR

g
o] ATh.
® Nitric oxide (NO) assay
RAW264.7 AIZE DMEM ¥4 & o] &3] 15x10° cells/ml
stal, AlE F% 100 pg/mé¥} LPS 1 pg/mE FAlel A she] 48417 w3ttt A4 E NO9J
ol =0
100 09} Griess A SF [1% (w/v) sulfanilamide, 0.1 % (w/v) naphylethylenediamine in 2.5 % (v/v)
phosphoric acid] 100 (ZE &3sle] 96 well platesell A 10% ¢ ¥+ A7l 3 540 nmolA FF =
o] &3} o] RO
IP:14.49.138.138, 2017-11-03 15:14:47
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ELISA reader&
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@ COX-2 ¥ iNOS9 od #4 : Western blot analysis

RAW264.7 A (1.0x10° cells/m)S DMEM H{A & o]&3le] 5 % CO, 7|0 1847k #w) <k
St o] A E A AT 108 T%= (1 mg/m)=E ZAE AlFdEZI LPS (Iug/ml)e INF-v (50
U/m)E 73 MZE wiAE S0 Agste] dujdat ¢ oA wjdstdet. AEE 2~33]
PBS (Phosphate Buffered Saline)® A& % 1 m¢9] lysis bufferg 7}, 308 ~1A7F5¢k lysis A1 7]
< 12,000 rpmell A 203 Alste] Alxdr AR 55 AASHT @8l FE+= BSA  (Bovine
serum albumin)< % #3}3F] Bio-Rad Protein Assay KitZ Al&3te] A ZatAth 40 pgd lysateS
8 % mini gel SDS-PAGE (Poly Acrylamide Gel Electrophoresis)® WA g]slo], o]& PVDF
membrane (BIO-RAD)°| 200 mA&Z 2A1ZF &9 transferst$ith. 18] 32 membrane?] blocking 5
% skim milk7} g-f¥ TTBS (TBS + 0.1% Tween 20) SN A A2oA] 2A]7F5 9t A A& T
iNOS9] o 4& HES7] 918 A Z & anti-mouse iNOS (1: 1000) (Santa-Cruz) & COX-29]
g E3l7] 9gk A Z+E anti-rabbit COX-2 (1@ 1000) (Santa-Cruz)& TTBS -8 o] A

= <
g sho] AFeolA 247

[e]
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o
o

o{o

Azl & TTBSZ 33 MAstdtt 22k A2+ HRP (Horse Radish
Peroxidase)”} ZA3dt%E anti-mouse =+ anti-rabbit IgG (Amersham Co.)Z 1: 50002.2 3]A]35}o]
gl 30 g wkeAIRL F, TTBS® 33 AlAste] ECL 71 (Amersham Co.)# 1~3% 3b wh
S et

+d

N

ul
ol

& F X-ray 250l

A 2 aF
FEAI2HE A Y] FEAAEY 8 2 7= A9
MTT assayE ©|&3le] FAd&AHS AAsAA FH5A2=H I A4S Fig. 1 2 Fig. 20 =4
stet Ao T st 479 TdA gAstF ). Fig. 19 8 HAH 22 compound 1]
e

quercitrin - ¥ compound II?] cornoside?] TUEAAES ®#ET £ UdAew, compound IIE

M
-
BN
i

eutigoside B¢} eutigoside C9] TFEJS 5T F AUt} Eutigoside B ¢+ CE Fig. 24 =23}
3 Aoz Bedto] JA-AE eutigoside C, JA-CE eutigoside BYS #2138t} Quercitrin®
ALz e] AR R ojn & A A= EZo|U, cornoside, eutigoside B % eutigoside C&= Tt &
AEel rors Huse glou™ sEAxdy e Ao Bud wrt gk 479 gd A4
SolA quercitring 7H¢ @el SR 5 dd o, 100 pg/mee] Fx== Al Aldd HL-60 AlZF
AA a37F 45 %2 EtOAc &l #8EF9 ayxHv; #A 3kvh. 1831, cornoside® HL-60
M SAGAETNE e Y 71 Aol Hask S FHEA] KElo, eutigosidesE AFE3le] A
g A1E SRRt B F eutigoside B Co HL-60 ZA9A&9S A3 23 (Fig. 7),
eutigoside Boll H]3}lod eutigoside C¢ HL-60 AEZF2dA g7 Zsle] dddrjd AFfo+=

eutigoside CZ A}-&31 o

A

1>
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Dried Eurya emarginata powder (175.82)

1) extract with 80% MeOH
2) stirring for 24h at room temperature

Y 3) vacun fittration
80% MeOH Ext. (58.210g)
suspended with water (1L)
v Hexane (ILX3) v EtOAc (ILX3) v n-Butanol (ILX3) v

Hexane fr. (518mg) BOAcf. 09769 | | nBuOHR. @M | | HOE™p |

(315, Silrica gel 100 C18-Reversed phase) with

1) dissolved in EtOAc

2) normal-phase colurm chromato 207100 P el
graphy(5<22, Kieselgel 60) *20%1\’&01—1 *40"/%011 *60%1\&0[1 *&}“/JVEOH *1«%\&0{{
with FtOAC/MeOH (10/1)

|ﬁ'.1(793.lng) | | .2 (75.9mg) || 3 (71.2mg) || fr4 (23.6mg) | | .5 (128.5mg) |

[ir.137mg)] | fr2274mg) | [ fr3@75mg) | [ fra36)| [ 509950 | fr6e01p | [i7667m0)| | 804799 |

Compound | Reverse-phase colunm chromatography
(315, Silica gel 100 C18-Reversed phase) with 20~100% MeOH

Y20%0e0H ¥ 40%VeOH ¥ 60%MeOH Y 80%VeOH Y 100%MeOH
fr. 51 [ 52 ] [ 53 ] fr. 542.5251g) [[fr.55 |
Normal-phase colunm chromatography
with CHOy MeOWH, 0 (7.52.50.3)
y
[fr541] [542]| [m543] [ms44089my | [ws4sGieomg| [ 546 | | 547 |
Prep TLC with CHQl MeOHH,O (7.52.50.3)
Normal-phase colunm
] Y Y L] L with CHOL/MeOWH,0 (82/0.1)
Tl | [ 2 | [ &3 fr. T4 .15
@amg| | Gsmg | | momg)| | Gomg
HPLC (1iBondapak C18, 7.8>300mn Y y ] Y y
colurmm) with 70% MeOH fr.5451 | [ fr. 5452 |fr.5-4—5-3 |fr.5-4—5-4 |fr.5-4-5-5
2.7mg) (21mg) || L (XA (83.7mg)
fr.T4-H1 fr. T4 Gonpound 111
(265mg) 0510
Compound ||

Fig. 1. Systematic purification using the solvent partitioning and column

chromatography from Eurya emarginata.
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Dried Eurya emaginata powder (150g)

1) extraction with 80% MeOH
2) stirring for 24h at room temperature
3) vacuum filtration

80% MeOH Ext. (48.8g)

suspension with water (1L)

Extraction with Extraction with Extraction with
Hexane (1Lx3) EtOAc (1Lx3) n-Butanol (1Lx3)
Hexane Ext. EtOAc Ext. n-Butanol Ext. H.O Ext.
(320mg) (7.665g) (12.105g) (15.4¢g)

1) dissolved in EtOAc

2) Reverse-phase column chromatography
(3x15, Silica gel 100 C18-Reversed phase)
with 20~1002% MeOH

lZO%MeOH l 40%MeOH l 60% MeOH l80% MeOH l100% MeOH

fr.l fr.2 fr.3 fr4 fr5
(603mg) (430mg) (151mg) (51mg) (190mg)
fr.1(603mg)

Sephadex LH-20 column chromatography
(CHoCly/acetone/MeOH = 3/2/0 to 1/4/0 to 2/7/1)

v v I

fr.l—l 1_2 ............ 1_26 ......... 1_30 1_31 1_32
(13mg) (30mg) (300mg)
RP HPLC RP HPLC S0z column
‘ ‘ chromatography
JA-A JA-C Quercitrin

Fig. 2. Isolation procedure of eutigoside B and eutigoside C from Eurya emaginata
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Fig. 4. The structure of isolated compound I (Cornoside)
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Fig. 6. The structure of isolated JA-C (Eutigoside B)
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80%MeOH  EtOACfi.  EF54-5-3 Eutigoside- B Eutigoside-C

Figure 7. Inhibitory effect of Eurya emarginata on the growth of HL-60 cells.
The HL-60 cells were treated for 4 days with 100 xg/mé of components of E. emarginata.
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2) FAESL A A +EALAY d FEEY 23
ole] & AEFE AREete] $EAF=EH Y o] 80 % vigE F

9 AE B9 2 &) BIe ENE ARnRT. $2A

2
=

r—{u:

RS 100 pg/mee] R Asilon, A ARl AT A g 5
o) BdE AlEe tiARdS St doprokth Az ATl mE A2 tetrazolium

salt®] sl MTTE Ab&ste] MTTE] gelol o8 B4 %= formazan®] F3==2 FAAT. 5

Az o] S A dAEe] TRt T4 AA BIH(%)E Table 20 A 2lsdth
FEAl=E 9= F82 HL-60, KG-1, U937, K562 % Jurkat ¢ 28 AFF Alxe] A4S o
A8l AR oy, A, W, FEYE, A, A9 2 AGGIS 22 aFE Azl diF S4

3
AA &7 vn el T3 CCD-25Lu 2 HEL-299 & ANAEFY AFAw Ao JAstA *
0] o]

sk olsh e Adhe WM Aw L olme BHoE AgHT Y FEAzdwe 9o
5}

bt

FEE 2 TS NP A5 o8& & e TAE AAXSE ALER. SEAI2H I &
BT UM FAAA 71HAS HL-60 AEE o83l #3lF% 2 apoptosis %= SHANA A}
A=
3) $EALAE T HL-60 Al¥ &4 94 714

FEA =Y 9] HL-60 AFIAE G52 A a7t apoptosis =0 o st A=A E&=

of el wstel F7kekA @tk (Fig. 8). o1 ACE $HA~e S HL-60 BAFFAE 4

A, SEAF~E T o] HL-60 EAEFAE G524 AT Y7} apoptosis = 2 g 1A
endogenous Ca”/ Mg® 924 nuclear endonuclease 4380 w2 DNA w3t A4S #2319
o (Fig. 9). 1 23, 521298399 80 % Wes FE&o4 83 DNA ladderE #&E = 3l

o, 80 % WE29 solvent partitioningol] W& 7z} FEE Fo| A= ethylacetate F&& =79

o3t DNA © s} d’go] 7bd F3ishAl #2EHAY. S5A=d e FE5E9 Held 95t A
F7] B2 A apoptotic peak?l sub-G1l hypodiploid cell population®] Z7}8l=x] ZAbslgth. 1 4
T SEALAY ] Y ethylacetate B8 & 2 eutigoside B8 CE E = BIE fr. 5-4-5 9

9]3le] apoptotic cell®] portion®] F7Fshs &1 4 AT} (Fig. 10-1, Fig. 11-1). o|¢} &2 23}

= AEEe Bste] DNAS d4eti DAPIE ol &% 9o fejsty wsl fae] oJeldw &

e
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Atk (Fig. 10-1, Fig. 11-1D. DNAS w#As dgo] W3] #AFAHJW $E5A=H 9
ethylacetate 3% 2 eutigoside B9 CZ E3sl= BIE fr. 5-4-5 A o] 93le] HL-60 A 3E 3

9] condensed chromatin® 22 W3S T3 = YA

TEA=E o] 2 AEsA w4 A wWEY AEQ HL-60 MXe A4S dA3 A3t
o a9 & =2 A& = HL-60 AES apoptosis =0 93 AAS & 4+ AT}

Table 2. Inhibitory effect of the several extracts from Eurya emarginata on the growth

of tumor cells

Cel Tine Tissue./ | Growth Inhibition (%)
Tumor origin  80% MeOH Hexane EtOAc n-BuOH H0

HL-60 blood 53.46+1.645 31.33+3271° 70.114#3.683"  34.65+2.342" 11.78+2.251"
KG-1 blood 62.98+2.054" 40.48+3.196° 63.07+2.019°  64.78+3.007° 19.74+4.481
U937 blood 23.45+3.801°  8.11£2.358"  72.25+3.183"  69.89+2.299"  37.40+4.957
K562 blood 2852+3.145° 17.96+4.614° 4518+2.851° 16.96+3.828" 19.66+3.568"
JurKat blood 65.87+4.102" 17.74+3.986" 66.34+2.814° 58.83+4.573"  45.16+4.259"
MCF-7 breast 2.49+1.135° 33.86+4.471° 12.34+3.483"  10.45+3.193" 17.28+4.636"
HCT-15 colon 25.14+2.045"  40.69+3.639" - 18376560 12.20+2.384" 39.10+3.588"
SK-0V-3 ovary 8.07+3.789"  1650+4.993° - 8.76+4.245" - 6.81+1.529° - 2.71+1.601"
A498 kidney 347412347 - 0.7142.483°  4.29+2.156°  20.68+3.204° - 8.35+2.845"
SNU-16 stomach 4.07+4.148"  2870+3.203°  23.62+5.370  23.62+5244  10.85+4.627
SNU-C5 colon 19.12+2.546° 8755235  31.76+3.888"  49.46+3.705°  5.50+6.074
MIA PaCa-2  pancreas 1.92£1.255" 16.76+2.064"  9.33+2.254° 7.85+1.833"  0.51+4.602
Hep-G2 liver 3.96+1.947°  2.98+3.198°  6.83+4.403 4.13+4.415" 5.85+7.748
A431 skin 0.03+1.526" 10.31+8.188  1.47+3.539 3.98+4.430°  4.33+4.837"
SKN-SH brain 30.39+4.762"  65.77+1.457°  28.36+3.077°  5.45+2.718" 7.20+6.372

The cancer cells (1.0~3.0x10°/m¢) were treated for 4 days with 100 gg/ml of the extracts in
After

(MTT) was added and incubation was continued for further 4 hours. The formazan salt formed

96-microwell plates. incubation, 3-(4,5-dimehtylthiazol)-2 5-diphenyltetrazolium bromide
was dissolved in dimethylsulfoxide, and quantified using a microplate reader at 540 nm. The
mean absorbance value for each extract was calculated. Results are expressed as the percentage
inhibition that produced a reduction in the absorbance in extract-treated cells compared to the
untreated controls. All the experiments were performed in triplicate. The data is presented as a

mean *SD. *P< (.05 compared to the control.
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Fig. 8. Flow cytometric analysis of HL-60 cell surface antigens.
The cells were treated for 6 days with the 80% MeOH extract of Eurya emarginata
(100pg/m¢) and expressions of CD 6b(A) and CD 14(B) antigens were analyzed by FACS.

Fig. 9. DNA fragmentation by several extracts of Furya emarginata in HL-60 cells.
HL-60 cells (3x106/m{) were treated with several extracts for 12 hours. The DNA was
isolated and subjected to 15 % agarose gel electrophoresis for staining with ethidium
bromide. Lane M : 1 Kb DNA ladder size maker, Lane 1 : control, Lane 2 : 80% MeOH
extract , Lane 3 : Hexane extract, Lane 4 : EtOAc extract, Lane 5 : n-Butanol extract,
Lane 6 : Residue.
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Fig. 10. The degree of apoptosis is represented as the DNA content measured by flow
cytometric analysis (I) and the fluorescence micrographs of cells with highly
condensed nuclei stained with 4.6-diamidino-2-pheny-lindole (DAPI) (II). The HL-60
cells (3.0x10° /m¢) were treated without (A) or with EtOAc fraction of Eurya emarginata

(B) for 24 hours.
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Fig. 11. The degree of apoptosis is represented as the DNA content measured by flow
cytometric analysis (I) and the photographs showing cells with highly condensed
nuclei stained with 4.6-diamidino-2-pheny-lindole (DAPI) (II). The cells (3.0x10°/m()
were treated without (A) or EF 5-4-5 of Eurya emarginata (B) for 24 hours.
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4) $EA Y Y dY4F S AIE Apoptosis =7 A

QEAL~H T o] AR o3 HL-609 apoptosis f% 7]AS Aur7] Ao ¢4 HI-60 A
¥9] oncogene?l c-Myc2] wdo] 3t -EAL2# Y EtOAc +8 &2 32 AHHT o] #4
2pe] wr@e] o] AEFAC ol ¥ vEsHE xHIcy A dor). $EA2w3 EtOAc

al
I35 Aol 93 c-Myc mRNA 2 o] dHdHCE ZAS 23 c-myc mRNA % o=

—

lo

do] AR gJEH R AES AT 5 AT (Fig. 12).
ApoptosisE ZAal=H #olsts oy 7HA FHA Abs TolA AlY WA dH Gl f A
2 AbEe] Sl Bel-2& wE ¢ A @A E e AESHd s #osA] g AxA
ZA, & apoptosisE HASE= 7ol vk A Bel-2 Al 43 Bax @A 2 apoptosisE
A7 g d g 835 o Bel-29+9] hetero- & homodimerE H A ¢S =4 apoptosise] Z4
o Zo] #dsta YuH?. wEba SEA 2w oA B JE Fol A eutigoside Col 9] Bel-2
2 Bax9 @3]l WIE zAeAT. 1 A3 eutigoside C A #lo 9]&te] Bel-22] mRNA
P g Ad e Az o]EH o R FadhE S HIoH, apoptosisE FXAIT= 7SS Fas)
A ATF oEA o FUske S YERH (Fig. 13).
Apoptosis signalling 7] ¢] 3132l mitochondrial pathwayS 43 B2 Bel-2 family w9 2 9
by Ao 9lsle] 53|, Bax WiWldo] wEZEZ==2 o} membrane? pore T Aol =83}

rr
o
job)

>

3

=)
z
=
2
i
_lu‘.
i
L
=
r |

mitochondria® ¥ cytochrome C7} AEZ A2 Saldo] ada3x V. 184, eutigoside Col <] 3}
o] mitochondria®| A58 AXZAZ cytochrome C7} F8l¥H A ZASE 23 A7 & 3084
cytochrom C7} Axd=2 F2l9S &A= AA0 (Fig. 14).

E35] AlzHelAe @A B @49 caspase’t TAEWA apoptosis 7] AL TAACA 84

rlo
£k

[

1e] 2 3 Qo Y @A AA] 14FF 9] caspase isoformE©] HiEE, ]S F caspase-3
&3t apoptosis Aol A FEHoR FAsE ¢ o &A3tH caspase-3S PARPS 722
DNA 3o #Hofste= oy S/ Ax W dildEs dusto] &elx ot Caspase-3¢] &4 3}
7] sl E procaspase-3S A= caspase-97F o] oFEtH, procaspase-97F A EE 7] ¢S
e mMEZedolgZ RE ALAWE cytochrome C7F 8] Eojof 3t} Fig. 15014 HiE ule} 7o)
Eutigoside C2] Aol 2|8} caspase-9 &4 3 (35 kDa)9} caspase-3 &4 8 (19 kDa)e] W=
geolsl 4= o T3 caspase-39 A 3= caspase-39] 7]1F Q0 PARPe A= F<el @ 4
St (Fig. 16). Eutigoside CE sZ®H=Z AY3IPS we 75 pg/ml ©]de FZoA FE
caspase-39] &4 3}3 PARPS HH3IE #A&dd ¢ Ao (Fig. 17).

QEALA~ oA B3t b EQl eutigoside CE Bel-29 down regulation® W] EFZE=g|o} 2
FH 9] cytochrome C2 F&ol 293t AdAL] caspasesE A 3}sto] HI-60 AlE 2] apotosisE # %

o o 4=
=3 = }v\}/\q—

A

i

32,
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v

397bp

B-Actin 588bp

0 2 6 12 24h
B

C-MyC | i s s = | 67 kDa

B-Actin | s s— e - 42 kDa

Fig. 12. ¢c-Myc and [-Actin expression in the HL-60 cells after a treatment with 100ug/mé
of the EtOAc fraction of Eurya emarginata at the indicated times. (A) Reverse
transcription polymerase chain reaction (RT-PCR) analysis of c¢c-Myc performed after

synthesizing the c¢cDNA as described in the method section. (B) Western blot analysis of
c-Myc using its antibody (67 kDa).

0 3 6 12 24h
A

0 1 3 6 12 24h

Bcl-2 ———— —— | 20 KDa

B

Bax e e —— — o — 21 kDa

Fig. 13. Expression of Bcl-2, Bax and f-actin in HL-60 cells after a treatment with 100ug/
n¢{ of the eutigoside C from Eurya emarginata at the indicated times. (A) Reverse
transcription polymerase chain reaction (RT-PCR) analysis of Bcl-2 and Bax were
performed after synthesizing the c¢cDNA as described in the method section. (B) Western
blot analysis of Bcl-2 or Bax using the antibodies against Bcl-2 recognized a protein at 26

kDa and a 21 kDa protein for Bax
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Fig. 14. Expression of cytochrome-c in the HL-60 cells after a treatment with 100ug/mé of
the eutigoside C from Eurya emarginata at the indicated times. Western blot analysis

of cytochrome-c using its

antibody (11 kDa).

0 051 3 6 12 24h

- - <— 37 kDa

Caspase-9 et b { E ‘ <“— 35KDa
S <«— 19 kDa

Caspase-3 vy +® 'i ‘! an | 17kDa
B-Actin |" W s w— S S Sl 1 <— 42 KDa

Fig. 15. Immunoblot analysis of caspase-9, caspase-3 and B-Actin in the HL-60 cells after
a treatment with 100xg/m¢! of the eutigoside C from Eurya emarginata at the

indicated times.

0 051 3 6 12 24h
. —— <— 116 kDa
B-Actin | WFW— G " W | < L2 KDa

Fig. 16. Immunoblot analysis of PARP and pj-Actin in the HL-60 cells after a treatment

with the eutigoside C from Eurya emarginata at the indicated times.

Eutigoside C (uzg/m¢)
CTL 50 75 100 200
— <— 116 kDa
PARP - — s | 95 kDg
Caspase-3 e — DkDa
17 KDa
B-Actin -— g e e we | 4 42 KDa

Fig. 17. Immunoblot analysis of PARP, caspase-3 and B-Actin in the HL-60 cells after a

treatment with the eutigoside C from Eurya emarginata.
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5) 5 2dH 9 AFA AOlEFS IA &

slolul A& sle] FH < apoptosis’t chemotherapeutic @ ¥ 9F o}l 2} chemopreventive R @& %
A3t Yot 1A, B chemopreventive agents”F apotosisE frEdte] W
AEHQ dSueE dFA= ¢ 2AES promotion
sty A vk, B3], precancer ¥ early cancerol] W3le] dEwHS A A7} chemopreventive
23= yeldlo] ®auEa 9low chemopreventive agent2] 703} ##lE molecular targeto =
COX-2 9 iNOS 59| o] &5 9},

aA, FEAFAE A 28 d eutigoside B 2 C7} chemopreventive &37F AEA A5
#A ¥ pro-inflammatory cytokines (TNF-a % IL-6), COX-2, iNOS % NO A4 Sol w3 =zt
A ste] ol H ottt

W42 2 483 LPSw 2854w Alxedd EA4180H, RAW264.79F 2 macrophage

i
N

= monocyted] Al TNF-n ¥ [L-69 Z2 pro-inflammatory cytokined S7FA7]& Aoz 48 A
91t} Macrophage RAW 264.7 Ao A A=A cytokine Aol 3k eutigoside B =& C9o &3
= mouse ELISA kitZ o] &3] cytokineS A #3dlo] ZAMedvh. 1 A3 LPS A=Fe) 93k TNF-
n % IL-6 AAo] eutigoside B =+ Coll 9J3te] A3 Asi= A} (Fig. 18, Fig. 19).

IFN-% (50 unit) 2 LPS (1 pg/ml)E AF&3le] RAW264.7 M Eo A INOSS COX-29] AAHS #
T3 % eutigosidesell 93 ¥ A 3] HEZE Western blotE 53] Lolw it -1 A3} eutigoside
B & Col ¢3dte] iINOSeF COX-29 ©uld wrdo] dAs Asise S AT F AT} (Fig.
20, Fig. 21), Eutigosides®] A& o] 2]sle] iINOSe| 2do] Z+AH S eutigoside B =+ C&E T&H
2 st NOZ A#sle] sHelsdet. 2 23 eutigoside B =+ C % F& oJ&FH o= LPS

2=l 9sk NO9| M-S dA3s gaAHT (Fig. 22, Fig. 23).
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2o ARAEF Aol dg AAEIdE vrednh A=Y A ¢ste] HL-60 8%
GAEZ2 oncogene?l c-Myc mRNA % ©ulz o] #do] AIFF oJ&H o2 TUAHE oz $5AL
2d9e HL-60 Aol g FIdLAdE& oAl = & 5 Adoh oleh 22 FHEA=Y I 9
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Fig. 18. Inhibitory effects of eutigosides on TNF-a production in RAW 264.7 cells. The
productions of TNF-a determined by ELISA method from the culture of RAW264.7 cells
(1.0x10° cells/m) stimulated by LPS (1 gg/ml) in the presence of testing samples.

4000
3000 -
2000

1000

IL-6 production (pg/mé)

LPS(-) LPS(+) 50 100 50 100 (uM)
Eutigoside B Eutigoside C

LPS +

Fig. 19. Inhibitory effects of eutigosides on IL-6 production in RAW 264.7 cells. The
productions of IL-6 determined by ELISA method from the culture of RAW264.7 cells

(1.0x10° cells/m) stimulated by LPS (1 gg/ml) in the presence of testing samples.
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Fig. 20. Inhibitory effects of eutigosides on iNOS protein expression in activated
macrophages. RAW264.7 macrophage (1.0x10° cells/m¢) were pre-incubated for 18 hr, and

then iINOS of production protein expression was determined from the 24 hr culture of

stimulated by LPS (1 pg/ml) + IFN-v (50 U/m¢) in the presence of testing sample.
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Fig. 21. Inhibitory effects of eutigosides on COX-2 protein expression in activated
macrophages. RAW?264.7 macrophage (1.0x10° cells/ml) were pre-incubated for 18 hr, and

then COX-2 of production protein expression was determined from the 24 hr culture of

stimulated by LPS (1 pg/ml) + IFN-v (50 U/m¢) in the presence of testing sample.
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Fig. 22. Effect of the eutigoside B on nitrite accumulation in RAW264.7 Macrophages. The
cells (1.5x10° cells/ml) were pre-incubated for 24 hr, and then nitrite production was

determined from the 24 hr culture of stimulated by LPS (1 pg/ml) in the presence of

eutigoside B.
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Fig. 23. Effect of the eutigoside C on nitrite accumulation in RAW264.7 Macrophages. The
cells (1.5x10° cells/ml) were pre-incubated for 24 hr, and then nitrite production was
determined from the 24 hr culture of stimulated by LPS (1 pg/ml) in the presence of

eutigoside C.
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