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D3 AE, BN, HEPRI. @R MGE, & e & [FERICATEEIERO—2>TH Y | 1981 4
Pk, BARIZBITDIEROFE L EIR> TS, ZIUSODRE, i ERE R C Bk
EHEEDRNTN D, DACRL T, WRIZRORWE 22T (—&kTFBh) 560
DEETH LN, OETZUDBAMBENE LTSS THEORMEZRIET 52 L2k 0,
ML A PR L2 OBfE b2 Id (2R TP)) TEahb Livien, bLEDOL I T
EMBED TR TH L7 BIX, BWSLTOLAT SNDFSMITHRT, HEIZ
BT 5 /I R THOBLE N LA TS L EZ BB,

BIE, MR OEEEOFIEBRE O FMUL, AL, AR, BARR, &R
i BERTE L 2D L SENS BEOH HEZHS L, #AE I 200 (2125 300 /M2
1D ENDORTWAEE Z07kh b IR, AKAMNICE > Ty —FHD 0T Y
— NMMEAWIZ2 0 5 DALEWE R - AR L. Ml x L Co@EMECE 0B % Fki
TE20, FHABRDPNDLDITEETH D, DA T DIRBEROBIR T, EF I
TN A A MR D Z KRR C & 2 MEEREE SN L B A PLE T 2 ko b, Zh
DEAER R CTHET IR ZEE L, BNADOBEELE D E K TEHICAH MRy DI
R & VERMSAE OMIIE T 2T 3. ZhE TITbn T& T3,

ZOXD7H, Fexr OFEAORBAETEOHF T, Hix REFRICE ENDRIIT, 23 AMA
DR ER L OWIEEZIHE T 2EARNH S Z ENFERB SN TE TS, flziX, 7777
B OBRIZE ENDRARDA » R— VA Y F A7 32— MEIE, & MRIGSAHR
WXL TT A b=y R (e 77 AHIRASE) %355 L, DNA OZRIZKT 5857 % &
DLHNERH LY I LW KFEREN AT L F—DBIGEE b OF - BZIC L,
7uyal—lROEDIEL, DA ZENICT S Z & T, WRADTFRHRIRREIC
BT ORIREMEN & 5 W,

AT, HL<HEME L THRASETHHINTWS T AZERY BIF, TR
G END S 3 2 BB E A FF oW E DR & . OIERMF O/ E B &
L7 % T o 70, T ADFEEMITA » ROFREH T, ZO% /L~ ZfEH L THEA~E
0. BARIIEIERFRICEZAL (T0) LT ebozdBZx 6 TnD, T A
ETHHAARTSH 1000 FELLEICHEY B ST D, 7o, TARAFHROKHTIE O
AT TCoONTEY, BRTIIME M F72EO—5oBNLHLHOD, EHFIZERESE
FLAFREET, AFIFENFERFEE 720 RN O FEHCIEF B 722 bR L Fi A S
ENTE, BARATHESNARIBLHEDIZE A CIXRENEOUTREATH D,
3—m y X7 AU HETIEA - R - VR, S OISRBEO MR D IR < HilE &
NTND, TAORATEENMELS AR IRT, ~F OEDIEHN S 7 EZ T
DM, HEOIEEMR ERRIER S EWHHEBEND MO RRE LRI N TN D
Bl ARBFZETIE, T RAICE £ 5 MM ESEEM Ry O F A SR O el © 4T - 72,



B—E D ORIIRBIEIEMR S O BEE & FE

ARIZEBNWTRENREHFEZOOE OTH DT AL, 918 FITRFI S iz [AREF4 ]
N SN TV LEMMED THH Y 16, REO~TZ, RRARENFEME LTHEHIN
TW5, TRATAARDORMIEL LTiE, K, kln, EREOBM TR, AR
(PEE) Hv . FLIRE. AW, brEnlicflibingd, EicEn, BT,
JEROFEEOT-DIZiE, FTAOAFZATLICLTEELEZLD (h#E) 2R U7k %E
BMTHZLICLVIEDEEND, TADREDORIZIZ, TV T =0O—FThHD
FR=VR, RIZRY T )=V EBREND 7 aa S UEERE . BIBRLERN S 5
(Figure 1) e,

Nasunin Chlorogenic acid

Figure 1 Chemical structure of nasunin and chlorogenic acid
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1. Fu#En> b O EFEIE MRSy O Bl

1-1 FRxZFZ ) — LT 5 2 OMRBFEEEICBIT A2 EEEAMBDO R 7 Y —="
7

T BN, . =& ) — VBN A THIRME L T 7z=% A0 b OBER R
(KB), b MIFEZ M (HRA), b MAVEHERE M (HEK293), b N F#HA@ S
fatk (HLE)., b M=% (HeLa) (27 SMIRBSEIEMEZ MTT £ X 0 HlE L7z,
ZDFER, AT & ) —/)L= X AL, HEK293 #ifid & HRA MUK U CRRER AR A
N B SETEME 2 7R L7z —J5 ¢, KB flil, HLE #ifE & HeLa MARICIZMIIRBOETEME 2 7R & 72
P35 72, HRA M4 A & 7 — Ui = % 20D ICso 13, 0.5 pg/ml T, foHH
& He U T b 8V VR SR NS 2 = L7z (Figure 2) .
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Figure 2 Cytotoxicity of the ethanol extracts of eggplant calyx against four different cell lines. Closed circles, HRA (human
ovarian cancer); open circles, HEK293 (human embryonickidney); closed triangles, HLE, (human hepatoma); open triangles,
HeLa (human cervical cancer), KB (open square). Data are expressed as mean + S.E. (n = 6), and **P < 0.01, ***P < 0.001 vs

control (0 mg/ml) group evaluated by Bonferroni / Dunnett’s multiple t-test.

PNELI I O & 2 BlAs R DOlg#s T, AR CTh 290173 % Z ThHRE L S
D &R RN LR VE 2 W 28 & 2 LT\ %, HRA 13t FIREEOSENT
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1-2 FRREFEALOTZ 7 — VAT F 205 AKKIZH 3 5 RESEE L

FAREONL KRS & BSOS DIEME % e 5 72017, Figure 30 & 9 12,
FAREOHRL L AR AL T, Zh
MRS, T X ) — T R A,

< NENOTF ZOHRAMIIC R 2 M EE
WEHEAMTTIAIC LW BRAT Lz & 25, B3<
oy DI IIEMED RS ATz (Figure 4), 7
2B FTEE N B HRAI ST 5 M ESEIE
HATIE AR L D b AESIC S A ER

- BrEILNE,
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Figure 3 Eggplants used in the present investigation.
Eggplants (Senryo-nasu, A) were cut into the calyx parts (B)
and the edible parts(C).
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Figure 4  Cytotoxicity of the ethanol extracts prepared from the calyx parts (closed circles) and from the edible parts (open
circles) of eggplants. Data are expressed as mean + S.E. (n =6) , and **P <0.01, ***P < 0.001 vs control (0 mg/ml) group

evaluated by Bonferroni / Dunnett’s multiple t-test.



2. b FIREAAME (HRA) 12X B HIRBIEIEILR > DOFndEH b o B
21 HRAIZXT AHRBIEIEMLIEIEL Licf#E=¥ /) — V=% AD5H

F AR EITITHRAI G U CRIIRBSETEED B 0 . 2 OTEMERIEA < FEIc kv %
KHEENTWDZERALMNIR T, £Z T, ZOIEMEREL LT, ﬁu%#%@?é
PERL Y D B2 il A T,

Bt 2 10kg HMNL A 2.8 kg &5 T NEGIR U Woi2.6 x 107 g 21572,
Iz 80%T % /) — /L Cimigfiitl 23TV, AiRE G, REE L7z (768, 2
NE80% T ) — /VIZEEE L, n-~F V2 THld L, n-~FH 5y (0.8g) #4572, &K
rw%i&/~wﬁﬂ%%%%lb KICERE %, BT /L CHfd L., Big—F L
“(Mg)km (xg)%ﬁko%bf HRAz ﬁ#éﬁ%ﬁé%%&bk

A, 5 in—/\ﬂP"f/ 53 KESITITFES HLT, B T VS ITIITER L,
Z®D 1Cso 1L 41 pg/ml Th -7z (Figure 5)O

Calyx parts of eggplants
(2.6 X10% g)

(yield) [ICs) (uM) incubated for 72 h] Extracted with ethanol at room temp.

Ethanol extract
(7.6 g) [357.1]

| Partitioned with hexane and 80% methanol

Hexane fraction Lower layer
(0.8 g) [> 500] Partitioned with ethyl
acetate and water
| |
Ethyl acetate fraction HZO fraction
(1.3 g) [139.4] (5.2 g) [> 500]

Figure 5 Activity-guided fractionation of eggplant calyx. ICs, concentration of the fraction required for 50% inhibition of
proliferation of HRA cells.

Z 2T, B FILVESICOWT, Zraakibh S AL ) —L ok (80:20: 1) B
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wATo7o& 2 A, Fr.2-1, Fr.2-2&Fr. 2-3% %372 (Figure 6) . %415 OHRAIZ X9 % il
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BOACIEMEZ LB LTo & 2 A Fr. 2-2IZ B AYREPEDZE 8 H 7z (ICse, 8.0 pg/ml) . &
Z T Fr.2-2 % & B4 BHPLC T3 L, compound 1 (< 0.5 mg), compound 2 (< 0.5 mg),
compound 3 (9.1 mg), compound 4 (2.2 mg)% #57= (Figure 6), Compound 1 & 2/%, L&)
Dlgmotolow, UL EOFHTIIHIKR 2 D> 72, Compound 3 & 4DOHRAMIFEIZ KT 5

FHIETE (ICs) 1%, N4 9.7 ug/ml& 1.9 pg/ml TH -7,

A Ethyl acetate fraction
(1.3 g) [139.4]
(vield) [ICs, (uM) incubated for 72 h] Silica gel column chromatography

(Methanol-chloroform-water=2:8:0.1)
I I I I
Fr. 1 Fr.2 Fr.3 Fr. 4
[>500] (683 mg)|[102.1] [>500] [> 500]

ODS column chromatography
(Methanol —water = 1:1 — 1:0)

| 1 |
Fr.2-1 Fr.2-2 Fr2-3
[>500] (48 mg) [27.2] [>500]

ODS HPLC (Acetonitrile —water = 0:1 — 1 :0)

| I | |
Compound 1 Compound 2 Compound 3 Compound 4
(<0.5 mg) (< 0.5 mg) (9.1 mg) [33] (2.2 mg) [6.5]
B ) Compound 3
| Compound 2
| Compound 4
. Compound 1

10.00 0.00 30.00 0. Qihir

Figure 6 Activity-guided fractionation of the ethyl acetate fraction of eggplant calyx extract. (A) Cascade of the fractionation.
ICs, concentration of the fraction required for 50% inhibition of proliferation of HRA cells. (B) RP-HPLC chromatograms of
Fr. 2-2. Column :C;3-AR-II (10 X 150 mm), solvent:A (H,O) - B (CH;CN), 0 — 100 (0 - 30 min), flow speed:3 ml/min; wave
length: 280 nm.



3. HARE L 7By DGR
3.1 Compound 3 DI&EMRHT

Compound 3 D#EEZ H-3 LN PC-NMR & EI-MS TEHT L7=, NMR D43 F 4
Table 1 |Z/~"7,

Compound 3 @ PC-NMR 73#7 Tld, A FILIRFE 1 A, AF L URER 10 K, A F R
# 4RO T F AN EN T2, 'THNMR S Cld, AV 7 4 v ERT 7N M

(8116.16 ppm, 1H, d, 15.0 Hz, 8y 7.48 ppm, 1H, dd, 15.0 Hz/ 8,,6.11 ppm, 1H, dd, 10.7 Hz, &y
5.90 ppm, 1H, dt, 10.7 Hz, 8.0 Hz) #lfll&i7z, £7-, 'H-'H-COSY (T LV o4 L~
o7 a NEOT TV IPBIENTZ EnD, IRbIEER LA LT v
ThHY, Wy 7TV TEBRLY IR T oAb ) — X ADOIETH L EHERI S
72

F£72 PC-NMR TR S22 7255, ¥k It HMBC 47 Tl (8,234 ppm / 8¢ 176.5
ppm) & (8y2.54 ppm / 8c200.1 ppm) DT 7 FANBRI SN2 LD, DV R= VI
M O(FET D 2 EDRB S Tz, EALLISIME 820 ~ 30 ppm D 7 F /L& §1.2 ~ 1.6
ppm, 16H O 7 F VBB &7z Z 725, compound 3 (B SAARNIEE D wTREMEDS E
LEZ LN,

EHIZELMS ZHIE LT- & ZAMAH | m/z =294 D5y+A 42 BE— 7 BN S, &
52 m/z=276,223, 171,166, 155,95 D7 7 7' A > s — 27 BNl S -, F72 HI-MS O
fiENT /5 . compound 3 D4y 1R E CigHs0; & PRSI NZ, PLEDZ 25, compound 3
I%. 9-ox0-(10E,12Z)-octadecadienoic acid (9-E,Z-KODE) T 5 & 7€ L7z (Figure 7) .

0.89 1.2-1.4 2.30
140 29.0 28.5

N
1.30  1.63 /590 6.11 sy 254
225 246 143.0 143.0 0% 41.0

166 EI-MS(m/z)=294 CH;,0,

Figure 7 Chemical structure of 9-oxo-(10E, 12Z)-octadecadienoic acid (9-E,Z-KODE)

Upper number, "H-NMR (ppm), lower number, *C-NMR (ppm)



Table 1. 'H- and C-NMR spectral data of compound 3.

Proton number 'H-NMR data (ppm) PC-NMR data (ppm)
1 - 176.5
2 2.34 (t,J="17.7THz) 335
3 1.62 (m) 24.6
4~17 1.2-1.4 (m) 29.0-31.5

8 2.54 (t,J=7.5Hz) 41.0
9 - 200.1
10 6.16 (d, J=15.0 Hz) 129.4
11 7.48 (dd, J=15.0, 11.4 Hz) 137

12 6.11 (dd,J=11.4,10.7 Hz) 126.9
13 5.90 (dt, J=10.7, 8.1 Hz) 143.0
14 2.30 (dt, J="7.8 Hz) 28.5

15 1.63 (m) 24.6
16 1.2-1.4 (m) 29.0
17 1.3 (m) 22.5

18 0.89 (t,J=6.9 Hz) 14.0

3.2 Compound 4 DI&EMRT

Compound 4 (T 'H-, “C-NMR # L O EI-MS THIE L72, NMR D43 4 Table 2
W2,

Compound 4 @ "C-NMR #7 Tld, A FIVRFE 1 AR, AF L URFER 10K, AF 5
FARDT TR ENTZ, ' HNMR H5H TlE, AL 7 4 v ERTV 7T (84607
ppm, 1H, d, 15.4 Hz, §47.12 ppm, 1H, dd, 15.4 Hz) . (8;6.16 ~6.18 ppm, 2H, m) 2381 =
N7z, £7=. 'H-'H-COSY (2L V., Mot rv 7 orora Mok v ) > 7Rl
Rz b, 2ol E L7417 02T, Compound3 & L<HEHEIL, &£ biT

F T U AREETH D RIS N, 2D Z &5, compound 4 [XELEHNE R D AT HEMEA
mWEB LN,

& 512 compound 4 D EI-MS ZHIEE L7 & Z A, [MHH 1 m/z=294 Dy A A4 E—7
&L m/iz=223,171,166, 151,95 72 X D7 Z 7 A > s &—27 BRI S 7=, HI-MS O43#r
FER G, compound 4 D4y 1-AUT, CigHz00; & PRSI, LEDZ &35, compound
4 1%, 9-oxo-(10E,12E)-octadecadienoic acid (9-E,Z-KODE) T&h 5 LIRE LT,



Table 2 'H- and *C-NMR spectral data of compound 4.

Proton number 'H-NMR data (ppm) BC-NMR data (ppm)
1 — 177.6
2 236 (t,J=73Hz) 33.6
3~7 1.2-1.6 (m) 22.5-32.7
8 2.53 (t,J=7.3 Hz) 40.4
9 - 201.0
10 6.07 (d,J=15.4 Hz) 127.9
11 7.12 (dd, J=15.4,9.8 Hz) 143.0
12 6.15 (m) 128.8
13 6.18 (m) 145.7
14 2.17 (m) 33.1
15~17 1.2-1.6 (m) 22.5-32.7
18 0.89 (t,J=7.0 Hz) 14.0

223
o}

0.89 1.2-1.4 6.15 7.12
14.0 128.8 143.0

6.18 6.07
145.7 127.9

166

2.53
40.4

EI-MS (m/7) = 294 C4H,,0,

Figure 8 9-oxo-(10E, 12E)-octadecadienoic acid (9-E,Z-KODE)

Upper number, "H-NMR (ppm), lower number, *C-NMR (ppm)



4, BREDAHIBITHT 5 9-E,E-KODERIFABFEIE M D L

9-EE-KODE¥5 X 9-EZ-KODEIE, W41 % linoleic acid 75 lipoxygenase Dl (2
STHEREINDIEW T, ML bRFBEKDIKF-IKFMHEGE LT EHEGD T X
DAETLHIEA LT 0 OESIEVIETH Y | oxylipin & BRI N HILEWEEICE L T
W%, Oxylipintd 6% V 7 — Vg & U CIERBEMW > D T2 Do 7o A EaFnfRiGEE <. K49
Y O E N CTHMAEDELET 5, Oxylipinix 7 v OILCHMMICE ENDIRED
0.34 — 1.07%. FRICEENDHITED0.12 — 0.68%% Hd D & 9%’5&%75%6[810 *7-.
oxylipiniZ, BN ZATVEE) 2RI Y — Vg 2 B HT 2 B CRhRANTIRARRS & e S
T5Z 2:’?3 YRR R L AT e — L2 6 U, AIEEER (B - &t - 5K
MAELEE - DR - BDAE) 2 THT52 R ENE LEEBERMLE LTHER IR
TW5b, F7o. oxylipin [ IEFEHEMIEBW TIHEEE T ORBUCBIT 5 7o+
ELTASAFEL TN D,

HIT T, 9-EE-KODEIZ DWW T, #ifif7e b~ MIE £, PPARaD 7 =2 MEME
EROZLP 207 =2 MEMIZ, bv F Y2 —2 05 HEE SN 7213-EZ-KODE X
D HINZ EREE STV SR 9-EE-KODED MK EAEIE I BT D8 E 1320,
9-EE-KODE & 9-EZ-KODE D HRA MG x4~ 2 BHETENEIZ, 9-EE-KODED X 5 2387 - 72
Z &MB, 9-EE-KODEDHRAIZ T HAIBUEIETEZ & HIZFRMICHRETT 22 & & LTz,

KB, HRA, ACC-MESO-1 (b EM:H fefilfifa), MCF-7 (& R L3 AUMifE) | Mia-PaCa-2

(b M > #fa) | HT-1080 (b MGHEAREMAL) . P388 (= 7 A HifLymMif)
x4 % 9-EE-KODE DMl BstiEMEZ M L7z & 2 A, HRA IZxT 2 ICs 1% 6.5 uM
& R VIR BRI 2 R L7 ooxt LT, Mo MIBERIZ X925 1Cs 1% 32~74 uM
&L K 5~10 fiEmVMEZ R L, HRA KT D Re BAMED IR SV 2 & 3o T,

F. R T 47T ary hu—)Ll LCTHWE adriamycin (BUEMENEESA]) (X, HRA, KB,
P388 (Zxt L THRiV Al BsEiE 4 < L7 (Table 3),
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Table 3 Cytotoxicity of 9-EE-KODE against various cancer cells.

1Cso (M)

Cell line Origin
9-EE-KODE Adriamycin
HRA Human ovarian cancer 6.5=+1 0.15+0.01

MIA PaCa-2 Human pancreatic cancer 32+3 1.4+0.1

HT-1080 Human fibrosarcoma 4342 0.72+0.27
KB Human cervical carcinoma 54+19 0.18 £0.00
ACC-MESO-1 Human malignant mesothelioma 59+8 0.76 £ 0.08
MCF-7 Human breast cancer 74 £ 23 0.57+0.17
P388 Mouse leukemia 48+ 6 0.18 +0.00

Data are expressed as mean += S.E. (n = 3).

5. BREOIMFIZEEND9-EE-KODEEDHIE

FRE, BREICBWTERE LTHATIEVWERRH Y, H< bt
LBIR T, IEFICE < OMFEDBHSNL I TV D, > T, AT RIZE £415 9-EE-KODE
DEENBRIL DRSS, 22T, MHTWESNTNDLEFES AZAL, £k
DAL R, B, TEEE TN A iR iR~ LTl L, HPLC T 9-EE-KODE
DEBREER L, TOME, AIBEICBOTX, T ACB W Tho T A & g L
T 9-EE-KODE #F&EMEL . E2WT N MFEIZI TS AIAHE & ik LT < i
FVEWEEEELZ ENbroTe, 0, WTHORMEIZEW TS, B AHICEE
% 9-EE-KODE O & &IZ, KE2EWTERO biv/e-72 (Figure 9),
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Figure 9 The contents of 9-oxo-(10E, 12E)-octadecadienoic acid (9-EE-KODE) in the eggplants of various cultivars. Data are

expressed as mean = S.E. (n = 3)

EHlz, ZENBVEDLSTEEFAOLEMEE RV, EEMICEEND
9-EE-KODE D& &4 ER LTz, £O/RIT, TAORFEL L T, %, *i%;w&@
9-EE-KODE &A &7 -7 (Fig. 10), LLEDZ End | T AORRMIRIZE
9-EE-KODE D& &ix, N AN —HFL N2 LR LN ER ST,
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Figure 10 The contents of 9-E,E-KODE in the various parts of eggplants (Naga-nasu).
Data are expressed as mean = S.E. (n=3)
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BB MEICE NS M BOEE R ORI

HRRSEIZIX, BN T R b= ZADMITIHFN R 70—V ANH D, Tul T AS
T AlfEAE L LCT1972 4FiZKerr HIZ X VIR SN T A b— 2%, Mgz —El
PROMEFME & AR T DTSR E M & brE T DA A 2, THFE
HEFEOH] & LTl 60 JKMEOFIEA SRR S CTuvd B R oK T A Z 293000/
ORIAFENR T B D, TEREREROBIE LTk, RO AR TRk A
oM E LCHEETDE FOTN, TR =V A X > THROBICHFEE L TV KN E
EADEINAIZIER Z LIZ LV e NOIBEZTERT D Z &z ond, £/, BEL
2 LK, DR DLBRICABRDBAREIZ R D720, TR M= ALKV IBMET 5,

TR M=V AT, ETHIRNBEICAFET 2R A7 7 F Ut ORIasMNE~DR
FANE Z 0 . MRS EEE L CRIBR RN T 5 & & bIT, BNTIEY v~ F & Ok
M Z 5, FWTERBT R b Sz th, MRBAEBE AL L TT AR h— 2/ MEBE K
END, REZEICT RN —VA/MRIF~ 7 07 7 —VEOMEMRICL > CTARRREIN
6[11]

— 5T, x 7 a—Y AT, MEOBALE I b2 RU 7 ORARIZ L 0 AR AS KRR
Lotk MBEORENEZ 5, TR b—Y R ZEHOHIRIC R E LIE X 7200
XL, 7 m— AT ONEY DB EFICBE MO Shb e, RIEEZEWED O
MR BE 52 5, 2D, BARBIIZKRIT 57 R b— Y AFFEREZ FF b A%
OMIL B L 52 B AAlE 700 55 E 2 bvd (Figure 1)

Cell shrinks Cell budding Apoptotic bodies are phagocytosed

@) > _> R

N
Normal cell 9 @9} \Necrosis
h

Cell swells Cell becomes leaky blebbing Cellular and nuclear lysis
causes inflammation

Figure 11 The difference between apoptosis and necrosis.
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TR =V ADOWERIE, I R
T NERRE . Fas L& 72— 5 O
B I L OV 2 b L AR L0 3
Haxnsd (Figure 12) o 7R b—3AD
CITTFT AR BEEIND &
dependent aspartate-directed proteinase,
AT A NEGEVEC T AT X RO C K
U Z KRGS 57 e T 7 —EBTh D
caspase MR 2 |[ZIEM LD, I b=
RUT L OREIE, 7R M= 2ADY
T M2 LY, T hary FUTED
FRPETTELCHEN TOY e A C
DRG] Z L Z S 4, caspase-9 & TEME
{fE L. %t T caspase-3 ZIHEMEL LT A8 K
—VAEHET D,

cysteine

INEER R LR

Ssssesseaseg. @el-P ﬂCytochrome c j

| sravruTRBER |F prps—
asyrabil

g

11
APAF-1 Caspase-8
ATP/dATP
T

Procaspase-9

Caspase-12

Apoptosome

1

Caspase-3, -7

l

TRV X

Fugure 12 Signal pathways to cause apoptosis

H-ETIT., b FIPEAAMBOHRAICK L T T AD#EIIELEZLEENS
9-EE-KODE D {ifa EAETE M 2 BH & 222 L7z, 9-EE-KODE &b A& A FELL L T B Hafk

U J —VERO—>Td %110, cl2-conjugated linoleic acidi,

Thar R TREICH S

Bel 2D RBBEZ D EHL 2 LICXY, ~ 7 ZAMEEMO 7 R h— 2 2FET 5
ZinmEEan TR 22 TARETIE, 9-EE-KODEDHINIESEIEIED A /1 = X 1 &
LT, 7R M= 2%FHET L0 REMEIC OV TR LT,
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1. Compound 4 (9-EE-KODE) BiRL4sy DILFA

BB TH LN 9-EE-KODE [ZFEFITHTNTH H7-0, I 572 HERERFfET O
DM AR I KEMgKERETZ L & L,

I RS~ RX U LNIT V78 Kr 7 Z 2 (THF) %1%, ethyl bromide %
ANTEISEE, 7 =y — L iddk a2 Ak LI Z 72Uz 8-bromo-1-octanol & SIS & H7-,
FSt%.  (E,E)-2,4-decadienal & /1% THUG S 721%, NH4Cl KK & =—TF /L TH L
oo =—7IVEEKTIESELL, =—7 /L% MgSO, TR L7=, ZD%, ~FH
SR TN AL )= (45:3 1) ZBEMHE T LV TNV v TSI T 4 —
WL, PREEME AR S (089 g) EAFTZ, S 5HIC MeOH//K (1:1) #BEHEE T2
ODS 7 L/ m~ o774 —ToBEL. THEY (028g %157,

AL v DK CIERIEE Z N2 5 2 L12 KD | Jones iR 2 FHEL L= R REEY
(0.046 g) T Jones it A A, IR T 30 min B L. WHOGIIRNS EAICR -T2
%, NaCl, ZunuRLh TR ZMZ, SBLTC, ZrrALsE (0037 25
£M D 9-EE-KODE % MeOH//K (4 : 1) ZBEMHE 95 ODS Wijgr/u~ o7 4 —
THHELL, 0.029g #4537=, £ % HPLC 3L UNMR TRIE L7= (Figure 13),

A

Ethyl bromide
(Grignard Reaction)

OH o, /\/\/\/\/OMQBF
Br/\/\/\/\/ THF 0°C MgBr

8-bromo-1-octanol (5)

Ty /VV\/\)\/\/\/V\
THF 0° C OH
thRAEY (31%)

CrOs3/ H2804 0
Jones’ Reagent
( gent) /V\/WW\MNH\OH

Acetone 0° C
9-EE-KODE (79%)
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Proton number I/E.\Jii 9-EE-KODE 57:% L 7z 9-EE-KODE
H-NMR data (ppm) H-NMR data (ppm)
1 _ _
2 2.35(t,J=7.3 Hz) 2.36 (t,J=7.3 Hz)
3~7 1.2-1.4(m) 1.2-1.6 (m)
8 2.53 (t,J=7.4 Hz) 2.53 (t,J="7.3 Hz)
9 _ _
10 6.07 (d,J=15.4 Hz) 6.07 (d, J=15.4 Hz)
11 7.11 (dd, J=15.5Hz) 7.12 (dd, J=15.4,9.8 Hz)
12 6.15 (m) 6.15 (m)
13 6.19 (m) 6.18 (m)
14 2.15 (m) 2.17 (m)
15~17 1.2-1.4 (m) 1.2-1.6 (m)
18 0.89 (t,J="7.0 Hz) 0.89 (t,J=7.0 Hz)

,,,,,,

Figure 13  (A) Scheme of the synthesis of 9-EE-KODE. (B) Comparison of synthesized and isolated 9-EE-KODE by
'H-NMR (ppm). Solvent, CDCl;. (C) Chromatograms of synthesized 9-EE-KODE. Column: Cosmosil 5C18-AR-II (10 x 150
mm, Nacalai Tesque, Kyoto), solvent: A (H,O) - B (CH3CN), 0 — 100 (0 — 30 min), flow speed: 1.0 ml/min; wave length: 280

nm.
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2. 9-EE-KODE ™ HRA {\Zx%t4 % e B e/ A

95— ClL, 9-EE-KODEDHRAINE S AR 3 2 MR EEEH 2 MTTIAIZ £ 0 B
AE L7, MTTIEIXAEMIFIZ B W TMTTA DO FR L~ o ~EILT 5 &9 MO RGE
TEMEIC L0 MRREBSEIEEZ JE TE 505, AR LA~ o dllast:s A4 256
MNio 0, EAFRREORE R BNE L SRR H 5 2 L gE Sh Tk

Z ZTMTTIE S & HICBrdUIEIZ L0 | MR ESEEE 2 JIE L7z, #eiEak L 7= HiBrdu
PR Z W TREMIZHRMT 5 LW o HIET, EIZDNAGKEZIIET 5,

HRAAEIZ 9-EE-KODE % & & TR L | 24K5[EI#2 I & 51 MTT F£721% BrdU %
WML T, MRORBELDNAGKEZHE LZE Z A, WThh 9-EE-KODE D
KA 72 IR BOETETE TR O bz, ZNENOHFETHE L7 1Cs X, 9.2 pg/ml (31
uM) B LD 2.6 pg/ml (8.7 uM) TR X 72EWMTRD b 72 (Figure 14), UL ED#E
FiZ XV 9-EE-KODE(FHRAMAZ Iz L C, MIRESEIEEN H D = L BNBR T 72,

Al B
100
_ 80 -
= 2
c S 60 1L *%x
S S
Y b=
2 \(: 40 dkok
B ° ook sk ok
sk sk 20 A
0 T T T T 0 T T T T
0 5 10 15 20 0 5 10 15 20
9-EE-KODE (ug/ml)II 9-EE-KODE (ug/ml)I1

Figure 14  Cytotoxic effect of 9-EE-KODE on HRA cells evaluated by MTT (A) or BrdU assays (B)
HRA cells were treated with 9-EE-KODE for 24 h, and the cell viability was evaluated. Data were expressed
as mean = S.E. (n =3 for MTT, and n = 6 for BrdU tests). **P <0.01, ***P < 0.001 vs control (0 ug/ml)

group evaluated by Bonferroni/Dunnett’s multiple t-test.
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3. 9-EE-KODE iz X 5 DNA Wt {b ik

9-EE-KODE |2 X 2 M AR OB AT R b — ADFHFEIC L Db DO E 5 nEH L

PNZT B 721, DNA OWr b oA 28122 |72, 9-EE-KODE "CHili# 24 I 1412
AR DNA Zfifiti L, 7 e — A7 VEKKE CRIZE LTz, ZORE%. 9-EE-KODE &
REET 1 pg/ml 225, A DNA OBTH LD RO D L 212720 BENEL 2513 E%
OW AL ICBIZER S D K 5127 -7z (Figure 15A)

WIZ, TR b= 2AOBICHIEIZERT 2 & X b UiflG DNA Wi %, /et
ICE VBT % ELISA v F2AWTERLEZ, Z0F v b T, Mlaamgae o
B7Z7 7 varfliBiIbE/-BLXOA) IXT LAY — AERFRNIHRITE 5,

9-EE-KODE T HRA #lJl Z #il#4 L 721 ® DNA W i (kD b 2 k54 DNA K AL O+
xf7p B, WK T 28N oz (Figure 15B) . 2D &0 b,
9-EE-KODE (I7 7R h—Y R &FHET 5 Z LR b E o7z,

Nini BT

9-EE-KODE (pg/ml)IT

0o 1 5 10 1oom H25 ;
P = [e]
o~ '.6 *
8 2
= S
ey £ 1.5 1
— =
— 2
= s
el o
— 2
. % 0.5
[
! g
— 0 -

Control 1 5 10 100
9-EE-KODE (pg/ml)[

Figure 15  Effect of 9-EE-KODE on DNA fragmentation in HRA cells.

(A) HRA cells were treated with 9-EE-KODE for 24 h, and DNA in the cells was separated by

electrophoresis. (B) HRA cells were treated with 9-EE-KODE for 4 h, and the amount of DNA-histone

complex was evaluated. Data were expressed as mean = S.E. (n = 3). *P <0.05 vs control (0 pg/ml)

group evaluated by Bonferroni/Dunnett’s multiple t-test.

4. 9-EE-KODEIZ X % phosphatidylserine D RS E~D 88 H D FHE

TR b= AP TIE, ML OIS Z Pk o 72 F £ TR D NEE OIEXRFR
PE% #2075, Phosphatidylserine (Xf2MEMRTE L7 U VAEE T, MIEONRNZHIEL T
WA, TR =220 < PINCHIfEOIMINC R H 35, Z4HUZxt L. Annexin V
LN MR Y VRRE RS & 732 T, phosphatidylserine & 138 W BLFIME TH
BT HIELED, EAOENEET D, o, EFMRIIT XX VICRESR
2N, Lo T, TR M= RAEEZ LML, SL s T2 O/ 7 A K
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— U ANR T B ADOHENTTHETH 51,

Z 2 CH AT S U7 Annexin V & VT, 9-EE-KODE Tl L 7= HRA Hifa % Yetd
L7z & 2 A, BERFMIICE TR S - Ml o ma@lgg vt (Figure 16), 2Lk
D LMD, 9-EE-KODE %, HRA Mlglzxt LT, 7R b= AZFETHZ EBHL
nElnolz,

- -
L 2] o o [\
o o o (=] (=]
1 1 1 1 1

Annexin V positive cells
(5]
[}

o

oo o
I* I
*
1 5 10

Control
9-EE-KODE (pg/ml)

Figure 16  Effect of 9-EE-KODE on phosphatidylserine cell in the outer membrane of HRA cells.
HRA cells were treated with 9-EE-KODE for 12 h, and phosphatidylserine in outer membrane was
detected by Annexin V staining. (A) Representative microscopic photographs. Bar in a photo represents
0.02 mm. (B) Positively stained cells were counted in 4 — 6 different microscopic fields of view of a
single culture well, and data were exhibited as mean + S.E. *P < 0.05, **P < 0.01, ***P < 0.001 vs
control (0 pg/ml) group evaluated by Bonferroni/Dunnett’s multiple t-test.
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5. 9-EE-KODE IZ & % HRA #Ifa®D caspase-3, -7 IEMEIT R 2 &

T ANR—B I Al — ROIEHALIE, THR R =V ARBEORNTRLS ZEDTERNA
R R TH D, Caspase-3 1T ZEEIRE L7-FRBEICE S E L O X 7 EYIE D5 &
&5 5 < HIT N ORENZFFOEBER I ANR—BELZD 1 D TH Y, caspase-3 i1 DHY
ME7 R =y 20~v—h—L LTHASh T B,

% Z T, 9-EE-KODE % HRA MIZHIM L T 5 24 FEOMINRIZI 1T D caspase-3,
~7 OIEMEE ¥y N ERAWTHIE Lz, Z OfE R, 9-EE-KODE | HRA i ? caspase-3,
—7 OIEMEE BEERFEAICHEIN S B, 0.1 pg/ml OFEE CTHEZENRD iz (Figure 17) .

LEDZ &6 9-EE-KODE @ HRA MfEIZ(I 95, 7R b — ZADFFEN T A/~—
BHART—RENTDHZERbMHoT,

)
)

-

)

1 l

)

Control
9- EE KODE (pglmI)I]II]

Luminescence
(relative to control)

Figure 17 Effect of 9-EE-KODE on the activity of caspase-3/7 in HRA cells.
HRA cells were treated with 9-EE-KODE for 24 h, and the activities of caspase-3/7
were measured. Data were exhibited as mean + S.E (n = 3). **P <0.01, ***P <0.001

vs control (0 pg/ml) group evaluated by Bonferroni/Dunnett’s multiple t-test.

6. 9-EE-KODE ® HRAMIMEI r2v R TEEBMEZIZHT S EH

HRAJFE N UM % 2 9-EE-KODEDEM S, X bar KU T 2957 AR h—v
AFHEREI LD AR DWW TR L7z, X b= R U 7 OREEN T, DNAEE R L
DARNLVRIZEY, TR =Y AFFESp53°T AR b —V A %7 5Bcl27 7 I U
— XN RN LTEL, ZORE, 2 a2 FU 7 beytochrome e L, 7
A= ARFEEIND,

FIZT, TRV RCERT LI Far FUTHERECTCRAONS, T ha R
TIEBN OB EBE Lz, 2 bay NY 7T OBREEBMOEKIT, 7K F— ADOFFHIC
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FoTHlEEZENAMMMOIZD > THD, ZOEE, IC-10 LRI AFEE
AWTEA L7z, Zo@FEE, EFMAOI hay R 7 OEEMND & X I2I3EE LT
FAE LIRADEN AR T DB, TR =Y A LM TIES b av R U TIEEMA K
L. 2 hay RYTHMCE ) v~ —RICHEH L T, otz 5+ 5%, HRA filfaz
9-EE-KODE "G L T 3 B§ff&IZ JC-10 ZWsimL., X b= KU 7IEE uODWI:%:zHIJ
ELIZE A, FEaOE N Z R L7z HRA Ml OE|IA 1%, 9-EE-KODE DR FEKFIIIC
AL, 20 pg/mL OIRETHEZENRD bz (Figure 18) .

ZDOZEND, 9-EE-KODEDTNINC LV, HRAFIEAND 2 k2 R U 7 OEN 238
DL TWDLZ EDRB LN ST,

6 -

5

*
4 -
2 -
1
0 -
0 1 10 20

9-EE-KODE (ug/ml)

Fluorescence (535nm/590nm)
w

Figure 18  Effect of 9-EE-KODE on mitochondrial membrane potential in HRA cells.

HRA cells were treated with 9-EE-KODE for 3 h, and the mitochondrial membrane potential was evaluated by
JC-10 staining. Data were exhibited as mean + S.E. (n = 6). *P < 0.05 control (0 pg/ml) group evaluated by
Bonferroni/Dunnett’s multiple t-test.

7. 9-EE-KODE®HRAMIME I k=2 KU 7 H b Dceytochrome cD i H~®D
EH

AR N~ &AL 7zcytochrome ¢ (%, Apaf-1 (apoptic protease activating factor 1) &
fE L CApaf-l DZ &ML Z{E L, caspase?d U 7 /b— F IS4, 7AHR b Y—A LRI S
ERBESERPIEER S D, 7R b Y —Aldcytochrome ¢, Apaf-13 KO8 caspase-9 %5
NTZHEAIRT, caspase-9 13 Z OEERFCIHEMHALT 5, IEMHAL S 72 caspase-9 X, 7
ALY T A =% T 8% L [RIEEIZ, caspase-3 72 E D FiD caspase A IEPEL L. 7R
P =T Z2NFFEEIND,

X h 3 R U 7N Dceytochrome ¢ & #iiaE MNeytochrome cDFBLOZ LI, Mfa 7 4 &
—VADHEL IR DA R N THD, £ T, 9-EE-KODEDIHEIIZ L > T, T ha RV
7N & AV N Deytochrome cD X L /87 388l U= AZ 71y MEIZ X YR LT,
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Z O, 9-EE-KODE THLEE L7- HRA M Cix, WEKFIICI Far FUT o
cytochrome ¢ DFEBL & L | ﬂﬂﬂ’j ? cytochrome ¢ DIEHLEDHMNGRD bz, Z
D LB, 9-EE-KODE ORNNICZ LY | cytochrome ¢ 73X h 2> KU 77 Bl E ~
B MEET D Z E BB LT 5Tz (Figure 19) .

A

Mitochondria Fraction

Cytochrome ¢ | D =  —

B-actin e e S S

Cytosol Fraction
Cytochrome ¢ - “ -

B-actin e S s

Control 5 10 20
9-EE-KODE (pg/ml)

B

3 -

[ ]cytosol  Mitochondria

£
= *ok ok
§2° 1
=3
G ek
o
§
21
Q
o %
S

0 -

Control 10 20

9-EE-KODE (ng/ml)

Figure 19 Effect of 9-EE-KODE on cytochrome ¢ localization in mitochondrial and cytosol fractions in
HRA cells.

HRA cells were treated with 9-EE-KODE for 24 h, and the cell lysate was separated into mitochondrial and
cytosolic fractions. The content of cytochrome ¢ was evaluated by western blot analysis. (A) Representative
photographs of the membrane. (B) Area of the band was measured by image analyzer, and data were
exhibited as mean £ S.E. (n = 3). **P < 0.01, ***P <0.001 vs each control (0 pg/ml) group evaluated by
Bonferroni/Dunnett’s multiple t-test.
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8. 9-EE-KODE ® HRAMIRIZIIT B Bel-2 77 2 Y —F U NI ERBEE~
DIEA

Bel2 77 I V=227 IE, I har NI T7To@EREEZ= br—135 2 L1
FoTT A M=V RZHIHL TN D, HLT7A b= RAZ X7 ED Bel-2, BelxL (%3
h=zy KU THMEIZHFAE L, cytochrome ¢ O A2 IHIT 5, 7mT7 AR h—v AKX
7B ® Bad, Bid, Bax, Bim [THUIEIZ/F/ET 223, death &7 F WMIZfE->T haav
R T ~EBE)L, % Z Tld cytochrome ¢ OHZEET 5, Bad 1 h=2> RU 7~
EBEIL, BelxL &7 u TR b= 2AEERZERT 5, ZOBENL, Bad DU UHRE
R EE T AFRFIC L > THfl S 4L, MREICE 2 kD b d, MIENO Bid 1X
Fas &I L7237 F M L7223 5 C caspase-8 (2 &> CHHIL S, ZEDIEMRIZ Z 7 A
F (tBid) XX b= RUT~EBEIT S, Bax & Bim [3AEFRFDOERER ED death
FIIZISE LT hary RU T~ BHET %5, DNA #5125 5 T caspase 2MEME(L S
% &, pS3 1% Bax & Noxa DG ZITUHET H, TA F— RO I ha v R 7FEilEatk
& cytochrome ¢ FLH O HIEI A 71 = X LF5ERITIZT D> TWRW A3, Bel-xL, Bel-2, Bax
XFENARAEMEREA A F v x/b (VDAC) ITEL b 2| £ cytochrome ¢ O il
HO—EH->TNDH EEZ LTS (Figure 20)

9-EE-KODE CALEE L 7ZHRAMII CliX, I b= N U 7 OREMITIREKFETIER T L
TW/ZD T, 9-EE-KODE[FBcl-2 7 7 I U =X U N7 HI/EH L TS AIREMEDN & D,
LT EDEOIRZ N IBEDI L TR M=V A R TéH %HBel-2 & Bel-xL,
TaT IR =V AL NI ETH DHBaxD K N7 DIEEL RN % 9-EE-KODE D 5%
et L7z, 9-EEKODE C& R ALEE L 7- HRAKINE TiX. Bel-200 3881 8 23R IRFAI I 5
A Bax®DFEBLEARERFANTHIN L, 24FFFR ICHB W THERLZLD RO BT,
Bel-xLFBLEICITZELDZ8D B vz - 7= (Figure 21) , £7=. 9- EE-KODE T24IK5f#]
JLER U 72 HRAMIE T, Bel- 20 JEBLR N RERAFAICHD . BaxDF BRI L, 20
ng/mlDPEE CTHBE RN ED S0, Bel-xLAEHLEIZITERED e o 72

(Figure 22) .
A
0-@

207 s B
—‘ 4445111k HD.IN dddd H}m‘lﬂu]l JHHJL}]

91‘ Hﬁ Membrane sl

bound Bek-XL

11
i
.

c'.
ot o? L T

Cytochrome c

Figure 20 The Bcl-2 gene family exerts their pro- or anti-apoptotic effect!”
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Bel-2 | D e Wae e

Bel-xL | euus B W

Bax | "% s cn oo

B-actin | Qyp w> - >
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1.3 @ &

20 - o0 - mO0 -

@ 0 6 12 24 @ 0 6 12 24 0 6 12 24

Times (hour) Times (hour) Times (hour)

Figure 21 Effect of 9-EE-KODE on the expression levels of Bel-2 subfamily proteins in HRA cells.

HRA cells were treated with 9-EE-KODE for 0, 6, 12 and 24 h, and the proteins levels of Bcl-2, Bel-xL and Bax
were evaluated by western blot analysis. (A) Representative photographs of the membrane. (B — D) Area of each
band was measured by an image analyzer and the data were exhibited as mean + S.E. (n = 3). *P <0.05, **P < 0.01
vs each control (0 pg/ml) group evaluated by Bonferroni/Dunnet’s multiple t-test.
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9-EE-KODE (pg/ml)
B C D
5 3 z
o3 2 . “
g : Z
= -
£21 . B2 521
® P ©
[ o 3]
@ 2 @
-1 5 1 Qg .
o » -]
] o 4
m [vi]
o0 4 @ 4 0
Control 5 10 20 Control5 40 20 Control 5 10 20
9-EE-KODE (pg/ml) 9-EE-KODE (pg/ml) 9-EE-KODE (ug/ml)

Figure 22 Effect of 9-EE-KODE on the expression levels of Bel-2 subfamily proteins in HRA cells.

HRA cells were treated with 9-EE-KODE for 24 h, and the proteins levels of Bcl-2, Bel-xL and Bax were evaluated
by western blot analysis. (A) Representative photographs of the membrane. (B — D) Area of each band was measured
by an image analyzer and the data were exhibited as mean + S.E. (n = 3). *P <0.05, **P < 0.01 vs each control (0

pg/ml) group evaluated by Bonferroni/Dunnet’s multiple t-test.
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% £

AW TR, T AR & 7 — ViR A VN C 5 B oML L2k 2 Hilfa B
FEIEMEZ Mt Lo, T OfER, b N UREE ok HRA MRS )T LTl b @O BOBTE I 2 o1
Lz, TABR =S ) — ARk ar e —~ OIRBICE Th o722 &
BB 23 A MO S AR & B LT, b R OAFEERE Sk ORI IC
D AANEEHER LBSETEE N R b B o T, U EDZ EMnE, FARL FERICE £
D HRBBEIEERR L, AR VE v & 1T ERIERIZ, 15 5 D HRA IR OFEREIZ K
i U CHIMSE 2 758 2 ATREME S B & B 2 BT,

Z OB DIEHEICE S BB EITH 2 LI L D 2 DO M RIS RSy
9-0x0-(10E, 12Z)-octadecadienoic acid (9-EZ-KODE)33 & Tf 9-ox0-(10E, 12E)-octadecadienoic
acid (9-EE-KODE)#% Hifff - R L7z, 9-EE-KODE # £ U\ 9-EZ-KODE D& &% F A JL5E
OEFABNCERLTZEZA, AIBRHMEID LR ATICEZ Gl L 2RO D,
O DALEWIIRFEIETT AR TIER EBEFHT 2R 2RI E 725 6 O
EEZOND, Flo, FETAORER FHICB T 2210 DLEMOERIZKE
ZIIR LN -7 D, BREERE LTHAR FEAFIAT 5 & &8 =
ORI 2 & M & 72, 9-EE-KODE # X (Y 9-EZ-KODE I, linoleic acid 7>
5 lipoxygenase |[Z X Wb SN D Z Ll o TEREINDILEHEEZ BN DN,
9-EE-KODE (ZOWTIEF LT ARHIB T 5 b~ M b B EN LWL &V I b s, %
B DOEWIE, linoleic acid 73 HARIZEA L ENT-H THMIND Z LKV AERT LW
BRELH LN, U/ — Ak E— I —IZ AL TEZ LT 2 A HE L7-% T HPLC Cfll
ELThH, 202 MbEMTLER Lighotz, DO ED, TNHLDOILAEWITT AF
TEW A OER{EEESE DS linoleic acid 2D ZFI b DILEWZ LA LT-RHMEN TH 5
AREMED BV E B X BT,

9-EE-KODE # & O} 9-EZ-KODE 1%, T A< F Iz E 24 0.03%3 LY 0.12%
GEN, TNENO HRA IS5 ICs 1% 1.9 BLUN9.7 pg/ml TH -7z, T AL
F ) OB EBSEIETED 1Cs 1X, 0.5 mg/ml THDH Z LMD, TNENDOILEYOE &
EHIEE A RO TZ L 2 A, 9-EE-KODE & 9-EZ-KODE [ZZ 112741 0.08%35 100 0.1% L >
HEKL T o dz, 6o T, F AR AT E O OB EFEE R 5y & £ <
GieZ LR S Tz,

AMOAE ETEVE &SRR L, S E S EDORTFICL VEEELZT 5, (LEWRIOK T
E LTI, Rl—aI28F 8RN L BUKMERERDOIFR, 1V 7 L= 57 EEUkPE
HOFIE, " P OFERERFTOND, TFEOMEICLY, ¥ M EXD D
a,f-unsaturated ketones I3 PN DS AT %9 2 BRRIE A IR Z & 3 S Cnp Y &
72, BIR o, B ANfEF0S 2 $HD 3-arylidene-1-(4-nitrophenylmethylene)-3,4-dihydro-1H-
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naphthalen-2-ones |3 FE# 12\ EERERPEZ R LT\ 2% )| 9-EE-KODE % HRA izl
KT HAMAOBIRMER o> - B & LT, ZOMENICH DS b RO HEHl <
Do

AHFFETIE, 9-EE-KODE D HRA ezt 4 5 BIEIE ML, A< &b I bar R
TN ENT DT RNV RAEHETH e LT WML, L
22U, 1 pg/ml OJESE T 9-EE-KODE % JLFE L 7= HRA Hifl TlX. A5 72 DNA A& DI
T, phosphatidylserine DFfAME~DFEH ., caspase-3 IEPEDIEHENRO H7=25, I b
oy R TIREEMZDOTLE, cytochrome ¢ DOHMIAE ~D ], Bel-2 HELEDIKT & Bax
FHLEOEIIL, 1 pg/ml ORETIIAERZMITFED HivT . 10~20 pg/ml 2L EOYREE
MLE T o7, 9-EE-KODE [ZREF i LT VM FEE A FF-OO T, MlNIZH 5
BRI EROE LT, £ T VN EERRMEDETERL LT VWEBE X BN,
ZDOZ LB, 9-EE-KODE @ HRA MlEIZXI T2 7 A h— ZAOFFEZI b2 KU T
NERHRRIES 7217 T72 <, 9-EE-KODE H & & 5 \WMIfho 7 2R 7 E LGS L REE T/ ik
ANVRBRERFE L, MORKEAENT D Z &b+ S 7,

F AR FEORBRIECE T 5B PR T VAR EM & LCHET 2729
ZIE, AWFFED K 9 72 invitro D FEERTZT TIE7Z2 < invivo EBRBATH 2 EARD BN D,
AT DN RIIEDE, &Y/ — @b e E ) — RMeaW L LiooslEY
TEVEE ORI, 9-EE-KODE DIERISy DR ENBIFF S b,
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KERDER
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(e ]

KB (Human cervical carcinoma), ACC-MESO-1 (Human malignant mesothelioma), MCF-7
(Human breast cancer), Mia-PaCa-2 (Human pancreatic cancer), HT-1080 (Human fibrosarcoma)
X, BAFRER M A R LR B A #d% X Y. HRA (Human ovarian
cancer) (%, 4 EBERFRKFEEEFVIER ER AB 08 S8H 6% BAELVhh5 S
TboEMHALE, TA5OME, 12 10% 0w VU RERIMmE (FBS, Sigma Aldrich,
St. Louis, MO, USA), ~X=3U > (100 unit/ml), A kL7 h~A > (100 mg/ml) (F
HTAT A7 AR AU LT- RPMI 1640 54l (777 A1) T, 5% CO, | 37CTH;
#LI,

HEFRIZIEZ, 025% b U 7’22 in 0.53 mM EDTA ISR (4 7 1) Thilnz 3 4> st
THILTHBEL T2 2 LIC LT, Ml ORER, mEREHENRZ AT 0.5% k
YR TN—Reilk (THT74) THRETLILIZLVIToT,

[ BEEIE O W E]

FHEHI 2 96 YR L—F (AKRY =37 47 Z) 1Z5%x10% cell /198 pl/ well ¥
OFFFEL, 24 hi5#E L7z, £ D%, DMSO T 10 mg/ml, 1 mg/ml, 100 pg/ml, 10 pg/ml
WG L2 o7 vz 2 TN L (BofSIREE £ 100, 10, 1, 0.1 pg/ml), S HIZ72h
B L7z, 2 hr—/LZiEDMSO %, = hm—/L & LT adriamycin (B FI78EE -
Ty AP, HR) AR LCEHR L2, MTT (47 4) % 3 mg/ml DT 20
pl TOWMUL, SHIC4h B8 L, EHiZFRE%, DMSO 170 wl 23 L CAR L7z
formazan % % L, 570 nm TO WS % ARVO MX 1420 multilabel counter (Perkin Elmer,
Winter Street Waltham, MA, USA), &% 7=(% iMark Microplate Reader (Bio-Rad. Philadelphia.
Pa, USA) IZXVHIE LTz, &3EMOPREITIIT D HBaHEFEIHZE (%) 2R E LV &
ML, 50%% &L 3 DO LHBEOXFICKT T HMaEFEEL 7oy F L& XD
CLEBRZ VY, 50%% R REZ 1Cs) & L72,

[F AL =% 2 OFHE L 4y ]

TR L7z A REI, %ﬁ%ﬁﬁ@ﬁ%ﬁ%ﬂbkoTﬁ&%%%x%ipwg
. B AERY 2.8 kg & ZAVLISNDE o0 . A< AT BRI L. BRRS R
26x10°g 2157, ZHUCT X /—L 21 ZMA TRtz 3 BTV, fHiEE A
DETRMEEET L2 L12XkD, %m:%x76g%ﬁto_m%w%x&/~w3m

IR L, ~F P 121 C3IEITHELL., ZNEILOME S 2 RAELE L7z, KIZ 80% A
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B —)VIEGr R K 3.6 IR L, BT /L 1.21 T3 [ESEL L, & HIT/KESZK 1.21
T3 EGE L., EAENDE S & MERLE Lo, 50K myOEeElL, ~F P
sy (08¢, EEE=TF /LESy (13g). KHES (52g) Tholz,

AN F AREDON 3 LS o5 200 g 2, =% 7 —/L 21 TRERICHITH L, fit=
¥R 125¢g 57,

FRENDOFT AN g ) — T R 2B X OEOKE /L, 10 mg/ml & 725 X
912 DMSO (¥R L, 20CTHRIF L 72,

M~ F Vi 13g %, YU DTN T L~ N5 74— (U A5V 60N, B
AL, B, 4emx20cem) (S, AZ J—: Zood sk (2:8:01) 1
TIWH ST, 77 2OFICEEFZEN 2> DNR RER- T, Fr. 1~Fr. 4 21572 (£1
Zi 7.2 mg, 683 mg, 142 mg, 258 mg), Fr.2 (683mg) # ODS U W Lrua~ hJ
77 4— (ZAEII140C;5-OPN, 774, 4ecm*x20cm) (2L, A& ) —/1 /7K
(1:1, 4:1, 1:0, 300 ml F DEeFEH)) TERH S 72, Fr. 2-1~2-3 (1241 225.1 g, 48 mg,
176 mg) % 457=, Fr. 2-2 (48 mg) % 43 HL HPLC (= 2 & 2/l C;3-AR- 1 column 10 x 150 mm,
THTA) L, P 3 ml/min, K7 h= KU/ (50:50, 0min ; 30:70, 30 min ;
0:100, 32min) THH S, 280 nm @ UV W75, Compound 1 (19 min, 0.13 mg) .
2 (20 min, 0.25mg). 3 (24 min, 9.1 mg). 4 (26min, 2.2 mg) %7%7-, Compound 3 &
4 DILFAEREIL. NMR (Bruker ABANCE 600, MA, USA) & EI-MS (HA®E 1, #HR)
ZRE LT,

Compound 3 & 4 OF ZAHEF OFEEOREILX, LLFDSEMEDO HPLC IZXL V7572
M7 L, 3 AFE )L 5C5-AR-T column 4.6 x 150 mm (FH ZA) ; BEHH, K/ 7TE& b=
K UL (50:50, 0 min ; 30:70, 20 min ; 0 : 100, 22 min) ; i, 1 ml/min ; ., UV 280
nm, AHFFRH. compound 3 (19 min), compound 4 (20 min),

(&S 208 < fp, B, RFEZF 205

EBRIHEA LSO A RFEZIX, BATS S THEA L,

EFEFIE IR T ARFEE N FEl, EIMEOREZNZNST T, BB L, <
NEN g #EBRMELE LT, R F /L 10ml 22T 30 min DY =4, —3 3 2k
L% 3 BTV, HHR A SO CRERZE T2 2 Lic k. Sl 221572,
ETOHHTFRAZ AL ) —)LT 10 mgml (T L=, TO%, FEE (625, 12.5,
25, 50 pg/ml) @ 9-EE-KODE # W THERR A 1ERL LTz, ENZEIND T A DA AL Ol
i % 2% HPLC C 9-EE-KODE O &A &4 HE LT,

B

[9-EE-KODED A% ]
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B X ORI IEIZ DWW TR, ARITUZFEHE LT,

[MTTEEC L %9-EE-KODE DA E 5EAE FH Ol 7 )
9-EE-KODE#SIN . 24 W% ICMTTIARZ TN LT-F2[R& | B =ICHEL TiT-o 7,

[BrdUi4IZ & % 9-EE-KODE D Hl i £ FEAEH O ]

5-Bromo-2'-deoxyuridine Labeling & Detection Kit Il (Roche Applied,Science, Mannheim,

Germany) Z i L7=, MTTE & [RIERICEAE L. MTTIAR O3 0 1210 pldBrdULZ A
awRML, 37CT 2h A FaX— K LT, HZIZAMRIILHDNAICERY IAE T2,
BE i 20 5 bR 2588 . AARIZ200 pl/well @ FixDenat % #sA1 L C30 min, 25°C CTALEE %
ZEICEVEE L, ZD%, 100 u/well OPODIEEHIBrdU HUIAS iR 2 s L <,

15°C | 90 minfLH U 7=, Vel Cledis, ~ LA F v #—PoE 2%, 25°CT3 min
AU F 2= ML, 405/490nmDRNEE~ A s an T L— ) =X —ZHWTHIE L

[7 e — A VEKIKINC L DT R h— 20K

723 (50ml, BAY =37 47 A, BA) 122 x10° {HOHRAHIN Z FEHE L,
24 h BiFEth, BiHiZDMSO (Control) F7-(X9-EE-KODE% 1, 5. 10, 100 ug/ml & ekt
il AL, X 51224 higFE L7z, MlaZEX L, ¥R/ > 7 7 — (100 mM Tris-HCI,
pH 8.5 ; 5 mM EDTA, 0.2 M NaCl, 0.2% SDS. 0.2 mg/ml proteinase K) %330 ul/ll 2 T37C
T—MiA > Fa— 52 LICL 0 M2 AMR L7z, 0508 (1.5 x 10* rpm, 10 min)
%, PEBIC5 MNaCl 141 pl& Nz, S <8R L2, & B2 D4 EE L7~ (1.5 x 10* rpm,
20min) , EFEEFTART 2—TICB LT, =X ) — 470 plze iz, <8 L7214,
wEOYEE L7 (1.5x 10 pm, 20 min) , B2 W51 L, tRBIZ70%= & 7 —/L 400 pl
EMA %, B HHE LT EO0BE L7 (1.5x 10 rpm, 20 min) , FiE& W5 (FRE L,
TEEAZ K 2 15 pldsin U C¥afi%# L. RNase A (10 mg/mL in Tris-EDTA buffer) %1 pl#&I0L .
37CAKIBT—BETA ¥ a— |k L1z, ZD%, o 3x10° pm, 20 min) SH T, k
B & BRE L, BB % Tris-EDTA buffer 20 pl CIEfE L. 2% 7 H 10— A7 )V Z& W CEAIK
G-, WEEL7ZDNA 12, =F YU A7 0 RCHALERA LML, UV F T A AL
IFxR—F =2 LAk L7z,

[X 2 LAY —22 k% DNA Wi o]

Cell death detection ELISA™™® (Roche Applied Science, Penzberg, Upper Bavaria, Germany)
A HVCHIE Lz, 96987 L — MICHRAMIRLZ 1.5 x 10° cells/wellfffE L . 24 hi5 3514,
9-EE-KODEZ I L TS HIC24 h& ki LTz, TD%, F v hOFBFICHE> THIEL
Too FERIT. ARWQEL (KTHR) HifE & 9-EE-KODE THLEE U 7=l 2> & O EE D L 6 |
PLUF o=z & 0 55 L 7zenrichment factor & L CT# L7z,
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mU of the sample (dying/dead cells)
mU of the corresponding control (viable cells)

enrichment factor =

[7 3%V Yefa]

K387 7 2= (50ml) (Z HRA #ifZ 1.5 x 10* cells/well © HRA #ifZ4&fE L, 6 h kF
e L7oth, KD 9-EE-KODE #¥UsIL7-, 24 hi5##%, PBS THF L., MfRIZT %
X V-7 /A L&V (Medical & Biological Laboratories, 4 iJ=) % 10 pul #si0 L7,
TR C 15 min £ > F =2X—  L72#, PBS CTUEF L. w@CBAMESE CRIZ LT,

[Caspase-3/-7 DHIE]

96 X7 L— hZ HRA #lifln% 2 x 10* cells/well #HE L, 24 h 553 %, 9-EE-KODE % &
MU T 24 h 5588 L7e, Bitia Wi 5|BR%E#%, Caspase-3/7 reagent (Promega, Madison, WI,
USA) % 100 pl %0 L TR T 1 h 5538 L2, AR IEE 498 nm, WL R 521 nm D4
K&V ) A—%— (Perkin Elmer, Winter Street Waltham, MA, USA) THlE L7,

[I b= Y TEEMOHIE]

96/ (T L — NMIHRAMINEZ 1.5 x 10 cells/well#E5E L, 24 hi%#%%%. 9-EE-KODE %
WML TI2hE38 L=, £ D%, Cell Meter' ™ JC-10 Mitochondrial Membrane Potential %
I~ (Biomol, Hamburg, Germany) % L C, LI E490 nm, WP 5&535(5%)/590(7R)
DENZRNE LT,

[S a2 RUTDOBe2 ¥ 777 =& 7 EDKiH]

687 L— M ICHRAFNEA 1.5 x 10* cells/well#EfE L, 9-EE-KODEZ IR/ L T, 24 hia%
Lize Mz b D 73 B K 0 B L, 3008 (2x 10° rpm. 20 min) #, PRRRIC
lysis buffer (50 M Tris-HCI, pH8.0, 0.15 M NaCl, 0.5% sodium deoxycholate, 0.1% SDS, 1.0 %
NP-40 substitute) Z 100 plisA0 L, & CRlAZ M L, ¥ >/ 7 BiREIX, BCA 7
a7 A7 vEA % b (Thermo Scientific, Rockford, IL, USA) THIE L7z, 25ugd
KT NER2%T 7 VLT I RV EMH L7-SDS-PAGEIZft L7z, iy FE~— T —&
L . Precision Plus Protein' " Standards Dual Color (Bio-Rad) % fHV /=, EXIKEIHZ DA
MBI RTAAXT vy T 7 ¥E (ATTO AE-6687 HorizBLOT 2M, ATTO, HR)
% T, Immobilon™-P Transfer Membrane (Millipore, Billerica, MA, USA) (Z#2%5 L
7o WEZ PEVE (20 mM Tris-HCL, pH 7.5, 170 mM NaCl, 0.05% Tween20) (Z Ty L .,
10%7 1y 27— (DS 77—~ A F A7 4 Fv, K) FTEIRT2h! rFa
— F L7, KIZ10% 7 12y 7 = A THR UL FO—RUAK TA T L &24°CT—
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eSS S, YRR C3EIVEHR, 10%7 1 v 7 = — A THR LI~ A 3% o 2 — Pk
Fi~ 7 21gG (1:1x 10%, Jackson Immuno Research, Reston, VA, USA) % MW\ T=IETI
WSO S 72, Vel C3EYEE L. Luminate™ Forte Western HRP Substrate (Merck KGaA,
Darmstadt, Germany) (25 miniz L, {77 (LAS3000, &7 1 /LA, HAR)
A L Ot a R Lc, ElBOMITIXIMAGE J1.46 (BE7 A /L A) ZHWTe,
REZPe D A 7 L X, WB-stripping solution (7454 ) T37°C, 95fikeiE L. O
2y X T EITH ZETHOX o ORI,

(I F=a FUTHNEHMIZEND Cytochrome ¢ DHIE]
6 N7 L— M HRA #iflaz 1.5 x 10* cells/well #H L C 24 h 53 L. 9-EE-KODE T
24 h £55% Lo, Mz N U 773 AP I 821 L | Mitochondria/Cytosol Fractionation Kit
(Abcam, Cambridge, UK) T h=x> RU T LM E 208 L, Al & RO HIET
Rt L7z,

(48 L 7= HuiA]
53T A =T — NS kDa
Bel-2 Cell Signaling (Danvers, MA, USA) 1:1000 26
Bcel-xL Cell Signaling 1:1000 30
Bax Cell Signaling 1:1000 20
Cytochrome ¢ Abcam 1:500 12
B-actin Santa Cruz Biotechnology (Santa Cruz, CA, USA) 1:500 43
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#iR GERMR AR KRz )=y 7Bk KB 8 it 4 5ERFERFBEZ
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