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M ER

HARSICAFET DV V=R, ¥ = 79K 4 REORY 7=/
—/VEIE, —AICHRB I ER B T O D A LV RIEMEZ R0 ISR 3t
THBREBHEIIENZ ERHEINLTWS. LL, V7= 0ARERKD
phenylpropanoid °7 Vv A NIZT I REZEANLT-ERABLEWIEH L
EiEEE RS L, Fo, TR A RITHEET D7 2 E RO 2 LT styryl
BN LT AbEMIT O BERE ERwmMRT T o MlagEtt a2 2 & il
ENTWD., —J, 7 aET U BRO 3N styryl ZE%2E A L7ALA Y O EDIENEIC
B3 25ei3 v, 2o X )l maliE 2, AFETIE, b OERY L
FEARAD 2 BINANZAGE T 2 ME 2 PR%E T 5 —8 & LT, phenylpropanoid {27
I NEEZEANLZFHEAR 12F, 7/ a1 RO pipericacid (27 X REEZEAL
AR 12 FE, 7 0 F B 3 AT styryl JEAE A L 72K 15 oM E
TEMEFS J O HIV IEPEIC OV TRRET L 72,

4FEOE N OFERY EREM (HSC2, HSC3, HSC4, Ca9-22) & U8 3 FOD IE 4
b N ORI (B AR MEZE AR, S AR MR 2R, S EAERD) (k3 mAa s
Pz, MTT B2 HWTRGT L7c. @IGEME(TS fE)I%, E5 MRk 2 g
Jad CCsofED It & LTEHMI L7z, S 512, B baomyiibyn, G, &
TALFHIR S EZ . L FEEIC RSO CRHREB L PIICE G L. T720b b,
FFENFEC I VG OGN TR ZEE 3 IRouhEE 2 FIIELE & U, B EEILRE B0
2 & D THLERH RIS E SN TR B L RS A EET S L L b, &
KD CCso S ONBRPEMEIT R 2B 2 AT L7, Bt HIV iR, FRREG
NREGEAIREIC %95 CCso/ECso b (=SIfE) THRHAIL72. Milez 7 v —A7 T
bR ARXIVABIEEE, LYool U AR L CEim Al E 1
MEEHEE Lz, MRRANRE A2 A % ) — Vi THIM LT A &2 R v — A g
MEEEE LTz,

Phenylpropanoid amide 7534133 T DO EINFFEME A 7R L7 2N(TS=1~3), #i HIV
TEMEIIR & 72 0h - 72 (SI<1). 2. vanillylamine % L < {3 tyramine & 56 L7248
FEFE D N-Caffeoyl 8 RIT LIy mV VIR EME 2R Lo, BRI %3 5 4
faFtEix, MRS OB EAME AN 2 KT 28 e BE L Tz, —
7. MEEHIRIC T 28R, BB ¥— o FRiEME, 2 1FOFMEE
FERI L CTW e, S hiT, @BIRFEMIT S A X EHENHEAERIC X > THE
SNDZEPHLNERST.

Piperic acid amide 58RI T OBIREME LR L722y, HLHIVIEMHEITI RS 722
Do 1= BRI %35 piperic acid amide 7 504 D5 E IEME X0 4 BB A7 2 S sk



T HREERLR & BUVVEBI A R Lie, BRIk 2 M a5 E s 1Bk e
PR 2L X —6 LOKEMG & BT DHENRHR S ARICEE L Ty
7o, RGBS GEMEITBUKMERE BAER & o TR & 3 D A il 1
EHBICHBET 2 Z LBHALNE o T.

3-Styrylchrome FHER TR R OEIRGENE L R L7203, FLHIV IEEITR S 2o
7=. HRFIZ. chromone BR D 6 (LD RFEIZ OCHs F3FEA L2 3 O HILEY
(E)-6-methoxy-3-(4-methoxystyryl)-4H-chromen-4-one [4],
(E)-6-methoxy-3-(3,4,5-trimethoxystyryl)-4 H-chromen-4-one [6],
(E)-3-(4-hydroxystyryl)-6-methoxy-4H-chromen-4-one [11]i 31 #ll (doxorubicin,
5-FUNCPEHECS 23R EM 2R L2, [ X 2 EomhEfEc, 2 b
ay RUTOZ%ERE, MlaNOY T2 ) T I REOR EAPBIEIN. &
P, EHIL, IRk, BUKMERE BAEH 2B b o E Bl o THEE
TEXHZEMNHBHLE (R=0.76, Q*=0.57).
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Abstract

Three fundamental polyphenols present in natural kingdom (lignin-carbohydrate
complex, tannin and flavonoid) have been reported to generally show anti-oxidant and
antiviral activity, but shown lower selectivity toxicity against tumor cells. However,
the introduction of amide groups into phenypropanoids (component unit of lignin) and
alkaloid has been reported to produce new biological activity. And the introduction of
styryl group into 2-position of chromone ring (that is present in flavonoid) has been
shown to increase cytotoxicity against human oral squamous cell carcinoma (OSCC)
cell lines, whereas reports of compounds having styryl group at 3-position of chromone
ring have been much less. In search of substances having selective cytotoxicity against
human OSCC cell lines, the present thesis paper is aimed to investigate cytotoxicity and
anti-HIV activity of twelve phenypropanoid amides, twelve piperic acid amides and
fifteen 3-styrylchromones.

Cytotoxicty against four OSCC cell lines (HSC2, HSC3, HSC4, Ca9-22) and three
normal oral cells (gingival fibroblast, periodontal ligament fibroblast, pulp cell) was
determined by MTT method. Selective cytotoxicity (TS) was evaluated by the ratio of
mean CCso against normal cells to mean CCso against tumor cells. Physicochemical,
structural and quantum-chemical parameters were calculated based on the
conformations optimized by the LowModeMD method followed by the density
functional theory (DFT) method, and the correlation of these parameters to cytotoxicity
and tumor-selective cytotoxicity was analyzed. Anti-HIV activity was evaluated by
the ratio of CCso to ECso (50% cytoprotective concentration from HIV infection) using
HTLV-I carrying human T-cell line MT4. Fine cell structure was observed under
transmission electron microscope after fixation with glutaraldehyde. Cellular
metabolites were extracted with methanol and subjected to metabolomics analysis.

Phenylpropanoid amines showed moderate cytotoxicity against both normal and
OSCC cell lines. N-Caffeoyl derivatives coupled with vanillylamine and tyramine
exhibited relatively higher tumor selectivity. Cytotoxicity against normal cells was
correlated with descriptors related to electrostatic interaction such as polar surface area
and chemical hardness, whereas cytotoxicity against tumor cells correlated with free
energy, surface area and ellipticity. The tumor-selective cytotoxicity correlated with
molecular size (surface area) and electrostatic interaction (the maximum electrostatic
potential).

Piperic acid amides showed low to moderate tumor selectivity, but no anti-HIV

activity. Cytotoxicity against tumor cells was well correlated to structural descriptors



that reflect partial charge. Cytotoxicity to normal cells correlated to hydrophilic
interaction-energy moment and energy, H-bond donor capacity. Tumor-selectivity
correlated well with molecular shape and electrostatic interaction.

3-Styrylchrome derivatives showed moderate to high tumor selectivity, but no
anti-HIV activity. Especially, compounds that have a methoxy group at 6-position of
the chromone ring and hydroxyl group at 4’-position of phenyl group in styryl moiety
[11] showed the highest tumor-selectivity, comparable with that of anti-cancer agents.
During early stage of cytotoxicity induction by [11], mitochondrial enlargement and
accumulation of diethanolamine were observed. Multivariate statistics with chemical
descriptors for the location of substituted group, molecular shape and electrostatic
interaction may be useful for designing the most favorable compound with higher tumor
selectivity.

Further substitutions at 5~7 position of lead compound [11] may be a potential choice
for designing new anticancer drugs. It is urgent to investigate the selective
cytotoxicity of the substituted compounds, mechanism of cell death induction, and
perform the second screening test with human oral keratinocyte and gingival epithelial

precursor cells.

Key words: Oral squamous cell carcinoma, selective cytotoxicity, structure-activity,
3-styrylchromone, introduction of substituted groups, fine cell structure, metabolome

analysis
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1. #E8

HARFUIE, =2 IR A4 R, V7= ETRESRD A
V7 x ) —ARERIEICFEL WD, X r=2id, R TR, ~F¥V¥t ke
FLVT 2 ) ANK N RFANIEFEL TN 3= REORENT AT IVREE L
TR GIRIE S = &0 AT HRPEEG LRI =0 (e 7=
) CKBIEND D, TTR A RiE, v arnb A S DY RAHT
PEMDMIHTHY, 7T TIRY TIR) =N, AV TTRS T
TN T ARZ RIS D, T FUNEIR S HE ST
HUVART ha—UE, AFNAR) A REWIBIO T NV—TIZhEIn5 2. Y
J=0%, 7= a4 RREORM A HELIBKEES S TERS
o, REWHEYMIREEZ B W TEIE LG L, V 7=k ZERT 5 Y. %
o, 7= usl) A NG E SRR OERITIE T T, o8, B,
WRIRIEEDN DI 2 5. RIS E NN 7200 U 7 = BFEHED
FEEMICBT 23 E X, X =07 TR A REE R L UL b0 72
V.

ARFUAET D N6 DRY 7 =/ —/VHHIL, —RIICHBRILER B L O
MUANIERZRT 2 EIZ I MONTWD A, AR M x4
DRI X e STV o 7 I E ST, b b OFER A RCE I (Cag-22,
HSC-2, HSC-3, HSC-4)3: L Ot h APEIE S MM (8 P/ AR it 2 e, ki
AR IR D 50%AMARE EIREE DO A4 IR EMEOfRIE & L TR LI2G A,
Fr=v, TITRIAR, VIT=BHERREDORY 7 = 7 — VDRI
(TS=1~5)I%. FE#Al(doxorubicin, 5-FU, docetaxel, camptotecin)(SI=56~2961) & kL
LT@EMIENWZ E2RE LT Y. bR 7= ) —VEEAENERT S
TeOIZlE, ZOERERICEREZEANT D LEENA U,

V7= OIARFR T D phenylpropanoid (27 I RILAE A L 7-iFE KT,
AL ER >0, Fu o —BHEEME Y, COX-2 [HEEME, HiE 19 - iE
IR O AR 2R3 2 &G S TWwWb. 7=, phenylpropanoid
amide |3, A 7 = GREHET D720, LHESESCEEEREMICEATH S
Do Lo Lent, OFERSE EEEARIZ RT3 2B FEE 29 U7 fm sCTms S
ALTUWRUN,

Piperine {1-[5-(1,3-benzodioxol-5-yl)-1-0x0-2,4-pentadienyl]piperidine)} ([1], Fig.
MHE, FDOA VRD chavicine LA T, BavavicgEns7TriaA RT
&% 1. Piperine DIRFL 72 FIFLME D ERREAL, T8 A & B3 2 RGaIC 5 1T 5
heat and acidity-sensing human transient receptor potential vanilloid receptor (TRPV1)

EIEVEALT D Z 1T AT D W, Piperine (%, P-HEX o /)7 &3 5 HfaE



RS S° cytochrome P450 (CYP) 3A4 Z[HET 512X 0 | OFHZKOTE(LE BRI Z
O, TORR, ERRAEREZED D Z ERRE STV D 519 Piperine X
F7z. ZAIMMEEAYER AR 72 HEST 5 2 &2 X V| rifampicin OHUETEMEZ
B 5 1D, A HWT-AFSEClIL, piperine X, HTE., FRENEERELCEIER 1Y, U
KIETER 9, & LT FHAEMEM 0% "4 2 ERHE STV 5. Piperine
X BIRENT 7T LGME, BEIEMEICH T 2B ERIEE-RZ~L 2D, B
Kigs 22, AT 7 —~ P Y, BEMENE7 R b= 2%, b O
SRR, A= T 7 U0 FHETH & E72, MED Z A T IZE
272 <. GO/Gl HIITIRIE &/ 2 2 &R ST 5 22229, Piperine 1X, 7R
IFFERCR AIFEMIE A HER -~ 7 v 7 7 — DI EREE S 5 53 27, cadmium 2,
cisplatin 22> glutamate OB MED TR b — 205 IEE MR EZBET 5. Loy
L. piperine OFUEGHEM: % [7] LRk & D W XA CREE (F3ER. BRER) OIE
FAIAR A Xt L U T T » T WS 2R F T I3 s ShvTunawny, ME— ik e
I i R RS | B B e AS49 129 2 A 5 M2 b M RRHESE A & g
REt L7zimsCin—md 2 DA TIH D 2. F 7=, piperine DHL T A L ATEM: % f~
ToRm ST A S Tuwauy. Lo L., piperic acid amide 538K D AMTENE, FFIZ
b b APER R MR 6T DG E 2 e L 7o i sl e o 7.

Chromones (4H-1 benzopyran 4-ones) 1%, & D= 7 1Ei&E7) flavone, isoflavone,
2-styrylchromone 12 L S 41 % 25812 E%iﬁ@&@ﬂﬁ“\? HERIEEMTHD.
Flavone <X° 1soﬂav0ne ML LT, 2- styrylchromone . BRRFRUTIZEL L
FAEL 72V, ZAUE TIZ, Ak 2-styrylchromone F %{ZIK@?L@MKVE% RN 7
L —AE 32, #Kr{/ﬁfﬁ B PUEGER 3439, FLo A L AER 3T i
I TWb. —J5, 3-styrylchromone FFEMRIZE L Tix, oA LV AEMH P &L
-W%W%H~t2ﬁ@ WL L2RE SAUTVZR0, %‘\ﬁ%g
3-styrylchromone D1 L \WVAEWHER Z T 5 7212, —1# O 3-styrylchromone
FHEREEGKR L, ZOIBILIEA & o- glycosidase BHETEM: 235 L T2 4D,

AR NT, b AR RO R IRIEE T 2 WE A RET
L—EELT, U 7= EPHARTEEAD phenylpropanoid (27 I RAELZEA LT
BER 2 (T—VAFWXHE L), T/ aA RO piperine (27 I REEAZEA L

EHEE 12 (T VAWM E2), TTR A RIAFET D7 B EVEROD 3
LT styryl B2 A2 A L8R 15T (57— A 3) OMIEEEEEL D
PLUHIV G Z BT L. QSAR T 217 o72. S HIZ, £DOHT, B FARRF
Rz 2 5 < 5559 % 3-styrylchromone #5384 k_’Dl/"C %, AR N R
B L ORI PEEMIZ R T DA O TETORF ZMA 72 (77— A5
XH#4).



2. M EAE
1. HHEHE

Dulbecco’s modified Eagle medium (DMEM), phenol red-free DMEM (Invitrogen,
Carlsbad, CA, USA), fetal bovine serum (FBS) (Gemini Bio-Products, Woodland, CA,
USA). 3-[4,5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide (MTT), dimethyl
sulfoxide (DMSO)(Sigma Chem., St. Louis, MO, USA)

12 f&$H D phenylpropanoid amide #3E{&, 37245 N-p-coumaroylvanillylamine
[1], N-feruloylvanillylamine [2], N-caffeoylvanillylamine [3], N-p-coumaroyltyramine
[4], N-feruloyltyramine [5], N-caffeoyltyramine [6], N-p-coumaroyldopamine [7],
N-feruloyldopamine [8], N-caffeoyldopamine [9], N-p-coumaroylserotonin [10],
N-feruloylserotonin [11], N-caffeoylserotonin [12] (Fig. 1) L. N,N-dimethylformamide
¥ X dichloromethane H T, triethylamine, 1-hydroxy-1H-benzotriazole, % L T
1> 7Y THE|D  1-ethyl-3-(3-dimethylaminopropyl)carbodiimide D {F1E F T,
cinnamic acid 7% & (A& & vanillylamine, dopamine & % \ M3 serotonin D% v 7Y 7
ICE VAR L. 2TOAEWIE. DMSO IZ 40 mM OREIZEN L, AT
% FT-20°C THRAF L 7=

12 fEFH D piperic acid amide #FE(A, J724> 5. N-piperoylethanolamine [2],
N-piperoylputrescine [3], N-piperoylcadaverine [4], N-piperoylphenethylamine [5],
N-piperoyl-3-phenylpropylamine [6], N-piperoyltyramine [7], N-piperoyldopamine [8],
N-piperoylvanillylamine [9], N-piperoylserotonin [10], N-piperoylhistamine [11],
N-piperoyl-2-(2-pyridinyl)ethylamine [12] (Fig. 4)I%. BE# ®2EE L7z HIE T,
piperic acid L4727 I &2 v Y T IETHR L7, Piperic acid (1.0
mmol) & oxalyl chloride (10 mmol)% CH2Clz (5 ml)HF CIEFI L, =R T 3 KEf#E#:
L7=. LT C. &I L7 oxalyl chloride #7fIX L7=. # acid chloride %
CH2Cl2 & % % dimethylformamide (DMF)(2 ml)IZ#E2 L. JKIRH T CH2CL & 5
UM I DMF (5 mD)IZIE L7z 472 7 2 D WIEZF O (1.2 mmol)E L O
EtsN (8 mmol)IZHMN L7z, BORRIL, SBIR T 5 KR L7=. WK &4, CHCls
THIH U7, AHEEE 2 B L, NaxSOs & AW CREEE S &, B, BUET
TABIHE., REELZVATSNVra~ N7 40—, xfI9 % piperic
acid amide Z/FH L7=. &£ TOEARIX,. 'H nuclear magnetic resonance (NMR) &
mass spectrometry (MS) 7 —# B IRE L7, £ TO/EWIEL, DMSO IZ 40 mM
DIRFEIEN L, T2 FT-20°C THRAFLIZ.

15 FEFH D 3-styrylchromone F5EK, T 725,
(E)-3-(4-Methoxystyryl)-4H-chromen-4-one [1],



(E)-3-(3,4-Dimethoxystyryl)-4 H-chromen-4-one [2)], (E)-3-(3,4,5-Trimethoxy
styryl)-4H-chromen-4-one [3], (E)-6-Methoxy-3-(4-methoxystyryl)-4H-chromen-4-one
[4], (E)-6-Methoxy-3-(3,4-dimethoxystyryl)-4H-chromen-4-one [5], (E)-6-Methoxy
3-(3.,4,5-trimethoxystyryl)-4 H-chromen-4-one [6],
(E)-3-(4-Fluorostyryl)-6-methoxy-4H-chromen-4-one [7], (E)-3-(4-Chlorostyryl)-
6-methoxy-4H-chromen-4-one [8], (E)-3-(4-Hydroxystyryl)-4H-chromen-4-one [9],
(E)-3-(3,4-Dihydroxystyryl)-4 H-chromen-4-one [10], (E)-3-(4-Hydroxystyryl)-
6-methoxy-4H-chromen-4-one [11], (E)-3-(3,4-Dihydroxystyryl)-
6-methoxy-4H-chromen-4-one [12],

(E)-6-Hydroxy-3-(4-methoxystyryl)-4 H-chromen-4-one [13], (E)-6-Hydroxy
3-(4-hydroxystyryl)-4 H-chromen-4-one [14],
(E)-6-Hydroxy-3-(3,4-dihydroxystyryl)-4H-chromen-4-one [15] (Fig. 7).,
3-formylchromone & phenylacetic acid #5358 {K D Knoevenagel s & S & V. &
A L7z 4D, 2 ToEWIL, DMSO (2 80 mM OEEIZHEN L, T 5% T
20°C THRRIFLTZ.

2. fiRRIEE

b b B AR HE 2R A (human gingival fibroblasts, HGF), & b SR JEHRHE ZE ML
(human periodontal ligament fibroblasts, HPLF), t | ##f#fiiz(human pulp cell, HPC)
L B R R i PR B S BUEICHEV KGR = A0808) . 12 LR
FRHEE LD A AR L2 . E7o, HEOBRIZHRITA A LT 2 s
M, B, BRI E T D RS Ia 2 R L 2. 2 b ofiiass
outgrowth L C. confluent JREEIZ/2 - 7= b D ZYREER E L2, 26 OIEH M
falX, . 47 B X 043 population doubling level (PDL) £ THiJH L 72D T,
ARFEERTIX, 10~15PDL OMIEZHEH L7=. b b 0RO MIN(Ca9-22,
HSC-2, HSC-3, HSC-4)i%. FRHfE/L N0 7 () H AFE L. [ LM
. 22T, 10 %FBS Z & ¢ DMEM BsHirp T, 37°C, 5 %CO: B#Ei N THi#E L
7.

3. LMRBDAE

FARTRY RIS E, MTTIEIC K W RD7Z. T7805 02 mg/mL O MTT k3%
“ie DMEM T 4 FEfHIEEE U, B8 A Br%# 0.1 ml © DMSO ([ZEHLHIE L
7o, FExtEAEMIEE (SN BEORS) X, ~(M 77 Lb— ) —F—
(Multiskan Biochromatic, Labsystem, Osaka)% VT, 540 nm ORI 1T DUt



FEIZEDRIE LTz, Fx OREOREIZIIL, BEKRSIRE LD 50 % Hia
G ERE(CCso) Z3ROT-.

4. ORERTLREMRICHY HHExMMRESEDRE

T, piperine’ bk ifE LS Bz IR I ASAOMERRAE (B R RMIRL) DHE5H
PR EERAFRNCIEIT 523, IEH b MG AR WIS (FZERMAR)
W2 5E L2 & 2B E 2 fm EIoxh U CEME 2R S FIShiE o 55 & 1RE
ZHEA E LR TE DA Z /RIR LT 22, ZoHREIHE, ARFEBRIC
BWTH, 4Ot b OERY EREMIE (Ca9-22, HSC-2, HSC-3, HSC-4) ( EFZ
R) Tk H®INEM . 3o v b OPEIERMIEMHPC, HPLF, HPC) (H%ER)
E B LT, TR 7= (Tables 1, 3, 5). TS (D/B) = 3FE D [ 1E 5 AR %3
BHCCsoDEHE / 4FED & b O BRI %325 CCso D A,

Ca9-22#lifa4s KX O HGFMIRIZ, Wi b ol ARk S TH 5 D T, Ca9-227lfE
& HGFHIa DJEZ D i 47 o 7=, TS (C/A) = HGFAEIZ %95 CCso /Ca9-22
AR %45 CCso.

5. HIVIZHY SERANF /ERDRE

96 N~A 7 XA X —TL— NI, Fx OREORERYE (phenypronanoid
amides: 0, 0.0051, 0.0256, 0.128, 0.64, 3.2, 16, 60, 400 uM; piperic acid amides,
3-styrylchromones: 0.01, 0.051, 0.256, 1.28, 6.4, 32, 160, 800 uM), F5H:xtHa
(0.00256~1000 pg/ml dextran sulfate, 0.00256~1000 pg/ml curdlan sulfate,
0.0000512~20 puM azidothymidine, 0.0128~5000 uM 2°,3’-dideoxycytidine) & & & (2
HIV &Y MT-4 #ifid (3.0 X 10%well, MOL: 0.01) ZJEGEZITMZ 7=, 3o
MT-4 MRSk~ 2 M2 A D 72 012, v A L A IEIEGHIE 4 R AR FE 4 0
BEOREIE L HITHBREIT o7z, CO A v FaX—HX—"T37 C5 AfEEL
Tot%. MTT iECTAFMIBER A HIE Lz, Hi0 A v ATEMEIT, HIV YT & 24
fals % 50 % Pl 28 (ECso; 50 % effective concentration) . iz 1%k
BB £ D 50 %ofla S E IR (CCso; 50 % cytotoxic concentration) CZ 7L 4L
FKH L%, £/, HRE (Selectivity Index; SI) 1% CCso/ECso & L CEHE L
7=, BEIX, FE £ SDm=3)%&£ L TW\5%.

6. QSAR fZ#7



TLEH O LR, SR, B PR E L P EEICE SN T
FHEM LI HUS L 7= [Merck Molecular Force Field (MMFF94) in Molecular
Operating Environment (MOE) 2013.08, Chemical Computing Group, Quebec,
Canada)]. 72 b, O TENIFIEC L VGO N KZE 3 IRTTIEE % ¢ Bl
YL, SEETLBIEIAIC K % 5 TIEEHEIC 50T HOMO = % L% —, LUMO
TAHRNNF— FRENFEESEOZRBELFIRRBEEET o L & blc, %
R OMa G EM, BRI 2 FE 2 fftT L7z,

RHRFIEIL. BEPLEE (DFT) EZEH L. REB DA 572 CCsoflL,
TR L B HEEME A V2. Bl XX, “>400"13“from 400 ~ 00” & L.
1/[average(1/400,1/00)]=800 & 72 %. CCsofiEiZ-log i Td % pCC50 fE & L7-. M
A pCC50 EHIfEA T & L, IEFEAMALO pCC50 *EXIfEL N & L7z, LIRI.
B|INFEIELE L CTNUTHN)ZEH L7 4, AE0OT —% TIET-N EiFE AL
FERICHE L7200 T, L0 BMZR TN 28R L7z, T & NITHEE2RO T, TN
VIS CCso B/ IEH CCso DX EE & [FFRTH 5.

i L7= Y 7 b &5oal 1 %(Wavefunction, Irvine, CA, USA)i%. Spartan: & 1-{b
FRIHEIIR 1 (DFT-B3LYP/6-31G**) 34 FifH, MOE:& {51, i), Het
(bR RER - 330 Fi%H. Dragon:WHIM descriptors (771 @ 3 IRt IRICEI 9% 50
) 114 FEEH, 36 KON, [EHEE OEL & FE 2 Flb Fb 9 FEFH T H 5 . logP(o/w)
D F MOE %, i spartan FIWCTHEE L7-.

7. HRR AR E O ARAT

HMAE(3%10°) % 10-cm ¥ ¥ — L (Becton—Dickinson)IZ#& &, 48 Bi[lEs&E L7=. #
s I B . 5o pH SIRE 2L EMT 572012, 3057, 5%CO02 1 %
2 _X— % —NTH;:# L7=. 0 (control), 3, 10 pM DALEM[N]Z RN L T 5123
RFEALBE L7=. 5ml @ PBS(-) T 3 A%, Mgz 4°C T, 1 K 2%
glutaraldehyde-0.1 M cacodylate buffer (pH 7.4) THEE L7=. fijaz 7 /3— « R
A= CHIBEZ. 90 47 1% osmium tetraoxide-0.1 M cacodylate buffer (pH 7.4) T1%
[EE L7=. Wik, Araldite M (CIBA-GEIGY Swiss; NISSHIN EN, Tokyo, Japan)
\ZE# U7z, U1 % uranyl acetate & lead citrate THefa L, JEM-1210 i8R &E 1
A% (Japan Electron Optics Laboratory, JEOL, Akishima, Tokyo, Japan) (&% 3:
5,000, accelerating voltage:100 kV) C#IEL L 7= 4.

8. A AARO—LERH



HAR(3x10%) % 10-cm > v — L (Becton—Dickinson)|Z#E < . 48 BFfEEs#%& L7=. #r
s I B . 55D pH SIRE 2L EMT 572012, 30 57, 5%CO2 1 %
2 _— X —NTH;:# L7=. 0 (control), 3, 10 uM DALEM[N]Z RN L T 5123
RFJALEE L7z, —Eofilaix, U 7 B, mERRE SR Z v CA M
BAaNE Lz, 70 OfIaIL 5ml O 5 % D-mannitol #% T 2[BIFEE L, 1ml ON
HOFEEYE(25 pM methionine sulfone, 25 pM 2-[N-morpholino]-ethanesulfonic acid, 25
uM D-camphor-10-sulfonic acid) & # e A % / — /LA L, 10 53 =iRE L7z,
MDA ST AL ) — V& BEI L, -7T0°C IZTRIF LT, flifael A% ) —n o
BRIBIR 400 ul 2= X F a2 —7IZFB L, CHCI3 400 pl, MilliQ 7K 200 pl %l 1.
THHEEL 4 °C, 10,000 xg T3 syl LmBEL7c. BEEoK- A% 7 —jEky
400 pl Z[RA+ A1~ 1 v 2 — (G755 5,000 Da) (&Y 4 °C, 9,100xg T 4
P[] Do BE. A 320 pl 2 DRAfE L7 b D& o7 vl Lz, JERNC
3-aminopyrrolidine, trimesate 45 200 uM ZKI&E#E 50 ul Tf# L. CE-TOFMS Tl
E LT,

9. #EHNE

e & IR & bFERRR T & OAHES X, IMP Pro version 10.0.2 (SAS
Institute Inc., Cary, NC, USA)%Z W7 BRI 24T I KX D MG L7z, AEKEL
p<0.05l1Ct v kL7, BREEMOVEEMEDOKIE DI+, t-iEZEM L.



3. MRLEE

1. Phenylpropanoid amide FEAEDTEEREE - HIIEE1H+0ES
RN

1) ffastE

42T @ phenylpropanoid amide &% & &%, 5% 7l (docetaxel, fluorouracil,
doxorublcm) & g U C(TS=6.8 ~>128), 1% FIL&F%EH’U 29 2 R

(24K D> > 72(TS=0.9 ~ >3.4)(Table I). Phenylpropanoid/tyramine #5 {A[4- 6]@3_

?R?i?'r . AR bR AR 4 fE(Ca9-22, HSC-2, HSC-3, HSC-4) & 1E5 1 e
fa 3 FE (i PR MELE I . o AR B AE 2RI dle ) 2 W C it L C 6 (D/B
fiE). B PRI (Ca9-22) & di ARRAE SF AL (HGEF) 2 Fhi L T & (C/A ) & bl L
Th, IFFA% DM AR LT [TS=0.9 ~>3.4 (D/B), 1.0 ~3.0 (C/A)]. 12 FEDILE
WD T, caffeoyl £ % F7-2[6]73, MRS FIEME(CCs0=100 uM)iZ, [4] (CCs0=47
uM) LD 590D, e KR OEIREEM 5 2 72[TS>3.4 (D/B), 2.1 (C/A)].

2) ImHIVEE

(5t %f B (dextran sulfate, curdlan sulfate, azidothymidine, 2°,3’-dideoxycytidine)
(SI=1789-15882) & Ltz L. 12 FE D phenylpropanoid amides 1%, HIV J&Y&iZ X 5 #l
FRAZEVEZN B2 I -2 & L IX TE 72 » 7=(SI<1) (Table 2). = @%*%za‘:'ﬁt’ki Zn
TR~ % QSAR fENTIZ. phenylpropanoid amides O ARG EMICE R EZ Y TH
ZEizLr.

3) QSAR 4T

Phenylpropanoid amide &5  H R - b SO IR 26k~ 5 4555 (T) 1%
F7TADHBHTRLF—(G) (*=0.367), =2 k1 E—(S°)(r*=0.495), — /57/»1:
—(H°) (r’=0.367), 4 - MfE(?=0.442), fEM3E(I?=0.387), KEMEZHI T
~(r’=0.357) & fHEH L 7= (Fig. 2A).

fth )5, phenylpropanoid amide 7% E A D EH M9 25 EFME (N) (&, KD
Pt T & DR EAE(=0362), i b fliE (HOMO) = /L% —(1?=0.381), 1t
Zon— R A(12=0.536), FEIAME(E=0.362), KEFEEZEN 7 b>=0.287)I24H
B8 L 7= (Fig. 2B).

Phenylpropanoid amide #%3&(K 0 1 2R - b R Afa 259 2 @R E M (T —N)
%, FHEAEGE?=0.339), K KEFERT ¥ ¥ /L(1?=0.356) & FHRY L 7= (Fig. 3).



4) HEREER

AWFFEIC L0 . WD T, 12 FED phenylpropenoid amide 75 E AL, 55\ 2N
Pz RT3, PLHIVIERZ RIS RN ERH LN R, ZOHT,
vanillylamine [3]& % \ % tyramine [6] & 3:4% L 72 N-caffeoyl 75 8R 1%, ELEHY &L
WIRNEM 2R L. ZOBIRERIX. 5D 7 2 % serotonin TEAT S &
HESINTZZ L L0, #IREMEORBLCTIT ligand 73 FOREFEOBAD, D50
%, WREAR AEM (E%jiﬁ%ﬁ‘l‘T Y oV) OMMBEEG T L AREMENRE XS
Z % (Fig.3). F£7-. dopamine & #:4% L 7= phenylpropanoid #%EK1%, 72—
B RO BPGEMITIR S 72 75>o 7.

Octopamine & 5 M J dopamine T4 & 4172 phenylpropanoid amide % F\ 72 Aiff
FEUTRD . HFHROHT a—)LOFEZ, S ERCINETH L8, Fr
V= ?/ﬁﬁ@ﬁﬂ—:‘:— TR ETIEE RN ERHESNATND O Larl, h7 =
—/WE, EREMIC LY PURBEER ELER oM 2538 T 25 Z L5
TND DT30S Necaffeoyl i AFAET D 7 2 —v b EMIERICRET
% AREMENY & % . Phenylpropanoid amide #53{A D brasiliamide A 33 X TXB 19,
N-p-coumaroylserotonin % L C N-feruloylserotonin 'V %, =i £, PLF., HiEE
EHEZRT 2 ENHEIN TS, fill. p-coumaric acid F5EAKIL, TN 72T 1
T —EBHEEE LR T I ERmE SN Y. b OF5RIZ. phenylpropanoid
& phenylethylamine & % \ 3 phenylmethylamine {357 DL EZZE 2 H 2 L2 LD |
B LUWAEMER 2 A HE D et 2 R 5.

QSAR fiF##T I, IEF M, F X OIS 2 /MG E 2 T3 20
CHBTH D, MIERERILS: N — PR A7 & OFFEFRAIFEAICBE L7-5E

7k -1X. phenylpropanoid amides O 1F# Al IZ %7~ 5 5 T CB5- L. BHET=x
xR MAE, FBHERT, MRSk 2 MG EMEICRES T2 00 b Fh

R IR ORBRERIT. 0 FORE S L F %*HE{/FHWD) phenylpropanoid
amide 7EKIZ L DG E %@%\éfﬁ WCBIH L TWA I L A RET 3.

UbZaFEEDD e, THLWIENIZRRIRGERF R SAHDLNR,
ﬂ%@ﬁﬁ%%@ﬁﬁﬁfé:kﬂiw\@W%ﬁ%%ﬂfé@ﬂ&ﬁOkﬁ
b,



2. Piperic acid amide S5&E&F D E EMEE-HREESEIEREBRH

1) {fasts

BoitE et FR O TR 5-FU [TS=>22.2 (D/B); >11.4 (C/A)] & iz L. piperine 0D
IRFEMEILFI D> - 72[TS=1.1 (D/B); 3.6 (C/A)](Table III). Piperine LA+ D 11 {LEW T
. BT a— VAL FFO8] ) R KO RIRENEZ 5 2 7223 [TS=>10.7 (D/B);
>21.1 (C/A)]. DB W[2-7, 9-12] D &R FMEIL TS 5> - 72 [TS=0.3~1.8 (D/B);
0.8~6.8 (C/A)] (Table 3).

2) HHIV EHE

k5%t B (dextran sulfate, curdlan sulfate, azidothymidine, 2°,3’-dideoxycytidine)®
VO HIV I (SI=1789-15882) & b L C. piperic acid amides [1-12 Ji%. HIV
JRYZ X D HIIR AR M & I C & 7202 - 7= (SI<1) (Table 4). HT HIV JEMEIL,
phenylpropanoid amide #FE AR & —FEIZHIE L7=D T, [R UBMERAM#H L.
T OREREEE 2. LT D QSAR f#HTIX. piperic acid amide O MG EMEITHE A
U THZ LIZLT-.

3) QSAR f&#f

Piperic acid amide #84KD MR ¥ LAk 2 Ml ErE (T) 13,
PEOE VSA NEG (A#HA 7 7T U— /L ZFEHHE) (2=0.751, p<0.0005),
PEOE VSA FPOS (777 v aF/VIEDT 7 T /LU —)L AEHME) (1>=0.701.
p<0.001), PEOE_VSA FNEG (7 7 7 v a FVAD T 7 7 VT — )L AR HEHEIEK)
(*=0.701, p<0.001), A&7 % / —)V/7KFyEAREL D % #(log P) (1*=0.492, p<0.05),
a hyd (BUKMEDJR#0) (12=0.473, p<0.05), /KIAfEE D1 7 (log S) (r*=0.432,
p<0.05) & FHES L 7= (Fig. 5A).

fth )7, piperic acid amide #5ERD OPEEF M3 D MREEME (N) X
vsurf TW7 CEKMAR B AR = %L — DB 7 (12 =0.530, p<0.01), vsurf EWminl

(BERBI K= XL —1) (17=0.491, p<0.05), vsurf HB7 (H F5& #5667 7)
(1’=0.484, p<0.05), vsurf W7 (BI/KARY =— A7) (1>=0.484, p<0.05), vsurf HB6 (H
AL EHE 6) (12=0.476, p<0.05), PEOE_VSA FPOS (7727 v aFIIVIED T 7
TILU — )L AFHFE) (17=0.425, p<0.05) & fHES L 7= (Fig. 2B).

Piperic acid amide #58AOEREME (T —N) 1E, tvsurf IW8 CBUKMEAE AAE
Azt ¥—F—2A2 b 8) (’=0.638, p<0.005), PEOE_VSA POL (& &ttt =~ 7
VTV T — )L AR (P=0.609, p<0.005), PEOE VSA + 4 (#B4y & & FioJFR
FITBITLHEFH T 7 T VU — L AR HFE(?=0.583, p<0.005), PEOE_VSA PPOS



(GRHEMIEY 7 7D — )V ARER) (1°=0.583, p<0.005), PEOE_VSA_PNEG
(BRtRMBME” 7 7T —/L AR (1°=0.519, p<0.01),a nO (B&H 5D
) &AHBIL7Z(7=0.467, p<0.05) (Fig. 6).

4) HEREER

AMFEIZ LU | piperine 1% DR F R HIRIZ X9 2 59 WOV B REE 2 7m 9773,
PLHIVIEMZ RS W2 & Z LT, BT a— VB ZF-O[8]0° Ll & v gk
REMEERT Z 2D THLN o7z, BRELEZRTHIECTCH DS DB &
C/A IZHI TR E Z2FEN A S 7253 (Table 3), ik, A L7= 7 OO 12
i D piperic acid amide FHERICH T HEZMEDNRE AL itk L EDb
N5, 1E-T, EFBIOEMIaic VT, D7 &b 3 L i3t
LIEANBEWERDbNS., Zho0mmA%ZE &IZ, D/BEZ VT QSAR f#HT
T 7.

B EFRT e —F B TIZET 2 RVWEE F2 206727 - 72D T,
GFANV—=T 4 7B (MOE) Tith S DRtk 248M LT, 330 o
INT AB—Z R LT, BRI OV TOERZ 23 5% < @ PEOE fiik 1,
T3 DO % 4% vsurf FRaR-7-23, piperic acid amide 75 E {& oD fa (55 M L g
REMEE L<HAT 22 L2/ L. B0y ERZ5H5% 35 PEOE 4 52
TiE, EaE, FEIET 2 ETHE L W AR FEZBEIT 5. Vsurf flik 1
1L, VolSurf Gl 7- SV E LI TE Y | #EOREE M & SLRBLEIIKFT 5. AFO
MFIEIZ K0 | SR %92 piperic acid amide 75 EAR D5 M I ER 5 B Anf & [
BRI DRERLR - & K <SHHBIT S 2 & IEE MRS 2 G E T BRI A
EHTZ R X —3 LOKHBEREE & BHET HMEFE BT 2 &, B IRGE
PEIZBIMHEA BAEH & IR & RO DRl & A RSB 5 2 &2
HOMNE o7, DLEORERIZ, BEMNMEEER. KFEHEE. BLXOOFEIR
73 piperic acid amide 5 EADRIRFMHOFMICHEH TH D Z L E2REBLTWD.
{LEW8] M KDBINFEMEEZ R LIZDX, TO2=—7 Ry 1TIBE. KR, &
K@ PEOE & vsurf flik 7 CRIL SN HEFEMAIEHIC L 5 b b.

Curcumin (diferuloylmethane)lZ. Curcuma longa L 7> 5 Hif <415 RIRF AL
B THY, L OMREICLY | WMROMER, . BRIELS ORI A 5
Hil9 2% 2 EDRME I TS Y. Loy L, KWFSETH O 7 SRR EEMERFN R Tk,
curcumin 3BV VBRI IR 2 7R L 72(TS=1.7) 9. Curcumin (Z glycine 9,
demethoxy, bisdemethoxy & % \ % piperoyl J& 37 %3 A L CHUEISEME & BN &
LD ETHRAATETRBUITKE DS TVD,



bz edd &, EFMEORME S D5 HFMEICR R 22 < Ofk
FRLBFRFEL TRV BREMIL, 1L E%EE*HE{/E)EH BT 2k
PHLNI T, 2 b OISRl T2 MG bE e LA BRGHT, K0
REEOEBMEEREZT A T HDICAMTHL LB %.

3. 3-Styrylchromone FEEAE D EEMEE - MG S EIERIfREYT

1) ffasEE

15 FEOALE# O TIL, (11125 DR BRI IS s U Tl R O ETE M %
5. % (mean CCs0=2.0£1.2 uM), LT, [4] (6.4£2.4 uM), [6] (13+6.1 uM)DJIEIZK T
L72 (Table 5). ZAHDLEWIE, OFEEFMIRIC U TRV EEIEME L
5. % 72 0 T(mean CCso= 138+116, 258+126, 339+183 uM). HUFEAD doxorubicin
(TS=>26) <> 5-FU (TS=>55.6)IZVLiftd 5 e K D3R w5 % 5- 2 72[ TS (D/B)=69.0,
40.3,26.1] (Table 5). BERFEEM: %ty PEAIE Ca9-22 & by PIRMESE MM HGF % H
WTEHAT 5 L ([TS(C/A)]. 2o DfbEWiE, TSAH 31.9,52.0,54.4 % 5% 7=
(Table 5).

2) HHIVEH
k5%t B (dextran sulfate, curdlan sulfate, azidothymidine, 2,3 -dideoxycytidine) ™
FIVOET HIV {51 (S1=2445-20421) & LB LT, 3-styrylchromone 75 &{A&[1-15]1%
HIV #4512 X 2 M 28 2 i) © & 727> - 72(SI<1) (Table 6). = OFER 2B F 2|
U\T@ QSAR fE#HTIX, 3-styrylchromone FHEMARDMAEGEMEICER LY THZ &
L.

3) QSAR fi2#T

3-Styrylchromone #538AK D H 2R ERp M9~ 5 EM (T) 1%, &k
HOWBERZTDH. FFZ, 7 aE VRO 6 LD A b H(R! OMe) (p=0.100),
AF Y NANBED 7 = = )V EED 4L DKEEH(R3 OH) (p=0.0182)1%. MG EETE
DFEBUZEE T H - 72 (Fig. 8).

3-Styrylchromone #3540 [ 8 1E & M2 x4~ 2 455 (N) 1. was correlated
with vsurf DD23 (431 J& PHIZAR E L 72 BR7K 4 probe & OFH AAEMIZBHHE 9 % Flak
1) (?=0.413, p=0.0078)F5 L O Glu (43D 3 LI RICEB W T, FH—EfiliFmo



REFREZ BE 9 2 FUaR 1-(17=0.445, p=0.0066) & fABH L 7= (Fig. 9).

3-Styrylchromone #%E RO INEM: (T —N) 1%, R® OH (p=0. 0616) vsurf DD23
(1>=0.280, p=0.0426), = LT G2u (/1o 3 WL RICEB N T, B _EliliFmo
REFREZ BE 9 2 FEak 1) (12=0.406, p=0.0106) & FHES L 7= (Fig. 10).

EEFSHET AV ERH WS &L Tid, RIOMe & R? OH 2 XV (1>=0.702,
Q?=0.532, s=0.409) (/£[X). NiX BCUT SMR 3 (/3 1® hiRua T h/L7afik &
5y - A BRI B 25008 1) . rgyr (IEMEER - 7oA XL
TERIC B9 2 50k 1) & vsurf DD23 (2 X ¥ (R?=0.834, Q*=0.695, s=0.194) ('
). T —NIiZ diameter (531D bR P HNRHY A X% k4 5 i8R 7).
vsurf DD23 & R? OH (2 X Y (R>=0.764, Q*=0.570, s=0.308) (£i[X). #EA[RETH
% (Fig. 11).

4) ﬁ%ﬁ&%$

AWFFEIC L0 | 15 FEFE D 3-styrylchromone #5EAK1%, Ll gR SR 2 7R
ERAN #ﬁHlvzﬁr IRERNZ ERD THL N o72. FFIZ [4,6, 1111
P doxorubicin X° 5-FU |Z VL3 5 @R 4 7~ L 72 (Table 5).
4H-Chromen-4-one 35 . O 2H-chromen #5338 KIL, B2/ U A /L AOHEH A
T2 EDMESNTNDE D, LnL, ZOFEELIMEFRIERE (Z8)
EEHLTHROWOT, BEEICRHTL2EHETIAHATSHS.

AWFFEIE, 3-styrylchromone #5EK D] T D QSAR fiftt CTH 5. AlEl, fi#HT
Y 7 k& LT, Spartan (34 @ &1L EHHE L 7252k 7). MOE (330 O & b5,
i, BB U 725038 7). dragon (114 @ 3IRITD 4y DOIIZEHHE L 7=
FLab 1), & L CEBILOG AT E FEAICEhE L7 9 oftik 2 vz, AL L
T, T, N, ZLTT—NzZzHW-. FEREHLIWIIHAZ R LIS DIE(P
=0.1). R'OMe, R?®OH, vsurf DD23, Glu, £ LT Gu.CTh 7.

6 NL~D A h ﬂev%zﬁ:ﬁﬁ“é Ty T NNT =V ZMHEEH, B4 oK
Fetl 3 D /KFAREA D, DR i3 2 5E M Fig. 8). Bk
E IR, IR R iﬁ“éfﬁm ME(Fig. 9). € LT, o7 E 4 ALoKgIk
D EH D ER T Fig. IOIWCBWTEETH D50 i/,

EHEFONETVEHWNSDE, T, N, T—Nit, UFTOXTHETE D Z
& DIRME X U7z (Fig. 11).

T = 0.806(x0.182)R10Me~+0.999 (£0.221)R30H +0.739 (£0.182)
(n=15, R°=0.702, Q’=0.532, s=0.409)

N = 120(+24)BCUT_SMR_3—2.49 (+0.49)rgyr+0.166 (0.024)vsurf DD23—304
(#62) (n=15, R’=0.834, Q°=0.695, s=0.194)



T-N =0.607(£0.169)diameter—0.121 (:0.035)vsurf DD23+ 1.11 (20.235)R30H —
7.17 (#2.26) (n=15, R°=0.764, Q°=0.570, s=0.308)

KHES T, ZFIVAAEO 7= LA NFIELZEAL -
2-styrylchromone #FEARS, t ~ HIRER V- L ECEEAMNEIZ 64 2 Ll a m VR E
PEE . B MRTBEREMEAMIEHIRIC Y R b= X EFETH L ARELTWD
. ZHUzxt LT, 3-styrylchromone #EE(RD & OER - _EEEMIEICT3 5
BPGEMIL, 7RV RADOA X VEOBA ZAF U NMIHO T = =L~
DIKEEFEDOE A X VEIINT 2 Z & BNARIFFEIZ LV BH S 0N 7% - 7= (Fig. 8).
3-Styrylchromone 7% 84A T 28R MR FEE S D MfsED % 1 7 (7
RE—=v A R7a—V A A= b7 7Y—) ICHLTX, S%OMBGRET
H5.

4 . (£)-3-(4-Hydroxystyryl)-6-methoxy-4/-chromen-4-one @ E k
ORIt REMEI-xd st @i

EBRIEH 3 T, 15 FEEH O 3-styrylchrome &K H TiL, chromone ERD 6 fif
DR OCH3 ZE D3 HE A L 72 (E)-3-(4-hydroxystyryl)- 6-methoxy-4H-chromen-4-one
[11](TS=69). (E)-6-methoxy-3-(4-methoxystyryl)-4H-chromen-4- one [4](TS=40),
(E)-6-methoxy 3-(3,4,5-trimethoxystyryl)-4H-chromen-4-one [6] (TS=26)72 & K [P
R b BRIk L TRV RIS 2 R T 2 E B 6T o, (bEW
[4,6, | TIOFEIEMEIZOWTE, Fx OFm ST 2 Bl LEHE S T0h7en.
Z 2T, AR b NAPERF LML HSC-2 (253 2 BIRFFEIE DT 2 H 12
H#HHZ LT LT,

1) =4

[4,6, 11| OEFEIEVEX, 3 FEHZ 2 OREBL L, 24 FEZIC T T F—ITiE LTz,
[4,11]1 cytotoxic 72 /E & . [6]i% cytostatic ZRVE 27 L7-. G ETE M DR
&, [11](IC50=0.39 uM)>[4](Cs0=2.4 pM)>[6](IC50=4.2 uM) TJIE T & - 7= (Fig. 12,
Table 7).

2) HRABERE~NDEE



&N TR 3RFRLINIZ, X b2 U 7 o2tz 355 L 72 (Fig.
13).

3) HMREAKEHEYMDERE
{LEWMIC K D MIEHEEOYEEEG h) T, MlaNo Y= ) 7 IV RE
DALEH, 2V VEEDOKT & CDP-2 U OB INABILE S 7= (Fig. 14).

4) WERMEBR

AWFFEIZ L0 | ALEN OIS EMEOR S DN HMR I N, ZOERMRE
LT, S haryRUTOEEREZBND. 2 hary N 7 ofEEEIC
AN—BR ETR =V ARG T 50 TOEBZRGFTXETHHEB52T
W5,

VI E )T IUE, T AZEBWTROMBHIRA S ET S Z &, FORRHT
2 O IAREPRD SHED T ERRESNTIEY 0 KRIEFFBR L

LTCWA(Fig. 14). £72. CDP 2V X, m"RATZyFInal ilol VJ5E
DERIZEET D Z ERHREINTND D, JfEE E OREHEIIARHTH 5.
BIfE, 7 T AL —fEtT 2 ATH TH Y . tOREMOREGIZET 27— b4
A THD.



4. 2KDFELD

AEIOMFEIZE Y LD Z PO TH LN T-.

1. 3-Styrylchromone #%3E{4 1%, 2-styrylchromone #%3EAK X 0 & & Al 5 =36 14
BEIREMEZ T,

2. KR, ROBIGEMEZ R LIALEMMMITHHRWE TH Y . £ D@ EME
FHuEAl L RIS THh o7,

3. ZAuZxf LT, phenylpropanoid amide #%3&{A, piperic acid amide F53E{K D&
PREEMEITR .

4. o, ZROEEWREE, ENLHIHIV IEEZ RS20,

ARl A RAE LS O DR bR ARk D @I D F— Ik A Y
J—=r7& LT, b MAERYEEZEMEMEHSC-2, HSC-3, HSC-4, Ca9-22)35 &
e NIEF R SME (b ARRHEIERIAE ., eEMia, setRIEAME SR E) %
Az, ZoRERTIEH, AFEX X 24 F) OF T, EHOEORZ ) —
JLUT 3 AN K DGR (TS=88.3) @V B IRFEMEA R 2 & 2 £/,
B OBIE SN HEE SN T TV (TS=2961)), T R TH A7)
> R P14 Y)'E (doxorubicin, epirubicin, daunorubicin, mitoxantrone) (TS=181=100
(47~259))%Y. docetaxel (TS=>128)%), 5-FU (TS=>66)"73 & OHTHEM: I A3 B
JEERINME 2 R T 2 L RS TWA. b FAEERMIIZIMEZRTHY .
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Table 1. Cytotoxic activity of twelve phenylpropanoid amide derivatives. Each value

represents the mean +S.D. of triplicate assays.

CCso (M)

Human oral squamous cell carcinoma cell Human normal oral cell
Phenylpropanoid Ca9-22 HSC-2 HSC-3 HSC-4 mémiS‘D. HGF HPLF HPC mean+S.D. TS
amides (A) (B) (C) (D) D/B C/A
1 68+39 155£9.4 = 262+11 218+37 176+8.4 180+£25 = 243+38  255+5.5 226+40 1.3 2.6
2 6638 229+8.6  238+40 = 269+60 201+91 207+13 29511 257429 253+44 1.3 3.1
3 79+44 94428 89+10 227420 122+70 >400 >400 334+42 >378 >3.1 >5.1
4 21+7.5 25+7.3 88+22 53+14 47431 62+9.9 65+18 51+6.4 59+7.4 1.3 3.0
5 222449 274+18 27775 299+11 268+33 211£7.0 ~ 220£13  275+29 235435 0.9 1.0
6 15311 45+£9.6 74+£7.5 126+4.0 10049 325+73 333115 >363 >340 >34 2.1
7 261+74 54+6.5 174+29 83+1.5 143+84 26916 212+12  271+3.6 251434 1.8 1.0
8 >400 87+8.7 31640 | 272+7.8 268+132 352454 278+62 = 320+8.7 317+37 12 0.9
9 361+46 72425 172449 221£2.1 207+120 318+12  306+13  322+6.7 315+8.3 1.5 0.9
10 236+92 74+5.5 122424 184+5.0 154+71 111£11 14612 212424 156+51 1.0 0.5
11 134+7.8 = 142£1.0 139£17  181x2.0 149+22 164+5.5 = 17542.0 @ 242+7.5 194442 1.3 1.2
12 157+16 102+11 139+20 = 130+4.6 132+23 117426 117+15 | 158+3.5 131424 1.0 0.7
Positive controls:
Docetaxel <0.0078 = <0.0078 = <0.0078 = <0.0078 <0.0078 >1 >1 >1 >1 >128 >128
5-FU 59.4+17.7 12.1£3.1  41.5+10.5 <1.8 30.2+24.6 >2000 >2000 >2000 >2000 >66 >34
Doxorubicin 0.74+0.23  0.22+0.03 0.40+0.11 0.20+0.05  0.39+£0.25 1.70:0.47 1.30+020  >5.0 2.67+2.0 6.8 23

HGF: Human gingival fibroblast; HPC, pulp cells; HPLF, periodontal ligament
fibroblast; Ca9-22, HSC-2, HSC-3, HSC-4: oral squamous cell carcinoma cell lines; TS:

Tumor selectivity index; CCso: 50% cytotoxic concentration; 5-FU: 5-fluorouracil.



Table 2. Anti-HIV activity of phenylpropanoid amides and chemotherapeutic agents.

Each value represents the mean of triplicate determinations.

Phenylpropanoid amides CCso (uM) ECso (LM) SI
1 196.84 >400 <l
2 226.11 >400 <1
3 121.51 >400 <1
4 30.19 >400 <l
5 192.25 >400 <1
6 158.56 >400 <1
7 49.75 >400 <1
8 51.16 >400 <1
9 43.74 >400 <1
10 220.69 >400 <1
11 193.13 >400 <l
12 47.16 >400 <1

Positive controls

Dextran sulfate (pug/mi) 620.5 0.05 12363
Curdlan sulfate (png/ml) >1000 0.18 >5523
Azidothymidine (uM) 232.87 0.015 15882
2’,3’-Dideoxycytidine (uWM) 2145.33 1.2 1789

CCso: 50% Cytotoxic concentration; ECso: 50% effective concentration; SI: selectivity

index (CCso/ECso).



Table 3. Cytotoxic activity of twelve piperic acid amides. Each value represents the

mean £S.D. of triplicate assays.

CCsp (UM)
Human oral squamous cell carcinoma cells Human normal oral cells
Ca9-22 HSC-2 HSC-3 HSC4 meantS.D. HGF HPLF HPC meantS.D. TS
Piperic acid amide (A) (B) ©) (D) (D/B) (CIA)
1 128+14  512+38 5831202 600124 4564222 47322 513+13 501+39 496+21 1.1 3.6
2 239450 335154 487457 450472 378+113 539+19 510+7.0 518t19 522415 1.4 2.3
3 103+15 114114 134114 122+11 118+13 81122 127+1.5 137+13 11530 1.0 0.8
4 107+7.6 11851 170+31 152418 137+29 122+8.0 137+7.0 131447 13047.5 1.0 1.1
5 7.410.8  13£2.1 73123 1994174 7389 21+4.0 6845 8231 57+32 0.8 2.8
6 13+4.6  18+7.0 81+2.1 208188 80191 16+3.8 41+2.6 19+1.5 25+14 0.3 1.3
7 11£0.1 1616.4  18+4.2 14425 1543.0 1340.58 23+3.2 20+1.0 1945.1 1.3 1.2
8 38+8.5 5113 131160 8017 7541 >800 >800 >800 >800 >10.7 >21.1
9 79+11 4474331  97+3.2 >800 >356 535+8.7 53513 57326 548122 <15 6.8
10 33+1.2 5113  38%7.2 58+15 45412 41+1.7  464+2.3 75+1.2 54+18 1.2 1.2
11 455123 696+105 >800 500+53 >613 658136 617+33 680141 652+32 <11 1.4
12 18319.0 262+14 268+6.5 250+3.5 241+39 3431104 497+5.5 467150 436182 1.8 1.9
5-FU 88+11  244+7.8 38+7.6 28+4.9 45+30 >1000 >1000 >1000 >1000 >22.2 >11.4

HGF: Human gingival fibroblast; HPC, pulp cells; HPLF, periodontal ligament
fibroblast; Ca9-22, HSC-2, HSC-3, HSC-4: oral squamous cell carcinoma cell lines; TS:

tumor-selectivity index; CCso: 50% cytotoxic concentration; 5-FU: 5-fluorouracil.



Table 4. Anti-HIV activity of piperic acid amides and chemotherapeutic agents. Each

value represents the mean of triplicate determinations.

Piperic acid amides CCs0 (uM) ECs0 (UM) Sl

1 324 >800 <1
2 253 >800 <1
3 112 >800 <1
4 89 >800 <1
5 36 >800 <1
6 279 >800 <1
7 2 >800 <1
8 46 >800 <1
9 688 >800 <1
10 279 >800 <1
11 32 >800 <1
12 175 >800 <1
Positive controls

Dextran sulfate (ug/ml) 621 0.05 12363
Curdlan sulfate (ug/ml) >1000 0.18 5523
Azidothymidine 233 0.015 15882
2',3'-Dideoxycytidine 2145 1.2 1789

CCso: 50% Cytotoxic concentration; ECso: 50% effective concentration; SI: selectivity
index (CCso/ECso).
This experiment was performed with the samples of phenylpropanoid amides, and

therefore used the same positive control.



Table 5. Cytotoxic activity of fifteen 3-styrylchromones. Each value represents the

mean of triplicate determinations.

CCso (uM)
Human oral squamous cell carcinoma cell lines Human normal oral cells
Ca9-22 HSC-2 HSC-3 HSC4 meantS.D. HGF  HPLF HPC mean TS

3-Styrylchromones (A) B) © D)  D)YB) (C)(A)
1 183 94 200 80 139+61 643 533 475  550+85 4.0 35
2 41 82 41 77 60+22 64 68 156 96+52 1.6 1.6
3 263 300 278 310 288+21 560 518 715 598+104 2.1 2.1
4 44 44 7.7 9.2 6.4+2.4 229 150 396 258+126 40.3 52.0
5 33 92 36 61 56+27 98 83 171 117447 2.1 3.0
6 10 6.8 21 13 13+6.1 544 190 284 339+183 26.1 544
7 43 57 58 38 49+£10 140 126 97  121x22 2.5 33
8 13 48 83 204 87+83 554 657 733 648190 74 42.6
9 23 25 14 28 2346.0 457 520 600 52672 229 19.9
10 33 6.3 24 6.3 17+13 154 141 241 179454 10.5 4.7
11 2.1 1.0 3.6 1.2 2.0+1.2 67 74 272 138+116 69.0 319
12 25 24 32 33 16+15 161 187 267  205+55 12.8 6.4
13 >800  >800 240 >800  >660+280 >800 >800  >800 >800 ><12  ><I1.0
14 19 11 11 15 14+3.8 19 31 80 43+32 3.1 1.0
15 33 9.1 22 7.5 18+12 247 222 507 3254158 18.1 74
Positive control

Doxorubicin 0.26 0.12 0.11  0.094 0.15+0.077 087 0.87 >10 >3.9+£53 >26.0 33
5-FU 29 13 16 13 18+7.6 = >1000 >1000 >1000 >1000 >55.6  >345

HGF, human gingival fibroblast; HPC, pulp cells; HPLF, periodontal ligament
fibroblast; Ca9-22, HSC-2, HSC-3 and HSC-4, oral squamous cell carcinoma cell lines;

TS, tumor selectivity index; CCso, 50% cytotoxic concentration; 5-FU, 5-fluorouracil.



Table 6. Anti-HIV activity of 3-styrylchromones and chemotherapeutic agents. Each

value represents the mean of triplicate determinations.

3-Styrylchromones CCso(uM)  ECso (UM) SI
1 528.45 >800 <1
2 463.38 >800 <1
3 629.23 >800 <1
4 5.87 >800 <1
5 >800 >800 ><]
6 3.39 >800 <1
7 435.71 >800 <1
8 270.56 >800 <1
9 13.76 >800 <1
10 12.92 >800 <1
11 3.26 >800 <1
12 59.91 >800 <1
13 223.28 >800 <1
14 3.59 >800 <1
15 4.76 >800 <1
Positive controls

Dextran sulfate (pg/ml) 985.6 0.06 17125
Curdlan sulfate (pg/ml) >1000 0.14 >7002
Azidothymidine 222.2 0.011 20421
2',3'-Dideoxycytidine 2511.59 1.03 2445

CCso, 50% cytotoxic concentration; ECso, 50% effective concentration; SI: selectivity

index (CCso/ECso).



Table 7. Time course of cytotoxicity induction by [4], [6] and [11].

CC50 (uM)
Exposure time (h) (4] [6] [11]
Exp. 1
1 61 65 18
3 20 45 10
6.7 21 50 9.5
21 2.5 5.1 <1.56
31 2.4 4.5 <1.56
47 2.4 4.6 <1.56
Exp. I
1 41 42 14
3 19 19 5.9
7 20 20 5.5
23 2.6 4.2 <0.39
31 3.9 4.7 <0.39
47 4.3 2.2 <0.39

HSC-2 cells were exposed for the indicated times with various concentrations of [4], [6]
or [11], replaced with fresh culture medium without sample, and incubated until 47
hours after addition of sample. The 50% cytotoxic concentration (CCso) was determined

from the dose-response curve described in Figure 12.
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Fig. 1. Structure of phenylpropanoid amides.

Fig. 2. Correlation coefficient of chemical descriptors and cytotoxicity against tumor
cells (defined as T) (A) and normal cells (defined as N) (B). The mean (pCCso i.e, the
—log CCso) values for normal cells and tumor cell lines were defined as N and T,

respectively.

Fig. 3. Correlation coefficient of chemical descriptors and tumor specificity, defined as
T-N.

Fig. 4. Structure of piperic acid amides: piperine
{1-[5-(1,3-benzodioxol-5-yl)-1-0x0-2,4-pentadienyl]piperidine)} (1)
N-piperoylethanolamine (2), N-piperoylputrescine (3), N-piperoylcadaverine (4),
N-piperoylphenethylamine (5, N-piperoyl-3-phenylpropylamine (6),
N-piperoyltyramine (7), N-piperoyldopamine (8), N-piperoylvanillylamine (9),
N-piperoylserotonin (10), N-piperoylhistamine (11) and
N-piperoyl-2-(2-pyridinyl)ethylamine (12).

Fig. 5. Correlation coefficient of chemical descriptors and cytotoxicity of piperic acid
amides against tumor cells (defined as T) (A) and normal cells (defined as N) (B).
The mean (pCCso i.e, the —log CCso) values for normal cells and tumor cell lines were
defined as N and T, respectively. The descriptors used were: a hyd (Number of
hydrophobic atoms), logP(o/w) (Log of the octanol/water partition coefficient), logS
(Log of the aqueous solubility), PEOE VSA FNEG (Fractional negative van der
Waals surface area), PEOE VSA FPOS (Fractional positive van der Waals surface
area), PEOE _VSA NEG (Total negative van der Waals surface area), vsurf EWminl
(Lowest hydrophilic energy 1), vsurf HB6 (H-bond donor capacity 6), vsurf HB7
(H-bond donor capacity 7), vsurf IW7 (Hydrophilic interaction-energy moment 7),
vsurf W7 (Hydrophilic volume 7).



Fig. 6. Correlation coefficient of chemical descriptors and tumor specificity of piperic
acid amides, defined as T-N.  The descriptors used were: a nO (Number of oxygen
atoms), PEOE VSA PNEG (Total negative polar van der Waals surface area),
PEOE_VSA POL (Total polar van der Waals surface area), PEOE VSA PPOS (Total
positive polar van der Waals surface area), PEOE_VSA+4 (Sum of vi where qi is in the
range [0.20,0.25]; vi and qi denote the van der Waals surface area and the partial charge

of atom i, respectively), vsurf IW8 (Hydrophilic interaction-energy moment 8).

Fig. 7. Structure of 3-styrylchromones.

Fig. 8. Effects of functional groups on cytotoxicity of 3-styrylchromones against
tumor cells (defined as T). The mean (pCCso i.e., the —log CCso) values for tumor

cell lines were defined as T.

Fig. 9. Determination coefficient of chemical descriptors and cytotoxicity of
3-styrylchromones against normal cells (defined as N). The mean (pCCso i.e., the

—log CCso) values for normal cells were defined as N.

Fig. 10. Determination coefficient of chemical descriptors and tumor specificity of
3-styrylchromones (defined as T—N).

Fig. 11. Multiple regression models for the estimation of T, N and T-N.

Fig. 12. Time course of cytotoxicity induction by
(E)-6-methoxy-3-(4-methoxystyryl)-4H-chromen-4-one (4],
(E)-6-methoxy-3-(3,4,5-trimethoxystyryl)-4 H-chromen-4-one [6] and

(E)-3-(4-hydroxystyryl)-6-methoxy-4H-chromen-4-one [11].  Cells were incubated

for the indicated times, and medium was replaced with fresh medium and incubated



further until 47 hours after the initial addition of samples. The relative viable cell
number was then determined by the MTT method. Each value presents mean of
triplicate (Exp. I) and quadruplicate (Exp. II) assays. Two experiments (Exp. I and II)
showed similar results. The 50% cytotoxic concentration (CCso) was calculated and
listed in Table VII.

Fig. 13. Induction of mitochondrial enlargement by [11]. Cells were treated for 3 h
with O (control), 3 or 10 uM of [11]. After washing three times with 5 ml of cold
PBS(-), the cells were fixed for 1 h with 2% glutaraldehyde and the fine cell structures

were observed under TEM.

Fig. 14. Accumulation of diethanolamine during early stage of cytoxicity induction by
[11]. HSC-2 cells were treated for 3 h with 0 (control), 1, 3 and 10 uM of [11], and
intracellular concentrations of diethanolamine (A), Each value represents mean £S.D. of

quadruplicate assays.
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