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Screening of natural products with antitumor
activity on human hepatocellular carcinoma:
rutaceous alkaloids

R
Bk B R B & H
%

Aréafie (AT A B)ZBRARTABELEZ — < &GS
BBARNMABAEERL BV ABRNBENR —AEE - Bt &
B EEHF T T - EARRESTHARRERELE
o BAEDHBURARFRAEDILERSBERTZHAE LB AR
R ERTRIHE - AARHBY > MR EHEL BLABITES
N8 E B FH L ek o

AARF A BB BEARY S WwAKERE (0, 0.05,
0.5, 5, 50, & 500 nmole)Z &1L E FfH 4 e (3L 6048)  HF R T 7848
AT EMN C 1) R R et | 2) pFI TS e R AR BEILBE
SR 3) RBATIE & B8 apoptosis (3£ 474 BEE B 547 © 4) 1R AF
e 48 B3R & (B £ lactate dehydrogenase) ;5 5) 7 %] AF 5& %a &2
topoisomerase I &L ; 6) ¥ Bt fe PR AL EZCWRENTE - &
REFR13.3% 42 & F #H 4 #Hé (23 Dictamine ~ 7 -fagarine »
robustine * zanthosimuline * toddaquinoline » 2H-isoterihanine »
toddaliamide * A canthin-6-one) ¥ if J& ém e 3% & R AT & 4o B8 3= S 4% B
BB e RANWAIER  BHpHERAALEMBRIBRERELL - BiEE
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HEalhx A BENBEAEALEBAR HEsEMALEDRATE
IDHEE &R £ 8 » 2738 A Hiw R 2% &A% & apoptosis
(A itt) afgRF it sit
(cytopathy) * & 4 38 E(necrosis) ° 12E A £ F F LA 3 &394 £
— R B EMEE S > £ T apoptosis AR5 5 — R ioiE ig & B > #E
EEABAFE—FIFRT - &3 0 HN e Rapoptosis 1 ZF FH & 45
i B E— S HESERRTAEBRRR > AT HERAILENE
Z 7 Redt o

g - ZFF AR el Rttt

ABSTRACT

Hepatocellular carcinoma (HCC) 1s one of the most frequent cancers
in Taiwan. The poor survival was due to lack of specific anti-cancer
drugs. It is imperative to develop new drugs for efficient therapy. This
study aims to screen rutaceous alkaloids with anti-tumor activity for HCC.
Different concentrations of purified rutaceous alkaloid were added to
hepatoma cells in culture to e¢valuate the anti-cancer activity. The
following anti-cancer activities will be assessed in 60 kinds of punfied
rutaceous alkaloids: inhibition of hepatoma cell proliferation, inhibition of
DNA synthesis, induction of apoptosis, inhibition of topoisomerase I
activity, evaluation of necrosis by determining the level of lactate
dehydrogenase in the culture medium, and determination of alpha-
fetoprotein in the cultured medium. The results are as follows: Eight
(13.3%) of 60 kinds of rutaceous alkaloid had inhibition on cell
proliferation and DNA synthesis of hepatoma cells. The activity of
inhibition correlates with alkaloid concentration. These alkaloids included
Dictamine, g-fagarine, robustine, zanthosimuline, toddaquinoline, 2H-
1soterihanine, toddaliamide and canthin-6-one. DNA fragmentation assay
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indicated that these alkaloids had apopotosis phenomenon, but without
causing immediated cell necrosis (as evidenced by normal LDH activity).
There 1s no inhibitory activity on topoisomerase I, suggesting that
apoptosis derived from mechanisms other than topoisomerase inhibition.
In conclusion, this study indicated that some rutaneous alkaloids can
cause apoptosis of hepatoma cells and without cytopathy. We suggest to
screen other rutaceous alkaloids for anti-cancer activity of HCC .

Moreover, toxicological study and clinical research about rutaceous
alkaloids with apoptosis is necessary.

Key words: hepatocellular carcinoma, rutaceous alkaloid, apoptosis
£ WE

Freaf AT RABITF B )RS HRAEMLE L - AR EANEF
REEL2] £BRN  BERKBEEt+TFRUR HE—HASEEHE
— L~ MR R B ORE REIEFLE3]  AFEEEH 0 S FF
AT REAZ A X B ATAE PR IEAT B ok EE A Z A+ E
BB AETSHTELREMT @ ERE  EBREBAK > EE
ROUAHECBETHL  FHBREREB/NL0-20% * #7145 F1F
EERNINT20%E50%Z 1 [1,2] ° BrE R /N2 N0 98F 8 » I8y
FHMRSFEL BT B ZTHE (4] Bt > HibehismFy ik
Rolo R FH - BEBHEL - RARER - RS H ~BEE
AT S kA BOHL 2 B ie Rk ~ MAREH - REEHREL LA
AR 2 B AT B FARAE R &9 JE SR AR R [1,2,4]

A 89 bS5 B 2 4) - a8t alkylating agents ~ FLEEF L L &
1 4 & Mrék(plant alkaloids) ~ AR H ¥ 3 B4 platinum #7447
procabazine ~ & emetine ¥ ° B84 X ERXBEHER > R EHHH
% HAF B BB KR ZEM20% [1,2] ° B sk » B — b8 8 406 BT
B RRAY D SHEYEHRE KFELFR -

RAEZ+HFR EARRLCELZLEYHBEUAKRFETRAEAHILE
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RGBSR AT AR E AL X R [5-8] 0 12 HERRE A1
AR - HERAF BEIGHRIE > BAT P RE—BWieRITFE
RFPESHRCHRE  HRAE (9] Bk > FENe T & RGBT
B RMRABAETHZE A E HEEAERBE B ETUEY
KL BILBEORAAGRG KRNI E - FloRBHFHHIE > K
R OBEFARETTED $E2FC 8L KE - S-carotene ¥ &
retinoid ¥ ° 3E ¥ & & E 8912 A (chemoprevention) [6] » AT 451k
PP BARBREAR S 0 R F R [10,11] > Bk K EFEHE A
EMaERART B R THRANBHOLERS EMZMAE  BERAR
EBEH - KEZEE-

WRIEXBRIME R BRI E THEEREE » % P 4) doxorubicin &
A RIEHETEED PRAR BT EY [1,2] ° Doxorubicin & —#&
363 85 (topoisomerase)¥p & & [12] - B sk » 364 B3 4] Bl £ B8 74 &
LtETH B E  BFEANHR o Topoisomerase & 4m B 3 &, 55 6548
W84 - URFEHERBRE R L EREZAE - BERE L
BB ABITHEREE B ERBGNEEEBREENE 0 1A
MBETTE - BRI MK topoisomeraseR 7 & ° # #
topoisomerase 8 8 4% » TP ILEBT R O R e AL L 3
HAd RERBARROGEE e de ZAMBHE - BRE/FZAHEM
BEA R AN KR ERmBET -

T R B4 5% G (a -fetoprotein; AFP)ZAF Eémpn £ £ &) —F K &
A RENBaRAERGOER - oL TFHBRALEZGYTE B
o P BEMEFREY  FRARBILZAGHRELES TR » Bdiy
BN EREABZAMN > Bt FAMKLEEGHRELTHITE
fo &t ko) —FE454% o

R afe s kAE RAEAREBEBRZ P ARNZRBEE
fw B A R P 2 87 © AT E T tm B0 3¥ 4 B B (cell proliferation assay)
)&~ A BB S T (DNA synthesis assay)RiFfE o E N a e
BIR T 8 I AL (necrosis) R T8 3% 14 8 AL FE = (apoptosis) R 37 4& © R&F
REBE MAEGELBREGRFTBEENAZEH L > U@ B
— S LB RABERRR  LUATERANBEBIHEZTEEM -
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A\ MR F Ik

— ~ g4k Z F #H(Rutaceae) £ Wik 2 604& (d PR & A FLIX ) °

(—) Zanthoxylum schinifolium (2 #£)
dictamnine, skimmianine

(=) Zanthoxylum simulans (12 &)
v-fagarine, robustine, 4-methoxy-1-methyl-2-quinolone,
zanthosimuline, simulanoquinoline, N-acetylanonaine, N-
acetylnornuciferine, chelerythrine Cl, 2H-chelerythrine, 6-
acetonyl dihydrochelerythrine, zanthobungeanine, edulitine

(=) Toddalin asiatica (12 &)
haplopine, toddaquinoline, toddaliamide, N', N/,-
dicyclohexylamide, N', N'-dicyclohexylurea, cyclohexylamine,
norchelerythrine, oxychelerythrine, bocconoline, oxynitidine,
oxyavicine, 2H-mtidine

(@) Melicope semecarpifolia (4 %)
confusameline, kokusaginine, evomerrine, heliparvitoline

(%) Zanthoxylum integrifoliolum (19 %)
platydesmine, integriamide, 4H-berberine, integriquinolone,
arnottianamide, decarine, nitidine Cl, avicine Cl, 2H-avicine, 6-
methoxychelerythrine, chelerythrine pseudocyanide, «-
allocryptopine, pseudoprotopine, canthin-6-one, atanine, -
sanshool, hydroxy-y-sanshool, rutaecarpine, 14-
formyldihydrorutaecarpine

(73) synthetic rutaceous alkaloids (11 #£)
2H-isoterihanine, N-methyl decarine Cl, isoterihanine,
fagaronine Cl, terihanine Cl, isopropylfagaronine Cl,
isopropylisoterihanine Cl, isopropylterihanine Cl, 2H-
terihanine, tetramethoxybenzo[c]phenanthridinium CI, 2H-
tetramethoxybenzo[c]phenanthridine

179



= ~ s #k: Hep3B
=~ FiE

(—) ~ tmfi i &

T 4o B35 38 B 3- 10 % A6 4 . 7% (fetal calf serum; FCS)&) MEM
(minimal essential medium) 3% & & ¥ » #IFHEMN37C » 25% CO23E
EH -

(=) ~ = A4 BEHBE & i B B (DNA synthesis assay)

#] i DNA synthesis assay * #6595 H & & Hdk H AT 5% e o 3 2
VBB AREAAMHIER - $a b5 T @ 24 apit K
o ZFHEAN20x10 4 B a1 ml 5 10% 86 4 & iF (fetal calf serum;
FCOHIHR PIZH 24/ NFE > BAR S 1% F F 38 HRITHT2
B o m B LA BE 42 87 % (Dhosphate buffered saline, PBS)#F 7t & =k
ERAR S F o F IR RBEIER 24T - BhAFREIRE (0, 0.05,
0.5, 5, 50, & 500 nm)Z &1t 4 M ERIE R AR 100% DMSO) - 44530 %
24 /1B 1E 0 & A2 1 Ci/ml AR R A4 AR <% 7€ (3H-thymidine) » #37 C
GAEI B AIEE o RIPIEER > A4 CHBE R (W41 4 g/mi
thymldme) H R 0 B 01% sodium dedocyl sulfate (SDS) 37 C1E
304548 - BR800 1 tmpe s ik » fwA 100 11 5% trichloroacetic
acu:l FH WhatmanJE 4B/ AL E Y - R34t » FIH B
B4 (B -counter) RAABI A S MR E o B — 4 WkiE B AR E &R E
ZR O BREPFHBAMAELERZHE

(=) ~ @3 & F & (cell proliferation assay)

1B cell proliferation assay * #6595 5 & £ M HAT B tm B 35 A&
HARGHIER - FtaP BT - £ 6 ez a BT SHAL0
x 10 4 B4 1 ml 5 10% B 4 £ 75 (FCS) #4932 & R F 3% % 24 /N FF
% o BB AL R (PBS) FA e MR » 3R R G4 38 B R 4
e 2400 o B Ao AR RO, 0.05 05, 5, 50, & 500 nm/ml)Z 4k

180



LA MERIER » BMEIEH T2/ NHFOERRAELSIFRER —R) A
LA trypan blue exclusion test 81 ikt B FER AT g s o H—
A We R BRI R E =R REFHEMBERZHE o

]

) ~ £ A EEAL L R A T B (DNA fragmentation assay)

#] A DNA fragmentation assay * fe#)8 H &4 g < & T AT
R 4m J0, 35 A FRIX M 4m B ZE T (apoptosis) © Pt S BRI T ¢ afgan
75 ml BBEIET > £ER210%HBF o FFCO)HNHR » Haighki%
B 0 fm R AR B ATREPBY) A A MR AR S F aFBER
B o NE A LD RRIER o BEIERI2/ N 0 IRITF 4 ke e LA
BRI MM EHMUAIEYIET >  ReRE A Limle - Fafiels
¥+ 4% formaldehyde/PBS * 1

# ml 4 100 x 10* Béafe > £EBAER 10548 o ARSI
B 0 AR 80% TBE 0 48 ml 2 100 x 104 Bl 4 fa o A4 300 u
| B Eeytmis BN IR L - AT P BRAMKE BAL AL BE N AR A A
48 (DNA fragmentation detection kit; Oncogene Science, USA)}%’%’VF L
B o

(

(£) ~ + § BB (DNA) X B R ¥ % B KT & 4% (agarose gel
horizontal electrophoresis)

b B3 AN TS mlsEHHE T 0 AL A B 10% A6 4 fo i 69 38 R
Freapatr BN R ABBEHRETEARR  BRAF K F oy
AR o B EWALSFEGILA ERIER - BEIBHI2FE 0 RF
B lm B AR Ok M E B UENET > RAUWEAR LW
B, o A BA trypan blue exclusion test &) F ikt HEF T RIACZ mfio #
B o3BT mpeytbig o Ao A5 AR ba B 04 4 47 9% (20 mM Tris-
HCl, pH8.0, 0.1 M EDTA, 1% SDS, 500 ug/ml proteinase K) £ %" #% 4=
B 37 CHE R 4/ 051k 0 & R A% BE A% BL LA [B) 78 A 8 K 48 A &)
phenol/chloroform (1:1)A& chloroform/isoamyl alcohol (24: 1) & F B —
R W K By Aw N 2.5 45 B i 69 /B AR (M 2-0.3 M sodium acetate) 2R
TLHRF BARBEALEL - % 0 £4°CTF » 8.9 12000 g 20748 » LR 3¢
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¥ 3 S M 854 Bk o B LA TE buffer (10 mM Tris-HCI * pH 8.0 * 25 mM
EDTA)E A% o % 8 A% EE % BL 5 & /v 50 ug/ml Rnase A %30 C e 3 1)
% & Av A 50 ug/ml proteinase K #50°C R IE 3/16F » HRERK A
VB AL EE - SR 1.2% # % B 4 TE buffer (90 mM Tris-HCl » 90
nM boric acid * 2 mM EDTA * pH 8.0) ¥ i#47KFEkm# ° & At
8% 4% 8% 24 0.5 ug/ml ethidium bromide & &, » XK IME T ELZ B 48 o

(75) » # B Flow cytometry 4L 4= i 38 #8 547

f6FtmpizH AP BFEAL0 x 104 A&7 1 ml 2 10%86 4
fE ey g Pin ko4 /5 0 mBB I EEE S HIRF AR R 0 B
R4S o H IR ARG EITHE 24/ 8 - B v AT FRE(, 0.05, 0.5, 5,
50, & 500 m/ml)Z 4516 4 ddRiA iR » BB A T2/ NS R RAE 48N
BEfE P4 — k) o $F4m Bl trypsin/EDTA K BRIET » 4o ARG ER R
Bk ARk BAu BBk 0 1 e IR B AR % 106 cells/ml °
# 4m B AE 1.5 ml PREECE P LABF T0% O BF & B B 4% 17 R BBl R (K
BT > 30048) c 4% 0 735 xgBE 03048 o B3R AR 0 e o sAE
Bk ik h vk o e RS — R4 0 Bl LFR B NS A 40 ug/
ml propidium jodide, 0.1 mg/ml Rnase &) #8488 4 #7/& » 1 Bl X 1% 49 f= fie,
M AEERY >  37CHHERA30%4 4 - H LLFACScan TM flow
cytometer (Becton-Dickinson, USA)#L 4a A2, 38 £ 547 -

()~ % — & J6 £ B 7 1 39 %] £ A 89 B] £ (Determination of
topoisomerase I inhibitory activity) [7]

B 40.5 ul Z & #7775 7% (50 mM Tris-HCl, pH 7.5, 50 mM KCl, 10 mM
MgCl2, 0.1 mM EDTA) * fmA 0.25 ug pBR322 DNA, 0.5 ul Z #4L 497
B CER 100% DMSO F) * &4 A3 unit topoisomerase 1 » #£37 CEH
304048 - 3% 0 s A 5ul 11% SDS (&% 50 mM Tris-HCI, pH 7.5 F )24
123t R B » KR BpAv A 2.5 ul Proteinase K (25 mg /%> 50 mM Tris-HCI,
pH 7.5, 50 mM KCl, 10 mM MgClZ, 0.1 mM EDTA, 20% (v/v) glycerol
D) 37T CHERA30548 - RIEN1.2% FEBEBITKPFE R4 -
& 8 4% BB A% B 24 0.5 ug/ml ethidium bromide ¢ & » W EIMETBE
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BBE - BABRFE R ALIF6652 KR » BTI:ERAB > B 45 5FH 2
o4 o IR R &R 40g/500 ml Z BEEEANKIER Y c MREEE o B
B A EMEEFEZ o LA I P topoisomerase 17E M &3]
£ ART 3 H
B F AT E M (%) = 100 %— [(K 44 ¥ % B L supercoil form
A4 B 7 th) — (H B AL ¥ £ B L relaxed form Fi4h & 4-H)]%
#P 4| topoisomerase I#E /7 24 IC50 (50% inhibitory concentration)

(/\) ~ F B BE 9,7 8 (a fetoprotein; AFP)#| &

E24FLtmBie P > HEHEAN10 x 10* BB 1 ml 4 10%8s
e FHeR AR PIRE2NES BB EERF AR L
R4 BaF fo E I R BRI 24N 0F o B Ao AR BB (0, 0.05, 0.5,
5, 50, & 500 nm/ml) 2 &h4b 4 sk 0 B T2/ R A R A48
NEFIE B —R) o F BB S £9% 7 #7 3 (o-feto RIA BEAD; Abbott,
Chicago, IL, USA) Bl €32 R P& F R L& G -

(7/L) ~ Lactate dehydrogenase (LDH)| €

% Wk AT B dm B B 4 BR 3 ME (cytopathy) » AP & e e €
necrosisMIEH LDH ¢ k4o F @ 24 Fltmfast £ 87 > EFA10x
104 fB4a a1 ml B 10% 86 4 o 5 (FCS) B9 35 % iR T 38 % 24 /N85 14
ba O, AR BE E TR (PB) A ek » AR I F B R BRI
£ 24 /N o B AR FEE(, 0.05,0.5, 5, 50, & 500 nm/ml)Z 5464 4
BRAR C BEBIERT2D R RRAEAS DR R —R) - #|H LDH
KB a2 H R T E4LDH -

£ &R

— ~ B 3% & K B (cell proliferation assay)
#| A cell proliferation assay * #6398 B & A M H TR a4
AAAFAWFIER - &RX4wE — A7~ ° R H Dictamine ~ y-fagarine »
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robustine * zanthosimuline * toddaquinoline » 2H-isoterihanine »
toddaliamide ~ A& canthin-6-one ¥ AT & ém fi13% & H W $/EH - HATE
b JfL 3% A P4 A SL A R IR B AR JE LR o

- 5 AL BE M BR S A B 59 (DNA synthesis assay)

#]F DNA synthesis assay * 66595 3 & 2 e H ATk oo £ A
BB BE O A AAEHFAER o #1 A Hep3B AR EREZ &L
Wk (3L6048) - & KRBT A & EFF A hde e v AT R e o & AALEE
AR (B=—KRE=)- *iﬂ%ﬁcq’ﬁﬂkﬂﬁ‘#ﬁm B (B =) #p % AT %5
ba B3 DML BEAL BE A R BUR Ao A RS 4 o i B (B Z)A IAT R e AR & R
MBS R A E - HATRE ﬁmﬂ@%i#ﬂ%#ﬂ%%ﬁi#ﬁ%ﬂﬁ 4 M

SR B R B o B — 2k Mk R B R B B R E = R (triplicate) * BRE
HaMAERZ AL -

v = B A BB AL B (DNA) X R R F £ B KT EkmH(agarose gel
horizontal electrophoresis)
# M Hep3B Ao AR BB 2 b AL 4 & 2 (3 60 48) » 4m i35 4
% FRAHEBHRBEERRFLBAKTFELATH *‘k%gﬁ % Dictamine
 y-fagarine ~ robustine * zanthosimuline * toddaquinoline * 2H-
isoterihanine ~ toddaliamide * & canthin-6-one #E18 AT % 4a Bty 5 4%
BE AL B2 # 4 K A (DNA fragmentation)#i, % (B m) -

9 ~ 3 8.4 8% B B 23 B B (DNA fragmentation assay)
BRENRER LHBE LN Bl EARY  FAHBHREEK
RERGERFRE -

| B Flow cytometry % = Ae, 38 #7 o~ #7
% R0 B £ A7~ ° Dictamine ~ y-fagarine * robustine °

zanthosimuline ~ toddaquinoline ~ 2H-isoterihanine ~ toddaliamide ~ A

canthin-6-one e E A ZE oo F A B HE A+ R A (DNA
fragmentation)([d ) * {24 Flow cytometry k. » ## 78 GO/G1 peak i ¥
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B2 48 (7 Jm 2 0 dR) B AR 12 sub GO/G1 peak 3£ R BR & -

My B — R Ip IR A S 05 B E
FRREGOMEEEFA A M G £ —HIn B ITHENE ) -

+ ~ ¥ A 94 57,4 A (o-fetoprotein; AFP)B] &
Hep3B v A4 kAT 18 F B B4 5. % G B & <20 ng/ml °

A\ ~ Lactate dehydrogenase (LDH)2] &
Hep3B Au A AL Md AT 18 LDHIR B & £ £ -

# 3t

A REH OO I ZF FH A8 F ° Dictamine ~ y-fagarine
* robustine * zanthosimuline * toddaquinoline » 2H-isoterihanine *
toddaliamide * A canthin-6-one % 8 #£(13.3% )& Wi H AT Rt fL 38 4 A
RERE—) TR A BB eRAFIPHIERE X EH
=) B RER B A MERIRE RIELL o BREET R el A0
A B A & ¥ A(DNA fragmentation)3i, % (B m9) ° AT 48 fa m A\ & 8%
MBELDHREEZR » A TE8HA R ATENBEREL
apoptosis (A e L) AT EN BB LS st
(cytopathy) * & 4 3% #E(necrosis) ° 12 E A ZE A F A ek i H) £
— IR EMEE S > &k Fapoptosis M E — R in i ag & il » #&
FRARBAFE— TR - EANHEA YR IE BB TMEHE
(structure activity relationship) °

I EE% R apoptosis I Z EH A My > EFE—F L FHFEH
RBEERAR » UAXHERATBEIEZTHEM - AB4poF

HEBRABHERAZR TS » BRI ANTE 082 a2
WMAERE BRI AL R b 2 45 [13] - Béaln B 3g 7] £ HIE L
(necrosis) A apoptosis (B &M w L T)RFERE - mEBE LT HNE
BHE ARG GRERTEZaRMBER KT A > @R ENIELIER
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REFEy » Y &k — B4 il JE ¢ o Apoptosis ¥ R4 — 8 4a i IL
TH & R E BN REGRE BT R T8 R AE @R
e U RABREHRALBETH > §AHE LN AR
&4 3% B 5 A2 8% (endonuclease) * 1F A 7 4 B 4% &) internucleosome &f
B 3§+ 8.4 BE M Bk § A% (DNA fragmentation) * A& 2 #1-3-180 - 200 #=
A F QBB E  FLEReBRTEERALERETRE
# (chromatin condensation) ¥ 3. % ° Apoptosis * & & & 4= i, N RTE
B AR ILELE AT Ak 0 XA AR TR E e g 58 T (programmed
cell death) - BE N L LA R AR Tt t  WHER
wmpn et B AR A F K o L FR 0 B 8R4 K apoptosis
B % [14-17] ° Bk » 4o R AR B4R AT R da B apoptosis B9 7 i%
XE LB R B YR FE TREHTEeER AL EE
Mo HARGESGEBEFTA - BY  BATREN @ (GoRTAAL)
% 4m B 36 4 Mrik o 4e B LE R F S BB Y apoptosis 89 R\ TR IR [17] © Ho
B 4k #5 R b AT 38 % BT 4 B apoptosis 89 F 0k 0 HATARALR AT E M
R BOICERH F ik PEINEASFHT R @ROTERIER
apoptosis AL L K E LM (18] - RiL » B RGEHH IR
3 3% A 4 49 baicalein * €% 2\ I % = AT & e IR AT & @ B
topoisomerase 11 7EME R AT o B 38 & - 2 R 7 — AT 4m B8 BR AT
4o Bl FE T A B 7 baicalein B 3 Av i 24 apoptosis @ B —FEAT R 4a e
¥k BT 4m BB 76 2 B 7 baicalein JBJE 3% ho 3§ B b f 3R 5L 5] 2 [16] ©
Soini ¥ 2 H WK » BIRE AT el te B3 & A8 ) B2 4 RRIRIT R
apoptosis £ /1 BT B R A BAKRZE » FEF A [19] FI AR X
BT 98 %5 AT 4a iR & B0 12 & R 49 4] apoptosis 47 § 895 % > Hamazaki
% 233 A apoptosis B35 5 0 R A M ATE 6976 %% [20] ° Retinoid
(—#E0 B AL B g 4r) b L 48 & apoptosis &R B 2 BT % fm B AR AT
4a L L [17] © Galle ¥ £ F W AR EBAAM XAifmia 248 T #HEK
BB E A A& & apoptosis ##E [21] °
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15 ~ &Rk

A RHER13.3% 4L X Z F #H 4 Hde (L35 Dictamine ~ -
fagarine ~ robustine * zanthosimuline * toddaquinoline ~ 2H-
isoterihanine * toddaliamide * & canthin-6-one) ¥} B & %= fe 3% 4 R AT &
b DAL BB EE A R A HIVE A 0 e 4E A LA iR IR AR
Ftb o BAe(E M Btae QMM BHBRAELRBIR - HEaRimA
AW EIDHRE R £E » ArE8AMRA TR BT E
apoptosis (A M@ E L) MAF R Bapif s Sl &1
(cytopathy) * & 4 3 e (necrosis) ° 12 B A A & & #+ £ k39 84 5l 5
— R IGHE G EIEAE S 0 Z T apoptosis R HE FE — R ntE i 8 B - &
BREAHF®—FIEH - 4% R apoptosis 8 = FH A 2hdw > &
B SRS EMTHABRRR  UAZERABN BT
M o

fE >~ 5 XRK
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Blww & xBK-FE 5k # (agarose gel horizontal electrophoresis)if] &
AT B 4a fie % A 4% BB AR B8R X 2 (DNA fragmentation) ° Lane 1: 100
basepair DNA ladder (50 ug); Lane 2: control; Lane 3: dictamine (100
nmole); Lane 4: y-fagarine (100 nmole); Lane 5: robustine (100 nmole);
Lane 6: zanthosimuline (25 nmole); Lane 7: toddaquinoline (100 nmole):
Lane 3: 2H-isoterihanine (25 nmole); Lane 9: toddaliamide (100 nmole);
Lane 10: canthin-6-one (100 nmole); Lane 11: 100 basepair DNA ladder
(300 ug)

193



B & #|M Flow cytometry £ %= A& 38 ¥ 547 B & AT & da B8 £ A A% BE A%

B ¥ A2 (DNA fragmentation) ° Left panel (from up to _bottom): control, y-
fagarine (100 nmole), zanthosimuline (25 nmole), 2H-isoterithanine (25

nmole), toddalitamide (100 nmole). Rt panel (from up to bottom):
dictamine (100 nmole), robustine (100 nmole), toddaguinoline (100

nmole), 2H-1soterthanine (50 nmole), canthin-6-one (100 nmole).
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