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Cytotoxic Constituents from the Forsythiae Fructus
against L1210 and HLGO cells
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Abstract— Forsythiae Fructus was studied on cytotoxic activities for the purpose of finding out active
constituents against L1210 and HL60 cells. To isolate the active ones, the methanolic extract was par-
titioned into water insoluble and water soluble fractions. Furthermore, the water soluble fraction was
fractionated into four parts, n-hexane, benzene, ethylacetate and water fractions. Among these, the
water insoluble fraction showed the most potent cytotoxic activities on L1210 and HL60 celis in vitro.
The water insoluble fraction was applied to silica gel column chromatography and divided into 5 frac-
tions (fr. 1-5). The active constituents I and I were isolated from fr. 2 and 3, respectively, by repeated
silica gel column chromatography and recrystallization. The constituents were identified as 3f-a-
cetylbetulinic acid and betulinic acid by means of physicochemical data. The EDs values of 3-a-
cetylbetulinic acid and betulinic acid were 9.10 and 16.43 pg/mi against L1210 cells and 2.72 and 2.41
pg/ml against HLEO cells, respectively.

Keywords [_| Forsythiae Fructus. cytotoxic activities, L1210 cells, HL60 cells, 3B-acetylbetulinic acid, be-
tulinic acid.
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FAA B¢ AEHY SHEolE Eeka 4 e o wag up 9ok olE AYF due EFIFH
23] dd) o3t A Fo shtzZ 14 o otk F (Oleaceae)ll &3k N tel4(Forsythia) 22 L
Fo] AR AN E oy} 7gt FEA B 2ol 2A IWGME Y, 29, viF, olx X B &
BE HAEEC] Av)Ee] Qla, SV z AR 7t Jdodete] AERE wEEl e Fa% A F9) shy
B a3} vigboll A Qbe] X gof) AJefe] ARS-E o} gict. ojt}, dAxe] Th HEATEZE triterpenocidsiHE
g ARES FEYH A28 B2 27 9% (betulinic acid, oleanolic acid. ursolic acid)*®, lig-
HEg zHdolgt & 4= it 22U E v FU¥d nanA 3HE(arctigenin, matairesinol, philly-
oldE ddRE ¢ iz Vel FU X5} ARHol genin, (+)-pinoresinol)® ™, lignan®i %A (arctiin,
AoFeo) 3 MESA 232y @ 484 ¥§77F  matairesinoside, phillyrin, (+)-pinoresinol-D-glu-
Ag=n et o] P& 4003F ] Mool tiskd L coside)® ®, phenylpropancid #i%A (suspensaside,
1210 cellsoll 3t AEEA ~3J S B3l &5, A B-hydroxy-acteoside, forsythiaside, acteoside)’ ™

2 flavonol By (rutin)® ® o] E115]o} et A2

ol

PR =R #E BAE of AxgAR Ao B8 AFE= phenylpropanoid 813l (sus-
(H38) 042-821-5925 () 042-821-5903 pensaside, B-hydroxyacteoside, forsythiaside, ac-
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teoside)7} &t 2H8-& etk B ¥ o glct”

£ AFdME dud deg F2EF BELEY
o] FHellA frei€ L1210 cellsst AAA fa€ HL
60 cellsell thate] ¥& €48 vehd e adsta A
=4 AR dedte 33 728 T AESA
& ZA38d froAde ATE 7l Ragitt

ABNE N WY

AEE - Ao A48 dxE 19913 10€ giA
FoA A AA stepgelA st ARSI

Alet W 717] - column chromatography£ silica
gel 60 (Merck. 70~230, 230~400 mesh ASTM),
precoated silica gel 60 GFy, T.L.C. plate (Merck,
20% 20 cmn), dimethyl sulfoxide, NaHCO; (Sigma).
absolute ethanol (Merck), penicillin G 109+ unit/
g, streptomycin 10% unit/g (Sigma), Fisher's
medium, horse serum (GIBCO), RPMI 1640 medi-
um, fetal bovine serum (Flow Lab.) 7]g} A|¢f 2 &
e 59 B2 d§S AHE8a, 3989 FAfede
SRl ARl 83 Thiele melting-point
apparatus& AHE3t] FA3l o 2xE HASHA|
2ttt IR spectrume JASCO Infrared spec-
trometer IR Report-1008 A}8-3}d KBr discHe =
2331t UvE Milton Roy UV/Visible Spec-
trophotometer Spectronic 3000 array® A3t
200914 400 nm7*]  scanningdl%itl. 'H-NMR
spectrum (270 MHz)< JEOL GSX 270 spectro-
meterE AR&3Y R, “C-NMR spectrum (75 MHz)
< Bruker AC 300F& AMg-3t S48l om JIZE
FE2A2A tetramethylsilane (TMS)& AHESIIC)
GC-Mass spectrum< JEOL JMS-DX-303 spec-
trometer AHE-Ete] B o2 2438t

L1210 cellsQ} HHQRY - u}o-~ wEw Azl I
1210 cells™= F 28] Ath WYt o) AEE 7
Holm ol &Yl 93t e} widRL FHG
Fisher's medium'® 10.5 g. NaHCO; 1.125 g, pen-
icillin G (100,000 Units) 59.8mg % strep-
tomyein 100 mgs o] &3A712 pHE 722 =3
sl AAFE 112 § oS A7 dr| 2 qF3t §
Z 357} 10%= 5% horse serum$ H7ale] ALe
3t
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HL60 cells@} H{QFRY - <lx]o] Tz HoAor] B
F AF44] W84 (promyelocytic leukemia) Al¥
2l HL60cells' g ohetal ojabrstolaf Eot
RE AHANA 4841710 AN Ao viloFEta] A
239t wiUdYe L-glutaminee] E£3IE RPMI
1640 iAol 56°C =F0llA] 3087 7Hesle B84 s}
A7l fetal bovine serum (FBS, Flow Labo-
ratories Inc., Mclean, VA)& 10% E£%3tx 1% 8
A3A) (penicillin 109} units/streptomycin 100 mg)
¢} NaHCO; 2 g€ 7t Alz&tsict. HL6O cells
= tissue culture flaskE® ARE3led 37°CellA 5%
COE §4% CO,incubatoroliAl w3ttt

L1210 celisOf) LB MIZSA AW - A 54 43
of A}&-5]+= logarithmic phaseol] =23 11210 cells
g 47) A8k AF 1A AHofl, 36~37°CE 73
Fischer mediums %< 250 m! screw—capped Er-
lenmeyer flaskell L1210 cells® 7} 2~3x10°
cells/ml F=7F HA 243 % vjdAFcHspinner
culture). oA wige wUHe] Fx= oF 0.8~
1.0x10° cells/mi7} B}, ©] spinner cultured A%
£ AXEA AYS 37 bl Ao vl 36~37°CR 7t
23 fresh medium®2 3443k 5x10* cells/mI9)
¥57t 95 L1210 cells @99 (run bottle) & &
Ath AlRE AP 7] BlE Al 43 9] JehE
T DMSO0) =9 whElal, o] Alg8<d 0.1 miol
fresh medium 09miE 718l 108) 3439t
screw—capped tubedll 3}44S 24zt 60, 30, 15 WE
7V3tar $jeils ZAF AE Fel(run bottle)2 3 mi
A Y3 dZFT tubedls 3miel YT o]
37°C, CO, incubator (5%) |4} 48217t wijok & hem-
acytometers AHE3lo] AESE A4tsig}.

HL60 cellsOff CHEF MZESM &Y - 27]9) L1210
cellsoll tigt AX 54 AF7 vbAVIRE A 88 93
FE7F HEE DMSO €381A1715, fresh medium
& gol 10u] 34 g TETE o] S NS 77} 40,
20, 10 W& micropipette &2 F3slo] Ztz} 273 B2
24-well plateo] 7}gtt} o] culture tube ¥ &L
tubeoll 10° cells/mI= 343 AX At 2 miE 7}
3u & EBo A& o, olEE 371°C, CO; incu-
bator(5%)ell i 72A7F wiYd % hemacy-
tometers ALE-Sl NEFE AbelAT)

EDg, 242} AHD} MZSM| BE ~ EDsgk2 oz
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9] 50% TEOR A X L AIFE AR ¥
% (ug/mD 3 FolAH, Thayer 5] #Hge) o)
AR skt

BREC-wISSE BN - R UVAVS ~HEY
2ol glolA 1A A RE 2~3%H A KBrz sjA{st
o] diskE E 4000~600 cm Ao AHEHS
dglom, UV cell2 10 mmE ARSIt NMR &
HEHL chloroform-d,, dimethyl sulfoxide-d2 &
2 ALgElg T, Y BEEEE AN tetrame-
thylsilane (TMS)& 71&2% chemical shift& 8
{ppm) & ERRALE.

RMBETO Screening test — A3 (Forsythiae
Fructus) 100 g& 335le] Wee = SF3PEA A7
A 28] FEte] A3 ¥, FEAE Y FF3
©E FEES A FFF 200 mlE el Sz
EEEES 93 Yo gt n-Fat, WA, =
AE) FoB F& L4E FA8IY 247 Sl g
£ TES 7+ Lo s L1210 ¥ HL60
cellsell tigt EA4AH-E F33ct.

=@ Y NE=SYH SH9| Fa| - A 1.5kegs dgt
= 108112 EFA71EA 12770 23] FE8t] o
35 298 A5 F53 210 g (14 %) 2] Hgk
FZ2EE AU} o] g FE20) E 288 S 7}
3te] £8jAl7)n BERES AFsla oA sl
n-A3F A, 2AldEe) o2 fujREaigitt. zt
89l L1210 ¥ HL6O cellsol] ti3t MEEAHS A3
gt Ao (Table 1), B2EE oM AXZAo] s
YRt NCI manualel]l W23 11210 cellsell thgt

A

do

AETEA Hrh= 42 F22 A% 20 pg/mioldl,
A EN AS 4 pg/miclstd AL getakgol Qlokn
FAsL Yorng® o] EELEY o] yIEARLL

—Fo] givtn WorETh BEGHY(67g)S silica

gel (70~230 mesh) 1 kg€ £3A71 & 6.7cm2)
columnolA] EFA/LAE(100:1—10: 1) &9
2 column chromatographysid TLCZ #<iA]
Lieb>rmann-Burchard A9kl 4A4e Jehs 5
whdo) wet 5709 BY o2 Rtk 1~5). ©olF
570 B3-S bioassaydl £ A3 fr. 29 fr. 3o} L1210
2 H6L60 cellsoll ti3led AT EAS Jehhonz
fr-28 oA EFA-obAE(95: 59 £ulE column
chromatographysld 4709 £¥-8F AXEAE
Bhile 3 &~F8E 555 4A, s JAES
&2 QAR 4% compound I (20mg)<S
AT} fr. 328 REE EFA-oE (10: DY &
2 t}A] column chromatographysdte] 374 48

Table I— Cytotoxicity of the fractions against L1210

and HL60 cells
EDs (pg/mi)

L1210 cells HIL60 celis
water insoluble fraction 9.27+1.34 6.21+£0.98
n-hexane fraction 18.57+1.88 14.37+1.26
benzene fraction 20.00 220.00
ethyl acetate fraction 20.00 »20.00
water fraction 20.00 20.00

1.1210 and HL60 cells were cultured in 5% CO,
incubator at 37°C for 48hrs. and 72hrs., respectively.
The data represent the mean+SE from 5 experiments.

Table I — “C-NMR spectral data for compound I and II in DMSO-ds (8)

Carbon Compound I Compound II Carbon Compound I Compound II
Cc-1 375 38.2 C-17 55.4 554
c-2 16.4 27.1 C-18 46.6 46.6
C-3 9.7 76.7 C-19 48.5 48.5
Cc-4 31 38.5 C-20 150.3 150.3
C-5 54.6 54.9 C-21 29.2 29.2
C-6 17.7 17.9 C-22 36.3 36.3
c-17 33.7 33.9 C-23 216 28.0
C-8 40.2 40.2 C-24 15.6 15.7
c-9 49.6 49.9 C-25 15.8 15.9
C-10 36.6 36.7 C-26 15.8 15.9
c-11 20.9 20.4 Cc-27 14.3 14.3
Cc-12 25.0 25.0 C-28 177.2 177.2
C-13 313 37.6 C-29 109.6 109.6
C-14 42.0 42.0 C-30 18.9 18.9
C-15 30.1 30.1 Acetyl CHs 23.3 -
C-16 31.8 31.7 Acetyl C=0 170.0 -
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35 AXEAS Jehge 28 2288 5
AAHE AHES veE2 AAAse £5% com-
pound 11 (60 mg) & VAt

Compound I - WAZAA:  jebermann-Bur-
chard test : 344 m.p:262~264°C: UV (nm)
M (MeOH) : 212: IR AKE ey : 1730, 1690 (C=
0), 1640, 880 (C=C): 'M-NMR (270 MHz,
DMSO-dg) 6:0.79, 0.80. 0.87, 0.87, 0.94 (each
3H, s, CHy), 1.65 (3H. s, CHy30), 1.99 (3H, s,
CH,CO-3B). 2.95 (1H, m, H-19), 4.56 (1H, s, H-
29a), 4.69 (1H, s, H-29b), 12.09 (1H, s, H-28).:
EI-MS, m/z: 498 (M), 438 (M-CH,COOH), 248,
203 (248-COOH), 189 (249-CH:COOH).: ®“C-
NMR Table I #Z.

Compound II - W43 44 Liebermann-Bur-
chard test:ZA: m.p:297~298°C: UV (nm)
Amax (EtOH) :202.9; IR A¥Pem*: 3450 (OH),
1680 (carboxylic C=0), 1640, 880 (C=C).: 'H-
NMR (270 MHz, DMSO-dey) 6:0.65, 0.76, 0.87,
0.87, 0.93 (each 3H, s, CHjy), 1.64 (3H, s, CHs
30), 296 (1H, m, H-19), 3.16 (1H, dd, J=10.0
and 4.5 Hz. H-3a), 456 (1H, s, H-29a), 4.69
(1H, s, H-29b), 12.09 (1H, s, H-28).: EI-MS, m/z
1456 (M), 438 (M-H,0), 248, 203 (248-COOH),
207 (M-248), 189 (207-H;0).: “C-NMR Table II

2z,
Az ¥ &

NEZSMERC|) PEBM - MeOHE AHZAASIH o
2 compound I ¥4} IFEACIU, mp+=
262~264°Ce)%itt. Liebermann-Burchard 8-l <%
Ao UV spectrumelA 212 nme) FFFHE o}
ehlisle™ IR spectrumellA 1690 cm” (COOH)9}
1730 cm™ (CHCO)ell vt &% band: C=0
stretching vibrationol 71¢18 Zoli 1640 cm™'¢}
880 cm™l vlEbd &4 bandE C=C9 stretching
vibrationoll 7]¢1gt A2 Kol o] 3lgHEo] tri-
terpenoidsAl5 9 242 4=} 'H-NMR spec—
trum& 23 0.79 ppm 0.94 ppm Alo]o|A] methyl
71e) &8 5709 signalel singlet® eh}s, 1.65
ppm (CH;-30)3} 1.99 ppm (CH,CO-3B)%IA1 % me-
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thyl7|ol 93 signalel 22} singlet® Jebdth E§
olefinic proton?! H-29a¢] signal®] 4.56 ppmellA],
H-29b¢] signal®] 4.69 ppmollA 2t broad singlet
2 vehtes AR Bol o] 813HE0) lupaneAd tri-
terpencid3HEYU S Y & Y o) B
El-Mass spectrum®& 298 (M)"¢} molecular ion
peak”} m/z 49801 4] el CHy;COOHZE BojAA
A9 fragment ion peak’l m/z 438004, zel:
ring ColX19] proton transferol] 2laix ABAE frag-
ment ion peak”t m/z 2489141 vreb] E§ COOH
7} ge5o} MAE fragment ion peak’} m/z 2036114
veRe® U] fragment ion peak?t m/z 2499
A, 3 E2ke] CH,COOH”} €8¢ fragment ion
peak’} m/z 1899141 base peak® BZHUh “C-
NMR spectrumeiiAE= 32709] signale] #a= i}
et olael 7)71ENZAF 2 FHVse] Wz
compound I8 3B-acety! betulinic acid& &<¢153st
At

compound I WA HAAACINXN, m.p.=
297~298°Col3iv}t. o) &4& Liebermann-Bur-
chard testoll ¥A-& Jells UV spectrumsi A
202.9nme ¥F3dE Jepllon] IR spectrum
ol 4] 3450 cm™¢] F£2 OH719 EAE A% &%z,
1680 cm™e] 2 C=0719] E4E & % U}k
16403} 880 cm™oll YERd {5 bande C=C9
stretching vibrationell 7]18 R o2 Ko} o] 3}3HE
o] triterpencidsAlEel EA=Z FAHUYL. 'H-
NMR spectrum< K3 0.65 ppm3# 0.93 ppm A}o]
ol A methyl719l 2)%t 5709] signale} singletZ e}
U, 1.64 ppmolA%E methyl7]o]l 2§ signalo]
singlet® vEhdt}, =3 olefinic protong! H-29a2]
signal ©] 4.56 ppmoi*, H-29b9] signal ©] 4.69
ppmoll A ZHz} broad singlet® YEh = 0= Hol
o] 3%tEo] lupaneA9] triterpencids FHHE U
4% 5 b o] 249l El-Mass spectrum
B (M) 9 molecular ion peak”} m/z 456004 1}
el ring ColAe) proton transferoll 2lsiA A4
¥ fragment ion peak’} m/z 24894lA.  TEln
COOH~} &etslo] A fragment ion peak”} m/
z 203014 vEhdt® m§ Uol] fragment ion
peak”} m/z 207, 3 ¥l HO7} € fragment
ion peak”} m/z 18994 base peak® UER}2Z A/
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Table III—EDs values of the cytotoxic constituents
isolated from Forsythiae Fructus

mizA A9 2Y2AE vzH 3 AESHL Ye
Wi,

EDs (}lg/ 'ml)
L1210 cells HL60 cells | =
3B-acetylbetulinic acid 9.10+1.93 2.72+0.71
betulinic acid 16.43+098 2.41+0.83

L1210 and HL60 cells were cultured in the same
condition as shown in Table I. The data represent
the mean=+SE from 5 experiments

S

R = H, betulinic acid
R = Ac, acetyl betulinic acid

Fig. 1— The chemical structure of 3B-acetylbetulinic
acid and betulinic acid.

B ring%-29ll secondary hydroxyl groupe]l &A%
2 < % gt 'H-NMR spectrumdilA] C-38121¢]
2ol 71%18H= peak”} 3.16 ppm 4] doublet doub-
let (J=10.0 and 45Hz) 22 Jeh}E RO E Ho}
axial protonol™, C-3¢] hydroxyl717} pge= 2
S 9l ¢ 5 Tk olael A28 Aset ¥
F 2 2¥a H]ZZ compound IIE betulinic
acid2 &1 At

NIZESM WI} - compound I ¥ compound 119
L.12103} HL60 cellsol et X 5L 2AMS A3}
= Table 1119} 2t} &, compound I3} compound
119] L1210 cellsoll i3 EDy 2k 242} 9.10 pg/mist
16.43 pg/mI=A compound 1°} compound 12T}
B ATEAHS JeRIAT o) @ AIEEAL &5
ol E#® skullcapflavone 1I (EDs=3.80 pg/
ml), AZolA B2 g acetylshikonin (EDg=0.1
pg/mH? Bris %Edn, AN EaE au-
rapten (EDgp=10.2 pg/mD®# v AEEAHS
Jeldel. compound I3} compound 112 HL60
cellsell i3t ED@t= 2t 2.72 ug/mist 2.41 pg/

L1210 2 HL60 cellsol g dme] AXEA &
o #3 A& AA st the Tt Fe A& A

1. 9ue] Wge 3859 284 HH
L1210 2 HL60 cellsoll thgt AES5A-E SA3HA
48 928 27 2709 8422 ddom o%
B2 gE3ety 44 4 77184 B8t 3f-a-
cetylbetulinic acid¢} betulinic acid2 R 3%t}

2. L1210 cells?l & 3B-acetylbetulinic acid 2
betulinic acid®) EDsgk2 242} 9.10 pg/mist 16.43
pg/miols HLG0 cellsel thdt 3B-acetylbetuli-
nic acid 2 betulinic acid®] EDs@t-2 242} 2.72 pug/
mi9} 2.41 pg/miZA HE FAEAE vl E 23 A)
FEFE YR
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