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Anti-cancer Activity of Styrax japonica Bark Extrats™'

Oh-Woong Kwon*™*" - Woo-Jin Kim*® - Hak-Ju Lee*’
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CxH;3401Na0] 1L 312 styraxlignolide F2 g =|Qih. 17F A4; AA|3EQ] HEK293-S ©]-8-3t A=/
HE AT, 7} FHES 10 ng/nle] ol A 152%¢) W AEEAS Uehf o AGS2F MCF-7 Ao 4 2]
& CHLCL 7HER7F 1.0 mg/ml FEoN4] 60% o]/d2] A &S Uetligich Bel-2 oiid Ak 3 Y
4 &7 23, CHCL 7H-571 o2 7H8- 9 styraxligonlide F 2o} 52 Bel-2 WHATS H L, ps3 WdH 54
oNME CHClL 7H&H7E 71 W WasS Eoth A7t FHAE(AS49)E o83t A7tabE 57 Ad oA CHCL
TFEE = 46.9%% =2 APEH]ES UERWon, Ott& o & styraxlignolide F7} 43.5%9] APEH]ES eI
CH.Cl, #2l&-& whe)&d(styraxlignolide F)}oh &h¢F 24 G317t A Y=t ol 711 &do] AUA| axs
el Aoz AlRE,

1>
2 rlo o

o Mo
ol

1

e

p

ABSTRACT

A compound has been isolated from the methanol extract of Styrax japonica bark using conventional chromato-
graphic methods including silica gel chromatography, TLC and HPLC. The molecular formula of Styraxlignolide F ana-
lyzed by spectrometric analyses using FAB-MS, NMR was found to be C»H3O1Na. The cytotoxicity of the styr-
alignolide F was showed 15.2% in 1.0 mg/m¢ on human kidney cell (HEK 293). As anticancer activity of CH>Cl, frac-
tion, over 60% of AGS and MCF-7 cells were inhibited in concentration of 1.0 mg/ml. In the results of anticancer test
using quantification of Bcl-2, CHxCl, fraction showed lower Bcl-2 and p53 expression than those of styraxlignolide F
and other fractions. In apoptosis of human lung carcunoma cancer cell (A549), CH,Cl, fraction showed the highest in-
hibition rate (46.9%) and styralignolide F was the next (43.5%). The CH,Cl, fraction showed higher anti-cancer activ-
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ities than isolated substance (styraxlignolide F), probably due to the crude extract showing synergic effects by other

components.

Keywords : Styrax japonica, styraxlignolide F, FAB-MS, NMR, cytotoxicity, HEK 293, AGS, MCF-7, Bcl-2, p53,
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Fofsl= Bel-2 TR o] wFHSRS =43lo] 9
HrAo] o3l ZA4sks wWolth 1.0 x 10° cells/me

Ao Ak A2l HEK293-2 ARE-3He] cyto-
chrome ¢9] Western blotting2 $J3+ A2 ol
AL EPotqleh g Egkaae] e viAE AlA
5}1l cold PBSE #H718E & scraper®2 A|ZE %5}
Atk 1027F ARslo] AedS T 5 400 w9
cold buffer A (10 mM Hepes-KOH[pH7.9], 1.5 mM
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Ao AX|gE 3 of7]of transfer
bufferS <11, 50VE 2A|7F A 0]8}21 membraneS-
He]sto] 3087F blocking solution® & blockinggt
% BeXL B Mel-1o] tfat 17 GRS H7lsto]
1A17F SoF ¥-8-AJ#t}l. Membrane blocking sol-
ution® 2 2+ & o]7]o] horseradish per-
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immunogolbulin G A& A7}sle] 3087 HESA|
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= A& AASFL cold PBSE H7}5E & scraper®
AL SYSIAL. 1022 W elsiol H5ohe
HEY & 400 w09 cold buffer A (10 mM
Hepes-KOH[pH7.9], 1.5 mM MgCl,, 10 mM KCl,
0.5 mM DTT, 0.2 mM PMSF, 0.1% NP-40)o] 2z &
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QloflA &gt AlZo] o 40 WS 9%
SDS-polyacrylamide gellof| 4] Tris-glycine buffer=
A719E sk A71950] By geld Relstel
Western blotting %]l AX|§t & of7]o] transter
bufferS 11, 5S0VE 2A]7F A 0]8}21 membraneS-
welsto] 302
% BelXL =2 Mcl-19] gt 12} A5 7t
1A17 S9F WES-A| -t} Membrane2- blocking sol-
ution®. 2 % soaking 3F & o7|o| horseradish per-
oxidase F*= alkaline phosphataserk Z&t=o] =
anti-mouse immunoglobulin G &#] ¥+ anti-rabbit
immunogolbulin G A& A7}sto] 3087 HES-A|
2Tk flollAlel o] PBS, PBSTE HHo] 7}A
membraneS A|Z3F TS membraneo] ECL 2HA1 A
o A7kslo] WEAIT % XAl Wiol HH Az
Bt =EAH T3]

7t blocking solution© & blockinggt
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I 10E7E Aol A HHA]ECE thA] well& PBSE
A3 & 0.1% Triton X-100 (in 0.1% sodium cit-
rate)5 ©]-§5to] 4°CO] A3 flofA] 2:3F WA|S
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Algz2 ARSIl HPLC= Waters 600 pump2}
controllerE ©]-&35}9 21 Waters 486 UV system<
o g5to] 254 nmol A BHel SR A AHE
3t column Kromasil 5 u C18 (250 x 4.6 mm)©]
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methodE o] &35fo] B35t on 842 1 mf/min
oz 33tk
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TS 42m) 32EE(SJ-MeOH)2] CH.CL 7Hg-
258 g 79 e deskalal, #el ac-

tive guided fractiont]-2 ©]-&3}%ch.

UL a9 CH.CL  7HEH(230.0 g9
Sephadex LH-202 FZA|2 3t AHIZutE T2t
7)(8.5 x 43.5 ¢cm, MeOH-EtOH =1 : 1, v/v)& °]&
3l 100 m@A 527Y, 12]al 250 m(A 6719 B3 E
2 o], o] BEFEES H chromatography (TLC,
Z7l-81f: toluene-ethyl formate-formic acid =5 : 4 :
1, viviv)ol AZ0AIZ1 &, UV lamp (254 nm)= HAH
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alo] 47le] HEESHI~SIE Tk o
SJ-2 B¥E(225.23 g)& silica gel column (8.0 x
36.0 cm, benzene-MeOH = 5 : 1, v/v)2. &2 250 m{%
wHsto] 65740 RAEE Aglon, ol
67119] H3]E2(SI-2-1~SJ-2-6)2 Ut o] & 7t
8= TLC 4lste] shte] spoto 2 UpEhLb=
SJ-2-4 B3&E (63.26 g) silica gel column (5.0 x
30.0 cm, CH,Cl-MeOH = 8 : 1, v/v)2 2 100 m(A
w3eke] 4719 E3ES d%lew, o] F SJ-24-2
258 21ehE(780.0 mg)e THe|sklthFig. 1).
FAB-MS m/z : 557.2006 ([M+Na+H]"), clad 556.

1999, C27H34011. [()z] :g = -170, Cc = 0.23, MeOH).

'H-NMR (500 MHz, acetone-ds) : & 2.48 (1H,
dd, ] = 7.5, 14.8 Hz, H-8), 2.54 (2H, dd, ] = 7.5
Hz, H-7), 2.67 (I1H, dd, J = 7.5, 13.0 Hz, H-8"),
2.84 (1H, dd, J = 7.2, 13.0 Hz, H-7), 2.89 (1H, dd,
J=5.1, 13.0 Hz, H-7"), 3.45 (2H, m, H-4", 5"), 3.51
(H, m, H-2", 3"), 3.67 (1H, dd, J = 4.8, 12.0 Hz,
H-6"), 3.71GH, s, -OCH;), 3.72(3H, s, -OCHs3),
3.74(3H, s, -OCHs), 3.82 (1H, d, J = 12.0 Hz
H-6"), 3.90 (1H, ¢, J = 8.5, 17.0 Hz, H-9), 4.11 (1H,
t, J =85, 17.0 Hz, H-9), 4.87 (IH, d, J = 7.1 Hz,
H-1"), 6.60 (1H, d, J = 8.2 Hz, H-6), 6.66 (1H, d, J
= 8.2 Hz, H-6), 6.67 (1H, d, J = 8.1 Hz, H-6"), 6.72
(1H, s, H-2"), 6.81 (1H, d, J = 8.1 Hz, H-5", 7.02
(1H, d, J = 82 Hz, H-5).

BC-NMR (125 MHz, acetone-ds) : 6 30.2 (#, C-7),
33.6 (1, C-7), 37.3 (d, C-8), 42.4 (d, C-8), 51.5 (g,
OMe x 2), 51.7 (g, OMe), 57.3 (1, C-6"), 66.0 (d,
C-4"), 67.5 (t, C-9), 69.5 (d, C-2"), 72.2 (d, C-3"),
72.7 (d, C-5"), 97.4 (d, C-1"), 107.8 (d, C-5'), 109.1
d, C-2,2), 111.2 (d, C-5), 117.4 (d, C-6), 117.7 (d,
C-6"), 126.9 (s, C-1Y, 129.6 (s, C-1), 141.3 (s, C-4),
144.0 (s, C-4"), 145.1 (s, C-3, 3"). 175.7 (s, C-9".

'H-'H COSY : H-7'<-H-8', H-8>H-8, H-9H-8,
H-5'—H-6', H-5—H-6.

HMBC : H-5-C-1/C-4/C-3, H-5'<>C-1'/C-3', H-2'
—C-1/C-6/C-4', H-2>C-1/C-6/C-4, H-6>C-2/C-4,

H =20
—TIE=

MeO

Fig. 1. Chemical structure of Styraxlignolide F.

H-6'—C-2'/C-4, H-7'—C-2'/C-6'/C-1'/C-9', H-8'«C-1'/
C-9', H-7—C-1/C-2/C-6, H-8—C-1.

= =< =
3.1. ZFEE, 282 ¥ H2SH F=
A
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WL 430 HAZAR 22731 gORHE v
B8 2E510] 4474 go] MEE 2EES H53A
o] SAKn-hexane), T2 EHEHCHCL), of

S 27.10% THget Ak, HER
o gHE ZAJAE] styraxlignolide F&
gelelo] HPLC AL£4S ig
gL

U5 #5522 3 point calibrationd}o] TE22
Heh 7Hg-R o] whe slekE ks AR At 459
ug/gel Tt HE2 2 &S0 3 82 27.1%9]
H HgE 252E 7|E0R2E 5.00%, AXAE F
F el e 131%2 UEyTth

FEEdEE
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Table 1. Quantity of solvent extracted from S. japonica bark

Dry smaple = MeOH ext. Hexane sol. CH>CL sol.  EtOAc sol. Residue
Weight (g) 22731 44.74 2.31 10.87 19.03 12.53
Yield of extracts (%) 100 14.91 0.77 3.62 6.34 4.18
Yield of isolated compound (%) 1.31 5.00 - 27.10 - -

3.2. Hal=tet=2l stetex

@2 8}sHE-9] FAB-MS spectrumo]| 4] £} ion peak
L m/z 534 (IM]', base ion)o|, EZ}A] CyH3401Na
o] BA=Re mz 5572 UERTh 'H-NMR spectrum
o/ ARG Z oA Uik MRS el (benzofuran
9} 7]2%)<l 6.5~7.5 ppmolA UERH 2~4 ppm
o| A side chain9] signalZ & 4 Ut} ESF IR
9] 371 ppm FL9 379] single signal-> me-
thoxyl group (-OCH3) proton©. 2 2}Q|g}t 4= Qlom
4.87 ppmol Al 17§9] glucose®] anomer protonof 3
Fohe 35 eI 4= slew AdAertJ =71
Hzolm=2 o] A3k § formo] sjFsh= Ao
gelsksct. 3.0 ppmofAl 4.0 ppmAle]of D-glucose
of 7]918}= protonS 3HI3FATE “C-NMR spec-
trumef A= 100~160 ppmof 4] diAlo] 7]Q18}= sig-
nalZ Eolslgion 7]EAxQ carbon signald}t
10~70 ppm Afolef side chainof 3fgst= 57H<]
carbon signal& EHQ13}IH S 176.7 ppmo|A] car-
bonyl carbonol] 7]Q15}= signalZ AT 4 Ut
60 ppmo]| 4] 80 ppmo]|A] D-glucoseo]] 7]21&}+= car-
bon 571& EQlstom 57.3 ppmoA C-6"9] car-
bono| 37 E©AYS F2lE 4= Qi) 3.71 ppm, 3.72
ppm, 3.74 ppmof|4 -OCH;o|| 7|Q13}= methoxyl
carbon 3715 &<2ls}9itt. DEPT (45°, 90°, 135°)H
o 23t AZEZH|AE 13504 2.54 ppm, 3.51
ppm, 3.45 ppm, 4.87 ppmo] ZtZ} CH.%l& 1%
4= 9lom 3.71 ppm, 3.72 ppm, 3.74 ppm7} CH;
= Zlgh 4= Utk wEbAl primary carbono] 774,
secondary carbon®] 137}, tertiary carbon®| 47}, qua-
ternary carbon®] 37§2 % carbon®] 4= 277U

glsk4 . HMBC spectrumo]| 4] carboxyl”7| 7} &¢]

A= C-9E o] spectrumS E35}0] H-9, H-8' H-7'9}
9] wxEaRE FIstH o™ D-glucosee] anomer
proton$] H-1":= C-40]l 124 glycosidel& 2Hele
4 Q. E=3F H-9¢) C-7, C-8, 1} C-8'9}2] wulu]3
£ gRIste = D-glucose’t ZAdE A benzene
ring®& g3 skl

QA2 QlojAl=  dibenzylbutyrolactoneso] A]
gl = Qe cis-9F trans-FEl= H9¥ 9129
methylene group &J3f] &2lg 4= AL Lopes et
al[15]°] oJsff AA =) H-OH 912 WA 27
©] '"H-NMR chemical shift Zfo] & 4.0~4.1 HE2
S 2 U cisd, 0 3,99 42 JEE
Aol7h H nans-dejetn Hustgich AgelA
cEld HES] - 3.9 ppmT 4.12 ppmoi| A2
protons H-9H 9]2]2] menthylene group proton®o &
A&FE o, rans FEQ] EA A Q1 chemical shift
15 ERlskgict. o] 24 Te]3khe-2 phenylpropane
2827} 231k lignan 22 C-99] carboxyl”]
| Agstal C-49f D-glucose7t B Ag3H 8'-[(3',4'-
dimethoxyphenyl)methyl]-8-[(4-O- 3 -D-glucopyr-

It

o

du oo

N

anosyl)-3-methoxyphenyl)oxolan-9'-one?] styraxlignolide
F2 S35t thFig. 1).

3.3.1. QIZt HMMZL| ME=EN Al
B2} ]S gt Az digt Alzs

22 QIZF A AVEAIZ HEK2939] thgt Al254de
Uetd Ao = sample®] i FXZ?0 1.0 mg/mlollA]
n-hexaneo]|A] 23.5%2 7} =2 MZE=AL el
, S EAQ styraxlignolide F7} 713 W A2



30

25

20

Cytotoxicity (%)
@

0.2 04 06

Concentration (mg/mf)

—#—n-hexane -B CH, Clo —4—EtOAc - @® SLF

Fig. 2. Cytotoxicity of the fractions from S. japonica
on normal cell line, HEK293 (SLF: Styraxlignolide
F). Mean values + S.D. from three separate experi-
ments are shown.
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Fig. 3. Inhibition ratio of growth AGS (bar chart, %)
and selectivity (line chart) in adding the fractions of
S. japonica (SLF: Styraxlignolide F). Mean values +
S.D. from three separate experiments are shown.
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Fig. 4. Inhibition ratio of growth MCF-7 (bar chart, %)
and selectivity (line chart) in adding the fractions of
S. japonica (SLF: Styraxlignolide F). Mean values +
S.D. from three separate experiments are shown.
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Fig. 5. The representative (A) western blotting and

(B) densitometric analysis of Bcl-2, through adding

the fractions of S. japonica (SLF: Styraxlignolide F).
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Fig. 6. The representative (A) western blotting and

(B) densitometric analysis of p53, through adding

the fractions of S. japonica (SLF: Styraxlignolide F).
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