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Studies on the Cytotoxic Constituent of
Alnus hirsuta(Spacy) Rupr.

Choonr-1l Bae, Jae-Myung Gong, Jung-Wan Oh, Hyun-Jong Kim,
Gab-Jin Oh, SiKyung Park’, Sun-Gan Chung and Eui-Hwan Cho

Central Research Institute, Samjin pharmaceutical Co.,

LTD., Kyunggi 445-920, Korea

Abstract—To find out antitumor active principles from natural resources, we have evaluated various
extracts from the leaves of Alnus hirsuta (Betulaceae). The ethylacetate extract of this plant was found
to show a significant cytotoxicity against several kinds of cultured human solid tumor cell lines (AGS,
A5 49, HCT15, SKOV3, HEP3B) in wvitro. Using cytotoxicity-guided chromatographic purification of the
ethylacetate extract, cytotoxic constituent : 1,7-bis-(4-hydroxyphenyl)-5-(8-D-glucopyranosyloxy)-3-
heptanone, was isolated and structurally identified by physico-chemical properties and spectroscopic

evidences.

Keywords [ ] Alnus  hirsuta, Betulaceae. cytotoxic effect.

1,7-bis-(4-hydoxyphenyl)-5-(B-D-glucopy -

ranosyloxy)-3-heptanone(platyphylloside), diarylheptanoid.

Ak 2]U-F Alnus hirsuta(Spac) Rupr = AP
#(Betulaceae)oll &3k 94 wFo2A fEvet
5 ol2e] i 200~900m AN Fol] BHX3Y B
2, AT, MHE £ A golgtns Fop P
M E 2 & AEFY 3l eEluT Alnus
japonica®] T3 & AR oleta =] o] AL 3

A, #¥ 5o FFe] 1 Y, AL JAEE
W 5ol 2ol Ao A o) >

E APAEd A Aoz RE kA LS
Hog 2009%F9] AEAL S FHOR A #f
M) thEt in vitroidol A o] NEEA ERE ZAH3)
dom 1 FoA Ao FEEERE foy
AT B4E AT HepA o] FEEE dE9
A &l 8 & ArEte ZZbe] 28BS o

I
=
o}

A

TR =P B ot o AHrAR
(d3h) 0339-353-1712 (#2) 0339-353-8701

559

3 AE 54 FA% 49 EtOAc A2l 743 &
A& BEIAUC A o] 2o AXEHE AFER
3 Y7 2oE 4% €Y =i E A8
o] 34 E29 compound 1& £a)3alsic).

o Wl

A MR - 2 Ao ALRE AdeahF Alnus
hirsuta (Spacy) Rypr © 199593 8¥ 4l A7 % AT

oA At 2 F 50 MEde AgsTh

Al2F U J[7] - o= a2vtEaddyE precoated
TLC plates= silica gel 60 Fysy(Merck Art. 5554)&
ol 43ty Y T rlE 18+ silica gel 60(70~
230, mesh, Merck), Sephadex LH 20(20~100 p,
Pharmacia)3® MCI gel CHP 20P(75~150 n, Mit-
subishi Chem. Ind.) & AH&3I T} AMS 71712
¥%L Electrothermal 1A8100(uncorrected), IR
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spectrum® Shimadzu IR—435. UV spectrum<
Hewlett Packard 8452A, 'H# “C-NMR spec-
trume Bruker AMX-500 22|32 MS spectrum<
Hewlett-Packard 5988& AH&-8ted 431t}

AR S8 - AAGF) T FEARA
A A4A A4k ICRA #3871 (2312 g) & A El A}
g3 o0 £ AIEE AREA AHF3NEE AT
Atg2E NS AR A FATADE AL
stgon AlSA ] YBLEE 23+1°C , F5E 55+
1% 2 FX83it

28 SM 48 - ICRA FABAAF23+£2p)
6utal E & F 2.2 compound 1& 79 v AT o
3 & 7U7A Y BF ol frFot AR E B
& tHTable IV).

812t §A Z{M(SRB assay)*® - 7t 39 i NX
FZ 96 well microplated] 253} CO, incubator
oA 24717 wigRT 2T HE A xR
NEEA S 718la 48412 Bl T F 7 welld] wiA|
£ AAsLT 10% trichloroacetic acid(TCA)E 7131
cellE% 14 M)Ak 0.4% SRB(sulforhodamin B)
g 71 9ae AlFed AAE welldl 10mM
Tris(hydroxymethyl)aminomethaneE @] 43|
Al7)aL ELISA reader2 37 540 nmollA optical
density (0. D.)& ZA3HTh Z+ X FolA IC43
(B 50% A=t 275HE 3=, 99 ng/
ml)< control O. D.9) 50%%4E ZH3= ANEE
Ao 2 AHTH BF 33 o] BHEAH S 3}
gdon g7 HAXNE thE9 F2 o3 ALt

(1-mean O. D. in test well/ mean O. D. in con-

Table I— Cytotoxic effect of partitioned extracts from
Alnus hirsuta

1Cso pg/ml

Group ™",r49  AGS HCTI5 SKOV3 HEP3B

Hexane  59.2 31.3 40.3 50.4 67.4
CHCl; 478 35.2 57.3 58.0 46.3
EtOAc 38.8 17.8 24.9 484 20.3
BuOH 2125 814 93.8 63.7 82.5
H.0 2125 86.0 84.1 2125 771

trol well) X 100(%) °122¥€ zt A|8 829] ICy pg/
ml g 7t

=8 9 He| - Azd AduE I BE(10ke)
£ MeOH 1512 4M37H 33) 8592 3&80 &
Ag v olsfoll A ZY FE3} FHE A2 (5909)
g det} o] JAg Ao £215 g 2ES
A8t hexane(20 g}, CHCL(24 g), EtOAc(50 8),
BuOH(75 g), H,0(350 g)9) A2& 742} Aof 0| RAE
ol thg 12} k& HA4& AASAcHTable I). o] Fo
A FeAdsle #84o] AEE EtOAc 928 MCI
gel Y aAZviEItIE 0|43t EA-1 EA-L
EA-IIIS) 38802 o] okd #AAg A3 EA-TI
A gA4o] A=K Table II). Wb EA-II 288
£ Sephadex LH 20(H,0—MeOH) &} A&|7p3 HE
AgntE 189 (CHCl/MeOH=10: D& A A8
compound 1(230 mg) & ¥&1&tRtHScheme I).

Compound 1-mp : 165°C (decomp.): IRv XBcm’™
: 3400(0H), 1700(C=0), 1610, 1590, 1510(Ph),
1070(C-0): UVA E%¥ nm(log €) : 282(3.73): 'H-
NMR (500 MHz, CD;OD) &: 1.74~1.83(2H, m, 6-
H). 2.59~2.81(8H, m, 1, 2, 4, 7-H). 4.16(1H. q. 5-
H), sugar moiety : 3.15(1H, m, 2-H), 3.24(1H,
m, 4-H), 3.35(1H. m. 5-H). 3.70(1H, dd, J=11.
8Hz and 5.3Hz. 6'b-H). 3.86(1H, dd, J=10.5Hz
and 2Hz, 6’a-H), 4.29(1H, d, J=7.5Hz, anomer-
H). 6.67(4H, d, J=8Hz, Ar-H), 6.99(2H, d, J=8.
5Hz, Ar-H), 7.01(2H, d, J=85Hz, Ar-H): “C-
NMR (125 MHz, CsDsN) 8: 209.4(C-3), 157.1(C-
4, 156.9(C-4"). 133.2(C-1), 132.1(C-1), 130.
HC-2.C-69), 129.9(C-2".C6"). 116.3(C-3".C-5"),
116.2(C-3',C-5", 75.5(C-5), 48.2(C-4), 45.9(C-2),
38.2(C-6), 31.0(C-7), 29.2(C-1), sugar moiety :
103.6(C-1), 75.3(C-2), 78. 5(C-3), 71.7(C4), 78.
3(C-5), 62.8(C-6"): MS(ED m/z(relative in-

Table II— Cytotoxic effect of fractions from EtOAc ex-
tract of Alnus hirsuta

Human tumor cell lines : A549(lung carcinoma), AGS
(gastric adenocarcinoma), HCTI15(colon ade-
nocarcinoma), SKOV3(ovary adenocarcinoma), HEP
3B(hepatocellular carcinoma)

ICso value presents the concentration of a group re-
quired for 50% inhibition of cell growth

ICso pg/ml
Group ™/r19 AGS HCTI5 SKOV3 HEP3B
EA I 190 207 340 219 379
EA T 116 153 108 114 126
EA 11 399 385 251 400 819
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Alnus hirsuta(leaves)

extracted with MeOH. reflux
concentrated in vacuo.

MeOH ext.

dissolved in hot water
partitioned with hexane, CHCl;, EtOAc
and BuOH, consecutively

Hexane CHCl; EtOAc BuOH H0
MCI C.C. (MeOH/H0)
EA-1 EA-II EA-III

Si0, C.C. (CHCly¥MeOH)
Sephadex LH 20 C.C. (MeOH/H:O)

Compound 1

Scheme I— Extraction and Isolation of compound 1 from Alnus hirusta

tensity) : 476(M", 15), 296 (M" -180, 51), 107(100)
Compound 19| hydrelysis - Compound 1 100
mgdll 3% H,SO, 5 miE ¥ 247 B2t 7Yz ut
48 3 o2 vg-dE CHCLE #8831 #2498 7
& wE3te Ay "y a2viEaes(CHCLY
MeOH=15:1)¢} Sephadex LH 20(MeOH)<] gel
filtration& A+154 compound 19} aglycone2 &
A1 552 Ba CO:2 337l ¥ 3o BF v
TLC% A3} Dglucosed-& #2118 4= YA}
Compound 1 aglycone — mp : 122°C(decomp.):
UVA B9nm (log €) @ 225(4.20), 280(3.75), 288
(3.69), UVA BOHNeoHnm (log €) : 246(4.22), 288
(3.69). 298(3.87): IRA XBrem™ @ 3400(0H). 1690
(C=0), 1600, 1500, 1210, 800: 'H-NMR (500
MHz,CD:OD) &: 1.65(2H. m, 6H), 2.49~2.75
(8H, m, 1, 2, 4, 7-H), 40(1H, q, 5H), 6.68(2H, d,
J=76Hz. 3, 5-H), 6.69(2H, 4, J=74Hz, 3’ 5~
H). 6.98(4H, d, J=8Hz, 2. 6", 2, 6-H): "C-NMR
(125MHz, CD:OD) §&:212.0(C-3), 156.7(C-4",
156.5(C-4"), 134.2(C-1), 133.4(C-1"), 130.4(C-2’,
C-6"), 130.4(C-2°.C6", 116. 3(C-3",.C-5". 116.2(C-
3'.C5). 68.4(C-5), 51.4(C4), 46.5(C-2), 40.6(C-
6), 32.0 (C-7), 29.9(C-1): MS(ED)m/z(relative in-
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tensity) : 314(M", 11), 296(M* -H,0, 12), 107(100)

Compound 12| acetylation - Compound 1 20
mg< pyridine 1 miol %0]1 Ac,0 1 mIE 7H8 ¥
Aol A 24717 X B g EfE) L85 50
mlE ¥i CHCL 50 mIZ 33 $&31 &4
&te] ulg olslel A AdEEe oS Her AY 2
zulE e (hexane/EtOAc=1:1)& 4HAIsH
compound 1 acetate 30 mg& AAch

Compound 1 hexaacetate — mp : 70°C(decomp.);
'H-NMR(500 MHz, CDsOD) &:2.28(6H, s, aro-
maticOAcx2), 1.98(3H, s, alcoholicOAc), 2.0
(3H, s. alcoholic-OAc), 2.01(3H, s, alcoholic-OAc),
2.03(3H, s, alcoholicOAc), 1.75~1.86(2H, m, 6~
H), 2.64~2.87(8H, m, 1, 2, 4, 7-H). 458 (1H, d. J
=8Hz, 1-H), 6.96~7.19(8H, m, aromatic-H):
MS(ED m/z(relative intensity) : 728(M", 11), 686
(M*-42, 26). 331(97), 107(100)

A o
X %Pl - Compound 12 ferric chlorideol &

A3 1 IR spectrum® 3400, 1700 cm '#-2l A hy-
droxy$} carbonyl groupell 31%33H= band7} &5
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™ 'H-NMRelA 87.01(2H, d. J=8.5Hz, Ar-H)%}
86.99(2H. d. J=8.5Hz, Ar-H) 18|11 866.67(4H, d.
J=8.0Hz, ArH)%9 signal2%E 2709 phenyl
group®} 84.29~3.159] signalZ%E sugar moiety
7t EQF Ao Aatetd e, compound 1 ace-
tate®] 'H-NMRoIlA 470¢] alcohol’d OH(31.98,
2.0, 2.01, 2.03)¢} 2719] phenol’d OH(82.28%2)E
£E] 27§9] 4-hydroxyphenyl group2 712 moiety
9} hexose 1%} 2" 722 FAsA0 “C-
NMR=2%E 2709] 4-hydroxyphenyl group9]
signal(8132.1, 133.2, 129.9, 116.2, 116.3, 156.9, 157.
1, 130.1)& <1331 hexose’} D-glucose(d 103.6,
75.3, 718.5, 71.7, 78.3, 62.8) -2 FA43I¥ o 1 dlof
carbonyl carbon(8209.4)% methylene carbon
signal(d 29.2, 45.9, 48.2, 38.2, 31.0)% 9 pattern®
2 £ u compound 12 diarylheptanoid glucoside®
339 Compound 1€ 7FrE#sld D-
glucose(co-TLC)$} aglyconeS LA, aglyconedll
th3t UV spectrumollA alkali #7ll % batho-
chromic shift7} Yol Ao 2 £E ketol 7329 &
A 7FsAe dldstdn BC-NMRERE aglyconee
bis-(4-hydroxyphenyl)-heptanone®] methylene
carbon®ll hydroxy groupe] X|&d 7z2 4 3l
o> 'H-NMRellA] 2749} 4-hydroxyphenylol %
87l protone 86.98(4H, d, J=8.0Hz, Ar-H)3} &
6.69(2H, d, J=T74Hz, Ar-H) ZI8]3 86.68(2H, d,
J=T6Hz, Ar-H)TolA &AL F Ax 862.75~
2.49(8H, m, 1, 7, 2, 4H)4IA 270¢9] benzyl methy-
lene proton 47 (C-1, C-7)2} carbonyl groupel] <13
& C-29 C-49 methylen proton 47) =Zz=lz &
1.65(2H, m, HO-CH-CH;-CHyAr), 84.0(1H, quin-
tet, -CH;CHOH-CH)%9 signal2 HE com-

OH

Ao

Fig. 1— Structure of Compound 1.

pound 19] aglycone®} 1,7 bis-(4-hydroxyphenyl)-
5-ol-3-heptanone® & &I = YA} P w£g
compound 19} 'H-NMRAA 84.29(1H, d. J=175
Hz, anomer H)9| signal®t "C-NMRIA aglycone
o] dlojels} vl HEF A3} C-4, C67F #4232,
-2.4 ppm shift=l®, C-57} +7.1 ppm shits+ 22
2 B¥ Dglucoser compound 1¢] 5HEA $}X]0)l
B-glucosidation®lo} Y= AL ¢+ et wahA o]
A+g E3ste compound 1% 1,7-bis-(4-hydroxyp-
henyl)-5-(B-D-glucosyloxy)-3-heptanoneo 2 &3
glom o] E-of ot 71& Z3 9 7|71%A dlolE]
o} vl AES A7 F X RS A 5 UK
E}-_ 14,15}

et WM - In vitro AdollA o] HNEFAE 559 <
Al el ME(A549, AGS, HCT15, SKOV3, HEP
3B)°ll Wisle] SRBYoZ 243t AL dURE
BE £2 289 5719 B E distd 13 2% 4
& AAS A3} Table o] Uehd vie}l o] EtOAcY
27t 994 A AHE JEPAACHIC,, © 17.8~48 4
wg/ml). WA EtOAcH A E MCI gel2 AY a=2n}
Exgusly 3719 3 EA-T, EA-IL EA-TIICE 1}
T3 o] RS FF 7N A9 EA-TL E8 BN [Cx8k
©] 10.8~15.3 pg/mi2] NEEA A0S B2 £ 9
AtHTable II). uwehy EA-NIEEES AzhA,
Sephadex LH 20 ¥ AZvlE 1298 3l A
£4 239 compound 1& £ 9t Com-
pound 1-& Table IITo} LiEhG vhe} Zho] A549, AGS,
HEP3B, HCT15, SKOV3el W ICs(hg/mi)ztel
9.1, 5.1, 4.6, 3.0, 9.224 EE cell line*l] Wd}d 7}
o AESAE JERI L iR 2R AMES Flu-
orouracilll Bl3te] 7 ol 84S JEhUY 3
H A 549 48 da Y3 ¥ compound 19
7R E HA Al &3] 2000 mg/kg o4 ©]
A3 B} BodE= 1000 mg/kg “18) 3 AAFAb A=
500 mg/kg oldo.2 tlzE<l Fluorouracil(LDy,

Table III — Cytotoxic effect of compound 1 from Alnus
hirsuta

ICs lg/ml
A549 AGS HCT15 SKOV3 HEP3B

Compounds

Compound 1 9.1 5.1 3.0 9.2 46
Fluorouracil 93 7.0 94 7.6 58
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Table IV— Acute toxicity of compound 1 in mice

Administration Dose Number of Number of
route (mg/kg) treated mouse died mouse

po 2000 6 0

ip 1000 6 0

v 500 6 0

mg/kg : po=T81, ip=242, iv=262)'%] v]5}d =4
o] o2yt Ao 2 VEMIATHTable IV).

a4 B

A Apgog BE gua) e HHoz 4hee
W5 Alnus hirsuta (Spacy) Ropr @) 228 AESA4
& ARZ g Y 2 s At 4F Y AR0E
a2 E A% A3 4232 compound 1% ©e
8tirh. o] s3tE2 Eal 315y Az 7]7] 24 dlo]
B2 Z%8t 1.7-bis-(4-hydroxyphenyl}-5-(B-D-
glucopyranosyloxy)-3-heptanone2.& &<l 543}
Aot o] BRMES 1Al Rl & ME(A549, AGS,
HCT15, SKOV3, HEP3B)ol st M¥=s4yd 484
7 o4 dE 8L e ew(IC : 3.0~9.2
pg/mb), Al gt g4 54 HEAA Hh A &
o] ATFAE 2000mg/kg ©1d, B7 2 AWEA
A= 7k2H 1000 mg/kg, 500 mg/kg O1AOZ vi$-
oA F B2 R H) HUT

ZAle) e

2 A%l A5 AR 42 W FA SR
@ oSS} o] A% WA B AR SRYTh
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