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Abstract

Antitumor constituents of

Selaginella tamariscina Spring.

Roh, Eun Mi
Advisor : Prof. Moon, Young-Hee, Ph.D.
Department of Pharmacy,

Graduate School of Chosun University.

Selaginella tamariscina Spring (Selaginellaceae) is a perennial plant and
is distributed in Korea, China, and Japan. In traditional medicine, the
whole plants are used as an antiinflammatory, antihemorrhage,
anticancer, and astringent. Previous phytochemical studies on this
species afforded biflavonoids, triterpenoids, and flavonoids. In an
ongoing investigation into antitumor active compounds from natural
products, the methylene chloride soluble fraction of methanol extract
from  Selaginella  tamariscing  Spring. (Selaginellaceae) showed  significant
antitumor activity on the human cancer cell lines. By means of the
activity -oriented purification procedure, 4a, 5a
-4, 14-dimethylcholest-8-en-3-one(1l)

ergosta—4,6,8(14),22-tetraene-3-one(2),  ergosterol  endoperoxide(3)
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cholest-5-ene-3,7-diol(7B-hydroxycholesterol)(4), stigmasta-5-ene-38
-7B-diol(7B-hydroxysitosterol)(5), stigmasta-5-ene-3B3-7a-diol(7a
~hydroxysitosterol) (6) were isolated. Their structures were
determined by chemical analysis, as well as, 1D- with 2D-NMR
spectroscopy. All compounds were isolated from this plant for the
first time. Cytotoxic activity of isolated compounds was evaluated
by SRB method against five human cancer cell lines. Most of the
isolated compounds showed potent antitumor activity except for
compound 1. It is of interest to compare the antitumor activity of

compound 5 with that of compound 6. Compounds 2-6 could be

mainly responsible for the potent antitumor effect of an
methylene chloride soluble fraction of S. Zarnariscina, and might

be suitable for further development as a leading antitumor agent.

- Vil -



[. 4

e AAAIH o E FUE RCEKF e B EA REGY, 7
T 2Ed 29 W, @il Y i, WE AN i 2 =

o

Bl 5 vheke AN, it EEm 8dEd o3 1 U E
< ek FAC ok sveke] A, AT 1093 dem <l

_?Z_
AR 10%F B 1993 110.6% ol A1 2003 131.8% &

I
= WAAZE 2 el flof ol= Qlskel k& AT Fhel #3)
ol A= EJE7F A2 BRE ok, Bife sl @ol A
e S EE Sl TR E o] s Al (Kirskal 3=

dAel7] el BRI BME7E FEior = AsnvE S
grol glvk. webA EINelA e Az FEAlY] PHES A
AoRel ok B ojmwle Hi, Wi dMEs we ¢ e did

Aol kel of @k ke gEmk R AR FEe] S i, deobrb &kl
= A9 & (HE AlHS Sl =7k AR89 Bk R A
Mk kel FELE = dvke Mimel M fEfErh 2o & ¢ Tk
A KA [ T itk LEERER Tas KA EimY
ZRY DEWHEER st dAERAR EHE= Aol wadH, Wx



roseus) oA AolW Ao 2E vinblastine, vincristine” V9] vinca
alkaloid A& o= M= B % o8 ol FastA FIH =L
dew,  F=o Y T W BN (Camplotheca
acuminata) 56 camptothecin” o] gt Mol FixE &% < AU
Aol ol2RY AETH EaES WA A2 Yol 3
Az ARG Sl olyfel Hu = Afuvted [H/Este £EF
& (Podophyllum peltatum)?] ¥ 2] =258 F2%¥ podophyllotoxin¥}
O %49 etoposide @ teniposide’t AuF? (Fig.l #F=x). w3
Hak ol e @ oA Aol el wisl EmEMSE 42

714 gomA FFdags vepdo]l wEHPn Y, o

& ForEM'Y So2 FUNEEZE B EokXm glowl Mk
BpEm=EE Pk eSS Ad I3 dAl (actinomycin D,
adriamycin, mitomycin C, bleomycin) 5% FIH ¥ 3 At} o] &
AT Al EEA B o2 A Mk, Wk 5
Y KAMmERE FHAS MHE FTo Jdom FudN= [ahE

i
moR Yk

hud

[e}

o FAoE FAFNPL U BAL Az WO

"

= — o v [e] Y = =~ 1o
5 0e shar e AAelt ol#d Hiwel F5-ske], ¥ ATelA
AN

= KAPERYH I 24s Ad WHEe o, st @A



o EWHS giliey] skl Bl MeOH  flififyel o gt
FAEA S KT #R FHEY CHCh o#EPel e dd
AE UEtA S #Es L o] AEo g EMRS S oaE, ki
A A ek A

2] £ 3} (Selaginellaceae) o] & Selaginellal £ 2 FA 11 BIEH
TR R ERATE lom Qo] 4% 2 2 9lt). Selaginella® Al
Aoz da] FFsHAN ] Bdfol FTHo] U 2 F2 A}
grolu F717F e mEAAM = AARE, gi7f 250 A
7b B2 stel A Adu. feuetil = 6F 0] Aeka glow,
Y2 & (Selaginella tamariscina Spring)°] 7Y de] E¥Xd 538
o g3l o] Folt}. wpE upffo] ZFojA Agh=vu B 7F 9bA E7IVF
Jom AugA oty stEW Qo] FAY FEA we L
Eol 2 AAY B F7]e= wWwstd Rojui Eole

15720cmol ¥, W5 %7k & olo] wiwlalA v

il

)%

[

7

A 4E2 50 M a 2o AAYH ZojAm At e A

wU7F vk T dE oah 7bA 2l 114 2ea vl A

o] 5~15mm%olt}. $-2vhel 23] wpglo] o] Ayl HA
thigd, Elol ¢, Zaldl Sox [43t ASLHAE & AAH 2

4
ol
o
=
j‘:L
o
X
e
T

Ir
HF
2
o
I

asEAYrt 52 v &
Al AR fE ol B, BARS, RAEAIEE, AL, [fgEE,
Al o B2 olFo® =Y FH o= fifoletal FEU
AM L2 A E] Frriiimel vt AMAE, AMHyE Tl A F
e, i, BT, ¥ e% Solx= Fo. w5 wieA sk aR7Y
SloJ A o] Aol yEo] Aysto] MRS shA ok dHel= MR 7E



Atk VRIS, IFRALAE, 9, 713, Bl G, ke 2, 2E7HA

7189, A", A=dde® dglhge] e LA dol

s

Bol e v RAES go] How v)go] wrin dEA )
on] el X g WigEo 2 de 2ol glup!Y
AToNME KAWZELE Fui Hike Ad mES S,
1 S5 o NEBAL ey ekl Aol MeOH i
ol W Hils EPES BRI M AW CHLCL 4 #iel )
&y mrESe UEbd S @Esta o] idpel tE WEiE e o

e

Ph HO

Taxol (Ph = Phenyl)

Vinblastine : R = CH3
Vincristine : R = CHO

Fig. 1. Anticancer agents and precursor from plants



Camptothecin

-III||||O
T

OCH,

HsCO OCHs

Podophyllotoxin
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Fig. 1. Anticancer agents and precursor from plants (continued)
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of AV8-3 AW (Selaginella tamariscina Spring.)S 20034 4)]
FTFAN MR A A o IR B R SRELCEL RS
of frAE o]t}

2. AAgE 2R

2-1. AZE

O Wk

i 2 B g 1 A% HSHY 2, TLC9 chromato-
graphyJll algE2 18k = ek sldEs st 3l

@ Packing materials

Column chromatography®] packing materialZ+ Kieselgel 60(63~
200 pm, Art. 7734, Merck) 9} Kieselgel 60(40-63 gm, Art. 9385, Merck),
Lipophlic  Sephadex LH-20(25-100 m, Lot 81K1092, Sigma),
LiChroprep RP-18(40-63 m, L610400 138, Merck), MCI gel
CHP20P(75-150 u, Mitsubishi Chemical Corporation) %<& {liJ{l 8} 4

® TLC

Thin layer chromatographyH plate= precoated silica gel 60 Fass
plate(layer thickness 0.25 mm, 20x20 cm. Art. 5715, Merck)$} precoated
RP-18 Fosus plate(layer thickness 0.25 mm, 20x20 cm. Art. 5423,
Merck)E #1183} 94 t}. Prepartive thin layer chromatography (PTLC)&
platex= precoated silica gel 60 Fasu plate(layer thickness 0.5 mm, 20x20
em. Art. 5744, Merck)®} precoated RP-18 Foss plate(layer thickness 1
mm, 20x20 cm. Art. 5434, Merck) S i 3} 1 o}



2-2. osb¥

Hhmol e st =2 2o

MP : Fisher Scientific (Model 307N0043, Canada)

IR @ JASCO FT/IR-300E (Jasco Co., Japan)

UV : JASCO V-550 (Jasco Co., Japan)

FAB-MS : JMS 700(JEOL)

"H-NMR : Varian Unity Ilnova 500 Mz and 300 Mk

BC-NMR : Varian Unity Inova 125 M and 75 Mk

Polarimeter : AUTOPOL® IV automatic polarometer

(Rudolph Research Flangers, NJ 07836)

HPLC pump : Waters 1525 Binary HPLC pump

HPLC UV Detector : Waters 2487 Dual A Absorbance Detector

GC/Mass System : Hewlett-Packard 5985
2-3. ARk
AEBEC e A GMEFE A-549(H ¢F), HCTIS(th e,
MES-SA(Z24¢}), SK-MEL-2(3#¢}), SK-OV-3(d &%) AMETF=
A B R T o = e gk e el A E S

sulforhodamine B (SRB) assay /"< s 9o



3. AbEmel ok

3-1. fhith 2

AW (Selaginella tamariscina Spring. 1 Z% % : 1.8keg)x= MeOH 8¢ =
LA EE R sho] 421304 33l A 7 A 'stH A fhilist A Ao
A ohhiw S RSkl o i 7879 go] MeOH extractE 2%
o olE FTHFA @EAZIL o]oJA  methylene chloride, ethyl
acetate, s-butanol JHFZ KAy sitkel 28 7 #I8te] methylene
chloride frac. (21.78g), ethyl acetate frac. (6.80g), n-butanol frac.
(7.78¢g), H20O frac. (16.18g)=> A 3l t}(Scheme 1).

Selaginella tamariscina (1.8K g)
MeOH. Ext (78.8 g)

Suspended in H,0
Extracted with CH,CI,

CH.CI, ext. H,O layer
(21.89)

| Extracted with EtOAc

EtOAcC ext. H,0O layer
(6.89)

| Extracted with n-BuOH

n-BuOH ext. H,0 ext.
(7.80) (16.2 g)
Scheme I Extraction and fractionation of Selaginella

lamariscina Spring.

A o] MeOH, CH2Cly, EtOAc, 7~-BuOH, H-O extractell ths] A 549,
HCT-15, MES-SA, SK-MEL-2, SK-OV-39] AR &zl oigk

Itk (Table DS R #5R CHCLeO 7rdlo] 7 &5d3 3edA



< YERY A9 CHxClhel Z#lel dlgh activity-oriented purification

procedureE <=3 3} 3

3-2. CHxCly /#2253 compound?] 7 #f

dAw o] CH:Cly fraction (10g)< Silica gel 60 (63~200 mesh)= FlJ
Sl open column chromatography® EstAth A2 #HH EHw
= n-Hexane:EtOAc=15:1914 Al 2t3slo] EtOAce] S AXHo=z &
g 127bA4 2™ %, WIS vHo] CHClMeOH=10:12 %8 A] 26} of
2070 EPAREE S ftE-s SElWA WA oW whA el = 100% 9
MeOH=Z columns 7Zl&o] AAF. #4929 HHEES silica gel 60
Fo549F RP-18 Fosys TLC pattern® 2 fgatsh 5 Fd A5 FAHA

14Me ppyEle 2 YrA k. (Scheme 1)

Selaginella tamariscina Spring.
CH.CI,. ext. (10 g)

Silica gel 60 (63~230 mesh). C. C.
1) Hexane:EtOAc=15:1 1:2 (v/v)
2) CHCI;MeOH=20:1  2:1 (V)
3) 100% MeOH (V/v)

[ { { { { { { { { { { { { {

D-1 D-2 D-3 D-4 D-5 D-6 D-7 D-8 D-9 D-10 D-11 D-12 D-13 D-14
617.00mg 595.37mg 14064mg 303.15mg 82578mg 819.22mg 450.16 mg 536.95mg 608.76mg 334.23mg 2189.33mg 436.68mg 731.85mg 108.34 mg

Scheme II Purification procedure of CH-2Cly fraction of Selginella

lamariscing Spring.

_10_



Selaginella tamariscina Spring.
CH,Cl,. ext. (10 g)

Silica gel 60 (63~230 mesh). C. C.
1) Hexane: EtOAc=15:1 1:2 (Vv)
2) CHCI;ZMeOH=20:1 2:1(v/V)

{

\

{

\

3) 100% MeOH (viv)
D-1 D-2 D-4 D-9 D-14
595.37 mg 303.15 mg 608.76 mg
Silicagel.C.C. Sephadex LH-20. C. C. Silicagel.C.C.
Hexane:EtOAC=20:1 (viv) Hexane:EtOAc=1:2 (viv) Hexane: EtOACc=4:1, 3:1 (V/V)
D22 |D23 D24 D25 D26 D4-1 D4-3 D91 D92 D93 D95
192.50 mg
Sephadex LH-20. C. C. Silicagel. C. C. RP-18 Silicagd. C. C.
CHCI;MeOH=1:2 (viv) Hexane:EtOAC=9:1 (viv) MeOH:H,0=8:1 (V)
D22-1 D222 D22-3 D22-4 D42-1 D422 D42-3 D42-4 D94-1 D94-2
129.02 mg 103.44 mg 1112mg
Silicagel. C.C. Silicagd. C. C. RP-18Silicagel. C. C.
CHCI;:MeOH=1:30 (V/v) MeOH:H,0=10:1 (vv)

CHCI;:MeOH=1:30 (vv)

Compound 1

Scheme III

I

D423-1

D423-3
11.93mg

D423-2

Silicagd. C. C.
CHCI;MeOH=1:30 (viv)

D4233-2

Compound 2

Purification procedure of compounds 1-3

Selagmella tamariscing Spring.

-1

D942-1 D942-3

Compound 3

from



Selaginella tamariscina Spring.
CH,Cl,. ext. (10 g)

Silicagel 60 (63~230 mesh). C. C.
1) Hexane:EtOAc=15:1 1:2 (V/V)
2) CHCI;MeOH=20:1 2:1 (vIv)
3) 100% MeOH (VIv)

[ [ [ \
D-1 D-11 D-12 D-14

2189.33 mg 436.68 mg

Sephadex LH-20.C. C.
CHCI;MeOH=1:2 (V)

\ {

D11-1 D11-2 D11-3 D12-1
909.76mg

silicagel. C.C.
Hexane:EtOAC=15:1 (viv)

[ ‘ RP-185Silicage. C. C.
D11-2-3 D11-2-4 MeOH:H,0=20:1 (Vi) D12-2-1

Sephadex LH-20.C. C.
CHCI;MeOH=1:2 (vv)

D12-3

silicagel. C. C
Hexane:EtOAC=1:1 (W)

D12-2-2

11.12 mg
RP-18 Silicagel. C. C D12-2221-1 D12-2221-2 Silicagel. C.C.
CHCI;MeOH=1:30 (vv) 520mg 2.17mg Hexane: EtOAC=1:1 (V)
D11-22-1 D11-22-2 D11-22-3 D11-22-4 i D12-22-1| D12-22-2 | D12-22-3 D12-22-4
2426 mg

Silicagel.C.C. Compound 5
Hexane EtOAc:| PA=2:1:0.1 (V/V)
0112222 Compound 4

RP-18Silicagdl. C. C.
MeOH:H,0=20:1 ()

D12-222-1 D12-222-2

520mg

Compound 6

D11-222-1
11.24mg

Scheme IV Purification procedure of compounds 4-6 from

Selagmella tamariscing Spring.

3-2-1. Compound 19] %) H

Subfraction D2 (720.29mg)2 silica gel 60 (40~63 mesh)= FlJH &} o
n-Hexane'EtOAc (20:1=1:1)%1 &M &= column chromatography
E st k. Silica gel 60 Fosu9F RP-18 Fusys TLC patterno 2 K
g % T AEs FAA 6Y hoE(D21-D26) o2 Ytk u
Fol Xl Azr#El D22 (19250mg)E thAl silica gel 60 (40~63 mesh)S Fll
A3t CHCl3MeOH(1:2) W22 column chromatographyE 2
Alsto] 4708 /apEl o2 Y o]o] /hipdl D222 (129.02 mg)E RP
silica gel2 ©o]&3tod CHCl3xMeOH(1:30)8] SruwjzA o= Kiflslel fifi

- 12 -



¥AL&% compound 1 (25.16mg)<S 4 At}
DA R UV e A2 glor 10% HE kol oz 3y
21}, (Scheme III)

compound 1& »=go] B

Yellow powder

Molecular formula : Ca9Hs0O

'H-NMR (500 Mz, CDCly) § @ 2.45, 2.35(2H, m, H-2), 0.74(3H, s,
H-18), 1.20(3H, s, H-19), 0.90(3H, d, /=6.6 Hz, H-21), 0.86(3H, d,
/=65 Hz, H-26), 0.88 (3H, d, /=65 Hz, H-27), 1.03(3H, d, /=65 Hz,
H-28), 0.88(3H, s, H-29)

BC-NMR (125 Mgz, CDCly) & : 37.13(t, C-1), 37.99(t, C-2), 21353(s,
C-3), 45.02(d, C-4), 49.75(d, C-5), 22.06(t, C-6), 25.47(t, C-7), 132.40
(s, C-8), 136.61(s, C-9), 36.58(s, C-10), 21.89(t, C-11), 30.99(t, C-12),
44.47(s, C-13), 49.87(s, C-14), 30.80(t, C-15), 28.18(t, C-16),
50.51(d, C-17), 1579(q, C-18), 17.49(q, C-19), 36.47(d, C-20),
1872(q, C-21), 36.44(t, C-22), 24.10(t, C-23), 3950(t, C-24),
27.99(d, C-25), 2253(q, C-26), 22.82(q, C-27), 11.44(q, C-28),
24.39(q, C-29)

EI-MS /=1 412, 397, 243, 231

3-2-2. Compound 29| 77 #

Subfraction D4 (557.05mg)E  Sephadex LH 20&  FIf3to
CHCI3:MeOH (1:2)%1 &2 2 column chromatography & f Jiti 5 &
3ol /N E(DA1-D43) o2 v Qlth. /hrdl D42(395.27mg) S thHA
silica gel column chromatography=S A A|3le] s-Hexane:EtOAc (9:1)
1 WSRO &Fst] 4 hpEIeE Ural

D422(17.87mg)E RP silicagel % silica gel column chromatography =

_13_



NEE Y]  compound 2 (2.59mg)E AT compound 2+ =49
WMARZ UV MikE (254mm), & 34(3656nm)ol A st= A9 &gz
NI, 10% EEpEHEAA AFM R G E Ak (Scheme D)

Yellow powder

Molecular formula : CasH400O

'H-NMR (500 Mgz, CDCly) & : 6.03(1H, d, /=95 Hz, H-6), 6.61(1H, d,
/=95 Hz, H-7), 0.96(3H, s, H-18), 1.00(3H, s, H-19), 1.06(1H, d, /=7.0
Hz, H-21), 520(1H, dd, ./~15.0, 7.5 Hz, H-22), 5.26(1H, dd, /=15.0, 7.5
Hz, H-23), 0.83(3H, d, /=7.0 Hz, H-26 or H-27), 0.85(3H, d, /=7.0 Mz,
H-26 or H-27), 0.93(3H, d, /7.0 Hz, H-28)

PC-NMR (125 Mz, CDCly) § @ 34.14(t, C-1), 18.95(t, C-2), 199.50(s,
C-3), 123.00(d, C-4), 164.38(s, C-5), 124.47(d, C-6), 134.00(d, C-7),
124.42(s, C-8), 44.34(d, C-9), 36.76(s, C-10), 25.37(t, C-11), 34.12(t,
C-12), 43.99(s, C-13), 156.08(s, C-14), 35.60(t, C-15), 27.71(t, C-16),
55.71(d, C-17), 18.98(q, C-18), 16.65(q, C-19), 39.27(d, C-20), 21.22(q,
C-21), 135.00(d, C-22), 132.54(d, C-23), 42.87(d, C-24), 33.09(d, C-25),
19.65(q, C-26), 19.9 (g, C-27), 17.63(q, C-28),

EI-MS m/Zz 1 392, 268, 253

3-2-3. Compound 39¢] 7 #

Sufraction D9 (284.04mg)< 7-Hexane:EtOAc(4:1—3:1)2] #EM1E 2
2 silica gel 60 (40~63 mesh)2 FIf3}o] column chromatography £
st At #4929 H#HEL silica gel 60 Fosu®t RP-18 Fosus TLC
pattern® 2 ffERst] @k Bl wa 5ol o EI(DI1-DI5) L=
Utk Yol g El D93 (35.20mg)S WAl RP Silica gel= FIH
atol MeOH:H-O (8:1)%1 Wi fefF F ol A column chromatographys %
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fstol 2709 ppdEles i hpdEl DI42(11.12mg)S RP Silica
gel&  FlIfste] MeOH:H.O  (10:1)91 MM FolA column
chromatography 2 i dto] compound 3 (5.02mg)S A AT} compound
3L A ooz UV Mgk (254m)elA AAMoz yebdla,

10% A Bap oz § (sl th. (Scheme II)

Colorless oil

Molecular formula : CosHusO3

'H-NMR (500MHz, CDCly) § : 3.97(1H, m, H-3), 6.24(1H, d, /=85
Hz, H-6), 650(1H, d, /=85 Hz, H-7), 0.84(3H, s, H-18), 0.88(3H, s,
H-19), 1.00(3H, d, /=85 Hz, H-21), 5.14(1H, dd, /=155, 80 Hz,
H-22), 523(1H, dd, /=155, 80 Hz, H-23), 081(3H, d, /=65 Hz,
H-26), 0.83(3H, d, /=65 Hz, H-27), 0.91(3H, /=65 Hz, H-28)
BC-NMR (125MHz, CDCl;) & @ 34.68(t, C-1), 30.12(t, C-2), 66.46(d,
C-3), 3695(t, C-4), 82.13(s, C-5), 13540(d, C-6), 130.74(d, C-7),
79.41(s, C-8), 51.08(d, C-9), 36.92(s, C-10), 23.39(t, C-11), 39.33(t,
C-12), 4455(s, C-13), 51.67(d, C-14), 20.62(t, C-15), 28.63(t, C-16),
56.19(d, C-17), 12.86(q, C-18), 18.16(q, C-19), 39.71(d, C-20), 20.86(q,
C-21), 135.19(d, C-22), 132.30(d, C-23), 42.76(d, C-24), 33.05(d, C-25),
19.62(q, C-26), 19.93(q, C-27), 17.54(q, C-28).

EI-MS sz : 428, 413, 376, 251

3-2-4. Compound 4, 52 7

Sufraction D11 (313.31mg)2 CHCls: MeOH (1:2)9] &t o =
Sephadex LH 202 FI/3te] column chromatographys ‘& Jii 3} 93
%% HHEIEL silica gel 60 Fass9t RP-18 Fosys TLC patterno = ffEZ7
shol i ROl wet 3EY] haE o R v Ak vrol N d
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D112 (283.67mg)E T}Al silica gel 60 (40~63 mesh)= FlIJH 3]
7-Hexane:acetone (1.5:1)91 U2 column chromatographyE ‘£ Jifi 5} ¢
4709 Ay Ele 2 Ui hpdEl D11-22(158.40mg)E RP silica gel,
Sephadex LH-202 F|H3}l°] column chromatographyS & 5 ¥ Jifi 5} o]
compound 4 (0.95mg), compound 5(2.17mg)ES At} compound 4, 5=
A4 B R UV mikE 254m)odA F57F sl L, 10% &S

o A B2 Aoz FEME ATt (Scheme IV)

Compound 4

White powder

Molecular formula @ Co7HasO2

'H-NMR (500MHz, CDCly) & : 354(1H, m, H-3), 529(1H, br s,
H-6), 3.84(1H, d, /=80 Hz, H-7), 0.69(3H, s, H-18), 1.05(3H, s,
H-19), 092(3H, d, /=65 Hz, H-21), 086(3H, d, /=25 Hz,
H-26), 0.87(3H, d, /=25 Hz, H-27)

BC-NMR (125MHz, CDCly) & : 36.92(t, C-1), 3155(t, C-2), 71.44(d,
C-3), 41.71(t, C-4), 14347(s, C-5), 12542(d, C-6), 73.36(d, C-7),
40.90(d, C-8), 48.25(d, C-9), 36.43(s, C-10), 21.07(t, C-11), 39.49(t,
C-12), 42.92(s, C-13), 55.44(d, C-14), 26.37(t, C-15), 28.00(t, C-16),
55.94(d, C-17), 11.81(q, C-18), 19.15(q, C-19), 36.19(d, C-20), 18.76(q,
C-21), 35.72(t, C-22), 23.82(t, C-23), 39.55(t, C-24), 2853(d, C-25),
22.54(q, C-26), 22.80(q, C-27)

Compound 5
White powder
Molecular formula : C2o9Hs002

'"H-NMR (500MHz, CDCly) § : 354(1H, m, H-3), 529(1H, br s,
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H-6), 3.84(1H, d, /=80 Hz, H-7), 0.69(3H, s, H-18), 1.05(3H, s,
H-19), 092(3Hd, /=70 Hz, H-21), 082(3H, d, /=65 Hz,
H-26), 081(3H, d, /=65 Hz, H-27), 086(3H, t, /=75 Hz
H-29)

PC-NMR (125MHz, CDCly) & : 36.93(t, C-1), 31.56(t, C-2), 71.44(d,
C-3), 41.71(t, C-4), 14347(s, C-5), 12543(d, C-6), 73.36(d, C-7),
40.91(d, C-8), 48.25(d, C-9), 36.43(s, C-10), 21.07(t, C-11), 39.55(t,
C-12), 42.92(s, C-13), 55.36(d, C-14), 26.09(t, C-15), 2855(t, C-16),
55.95(d, C-17), 11.81(q, C-18), 19.15(q, C-19), 36.09(d, C-20), 18.83(q,
C-21), 3397(t, C-22), 26.38(t, C-23), 45.84(t, C-24), 29.13(d, C-25),
19.01(q, C-26), 19.81(q, C-27), 23.06(t, C-28), 11.97(q, C-29)

EI-MS 72/Z : 430, 412, 398, 396, 384

3-2-5. Compound 6] 77 H

Subfraction D12 (541.90mg)& CHCIxMeOH (1:2) ¥R =
Sephadex LH-20< FI/3te] column chromatographyS i 5}
%401 H#EEL silica gel 60 Foss®t RP-18 Fosgs TLC pattern® 2 fiff
wotol il REEel wek 3fEel hrdE(D12-1, D12-2, DI2-3)o =
Urdo yrold Jho# D12-2 (380.04mg)S THA] silica gels FlH
sto]  z-Hexane'EtOAc  (20:1—-1:DY1  HIHEEELETAA column

chromatography S X {2 Jii 5} ¢ compound 6 (8.32mg)S L ATh.
compound 62 A [EHREER UV Wik (254m)ol A k7 e,
10% Mgy ol Al B2 FA o g §is Ak (Scheme IV)

White powder
Molecular formula : CagHs00-

'H-NMR (500MHz, CDCly) § : 560(1H, dd, /=55, 15 Hz, H-6),
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3.86(1H, t, /=40 Hz H-7), 360(1H, m, H-8), 1.00(3H, s, H-19),
0.93(3H,d, /=65 Hz, H-21), 0.82(3H, d, /=65 Hz, H-26), 0.84(3H, d,
/=65 Hz, H-27), 0.95(3H, t, /=7.5 Hz, H-29)

BC-NMR (125MHz, CDCly) & : 37.01(t, C-1), 31.37(t, C-2), 71.36(d,
C-3), 4201(t, C-4), 146.24(s, C-5), 123.87(d, C-6), 65.36(d, C-7),
37.52(d, C-8), 42.26(d, C-9), 37.40(s, C-10), 20.70(t, C-11), 39.17(t,
C-12), 42.14(s, C-13), 49.43(d, C-14), 24.30(t, C-15), 28.27(t, C-16),
55.36(d, C-17), 11.62(q, C-18), 18.24(q, C-19), 36.10(d, C-20), 18.80(q,
C-21), 33.92(t, C-22), 2593(t, C-23), 45.84(t, C-24), 29.13(d, C-25),
19.02(q, C-26), 19.79(q, C-27), 23.06(t, C-28), 11.98(q, C-29)

EI-MS 72/ : 430, 412, 394, 379, 353

4. SO e

A CEEOl T AA FAEFE A-549(FH ), HCTI15(W ),
MES-SA(Z24:¢h), SK-MEL-2(3 %), SK-OV-3(1-4:¢h) Al 25 0]
WA AL G YE S sulforhodamine B (SRB) assay /"<& %
mstae. 5 #BRFd MiRses A st fAsted 4
trypsin-EDTA #W o= Ao A moe=5e MiEkrl 715, 96 well flat
bottom microplate (Falcon)oll % well 7t 5x10° (cells/ml) ~
2x10" (cells/mDo] #H=Z ®FIAT. EFE MIHES 5% CO
incubatorJoll Al 24K k2#Esle]  wldko] [ EAIZ % aspirator®
medias BEe T 6 EEY log dose® mediumS 2 FiEEd  test
material BWRES MIiE7E 0 Ae welldl #£4 1000% 358
(triplicate) 2 Y o] 48A17FFoF o #Higst v, Hisnks A9
DMSO° ¢ #% wjxgdow fEEstlom f KIE 9 5 DMSO9
BEE 1% D7 HE5 skt migww> diligel instz] el
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miliphore filter® Jd3sto] FHEgel MEIKNEESE MFFstA T MIEE Y
I o48AIZE HiES % well?] mediumE FrZEsHa 10% formalin
solutiong 10002 mste]l 4Col A 1A 7FEeF  fEste] fliE S plate
o wbet ol FEEAFH T MlEe] [EiEe] e # plateE AMAKE 5-6
3] vkkstel Holdle formalinik s ¢ 4% FrEstal HiolA o
=717 QL s WA AT EAas] ik plates welld 100p09] 1%
acetic acid #¥#ol 0.4% SRBE 3¢ Qi< 7Fstol 303t fllE
Gua kil ohAl 1% acetic acid RS2 5-6[01 pEksto] Mol #54 st
A e #HFe] SRBE BrAstAth ol HA HfiEl cell plateES THA
FEEANA A % well B 10002 10mM trisma base (unbuffered)
WS hndtol titer plate shaker® 10# 7} shakingdlo] Pk S €%

-

A1Z1 % microplate readers fliJfiske] 540 mmell A WL S W% ok A
sl sl e ] HRE ANEE7] skl s sk dhlol
A i ¥(Tz, zero time)¢t 4% thAl s=Fo]  wiAIvkS jndko] 484
EYS o Ml #5(C, control) ¥ £ o] dsdyyl A A8A
FRESS W] M BT, test)E £ WS thEe Ao o
gb PuEiErE S AHSS Tk B Tz>Te A S-ole [(T-T2)/(C-T2z)1x100
o2 Gtistdar, Tz<T AfelEs [(T-Tz2)/Tz]x1009] #HXo= G157
sEAh olgA FHEwW FERZXFEE LOTUS program® data regression
tools FlJske] gE¥yol Juiliigel MiS 50% Asfiets RS 50%
effective dose (ICs)E &% 3kt

e ?ﬂf
B

1
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1. Compound 19| #%i&
Compound 18 =3 ¥RAHZ dojgom 10% A& do 9
sto] Mitho®E (¥ 11 Liebermann-Burchard reactiond] %A o =2
Bl o] %o 'H-NMR spectrume R § 0.74% 1.200]4
H-18, 199 methyl peak”} #l%2¥ A 6 090, 0.86, 0.88, 1.03 ol A
H-21, 26, 27, 289] methyl peak’} /=65 Hz9] doublet= 2% %t}
3 6 0.889] H-29° methyl peak”} B4 dvk. ®3 C-30 =43}
= oxo 1FCOR 98] H-29 3 =7} § 245, 2352 o] %5 3to] multiplet
oz WA, “C-NMR spectrumoll A & 215534 C-3¢] 721
g F3vk JEbs A § 13561, 13240 oA C-8, 99 double bondel 7]

°oldl:= ¥ Ayt #=5 Ak, Mass spectrum©] A molecular ion peak”}

m/z 412014 ekt ol el 'H-, PC-NMR, HSQC, HMBC, MS %

o B "oy ® o olskdhA el dlolEeE KA #R compound

18 3o <89 4a, 5a)-4,14-dimethylcholest-8-en-3-one® W 3}

Ao compound 1& o] MR RE H&oz Haw (Lapyoln 10

2. Compound 29| k&
Compound 2% o] W ARAJo=Z dojxyow, UV itk (254m),
A ohg(365nm) ol A sk AL ATk AR T, 10% kRl Al 9
FA o2 gEE vt Liebermann-Burchard W80 pgtk o2 eyt

'"H-NMR spectrum®l A & 0.96, 1.00°] Z}z} H-18, H-199] methyl

group peak’} YWEWI § 1.06, 0.83, 0.85, 0.93°] H-21, 26, 27, 28]
methyl group peak”} /=7.0 Hz9 doublet® WBlZiE ). A olefinic

proton?l H-6, 7¢] 447} § 6.03, 6.61°] /=95 Hz9 doublet®, H-22,
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239] F47F § 520, 5.239] double doublet, /=15.0, 7.5 HzZ #l%:=A
o @ tErd ) de e H-4% § 5740 singlet® ueEbutt).
b 29] "C-NMR spectrumell A & 123.00, 164.38, 124.47, 134.00°] A
C-4, 5, 6, 79 conjugated double bond I =7} Wiz, § 135.70,
132.5491 4] C-22, 239] double bond ¥ =7}, 6§ 199.50°] C-3° thzkst=
Ft2rd a7k @es Ak, Mass spectrumol 4] molecular ion peak”}
m/z 38201 ekt o]de] 'H-, PC-NMR, HSQC, MS 52 /A
gl wlele % o]3teA gl HoleE FEI MR compound 2+ - d
of HIH®  Ergosta-4,6,8(14),22-tetraene-3-one& & 7 ¢ oH

compound 2% ©] M EEH A Loz HEEE {Ladyol .1

3. Compound 32| K3k

Compound 32 F229] il 2 dojx o UV mikE (254mm)el A
HAAMow YetWla, 10%  HgEwel s BebmoR @A
Liebermann-Burchard  reactionel — Pgi:o®  vebdktt.  'H-NMR
spectrumol A1 & 0.84, 0.889] z}z} H-18, 19°] 7|23+ methyl group
peak’} WEMY R § 1.0, 0.81, 0.83, 091 H-21, 26, 27, 28] 7|9lsl=
methyl group peak”’} /=65 Hz2 doubletZ Bz ATt H § 6.24,
6.50° olefinic proton?l H-6, 7°] Z+Z+ /=85 Hz2] doublet® Bl%t5 of
C-59 C-82 a-systemoZ FAIHATE o|¥tel] & 5.14, 5.23°] H-22,
239] 44337} double doublet, /=155, 8.0 Hz= Bz o § 3.97
of H-3 $24% A7} multiplete 2 #1425 21k, "C-NMR spectrum §
66.4690 41 C-39] hydroxy 3 =7} #i%5 A & 82.13, 79.41¢] C-5, 82]
endoperoxide®] HNs+= I 37 BlZLE o™ §135.40 130.74¢ olefinic
carbongl C-6, 79 =7} #zLF ATk Mass spectrum®l Al molecular
ion peak7t 72/z 4281 vrERETh o] gel  'H-, FC-NMR, HSQC, MS

Sel HkEm dold 2 m{Em dolgE Fdd AU
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compound 3& kol 41 ® Ergosterol endoperoxide® -9 &% o™

compound 3& ©] MM EEEH A Lo T SHuEE (ko) 10 B

4. Compound 49 H&id

Compound 4, 55 A BWERKERZ UV mWikE 254m)olA W ik7}t
R, 10%  #EpEwl A e Hmow @Eaut. 'H-NMR
spectrumol 4l § 0.69, 1.059] Z+zF H-18, 19 A 3sl+= methyl group
peak’} YEFSE § 0920 H-219] #[Nst+=  methyl group peak”}
/=65 Hz9 doubletZ #Zs At =3 6§ 086 (3H, d, /=25 Hz)}
0.87 (3H, d, /=25 Hz)olA H-263} 27°] 3193+ methyl group peak
7b vEbgre™ 6§ 354 (1H, m)9t 384 (1H, d, /=80 Hz)ollAl+
oxygenated proton%! H-3% H-7¢ peak”} #1425 %131, olefinic proton
ol H-69] peak’b & 529 (IH, br s)eld #zH At "C-NMR
spectrumol A= 25 27702] carbon peakE ffE RS L § 71.449F 73.66
o A oxygenated carbon¢l C-33 C-7< Wil , § 143473 12542
o C-5¢ C-69 olefinic carbon peakZE #2239 th. Mass spectrum
o] 1 molecular ion peak”} 72z 4289 rEbWET) o] 4be 'H-, ®C-NMR
5o oNEmYd  dely H BHYLENHA  dHeletE F¥IF MR
compound 4+ Ll SIH¥  Cholest-5-ene-3,7-diol (78-hydroxy
cholestero) 2 773%™ compound 4= °] HMERE ALz 4

HER kg e) op 0 =

5. Compound 5] K3

Compound 5% A KAKEZ UV WikE (254m)olA F57F $1
A, 10% HEEEWIA B HEo R #eE v 'TH-NMR spectrumel
A6 0.69, 1.0501 7tz H-18, 19 712138l methyl group peak”} U}E}
Wi, § 0920 H-219] 7]¢138E= methyl group peak”’t /=7.0 Hz¢
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doublet® #HZ =t A § 0.81, 0.8601 H-27, 299 &3} methyl
group peak’7} /=6.5, 7.5 Hz9 doublet® Z+z vElwta § 3.540] H-30l
A FstE 9 A 7F multipleto 2 #lZ2E 9 th § 529004 H-6°] 39 35t=
A7 br. s, § 3840 H-7° #<ste Fa3a7t 80 Hzo
doublet® #Z = 2ltk. "C-NMR spectrume & 7144914 C-39]
hydroxy =7} #lZs 9 6 143.47, 125.43¢] double bond?l C-5,
C-69 I =7} @AY om § 73.360] C-79 hydroxy =7} #25 ¢
T}, Mass spectrum®l] Al molecular ion peak”7} 72z 4309 vtERWETH o]
ol 'H-, "C-NMR, MS 529 7Bl dole 2 H LER d o]

o>

o

E T8 A3 compound 55 ELAl 51 ¥ Stigmasta-5-ene-3B-7

© o

-diol (7B-hydroxy sitosteroD)® % 3} 2™ compound 5+ ©] HE¥y

2HEEY AHL&o=Z HEEE ﬂ:/\%(}]]—/}_(lg 20, 25-26)

6. Compound 62] &

Compound 6 fb&%¥ 59 rfadpbA= 382 dHolg H o

o

ok
=)

49 Aol fba¥ 59 vif FAFsEA . Compound 62 4 &
VIR UV R (254m) ol A Bzt AL, 10% sl ol A B

#n o2 FEEs gt 'H-NMR spectrumol A 6 1.0091  H-19¢] 7] 318}
+ methyl group peak”’} YWEW AL § 0.930] H-219] 7]¢1%t+=  methyl

o

flo

group peak’7} /=65 Hz¢ doublet® #lZg= v}, 3 § 0.82, 0.84¢]
H-26, 279 &} 93+ methyl group peak’t 242 /=65 Hz9 doublet®
Yelyt § 0.959] H-299] #N3}E  methyl group peak”’} /=7.5 Hzo
doublet® #lzz¥] Ak f{b&H 594+ 2 6 56004 H-6° sldst=
3 327} double doublet /=55, 1.5 HzZ, § 3.86°] H-70] s Ist= =4
9 A7} triplet-likest Al #4525 A1 6 3.6091 H-8 I 27} multiplet= #]
75 9 th, PC-NMR spectrum® 7% & 7136914 C-39] hydroxy I3
7F o BlzEda ke 595 el 6 146.24 123.87¢] double bond?l
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C-5, 69 I a7t @lZE= R en 6 653691 C-72 hydroxy ¥ A7} 1%
Atk Mass spectrum©l 4] molecular ion peak”} 72z 4300 Y E}ETE
o] 'H-, "C-NMR, HMQC, MS %] #3829l wole % o] 53
Al dHolets FTHT A} compound 62 kel SHE
Stigmasta-5-ene-3B8-7a-diol  (7a-hydroxysitostero) = 7% 5} 9 o1

compound 6& ©] Wi RIE AL&ow SEEE Lol B

Compound 1 : (4a, 5a)-4,14-dimethylcholest-8-en-3-one Compound 2 : Ergosta-4,6,8(14),22-tetraene-3-one

gy

>
R

Compound 3 : Ergosterol endoperoxide Compound 4 : 7B-Hydroxycholesterol
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oy
HO' K

Compound 5 : 7B-Hydroxysitosterol Compound 6 : 7a-Hydroxysitosterol
Fig. 2. Chemical structure of compounds 1-6 isolated from .S

lamariscina

7. Compounds 1-69] i TEH:
AW o] MeOH, CH:-Cls, EtOAc, 7~BuOH, H-O extractel] thalo] <l

SAIEFQ A-549(#¢h),  HCTIS(HAES), MES-SA(HA4),

B

SK-MEL-2(3] %), SK-OV-3(da<d) fifge] ik Ald AW il
R ER RS SRB (sulforhodamine B) ik 2 faksle] B R

CHoCL®] Z38o] 5% Al A EFo] whsto] 242 1Co &

—

°]

>

17.0ug/mL, 7.8ug/mlL, 158ug/mlL, 12.8ug/ml, 89ueg/mL2 FEFL} 19
CH:Cl, ¥ 3&o] 713 $-<73 cytotoxic activityS YEFWTH(Table 1).
ol 8o dig mM-tEn WMEE AASY 6719 dFES T

Al st ols fbE el e FABAAS KT AR Table

20 el 9= A Zo] compound 1S FddAo] gl= Ao

& YER Al compounds 2-5% R R AFE T doxorubicin
¥ v FEE YEplth FH 2 AR compound 59462 C-7
A Ao FAbr1e] fliE e Aol 7 s #<Qldl 7B-Hydroxysitosterol
9l compound 5+ #A& S M-S YERW ¥ 7a-Hydroxysitosterol

¢l compound 6 fEPEo] A (X FE A= YEel o= (LAEW
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of 9lol C-7 HA e k7o ZEMELE 7 EvEEEBLl glo] HL#ET

Table 1. Antitumor activity of various extracts of S Zanariscina

[Cs0 (we/mL)

Sample
A-549 HCT-15 MES-SA  SK-MEL-2  SK-OV-3
MeOH 27.8 21.8 22.8 22.6 16.9
MC 17.0 7.8 15.8 12.8 8.9
EtOAc 19.0 18.2 16.3 7.8 9.2
BuOH >100 >100 >100 77.1 80.7
H20 >100 >100 >100 >100 >100

Table 2. Antitumor activity of compounds 1-6 isolated from .S

lamariscina
ICs0 (we/mL)
Sample
A-549 HCT-15 MES-SA  SK-MEL-2 SK-OV-3

1(D-2-223) >100 >100 >100 >100 >100
2(D-4-2331) 471 3.77 4.55 3.76 5.12
3(D-9-422) 8.70 7.44 6.80 4.22 8.88
4(D-11-22211) 5.43 2.72 2.37 3.15 4.50
5(D-11-22212) 8.67 5.97 6.29 3.68 5.80
6(D-12-2313) 83.4 73.57 96.10 14.55 >100
Doxorubicin 0.14 0.73 0.08 0.21 0.29
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V. & &

ol
-

BN Selgginella tamariscina Spring)< - =3} (Selaginellaceae) ° %
© HHEARACRA Sy 2l 4 AWM HAgESEL HOA, i
TAANME Ak iy e2= WAES biflavonoidoll W #5E7F L
A otk RAMETE FhEtes A WES SEisEst AT
o JEYHS EiHe7] skl BiEe] MeOH hh¥yol g 3
SHfME = ok 23 Ao CH.Cl m#¥el s gk aFehiitk<
UEbE S Blgget o o] ol gk MR o ok, REE A Al e)
Gtk @wel CHxCla Zr#lel W] Silica gel, Sephadex LH-20,
LiChroprep RP-18% I/ ¢ activity-oriented purification procedure®
AAstel 6709 AbEWe mEEstA T oEEE (LaEWS OB o
Ji LB BERS AT, OB HiE EUIE et 2 (LEREEE
fifk 52, By < T A AT o] ftaes 4a, 5a
-4,14-dimethylcholest-8-en-3-o0one (1)
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Fig 3. 'TH-NMR spectrum of compound 1 (500 Mz, CDCI,)
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Fig.4. '3C-NMR spectrum of compound 1 (125 Mz, CDCl,)
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Fig.9. '8C-NMR spectrum of compound 2 (125 Mz, CDCI3)
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Fig.10. HSQC spectrum of compound 2
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Fig.11. ElI-Mass spectrum of compound 2
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Fig.12. '"H-NMR spectrum of compound 3 (500 Mz, CDCl,)
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Fig.13. '3C—-NMR spectrum of compound 3 (125 Mz, CDCl,)
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Fig.15. HSQC-2 spectrum of compound 3
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Fig.17. "H-NMR spectrum of compound 4 (500 Mz, CDCl,)
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Fig.18. 13C—NMR spectrum of compound 4 (125 Mz, CDCl,)
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Fig.20. '3C—NMR spectrum of compound 5 (125 Mz, CDCl,)
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Fig.21. '"H-NMR spectrum of compound 6 (500 Mz, CDCl,)



_zs_

........................................................................................................

Fig.22. 13C—NMR spectrum of compound 6 (125 Mk, CDCI3)
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Fig.23. HSQC spectrum of compound 6
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