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Abstract ; Targeting isolation of biflavonoids and selaginellin derivatives from Selaginella pulvinata (Hook. & Grev. ) Maxim.
was investagated by was performed on a Waters preparative LC-MS autopurification system and the ethyl acetate part of the
95% ethanol extract of S. pulvinata was separated and purified. The chemical structures of the separated compounds were i-
dentified by MS,'H NMR,"”C NMR,2D NMR and spectral analysis methods. Four biflavonoids were isolated and identified
as hinokiflavone (1) ,isocryptomerin (2) ,sotetsuflavone (3) and amentoflavone (4). Seven selaginellin derivatives were
obtained and identified as selaginellin (5) ,selaginpulvilin A (6) ,selaginpulvilin B (7) ,selaginellin O (8) , selaginellin E
(9) ,selaginellin A (10) and selaginellin B (11). The MTT assay was used to evaluate the inhibitory effect of compounds 1
~11 on the proliferation of human non-small cell lung cancer cell line (NSCLC) H322 in vitro. The results showed that
compounds 1,2,3,5,6,8,9,10 and 11 had different degrees of inhibitory activity on human NSCLC cell line H322. Com-
pounds 3 and 10 had stronger inhibitory activity on human NSCLC cell line H322, with IC; values of 16. 70 pumol/L and
9. 54 pmol/L, respectively.

Key words: Selaginella pulvinata (Hook. & Grev. ) Maxim. jisolation and purification ; biflavonoids ; selaginellins ; anti-pro-

liferative activity on tumor cells
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Fig. 1  Chromatograms of preparative-scale separation of Fr. I

A LCHkHT 5 LC-UV & B D AAknET JJa LC-MS &, F[A, Note:A and C:LC-UV chromatograms before and after optimization; B and

D:LC-MS chromatograms before and after optimization ,the same below.
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Fig.2  Chromatograms of preparative-scale separation of Fr. II
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Fig. 3 Chromatograms of preparative-scale separation of Fr. III
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&1 4% @K ESI-MS: m/z 537 [ M-
H] 4 F3H C,yH ;0,0 .'H NMR (400 MHz, DMSO-
dy)8:8.02(2H,d,J =8.8 Hz, H-2'/6") ,7.98 (2H,
d,J=8.8 Hz ,H-2"/6"),7.04(2H,d, ] =8. 8 Hz,H-
3'/5'),6.95 (2H, d, J = 8.8 Hz, H-3"/5"),6.87
(2H,s,H-3/3"),6.74 (1H,s,H-8") ,6.49 (1H,d, J
=2.0 Hz,H-8),6.20(1H,d,J =2.0 Hz,H-6);"C
NMR (100 MHz,DMSO-d, )8:164.2(C-2),103. 8 ( C-
3),181.8(C4),160.6(C-5),98.9(C-6) ,163. 1(C-
7),94.6(C-8),157.1(C9),103.9(C-10),124.2
(C-1"),128.3(C-2'/6"),115.3(C-3"/5"),161.3( C-
4"),164.2 (C2"), 102.6 ( C3"), 182.1 ( C4"),
153.1(C-5"),124.7(C-6"),157.4(C-7") ,94.0( C-
8"),153.7 (C9"), 104.2 ( C-10"), 121. 1 ( C-1"),
128.6 ( C2"/6") ,116.0 ( C-3"/5") ,161.4 (C4") ,
20 530K X R S E AL A 1 S AR R (45
FULIE 4) .

wEW2 LA T MR, ESI-MS: m/z
S51[M-H] ", 4 T2t 4 C,, Hy 0,,.'H NMR (400
MHz,DMSO-d, ) §:8.02 (2H, d, J = 8.4 Hz, H-2'/
6'),8.01(2H,d,J =8.8 Hz,H-2"/6"),7. 13(1H,s,
H-8"),7.04(2H,d,J =8.4 Hz,H-3'/5") ,6.96 (2H,
d,J =8.8 Hz, H-3"/5"),6.94 (1H, s, H-3) , 6. 86
(1H,s,H-3") ,6.49 (1H,d,J =2.0 Hz,H-8),6.20
(1H,d,J =2.0 Hz,H-6),3.89(3H,s,7"-0CH, ),
Z 53RN R A A 2 N SIS U

HEW3 TEEOITLEMEA; ESI-MS: m/z 551

[M-H]", 37 h Csy HzooloolH NMR (400 MHz,
(CD,),C0)8:8.08(1H,d,J=2.4 Hz,H-2"),8.03
(1H,dd,J=8.4,2.4 Hz,H-6") ,7.65(2H,d,J =8. 8
Hz,H-2"/6"),7.24 (1H,d,J =8.8 Hz,H-5") ,6.83
(2H,d,J =8.8 Hz,H-3"/5"),6.71 (1H,s, H-3) ,
6.67(1H,s,H-3") ,6.60(1H,s,H-6") ,6.52(1H,d,
J=2.0 Hz,H-8),6.25(1H,d,J =2.0 Hz, H6),
3.92(3H,s,7"-0CH, ) , £ 5 3Cik"™ xf #e, % 1k
G 3 NIRRT

wEma EOHAK;ESI-MS:m/z 537[M-H]",
AFH CH g0, . H NMR (400 MHz, (CD,),CO)
5:8.13(1H,d,J =2.4 Hz,H2'),8.03(1H,dd,J =
2.4,8.4 Hz,H-6"),7.65(2H,d,J =8.8 Hz, H2"/
6"),7.25(1H,d,J =8.8 Hz,H-5") ,6.83(2H,d,J =
8.8 Hz,H-3"/5") ,6.73 (1H,s,H-3),6.66 (1H,s,
H-3"),6.45(1H,s,H-6") ,6.52(1H,d,J =2.0 Hz,
H-8),6.24(1H,d,J =2.0 Hz,H-6) ;" C NMR (100
MHz, ( CD, ),CO) §:163.4 (C-2),104.4 (C-3),
183.5(C4),160.3(C-5),99.8(C-6),99.8(C-8),
165.1(C-7),158.9(C-9),104.4(C-10),123.4( C-
1'),132.7 (C2"), 123.5 (C-3"), 161.8 (C4"),
117.6(C-5"),128.9(C-6") ,164.9(C-2"),103. 8 ( C-
3"),183.1(C4") ,94.8(C-6"),158.9(C-5"),162.6
(C-7"),105.4(C-8"),156.2(C-9"),105.6( C-10") ,
120.9 (C-1"),129.2 ( C2"/6") ,116.8 (C-3"/5") ,
162.8(C4"), Z53CHk Y M Ie, eG4
FEAEAZ BT

UEWS L@k KR; ESI-MS: m/z 511 [ M-
H], 4+ K C, Hy, O,,'H NMR (400 MHz,
(CD,),C0)8:7.78(1H,d,J =8.0 Hz,H-16),7.36
(1H,d,J =8.0 Hz,H-17),7.14(2H,d,J =8. 6 Hz,
H-3/5),7.14 (2H,d, J = 8.6 Hz, H-8/12),7.08
(2H,d,J =8.4 Hz,H-28/32) ,6.86(2H,d,J =8. 4
Hz,H-20/24) ,6.74 (2H,d, J = 8.4 Hz, H-29/31),
6.64(2H,d,J =8.4 Hz,H-21/23) ,6.52(2H,d,J =
8.6 Hz,H-2/6) ,6.52(2H,d,J =8.6 Hz, H9/11),
5.00(2H,s,H-34);”C NMR (100 MHz, (CD,),CO)
8:173.5 (C-1),122.2 (C2/6),137.2 (C-3/5),
131.3(C4),160.4 (C-7),137.2 (C-8/12),122.2
(C9/11),173.5(C-10),131.3(C-13),122.5(C-
14),143.4 (C-15),127.8 (C-16),130.5 (C-17),
142.1 (C-18), 141.8 (C-19), 130.7 ( C-20/24 ),
115.5(C-21/23),157.5(C-22),132.5(C-25) ,84.7
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(C-26),99.8 (C-27),133.9(C-28/32),116.4 ( C-
29/31),159.0(C-30),114.3(C-33),63.0(C-34)
2 530K X AL A 5 N selaginellin,

WaEW6 TEHAESI-MS.m/z511[M-H],
0k € H,, 0, .'"H NMR (400 MHz, (CD,),CO)
8:7.75(1H,d,J =7.8 Hz,H-17),7.67(1H,d, J =
8.2 Hz,H-24),7.59(1H,d,J =7. 8 Hz,H-16),7. 16
(2H,d,J =8.7 Hz,H-3/5),7.16(2H,d,J =8. 7 Hz,
H-8/12),6.99 (2H,d,J =8.6 Hz, H-28/32) ,6. 84
(1H,dd,J=8.2,2.0 Hz,H-23) ,6.81(2H,d,J =8.6
Hz,H-29/31),6.80(1H,d,J =2.0 Hz,H-21) ,6. 67
(2H,d,J =8.7 Hz,H-2/6) ,6.67(2H,d,J =8. 7 Hz,
H9/11),4.83(2H,s,H-34) ;" C NMR (100 MHz,
(CD;),CO) §:156.8 (C-1/10), 115.1 (C2/6),
131.0(C-3/5),134.7(C4/13) ,65.7(C-7),131.0
(C-8/12),115.1(C9/11),119.6(C-14) ,142. 8 ( C-
15),126.7 (C-16),119.4 (C-17),140.6 ( C-18 ),
152.8(C-19),157.2(C20),113.3 (C-21),158.7
(C22),115.5(C23),121.4(C-24),131.7(C-25),
85.2(C-26),102.0(C-27),133.4(C-28/32),116. 4
(C-29/31),158.7(C-30),115.2(C-33),63.1( C-
34) o 2530k X, SE LG 6 O selaginpul-
vilin A,

WwaEWT O ESI-MS.m/z 509 M-H] ",
5Fk €, H,,0,,"H NMR (400 MHz, (CD,),CO)
5:7.92(1H,d,J =8.0 Hz,H-16),7.89 (1H,d, J =
8.0 Hz,H-17),7.82(1H,d,J =8.3 Hz,H-24),7. 18
(2H,d,J =8.8 Hz,H-3/5),7. 18(2H,d,J =8. 8 Hz,
H-8/12),7.03(2H,d,J =8.7 Hz, H-28/32),6.91
(1H,dd,J=8.3,2.2 Hz,H-23) ,6.85(1H,d,J =2.2
Hz,H-21),6.82(2H,d,J =8.7 Hz,H-29/31) ,6.70
(2H,d,J =8.8 Hz,H-2/6) ,6.70(2H,d,J =8. 8 Hz,
H-9/11),10.54(1H,s, H-34) ;" C NMR (100 MHz,
(CD;),CO0) §:157.1 (C-1/10), 115.3 (C2/6),
131.0(C-3/5),133.8 (C4/13) ,65.8(C-7),131.0
(C-8/12),115.3(C9/11),125.3(C-14),134.8(C-
15),128.1(C-16),119.6 (C-17),147.7 (C-18),
153.8(C-19),158.9(C20),113.3 (C-21),160. 3
(C22),116.2(C23),123.1(C-24),130.4(C-25),
83.5(C-26),104.6(C-27),133.8(C-28/32),116.5
(C-29/31),159.4(C-30),114.2(C-33),191.3(C-
34) . L5530k X, S EL G T N selaginpul-

vilin B,

wEWS KK ;ESI-MS:m/z 509 M-H] ",
2 FR k€, H,05,'H NMR (400 MHz, (CD,),CO)
$:10.70(1H,s,H-34),8.02(1H,d,J =8.0 Hz, H-
16),7.50(1H,d,J =8.0 Hz,H-17),7. 17(2H, m, H-
3/5),7.17 (2H, m, H-8/12) ,7.17 (2H, m, H-28/
32),6.94(2H,d,J =8.4 Hz,H-20/24) ,6.76 (2H,
d,J=8.6 Hz,H-29/31) ,6.68(2H,d,J =8. 4 Hz,H-
21/23) ,6.51(2H,d,J =8.6 Hz,H-2/6) ,6.51 (2H,
d,J=8.6 Hz, H9/11), 5 3CHk "™ %} 18, 5% 5 1k
&W) 8 A selaginellin O,

HEWM9 LIk A ESI-MS m/z 555[ M-H] ",
4 FH CHy,, 0, ."H NMR (400 MHz, (CD,),CO)
5:7.74(1H,d,J =8.0 Hz,H-16),7.36 (1H,d, ] =
8.0 Hz,H-17),7.12(2H, m,H-3/5) ,7. 12(2H, m,
H-8/12),7.12(2H, m, H-28/32) ,6.87 (2H,d, J =
8.4 Hz, H-20/24),6.75(2H,d,J = 8.4 Hz, H29/
31),6.65(2H,d,J =8.4 Hz,H21/23),6.52(2H,
d,J=8.6 Hz,H-2/6) ,6.52(2H,d,J =8.6 Hz,H-9/
11),5.86(1H,s,H-34) ,3.48(6H,s,0CH,), &5
SCHRY R MOEAL A 9 K selaginellin E

LEWI0 KL kR ; ESI-MS: m/z 481 M-
H], 4+ N C, Hy, 0,,'H NMR (400 MHz,
(CD;),C0)8:7.64(1H,d,J =8.0 Hz,H-15) ,7. 54
(1H,t,/=7.6 Hz,H-16),7.34(1H,d,J =8.0 Hz,
H-17),7.13(2H,d,J =8.6 Hz,H-3/5),7. 13 (2H,
d,J =8.6 Hz,H-8/12),7.06(2H,d,J =8.4 Hz, H-
28/32),6.86 (2H, d, J = 8.4 Hz, H20/24),6.73
(2H,d,J =8.4 Hz,H-29/31) ,6.64 (2H,d,J =8. 4
Hz,H-21/23) ,6.52(2H,d,J =8.6 Hz,H-2/6) ,6.52
(2H,d,J =8.6 Hz,H9/11);”C NMR (100 MHz,
(CD;),C0) §:157.7 (C-1/10), 122.3 (C-2/6),
137.1(C-3/5),131.1(C4) ,132.5(C-7) ,137. 1 (C-
8/12),122.3 (C-9/11),131.1 (C-13),125.6 ( C-
14),131.1 (C-15),130.0 ( C-16), 130.8 ( C-17),
144.0 (C-18), 142.0 ( C-19), 130.7 ( C-20/24 ),
115.6(C-21/23),159.0(C-22),115.6(C-25) ,87.4
(C26),94.5(C27),134.0(C28/32),116.3 (C-
29/31),159.7(C-30) ,114.3 (C-33) . 2 53¢k
X AR S E AW 10 O selaginellin A,

EWw 11 26K K; ESI-MS: m/z 495 [ M-
H], % F X H C, H, 0,,'H NMR (400 MHz,
(CD;),C0)8:7.45(1H,d,J =8.0 Hz,H-16),7.23
(1H,d,J =8.0 Hz,H-17),7.13(2H,d,J =9.2 Hz,
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H-3/5),7.13 (2H,d,J =9.2 Hz, H8/12),7.09
(2H,d,J =8.6 Hz,H-28/32),6.85(2H,d,J =8.6
Hz,H-20/24),6.73 (2H,d, J =8.6 Hz, H29/31),
6.63(2H,d,J =8.4 Hz,H-21/23),6.50(2H,d,J =
9.2 Hz,H-2/6),6.50(2H,d,J =9.2 Hz,H9/11);
“C NMR (100 MHz, (CD,),C0)6:157.5(C-1/10) ,
122.3(C-2/6),137.0(C-3/5),131.2(C4),132.6
(C-7),137.0(C-8/12),122.3(C9/11),131.2(C-

o 2 o Ho A 4 5/-%\1 O . 2
W s AP g B o 7| u"] 0 C.J; g -oH
j\ o | c ] Y i R Y N
1\1”’2//‘3\ % 167%3~//31 2710 //IA/-E/Q‘\‘ g !
2 2 BH =z 2.5 A A s oM
y /A i OH

= — 17
Nz 16 2 7y,
2 5 24 17 23, 2
6

13),125.1 (C-14),139.3 (C-15),130.4 (C-16) ,
131.0(C-17),142.1 (C-18),141.2 (C-19) , 130.7
(C-20/24),115.5(C-21/23),158.9(C-22),115.5
(C25),87.4(C26),94.5(C27),133.9 (C28/
32),116.3(C-29/31),159.9(C-30),114. 6 (C-33) ,
21.2(C-34) , 25 3i!" X, S S 11 K

selaginellin B,

1
8 —
HO 7. A9-0-2 1/ \ "
S b $—OH 3!
: | I N4 27N ;?H
ol 23w, b il
5 HoO—Z o g
OH O P | I &
AN 4
RN
s 0]
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INAc T 225\ B 20T e P
12 % 0 3 3 R B2
e n T Na®
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Ho-th E 0. M HOZ ) " 7 8 R=CHO
n 2 & 9 R=CH(OCH3),
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Fig. 4  Structures of compound 1 ~11

2.3 I BhyE 4 AR R SR TE 1
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Table 1  The inhibition effect of compounds 1-11
against NSCLC H322 cell
&) 1G5 L& IC5o
Compound (pmol/LL) Compound (pmol/L)
1 42.33 +1.34 7 >100
2 29.52 £1.02 8 30.29 +0. 87
3 16.7 +0. 68 9 24.15 £0.54
4 >100 10 9.54 0. 14
5 40.33 +£1.25 11 18.36 £0. 32
6 90.1 +1.35

1C5 &5 R s A5 4 17 X AAE/INAH i 938
20 H322 240 410 ) 56 PR AR, HoAR 5 W1 A 4K
GBS TR S Y 3 (FRERXGRER ) F1 10
(selaginellin A) % A /)N 200 Jfd firi s 240 . H322 240 fifg
OV L RO, s I PR EE R AL 5 ) B TR A
OB PR IO FH 5 o Sk 3, e B2t

(selaginellin A ) H. 45 411 1 40 g 38 78 7% 1, He b X
U251 Hela Lk Kz MCF-7 41 Jfd £ 4 1Cy, 843 51 2 Ky
56 47 102 wmol/L, X} kb & 81, bRy 2k & ¥t AR
/NI 9 40 . 322 440 o 40 1 4 B
3 it

FIF B S 1) PHPLC-MS 43 B R | 45 4 0
JE VH AR 2T AR T B, X HROIR B A 1 S0 i 2
AL ST T B RE e & o B, A 3 T A
M FIZA AP (1 ~4) ML B e E (5 ~
11) %77 i AT P | R 5 3] s 2l B ) 00 4 i 24
FUBRE A A o 00T e 20 J 8 B 305 e P 22 S
IR 3K BERARAL A Pt AR /INI A it 98 40 . H322
YRS B S A P 0 M, oAb A9 3 RN 10
Iy ICSO{E%%IJ%] 16. 70 pmol/L F19. 54 pmol/L, XX
B BB 2 Ak A WA B B B il COX-2 2y
THTHT 7 AR A Al A s X
S e )RR A 11 BT A R B O M 1 AR A 498 K1
AP R, AR SO A B B A A W HL A 2 T
FE A B . o HE BB 254544 B R e
BB R & B, ST AP A8 T, ok
A FP R R S R 2 Ak A 0 8 PR Bk o B
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