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Anti-tumor activity of aliphatic compounds from Huperzia serrata
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Abstract: The anti-tumor activity of aliphatic in Huperzia serrata was studied. Guided by antitumor activity,the AB-8 macro-
porous resin, alumina,silica gel,,Sephadex LH 20 and pre-HPLC were used to separate and purify the methanol extract of H.
serrata. The structures were identified by modern spectroscopic methods. Nine compounds were isolated and identified , which
were classified as pentyl-4-oxoicosa-2(Z) ,6 (Z)-dienoate (1) ,2-(2-ethoxy-1-hydroxy-2-oxoethyl) -2-hydroxy-4-methylpen-
tanoic acid (2) ,ethyl (9Z,12Z) -octadeca-9,12-dienoate (3), ( Z)-nonadec-10-enal (4) ,oleamide (5) ,trans-octadec-9-
enoic acid (6) ,bacillamidin A (7),(3Z2,6Z,97)-3,6,9-docosatriene (8) ,oplopandiol (9). Compounds 1 and 2 were new
compounds. Compounds 3-9 were isolated from H. serrata for the first time. The results of HepG2 cells inhibitory activity
showed that compounds 1 and 3 had inhibitory effect on HepG2 with ICy; of 41. 12 and 80. 54 pmol/L,respectively.
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1 #R57E=%
L1 KF 5N

B3 ESI T %Y ( Agilent Series, 1100 SL & i
B L) 51D F12D R 3L9% ( Bruker, Avance 500 Fl
AV 800 B ) ; Jiig e 7 A2 AN (v ] b 1 I 2 A A AR A%
A PR/ A, RE-6000A & RE3000A ) ; i £ 5 4%
WOAH 3 3% A (V750 D0 B A R 2w, B0
NP7000C %%, NU3000 BLUEAMaE AR ) s RP-18 (53
H(HA YMC A F,250 mm x 4.6 mm,5 pwmol/L;
250 mm x 10 mm, 10 wmol/L) ; 1F A4 J2 BT ik &
(HF Bl L T.) 7,100 ~ 200,200 ~ 300,300 ~ 400
F) s W2 RN (5 i A T, GF254) 5 KAL
B b G 5 T S R IR TEE A W), AB-8) 5
RP-18 [ AHRERCIEURE( iR A TRH A FRA A,
30 160 wmol/L,100 A) ; A AL ( KA Bk
PR RA A, 20 al) s HepG2 41 i ( Procell, 5
DO TR RHCA TR A .
1.2 #MRBEEEE

TR NG T WL RO T, Rk Ak (5
15 ~40 cm MRZCR  ZEH L BCT FRAF R 485 A
BRRSEEHE | it 2% B, 2050 K2 ekl 2 B
ST IT 52 % 7 A WA FL (Lycopodiaceae P. Beauv.
ex Mirb. ) 1 ¥2 )& ( Huperzia Bermh) #5¥) T 23 Lyco-
podium serratum Thunb. ¥R Z5 41, iZ T 25 %5 R 170k
T ALK A Rk B (4 5 :17-03-10) ¢
1.3 RRESEH

BT JZ 35 TR bk 19 ke, BrE)s i 10 59
S BRI, S S A I 4 Ik, Bk 2 2 b iR R A

JFUEWEL,65 C R RS RIREL 5.5 kg, KR
o3y, B0ms LK (pH 2.5 BIRS R /K %
W), I R A R, o DR IS B, A Na-
CO; VA9 PR W =Tt (pH 10 ~ 11) J&7, Bl A S
K S AR R A ik AT R R SR TR,
By #E B3 R, A & 31K )2 AT Z VAT RS
M2 TR )= AE B, Wl Mk 4 AT AILAR , 45 216 T k)2 24
2.0 kg ANERBL 1.5 kg LR LTRIZRE 2
500 g, %A1 i ik A7 | AT AL TN £ R £ TR R A
P IEATAE WG PRI o, 45 R BoR AT 2 B BBt
g e . HE R RE 1.4 kg, >R AB-8 KALR
BB alifh, £ 8/7K (0:100,30: 70 ,50: 50 ,70:
30.90: 10 1 100: 0) A6 B e, TLC Kl & I AHAL 20
g7, ADTERAAT Fr. A ~ G, Hr Fr. B A1 Fr. D R i
BB G Pk, Fr. B #f— 20k RP-18 [ AH
RIS IEDREE AT 2T 73 2, HH B2/ 7K (30: 70 ,40: 60
50:50 ,60:40 ,70: 20 F190: 0) B EEVEME, TLC ¥l J5
4115 Fr. B1 ~B6, Fr. B3 i MCI ¥ (a3 55 25 4l
b, FE T/ 7K e (40: 60 502 50 ,60: 40 ,70: 30 Fil 80:
20)75%] 5 M43 Fr. B31 ~ B35, Fr. B32(320 mg)
P2 H e RP-18 UM RERCAT JZ 7152 6 4243 Fr.
B321 ~ 226, Fr. B323 (116. 8 mg) £ ¥ il 45 Wi #H
HPLC( /7K 24k 45 24k 59 3 (9. 65 mg) |7
(10.29 mg) \9(13.32 mg) , Fr. B324(202 mg) £
il #5 WA HPLC (TR 7K =35: 65) Zifbig 259
6(12.34 mg) .2(7.67 mg) 1(8.56 mg), Fr. D(Zy
219 g) e PEEALERAEE ST, W e/ I EZ (1002 0
—0: 100 ) # B PEBL, TLC &l & JF45 Fr. D1 ~ D6,
Hrp Fr. D3 (2991 g) &% F IEAHRERCAE 24T, A d5/
FE(100: 0—0: 100, 1% = 2. Jti, V/V ) 6 3 Ve,
TLC #5515 8] 5 4A~4145 Fr. D31 ~ D35, Hrp
Fr. D33 (£ 400 mg) Fi£: Sephadex LH 20 %42
Br, B EBEGE G, TLC A48 2] 5 >3 4) Fr. D331 ~
D335, Fr.D333(101 mg) F1 Fr. D334 (£ 132 mg)
22 4 WA HPLC 23 215 245 4 4 (10. 60
mg) 5(7.54 mg) 8(6.43 mg),
1.4 i) HepG2 RARIEMERIFRIRYIFITE M R 1
34 HepG2 AMMET IR 75 em® B IR
BEAE3T C 5% CO, M TR, R — B 5%
T, R AN BE T 5] 80% LA b 4% 08 1: 34848 ¥i4
LA 5 x 10* A~/mL f9%% BB T 96 FLAR, 100 L/
flo 96 fLARIL A5 FRF6TE 37 C 5% CO, 5%
T Wi 24 h,
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F HepG2 41 HEAT 15 32 AL A% 3 MG 2 40
L3 3 L1, o 20 6 5 3 T RO 10 R
VWV BE R 1 mg/mL, Y 9 3 B 5 vk BE
100 pe/mLL, Ak A I HER 5 V4 0 e FE BB BE S 1.3
10,30 #1100 pmol/L,
1.5 ZitaHn

FHGeit iR GraphPad Prism7 K ¢4 347 40
SWT, SRS R R I £ BRI (v 2s) , fHT
LR 2T IR AR ¢ ATV SR A T, P <
0.05 FnEFALIFE L,

2 HR5HM
2.1 SZHETE
EWM1 HOIERRAR, BT PR

175 ; HR-ESI-MS :m/2 393.346 8 [M + H] * (caled for
C,sH, 0,,393.354 3)  # R H4rF 8 C H,, 0,.'H
NMR §# (U3 1) e R 2 4> sp” 2 Ak I L1 6,
0.90(3H,t,J = 7.1 Hz) f10.98(3H,t,J = 7.4
Hz) 4 MEZEEF T 6, 5.34(2H,1d,J = 4.6,2.3
Hz) 7.64(1H,dd,J = 5.7,3.3 Hz) & 7.71(1H,
dd,J = 5.6,3.3 Hz) ,$8&/n b5 1 A 4 DI
JEEURF . C NMR 1 DEPT 54 (s W2 1) 42
CE 1 EAT 25 Ak, Ho 2 S B3R (17 N
PR 3Dl 4 AU AR A (8 129. 8 ,130. 8 ,130.
8.132.3) fi1 2 A~ Z&fk, HSQC i iR 8, 7. 64
(1H,dd,J = 5.7,3.3 Hz) 5 8.132.3 #1¢,5,,7. 71
(1H,dd,J = 5.6,3.3 Hz) 5 6.129. 8 #13£,5, 5. 34
(2H,td,J = 4.6,2.3 Hz) 5 6. 130. 8 H¢,8, 4.29
(2H,t,] = 6.6 Hz) 5 8. 66. 6 £ETEAH 1,8, 2. 19
(2H,m) 5 &, 36.5 #%,8,2.03(2H,d,J = 6.6
Hz) 5 8. 28.1 #1%,8, 1.59(2H, m) 5 §. 26.9 #H
*,8,1.45(2H,m) 56.23.7 1% ,6, 1. 34(1H,m)
556.20.2 #156,6,,0.90(3H,t,J = 7.1 Hz) 5 &,
14.4 F15¢,8,1.32(2H, m) 5 §31.7 #%,8,1. 31

(2H,m) 5 §33.0 #H%,8, 0.98 (3H,t,J = 7.4,
3.2 Hz) 5 6. 14.0 #15¢, HMBC 35l /R 2 A
Bk 8. 169.3 F1 179.3 /35| 5'H NMR jiEh 5, 7. 71
(1H,dd,J = 5.6,3.3 Hz) fi1 5, 7.64 (1H,dd, ] =
5.7,3.3 Hz) 56, #2785 XUk (8 129.8,132.3)
vitg 359 3 A PR B Hop Bk ik 5 179.3 5 5, 2.19
(2H,m) A 5¢, $ 7~ iz Bk 3k 5 W H JL i 8, 36.5 AH
#38,36.556,5.34(2H,1d,J] = 4.6,2.3 Hz) #
K, $Em W S e 55 XU B 1256, 2. 03 (2H, d, J
= 6.6 Hz) 5 5. 130. 8 41 ; 'H-"H COSY i 8,
2.03(2H,d,J = 6.6 Hz) 5 KBEA R T 8y 5.34
(2H,td,J = 4.6,2.3 Hz) AHC, $2/5 AU AR 5 7 H
36,5 34(2H,1d,J = 4.6,2.3 Hz) fii%,'H - 'H
COSY JEH AR A] I, 8, 4.29 (2H,t,] =6.6 Hz) 5 §,
1.32(2H,m) #i3%,8, 1. 34(2H,m) 5 5, 1. 31 (2H,
m) f18,0.98(3H,t,J =7.4 Hz) #i%,8, 0. 98 (3H,
t,J=7.4 Hz) 58, 1.34(2H,m) #12¢,5,, 1. 32 (2H,
m) 5 8, 1.34(2H,m) 1 5, 1.31 (2H,m) MK, 5
Hh 7 HMBC i1 5, 4.29 (2H,1,] =6.6 Hz) 5 §,
31.7 F18.20.2 41,5, 0.98(3H,t,/=7.4 Hz) 5
8:20.2 Fll 6. 31.7 FFAEACPE, 8. 20.2 5 5, 1.32
(2H,m) &% 8, 1.31 (2H, m) #f 2% ; 45 4 HMBC
F'H-"H COSY ¥ 42 /% 1F B i BE W7 78 1E
HMBC 3&H3A 1] I, 8, 4. 29 (2H, 1,/ =6.6 Hz) 5 §,
169. 3 BREERIAF7E A OCHE , 275 H J e 5 1 I3 1l
fis ;s HMBC &+ 5. 23. 7 5H ¥ 5, 0. 90(3H,t,J
=7.1 Hz) 18, 1.59 (2H, m) A (WL 1) . &5
VL EAE BHENILE Y 1 B955F) N pentyl4-oxoicosa-2
(Z) ,6(Z)-dienoate , Scifinder (4 JEX R B ~ILE
W E Y. EY 1R 2 (TEANSS 1 % e 5
/TR I S I T I N NI £ B S TR <4

(www. trew. ac. cn)

B 1 &9 1 M HMBC #1'H-"H COSY #2%
Fig. 1 The key HMBC and 'H-'H COSY correlations of compound 1
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x£1 &1 E'HNMR 0
C NMR ##Z (800 #1200 MHz,CDCI, )
Table I 'H NMR and "C NMR data for compound
1 (800 and 200 MHz,CDCI,)

No. S 8
1 - 169.3
2 7.71(1H,dd,J=5.6,3.3 Hz) 129.8
3 7.64(1H,dd,J=5.7,3.3 Hz) 132.3
4 - 179.3
5 2.19(2H,m) 36.5
6 5.34(2H 1,/ =4.6,2.3 Hz) 130. 8
7 5.34(2H,td,J=4.6,2.3 Hz) 130. 8
8 2.03(2H,d,J=6.6 Hz) 28. 1

917 1.32 ~1.35(18H,m) 30.3 ~30.8

18 1.59(2H,m) 26.9
19 1.45(2H,m) 23.7
20 0.90(3H,t,/=7.1 Hz) 14.4
1’ 4.29(2H,t,J=6.6 Hz) 66. 6
2! 1.31(2H,m) 33.0
3’ 1.32(2H,m) 31.7
4 1.34(2H,m) 20.2
5’ 0.98(3H,t,J=7.4 Hz) 14.0

E®M2 HEITEIEHAR, 2 T HEAE
)5 ; HR-ESI-MS :m/z 257.099 3 [ M + Na] * ( caled for
C, H, O Na,257.087 4) , 4275 H 4 Fal &y o H,

O H NMR (W38 2) 78535 R 3 4> sp” 244k
Hlg 5,0.93(3H,d,J = 6.6 Hz) 1.00(3H,d,J =
6.6 Hz) f1 1.30(3H,t,J = 7.1 Hz).,”C NMR I
DEPT %45 (¥ 48 W3k 1) #8m 1659 2 &4 10 4>
B, Horn 3 AN FE BB 2 A4S0 R Al L2 Sk FE Rk 1
A ZE B (8. 80.0) A 2 Ak KLk (8. 171.5 F
177.0) , HSQC &1 g 7% 8, 1.30 (3H,t,J = 7.1
Hz) 5 8. 14.2 #1¢.8,0.93(3H,d,J] = 6.6 Hz) 55
8.23.7 #H%,8,1.00(3H,d,J = 6.6 Hz) 55.24. 1
A, 8, 1.82(1H,m) FI 8, 1.87(1H,dd,J = 14.5,
6.1 Hz) 5 6. 24.4 M X,6,4.25(1H,dq, ] =
10.7,7.2 Hz) 18, 4.32(1H,dq,J = 10.8,7.2 Hz)
¥1568.62.9 #13¢,6,4.39(1H,s) 5 8. 80.0 1%,
HMBC i rh 57K 6, 4. 25 1 5, 4. 32 ¥ 5 6. 14.2 #H
K8, 4.39 5§, 43.5 HK,8,4.25 5 8. 76.0 #H
X,8,1.82.5, 1. 87 F15,2.00 55 5.80.0 41,5,
1.30 56, 62.8 #H%,8,,2.00 F18,,4.39 56.177.0
WM, 8, 4.25 F1 8, 4.32 5 8. 171.5 ¥4, 8,
1.00 16, 0.93 5 5. 43.5 HH X, 5, 1.00 5§,
24.1 F1 8. 24.4 ¥ AH X, 0.93 5 24.4 4H
X% 'H-"HCOSY i @R 8, 1.82 F1 8, 1.87 5 8,
0.93 ¥JHH,6, 2. 00 5 8, 1. 87 K, 8, 4. 25 1 8,
4.32 56, 1.30 BAHKC (WK 2) . 255 DL AR B
k&% 2 W 2589 K 2-( 2-ethoxy-1-hydroxy-2-oxo-
ethyl ) -2-hydroxy-4-methylpentanoic acid, Scifinder #{
PR R BRI G 2 b &Y.

B2 &2 Mk HMBC #1'H-"H COSY #2%
Fig.2 The key HMBC and 'H-'"H COSY correlations of compound 2

%2 &2 8 HNMR F"°C NMR ##3 (800 %1200 MHz,CDCL, )

Table 2 'H NMR and ”C NMR data for compounds 2 (800 and 200 MHz,CDCI, )

No. S ¢

1 - 177.0
2 - 75.9
3 1.87(1H,dd,J = 14.5.,6.6 Hz) ;2.00(1H,dd,J = 14.5.6.6 Hy) 43.5
4 1.82(1H,m) 2.4
5 0.93(3H,d,J = 6.6 Hz) 23.7
6 1.00(3H,d,J = 6.6 Hz) 24.1
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%245 2 ( Continued Tab. 2)
No. ¢
7 4.39(1H,s) 80.0
8 171.5
9 4.25(1H,dq,J = 10.7,7.2 Hz) ;4.32(1H,dq,J = 10.8,7.2 Hz) 62.9
10 1.30(3H,t,J = 7.1 Hz) 14.1

LEWMI AtEBmR(EAD) , 2% TA
f;'"H NMR (800 MHz, DMSO-d, ) §:5.37 ~ 5.31
(1H,m,H9) ,4.04(1H,q,J = 7.1 Hz,H-10) ,3. 57
(1H,d,J = 1.5 Hz,H-13),2.74(1H,t,J] = 7.0
Hz,H-14) ,3.31(2H,s,H-12),2.31 ~2.24(2H,m,
H-11),2.02(1H,d,J = 7.2 Hz,H-1"),1.56 (1H,
d,J] = 1.2 Hz,H-1"),1.17(3H,t,J = 7.1 Hz, H-
24);”C NMR (200 MHz, DMSO-d,)5:173.3(C-1),
14.6(C-2),22.3(C-3/C4),23.4(C-5/C-6),20.9
(C-7),30.2(C-8),130.2(C-9/C-10) ,34.0(C-11),
128.3(C-12),128.3(C-13),31.4(C-14),29.4( C-
15),29.2(C-16),29.0(C-17),28.9(C-18),28.9
(C-19),27.1(C20),25.7(C-21),24.9(C-22),
22.4(C-23),14.4(C-24),60.1(C-1") . LA I %4
ek E — B S E AL A YN ethyl (92,
127) -octadeca-9 ,

wEW4 HeaEmR(ED) ., 55 T
5 F0 — & F 4% ;"H NMR (800 MHz, CD,0D)S§:5. 34
(2H,m,H-10/H-11) ,2.38(2H,t,J = 10.7 Hz, H-
9),2.16 (4H, m,H-8),0.88 (3H,t,J = 10.9,2.2
Hz,H-19) ;°C NMR (200 MHz,CD,0D)§:201.0( C-
1),47.9(C-2),29.4(C-3),29.3(C4),29.3(C-5),
29.2(C-6),29.2(C-7),29.2(C-8),35.1(C9),
129.4(C-10/C-11),31.7(C-12),29.1(C-13),29. 1
(C-14),28.9(C-15),26.7(C-16),25.5(C-17),
22.3(C-18),13.0(C-19) . LA b%od 5 Sciik™ 4l
—3 kB IZA &Y M (Z) -nonadec-10-enal

wEWS BEIEHmR(ED), 5HETH
DA 40 B 42 'H NMR (800 MHz, DMSO-d, ):7. 03
(2H,NH,),0.88 (3H,t,J = 10.8 Hz, H22);"C
NMR (200 MHz, DMSO-d, ) 8:174.9(C-1),35.6( C-
2),26.6(C3),24.1(C4/C-5),22.1(C-6/C-7),
31.7(C-8),130.1(C9/C-10),29.5(C-11),29.5
(C-12),29.4(C-13),29.3(C-14),29.3 (C-15),
29.2(C-16),29.2(C-17),29.0(C-18),27.0 ( C-
19),25.6(C-20),22.6(C-21),14.4(C22), Vi I

B 553k HGE — B, B E AL Y o I R
J¥z

wEwme HEITEMK(EN) ., HiETHA
fF1 4 W 4%;'H NMR (800 MHz, CD,0D)§:0. 87
(2H,s,H-18),2.35(4H,t,J] = 7.5 Hz,H-8) ,4.24
(1H,ddd,J = 10.8,5.7,1.2 Hz,H-17),7.53(1H,
dd,J =5.7,3.2 Hz,H9),7.71(1H,dd,J = 5.7,
3.3 Hz,H-10) ;" C NMR (200 MHz,CD,0D)5:178.0
(C-1),35.1(C-2),31.7(C-3),29.4(C4) ,29.4(C-
5),29.3(C-6),29.3(C-7),29.2(C-8),129.5(C-
9),129.5(C-10),29.2(C-11),29.1(C-12),28.9
(C-13),28.9(C-14),26.7 (C-15),25.5(C-16),
22.3(C-17),13. 1(C-18) , Lk F-%c¥s 5 Scmk™" i
— 3, B A G R RO B TR

wEWMT HETEEBAR(EN), B TH
{1 =4 4% ;' H NMR (800 MHz, DMSO-d, )§:0. 84
(6H,d,J =6.4 Hz,H-11/H-12),2.78 (1H,dd, J =
16.4,9.6 Hz,H2'") ,4.60 (1H,ddd,J =9.6,7.6,
6.0 Hz,H-1"),8.32(1H,d,J =7.6 Hz, NH) ;" C
NMR (200 MHz, DMSO-d, ) 8:55.9 (C-1),175.4( C-
2),35.8(C-3),25.6(C4),28.4(C-5),29.4(C-6),
29.8(C-7),26.5(C-8),38.7(C9),26.5(C-10),
22.6(C-11),22.1(C-12),50.0(C-1"),170.6 ( C-
2'),35.9(C-3"),172.4(C-1""),52.0(C2"") ., Vi I
B 5 cmk ! s — F BUE E %A A YR bacill-
amidin A,

LEWS HETEmK(EN), 5B THA
{5 F1 = 4 1 %%; " H NMR (800 MHz, CDCI, ) §:0. 80
(3H,t,J =11.4,2.0 Hz, H-22),0.88 (3H,t, ] =
11.1,1.9 Hz,H-1),5.29 (1H,m,H-10),5.43(1H,
m,H-9),5.38(2H, m,H-3/H4) ,5.43(2H, m,H-6/
H-7);"C NMR (200 MHz, CDCl,) §:14.6 (C-1),
15.0(C-2),131.3(C-3),129.9(C4),31.9(C-5),
128.1(C-6),128.0(C-7),29.7(C-8),127.0(C9),
126.9(C-10),29.7(C-11),29.6(C-12),29.5(C-
13),29.4(C-14),29.3(C-15),29.3(C-16),27.2
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(C-17),25.6 (C-18),25.4(C-19),22.7(C-20),
19.8(C-21),14.1(C-22) , DAk %dis 5 Scik' ™ s
— B E G N (37,62,97)-3,6,9-doco-
satriene ,

wEam9 HETELHKREN), HETH
{1 — 4 W %%;'H NMR (800 MHz, CDCI, ) §:0. 89
(3H,t,J =10.9,3.3 Hz,H-17),0.90 (3H,t, J =
11.2,3.2 Hz,H-1),5.61 (1H,dd,J=5.8,1.9 Hz,

H-10),5.62 (1H, m, H-10);” C NMR (200 MHz,
CDC1,)8:18.0(C-1),29.8(C-2),64.2(C-3),79. 8
(C4),69.1(C-5),69.0(C-6),79.6(C-7),59.3(C-
8),134.8(C9),127.8(C-10),27.2(C-11),29.6
(C-12),29.5(C-13),29.3(C-14),22.6 (C-15),
31.1(C-16) ,14. 1(C-17) , Lk b %c¥s 5 3cmk™ 4
— 3, E AR B YA oplopandiol
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Fig.3 The chemical structures of compounds 1-9
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Fig. 4 Effects of extractions and compounds 1 and 3 from H. serrata on the survival rate of HepG2 cells
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