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Lycopodium alkaloids from Lycopodium japonicum
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Abstract: Objective To study the chemical constituents in the whole herb of Lycopodium japonicum. Methods The constituents
were isolated and purified by silica gel and semi-preparative HPLC, and their structures were elucidated by means of physicochemical
properties and spectroscopic analysis. All the isolated compounds were evaluated using relevant in vitro anti-inflammatory assay
against LPS-induced NO releases. Results Nineteen compounds were isolated from the whole herb of L. japonicum, and identified as
lycoposerramine-M N-oxide (1), acetyllycoposerramine-M (2), lycopodine (3), lycoposerramine-M (4), miyoshianine-C (5),
12-epilycodoline N-oxide (6), gnidioidine (7), lycoposerramine-K (8), lucidioline (9), 4a-hydroxyanhydrolycodoline (10), flabelline
(11), hydroxypropyllycodine (12), lycodine (13), des-N-methyl-a-obscurine (14), a-obscurine (15), des-N-methyl-B-obscurine (16),
lycoflexine (17), lycoflexine N-oxide (18), and fawcettidine (19). Compound 5 and 18 could inhibit the release of nitric oxide (NO) in
the RAW264.7 cell line stimulated by lipopolysaccaride. The ICs, values of 5 and 18 are 31.82 and 40.69 umol/L, respectively.
Conclusion Compound 1 is a new compound, named lycoposerramine-M N-oxide, compounds 2, 6, 11, 12, 16, 18, and 19 are isolated
from this plant for the first time. Compounds 5 and 18 exhibit the potent inhibitory activity.
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C1) .
lycoposerramine-M (2). A1 (lycopodine, 3).

lycoposerramine-M  N-oxide acetyl-
lycoposerramine-M (4 ). miyoshianine C (5).
12-epilycodoline N-oxide (6). gnidioidine (7).
lycoposerramine-K (8). JaFAA Rk (lucidioline,
9). 4a-hydroxyanhydrolycodoline (10). flabelline
(115 A2 E 82 5 4 : hydroxypropyl-lycodine(12) .
AR EE (lycodine, 13D+ 2-N-F 3-a- TAAIK (des-
N-methyl-a-obscurine, 14). o-EA1H# (a-obscurine,
15) . % -N-H 2t -B- & M1 58  ( des-N-methyl-B-
obscurine, 16); XU BIAIE 3 4> A A WA 2 i
(lycoflexine, 17). lycoflexine N-oxide (18). VX%I[K
FFAENL (fawcettidine, 19). HHP1LEY 1 ik
G, o N-FAAIAE M. a2, 6. 11,
12, 16, 18, 19 AN zkY Py B35, A
feZ W (LPS) 55 RAW264.7 4l f sl 7 410 i 58 5
B, SR H] Griess VA0l —% L& (NO) IR TEHT
TSR HRIGTE S 5 F1 18 7] L] LPS
72 RAW264.7 40 LK) NO B, I H ALY
PraaE e, 3L 1Cso 205k 31.82 1 40.69 pmol/L.
1 #RI5NEE

BrukerAM-400 A% REILHRPE G (A B ve
] ); Finnigan MAT 95 Bl A% (56 [ HEJE A 7D
Perkin-Elmer 341 JE 6 (H1 &R /RERA A D;
Ultimate 3000 2 & RCAH (354 (& E IR A w)D;
A R AR R SCI8-MS-IT (250 mm X 10 mm,
5um); 50 um AHFF R ODS (HA YMC A#]);
300~400 HFERAIRER H-TLC HETHIR G &
WAL T s ol FREERN 20 th 26 [ Tedia 71 2
FA T, HARIE A i e, o 2 S B AR
T B 2 = AR Ak, A FRA R 4277 DMEM
Rigede, R4 myE (Hyclone, E[E)D, MTT. £
Wi (LPS). HuZEXAA (Sigma, E[E), Griess il
R GEZRA D, BipriX (Tecan Infinite M200,
it
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F R BRI K 27 2 2 o X1 1 S O A R
Lycopodium japonicum Thunb. ex Murray.
2 XWAHE
21 EEESE

FFAAE (20.8 kg) B /E 120 L FH Sk
BRI 3K, BRHR 24 he EASHMIEAS IR, IR EZS,
SR (4.1 kg)o K HEEIRIIA 3% 4
PR At e S IR CIEAE L, 1 2 KA - AT Na,pCO;
YT pH 22 10 Ji5 PSR SR AL, ARG 25T
PFBGEIERSIR CHER T (35 g)o K ULhMERE IR 2,158
RE SR A S, @ 0-FEE 95:5-0: D
BREEVENL, TLC /b e & FFAH R 415y, Shcsg 9 4
415y Fr. A~I. Fr. C (0.8 g) £f-iil4 HPLC 4tk
HBEUAEW 10 (5mg) F119 (6 mg). Fr.D (2.5 g)
SR IE . AL 43 B A1 %% HPLC 46
G FMEAY 2 (80 mg) FT13 (6 mg). Fr.E (6.5
g) BRI OAHRE A (B 3% 73 25 F1 211l 4 HPLC
Atk 2LEY 3 (10mg). 6 (15mg). 7 (5 mg).
8 (9mg) Al12 (4mg). Fr.F (2.0g) &IE. A
R R (35 43 B - i) % HPLC 204013 2L 54 14
(5.9 mg). 16 (30 mg) 117 (10 mg). Fr. G (2.4 g)
28 0ok SRFIRE R € 3% 43 5 R 2F- 1 4 HPLC 2lifb15 21
&Y 1 (4mg). 15 (300 mg). 18 (13 mg). Fr. H
(2.8 g) Zul SOMIRE AT (3 73 25 F1 2= 1l % HPLC
aitk 325 4 (12mg). 5 (7mg). 9 (13 mg)
A1 (5mg).
2.2 IATEMENR
2.2.1  AGEPIRTA BTG I e i S D I E SR
M MTT %, BOSHUAEKIT RAW264.7 4/, H
£ 10% FBS 1) DMEM #7254 1% 1 X 10° 4>/mL #.
Y, T 96 fLKRh, & 37 C. 5% CO,
B IR RE IR A A MO BE J , IONAS R B2 (A 54
ARSI AIR L 4> ) 1004 500 25, 12.5. 6.25
pmol/L, LI DMSO A FIX 4L, 37 C. 5% CO,
BiFRFARG IR 48 h i, Wk i, FH 0.5 mg/mL
MTT [ GIIE DMEM % 6F 3 h 5, 5 LiEW, &
LA 150 uL DMSO, {EREFR1L LT 492 nm AbK:
MR (A H, THEAIMATIE %,

FHR=A wom/ A s
222 AR LPS VH{LIY RAW264.7 4l ki
NO [P B K RAW264.7 411, H
£ 10% FBS ) DMEM 5775641 2 X 10° />/mL #.
MR, FERhT 96 FL, E 37 'C. 5% CO,
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B R R AN B J5 o Bl sk 7 41 I
41 A LPS Fb&4); LPS XFHR4L (LPS £
RN 10 pg/mL); FHPEX AL [LPS & ik
FEA 10 pg/mL, HFEKFA (DM) ZKEEN 10
umol/L]; Z5W4l (AR MTT sZ5G 4559, 1E40 Ay
TR T 80%IMVE N B & 4 MIRFERLEE, 40 A
50, 25. 12.5. 6.25 umol/L, H. LPS &JiHKE N
10 pg/mL). K537 48 h i, WUEERS L Mg okt o=
W EiE, H Griess WG GATI i NO B, S
IR E UL 15T
223 ZGilksEa M N Graphpad prism K A4FE4T
AEER, ] X £5 KR, KA ANOVA #7401 2%
3T, BL P<0.05 2 RH S EE .
3 #R
31 FEWMEE

& 1. AR, [o?) —5.12° (¢ 0.567,
MeOH-CHCl; 1 : 1), 1 HR-EI-MS #4120
C16HasNO5 (m/z: 279.183 1 [M]", 1541 279.183 4),
EI-MS H i T4 7 1 25 2R 0 H I 28 108 m/z
263 (M—16]", KW ZEWEH NI,
BC-NMR F1 DEPT & WIZAL AP 1 AL, 1
A sp’ ZERL 5 AMRHIIE, 8 AMNEFIERT 1 I,
'H-NMR 1 *C-NMR ' 6y 3.14 (1H, brs) F1d¢ 67.0 (d)
PG T RIZEYA 1 ADNREIUR, BL s 3
BALE YN BRI N-SE A AR A ek .
'H-'H COSY A1 HSQC &+ pHral LA R 3 AN B
-CH,CH,CH,CH-(C1-C4) . -CH,CH,CHCH-(C9-C12)
-CH,CHCH,CH(CH3)CH,-(C6-C8-C15(C16)-C14);
HMBC i HH 0] Il H-6 (0 3.36) 5 C-4. C-5 HI5%,
H-12 (0 2.23) H-14 (64 2.10) 5 C-13 #13%¢, H-7 0y
2.37) 5 C-5.C-12 #i3%, H-1 (6 3.56) 5 C-9.C-13
. LA 3 BYH HMBC MG S iER LA 1,

'H-'HCOSY
HMBC (H—> C)
ROESY

VRN

E1 k&4 18EE HMBC. 'H-'H COSY #1 ROESY #H3%
Fig. 1 Key HMBC, '"H-'H COSY, and ROESY correlations
of compound 1

Y34k ROESY i tha Il H-11 (o4 4.06) 5 H-7 (6n
2.37). H-9B (6y 2.82) AH, H-12 (6y 2.23) 5 H-8
Oy 1.24) #15%, H-4 (0y 3.69) 5 H-9a (Jy; 4.22) #H
5, H-6 (0 2.11) 5 H-15 (04 1.47) #I%, Zb&
AR e (B Do RS 1 52 sk s
¥ lycoposerramine-M (4) FIBAEEHE (% 1) [,
HAFEZEZER N 111 C-1 (d¢c 63.7), C-9 (d¢c 54.9), C-13
(5c 75.4) B4 1) C-1 (6¢ 47.3), C-9 (dc 41.7), C-13
(5¢ 59.5) 1MAKIAFE S, X2 T4 R AR P4
JER AR AN B TR M T 7 A 195 1T 1 1¥) C-10 (0¢ 29.2),
C-12 (dc 40.9), C-14 (5¢ 34.6) L 4 1) C-10 (d¢ 35.3),
C-12 (3¢ 47.6), C-14 (0c 43.5) ks, XA
A2 H T N-O BEX AU y 721 y-gauche 20N 7= A&
1, XU AY 1 24 lycoposerramine-M (4) [
N-%4k). H: "H-NMR (400 MHz, CDCLy) 1 *C-NMR
(100 MHz, CDCly) %45 WAk 1. IAfiE T &)
11458 (B 1, FHdrsa o N AT M.

WA 2: TEERER R CFED . "TH-NMR (400
MHz, CDCl;) 0: 5.19 (1H, ddd, J = 2.8, 2.8, 2.8 Hz,
H-11), 3.39 (1H, dd, J = 14.4, 3.6 Hz, H-1a), 3.30 (1H,
dd, J=12.8, 4.0 Hz, H-9a), 3.22 (1H, dd, J = 11.6, 2.4
Hz, H-4), 2.75 (1H, dd, J = 16.4, 6.8 Hz, H-6a), 2.65
(1H, dd, J = 13.2, 4.0 Hz, H-14a), 2.57 (1H, dd, J =
14.8, 4.4 Hz, H-1b), 2.50 (1H, m, H-9b), 2.26 (1H, s,
H-7), 2.20 (1H, d, J = 16.8 Hz, H-6b), 2.08 (2H, m,
H-3a, 10a), 2.04 (3H, s, OCCHj3), 1.98~1.94 (2H, m,
H-10b, 2a), 1.86 (1H, m, H-12), 1.66 (1H, brd, J =
12.8 Hz, H-8a), 1.59 (1H, ddd, J = 13.6, 13.6, 4.4 Hz,
H-3b), 1.49~1.40 (2H, m, H-15, 2b), 1.32 (1H, ddd,
J =124, 12.4, 2.8 Hz, H-8b), 0.93 (1H, dd, J = 12.8,
12.8 Hz, H-14b), 0.84 (3H, d, J = 6.4 Hz, 16-CHs);
PC-NMR (100 MHz, CDCly) ¥ W3 2. LA_E%d
HicpkaE 83, M ERA Y 2 N acetyl-
lycoposerramine-M.

A 3: Tt AR CR ) . "H-NMR (400 MHz,
CDCl;) d: 3.41 (1H, dd, J = 14.0, 3.6 Hz, H-1a), 3.18
(1H, dd, J = 11.6, 2.4 Hz, H-9a), 2.85 (1H, dd, J =
11.6, 2.4 Hz, H-9b), 2.71 (1H, brd, J = 12.0 Hz, H-1b),
2.55 (1H, dt, J = 16.4, 6.0 Hz, H-6a), 2.20 (1H, d, J =
16.0 Hz, H-6b), 0.84 (1H, d, J = 6.0 Hz, 16-CH;);
PC-NMR (100 MHz, CDCly) ¥ W4 2. DL - $d
5cirapig—s", A Y 3 A A

&Y 4. LK. '"H-NMR (400 MHz,
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#z1 1L&% 17048 "TH-NMR (400 MHz, CDClL;) #1 *C-NMR (100 MHz, CDCL;) #iE
Table 1 'H-NMR (400 MHz, CDCl;) and *C-NMR (100 MHz, CDCl;) data of compounds 1 and 4
Befi : ! Ao L.
bC 5H C aH

la 63.7 3.56 (1H, ddd, J= 11.6, 11.6,4.0 Hz) | la 473 3.37 (1H, ddd, J = 14.4, 14.4, 3.6 Hz)
1b 3.05 (1H, m) 1b 2.57 (1H, dd, J = 14.4, 4.4 Hz)
2a 213 1.82 (1H, m) 2a 19.5 1.87 (1H, m)
2b 0.91 (1H, m) 2b 1.40 (1H, brd, J = 13.6 Hz)
3a 17.6 2.07 (1H, m) 3a 19.8 2.03 (1H, m)
3b 1.51 (1H, m) 3b 1.55~1.44 (1H, m)
4 51.1 3.69 (1H, m) 4 46.1 3.49 (1H, m)

211.6 215.7

6a 44.1 3.36 (1H, dd, J = 16.4, 6.8 Hz) 6a 45.1 3.30 (1H, dd, J = 16.4, 6.8 Hz)
6b 2.11 (1H, m) 6b 2.15 (1H, d, J = 16.0 Hz)
7 35.5 2.37 (1H, brd, J = 4.4 Hz) 7 36.1 2.30 (1H, m)
8a 43.0 1.57 (1H, m) 8a 442 1.68 (1H, brd, J = 12.8 Hz)
8b 124 (1H, ddd, J = 12.4, 12.4, 48 Hz) | 8b 1.28 (1H, ddd, J = 12.4, 12.4, 3.2 Hz)
9a 54.9 422 (1M, td, J = 12.4, 2.4 Hz) 9a 417 3.55 (1H, ddd, J = 12.8, 12.8, 2.0 Hz)
9b 2.82 (1H, m) 9b 2.48 (1H, m)

10a 29.2 2.73 (1H, m) 10a 35.3 2.03 (1H, m)

10b 1.63 (1H, m) 10b 1.75 (1H, ddd, J = 13.6, 2.4, 2.4 Hz)
11 67.0 4.06 (1H, ddd, J = 2.8, 2.8, 2.8 Hz) 11 69.9 4.19 (1H, ddd, J = 2.8, 2.8, 2.8 Hz)
12 40.9 2.23 (1H, m) 12 47.6 1.55~1.44 (1H, m)

13 75.4 13 59.5

14a 34.6 2.10 (1H, m) l4a 435 2.61 (1H, dd, J = 14.0, 4.4 Hz)
14b 1.98 (1H, m) 14b 0.87 (1H, m)
15 25.7 1.47 (1H, m) 15 25.6 1.55~1.44 (1H, m)
16 226 0.84 (3H, d, J = 6.4 Hz) 16 22.9 0.82 (3H, d, J = 6.0 Hz)
-OH 3.14 (1H, brs) -OH

CDCly) F1 *C-NMR (100 MHz, CDCl3) %4 W% 1.
DA 5 ook g — 830, etk s 4 N
lycoposerramine-M.

WA 5: Tt iR CREE) . '"H-NMR (400 MHz,
CDCly) d: 4.01 (1H, dd, J = 12.0, 2.8 Hz, H-8), 3.87
(1H, t,J=3.2 Hz, H-4), 3.74 (1H, td, J = 12.8, 2.4 Hz,
H-9a), 3.42 (1H, dt, J = 13.2, 4.0 Hz, H-1a), 3.14 (1H,
dd, J = 16.4, 5.6 Hz, H-6a), 3.06 (1H, m, H-3a), 2.91
(1H, dd, J = 12.8, 3.6 Hz, H-9b), 2.67 (1H, dd, J =
12.4, 4.4 Hz, H-1b), 2.37~2.15 (4H, m, H-2a, 7, 11a,
14a), 2.11 (1H, d, J = 14.4 Hz, H-10a), 2.01 (1H, d,
J = 16.0 Hz, H-6b), 1.88 (1H, dd, J = 12.0, 3.6 Hz,
H-11b), 1.63 (1H, d, J = 14.0 Hz, H-2b), 1.53~1.49
(3H, m, H-3b, 10b, 15), 1.42 (1H, dd, J= 12.4, 5.2 Hz,
H-14b), 0.79 (3H, d, J = 6.0 Hz, 16-CH3); "“C-NMR
(100 MHz, CDCl) ##i WAk 2. DA 3 b SCiikik

8P, W% e 5 4 miyoshianine-C.

WA 6: To 1o FARCH ) . "H-NMR (400 MHz,
CDCly) 6: 4.06 (1H, td, J = 12.4, 3.2 Hz, H-9a), 3.62
(1H, td, J = 13.6, 4.4 Hz, H-1a), 3.05~2.95 (2H, m,
H-9b, 10a), 2.92 (1H, dd, J = 14.0, 4.8 Hz, H-1b), 2.84
(1H, dd, J = 12.0, 2.8 Hz, H-4), 2.74 (1H, t, J = 13.2
Hz, H-14a), 2.61 (1H, dd, J = 17.2, 6.0 Hz, H-6a),
2.42 (1H, dd, J=17.2, 1.6 Hz, H-6b), 2.23 (1H, td, J =
13.2, 4.4 Hz, H-11a), 2.17 (1H, m, H-3a), 2.07 (1H, m,
H-8a), 2.04 (1H, brs, H-7), 1.88~1.66 (5H, m, H-2a,
2b, 3b, 10b, 14b), 1.63 (1H, dd, J = 13.6, 4.8 Hz,
H-11b), 1.31~1.21 (2H, m, H-8b, 15), 0.93 (3H, d,
J=6.0 Hz, 16-CH;); "C-NMR (100 MHz, CDCl;) %I
WA 2. DAESEE S ScikaE 80, st
&%) 6 3 12-epilycodoline N-oxide.

&Y 7. Sy . "TH-NMR (400 MHz,
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£2 AW 2. 3. 5~10 & *C-NMR (100 MHz, CDCl;) #iE
Table 2 *C-NMR (100 MHz, CDCl;) data of compounds 2, 3, 5—10
Bef o
2 3 5 6 7 8 9 10

1 46.9 46.7 60.5 63.4 483 47.9 473 46.7

2 19.0 18.9 19.2 21.6 22.7 22.8 24.7 20.4

3 19.6 19.4 26.8 18.0 19.4 19.4 229 243

4 45.2 433 46,4 50.1 54.0 49.7 42.8 75.5

5 213.8 2132 212.3 207.3 212.6 211.0 72.4 210.1

6 44.1 42.8 453 443 40.7 783 77.4 43.6

7 348 36.8 42.0 414 46.6 48.1 47.1 40.7

8 43.9 424 723 35.4 79.3 39.2 40.6 443

9 41.8 473 57.2 59.9 45.2 45.1 444 454
10 30.6 25.8 16.7 16.6 26.0 26.4 25.8 26.0
11 72.0 25.0 329 29.8 119.4 121.1 114.7 119.1
12 46.4 44.8 72.4 71.1 142.4 139.2 143.1 139.3
13 58.9 60.4 73.6 729 60.7 60.0 55.4 63.7
14 433 42.9 36.4 29.8 37.1 37.0 342 34.4
15 252 255 25.6 24.9 325 25.7 223 25.0
16 225 23.0 21.8 22.7 19.0 229 23.1 22.8
Cc=0 170.0
COCH; 21.7

CDCly) §: 5.68 (1H, t, J= 3.6 Hz, H-11), 3.32 (1H, dd,
J=10.0, 4.4 Hz, H-8), 3.02 (1H, td, J = 13.2, 4.0 Hz,
H-1a), 2.97 (1H, m, H-9a), 2.82~2.78 (2H, m, H-6a,
7), 2.71~2.58 (3H, m, H-1b, 4, 9b), 2.38~2.26 (4H,
m, H-6b, 10a, 10b, 14a), 1.69 (1H, m, H-2a), 1.57~
1.49 (2H, m, H-2b, 3a), 1.34 (1H, m, H-15), 1.18 (1H,
t, J = 13.6 Hz, H-14b), 0.95 (3H, d, J = 6.0 Hz,
16-CH3); "“C-NMR (100 MHz, CDCl;) 4 0.2 2.
PAE Kt 5 scmkaps — 5, s a i 1 o
gnidioidine.

& 8: LK. 'H.NMR (400 MHz,
CDCly) d: 5.70 (1H, dd, J = 4.0, 4.0 Hz, H-11), 3.82
(1H, d, J = 2.0 Hz, H-6), 3.08 (1H, dd, J = 12.8, 2.8
Hz, H-1a), 3.01 (1H, dd, J = 12.0, 2.4 Hz, H-4), 2.87
(1H, m, H-9a), 2.73 (1H, dd, J = 11.2, 5.6 Hz, H-9b),
2.68 (1H, m, H-7), 2.62 (1H, dd, J = 12.8, 2.8 Hz,
H-1b), 2.36 (1H, dd, J = 13.2, 4.0 Hz, H-14a), 1.96
(1H, brd, J = 12.0 Hz, H-3a), 1.81 (1H, m, H-8a),
1.69~1.42 (4H, m, H-2a, 2b, 3b, 15), 1.32 (1H, ddd,
J=13.2,13.2,4.8 Hz, H-8b), 1.13 (1H, t, J = 12.8 Hz,
H-14b), 0.82 (3H, d, J = 6.0 Hz, 16-CH3); "“C-NMR
(100 MHz, CDCly) #5045 W.3% 2. DA b3 5 SCikR

Y, S ES Y 8 S lycoposerramine-K
WA 9: Tkl i R . 'H-NMR (400 MHz,
DMSO) &: 5.23 (1H, dd, J = 4.0, 2.8 Hz, H-11), 4.82
(1H, d, J = 4.0 Hz, 5-OH), 4.30 (1H, d, J = 3.2 Hz,
6-OH), 3.51 (1H, brs, H-5), 3.48 (1H, dd, J= 5.6, 5.6
Hz, H-6), 3.01 (1H, dddd, J = 11.6, 11.6, 5.6, 5.6 Hz,
H-15), 2.90 (1H, ddd, J = 12.0, 12.0, 2.8 Hz, H-1a),
2.60~2.53 (2H, m, H-9a, 9b), 2.40 (1H, dd, J = 12.0,
2.4 Hz, H-1b), 2.25 (1H, dd, J = 4.4, 2.0 Hz, H-7),
2.14~2.07 (2H, m, H-10a, 14a), 1.94~1.82 (2H, m,
H-4, 10b), 1.74 (1H, dd, J = 12.4, 5.6 Hz, H-8a),
1.62~1.55 (2H, m, H-2a, 3a), 1.50 (1H, m, H-2b),
1.30 (1H, dd, J = 12.4, 2.4 Hz, H-3b), 1.07 (1H, ddd,
J=12.4,5.6,5.6 Hz, H-8b), 0.92 (1H, t, J= 12.4 Hz,
H-14b), 0.76 (3H, d, J = 6.8 Hz, 16-CH3); "“C-NMR
(100 MHz, DMSO) 4z W4 2. LA 1%l 55 STk
E-F, MR E Y 9 B R
WEw 10: itk (E45). 'H-NMR (400
MHz, CDCLy) 6: 5.65 (1H, d, J = 6.0 Hz, H-11), 3.14
(1H, dd, J = 15.2, 7.2 Hz, H-6a), 2.85 (1H, td, J =
14.0, 2.4 Hz, H-1a), 2.76 (2H, m, H-7, 9a), 2.55 (1H,
dd, J = 12.0, 6.4 Hz, H-9b), 2.41 (2H, m, H-1b, 10a),
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2.27 (1H, d, J = 14.8 Hz, H-6b), 2.13 (1H, dd, J =
13.2, 4.0 Hz, H-14a), 1.93~1.84 (4H, m, H-2a, 3a, 8a,
10b), 1.70~1.60 (3H, m, H-2b, 3b, 15), 1.28~1.25
(2H, m, H-8b, 14b), 0.85 (3H, d, J = 6.4 Hz, 16-CHs);
BC-NMR (100 MHz, CDCl3) u#i W% 2. LA _E%dE
HocmiiE -8, WS Ehaw 10k
4a-hydroxyanhydrolycodoline

& 1 I ER K. ZEWRYILE 1963
SER S BIAGRINTY, (E A B R G SRS R e B
el aRoE, W AT LR R, X
HHEATIH)E . "H-NMR (400 MHz, CDCLy) J: 6.24
(1H, s, NH), 3.51 (1H, dd, J = 13.2, 3.6 Hz, H-1a),
3.04 (1H, dd, J = 13.6, 3.6 Hz, H-9a), 2.75~2.65 (2H,
m, H-1b, 9b), 2.58 (1H, dd, J = 16.8, 4.4 Hz, H-6a),
2.46 (1H, brd, J = 10.0 Hz, H-3a), 2.34 (1H, dd, J =
12.4, 4.0 Hz, H-14a), 2.01 (3H, s, OCCH;), 1.98~
1.90 (3H, m, H-2a, 3b, 7), 1.86 (2H, m, H-6b, 10a),
1.79~1.66 (4H, m, H-2b, 10b, 12, 15), 1.62~1.54
(3H, m, H-8a, 11a, 11b), 1.31~1.25 (2H, m, H-8b,
14b), 0.88 (3H, d, J = 6.4 Hz, 16-CHs); >*C-NMR (100
MHz, CDCly) #4836 3. B Lk s et &9
11 4514, %3¢ 0 flabelline.

& 12: LK. '"HINMR (400 MHz,
CDCl3) 6: 7.76 (1H, d, J = 8.0 Hz, H-3), 6.96 (1H, d,
J=8.0 Hz, H-2), 421 (1H, ddq, J = 8.8, 6.4, 2.8 Hz,
H-18), 3.11 (1H, dd, J = 18.8, 7.2 Hz, H-6a), 2.84~
2.75 (3H, m, H-17a, 17b, 9a), 2.67 (1H, d, J = 18.8
Hz, H-6b), 2.48 (1H, ddd, J = 13.2, 13.2, 2.4 Hz,
H-9b), 2.07 (1H, m, H-7), 1.76 (1H, brd, J = 12.4 Hz,
H-8a), 1.60~1.45 (4H, m, H-10a, 10b, 12, 14a), 1.32
(1H, dd, J = 12.8, 3.6 Hz, H-8b), 1.26 (3H, d, J = 6.0
Hz, 19-CHj), 1.22~1.18 (4H, m, H-11a, 11b, 14b,
15),0.77 3H, d, J= 5.2 Hz, 16-CH3): "*C-NMR (100
MHz, CDCly) #t#i W3 3. DA% 5 ScikafiE —
HU, sE A 12 hydroxypropyllycodine.

& 13: otk (FED. 'H-NMR (400
MHz, CDCLy) 6: 8.40 (1H, dd, J = 4.8, 1.6 Hz, H-1),
7.96 (1H, d, J = 6.8 Hz, H-3), 7.18 (1H, dd, J = 7.6,
4.8 Hz, H-2), 3.18 (1H, dd, J = 18.8, 7.2 Hz, H-6a),
2.97 (1H, m, H-9a), 2.74 (1H, d, J = 18.8 Hz, H-6b),
2.52 (1H, m, H-9b), 0.78 (3H, d, J = 6.0 Hz, 16-CHs);
PC-NMR (100 MHz, CDCl3) ¥ W% 3. Lh E%s
ki — 5, s e A 13 A E

e 14: LOsE CFEE. "TH-NMR (400
MHz, CDCLy) J: 7.83 (1H, s, NH), 2.83 (1H, dt, J =
12.4, 3.2 Hz, H-9a), 2.47~2.31 (5H, m, H-2a, 2b, 3a,
3b, 9b), 0.83 (3H, d, J = 6.0 Hz, 16-CHs); "*C-NMR
(100 MHz, CDCls) 45 W3 3. LA 5 S0k
TS, W e A 14 i -N-FP Ko EAA R

WwEY 15: LK. 'H-NMR (400 MHz,
CDCl3) 6: 2.73~2.59 (2H, m, H-9a, 9b), 2.43 (3H, s,
N-CH3), 2.41 (4H, m, H-2a, 2b, 3a, 3b), 0.85 (3H, d,
J=6.4 Hz, 16-CH3); *C-NMR (100 MHz, CDCl;) %k
WA 3. DAESE S ocikaaE 8, et
G5 K a- BRI

& 16: AMEA. 'THINMR (400 MHz,
CDCly) 6: 7.64 (1H, d, J = 9.2 Hz, H-3), 6.46 (1H, d,
J =92 Hz, H-2), 2.95 (1H, dd, J = 18.8, 7.2 Hz,
H-6a), 2.84 (1H, d, J = 12.4 Hz, H-9a), 2.43~2.39
(2H, m, H-6b, 9b), 2.05 (1H, m, H-7), 1.71 (1H, brd,
J = 12.8 Hz, H-8a), 1.57~1.45 (5H, m, H-10a, 10b,
12, 14a, 15), 1.31~1.22 (3H, m, H-8b, 11a, 11b), 1.11
(1H, m, H-14b), 0.81 (3H, d, J = 6.4 Hz, 16-CH3);
BC-NMR (100 MHz, CDCl3) %u#ig W4 3. LL LS
iR iE 5, s A 16 b F-N-H -
B-F A1 -

AW 1T LEMIRY. 'TH-NMR (400 MHz,
CDCly) 6: 3.18 (1H, brd, J = 14.8 Hz, H-17a), 3.12
(1H, ddd, J = 12.0, 6.0, 2.4 Hz, H-9a), 2.96 (1H, dd,
J=12.8, 4.0 Hz, H-1a), 2.81 (2H, m, H-1b, 9b), 2.63
(1H, m, H-6a), 2.38 (1H, dd, J = 18.8, 8.8 Hz, H-6b),
1.01 (3H, d, J = 6.4 Hz, 16-CH;); "*C-NMR (100
MHz, CDCls) #t4ls W3 3. DAL b5 Seikifis —
U, WO E S 1T A kA R

& 18: Ll ik, "H-NMR (400 MHz,
CDCl3) 6: 3.70 (4H, m, H-1a, 9a, 9b, 17a), 3.35 (1H,
ddd, J = 12.4, 12.4, 2.8 Hz, H-1b), 3.05 (1H, d, J =
14.0 Hz, H-17b), 2.72 (1H, m, H-7), 2.41 (1H, dd, J =
18.4, 7.6 Hz, H-6a), 2.32 (2H, m, H-14a, 14b), 2.26~
2.07 (7H, m, H-2a, 3a, 6b, 10a, 11a, 11b, 15), 2.03~
1.92 (3H, m, H-2b, 3b, 10b), 1.85 (1H, m, H-8a), 1.74
(1H, ddd, J = 14.8, 12.0, 4.4 Hz, H-8b), 1.04 (3H, d,
J=6.4 Hz, 16-CH3); "C-NMR (100 MHz, CDCl;) %k
P W 3. DA%l 5 scmkapE — 5, et
&%) 18 24 lycoflexine N-oxide.

&Y 19: AEKAR. "H-NMR (400 MHz,
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£3 L& 11~19 & *C-NMR (100 MHz, CDCl;) %37
Table 3 *C-NMR (100 MHz, CDCIl;) data of compounds 11—19

e Se
kAL
11 12 13 14 15 16 17 18 19
1 46.6 157.7 147.5 171.6 172.0 164.7 53.7 70.8 52.2
2 17.5 121.7 122.1 31.3 30.3 117.9 19.7 22.5 24.1
3 22.1 134.3 133.7 18.9 19.5 140.1 29.6 21.8 29.4
4 1234 134.3 136.2 111.9 114.2 118.1 58.7 58.0 56.4
5 129.7 157.7 158.7 131.2 130.6 145.0 218.7 213.8 219.0
6 33.1 352 352 30.3 315 30.0 40.5 40.4 443
7 34.0 33.7 33.6 33.6 33.8 333 40.8 42.0 37.5
8 43.2 43.7 43.8 43.6 43.7 43.1 31.6 31.3 394
9 49.3 41.5 41.1 42.8 51.5 41.5 57.1 75.2 60.6
10 26.8 26.1 25.7 27.2 19.6 27.9 26.2 27.8 31.6
11 25.3 30.1 29.8 26.0 26.6 25.7 36.5 34.6 344
12 43.6 44.7 44.9 445 35.6 443 60.1 60.7 46.4
13 65.3 559 56.2 56.0 58.9 55.3 214.3 2124 146.2
14 42.1 50.8 51.7 46.1 43.0 49.2 47.2 47.3 127.4
15 26.7 26.0 26.0 26.6 27.3 26.1 28.5 28.5 28.0
16 22.4 22.1 22.1 22.0 22.5 22.0 22.9 22.5 21.1
17 168.3 442 36.2 53.8 68.4
18 23.8 67.3
19 23.3

CDCl3) 6: 5.71 (1H, d, J = 4.0 Hz, H-14), 2.74 (1H,
dd, J = 16.4, 7.2 Hz, H-6a), 1.03 (3H, d, J = 6.8 Hz,
16-CH3); "*C-NMR (100 MHz, CDCls) ¥ .4 3,
DL E e 5 scmkapoE —80Y, etk s 19

LA B Bl
3.2 AEM

NO 1 Ky RAEA 5 i T E S0 R 7, &
—HMNWEAH (NOS) AL, ATV 19 4

NO/(umol-L ™"

251

N3
(=}
1

—
W
1

(=}
1

W
1

S

IEH

Hith

XTI BRYERTR 50

25

12.5 6.25

A/ (umol- L")

NO/(umol-L™")

WAEYBAIETE, Bl T AP0 LPS iS4
RAW264.7 4 a5 77 s+ NO &, th&awim
WPl 6.25~50 umol/L. 19 MELEH+ 5 F1 18 %
B RAF NO #flEdE (B 2), H 1Cso 43514
(31.824+3.74). (40.69+5.78) pmol/L.
4 g

AR N RERY) . A kn EWI Lycopodium
alkaloids +& A7 S AT G b o0 #3025 R ATALL,

25.b

HH
20 4

15 4

BRI OB S0 25 125 6.25

A/ (umol- LY

HIEHALE: P <0.001; S3E4ILE: P<0.05 "P<0.01
#p < 0.001 vs normal group; ‘P <0.05 P <0.01 vs control group

2 L&Y S5 (a) 718 (b) X LPS iE{LAY RAW264.7 2B NO RIS/AE
Fig. 2 Effects of compounds 5 (a) and 18 (b) on release of NO in LPS-activated RAW 264.7 cells



* 1276 ¢

¢ £ % Chinese Traditional and Herbal Drugs

Ba6F F oW 2015FE5 H

HA MR AR — KRR E, [ 20 T2 80 4
ARAT 301 357 A 5 PRI K A A v 40 S b v R
BE N IE PRI £ TR BRI I 1) 7 A2 LA
oK, XA AEPIIE LT S T Y AR SR R 1) %

[E] b2 2538 e BAT A B A e LA 53 BT R
Vo AR AR AR PR A BT A TR I A 1B 2013
T, EWNAEFIRIE T LR AT L e R
I LPS 531 BV2 41 NO Bk, I 1Cs0 3
/NT 50 pmol/L, A g i 5 4 a-lofoline 1
ICso A 4.23 pmol/L, {HARZE— X HAE BT
WL, A szt DL LPS 5 5 RAW264.7 41 Jf #3741
MR SERAY, K Griess vA£I NO = VP T AT
FAG B 2 A I 19 AN R AR TR T 1
BEREHAEY 5 A 18 B @ HIPLRIGHE, 1Cs
43592 31.82 F1 40.69 wmol/L, [ & AE WyiiAH b Hit
SRR, P HEIA RA B DR T 2 T
A P REE Y A AR LD, BT RBLHIAE R LS
Be—2D B, AT E— 2 TF R FIR A R 2558
T HA
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