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1.1.1 lycopodine AWK %I T A=W ke I A
B e e A A2 T B EAIR T fawceettlmine Y.

ZRBAEY L — A1 A0 B
(quinolizine) (1] 4 ANE/NTUH &M (C-4 F1 C-13
FHIED, K53 5 A BEE, D EAE C-6 £i7, lycopodine
FEZR ARG, HEE o A2 C-4 F1 C-6,
B C-7 R C-12 AR T 5 AL o, %
FALED I 2 I 1

1.1.2  Lycodine B AN 1S APy — A DY
W, FUE M HLPEIREN (A+C 31D JEU AR
53 T HINLERE BRALERE B A RIS EIERE C 2R, 1X 81k
&5 lycopodine L) B. C Al D FRAH4 A — 551,
16 A e 2 A A2 v o B ) R £ IR BT
CAChEDHIHIE R A AR i3 s B IX A 590
k% Hup-A 4, £iE268 4 (Hup-B). N-FFEA K 4
g A A AR AT BRI AChE $MIE 1, EAT 1Y
TR S R sk TR IRIE S R . SR

lycopodine lycodine

LIS 3 FIEE 2.

1.1.3 fawcettimine Yk HRMAEGD A
lycopodine ] C4-C3 BEWT T IE i Co-Cip BEI 4
R 5 N JGEFAHIER SR C-13 2 AR E,
Dy W AL SRR R BT F C5-N BB B Cos- Bk
U1 fawcettimine T IE S I Ca) i Ji =X
(b) [PVAliFAA, H ek Bz Ji 5X (carbinol-amine
form) FIf Iz (keto-amine form) WK #7+M,
W.I# 4. Fawcettimine ZSAUNIE EAZHERZ T
IR, 5 BIPY ORI 50% LA . DL
5% 3.

1.1.4  Miscellaneous ! MWt &K Iir 5 A
REVAZE T 17 =S8 i AP ) S A, P LR 4
— PR, HE AN 2 12 phlegmarine 7Y .
Phlegmarine ¥ AH %f #4) B 76 A2 Y5 F o] B AF A2
lycodine UM Cu-Cos SEMIKI . B AESEM ERIRF
A 4 AL RS, BEAN Y C-12 AN C-13 ATIE,

fawcettimine phlegmarine

1 WERAEZMAREYEEHLE

Fig. 1 Structures of lycopodium alkaloids from H. serrata

2 BB AF DAY lycopodine Z A A4 MITHAY B 4%
Fig. 2 Skeleton of lycopodine-type lycopodium alkaloids from H. serrata
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=1 HEEAZHH lycopodine BV A A 488
Table 1 Lycopodine-type lycopodium alkaloids from H. serrata
o BRI -
¥ E B R R R, R, ik

1 FFATR A H H H B-H 5

2 lycoposerramine G A OH H H B-OH 6

3 lycoposerramine L A H B-OH H B-H 6

4 lycoposerramine M A H H a-OH B-H 6

5 lycoposerramine N A H H a-OCOCH; B-OH 6

6 Fi¥AREE (lycodoline) A H H H B-OH 5

7 60-hydroxylycopodine A H a-OH H B-H 5

8 serratezomine C A H a-OH H B-OH 7

9 60-hydroxyserratidine B H a-OH a-OH H 8
10 4a-hydroxyserratidine B OH H a-OH H 8
11 4a, 6a-dihydroxyserratidine B OH a-OH a-OH H 8
12 serratidine B H H a-OH H 8
13 lycoposerramine K B OH H H B-OH 6
14 Fi#2H8% Chuperzine E) C H 9
15 £ 2. Chuperzine F) C OH 9
16 lycoposerramine H D a-OH H H 6
17 lycoposerramine I D H H a-OH 6
18 lycoposerramine H*¢ D a-OH CH; H 10
19 lycoposerramine O E 6
20 FiH48 O (huperzine O) F 10
21 lycoposerramine J G 6
22 V1278 (clavolonine) H 11
23 L0 Chuperzine G) I 9
24 lycoposerramine F J
25 JEEAFA R (lucidioline) K 12

3 B RATHAY lycodine B A A MR A B 4K
Fig.3 Skeleton of lycodine-type lycopodium alkaloids from H. serrata

13 frdflin, —moh =3 4it). BA phlegmarine
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N R FBARALE . ILE 6 FiZk 4.
1.2 =#EZEM 45 (serratene-type triterpenoids)

et A A A A = 2 B B KRR AR A2 38 A
HICHE, C A LITTHLi ), Cia-Cis FEARETE
B SR, B 1 Ciap-Cosp FAEET 1, C-8 F1 C-10
R, WK 7 M 5.

2 HIEER
2.1 #i AChE [

Hup-A S0 & A2 25 BRI 7T B o R %
gy, HEZPNEYE AP AChE /EH. B 2=& it
17T 4R, e G RIEE A4 . Hup-A 253
AFFE AL MOOT i P F 2080 SO PR s R 0 2 a1k 2
1% & NMDA SZARII 52 L2 AR 3 ek
)T T RGN SEH R W] Hup-A
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F2 HEEAZHH lycodine B AT S T
Table 2 Lycodine-type lycopodium alkaloids from H. serrata
g N B AR ik
R, R,
26 ey Z A H CH; 2-3
27 6B-FEF A2 (6B-hydeoxyhuperzine A) A B-OH CH; 13
28 L EFAME M (phlegmariurine M) A H COOC,H; 14
29 EY e B H 3
30 N-HIEH AT 2, (N-methyl-huperzine B) B CH; 15
31 g 2 A AT (huperzinine) C CH; CH; 15
32 SRR (isofordine) C H H 14
33 fiknEk (lycodine) D 16
34 huperzine U E 17
35 N, N-dimethylhuperzine A F 18

4 Fawcettimine BIEEAZ3X (a) FNERARN (b) BY

ks

Fig. 4 Equilibrium structure of fawcettimine between

carbinolamine form (a) and keto-amine form (b)

JERTIB) ., s dErE . KRR ACKE #0161, Af
LA AChE, SEZE LBEARR/KAE, $iim £ IR b
LES B B 7K 7> Hup-A X} AChE gr=E 1 B 17
RGP EIHIER, 555 4 B0 AChE #7715 H
2§%) E2020- Tacrine- Physostigmine 1 Galanthamine
FHELEL, EATX AChE HOFMHITETE (ICso) KI5
JIii /54 E2020>Hup-A > Tacrine > Physostigmine >
Galanthamine. %% Hup-A. E2020 Al Tacrine %} A
fl AChE RIS I, 3 T2y ig Jooxd KB
H1 AChE Y577 A 50 SO M), LL Hup-A 15 Fl 55

U v w

5 4B A PAEY fawcettimine B A #4345 RS B A%

Fig. 5 Skeleton of fawcettimine-type lycopodium alkaloids from H. serrata
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#z 3 REATZPRE fawcettimine B A A I
Table 3 Fawcettimine-type lycopodium alkaloids from H. serrata
75 4 W o AR ik
R, R, R; Ry Rs
36 R AFARE (fawcettimine) A H H H CH; o-OH 19
37  lycoposerramine P A a-OH a-H H CH; p-OH 20
38  2B-hydroxylycothunine B -OH H 21
39  8a-hydroxylycothunine B H a-OH 21
40  AFAZTH (lycothunine) B H H 21
41  huperzine | C a-OH o H 22
42 lycoposerramine Q C H a-OH H 20
43 serratinidine (5a-NHAc, 8a-OH-fawcettidine) C H oa-NHAc  o-OH 23
44 11a-hydroxyfawcettidine D H H a-OH 21
45 20, 11a-dihydroxyfawcettidine D a-OH H a-OH 21
46  8a, 11o-dihydroxyfawcettidine D H a-OH a-OH 21
47  lycoposerramine C E 20
48 W EAAZHIN (neohuperzinine) F 24
49  macleanine G 25
50  huperzine S (2p,13B-epoxyalopecuridine) H 17
51 phlegmariurine A I H 20
52 lycoposerramine E I a-OH 20
53 huperzine T J 17
54 7a, 11o-dihydroxy-phlegmariurine B K H OH OH 26
55 11a-hydroperoxyphlegmariurine B K H H OOH 27
56  2o-hydroxyphlegmariurine B K OH H H 28
57  7o-hydroxyphlegmariurine B K H OH H 26
58 11o-hydroxyphlegmariurine B K H H OH 26
59  7-hydroperoxy-phlegmariurine B K H OOH H 27
60 LML (phlegmariurine B) K H H H 27
61 8a-hydroxyphlegmariurine B L a-OH 28
62 8B-hydroxyphlegmariurine B L B-OH 29
63 phlegmariunine B L H 19
64  2-oxophlegmariurine B M o 2H 30
65 11-oxophlegmariurine B M 2H (0] 30
66  huperzine R N 31
67  lycoflexine o H H 20
68  lycoposerramine D o OH H 20
69  lycoposerramine U (¢} H OH 20
70 TJEBETHE (serratinine) P OH H 12
71 TJ2¥H% (serratine) P H OH 32
72 TJREEJEE (serratanidine) P OH OH 11
73 8- KL T2 T8 (8-deoxyserratinine) P H H 33
74 serratezomine B P OH, N-oxide H 7
75  huperserratinine P N H 34
SN
76  huperzine H Q 35
77  huperzine W R 36
78  serratezomine A S 7
79  lycoposerramine A T 37
80  lycoposerramine S U 20
81  huperzine P \% 19
82  huperzine Q w 38
83 N-oxyhuperzine Q W 38




<404 ¢ ¢ %% Chinese Traditional and Herbal Drugs 2543 % 28] 201242 A

6 e B AT HEY miscellaneous B F A A4 Y AY 4%
Fig. 6 Skeleton of miscellaneous-type lycopodium alkaloids from H. serrata

F 4 RGP AT miscellaneous B A A4 Y

Table 4 Miscellaneous-type lycopodium alkaloids from H. serrata

s A ¥ R, SCHR
84 lucidine B (serratanine A) A H 11
85 oxolucidine B (serratanine B) A OH 39
86 huperzine V B 40
87 I 2 K208 L (huperzinine B) C 41
88 LA N (phlegmariurine N) D 13
89 huperzine J E CH; 42
90 huperzine K E H 42
91 huperzine L E CH;, Nj-oxide 42

E7 ®ERAFHARZIEEX

Fig. 7 Skeleton of serratene-type triterpenoids from H. serrata

5o FIR ig 4524 )n, Hup-A XTINN ACKE fEIYEA @5 AChE [4MHI4F A B Hup-A 5824 4 £, MRtk
I [A]4 T~ E2020 Fl Tacrine, HZ IRGZIARA M 2. KT Hup-A. ERAZHHE M F1R 40 & B AR A B 11
VW] Hup-A 52— ik £8P AChE 15 FIEL i 1 4 o 4 P34, Kazuakid 2829 % 1

6B-F A2 H S A2 G e 242 2a, 1la-dihydroxyfawcettidine #1 lycoposerramine
oy B S 1 X AN S AR AR B R, ST PO BT ACKE IS PE, 1Cso 404 27.9 R 16.7
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Table S Serratene-type triterpenoids from H. serrata
) IS S0AT .
J¥ 5 E 2 R, R, R, R, SCHR
92 2la-hydroxyserrat-14-en-3B-yl p-dihydro-coumarate i 43
A O)I\/\Q’O“
93 2la-hydroxyserrat-14-en-3p-yl dihydrocoumarate i or 43
A O)‘\/\@_"”
. . o o
94 2lo-hydroxyserrat-14-en-38-yl  propanedioic acid A )I\/Il\OH 43
monoester
95 3a, 21a-dihydroxyserrat-14-en-24-oic acid B OH COOH H a-OH 43
96 16-oxo0-3a, 21B-dihydroxyserrat-14-en-24-al B OH CHO (6] p-OH 43
97 16-o0x0-30, 21B-dihydroxyserrat-14-en-24-oic acid B OH COOH O B-OH 43
98 16-0x0-21B-hydroxyserrat-14-en-30-yl acetate B OAC CH; (0] B-OH 43
99 16-FH ALK K T E M — B ( 16-oxodiepiser- B 0-OH CH, 0 B-OH  43-45
ratenediol )
100 30, 21, 24-trihydroxyserrat-14-en-16-one B a-OH OH (0] B-OH 43
101 3B, 21B-dihydroxyserrat-14-en-16-one B B-OH CH;, (0] B-OH 43
102 16-5AR-F 245 (16-oxoserratriol ) B B-OH CH; (0] B-OH 43
103 T)JZ85JElE (tohogenine) B B-OH OH 0 o-OH 43
104 3p- hydroxyserrat-14-en-21-one C 43
105 3B, 21o-dihydroxyserrat-14-en-24-ol D B-OH a-OH 43
106 3B, 21B-dihydroxyserrat-14-en-24-ol D B-OH B-OH 43
107 30, 21B-dihydroxyserrat-14-en-24-ol D a-OH B-OH 43
108 3B, 21B-dihydroxyserrat-14-en-29-ol E p-OH CH; B-OH OH 43
109 30, 21B-dihydroxyserrat-14-en-24, 29-diol E a-OH OH B-OH OH 43
110 serrat-14-en-3B, 21p, 29-triol E B-OH CH;  B-OH CH,OH 45
111 serrat-14-en-3a, 21, 24, 29-tetraol E o-OH CH,OH B-OH CH,OH 45
112  serrat-14-en-3p, 21a, 24-triol E p-OH CH,OH o-OH CH; 45
113 serrat-14-en-3f3, 21§, 24-triol E B-OH CH,OH pB-OH CH; 45
14 TR 8 -21- LK L BE Cserratenediol-21- F OH H OAc H 43
acetate)
115 21-F% T E8BIE 8E-3-ZMR K (21-episerratene- F OAc H H OH 43
diol acetate)
116 T)Z86 fE-3-ZMR 4H5 (serratenediol-3- acetate) ~ F OAc H OH H 43
117 21K T 286 7 (21-epi-serratenediol ) F OH H H OH 43
118 T 2846 —hF (serratenediol) F OH H OH H 43-44
119  21B-hydroxyserrat-14-en-3a-ol F H OH H OH 43
120 14, 15B-epoxy-3p-hydroxyserratan-21§-ol G OH OH H CH; 46
121 14, 15B-epoxy-3B-hydroxyserratan-21a-ol G OH H OH CH; 46
122 14, 15B-epoxy-3p-hydroxyserratan-210-ol-33-O-acetate G OAc OH H CH; 46
123 14, 15B-epoxyserratan-3f3, 213, 29-triol G OH OH H CH,OH 45
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pmol/L. Tan At [1931] 3 huperzine P. fawcettimine.
phlegmariunine B ! huperzine R [) AChE Il
BEAT S, E AT M IR B 3 0 90/7 . 95/23
96/28 95/27 umol/L, &M% Hup-A 3% .
22 HpEEEN
Morita 271 Bl serratezomines A B [I#HT itk
LR L1210 40 i i 4h B 35 K 1Cso 20530 0 9.7 11
7.2 pg/mL, 0 NAR K IS KB 4 H 10 40 B 35 1
ff) 1Cs0 43 KF 10 A1 5.1 pg/mL.
3 HiE
2oL 20 AR A AZ AL S B IEIT, EAN
TP ESEE T 123 MR, P kA R 91
Ay ARA =0 32 Ao T AR AT AZ 53 S HH R I e H
AChE FHIHEE ) Hup-A, DLRIE MRS AT AZ T
LA 6B-FRIEAAIHEH, BJE T lycodine FLA AR
Yk, %R EIEAE A S E T 10 MEr,
FRARERAIIGT,  T HAB A PO A VA T
WPERARBOR AT 2 S . M A2 N AR
Y, KGNS, AR Hup-A S, AT 55r
ZNEA . ISR TR E K, dE ALY
Ui R, H RSB 58 A ARE T 7T %,
1M Hup-A 25T K T 2%, WA T7e
fio 45 4 KAV EVIN N RR, DULIHAR
KAV G FEY), TTRRAEDFEACEC 2 &
JRIF R Hup-A AR R ZFFUEH . [ - 75 n o
AT T ETUI, RRBOCIE A2
BERORME i, ARG 25 B T RFSER . A
FA =SSR — B MR, AT 2 5
ik, AR BRT% AChE Il s, 5
Gb, A2 A B FEAR B WIS, IR I EL
RN
2 3Hk
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