R 25440 46 (5):692-723 (2008) doi: 10.3724/SP.J.1002.2008.07112
Journal of Systematics and Evolution (formerly Acta Phytotaxonomica Sinica) http://www.plantsystematics.com

IR FRIAGREYREGF VIR
FAHE xEE ¥ OB OEER

([ B 2 B2 g [ D R E R 2 2T TRIIE SUBT BBt 100094)

A preliminary pharmacophylogenetic investigation in Schisandraceae
Li-Jia XU Hai-Tao LIU Yong PENG* Pei-Gen XIAO

(Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences, Peking Union Medical College, Beijing 100094, China)

Abstract The family Schisandraceae (Magnoliiadae) contains approximately sixty species which are disjunctly
distributed in the southeast of Asia and North America. It was divided into two genera, Schisandra and Kadsura,
represented by 29 species in China, 19 in Schisandra and 10 in Kadsura. This paper reviews current knowledge
about the chemistry, ethnopharmacology and pharmacology of the family in an attempt to present a preliminary
study into the pharmacophylogenetics of the family as a whole. Dibenzocyclooctadiene lignans (I) are considered
to be the main chemical components of the family. Despite their traditionally recognized hepatoprotective func-
tion, they also exhibit anti-oxidant, anti-cancer and anti-HIV potential. Those dibenzocyclooctadiene lignans (I)
possessing hydroxyl or angeloyloxy groups at C-6 or C-9 in the ethylidene-cyclooctane ring tend to exhibit a
higher anti-cancer activity. Spirobenzofuranoid dibenzocyclooctadienes (I1), mostly present in Kadsura, contain a
special tetrahydrofuran ring spanning the biphenyl linkage and these demonstrate particular anti-PAF activities.
This supports the traditional use of Kadsura to improve blood circulation and “remove dampness”. Spirobenzofu-
ranoid dibenzocyclooctadienes (II) could be considered as the bioactive marker compounds in Kadsura and hence
markers for assessing quality. The distribution of all known lignans in the family showed that Kadsura is rela-
tively advanced in evolution. Cycloartanone triterpenes occur in both Schisandra and Kadsura. Those with the
A-ring open (1) tend to exhibit greater anti-cancer and anti-HIV activity. 7/7/5/6 triterpene lactones (IV), showing
strong cytotoxicity, have only recently been discovered in Kadsura longipedunculata and as such have potential
as anticancer agents. Recently, novel nortriterpenoids possessing a unique skeleton were found in S. lancifolia and
S. micrantha; some exhibited clear anti-cancer or anti-HIV activity and are the subject of separate studies.
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151 27 BN B2 17 o S N R O B Py 1 R
R R R R E K, B,
AT TR R . AR TR 308, =
T 9N 2= 3 R Zx pd 5B, AN 1 BB Schisandra  glabra
(Brickell) Rehder;™ -3¢ [H 2 j 5, 3 EH 244 194,
ML A, R KRB 29280, TP AR
BRI mE S, FRIE L 1000, AHXHEEH T 74 R 5 A
REET

1 ARFRAEM D RFTRER

Brickell (180342 H J&-3 H#]) k& & Stellandria
glabra Brickell, [F]4F-4 F, Michaux & & Schisandra
coccinea Michx., J& % Stellandria K 11 ¥ Z # .
Rehder (1944)8 3R ¥ Schisandra Michx. {F h 1Lk
FIE 24, FEUABrickell A A FEA 4, #fi5E H
Bk 7 JE ) B X Schisandra glabra (Brickell)
Rehder, #AMTHTH %4 18104F, de Jussieu kK /g
T F JE Kadsura Kaempf. ex Juss. %% %4, Dunal
(1817)LALinnaeus FIAE Y K FEA %, i€ 7w LK
+F J& IR CFf Ok Kadsura japonica (L.) Dunal. 1830
4F, Blume lE XA T FRFFl “Schizandreae” , &
H e 5 AR 2% B Magnoliaceaellf % . Don (1831)¥ 1% %4
¥ %4 Schizandraceae. 19474ESmith & & (Schisan-
draceae) L, X Mk TRIAT T 2R, ¥
Schisandral&4y 3441, N HL®W FEHITTE T
Iy, AFR22F0.

TR RHESL LR, Fah2eFATis B &S
ks, IG5 MsE . MR T REFEZFh
FE AR RGAE . WBZAIRR K& T 752K
AT T REMVT . N T IR FRIN RGN E, %
4 L —B0A KN TR FRIAIR 2B R AR, CATILE
IS LR E—2 IR — B R Fomk 128
BETAEAR 22k . B &4 70 SCE R UK R,
TR TR RS K B TAEAWF 5 MoEsE, AMIE
WG R I LR IR RIR 2R 22 e, Wl 1) 4y
K% (Lawrence, 1915; Cronquist, 1968; Takhtajan,
1969; Thorne, 1992)44 J5i s J& T AR = RHA 22 )% J\
FHIGERN LR G 53 SN RAE K = ANEF. 1)\ R
KT B T ER 2 MR A AR 25 g HoAh 2k
TN B 55 50 5 )\ B (B5E 5k, 1950; Heywood,
1971; Dahlgren et al., 1985; Cronquist, 1988; Takhta-

VPRGESE: R TR TR Z A IR 693

jan, 1997). TR REMAEGEHIAR ZZREF 0, Jior
R, HEr e R 2 e E e, B2 07 ks s
5 )\ MRS — MR B2 1R, AL AR
Sy H = AT AR S A 1) A6 K R R ! Ranalean
typelf) 7 W4 Jifl(Bailey & Nast, 1948), Smith (1947)
7R E PR B ] — T R R AT AR,
AL ) AN ] 77 o) 5 A0 1T BN 7 25 B TR RS 28 R A R AT
PRE . BB SRFIFRAS(2007) i it bl kR 5 )\
i BHliciaceae AR M IR AL, 1 — Ak SR}
P28 2 KRR, ASCFRH Tk R\ H
Hliciales " 8 57 H K B 37 FK F H Schisandrales [
Mo TR RF3 A AR 8 AT FE FU S8 AN 26
B, WS 2 T SCHy, WY 85 T2,
RKEZHFE N2 @ikl 7y, X &= 24 1
WEAE AL FE 30 5N T8 SO [ T (P Tk e ) B 53] o 4 [
FEIE AL TR ) o AH SRR — A& I 4R W — A e gk
e, PLPAIAG—, B&EAUEH. By E2a =F
MR 10 U 18 3R G B AR TR T8 2 i
(Smith, 1947), 2. F PR T8 RFENEAE KT8
RN A, 1984), 3. PRI TIEFRH G, P47
HEAL BV A [) 1 28 A (PN, 2000; 25,
2003). T IR FRE T2, R, BA
HAREYERIA: Smith (1947)7F k78 T $441:
% EHWK T 4lsect. Pleiostema A. C. Smith (BL$51¢
oh LR R R AL TR 8F) . 2D 88 R 1 A sect.
Maximowiczia (Rupr.) Law. LWL T4lsect. Schisan-
dra~ P& T Y sect. Sphaerostema (Blume) Y. H.
Law (445 A8 FR 1 BEATE I FK 1), K rg B
WK 8 oy 3L SR TR T Alsect. Cosbaea
(Lem.) Law- Fd TLWE T 4lsect. Kadsura R pEvE TLR T
Zsect. Sarcocarpon (Blume) A. C. Smith. X|4F
(1996) 7 v [ Towk 1R J& F 55 4R 43 K Smith
RGETHNFERT 2V E, FRGED ity
KACTRTHESYTF, S8 F R+ FE R0 9 ook
oI, WENE, Mk TE T, &IFEE

FR T4 AR 4L T R S8 R LK1V subgen.
Cosbaea (Lem.) Law, B2 JE, 435 0 285 rd
TR TV JE subgen. Cosbaea (Lem.) Law 1 g F 1
IV JE subgen. Kadsura. Saunders (1998)7E T4 ¥ J&
B JE A 8 T 554k, e Tk 1 5 K4
HIRTFHEDTT, 4> B 2 S5 HK T I JEsubgen. Pleio-
stema (A. C. Smith) LawFlH 4 F1 Ik IV J& subgen.
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Sinoschisandra Law, 1% Smith & 5t 1)/ & 1% T
M HRF AL R, R IELE T k1
WV JEsubgen. Schisandra (Blume) Y. H. Law2 "'; [A]
i Saunders (1998, 2000)Z ¢ X1 K 7 5& T 7F Fe 1Lk
FJE T2 B M AL, FEAE S — AW E R
BT Smith RG24 HERIX =N EH KRR
8, FEEAE RS E T I, AFEEeT ok
TS KA IR RS0 TF, RS TR AR
T TR S5 20 T, AR & 1 RS2 e A 4k
AL T 8 B DT R AL 2 R . T HR T
JE R, BIAEN LS —, HE FRBN RS
KR, AR R RIEA a7, T E
PAAE(2003) %) B TR T8 T JLAS R rbe L [ 73
Wi RS OB S B JE .

T LOAE ) V5 22 238 SXOM I 55 AP 7 10 ok 1 Ft
R R RGERATIE 1E . FRAE(2000, 2002) 7157 Hh i
MIFER b, 456 REPRATEUE, Xt 50 F ) Tk
T TR B A 4r 282207 1E, JFN TR+
JE10%, R FLBR T B 1R . Liu%(2006)50 87 T 1Bk
THRHAZDNA ITSHIHZADNA trnL-FAER P41,
W T R TR RERE, NIRRT AP
K3 — 584 UK T )& Schisandra I P 41
T3 SRR T KT B R, SRR T
J&Kadsuralf)Fh, BI¥5Smith (1947) KRG LK T8
MRS kAL 455 20 k1 g b . MA A &
ZR(2007) A FLR ¥ JB A 1933N TE A IR S A
KW, Lad i sCort, St — AN 1ok & 4
KRG ¥ KT8 53 0 TR+ 8 A1 A S8 k1
WV JE subgen. Sphaerostema (Blume) Y. H. Law; ¥ T
KIS 2 E TR T4 DERR A, hiE
TR T sect. Sinoschisandra (Y. H. Law) Q. Lin &
Z.R. Yangfll TR 141 2 5Z FIARAR(2007) AR 4 A
PR P RO Tk BHIEATUPGMA SR 2K 40 i,
3 25 W W8 7R B TR JE AN LR 8 7E KB R R
IEH A — M XMES, X501 REF M4
w3, RUXWAECREY], o] Rel iR T3Lm
(RA15E . Wang%#(2007)0 /5 T Tk 1R 14504
B S AR matK X Frpll6 N &5 11X, 0 #1152k 4
HLS. propingua (Wall.) Baill. var. sinensis Oliv.flI 5
TR TS, plena A. C. Smith{k EAEr K TR .

i bR, AR ARG, B RS
HAEESE, H AT ARIS 2% — BN iR,

2 ARFRIFEXRSUFERS

CA R A FTas AR, ARZEZRHRFIE I A
I3 0 e MEK S AL WD B RO AR IR 3, IR0 =i 28
35 ARMEFR =il 2 TR R P 2R A, 3
PRI TR ARG R AP b AT I
WRTRE, D HAE T R GO R A,
PEIBEA A S M R 2202 TR 1 R A AL A% 1 o),
HA R EE X, MARZRHEY) %A IR
HEZR; 15 01k, TR TR\ S B R IR
Wk T BRI e 2 A s R A PR R g 5 A e
R AT LR R\ 303 A9 30, 4R
PIRH L FREYE . PRI, TR PRI L GEAR 22
oy, SR, HINAREEG R RRE, XU
RAMMIERS = ko JRJIG~7 DAL i 27 g Tt
FRICHy, M HASE AL R EE .
21 ARFEVDPHARERRESEFEX
AR ZR L TUR 7R ) b 1 2 AR 0
gy, @it L, AR . 184 ik EF
P o BN A IR 242002 A4S, AR 4L ]
Ir TR 10 BRI S 445 25 (dibenzocyclooctadi-
enes; 1; K 1); IL BRI 59 6 A PR - I 2
(spirobenzofuranoid dibenzocyclooctadienes; F2; 3
2); M. 75 5E DU 25K (aryltetralins; [8]3; #3); TV.
5% T Bidi(diarylbutanes; [Kl4; %4); V. PYERE
525 (tetrahydrofurans; 5; #5).
IRSERE R JE TR RARIR R, WA TEIRE
R, TR T ARG R R A4 AR R
W) TR, T FE DY S R R NIR 2N DY A
AR % e N 05 F T RERAR R Z AT >k 1,
JE AR BEA IR A2 J s MR R IR g 28 B R R S 0
ARG FR A LA Ty 4 35 45 ) ) B R A 0 R A IR
REMI TR ), W8 T B A A o) (1 6;
%6).
TLRRANE AL TR 1 B 1 70 A 2o
s R ORG240, 1
B ARG L L, Ry AR 5 ]
73 4S-TBC (twist boat chair)(1-89, 138-139), R-TBC
(90-116), S-TB (118-133), H:H'S-TBCHRAIAKfFHE
s 2 RLE, B ERR T C-4MC-11467 47245
JRF2 A, HAhAL B (C1-3R1C-12-14)3 4 25 5
R, BFRE AL, W A R ALRINRAE, MR
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Fig. 1. Structures of dibenzocyclooctadienes from Schisandraceae.
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Table 1 Dibenzocyclooctadienes from Schisandraceae
Py Emawk GifyV KRR SR
No.  Compound Structure” Plant source” Reference
1 schisandrin C R|+R,=Rs+R=CH,, Rs=R4s=CHs,  TiWkF-Schisandra chinensis (Turcz.) Baill. (£, s) Ikeya et al., 1982b
(wuweizisu C) R=R¢=H EREE TR TS, sphaerandra Stapf (s) Guo et al., 2003

R1+R2:CH2, R3:R4:R5:R(,:CH3,
R~=Rs=H

R1:R7:R32H, R2:R3:R4:R5:CH3
R1=R2=CH3, R3=R7=R3=H,
R5+R5:CH2

R1:R7:Rg:H, R2:R3:CH3,
R5+R6=CH2

R1:R5:R7:R8:H,
R2=R3=R4=R5=CH3

2 gomisin N

3 (-)-gomisin K,
4 (-)-gomisin L,

5 (-)-gomisin L,
6 gomisin J
R=R,=R;=R4=CH;, Rs+R¢=CH,,
R7:R8:H

R+R,=CH,, R3=R4=Rs=Rs=CHj,
R7=H, R3=OAC

7 (—)-rubschisandrin

8 kadsurin

9 binankadsurin A R;+R,=CH,, R3;=Rs=R=CH3,

R4:R7:H, Rg:OH

10 acetyl-binankadsurin R;+R,=CH,, R;=Rs=Rs=CHj,
A Rs=R;=H, Rg=OAc

11 angeloyl— R1+R2=CH2, R3=R5=R()=CH3,
binankadsurin A R4+=R;=H, Rg=OAng

R;+R,=CH,, R;=Rs=R~=CHs,

R4=R;=H, Rg=OCap

R1+R2:CH2, R3:R5:R6:CH3,

R,=R;=H, Rg=0Bz

12 caproyl-
binankadsurin A

13 benzoyl-
binankadsurin A

BB TR TS, propingua (Wall.) Baill. (s)
KUK B 1R T Kadsura interior A. C. Smith (s)
TRTS. chinensis (£, s)

B8R T-S. propingua (s)

TLWRT-S. chinensis (f)

TS, chinensis (f)

FWKTS. chinensis (f)

FWKTS. chinensis (f)

MZRK. coccinea (Lem.) A. C. Smith (s)
A8 1L TS, rubriflora (Planch.) Rehd. & Wils. (f)
AL TS, rubriflora (f)

HAR T T K. japonica (L.) Dunal (s)
KK TR T K. interior (s)

LR TR K. Heteroclita (Roxb.) Craib (s)

L AL TR TS, rubriflora (s)

KA R LR FK. longipedunculata Finet & Gagnep. (s)
Kadsura sp. (s)

H AR T 7K. japonica (f)

Kadsura sp. (s)

H A ™ 18K FK. japonica (f)

H AR WK K. japonica (f)

KRG TR T-K. longipedunculata (s)

Chen et al., 2001¢
Chen et al., 2002a
Ikeya et al., 1978a
Chen et al., 2001a
Ikeya et al., 1980a
Ikeya et al., 1982¢

Tkeya et al., 1982¢

Ikeya et al., 1978b
Lietal., 1985a
Chen et al., 2006
Wang & Chen, 1985

Chen et al., 1973
Ding & Luo, 1990
Chen et al., 1992
Li et al., 2004

Lietal, 1991

Liu & Zhou, 1991
Ookawa et al., 1981
Liu & Zhou, 1991
Ookawa et al., 1981

Ookawa et al., 1981

Lietal., 1991




696

31 (%) Table 1 (continued)

Y

T 532243 Journal of Systematics and Evolution

2008 464554

5 WEMERK g KR A4 SCHR
No. Compound Structure” Plant source” Reference
14 butyryl- R+R,=CH,, R;=Rs=R=CH3, Kadsura sp. (s) Liu & Zhou, 1991
binankadsurin A R4=R;=H, Rg=Obutanoyl
15 isovaleroyl- R+R,=CH,, R7=Rs=R(=CHs, KA TR T K. longipedunculata (s) Lietal, 1991
binankadsurin A R,=R;=H,
Rg=0-3-methylbutanoyl
16  isobutyroyl- R,;+R,=CH,, R;=Rs=Rs=CHj, KM R TR TK. longipedunculata (s) Lietal., 1991
binankadsurin A R,=R,=H,
Rg=0-2-methylpropanoyl
17  heteroclitin A Ri+Ry=CH,, Ry=R/=Rs=R¢=CHs, = R LK TK. heteroclita (s) Chen et al., 1992
R,=H, Rg=0-2-methylbutanoyl HE TR TS, propinqua (s) Xu et al., 2006
18  heteroclitin B Ri+Ry=CH,, Ry=R/=Rs=R¢=CHs,  FJEH LK TK. heteroclita (s) Chen et al., 1992
Rs,=H, Rg=OAng L AL TR TS, rubriflora (s) Lietal., 2004a
19  heteroclitin C Ri+R,=CH,, Ry=R=Rs=R¢=CH;,  JEF 1Lk T°K. heteroclita (s) Chen et al., 1992
R,=H, Rg=0Tig LA 1L TS, rubriflora (s) Li et al., 2004a
20  angeloylbinankad- R=R,=R;=Rs=Rs=CHj, H AR TR 7K. japonica (£, s) Ookawa et al., 1995
surin B Rs=R;=H, Rg=OAng
21  acetylbinankadsurin B R,;=R,=R;=Rs=Rs=CH, HAM T FK. japonica (f, s) Ookawa et al., 1995
R4=R;,=H, Rg=OAc
22 deangeloyl- R=R4s=R;=H, HA® 1B FK. japonica (s) Ookawa et al., 1995
schisantherin F R,=R;=Rs=R=CH3;, Rg=OH
23 schisantherin F R=R,=H, R;=Rs=Rs=CHj, Kadsura sp. (s) Liu & Ma, 1988a
R,=Ang, Rs=OH
24 gomisin U R=Rs=H, R,=R;=R;=Rs=R¢=CHj, {E1 HIKFS. sphenanthera (f) Ikeya et al., 1991
R7:OH
25  benzoylgomisin U R;=Rs=H, R=R3;=R4=Rs=R¢=CHj;, £+ T Bk TS. sphenanthera (f) Ikeya et al., 1991
R,=0Bz
26  tigloylgomisin O R;+R,=CH,, R;=R,=Rs=R=CH3, farf HKFS. sphenanthera (f) Ikeya et al., 1991
R~=0Tig, R&=H Jiang et al., 2005
27 epigomisin O Ri#R;=CHy, Rs=R4=Rs=Re=CH;,  HWKTFS. chinensis (f) Ikeya et al., 1979a
R;=0-OH, Rg=H e FLRT-S. sphenanthera (f) Ikeya et al., 1991
LA TR TS, rubriflora (s) Chen et al., 2006
28  gomisin S Ri=Rs=H, R;=R3=R4=Rs=R¢=CHj;, TfiWKFS. chinensis (f) Ikeya et al., 1988a
R7:Q-OH, Rg:H
29 Schisantherin B R;+R,=CH,, R;=R;=Rs=Rc=CH3, b TR TS, sphenanthera (f) Liu et al., 1978a
R;=OAng, Rg=H L AL TR TS, rubriflora (s) Chen et al., 2006
30  schisantherin L Ri+Ry=Rs+R¢=CH,, Rs=R;=CH;, = MZEK. coccinea (s) Liu & Li, 1993
R;=0OAng, R¢=OH
31  acetylschisanthterin L Ri+R,=Rs+R¢=CHa, Rs=R4=CHs,  MLZ[EK. coccinea (s) Liu & Li, 1993
R,=0OAng, R&=0OAc
32 schisantherin M Ri+R=Rs+tR=CH,, R;:=R4=CH;, = BZEK. coccinea (s) Liu & Li, 1993
R;=0OAng, Rg=OTig
33 schisantherin N Ri+Ry=RstRe=CH,, Rs=R;=CHi;,  ML3Z[EK. coccinea (s) Liu & Li, 1993
R~=0OAng, R&=OAng
34 schisantherin P Ri+R;=Rs+R¢=CH,, R3=R;=CH;,  MBE¥K. coccinea (s) Liu & Li, 1995a
Rs=0H, Rg=OH W75 T T-K. angustifolia (s) Chen et al., 1998a
35  angustifolin A Ri+Ry=Rs+R¢=CHy, Rs=R4=CHs,  JkIM 1 FLWL T K. angustifolia A. C. Smith (s) ~ Chen et al., 1998b
R;,=0OBz, R¢=0OBz
36  angustifolin B R|+R,=R;s+R¢=CH,, R;=R,=CH3, Bert 7 TLMT-K. angustifolia (s) Chen et al., 1998b
R7:OBZ, RR:OAC
37  angustifolin C Ri+Ry=Rs+R¢=CH,, Rs=Ry=CHs,  JkM-Fg 1Lk K. angustifolia (s) Chen et al., 1998b
R;,=0OBz, R¢=OH
38  angustifolin D R|+Ry=R;s+R¢=CH,, R;=R;=CH3, Bert 7 TLM K. angustifolia (s) Chen et al., 1998a
R7:OAC, Rg:OAC
39  renchangianin C R,;=R,=Rs=R =CH3, R;=R,=H, =B M LK TK. renchangiana S.F. Lan (s) ~ Chen et al., 2004a
Rs=0Cin, Rg=OAng
40  rubriflorin A R+R,=CH,, R;=R,=Rs=R=CH3, AL TR TS, rubriflora (s) Lietal, 2004 a
R,=0OAng, R¢=0OAc
41  propinquanin D R;=H, R,=R;=Rs=R¢=CH;, BT TS, propingua (s) Xu et al., 2006

Rs=Ang, R;=OH, Rs=OAc




31 (%) Table 1 (continued)

VPGS TR 7 RE 2 TR A IR

697

a5 WEARR 4ty KA SCHR
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42 longipedunin A R;+R,=CH,, Ry=Rs=R=CHj, KA R TR TK. longipedunculata (s) Sun et al., 2006
Rs=R;=H, Rg=0OCin
43 longipedunin B R;+R,=CH,, R;=Rs=Rs=CHj, KA IR T-K. longipedunculata (s) Sun et al., 2006
R4=R,=H, Rg=OAc
44 rubriflorin B R=R,=R;=Rs=Rs=CHj;, R3=H, AL TR TS, rubriflora (s) Lietal., 2004a
R7:H, Rg:OXO
45  schizanrin L R,=R,=R;=R,=Rs=R(=CH3, HA® T TK. japonica (f, s) Kuo et al., 2005b
R,=OBz, R&=H
46  ananosin A R,+R,=CH,, R;=R,=Rs=R¢=CHj, F R M W FK. ananosma Kerr (s) Chen et al., 2001e
R7:0Tig, Rg:OH
47 acetylgomisin R R,+R,=CH,,R;=R,=CHj3, GRS TR TS. propingua (s) Chen et al., 2001a
R5+R()=CH2 R7=OAC, R3=H
48  rubrifloralignan A R=R,=Rs=R¢=CHj, AL TR TS, rubriflora (s) Tian et al., 2006
R3:R4:R7:R3:H
49  rubrisandrin A R;=R,=R;=Rs=CHj, L4 TR TS, rubriflora (s) Chen et al., 2006
R3:R6:R7:R3:H or
Ry=R3=Rs=Rs=CH;,
R1:R4:R7:Rg:H
50  rubrisandrin B R;=R,=Rs=R¢=CHj, L4 T TS, rubriflora (s) Chen et al., 2006
R3=R4=R7=R3=H
51 angeloyl-(+)-gomisin R;=R,=Rs=R¢=CH3;, R;=Ang, G ESTIR TS, propingua (s) Lei et al., 2007
K3 R7:R3:H
52 methylisogomisin O  R;=R,=R;=R4=CHj, G TR TS, propinqua var. propinqua (s) Lei et al., 2007
R5+R()=CH2, R7=0CH3, R8=H
53 kadsuphilins D R,+R,=CH,, R;=Rs=R=CH;, A HK FK. philippinensis Elm. (s) Shen et al., 2007
R.=H, R,=OH, R&=OAc
54 kadsuphilins F R;+R,=CH,, R;=Rs=R¢=CHj, ML HKFK. philippinensis (s) Shen et al., 2007
R,=H, R;=0H, Rs=0Bz
55  kadsuphilins C R;+R,=CH,, R;=Rs=R¢=CHj, FEETE TR T'K. philippinensis (s) Shen et al., 2007
Rs=H, R,= OBz, R¢—OAc
56  kadsuphilins E R,;=R,=R;=Rs=Rs=CHj, M HKFK. philippinensis (s) Shen et al., 2007
R,=H, R;=0H, Rs=0OBz
57  gomisin B R;+R;=CH,, R3=R4=Rs=Rs=CHj, FLWKTFS. chinensis (f) Ikeya et al., 1979¢
R;=0Ang, Re=H Harh HKF-S. sphenanthera (f) Liuetal, 19782
KA 1K T K. longipedunculata (s) Li & Chen, 1986
HETRTS. propinqua Chen et al., 2001a
Rl B 111 FLWR T-S. arisanensis Hayata (s) Wu et al., 2003
58  gomisin C R+R,= CH,, R3=R4=Rs=R=CHj;, WK TS. chinensis (f) Ikeya et al., 1979¢c
(schisantherin A) R;=0Bz, R¢=H Hrh FUK TS, sphenanthera (£, s) Liuetal., 1978a
HEEFRTFS. propingua (s) Yue et al., 1994
FRE T TS, henryi Clarke (£, s) Chen et al., 2001a
UK R Tk TK. interior (5) Chen et al., 2005b
: Chen et al., 2002a
59 gomisin F R1:R2:R3:R4:CH3, R5+R6:CH2, ﬂu}k fS chinensis (f) Taguchi et al., 1977
R7=OAng, R3=H
60 gomisin G R;=R,=R;=R,=CH3;, Rs+R~=CH,, TR T-S. chinensis ® Taguchi et al., 1977
R;,=0Bz, Rg=H /NAE TR TS, micrantha (s) Li et al., 20052
FM TR TS, henryi (s) Chen et al., 2005
Fa] 5 1Ly TR TS, arisanensis (s) Wu et al., 2003
BT TS, propingua (s) Chen et al., 2001a
KUK B Tk FK. interior (s) Chen et al., 2002a
61  benzoylgomisin Q R=R,=R;=R4=Rs=R=CHj, A TR TS, sphenanthera (£, s) Ikeya et al., 1990
R;=0Bz, R¢=H B FLIE TS, henryi (s) Chen et al., 2005b
62  angeloylgomisinQ  R,=R,=R;=R,=Rs=R,~CHj, TLRTS. chinensis (f) Ikeya et al., 1979b
R7:OAng, Rg:H
63  interiotherin B R+R,=Rs+Rs=CH,, R;=R,=CHj;, SR FE T TK. interior (s) Chen et al., 1996
R7=OAng, R3=H
64  interiotherin C R,+R,=CH,, R;=R4=Rs=R(=CH;, K T TK. interior (s) Chen et al., 2002a
R;=0Ang, Rs=OAc
65  schisantherin C R,+R,=CH,, R;=R4=Rs=R=CHj, Harp HKFS. sphenanthera (f) Liuetal., 1978a

R7:0Tig, Rg:H

TRTS. chinensis ()

Ikeya et al., 1979¢
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66 schisantherin D R1+R2:R5+R6:CH2, R;=R,=CH;, ﬂérr'ﬂ% fS Sphenanthera (f) Liu et al., 1978a
R;=0Bz, R¢=H FLF-S. chinensis (f) Ikeya et al., 1982b
=k ; ; Yue et al., 1994
PURRITLIRTK. intertor (5 Chen etal., 1996
67  schisantherin E R,=Rg=H, R;=Obz, HErh HIKFS. sphenanthera (f) Liuetal., 1978a
R2:R3:R4:R5:R6:CH3
68  schisantherin G R,+R,=CH,, R3=H, Rg&=0OAc Kadsura sp. (s) Liu & Ma, 1988b
R4=R5=R5=CH3, R7=OAng,
69 schisantherin H R;+R,=CH,, R;=H, Kadsura sp. (s) Liu & Ma, 1988b
R3=Rs=R=CHj3, R;=Rs=0OAng
70  schisantherin I R=H, R,=R;=R;=Rs=Rs=CHj;, Kadsura sp. (s) Liu & Ma, 1988b
R;=OBz, R¢=OAc G EHIRTFS. propinqua (s) Xu et al., 2006
71 schisantherin J R;+R,=CH,, R;=R4=Rs=R¢=CHj, KAl TLETK. longipedunculata (s) Liu & Pan, 1991
R;=0Bz, Rg=Olsobutyloyl
72 kadsurarin R,+R,=CH,, Rs=H, HA® WK TK. japonica (s) Chenetal., 1973
R,~=Rs=Rs=CHj3, K. matsudai Hayata (s) Wu et al., 2003
R7=OAng, Rg=0OAc Kadsura sp. (S) Liu& Ma, 1988b
SEIEFE TR T-K. heteroclita (s) Wang et al., 2006a
73 propinquanin A R;=H, R=R;=R;=Rs=Rs=CHj, G IS TS, propinqua (s) Xu et al., 2006
R7:0A1‘lg, RgZOCap
74  propinquanin B R=Rs=H, R,=Rs=Rs=R=CHj, G EIKTS. propinqua (s) Xu et al., 2006
R7:OBZ, Rg:OCap
75  propinquanin C R;+R,=CH,, Rs=H, BB TR TS, propinqua (s) Xu et al., 2006
R4=Rs=R¢=CH3,
R~=0OAng, Rg=OCap
76  heteroclitalignan A R;+R,=CH,, Rs=H, SIEE LT K. heteroclita (s) Wang et al., 2006a
R=Rs=R¢=CHj;, R,=OAc, Rg=OBz
77  heteroclitalignan B R,+R,=CH,, R;=R,=Rs=R¢=CH3, S K FK. heteroclita (s) Wang et al., 2006a
R~=0OAng, Rg=OProp
78  heteroclitalignan D R+R,=CH,, R;=OH, SEIERE T T-K. heteroclita (s) Wang et al., 2006a
R4=R5=R5=CH3, R7=OAC, R3=OBZ
79  schizanrin I R,+R,=CH,, Rs=H, HAHS 1L K. japonica (s) Kuo et al., 2005b
R4:R5:R6:CH3, R7:OBZ, RgZOBZ
80  schizanrinJ R;+R,=CH,, R;=H, R¢=OAng HA® WK TK. japonica (s) Kuo et al., 2005b
R4=R5=R5=CH3, R7=OTlg
81  schizanrin K R;+R,=CH,, R;=R4=Rs=Rs=CH3, HA® WK TK. japonica (s) Kuo et al., 2005b
R7:0Tig, Rg:OXO
82 schizanrin F R,+R,=CH,, R;=R4=Rs=R=CHj3, K. matsudai (s) Wu et al., 2003
R7:OBZ, Rg:OAC
83 schizanrin G R,+R,=CH,, R;=H, Rg=0OAc K. matsudai (s) Wu et al., 2003
R4=Rs=R=CH3;, R;=OAng
84 schizanrin H R;=R,=R;=R4=Rs=Rs=CH;, K. matsudai (s) Wu et al., 2003
R7:OBZ, Rg:OAC
85  renchangianin A R,;=R,=Rs=Rs=CHj3, R;=R,=H, 1= B 58 TLW K. renchangiana (s) Chen et al., 2004a
R7:OBZ, Rg:OAC
86  renchangianin B R;=R,=Rs=Rs=CHj3, R;=R,=H, 1= B 5 TLTK. renchangiana (s) Chen et al., 2004a
R;=0Bz, Rs=OAng
87  renchangianin D R,;=R,=Rs=Rs=CHj3, R;=R,=H, =B 5 T TK. renchangiana (s) Chen et al., 2004a
R7:OBZ, Rg:OAng N
7 (spirocyclic epoxy)
88  deangeloylgomisin B R;+R,= CH,, R3=R4=Rs=R¢=CHj, HEEF S. chinensis (f) Ikeya et al., 1979a
R7:H, Rg:H
89  benzoylgomisin P R;+R,=CH,, R;=R4~Rs=R=CHj, A TR TS, sphenanthera (f) Ikeya et al., 1990
R7=OBZ, R3=H
90 tigloylgomisin P Ri#+R,=CH,, R5=R;=Rs=R¢=CHs, (WK T-S. chinensis () Ikeya et al., 1978a
R;=0Tig, Rg=H E B TIRTS. propinqua (s) Chen et al., 2001c
LA TLW TS, rubriflora (s) Chen et al., 2006
91 angeloylgomisin P R,+R,=CH,, R;=R4=Rs=R¢=CH3, HIEFS. chinensis (f) Ikeya et al., 1980b
R;=OAng, Rg=H Herh 1L T-S. sphenanthera (f) Ikeya et al., 1990
AL TR TS, rubriflora (s) Chen et al., 2006
92 schizanrin A R,+R,=CH,, R;=R,=H, Rl L1 1 LR TS, arisanensis (s) Kuo et al., 1999

R4=R5=R5=CH3 5 R8=Cin
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93 schizanrin B R;+R,=CH,, R;=R;=H, K. matsudai (s) Kuo et al., 2001
R4=Rs=R¢=CHj3, Rg=0iso-valeroyl
94  schizanrin C R;+R,=CH,, R3;=R,=H, K. matsudai (s) Kuo et al., 2001
R4:R5:R6:CH3, RgZOCap
95 schizanrin D R+R,=CH,, R;=R,=H, K. matsudai (s) Kuo et al., 2001
R4=R5=R()=CH3, R3=OaC
96  schizanrin E R+R,=CH,, R;=R;=H, K. matsudai (s) Kuo et al., 2001
R4:R5:R6:CH3, Rg:OBZ
97  (#)-kadsutherin R,=R;=Rs=Rs=R¢=CHj, MZRK. coccinea (s) Lietal., 1985
R3:Ang, R7:R3:H
98  (+)-deoxyschizandrin R;=R,=R;=R,=Rs=R=CHj, TLUET-S. chinensis (£, s) Chen et al., 1976
(schisandrin A, R;=Rs=H Yt TR T-S. sphenanthera (f, s) Liu et al., 1978b
wuweizisu A) LTIV TS. propingua (s) fhao et all., ;?)(9)95
i . 1ang et al.,
LLAC WK TS, rubriflora (s) Cheﬁ ot al.. 2006
99 (+)-y-schisandrin R+R;=CH,, Rs3=R4=Rs=R¢=CHs,  HIKT-S. chinensis (f, s) Chen etal., 1976
(schisandrin B, R/=Rg=H R TR T-S. sphenanthera (£, s) Ikeya et al., 1979a
wuweizisu B)
100 (+)-gomisin K, R;=R;7=Rg=H, FLURTS. chinensis (f) Ikeya et al., 1980a
R,=R3=R4=Rs=R¢=CHj,
101 (+)-gomisin K R;=Ry=R4=Rs=Rs=CHj, HKTS. chinensis (f) Ikeya et al., 1980a
Rs=R;=Rs=H Yt 1L TS, sphenanthera (f) Ikeya et al., 1990
Fif B 1L LR TS, arisanensis (s) Q(Vueeit;l.’zl(?()g;
. u .
INFE TR TS, micrantha (s) Liet al., 2005
102 schisanhenol R,;=R,=R;=Rs=Rs=CHj, WIS, henryi (f) Liuetal., 1978b
R4=R;=Rg=H E%J/S chinensis (f) Chen et al., 1982
LLAC WK TS rubriflora (£, s) Heetal., 1997
A TR TS, propingua var. intermedia A. C. Smith (s) Li etal., 1996
103 schisanhenol acetate ~ R;=R,=R;=Rs=Rs=CHj, ZIAC WK TS, rubriflora (£, s) Wang & Chen, 1985
Rs;=Ac, R;=Rg=H FKTS. chinensis (f) Ikeya et al., 1980
104 (£)-gomisin M, R=R,=R;=CH3;, Rs+Rs=CH,, HIEFS. chinensis (f) Ikeya et al., 1982¢
R3=R7=Rg=H KA 5 TLET-K. longipedunculata (s) Tan et al., 1984
LAE TLR TS, rubriflora (£, s) Chen et al., 2006
105  r(+)-angeloylgomisin R;=R,=R,=CHj3, Rs+R¢=CH,, KAl m T TK. longipedunculata (s) Tan et al., 1984
M[ R3=Ang, R7=R3=H
106 (+)gomisin M, R=Ry=R;=CHj;, RstR¢=CHa, FLBRT-S. chinensis (f) Ikeya et al., 1982¢
R=R;=Rg=H KAE B 1R T K. longipedunculata (s) Lietal., 1985
AL TR TS, rubriflora (£, s) Chen et al., 2006
107  kadsuranin R,=R,=R;=R,=CH;, KAl TL T K. longipedunculata (s) Tan et al., 1984
Rs+R¢=CH,, R;=Rs=H
108  schisantherin O R;+R,=CH,, R3=Rs=R¢=CH;, HRZIRK. coccinea (s) Liu & Li, 1993
R4:R7:H, RgZOAC
109  gomisin A R;+R,=CH,, R;=R4=Rs=Rc=CH3, HIET-S. chinensis (f, s) Tkeya et al., 1979¢
(schisandrol B) Rs=0OH, Rg=H SETE R HLRT-K. heteroclita (s) Chen et al., 1976
K- 7. 9
KA%RE TLUE T-K. longipedunculata (s) Li & Chen. 1986
110  schisandrin R=R,=R;=R;=Rs=R=CH3, TLUET-S. chinensis (f) Tkeya et al., 1979¢
(schisandrol A ) R;=0OH, Rg=H KRG TLUE K. longipedunculata (s) Li & Chen, 1986
LA LI TS, rubriflora (f) Chen et al., 2006
111 gomisin H R;=R,=R;=Rs=R¢=CHj, TR TS, chinensis (f) Ikeya et al., 1979d
R;=OH, R;=Rg=H MZFRK. coccinea (s) Lietal., 1985
112 angeloylgomisin H R=R,=R;=Rs=R¢=CHj, TLT-S. chinensis (f) Ikeya et al., 1978c
R;=Ang, R=OH, Rg=H KAE R FLE TK. longipedunculata (s) Li & Chen, 1986
113 tigloylgomisin H R;=R,=R,;=Rs=Rs=CHj, TLUET-S. chinensis (f) Ikeya etal., 1978¢c
Ry=Tig, R,=OH, Ry=H
114 benzoylgomisin H R;=R,=R;=Rs=R=CHj, TS, chinensis (f) Ikeya et al., 1978¢
R3:Tig, R7:OH, Rg:H
115 gomisin T R,=R3=R4=Rs=R¢=CHj, FLKTFS. chinensis () Ikeya et al., 1988a

R,=Rs=H, R;=OH
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116  isoschizandrin R;=R,=R;=R,=Rs=R¢=CH;, TR TS, chinensis 6] Ikeya et al., 1988b
R,=OH, R¢=H

117  schisanlignone A R=R,=R;=R;=Rs=Rs=CH3;, Kadsura sp. (s) Liu & Zhou, 1991
R7:H, Rg:OXO

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

142

143

144

schisanlignone B
schisanlignone C
schisanlignone D
schisanlignone E
schisanhenol B
longipedunin C
micrantherin A

gomisin O

angeloylgomisin O

angeloylisogomisin

6-O- benzoylgomisin

O

benzoylisogomisin O

gomisin R
schisantherin Q

angeloylgomisin R

interiotherin A
rubschisantherin
schisanlignaol D
schisantherin K
yunnankadsurin A
yunnankadsurin B
schizanrin M
schizanrin N

kadsulignan L

kadsulignan M

kadsulignan N

neokadsuranin

R,=R;=R4=Rs=R¢=CH3,
R;=R;,=H, R¢=Oxo0
R1:R2:R3:R4:CH3, R5+R5:CH2,
R7=H, RS=OX0
R+R,=Rs+R¢=CH,, R;=R4=CHj,
R7=H, RS=OX0

R,+R,=CH,, R4=Rs=R¢=CH3,
R3=BZ, RS=OX0

R1+R2=CH2, R3=R5=R6=CH3,
R4:R7:Rg:H

R|+R2:CH2, R3:R5:R5:CH3,
R4=R;=H, R¢=Bz
R1:R2:R3:R5:R6:CH3,
R;=R;=Rg=H (Cs-OAng)
R1+R2:CH2, R3:R4:R5:R6:CH3,
R7:OH, Rg:H

R;+R,=CH,, R;=R4=Rs=R¢=CHj,
R7=OAng, R3=H
R=R,=R;=R4=CHj3, Rs+R=CH,,
R7:OAng, Rg:H

R;+R,=CH,, R;=R4=Rs=R¢=CHj,
R,=0OBz, Rg=H
R=R,=R;=R4=CHj3, Rs+R¢=CH,,
R7:OBZ, Rg:H
R+R,=Rs+Rs=CH,, R;=R,;=CHj,
R;,=0OH, Rg=H
R+Ry=Rs+R¢=CH,, R;=R4=CHj3,
R7:OX0, Rg:OH
R+R,=Rs+Rs=CH,, R;=R4=CHj,
R;=0Ang, Rg=H

R+R,=Rs+R=CH,, R;=R4=CH3,
R7:OBZ, RgZH

R1+R2:CH2, R3:R4:R5:R6:CH3,
R7:OAC, RS:H
R;+R,=Rs+R¢=CH,, R;=R4,=CHj,
R-=H, R¢=OH
R1:R2:R3:R5:R5:CH3,

R,=Tig, R,=0Ac, R&=0H
R1+R2:CH2, R3:R4:R5:CH3,
R5:OH, R7:OX0, RS:H
R;+R,=CH,, R3=R4=Rs=Rs=CHj,
R-=H, R¢=OH

R;+R,=CH,, R3=R4=Rs=CHj,
RﬁZRg:H, R7:OXO
R1:R2:R3:CH3, R4:R8:H,
Rs+R¢=CH3, R;=0Ox0
R|+R2:CH2, R3:R4:R5:R6:CH3

R;+R,=CH,, R3=R4=Rs=CHj,
R5:H
Ri=R,;=R;=R4=Rs=R=CH;,

R=R,=R;=R4=CHj3, Rs+R¢= CH,

Kadsura sp. (s)
SR FLR 7S, viridis A. C. Smith (s)
LRI R 7S, viridis (s)

SR LR TS, viridis (s)

LA TLWRFS. rubriflora (f)

KAl R L% 7K. longipedunculata (s)
INFE LR T-S. micrantha (s)

TLWRT-S. chinensis (f)
GEHIRTFS. propinqua (s)
ALK TS. rubriflora ()
FHIRTFS. chinensis (f)
LTI TS. propinqua (s)
TLBRF-S. chinensis (f)
HRETRTFS. propinqua (s)
FHIRTFS. chinensis (f)
LTI TS. propinqua (s)
TS, chinensis (f)
HRETRTFS. propinqua (s)
FHIRTFS. chinensis (f)

HBZIRK. coccinea (s)
KAl LT K. longipedunculata (s)
K FG HKTK. interior (s)
GEHIRTFS. propinqua (s)
KK IR T K. interior (s)
LA TR TS, rubriflora (f)
gxit HURT-S. viridis (s)

SR T TS, viridis (s)
Kadsura sp. (s)

Kadsura sp. (s)

H AR HWKTK. japonica (s)
H AR 1K FK. japonica (s)

HEIRK. coccinea (s)
BRI g KT K. angustifolia (s)
G EHIRTFS. propinqua (s)
HEIRK. coccinea (s)

MZRK. coccinea (s)
Bt B LK T K. angustifolia (s)
HZIRK. coccinea (s)

KKRE LT K. interior (s)

Liu & Zhou, 1991
Luo et al., 1992a
Luo et al., 1992a
Luo et al., 1992a
Wang et al., 1985
Sun et al., 2006
Liet al., 2005a

Ikeya et al., 1979a
Chen et al., 2001¢
Chen et al., 2006

Ikeya et al., 1982a
Chen et al., 2001¢

Ikeya et al., 1982a
Chen et al., 2001c

Chen et al., 1994
Chen et al., 2001¢c

Ikeya et al., 1982a
Chen et al., 2001c

Ikeya et al., 1982b
Liu & Li, 1995a
Tan et al., 1984

Chen et al., 1997
Chen et al., 2001a

Chen et al., 1996
Wang & Chen, 1985
Luo et al., 1992a
Luo et al., 1992b
Jia et al., 2005

Jia et al., 2005

Kuo et al., 2005b
Kuo et al., 2005b

Liu & Li, 1995b
Chen et al., 1998a
Chen et al., 2001¢c
Liu & Li, 1995b

Liu & Li, 1995b
Chen et al., 1998a

Lietal., 1988
Chen et al., 2002a
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145  gomisin D R,=CH;, R,=OH TLWETS. chinensis () Ikeya et al., 1976
146  gomisin E R,=H, R,= CH; TLWRFS. chinensis (f) Ikeya et al., 1979a

0
(ljl Bz= i Cin=—y:—C—C
) Ae=—C—CH, r=—cC H A

(0]

Il I
butanoyl= —C—CH,CH,CH;  Prop=—C—CH,CH,

Il
Cap = —C—CH,CH,CH,CH,CHj,
. I
I CH Tig = — H
Ang = — 3 g= C
g ° __/ ~ __
ST AN g ¢
HaC H HyC CH, iso-Valeroyl= _(3_(}';|__(;|.|2(;,.|3

2)f, Wi s, 25, f, fruits; s, stems.

R
173-174
/=0
(@)
O OH
H;CO '
T
H;CO H.CO
OCH; 175 o 176-180 3 OCH; 181-185 OCH; 186-188
B2 R TR R ARG IR 0 SR 5% o3 IR A )
Fig. 2. Structures of spirobenzofuranoid dibenzocyclooctadienes from Schisandraceae.
Fz2 AR TRHEY) P IEIR D B ORI AR AR 2
Table 2 Spirobenzofuranoid dibenzocyclooctadienes from Schisandraceae
e ALEWEIK ghifh KUY SR
No.  Compound Structure” Plant source” Reference

147 heteroclitin D R=Rs=H, R,=OAng, R;=CH; St e LT Kadsura heteroclita (s)
2I46 LK T Schisandra rubriflora (s)
KK F HIRTK. interior (s)

FIEH HERTK. heteroclita (s)

148 heteroclitin E R;=0OH, R,=OAng, R;=CHj,

R&=H

149 isovaleroyloxokadsurane  R;=R4=H, R,=Oisovaleroyl,

R3=CH3
R1=R4=H, R2=OAC, R3=CH3
R1:R4:H, RZ:OBZ, R3:CH3

KAl KT K. longipedunculata (s)
MZRK. coccinea (s)
MZRK. coccinea (s)
BEZIRK. coccinea (s)

150  acetoxyloxokadsurane

151  benzoyloxokadsurane

Chen et al., 1992
Lietal., 2004a
Chen et al., 2002a
Chen et al., 1992

Lietal, 1991
Li & Xue, 1990

Li & Xue, 1990
Li & Xue, 1990
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152 propoxyloxokadsurane
153 kadsulignan H

154 kadsulignan I
155  kadsulignan J

156  heterociltin E

157  isovaleroyloxokad-
suranol
158  heteroclitin I

159  heteroclitin J
160  heteroclitin K
161 heteroclitin L
162 kadsulignan C

163 kadsulignan D

164 interiorin

165  interiorin B

166 interiorin C
167  interiorin D
168  heteroclitalignan C

169  kadsulignan E

170  kadsulignan F

171 kadsulignan G

172 interiotherin D
173 kadsulignan A

174 kadsulignan B

175  kadsulignan K

176  schiarisanrin A
177  schiarisanrin B
178  schiarisanrin C
179 schiarisanrin D
180  schiarisanrin E
181 heteroclitin F

182  taiwanschirin A
183  taiwanschirin B
184  taiwanschirin C
185  taiwanschirin D
186  taiwankadsurin A
187  taiwankadsurin B

188  taiwankadsurin C

R;=R4=H, R,=OProp, R;=CH;
R;=R4=H, R,=Obutanoyl,
R3:CH3

R,=R4=H, R,=OProp, R;=CHj3
R;=Rs=H, R,=0iso-Valeroyl,
R3:CH3

R,=OH, R,=OAng, R;=CHj,
R&=H

R;=0OH, R,= Olsovaleroyl,
R3:CH3, R4:H

R1=OBZ, R2=0Ang, R3=CH3,
Rs~=H

R]:OBZ, R2:OAC, R3:CH3,
R&=H

R1:OBZ, RZ:OBZ, R3:CH3,
Rs~=H

R1=OAng, R2=OBZ, R3=CH3,
Rs~=H

R]:OAC, RZZOBZ, R3:OH,
R;=CH;,

R1:R2:OAng, R3:OH, R4:CH3

R] :R4:H, Rz:OAng, R3:CH3

R1=R4=H, R2=0Tig, R3=CH3
R,=R4=H, R,=0OAc, R;=CH;
R=Rs=H, R,=OBz, R;=CHj3

R,=OAng, R,=OProp,
R;=0OH, R,=CH;

R]:OAC, RZZOBZ, R3:OH,
R4:CH3

R;=0OAng, R,=OAc, R;=0OH,
R4=CH3;
R]:RZZOAng, R3:OH, R4:CH3

R=H
R=0Ac

R=0iso-valeroyl
R=0Ac

R=0Bz

R=0Cin
R=0OAng
R=0OAng

R=0iso-valeroyl
R=0Ac

R=0Bz

R=0Cap

1-OH, R =Bz, R,=Ac
1-OH, R;=Bz, R,=Ac
Ri=Ac, R,=Bz

MZRK. coccinea (s)
Kadsura sp. (s)

Kadsura sp. (s)
Kadsura sp. (s)

S IETE HEFK. heteroclita (s)

MY RK. coccinea (s)
FIEE K TK. heteroclita (s)

R JEHE UK FK. heteroclita (s)
FIEM L TK. heteroclita (s)
FIEE K TK. heteroclita (s)
KR 1L K. longipedunculata (s)

KM LT K. longipedunculata (s)
KK F HIRTK. interior (s)

FIEH HERTK. heteroclita (s)

L% TLE TS, rubriflora (s)

RKF LT K. interior (s)
AL WK TFS. rubriflora (s)
KK H HIRTK. interior (s)

KUK H HIRTFK. interior (s)
SR TR TK. heteroclita (s)

KA HK T K. longipedunculata (s)
SR TR TK. heteroclita (s)
KA LT K. longipedunculata (s)

KA HK T K. longipedunculata (s)
RKFE HRTK. interior (s)
MZRK. coccinea (s)

MZRK. coccinea (s)

Kadsura sp. (s)

Fif JL (L FLWRF-S. arisanensis (s)

Fif JL (L FLBRF-S. arisanensis (s)

Fil 1L FLWR TS, arisanensis (s)

Rl 1L FLR TS, arisanensis (s)

B[ HL 1) FLBRF-S. arisanensis (s)
SR TR TK. heteroclita (s)
RUKF LT K. interior (s)

Fif JL (L FLBRF-S. arisanensis (s)

Fil 1L FLR TS, arisanensis (s)

Fif 1L FLR TS, arisanensis (s)

K. matsudai (s)

ST TR FK. philippinensis (s)
AT TR FK. philippinensis (s)
AT TR FK. philippinensis (s)

Li & Xue, 1990
Liu et al., 1992

Liu et al., 1992
Liuetal., 1992

Chen et al., 1992
Li & Xue, 1990
Xu et al., 2007
Xu et al., 2007
Xu et al., 2007
Xu et al., 2007
Liuetal., 1991

Liu et al., 1991

Shide et al., 1988
Chen et al., 1992
Liet al., 2004a

Ding & Luo, 1990
Li et al., 2004

Ding & Luo, 1990
Ding & Luo, 1990
Wang et al., 2006a

Liu & Huang, 1992
Wang et al., 2006a

Liu & Huang, 1992

Liu & Huang, 1992
Chen et al., 2002a
Liu et al., 1989
Liuetal., 1989
Liuetal., 1992
Kuo et al., 1997
Kuo et al., 1997
Kuo et al., 1997
Kuo et al., 1997
Wu et al., 2003

Yang et al., 1992
Chen et al., 2002a

Kuo et al., 1999
Kuo et al., 1999
Kuo et al., 1999
Lietal., 2000
Shen et al., 2005b
Shen et al., 2005b
Shen et al., 2005b

1) 2) BRI, 1),2) are the same as in Table 1.
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Fig. 3. Structures of Aryltetralins from Schisandraceae.
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Table 3 Aryltetralins from Schisandraceae
FFe Emawk 45 PSR SCHik
No. Compound Structure Plant source" Reference
189 schisandrone R,=H, R,=R;=R,=CH; AR TR -Schisandra henryi (f) Liu et al., 1988b
e TR 7S, sphenanthera (f) Li & Xue, 1985b
190  enshicine Ri+R=CHy, R3=H, R;=CH; BT UL TS. henryi (f) Liu et al., 1984b
191 wulignan A, R,=R;=H, R,=R,=CH; FRE T TS, henryi (f) Liu et al., 1988b
192 epienshicine R+R,=CH,, R3=H, R,=CH; A T8k T-S. henryi (f) Liu et al., 1988b
B4 B0S. propingua (Wall.) Baill. var. sinensis ~ Liu et al., 1988a
Oliv. (f)
193 epienshicine methyl ether ~ R;+R,=CH,, R;=R,=CHj FRE T TS, henryi (f) Tao et al., 1991
194 epischisandrone R,;=H, R=R;=R,;=CH; TR TR TS, henryi (f) Liu et al., 1988b
195 epiwulignan A, R,=R;=H, R,=R,=CH; BN TR TS, henryi (f) Liu et al., 1988b
196  wulignan A, R=R=CH;, R,=R;=H FLRETLR TS, henryi (f) Liu et al., 1988b
197 schizandriside S. nigra Maxim. (s) Takahashi & Takani, 1975

) f, B3 s, 2. f, fruits; s, stems.

R4 TR TR T R T AR
Table 4 Diarylbutanes from Schisandraceae
F5 e 45K A A SCHR
No. Compound Structure Plant source" Reference
198 pregomisin R;=R4~=0H, R,=R;=Rs=R=0CH; fE_%?Schisandra chinensis (f) Ikeya etal., 1978b
LLAC WK TS, rubriflora (s) Wang & Chen, 1985
R ] FLRR TS, propinqua var. intermedia (s) Lietal., 1996
199  preschisanthrin R=R;=R,~R=0CHj3, R,=Rs=OH (B TR TS, propinqua var. intermedia (s) ~ Lietal., 1996
200 (+)-anwulignan R+R,;=OCH,0, Ry=R,=H, Rs=OH,  KAliFg Ti0k K. longipedunculata (s) Liu & Huang, 1988
R&=OCH; e FUK TS, sphenanthera (f, s) Jiang et al., 2005
201  dl-anwulignan R,=OCH;, R,=OH, R;=R,=H, HErh HIKFS. sphenanthera (f) Liu & Huang, 1984a
Rs+R~=0OCH,0
202 mesodihy- R,=R¢=0OCHj;, R;=R4=H, HIET-S. chinensis ) Chen et al., 2005a
droguaiaretic acid R,=Rs=OH KA 1L T-Kadsura longipedunculata (s)  Liu & Huang, 1991
LLAC WK TS. rubriflora (f) Wang & Chen, 1985
et 5E TLUE T-K. angustifolia (s) \C}Jlen et al.l, 12909082
SIEH TR T K. heteroclita (s) ang et al., a
203 isoanwulignan R,=H, R,=OH, R;=0OCH3;, R4=H, LRI LS. viridis (s) Luo et al., 1992b
Rs+R~=0OCH,0O TLRE 1L T-S. henryi (f) Chen et al., 2005b
204 nordihydroguaiaretic R;=R,=Rs=R¢=0H, R;=R,=H TLUET-S. chinensis (f) Sakurai et al., 1992
acid
205  sphenanlignan R,+R,=0CH,0, R;=H, HErh HIKF-S. sphenanthera (f) Jiang et al., 2005
R4:R5:OCH3, R6:OH
206 lengfantuanjing I R,=R4=H, R,=OH, R;=0OCHjs;, BERK. coccinea (s) Liu & Wang, 1989
R5+R()=OCH20
207 lignandiol LA TUR TS, rubriflora Wang et al., 1993

) f, B3 s, 2. f, fruits; s, stems.
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Fig. 4. Structures of diarylbutanes from Schisandraceae. Fig. 5. Structures of tetrahydrofurans from Schisandraceae.
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Table 5 Tetrahydrofurans from Schisandraceae

FPs EmAawR 45K KUY SCHR

No.  Compound Structure Plant source" Reference

208  chicanine R+R,=CH,, R;=R4=R¢=H, Rs=CH; Aer LK T-Schisandra sphenanthera (s)  Liu et al., 1981

209  d-epigalbacin R *+R,=R4+Rs=CH,, R;=Rs=H ferf HWKRFS. sphenanthera (s) Huang et al., 1982a

St IE M LT Kadsura heteroclita (s) Wang et al., 2006a

210  ganschisandrine R,=R,=R,=Rs=CH;, R;=R~H ferf HWRFS. sphenanthera (s) Yue etal., 1989

211 veraguensin R;=R,=R;=Rs=CHj, R;=Rs=H Kadsura sp. (s) Liu & Huang, 1988

212 henricine R,=R,=CHj, Ry=OCHs, R;+Rs=CH,, Re=H  JLHli Filk 1-S. henrvi (s) Li & Xue, 1986a

213 enshizhisu R;+R,=CH,, R;=R4=H, Rs=CHj3, R¢=OH FAHFKFS. henryi (s) Huang et al., 1982b

) f, B3k, 25, f, fruits; s, stems.
<Om <O O
O . (¢}
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BElo Tk T RHEYI T & IR N R I L W AL SE R (BR A 2E, 2004; Shen et al., 2005b)
Fig. 6. Proposed biogenetic relationships between different lignan types in Schisandraceae (Xu, 2004; Shen et al., 2005b).
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Table 6 Distribution of lignans in the family Schisandraceae
Tt AMG# Lignans
Species 1 1I I v \Y%
RIS RPN AR E S DRI 7R ek WERIHES
Dibenzocycloocta-  Spirobenzofuranoid dibenzo- Aryltetralins Diarylbutanes  Tetrahydrofurans
dienes cyclooctadienes
TLWRTSchisandra chinensis 42 3
Herh TLRF-S. sphenanthera 16 1 3 3
AL TR TS, rubriflora 25 3 3
BRI TR TS, henryi 4 8 1 2
SR HK TS viridis 5 1
HrE TS, propinqua 23 2
Fif B2 111 FLWRF-S. arisanensis 4 8
S. nigra 1
ERES TR TS, sphaerandra 1
INEFKT-S. micrantha 3
M Z R Kadsura coccinea 16 7 1
JAKFE TL K. interior 9 7
ST TLR K. heteroclita 7 11 1 1
KA e TR T K. longipedunculata 18 6 2
H AR WK K. japonica 14
K. matsudai 8 1
Mt B LT K. angustifolia 7 1
=B M LT K. renchangiana 4
SEHSE R T K. philippinensis 4 3

SO IRAEC-1485C- 147, 10 F =535 NIAEC-12(13)
BC-2(3). J\ T IR T B R A AEC-6, I 1)
BB AT RS 2K FIREE . LIRERS), ¥4
FZAEC-6, TR HUR . b B 134138 S X IR IR 47
IR R I — 2, RRIE A AE )\ UCER LSS, X
—RWAEWZ N TR TR 3 A3, CH—A
MAE TR TR MR FoRE, BORIR G
ARG A T 1 B AN L T R 1 SR SR
JHEZE I8 o A, AT AR K & FL T RHE A 1
FRAETEAC A LAY, 0 ik DU A 25 SR DU S g 2R i
RURNZ AT IR T B 25 0 5
TR 2 WAPAE T H T, 1T R R g 2 B
ARG Z N 2 A7 A5 T 5 R T IR A 1
2R, T LLE RS R LR B A 4 1 2
g5, XS AT EE R R o [HARE Y
T, TR TR 40 243 20 1424~ 8 2K G R IR 7R I A
WEmBA MR &Y, B1IAMEEYk 8 Tk 7R
AR T- BT Ll ok, A IS g FLk 78 43
SR, ] DL £ A TR T AR L R T
M IR Gopp o TR T I8 5 B R TR 2 A I
HRE, X pE T A E R R AR . IR TR T
BHEMIANG 2 o A R, EEiFEE b,
W7 A LR T S s, DR AR S SZ R Smith

(1947 I K, TR Ja TBCAE P TR 18 T
22 ARFENPH=MERESEFEX

FR TR oy 2 5 I 5 — R
=S, A EI00R . =RERUA VISR
WEFE, Brauey, WRIEATRE &I LA =ik &
0B i1 BORE B 2Ry N SFRER AL 1 6/6/6/5 5%
6/6/5/6 71 IR i 55 B 5t — i (A B4 A1 31 )(cycloartanone
triterpenes, A-ring close; K|7; #&7); 1. 6/6/58F#
6/5/6 11 I35 55 e 7T i (A JT FR ) (cycloartanone
triterpenes, A-ring open; [&I8; 3#8); IIL. 7/6/6/55#
7/7/6/5% =1k (7/6/6/5 or 7/7/6/5 type triterpenes; &
9; %9); IV. 7/7/5/6 =i )N IiE(7/7/5/6 type triter-
pene lactones; K 10; £ 10); V. & =% A JiE (nor-
triterpene lactones; E11; #11).

AR RS EoR U, FB e A DU ER =2
il )L =il B A5 B A, IORIE 41 22 8 24 A TR
B 55 5 70 R EE, — 284k S AEA RS, 4TF
R TE  —RR B A IR IR - 7/7/5/6 8 =i P9 1R Y. 1% 2
MNT/7/6/5 88 =il N BERT A K 1K, e BLHEAL IR Ak 5
gy A IIIE G0 RN — 8 &5 1) 7 IR 2 =i A i,
WA e, H gty e B Ak, BN JE T B LAk
SRy, 2R = A IR H AT IR T R
Yirh, HAREER) %5 (E 12, £12).
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Fig. 7. Structures of cycloartanone triterpenes (A-ring close) from Schisandraceae.
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Fig. 8. Structures of cycloartanone triterpenes (A-ring open) from Schisandraceae.

0 SR AR TUR R A TR 1) 53 A TR
ST A AR 2 B nE R R A T
WK R 24 R A TR 25 b o) B A5 21, AR SR SE R4y
AR, b R A Bk R S ORI T A
=G, B SR PU IR = AR O R AR
TR T B A . T7/6/6/5, 7/7/6/5F4 5 K =il
S8 DU IR — i TR 52 6/6/6/5 — i B HEAL IO e 47, e 28

Wl K Z B A T T8, Harhik, 740
7/7/6/5 4 =ik P B M\ A S8 TR T R 3R RE K TS

henryi Clarke "7} 2545 31, HABHS e TLK 1 J8
Py oy AR, X R TRAT B G S R TR 3
A LA R JLAR P i b UK T & ) R T T8
HEAL L P2, (H X 75 0 2 IR 4 RS R o
AR, 7/7/5/67 =i P s M\ 7/7/6/5 8 =ik N B gt 4k
Mk, J& T2 RE, HariX s RAE
KRR R, N LAWK E, B IR T
JeE A R T S O ISR RE; AR, UTAESR Y
W FCRIN, MR I8 ) /NAE TR R - Tk 1
oo BT B T 20728 s N R, X LS P T

WRZ%, Hm ek, BT 0B 22 R,
BERIF 9 45 2R 1) FAT 15 75 1Lk 1 Jes 1R /N A ik 1 A
Pt Tusk B VR JEAC KPR, (HIXAUUZE
St H AT S5 R EEAT BOHEDN, 52 (0 =Ry
AR AR IR R . AR =R A
Ao Sk B 2 REPE RS 2 VEAR AE 4 L Pl Tk 1
Jogi 32 TUWR 1 R B TR 1 S B D A PR SRR IR
MRE ., (HRASCRF IR 7 R AR TR 1 8 IR 2R ¢
KARIL, XA RIS 73 SR H AT B2
e

3 RN

e BEA), TR JE@ A AR 25 I 354
14MaAs R, (648 &, KEMRZ P LUIRTEANY, R
BEANIL . T, IR 2 DhRE, W (R
He N BRAL A 25 30 ) W B0 TLUR T Schisandra
chinensis Baill. JI1EH HIK TS, sphenanthera Rehd.
& Wils. [ SE, 7 R IR) Fk 8 HoAb R (i SR 5 2 H
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Table 7 Cycloartanone triterpenes (A-ring close) from Schisandraceae

VPRGESE: IR T RE YSRGS AR 707

s HEmERK gy A A SCHR
No. Compound Structure” Plant source®” Reference
1 schisandronic acid 3-ox0; 9,19-cyclo; 24(Z) Schisandra nigra (s) Takahashi & Takani, 1975
Schisandra sp. (s) Liu & Huang, 1988a
b TR TS, sphenanthera (s) Chen et al., 1987
8] TLKT-S. propinqua var. intermedia (s)  Li et al., 1995
TS, chinensis (s) Liu et al., 1990
Kadsura sp. (s) Liu & Huang, 1991
INFE T TS, micrantha (s) Lietal., 2003a
St FL T Kadsura heteroclita (s) Chen et al., 2001d
G ISR TS, propingua (s) Chen et al., 2003
FMFIE TS, henryi (s) Wang et al., 2006b
2 heteroclic acid 3-0x0; 9,19-cyclo; 24(Z) SIE TR TK. heteroclita (s) Wang et al., 2006b
22-OAc
3 schizandrolic acid 3-BOH; 9,19-cyclo; 24(Z) S. nigra (s) Takahashi et al., 1975
4 isoschizandrolic acid 3-aOH; 9,19-cyclo; 24(Z) H[F] TR T-S. propingua var. intermedia (s) ~ Li et al., 1995
Kadsura sp. (s) Liu & Huang, 1988
5 anwuweisonic acid 3-o0x0, Rj=CH3, R,=H G ETKTS. propinqua (s) Liu et al., 1988a
6 epianwuweizic acid 3-BOH, 24(Z)-A® KA 1L T K. longipedunculata (s) Liu et al., 1991
AT T T-K. angustifolia (s) Chen et al., 2002b
7 anwuweizic acid 3-00H, 24(Z)-A* e LK T-S. sphenanthera (£, s) Liu & Huang, 1984a
Bert 5 FiKFK. angustifolia (s) Chen et al., 2002b
8  coccinic acid 3-0x0, 24(Z)-A°" HEZRK. coccinea (s) Li & Xue, 1986b
VER LK T-S. neglecta A. C. Smith (s) Ma et al., 2002
9 iso-anwuweizic acid 3-aOH, 24(2)-A""" S TR TK. heteroclita (s) Dai et al., 1990
10 (24Z)-3-oxo-120-acetoxyl 3-0x0, 12-00Ac, 24(2)-A°  KHfFF FibkFK. longipedunculata (s) Lietal., 1989¢c
anosta-8,24-dien-26-oic acid INETLVRF-S. micrantha (s) Lietal., 2003a
11 (24Z)-3-oxo-12a-hydroxyl 3-0x0, 12-00H, 24(Z)-A* K ARG LU K. longipedunculata (s) Lietal., 1989¢c
anosta-8,24-dien-26-oic acid
12 12B-acetoxycoccinic acid 3-ox0, 12-BOAC, S TR T K. heteroclita (s) Lietal., 1989b
24(Z)-N°1
13 12B-hydroxycoccinic acid 3-0x0, 12-BOH, 24(2)-A°"Y  RILEG FiEFK. heteroclita (s) Lietal., 1989b
14 120-acetoxycoccinic acid 3-ox0, 12-00Ac, SIERE TR T-K. heteroclita (s) Lietal., 1989b
24(Z)-A")
15 120-hydroxycoccinic acid 3-0x0, 12-a0H, 24(Z)-A°""  RILEG FiEFK. heteroclita (s) Lietal., 1989b
16  schisanhenric acid 3-0x0, 22-OAc, 24(E)-A""" B FiWKT-S. henryi (s) Li et al., 1989b
17 ananosic acid A P ZEFE TL T K. ananosma (s) Chen et al., 2001e
18  ananosic acid B R,=H, R,=CH;COO- 1 ZE W TR TK. ananosma (s) Chen et al., 2004b
19  ananosic acid C R;=R,=0 HZE W LK TK. ananosma (s) Chen et al., 2004b
20  kadsulactone 3-0x0, 9,19-cyclo KA LT K. longipedunculata (s) You et al., 1997
Kadsura sp. (s) Ran et al., 1991
21  schisanlactone D 3-ox0, A’V Schisandra sp. (£, s) Liu & Huang, 1984b
22 schisanol 3-BOH, A’V Yt TR T-S. sphenanthera (f, s) Yue et al., 1994
23 schisanterpene B H S TS. propinqua (s) Xu et al., 2006
24 lancifodilactone H et TR TS, lancifolia A. C. Smith (s) Xiao et al., 2006b
25  neokadsuranic acid A 3-0x0; (24Z)-A°1D- 1308 SIEE LR T K. heteroclita (s) Kangouri et al., 1989
26  neokadsuranic acid B 3-0x0; (24Z)-A% 31® KA LT K. longipedunculata (s) Lietal., 1989c
27  neokadsuranic acid C 3-oxo; (24Z)-A%, 13-BOH KA 5 TLET-K. longipedunculata (s) Lietal., 1989¢c
28  ergosterol peroxide VR TR T-S. neglecta (s) Ma et al., 2002
I
D Ac=—C—CH,

2)f, W s, 25, f, fruits; s, stems.
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Table 8 Cycloartanone triterpenes (A-ring open) from Schisandraceae

5 WEMARR ol KR SCHER
No. Compound Structure" Plant source” Reference
29  manwuweizic acid (24Z)-A® G ST F-Schisandra propinqua (s) Liuetal., 1988a
S TE R T T Kadsura heteroclita (s) Chen et al., 2001d
30  kadsuric acid (242)-A°"" FUREFLIRT-S. henryi (s) Chen et al., 2003

31 changnanic acid

32 nigranoic acid

33 lancifoic acid A

34 heteroclitalactones A
35 heteroclitalactones B
36 heteroclitalactones C
37 heteroclitalactones F

38 schisanlactone E

39 schisanlactone F

40 seco-neokadsuranic acid A

9,19-cyclo, (24Z)-A°

R,=R,=CH,, 9,19-cyclo, (24Z)-

R1:OH, RZ:CH3, 9,19-CyC10,
(247)
R;=0OH, R,=0Ac, 9,19-cyclo

R;= OCH3;, R,=0Ac, 9,19-cyclo
R,=EtO, R,=0Ac, 9,19-cyclo
R;= OCH3;, R,=H, 9,19-cyclo
R,=0OH, R,=H, 9,19-cyclo

R,=0H, R,=H, 9,19-cyclo,A®
(24Z)—A8 13(18)

HZIRK. coccinea (s)

IR TR T-S. neglecta (s)
INE TR TS, micrantha (s)
KAl LT K. longipedunculata (s)
SIE TR T K. heteroclita (s)
K& FLKF-S. sphaerandra (s)
FAE LR TS, henryi (s)

Pt Lk T-S. lancifolia (s)

G EHIRTFS. propinqua (s)
S KT K. heteroclita (s)

Bt IR TS, lancifolia (s)

S JEF K TK. heteroclita (s)
S KT K. heteroclita (s)
S TR FK. heteroclita (s)
SIE TR T K. heteroclita (s)

KAl LT K. longipedunculata (s)
ST T TK. heteroclita (s)
KA TR T K. longipedunculata (s)
S JEF K TK. heteroclita (s)

Li & Xue, 1986b
Ma et al., 2002
Liet al,, 2003a

Liu & Huang, 1991
Wang et al., 2006b

Sun et al., 1996
Chen et al., 2003
Xiao et al., 2006b
Chen et al., 2001d
Wang et al., 2006b

Xiao et al., 2006b

Wang et al., 2006b
Wang et al., 2006b
Wang et al., 2006b
Wang et al., 2006b

Liu & Huang, 1991
Wang et al., 2006b

Liu & Pan, 1991
Lietal, 1989a

Il
1)Ac= —C—CHjs
) f, W3k s, 25, f, fruits; s, stems.

B9 HRTRHEYI17/6/6/5537/7/6/5 =i 14514
Fig. 9. Structures of 7/6/6/5 or 7/7/6/5 type triterpenes from Schisandraceae.
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Table 9 7/6/6/5 or 7/7/6/5 type triterpenes from Schisandraceae

VPGS TR 7 RE 2 TR A IR

709

5 amaR ifyP g SR

No. Compound Structure” Plant source® Reference

41  kadsudilactone 9,19-cyclo Kadsura sp. Ranetal., 1991

42 schisanlactone B 9,19-cyclo, A' Schisandra sp. (s) Liu et al., 1983a
FAETRTS. henryi (s) Chen et al., 2003
G ESTWKRTS. propingua (s) Chen et al., 2001b
SEIERE T T-K. heteroclita (s) Wang et al., 2006b

43 kadsulactone A 6-BOH, 9,19-cyclo, A' K. lancilimba How. (s) Chen et al., 1999

44 kadsuphilactone B Al, 20-OH R TE TLRR TK. philippinensis (s) Shen et al., 2005b

45 heteroclitalactones D 12-OAc, 20-H SEIERE T T-K. heteroclita (s) Wang et al., 2006b

46  heteroclitalactones E 12-OAc, 20-OH, A%’ SEIERE T T-K. heteroclita (s) Wang et al., 2006b

47  schisanlactone A ALB1009 Schisandra sp. (s) Liu et al., 1983b
KAl TR T K. longipedunculata (s) Sun et al., 2006
BB TN TS, propinqua (s) Chen et al., 2001b

48  schisanlactone C A9 20-0H Schisandra sp. (£, s) Liu & Ma, 1984b
G EIKTS. propinqua (s) Kuo et al., 1999

49 lancilactone A 6-pOH, A'#1009 K. lancilimba (s) Chen et al., 1999

50 lancilactone B AlESI009) K. lancilimba (s) Chen et al., 1999

51  lancilactone C K. lancilimba (s) Chen et al., 1999

52 schiprolactone A G TR TS. propingua (s) Chen et al., 2001b
SLRE LR T-S. henryi (s) Chen et al., 2003

53  schisanterpene A EEEHIRTS. propinqua (s) Zhou et al., 2002
VE IR TS. henryi Clarke var. yunnanensis Li etal., 2004b
A. C. Smith (s)

D Ac= _g_CHg
) f, W3 s, 25, f, fruits; s, stems.
=z o R
o 2

54-55

56-61

B0 FiWk - RMEY R 7/7/5/67 =ik P g it 45 7

Fig. 10.

R10 TR P RHEYT7/7/5/6 84 =05 3 I
Table 10  7/7/5/6 type triterpene lactones from Schisandraceae

Structures of 7/7/5/6 type triterpene lactones from Schisandraceae.

62-64

s fEmaK 4k A4 SCHR

No.  Compound Structure Plant source” Reference
54  kadlongilactone A KM M TLE T Kadsura longipedunculata (s) ~ Puetal., 2005
55  kadlongilactone B KAl LT K. longipedunculata (s) Pu et al., 2005
56  longipedlactone A R,=H, R;=H, A'*" KATRE T 7K. longipedunculata (s) Pu et al., 2006
57  longipedlactone E R=H, A'®, R,=OH, A'*"* KA LT K. longipedunculata (s) Pu et al., 2006
58  longipedlactone F R,;=0H, A'’, R,=H, A" KM L% T K. longipedunculata (s) Pu etal., 2006
59  longipedlactone B R,=H, R,=H, R;=H, A'*"° KAl LT K. longipedunculata (s) Pu et al., 2006
60  longipedlactone C R,=H, R,=H, R;=0H,A'"" KAWFE T 7K. longipedunculata (s) Pu et al., 2006
61  longipedlactone H R,=OH, R,=H, Rs=H,A!*" KA LT K. longipedunculata (s) Pu et al., 2006
62  longipedlactone D R,=H,(10,19 a trisubstituted epoxide) KAl F TLIK TK. longipedunculata (s) Puetal., 2006
63 longipedlactone G R,=OH, A'® KAl LT K. longipedunculata (s) Pu et al., 2006
64  longipedlactone I R,=R,=OH KA 1L T K. longipedunculata (s) Pu et al., 2006

) f, B3 s, 2. f, fruits; s, stems.
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Fig. 11.  Structures of nor-triterpene lactones from Schisandraceae.
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Table 11 Nor-triterpene lactones from Schisandraceae

VPGS TR 7 RE 2 TR A IR

711

5 hEmBRK gy R A SCHR

No. Compound Structure” Plant source® Reference

65 pre-schisanartanin LW Schisandra chinensis (s) Huang et al., 2007a

66 henridilactone A R,=OH, R,=CH3, Rs=H, Ry=H, A’ VHTLUET-S. henryi var. yunnanensis (s) Li et al., 2004b

67 henridilactone B R;=OH, R,=CH;, Ry=OH, R=H, A’ JEFBKFS. henryi var. yunnanensis (s) Lietal., 2004b

68 henridilactone C R,=CH;, R,=H, R;=H, R4=H, A’ VHIRFS. henryi var. yunnanensis (s) Lietal., 2004b

69 lancifodilactone D R,=H, R,=CH;, R;=H, R;=H, A’ Pe FHIWK TS, lancifolia (s) Li et al., 2004b

70 lancifodilactone B R,=H, R,=CH;, R;=H, R,=OH, B FHK TS, lancifolia (s) Lietal., 2004b

71 lancifodilactone N 7R’?=121y,C11202=CH3, R;=H, R=0H, A’ We 1L0E1-S. lancifolia (s) Xiao et al., 2006a

72 micrandilactone F R,=OH, R,= CH3, Rs=H, R;=H, A’ INFE TR TS, micrantha (s) Lietal., 2005a

73 micrandilactone A 7-aOH, 20-aCH3, 20-BOH, INFE T TS, micrantha (s) Lietal., 2003c

22-a0OH, Rs=OH

74 henridilactone D R|=CH3, R;=H, Ry=H, R;=H, Rs=OH  JE 110k T-S. henryi var. yunnanensis (s) Li et al., 2004b

75 lancifodilactone C Ri=H, R;=CH;, Rs=H, Ry=H, Rs=OH i} FTLBEFS. lancifolia (s) Lietal., 2004c

76 lancifodilactone E R,=CHj3, R,=H, R;=H, R,=OH, B FHIWK TS, lancifolia (s) Lietal., 2004c

77 lancifodilactone L §f=gf{R2=CH3, Rs;=H, R,=OH, et TR TS, lancifolia (s) Xiao et al., 2006a

78 micrandilactone D E?Zgg, R,=CH3, R;=H, R=H, INETE TS, micrantha (s) Lietal., 2005a

79 micrandilactone E E?zgi, R,=OH, R;=H, R4=H, INEHERTFS. micrantha (s) Lietal., 20052

80 micrandilactone G §f=gf{R2=CH3, R;=H, Ry=H, Rs=OH  /NETILT-S. micrantha (s) Lietal., 2005a

81 lancifodilactone M R,=CH;, A**?, R,=H, Rs=OH Bet FUKFS. lancifolia (s) Xiao et al., 2006a

82 lancifodilactone I R=OH et K-S, lancifolia (s) Xiao et al., 2006a

83 lancifodilactone J R=OAc B FHK TS, lancifolia (s) Xiao et al., 2006a

84 lancifodilactone K A’ Pe FHKF-S. lancifolia (s) Xiao et al., 2006a

85 lancifodilactone G B FRT-S. lancifolia (s) Xiao et al., 2005b

86 lancifodilactone A Bt TR TS, lancifolia (s) Lietal., 2003b

87 wuweizidilactones A R=0 TLWRTS. chinensis (s) Huang et al., 2007¢c

88 wuweizidilactones B R=0-OAc TLWKTS. chinensis (s) Huang et al., 2007¢

89  wuweizidilactones C  R;=OAc, R,=OH, Ry=H T TS, chinensis (s) Huang et al., 2007¢

90 wuweizidilactones D R;=H, R,=OH, R;=H HIEFS. chinensis (s) Huang et al., 2007¢

91 wuweizidilactones E  R;=H, R,=OAc, R;=H LTS, chinensis (s) Huang et al., 2007¢

92 wuweizidilactones F R;=H, R,=OAc, R;=OH LTS, chinensis (s) Huang et al., 2007¢c

93 lancifodilactone F Bt TR T-S. lancifolia (s) Xiao et al., 2005a

94 micrandilactone B INFE TR TS, micrantha (s) Li et al., 2005b

95 micrandilactone C INFE T TS, micrantha (s) Li et al., 2005b

96 rubriflordilactones B LIAE TR T-S. rubriflora (s) Xiao et al., 2006¢

97 rubriflordilactones A LLAE WK TS rubriflora (s) Xiao et al., 2006¢

98 sphenadilactones A A K-S, sphenanthera (s) Xiao et al., 2006d

99 sphenadilactones B HErh HIK TS, sphenanthera (s) Xiao et al., 2006d

100 schintrilactone A R,=CH;, R,=H FLWRTS. chinensis (s) Huang et al., 2007b

101 schintrilactone B R;=H, R,=CH; FLKFS. chinensis (s) Huang et al., 2007b

102 schindilactone A R,=H, R,=CH;, Rs=H, R;=H, A’ FLKFS. chinensis (s) Huang et al., 2007a

103 schindilactone B R,=CHj, R,=R;=R,=H, A’ FLT-S. chinensis (s) Huang et al., 2007a

104  schindilactone C TLWKTS. chinensis (s) Huang et al., 2007a
Dac= —g—CH3

2)f, W5 s, 25, f, fruits; s, stems.
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BEl12 vk T RHE b %25 =05 B 2 TR K35 b % 2R (L et al., 2003a; Shen et al., 2005a; Pu et al., 2006; Huang et al., 2007a, b)
Fig. 12. Proposed biogenetic relationships between different triterpene types in Schisandraceae (Li et al., 2003a; Shen et al., 2005a; Pu et al., 2006;
Huang et al., 2007a, b).

F12 =AW TR TR AR T (¥ 3 A

Table 12 Distribution of triterpenes in family Schisandraceae

i =R UED
Species Triterpenes
1 11 11T v \%
WHHEGR = WG 7/6/6/58# TSI SR A
i (AFR PR (AIRTFER) 7/7/6/5 = P i Nor-triterpe
Cycloartanone Cycloartanone 7/6/6/5 or 7/7/6/5 7/7/5/6 type ne lactones
triterpenes (A-ring triterpenes (A-ring type triterpenes triterpene
A close) open) lactones
LK Schisandra chinensis (s) 1 12
Herh HKFS. sphenanthera (s) 3
LLAC WK TS, rubriflora
FLIE R TS, henryi 2 2 2
VTR FS. henryi var. yunnanensis (s) 1 4
GBS TLRTS. propinqua 3 2 5
S. nigra 2
NIETLBRT-S. micrantha (s) 2 1 7
B FRT-S. lancifolia (s) 1 2 13
M2 Kadsura coccinea 1 1
S LT K. heteroclita 8 9 3
KAl md T T K. longipedunculata 6 3 1 11
K. lancilimba 4
el m TR T K. angustifolia 2

T T K. philippinensis 1




RAE Oy FR 7 AR i, 5 HIRAA 7 Ml ke A%,
RIRZ S, EVT VT AE . 7R TR 7@ th 8 b BAT
ZIOME, e KZ Y2 T 2 2ikE, LA
NG, RN e B, RATEILIE S
TRPBRIB AR o 0 PR R R 17 25 B A 0 i
BT IO RRAN, SRR IR AR AR )
B IR T AR, oAl R TR 1 s A A R
WS 67 S BRE, 75 [ PR A e 2R
HHRR R AR R TR 3 AR R R, IR VR T R AT
Piv Wi B, JEAHSIE. kA, 1ok
¥ )& 2 R T 20 W R LR, T A IR
AETUR T, SRS TR T R TR 25 25 3 A AL

4 RIGIE/AEEFHEAREEEYREM

4.1 WRFIBEFHFAREETEZYREM

4.1.1 EEFBERMER WK/ BRI LI K
BT UKo TR I A TR A A 2 AT B
PR HEAR. PUBRAE . WTFURIH K T S
PEMGR S A6 TR /K SEE R T A N B B RS B
TR CEHIOEE, 2005), KUK DL AT 24 25 T4 ient
A G NAT R, AT W0 e ) AR A7
B EE A S50 SRR I 1) o Tk T4 SR B
T RNy 2 TR T G S s R i
K% B BL 25 2 05 sh i 3R B, 5wk
RS KA R B B 3E sl 26 as A, Fi/s B
) B YT A 5 R R AT My o BRAN, TLBR TR
FIRREXTHIMES . W EUME L el A7 b 58 B 0 o
B ERAFKEE, 2006).

4.1.2 bRz A R L W, ok
WEE A A B S, XK T N BRI A %
YEA, /NI LRI R I, TR AR, N
TR T A5 3 1K P R 4 SR A W B A
FHAT R T2, 2004) o T T K BEAUAE /N BV
JiE P9 A A2 25 (PNA) FSUAE it 57 25 (DBA) 45 A (1) H
208 0 SRR, T ELAS R R A 2 0 AR AR N D,
TR T2 4k 22K A 25 SRR S R 7 16 1 1 1 2
A AEIBAE T (R KEE, 2006) . FIRTIFGT hy 1Lk 1 5
SR RZ A AL G007 AR T RH# A B AR
4.13 RBFER TR T ORIFAE A 16 = 24 i St
TN R IR RG22 WFT I, FiA BE S5 e
FAAR DY S0 B (CCLy) B oAt Ak 254 S A B AR & P i

VPRGESE: IR TR TR &2 IR 713

(TAA). FEIRTIE RS S SGPT I A, kb
JH N GSH & 5101 B, e 0F JH- 40 1 2 131 )5 1) 65 B,
SRR R 4, XIBHR, 1990). TiBk
1R KB ARORE A 40 (5, R PASO LA W W i) %5
YER, JLARIHERT AT 8 5 05 2 I 2 Bl Pl i 284 23
YA AT R (R B AE, 2002) 0 AT 2L
SR, LR WER. BEL. Tilpihe i et
oKL 4 i £ 25 P450. NADPH-41 il & £ P450i4 i
Wl A LMK T BRIl AR T BE R S 1, Rt
WREE IR 22 N, 3 B AL 2 SR TR 5 i,
JH- 4 M ) i i £ CAIBE B, 1987), HURIR £ 38 FE
O A A 5T IR AE i £5 3 PASOB2 S 47,
JA R T Z A PA50F5 TR (X BEHFE, 1987, 1988).
MK. matsudai Hayata RS HL 1L TOR1~ 3 15 AR EA
5 I K JE % (Gomisin Ks, kadsurarin, Schizanrins
B. C. D. E, taiwanschirin D45)7E$iHBsAg. HBeAg
TR P R AN AR B () B AR PE (L et al,
2000; Wu et al., 2003; Kuo et al., 2005a). [ HL 1] T
TRV 1 B K 38 o M5 K IR % gomisin B, G and
(+)-gomisin K3l ;I PtHbsAg. HBeAght i K IFEHTIT
ZAEH(Wu et al., 2003).

4.1.4 BPIE LUK T L FRN BB K Y T 4
J< /I RS 180~V 41 ML AT A IR Ml e 2T 4 41 R DNA &
FSCE AT W] S A FH, 3 w400 5 K 2R e 4 i P
A A FATPACE R Zhas ik B, KW TR T L3RR
i 0 W 11 165 RN A 5 A A o 4R T Ol g AR AR
1984a) . Kadsulignan C. D. H. K, epienshicine,
wulignanAl. A2. epiwulignan Al. epischisandrone.
epienshicine /2 changnanic acid. schisanlactone EfA4}
P P388 4 il 2 A3 A [\ 2 BE i A ) /5 H (L et al.,
1988). RAMSERAIESE, TLEEMIA B, TLNEEE.F, K
e TR 450 A S =25 A ) B P L9 4 AR P38 8 1 B 1Y)
EFI(Li et al., 1989¢c, You et al., 1997). Schisari-
sanrin CXfKB. Colo-250. HEPA-3BFIHEPA% i
S U AR AT 40 i 754 ] (Chen et al., 1996). Gomisin A
Al A0 ) 37 FFY Ak -4 — R L 20 B 4 804K (3-MeDAB) 5 |
B 1 K BT S T 45 0 B 12-O- 1 DU o 19 56 4 % et
-13- CUBR AR BE 7,12- — B RE JF 045 3 14 /) Bl ¢ ko,
Manwuweizic acid E A #1H/N iR Lewis i j&g, i J&
22 RIHTFAEAL A P (Liu et al., 1988a). M B il
k11 75 21 ffjtanwanschirin CHllschizarin A7~ T
X Hepa-3B/JMei 4 i (1 40 e s e AR T, JF Bl el
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AR 3 PE T A7 AE R 2R R (Ko et al., 1999). A4
& TR 4 £53 1) =h iR nigranoic  acid fllmanwu-
weizic acid, 7EARZRNGE N8R 20 P A R BB A4 4
FLAT IR0 1A 40 i 75435 P (Chen et al., 2001d). M3
BE TR 1 254015 =ik X5 P schiprolactone A
schisanlactone B+ nigranoic acidfllschisandronic acid,
1E A& A1 X% Leukemia I 987 40 i #% 2 75 3 1, schi-
sanlactone BAfflschisandronic acid*}Leukemia4fl o £
WoR TR AR ) 48 L S 1 (Chen et al., 2003).
MR ZE B TR 1 2R S5 45 21 S =i 2 ananosic
acids B. C, %JCCRF-CEMAFIHeLaf/l'J8i 4l ffa & 20
0 0 7 1': (Chen et al., 2004b). M RK G T 12015
K JiE Finteriotherins C. interiotherins D+ interiorin.
heteroclitin F . neokadsuranin . heteroclitin D .
kadsurin. gomisin A. schisandrin C. interiotherin A+
angeloylgomisin R. gomisin G. interiotherin Bl
gomisin C, W LAIIHIEBIHR B¢ %S Rajigi i (1) 2 4%, W]
REAF b Bt o 98 75 ] 245 (Chen et al.,, 2002a) .
Schisandrin BXFP-¥ 5 A AR s® R4 4 H, v B
TR P B A I A A S S R AT e 2 2 i 24
%, NI RIEGU R AE R, A7 8 O — MO B
Je4 i 7l(Pan et al., 2005) M AAE R FLWR B =2 T 4y
EAFEN = mEL5Y) kadlongilactones AFIBTEAA4H
XN MR 40 B ARK S 6219 5 A7 B S 4/ I (Pu et
al., 2005), =it & ¥longipedlactone A. By C. F
FIHAEVR SR XTAS49. HT-29RIKS62 24 1 ) 41 it
M (Pu et al., 2006). Gomisin GAA4NKT R 41 il bk
Leukemia FlHelalZ 7~ 7 1R 38 140 e 2575 14 (Chen et
al., 2005b). A VR ZH B A UM = P 0 AR R AR
JI§ 25 propinquanin B 44 41 ] i 983 41 Jif ¥k HL-60 A1
Hep-G2 {7 1 98 40 Jid 75 35 7 (Xu et al., 2006).
Lancifodilactone G Fll Lancifodilactone F7E {4 4p X}
C8166 4H Jitl 2 7~ Wt A1 1) 41 Jfw 75 3 7'k (Xiao et al.,
2005a, b T KT B 2 B i 1 I 00 80
74.5%, TR~ 22 B0 A 98 /) BUFR) S e 4% B AT LA
FR ORI T, U B A 1 22 8 A 0 o1 iR 0 A 1
ZRH IR AR A BEAN 2 HECR AU AN, 1T 5 4
JHLUR T BT A S % LA DG (RS AE, 2003).

415 HHIVIER R 7 s MR OR IR —
555 AR N 28 9k UE S 7E 48 M AN 23 KT 3 B AR B 30k
5 35 Mk (2 A 4%, 2002) . Kadsulignan M 44 4h %f
CEM-IW 4 Jifd 5 (T4 9k L 40 o ) A7 552 oik 14 4100 15 3% 12

(Liu & Li, 1995b). BREE LK+ 4 2 B =ik R
nigranoic acid H A HIHIHIV I 4% 5% B R 22 58 10 1)
YEFI(Sun et al., 1996). KK R Tk T~ 25 11 LEEHRHL
YR A X HTV 95 B A5 HO WK B 41 o o 1 52 0 5%
FHIER, XA B 124K R 2 AT HTHIV A
Kk, 7MeEW A SN, Hhgomisin GigME ik
o, LR TRE T, kadsuraninfll FR I RWEER T
SR HTHIVIE M (Chen et al., 1996). #J3E RMFITHR
W, o7 ELAR F AL RN 7 A7 AR 2, 2,347 A7 IV FH 4
LR 1Y S8 PTHIVIE P /2 1R 21 (Chen et al.,
1997) o MBEER I B 0K 1 23 B0 19— 28 N IR
lancilactone C7EARSM ] HIHIHIVG 5 7EHOWE E.40 i
A (Chen et al., 1999). /N FLBEF 43125
13 2R NG 2 Viadinol FEA 23 HTHIVIG P, 4=
P Vi A5 (20052) A\ iZ R W) R oy AT B B OB =
Micrandilactone CHEFNHIHIV-15 i, H X EH 40 iy
BAWARW S, Aol 5esh —KH PiHIV
Yo MFEM: FR 20 215 2 1) =ik 2R & P Lanci-
fodilactone GHIFYZRILH T BB M HTHIVIG 215 14
(Xiao et al., 20052, b)o M AAH 5 FLA T JHEZE 4 2
73 #l|Longipedunin A Fllschisanlactone AXJHIV-14&
I A B A A H (Sun et al., 2006).

42 DREETFEHAR R EEZYREM

421 MRETIREMFN LK KR IR
FHL WA T 40 S G LA s . B o
HI1E H (Ikeya et al., 1978a, b; Chen et al., 1997). 57
K, R R EUY A 2 0 e R N Y LB RN T
i 2 U B s, ARt g A0 o3 Ak, B9 S e
RE, fE B0 U B It fre P 35500 B JL I R i 2R TSk
[ 25 M Al g H skl I Re RS n Sz 4 il
R AT L 1 0 e AACRRURIIR £ 85 S AR AR, LX)
A B I BE S A 8 I AGEE H (e 55 224,
1997). HI TR HLZBEas N RRE S, Re] B mn b
B R A RE O, HA PO S EN, B 4e )
R B, AT A Bl I e 1) e e A A I s
R JU R ) T R, B AR S Ty,
55t 7)™ BRF RTE S F AACTORE 1) B TR, R LA,
P25, 1995; THE A, 1995),

422 ImENL  IACHEFUR I TR R HAE A
s BT AL R DI K (Ip et al., 1996). fifF5T4
HH, 1R 2 KNG 2 A0 B AT 1E AR N A0 22 A A S S
PSRBT B B R R o 1 A TR+ 42



TR T3 TR T . U TR 4k %
C/NADPH % 4t 5 FeSO,/ - Wt 2 TR 58 48155 & i
JHF B AORE A4 i ok 4804k A B S 4RI FH (A AR
25 1990).  FLWR T 2 X HICCLy 5 K B 41
i 5 T oo Ak, A 4H R MDA (1) 2F B S LDH A
GPTIRE Ik D, FEA R AE TG R 3 m, X5
THERSE AT SR, XIFHRE, 1998; Tk,
1989; Ko & Lam, 2002; Ko et al., 2002). MZLAE FLIK
F-H g3 25 W) LR 73 (schisanhenol, SAL)RE 1l
K I 220 L4 BEMDA 2 i, w148 A
ST MR AR B2 ATPREVE PERFAR, fig
LR IR T 40 P e 52 480 1 ER IR, bk
JfL N GSHIF &5 &, 5Ptk 40 E06 ConA ) 3 g bk
EL 0 08 A % Fe™ /it Cf bR 2 40 M JE £ 453 45 (2
Fi, 1997). WL HBEFLIREFN B Be s #e 5 AR UE M,
TR Ty B AT LT B 1k AR 1 R i T (MR 3
R4, 1990), fig BRI IR T U001 1 28 41 i 5 fid
PRIt FE B, AT 2R PE R, HAE A Ab
Xof 22 b R Ak I S48 A0 i 2 PR TR 4 EL AT R I R
P (BB, AR, 1995; 2%, XUHFFE, 1998).
MR B TR T H 2 B A AR 38 Ok R A L
¥ S 00 Lok Ak BT o it A8 A R R
FACITE T B R EEA, HER Vit Esg, FIE
AR 00 1) M/ M A AR A R KA 2R
(4B A, 2000). 5B TR T 2510 SRR
L = B RO o) P TR T 2 AT LA k2> CCly
5 19 7N BRI 3ok AP0 R 5 = ) i MDA S5 1) 7 2k
[F] B 38 W] B A2 P 52 SODYE 1, 15 5 I I B S A S
M4 A 2 (Kim et al., 1992). B3 E RS T ALY
R 25 IR R A S 45 JE ARG 22 (heteroclitin A-G)
HAWE MY S EA, Hbh e k1
T Z (heteroclitin D)X Fe* /Vit Ci7 51041 2% 15 )5t
L AL A A ) i (AR O A, 1999a). KA R
TR T A NG ZEAE PR Ah mT 0 g st AR Ak . R
U PRI 4 (Lu & Liu, 1992). MR 740 5
73 2 1 Bk 2K 3 9F — 4% K IR 25 deoxyschisandrin,
gomisin N, and wuweizisu Cfg B ‘255 1 2 R 15 =
&g A e E L, AR R S T ety
JEZKF, 3w A et ik S AL s o, LA A A6
A i P I AR A B 5% (Kim et al., 2004).
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