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Research progress on chemical structures and
pharmacological effects of terpenoid lignans from natural

sources
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Abstract: Natural terpenoid lignans consist of terpenoid and lignan units, which are mainly found in Magnolia
genus (Magnoliaceae) and Zanthoxylum genus (Rutaceae). Based on the structure, terpenoid lignans can be divided
into three types: semiterpene lignans, monoterpene lignans and sesquiterpene lignans. Modern research show that
terpenoid lignans possess various pharmacological effects such as neuroprotective, anti-tumour, anti-inflammatory,
anti-type 2 diabetes, antibacterial, antioxidant and insecticidal. In this paper, the plant-derived, structural types and
pharmacological effects of natural terpenoid lignans are systematically reviewed, which provide guidances for
further research and development of terpenoid lignans.
Key words: natural terpenoid lignins; plant-derived; structure type; pharmacological effect
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Table 1 Natural semiterpene lignans
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No. Compound Plant Part Ref.
1 Zanthonin Zanthoxylum armatum - 9
2 Planispine A Z. armatum Rz, B, X 2,9-15
3 Zanthlignans B Z. armatum B 16
4 Pinoresinol-3,3-dimethylallyl Z. integrifolium Hap 17
ether
5 (+)-Piperitol-4,A-dimethylallyl Z. petiolare~ Raulinoa R, 2. 1 18-21
ether echinata-.
Z. rhetsa
6 Piperitol-3,3-dimethylallyl ether Z. nitidum E Y3 22
7 Piperitol-1,/ -dimethylallyl ether Z. clava-herculis i 23,24
Zanthoxylum sp-
8 (+)-Piperitol-4'-O-4,4- Z. naranjillo - 25
dimethylallyl ether
9 (+)-Xanthoxylol-4,4- R. echinata. Z. piperitum MR 21,26
dimethylallyl ether
10 Xanthoxylol-,4-dimethylallyl Z. clava-herculis- Wz ZER 24,27
ether Z. pistaciiflorum
11 (-)-Xanthoxylol-4'-O-4,4- Z. naranjillo - 25
dimethylallyl ether
12 (78,7'S)-Xanthoxylol-3,3- Z. nitidum 2 28
dimethylallyl ether
13 (78,7'R)-Xanthoxylol-3,3- Z. nitidum IR 29
dimethylallyl ether
14 (7R,7'S)-Xanthoxylol-3,3- Z. armatum-~ Z. nitidum ES NI 22,30
dimethylallyl ether
15 WA e 2% Pluviatilol-1,4- Z. simulans Wz 31
dimethyallyl ether
16 (7S, 7R)-(-)- W R & Z. clava-herculis Rz 24
(78,7'R)-(-)-Pluviatilol-A, -
dimethyallyl ether
17 (79)-(-)-tFE = Z. dissitum = 32
(78)-(-)-Pluviatilol-4,A-
dimethyallyl ether
18 (-)-Pluviatylol-4'-0-4,A- Z. naranjillo - 25
dimethylallyl ether
19 Pluviatilol-3,3-dimethylallyl X. ailanthoides W Rz 33
ether
20 (+)-Pinoresinol-di-3,3- Z. armatum- Z. integrifolium Wa, 2% 14, 17
dimethylallyl ether
21 (-)-Pinoresinol-di-3,3- Z. simulans pina 8

dimethylallyl ether
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Methylxanthoxylol
Bizanthplanispine A
Zanthpodocarpin F
Zanthpodocarpin G
Zanthpodocarpin H
5,5"- IR AE-2-(3-FA AR T -2-
5B IR B 2K -2-lF 5,5"-Diallyl-
2'-(3-methylbut-2
enyloxy)biphenyl-2-ol
Zanthoxylumin A

Z. armatum
Z. armatum
Z. simulans
Z. simulans
Z. simulans

Magnolia officinalis
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R,=H. R,=R;=OH. R,~OCH;, Rs=Ar,, Rs=H (7R.7'S.85.8'S)

R,=H, R,~OH, Ry—OCH;, R,~H, Rs=Ar,, R,—OCH; (7S,7R 8R 8'R)
R,=OCHj;, Ry=Ar,, Ry=H, R,~OCH;, R<—OCHj, R=H (75,7'R.8R 8'R)
R;=H, R,=OH, Ry=OCH;, R,~H, Rs=Ar,, Re—OCHj (7S,7'S,85.8'S)

R,=R,=Ar,, Ry=H, R,=OCH;, Rs=Ar,, Rg=H (75,7'S.85.8'S)
R;=H, R,=R;=Ar,, R,=H, Rs=Ar;, Re=OCHj (75,7'S.85.8'S)
R;=H, R,=R;=Ar,, R,=OCH;, R,~Ar,, Rg=H (75,7'S.85.8'S)
R,=R,=Ar,, Ry=H, R,=Ar;, Rs=OCH;, Rg=H (75,7'S.85.8'S)

R,=R,=Ar,, R,=H, Ry=H, R,=H, R¢=Ar,, Re—OCHj (7S.7'R 8S.8'S)

R,=H. R,=R;=Ar,. R,=OCH,, R,=Ar,. R&=H (7S.7R.8R.8'R)
R,=R,=Ar,. Ry=H. R,=H., Rs=Ar,. Rg=H (75.7'S.85.8'S)
R,=H. R,=R;=Ar,. R,=H, Rs=Ar,. Re=OCH; (7S.7R.85.8'S)
R,=H. R,=Ry=Ar,. R,=H, R=Ar,, Re=OCH; (7R.7'S.85.8'S)
R,=H. R,=Ry=Ar,, R,=H, Rs=Ar,. Re=OCH; (7R.7'S.8R.8'R)
R,=H, R,=R;=Ar,. R,=H, Rs=Ar,.Re=0CH; (75)

R,=H, R,=R;=Ar,. R,=OCH,, Rs=Ar,. R&=H (7R.7'S.8R.8'R)
R,=R,=Ar,, Ry=H, R,=H, Rs=Ar,. R¢=OCH; (7R.7R.8R.8'R)

R;=H, R,=Arl, R;=OCH;, R,~H, Rs=Ar,, R;~OCHj; (75,7'S.85.8"

R,=H, R,=Ar,, R;=OCH;, R,=H, Rs=Ar,, Re=OCHj, (7R,7'R,8R.8'R) \(\/
R,=OCHj, Ry=Ary, R;=H, Ry=OCH;, Rs=Ar,, R;=H (7S.7'5.85.8'S)

16 R;=H.R,=Rs=Ar,, R;=H, R=Ar, Re=OCHj (7R,7'S,8S.8'S)
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Fig. 1 Chemical structures of natural semiterpene lignans
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1.2.4 HAe 35 K Ra &

FRUA LSR5, HATHRIE R FAl SRR i AR R R L 6 4> (68~73) . 151 68 5 69 2
JEAN AT R R A R 6/6/6/6 Z I AL EARE AR, (L&Y 70 W T RE B f-myrcene I
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(H2 & I N B AL, KORBRAR T BRI VS 1637, Dong A5B81E YARAE 1 87 )\ S th
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Table 2 Natural monoterpene lignans
TS HaEw) LiEE)] AL SCHR
No. Compound Plant Part Ref.
29 Armatumin Z. armatum R, = 10
30 Planispine B Z. armatum PR, R, X 11, 15,30
B
31 Zanthoxylumin B Z. simulans W Rz 8
32 Bizanthplanispine B Z. armatum s 13
33 (4"R)- By J2 JE- AN M. officinalis W AR 5,39, 40
(4"R)-Piperitylmagnolol
34 (2"R,4"S)-J3f 8 fif 3£ ) ANy M. officinalis e 41
(2"R,4"S)-Piperitylmagnolol
35 (3"R,A"S)- B 717 3 JE AN Y M. officinalis Z. B 7,35,37,42
(3"R,4"S)-Piperitylmagnolol
36 (4"S)- BRI T A M. officinalis £ 36
(4"S)-Piperitylmagnolol
37 JE#MEZ F Houpulin F M. officinalis R 39
38 JEFMEZE G Houpulin G M. officinalis e 39
39 JE4MEZE H Houpulin H M. officinalis R 39
40 Maglignans H M. officinalis Wz 1
41 (3"R4"S,3" R4™S)- XM ki i Ah7 22 JE AN Gy M. officinalis W . ZRE 35,37
(3"R4"S,3""R4"S)-Dipiperitylmagnolol
42 (4"S,4™ R)-XUBH 5 fuf 5 JEE AN M. officinalis ESa 36
(4"S,4™R)-Dipiperitylmagnolol
43 e i JE A Bornylmagnolol M. officinalis Wt Bz 35
44 Maglignans I M. officinalis Wz 1
45 Maglignans J M. officinalis Wz 1
46 (+)-JEFM 2415 B B (+)-Magmenthane B M. officinalis B 4
47 (-)-EFh &M% B (-)-Magmenthane B M. officinalis W Rz 4
48 (H)-JE AP 24 HE C (+)-Magmenthane C M. officinalis Rz 4
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49
50
51
52
53
54
55
56
57
58
59
60
61
62
63

64

65
66
67
68
69
70
71

72

73

(-)-EF ik C (-)-Magmenthane C
(H)-EFh M %E D (+)-Magmenthane D
(-)-EF M %E D (-)-Magmenthane D
(H)-JE 2455 E (+)-Magmenthane E
(-)-BEAN L %%E E (-)-Magmenthane E
JE &% fE F Magmenthane F
JE AN 4%TE A Magterpenoid A
Maglignans E
Maglignans F
Maglignans G
JEFMEZ 1 Houpulin 1
(H)-JE AP Z B HE A (+)-Magmenthane A
(-)-JEAN 2L 5% A (-)-Magmenthane A
Maglignans D
(3"R,4"S)-BH 74 S A0 JE ANy
(3"R,4"S)-Piperitylhonokiol
(4"S)- Ay 1 JEE AR 7y
(4"S)-Piperitylhonokiol
JEFb A5 %5t G Magmenthane G
JEAb i %% H Magmenthane H
JEFMEZ T Houpulin J
(+)-JEFM 2415 B (+)-Magterpenoid B
(-)-EAN i B (-)-Magterpenoid B
JEAR 4T C Magterpenoid C
9'-O- BRI fiif 5 JE ANy
9'-O-Piperitylmagnolol
(M,1"R,6"S)-9'-O-FR 1 fif & J5- K1y
(M,1"R,6"S)-9'-O-Piperitylmagnolol

p-Menthadunnianol

M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis

M. officinalis

M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis
M. officinalis

M. officinalis

1llicium simonsii

N

35,37

36

39
34
34
34
37

36

38




O OH o)
O —
32
Ar;
29 R;=R,=Ar,, Ry=Ary, R,=Rs=Ar,, R;=H, (7R,7'S.8R.8'R)
30 R,=H.R,=OCHj, Ry=OH. R;=H, Rs=Ar3, R&=OCH;, (TR,7R,8R.8'R) g
/\ /\ /\

31 R,=H.R,=OH. Ry=OH, R,=H, Ry=Ar3. Re=OCH;, (7R.7'S.85.8'S)

33 Ry=Ar, R,=Ry=H
34 R;=Arg, R,=Ry=H
35 R;=Arg R,=Ry=H
36 R,=Ar;, R,=Ry=H
37 Ry=Arg, R=Rs=H
38 R,=Ar, R,~R;~H
39 R;=Ar,, R,=R;=H
40 Ry=Ar,,.R,~R;~H
41 R=R,=Ar,, Ry=H
42 Ry=R,=Ar;, Ry=H
43 R,;=R,=H.R.=Ar,,
44 R,=R,=H.R;=Ar;
45 R,=R,=H, Ry=Ary,
46 R,;=R,=H.Ry=Ar;
47 R;=R,=H. Ry=Ary,
48 R,;=R,=H.R;=Ar;
49 R,=R,=H.R;=Ary,
50 R,;=R,=H.R;=Ar,
51 R,;=R,=H.R;=Ar,,
52 R=R,=H,R’-=Ar,,
53 R;=R,=H.R;=Ar),
54 R,;=R,=H.R;=Ar,;

e

Aryy Arys
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Fig.2 Chemical structures of natural monoterpene lignans
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BRRRREZR . 4 DN RBEXGAEANR R 3 DRl 20 AR MR ER & 6 DAY i R IR
SEf B s Oar g e, IR B AR Bl ) SRR R (BCRRIARRR . Bk
JEF . WIEARNE RBAERORER) WS Bk BRI B E i k. £ HR A, 3
AR R EERIE T ARZRIORZ B EDEF T, 3L 404>, BEAL, 4 BmEARNEERIE T 2=
ERHEMUSEY), 1A SRR Z R T AR R\ A R .

1.3 FHHEARAEE

2w AR 2R A 5 5 R IR 2R IR B B S T R AR AR IR R B S R
fiE, FEH L NREERCRTRAR R . R U AR R KA Ems AR R R
1.3.1 4 F REBORA ARG &

B a R RN R A TR Z R T, G5 A A 2 TR e A5 2l i 28 1 AN R
Rt 8, T &S, Cary olane )  BARBUANE R BIAE EAMG . SR
LA M AE C-4. C-4' C-6'WUARAL B AN E . B AT & 1 A5 2 05 R AR iR 3 3% 5 A4
(74~78) (WL 3. K 3) .

1.3.2 4336 A# ARG &

Rk E AR MR RAEAR 28 SAE B h G K, G583 T E A e b Y
fEEmi 25 B ZE R . AR RMERIAE (3, 4-EFARNR. 4, 4-2PFARIER) L
FELE C-4. C-5 BURMLEHIAF . BT, EY) 83 2Mi—— P ARIEREIZ N 4, 4-
SFUBTAIR R IUME AR 2R, AEX R A5 = (/) B L 48 ) DNA 452405 Hh B oA B i fR 37
PERIEL, AT HGE (P mi EU AR IR R 54> (79~83) , (&R 3. E3)

133 X4 F RMEF

Dong ZEBSIEF \A th B IR0 A5 3] T — M fE R IER 84, ZaWdn T#H
BERLAE 5 5 B AT 3 A Co-Cs BT A% - A I 20 1o 1 5 AF O T ok, Xk 2 T JEL ol s g R A
BENIEIEE, (WE3 B3 .

R I RBMEEWEABER
Table 3 Natural sesquiterpene lignans
I 5 wEY) Y AL SCHR
No. Compound Plant Part Ref.
74 F1% JE AN Eudesmagnolol M. obovate i 44-46
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75 T&H=I e BN M. obovate LAY 44, 45, 47-49

Clovanemagnolol
76 T & BB AN Caryolanemagnolol M. obovate g 44, 45,47
77 YR AN JE AN A Eudeshonokiol A M. obovate g 44-47
78 FeBEANE AN B Eudeshonokiol B M. obovate EN A 44,45, 48, 50,
51
79 Eudesobovatol A M. hookeri B B 2R 43-45, 47,51
M. obovate
80 Eudesobovatol B M. officinalis. M. W . ZERE 43-45,47, 48,
hookeri. M. obovate 50, 51
81 Chevalierinol A M. chevalieri - 3
82 Chevalierinol B M. chevalieri - 3
83 5-Allyl-2-(4-allyl phenoxy)-3-[7-(1- M. hookeri 53 43
hydroxy-1-methyl
ethyl)1,4adimethyl-
decahydronaphthalen
-1-yloxy]-phenol
84 Clovanedunnianol L simonsii Br AT e a 38

R, R R,
\O O/ 2 \O
/R
d
74 R~Any, R-H 77 Ry=H, Ry=Ary
75 R,~Ary, R,-1 78 R ~Any, Ry-H

76 R,=H, Ry=Ar28

Aryg Aryg Arz

0
| Ho)[ H= _o oH
‘1,
79 Ri~AngR,-H Cj
80 R~ Ry~Ary n |

81 R;=Arz;, Ry=H
82 R;=H, Ry=Arz, 83 84

Bl 3 RRMEHREARTRR K25

Fig.3 Chemical structures of natural sesquiterpene lignans
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HETH ORI IRE T 11 MEEREATE R, 5 RATERAKRIEER 13%, HhaHE s Mk
[13:7% itk N QNI = ST TR T N B = S e S N ot e R R B T €
MRERLL 5T FhE A ER Cary olane ) SARE (BRAIANEER . BN =S AN
) R R B R, RRRBAR R ORI TR RR 22 R A H A
JEAN, 3R T A, BeAh, S AMEEREAE R RIE TR RAEBEY, 1A KRIETARZFI
R EY .

2 HIBER
2.1 HERPIER

XA E RGO S F B AN AN Th A, P25 (4505 1] g B S ik B at T
WEFERIL, AEYIT 2 R R IR AT LATE 2/ 0 R 0 X BOR FEM 22 CRAP PR 52T, 28R
PRFEAEN—RRIR N TEY), KB (5 2R 9 B A e 2 R AR R A
{f . Fukuyama %5 (4 47 40 SURT IG5 T H AR JE AR F il ORI Z M & R4, RIL
clovanemagnolol (75) « caryolanemagnolol (76) & eudesobovatol A (79) AN A] LAf it
RAAHMIBHZ TN 2 BT R, 30T LR 225 32 1 i B K = BR A 22 70 40 I 1) IEL ARG £ 19t e
BTG E, SR AP 3750, LAY 75 SR A e 545 (TBD 24 h &,
D CA1/2 X Fil CA3 [X [f) Fluoro-Jade-positive 40 (—FpiH T-#& 0 Ibr &) BEMEL
TR TBL R E WD, BN TR 75 B R BT, R I AT L% TBI
731 miR-212 Al miR-9 [ RA IR & BN EH 4K, WM& 2 sh &/ E B3, £EXT
20 % ¥ 3L (Huntington's disease, HD) & IR 7 R I, S8 AR AR E &) 76
J&» Tinetti I )50 F1 5 AR SR TS5 R B 0, KU AT LLE 2 % HD 83 11
BTN Ee GBI RE /154, Zlotkowski 55 SR SR I, 75 T LAMEREM SRR I A, FEXS 75
TN B2k H HEAT SMIE /N 43T Pull-down 5256 HE— 3547 78 HoA & R4 1 AE AL B, 75 A)
DA KLC-1 (—FhZ 5HhI e is it 5 A 5D IRIK, AT 8k 820 a5 493 1 52 452
2R A, ERMA R IER . & RO RIAF=2) LA — DI 5 10 80845
Z—, Khaing 0TS ARG E T 75, HEARSMGIER WA E FAEM, i Image)
ffEh BB R A ERL A K, SR ER 75 R BRI Z T K FRE,
Xu S5 SGE I R AL A ORI AL A AR B &7 75, FFE—BIRIE T A A E IR S
Mo I E SRR AR EBERIZF (OGD) 55 SK-N-SH 41 #i (it AL, §if e A7 i

ZRYPHVEH I RIR NG THEY, KIZEFH ) magterpenoid A (55) . (+)-magterpenoid
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B (68. 69) . (+)-magmenthane D~E (50~53) . magmenthane G (65) Xf#3Z& B A1 OGD
7531 SK-N-SH 28 3451 13 104 22 (AP 5 B T PR 1 245 2 SR RSP A0 = Sl e, AT VB TE R ol
GARYE R, FEREIR T T 10K B J2 A0 D 4 4 0 40 M B3 15 A5 82 v, maglignans E
(56) 7T LUK R ARES IR 1K) Wistar K BR B2 JZ= AN B 4 22 T AT M 61.1%4 1 2] 72.0%,
S TP MEZG)IE T 3E2KEK (NBP) ; i4h, maglignans D (62) tHHEW 4128 7T 14715 K M
61.1%32 m 2 72.9%!11,
2.2 B

A BRFRIE R AT IBAE BT, o AT A2 305 SR T 5 ) 3 T 7
A RIPEAE IR I TR 2 A 1 — KPR, RARF=W R LB 22 (¥ A i M A 5 SRR M 3 1k
—H R E WA R R BRI SR, BERARIR R R RN T HEL
WA Is MR S, BT Z PR E - Piperitylmagnolol J& JEAMH A L Fh R, S HIR
MBS ZR, X 2 R A bk BT AR EAE R, 91401(2"R,4"S)-piperitylmagnolol (34)
%} HepG2. OVCAR-3 #1 HeLa H A5 B U4F (¥ 40 M 85 £ 35 ¥, CDso 73 5l 8 4.3, 8.7 F1 7.3
ng/mL, SEEATEMBE TR, LB S RRBEARTT MRS 1, R W HR IR U8 5
Sk &1, (3"R,4"S)-piperitylmagnolol (35) X 4 Fije 4 il (HeLa. K562. AS549 Al
HCT116) EnH gl dE G, 1Cso N 7.7~9.5 ng/mL“*2, MTT yE & J5 Ah i i K
SR X HCC827+ H1975 Al HA60 [HTIEFE A 1, 35 RIS HTGFEIE 1 (ICs0 731
49 15.85. 15.60 1 18.60 pmol/L) , = T JEFME 5 F1EFM (IC56>30 pmol/L) , K R
ST, o o B RS P DA IR P SR A A AR A VR T, )RR R IR MR R B R OG0T,
X SR 73 B A3 B 1 4 AN SRR FREAT PR e Rk, R IN(4"S)-piperitylmagnolol (36)
5j(4"S)-piperitylhonokiol (64) *f % fli@4ife (HepG2. HCT-116. H1975. HUVEC) HEA
KLU IO 40 i 3 S P, 1Cso 20 N 15850 18.60. 16.60 25.34 pmol/L 1 31.44. 21.56.
26.67 « 5531 pmollL , Tfj (4"S.4"R)-dipiperitylmagnolol ( 42 ) 5 (M,1"R,6"S)-9'-O-
piperitylmagnolol (72) JC4HMI#FEIE L. BT B8O R, BRI T HELE R SR 43 i i
RS PE PR RAE L, M T B A A BRI P2 KK RRAIE, BEAh, KRIERHIcHh
JE AN Y Bt P70 R i 5 o 1 AN SR AN, X S T R AR B R A BURIE F K 45k 15
VAR AL T 77 B9, BT FARE A BRI E PERF T4, R 22 R A I £ e K IR R
clovanemagnolol (75) . eudeshonokiol B (78) . eudesobovatol B (80) Xt HeLa. A549 1l

HCT116 B A B AI4II R IEIETE, 1Cso N 7.1~14.4 pg/mLU81, XHAEHUB FEY) b 15 25 A g

12



FIATHUMIETE BT, M Z. rhetsa 43 B 15 B ) (+)-piperitol-4,A-dimethylallyl ether (5)
Xof FL AR 0 MCF-7 B 5 38 4RI B35 1, 1Cso {8 N 261.37 pg/mLU%), Bizanthplanispine A
(23) . bizanthplanispine B (32) /% planispine A (2) &K HATHAEMUH IR IR N T4
¥, Horbr 23, 32 3853 40 Hela 10940 i 384 58 S5 7 1 A0 (K 40 R B PR VR A, 1Cs0 230K
21.98 5 26.44 pg/mL, i 2 X} HL-60 Fl PC-3 A=K A B2 1 HIHI/EH, 1Cso 73718 4.90
5 23.45 pg/mL, PR Z2 3% WA/ PR R 5 AR I 0 e T A R ) i M R 1003 600 i
T 2P A5 52 B 24 v R R (K BELAS . B TSI, 2 % HeLa FfI 40 384 440 1 44 i 5 T
JGi4A, 1Cs0249 21.64 pmol/L, 55 MR I-&f5 FH i DA 52 A 1 77 s on L1175 -5 e s 4 R
P2, 1Cso FEAIKZ 3.9 pmolV/L (5.54 %) , KW 2 ARE NI E BN e AL &1,
23 %k
RAEAE N —Fh A SRR, 7T DASCAHDRRRE S 3 Lo (112 2%, F SE R TR K
o 2 0E 2 3 U™ E A BRI, A ST A X 28 AH S Y — i B AR VR T SR
FE 24, 2 U SR AR T TR R 8 B T RAE R I R s A & B0, BAR
WFARRM, BERAMR R I RP AR AN EERIE . Guo 12l ik — F /N i EL i ik A Y
SR AT A R Z BRI AL (EAF) IFLRAIE, 455 87K EAF fE UK B0
Jr A RS RN R E MK, BABIRIER, A EAF B HPLC (il b e T
planispine A (2) , K 2 AIREEPTRMTEMERN >« 7EX LPS 55 RAW264.7 B 41 M bt
RN R B, Sk BT HAEHUITI (7R, 7'S)-xanthoxylol-3,3-dimethylallyl ether (14) %} NO
P B RAFAMHNEYE, ICso A 60.8 pmol/LBY, M H A JEAb 43 B3 3/ eudesmagnolol
clovanemagnolol. caryolanemagnolol. eudeshonokiol A &% eudesobovatol A (74~77. 79) £
WAL 22 4] NO P AERE 1, H [R] i o 9k 24 R 4 B 23 1% /E FH 1S 921, Ninh S5BIA
P B A T T R I A B AR B T A 5 SUR AR JIE & chevalierinol A (81) 4 chevalierinol B
(82) , Wi AT LLEZE 0] NO IAERL, T IbIfE B, MEROCREY, M bl
EEnE RO B O T, ke ARG 1 HUAR C-5 F2E H R 1B G R T NO 1
P, TR C-4 ¥k H R 5 I AT B KR FRARIMHIE ] B 172 RAW264.7 41 gtk L1
PURIEVETR L SN, Wang S5O0 FEHU 23 B3 211K 3 A% Al 3 zanthpodocarpin F-H
(24~26) T LAIE A1 A1) DA Bl 5 71 S M5 248 L R 248 i 38 L 8 7 LR AT O R R TR A, e 26
(ICso 43 709 18.6 5 13.8 pmol/L) & PR T+ BH 14 Xf B Ak (1Cs0 23 7014 16.9 5 22.6
umol/L) , MJZLICRAMMT, TIBEIRA C-4 A U 57 1524 6 I8 44 36T O 11 i s 240 A0 e 4 i 1
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VRIS 2 S T o WA 4> BI43 I1 houpulin G I. T (38, 59. 67) REWSA XM A
oV KL 20 fif o IMLP/CB 15 3 14 7 S0 B 8 100 7 A R 30 A 1 B R RE TR (1Cs0 23 )
3.54~4.21 pmol/L 1 2.16~3.67 umol/L) , HLRIEVESH 2 Sorafenib #* (ICso 4 3.20 5
2.00 pmol/L) B9,
2.4 41 2 BUBEIRTR

HAMATRBERE 1B (PTP1B) AL A FMIT A AIGTT 2 BB R BB 250 F AL A,
1 PTP1B #0713 S 24 VB TE S S A0 I RBF TR I, SR 1y B A I 36
JEVEAEM PTPIB #0457, H o magterpenoid Av C (55, 70) X PTP1B Il % 1 & 2,
ICs0 73718 1.44 5 0.81 ymol/L, EAVE NIRRT 2 BUBE IR 25V 103 7104, ks, #H
b T BH X BB (ICsofE N 0.77 pmol/L) , (+)-magmenthane E. H (52. 53. 66) Xf PTP1B
R A SIS, 1Cso 2> 3N 4.38 5 3.88 umol/LI,
25 E

Piperitylmagnolol /& J& Ab i B AN R B (R S A MR 32, B T 235 I Rva R4k, ik
ST P AU PG MR 4 B T & 3R (MRSA) T METE R &35 R 213K (QRSA) BAKN /3y
HrmEKE (VRE) BA RGFFMEIEH . 41 (4"R)-piperitylmagnolol (33) % MRSA H
QRSA M 1E & 2, MIC 7> % N 4. 8 pg/mLB); Syu ZEBIE KR IE T (2"R,4"S)-
piperitylmagnolol (34) WIHTEEH, EMMENZ LR T, ZiEWX VRE 1 MRSA 1)
MEEIER (MIC 2y 6.25 pg/mL) 58 T HAWANRER, ARSI, KB FREZ R IEDT BTG
e OCHR IR, B2 PR S I R A S SR SR R A G
2.6 Z Bt REREEREEHIHIE 1

BT /R 2% HF BRI (Alzheimer's disease, AD) 3 AR D) BEZ AT L5 KM B J2
PETPEARNRAT R, JUH RN R 5T o AR FELTR e 22 A (1 SR, ) 2 I R
Fifg AT 5 v K P ZBEIEAR KT, AT 38 AD BB O IH R AL 28 k(64 Dong Z5B8I T )\ £
H o> B4R 31 T PN BT R A B 2R 45 R IR % p-menthadunnianol (73) 4 clovanedunnianol
(84) , MAMEMERIE ZIL & X AChE A RIFMHIHIENE, 1Cso 70514 6.55 umol/L 5
4.58 pmol/L. IR R HT, K I 5 70 I AN [F) T RE 2 M o6 AChE (e, 4
2 A N RS BT A e AL 2L i B X AChE $f4 F AR, 2465 A N8 R Bk e bt
A B 6 ACKE ROHIIAE F RS 55 -
2.7 b HBIER

H
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BT BIRAGEAEF AN, BN B IR, W, PrE. RIMEF
S DNA #55 FIR P E & . M Z piperitum ™ 5y 8573 E| () (+)-xanthoxylol-A,A-dimethylallyl
ether (9) i B A Ik €40 PR ISCAN 1R J AP I &) U BB (R 13 1, R BOUEIR EE A 43 7R 0.27 5
0.24 mg/L, W] AE N 75 8 R S8 A= W ot 260 G T B B 9 (78,7'S)-xanthoxylol-3,3-
dimethylallyl ether (12) 54L& 9 &Rl FEPTEAHT T8 b K I LX) DPPH H i K1
ABTS H HFE40H1 R 225w T RIMEXT A, HA UM 128, KAMEE T DNA 4745 1)
B G B O S BRI R A, Hu S8 T olive JB ARV A 41 A % FP IR R AR 1k 20 X 45 Ah 2k
753 1/ B S 40 i DNA 8205 1 R 4 T, 45 R B 5-allyl-2-(4-allyl phenoxy)-3-[7-(1-
hydroxy-1-methyl ethyl)1,4adimethyl-decahydronaphthalen-1-yloxy]-phenol (83) ] olive FE4E

i/ (7.34£2.0) , BATHEAER) DNA B05 GRIE o BESRAHE 2 (10 2 B2 BTG VB 45 W3R

4,
R4 WRABERNOEEHEFNE
Table 4 Main pharmacological activities of the terpenoid lignins
ESBER (! £y & FIBL LR
Pharmacological Compound Mechanism of action Ref.
effect
P2 LRI TEHE=IEEEFE (75 TR TR AR 2 TR T 44, 47, 49,
Neurological B R R BRI Bl 42 n 40 i i) 51
protection FELTGE 2 e 7% i A
¥ TBI 3 ) miR-212 Fl miR-9 [115& 53
RGP ) 15 H 4K-F
FE N KLC-1 M3&3E, Wi fie 2k P 55, 56
T S A7 T 245 ) 4o 20 B S P P2
et 2T A K 58
T LR (76) I PR £ 0T DA 22 203 HD S8 111 54
MIIREE Bl RE
Eudesobovatol A (79) . KA E LA OGD 155 ¥ SK-N-SH 4 4,34
JEAPIEIHE A (55) . J i 5 BAT e ORI
&)-EFhA4h5 B (68 69) .
(&)-EAMikE E (52,
53) . EAbKiEGE G (65)
Maglignans D. E (62. 56) P R AR 7R 1 Wistar KRB Z R 1
T2 TC RIS 3
b (2"R 4" S)-BH T fuf 22 JEL A %} HepG2. OVCAR-3 #ll HeLa A& 41
Anticancer 34 Y EEEE I
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(3"RA"S)- B L AN XF HeLa. K562+ AS549 1 HCT116 K

(35) A 20 0 R
X} HCC827. H1975 Al H460 H. A5 Ht
BRETE T
(4"S)- v A ik S5 Py %f HepG2 . HCT-116 . HI1975 .
(36) « (4"S)-FEMAEME HUVEC A4 a st
FhEY (64)

THE=ABEEF (75) . X HeLa. A549 fil HCT116 B 4
MREREANE B (78) R
Eudesobovatol B (80)
Bizanthplanispine A. B (23, #)iffi| Hela F4H 13 58

32)
Planispine A (2) 141 HL-60 1 PC-3 FZH gt 5
Xt HeLa F) 210 ff3 454 5 400 1) £ Y 568 T I
B, 5 AR DA OB
7 I NG5 5 1 9 40 L 9
Bk Planispine A (2) ) FR 2R 5] A ) /0 B i
Anti-inflammatory Chevalierinol A (81) . ) LPS 5 5 RAW264.7 E Wk 41 Jfa
(7R,7'S)-Xanthoxylol-3,3- NO K=
dimethylallyl ether (14)
MW R AN (74) . ) LPS % 5 RAW264.7 5 41 iy

THERZINEE (75) . NO =4, [F)I 27 58 2 A 40 i 25
TEGIEANG (76) . HEE PEIEA

FEFE A (77 .

Eudesobovatol A (79)
Zanthpodocarpin Fv G H 38 I #0H C FR 5G 158 L4 P A gk 4t

(24~26) A R BB R R
B EE G 1L T N v KL 40 i IMLP/CB 5%
(38. 59, 67) f1 R B 5 ) 7 A AN i 2 1 i
R
B 2 BB SRS JEANAE A (55)  JEAMREE M AR FRBERRES 1B 1L
Anti-type 2 C (70) . ()-FEAifE E
diabetes (52, 53) . JEHhIRmEGE H
(66)
BTN (4" R)- ¥4 ik JEL T 3 % MRSA Fil QRSA EA 1 E 1
Antibacterial 33
(2"RA"S)-BRFEAIE LAY X VRE Al MRSA I £/ (MIC
34 N 6.25 pg/mL)si T HAMAE R

M) 2. T HBEERS  p-Menthadunnianol (73) . 1) 2T PR s g 5 12

16

42

37

36

48

13

13

45, 62

39

41

38



Acetylcholinesterase Clovanedunnianol (84)

inhibition
ik (+)-Xanthoxylol-2./- R A 6 P R S A B U B 26
Insecticide dimethylallyl ether (9) 1
EE=nia (78,7'S)-Xanthoxylol-3,3- ] DPPH H H12E AT ABTS H HiZk 28
Antioxidant dimethylallyl ether (12)
ST DNA  S-Allyl-2-(d-allyl phenoxy)-3-  *H54ME A S 00/0 BT DNA 43
ST [7-(1-hydroxy-1-methyl $105 AR ER, olive 46 {1 5%
Protective effects of ethyl)1.4adimethyl- N
UV-induced decahydronaphthalen-1-yloxy]-
DNA damage phenol (83)
IGRERE

MRARBEJE  FHRIE LS R GV AR W E R 2 —, WEIRORIE R HAR R
Az, ARNFIR SRS S AR R KRR, BAEIRAB ST R 1. AR 4SS
THETRIL 84 MiERANRR, WMEZMAEWER, B 2 DRERERAER. 224
R EANGER . 5 MMEFRBIRRARNER . 5 MMEPIE R R 4 B OA R
JEZ . 4 Filli “RIAEANER . 3 DR ECIARNER . 9 D HAR KA RANE RS, K
JRTARZRIAR Z R EA DR RRERA AR IE R E R L (5 38%) , =EREHURE
P HERE XA BRI R IR L, 15 26%. FEADNEIERT T, HmE RARNR R AR
UM BUA . BT 2 BUMEARWE . PUBH . AL, HUERI I 2 AE B e e 45 7 T 2 I 4L
GFRENE, BAGSUEYRE . EHEAT E AT AR E BRI AR R R R
Bb . SEBK, EVEEWTTTEDY, ERANR R Y & @R A AL AN TE M,
HARTETAN K2 R IR TR SN, 22 BOA T8 0 fms SRR ZR AR FH AL S HE s M ANE 22
e PR B FH 5 1F 7

PRI, ARKmE RANR R AW TR LA JUAN TS T = il A i 213 1k A o0 o8l 122
MIEESE, DB RIRGE AN R A — BRI, PRI % A RO R B RARGER AN
RAEME RO IR, RS R LM Ed . 1T & Tl & r)seit; B
R LE I P PR SR IR 3R 24 PR A AL VR N AT 98 B R 2 B St o 390 52 Dyl B A iR 3R )
— P RIERBE RS F
SE
1 Xu KL et al.P-menthane-based meroterpenoids with neuroprotective effects from the bark of Magnolia

officinalis var.biloba[J]. Tetrahedron,2022,123:132964.
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17



10

11

12

13

14

15

16

pathway[J].Molecules,2022,27:7288.

Ninh PT,et al.Chevalierinol A and B,two new neolignan sesquiterpenoids from Magnolia
chevalieri[J].Nat Prod Res,2021,35:3745-3751.

Li C,et al. Magmenthanes A-H:eight new meroterpenoids from the bark of Magnolia officinalis var.
biloba[J].Bioorg Chem,2019,88:102948.

Xu Gliet al.Antibacterial constituents from Magnolia officinalis[J].Lat Am J Pharm,2018,37:1844-
1849.

Wang JF,et al.Characterization and biological evaluation of six new dimeric lignans with an unusual
alpha,beta-unsaturated ketone motif from Zanthoxylum simulans[J].Bioorg Med Chem
Lett,2014,24:4667-4671.

Kuo WL,et al.Biphenyl-type neolignans from Magnolia officinalis and their anti-inflammatory
activities[J].Phytochemistry,2013,85:153-160.

Peng CY,et al.Lignans from the bark of Zanthoxylum simulans[J].J Asica Nat Prod Res,2015,17:232-
238.

Bhatt V,et al. A new lignan from the leaves of Zanthoxylum armatum[J].Nat prod Commun,2017,12:99-
100.

Guo T,et al.LA new lignan and other constituents from Zanthoxylum armatum DC[J].Nat Prod
Res,2012,26:859-864.

Zhang WJ,et al.Antifeedant activities of lignans from stem bark of Zanthoxylum armatum DC. against
Tribolium castaneum[J].Molecules,2018,23:617.

Guo T,et al.Antinociceptive and anti-inflammatory activities of ethyl acetate fraction from
Zanthoxylum armatum in mice[J].Fitoterapia,2011,82:347-351.

Su GY,et al.Bioactive lignans from Zanthoxylum planispinum with cytotoxic potential[J].Phytochem
Lett,2015,11:120-126.

Tan SB,et al.Chemical constituents of Zanthoxylum armatum.11[J].Chem Nat Compd+,2018,54:1027-
1028.

Hu Y,et al.Two new lignans from the bark of Zanthoxylum planispinum[J].B Korean Chem
S0c,2009,30:1884-1886.

Sun Y,et al. Two new lignans from Zanthoxylum armatum[J].Nat Prod Res,2022,36:3331-3336.

18



17

18

19

20

21

22

23

24

25

26

27

28

29

30

Chen IS,et al.Chemical constituents and biological activities of the fruit of Zanthoxylum
integrifoliolum[J].J Nat Prod,1999,62:833-837.

Zohora FT,et al.Isolation and in silico prediction of potential drug-like compounds with a new dimeric
prenylated quinolone alkaloid from Zanthoxylum rhetsa(Roxb.) root extracts targeted against SARS-
CoV-2(Mpro)[J].Molecules,2022,27:8191.

Ruchiyat,et al. Lignan(+)-piperitol-y,y-dimethylallylether from stem bark of Zanthoxylum rhetsa(Roxb.)
DC(Rutaceae)[J].J Kim Valensi,2022,8:171-177.

Arruda MSP,et al.Protolimonoid and lignans from Zanthoxylum
petiolare[J]. Phytochemistry,1994,36:1303-1306.

Biavatti MW.,et al.Separation and NMR studies on lignans of Raulinoa echinata[J].Phytochem
Anal,2001,12:64-68.

Yang CH.,et al.Secondary metabolites and cytotoxic activities from the stem bark of Zanthoxylum
nitidum[J].Chem Biodivers,2009,6:846-857.

Vaquette J.et al.Alkaloids,triterpenes and lignans from Zanthoxylum sp. Sevenet 11831-a species
inigenous to new caledonia2[J].Planta Med,1979,35:42-47.

Rao KV.,et al.The ichthyotoxic principles of Zanthoxylum clava-herculis[J].J Nat Prod,1986,49:340-
342.

Bastos JK et al.Isolation of lignans and sesquiterpenoids from leaves of Zanthoxylum naranjillo[J].Nat
Prod Lett,1996,9:65-70.

Kim SLet al.Larvicidal activity of lignans and alkaloid identified in Zanthoxylum piperitum bark
toward insecticide-susceptible and wild culex pipiens pallens and aedes aegypti[J].Parasite
Vector,2017,10:221.

Chen JJ,et al.Cytotoxic constituents from the stem bark of Zanthoxylum Pistaciiflorum[J].J Chin Chem
Soc-Taip,2004,51:659-663.

Chakthong S,et al.New alkylamide from the stems of Zanthoxylum nitidum[J].Nat Prod
Res,2019,33:153-161.

Phetkul U,et al.Zanthoisobutylamides A-C:rare dimeric C-6 substituent dihydrobenzophenanthridine al
kaloids from the roots of Zanthoxylum nitidum[J].Nat Prod Res,2023,37:1249-1257.

Su GY,et al.An unusual tetrahydrofuran lignan from the roots of Zanthoxylum planispinum and the

19



31

32

33

34

35

36

37

38

39

40

41

42

43

44

potential anti - inflammatory effects[J].Chem Biodivers,2017,14:¢1600214.

Ren LJet al.Studies on the constituents of Zanthoxylum podocarpum Hemsl[J].Acta Pharm Sin(%4 %%
#%),1984,19:268-273.

He GX,et al.Study on phenylpropanoids constitunents in stem of Zanthoxylum dissitum[J].J Tradit Chin
Med Univ Hunan(i#i i H 22 25 K %52 4),2012,32:38-41.

Ishii H,et al.Studies on the chemical constituents of Rutaceous plants.XLVIIL.The chemical
constituents of Xanthoxylum ailanthoides Sieb.et Zucc.[Fagara ailanthoides(Sieb.et Zucc.) Engl.].(3)
Isolation of the chemical constituents of the bark[J].Yakugaku Zasshi, 1983,103:279-292.

Li C,et al.Magterpenoids A-C,three polycyclic meroterpenoids with PTP1B inhibitory activity from the
bark of Magnolia officinalis var. biloba[J].Org Lett,2018,20:3682.

Yahara S,et al.Isolation and characterization of phenolic compounds from Magnoliac Cortex produced
in China[J].Chem Pharm Bull,2008,39:2024-2036.

Ni HF,et al.Biphenyl-type neolignans from stem bark of Magnolia officinalis with potential anti-tumor
activity[J].Fitoterapia,2020,147:104769.

Tang H,et al.Discovery and synthesis of novel magnolol derivatives with potent anticancer activity in
non-small cell lung cancer[J].Eur J] Med Chem,2018,156:190-205.

Dong CF,et al.Sesquineolignans and terpene-sesquineolignans:anti-acetylcholinesterase constituents
from Illicium simonsii[J].Planta Med,2013,79:338-347.

Shih HC,et al.Anti-inflammatory neolignans from the roots of Magnolia officinalis[J].Bioorg Med
Chem,2016,24:1439-1445.

Konoshima T,et al.Studies on inhibitors of skin tumor promotion,IX.Neolignans from Magnolia
officinalis[J].J Nat Prod,1991,54:816-822.

Syu Wl,et al. Antimicrobial and cytotoxic activities of neolignans from Magnolia officinalis[J].Chem
Biodivers,2004,1:530-537.

Youn Ul,et al.A cytotoxic monoterpene-neolignan from the stem bark of Magnolia officinalis[J].Nat
Prod Sci,2011,17:95-99.

Hu XQ,et al.Sesquiterpene-neolignans from Manglietia hookeri[J].Nat Prod Res,2016,30:1477-1483.
Fukuyama Y,et al.Neurotrophic sesquiterpene-neolignans from Magnolia obovata:structure and

neurotrophic activity[J]. Tetrahedron ,1992,48:377-392.

20



45

46

47

48

49

50

51

52

53

54

55

56

57

58

Matsuda H,et al.Effects of constituents from the bark of Magnolia obovata on nitric oxide production
in lipopolysaccharide-activated macrophages[J].Chem Pharm Bull,2001,49:716-720.
Fukuyama Y,et al.Structures of eudesmagnolol and eudeshonokiol,novel sesquiterpene-neolignans
isolated from Magnolia obovata[J].Chem Lett,1990,19:295-296.
Fukuyama Y,et al.Novel neurotrophic sesquiterpene-neolignans from Magnolia obovata[J].Symp
Chem Nat Prod,Symp Pap,1990,26:197-204.
Youn Ul,et al.Sesquiterpene-neolignans from the stem bark of Magnolia obovata and their cytotoxic
activity[J].Nat Prod Sci,2008,14:51-55.
Fukuyama Y,et al.Structure of clovanemagnolol,a novel neurotrophic sesquiterpene-neolignan from
Magnolia obovata[J].Tetrahedron Lett,1990,31:4477-4480.
Min BS.Anti-complement activity of phenolic compounds from the stem bark of Magnolia
obovata[J].Nat Prod Sci,2008,14:196-201.
Fukuyama Y,et al.Novel neurotrophic sesquiterpene-neolignans from Magnolia
obovatal[J].Tetrahedron Lett,1989,30:5907-5910.
Moura MVN,et al.Neuroprotective effects of crude extracts,compounds,and isolated molecules
obtained from plants in the central nervous system injuries:a systematic review[J].Front
Neurosci,2023,17:1249685.
Weisz HA,et al.Mechanistic insights gained from cell and molecular analysis of the neuroprotective
potential of bioactive natural compounds in an immortalized hippocampal cell line[J].PLoS
One,2022,17:¢267682.

Du R.Impact of caryolanemagnolol on gait and functional mobility on individuals with Huntington's
disease[J].Trop J Pharm Res,2015,14(9):1713-1717.
Zlotkowski K,et al.Small-molecule mechanism of action studies in Caenorhabditis
elegans[J].Chembiochem,2013,14:2338-2344.
Zlotkowski  K,et  al.Small-molecule-mediated  axonal  branching in  Caenorhabditis
elegans[J].Chembiochem,2013,14:307-310.
Khaing Z,et al.Hippocampal and cortical neuronal growth mediated by the small molecule natural
product clovanemagnolol[J].Bioorg Med Chem Lett,2011,21:4808-4812.

Cheng X,et al.Neuronal growth promoting sesquiterpene-neolignans; syntheses and biological

21



59

60

61

62

63

64

studies[J].Org Biomol Chem,2012,10:383-393.

Hui Z,et al.Discovery of plant-derived anti-tumor natural products:Potential leads for anti-tumor drug
discovery[J].Bioorg Chem,2024,142:106957.

Ma LM,et al.Research advance on anti-tumor components of Zanthoxylum genus[J].Nat Prod Res
Dev(RER =it 5t 51 7%),2020,32:334-340.

Bouyahya A,et al.Anti-inflammatory and analgesic properties of Moroccan medicinal
plants:Phytochemistry,in vitro and in vivo investigations,mechanism insights,clinical evidences and
perspectives[J].J Pharm Anal,2022,12:35-57.

Yi Y.Active ingredients in Japanese Magnolia officinalis that inhibit NO production[J].Int J Tradit
Chin Med( [ frH B= 25 2% £),2002,24:317.

Cao XR,et al.Polycyclic phloroglucinols as PTPIB inhibitors from  Hypericum
longistylum:structures,PTP1B  inhibitory  activities,and interactions with ~PTP1B[J].Bioorg
Chem,2017,75:139-148.

Prasasty Vet al.Natural peptides in drug discovery targeting

acetylcholinesterase[J].Molecules,2018,23:2344.

Yeke H39: 2024-01-09 R HM:

EEWH: BEXFEARBFESIE (82160731) ; VL7 H & 25 K 2K 4R 6 %7 [ BL KR J& 1 il
(CXTD22007)

*E{EEHE Tel: 13767061665; E-mail: 1iu5308@sina.com

22



