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Research progress on chemical structure and biological activity of sesquiterpenes
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Abstract: Sesquiterpenes are one of the main active components of Atractylodes. According to the skeleton type, sesquiterpenes
isolated from the rhizome of Atractylodes can be divided into four types: eudesmane-type, guaiane-type, spirovetivane-type and
eremophilane-type, eudesmane-type was the main type. Sesquiterpenes of Atractylodes have a wide range of biological activities,
including anti-inflammatory, anti-tumor, nervous system protection, liver protection, antibacterial and antiviral activities. The
structural characteristics and biological activities of sesquiterpenes in Atractylodes are summarized in this paper, in order to provide
reference for further development and utilization of Atractylodes.
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*1 PEBREEYHEREES
Table 1 Species and distribution of Atractylodes

G5 S & T4

TR A

1 #AR ¥ A A lancea (Thunb.) DC.

Jb#&EA A, chinensis (DC.) Koidz.

2 AR A. macrocephala Koidz.

3 RER A. japonica Koidz. ex Kitam.
4 HAEEER A. coreana (Nakai) Kitam.

5 SuEA A

TLAR. WL 28 YLPE. Wb, R

UL, AR 0T NS B Wi, B, HRAE
LR WL MR 1008, 28 DU, e ol e 4
wAMR BRI, LT

L7, AR

. carlinoides (Hand. -Mazz.) Kitam. #IdLPE#E (BhIH)

BAGCARBEDE A SV a5 R A Dis v
M ARGEH L MR R Z . A EAR R
FRERA A IR KPR dhik . GBS
WEFIIRBEAT SR1R, B RS T iR A5 el
Pt AR 245 B A 5 T O HE R
1 =48

GARBEYIDRZENL, NEAREHEIRZE S
Iy B AT RN 98 MG R W), MR HoAr JE A

A Ay ARG R EAIARKE AL AR AR b A A
TR 4 B, Hdker B 63 A4S, W HAEARE
e PN i Tt = g YN E o
1.1 RGBS GE

GARJEH CARIE R e B ik 63 A,
ZJE OB Pl b, AR R dh i W
K 2ME 1. HEAREZBZ & 15 Mk R 20 Ak
(1) 2 DN7STOAF 4 AL, HERAE e mE 451 2 FF,

R 2 NEARBH S EEE A REEFTE
Table 2 Eudesmane-type sesquiterpenoids isolated from Atractylodes

' AW 4 B ¥ RS SCHR
1 A - CisH260 FEAR, LER, AR 3-6
2 3o-FE AL K Ci5H2503 FEAR 7
3 KR Ci1sH2602 FHEAR 7
4 R --4(15)-#5-T o, 11- % C1sH2602 EZiWN 8
5 (11R)-2,11,12- = $2 5&-B-F+ T C1sH2403 FEAR 7
6 kudtdiol Ci15H2602 FHEAR 7
7 (118)-2,11,13- = $& 5-B- /T4 C1sH2403 FEAR 7
8 (1R, 7R,10R)-1-F2 JAE 1% Hill - 11-O- B- D- M Wi 1 267 4 1 C21H340s TR 9
9 (2S,7R,10S)-3- ¥ J 15 % 7 - 11-O-B- D- M it i 225 B 17 Ca1H340s FHER 10

10 (2R, 7R,10S)-3- 52 HA5 1% il - 11-O- B-D- R i 81 267 i C21H340s TR 10
11 ¥ H-4(15),7- —)%-90,11- CisH2402 FER. AR 8. 11
12 ¥ H-4(15),7- )3 -11-K%-9-Hd CisH220: TR

13 atractylmacrol B C16H2602 HAR 12

14 sy CisH220 KER. AR 5. 13
15 Ay C1sH260 HAR 12

16 HARAEEVI C17H2:02 SN 14
17 atractylmacrol C C17H2603 HAR 12

18 atractylmacrol E CisH220 SN 12

19 atractylmacrol D C1sH240 HAR 12

20 HARNERVI CisH2o HAR 14
21 14-F2 k- S 2R R I C1sH2403 FEA 7
22 ¥ H--4(15)-)4-7p,11- B C1sH2602 HAR 15
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Hgk2

'S A2 FR 7T YRR SCHk

23 BAREFC CaH3s07  FHEAR. KEAR 16-18

24 BARHED CatHas012  FHEAR. KA 16-18

25 BAREE CaHsi016 F AR, KEAR 16-18

26 GAREF CatHe2020  FHEAR. KA 6. 17-18

27 BARFG CaiHzsOs  FHEA. XA 16-18

28  HARE G 2-0-p-D-M I a5 T CatHasO13  FHEAR 16

29 THAREH CHss017  FHEAR. KBEAR 17-18

30 WAHI CatHaO13  FHEAR. KEAR 16-18

31 (5R,7R,108)-3-¥2 % B LI WL R -3-O-p-D-ML M A FEH  CuHaOs  FHEAR 10

32  (5R,7R,108)-6"-O- Z Mt & AH1 CaoHa6014  FHEAR 10

33  (5R,7R,I0S)-6"-O- Z Bt & AT CaoHa6014  FHEAR 10

34  (5R,7R,10S)- 5 %% 1 B¥ W -11-O-B-D- Wk M 7+ 3¢ ## % - CosHaOun  FHEAR 10

(1—6)-B-D- N 1eg 78] 2] A 5=
35  (5R,7R,10S)-3-O-B-D- Mt Wi 41 %) 4 3 57 S AHBEMA-11-0-B-  CaeHs2017 F A 9
DRI /7S5 F2 - (1—6)-B-D- MLk e 7 2 5 EF

36 (5R,7R,10S)- 57 £ fe i - B- D- Mt e 8] 467 % CaH07  FHEAR 16

37  (5R,7R,108)-14-#2 3 F SAHNE H-11-O-B-D-ML B A FEH  CaH30e  FHEAR 9

38 (5R,7R,10S)-14-¥25E F S MEMA-11-O-B-D-ML A £ CaH40s  FBAR 19

39 HARNBL CisH1ON A 15. 20

40  EARPIEEL CisH1802  FHBAR. LBEAR. KEAR. AR 3. 12, 14,
21-24

41 AARWERL CisH2002  FHAR. KER, LBEAR. AR 12, 14, 21-
24, 25

42 AARPERIT CisH203  FHEAR. EER. KER. AR 12, 14, 21-
22

43 HAARANERIV C17H230s AR 14

44  SFHEARNES Ci5H2202 SN 26

45 8B-H AR AR BRI CisH20s AR 12. 15

46  8-epiasterolid CisH202  KEAR 21

47  13-FEE-AARNEE I CisH200s AR 15

48  8-FKHAARWEE I CisH200: AR 27

49  3B-LBREHE-EARPIEEL CiH20s AR 26

50 8p-ethoxyasterolid Ci7H203  HAR 13

51 (3S)-3-F23E HARPIES 111-3-O-B-D-HHt I i 41 5 £ CatHz009  KEAR 17

52 AR CisH200  FHA. EER. KER. AR 6. 21-23. 28

53  3B-ZEEAEE AR C17H2203 AR 20

54  A-FRIE-EHARNES I C14H1804 AR 15

55 HARNBERV Ci15H2004 AR 14

56 FEIEEARNEE Ci15H2003 AR 29

57  8B,90- FRFE ARSI CisH2004  FR 30

58  HARTF C15H2202 HAR 26

59  4(R),15-FHE-8B-F2FE AR N I CisH20s AR 26

60 4R,15-FREFEARNEE 1I CisH200s  HA 30

61 XWHEAMES CaoH3s0s AR 11, 27

62 MEREAARNES CaoH30s AR 29

63 XAARNEE N C34H420s HA 31
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1R;=H,R,=H,Rs=H  5R;=0H, R,=CHs, R;=CH,0OH 8R;=0H, R;=H, R;=0Glc 11 R=0-OH 13 Ri=R;=CH,, Rs=a-H, Ry=C(CHz)=CH;,

2 Ry=0H, R,=0H, R3=H 6 R;=H, R,;=CH3, R3=CH,0H 9 R;=H, R,=p-OH, R3=0GIc 12R=0 Rs=0a-OCHj, Rg=p-OH, Ry=p-CH;
3R;=O0H, R,=H, Rz=H 7 Ri=0H, R,=CH,0H, R3=CH3 10 R;1=H, R,=a-OH, R3=0GlIc 14 Ri=R,=CHy, Rs=a-H, Ry=Rs=C(CHg),
4 Ri=H, R;=H, R3=0H Re=0, R7:B‘CH3

15 R;=a-CHs, R,=B-OH, Rs=p-H,
R4: R5:C(CH3)ZI R5: H, R7: (X-CH3

H
16 Ry=H, R;=AcO 19 20 23 Ry=H, Ro=H, Rs=0Glc
17 R;=0H, R;=0Ac 24 Ri=Glc, R;=H, Rs=0Glc
18 Ry=H, R,=OH 25 Ri=Api(1—6)Glc, R;=H, R;=0GIc

26 Ri=Api(1—~6)Glc, R;=H, Ry=Api(1—6) Glc
27 Ry=H, R,=OH, Rs=0Glc

28 Ri=Glc, R;=OH, R=0GIc

29 Ri=Api(1—~6)Glc, R;=OH, Ry=0GlIc

R, R
30 Ri=0Gle, R,=CHs, R5=0Glc 39 R=NH 41 Ry=H, R=B-H, R=CH; 49 R;=H, R;=OCH,CH; 51 R=H 53
31 Ri=0Glc, R;=CHg3, R3=OH 40 R=0 42 Ri=H, R=B-OH, R=CH; 50 R;=0Glc, R,=OH 52 R=AcO
32 R1=0Glc, R;=CH3, R3=0(6-Acetylglc) 43 R;=AcO, R;=p-OH, R=CH;
33 R1=0(6-Acetylglc), R,=CHs;, R3=0GlIc 44 Ry=H, Ry=0-OCHs, R3=CH;
34 Ry=H, R;=CHs, Rs=OApi-(1—6)-Glc 45 Ry=H, Rz=0-H, Re=CH
35 R1=0Glc, R,;=CH3;, R3=0Api-(1—6)-Glc 46 Ry=H, R=B-H, Ry=CH,OH
36 Ri=H, R;=CHjs, R3=0Glc 47 Ri=H, R=0-OH, Rs=CHj
37 Ri=H, R,=COOH, R3=0GlIc 48 R1=AcO, R;=p-H, Rs=CHj

38 Ry=H, R;=CH,0H, R;=0Glc

R;
Ry =" OH

R
R, °

54 R1=0, Ry=a-H, Rs=H, R=p-CHs 58
55 R;=CHy, Ry=0-H, Rs=OH, R;=B-CH3
56 R;=CH,, R;=p-H, Rs=H, Ri=a-CH3
57 Ri=CH,, Ry=a-H, Rs=OH, R;=-CH3
1 MNEABHHEHEINEITEEEEIEXR I EYNLE

Fig. 1 Structures of eudesmane-type sesquiterpenoids isolated from Atractylodes
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B S o B RHIZE T 1 — SR AR 2 s P 1
1.2 AOIAKREE S HTE

AR B B il 2 — PR R A ems, BT
B AW, AT R T IR s
AL IO IR B =M E S FOrA TR, ATbABE—
FEAERBI S R EY, BAE—wEME &, &
Kb &2 BRI R A R E LD
CARBHEEIALEE G 2/ C-11 ALA Mk
BURTE A5 06 H . nfE C-4. C-7. C-10 Al C-11
Rk E A, 7E C-4 1 C-7. C-7 F1 C-10 AbHIIRIF 4R,
M, IX L5 R0 /N B I P388 ANt A549 4l
A EE E B, thah, AR E AR
T E 7 1 C-10 Az F2 5 ] B B A B Bt 48 3 PERS,
MAEAJE 73 B 15 21 20 AN BT RLAE 0l , 1
o> S AR 3 3 R 2.

1.3 FIREITRFFEGE

T AR MR e L A5 i SR IR I A1, AR
N LANISTCIART LA Foe sk 1 M8 R 7 AH % 1
B AR JE HFZ R B s R S5 MR 5 FUGER )
FIBL, 7N o A B J& C-3. C-4. C-10 #1 C-11
AR . Hr, B 2 Ak (C-5
A C-DIAY) 86~88 5 HA 1L ANk (C-7)
MAAEY) 84~85 HAFHL) ECD i4d . MR
JEH A B AR E] 13 AMZ UL AW, A2 By 4584 L
x4 FHE 3.
14 X BEMRREFGE

AR BB e B s s b, MFEAR
o BASE] 2 AN B A RE L0, 4
(35,4R,5R,7R)-3,11- - ¥£JE-11,12- &% K Hi-11-0O-
B-D-Mt IEe 7 & BEEE (97). (3S,4R,5S,7R)-3,4,11-=%%
He-11,12- - E VB R EH-11-O-B-D- itk ipe 4 % B 15 (98D,
A AR S H 43 B 15 38 (1) S B Sy e LA e Ak
VI 2546 DL 4.

R3 NEARBHSSHEEAREFFEE
Table 3 Guaiane-type sesquiterpenoids isolated from Atractylodes

I AR 2 A KR SCHR
64 WAL A CaiH3Ow0 FHEAR. KEAR, HAR 6. 16-18,
32

65 10-F-GARHE A CaiHaOw0 FHEAR. KEAR, AR 16-17. 32
66  (1S,4S,55,7R,10R)-10,11,14- = }2 3 @ A1l-3-H 11-O-p-D-MLIEH FIHETF CauHse0s FHEA. KEA 16-17
67 (1S,4S,5R,7R,10R)-11,14- 5 H: @ 61-3-Ff 11-O-B-D-MH M & H £F CuHs70s FHAR. KEAR 16-17

68 GARF A 14-O-B-D-WkiR Fpk CatH46015 F AR 16

69 (1S,4S,5S,7R,105)-10,11,14- = #2 F A l-3-F 11-O-B-D-MHL iR & CaHz0s FHAR 16

70 (1S,4S,5R,7R,105)-4,11,14- =33/ 61)-3-F-11-O-B-D-ML IR &I CatHasOs FHEAR 33

71 GAREB CxuH3010 FHEAR. XKEAR, AR 16-18, 32
72 (1S,5R.7R,10R)-Z4E AR NG 11-O-B-D- Ntk i e 22 4 CaHaO10 FHEAR. KER 16-17

73 2-hydroxypancherione-11-O-B-D-glucopyranoside CaHa0s FHAR 34

74 (3R,4R,7R,10R)-2-hydroxypancherione-11-O-p-D-glucopyranoside CuH3408 FHEA 19

75  (1S,4S,5R,7R)-4,11,14- = - A 61-0-J75-3--11-O-B-D-MLIR R A~ CaaHaO0o FHA 34

76 1PB,50,70-H-3B,40,11,14-PUfE3E-A 61-9-4%5-11-O-p-D-ME G R AT HEE  CaaHasOo FHA 34

77 Ao Ta- PR EAIARKE-100,11- ZF CisH2603 FHAR 8

78 7a,100-FEEAIASE-40,11- CisH2603 FHAR 8

79 10B, 13- A QA K- 10,40 CisH2s03 FHEAR 8

80 10B,11B-M4A A AIA K- 10,40, 70- = FE CisH260s FHEA 8

81 1) EHWM-d0,70- _FF CisH20 FEAR 8

82 (1R,7R,10S)-10,11- — 2 H-4-Er A3 11-O-B-D-MLIGE A MEE  CaH40s FEA 9

83 atractylmacrol A CisH240 HAR 12
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HO

64 Ry=B-CHs, Rz=0-OH, Ry=B-CH,OH, R;=a-OH 71 72 73R=CH, 75R=0
65 Ry=B-CHs, Rz=0-OH, Rs=0a-CH,0H, Ry=0-OH 74R=0 76 R=0H
66 Ry=a-CHs, Ro=H, R3=p-CH,0H, Rs=0-OH

67 Ry=0-CHs, Ro=H, Rs=a-CH,0H, Ry=p-H

68 Ry=B-CHs, R;=0-OH, Ry=p-CH;OFru, Ry=a-OH

69 Ry=0-CHs, R,=H, Ry=0-CH,OH, R;=p-OH

70 Ry=B-CHs, R;=0-OH, Rs=p-CH,OH, Ri=a-H

HQ %
77 78 79R=H 81 82 83
80 R=0H
2 WBAREBEHSBRINANKREGEEIEL U EYINESR
Fig. 2 Structures of guaiane-type sesquiterpenoids isolated from Atractylodes
x4 NEBREHSBHERBIREZHGE
Table 4 Spirovetivane-type sesquiterpenoids isolated from Atractylodes
U B4R Vins i TEYIAIR SCHR
84 (7R)-3,4- it S5 AR Pt - 11-O-B-D- A e 4 42 W CaiHs207 PR 34
85  (7R)-3,4-Mli S5 AR BB -11-O-B-D- Bk MR /72K Kt ik -(1—6)-B-D- CasHaoOu S AEA 34
Wbt e 7 2 R
86 (5R,7R)-14-}23&-3,4-Jli S5 REEH-11-O-B-D-ML MG I Z HE 1T CaiHa2Os  FAEA 34
87 (5R,7R)-14-$23-3,4- i S8 AR EEHN-11-O-B-D-WKMRg /7 55 25~ CasHao012 A 34
(1—6)-P-D- M i 4] 26 4
88  14-F23E-3,4-Jli S5 R EFH-14-O-B-D- Mt M AHE TF CaoHa007  ZFAEAR 34
89  (4S,5S,7R)-15-#3 %1 5 R i -15-O-B-D- Mk Mg A B Ca0H3007 FHEAR 34
90 (4R,5S,7R)-14-F2 L7 REF - 14-O-B-D- Mt M AHE 11 CaoH3207  ZFAEAR 34
91 (3S4R,5S,7R)-3-#3 5 5 AR W -11-O- B-D- it Fee 1 41 4 17 CaiH340s AR 34
92 2-fiFE-12-FI-FAREE CisHasO3  ZFAEAR 7
93 2-fiFE-15-F - AR CisHasO3  ZFAEAR 7
94 2-HREE-SFARER CisHasO2  ZFAEAR 3. 7
95  (4R,5S,7R)-2 AR B - 11-O-B-D-H M 4 2 B HF CaiH3407 AR 36
9% FAREE CisHasO AR, LA, KEAR. BHAR  3-6. 21
2 EVNEM ZRG. R BB, PURTESIETE, TR AR

ARk, ENAMEENEARBALEWERNEY  HUREHT TR BB TRk ERE MG R
BEATAHRT T, KBS AATIR. DUME. R SWAEVEYE R RIFURIORT FCRE R, 9iz)m )
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84 Ry=H, R,=0Glc

85 Ry=H, R,=O0Api-(1—~6)-Glc
86 Ry=0H, R,=0Glc

87 Ry=0H, R,=0Api-(1—~6)-Glc
88 Ry=0Xyl, R,=0H

89 R;=H, R,=B-CHjs, R3=CH,0Xyl, Rs=0H, Rs=CHs, Rs=CHs 96
90 R;=H, R,=P-CH,0Xyl, R3=CHs, Rs=H, Rs=CH3, Rs=CHs

91 R;=0H, R,=P-CHs, R3=CHs, R4=0GIc, Rs=CHs, Rg=CHj

92 Ry=H, R,=B-CHs, Rs=CH, R4=0-OH, Rs=CH,0H, Rg=B-CHs

93 R;=H, R,=P-CHjs, Rs=CH,0H, R4=O0H, Rs=CHs, Rg=CHj

94 R1:H, Rz:ﬁ-CHg, R3:CH3, R4:OH, R5:CH3, RGZCH3
95 R1=H, RZZ(X-CH3, R3=CH3, R4=OG|C, R5=CH3, Re=CH3

3 NEAREF S EEINFRIZEEEEIELRL SN
Fig. 3 Structures of spirovetivane-type sesquiterpenoids isolated from Atractylodes

[0)
HOY
HO z 0—Glc

97 98

B4 MNBREHSBRINXEEMREEEIELNEY
R4
Fig. 4 Structures of eremophilane-type sesquiterpenoids
isolated from Atractylodes
WIETFRA IR S .
21 kK
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A ) R A SRR - (TNF-0) Fll—4 40 %
=T R RAEH, BALEY) 40 [RAlsIE
FERRET, AR R AL A E ARG H ] TNF-a. H
A FR-1B (L-1B). ML AN K F T (VEGF).
ARAEK T (PIGF) M—S AL BRI TEe, H
RAE AR e 540%] NF-xB. ERK1/2 1 p38 {55
WA K, MWFEART B EY) 52 BAHR
SRIPTR BURIEAN, BRREMHAR T FE A
L& A Cinducible nitric oxide synthase, iINOS)
FIE A -2 (cyclooxygenase-2, COX-2) %I
K0, ARG E A TR N SR B YR
&Y 52 o BaREEE RAERITER . (&Y
52 i&fE A Caspase-1/NF-kB/MAPKs 15 5 il #, [4
1 b 9% Bk -12- I & 7K -13- £ FR B8 0 45 B F 34k
A23187 (PMACD -3 ALK HMC-1 40w AE i
RAER N . PR, RS A4 RN R-1
(IL-1) A4 F-4 (L-4) . FAIRfIA -5 (IL-5).

Haf %6 (IL-6). HAHfNFR-13 (1L-13),
COX-2. 2 A1 RN B 2--1 i G 4 4 o 1 -2
fRZeikBl, &1 41, 45 F1 55 Y A HL RN,
ARG 2 05 5 B R 4N i RAW264.7 724 — 4k
B RIEPL RGN, EINHIKE (1Cso) {H5 71
N (48.6+0.5). (32.34+2.9)., (46.4+3.2) umol/L,
Hor b &4 55 o — Sk AR B A 4 FH s s et
2.2 bz
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