20182 H H20% 2

FEIAFZ  Mod Chin Med

a1

] 50 J 245 AR 0 1 00 O s il

P A
(L A% RAGYRGAHNEREE LR ST, L 100191; 2. kA% H¥r RAGHER, 3 100191)

[(WE] WEEERY2EY EHENIER, 2R 150 RFh, Hob 13 MREREZ . A ST HAL
SF Y A 2GR PRI o BT 245 PR A PPl | Al A B R A W JGIR RAE & i BB AE fhe
SR L, XA, EA T R PR 25 AR Y R AR YIS Y O . — o I B AR RIZE
KRR Ll B A R A A WA T P2 A B BRIET o0, IR MY MV 2 TG TEE A i 2 . 4t
B POREE . PR IR AT A S R A S B LR U R R S B E RS A K. REEBITA R T
BT 2 i 25 TR B9 25 P 2R G P

[KER] PR VB TR Rl ada8; MrlkadaR

Bioactive Material Basis of Medicinal Plants in Genus Ferula
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(1. State Key Laboratory of Natural and Biomimetic Drugs, Peking University, Beijing 100191, China;
2. Department of Natural Medicines, School of Pharmaceutical Sciences, Peking University, Beijing 100191, China)
[ Abstract]  Genus Ferula is taxonomically classified as a member of Umbelliferae and a genus of well over 150 species
in global, 13 of which are medicinal in China. In this article, studies on their chemical constituents and biological activities as
well as clinical uses were reviewed. The monoterpenoid, sesquiterpenoid and coumarin compounds are predominantly dominant
type not only in amount but also in structural varieties, which should be one of important bioactive material basis of medicinal
plants in the genus Ferula. The most characteristic feature of many monoterpenoid or sesquiterpenoid compounds in genus Feru-
la is embellished having the structural unit of coumarins. Many biological features of medicinal plants in this genus such as cy-
totoxicity, antibacterial, antiviral, P-glycoprotein inhibitory and antiinflammatory activities have been attributed to monoter-

pene-coumarin or sesquiterpene-coumarin. These results could be used for pharmaphylogenic research of the medicinal herbs in
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genus Ferula.
[ Keywords |
doi;10. 13313/j. issn. 1673-4890. 20170503001
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R1 MBE(Ferula L. )5REWMER

KB PR

BT 24

TR

1 [AHEZEIER F. conocaula Korovin

2 FEREL  F. jaeschkeana Vatke, F. jaeschkeana Vatke var. parkeriana O. E. Schulz

3 WEERTBL  F. sinkiangensis K. M. Shen
4 ELFEFTHL  F. fukanensis K. M. Shen

5 KMFTEL  F. lehmannii Boiss.

6 ELFTE F. teterrima H. Karst. et Kir.
7 YCHMZR  F. krylovii Korovin

8 EREL F. bungeana Kitag,

9  YEME/RBEL F. songarica Pall. ex Spreng.

Taperstem Giantfennel
Central Asia Giantfennel
Xinjiang Giantfennel
Fukang Giantfennel
Bigfruit Giantfennel
Stink Giantfennel

Tuoli Giantfennel

Hard Giantfennel

Dzungar Giantfennel

10  B§&EMBL  F. moschata (H. Reinsch) Koso-Pol. , F. sumbul ( Kauffm. ) Hook. f. , Sumbulus moschatus H. Reinsch Musk Giantfennel

11 H&kBE  F. olivacea (Diels) H. Wolff ex Hand. -Mazz. , Peucedanum olivaceum Diels

12 ZAeP#  F. feruloides (Steud. ) Korovin, Peucedanum feruloides Steud.

13 HgRIEE  F. caspica M. Bieb.

Olivegreen Giantfennel
Manyumbell Giantfennel

Caspian Giantfennel

JetR R B R . BB 443 Th 2 1 R 4T
TR, ASCEYIR AT IR, TR R R
ey, Il TN A E A, T PRI
KlaE, bt AL o 2GR BERL AR

1 E4H#ZEMZEEF. conocaula

L1 PRI aL

(52 S 25 B 2 7 B 4 b s IR o0 T K
W, ZIHHRAR, AHR, ARRZIhEG 1T R
SR, AL DRI . R IR
1.2 fbe iy

2] 2 B B ) R Rl - R 2 S S
I8 K N R (umbelliprenin, 1), &R [ 2§ i
(fezelol, feselol, 2), RPIZELZE (feterin, 3), <JE
filil ( umbelliferone ) , i B[ 23 25 4"-O-B-D- N, Mg %5 25 4
He- (16 ) -0-B-D- Wi 75 % bl 5 [ cauferin4’-0-8-D-
glucopyranosyl-( 1 — 6 ) -0-B-D-glucopyranoside, 41"
G ] 2 Z ( cauferin, kauferin, 5), & M- Bl 2 &
( cauferidin, kauferidin, 6 )", M =X P B4 R
HE 22 Bl 2 1 ( cauferoside,
8) 1, ISP (conferin, 9)™, [FI4E 5B H
fiz ( conferol, mogoltacin, 10 )°'  F& nf fi £ 72
(cauferinin, 11)'°" | — 4[4 25 f %4 2 ( dihydrocon-

( conferoside, 7 ),
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ferin, 12)"7", [BI#EZEFTEL 7 ( conferdione, 13)"*,

(58] £k =5 BT B0 ) AR N SR S v & i - R A
EY: BIHEZERIELR (ferocolin, 14) , [RIHEEFTE]
75 ( ferocolinin, 15), #E 22 BT % € ( ferocolidin,
16) , [F4E 5P %7 (ferocolicin, 17)

ALz R SN R B I AP S S e R 7 F
159 4fE 25 P B ( conferone, 18) % b EZtl WLE 1,

G 25 BT B i s 2R 5 KRB F R
(luteolin) , #fFz Z-3-0-B-D-l I 1] % #H ( quercetin-
3-0-B-D-glucopyranoside ) ',

1.3 AWpeimtt

BT, (L5 (5] 25 o] 250 i R BT 2 s e
Ferula asafoedida 1.. | F. narthex Boissier, F. foetida
Regel . F. borealis K. | F. rigida W. ) ¥ FIARE ZX 111K
W ORI [ & A E BT B ( galbanic acid) ,
RALFBLEE (karatavicinol ) , S JE UM AR, <5 3K
B ER RS (farnesiferol) B, C1, KHAEHE L2524
S, R DREE . RO R A i B
W ATV

mABT, W2y, B, AW, F -

W R CEAAEE . RED . 5 RO JEUR
BRI, i PR A iR B YR I BRAT R AR Ui
RHERATHRE, SR BE ",
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2: R=¢-OH 3: R=-OAc 7:R;==0 R,=glc 14:R;==0 R;=4-OH
10: R=4-OH 4: R=4-0-glc®-'glc 9:R;==0 Ry=Ac 15:R;==0 R,=a-OH
18: R==0 5. R=-OH 12: R,=$-OH Ry=Ac 16: R;=a-OH R,==0

8: R=a-O-glc 17: Rj=a-OAc R,==0

E1 EEZMRPBAMELE-FIRRGUSUHLEEN

2 thiLfEE F. jaeschkeana

2.1 = Hb AT

S ARIACIE Vg RtE A =R T RPN ) /3 i =24 o
B, BB, TR AR, 25 B RAR
AWM, ARG HTME . Q. Bz,
2.2 fZ

rhOT BB A AR R 25 A R R S PR
Frif %% — % ( jaeschkeanadiol, 19) [14-15] , Sa-Xf AL IR
FH P8k A B B — % [ 5a-( 4-hydroxybenzoyl ) jaesch-
keanadiol, 20], 5a-(3-F 4 3E4- B IL K FEEIL) A
WP 2 — % [ 5a-( 3-methoxy-4-hydroxybenzoyl ) jae-
schkeanadiol, 217, FiZ8}E T (feruginin, 22) N |
B JE 72 (feruginidin, 23), Pk (ferugin, 24)1¢
B ZR R ( feruone, 25) , Ff IV i B = BE-50-R) 32 B OR

H R fg [ ferutriol-5a-( p-hydroxybenzyl ) ester,
26117, 2, 3-BRGE T B -5 o A JE L RS (2,

3-epoxyjaeschkeanadiol-5q-vanillate, 27), 28-¥%k-3,
A-IA5E H P ] 8, — % ( 2B8-hydroxy-3, 4-epoxy-jaesch-
keanadiol, 28), %% B¢ Bl B0 -5 - Xof 5 A R iR
i [ lancerotol-5a-( 4-hydroxybenzoate ) , 29 | 8L
WP B 2R (jaeskeanin, 30), I Fuf 25 il i ( feruti-
none, 31), FVP%EEJE E (jaeskeanidin, 32), A1l
Frf 88 7 (ferutinianin, 33), 245 kA W F7 28 7 ( ange-
111 Hh BT 8% 58 7° (akiferidinin, 34),
BiI& 5= 5 (ferutinin, 35), v SV Fu £ — 3 5% R g
(jaeschkeanadiol benzoate, teferdin,
nol benzoate, 36), 6-4 19k IV [ 4 — i ( 6-ange-
loyljaeschkeanadiol, 37) , H iV [ &f — FE-2-F2 KK H
1% 1% ( jaeschkeanadiol-2-hydroxybenzoate, 38)'"°', rh

loylferutinianin ) ,

teferidin, feruti-

WP B 2R B ( ferujaesenol, 39 ), 1L Hb Fof 2R M EE
(akichenol, akitschenol, 40), 98-0-24 5 [ (1] }b fif
BM T (9B-0-angeloylakichenol, 41), Sa-O-Xf #4 %&
2R IR 11 s Bl 2 445 5 ( 5@-O-p-hydroxybenzoylakichen-
ol, 42)"°" iy Bl B i L ( jaeschkenol, 43), 2a,
TR LA -5 - X0 R HE IR P g R - v I B B
(2a, 3a-dihydroxy4-keto-5a-p-hydroxybenzoyl-jaesch-
keanadiol, 44 )" 3 B[ M (isoferuone, 45), 2
3-A L M BT B B2 (2, 3-epoxyakichenol, 46) %
Sa4'-F 5L % HEE b O Bl B B ( Sa4-hydroxy-
Sa-3'-H A B4 HL AR I
Pk P BT 2 B2 ( S@-3'-methoxy-4’-hydroxybenzoylferu-

benzoylferujaesenol, 47) ,

jaesenol, 48)'2) o\ Bl % — W Jig ( jaeschferin,
49) 2 SfRER-FEEAGAY: HRES AW

WHE % ¥ iE ( epoxyfarnachrol, 50), 3k Kz #f if /i B
(drimartol B, 51)"); fp222si i 2, & G224
&Y FP]EFT@%@J(&HUOU B RARE R K

Xif v ff-3-45-1, 2-— % ( p-menth-3-ene-1, 2-diol ),
Xf ¥ faf4-45-1, 2-— % ( p-menth-4-ene-1, 2-diol ),
o i fup-8-4-1, 2- ( p-menth-8-ene-1, 2-diol ) [26] ,
J2 - T fuy-1, _Ji% ( trans-p-menthan-1, 4-diol ),

I-RERFF %ﬁ fi ( 1-hydroxyisocarvomenthol ) , 4}
fr]-1-F B4 (1-H1 B & ) -7-0 AW B [2.2.1] B
Y- 2-1% [ exo-1-methyl-4-( 1-methylethyl ) -7-oxabicyclo
[2.2.1] heptan-2-ol |, #Zfii (camphor), a-FAiHEEZ R
fig (a-terpinyl acetate), o-JE (a-pinene ), a-FATHEE(a-
terpineol ) , 525 T[] ( carvone ) , a-7K fF45 ( a-phellan-
XE 44 8 28 prcymene ), 5 B (limo-
nene) , B-J7F 4 (B-selinene) , a-J¢ ki 7 4 ( a-gur-
B2 (carvacrol ) , X SR TTHE-T-BE (p-
- F B ( a-thujone ) , A il 4541
- 125 -
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(terpinen4-ol) , T K I #A4 (isolongifolene) , 8, 9-
p-XT T M-1, 2- % (8, 9-p-menthene-1, 2-diol) ,
a- B (a-thujene ) , FAHIF-4-TFE L TR (terpin4-
yl acetate ), 3-E& % ( 3-carene ), 3% FE W& i M I

20: R;=H R,=H

21: Ri=OMe R,=H

53: R;=OH R,=Me
O

40: R=H
41: R=ang

35:R,=OH R,=H
36: R,=R,=H
42: R1=OH R2=ﬂ-OH

(epicubenol ) , HE & i s ¥ ( cubenol ) , AR 3 15 51
1% D( germacrene D) , I Z-% 845 (cis-ocimene ) , %f
MfT-1, 2-— % ( p-menthane-1, 2-diol), JIii Z-3-%f
M-, 2- ¥ (cis-3-p-menthene-1, 2-diol) "',

38

0
o R:©)k
0
H OH R,0
HO :
49:R,=OMe R,=H R;=$-OH oH K
55:R,=R;=H R,~Me 54

B2 HIEMRPBIEFENELE-EERRGUGYHLEEN
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HO BT AR A 2E S #E & . oYK (a-pinene) , B-
JkM (B-pinene ) , i 4 (camphene ) , ¥7BHi (limo-
nene) , 3-EEJ(3-carene ) 2%

rPOI B B Y SR S E R R d-o- TR M (d-a-pi-
nene) , UK FEE (cumaldehyde), B (azulene), %
£k4 (sulfur compound ) 250

FPOE BT A T A S . BT AL T (feruti-
nin, 35), %R T 2 (akitschenin, 52), P[§f=
(ferutin, 53), K482 (fercomin, 54), [R5 E
(ferutidin, 55)°°, fL2h WA 25 S AGMIH: &
By g g 5T (neutral lipids ), A% P8 J5t ( polar
lipids) ; A 5T H A3 4& = H Wl i (wiglycerides ) , ¥ 25
fE R (free fatty acids), 1, 3-—HJlIAE (1, 3-dig-
lycerides) , 1, 2-—HihEE(1, 2-diglycerides), BAH
T ( monoglycerides ) 5 JIig [l R H 43, 45 114 43 R ( mar-
garic acid) ™"y EHHERIM: a-JEK (a-pinene) , 3-E
1% (3-carene ) , P& 45 ( camphene ), #7754 ( limo-
nene) , A fEH (myrcene) , A 2 M2 T (terpinyl
acetate) , -5 JH 5 ( a-terpineol ) , y-# 7 Jir (y-ter-
pinene) , XK TR (p-cymene) , i T ( ger-
anyl acetate) , 75 ( geraniol ) (2] |
2.3 HEWYATEE

PUEBIEN: #4525 mg kg™ ' d ' FIE AWK
BRI 1 T BT AR b R 43 1 IE O e SR B, R
FHIRT 5 BT H AP SR A I B B
ZE1, 2803 d, ARATRIEREZEAEIT, (HXS 6 BTG
ZE R o R R 2 T BT R 1
JEHY) 10, 20, 30 d, BV FE, BN bR
JEERMTE R ECE , MEIEAM TR, UNERMT
BRI . BRI R R W R O R I R R
PR AR B T AT 1 B L AT 5 e
AU T T T AN N e R R P B
PR, B 19. 22, PrFEL —E-Sa- (3-F A 45
FORHRRTEE) (teferin, tefernin) . 15, 40, 52 Fll Sa-
(3, 4-Z O PRAA SR AL ) 98- K 19 4 35 v I ]
Bl ASRRUIERSTRE L ~7 d, himFa—
ME-S0-(3- AR S-S IR R )« Bl 5% 7 0 1L b
BT 2R o R E T 0T O S DT R S 1
KB, 3% 3 MEAYEs B E

3 FhEEMEE F. sinkiangensis

3.1 PEHL AL

Hrampl g g ot T, S Chie ARILAE
24y (1977, 1985, 1990, 1995, 2000, 2005,

2010 AR o R 2Y AR E (1980 4ERR) « NS 52
9P FRUE (1986 AFJR) WAk “FER” AL RAEY) Z
—, AHHEHM R, BAMEMA. . BUF. Rz
gk, T R R PR . B s, R
R BRSO R . R . Sl IR 4EE
IRIG . S BB, TEEVE . ARG A Tl
MR e i PR IR VR i e g s . IR . SEN
AT BOAG A AR e WO dhdE; 485 KK
FAER IR O Z . H R IR SFE -
3.2 ey

BRPT BN AR - R RA A &
ELBELE (isofeterin, 56 ), FHFa £ ( lehmannolo-
ne, 57), KEPIELEE (lehmannolol, 58), grimpal4y
fifil ( sinkianone , 59)[38] , 4 W BT B B ( farnesiferol )
B (60). C (61), FGLHFELIAME(fekrynol, 62), 5
R ZFEPTEL R (isosamarcandin, 63), R /K
FA[%H 2 ( episamarcandin, 64)° (k2% 254y L& 3,
TEEFREMAY . PIEHE (umbelliferone)

B SR BT B R G- TR AR
Wy TE AR (1) 0 S AU BT B ( farnesif-
erol) A (65)“ B (60). C (61)"* (3's, 8’
R, 9'S, 10'R)-Zisa P aaEs A [(3'S, 8'R, 9'S,
10'R) -sinkianol A, 66], (3'R, 5'R, 10'R)-¥ri& ]
#EEB [ (3'R, 5'R, 10'R)-sinkianol B, 67], (5'S,
8'R, 9'S, 10'R)-FE B #FH [(5'S, 8'R, 9'S,
10'R) -ferukrinone, 681, FCH.P4} 2 (ferukrin, 69)
(3'S, 5'S, 8'R, 9'S, 10'R)-JLEMELZE [ (3'S,
5'S, 8R, 9'S, 10'R)-kellerin, 70], (3'S, 5'S,
8'R, 9'S, 10'R)-E LB EE [(3'S, 5'S,
8'R, 9'S, 10'R)-deacetylkellerin, 7171, 4 XKFER
B A ( farnesiferone A, 72), Z K31 % ( gummosin,
73), Z4E % T (polyanthinin, 74) " iy % fi 4 iR
( galbanic acid, 75)"*" |y 3% T 85 B2 H g ( methyl
galbanate, 76)'*", RHifELR (karatavicinol, 10'R-
karatavicinol, 77) ") R BT EHEE A ( karatavicinol
A, 78)M AR K 3y SRS ERILAY:
PTG (umbelliferone) 5 G EIALGH . B
BUIR (ferulic acid) , 3-(3, 4- " HI S LA IL) 2-5 1
i [ 3-(3, 4-dimethoxyphenyl)-2-propenal ], #5#H 8
(coniferaldehyde) ™ ; 45 Wy K f & 0, 7 % % %
Coanilin) 5 6 KA A0, B BB s
VE% W 2, 3-7 B 3.0 B (2, 3-dimethyl3-
hexanol) , 2-Z, i %&-T %% ( 2-ethylthio-butane ) , P 3%
AL Z i i ( propylbutyldisulfide ) , - /\ g B = 4

- 127 -
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(octadecatriene ) , iR (oleic acid) ™', 2, 4-—H %
WEWY, PUMGIEGLEE, TP TR TGREE, 1, 3-THE
B, o-JRM, WL I AR EE, ol i, B-TR
Wi, B-HEER, 2, 3, 4-=H ey, B-B i, o
B, P8R, oMER, WEEE, vt
BT 37 -1 A I B A (seo-butyl-
trans-1-propenyl disulfane ) , -7 Ft-Jz 2L2-T 4 3E
B B¢ ( sec-butyl-trans-2-butenyl disulfane) , -] Ft
Bk (sec-dibutyl disulfide) ™", =T 3L -1-75
I35 3L — 17 Jt ( sec-butyl-cis-1-propenyl disulfane ) 2%
MR- - T - 1- P A 4 — i A6 ) ( cis-sec-butyl-1-prop-
oenyldisulphide ) , Sz zU-fp-T Je-1-18 5 3 — #i 1L W)
( trans-sec-butyl-1-propoenyldisulphide ) "',

BB R BT A AR - R LR AR E Y.
T I P (1), KB BR 1 (58) 1540 IR
IR (57 ), 75 Bl BRI (59 ), & A oW b 2 i C
(61), +& HLFT &4 1 (62), KA HI/RFIT8 R
(64), Pr¥@pEL7 2 (sinkiangenorin) D (79)%' | E
(80)" | F (81), 8-0-ZWLHi S BLIG R F (8-0-
acetylsinkiangenorin F, 82)°" B} il 4 BT B i
( fekolone, 83 )™, % Hi i /= Z ( colladonin,
84) 1 E okl 2k A . BT ST BLIR K C
(sinkiangenorin C, 85)""; fh24E4 LK 3, 2
WAL A Wr: B a6 B 8L 4% & (sinkiangenorin ) A
(86) . B (87)" (fbpZEHg WLIE 3), i f§ B ( stig-
masterol ) , 51§ [¥-3-0-B-D-l i 7 %5 i H ( stigmas-
terol-3-0-B-D-glucopyranoside ) >°* | B-7% 5 2 ( -
sitosterol) , #1% 1F ( daucosterol) ™"y &K ZE K
wE: (7, 8-MiA-8, 8'-jex)-2", 4'-— K3,
5- T HAILE RS EE [ (7, 8-cis-8, 8'-trans)-2’,
4'-dihydroxyl-3, 5-dimethoxylariciresinol ] 7% i
J8 % ( lariciresinol ) , 4 2% F 4 J1 (arctigenin ) L8550
5 4 i B ( matairesinol ) | TR 5 9K - 418 i
( secoisolariciresinol ) ™ | FA I8 Z ( pinoresinol ),
(7, 8-Mi=A-8, 8'-fex)-2", 4'- A3, 5-Z %K
FedE N IEZE [(7, 8-cis-8, 8'-trans)-2', 4'-di-
hydroxyl-3, 5-dimethoxylariciresinol |, Zf 2% 3 ( arcti-
in), H43EHE A (neoarctin A) ™y FHEEIRALE
Wy . iR 3 (quercetin) % A iz A (isoquer-
citrin) | AR B 2R -T-0-B-D-78) % Wi 5 TR 1 (uteo-
lin-7-0-B-D-gluronide ) SUEE T (rutin) Y SR
RRUE: S SRNELLAY: D
eV 76 2 W) (macrathoin F) ™% Bl g g,
MEFR ( caffeic acid) , %% )5 & ( chlorogenic acid) , %%J5
1% FA 145 ( methyl chlorogenate) , 1, 5-_-O-WiMEBEZs T

. 128 -

iz (1, 5-di-O-caffeoylquinic acid), 5-O-WjjiHE ik Zs 7
1% ( 5-O-caffeoylquinic acid) ™', & B KL &Y.
Wi il 22 1 A (variecolorquinone A) ™' 45 g i it |
BRI & W) 1FE — 1 /SEE (n-hexacosanol ) , 1-(3-Z,
Feok B)-1, 2-2 — BE [ 1-( 3-ethylphenyl )-1, 2-
ethanediol |, T 2 (butanedioic acid) ™" ; &k
et IREEERH (uridine) , JJLHF (inosine ) ™' ;
FHABRA G (R)-2'-FFH-N- [ (28, 3S, 4R)-
1, 3, 4-ZRdE A Nbe2- 0k ] Themile {(R)-2'-
hydroxy-N- [ (2S, 3S, 4R)-1, 3, 4-trihydroxyhexa-
cosan-2-yl | nonadanamide |, 5-¥2 H JL W B ( 5-
hydroxymethyl fufural ) , B ## (sucrose ), B £y G
(parvifoliol G), FFHfR (vanillic acid) ™ |

3.3 Y An Ik

3.3 1 HiRAEM ZENS S0 i/ NEE B 40 BV -2
o, TR AR 1 = 4R e B o — 4
LA (NO) 7 A= 1 J A 2k B ol ok B (1C5,) {8 R
(1.66 +1.10) pg -mL~", H e % @ik 44 70,
7375 176 S B W5 6 40 ok 2 2 0 1 T
IC fE 43 5 K 4.96, 6.93, 10.50, 5.95 pmol - L7';
A 60. 61, 69, 71, 72 74 F1T7 REREAK NO 1
A, TIC, M 19. 88 ~47.43 pumol -L7'; L&Y 1,
65, 66 1 68 7K AE I H NO 7= A4, IC, fH K
50 wmol <L~ Je B i By Y G o B2 T T 0
WESESE (3 mg - kg ™) P BCH W%/ BUE ST H B
e,

3.3.2 BURABEEER G- - T - R
AR - - T - 1-PIR I — AL 13 38 4

X NS HEAR A 0 B AT I R A P, 0 PR 4 A AiE
FAE BRSSO RS VE T /D
BRI S B (LD ) A 1,42 g kg ™' 77

3.3.3 R4 EE G T B AR S = A
I 7 100 mg - mL™" 5T & ¥k R X R AS49
H292 . H1792 . HA60 45 il d 11y 43 5 41 ] 2% 43 51
75.45% . 65.39% . 46.54% . 73.68, &M 14 #B A7
7E 100 mg -mL")ﬁ%%ﬁfETXﬂ“ A549 . H292 . H1792 .
H460 iUk iR FEAm I 2643 31y 88. 74% . 80. 62% |
60. 11% | 92.35% , MARHLIERB AL b 43 815 5 B A%
RS HEERAY 60, 72, 61, 74, Hr6l, 74
B 1C, fH 50 35. 49, 15.44  44.25 21.63 pmol 1L
F123.60, 17.90, 38.33, 12.35 Mmol-L", HE5
FEARSGIE . AR T S BT BN g B A L 2 A o
IR 0 O 1 5V PR BRI PR, AL B 61 K
HFTERA . A 1 FE R A e A
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68: R==0 72: R==0
69: R=¢-OH 73: R=-OH
70: R=4-OAc 74: R=f-OAc
71: R=-OH 84: R=¢-OH

3 HEMRPHESUERS S

Ji AGS 4 f Ak 3% 58 5 A B0 VE L, ICs, (B 531 R
(13.67 £1.73) . (20.82 +2.86) pmol -L~"; ffi 4
Mgy ZEIAE Go/G i, FSHM T, kaw
58. 61, 64, 79 83, 84 X A\ AGS 4 it bk 4 7
IREAMHIER, 1C5, {5 12.7 ~104.8 pmol -L~';
LEW 57, 58, 59, 61, 62 Fl179 Xf'E % Hela 4y
BFHEATIIRIVEIT, 1Co 44 20.4 ~226.2 pmol -L7'1*;
L4 8020 81, 821 | 85 AT ILML A
W X A R AGS 4 i bk 384 58 A EL A 40 1 4
FH, IC,HAr5 R 12.7, 27.1, 62.7. 36.9., 78.2,
99.4 pmol - L™"; fb-& % 81 F1 82 %} A4 K562 Fi
HeLaZff bk 458 4 T Ml v FE

3.3.4 PUREEIEYE LAY 80 XSGR A H N, B
ﬁ?fﬂffﬁwﬁfﬁ s Icsoﬁﬂ‘:’ 4.0 Mm01 'L_l 0 °

3.3.5 Priafeim e B B LA IR 1 £ R £ TR $E R
Wy B SR A

4 EFRME F. fukanensis

4.1 P ATIRL
FRRHERTRL TR A R SRR AR . A

HAR L e, BUE . R ZIRG AT R B
PEMROR . s e BB . M. Q1. B
o BERTEL N (P NRIEFIEZG ) (1977,
1985, 1990, 1995, 2000, 2005, 2010 4EhR) . HriE
2y ARfE(1980 AERR) o NSl S M AR E (1986 4
JBO WS BT i BE IR 2 —, 24 Il A
o JECHE AN 25 1 1 25 TR TG /0 L i il 4
H I o
4.2 {2y
BRMBLIR S R -F L RX A EY . B
FERT 4 1k I 75 & & (fukanefuromarin) A (88). B
(89). C(90), D (91) E (92), F (93), G
(94)" H (95), 1(96),J(97), K (98). L
(99). M (100)" | 2, 3-—4-7-¥H2R", 3R"-
T EE2- [4, 8- HIIE3(E), T-F M -6
B] wkmgof [3, 2] H U FR {2, 3-dihydro-7-
hydroxy-2 R* ,3R " -dimethyl-2- [4, 8-dimethyl-3(E),
7-nonadien-6-onyl | furo [3, 2-¢] coumarin, 101},
FIMR 3R C (baigene C, 102), B FEF# & & K
- 129 -
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(fukanemarin) A (103)°"' B (104)"% 2, 3-—
A-T-HHIE2 S™ 3R - H H2- [4, 8- H I3
(E), T-E24m3] kgt [3, 2-¢] FEFK {2,
3-dihydro-7-methoxy-2S " ,3R " -dimethyl-2- [4, 8-dim-
ethyl-3(E), 7-nonadienyl ] furo [3, 2-c¢] coumarin,
1051, 2, 3-— F-7-F & 2R, 3R"-— 1 }-2-
(4, 8-ZWIHE-3(E), 7-F_MBL] wkmijf [3, 2-
c] FEE {2, 3-dihydro-7-methoxy-2R", 3R" -dim-
ethyl-2- [ 4, 8-dimethyl-3 ( E), 7-nonadienyl ] furo
[3, 2-¢] coumarin, 106} GJE %4 Mg (1),
KRBT ZRT (57 ), BHWEE BT 2L (83), B &=
(assafoetidin, 107 ), [ %357 o] ) B ( badrakemone,,
108) ' fbgh R ILIE 45 SrfEkaE LS. 1
TEAEE (nerolidol ) , 1-(2, 4-—FFKF)-3, 7, 11-=
HIIE-3-2 0 566 ([ 3X), 10-+ ke —Jas-1-fd [ 1-
(2, 4-dihydroxyphenyl)-3, 7, 1l-trimethyl-3-vinyl- 6

88: R=p-Me
89: R=a-Me HO

95: R=f-Me
96: R=a-Me HO

o R

105: R=p-Me
106: R=a-Me

O O. O
HO/Q:/W/\/
=
107
OH OI
o’
111

- 130 -

109: R;=Me R,=a-Me
110: R;=H R,=f-Me

117: R=f-Me 118: R=a-Me

B4 ERMBFIHIUFERDHEN

(E), 10-dodecadien-1-one], 1-(2, 4-—8FK3})-3,
7-Z HIEE-3- L -8 - (4- T BE-2 -k IR 3 ) -6 (Je ) -5
J75-1-fi [ 1-(2, 4-dihydroxyphenyl)-3, 7-dimethyl-3-
vinyl-8-(4-methyl-2- furyl ) -6 ( E) -octen-1-one | , ¥b4:
FA[ %0 ( dshamirone ; secoammoresinol ) ') L& f )
1 i ( fukanedone) A (109) , B (110) ., C (111) .
D (112) . E (113)'* | B BBl {2 [ ( fukanefuro-
chromone) A (114) . B (115), C (116) . D (117) .
E (118). (2R, 3S)-#A%f-2- [ (3E)4, 8-~ H 3
3, 7-T 2 -1-38 ] 2, 3-5-7-% 32, 3- H -
4H-WRW - [2, 3-b6] [ 1] R IF Ak mgg4-fi { (2R, 3S)-
rel-2-[ (3E)4, 8-dimethyl-3, 7-nonadien-1-yl] -2, 3-
dihydro-7-hydroxy-2, 3-dimethyl-4H-furo [2, 3-b] [1]
benzopyran-4-one, 119}'%"  fpgabtl TLIE 45
SEFL A FRBTBIEANE A (fukaneketoester A)'®,
BATIAR (ferulic acid) ™',

92: R=p-Me
93: R=a-Me

(0}

L~y
HO o~ 0 R 0

114: R=f-Me 115: R=a-Me

O
> AN
HO/\/\O (0] ()
116
O
| A X
(6]
HO O 119
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FLRFE BT A Vil BSR4 s - T R S -
2-T B 3 — B ke ( sec-butyl-trans-2-butenyldisul-
fane ) " =T Fe- S F-1-T i B b (see-butyl-
trans-1-propenyldisulfane ) N My - S
Wi bt ( sec-butyl-methyl-disulfane ) , ffi-T -2 K- —Hi
I ( sec-butyl-ethyl-disulfane ) , 1F T 3&-2, - i &%
( n-butyl-ethyl-disulfane ) , — H 3&-= fi %% ( dimethyl-
=T BRI A-1-T 9 - B e (sec-
fip- TR S 1T

[65]
o

trisulfane ) ,
butyl-cis-1-butenyl-disulfane ) ,
- Kk ( sec-butyl-trans-1-butenyl-disulfane )

ERERIER IS N R AL A BIBR Y
4.3 LY ATEE

TENG 220 (LPS) il £ 5 W 200 i RAW 264. 7 2
Jo 4 A, Ak 4 9 88, 89, 90, 9177 92 93
94°% 95 96 97 98 103" 104" . 105
106" B4 NO f2E K, 1Cs {53 %10 13.0,
16.2, 11.1, 8.9, 29.0, 30.7., 27.3, 24.3, 55.6,
1.1, 357, 19.5, 30.2, 33.5, 36.9 umol -L°";
FIBLE 2 Br 01, fL4 9 90, 9177 | 9208 95
98'% 103" F1 105" F K PE I ] iINOS mRNA
H ik

7 LPS )34 1) 5 W5 20 i RAW 264. 7 41 i A A,
fiRkms 254 A 111, 112 113 gEHp | NO 119 42 i,
IC, fHAY R 6.7, 27.8, 76.2 pmol L™/ fb&4)
114 115, 116, 117 1119 REHNH NO A%, 1C, i
Ay 247, 22,5, 29.0, 24.0, 10.7 pmol -L7"; ff
FABLHI BT B, AbA 9 117 5] 5 AR08 31 il INOS
mRNA {215

5 XKERM% F. lehmannii

5.1 P2 HUFNTEK

IR BB TR s B 97 5 IR0 A 1 I 03
B[ R LA S R R X, 24 AR R A
AHRZ IR TR, WL DR
5.2 fb2 iy

KIRBTER AR & A5 F - LR B aYw: K
SRBTBRAR (57) 10, KRB A (58) 17, S g 5
Bl (59) " 4B BLEE C(61), +EH AL
(62), PERZE (107), KEMELET A (lehmannolone
A, 120) ) KFTHELR (lehmferin, 121), [FLfE$;
f%% 25 ( badrakemin, 122), KR % 5 (lehmferi-
din, 123)"% | fp2pgEig WIEL S5 SR EmMAEI G
Y. WL (Lys) . 2R (His) . K2 MR (Arg) |

ZHMR (Asp) . TRAIR (Thr) | 2252 (Ser) . &

MR (Glu) . HAM(Cly) . WAL (Ala) |

(Val) | SEZ MR (Met) . S8 &M (Hle), 58 &R

(Leu) . MR (Tyr) . KNI (Phe) . fifi &R

anﬁ@a“‘, EMEICE KR ESIETE: Fe, Mn,
. K. Na, Ca, Cu, Pb, As, Cd, Hg, Cr'®

%m

O O (0]

HOY /

§
%Qm

&S5 jc%ﬂ%%qﬂnﬂﬁﬁ:i:? EAL%
FANAMHNLFEEN

RERRFEA IS 45 K . B RIAREE (guaiol ), a-JR
Jfi(a-pinene ) , B-JR s (B-pinene ) , 3-£5 /i (3-carene ) ,
Sz 20-F §) 47 (trans-ocimene ) , [a] 7 B Z, 18 i (fenchyl
acetate) , JExi (borneol ), ( =)-BHk:F#H[ ( - )-isole-
dene], ( -)-2#[ ( —)-zingiberene |25

KRBT & A ERELEY: SHRAM
' L E K E 4B ILE: Fe, Mn, Zn,
K. Na, Ca, Cu, As, Hg:m o

6 BRPFEEF. teterrima

6. 1 7= i FI DAL

SRBER T R SRR AL AR AT TR
VEAR A S 75 355 1 5 5 v i 30 B BT AR A g 24 A 1
(1979 AFR) Wk “FaI#R” AOSEIAEY) . 25 FHHA AR
AAM B HRZYG T RBRER . EHs
Yoo BB BRIRE; BUBRIMANE T O
6.2 fb2E g

LR LS R O R S e (e 7/ P ]
E (feterin, 3)7"7 ) FEMME(56) ™, Fihi
i 2% (colladonin, 84)'™) [t B ( badrake-
mone, 108), M4 4 2% (badrakemin, 122), [
iR B % 25 2, FR 1ig ( badrakemin acetate, 124) 727

- 131 -
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ST B % (feshurin, 125) , s 45 B B % 2 PR G
(feshurin acetate, 126)7*, #D/R F B ZE 2 TR 1S
(samarkandin acetate, 127)7*  fb2tZER LRI 6 &
EIRBI AW 22 854-4-3, 20- i ( pregn-4-ene-
3, 20-dione), #HE N

‘n, :
~ HO

=~ "OR

i/~ H"’f, OAc

125: R=H 127
126: R=Ac

El6 REMPMBAHBLIE-EERREGUAWHIUFEN

6.3 w1k

SUBTRILAR A N 1 1 LDy, Oy 49161 mg +kg ™'
SRR B IR R G, M RGP RAER, R
TR Z BT Rl

7 FEEMEF. krylovii

7.1 PP H AT AL

FEHR TR ™ TRt s IR0 A T b A 2
PG R R L X FE ) B R A A X R AR
“PEL” 2. G E. A AR, BUE. IHR
2o TR, AL B8R RERRE. 53
Jee L BB . BB ZRIR AR
7.2 462

FE R BTH AR A L i R A LA
B (62) 7, JTHIBTELEK (69) 77, LA
BB 1 2, BR 15K (fekrynol acetate, 128) 77 3 fii fi]
A2 (camolol; kamolol, 129) , ik 2R & ( camolo-
ne; kamolone, 130 )" ¥ H Bl %1 B2 ( fekrol,
131) 7 ARepsi g LA 7

O
/o
128 ©
OH ",
O 0._0O
HO% \©/\j
131 & 129: R=a-OH
130: R==0

B7 REMRPDSEFIE-FERRGUSYRUFLEN
- 132 -

8 TWEMZEL F. bungeana

8.1 =i A1 DAL

BB 2R F ARG . ABAC LA H R . TR . T E .
BevE . 2, R SRR “EET,
T CWEHE T, NSEEHX A, R
THHRRE . B WM IR . XBRIE Z Ih &G
TRYE . ORI KA. ER. UK. mE L MR
B B, FLEE . BB . M. A B
B2 AT EE . AR . 208 MHmR .
8.2 fbrrlisr

145 T T W 4GE .
9 HIE/REUER F. songarica

9.1 b FITIAL

YERE R BT 20 7 T sm AL AR iy 2% . SR Wk, ARy
AT TR 3 PG A R I 9 R0 v B v e . 25 A A
e, R ARTER i X AE “ P2 25 . W
FEAHA . HUE . RBZIhEG WA EARRZ
ik, TR WAL EAE S B R,
VIR TCE 2 MG TR -
9.2 {2y

HEVE KBTS IR B 2, 4-RHR IR
(2, 4-dihydroxylacetophenone) , 2, 4- _¥Fe-o-FfC-A
Z.f%(2, 4-dihydroxy-a-oxo-phenylacetic acid)™®'; & 4
PR AW 3, 37, 4, 4-TOREIURIR (3, 3,
4, 4'-biphenyltetracarboxylic acid )"*; & % % .
A -EEHR (A’ -carene) 51 1, 2, 3, 4,5, 654
Higde (1, 2, 3, 4, 5, 6-hexahydrochrysene ), 1,
4-"HE2, 5-—RHFIR(1, 4-dimethyl-2, 5-diiso-
propylbenzene) , 1, 5, 7-=HILPYF(LZE(1, 5, 7-
trimethyltetralin) , 2, 4-_FH J£2-2%4% (2, 4-dimeth-
yl-2-decene) , #&47% ( camphene ), 2-F 4 Bk 78 iy (2-
methoxy-phenol ) , I Y1 48 J& ( aristolene ) , FF # K
(aromadendrene) , FFA7 1545 ( bergapten) , ik 2 2
fig (bornyl acetate), B /R %% (berlandin), & 3%
(calamenene) , 7K E #4% (calarene) , 28Ty ( car-
vacrol) , T & = B % (clovene ), Z ¥ % ( cur-
cumene ) , 47K H g — T g ( dibutylphthalate ) , &
2% I(edulan 1), —+—%¢(heneicosane), — -t
J5& ( heptacosane ) , —. 1 75 %% (hexacosane ) , 1 /N [R
(hexadecanoic acid ), FF #: 4% (ionene), F N JE %
(isopinocampheol ), #7 15 %5 ( limonene ), A #: 4
(myrcene) , IF2F 3£ O %6 (n-octyleyclohexane ) , [
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JEHA (nopinone ) , . /\%E (octacosane ) , X IR T
12 (p-cymene ) , Xf#Eff-1, 5, 8-=4 ( p-mentha-1,
5, 8-triene) , X 1E TN IEA ) ( p-n-propylphenol ) , i
A4 A W T3 B ( perhydrofarnesyl aceton ), #H ¥
(phytol) , = P4 % ( tetracosane ) , JiF 7 ¥ [y ( thy-
mol) , F&IE %1% (vanillic acid) , o-JEH# (a-pinene) ,
a-JTF i (a-selinene) , B-FL:#A I (B-cadinene ) , B-Z
WM (B-cedrene ) , B-IAFEH5 [ ( B-cyclocitral ) , B-4:
G W (B-farnesene ) , B-AL B A (B-guaiene ) , B-JE
I (B-pinene) , 575 T4 (S-sclinene) , S M (B-
terpineol ) , 8-FtAAH (5-cadinene) ™

10 EEMZER F. moschata

10. 1 7= Hu LR

JB A B TR SRR 5 IR0 A T K
PR O, S HAR, AEE Rz ois; J
TIRIT R SE
10. 2 {6275 )

BRE PR S k- LR e ey R
BB (2) ", B4 SRR (10) ) [5 4f 25 B 2
i (18) 0 8 BT AR BE (sumferin, 132),
A B B 1 (moschatol, 133) %)y & & G KKk G
Y. BEFPTEE 2 (fesumtuorin) A (134) . B (135) .,
C(136). D (137). E (138) . F (139) . G (140)
H (141), [{=ME 2 E(candibirin E, 142), [0
T rZ& D (rivulobin D, 143), H % & Bk T B

OH

| X
™ A,
(@]
=
A
135 [ OH
o oo 136 137

WO,
s o 7>/
O “
WO,
. Y 139

I
o O

(osthol, 144), #& Kz il P9 BG4 % ( auraptenol, 145)
IK A% Kz TG (meranzin hydrate, 146) , /K& 3 IEHT
B & (oxypeucedanin hydrate, 147), # FFj# &£
(oxypeucedanin, 148), #2E:gii#H Z H Bf ( oxypeuce-
danin methnolate, 149), [r[Zft48# /5 PN R B2 ( pranfer-
ol, 150), #MF M (pabulenol, 151), HIEEMK
(heraclenol, 152), J#iE % (heraclenin, 153), M
J& -3 -F % (heraclenol-3'-methyl ester, 154), KK
BHZ (imperatorin, 155), {EHFE ) (xanthoxol, 156) ,
JEHRTS 2 (xanthotoxin, 157)" {22t HLIE 8,
10. 3 A=Y # 15 %

&) 144, 147 . 148, 149, 152, 153 Fi1 155
X N Gy ol B i 78 HO bk L2 200 i 1) 52 il 2AG
YEA, 1Csff(mg -mL™") 435k 11.7, 21,1, 23.4
5100, >100. 20.1. >100; ECy{f(mg -mL"") 4
A 0.155, 10, 1.05, 33.3, 0.115, 2.37, <0.10;
VBITHE 0 (TL) 43 %)k 75.5, 2.11, 22.2, 3.00,
870, 8.48. >1000""",
10. 3.2 4 A 5~ (cytokine ) BRI HIAVET k&
137, 144 147, 148 149, 152 153 154 F1155 %t
LPS 3l 3 i N F0 Ji) B0 4% 240 R RS 00 98 SR 3 Y F o
('TNF-a) (253531 61.3% | 85.4% | 80.1% .
81.3% . 83.9% . 80.8% . 83.9% . 79.4% F 63. 1% ;
X 20 A 2R (TL) 4 B il 320 531 Oy 42.8%
50.7% . 34.4% . 41.8% . 38.6% . 42.1% . 47.3% .
42.1%F142.8% 7,

144: R

145: R 155: R:_\_<
o 156: R=H

146: R:_>—<OH 157: R= Me

8 BEMEPMIUGUHNLEFELE

- 133 -
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11 #ZEBER F. olivacea, Peucedanum olivaceum

11. 1 = H AL
MBI T = VL, 25 AR, AR Ik
. WOERE . BERZIA
11. 2 {22l
14 T A T W FEARIE .
12  Z<p[ER F. feruloides, Peucedanum feruloides

12. 1 7= M Ak

Z AR B TR R A, I N R 4 i 2
WA s AN AT TR RS L ORI 52
ST AR P A A X RS2 2 AR
Rt , MIGA@EHA . BEEILmZ %G 1T
B HEAR . DERE . BER . RIBXTT R,
12. 2 A2 o)

ZAPBIR S - F LR R ey B
TERIPTERZR (122), TERH LR CRNE (124)
HEZE BRI 2, BR 15 ( conferol acetate, 158)'%), ZA»
Fi%f 2 (ferulin) A (159). B (160)'%% ¢
(161) ™', 2, 3-=H7-¥ 528", 3R™-— I Jk2-
[4, 8-HIL3(E), 7-F @] -nkmgif [3, 2-
c] HFEE {2, 3-dihydro-7-hydroxy-2S™, 3R " -dime-
thyl-2- [ 4, 8-dimethyl-3 ( £ ), 7-nonadienyl ] -furo
(3, 2-¢c] coumarin, 162}/ 2 3. 57-¥ k-
2R™, 3R -—"HIR2- [4, 8-—HRE3(E), 7-F—
W] kgt (3, 2-¢] HFHE {2, 3-dihydro-7-
hydroxy-2R ", 3R " -dimethyl-2-[ 4, 8-dimethyl-3 (E),
7-nonadienyl | -furo[3, 2-¢c] coumarin, 163}, 2, 3-
TAT-R A28, 3RT-THI AE2- [4-HHE-5-(4-H
FE2-MRMERE) 3 (E) -k ] -nkmgdf [3, 2-¢] &
5ZE {2, 3-dihydro-7-hydroxy2S*, 3R"-dimethyl-2-
[ 4-methyl-5-( 4-methyl-2-furyl ) -3 ( E) -pentenyl ] -furo
[3, 2-¢] coumarin, 164}, 2, 3-— & -7-%2R",
3RT-THIBE2- [4-FIJE-5-(4-HIEE-2-nkg 5L ) -3 (E) -
PHHE] -k IE [3, 2-c] HFEER {2, 3-dihydro-
7-hydroxy-2R ", 3R " -dimethyl-2-[ 4-methyl-5-( 4-meth-
yl-2-furyl) -3 ( E) -pentenyl ] -furo [3, 2-c¢] coumarin,
1651 ™90 2, 3- T A 7-HIE 28T, 3RT-THT -
2- [4, 8-Z“HIEE3(E), T-FZJRsk] -mkmgif [3,
2-c] F & £ {2, 3-dihydro-7-methoxy2S™, 3R"-
dimethyl-2- [4, 8-dimethyl-3(E), 7-nonadienyl |-furo
[3, 2-c] coumarin, 166}, 2, 3-— &-7-H & -
2R*, 3R"-“HI F-2- [4, 8-—HIRIE3(E), 7-F—

<134 -

JERL] kMg If (3, 2-¢c] HEZE {2, 3-dihydro-7-
methoxy-2R™ , 3R " -dimethyl-2-[ 4, 8-dimethyl-3(E),
7-nonadienyl ] -furo [3, 2-c¢] coumarin, 167} %"
2, 3-"&T-F A28, 3RT-“HRE3- [4, 8-—H
B3(E), T-F k] -mkmgdf [3, 2] HUR
{2, 3-dihydro-7-hydroxy-2S”*, 3R -dimethyl-3- [ 4,
8-dimethyl-3(E), 7-nonadienyl] -furo [3, 2-c] cou-
marin, 168}, 2, 3-—&-7-FE2R", 3R - H H-
3- [4, 8-Z“HIH3(E), T-E0ikE] -mkmgif [3,
2-c] #F & & {2, 3-dihydro-7-hydroxy-2R*, 3R"-
dimethyl-3- [4, 8-dimethyl-3(E), 7-nonadienyl] -fu-
ro [3, 2-¢c] coumarin, 169} 4 7.~ ¥ 3.
[3, 7, 1I-=HH2(E), 6 (E), 10-+ ZfK =&
H] FHEZE {4, T-dihydroxy-3- [3, 7, 11-trimeth-
vl2 (E), 6 (E), 10-dodecatrienyl ]
170 | %, 2, 3-TURT-RE 28T, 3RT-THT 3E2-
[4, 8- W A3 (E), 7-F —J-6-Hd K | -k mg JIf:
[3, 2-c] & & % {2, 3-dihydro-7-hydroxy-2S~,

3R " -dimethyl-2- [4, 8-dimethyl-3(E), 7-nonadien-6-
onyl] -furo [3, 2-¢] coumarin, 171}, 2, 3-_&-
7B B )2S7, 3R - 3. [4, 8-~ HI 3
(E), T-F )@ R-6-f kL] -mkmidf [3, 2-¢] &X
% |2, 3-dihydro-7-methoxy-2S*, 3R"-dimethyl-2-
[4, 8-dimethyl-3 (E), 7-nonadien-6-onyl] -furo [3,
2-c] coumarin, 172}, 2, 3-&-7-H & })-2S",
3RT-THIHE-2- [4-HIJE-5-(4-HJE-2-nK IR 5L ) -3 (E) -
ReMde] -RmgIE [3, 2-c] HFEAR {2, 3-dihydro-
7-methoxy-2S™, 3R -dimethyl-2- [ 4-methyl-5-( 4-
methyl-2-furyl) -3 ( E ) -pentenyl | -furo [3, 2-c¢] cou-
marin, 173}, 2, 3-ZH7- %3287, 3R - H
H-3- [ 4-F BE-5-(4-H1 J-2-mk mg i ) -3 (B ) -
F] -memg It (3, 2-¢] FEE {2, 3-dihydro-7-hy-
droxy-2S*, 3R”-dimethyl-3- [ 4-methyl-5-( 4-methyl-
2-furyl)-3 ( E)-pentenyl | -furo [ 3, 2-¢] coumarin,
1741 %) 2 3- T T-HE 28T, 3RT-THTJE3-
[4, 8-ZHIHE3(E), 7T-F4wkk] -mkmidf [3, 2-
c] HFEZE {2, 3-dihydro-7-methoxy-2S™, 3R" -dim-
ethyl-3- [4, 8-dimethyl-3 ( E), 7-nonadienyl ] -furo
[3, 2-¢c] coumarin, 175} 2 3.~ 5-7-H 4
FL2R", 3R™-HIIE3- [4, 8- HIRE3I(E), 7-F
L] -mRm IR [3, 2-¢] FEAR {2, 3-dihydro-
7-methoxy-2R™ , 3R -dimethyl-3-[ 4, 8-dimethyl-3 (E),
7-nonadienyl | -furo [ 3, 2-¢] coumarin, 176}, 2,
3 ATFRIEORT, 3ST-TH M- [8-E M4, 8-
ZHEE3(E) -FA-1-0k ] kIO [3, 2-¢] HER

coumarin,
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{ 2, 3-dihydro-7-hydroxy-2R", 3S”" -dimethyl-2- [ 8-
hydroxy4, 8-dimethyl-3 ( E )-nonen-1-yl | -furo [ 3,
2-c] coumarin, 177}, 2, 3-— &-7-H %A H-2R"
3ST-THIFE2- [8-F2 K4, 8- B3 (E)-T-IE-1-
Fe] kgt (3, 2-c] HEE {2, 3-dihydro-7-me-
thoxy-2R ™, 3S"-dimethyl-2- [ 8-hydroxy-4, 8-dimeth-
yl-3 ( E )-nonen-1-yl ] -furo [ 3,
178 ™ fb2pgit WA 9.,
g#lﬁ@%ﬂ’ﬁﬁ/\ﬁﬁfﬂé e etk ay. 24
f%8 % (ferulin) D (179) . E (180), 2, 3-—%-7-
BI2ST ) 3RT-THH2- [4, 8- HHEI3(E), 7-
T AL -mkmEdE [3, 2-6] @l {2, 3-dihydro-
7-hydroxy-2S™, 3R"-dimethyl-2- [ 4, 8-dimethyl-3

2-c ] coumarin,

(E), T7-nonadienyl ] -furo [ 3, 2-b ] chromone,
181], 2, 3-" 4 7-FAKOR", 3R™-—H 32 [4,

i {2, 3-dihydro-7-hydroxy-2R™, 3R" -dimethyl-2-
[4, 8-dimethyl-3(E), 7-nonadienyl] -furo [3, 2-b]
1821 ™ 2, 3-HT-¥ 28", 3RT-
THHE-2- [4, 8-THIEL3(E), T-F T Mdk] -k

chromone,

3 [2, 3-b] ®EH {2, 3-dihydro-7-hydroxy-2S™,
3R" -dimethyl-2- [ 4, 8-dimethyl-3 ( E ),
nyl] -furo [2, 3-b] chromone, 183}, 2, 3-—45-7-
R™-Z W -2 [4-H1 E-5-(4-H1 Bk-2-nk
TR AL ] nkmE It [2, 3-b] (L
3R " -dimethyl-2- [ 4-

7-nonadie-

28"
ML) -3 (£),
{ 2, 3-dihydro-7-hydroxy-2S™ ,

164: R,=H R,=Me
165:R;=Me R,=H

ng

166: R=a-Me
167: R=$-Me

171: R=H
172: R=Me
0 N
\ 1y
(6} RO o~ "0
175: R=f-Me 177: R=H
176: R=a-Me 178: R=Me

methyl-5-(4-methyl-2-furyl ) -3 (E), 7-pentenyl ] -furo
[2, 3-b] chromone, 184!, 2, 3-—&F-7-}23E-2R"
3R™-ZHIRE2- [4-FHE-5-(4-HTRL-2-mk 5L ) -3 (E)
T8 HE ] -wkmE gt (2, 3-b] AR 12, 3-dihydro-
7-hydroxyl-2R"*, 3R" -dimethyl-2- [ 4-methyl-5-( 4-
methyl-2-furyl )-3 ( E), 7-pentenyl | -furo [ 2, 3-b]
chromone, 185} 25 & £% il -y 4 3% [ I A 1k &
M. Vb R BB @ﬂ ( dshamirone, secoammoresinol,
186), (4E, 8E)-1-(2-F K4-H LA KL ) -5, 9,
= PURR4, 8, 12-=4f-1-0d [ (4E, 8E)-
1-(2-hydroxy-4-methoxyphenyl )-5, 9, 13-trimethyltet-
radeca-4, 8, 12-trien-l1-one, 187 |, (4E, 8E )-I-
(2, 4-TRHHIL) 2-5 -5, 9, 13- = FISEA-PU k-
4,8, 12-=4-1-ffd [ (4E, 8E)-1-(2, 4-dihydroxy-
phenyl ) 2-hydroxy-5, 9, 13-trimethyltetradeca-4, 8,
12-trien-1-one, 1881 1-(2, 4- :;X%%%)s,
, T-ZHEE3- 2R+ -6 (E) , 10-—4-1-d
[ 1-( 2, 4-dihydroxyphenyl )-3, 7, 11—trimethyl—3—
vinyldodeca-6 (E), 10-dien-1-one, 189"/ 8 9-
FEACRE LV A= T B TR (8, 9-oxoisopropanyldshami-
rone, 190), LAk N EE A (ferulaeolactone A,
191), 8, 9-— £V A W E M (8, 9-dihydroxyd-
shamirone, 192) "% | 8- 7, ik 48 JL-9-3% L Vb A= b
fifi ( 8 -acetoxy-9-hydroxydshmirone, 193), 8-Z, fk4H %t
932 FL 4 AR FE b A Bl 20 R ( 8-acetoxy-9-hydroxy-
194) %) 38" (2, 4-— 3L

4'-methoxydshmirone ,

0. _0 HO
=
O
X X
HO
160: R=H 162: Rj=H R,=Me
161: R=Me 163: R;=Me R,=H

168: R=a-Me
169: R=f-Me

o

173: R=Me
174: R=H

OH

9 ZEMBPMSEFE-FEERRAUAGUNNLESEN
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AR ) AR, SRT-ZH JES5-(4, 8- k-
3(E), T(E)-FM-1-58) -DUE-2-rk i [3S™-(2,
4-dihydroxybenzoyl )4R*, 5R”-dimethyl-5-( 4, 8-
dimethyl-3 ( E), 7 ( E)-nonadien-1-yl ) -tetrahydro-2-
furanone, 1951 (3S, 4R, 58)-fX}-3-(2, 4-
TR L) - A-5- [[(3E) 8- Ak4, 8- H
L3 -1-3L ] 4, 5-— B %2 (3H)-nk IR fR
[(3S, 4R, 5S )-rel-3-( 2, 4-dihydroxybenzoyl )-
dihydro-5- [ (3E)-8-hydroxy4, 8-dimethyl-3-nonen-1-
yl] 4, 5-dimethyl-2 ( 3H )-furanone, 196 ], (4FE,
8R)-AHXS-( - ) 8-LBEAAE-1-(2, 4-FREEHRTE) S-
AE-8- [(2R, 58)-PU&-5-(1-2-1-H 3L 20k ) -2-
HRE2-mk M ik | 4-=Edf-1-1 [ (4E, 8R)-rel-( - )-
8-acetyloxy-1-(2, 4-dihydroxyphenyl )-5-methyl-8- [ (2R,
58 ) -tetrahydro-5-( 1-hydroxy-1-methylethyl ) -2-methyl-
2-furanyl | 4-octen-l1-one, 197 ], (4E, 8R)-tH Xi-
(= )-8-Z W4 He-1-(2, 4-T R RLRJL ) -5-F JE-8-
[ (2R, 5R)-PUSE-S5-(1-F H&-1-F1 gk 2 58 ) -2- 1 Jk-2-
Wi A ] 4o J-1-E [ (4E, 8R)-rel-( - )-8-
acetyloxy-1-( 2, 4-dihydroxyphenyl )-5-methyl-8- [ ( 2R,
5R ) -tetrahydro-5-( 1-hydroxy-1-methylethyl ) -2-methyl-
2-furanyl ] -4-octen-1-one, 1981 1-(2, 4-— 3t
REE) 2-F -5, 9, 13-=HIEA(E), 8(E), 12-F
PUfk =%5-1-Ff [1-(2, 4-dihydroxyphenyl) -2-hydroxy-
5, 9, 13-trimethyl4(E), 8(E), 12-tetradecatrien-1-
one, 199, 1-(2, 4- " FRKIH)3, 7, 11-=H
H-3-2 0 -6 (E) , 10—+ 26k -1, 9-—fid [1-
(2, 4-dihydroxyphenyl )-3, 7, 11-trimethyl-3-vinyl-6
(E), 10-dodecadiene-1, 9-dione, 2007, 1-(2, 4-—
BRI ) -3, 7- W BE-3-  J Hk-8 - (4- Y k-2 -1k i
)6 (E)-"E#-1-Ff [1-(2, 4-dihydroxyphenyl )-3,
7-dimethyl-3-vinyl-8-( 4-methyl-2-furyl ) -6 ( E') -octen-1-
one, 2011, 387 (2, 4- TR ILFEHBEIL) AR,
SR™-ZHIE-5- [4-FJE-5-(4-HIRE-2-mk i 5k ) -3 (E) -
Jedf-1-2E ] DU S 2-Wk B [3S7-(2, 4-dihydroxy-
benzoyl )-4R™ , 5R " -dimethyl-5- [ 4-methyl-5-( 4-meth-
yl-2-furyl )-3 ( E )-penten-1-yl ] tetrahydro-2-furanone,
2027, 35°-(2, 4- B HEFEEIL) 4R, 557 -
HE-5- [4-F BE-5-(4-F BE-2-mk W k) 3 (E)-J% Mi-1-
F -y E-2-kmgER [3S-(2, 4-dihydroxybenzoyl ) -
4R™ , 55" -dimethyl-5- [ 4-methyl-5-(4-methyl-2-furyl )-
3 ( E)-penten-1-yl | -tetrahydro-2-furanone, 203 157,
2, 6-—¥H2- [3, 7, 1I-=HIE2(E), 6(E), 10-
Tk = m-1AE ] 3 (2H) R IF IR W AR {2, 6-
dihydroxy-2- [3, 7, 11-trimethyl-2 (E), 6 (E), 10-
- 136 -

dodecatrien-1-y 1] -3 ( 2H )-benzofuranone, 204 } (1
2240 Bl 4% 15 i ( ferulaeone) A (205) ., B (206) . C
(207), D (208), E (209), F (210), G (211), H
(212), 3-(2, 4-RHIRHIEEEL) 4S8, SR™-ZHIJ
-5- [4, 8-ZHIIE-3(E), T(E)-FJR-1-5] -PU&-
2-IRIEEE {3-(2, 4-dihydroxybenzoyl)4S™, 5R” -dim-
ethyl-5- [4, 8-dimethyl-3(E), 7(E)-nonadien-1-yl] -
tetrahydro-2-furanone,, 213}, 3-(2-3%t4-H FHILIKH
BRI )4S™, SR™ - H 3&-5- [4, 8- H 33 (E),
T(E)-F—H-1-JE] -PU-2-PKMEE {3-(2-hydroxyl-4-
methoxybenzoyl ) -4S™ | 5R" -dimethyl-5-[ 4, 8-dimethyl-
3(E), 7 (E)-nonadien-1-yl ] -tetrahydro-2-furanone,
21417 Z A B B N B8 (ferulactone) A (215) . B
(216) "%, f2pgb Mg ULIE 105 S5k . 1
HBUEE (nerolidol ) [93,99] , T4 K EE ( guaiol ) [93,99-100] ;
GHRNERAEGY: AT REEE (myristicin) 5 &
M. MR GY: 2, 4" RFERX LW (2, 4-
dihydroxyacetophenone ) , 2-$234-F 48 37K 2 il (2-
4- R R
(2, 4-dihydroxybenzoic acid), 2, 4-— 3% 3-o-E 0
W (2, 4-dihydroxy-a-oxobenzeneacetic acid) '™’
B i & FRIR ( B-resorcylic acid) , F AR AR & MR AR
(' methoxyresorcylic acid) [100] s RS Y. ﬁ—/ﬁi
HImE s SR A E AN SGC-7901 Hid
FEAT T P 1 22 < B 20— S8 HH e R BBGRR A, vh 28
H3-H 4 FE-1, 2 T§ % ( 3-methoxy-1, 2-propane-
diol) , A5 HEFT N ( D-limonene ) , /¢ Ji& £ R Ji. Hi i
( L-borneol acetate), & FR¥5 g (terpinyl acetate ),
2, 6, 10-=HJ-1, 5, -tk =Hi(2, 6, 10-rim-
ethyl-1, 5, 9-undecatriene ), «-ZF ¥}/ (a-cedrene)
a- A4 (a-bergsmotene ) , B-Z5 Fi 4 (B-cedrene ) ,
8-e-y-Hi -l 1 (8 -epi-y-eudesmol ), y-F4 -1 (y-
eudesmol) , FEBH AL (hinesol) "™ H & 1-H -
4-(1-HIEZFHF) B K [ 1-methyl-4-(1-methylethe-
nyl) cyclohexene 1'% | HIJE 7, W ( HH L) 9 & — 4k
¥ [ methylethylidene ( methyl ) propyl disulfide ] "%
L & J-1-F1 56 Y 56 — fil ik 9 [ methylethyl-1-
(methyl) propyl disulfide], —(1-FFREPNIL) —Hifk
[ bis( 1-methylpropyl ) disulfide ], (E)-1-T7 #5%&-1-( H
55 L miAk ) [ (E)-1-butenyl-1-( methyl ) propyl
disulfide ], (Z)-1-7T 4 Be-1-( WP 5L ) 9 2 — mi Ak 9
[ (E)-1-butenyl-1-( methyl ) propyl disulfide ], (E)-2-
TR RE-1-CH R R Rk Y [ (E)-1-butenyl-1-
( methyl) propyl disulfide ], 1-( FfidL) PIFER 3L —
Ak [ 1-(methylthio ) propylpropenyl disulfide ] st

hydroxy-4-methoxyacetophenone ) , 2,



2018 4E2 | 4520 % 452 MW hEBAE T2 Mod Chin Med Feb. 2018 Vol.20 No.2

( =)-a-JM [ (= )-a-pinene ], JJH:Mi (myrcene),  acetate) , # fE AL B (nerolidol) , (- ) -5l 7 B 4
FF 1204 (sabnene ) , B- A H: 45 (B-myrcene ) , L-7K T Hi [ ( = )-alloaromadendrene |, 4> & %X 4% ( farnesene ) ,
(L-phellandrene ) , 8-3-854 (5-3-carene), 3, 7-_H o-FI B AR i (a-guaiene ) , Sz 21 17 ¥ ( trans-caryo-
-1, 3, 7% = K (3, 7-dimethyl-1, 3, 7- phyllene ) , v-#¢ K (y-selinene ) , Wil U7 (ledene ) ,
octatriene ) , ~y-1ifi i/ (y-terpinene ) , -V (- o -FE P ( o-eudesmol ) 2511

terpinolene ) , X 4> {£ #2-8-E ( p-cymen-8-ol ), #p-2, WIS S A8 & . B4 AWM (B-famesene ) , H¢
1% J% ki fig ( exo-bornyl acetate) , =378 M-2-1 ( Z- fifi Z,FATiE ( bornyl acetate) , ArAAHEEE ")
3-pinen-2-ol ), & H 2 £ MR B ( dihydrocarvyl ML A g ge il
R,0 O 0 R,
| = -
(6]
179: R|=Me R,=f-Me 180
181: Ri=H R,=B-Me
182: R;=H R,=a-Me OH O
HO O~ -0 R 0\ = = >
= ~
Ry
g R,0 HO 189
: 186: R,=R,=H

O

184: R=a-Me 187: R,=Me R,=H OH O
185: R=5-Me 188: R,=H R,=OH _ I _
R
= 0. 0 OH R2 3
> HO R,0
7% 192: R,=H R,=R;=OH
O | 193: R;=H R,=OAc R;=OH
O OH

194: R|=Me R,=OAc R;=OH

OH o) OH O I
,' (/F) If (R)"O
. OAc OH
HO 197: (12R), cis-furan

198: (128), trans-furan

OH 0 OH O | 0\
— — — — =~
R 199: R-OH
HO 205: R=COOMe HO 201
OH O
; / M
- - —
o OH OAc
HO HO
202: R=a-Me 204 206

203: R=f-Me

e S
RO d HO o OH

214: R=Me 215

E 10 ZEMBAIMMEFIEERITEMHLFEN
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12. 3 A=Y AiE
12.3.1 Mg dufessE i 2B g [m] 4 BCER A 78
1 mg -mL ™" Y EEXT B SGC-7901 41 i ff (14 334 5 11 1)
T, Rl 78.10% , K HREGES AL R 30.11% ,
95% L BEREBERE N 75. 17 % , A i1 Fik £ CER 57
70.22% , =AW P HGHAL N 89.17% , L8 LT
PEPGAL N 72.12% , o = G W e SR BRI 14 A
s SRR RS RS . R R RO
PRI | RO AE IO . - TR B AR G L B
PRI R I FL CO, 2 Bk il 2% 22 < PT 2 4% % il
e U IR 28 AR 7R AR 7R TR A5 BT il 48 1 4 & Tl
X i SGC-7901 2 it #k 14 5 H A AR 53 (1) 411 1
fﬁﬁi[mz R

fEf k- 2R & G159 160, 161 X H Jw
HepG2 4l it #k 384 58 H A7 90 1 7E H, 1C {H 53 51 A
89.0, 76.1 pmol -L~"; XK CO AN IRKIE G IR
Eﬁi‘fﬂﬂiﬂﬁfﬁﬁ, ICso{E%%IJj‘j 21.2, 36.1 MmOI L7 5
162 X MCF-7 il Co 345 BA M HI1EH, 1C,fH 57
$560.0, 20.1 wmol - L™"; 163 %f HepG2., . it 9
MCF-7 4 ik A Co 3 5 41 1 45 FH 1 1Cs, B 43 51 by
39.9. 37.7. 16.0 pmol -L™"; 168 %} HepG2. MCF-7
1 CO 3 5 410 i VE FH B 1Cs, {E 43 7 2 49.3 66.0,
35.3 pmol -L™"; 169 X} HepG2, MCF-7 FI C6 #4541
VERIRY 1C, fB 4354 53.5., 80.4, 32.5 pmol - L'/,
163 figif i 2B IR N PR AL T IR AR RIH S
Co P 22 i g A ML M 125 5| PERK, ATF6a Fil
IRE o AL 5 75 163 S6F iR Je I3 e LA VS 7E 114 17
FHHT 5

fEkib- e AL A 181 Xt HepG2 F1 C6 4tk
SEFENR A P 105 (553319 74.5 . 60.0 wmol -L™'™;
M3 fi5 > i A5 A= ) % HepG2 . MCF-7 i1 C6 4 ik 3 7
PHIEA, 1b&% 210 1Y IC, (B 735120 86.0, 87.0,
64.5 wmol - L™", 211 ) 1C, {E 43 %] Jy 86.9, 92. 1,
59.3 wmol - L™, 212 () 1Co, & 43 %y 82. 1, 81.5,
66.0 wmol -L.™", 186, 189, 199 F1213 X} C6 4tk
HamE AR B 1Cs, B 435 R 34,1, 31.0, 36.2,
55.4 pmol +L~'77
12.3.2 HrwfEH fAkm-F O R 6106% 159,
160, 162, 163, 168 F1 169 XJ JU 3 2 fit 24 w4 b
XU212 e K BAMSIVEN, /NI & (MIC) 45
BIR32, 16, 2, 2, 2, 2 mg L B
A4 186, 187, 188, 189, 190, 192, 193, 195 #ii
196 X U PF 2 i 24 P R XU212 A= H A I AE A,
MICAr3R 1, 1.1, 4,05, 64, 32,2, 2mg-L7";

- 138 -

fh44 186, 188 . 189 192 193 . 195 F1 196 Xf4:
(O PR A BR 1E SAT199B A= KAl /E H i MIC 4y
16, 2, 16, 64, 16, 8, 8 mg -L™'; k&Y
186, 188, 189 192 195 F1 196 Xif 4> ik oy ik fife 2 25
BRTA ATCC25923 AR A /E R B9 MIC 4358 6, 2.,
16, 64. 8. 8 mg -L™"; fb4& 4 186, 188, 189,
190, 192, 193, 195 Fii 196 X| 21 % 2 M 25 7 ¥k
RN4220 A= KA /E G MIC 205 32, 2, 4, 16,
64,64, 4,16 mg-L™"; fL4& % 186, 188, 189,
192, 193 195, 196 X 4 o {0 JiR ik 75 %5 Bk 7] EMR-
SA-15 AEKIHIVEH B MIC 230508 16, 4., 16, 64,
64,2, 2 mg-L7"; fb4 % 186, 188, 189, 190,
192 193, 195, 196 X} 4 % (7 [ ik 75 %5 BR 8 EMR-
SA-16 A KAPHIME I MIC 2351 1, 2, 32, 0.5,
64,32, 128, 16 mg-L '™/, [k 191 X4 @
Fif e 78] %6 BK B SAL1199B A= K 4111 il 4 F ) MIC Ay
19.1 pmol -L™"; L& % 190, 191 1 192 %f JU 3 %
it 24 T ik XU212 A= K APl /R A MIC 43550 ok 1.2
4.8, 164.1 wmol -L™"; fLAH 190 F1 191 %4155 %
it 245 TR Ak RN4220 A KA ) MIC 435128 37.2
38.3 wmol L' fbA ) 191 X[ [ A Y v 4 o 60 it
e BRI EMRSA-15 B AR AE KA /E H G MIC
4.8 wmol -L™"; LA W) 190 X} I Be A% Ye bk 4 8 (A R
WA 2 BRI EMRSA-16 B AR A P06 75 H ) MIC
1.2 pmol S et o

12.3.3 JuRAEH 2B 8t K BN St 1 5t
LK GRRE 25 W B B A B R ER s ek
LSz R, BEIMRI SR LAY A & SEsh ™ L R s
LR AE R FR A - SR A A Y 173 XS
Pe— AR A RS T EA MR

12.3.4 ZBAEH A5G 2s ny @ G AR i 5 2 < f 2)
MR MY 37.0% , £ 70 mg - L™" Xf i di g W]
HIAMEIEF, X KRR L Mythimna separata 5 14 %
KA/ N Plutella xylostella 55 = & 4 B 3 4E
1 LD, 4335 H 0.07 . 8.9 mg; /KFAL HUES DY i
4y A R Kb Musca domestica B2 75 75 P 1Y) F 50 3L
FEUHE (LCs) 2334 3.5, 16.9 pL-L™'™,
12.3.5 #PE 2P0 &b/ BRI B 1 LDl
10 240 mg -kg ™' 2Pk R M DN, HOE R IR R
4. M RGP, Hrh ek b R R
g ",

13 EFM%R F. caspica

13. 1 =1 IR
BLIFFATRIL ™ TR SEACER , oA TP s A o
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N = 5 NE7 1| ITh [ 7 NE  ZyR (E
W, SE PR, 25 R HAR AR . MIEA AL B
S HBRZ IR HTFRBER. BPEh, RE
GoAVG N (1R
13. 2 {22 plisr

B P AAR S A - E R G A 4
I R (1) AR B A (65)1
(61) " Sk AL & W AAM%@MWI
alcohol) ") & FH G E RIS . TEEH (umbellif-
erone) 'y HIHABRALAY . AEBR. AHLER .
THLILE ",
13.3 &k

LT L 14 7 JG) R I £ U R Tl L
HEL ZR. KREEREARFINATE; H5ER
%%&%Tﬂi%ﬁ@ﬁmr,ﬁﬁwﬁﬂbﬁﬂ
WAL IR Rf A0 38 i e 4 3 5 A JC K AR AT 1:1000

PKHURIAES 8 PRI BT 2 S B, (v 4
LILTP G
14 ik
14. 1 {2z 55t 2 REE

BB o P S R4l B 2R, F8A
R IR IG5 2 LA A LA

i FERMZHALE Y (polysulfanes ) 55240 32 2L
FRIEPEAL A By o IR, AERl SUOE e
FAAEPERIAL Y, Hp LA | e (daucane ) Jy HEAS

XII

XVI

TR, —f C4 i BRIEBUL, 78 C2, C6, C-10
S5 U B BR A1 A8 A6 AT A 1 7 Z2 A [R) 45 44 1 £k
B wE WAL EYIERN 1, BRI 2R
FAEIE B2 T BB R AR A A R A AL ) 1T,
INEFTER Z AL G 2B . U 4, XU
B0 A, SO AL B AR TE
T~ XVI 88— R 5] 38 R HAG Y. eoh, TRE B
DB FE R (humulene ) FIA%4E ( eudesmane ) B E
AL 5 R 45 A8 A A5 1l T XVIL, XVIIL FI XIX 2
W 1T,

BT BRI AR Y P 10 05 — R AR R AL 2 o T B
TR EY), Te—LEpTBR hAcH W .
Hh 2 RZBH LR WAy, DAk oy 2k
W A AR . MREIRIEA TR, AT o3 o il -
HEAREY . A (CEE . I, XOR) -FERAR
G VIRTE S EI 2 0 B S A AR
MR, P X UMEE-FERAGY R RS

2w a W, WIS Ferula persica [)
AR 7 15 45 T i 3 ) B AR AL W) ( persicasulfide ) A
( 3-sec-butyldisulfanylally-acetoxy-3-methylbutyric acid

ester, 217) . B[ 3-(1-methylsulfanylpropylsulfanyl ) al-

lyl-acetoxy-3-methylbutyric acid ester, 2181, C(3-sec-
butyldisulfanylallyl-hydroxy-3-methylbutyric acid ester,
219) 1 fRpSERY L 12, dy Bt AT Ak
FYTREEPT AT IR AR, A 5 TR R
25 AP ARRIESE
6} Rlo:_ R, R,
CH,R,
é@i HO 2
HO H =
RsO
\% VI
XI
O
6}
XVII

E 11 [REEYhEFIENEEEE
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/Y

217
12

14. 2 {2z 282 M2 R 4

RETERHEY ) i & SRR G W AfEE
AL GY), (HRTBLEAEY) b ) A A 2 il -7 R A
A, RS-F G RRAW, EERY A
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