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A review on chemical constituents, pharmacological effects, and clinical
applications of 7saoko Fructus and predictive analysis of its Q-Markers
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Abstract: Caoguo (Z5aoko) Fructus is a well-known traditional Chinese medicine. It has been widely used in China for centuries as a homology of
medicine and food, which has dispelled dampness, warming stomach, preventing malaria, and resolving phlegm. Many compounds have been
identified, including volatile oils, polyphenols, flavonoids, diarylheptanoids, and bicyclic nonane. Diverse biological activities of T3aoko Fructus have
been demonstrated, such as gastrointestinal regulation, anti-bacterial, anti-inflammatory, anti-oxidation, anti-tumor, decreasing plasma glucose levels,
and reducing lipid synthesis. Meanwhile, modem studies have shown that volatile oils and polyphenol components play a crucial role, and the
gastrointestinal system is the central aspect that reflects the correlation between pharmacological and traditional effects. The present paper aims to
review the chemical compositions and pharmacological effects of T3aoko Fructus. In addition, based on the concept of Q-Marker, the Q-Markers of
Tsaoko Fructus were predicted from genetic relationships, traditional efficacy, medicinal properties, compound compatibility environment, and
component measurability. The result indicated that the possible Q-Markers could be regarded as the 1,8-cineole, neral, 2-decenal, geranial,
protocatechuic acid, vanillic acid, ezc. This review provides an exciting insight into the quality evaluation of Tsaoko Fructus.
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Table 1 Classification of volatile oils in Tsaoko Fructus

s 5 2R 2z SCHR
1 R o-i#H145 Co-thujene) CioHis 9
2 o-JRMi Ca-pinene) CioHis 9,20
3 B-JR)% (B-pinene) CioHie 9
4 ¥ (camphene) CioHis 9
5 ¥4 (sabinene) CioHis 9
6 a-7K T4 Ca-phellandrene ) CioHis 9,20-21
7 o-FAJ I Co-terpinene) CioHis 9,22
8 y-FA % (y-terpinene) CioHis 9
9 it i (terpinolene) CioHis 9
10 - AR (p-cymene) CioHua 9
11 3-BJ% (3-carene) CioHis 20, 23
12 (+)-4-B M [(+)-4-carene] CioHis 21
13 3-2KFE KK [benzene,(1-ethylpropyl)-] CioHis 24
14 B-H M (B-myrcene) CioHie 9,23
15 B )% (ocimene) CioHis 9,21,25
16 S BEEE (5-caranol) Ci0Hi1s0 21
17 Jefi% (5-caranol) CioH1s0 21-22
18 1,8-F23kE (1,8-cineole) CiHisO 9
19 £ (fenchol) CiHisO0 9,22
20 AFEFEE (trans-carveol) C1oH160 9
21 cis-p-menth-2-en-1-ol CioH180 9
22 trans-p-menth-2-en-1-ol CioH180 9
23 cis-p-mentha-2,8-dien-1-ol Ci0H160 9
24 SR (isopulegol) CioH130 9,26
25 iso-isopulegol CioH150 9
26 cis-chrysanthenol Ci0H160 9
27 O-FAVHEE (S-terpineol) Ci0Hi1s0 9
28 4-15 40 (terpinen-4-ol) CioHis0 9,21,23
29 o-FAHEE Ca-terpineol) CioH130 9
30 cis-piperitol CioH150 9
31 trans-piperitol CioH150 9
32 Al (anethole) CioH2O 9,22
33 AN FBE [trans-(—)-pinocarveol] CioH160 22
34 L9538 (perillyl alcohol) C10H160 26
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s Fl SR K SCHR
35 &% (bornanone) CioH160 22
36 (-)-Bk & MRIHEE [(—)-myrtenol] CioH160 22
37 (R)-EMATHE M [(R)-oxidized limonene] CioH160 26
38 L ¥Ei% e (cis-verbenol) CioH160 26
39 HE&URE% (myrtanal ) C10H160 22
40 T (carveol) C1oH160 22
41 4-AHEE (4-thujanol) CioH150 27
42 2,3-JRKE —F (2,3-pinanediol) CioH1302 26
43 HFHE (citronellol) C10H200 22
44 FiRERE (linalool) CioH150 9
45 PEALEE (nerol) Ci0Hi1s0 9
46 &R (neral) CioH160 9
47 FIEE (geraniol) CioH130 9
48 T (geranial) CioH160 9
49 LIRF I (geranyl acetate) Ci2H2002 9
50 &k Y- =34 (y-muurolene) CisHo4 9
51 K4 )L D (germacrene D) CisHaa 9
52 oA =M (o-muurolene) CisHa4 9
53 S-FEAA M (S-cadinene) CisHos 9
54 MEM M [(—)-alloaromadendrene] CisHas 22
55 B-# 7% (B-elemene) CisHaa 22
56 a-f177#i Co-caryophyllene) CisHos 22
57 W% (copaene) CisHoa 21
58 (H)-EF) [(+)-aromadendrene] CisHa 26
59 1-A174 (1-caryophyllene) CisHa4 22
60 o-BEVE M (a-cubebene) CisHos 22
61 B-EEVE NN (B-cubebene) CisHaa 22
62 B-kL#A M (B-cadinene) CisHaa 21
63 EEARAANE HEE (cedrol) Ci5H260 22
64 cis-4,10-epoxy-amorphane Ci5H260 9
65 &R (elemol) Ci5H260 9,22
66 1-epi-cubenol Ci5H260 9,28
67 cubenol Ci5H260 9
68 B-F i (B-eudesmol) CisH260 9
69 a-F% i EE (a-eudesmol ) Ci1sH260 22
70 (-)-Wr 2B [(-)-spathulenol] CisH240 22
71 RE AT (caryophyllene oxide) CisH240 22
72 TAIAKREE (guaiol) Ci5H260 21,23
73 i #ZEE (bulnesol) Ci5H260 22
74 & HXEE (farnesol) Ci5H260 22,26
75 (E)-#84tHUEE [(E)-nerolidol] Ci15H260 9,21
76 e Wi IECE (hexanal) CeH120 9
77 2-CV&EE [(2E)-hexenal] CsHi100 9
78 BPif% C(heptanal) C7H140 9
79 Tl (nonanal) CoHi150 9
80 2-Z&H7 s (2-decenal) CioH150 9,23
81 2-F ") (2-dodecenal) Ci2H2»0 25
82 % (octanal) CsHi60 21
83 (E)-2-J#l% [(E)-2-octenal] CsH140 22
84 10-+—/#%E (10-undecenal) CiiH200 26
85 2-HIL T (2-methyl-butyradehyde) CsHoO 27
86 2-F = ¥ilE (2-13 allyl aldehyde) C13H240 27
87 3-FETHE (3-methyl-butyradehyde) CsHoO 27
88 4% (decanal) CioH200 26
89 JKEE (amyl aldehyde) CsH100 27
90 trans-2,3,3a,7a-tetrahydro-1 H-indene-4-carbaldehyde CioH120 22
91 cis-2,3,3a,7a-tetrahydro- 1 H-indene-4-carbaldehyde CioH120 22
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92 4-325:-2-4 NIkl (4-hydroxyadamantan-2-one) Ci10H140: 26
93 FH L PR (6-methyl-5-hepten-2-one) CsHi140 9
94 &R B Cethyl acetate) C4H302 29
95 1- T+ ZIRIGEE RS BR S (1-dodecen-1-ol acetate) C14H2602 25
96 (2E)-decenyl acetate Ci12H2202 9
97 L1831 (octanol acetate) C10H2002 9,25
98 3,7-FHE-2,6-3F IEEE LRI (3,7-dimethyl-2,6-octadien-1-yl acetate)  Ci2H2002 27
99 B 75 #%1E  (linalyl propionate) Ci13H2202 26
100 3,5,5- = HIE A FIHIRES (3,5,5-trimethylhexyl prop-2-enoate) C12H2202 26
101 WAL+ ARG (4-dodecanolide) Ci2H20: 26
102 Wi ER .l Cethyl linoleate) C20H3602 26
103 iR (linoleic acid) CisH320> 25
104 T )\ Coctadecenoic acid) CisH3602 25
105 9-+ )\IiJlR (9-octadecenoic acid) CisH3402 25
106 4% (decanoic acid) Ci10H2002 22
107 ¥R (octanoic acid) CsH160:2 22
108 ERAAER (hexadecanohe acid) Ci6H3202 25
109 W 5. (tetradecanoic acid) C14H2302 25
110 n-FE (n-octanol) CsH1s0 9
111 (E)-2-octen-1-ol CsHi60 9
112 2-Z4 475l (2-decenol) Ci0H200 22
113 J2-2-+—Jfi-1-B¢ (trans-2-undecen-1-ol) CiiH20 22
114 2-HFE-3-T45-2-fF (2-methyl-3-butylene-2-o0l) CsH100 27
115 IECEE (n-hexanol) CsH140 9
116 IETHEE (n-butyl methyl ether) CsHi20 9
117 2-1E T M (2-n-butylfuran) CsH120 9
118 W+ =4t (cyclododecene oxide) Ci2H20 26
119 2,8-%% “##-1,10- % (2,8-decadiene-1,10-diol) CioHis 30
120 75 FZ& (toluene) C7Hs 27
121 ZKHE (benzonaldehyde) C7HsO 21
122 2,4- " HERHEE (2,4-dimethyl-benzaldehyde) CoH100 25
123 o- F R RS (a-methylcinnamaldehyde ) CioHi100 26
124 2-SFNERHEE (2-isopropylbenzaldehyde) CioH120 9
125 4-NEIEHEE (4-propyl-benzaldehyde) CioH120 23
126 (E)-3-2K3E T -2-)%Ml% (2-propenal,3-methyl-3-phenyl) CioH100 9
127 2-F KT (2-phenylbutanal) CioH120 26
128 1,2-2R —HER-2- 2.3 ¢ lE (1,2-benzenedicarboxylic acid) C24H3804 25
129 482 —HR — Mg (diethyl phthalate) C12H1404 9
130 1,6,7-=F#ZE (1,6,7-three-methylnaphthalene) CisHus 27
131 1,4,5-=F#ZE (1,4,5-three-methylnaphthalene) CisHus 27
132 1,2,3-=H 3-4-N %5 (1,2,3-trimethyl-4-allyl-naphthalene ) CicHig 27

133 2,3- " &-1H-Efi-4-F % (1H-indene-4-carboxaldehy) CioH100 22
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Fig. 1 Structure of volatile oils in Tsaoko Fructus
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Table 2 Classification of polyphenols in Tsaoko Fructus
ks A fat ik
134 <LHE (o-cresol) C7Hz0 9
135 [A]HE (meta-cresol) C7HsO 9
136 XZ M C(hydroquinone) CeHs02 31
137 4% (catechol) CeHeO2 31
138 4BZE =) (pyrogallic acid) CsHs03 11
139 3-FA%JEJL75M) (3-methoxy-catechol) C7H303 31
140 4-F4EFEARZ W (4-methoxy-catechol) C7Hs03 31
141 XFEIEKHE (p-hydroxybenzoic acid) C7He03 11,32
142 JiJLA®R (protocatechuic acid) C7HO4 11
143 FHHE (vanillic acid) CsHsOs 11
144 [HF2FEFEHFER (3-hydroxybenzoic acid) C7He03 31
145 JEJHEZ (gentisic) C7H6O04 10
146 3,5- "3 K HEE (2-methoxy-resorcinol) C7HeO4 31
147 2-FEFEXE /) (2-methoxy-hydroquinone) C7Hs03 31
148 2-HFERE MK M (2-methoxy-resorcinol) C7Hs03 31
149 2,6-—HHEIEHKE (2,6-dimethoxyphenol) CsH1003 32
150 1,3-“H%IEZR (1,3-dimethoxybenzene) CsHi002 31
151 4-HEEFEFEE (4-methoxybenzaldehyde) CsHz0: 31
152 5-EFEFEHE 2R (3-hydroxy-4-methoxybenzaldehyde) CsH7NO:s 31
153 3-HEZEFEFEE (3-methoxy-benzaldehyde) CsHsO> 31
154 FHEE (3-methoxy-4-hydroxy-benzaldehyde) CsHgOs3 31
155 JRJLZEE (protocatechualdehyde) C7HO3 32
156 4-$83£-25- " HEILEKHEE (4-hydroxy-2,5-dimethoxy-benzaldehyde) CoH 1004 31
157 2-FEFIFEFEE (2-methoxy-benzaldehyde) CsHs0> 31
158 S5-Efiji /% (5-indancarbaldehyde) CioH100 31
159 4-Efijili % (4-indancarbaldehyde) C1oH100 31
160 6,7-—F23-4-M5| WK L% (6,7-dihydroxy-4-indancarbaldehyde) Ci0H903 31
161 FFHy (carvacrol) CioH120 9
162 T &My (eugenol) CioH1202 9
163 4-7.%:-2-FEFIRR (4-ethyl-2-methoxy-phenol) CoH120: 9
164 4-Q-F2FNE)- 2K} [4-(2-hydroxy-propyl)-phenol] CoH1202 31
165 WIHERR (cis-caffeic acid) CoHsO04 33
166 2-(4-¥25L-3-F A 50K R L)-4- AR SR IS [2-(4-hydroxy-3-methoxybenzoyl)- Ci6H 1405 31
4-methoxy-benzaldehyde]
167 FJLZZE (epicatechin) Ci5H1406 32
168 (-)-JLA# [(-)-catechin] CisH1406 32
169 2-FEHE-1,4- 72K E)-1-0-[6-0-(3-FF A I-4- 52 5L K IR L) ]-B-D-ME i 2 B (2-methoxy- C21H24011 11
1,4-bipheno-11-O-[6-O-(3-methoxy-4-hydroxybenzoyl)]-p-D-glucopyranoside )
170 JRAEF & B2 (procyanidin B2) C30H26012 10
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Fig. 2 Structure of polyphenols in Tsaoko Fructus



* 3260

FE B 2022FE58 $£53% B 108 Chinese Traditional and Herbal Drugs 2022 May Vol. 53 No. 10

1.6 Hh3E

B EIR oAb, 4 o I R gy B 15
F)AEEE. AR NSRS SRR AU XN
B USR-S 0 R TR, X R SERIFM
R e T R, HRPEEH . EE
Ji. ¥R AR B, SROFSR . A,
W AT SR UM T R ILIE A RITTA SRR 7T
YRR MR B . A5 BE. B
B ERSEEIGR.
2 HIE{ER
2.1 BAHBEHIEE
g % 47 25 341 i 3L SR A ) e S 2 48 oK BR
L9 B AT B R, B R SR T KR

20

B
H

)

INEWFFLREA, R A v ) /N BN i 30
HEFEAARRE) NREERNGIZS R, K
P KSR T 52 S R TR T /) R
SR 5 7R R AR SR I R 5 PR A L AR A 24 36,
[FJ B, BIF 9030 R B 22 M ) 1) B SR AT RS P
Ji% 2R 51 62 11 1] i 32 S 0 1) R0 2 1 R 5] A 1 [l i
FEAEBTL, Al BF TSN SRR R R
TRIERT, BRREHNE] B B e, HpLEI TR S
I | TR AT B 11 2B KA R8I,
22 mEEA

TR EAZ P TE, W 2R A E
HAHHIER . BT R R S I nT B i e 22 6l
JEWAR T, W7 TR, SRR S L AL ERER AH 2412,

*3 ERPRERIXNLEY

Table 3 Classification of flavonoids in Tsaoko Fructus

s B i Sy SCHR
171 ¥ 3',5"--C-B-D-ME M # HE AR 2 & (37,5'-di-C-B-D-glucopyranosylphloretin ) Co7H34015 11
172 7,3 FF-4-HEIEE S (3'7-dihydroxy-4'-methoxy-flavan) CisHi604 31
173 (2R,3R,4R)-3',5'-dimethoxy-3,4,7,4'-tetrahydroxy-flavan Ci7Hi1507 31
174 #it 2 % (quercetin) CisHi0O7 17
175 Wit B 25-7-0-B- B & HEE (quercetin-7-O-B-glucoside) C21H20012 32
176 7T (rutin) Cx7H30016 11
177 Wit B 25-3-0-B-D-ME M E Z #EE (quercetin-3-0-B-D-glucopyranoside) C21H20012 11,17
178 HE M B (licoflavone B) CasHz6O4 31
179 S22k Chyperoside) C21H20012 10
180 AMEE K -7-0-B-D-F & #EH (luteolin-7-0-B-D-glucoside) C21H20011 10
181 tsaokonol A Ca6H2s0s 15
182 tsaokonol B Ca6H2s0s 15
183 tsaokonol C Ca6H2804 15
184 tsaokonol D Ca26H2s04 15
185 tsaokonol E C31H360s 15
186 tsaokonol F C31H360s 15
187 tsaokonol G C31H3604 15
188 tsaokonol H C31H3604 15
189  AHME] tsaokonol I C31H30s 15
190 tsaokonol J C31H3604 15
191 4-$23E-4-FEIEAEHE (4'-hydroxy-4-methoxychalcone) CiH140s 31
192 4.4"- " HEFEEHE (4,4"-dimethoxychalcone) Ci7Hi603 31
193 24T HA-FRESE A HEN (2',4'-dihydroxy-4-methoxy-chalcone ) CiHis04 31
194 4322 -FRE LA HE (4-hydroxy-2'-methoxychalcone) CiH1403 31
195 FFLAENR (2',4,4"-trimethoxychalcone) CisHis04 31
196 4-¥23E-2-HEIEE HE (4-hydroxy-2'-methoxychalcone) CiH1403 31
197 4-¥2Rk-4-HEIEE HE (4-hydroxy-4'-methoxychalcone) CiH1405 31
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Fig. 3 Structure of flavonoids in Tsaoko Fructus
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Table 4 Classification of diarylheptanoids and bicyclic nonane in ZTsaoko Fructus

TS el B e STk
198 —RBEPHE HH-Ii# (meso-hannokinol) CioH2404 17
199 (H)-BL#%m [(+)-hannokinol] Ci19H2404 14
200 1,7-bis(4-hydroxyphenyl)-4(E)-hepten-3-one Ci9H2003 31
201 T (tsaokone) C20H2004 13
202 2,3-dihydro-2-(4"-hydroxy-phenylethyl)-6-[(3",4"-dihydroxy-5"-methoxy)phenyl]-4-pyrone C20H2006 17
203 4-dihydro-2-(4'-hydroxy-phenylmethyl)-6-[(3",4"-dihydroxy-5"-methoxyphenyl)-
methylene]-pyran-3,5-dione CaoflisOr 17
204 WA L4 6,7-dihydroxy-indan-4-carbaldehyde CioH1003 14
205 6-hydroxy-indan-4-carbaldehyde CioHi002 14
206 SFEHE (isotsaokoin) Ci10H1402 16
207 BHRE (tsaokoin) Ci0H1402 13,16
OH OH 0

HO I I OH

198=199

203 204

205 206 207

B4 BERFIFERERE (198~203). MIFEREUEY (204~207) 515
Fig. 4 Structure of diarylheptanoids (198~203) and bicyclic nonane (204~207) in Tsaoko Fructus

LT S 22 R G 0 P i B A B S A 0L,
*£“ﬁn%% E%ﬁﬂ%TWﬂﬁ%ﬂlﬂ@ﬂ
i, HALHDRIRGRRTEAS, N2 s g A
E@ k25 O NITE LA SRR SRS 3= B Gl 7
SERE XS T VE AT T B BRI E T, JFAT
DRI E R ERE T RREY. jAh, BRI R
X R ARAE R SC53 14+ 1 T BR TN 24 bk 237,
SO EIERE . RT3 354G AN R FE 401 25
By JUHS B O BR R A A RO B 52, BRI
SXof £ B 1 2 T EL A D S A 1 R Y, /ﬁﬁﬁﬂ TR
B, SRR B BRI RSN A AR e
#i%EK A (methicillinresistant staphylococcus aureus,

MRSA) &1, Al MRSA X 8-S HTE R
% E 24,
23 KIEA

RN S AT HLAZR T T FH A 0 935 P — o T 97 2
Y, BEFR], RAR I EAT B RS
P, LA ZHLH IR (nitric oxide, NO)
P A2 RS 50 E SR o G Shiim SEU0VA J 2 S H
SR RAT BT PRI, HALH B0 1S A
(reactive oxygen species, ROS). 2234 JF i1k & ¥4
A (mitogen-activated protein kinases, MAPKs). #%
A Nrf2 (nuclear factor-E2-related factor 2, Nrf2)
M-SR N EF-1 (heme oxygenase-1, HO-1)
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T IEE, HIEZPE (lipopolysaccharide, LPS)
72 NO FEUR 8 —E AR & (inducible
nitric oxide synthase, iNOS) [J3ix; [FI, A&
A LPS 753 B9/ BN S 4 NO AR sl
FORBAIR L ER R U r] 0] B R AH . (RAW 264.7)
FEUNO, Hrh R ILZRAMLEY) CG-5 FERRE T
PURAMEHEGE: BRRHEREN, HRUEW6Ek
FHRRAA MR PC-12 A2 H.0, 90, B
RIFIIPLARIEPES, thAh, Kim SEBORF AL, B
RPTEM 2,8-58 ZHf-1,10- B W] W AEH T 24
B A RORE SR, HLI Y NI INOS R E
-2 (cyclooxygenase-2, COX-2) MRk, i
NO FIEGAIMRE B, (prostaglandin B, PGE») )7~
4=, JFREINH] MAPKs iR, FE{K LPS #3MH
M/ 25-6 (interleukin-6, 1L-6) B ERHE A T--a
(tumor necrosis factor-o,, TNF-o) %5 % 5iE K%
5.
24 MEMNIER

BRI R RIER B B e R
. R T R R8T, ) /N2 249
W AR BRI 2B EUI X DPPH H 25 %
I 90%; W TR I EL R A RIS B A — 8
FIFTEALRE ST, FLP RS MY DPPH H HIZE S R
AE J1dcmn, AekEmX ABTSTH H 2 (175 R A8 71 i
[, 2R T Fe IR R e ) BBy B Z
T ot PRI b e A R T BH R s T s AN [
SRR TEE RO I, RG>
TR > SR LR > K02 fE— e IR FETE N, B
R S E RN A A Y AR T TR
RE B3 G oK 0053541 i A, B L HI I )
IR 7= N 1 R S & SR AR S 1 R S T 8
(glutathione, GSH). EAEMEALEG (superoxide
dismutase, SOD). A MH KL A LB (glutathione
peroxidase , GSH-Px ) f§ #r , F& K N = &
(malondialdehyde, MDA) Fl 8-FHi %R & Fla
(8-isoprostaglandin F2a, 8-ISO-PGF2a) HI& &, H
A REFRPUEAE B, B RS il o] 2 2 PRI s
D6 S 1) B JS = 4 45, LML AT e D9 e 5% L A
VC. B A2 Wy B e 2, DT 4E 457 B 2 0t
DPPH 1 ABTS H Hi1ZE [ B AR HI Ol
2.5 nhhiEiER

PR R B R UM F K 32 205« Yang 26657)
K MTT i 5a T 70K 30, B 9% K% HepG2 . Hela.

Bel-7402 S5/ A i R HA BRI AR REE, JCHXT
HepG2 fONEUR, T AMRIEF AR HL-7702 1
HUVEC S8 EUIS, HAURAT AT, dk—
I TE R I, B R R REAE Ry HepG2 2 s PRk
% (cyclophosphamide, CTX) (UM, AT A
H 58 CTX A JH-Jae 4 L B G 8 Je T JFH8 Hoo fof 98
ANBRABEARY, R IR SRR R M AT 4] Hoo far 8 /0 B
A AR, FFECENUR I % RGDiRe, HL
Hiloy B B k40 -2 (B-cell lymphoma-2,
Blc-2)#H¢ X & (Blc-2 associated X protein, Box)
EHEFRIL, T Ble-2 HAE ST, thak,
F IR R AT A A S 6-10B 20 K K5,
HAUHI AT Re 5 2R T2 1842153 6-10B 4H il A=
P T2 K000,
2.6 IFMBEFIFEYE(ER

IS IRTZ N S 87N N 4 1 AN oA L
H AR JE T ICR /N BRI R SR
MAEE AL T )\ /NEAR . IR SR,
—B T R, R IR O mT A A R
Pt R -] 26 R EF TR M 5 TSR /)N B TR 260 AR T £ KT
] /N BRI IR UAT , R R TR (03641 3 SRUAR 1k S s
THRKEMILREMEILFZ, Homad #) g7 5
WO a2k AR D7 A IA gk A 1 i 1) H FRIB2T; - ik Ak,
B SRR EU AT B AIG = R B R R B R A R R =
)2 AUBE PR K B 1) 2 IE i B fasting blood
glucose, FBG) 7KF, D535 K RBHIN & 5240 1%
FHPURES, FEE RS B i iU,  [RIR Al ek
3 N oAU 25 LN g I ZH 2R B o AR 161
2.7 HAbiER

b ER2GEAE AL, BAGE RARIRW. HUik
AF BT . OB A YEENE & BN S 2 B EH
dEE AR ZE 0 i M R Ames il % ( salmonella
typhimurium/reverse mutation assay), &I H L EAH
BORRIPUERIER, HyulAe S Hie b A 47 £ AH
Kotk B FT R I RS IR L RS2 ) HAA U sE AR
FAUOT: 44 S 31 P 38 Pt e o PR A a5 Bz i 221681,
IR LB T R BB E ), A, BT RR
SRz BA BUBR 25 BE Y, HAE AL S T
TR T 8 HH G A T2 45 R Bel-2. Bax B EH Y
= kA7 2070721
3 ImRMA

FORFE IR BRI ANZ, ANE R AT
BT AEYRAE, Tz TN 1SS DR
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JELRK « B MR 235 15 48 S, R R AE o B8 R 7
I, RIEEATEARMAEN . W R E RN L
AJ 2 R R ORI D RE AL O FDIRES, FRACEUN K
VEREL, WA BRI IR AR, XN RAE. KK
VE R FEMIa e KA B33, BRI AL
&S DhRe v (7697 KL, AT ALIE,
P RANENE AL, S R E I T R0, DLRR N
EZRI4TT “IRJER 7, F T il R e T AT iR 3
Y45 R RIS TR] el AR MR 28 0, B AN &SRR,
IT R AR 22 2 N AT U700, S — 7 T, AR R P
ST IR N BE . e RE KR B VS A5 E, WR AL
RS A, HT 29 LKEIRERRIT, A
AL 98.5%77; HERKRIRIEIT IEHF AR &
BERK, SERERIE 100%078); 5 AR /> & 5 G K
W, AT IR FE ) BROR f5 3 B T iE D) Ae
B, INEIRIKREI R, 158 3l -
FRMT2E, AT EREIRIT, J7TRRER, 1t
Ah, KRB 21 WRHAIEIT ARG, K
CIRTE 3 - E e iR R 0 NP & /7:37.7
T 2SR TT, AiE g, ke &
W37 300 82
4 Q-Marker FUR 534
41 ETHEHUFEERUERIEXIHEN
Q-Marker 7 534

HHONER G EMEY), SRR Amomum L.
S FLZ) 150 RF, SRR, 548 T,
REEMERGE X, REA 24 Fh, 2 &, F7T
ZES RS T MR SNERIXE, B
T Z MRS, b DA 20 B4 R i
FEVEVERY s B FRR A S & i
I H R 28R (mevalonate pathway, MVA) i&1%
TER HE el OBl A 5 OB QSRS A AERR
3-FRAE-3-FAL R TR R AH A AL kI R
MVA, MVA ZH0b AR 7 8 R 5 M B
(IPP), FFAERGIIERT, SkRAHERS & N EEEIR
HEE, ARG Y, B4ksS PP &
TAE G AT N H Al s R B 89, R H A [F] &
HEYIME, 1,8k 2- 285, FH RS S =
7S BRI, HOAN A B SRR B 8O0 7 b (7142 U il
BERZER. B, 5T 5 R R o R 2 e
B, ST IR R R, L R A T 1,8+
FeqmAs . 2-28MmmE . A EESE AT E A Q-Marker
2%,

4.2 BT 5 5EF%HAHEX MR Q-Marker T
S

25 R4 Ge Th RO I PR 25 35 24 (R 3R A0 A
FRIGH T O TFERMFR T, IBRIEIER; (F
IRAETHEY 2 “ T, BRI, w
A7 CEFEARL) # “HfrhEs, HWREK, I
B, HEE” RIRERE®R ((REEHT) 8 “WE
AR, TRIFNE, RARPIMYS 7 CRFLIE )
e B, ERRFERIMEETE, MONREERE
2y (RBECRED) #: “BRESMIFEE, LNEBEAN
BRI, RZBENRATNEE R (hEZ ) 2.
R, SRR, AUERRIK. HTIERNE, g
IR, JRIRIX I, JEBRIERN, PRI T AE DG
AREL IR ERRIER, FEHTRERE. &
e EEL. RESE. O XA RY, FEH
FERCMEPUE AT B WD) R 0 32 EE R RAY
Horb L8-MMKS . AR, o-FATHEE . AR
LR A M EAE AW, fFEE. o IRE. B-
TRIG BALBAE RS A, By B ) LA IR AN
B R EA BRIV AP TE RS, IR AR
REACE LA G T BN, g, T
FiAR A" 5 EER 2T T4 R — 3. B
M, 18-FeR . MRS . o-FAVEE . FHEE. WA
B a-JRM . B-URME . LA R AN A R S B A
A VENE IR Q-Marker [ 5 5%k £
43 E TR AR Q-Marker FUM 4347

Hh 245 24 M 2 R H 24 A R P 5 A R R REAE 1
E ARG, PR I ERR A S 2R T P R I R
) E LKL, R SER R, W, LR, H
PR 4PN, HE “ERBERRRAT, AREL TR b
MBYIRE, EH TR WHEUE” P2 BN
RICAIENENE, FrirR, —REBBiEZs)™
BRI, FIARF T ER T B Tiee” 5
FOPERR “SRIRVERG HBES” R8N Ak,
R 2 PRS2, DIERI SR 2 20527 “ ¢
REMRIE, TEAEIRTE” DUERG, Kl « s
TR L), 5d)E T “ 98957 ShE R —E
o WS 2 AT RIRR T, “FilR 5 R E SR,
RIS [ FE B R R R B R, B RN B
T MR M ln G, M E s s s
Z R ERP, Btk S5A R AR 2 2 RIS R
SIIARCE, LT AR R MR I PR 1)
FEY A, R ERNEEREY.
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44 ETEHBMAIMER Q-Marker UM 537
FRALEIG R 15 DU R B e A B, it
ANIE B ECAR IR B R SRR e 7 Rk BAAR SR S nT Bl |
(TFIE IR IR 2 7 “IBJRAR 7, f& Jedm s ek 2 AR AR
TR OT, FHE G G R R I R TE R 7%
WA Sk X A2 | R E G EIRCY,
X 5 AL e AR il 28 S R AR R AR
FEZ), XY “RR, BRIt T
M, WHZEREME, SCREEBATTABE, TiHF
JEEJG “IRBSARAR” 2 B 257 DA LR Ik SR R
A AT BN e s B 1R LS R R e gl Y R
hE, PARORETIHZ G, SRRy, ERE
PERITTREAE R s HLAT O 2 i G S AL R0 A5
G 2 %8 BRI AN g, thAh, AT “ERIR
HIBEZ” TRt H R o vhfE 2 E e, A2 3
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B ANRAE S K e A 3G (IRiEfR rE =
Z) FRHIREATT . R ERE R R 5N KR
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