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HUANG Yuan-yuan'?, ZHANG Yuan', KANG Li-ping!, YU Yi?, GUO Lan-ping'

1. State Key Laboratory Breeding Base of Dao-di Herbs, National Resource Center for Chinese Materia Medica, China Academy of
Chinese Medical Sciences, Beijing 100700, China

2. College of Pharmacy, Anhui University of Chinese Medicine, Hefei 230012, China

3. Infinitus (China) Co., Ltd., Guangzhou 510663, China

Abstract: Radix Codonopsis is a traditional tonic medicine commonly used in traditional Chinese medicine. It contains sugar,
alkaloids, polyynes, glycosides, terpenoids, and other chemical constituents. It has the functions of regulating blood sugar, promoting
hematopoietic function, anti-hypoxia, anti-stress, alleviating fatigability, enhancing the body immunity, anti-aging, regulating gastric
contraction, anti-ulcer, and other pharmacological activities. This paper summarized the literature on the chemical composition and
their pharmacological activities of Codonopsis and provided the basis for the further development and utilization of Codonopsis
resources.
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. EEIPEIG 120.05 1 1.56 LRI I 2 0,
COP-II & H gl RbE. HabE. Iz 1!
0.11 1 1.07 : 0.37 ZH AR R T A 2 HETEL,
1.2 HRERRIRA

W BRIy )2 oy A AE RS BERHE A
W2 RN T T R BRI A S S R LA
1. %2 C(lobetyolin, 1) A% S HiF
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Fig.1 Structures of alkynes and polyynes in plants from Codonopsis
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B (H-2R,7S)-1,7- = 3 2,7- 6+ DY Bk -
4,8,12- = I -10-H-6-f [(+)-(2R,7S)-1,7-dihyrdroxy-
2,7-cyclotetradeca-4,8,12-trien-10-yn-6-one, 7]~ (+)-(6R,
TR,12E)-+ VU B -12- 135 -10-H-1,6,7- = BE  [(+)-(6R,
7R,12E)-tetradeca-12-en-10-yne-1,6,7-triol, 8]. (2F,
6E)- )\ Bk -2,6- — ¥ -4- H B  [(2E,6E)-octa-
2,6-dien-4-ynoic acid, 9]. (E)-/\ Tk -6- 4% -4- bk &
[(E)-oct-6-en-4-ynoic acid, 10]18. % ZIGHRTF A
(codonopiloenynenoside A, 11) F1 B (12) U, 4
HERAT R B (pratialin B, 13) U113 #f Cly B2
e, B5E2 0t A~M (codonopilodiynoside A~
M, 14~26) U8 W3St/ SR 21 ST A
(lobetyolin A, 27) 1 M52 43 8545 31|56 2
J A (tangshenyne A, 28) FI B (29). 9-(PUZEntLi-2-
- Uk - o -2,8- =M -4,6- = B - BEO[9-
(tetrahydropyran-2-yl)-non-trans-2,8-diene-4,6-diyn-/-
ol, 3012%. 9-(PU&nttg-2-3)- JLbk- e 7X-8-Jii-4,6- —
S -I- T [9-(tetrahydropyran-2-yl)-non-trans-8-ene-4,6-
yn-l-ol, 31]%%,
1.3 E£YEESRELEY
#5325 C. clematidea (Schrenk) C. B. CL. &
H % 2 W ( codonopsine , 32 ) . % & K W
(codonopsinine, 33). codonopsinol (34). radicamine
A (35) 21, I\ 3E 240 B H radicamine A B A
Z8§ B (codonopyrrolidium B, 36)+ codonopsinols
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N
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32 R;=0OCH3, R,=OCHj, Ry=H, R,=CHj
33 R;=H, R,=OCHj, Ry=H, R,=CHj

34 R,=0CH,, R,=OCH3, R;=OH, R,=CHj
35 R;=0OCH3, R,=OH, Ry=OH, R,=H

37 R;=OCH3, R,=OH, Ry=OH, R,=CH,
38 R;=OCH3, R,=H, Ry=0H, R,=CH,

39 R;=OH, R,=H, Ry=OH, R,=CHj

40 R,=0CH,, R,=H, Ry=0-Glc, R,=CH,
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codotubulosine B (41) 22, Jt4b, codotubulosine A
(42) B, 5 S A (codonopyrrolidium A, 43) P41,
N-9-HIEERG /K3 (N-9-formyl harman, 44) 1, L H
SAFEIE 7RI (norharman, 45) 231 1-HEgJE 3k
(1-carbomethyl carboline, 46) 231, 1,23 4-JU5(-B-
Hembk-3- 2R (1,2,3,4-tetrahydro-B-carboline-3-carboxylic
acid, 47) P8I, &R (tryptophan, 48) P71, JI|E Wk
I, PR (nicotinic acid, 50) 281,
JifHF (adenosine, 52) [,
6- H 4 2 - B G 2 - Ik ( 6-methoxy-quinoline-
4-carbaldehyde, 53) 2\, JHFH (choline, 54) 121
FALMESE (choline chloride, 55) M AifE 2,
¥4 2 C. lanceolatae (Sieb. et Zucc.) Trauv.. Kt
W% C. nervosa (Chlpp) Nannf. . K#E & C
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Fig. 2 Structures of alkaloids and nitrogenous compounds in plants from Codonopsis
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coniferaldehyde (67). sinapinaldehyde (68). FARIE
(coniferoside, 69). isoconiferin (70)+ nervolan B (71).
nervolan C (72). iF&5 3 C(dillapiole, 73). 1-%&A
Fe-26- “HA 34 H A E R (L-allyl-2,6-
dimethoxy-3,4-methylenedioxybenzene, 74). 4-J7P%&-
2-(3-H LT -2-J#-1-%5) Ky [4-allyl-2-(3-methylbut-
2-en-1-yl) phenol, 75]. sachaliside (76). M 2@t
YIbiE RIE T &L (syringin, 77) 2838401 LT
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$$E% Ca-spinasterol, 83) #2441 & (K ¥ (stigmasterol ,
84) M| 5 K-7-4%-3-ld (stigmast-7-en-3-one, 85) [,
T -7-4%5-3-l% (stigmast-7-en-3-ol, 86) M1, p-&¢
£ i ( B-sitosterol, 87161 B-#HH# K ¥ (B-daucosterol ,
88) MU, (S AL W 4.

OH OCHj,4 O . OGle

o .
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HO Ry oA OCH; o OCH;
R R, R,
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Fig. 3 Structures of phenylpropanoids compounds in plants from Codonopsis

OCHj,
77 R=H 80 R=OH
78 R=OCH3; 81 R=OCH;
1.6 =gsk

W2 CARIE ) =i 25 & 9)F  codonopilate
A~C (89~91). 24-methylenecycloartanyllinolate
(92). 24- T W JE 3R OR 9% & bt -3- B ( 24-
methylenecycloartan-3-ol, 93) #I 1-friedelen-3-one
(94) B, 1362 rh 4y B8 EAKR R (friedelin, 95) 2,
Rtz kil TR M2 2 H (codonolaside,
96). A M-5% 2 2 4F 1~111 (codonolaside 1~111, 97~

99 ) . il % 2 -3-O-B-D- Mt MR i %) BE B R M
(eclalbasaponin XIIl, 100). #l|F&M3-3-O-B-D-HH R i %
PEIEIR  (echinocystic acid-3-O-B-D-glucuronopyranoside
(10D). %S B A~G (lancemaside A~G, 102~
108). %%i'2# Hb (aster saponin Hb, 109). 3%
R C(oleanolic acid, 110). #IIFEER (echinocystic acid,

111) [B83-404T51 - AR wramar 5 | #oMwS . fikAEsw
%, JERAESE S C. thalictrifolia Wall. F iR 4RiE T
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foetidissimoside A (112) U4, M B3 ¥l B (rubiprasin
B, 113) M, B-FHMNEEELHLNE (B-amyrin acetate,

114) B ZEHE (zeorin, 115) M1 3 GEE (lupeol,
116) Y, yHAJHER (taraxerone, 117) U210 7
INTERERE (taraxerol, 118) 24210 Yl A JERERE 2R

fig (taraxeryl acetate, 119) U0121342] - —gEefy &
MR W 5.
L7 g

305 IR S 32 B eI R R S IRk
MIKAE 58 2 o B 453 3] 3-0-W e 22 T 12 (3-0-

B4 HEREYPEELUEUEH

Fig. 4 Structures of steroids compounds in plants from Codonopsis

89 R= \/\/\(\/\/(Cﬂzh—

OH
90 R= S NN - (CHy)—

OH

91 R= \/\/\‘/\/\/(Cﬂzﬁ— HO

OH
92R= "~ (CHy),

96 R,=H, Ry=Xyl(1~3)-GlcA, Ry=Xyl(1—4)-Rha(1 —~2)-Ara
97 Ry=H, Ry=Xyl(1—3)(6-O-methyl)-GlcA, R5=Xyl(1—~4)-Rha(1—2)-Ara
98 R,=H, R,=H, Ry=Xyl(1—4)-Rha(1—2)-Ara
99 R,=H, R,=Xyl(1--3)-GlcA, Ry=Xyl(1—4)-Rha(1 ~2)[Glc(1—4)]-Ara
100 R,=H, R,=(6-O-methyl)-GlcA, Ry=H
101 R;=H, R,=GlcA, Rs=H
102 R;=H, R,=GlcA, Ry=Xyl(1—~3)-Xyl(1—~4)-Rha(1—2)-Ara
103 R,=H, R,=GlcA, Ry=Xyl(1—~3)-Xyl(1—~4)-[(1—3)-Glc]-Rha(1—~2)-Ara
104 R,=H, R,=GlcA, Ry=Xyl(1—~4)-Rha(1—2)-[(1—3)-Glc]-Ara
105 R,=H, R,=GlcA, Ry=Rha(1~2)-[(1—3)-Glc]-Ara
106 R,=H, R,=Glc(1~3)-GleA, Ry=Xyl(1—3)-Xyl(1—4)-Rha(1—~2)-Ara

117

118 R=H
119 R=Ac

107 R;=H, R,=Glc(1-3)-GleA, Ry=Xyl(1—3)-Xyl(1—~4)-Rha(1 —~2)-[(1-3)-Glc]-Ara

108 R,=OH, R,=GlcA, Rs=Xyl(1—3)-Xyl(1—4)-Rha(1 —~2)-Ara
109 R,=H, R,=GlcA, R;=Rha(1—2)-Ara

111 R=H, R,=H, Rs=H

112 R,=H, Ry=GlcA, Ry=Xyl(1—4)-Rha(1—~2)-Ara
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Fig. 5 Structures of triterpenoids in plants from Codonopsis
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caffeoylquinic acid, 120) . WHERZ (caffeic acid, 121)+
WE3HR (linoleic acid, 122) — 1B (heptacosanoic
acid, 123). X} F2H IR % (4-hydroxybenzaldehyde,
124). 3-O-MMEREZE T B R (3-O-caffeoylquinic
acid methyl ester, 125). 3-O-MIME®EZE TR T g
(3-O-caffeoylqui-nic acid butyl ester, 126) 10121, Ji|
WSHIRIE T 2 MEEEKEY) codonoside A
(127). B (128) P4, SeZ @Y bk K BLIEIH IR
(succinic acid, 129) W32 5.O-MHEREZE TR (5-O-
caffeoylquinic acid, 1300 B2 4-(B-D-NH R 4 bl )-
ZKHR [4-(B-D-glucopyranosyl)-benzoic acid, 131]°2,
9,10,13- =#25:- & -11-+ )\ & (9,10,13-trihydroxy-
(E)-octadec-11-enoic acid, 132) 421 ZEE R (shikimic
acid, 133) B3, FHHME (vanillic acid, 134) 2841
FiZEER (ferulic acid, 135) B4, WE R (myristic
acid, 136)+ (8E,10E)-12-F25E+ —1%-8,10- —J#FR [(SE,
10E)-12-hydroxydodeca-8,10-dienoic acid, 137]!!%1, fig
K EEsr WK 6.
1.8 EEIA

2 @AY R IE ) B R SR SR
(chrysoeriol, 138) %31, ZZ & (tricin, 139) B3]

(¢}

INFEE K (wogonin, 140) B3 KREBEEZ (luteolin,
141) U056 | 25y (kaempferol, 142) M6 AR
R -7-0- o W Z B #  ( luteolin-7-O-B-D-
gentiobioside, 143) U231 322 7-0-B-D-H %
1F (apigenin-7-O-B-D-glucopyranoside, 144) 152
KR EZK-T-0-B-D-H EHEE 1 (1—6)-[(6""-O-MMEE
F-B-D-Fj & #EFF {luteolin-7-O-B-D-glucopyranosyl
(1—6)-[(6""-O-caffeoyl)]-B-D-glucopyranoside, 145}!121,
P& HF (hesperidin, 146) M1, 573" 5'-JU$2 FE 5 -
7-O-B-D- % %] ¥ 1 (5,7,3',5'-tetrahydroxy-flavanone
7-O-B-D-glucopyranoside, 147) 121, KB # 2£-7-0-B-D-
HIETHHEET (luteolin-7-O-B-D-glucopyranoside, 148) 12561
Jr3%% (apigenin, 149) 1 cordifoliflavane A (150)
M B (151 BT, sEERAEYIEE I ILE 7
1.9 KEEHEZE

WS RIE IR E R R G U208 (] 8)
BHE 1,6-0 " FF-3,4-X (4-F83E-3- IR IE) [1,6-
hexanediol-3,4-bis (4-hydroxy-3-methoxyphenyl),
152]. (-)-(7R,8S,7'E)-3',4- oK -3-FHAH HL-8-4'- R
HARIEER-7"-4%5-7,9,9"- =8 [(-)-(7R,8S,7'E)-
3',4-dihydroxy-3-methoxy-8-4'-oxyneoligna-7'-ene-7,

[0}

HO OH
(6] HO HO
NTTOH N AN )J\OH e N
HO]@/\)kOW o O@/\)J\ (), (Cily), (CHy)%: ~COOH o
H
HO OH
120

121

122 123 124

HO I o
OH H,cO 0™ “oH 129
125 R=CH,4 . 127 E
126 R=(CH,);CH, 1282
O
/\/\)\A)\/\/\/\/U\OH
J\/\E;[ OH
GlcO
¢ 132 HO" - oH
\ﬂ/\/\/\/\/\/\/ OH
o 136 o 133
OO HO\/\/\/\/\/\/U\OH
(0] = 137
OH
HO H,CO
OCHj on
134 135

6 REREVMTRMERDEH

Fig. 6 Structures of acids compounds in plants from Codonopsis
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OH
OH H5;CO
O OCH3
O
HO 150 R= OCH3
151 R=OH
138 R]ZH, RZZOH, R}ZOH, R4:H, R5:OCH3, RéZOH, R7:H Rl
139 R;=H, R,=OH, R;=0H, R4=H, Rs=OCH3, Re=OH, R;=OCH; R,
140 R,=H, R,=OH, R,=OH, R,~OCH;, Rs=H, Rc=H, R,=H O
141 R,=H, R,=OH, R;=OH, R,=H, Rs=OH, R¢=OH, R,=H R0 R,
142 R,=OH, R,=OH, R;=OH, R,=H, Rs=H, R=OH, R;=H
143 R,=H, R,=OH, R;=0-Glc(6— 1)-Glc, R;=H, Rs=OH, R=OH, R,=H ou o
144 R]ZH, RZZOH, R3:0-GIC, R4:H, R5:H, RéZOH, R7:H
148 R,=H, R,=OH, Rs=0-Glc, R=H, Rs=OH, ROH, R;=H 146 R,=OH, R,=OCHj;, R;=H, R;=Rha(1—6)-Glc
149 R,=H, R,=OH, Rs=OH, R;=H, Rs=H, R=OH, R;=H 147 R,=OH, Ry=H, R;=OH, Rs=Glc
7 REREWPREXUEYEH
Fig. 7 Structures of flavonoids compounds in plants from Codonopsis
9,9-triol, 153]. 4,4- “$4£-3,3'5,5' 7- LA HE-2,7-  JRAGME F (balanophonin, 159). ¥ I £A i B

AR MR %E (4,4'-dihydroxy-3,3',5,5',7-pentamethoxy-
(—)- X - St 55 P AR AR
[(—)-ent-isolariciresinol, 155]. (—-)-(7R,8S)- &AM A
XURA A 5 -4-O- B~ P W ] 267 K k- (1 —2")-B- L I
W [(—)-(7R,8S)-dihydrodehydrodiconiferyl alcohol4-
O-B-D-glucopyranosyl-(1""—2")-B-D-glucopyranoside,

156 )« (5)-(7TR.8S)- — & M & WA #11 2 BE  [(-)-
(7R,8S)-dihydrodehydrodiconiferyl alcohol, 157]. %
SMFAHAEE (dehydrodieoniferyl alcohol, 158). ¥

2,7'-cyclolignane, 154) .

& 8

(lariciresinol, 160) F 2 5 (epipinoresinol, 161).

(78,85)-3- 48 23", 7- I 41 -8 4- AW AR HE K 4,9,9- =
EE  [(+H)-(7S,85)-3-methoxy-3',7-expoxy-8,4"-neolignan-
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Fig. 8 Structures of lignans in plants from Codonopsis
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dihydroxy-3-methoxy-8,4'-neolignan, 168]F1 (-)-(7R,
8R)-3'4- . ¥ Bk -3- WS B 8.4 S K i & [()-
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1.10 Hb
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glucopyranoside, 175) 7, CU3E-B-FEFE C(hexyl-B-
sophoroside, 176) 11381, S FE-B-D-%§ %] ¥ (phenyl-
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Fig. 9 Structures of other constituents in plants from Codonopsis
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