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Research progress on chemical constituents of Gynura divaricate and mass
spectrometry-based fragmentation rules of representative components
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Abstract: Gynura divaricate was widely used as an herb medicine or food in the folk, which had the efficacy of clearing heat and cooling
blood, activating blood, hemostasis and relieving pain. In previous studies, more than 70 compounds have been reported, including
flavonoids, alkaloids, phenylpropanoids, terpenoids, steroids and cerebrosides. Research progress on chemical constituents of G. divaricate
and mass spectrometry-based fragmentation rules of representative components were reviewed in this paper by consulting literatures
published at home and abroad in recent years, in order to provide information for further structural research of G. divaricate.
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Table 1 Flavonoids in G. divaricate

T AR 7T AR E SCHR
1 1L 251y CisHi1006 286.2 30
2 Kooy C21H20011 448 .4 30
3 e C27H30015 594.5 33
4 1L 2513 -3-0-(6"-0- LT 55 A B C23H2012 490.4 34
5 i e 2 CisH1007 302.2 33
6 Wit Jz 2-3-O-71 % BE T C21H20012 464.4 33
7 11 Z2153-3,7-W-O-% & M C27H30016 610.5 30
8 25 /y-3-0-2- L1 C21H20011 4484 31
9 1L 25 y-3-O-H B — Bl EF C27H30015 594.5 31

10 Wit iz &-3-0-2F L s+ C21H20012 448 4 31
11 LI E-3-0-EF W -7-0O-H E M C33H40020 756.7 32
12 =N C27H30016 610.5 33
13 1L 25 -3-0- R 2= P C21H20010 432.4 11
14 11 22y -5-O-7 % BE C21H20011 448 .4 10
15 1L 25 3-3-O-J B — Wl EF -7-O-% % Bl F C33H40020 756.6 32

1R,=H, Ry=H, R;=H, R,=H

2 R,=H, R,=B-D-Glu, R;=H, R,=H

3 R,=H, R,=B-D-Glu(6—1)-0-L-Rha, Ry=H, R,=H
4 R =H, R,=(6"-O-acetyl)-B-D-Glu, Ry=H, R,=H

5R,=OH, Ry=H, Ry=H, R,=H
6 R,=OH, R,=B-D-Glu, Ry;=H, R,=H
7 R,=H, R,=B-D-Glu, R;=B-D-Glu, R,=H
8 R =H, R,=B-D-Gal, Ry=H, R,=H
9 R,=H, R,=Rob, R;=H, R,=H
10 R,=OH, R,=B-D-Gal, Ry=H, R,=H

RS 11 R,=H, Ry=B-D-Glu(6—1)a-L-Rha, Ry=B-D-Glu, R,=H
12 R,=OH, R,=B-D-Glu(6— 1)a-L-Rha, Ry=H, R,=H
13 R;=H, R,=Rha, Ry=H, R,=H
14 R,=H, Ry=H, Ry=H, R,=p-D-Glu
15 R,=H, R,=Rob, Ry=-D-Glu, R;=H

1 BEZtPRIERSHUFEN

Fig. 1 Chemical structures of flavonoids in G. divaricate
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Fig. 2 Fragmentation pathways of rutin by mass spectrometry
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Table 2 Alkaloids in G. divaricate
T SL/ER S Zonsabae X FRE Sk
16 s SNESIAT C1gH2sNOs 335.4 42
17 G PR G C1gH2sNOs 351.4 42
18 jacobine CisH2sNOs 3354 10
19 e BT B C19H27NOs 365.4 10
20 sineciphyllinine C20H25NOs 377.4 10
21 BT B Ci9H27NO7 381.4 10
22 2R H P C12H20N207 304.3 43
23 2-(1',2",3" A" PUFZ I T HL)-6-(2",3",4"- =52 L T 5L -nip e C12H20N207 304.3 43
24 JHRR CsHsNO2 123.1 43
25 S-FRFENENE RIR CsHsNOs3 139.1 43
26 SR FEMLnE-2- FH R FH S C7H/NO3 153.1 43
fj{OH . Ho HO Ot{; o HO o
HOS 0 < o j\ﬁ\fo Wo /j\ﬁ%
o 0 )ﬂ% o} 4 0770 0

22 R,=CH,(CHOH),CH,OH, R,=H
23 R,=H, R,=CH,(CHOH),CH,OH

3

N"R,

24 R;=H, R,=COOH, Ry=H
25 R,=COOH, R,=H, R;=OH
26 R,=COOCH;, Ry=H, R;=OH

BE =P EMR RS B L FER

Fig. 3 Chemical structures of alkaloids in G. divaricate
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Fig. 4 Fragmentation pathways of integerrimine by mass spectrometry
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Table 3 Phenylpropanoids in G. divaricate

G AR Zonsabae FRRS 53 i SCHR
27 SRR C16H1809 354.3 34
28 3-O-X & G4 TIR C16Hi150s 338.3 34
29 3-O-Fil B 42 T 1R C17H2009 368.3 34
30 3,5-ZWmHEmE 24 7 IR CasH24012 516.5 32
31 3,4-ZUmHEmE 2 7 1R CasH24012 516.5 32
32 4,5-_ MNMEREZE T 2 CasH24012 516.5 32
33 3-O-Wm ik 42 7 % R I C17H2009 368.3 43
34 3,4- ZINmMEREZE TR £ T C27H28012 544.5 47
35 3,4- " INHEREZE T R H B C26H26012 530.5 47
36 3,5-Z WMHEME S 7 B2 Y e C26H26012 530.5 47
37 4,5- DMEREZE T B2 e C26H26012 530.5 47
38 LB R CoHeO4 178.1 48
39 g7 C10H1004 194.2 49
40 B C10HzO4 192.2 49
41 X ER CoHsO3 164.2 48
42 2-propenoic acid C14H1606 280.3 11
43 FAHG 2 -4-O-F & B Ca26H3:011 520.5 49

27 R =caffeoyl, R,=H, R;=H, R,=H
28 R =p-coumaroyl, R,=H, R;=H, R4=H
29 R,=feruloyl, R,=H, R;=H, R,=H

Ho, COOR, 30 Ry=caffeoyl, R,=H, Ry=caffeoyl, R,=H
s 31 R =caffeoyl, R,=caffeoyl, R;=H, R,=H
32 R,=H, R,=caffeoyl, Ry=caffeoyl, R,=H
R;0" 7 YOR, 33 Ry=caffeoyl, R,=H, Ry=H, R;=CHj;

o
2
caffeoyl=
Y HO
OH 0]
/©/\)'§‘\
p-coumaroyl= HO o

OR, 34 R |=caffeoyl, Ry=caffeoyl, R;=H, R,=CH,CH;
35 R =caffeoyl, Ry=caffeoyl, R;=H, R,=CHj;
36 R ,=caffeoyl, R,=H, Ry=caffeoyl, R,=CHj;
37 Ry=H, R,=caffeoyl, Ry=caffeoyl, R4=CHj;

OH ony
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. 0 H;CO
ol N o HO Hum . H
- 0" 7 COCH
0 0" o o o o 3 —OH
OH
OH

A
38
feruloyl= HO

OCH;4

HO

43 HO ©OH

El5 BEZtPERRLRTHINLFLE

Fig.5 Chemical structures of phenylpropanoids in G. divaricate



6692 * PER 202111 H B52% $218  Chinese Traditional and Herbal Drugs 2021 November Vol. 52 No. 21

IAER, O Z SCHRRE IS F i 0 2K T
RRUEYHAT BT . RARB S YIEEEE
IZE RreAsd e 7 T o 12 ) VAT BN L e
BRI BT, Z2TR>TEFERAER H0 (m/z
18+ CO» (m/z44) [FHPEE B0, Wil 6 B,
m/z 353 (4R JEIR 77 1 B T ER B2, ik 2 ek
fhAE, 774 mz 191 MEBTRYTET, BETRY

(0] —
\ ]
X
™ OH
—H,0
[e]

‘ OH m/z 179
35

—Co,

HO COOH

L m/z191 ]

FEFH— PP HEER B0, 774 miz 173 IR
B R R A AR TR Sk, e
m/z 179 WIHERR (1) 7 F 85 F, ZE LR H0
A COy 20 AE R m/z 161, 135 BIREFT B 1. IbAk,
A =L RZRERI S YIE ] K4 CHs. COs.
OCH, [fJ R 2152, U1 m/z 193 B ERER 4> 1 F+h
PEFE R COs. CH A2 K m/z 149, 178 AT F B8 11530,

HO COOH §ooH

: HOY ™ YOH
OH
miz179 ="

m/z 353 z 191 m/z 173

6 RERHIRIERBIREZ

Fig. 6 Fragmentation pathways of chlorogenic acid by mass spectrometry
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Fig. 7 Chemical structures of nucleosides in G. divaricate
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Fig. 8 Fragmentation pathways of adenosine by mass spectrometry
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Table 4 Steroids in G. divaricate
'S R BN N a7 FEXT 5 F o i ik
46 [SAii] C29HasO 412.7 33
47 S BE-3-O-F S BE C35Hss0s 574.8 43
48 B-4 S C20Hs00 414.7 33
49 2 H BE-3-O-F & B C35He00s 576.9 34
50 -7+ HS BE-3-O- 1 & HE 1 -6"-O- L e R T Cs2Ho20s 845.3 30

48 R=H
46 R=H 49 R=B-D-Glu
47 R=p-D-Glu 50 R=6'-0-H,C(CH,),5CO0-Glu

B9 BEZtPEERRTHLESEN

Fig. 9 Chemical structures of steroids in G. divaricate
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Fig. 10 Fragmentation pathways of B-sitosterol by mass spectrometry
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Table 5 Terpenoids in G. divaricate

I WEYA R 7 FHRS 53 5 i SCHR
51 AR C30Hs520 428.7 33
52 LR ARE I C32Hs40;2 470.8 33
53 PN C30Hs500 426.7 2
54 44533 0,11- Ci1sH260:2 238.7 49

51 R=H
52 R=Ac

HO™”
on

54

El 11 BEZ=tPiEEmINFLEE

Fig. 11 Chemical structures of terpenoids in G. divaricate
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Fig. 13 Fragmentation pathways of cerebrosides by mass spectrometry
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Table 6 Acids and esters in G. divaricate

s AR 713 AT 23 B SCHR
57 TR CsHsO4 168.2 48
58 KGR C7H603 138.1 48
59 PUp2r P N C7HeO3 138.1 48
60 SR R T HR Ci16H2204 278.3 43
61 4-F5 55 R -y- T I CsHsO4 132.1 30
62 T C4HeO4 118.1 48
63 T ZRH Rl C7H1204 160.2 48
64 TR R CsHsOq4 132.1 48
65 TR CsH1004 146.1 48
66 5,5- 7 H 3452 5 - DU A i -2- CsHi003 130.1 49
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Fig. 14 Chemical structures of acids and esters in G. divaricate
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Table 7 Alkanes and their derivatives reported in G. divaricate
w5 MEWER T HAXT 7 U 25 CHR
67 ki C20Ha2 282.6 CH3(CH2)1sCH3 2
68 ZPUKERE CaaHs0O 354.7 CH3(CHz2)22CH20H 2
69 /UM CasHseO2 4247 CH3(CH2)26COOH 2
70— )\BElE  CasHssO 410.8 CH3(CH2)26CH20H 2
71 L7174 Ci6H3202 256.4 CH3(CHz2)14COOH 2
72 IR Ci5H3402 282.5 CH3(CH2);CH=CH(CH.)COOH 81
73 WM CisH320:2 280.5 CH3(CH2)4«CH=CHCH>CH=CH(CH:);COOH 81
74 WRIR CisH3602 284.5 CH3(CH2)16COOH 81

75 BRRER CisH3002 278.4 CH3(CH2):CH=CHCH2CH=CHCH>CH=CH(CH2)sCOOH 81
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