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Identification on triterpenoid saponins of Clematis species by
UPLC-LTQ-Orbitrap MS combined with molecular network

YUAN En, DENG Min-zhi, ZHOU Li-fen, ZHANG Pu-zhao, ZHANG Ya-mei
Jiangxi University of Traditional Chinese Medicine, Nanchang 330004, China

Abstract: Objective To construct molecular network and analyze rapidly the saponins of six species of Clematis plants. Methods
The mass spectral data, acquired with UHPLC-LTQ Orbitrap MS, were uploaded to the GNPS analysis platform to build molecular
network, visualized by Cytoscape software. On the other hand, the triterpenoid saponins from six plants were identified on the basis
of the fragmentation regularity of the standard and the reported literature. Results Twenty-five triterpenoid saponins, including 16
hederagenin saponins and nine oleanolic acid-type saponins, were determined from six kinds of plants. The distribution of the
triterpenoid saponins in the six kinds of plants were profiled by the pie chart of each node in molecular network. Twenty compounds
were found in at least two species of Clematis. Clematichinenoside A and oleanolic acid 3-O-ribopyranosyl-(1 —
3)-a-L-rhamnopyranosyl-(1—2)-a-L-arabinopyranoside were the common constituents in five species. Six saponins were distributed
in in single species of Clematis. Conclusion Compared with traditional phytochemical methods, the molecular network technology
of UPLC-LTQ-Orbitrap MS can quickly and visually distinguish different triterpenoid saponins in six kinds of plants. There are
similarities and differentiates among the triterpenoid saponins in the six kinds of plants, which provides the basis for the substitution
of medicinal materials.
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Table 1 Origin information of six Clematis species

LEL/ RS ETAIE KM R KET
KACRE C. rehderiana Craib V9148 H Ao R B 20170712
HINgksE C. akebioides Maxim. o)t Ao E S 20170713
FACRLE C. potaninii Maxim. PUNAEHBONH S 20170715
B C. peterae Hand VY1145 B[ g8 3 20170716
FRI k2 C. delavayi Franch VY1148 B[ Ly 7R B 20170717
THENES IR 2R T C. songorica Bunge R4 REERXIERE 20170818
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BEAZIE, 5 AR E TR IR 5] S % 100 pL F 2
mL SOEN, RBEHS, HMBEEEE, AR
B OHLH 13 000 r/min B0 10 min, 550 EE i
Wt 0.22 um FFLEENE, BT 1.5 mL AHIEAN, BI1S
WA R SR A X R, A
2.1.2  BEASEB IR FREL 6 PR TR AT
e 10 g, A 100 mL 75% H B, 60 °C
[l FEEX 90 min, 43 AIE &R 1 mL T 2 mL &0
BN, TRONEEEOALE 13 000 r/min 240 10 min,
B0 e EEWGE 0.22 pm fALUERE, BT 1.5 mL
WA, BEPAS AR, & H.
22 SDEH
221 ik KA ACQUITY UPLC BEH Cis
R (100 mmXx 2.1 mm, 1.7 um), WizEhAH 0.1%
HER KV (A) -2 (B), BREHENL: 0~15 min,
10%~20% B; 15~18 min, 20%~25% B; 18~20
min, 25% B; 20~55 min, 25%~36% B; 55~75 min,
369%~40% B; 75~80 min, 40%~95% B; 80~82
min, 95% B; 82~82.1 min, 95%~10% B; 82.1~
85 min, 10% B. H:i 40 'C, #EFEE 3 uL, AR
# 0.3 mL/min.
222 ik HWBIEE IR (ESD, fEFA
MR, BN 350 C, SRR E 30 L,
MBS FURE 10 Lh, Wi K 3KV, BYIEH
JE—35 V, & i 45 L 110 V. BE 5 R FH At
53 #E# 30 000, JiiEIH#TEE m/z 600~1 500, %
PEA K4 F14 DDA-MS?; BES 7713 PIL-MS?; 12
Fi CID Fl HCD &5 It 24 7 2GRS0 1 85 1o
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HED Sk KM S
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31 EERBEEEMFERBRAESENHELSRX
BB ERIERSE

T 6 R A RO H s K 5. DDA-MS? Al
JRA CID A REET VL, LA R (204 30,
40 eV) RIGEEFW S _J ik, IHHFREH
C N, ZfREEN 20V, FRIGHIWEN BT A4,
HARBREHZH A EE: 2 EEA 40 eV, R
K, BEE TR AT RMEHEEDY 30 eV, IE
REREBIE TE R, MAETRTS m/z 1073, 749, 731,
603, 471, 469 SFFHMEH BT, WE 1. #uk#
30 eV 1E AR .

FEH R CID RN, X —LehHxf 4 1 i &
BRIIMAEY), Tl KRB, #REA
Fe4r, TOIEIRMEERI LA B, Huk$E PIL-MS?
H1 HCD =y el R A T V20 X A B WA T 45 1)
%€ . LHEW AL & Y hederagenin  3-O--D-
glucopyranosyl-(1—4)-B-D-glucopyranosyl-(1—4)-p-D-
ribopyranosyl-(1—3)-a-L-rhamnopyranosyl-(1—2)-a-
L-arabinopyranoside . Joi il 24k (1A B vfE 4y
B FUEN miz 1205590 4 [M—H] -, o Fxh
CssHoaO26 (AEARZE N 3.07X108), 1F CID JEN
FURRAERAT, ik EIF I miz 1161.1 043,
881. 749. 603 “EH /T 1, WLl 2-a. Hr, m/z1161
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Fig. 1 MS? spectra of hederasaponin C at different collision energies
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Fig. 3 MS? spectra of five standards
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AR P OBAIET DY HEBEST C. RE
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TG Cos 7 (1972 1 , Cos ML VIR EE 5 17 S R AE T2,
WOk Cos DLIFEBERR N o B, 1T Ca CLFEEERR A B %
BT & bRk fE S 10 EARESEME, DRI A — 2
Jo T R I AR R, AR 20 Sl PAR il 2
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BURBR B AT TS 2R A AT AR T

PUGHR Sh A LB F o], HEWETHE
PRV . Bl es thitE 75108y miz 1 235.601 4
[M—H], 7 s h 2 3 m/z 1 073,941, 765,
721. 603. 585. 471. 469 ZEWEH B, HAwE s
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B FER 19 T/KIEK miz 585; miz 469 #E T E
THT Cos MR LFILHI o i 1 2 4315 2 FE AN
15T R ZkE (-Gle-Gle-Rha) 5 b FLfRiTii = A (1),
Wiz I 4,

DR S T2 AL B, HesHE 55033
RERAVET . Ul BiEs S I miz 1 219.606 1
[M—H], & =i ok 23 m/z 1 057,749, 705,
587. 569. 469. 455 S E T, HAWHAET
m/z 1 057 [M—H—GIc] 2 #E5rF 5 F miz 1 219 &
% Cafi B8 R Ko b A W ST
m/iz 749 FIFEE H TS T3 T Cos BREEMIR, K%
A o i b2 5 ARSI 1 510 BSR4
TR 1 miz 705 Bt miz 749 JREXUE/D 44, R
T £ Cos iz b 1 437 CO M =4; miz 749,
587. 455 i b B 1 A ZE S 4 il ol 162, 132, K
BIAHAR R 25 1 FRIERER 1 2 TRIRAasE: miz
587 it —HF K 1 53 FIKIE A m/iz 569; m/z 469 fF

FETFHT CefikBtmm oL 2 5% b
11 53§ RZEREC-Gle-Gle-Rha) iy b Hfr i 7242 1Y,
RRIBE SECA R F AL
33 6 Mk EREM N FMEN T

WKl 5 Fion, TEERZESR I 4 T 4
AT EARE LAED, TP, B S .
B K 6 P EBE S R R A FIREY), AN R B
FET BT o TR 1R /N R R T S S e ]
SRS AR S &, R MR R IR 2 F
WA BA IR BT, P B A APE =
GEA YT R BT 45 A A5 — e B 11,
A2 BRI 2 AN X, W R R X EOR R
BB R T, SRR ANEDEEH miz
471.348 8 H AT H T BT, XIS RERLE
1 D. WHEST C. BAET F a2 H
D HEUEIZIX I 400 iR 28 X S o SR R R 2 2 A
FKEisr, EEMTE LG EH miz 455.353 1 5%
BRI B AT o B, TR S O R AL B
MAEZIX S, MWEIFATLLE H 6 FhEkZ Y b &
HREM BT ESZ TR ERRM BT (R 2).
IeAh, TESFIERR A B X, RIS T3 T
79 mfz1381.66. 1365.67. 1 071.53. 911.49. 895.50
L—RIIKRALEY . LIUESD T3 7N miz 895.50
LAY, 8RS R A XS 21 J5 S R0 £ B e (]
LEE, NS R BR 2R BRI v [ SR % Ak
EVI RS R, R B I m/z 749,
733. 689. 587. 569. 455 ZEAEAEREF BT, HEM
o — 2k ZNRIE AR N miz 895—~m/z 749—m/z 587—m/z
455, JREHUIKIKMZE miz 146, 162, 132, ni%
WAL 1 o FREM. 1 2T/ b 1
o IlhEs B AR RIS AR miz 895—>m/z 733—
m/z 587—m/z 455, &R IENAE VAR E 1 75
FSWME. LT RAHER L oI, ek
BT m/z 689 [M—H—Hex—CO2] $&7RiZAb & 1
25 1 A FNIRBE G B ER Cos MHREL, Ui o
B R 1 NNHINE, 2 AR RE R FF B L
Oy T TLRRE, U Cs {7 B 85 B A Lk B R 54 e
M, REPEEESMU, AT miz 455 $2ntF
TCRFFHRR AL . FeT DL BN, 2 AL T
ft N Rha-Ara-Ole-Glc . Rha-Ara-Ole-Gal .
Rha-Xyl-Ole-Glc. Rha-Rib-Ole-Glc %, 1T & JHH
KICHRIRIE, AR RS A

[ A B R B X, RIES T3
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The numbers 1 to 25 represent the corresponding numbers of the compounds identified in Table 2
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Fig. 5 Molecular network of triterpenoid saponins from six Clematis species
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Table 2 Triterpenoid saponins from six Clematis species

— ik (mi)

fig %

Fg  wmin - 2R BRE SNE (X109 ZHER (miz) e ik

1 2076 CsgHoOz7 12356066 12356014 -421 765 [M—H—Glc—Glc—Rha], 721 [M— Ao g 5 Fo GC. YY
H—Glc—Glc—Rha—C0] -, 603 [M—H—
Glc—Glc—Rha—Glc], 585 [M—H—
Gle—Glc—Rha—Gle—H:[", 471 [M—
H—Glc—Glc—Rha—Glc—Ara], 469
[M—H—Hederagenin—Glc—Ara]

2 2123 CuHiOn 13516540 13516573 244 881 [M—H—Glc—Glc—Rha], 837 [M— JRE R DO CH. GC. YY. MH

H—Glc—Glc—Rha—COq]", 749 [M—
H—Glc—Glc—Rha—Rib]", 603 [M—H—
Glc—Glc—Rha—Rib—Rha]", 471 [M—

H—Glc—Glc—Rha—Rib—Rha—Arg] -,
469 [M—H — Hederagenin —Rib —Rha—

Ara]
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g 2

i

tr/min

HFR

— i (miz)

bl SllE

%
(X10%)

ZHRR (mlz)

fLamat

gt

3

10

1

12

2149

2111

2819

28.82

34.05

34.35

35.62

36.99

31.36

39.44

CsgHa4026

CsoHos026

Cs3Hge022

CasHse0s

CsgHga025

Cs4Hse022

CsgHoe026

CsoHg:021

CugHre018

CsgHge025

1205591 12055927

1219.6117 1219.6083

10735538 10735522

6033902  603.390 1

11896011 11895984

1087.5695 1087.5652

12196117 1219.6061

10435432 1043.5406

9415115 9415117

12036168 12036121

-2.82

-219

-1.49

-0.17

-2.21

-3.95

-459

-2.49

021

-3.90

735 [M—H—GIlc—Glc—Rha]", 691 [M—
H—Glc—Glc—Rha—COy]", 603 [M—H—
Glc—Glc—Rha—Rib], 471 [M—H—
Glc—Glc—Rha—Rib—Ara]", 469 [M—
H—Hederagenin—Rib—Ara]”

749 [M—H—GIlc—Glc—Rha]", 603 [M—
H—Glc—Glc—Rha—Rha]", 585 [M—
H—Glc—Glc—Rha—Rha—H:0], 471
[M—H—Glc—Glc—Rha—Rha—Avra]",
469 [M—H—Hederagenin—Rha—Ara]”

603 [M—H—Glc—Glc—Rha]", 559 [M—
H—Glc—Glc—Rha—COqJ", 471 [M—H—
Glc—Glc—Rha—Ara]", 469 M—H—
Hederagenin—Ara]”

585 [M—H—H:0]", 559 [M—COQz]", 471
[M—H—Ara]

1143 [M—H—-CHz04]", 1 027 [M—H—
Gle]~, 1009 [M—H—H0]", 865 [M—
H—Glc—Clc]", 847 [M—H—Glc—Glc—
H0T", 733 [M—H—Glc—Glc—Rib]",
689 [M—H—Glc—Glc—Rib—CO0],
587 [M—H—Glc—Glc—Rib—Rha]",
455 [M—H—Glc—Glc—Rib—Rha—
Ara]”

617 [M—H—Glc—Rha—Glc] -, 469 [M—
H—Oleanolic—Ara] -, 455 [M—H—Glc—
Rha—Glc—Glc]~

749 M—H—Glc—Glc—Rha] -, 705 [M—
H—Glc—Glc—Rha—CO2] -, 587 [M—
H—Glc—Glc—Rha—Glc] -, 569 [M—H—
Gle—Glc—Rha—Gle—H:Q] -, 469 [M—
H—Oleanolic—Glc—Ara] -, 455 [M—
H—Glc—Glc—Rha—Glc—Ara]

881 [M—H—GlIc]", 837 [M—H—Glc—
COy]", 749 [M—H—Glc—Rib]-, 705
[M—H—Glc—Rib—COy]", 603 [M—H—
Glc—Rib—Rha]", 559 [M—H—Glc—
Rib—Rha—COg]", 471 [M—H—Glc—
Rib—Rha—Ara]”

469 [M—H—Hederagenin], 471 [M—H—
Glc—Glc—Rha]

733 [M—H—Glc—Glc—Rha]", 587 [M—
H—Glc—Glc—Rha—Rha]", 469 [M—H—
Oleanolic—Rha—Ara], 455 [M—H—
Glc—Glc—Rha—Rha—Ara]

vitalboside F (%

[auily

FHkEHCH

Hp et pu

hederagenin 3-0-q-L-
arabinopyranoside ™!
oleanolic acid 3-O-B-D-
glucopyranosyl-(1—4)-

B-D-glucopyranosyl-(1—4)-

B-D-ribopyranosyl-(1-3)-

a-L-rhamnopyranosyl-(1-2)-

a-L-arabinopyranosidel!

clemontanoside A 14
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13 4002 CuHesOz 7494482 7494446 480 603 [M—H—Rha], 585 [M—H—Rha—  3-O-o-L-arabopyranosyl GC. MH
H0]", 559 [M—H—Rha—COq", 471  hederagenin 28-0-o-L-
[M—H—Rha—Ara]" rhamnopyranosyl ester (7

14 4118 CuHuOw 8814904 8814883 -238 837 [M—H—COy, 749 [M—H—Rib]", hederagenin 3-O-p-D- GC. MH. ZGE
705 [M—H—Rib—CO]", 603 [M—H—  ribopyranosyl-(1—3)-o-L-
Rib—Rha]", 585 [M—H—Rib—Rha—  rhamnopyranosyl-(1-2)-a-
H:0]", 559 [M—H—Rib—Rha—CO,]",  L-arabinopyranosicel:®
471 [M—H—Rib—Rha—Ara]

15 4132 CsHouOs 11896011 11895995 -134 719 [M—H—Clc—Glc—Rha], 675 [M—  4-O-B-D-xylopyranosyl CH
H—Glc—Glc—Rha—COq]", 587 [M—H—  (1-3)-a-L-arabinopyranosyl
Glc—Glc—Rha— Xy, 469 [M—H—  oleanolic acid 28-O-o-L-
Oleanolic— Xyl —Ara]", 455 [M—H— rhamnopyranosyl (1—4)-p-
Glc—Glc—Rha—Xyl—Ara]” D-glucopyranosyl ~ (1-6)-p-

D-glucopyranosy! ester

16 4261  CuHsOn 7494482 7494459 -307 731 [M—H—HO[, 105 M—H—COJ, o-¥%HEaT 18 MH. ZGE
603 [M—H—Rha]", 585 [M—H—Rha—
H0]", 471 [M—H—Rha—Ara]”

17 4346 CoHesOn 10575589 10575573 -151 587 [M—H—Glc—Glc—Rha], 469 [M— g C3M GC. MH
H—Oleanolic—Ara]", 455 [M—H—Clc—
Glc—Rha—Ara]”

18 5206  CpHeOw 7954536 7954509 -339 749 [M—H-—CH:0z, 633 [M—H— saponin4[™ CH. GC
Glc], 615 [M—H—Glc—H.0]", 471
[M—H=Glc—Glc]

19 5333 CuMwOw 9274959 9274948 -118 765 [M—H—Glc], 633 [M—H—Glc— JI|& g vI 17 MH
Glc], 603 [M—H—Glc—Ara] -, 589 [M—
H—Gle—Glc—CO4, 471 [M—H—Gle—
Gle—Ara]~

0 5410  CeHesOz 10735538 10735524 -130 603 [M—H—Glc—Glc—Rha], 585 [M—  clematibetoside CI® MH. ZGE
H—Glc—Gle—Rha—H0], 559 [M—
H—Glc—Glc—Rha—COqJ", 471 [M—H—
Gle—Glc—Rha—Ara]", 469 [M—H—
Hederagenin—Ara]”

21 5553 CaHaOp 12055961 12055924 -307 1161 [M—H—COJ, 1 043 [M—H— hederagenin 3-O-p-D- CH. YY. MH. ZGE
Gle]", 881 [M—H—Glc—Glc], 749 [M—  glucopyranosyl-(1—4)-B-D-
H—Glc—Glc—Rib]", 603 [M—H—Glc—  glucopyranosyl-(1—4)-p-D-
Glc—Rib—Rha]", 585 [M—H—Glc—  ribopyranosyl-(1-3)-o-L-
Glc—Rib—Rha—H:0]", 471 [M—H— " rhamnopyranosyl-(1—-2)-c-
Glc—Glc—Rib—Rha—Ara]” L-arabinopyranosidel2!

22 5755 CagHss09 6334008 6334001 -111  589[M—H—COy 471 [M—H—Glc] vitalboside B 11 GC

23 7046  CoHeOn 10275483 10275451 -311 865 [M—H—Glc]", 821 [M—H—Glc— clemargenoside H CH. MH

COy]", 733 [M—H—Glc—Rib]", 689
[M—H—Clc—Rib—COyJ", 587 [M—H—
Glc—Rib—Rha]", 455 [M—H—Glc—
Rib—Rha—Xyl]"
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24 7801  CoHuOn 10275483 10275443 -389 865 [M—H—GIc], 821 [M—H—Glc—  clematichinenoside A2 CH. GC. YY. MH. ZGE
COZJ", 733 [M—H—Glc—Rib]", 567
[M—H—Glc—Rib—Rhal, 543 [M—H—
Gle—Rib—Rha—COyJ, 455 [M—H—
Glc—Rib—Rha—Ara]
25 7859 CuHnuO1s 8654955 8654936 -220 821 [M—H—COq", 733 [M—H—Rib];, oleanolic acid 3-0- CH. GC. YY. MH. ZGE

715 [M—H—Rib—H0]~, 689 [M—H—
Rib—COy], 587 [M—H—Rib—Rha[",
543 [M—H—Rib—Rha—CO]", 455 [M—
H—Rib—Rha—Ara]”

ribopyranosyl-(1-3)-a-L-
thamnopyranosyl-(1-2)-0-
L-arabinopyranoside !

CH-KAERREGE DESEMERAIE GC-H)IIBkLkiE

YY-RIFERLRIE  MH-SETERRALE  ZGE-1ng /R k2%

CH-C. rehderiana Craib DE-C. peterae Hand GC-C. akebioides Maxim YY-C. delavayi Franch MH-C. potaninii Maxim ZGE-C. songorica Bunge

FEH NREFEAER R L% 2 Mk Loz b WHRME

Hofr, B BRLRE bR KT =

R EY, o

RH C MTERACEREIE | MM /R BRETE 2 FhEkLk

VA
\o/

JREF LT D

AR F

AitE ol WK 6.

OO

HERBEEHC

AR D HInEE AL

O KAEBRAE KB4 ARMERESE OFMMRUGE A MEnE/RERLSE
@C. rehderiana Craib % C. akebioides Maxim AC. delavayi Franch  OC. potaninii Maxim  ¥xC. songorica Bunge

&6

ETEEEXRMAE 5 MREEPHNASH

Fig. 6 Distribution of triterpenoid saponins in five Clematis species
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