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Abstract

Background: It is essential to identify the chemical components for the quality control methods establishment of

Chinese Classical Formula (CCF). However, CCF are complex mixture of several herbal medicines with huge number
of different compounds and they are not equal to the combination of chemical components from each herb due to
particular formula ratio and preparation techniques. Therefore, it is time-consuming to identify compounds in a CCF
by analyzing the LC-MS/MS data one by one, especially for unknown components.

Methods: An ultra-high pressure liquid chromatography-linear ion trap-orbitrap high resolution mass spectrometry
(UHPLC-LTQ-Orbitrap-MS/MS) approach was developed to comprehensively profile and characterize multi-compo-
nents in CCF with Erdong decoction composed of eight herbal medicines as an example. Then the MS data of Erdong
decoction was analyzed by MS/MS-based molecular networking and these compounds with similar structures were
connected to each other into a cluster in the network map. Then the unknown compounds connected to known
compounds in a cluster of the network map were identified due to their similar structures.

Results: Based on the clusters of the molecular networking, 113 compounds were rapidly tentative identification
from Erdong decoction for the first time in the negative mode, which including steroidal saponins, triterpenoid
saponins, flavonoid O-glycosides and flavonoid C-glycosides. In addition, 10 alkaloids were tentatively identified in the
positive mode from Nelumbinis folium by comparison with literatures.

Conclusion: MS/MS-based molecular networking technique is very useful for the rapid identification of components
in CCF. In Erdong decoction, this method was very suitable for the identification of major steroidal saponins, triterpe-
noid saponins, and flavonoid C-glycosides.

Keywords: Chinese Classical Formula, Chemical component identification, Erdong decoction, UHPLC-LTQ-
Orbitrap-MS/MS, Molecular networking, Steroidal saponins, Triterpenoid saponins, Flavonoid C-glycosides
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preparations to meet the needs of convenience. The
chemical components analysis is of great significance for
the study of pharmacologically active components and
the establishment of quality control methods of CCF. The
main chemical components of CCF are extremely com-
plex and they are not equal to the combination of chemi-
cal components of each herb due to different formula
proportions and preparation techniques. Therefore, how
to quickly identify the main chemical components of a
TCM formula is an important step for the modernization
development of CCF.

Identification of chemical components of TCM formula
have been facilitated by modern analytical techniques. In
particularly, high-resolution mass spectrometry (HRMS)
plays a critical role in characterizing structures of chemi-
cal compounds by providing precise molecular weight as
well as fragmental structures with the advantages of high
sensitivity and throughput in detecting versatile mol-
ecules [1]. Conventionally, liquid chromatography mass
spectrometry (LC—-MS) is one of the most widely used
approaches to the preliminary characterization of chemi-
cal components of TCM formula extract. Nevertheless,
it is time-consuming and difficult to analyze the MS data
of a TCM formula due to its complex components, espe-
cially for unknown components.

Recently, the combination of LC-HRMS and molecular
networking has facilitated the MS data analysis. Molecu-
lar networking (MN) is outstanding to dispose of com-
plicated MS data. It is capable of gathering the molecules
with similar structures together based on the similarity of
their MS/MS fragments. Compounds that share similar
MS/MS fragmentation patterns or molecular classes are
likely to group together in MN. This improves the pos-
sibility of identification of unidentified nodes, if their
spectra or the spectra of surrounding nodes are known
by references [2—4]. Thus, the combination of LC-HRMS
and molecular networking immensely enhances the effi-
ciency and drastically reduces the time on data process-
ing. In the last few decades, molecular networking was
introduced in drug development and metabolomics,
particularly for natural products containing hundreds of
components.

As one example from the "Catalogue of Ancient Chi-
nese Classic formula (First Batch)", Erdong decotion was
record in yixuexinwy and used in nourishing Yin and
quenching thirst. In modern clinical practice, Erdong
decoction and its modified prescriptions have been
mainly used to treat type 2 diabetes and its complica-
tions [5, 6]. It was composed of eight herbs including
Asparagi Radix (the root of Asparagus cochinchinensis
(Lour.)Merr.), Ophiopogonis Radix (the root of Ophiopo-
gon japonicus.), Trichosanthis Radix (the root of Tricho-
santhes kirilowii Maxim.), Scutellariae Radix (the root of
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Scutellaria baicalensis Georgi.), Anemarrhenae Rhizoma
(the rhizome of Amnemarrhena asphodeloides Bunge.),
Glycyrrhizae Radix Et Rhizoma (the root et rhizome of
Glycyrrhiza uralensis Fisch.), Ginseng Radix Et Rhi-
zoma (the root et rhizome of Panax ginseng C. A. Mey.)
and Nelumbinis Folium (the leaf of Nelumbo nucifera
Gaertn.). However, hitherto there is no report on system-
atic characterization of chemical components of Erdong
decoction and its quality control methods.

In this study, the combination of LC-HRMS and
molecular networking was applied to rapidly identify
compounds in Erdong decoction as a case study to dem-
onstrate the application of the combined techniques in
TCM formula. An ultra-high pressure liquid chroma-
tography-linear ion trap-orbitrap high resolution mass
spectrometry (UHPLC-LTQ-Orbitrap-MS/MS) approach
was developed to comprehensively profile and character-
ize multi-components in Erdong decoction. Then the MS
data of Erdong decoction was analyzed by MS/MS-based
molecular networking (Fig. 1). The results show that the
combination of LC-HRMS and molecular networking
greatly improves the efficiency of chemical components
identification in CCF composed of many herbs.

Materials and methods

Materials and reagents

Asparagus cochinchinensis was purchased from Guizhou
Province in July 2018. O. japonicus was purchased from
Santai, Sichuan Province in July 2018. T. kirilowii was
purchased from Feicheng, Shandong Province in July
2018. S. baicalensis was purchased from Lingchuan,
Shanxi Province in July 2018. A. asphodeloides was pur-
chased from Wanrong, Shanxi Province in July 2018. G.
uralensis was purchased from Beitun Town, Xinjiang
Province in July 2018. P ginseng was purchased from
Fushong, Jilin Province in July 2018. N. nucifera was pur-
chased from Nanchang, Jiangxi Province in September
2018. Reference compounds, neomangiferin, oroxylin
A-7-O-f5-D-glucuronide and glycyrrhizin acid were pur-
chased from Beijing Century Aoko Biotechnology Co.
Ltd. (Beijing, China), mangiferin, baicalin and wogono-
side were purchased from National Institutes for Food
and Drug Control (Beijing, China), and quercetin-3-O-
glucuronide and hyperoside were purchased from
Chengdu Cloma Biological Technology Co. Ltd. (Sichuan,
China). HPLC-grade acetonitrile and LC-MS-grade for-
mic acid were purchased from Fisher Scientific (USA).

Sample preparation

The solutions of neomangiferin, mangiferin, hyperoside,
quercetin-3-O-glucuronide, baicalin, oroxylin A-7-O-3-
D-glucuronide, wogonoside and glycyrrhizic acid were
prepared in methanol at appropriate concentrations. A
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Fig. 1 A general workflow for a strategy identifying compounds rapidly of Erdong decoction

mixture of 8 different slices consisting of 33.6 g of dried
O. japonicus radixs, 22.5 g of dried A. cochinchinensis
radixs, 11.1 g of dried T. kirilowii radixs, 11.1 g of dried
S. baicalensis radixs, 11.1 g of dried A. asphodeloides
naerhizomas, 11.1 g of dried N. nucifera foliums, 5.7 g
of dried G. uralensis radix et rhizoma, and 5.7 g of dried
P. ginseng radix et rhizome were subjected to decoction
twice with 10-times amount of distilled water for 40 min
and 6-times distilled water for 30 min, respectively. The
extraction temperature is around 96-100 °C, at which
the decocting liquid keep boiling. All extraction solu-
tions were concentrated to 560 mL at 60 ‘C. One hundred
microlitre of concentrated solution was dissolved in 900
uL of 10% acetonitrile and centrifuged at 13,000 r-min~"
for 5 min, then the supernatant solution was filtered
through a 0.22 um membrane filter prior to injection into
the chromatographic system.

Data acquisition and molecular networking analysis

HPLC analysis was performed on DIONEX Ultimate
3000 UHPLC system (USA) with photodiode array
(PDA) detector. Samples were separated on an Acquity
UPLC HSS T3 column (100 x 2.1 mm id., 1.8 um) at
40 °C. The mobile phase consisted of acetonitrile (A)
and water containing 0.1% formic acid (B). A gradi-
ent program was adopted as follows: 0-3 min, 10-13%
A; 3-6 min, 13-14% A; 6-9 min, 14-17% A; 9-11 min,

17-25% A; 11-18 min, 25-30% A; 18—19 min, 30-48% A;
19-22 min, 48-48% A, with a flow rate of 0.4 mL/min.
The PDA detector scanned at 254 nm.

The LTQ-Orbitrap XL mass spectrometer was pur-
chased from Thermo Scientific equipped with electro-
spray ionization (EIS) and Xcalibur 2.1 workstation. The
analysis was performed in both negative and positive
mode with a mass range of m/z 100-1400. High-purity
nitrogen (N,) was used as auxiliary gas (10 arb) and
sheath gas (40 arb). The other parameters were as follows:
capillary temperature, 350°C; capillary voltage, 3.3 kV (in
the positive mode), 3.0 kV (in the negative mode).

The MS data of the targeted fraction was converted
from the raw format to the mzXML format using the
Proteo-Wizard 3.0.20014. Then, the mzXML file was
uploaded by the suggested software of WinSCP (https://
winscp.net/eng/download.php) to the GNPS platform
(https://gnps.ucsd.edu). The resulting analysis and
parameters for the network can be accessed via links
http://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=4e68c
1650£t24¢9091a7a021d52531e0 (in the negative mode)
and  http://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=
bcd0018bf90d44c09353515fled7bdca (in the positive
mode). The following settings were used for genera-
tion of the network: minimum pairs cos 0.6; parent
mass tolerance, 2 Da; MS/MS fragment ion tolerance,
0.5 Da; network top, 10; minimum matched peaks, 5. The
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molecular networking data were analyzed and visualized
using Cytoscape (ver. 3.7.2).

Results

Study on molecular networking of mass spectrometry

of Erdong decoction

All the full-MS and MS/MS spectra were obtained in
high-resolution FT-MS for robust identification. In
order to quickly identify the main chemical compo-
nents in Erdong decoction, LC-MS/MS based molecu-
lar networking was applied. The MS data was processed
through GNPS online workflow and visualized by MS/
MS molecular networking. Their spectral similari-
ties were evaluated through cosine calculation (cos 6),
the larger the cos 0 value, the higher the similarity of
the MS/MS fragments [7]. The results showed that
the cluster of molecular networking in the negative
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mode (Fig. 2) was more obvious than that of the posi-
tive mode (Additional file 1: Figure S1). The MS data of
steroids, triterpenes, and flavonoids in the LC-MS/MS
molecular networking of Erdong decoction were split
into different groups. Herein, a total of 430 nodes was
incorporated into the MS/MS molecular networking of
Erdong decoction in the negative mode, rendering 30
molecular clusters and 164 unconnected nodes (Fig. 2).
Based on the clusters in the molecular networking,
113 compounds were rapidly tentative identification
from Erdong decoction for the first time in the negative
mode, which including steroidal saponins, triterpenoid
saponins, flavonoid O-glycosides and flavonoid C-gly-
cosides. The typical total ion chromatograms (TIC) of
Erdong decoction in the positive mode and the negative
mode are presented in Fig. 3. Details of the characteri-
zation of these compounds were further elaborated.
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Fig. 3 TIC of Erdong decoction in the negative mode (a) and positive mode (b)

Rapid identification of steroidal saponins

Previous studies had reported that steroidal saponin was
one of the main compounds of Asparagi radix [8]. Tak-
ing aspacochioside A at m/z 903.495 as an example, its
MS/MS spectrum showed three characteristic frag-
ments of m/z 757.432, m/z 595.383, and m/z 433.330,
which in turn lost rhamnosyl, glucosyl and glucosyl, the
fragment of m/z 433.330 corresponding to the aglycone
of aspacochioside A (Additional file 1: Figure S2). The
fragmentation scheme of aspacochioside A was further
elaborated in Additional file 1: Figure S2. In comparison

to aspacochioside A, its adjacent node of m/z 919.491
gave a MS/MS spectrum showing identical aglycone
and three identical characteristic fragments, with differ-
ent [M—H]™ ion (Fig. 4a). The node of m/z 919.491 was
preliminarily deduced as aspacochioside A analogue with
one more hydroxyl group to the rhamnose of aspaco-
chioside A, finally annotated as 3-O-f-D-glucopyranosyl
(1 — 2)-B-p-glucopyranosyl-26-O-f-D-glucopyranosyl-
(25S)-5B-furostane-33,22a,26-triol according literature
[8]. According to the clusters, the structures of these
compounds could be rapidly identified. Sixteen steroidal
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saponins were tentatively identified from Asparagi radix
and 14 steroidal saponins were tentatively identified from
Anemarrhenae rhizoma by comparison with reported lit-
eratures [8—10] (Table 1), and they were annotated in red
and light green in Fig. 2, respectively.

Steroidal saponins in Erdong Decoction are partly from
Asparagi radix and Anemarrhenae rhizoma, and partly
from Ophiopogonis radix. But only two steroidal sapo-
nins from Ophiopogonis radix were tentatively identified
by comparison with literature [11] (Table 1) and no sapo-
nins from Trichosanthis radix were identified in Erdong
Decoction.

Rapid identification of triterpenoid saponins

Triterpenoid saponins in Erdong decoction were derived
from Glycyrrhizae radix and Ginseng radix. Glycyrrhizin
acid as the mainly active compound in Glycyrrhizae radix
[12], its MS/MS fragments mainly showed the fragment
of disaccharides chain at m/z 351.057 and the weak sig-
nal of aglycone fragment at 71/z 469.332. The fragmenta-
tion scheme of glycyrrhizin acid was further elaborated
in Fig. 5a. In comparison to glycyrrhizin acid, its adjacent
node of m/z 837.392 gave a MS/MS spectra of an identi-
cal disaccharides chain fragment, with different fragment
of aglycone at m/z 485.330 (Fig. 4b). The node of m/z
837.392 was preliminarily deduced as glycyrrhizin acid
analogue with one more hydroxyl group in the aglycone
moiety of glycyrrhizin acid, finally annotated as mac-
edonoside A by comparison with literature [12]. Based on
the cluster, twenty-four triterpenoid saponins were rap-
idly tentative identification from Glycyrrhizae radix by
comparison with literatures [12, 13], including 3 groups
of isomers (Table 1), they were annotated in dark green
in Fig. 2.

Ginsenosides could not be quickly identified by LC—
MS/MS molecular networking under the condition of
negative mode. Only 8 triterpenoid saponins from gin-
seng were tentatively identified by comparison with lit-
eratures [14, 15] (Table 1), they were annotated in purple
in Fig. 2.

Rapid identification of flavonoids

The flavonoids in Erdong decoction were derived from
four herbs, Anemarrhenae rhizoma, Nelumbinis folium,
Glycyrrhizae radix and Scutellariae radix. According
to the difference of glycoside bond atoms, flavonoids in
Erdong decoction were divided into two types. Identified
flavonoids were annotated in blue for flavonoid O-glyco-
sides and light blue for flavonoid C-glycosides (Fig. 2).

Flavonoid O-glycosides
The flavonoid O-glycosides in the Erdong decoction are
mainly from Scutellariae radix and Glycyrrhizae radix.
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The types of aglycone are mainly flavone and flavanone.
It was well known that baicalin and wogonoside were
mainly active components in Scutellariae radix [16, 17].
Peak 72 was identified as wogonoside by comparison with
its standard compound, and its MS/MS spectra showed
three characteristic fragments of m/z 283.061, m/z
268.038, and m/z 240.042, which in turn lost C;HgO,,
CH,; and CO, the fragment of m/z 283.061 corresponding
to the aglycone moiety of wogonoside by the loss of Da
176 (CcHgOg) from the [M—H]™ [18] (Additional file 1:
Figure S3). The fragmentation scheme of wogonoside was
further elaborated in Additional file 1: Figure S3. In com-
parison to wogonoside, its adjacent node of m/z 475.088
gave a MS/MS spectrum of different aglycone fragment
at m/z 299.056 by the loss of Da 176 (C;HgOy), with one
more hydroxyl group to the aglycone of wogonoside.
The node of m/z 475.088 was annotated as the isomer
of hydroxyl wogonoside according to literatures [16, 19]
(Fig. 4c). Notably, another adjacent node of m/z 445.078
was connected to wogonoside in the molecular network-
ing with a relatively low similarity (Fig. 4c). Comparing
with wogonoside, the node of m/z 445.078 gave a MS/
MS spectrum showing a different aglycone fragment at
m/z 269.045 by the loss of Da 176 (C;HgOy), with one less
methyl group to the aglycone of wogonoside. The node
of m/z 445.078 was annotated as baicalin by comparison
with standard compound. Basing on the cluster, forty-
one flavonoid O-glycosides were tentatively identified
from Scutellariae radix and Glycyrrhizae radix by com-
parison with literatures [12, 16, 17].

Some studies have shown that liquiritin and isoliquiri-
tin are the active compounds in Glycyrrhizae radix [12].
It is noteworthy that some of isomers could not be distin-
guished by MS/MS and MN, but these isomers could be
separated by retention time during LC-MS/MS analysis.
Therefore, two groups of flavonoid isomers (peaks 9, 11,
44, 48, 14, 38, and 46) from Glycyrrhizae radix were ten-
tatively identified by comparison with literatures [12, 13]
(Table 1).

Flavonoid C-glycosides

The flavonoid C-glycosides in Erdong decoction were
mainly from Scutellariae radix and Anemarrhenae rhi-
zoma. Taking peak 19 at m/z 547.146 as an example,
at m/z 487.125, m/z 457.114, m/z 427.123 involved
serial losses of 60 Da, 90 Da, 120 Da, revealed that
these compounds were flavonoid C-glycosides with
two attached saccharides: glucose and arabinose
[16]. So peak 19 was identified as Chrysin 6-C-ara-
binoside-8-C-glucoside. The fragmentation scheme
of Chrysin 6-C-arabinoside-8-C-glucoside was fur-
ther elaborated in Fig. 5b and it shows special cleav-
age rule in the glucosyl part. In comparison to Chrysin



Page 8 of 18

(2021) 16:50

Xue et al. Chin Med

apisooN|6 81/0°/€€ 'TT80°L9€E
S -D-8-9pisoulqese-D-9 uisAiyd ‘LEOLLTY OV LL LSy 'TSTL L8y 196' oL 'LYS LSYLLYS _H=W EoFHD €€6 6l
SSH0'69C
S 9pis0on|B-a-g-O-/ utvjedreg ‘€190°€87 'S950°L L€ /990 L¥€ 0010— €/60'LEY TL60'LEY _H=Wl 'o%H'Y 9ze 3l
11668L1
N unny '/620°SST '1STO'LLT 'LLTO00E 5100 0S¥71'609 05¥1'609 [H=W] 'O%HD €6 L1
¥200'LS1
'6/66'8/1 '8670°SST '620°L LT
N SpIS0IadAH '00€0°7LT '9LT0'00E ‘O¥E0°LOE 69T L/80°€9Y ¥880°€9Y _[H—W] “o%H'D e 9l
/870611 '€/00°GEL
D] apisolse upinbijodnio ‘9/10°€S1 '0990°S5C ‘£ 191°6%S SEET— LELTLLL LT LLL _[H=W] E'oH%D 988 Sl
980611 ¥/00SEL
D} apisoide upuinbr ‘08LO°ESL '1990°GST ‘T6LLLLY SElT €091'6vS 7191'6v5 _H-W FO%HY  er8 vl
3pIs0oN|6-7-8-3p!s 0C/0°L€€ 'TT80°L9€E
S -ouigele-)-9 UisA1y2 JO JoWos| ‘0STLLTY 'SYLL LSy 'LTTL L8y 0817 S ANALS 8ShL'/¥S _H-W fOFHY  £98 €l
3UOIP-6'6-2UBYIUBXIG- 7' T-H,6'H6 8850'61 1 '9/00°SEL
D) -Ax0IpAYRIdO-8'8/9'S H'E 'L ‘T8LO°ESL 'SS90°SST 'T8E0’ L LY L1T0— 0r0LLS 00v0'LLS _H=W “o"H*D 0S8 zl
/8V0611
D} unuinbr ¥/00°'SEL ‘08L0°ES L '1990°55C 0r9C 08LL/LY 6LLZLY [H-W] %0%H'D  ovs L
apisoueikdoon|b
-a-g-(|AsoueiAdouuew-1-p-Axosp
-9)-0-C A-£-USWIOIYD-Hi-0XO- §990°'55C
D) ~(jAuaydAx01pAY-p)-g-AXOIPAH-S '€T60'6.Y '800°90S ‘5986 L¥S 7050— 66567/ 1656415 _H-W PO epg oL
[8V0611
D) unuinbijoaN “/00'SEL '08L0°ESL '1990°55T 887'€ 08LLLY veLLLLY _H=W]  ®0%H'SD 108 6
9/66'8L1
N SpIsolgnNguIes-0-£-UliadianD '9820°EKT '6¥C0 L LT 'LLTO00E LIET Y6C1'565 L0E1'S6S _H=wW oY Ty 8
apisou 09€0°€07 '8990°€SE ‘TLLO'E8E
S -Igese-)-g-apisodn|b-1-9 uuabidy '0860°EhY ‘6601 €/ 'TOZL€0S 98l S6£1°€95 90¥1'€9S _H=W] "'oFHTD 599 L
apIsou
o -eikdoan|B-0-1p- ', uiusbipinbr 7990°55¢C vzTe 80L1'64S RIANYAS _[H—W] "o%HD 09 9
6910'85C
v upybuewos| Y0¥0'S8T 'SSE0'L0E '19¥0"LEE SY0'E S9L0° LTy 8LL0'LTY _[H=Wl “oPHeD 60t S
6220'ST1 9605151
N dpIsoueyI-£ Uljoyxe] ‘9TFELLL '0T90'65T '€550°£8T /861 8/01'6¥1 /8016 _[H=wl “o'H'D %% 14
LYT065C '8VT0'LLT
v unsjbuepy ‘0L¥0'S8T 'SSE0'L0E ‘090" LEE v16C S9L0° LTy 8/L0'1TY _[H=Wl “oPHeD Sy ¢
S apisoaelds ¥8L0'LLL '90¥0°'S8T ‘YT SO E0E ¥86°0 8701'S9k Z€01°59% _H=W YofHYY st 4
65€0VYT '9¥T0'65C
v upybuewoaN 'SGE0°L0E ‘0880°€9 '9860°€6Y 6£0C Y6C1°€8S 90€1°€85 _H=W] 2o¥HD 1ze |
Z/w ssew ‘ou
ainos uonesynuap| suoj juswbesy (wdd) 10419 ssely z/w ssew [ed3aJ03Yy| |eyudwiRdx] uolPNppy  ejnwio4 (ujw) ¥ yead

apow aAleb3U BUL Ul SIA -DTdHN AQ UORD0d3p BUOPIT JO SIUSNUISUOD [BDIWBYD 3Y) JO UO[IBIYIIUSPI SAIIRIUS| | d]qeL



Page 9 of 18

(2021) 16:50

Xue et al. Chin Med

pisouelfdoloejeb

-a-g-( vAI_ )-/AsoueiAdodn|b
-a-g-[(€ < |)-|AsouriAdoon|b
-a-g]~( N <« _ )-|AsoueiAdodn|b
-a-g-|A-g-urisoudsAxoipAyig

v -9'7-(4ST'g90S'ge ) v/80v0V 'T81Y L LL 'STLV ESE 6507 81755601 L¥25 5601 _H=W] Sfo"H"D  esTL o€
v 3 ujuodesow| | Y8TE6EYY ‘068119 LSEVELL 6691 98 SE6 7981'5€6 _[H=W] %o%H"D LETL 3
apisouobom
|Ax01pAY 10 apluoindn|b-0-/
S W UIIAX010 [AX0IPAY JO JoWOs| LTE0P8T '€950'667 P81 L/80°S/Y 0880°S/Y H=W] ¢o%H%  ogtl vE
9pIs0oN|b-)-g-apisoulgele-)-9
SUOAB|JAXOY12UI-G-AXOIPAY-£ 1O
9pIs0oN|b-)-g-apisoulgele-)-9
S SUOABYAXOYIBUWI-/-AXOIPAH-G 0£80'187 6/ L1 LYY '26T1 veel €091°19S 0191195 H—W] €% HeD sezl €€
apisoueiAdodn|b
S -0-g-O~,Z-1Il UINPISIA G8S0'91E '90E0'6CE 'LESOTYE L£0T €EL1°208 ¥ L1£0S _[H—W] fo"HED 6LL 43
/8V0611
D unuinbyA1eoy-9 '€/00°GEL '18LOESL '1990°55C 182C 987165t 6621657 _[H—=W] °'o"HED 44 X3
85/0°€TC
S ap1s0on|B-g->-8 UIsAiyD '60£0°1ST '€990°£9T '€190°56¢C 679'C YZolLSly SEOLSLY _[H—=WI  ®0%™H'D 6511 0¢
Spluol
S -ndn|b apisodA|B-auoreyAxoIPAYUL SSP0'69T ‘€860 LEYV 'L LLOSYY €951 ¥671'£09 €0E1°209 _H-WI *'O%HD SELL 6C
9pluol
S -ndn|b apisodA|B-auoreyAxoIpAYUL 950'697 '7660° L€ v/0T v6C1°£L09 90€1°£09 _H-W oYY ozt 8T
9pIsooN|B-3-8-9pls 0CL0/€€E
S -oulgeIe-)-9 UISAIYd JO JaWOS| ‘7T80°£9€ '8TOL LTH 'OV L I'LSY 0.0 SadWazs 8SY1'/PS H—Wl o7 LUl [T
apisou 6120°L€€
S -IqeIe-D-8-2pIsooN|B--9 uIsAiyD '€780°/9€ ‘6701 LT 'SELLLSY 196'L SadWazs LSYLLYS [H=Wl oD 1901 9z
S ule||2INds 8ET0'SLL '9670°L9T 'LOY0D'S8T YET0 SLL0°L9Y 91/0'19% _[H=Wl “of'H'D 986 ST
¥200'1S1 '9/66'821
N uLIENbOS| '9620°55T ‘05201 LT '9LT0°00€ 69T L/80°€9Y ¥880°€9Y _[H=WI “o%™H'D vL6 T
apisourikdodn|b
S -0-g-0~,9-1Il UINPISIA ¥SLOSLE 'TBE00EE "E190°SPE S65°€ €EL1°208 1SL1°20S _H-WI f'O"HTD 896 €T
SZ00°LS
N 9pISOINTT] ‘O¥€0°£TT 'S620°SST '8TE0 VST e8l'e YrEL6LS €9€16/S H-Wl *'O*H™ 656 44
Y200'LS
'9/66'8/1 '8EE0°LTT '00£0°5ST
N apIuoININ|B-O-¢-UnedIAND 'SPZ0€8T 'YSE0 LOE '68£0°T0E $85T ¥990'LLY 9/90° /L _H=wW foftHYY  sve 1z
D) opisoide unuInbiAxoIpAH Z190°'L£T 'Tv90'S6T '8L08'8E €70’ 7551°595 8551°695 H-W "'oY e 0C
Z/w ssew ‘ou
a4nos uonesyiuap| suoljuawbel] (wdd)oiid ssely z/w ssew [ed132J09Yy]  |eIUdWILIDAX] uolPNppY  ejnwioq (ujw)¥) yead

(panunuod) L ajqey



Page 10 of 18

(2021) 16:50

Xue et al. Chin Med

8870611 ‘T/00GEL '6/10°€SL

D} W SPISOIA|6-25100[ ‘0990°55Z ‘L6771 LES '0E9 1675 <A 9/0T'STL 6807°STL _[H=W] °'OftH 18€l S
985061 | '7/00'SEL 'S8LOESL
o g 3pIs02A|6-22110017] "¥990°55Z ‘66771 LES ‘8091 675 6611 0/61'569 6/61'569 _H=W SO e9€L €S
98LE°S LY
d 3y aplsouasuID ‘9TEVL€9'L06V'€8L 'STYS Y6 1£9T TLYS 166 6605166  _[HOODH+H—IA] 2'O®HD o€l 143
YS0E€LT
d LBY apisouasuiny '€08ESLY 'SIEY LE9 ' LE8Y 66L 181 £68158 S06t°5¥8  _[HOODH+H—W] "'O“HYD>  09¢€l LS
S ulesieqoIpAyIg 0990°€¥T '€190°1LT 1981 60 LYy 0£60' LY H=nl ot €5l 0S
L€T0GLL
opluoinon|b-a-g-0-¢ "YYE0'LTT '1620'SST 0570 LLT
S auonepAxoyIBWIP-£'9-AX0IPAYI-9'S '8610'667 'SEVOYLE L9906 S50°€ £160'50S 7660505 _[H—W] fo%HED LyEL 6
D} upHInbyjosioaN 7990°'55C 665°€ 08LL/LY S6LLLLY H-Wl SO%H'D ol 14
v 13 ujuodesow; | TSTE6YY 'C08E L 19 YSEV'ELL LLLL 98 SE6 /581'5€6 _[H=WI %0¥H"D LO€EL Vg
065061 |
D} opiseIndl ‘€/00°SEL ‘Z8LOES | '6590°55C LELE €091°6VS 0291'6¥S _H-WI 0% s6Tl oy
€6£0°€7C '6050° 17T
S uijeoreg '6vE0'L ST 'SSP0'69T ‘06¥0°0LT LIYT S9/0'St 9/L0Sry _H-wW1 "of'H'YD 6Tl Sy
D} unuInbyjos| /8V0611'6/10€SL '1990°55T 187 08LLZLY 0611/l _H=W]  0%H'D 6Tl a4
881061 |
D} uninbyjosif1e2e-9 '€/00°SEL '0810°ES 1 ‘0990°55T L0L°E 9871651 00£1°65% _[H—W] °o"HED /87T (94
S19£'609
v g aplsowni|iy ‘981 LLL 99T L16 'SPV EEH LL9] 6975601 /875601 _[H—=W] "t0"®H"*D 08l w
80¥1'61€ '890079¢€
v @ uluodesowi | 'TT6EESS '189EE6S 'SETHSSL 8¢el’l vV /16 LSV /16 _[H—=WI ®'o"H*D Yad) Iy
v/8T 16€
d $4-219-07 '08LE'SLY 'SOEY L9 €987 66/ 8/9'1 /9€5196 €8€5°196 _H-W ®'o%HTD 691 or
|01p-97'gf£-AXOyIaW-7Z-aueisoiny
-g5-(552)-|AsouriAdoon|b
-a-g-0-9¢-|Asoueikdodn|b
-a-g-[(¢ < 1)1Asoueikdoon|B SSSLE by
sV -0-gl-( < L)IAsouRIAdOAX-0-g-O-€  '€69LY LLL « SOTLYEE6 €L LIS SI0L iz 1795 /2T1 €596 /221 _H=W) oD s9TL 6€
18V0611
D} spisoide unLInbi|os| /00°SEL ‘08 L0°ES L '1990°55C 970C £091°6vS 7191645 _H=wW) PO 99 8¢
91e0ZU3(] |AYoW
{IA-z-uxolpozuag-t' 1 -0IPAYIP-£'T
~[|A-z-uswoIya-Hz-01pAYIP-'E
-OXO0-7-AXOIPAYLI-£'S'E-(4E'4T)1-9 7990°SST "V/L0°L6T
O -(AusydAxoytow-g-Ax0IpAH-)-€} VLLLLLY ' LE9T 655 '81OL'6YS obvy — L6£1°68S G9E1°58S H-Wl MoTHEY  soTl s
Z/w ssew ‘ou
¥Inog uonesynuap| suoljuawbel] (wdd)oiid ssely z/w ssew [ed132409Yy]  |eIudWILIDAX] uolPNppyY  ejnwioq (uiw)¥) yead

(panunuod) L ajqey



Page 11 0f 18

(2021) 16:50

Xue et al. Chin Med

9pluol
S -ndn|6 uluoBoMIAX0IPAY 4O JoWOS| LTEOY8T '€950°66T Vizad L/80'S/Y 7880°S/Y _H=W “o%H" 6L 69
ovelETh
v AIg uiuodesow | 'L€SE'89Y '€9TY'SSL 'L08Y 106 79¢0 0TES€901L ¥TESE90L _H=W] F0"H'D 18l 89
SETOSLL L8V LYT
S SpluoINdN|b-a-g-0-/- ullAxoI0 "£/£0'89C 'L 1¥0'69C ¥ 190°€8T geee TT6065Y LE60'65Y _H=W] “O%HEY el /9
S piuoinon|B-a-g-0-/-uiskiyd 62Z0°ELL '9ET0'SLL 'SOSO'EST 310’1 9180'6¢t 1Z80°6Y _[H=W] °of'H'D oYL 99
apisourlkdoxay
(7 < 1)-JAsouriAdoxay(z < |)-|As
-ouelAdoxay |A-¢-ueisoinjAxolp
v -Ry-gz-(AxojhsoueihdoxapH)-9z 6S8€°S6S 'S8EY' LS/ '908Y616 (07A0) STHS 1801 €EPS1801 _[H—=WI "t0%H"D L9YL 59
|0L1-97'DT T g E-aurIS0INy
-g5-(452)-|AsouriAdodn|b-a-g-0O
-9z-|AsouriAdoon|b-a-g-(z < |)
sy [AsoueiAdoon|H-a-g-0-¢ 6TEEEEY 'BEBES6S TREY LS/ LEgL L687616 Y16v616 _H-WI ®'o%HTD 091 9
T6£0°€7C 'TSS0'STT 'S0S0° LT
S uljedieq 4O Jawos| 'O9VE0'LST '9SP0'69T '16V0°0LT 60¥'C S9/0'St TLLOSYY _H=wW1 MoftH'YD sSSPl €9
9EV1'SSY
'SETY'SSL VIV L16 'TITSEE0L
0 9 ujuodefodoiydo 'T8ES6/01 0P/ S61L 'L18S 1PTL ¥85'1 1645 17T L1851¥TL  _[HOODHAH—IN] “O%H*D ol 29
pioe diuoinpisouelAdodn|b
-a-g-|Asouoinueifdoon|b-a
-g-0-7 |A-€-Ua-7 | -ues|o0X0-| | €/S0'1SE 691 LY
D ~(AxojAsoueifdoon|n-a-g)-zz-(gze'de) '8647°092 '9586'S78 'L¥0STT6 S450) 069t'696 S697°696 _[H—W] %¢o"HED Stvl 19
d LByu spisouasuin 68LES/Y 'IVEY LE9 ELLY 18 9120 Yrev 178 0S6Y L¥8 _[H—=z0D—W] “O™H™D ad 09
apisoueikdoon|b
-a-g-|AsouelAdoon|b-a-g-O-1
|A-€-uesoinyAxoipAyL
-77'S'z-(Axo)AsouriAdodn|D
sy -a-¢)-9¢-(Sez'vs'ge o) ¥880°S/t '6996'€€9 8/80— S6/7°156 [8/¥'156 _[H=WI ‘Co¥H*"D ad! 6S
0£65817'S1Z9165
Y II ulusijeuyyo-1d3-s¢ LSSV LS. 'TTLY 688 'LLSY 616 60,0 0TS 1S0L LTES1S01 _H-W FO"H® D pTL 85
|0L1-97'DT T g E-aurIS0INy
-g5-(552)-|AsouriAdoon|b-a-g-0
-9z-|Asour1Adoon|b-a-g-(z < 1)
sy |AsoueiAdoon|6-a-g-0-¢ 6LECEEY [V8ES6S 'BLEV LSL oLl 1687616 1065616 _H=W ®'o%HTD 0Tyl /S
PPECEEY '1G8ES6S
sV lFuusieunyO '9/E1' 1S/ 098V 688 ‘T86Y616 01T 0TS 1S0L TrES1S01 _H-W FOH®D Tl 9
8¥50'S2T '10S0° LT
S apiuoindn|b-0-£ ulusbidy "LYSO'6¥T 'SSP069T '8870°0LT 1960 — S9L0°St 1920° St _[H=w Mot (<33 sS
Z/w ssew ‘ou
¥dInog uoneoynuap| suoljuawbel] (wdd)oiid ssely z/w ssew [ed132409Yy]  |eIUdWILIDAXT uolPNppy  ejnwioq (uiw)¥) yead

(panunuod) L ajqey



Page 12 0f 18

(2021) 16:50

Xue et al. Chin Med

D ¢V uluodesaduodl-AxoIpAy-7 6950°LS€ 'S88E° /€8 1¥0T LEVY 666 ISP 666 _H=W] “O%H¥D [891 6/
apisouerlkdodn|b
-a-g-[(z < 1)-|AsouriAdouuew
-1-0]-(4 < |)-|AsouelAdouuew-1-0
-Ax03p-9 |A-€-ur1soINyAX0IpAY-z7 0Z18'Sth
v -(AxojAsoueifdoon|n-a-g)-9z-(ze'vs) '0/8€°S6S 'T9EY LS/ '06677€06 870'1 9/$5'5901 /8755901 _H-W] oD 6991 8/
0l3-97'DTT'ge-aurisoiny
-g5-(552)-|AsoueiAdoon|b-a-g-0
-9z-|AsouriAdoon|b-a-g-[(z < 1)
|AsouelAdojAx
-a-gl-(y <= 1)|Asoueikdouuteyy LOEEEEY '188E'S6S
Y -1-0-0-€ '8LEY S/ '9E8Y 688 Y005 €06 6820 1/£5°GE01 Y/£5SE0L _H=W 0% D 69l Ll
apisouerlAdoioejeb
-0-g-(7 < -1)-}Asoueifdoon|6
-a-g-(€ <-1)-|AsouriAdojAx-a-¢
|A-g-uesoinyAxoipAyL
-7¢'S't-(AxolAsouelkdoon|D G888 'SLTY'SSL
Y -0-g)-97-(YST'STTPS'YE07) '8¥T6708 'ST8Y 106 'SLES LH0L Svy— 8175€801 0£15€801 _H=W] fO"H%D 6091 9/
66TE LY
Y UI2SOIpoI0Id '8L1¥'SSL 'S18Y €88 ‘6¥/¥ 106 011 LLES P0L 78€5 /Y01 _H=W] “0"H'D 9091 S/
sy UISOIPOSUOI0Id 6CC'SSL L6VY 88 'TTLY 106 8980 LLES /Y01 08€S/¥0L _H=w] 0" L6SL v/
apisouerlAdoioejeb
-0-g-( <= 1)-|Asoueikdodn|b
-a-g-[(€ < |)-|Asourikdoon|b
-a-g-[|Aueinj-z-0IpAye1a1
-JAyI2W--(|AY13WIAX0IPAY)
~b-AX0IPAY-€-(St'Y€'ST))
-O-]-(¢ < |)-|Asouelkdodn|b
-0-gf |A-g-ueisondsAxoipAH CBLELEY LTIV LEL'ELTHSSL
v -7-(452'0S'gE DY) 'SS/Y'€88 'S6/1'106 ‘OrKS Y01 880°L 668560 | 71656071 H=W] %o"HED  orst €/
LE20°SLL'STYO0PT
S OPISOUOBOM '8/£0°897 'L £V0'69T ‘¥ 190°€8T 50T 76065 7860657 _H=w oD 6561 144
0£60'65t
v IIg utuodesowi | "[V8ES6S OLYY LS. 'S6TY 1Y8 1L5T 168616 LZ6V'616 _H=W SO 0s1 L
TTTyss.
v 1D ujuodesowi|. "L000°598 ‘€9/¥' £ 16 ‘55256401 S8'L 1695 L1TL vLLSLLTL _H=W] FO%H*> g6l 0L
Z/w ssew ‘ou
a4nos uonesyiuap| suoljuawbel] (wdd)oiid ssely z/w ssew [ed132409Yy]  |eIudWILIDAX] uolPNppyY  ejnwioq (uiw)¥) yead

(panunuod) L ajqey



Page 130f 18

(2021) 16:50

Xue et al. Chin Med

GS8E6SY Ty 179 'S067€8L

d 794w apIsoussuID) "TEES'S16'£9SGS6 'LS8S LLOL SL9'1 o6S6LLL 79656111 _[H—20D—W] ““0%H*D L0z 6
€E5ESSY 06/ £°€TS '058E°695
d Oy SpISouasuID) ‘LSLEEL9'68EY LEL IBEY E6L 669'1 L68Y'SS6 €161'556 _H-W C'0H'D  600C 6
9SLI'SEY
d X| 9pisouadAny "tV LLL6V YOPY'8SL 0S6v'616 Sz0'l LLEV'S96 [8€V°596  _[HOODH+H-W] “'0%HD  vooz €6
SY8E6SY 19V 179 '0L6V'€E8L
d LYW spisoussuD rYSS6 ‘€965 L01 1 '6909°6Y | L 9951 1S096v 1L 69096171 | _[H-zOD>-WI %O"HD L00T 6
_O:U\@N‘QMLAXOLEC\_\NN\wcw
-G-aur1S0IN}-(SG7)-|AsouriAdoon|b
-a-9-0-9z-|Asouelkdodn|b
-a-g-[(z < 1)|AsouriAdoon|b
-a-g-(z < 1)/Asoueifdoon|b 981€' Gt
sy -0-gl-(r < 1)AsoueihdojAx-0-g-0-¢ 'S8/E° /1S 'SSTY6EL 6L ¥ 106 96¢1 07ES'€901 GEESE901 _[H-W] f0™H"D> 686l 16
D) 7d uluodes-ao101 0/50'15€ SE6'0 £06€/£8 L16E/E8 _[H=WI “'0%®H%D €861 06
v g uuodesbuljix €865°95€ ‘6¥/E /LS 'BLTY6EL €/8°1 L6/¥°106 8081106 _H=wWl oD sr6lL 68
620€LL
D} UIZIYUAA| BAXO18Y-g7 7 '9570°S/ 1 'OPEDE6L '04S0'LSE 8907 600v'6/8 LT0V6/8 _H=wWl B'o"H™D  gr6lL 88
[0Ip-97'ge-aua-(77) 0Z-aurISOINy
-g5-(552)-|AsoueiAdoon|b-a-g-0
-9z-|Asourikdoon|b-a-g-[(z < 1)
|AsoueiAdoon|b-a-g-( < |) 0987° /7Y
v |AsoueiAdojAx-a-g-0-¢ YOLELLS 'S8TY6EL 'OLLY 106 [9T1 Y175Ee0l [TTSEL0L _H=W] “0%H*D 161 /8
S/SO'LSE
D] pioe uiziyuAdA|BlAwIO) (Y15 18€ 7985 €YY /81108 0951 [¥/EGE8 09/£°6€8 [H=W] “to%HED 1961 98
D) ¢y ujuodes-a2110017 G/SO'1SE '€86€°178 I 78v7€86 Y671 €86 _[H—=WI Co%HED LE61L S8
D) 75 Uuodesa1od||-AX0IPAH-77 8950'15€ €0€0 758€°€58 GS8EES8 _H=w] BoPHD SLLL ¥8
D UIZIYLIADA|BAX0I98 AXOIPAH €950'LS€ ‘7889°6CY ‘90VF St 6190 8565568 796£'568 _[H=WI ®'0"H™ €S5/1 €8
Y W 9pISOIy20Dedse JO JSWOS| [TEEEEY '898E°S6S '88EY LS/ 957C 8r6Y'€06 8961°£06 _H=wW RO L 78
sy v 3pisolydodedsy €6TEEEY '8TBEG6S 'ETEY LSL €9€°0 SY6Y'€06 SL6V'€06 _H-W oD vzl 18
|o1-97'DCT'gE
-aueIS0IN}-g5-(yS7)AsouriAdodn|b
-0-9-0-9z-|Asouelkdodn|b
-a-g-[(z < 1)|AsouriAdoon|b
-0-gl-(p < 1) TEECEEY '9T8ES6S
Y |AsoueiAdouweys-1-p-0-¢ ‘997Y'6EL 'S6EY LS. YS6YE06 0890 9/¥5'S901L €875'5901 _[H-WI f0%H"D> 0691 08
Z/w ssew ‘ou
3Inog uonesynuap| suoljuawbel] (wdd)oiid ssely z/w ssew [ed132J09Yy]  |eIUdWILIDAX] uolPNppY  ejnwioq (ujw)¥) yead

(panunuod) L ajqey



Page 14 of 18

(2021) 16:50

Xue et al. Chin Med

xipes buasuln ¢ ‘xipes siuobodoiydQ :0 ‘xipes 1beiedsy sy ‘Xipes 2ezjyuAdA|D 1D ‘WN1joy SIUIUINISN N ‘XIPeJ SB1IR|[SINIS S ‘BWOZ|YISRU SUYLIBWSUY Y

6C0€ELL
b} 7D upuodes-a3017] ‘0vZ0'SLL '6YE0E61 'TLSOTLSE 0600 S00%°508 900t'508 _H=W OPHTD £S1e Ll
6CTOELL'LETOSLL
D uiZIyuAA|boidy 'SPE0E6L 'ELS0TLSE PEQOTSE 1681 vS6£7178 0/6£178 _H=W] OPHTD gLt 4N
6C70°ELL '8ECOSLL
D} Ol Uluodes-2211001 ‘9PE0E61 ‘0/50°LSE '9190°TSE Toard YS6£7178 TL6E1T8 _H=W] OPHTD 901 Ll
v I uiuodesow | 6806'10C '91LE°€65 786'1 Z1Tr'SSL LTTYSSL _H=W] "'O"H*D S6'0C oLl
6C70°ELL'LETOSLL
D) ZH uuodes-23110017 'OYE0'E6L '1£SO'LSE 'D090TSE V0T YS6£°178 1/6€1T8 [H=W] 'O%HTD>  sg0e 601
0€Z0ELL
D} g uiuodes-25110017 '9ET0'SLL ‘OPEOE6L ‘TLSOLSE €/8°1 191¥°£08 L1V 08 [H=W] S'O™HYDY  er0C 801
SECO6LL '0090°€91
0 ey ujuodefodoiydo '60£0'S0T ‘'0L0V'€5L 'TLOY 664 6987 — LLLY66/ TL0v66L  _[HOODH+H—IN] "O“HD g0t L0l
D) 79 uluodes-2o11021 €/50'16¢€ 9e/L £06E/£8 816£/€8 _H=WI “'0%HTD v20C 901
9COELL"LET0OSLL
o 2 uluodes-s2110017] YPEOE6L 'LSSOLSE 'BLVELTL 8/L'1 LLLY'EZ8 8Tlv'ECs _H=W 'O"HTD  zsoz ol
6CC0ELL"LETOSLL
D] pIoe UIZIYAdAD ‘9E0E61 '6950°1GE 'S090°TSE 8/9'1 ¥S6£7178 896¢'178 _H=W] °'0%HTD 050t Y0l
Lb¥0 191 '1044'1LT
v [ 10 | ujuodeseusyliewauy '£00T LS€E 'S6VT SOV 'OV8E 565 el 69EY LS/ LLEV LS. H=W "'OPHRSY vt €0l
D) 70 uluodes-a2110017 8950'L € LLE] £06€/£8 Sl6ELE8 _[H=WI “'0o%®H%D S¥0C 201
6CC0€ELL
D) apAyapleyAdA|BAXCIY-¢rT "LYTOSLL 'SPEOE6L ‘995071 SE S/ST 780%°€98 180Y'€98 _[H=WI “'O"H"D 620C L0l
pioe djuoinpisouelAdodn|b
-a-g-(z < 1)-|Asouoinuelkdodn|b
-0-g-(z < |)-|AsoueiAdouuew-7-0
-AX03p-9 |A-€-Ua-7 | -ueajoAxoda 6511°SEh
D -67'7T-0X0-67-AX0IPAH-£Z-(g7T'de) LSLLL6Y 'VESE LYS IPIE GHI 86v1 €ES /96 8YSt'/96 _H=W] oYM gzoz 00l
D) V SpISOUOPIILIN 0£50°1S€ 1ZS'L £06£/€8 916£/€8 _H=WI “o%HTD 6107 66
D} 20 uiuodes-a21od|[IAyIaN [SSO'LSE '€V/€/6/ 'TSBELES Y060 [YL€658 6£/£658 _H=W) Yo%H™D 8Lz 86
6C0€ELL
D) 73 uluodes-a2110017 "L€T0'SLL'OPE0E6L ‘89S0 LSE $80T S18£618 818618 _[H—=W] 0% H%D 9107 L6
|0Ip-97'ge-Us-(c)0T
-150inJ-g5-(Ss7)[|Asouelfdodn|b
-a-g1-0-9z-[{|Asoueikdoon|b-a-gf}
sV {(r < 1)-IAsoueikdouweys-1-0}-0-¢ YOSTY8Y '€9LELLS '8LTY 6EL 661°€ 787588 1 /87588 _[H=W] “orHD N4 %
Z/w ssew ‘ou
adunog uonedynuap| suol juswbesy (wdd)oiid ssey z/w ssew [ed13dJ0dy]  |eIusWILIDAX] uolIPNppyY  ejnwio4 (ujw) ¥ yead

(PanunUOd) | 3jqey



Xue et al. Chin Med (2021) 16:50

Page 150f 18

m/z 351.06

OH O o

m/z 821.40

m/z 645.36

m/z 469.33

OH OH O OH O
m/z 487.13 m/z 547.15 m/z 457.11
CH,0H
/-0
H
ol m/z 120

OH O
m/z 427.12

Fig. 5 The proposed fragmentation pathways for a glycyrrhizin acid and b Chrysin 6-C-arabinoside-8-C-glucoside in negative mode

6-C-arabinoside-8-C-glucoside, its adjacent node of
m/z 561.161 gave a MS/MS spectrum showing two
characteristic fragments at m/z 471.130 and at m/z
441.118 by the loss of 90 Da, 120 Da, and so one more
methyl group should be connected to the aglycone of
Chrysin 6-C-arabinoside-8-C-glucoside. The node of

m/z 561.161 was annotated as 5-hydroxy-7-methoxy-
flavone 6-C-arabinoside-8-C-glucoside or 7-hydroxy-
5-methoxyflavone 6-C-arabinoside-8-C-glucoside [16]
(Fig. 4d). Basing on the cluster, six flavonoid C-glyco-
sides were tentatively identified from Scutellariae radix
by comparison with literature [16].
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Table 2 Tentative identification of the chemical constituents of Erdong decoction by UHPLC- MS in the positive mode

Peak Tg (min) Formula
no. mass m/z m/z

Adduction Experimental Theoretical mass

Mass error Identification Source

(ppm)

Fragmentions

114 6.43 CygHsNO;  [M+HIT 314.1746 3141751

115 689  CgHyNO, [M+HIY  300.1591 300.1594

116 906 CigHgNO; [MHIT 2821485 282.1489

17 1084 CigHuN,Og [MHHIT 6253267 6253272

18 1278 CiHiNO,  [IMHHIT 2661172 266.1176

119 12.82 CigHigNO,  [M+H]IT 282.1486 282.1489

120 1296 CigHNO, [M+HIT 2801330 2801332

121 1307 CuoHyNO, [M+HIT 2961643 296.1645

122 14.2 CioHyNO;  IMHHIT 3121591 312.1594

123 1696 CyHyNO, [M+HIT  340.1539 3401543

— 1433 283.1324,
252.1144,
189.0908,
174.0670,
145.0645,

107.0494

283.1324,
252.1143,
189.0909,
174.0671,
145.0647,
107.0494

251.1062,
236.0828,
219.0801,
191.0853

566.4268,
489.2368,
325.0908,
206.1174,
163.0388,
121.0649

249.0906,
219.0801,
191.0853

265.1219,
250.0984,
234.1036

249.0907,
219.0803,
191.0854,
149.0233

265.1218,
250.0984,
234.1035

265.1219,
250.0986,
234.1033

269.1166,
233.1045,
215.0938,
197.0836,
178.0864

Armepavine N

NorarMepavine N

—1.366 O-Nornuciferine N

—0.885 Dauricine N

— 1485 Anonaine N

—0.834 N-Methylnucif- N

erine

—0.840 Roemerine N

—0.255 Nuciferine N

—0.300 Pronuciferine N

—1.278 Tetrahydrober- N

berine THB

N: Nelumbinis folium

Previous studies showed that the flavonoids from
Anemarrhenae rhizoma were main xanthones, which was
a special structure type of flavonoids, so it was not clus-
tered with most of flavonoids in the molecular network-
ing. Finally, 3 flavonoid C-glycosides were tentatively
identified from Anemarrhenae rhizoma by comparison
with literature [10] (Table 1).

Identification of alkaloids
A total of 169 nodes were incorporated into the MS/MS
molecular network (in the positive mode) of the Erdong

decoction, rendering 15 molecular clusters and 88 uncon-
nected nodes (Additional file 1: Figure S1). Besides the
above three types of main compounds detected in Erdong
decoction in negative mode, there are alkaloids from
Nelumbinis folium mainly detected in positive mode. The
mass spectrum of nuciferine at m/z 296.164 was detected
and its MS/MS spectrum showed four characteristic
fragments of m/z 265.123, m/z 250.098, m/z 234.103 and
m/z 235.075 (Additional file 1: Figure S4). The fragmenta-
tion scheme of nuciferine was further elaborated in Addi-
tional file 1: Figure S4. It was well known that alkaloids
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were the major active compound of Nelumbinis folium
[20], however, it was not shown in molecular networking
and alkaloids could not be rapidly identified through the
clusters in the LC-MS/MS molecular networking due to
its various structural types. Finally, a total of 10 alkaloids
were tentatively identified from Nelumbinis folium by
comparison with literatures [20, 21] (Table 2).

Discussion

In this study, the cluster of molecular networking in the
negative mode (Fig. 2) was more obvious than that in the
positive mode (Additional file 1: Figure S1). And more
flavonoids, steroidal saponins, and triterpenoid saponins
were tentatively identified in the negative mode than in
positive mode. So, in this study, the flavonoids, steroi-
dal saponins, and triterpenoid saponins in Table 1 were
tentatively identified in the negative mode. The alkaloids
were the major active compound of Nelumbinis folium,
which were mainly detected in positive mode. And no
cluster were observed in the molecular networking of the
alkaloids, that might be due to the various types of struc-
tural framework of alkaloids, and it leads to the MS/MS
fragments of alkaloids doesn’t have a certain similarity.
Therefore, 10 alkaloids were tentatively identified in the
positive mode from Nelumbinis folium by comparison
with literatures.

According to the above results, LC-MS/MS molecular
networking is suitable for the rapid identification of ste-
roidal saponins, glycyrrhizin saponins, and flavonoids.
Because of the stable structure of steroidal saponins and
glycyrrhizin saponins, and special cleavage rule of fla-
vonoid C-glycosides, their analogues in the LC-MS/MS
molecular networking were obviously clustered with a
high similarity. Based on the clusters, the structures of
these compounds could be rapidly tentative identification
by MN. In addition, the flavonoid O-glycosides obviously
clustered in LC-MS/MS molecular networking, but the
similarity between nodes was low, which might be due to
different substituents sites on aglycones. Therefore, the
identification of flavonoid O-glycosides could be facili-
tated by the combination of LC-MS/MS and molecular
networking, but standard compounds are needed for the
finally identification of isomers.

Notably, MS/MS-based molecular networking tech-
nique is not suitable for the rapid identification of com-
pounds without cluster in MN. Steroidal saponins from
Ophiopogonis radix and triterpenoid saponins from Gin-
seng radix in Erdong decoction couldn’t be rapidly iden-
tified, which might be due to their low content caused
by both low formula ratio in Erdong decoction and low
content in each herb itself. According to the unpub-
lished quantification data by our laboratory, the con-
tent of saponins from Glycyrrhizae Radix Et Rhizoma,
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Anemarrhenae Rhizoma, Asparagi Radix are very high,
whereas the content of saponins from Ophiopogonis
Radix and Ginseng Radix Et Rhizoma are very low. The
content of those compounds might be too low to gener-
ate fragment of aglycones in this study, so the MS/MS
fragments of these compounds were not clustered in this
study. The second type of compounds without cluster in
the molecular networking is the alkaloids from Nelumbi-
nis folium.

Conclusions

In this study, the combination of LC-HRMS and molecu-
lar networking was applied to rapidly identify compounds
in Erdong decoction as a case study to demonstrate the
application of this technique in complex TCM formula.
MS/MS-based molecular networking technique is very
useful for the rapid identification of major components
in CCE. Finally, 113 compounds were rapidly tentative
identification in the negative mode by the MS/MS-based
molecular networking, the types of these compounds
mainly include steroidal saponin, triterpenoid sapo-
nins and flavonoids in Erdong decoction. MS/MS-based
molecular networking greatly improves the efficiency
of chemical components identification in CCF. In addi-
tion, 10 alkaloids were tentatively identified in the posi-
tive mode of Nelumbinis folium by comparison with
literatures.

Abbreviations
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mass spectrometry; LC-MS: Liquid chromatography mass spectrometry; MN:
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