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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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Background
The Chinese Classical Formula (CCF) are the essences 
of thousands of years of practical experience in the clini-
cal application of traditional Chinese medicines (TCM). 
It is important and preferred direction of traditional 
Chinese medicine (TCM) to develop CCF into modern 
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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 yixuexinwu 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 

Scutellaria baicalensis Georgi.), Anemarrhenae Rhizoma 
(the rhizome of Anemarrhena 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-β-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-β-
D-glucuronide, wogonoside and glycyrrhizic acid were 
prepared in methanol at appropriate concentrations. A 
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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  ℃, at which 
the decocting liquid keep boiling. All extraction solu-
tions were concentrated to 560 mL at 60 ℃. One hundred 
microlitre of concentrated solution was dissolved in 900 
μL of 10% acetonitrile and centrifuged at 13,000 r·min−1 
for 5  min, then the supernatant solution was filtered 
through a 0.22 μm 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 × 2.1  mm i.d., 1.8  μm) at 
40  ℃. 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  (N2) was used as auxiliary gas (10 arb) and 
sheath gas (40 arb). The other parameters were as follows: 
capillary temperature, 350℃; 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/ downl oad. 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/ Prote oSAFe/ status. jsp? task= 4e68c 
1650ff 24c9 091a7 a021d 52531 e0 (in the negative mode) 
and http:// gnps. ucsd. edu/ Prote oSAFe/ status. jsp? task= 
bcd00 18bf9 0d44c 09353 515f1 ed7bd ca (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 

Fig. 1 A general workflow for a strategy identifying compounds rapidly of Erdong decoction

https://winscp.net/eng/download.php
https://winscp.net/eng/download.php
https://gnps.ucsd.edu
http://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=4e68c1650ff24c9091a7a021d52531e0
http://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=4e68c1650ff24c9091a7a021d52531e0
http://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=bcd0018bf90d44c09353515f1ed7bdca
http://gnps.ucsd.edu/ProteoSAFe/status.jsp?task=bcd0018bf90d44c09353515f1ed7bdca
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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 θ), 
the larger the cos θ value, the higher the similarity of 
the MS/MS fragments [7]. The results showed that 
the cluster of molecular networking in the negative 

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.

Fig. 2 MS/MS molecular networking of Erdong decoction in the negative mode
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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-β-d-glucopyranosyl 
(1 → 2)-β-d-glucopyranosyl-26-O-β-d-glucopyranosyl-
(25S)-5β-furostane-3β,22α,26-triol according literature 
[8]. According to the clusters, the structures of these 
compounds could be rapidly identified. Sixteen steroidal 

Fig. 3 TIC of Erdong decoction in the negative mode (a) and positive mode (b)
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Fig. 4 MS/MS spectra of a steroidal saponins, b triterpenoid saponins, c flavonoid O-glycosides and d flavonoid C-glycosides
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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 m/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. 

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  C6H8O6, 
 CH3 and CO, the fragment of m/z 283.061 corresponding 
to the aglycone moiety of wogonoside by the loss of Da 
176  (C6H8O6) 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  (C6H8O6), 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  (C6H8O6), 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 
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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].

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

Table 2 Tentative identification of the chemical constituents of Erdong decoction by UHPLC- MS in the positive mode

N: Nelumbinis folium

Peak 
no.

TR (min) Formula Adduct ion Experimental 
mass m/z

Theoretical mass 
m/z

Mass error 
(ppm)

Fragment ions Identification Source

114 6.43 C19H23NO3 [M+H]+ 314.1746 314.1751 − 1.433 283.1324, 
252.1144, 
189.0908, 
174.0670, 
145.0645, 
107.0494

Armepavine N

115 6.89 C18H21NO3 [M+H]+ 300.1591 300.1594 − 1.100 283.1324, 
252.1143, 
189.0909, 
174.0671, 
145.0647, 
107.0494

NorarMepavine N

116 9.06 C18H19NO3 [M+H]+ 282.1485 282.1489 − 1.366 251.1062, 
236.0828, 
219.0801, 
191.0853

O-Nornuciferine N

117 10.84 C38H44N2O6 [M+H]+ 625.3267 625.3272 − 0.885 566.4268, 
489.2368, 
325.0908, 
206.1174, 
163.0388, 
121.0649

Dauricine N

118 12.78 C17H15NO2 [M+H]+ 266.1172 266.1176 − 1.485 249.0906, 
219.0801, 
191.0853

Anonaine N

119 12.82 C18H19NO2 [M+H]+ 282.1486 282.1489 − 0.834 265.1219, 
250.0984, 
234.1036

N-Methylnucif-
erine

N

120 12.96 C18H17NO2 [M+H]+ 280.1330 280.1332 − 0.840 249.0907, 
219.0803, 
191.0854, 
149.0233

Roemerine N

121 13.07 C19H21NO2 [M+H]+ 296.1643 296.1645 − 0.255 265.1218, 
250.0984, 
234.1035

Nuciferine N

122 14.2 C19H21NO3 [M+H]+ 312.1591 312.1594 − 0.300 265.1219, 
250.0986, 
234.1033

Pronuciferine N

123 16.96 C20H21NO4 [M+H]+ 340.1539 340.1543 − 1.278 269.1166, 
233.1045, 
215.0938, 
197.0836, 
178.0864

Tetrahydrober-
berine THB

N
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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, 

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 CCF. 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
CCF: Chinese Classical Formula; UHPLC-LTQ-Orbitrap-MS/MS: Ultra-high 
pressure liquid chromatography-linear ion trap-orbitrap high resolution mass 
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mass spectrometry; LC–MS: Liquid chromatography mass spectrometry; MN: 
Molecular networking.
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