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of the chemical constituents in Yiganmingmu
oral liquid and the absorbed prototypes

in cynomolgus monkey plasma after oral
administration by UPLC-Q-TOF-MS based

on the self built components database
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Abstract

Background: Yiganmingmu oral liquid (YGMM), a well known over-the-counter (OTC) drug in China, is composed of
12 types of valuable herbal medicines and has been widely used in clinical for the treatment of soreness and weak-
ness of waist and knees, dizziness, memory loss, and fatigue. However, the chemical compositions of YGMM and its
absorbed compounds in plasma remain unclear.

Methods: Since chemical investigation is the first important step to reveal effects and action mechanisms of tradi-
tional Chinese medicine (TCM), in this study, based on the self built components database, systematic characteriza-
tion of the chemical profile of YGMM in vitro was carried out by using a reliable UPLC-Q-TOF-MS method. Moreover, to
obtain better understanding of the absorbed prototypes in plasma, serum pharmacochemistry analysis of YGMM after
oral administration was conducted by using cynomolgus monkeys as animal model.

Results: A total of 667 constituents from the 12 single herbal medicines were collected in the self built components
database by searching the reported literatures, and 415 of them were initially screened as candidate compounds in
YGMM by comparison of their experimental accurate mass measurements with those theoretical values. After that,
117 compounds including 17 phenolic acids, 25 flavonoids, 4 alkaloids, 10 phthalides, 5 monoterpenes, 8 triterpenoid
saponins, 9 anthraquinones, and 39 other compounds, were unambiguously identified or tentatively characterized
by analysing their MS/MS fragmentation patterns, and also by comparison with reference standards and those data

*Correspondence: dengjg53@126.com; tyaoxs@jnu.edu.cn

"Wei Wei and Li Siwei contributed equally to this work

! College of Pharmacy and International Cooperative Laboratory

of Traditional Chinese Medicine Modernization and Innovative Drug
Development of Chinese Ministry of Education, Jinan University,
Guangzhou 510632, China

2 Guangxi Key Laboratory of Efficacy Study on Chinese Materia Medica,
Guangxi University of Chinese Medicine, Nanning 530200, Guangxi, China
Full list of author information is available at the end of the article

©The Author(s) 2021. This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material

in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material
is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativeco
mmons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/
zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13020-021-00443-0&domain=pdf

Wei et al. Chin Med (2021) 16:35

Page 2 of 21

reported in the literatures. 61 prototypes absorbed in plasma of cynomolgus monkey, including 13 phenolic acids,
21 flavonoids, 8 phthalides, 3 monoterpenes, 4 triterpenoid saponins, and 12 other compounds were tentatively
assigned by serum pharmacochemistry analysis after oral administration.

Conclusion: It was the first comprehensive analysis of chemical constituents of YGMM and prototypes in plasma, and

the data analysis strategy developed in this study showed high efficiency in the structural elucidations. The results
might provide scientific evidence for further research on material basis of YGMM.

Keywords: Yiganmingmu oral liquid, UPLC-Q-TOF-MS, Self built database, Chemical profile, Cynomolgus monkey

Background

Traditional Chinese medicine (TCM) prescriptions has
long been used in the treatment of complex and chronic
diseases in China due to their high efficiency but rela-
tively low toxicity [1]. According to the wholesome
thought of Chinese medicine theory, TCM prescrip-
tions collectively exerts therapeutic effects via multi-
target by complex interactions among the complicated
composition systems formed by different single herbal
medicines in the prescription [2]. The inefficiency in
the material foundation study of TCM has seriously
restricted its development and modernization. In recent
years, the combination of chemical component investi-
gation in vitro and serum pharmacochemistry analysis
in vivo has been widely accepted as an effective strategy
to obtain a better understanding of the potential thera-
peutic material basis of TCM (3, 4]. In which, ultra-high-
performance liquid chromatography quadrupole time of
flight mass spectrometry (UPLC-Q-TOF-MS) was con-
sidered the most powerful analytical tool for chemical
components characterization of TCM and biosamples,
due to its high speed, wide measurable mass range, high
ratio of resolution, and capacity for simultaneous qualita-
tive analysis [5]. First recorded in the 2010 edition of Chi-
nese Pharmacopoeia, UPLC-Q-TOF-MS have become
an important and irreplaceable analytical method in the
field of quality control of TCM, such as main components
or trace substance determination, fingerprint determina-
tion, and toxic component control, etc. Besides, since the
important role in the screening of the active components
and the establishment of TCM standards, in the later
editions of Chinese Pharmacopoeia, the use of UPLC-Q-
TOEF-MS has significantly increased.

Yiganmingmu oral liquid (YGMM), a well known TCM
prescription, is an over-the-counter (OTC) drug regis-
tered and approved by CFDA (Approval No. B20050056)
for treating soreness and weakness of waist and knees,
dizziness, memory loss, and fatigue [6]. On the basis
of the two classical TCM formulas [7], Siwu Tang and
Gugen Tang created by a famous doctor named Shiduo
Chen in Qing dynasty, the medicinal herbs contained
in the prescription of YGMM was extended to 12 fla-
vors including Rehmannia glutinosa (RG, Shudihuang),

Angelica sinensis (AS, Danggui), Paeonia lactiflora Pall
(PL, Baishao), Polygonatum odoratum (PO, Yuzhu),
Ophiopogon japonicas (O], Maidong), Chrysanthemum
morifolium (CM, Juhua), Ligusticum chuanxiong (LC,
Chuanxiong), Anemone altaica (AA, Jivjiechangpu), Cit-
rus reticulate (CR, Chenpi), Cassiae semen (CS, Juem-
ingzi), Lycii fructus (LF, Gouqizi), and Bupleuri radix
(BR, Chaihu). Recently our research showed that YGMM
possessed good hepatoprotective activity on isoniazid-
rifampicin induced liver injuries in rats [6]. However,
the pharmacodynamic material basis of YGMM is still
unclear. Compared to the other animal models used in
experiments, cynomolgus monkey is a more useful pre-
clinical model due to their nonhuman primates and are
more similar to humans in genetics and pathophysiology,
and have been applied recently for the serum pharmaco-
chemistry analysis of Yizhi Granule [8] by our group. In
the present study, we established a comprehensive data
analysis strategy for the chemical components identifica-
tion of YGMM and the absorbed prototypical ingredients
in the plasma of cynomolgus monkey after oral adminis-
tration for the first time. The self built components data-
base was helpful to enhance the efficiency of constituents
characterization (Fig. 1), thus, a self built components
database containing the reported chemical components
of each individual medicinal herbs [9-46] of YGMM was
used for the rapid screening and identification of chemi-
cal components in vitro and prototypes in vivo. This
study might provide an useful analytical strategy for elu-
cidating the material basis of YGMM and a promising
experimental data for its material basis and quality con-
trol studies.

Materials and methods

Chemicals and materials

YGMM were provided by Guangxi Hebabiz Phar-
maceutical Co., Ltd. (Lot No. 130418). 16 reference
standards (purity >95%) including Z-Ligustilide, sen-
kyunolide H, senkyunolide I, vanillic acid, gallic acid,
3-O-feruloylquinic acid, isochlorogenic acid A, kaemp-
feritrin, mudanpioside D, cassiaside B2, ophiopogonin
D, hesperetin, naringin, rutin, quercetin, and ophiopo-
gonanoe B were all purchased from Chengdu Biopurify
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Fig. 1 The data analysis strategy for identification of chemical constituents in YGMM and prototypes in cynomolgus monkey plasma

Phytochemicals Ltd. (Sichuan, China). LC-MS grade
acetonitrile and methanol were purchased from Merck
(Darmstadt, Germany). LC-MS grade formic acid was
obtained from Sigma-Aldrich (Mo, USA). Ultrapure
water was purified using a Milli-Q 89 water purification
system (Millipore, Billerica, MA, USA). The other rea-
gents were all analytical grade.

Animals and drug administration

Male cynomolgus monkeys (7 years old, 7.0+£0.5 kg
weight) were provided by Guangxi cynomolgus medi-
cine applied engineering technology research center
(Guanggxi province), and were housed in an animal room
individually with a suspended stainless steel cage at the
environment condition set as follow: room temperature
and relative humidity was kept with a 12 h dark/light
cycle at 24-26 °C, and 50-70%, respectively. Certified
primate pellet diet and clean water were provided every
day. Fruits were supplemented regularly for nutrition as
is standard practice. All experiments were conducted in

accordance with the Regulations of Experimental Animal
Administration issued by the State Commission of Sci-
ence and Technology of the People’s Republic of China.
Experimental animal protocols were approved by the
Animal Ethics Committee of Guangxi University of Chi-
nese Medicine, and all procedures were following the rel-
evant regulations and guidelines.

Preparation of sample solution

0.5 mL of YGMM was diluted with 2 mL methanol and
the dilution was filtered through 0.22 um filter mem-
brane before LC—MS analysis. All samples were stored
at 4 °C until use. Six male cynomolgus monkeys were
fasted with only access to water for 12 h prior to the
experiment. 30 mL of YGMM was orally administered
to each monkey. At the time point of 0.5 h, 1 h, 2 h and
3 h after dosing via intragastric gavage, 1 mL blood was
collected by venipuncture respectively and then cen-
trifuged for 10 min at 3000 rpm/min at 4 °C to obtain
the supernatant. The supernatant from different time
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points were mixed together to give the plasma sample
and was frozen at — 80 °C before analysis. After recon-
stitution, 6 mL of acetonitrile was added to the plasma
and vortex-mixed for 1 min and then was centrifuged
at 12,000 rpm/min at 4 °C for 10 min. The supernatant
was purified by solid-phase extraction and then dried
under nitrogen gas at the temperature of 45 °C. The
residues were dissolved in 2 mL of 50% methanol and
then centrifuged at 12,000 rpm/min for 10 min at 4 °C.
Sample solutions were filtered through 0.22 um filter
membrane and then 4 pL of the solution was injected
into the LC-MS system for analysis. A certain amount
of 16 reference standards were dissolved in methanol
to obtain the standard solutions. Before LC—MS analy-
sis, they were mixed together and then filtered through
millipore filters to give the mixed standard solution.

Chromatography and mass spectrometry conditions

The separation of the components in YGMM and
biosamples were conducted on a ACQUITY UPLC
BEH C18 column (2.1 mm x 100 mm, 1.7 um, Waters
Corporation, USA) using the mobile phase consisted
of solvent A (HCOOH: H,0=0.1: 100, v/v) and sol-
vent B (CH3;CN) on the Shimadzu Nexera Promi-
nence liquid chromatogram system at the gradient
eluting procedure optimized as follows: 0-25 min,
5-10% B; 25-40 min, 10-16% B; 40-50 min, 16—45%
B, 50-57 min, 45-60% B, and 57-65 min, 100% B.
The flow rate was set at 0.4 mL/min. The column and
autosampler temperature were maintained at 40 °C
and 4 °C, respectively. The inject volume for YGMM
and mixed standard solution was 2 pL for each, and for
the plasma sample was 4 pL.

Mass spectrometric detection was conducted on the
AB SCIEX X500R quadrupole-time of flight (QTOF)
coupled with high resolution mass spectrum (HRMS)
(Applied Biosystems SCIEX, US) at full scan mode from
m/z 100 to 2000 under ESI mode operating in both
positive and negative modes. The MS, and MS/MS data
of the compounds was acquired in the information-
dependent acquirement (IDA) technology mode. The
optimized parameters for IDA were set as follows: ion
source gas 1 (GS1): 55 psi, ion source gas 2 (GS2): 55
psi, curtain gas: 35 psi, temperature: 600 °C, and CAD
gas: 7. For TOF MS: mass range of the components,
m/z 100-2000, declustering potential (DP): £ 80 V, col-
lision energy (CE): 35V, and CE spread: 0 V. For TOF
MSMS: mass range of the fragments, m/z 100-2000,
declustering potential (DP): 80 V, collision energy (CE):
+35 V, and CE spread: 15 V, and accumulation time:
0.05 s. Data acquisition and analysis were controlled by
SCIEX OS software (Ver. 1.3.1, AB SCIEX Co.).
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Self built components database of YGMM

The systematic information on chemical constituents
isolated or identified from the 12 individual herbs in
YGMM was collected and sorted out by retrieving the
published literatures involving chemical constituents
studies, fingerprint of medicinal materials studies,
reviews, and master’s and doctoral dissertations, etc.
As a result, a self built components database included
compound name, and chemical formulas of each com-
pound was established for further structural eluci-
dation. All the compounds collected in the self built
database were listed in Additional file 1: Table S1.

The comprehensive research strategy and data processing

In order to rapidly characterize the chemical profile
of YGMM, an investigate research strategy that inte-
grated the UPLC-Q-TOF-MS method and self built
components database was established. As shown in
Fig. 1, firstly the chemical components of all the indi-
vidual medical herbs were collected in a excel table
to give the self built components database, which
contained the compound name and chemical for-
mula for each compound. Secondly, the raw MS data
of YGMM was acquired using the established UPLC-
Q-TOF-MS method. After that the excel table was
imported into the SCIEX OS software, and data fil-
tering and screening were automatically performed.
Adducts including HT, Na*t, and K™ were selected
for positive mode, and for negative mode, adducts
including CI*, HCOO™ and H™ were selected. The
extracted ion chromatograms (XIC) Width was set
as 0.02 Da. The confidence levels of compounds for
the qualitative rules were set as follow: mass accu-
racy tolerance set at =10 ppm, and combined score
weight for it was 60%; different isotope ratio toler-
ance set at =10 ppm, and combined score weight for
it was 40%. The third step of the data analysis strat-
egy was to screen out the candidate compounds of
YGMM and confirm the source of each component
by using the above-mentioned screening rules. By
analyzing the MS/MS fragmentation patterns, and
also by comparison with standard compounds and
those data reported in the literatures, the chemical
components in YGMM were finally confirmed from
the screened candidate compounds. Serum pharmac-
ochemistry analysis of the prototypes in cynomolgus
monkey plasma after oral administration was carried
out by using the same UPLC-Q-TOF-MS method in
IDA mode. XIC mode was applied to extract the pro-
totypes by comparison the retention time, MS, and
MS/MS fragments data with those identified compo-
nents in YGMM.
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Results

By searching the published literatures of 12 single herb
medicines, a total of 667 components were collected in
the self built components database (Additional file 1:
Table S1). The solution of YGMM was analyzed in both
positive and negative ion modes by using UPLC-Q-
TOE-MS in the IDA mode. The base peak chromato-
grams (BPC) in positive and negative modes of YGMM
are showed in Fig. 2. Using the established data analysis
strategy, 415 compounds were initially screened out as
candidate compounds in YGMM, as shown in Additional
file 1: Table S2. A total of 117 compounds and 61 proto-
types were unambiguously identified or tentatively char-
acterized in YGMM and plasma of cynomolgus monkey,
respectively, as shown in Table 1, which included the
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information of retention time, molecular formula, mass
weight, mass error, and main fragment of each com-
pound. The chemical structures of the main compounds
in YGMM were shown in Fig. 3, and all the compounds
identified were shown in Additional file 1: Fig.S1.

Identification of phenolic compounds in YGMM

Phenolic compounds are well known bioactive secondary
metabolites in medicinal plants, which have been proved
to possess antioxidative, antimicrobial, and anticarci-
nogenic activities. In their structures, usually there are
more than one phenolic hydroxyl group attached to one
or more benzene rings. Besides hydroxyl group, other
common substituents in their structures are methoxy,
carboxylic acid, glucose, rhamnose and xylose moieties.
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Ry
Rs Rz

R R,
R4

2 Gallicacid R4=OH, Ry=H, R3=COOH, R4=H, R5=OH, Rg=OH

3 Vanillic acid R4=H, Ry=H, R3=COOH, R4=H, Rs=OCHj3, Rg=OH

5 Paeonoside R;=H, R,=H, R3=COCH3, R4=0Glc, Rs=H, Rg=OCHj

4 Protocatechuic acid Rq=H, Ry=H, R3=COOH, R4=H, Rs=OCH3, Rg=OH

7 p-Hydroxybenzoic acid Ry=H, Ry;=H, R3=COOH, R4=H, Rs=H, Rg=OH

9 Benzoic acid Rq=H, Ry=H, R3=COOH, R4=H, Rs=H, Rg=H

6 Forsythoside E  Ry=H, R,=Arb, R3=H, Ry=H OH

R o
40 Echinacoside  Ry=OH, R,=Glc, Rg=Arb R3= o

N
OH
46 Jionoside Aq Ry=H, R,=Glc, Rg=Arb R= Oj@io/
OH

Oy
55Acteoside  Rqy=H, Ry=H, Ry=H, R;=Arb Rs= OH
OH

O
77 Jionoside D Ry=CH3, Ry=H, R=Arb  Ry= OH

Ry

54 3,4-Dihydroxybenzaldehyde R=H, Ry=H, R3=CHO, R4=H, Rs=OH, Rg=OH Rq

_~ORs

89 3-Methoxygallic acid R1=OH, Ry=H, R3=COOH, R4=H, Rs=OCH3, Rg=OH

97 3-Hydroxy-5,7,8-trimethoxyflavone

98 5,7,3'4-Tetramethoxyflavone

100 Casticin

103 5-Hydroxy-3,6,7,8-tetramethoxyflavone
104 5,6,7,3',4',5-Hexamethoxyflavone
105 5,7,8,4"-Tetramethoxyflavone

111 Isosinensetin

13 Luteolin-7-O-(6-O-malonyl-B-D-glucoside)

24 Narcissoside
25 Kaempferitrin
30 Isoquercitrin
34 Quercetin

35 Rutin

36 Kaempferol -3,7-O-di-B-D-glucopyranside

37 Luteolin-7-O-glucuronide

38 Luteoloside

50 Isovitexin

58 5,7,2' 4'-Tetrahydroxyl homoisoflavanone

60 Diosmetin-7-glucuronide
62 Hydroxygenkwanin

63 Diosmetin

85 5,7,4'-Trihydroxyl homoisoflavanone

86 Apigenin 7-O-acetylglucoside

87 Acacetin-7-O-glucoside

107 Acacetin

]

8 Lycibarbarphenylpropanoid A R{=OH, Ry=H, R3=Glc-Glc

10 p-Coumaric acid R1=0OH, Ry=H, R3=H

22 Ferulic acid R1=OH, R,=OCHj3, Rz=H
45 3-(4-Hydroxy-3-methoxy-
phenyl)-acrylic acid carbox-
ymethyl ester

Ry=OH, Ry=OCHj, Ry=CH,COOH

Ry=H, R;=OCH, R3=H, R;=OCHj,
Rs=OCH, Re=H, R7=OH, Rg=H

Ry=H, Ry=OCHs, Ry=H, Rs=OCH3, Rg=H,
Re=OCHj, R;=OCHj, Rg=H

R1=OCHs, Rp=OH, Ry=OCHs, R4=OCHs,
Rs=H, Rg=OCHj, R;=OH, Rg=H
R1=OCHj, R,=OH, Ry=OCHs, R4=OCHs,
Rs=OCHj, Re=H, R;=H, Rg=H

, Ry=OH, Rg=OCHj, R;=OCHj,

, Rg=OCHs, R;=OCHs, Rg=OCHs
Ry=H, Rp=OCHj, Ry=H, R;=OCHj,
Rs=OCHs, Rg=OCHs, R7=H, Rg=H
Ry=H, R;=OCH3, Ry=H, R4=OCHs,
Rs=OCHs, Rg=OCHj, R7=OCHj, Rg=H

R1=H, R2=0OH, R3=0-(6-O-malonyl-B-D-glucoside),R4=0OH,R5=0OH
R;=0GIc-7-O-Arb, R;=OH, R3=OH, R4=OCHj, Rs=OH

R;=OArb, R;=OH, Ry=OArb, R4=H, Rg=OH

Ry=0Glc, Ry=OH, Rz=OH, R4=OH, Rs=OH

R;=OH, R;=OH, R3=OH, R4=OH, Rg=OH

R1=0GlIc-7-0-Arb, R,=0OH, R3=OH, R4=OH, Rg=OH

R4=0Glc, R;=OH, R3=0Glc, R4=H, Rg=OH
R4=H, R;=OH, R3=OGlucuronide, R4=0OH, Rs=OH

Ry=H, Rp=OH, R3=0Glc, R4;=OH, Rs=OH
R4=H, Rp=OH, R3=0Glc, R4=OH, Rs=OH
R;=OH, R,=OH, R3=OH, R4=OH, Rs=OH
R1=H, R;=0H, R3=Oglucuronide, R4=OH, Rs=OCH3
Ry=H, R;=OH, R3=OCHs, R4=OH, Rs=OH
Ry=H, Ry=OH, R3=OH, R4=OH, Rs=OCHj
Ry=OH, R;=OH, Ry=OH, R4=H, Rg=OH
R4=H, R;=OH, R3=0-acetylglucoside, R4=H, Rs=OH
Ry=H, R,=OH, R3=0Glc, R4=H, Rs=OCHs

Ry=H, R;=OH, Ry=OH, R4=H, Rs=OCHj

Fig. 3 The chemical structures of main identified constituents in YGMM
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In the negative ion mode, neutral losses of 18 Da (H,0),
28 Da (CO), and 44 Da (CO,) were often detected in the
MS/MS spectra [47]. In our study, 17 phenolic acids were
detected in YGMM. Compound 2 gave the [M+H]" ion
at m/z 171.0290, which corresponded to the molecular
formula of CgHgO,. In its MS/MS spectra, the fragment
ions of m/z 153.0196 [M+H-H,0]", 135.0087 [M+H-
2H,0]", and 109.0260 [M+H-CO,]* were observed,
which indicated the hydroxyl and carboxyl groups in the
chemical structure, and thus compound 2 were identified
as gallic acid. Compound 11 produced precursor ions at
m/z 367.1036 [M—H]™ in the negative ion mode, and its
molecular formula was supposed as C,,H,,O,. Fragments
of this compound were found at m/z 193.0503, 191.0566,
173.0488, 149.0612, and 134.0373 in the high-collision-
energy scan, which mainly resulted from the successively
losses of one ferulic acid, one quinic acid, one H,O and
one CO,. The detail fragment pathways of compound 11
were proposed in Additional file 1: Fig. S2 and was unam-
biguously identified as 3-O-feruloylquinic acid after con-
firmed with reference standard and those data reported
in literature [48]. Based on the high resolution MS data
and characteristic fragmentation patterns, other phenolic
acids were identified respectively (Table 1).

Identification of flavonoids in YGMM

In total of 25 flavonoids were identified in YGMM, which
could be classified as flavones, flavonols, flavanones, and
flavonols. RDA cleavages at B"*~ position was the major
fragmentation pathway observed in their MS/MS spec-
tra. Other neutral losses such as CH; (15 Da), CH,O
(30 Da), H,O (18 Da), CO (28 Da), CO, (44 Da), glucose
(162 Da), rhamnose (146 Da), and xylose (132 Da) were
also usually detected. The major fragmentation pathway
of a representative compound was proposed and shown
in Additional file 1: Fig. S3.

Compound 32 showed a protonated ion at m/z
449.1085, indicating the chemical formula of C,;H,,0;;.
Using the high-collision-energy scan mode, fragment
ions at m/z 287.0550, 151.0032, and 135.0449 were
observed. Ion at m1/z 287.0550 was generated by the loss
of one glucose (162 Da) group. Daughter ions at m/z
151.0032, and 135.0449 were the characterical fragments
of flavones after RDA cleavage at B~ position [4]. Thus,
compound 32 were tentatively identified as isookanin-
7-O-B-diglucopyranoside. The similar fragmentation
behaviors could also been observed in the MS/MS spec-
tra of compound 57. Beside the characterical ion gener-
ated by the RDA cleavage at position B~ other neutral
loss such as H,O (18 Da) and CO,, (44 Da) were also used
for identification, which resulted in the deduction of
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compound 57 as hesperetin, and it was firmly identified
by comparison with the reference compound. Based on
the similar fragmentation pathways, other flavonoids and
their glycosides were identified, respectively.

Though sharing the same basic aglycone as the other
flavonoids, the number and position of substituents
such as hydroxyl and methyl groups on different rings
(A, B, and C) of polymethoxylated flavones detected in
YGMM resulted in their different molecular formulas
and high resolution mass values. Compound 102 were
taken as an example to characterize the typical MS/
MS fragmentation behaviors of these polymethoxylated
compounds. As shown in Additional file 1: Fig. S4. Com-
pound 102 gave the [M+Na]™ ion at m/z 427.1369 and
its molecular formula was established as C,;H,,0;. The
consequently losses of methyl groups produced the frag-
ment ions at m/z 412.1150 [M+Na-CHj,]*, and 397.0894
[M+Na-2CH,;] ", respectively. Fragment ion at 381.0973
[M+Na-CO-H,O]" was corresponded with the losses
of one CO and one H,O molecules. Beside the fragment
ions mentioned above, fragment ion at m/z 263.0543 cor-
responded to [M+Na-C;,H;,0,]", which was gener-
ated by the characteristic RDA cleavage at B~ position.
Fragment ions at m/z 248.0283 [M+Na-C,,H;,0,—
CH,]" and 233.0046 [M+Na-C,,H;,0,-2CH;]" were
also observed after expelling one and two methyl groups,
respectively. Thus, compound 102 were tentatively iden-
tified as 5,6,7,8,3',4’-hexamethoxyflavanone [49].

Identification of phthalide compounds in YGMM

Phthalide compounds were bioactive components of LC
and AS corresponding for their pharmacological prop-
erties, such as blood vessel protection, anti-thrombotic,
anti-hypertensive,  anti-atherosclerosis, anti-inflam-
matory, and anti-asthma effects. Neutral losses such
as CH; (15 Da), C,Hg (56 Da, side chain), H,O (18 Da),
CO (28 Da), and CO,, (44 Da) were also usually detected.
The major fragmentation pathways were proposed and
shown in Additional file 1: Fig. S5. Based on these simi-
lar fragmentation patterns and reference standards, other
phthalide compounds were identified respectively.

Identification of monoterpenes in YGMM

In total of 5 monoterpenes from RG and RP were iden-
tified in YGMM. Neutral losses including H,O (18 Da),
CH,0O (30 Da), CO (28 Da), glycose (162 Da), and
p-hydroxybenzoic acid (138 Da) of these compounds in
the MS/MS spectra were helpful to confirm the existence
of substituents such as hydroxyl, carbonyl, p-hydroxy-
benzoic acid, and glycosyl groups in the molecules.
For example, in the MS/MS spectra of compound 18
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(Additional file 1: Fig. S6), fragment ions at m/z 327.1070
(fragment ion), and 121.0295 (group ion) were detected,
which corresponding to [M—H-C,;H;0,(benzoic acid)—
CH,0]7, and [C;H;0,] ", respectively. Thus, compound
18 were assigned as peoniflorin, and also was confirmed
by comparison with the MS and MS/MS data with ref-
erence standard. Using the same method, compound 12,
20, 69, and 90 were tentatively characterized as rehmapi-
croside, lactiflorin, mudanpioside D, and (Z)-(1S,5R)-p-
pinen-10-yl-B-vicianoside, respectively.

Identification of triterpenoid saponins in YGMM
Triterpenoid saponins were mainly classified into tetra-
cyclic and pentacyclic types due to the ring numbers in
their structures. In negative ion mode, triterpenoid sapo-
nins usually showed intense deprotonated ion, due to the
existence of one or more hydroxyl groups in the struc-
ture, and were apt to expel the glucose (162 Da), rham-
nose (146 Da) and xylose (132 Da) moieties [50]. The
species and amount of glycosyl groups could be deduced
from the fragment mass different. Major fragmentation
pathways proposed for a typical triterpenoid saponin
(compound 80) were showed in Additional file 1: Fig.S7.
Compound 80 showed a quasi-molecular ion [M+H]" at
m/z 917.4744, and its molecule formula was established
as CysH-»044. In its MS/MS spectra, characterical ions
at m/z 899.4642 and 881.4608 were generated by suc-
cessive losses of one H,O (18 Da) and two H,O (36 Da)
molecules, respectively. The other characterical ions at
m/z 737.4113, 593.3722, and 429.3003 represented the
successive losses of one, two, and three glucose (162 Da)
units, respectively. Thus, compound 80 was tentatively
characterized as polygoside A. Fragmentation patterns
of the other triterpenoid saponins could be observed at
their sugar or carbon side chains and thus identified.

Identification of other compounds in YGMM

Using the same data analysis strategy, other compounds
(see Table 1) were identified by detail analysis of their
MS, and MS/MS data, and comparison of their fragmen-
tation behaviors with those previously reported in the lit-
erature. For example, the Fragmentation patterns of the
representative anthraquinone (emodin-3-methyl ether,
compound 110) were displayed in Additional file 1: Fig.
S8.

Identification of prototypes in cynomolgus monkey

plasma

Serum pharmacochemistry analysis was conducted to
study the absorbed constituents in vivo, using cynomol-
gus monkey as animal model. The chemical profiles
study of YGMM were helpful for the fast investigation of
the absorbed prototypes in vivo. The blank and drugged
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blood samples were analyzed in both negative and posi-
tive modes by the established UPLC-Q-TOF-MS method
(Fig. 4). The extracted ion chromatograms (XIC) of the
absorbed prototypes of YGMM were shown in Fig. 5 and
Table 1, respectively, and these compounds were con-
firmed by comparing their accurate mass measurements
and retention times with the identified components
in YGMM. As a result, a total of 61 prototypes were
screened out.

Discussion

Although the chemical composition of each single
herbal medicine contained in YGMM have been stud-
ied and reported, the chemical profiles of YGMM have
not been systematically characterized. To comprehen-
sive characterize the constituents of such complex sys-
tem is challenging, due to the various type structures
such as flavonoids, phenolic acids, monoterpenes, and
anthraquinones, etc. The established data analysis strat-
egy in this study might be helpful to the fast characteri-
zation of chemical profiles in YGMM, and the self built
database have been proved greatly helpful in the chemi-
cal identification because it could greatly reduces the
scope of analysis and improves the accuracy of com-
pound identification [4, 48]. As shown in Fig. 1, based
on the reported chemical components from the 12 single
herbal medicines, self built database could exclude many
isomers from the other herbal medicines, and the can-
didate compounds were fast screened out by matching
the experimental MS values with those theoretical value,
and finally, the identified compounds were confirmed
by comparisons of retention times, and MS/MS frag-
ment patterns with standard compounds or those data
reported.

Although TCM contains complex chemical compo-
nents, only the ones that can be absorbed into the blood
may produce effects [8]. Serum pharmacochemistry
analysis is an effective tool to study absorbed compounds
in blood, which may unveil the potential biomarkers in
YGMM. Cynomolgus monkeys are a useful preclinical
model [51] and have been applied in the pharmacoki-
netic study by our group [8]. The absorbed prototypes
of YGMM in cynomolgus monkey plasma were studied
by using the established data analysis strategy and the
results might be used for its quality control research. The
work of identifying metabolites from YGMM in vivo was
still in progress by our lab.

Conclusions

In this study, a rapid and effective data analysis strat-
egy based on UPLC-Q-TOF-MS and self built compo-
nents database was applied to the fast identification
of the chemical constituents of YGMM in vitro and
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Fig. 4 The BPC of drugged cynomolgus monkey plasma in the positive (a) and negative (b) ions modes

prototypes in vivo. 667 compounds were collected from
the literatures of the 12 single herb medicines. With the
help of the SCIEX OS software, 415 compounds were
initially screened as candidate compounds in YGMM.
Among which, a total of 117 compounds were identi-
fied or tentatively characterized, by detail analysis of
their accurate mass measurements, characteristic neu-
tral loss, MS/MS fragment pathways, and also by com-
parisons with standards and those data reported in the
literatures, and these compounds were tentatively dis-
tributed to 12 medicinal materials, which included 17
phenolic acids, 25 flavonoids, 4 alkaloids, 10 phthalides,

5 monoterpenes, 8 triterpenoid saponins, 9 anthraqui-
nones, and 39 other compounds. Serum pharmaco-
chemistry analysis of the plasma of cynomolgus monkey
resulted in the identification of 61 prototypes, which
included 13 phenolic acids, 21 flavonoids, 8 phthal-
ides, 3 monoterpenes, 4 triterpenoid saponins, and 12
other compounds. To the best of our knowledge, it was
the first comprehensive study of the chemical profile of
YGMM and its prototypes in vivo. Our study might pro-
vide a scientific basis for further research on pharmaco-
logical effects, action mechanism and quality control of
YGMM.
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Abbreviations

YGMM: Yiganmingmu oral liquid; TCM: Traditional Chinese medicine; ESI-MS:
Electrospray ionization-mass spectrometer; LC-MS: Liquid chromatography
paired with mass spectrometry; UPLC-Q-TOF-MS: Ultra performance liquid
chromatography quadrupole time of flight mass spectrometer; BPC: Base peak
chromatograms; RDA: Retro Diels Alder; XIC: Extracted ion chromatograms.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/513020-021-00443-0.

Additional file 1: Table S1. The chemical compounds of YGMM col-
lected from literatures. Table S2. The screened candidate compounds in
YGMM. Figure S1.The chemical structures of identified constituents in
YGMM. Figure S2.The possible fragment pathway of 3-O-feruloylquinic
acid. Figure S3.The possible fragment pathway of quercetin. Figure S4.
The possible fragment pathway of 5,6,7,8,3,4"-hexamethoxyflavanone.
Figure S5. The possible fragment pathway of Z-Ligustilide. Figure S6.

The possible fragment pathway of paeoniflorin. Figure S7. The possible
fragment pathway of polygoside A. Figure S8. The possible fragment
pathway of emodin-3-methyl ether.

Acknowledgements
Not applicable.

Authors’ contributions

WW carried out the experiments, drafted the manuscript and analyzed the
compounds; LS graphed the picture, YX and DJ contributed to the design

and interpretation of the research. All authors read and approved the final

manuscript.

Funding

This work is supported by the Initial Scientific Research Fund of Introduced
Doctors in 2017 of Guangxi University of Chinese Medicine (2017BS044);
Guangxi Science and Technology Plan Project (AB17195019, AD17129010,
17-259-20, and AD17195024); The Special Fund for Bagui Scholars of Guangxi;
Innovation Project of Guangxi Graduate Education YCSW2019170).



https://doi.org/10.1186/s13020-021-00443-0
https://doi.org/10.1186/s13020-021-00443-0

Wei et al. Chin Med (2021) 16:35

Availability of data and materials
The research data generated from this study is included within the article and
Additional file.

Declarations

Ethics approval and consent to participate

Experimental animal protocols were approved by the Animal Ethics Com-
mittee of Guangxi University of Chinese Medicine, and all procedures were
following the relevant regulations and guidelines.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! College of Pharmacy and International Cooperative Laboratory of Tradi-
tional Chinese Medicine Modernization and Innovative Drug Development
of Chinese Ministry of Education, Jinan University, Guangzhou 510632, China.
2Guangxi Key Laboratory of Efficacy Study on Chinese Materia Medica,
Guangxi University of Chinese Medicine, Nanning 530200, Guangxi, China.
3National and Region Joint Engineering Center for Anticancer Drug Develop-
ment, Guangxi Hebabiz Pharmaceutical Co. Ltd., Qinzhou 535000, China. “Fac-
ulty of Pharmacy, Guangxi University of Chinese Medicine, Nanning 530200,
China.

Received: 25 February 2021 Accepted: 10 April 2021
Published online: 28 April 2021

References

1. Zuo AH,Wang L, Xiao HB, Li LM, Liu YH, Yi JH. Identification of the
absorbed components and metabolites in rat plasma after oral adminis-
tration of Rhizoma Chuanxiong decoction by HPLC-ESI-MS/MS. J Pharm
Biomed Anal. 2011;56(5):1046-56.

2. Xian Z,Wang SS, Dennis C, Hosen K, Valentina RN, Kelvin C, et al. Syner-
gistic effects of Chinese herbal medicine: a comprehensive review of
methodology and current research. Front Pharmacol. 2016;7:201.

3. LiuT, Tian XM, Li ZQ, Han F, Ji B, Zhao YL, et al. Metabolic profiling of
Gegenginlian decoction in rat plasma, urine, bile and feces after oral
administration by ultra high performance liquid chromatography cou-
pled with Fourier transform ion cyclotron resonance mass spectrometry.
J Chromatogr B. 2018;1079:69.

4. Dou XX, Lin S, Tian XH, Zhang YH, Guo X, Ye J, et al. Systematic charac-
terization of the chemical constituents in vitro and prototypes in vivo of
Dingkun Dan by UPLC-Q-TOF/MSF combined with the UNIFI™ software.
Biomed Chromatogr. 2020;34(10):1-10.

5. Wang CJ, Jiang YQ, Liu DH, Yan HX, Ma SC. Characterization of phloro-
glucinol derivatives and diterpenes in Euphorbia ebracteolata Hayata by
utilizing ultra-performance liquid chromatography/quadrupole time-of-
flight mass spectrometry. J Pharm Anal. 2013;3:292-7.

6. ChenYX, Mo QG, Xie BB, Ma BX, Zang XY, Zhou G, et al. Hepatoprotective
activity of Yigan Mingmu oral liquid against isoniazid/rifampicin-induced
liver injuries in rats. Chin Med. 2018;9:165-78.

7. SuSL, Cui WX, Zhou W, Duan JA, Shang EX, Tang YP. Chemical fingerprint-
ing and quantitative constituent analysis of Siwu decoction categorized
formulae by UPLC-QTOF/MS/MS and HPLC-DAD. Chin Med. 2013;8(1):5.

8. Hao EW, Qin JF, Wei W, Miao JH, Xie Y, Pan XL, et al. Identification and
analysis of components in Yizhi Granule and cynomolgus monkey
plasma after oral administration by UPLC/ESI-Q-TOF MS and their protec-
tive effects on PC12 cells. J Anal Methods Chem. 2020. https://doi.org/10.
1155/2020/5165631.

9. HeJ, Gao XX, Tian JS, Qin XM, Du GH, Zhou YZ. Analysis on chemical con-
stituents in Bupleuri Radix and Paeoniae Radix Alba by UPLC-MS and their
contribution to Xiaoyao powder. J Shanxi Med Univ. 2018;49(4):375-82.

20.

AR

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

Page 20 of 21

. Ren J, Liu X, Li WD, Cai H, Zhu XC, Cai BC. Qualitative analysis of major

constituents of raw and processed Paeonia lactiflora by UHPLC-Q-TOF-
MS/MS. Chin J Chin Mater Med. 2015;40(9):1762-70.

. LiuJ, Chen L, Fan CR, Li H, Huang MQ, Xiang Q, et al. Qualitative and

quantitative analysis of major constituents of Paeoniae Radix Alba and
Paeoniae Radix Rubra by HPLC-DAD-Q-TOF-MS/MS. Chin J Chin Mater
Med. 2015;40(9):1762-70.

. ZhangTT,Ju Z, JiY, Zhu D, Wang AL, Zhang WJ, et al. Research progress

on chemical constituents and analytical methods of Radix Paeoniae Alba.
Guangzhou Chem Ind. 2020;48(18):20-30.

. Tan SY, Xiao X, Piao SH, Li SS. Analysis and identification of water-soluble

components of Paeonia lactiflora. J Chin Med Mater. 2017;40(1):94-100.

. Guo MN, Liu SX, Zhao YM, Zhang TJ, Lin LD. Analysis on chemical con-

stituents in Bupleuri Radix by HPLC-Q-TOF-MS. Chin Tradit Herb Drugs.
2016;47(12):2044-52.

. YeYH, ShiY, Zhang BW, Chhen WB, Ma YN, Yu H. Fingerprint analysis of

Bupleurum chinense roots from different origins by UPLC/Q-TOF-MS. Chin
J Exp Tradit Med Form. 2019;25(18):124-9.

. Yang FDDX, Yin XB, Wang WP, You LT, Ni J. Radix B: a review of traditional

uses, botany, phytochemistry, pharmacology, and toxicology. Biomed Res
Int. 2017,2017:1-22.

. Yin QC, Chen CC, Tian JS, Gao XX, Qin XM, Du GH, et al. Analysis of

serum pharmacochemistry from Radix Bupleuri-Radix Paeoniae Alba
herb using UPLC-QE-Orbitrap-MS technology. Acta Pharm Sin B.
2019;54(12):2296-302.

. Xing TT, Zhao XJ, Zhang YD, Fang LY. Fast separation and sensitive

quantitation of polymethoxylated flavonoids in the peels of citrus using
UPLC-Q-TOF-MS. J Agric Food Chem. 2017;65(12):2615-27.

. Zhang JY, Zhang Q, Zhang HX, Ma J, Lu JQ, Qiao YJ. Characterization of

polymethoxylated flavonoids (PMFs) in the peels of ‘Shatangju’Mandarin
(Citrus reticulata Blanco) by online high-performance liquid chromatog-
raphy coupled to photodiode array detection and electrospray tandem
mass spectrometry. J Agric Food Chem. 2012;60(36):9023-34.

Zhao X, Xing TT, Li YF, Jiao BN, Jiang D. Efficient analysis of phytochemical
constituents in the peel of Chinese wild citrus Mangshanju (Citrus reticu-
lata Blanco) by ultra high performance liquid chromatography-quadru-
pole time-of-flight-mass spectrometry. J Sep Sci. 2018;41(9):1947-59.
Han W. Advances in chemical constituents and pharmacological effects
of Ligusticum chuanxiong. Mod Chin Med. 2017;19(9):1341-9.

Zhang JH, Wu WD, Liu JT, Xu J, Huang FQ, Liu L, et al. Rapid analysis of
chemical constituents of Huoxue Zhitong capsules based on UPLC-Q-
TOF/MS. Chin Tradit Herb Drugs. 2020;51(12):3139-46.

XuWYJ, Lian HY, Liang QD, Ma ZC, Wang YG, Tang XL, et al. Chemical com-
parison between decoctions of Angelicae sinensis radix and Chuanxiong
rhizoma by UPLC-QTOF-MS. Pharm J Chin PLA. 2015;31(1):4-9.

Yan WH, Cao HH, Guo S, Gu L, Hu W, Cheng M, et al. UPLC fingerprint and
multi-components content determination of different processed prod-
ucts of Angelica sinensis. Chin J Chin Mater Med. 2019;44(12):2449-510.
JinY, Wei YQ, Ding JB, Li YL, Ma JL. Research and application of Lycii fructus
in medicinal field. Chin Herb Med. 2018;10(4):339-52.

Pan FL, Han X, JiYH, Jiang XQ, Sen ML, Liu'Y, et al. Selection of quality con-
trol components from Fructus lycii based on multicomponent metabo-
lism. World Chin Med. 2020;15(13):1865-71.

Lv W, Zhao Q, Huang S, Liu D, Wang ZY, Yang J, et al. Discovery and valida-
tion of biomarkers for Zhongning goji berries using liquid chromatogra-
phy mass spectrometry. J Chromatogr B. 2020;1142:122037.

Han YQ, Zhou MG, Wang LQ, Ying XH, Peng JM, Jiang M, et al. Compara-
tive evaluation of different cultivars of Flos Chrysanthemi by an anti-
inflammatory-based NF-kB reporter gene assay coupled to UPLC-Q/TOF
MS with PCA and ANN. J Ethnopharmacol. 2015;174:387-95.

Li YF, Hao YM, Gao BY, Geng P, Huang HQ, Yu L, et al. Chemical profile and
in vitro gut microbiota modulatory, anti-inflammatory and free radical
scavenging properties of Chrysanthemum morifolium cv. Fubaiju. J Funct
Foods. 2019;58:114-22.

Du JS, Wu LQ, Liu JG, Ma HY. Rapid analysis of chemical constituents of
Chrysanthemum morifolium based on UPLC-Q-TOF-MS. J Chin Med Mater.
2017;40(3):621-3.

Zhang LX, Fan'Y, Wei Y, Li FF, Li X. Determination of twelve components in
Chrysanthemum indicum by quantitative analysis of multi-components
by single marker. Chin J Pharm Anal. 2020;40(2):218-26.


https://doi.org/10.1155/2020/5165631
https://doi.org/10.1155/2020/5165631

Wei et al. Chin Med (2021) 16:35

32.

33.

34

35.

36.

37.

38.

39.

40.

41.

42.

43.

An'Y,Yang JH, Wang CC, Cai HL. Analysis of chemical constitutents in Cas-
siae Semen by UHPLC/Q-TOF-MS. Chin Tradit Pat Med. 2017;39(4):776-81.
Wang Q, Zhang WD, Song XM, Wang Y, Wang R, Wang PY, et al. Simultane-
ous determination of twelve Anthraguinones in Cassiae Semen from
different areas by HPLC. Pharm J Chin PLA. 2012,28(6):502-5.

LuoY, Zhang L, Wang WH, Liu B. Components identification in Cassiae
Semen by HPLC-IT-TOF MS. Chin J Pharm Anal. 2015,35(8):1408-16.
Shang ZP, Wang F, Wang ZJ, Zhao WQ, Mei XD, Lu JQ, et al. Rapid iden-
tification of homoisoflavonid sulfated derivatives in sulfated fumigated
Ophiopogon japonicus by UHPLC-LTQ-orbitrap mass spectrometry. J Chin
Mass Spectr Soc. 2018;39(2):180-91.

Wu FM, Cai XY, Wang P, Bao X, Li M, Zhou J. HPLC simultaneous deter-
mination of contents of 5 saponin constituents in Ophiopogonis Radix.
Chin J Chin Mater Med. 2015;40(20):4022-5.

Yan RY, Ma FX, Yu HS, Kang LP, Zhang J, Zhao Y, et al. Identification

of steroidal saponins in Ophiopogonis radix by UPLC-Q-TOF-MSE
combined with relative retention time. Chin J Exp Tradit Med Form.
2016;22(24):43-50.

Zhang YB, Jiang ZZ, Wang YF, Yang L, Yang F, Yu HJ. Analysis of chemical
constituents in fresh, dried and prepared Rehmanniae Radix by UPLC/
ESI-Q-TOF MS. Chin Tradit Pat Med. 2016;38(5):1104-8.

Guo HJ, Zhao HX, Kanno YC, Li W, Mu YL, Kuang XZ, et al. A dihydroch-
alcone and several homoisoflavonoids from Polygonatum odoratum are
activators of adenosine monophosphate-activated protein kinase. Bioorg
Med Chem Lett. 2013;23(11):3137-9.

Tao 'Y, Jiang YH, Tang KJ, Li WD, Cai BC. Comparison of chemical constitu-
ents of crude and processed products of Rehmannia glutinosa by using
UHPLC-Q-TOF/MS. J Chin Med Mater. 2020;43(7):1642-8.

TaoYY, Jiang YH, Tang KJ, Li WD, Cai BC. Comparison of chemical constitu-
ents of crude and processed products of Rehmannia glutinosa by using
UHPLC-Q-TOF/MS. Tradit Chin Drug Res Pharmacol. 2016;27(1):102-6.
LiuW, Yin DX, Zhang T, Qiao Q, Yang YQ, Wang WL. Phytochemical profiles
and antioxidant activity of Rehmannia glutinosa from different produc-
tion locations. Chem Biodivers. 2020. https://doi.org/10.1002/cbdv.20200
0341.

Liu QB, Li W, Nagata K, Fu HW, Okada S, Tanabe |, et al. Isolation, structural
elucidation, and LC-MS analysis of steroidal glycosides from Polygonatum
odoratum. J Agric Food Chem. 2017;66(2):1-26.

Page 21 of 21

44. Hu X, Zhao HD, Shi SY, Li H, Zhou XL, Jiao FP, et al. Sensitive characteriza-
tion of polyphenolic antioxidants in Polygonatum odoratum by selective
solid phase extraction and high performance liquid chromatography-
diode array detector-quadrupole time-of-flight tandem mass spectrom-
etry. J Pharm Biomed Anal. 2015;112:15-22.

45. Pang X, Zhao JY, Wang YJ, Wei Z, Zhang J, Chen XJ, et al. Steroidal glyco-
sides, homoisoflavanones and cinnamic acid derivatives from Polygo-
natum odoratum and their inhibitory effects against influenza A virus.
Fitoterapia. 2020;146:104689.

46. Zhang H, Chen L, Kou JP, Zhu DN, Qi J, Yu BY. Steroidal sapogenins
and glycosides from the fibrous roots of Polygonatum odoratum with
inhibitory effect on tissue factor (TF) procoagulant activity. Steroids.
2014;89:1-10.

47. Yang ST, Wu X, Rui W, Guo J, Feng YF. UPLC/Q-TOF-MS analysis for identi-
fication of hydrophilic phenolics and lipophilic diterpenoids from Radix
Salviae Miltiorrhizae. Acta Chromatogr. 2015;1(4):1-18.

48. Tang XY, Zeng JX, Dai ZQ, Chen MH, Ye MN, Yao ZH, et al. Identification
and characterization of chemical constituents in Qi-Lin pills and their
metabolites in rat bio-samples after oral administration using ultra-high
performance liquid chromatography with quadrupole time-of-flight
mass spectrometry. J Pharm Biomed Anal. 2020;188:113402.

49. ZhengYY, Zeng X, Peng W, Wu Z, Su WW. Characterisation and classifica-
tion of Citri Reticulatae Pericarpium varieties based on UHPLC-Q-TOF-MS/
MS combined with multivariate statistical analyses. Phytochem Anal.
2019;30(3):278-91.

50. XuL, LiuY, Wu HF, Wu H, Zhou A. Rapid identification of chemical profile
in Gandou decoction by UPLC-Q-TOF-MS E coupled with novel informat-
ics UNIFI platform. J Pharm Biomed Anal. 2020;10(1):1-15.

51. Buse E. Development of the immune system in the cynomolgus monkey:
the appropriate model in human targeted toxicology? J Immunotoxicol.
2005;2(4):211-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC



https://doi.org/10.1002/cbdv.202000341
https://doi.org/10.1002/cbdv.202000341

	Comprehensive characterization of the chemical constituents in Yiganmingmu oral liquid and the absorbed prototypes in cynomolgus monkey plasma after oral administration by UPLC-Q-TOF-MS based on the self built components database
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Materials and methods
	Chemicals and materials
	Animals and drug administration
	Preparation of sample solution
	Chromatography and mass spectrometry conditions
	Self built components database of YGMM
	The comprehensive research strategy and data processing

	Results
	Identification of phenolic compounds in YGMM
	Identification of flavonoids in YGMM
	Identification of phthalide compounds in YGMM
	Identification of monoterpenes in YGMM
	Identification of triterpenoid saponins in YGMM
	Identification of other compounds in YGMM
	Identification of prototypes in cynomolgus monkey plasma

	Discussion
	Conclusions
	Acknowledgements
	References




