
Wei et al. Chin Med           (2021) 16:35  
https://doi.org/10.1186/s13020-021-00443-0

RESEARCH

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
Wei Wei1,2,3†, Siwei Li4, Linyou Cheng3, Erwei Hao2, Xiaotao Hou4, Hua Zhou3, Jiagang Deng2* and 
Xinsheng Yao1* 

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 
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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-
TOF-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 (OJ, Maidong), Chrysanthemum 
morifolium (CM, Juhua), Ligusticum chuanxiong (LC, 
Chuanxiong), Anemone altaica (AA, Jiujiechangpu), 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 

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
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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 
(Guangxi 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 µm 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 

Fig. 1 The data analysis strategy for identification of chemical constituents in YGMM and prototypes in cynomolgus monkey plasma
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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  µm filter 
membrane and then 4 μL 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 × 100 mm, 1.7 μm, Waters 
Corporation, USA) using the mobile phase consisted 
of solvent A (HCOOH:  H2O = 0.1: 100, v/v) and sol-
vent B  (CH3CN) 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 µL for each, and for 
the plasma sample was 4 µL.

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): ± 35 V, 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.).

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  H+,  Na+, and  K+ were selected 
for positive mode, and for negative mode, adducts 
including  Cl+,  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-
TOF-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 

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. 

Fig. 2 The BPC of YGMM in positive (a) and negative (b) ion modes
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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  (H2O), 
28 Da (CO), and 44 Da  (CO2) 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  C8H8O4. In its MS/MS spectra, the fragment 
ions of m/z 153.0196 [M+H–H2O]+, 135.0087 [M+H–
2H2O]+, and 109.0260 [M+H–CO2]+ 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  C17H20O9. 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  H2O and 
one  CO2. 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  B1,3− position was the major 
fragmentation pathway observed in their MS/MS spec-
tra. Other neutral losses such as  CH3 (15  Da),  CH2O 
(30 Da),  H2O (18 Da), CO (28 Da),  CO2 (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  C21H22O11. 
Using the high-collision-energy scan mode, fragment 
ions at m/z 287.0550, 151.0032, and 135.0449 were 
observed. Ion at m/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  B1,3− position [4]. Thus, 
compound 32 were tentatively identified as isookanin-
7-O-β-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  B1,3−, other neutral 
loss such as  H2O (18 Da) and  CO2 (44 Da) were also used 
for identification, which resulted in the deduction of 

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  C21H24O8. The 
consequently losses of methyl groups produced the frag-
ment ions at m/z 412.1150 [M+Na–CH3]+, and 397.0894 
[M+Na–2CH3]+, respectively. Fragment ion at 381.0973 
[M+Na–CO–H2O]+ was corresponded with the losses 
of one CO and one  H2O molecules. Beside the fragment 
ions mentioned above, fragment ion at m/z 263.0543 cor-
responded to [M+Na–C10H12O2]+, which was gener-
ated by the characteristic RDA cleavage at  B1,3− position. 
Fragment ions at m/z 248.0283 [M+Na–C10H12O2–
CH3]+ and 233.0046 [M+Na–C10H12O2–2CH3]+ 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  CH3 (15 Da),  C4H8 (56 Da, side chain),  H2O (18 Da), 
CO (28 Da), and  CO2 (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  H2O (18  Da), 
 CH2O (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–C7H5O2(benzoic acid)–
CH2O]−, and  [C7H5O2]−, 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)-β-
pinen-10-yl-β-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  C45H72O19. In its MS/MS spectra, characterical ions 
at m/z 899.4642 and 881.4608 were generated by suc-
cessive losses of one  H2O (18 Da) and two  H2O (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 

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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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.

Fig. 4 The BPC of drugged cynomolgus monkey plasma in the positive (a) and negative (b) ions modes
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