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Qingre Lidan Decoction (QRLDD), a classic precompounded prescription, is widely used as an effective treatment for cholelithiasis
clinically. However, its chemical profile and mechanism have not been characterized and elucidated. In the present study, a rapid,
sensitive, and reliable ultraperformance liquid chromatography coupledwith quadrupole time-of-flightmass spectrometrymethod
was established for comprehensively identifying themajor constituents in QRLDD. Furthermore, a network pharmacology strategy
based on the chemical profile was applied to clarify the synergetic mechanism. A total of 72 compounds containing flavonoids,
terpenes, phenolic acid, anthraquinones, phenethylalchohol glycosides, and other miscellaneous compounds were identified,
respectively. 410 disease genes, 432 compound targets, and 71 related pathways based on cholelithiasis-related and compound-
related targets databases as well as related pathways predicted by the Kyoto Encyclopedia of Genes and Genomes database were
achieved. Among these pathways and genes, pathway in cancer and MAPK signaling pathway may play an important role in the
development of cholelithiasis. EGFRmay be a crucial target in the conversion of gallstones to gallbladder carcinoma. Regulation of
PRKCB/RAF1/MAP2K1/MAPK1 is associatedwith cell proliferation and differentiation.Thus, the fingerprint coupled with network
pharmacology analysis could contribute to simplifying the complex system andproviding directions for further research ofQRLDD.

1. Introduction

Traditional Chinese Medicine possess a history of thousands
of years, which has been widely used in clinical practice in
China and played an increasingly important role to health
maintenance and disease treatment. Traditional Chinese
Formula (TCF) is the main form of clinical application
of Traditional Chinese Medicine. Due to its satisfactory
clinical efficacy, TCF has been regarded as an alternative and
promising medicine strategy for treating complex diseases
all over the world [1]. Qingre Lidan Decoction (QRLDD)
is a classic precompounded prescription, which contains 6

herbs, namely, Lysimachiae Herba (jin-qian-cao in Chinese),
Scutellariae Radix (huang-qin in Chinese), Aurantii Fructus
(zhi-qiao in Chinese), Aucklandiae Radix (mu-xiang in Chi-
nese), Gardeniae Fructus (zhi-zi in Chinese), and Rhei Radix
et Rhizoma (da-huang in Chinese). It has been extensively
applied in clinical treatment of cholecystitis and gallstones for
many years with the satisfactory therapeutic effects in several
hospitals [2, 3]. The main mechanism of its efficacy has been
reported to relax sphincter of Oddi, promote bile excretion,
and prevent stagnation [4]. However, the current research
on QRLDD has two drawbacks: firstly, a clear understanding
of the relationship between ingredient and formula has
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Figure 1: Schematic diagram of present study.

not been elucidated; secondly, in aspect of pharmaceutical
effect, current reports usually focus on the level of single
inflammatory mediator or protein, which is hardly to reflect
the characteristic of multicomponents and multitargets of
Chinese medicine formula [5]. These are obstacles for the
development and the therapeutic efficacy of QRLDD.

In recent years, the rapid development of network phar-
macology has provided a novel method for revealing the
molecular mechanisms associated with the therapeutic effi-
cacy of multicomponent in TCF [6]. It has facilitated under-
standing the interactions of ingredient, target, and disease
systematically based on systems biology, polypharmacology,
and molecular network analysis, rather than an individual
target [7]. Thus, the application of network pharmacology
provides a powerful and promising method for analyzing
TCF.

The schematic diagram of present study was shown
in Figure 1; an ultraperformance liquid chromatography
coupled with quadrupole time-of-flight mass spectrometry
(UHPLC-QTOF-MS) method was established to analyze the
major chemical constituents of QRLDD in this present study.
Potential targets and related pathways were correspondingly
explored by using network pharmacology method based on
the identified components, and themechanism of QRLDD in
the treatment of cholelithiasis was elucidated systematically.

2. Materials and Methods

2.1. Chemicals, Reagents, and Materials. UHPLC–MS grade
acetonitrile and methanol were purchased fromMerck Com-
pany Inc. (Darmstadt, Germany) and MS grade formic acid
was supplied by Fisher Scientific Company Inc. (Fairlawn,
NJ). Ultrapure water (18.2 MΩ) was prepared with a Milli-Q
water purification system (Millipore, Milford, MA, USA). All
other reagents were of analytical grade and purchased from
Tianjin Concord Technology Co. Ltd. (Tianjin, China)

The reference compounds gallic acid (2), protocatechuic
acid (3), 4-hydroxybenzoic acid (10), (+) catechin (13),
chlorogenic acid (15), caffeic acid (17), syringing (20), geni-
poside (21), (-)-epicatechin (22), rutin (29), kaempferol (36),
hesperidin (40), neohesperidin (41), baicalin (43), quercetin
(47), baicalein (55), aloe-emodin(60), rhein (61), wogonin
(64), emodin (68), dehydrocostuslactone (70), chrysophanol
(71), and physcion (72) were purchased from the National
Institutes for Food and Drug Control (Beijing, China). The
purity of each reference standard was determined to be
over 98% by UHPLC analysis. All the 6 herbs of QRLDD,
including Lysimachiae Herba, Scutellariae Radix, Aurantii
Fructus, Aucklandiae Radix, Gardeniae Fructus, and Rhei
Radix et Rhizoma, were purchased from the first affiliated
hospital of Dalian Medical University (Dalian, Liaoning
Province, China), and authenticated by Professor Aijing
Leng (Department of Chinese medicine, The First Affiliated
Hospital of Dalian Medical University). Voucher specimens
were deposited at the authors’ laboratory.

2.2. Preparation of Samples and Standard Solution. The
QRLDD samples were prepared by the decocting method. A
blended mixture of Lysimachiae Herba (30 g), Scutellariae
Radix (15 g), Aucklandiae Radix (15 g), Aurantii Fructus (15
g), andGardeniae Fructus (15 g) was soaked in 10-foldmass of
water (900mL) for 1 h and boiled for 1 h and then filtered with
six-layer absorbent gauze. An 8-fold mass of water (800 mL)
was subsequently added to residues and boiled for 30 min.
ThenRhei Radix et Rhizoma (10 g) was added into the extract
and boiled for additional 30min. After being filtered with six-
layer absorbent gauze, the two filtrates were combined and
concentrated under vacuum to 100 mL (equal to 1 g crude
herb/mL), and finally the concentrate was transformed into
the freeze-dried powder.

A 1.0 g of the freeze-dried powder was accurately
weighted and extracted with 50 mL of methanol/water (1:1,
v/v) for 30 min under ultrasound. The extract solution
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was centrifuged at 13000 rpm for 10 min at 4∘C, and the
supernatant was filtered through a 0.22 𝜇m filter. 1.0 𝜇L of
filtrate was injected to UHPLC-QTOF-MS for analysis.

2.3. Chromatography and MS Conditions. Chromatographic
separation was performed on an Agilent 1290 Infinity LC
system (Agilent, USA) using an Agilent Zorbax Eclipse Plus
C18 column (100× 2.1mm i.d., 3.5𝜇m).Theoven temperature
was maintained at 40∘C. Water containing 0.1% formic acid
(solvent system A) and acetonitrile (solvent system B) served
as the mobile phase. The gradient elution program was 0–5
min, 3%–10% B; 5–13 min, 10%–18% B; 13–20 min, 18%–25%
B; 20–28 min, 25%–35%B; 28 to 33min, 35% to 99%B; 33–35
min, 99%–3% B; 35–40 min, 3% B.

Mass detection was performed using an Agilent 6530b
Accurate-Mass Quadrupole Time-of-Flight (Q-TOF) mass
spectrometer (Agilent Corp., USA) equipped with a Dual AJS
ESI source operating in both positive and negative mode with
the following operating parameters: drying gas (N2) flow rate,
10.0 L/min; drying gas (N2) temperature, 350∘C; nebulizer,
35 psig; sheath gas (N2) temperature, 400∘C; fragmentor
voltage, 120 V; skimmer voltage, 65 V; Octopole RF, 750 V.
The capillary voltage was set at 4 kV or –3.5 kV under positive
or negative mode, respectively. The nozzle voltage was set at
+500Vor –1000V, respectively; four collision energies at 10V,
20V, 30V, and 40Vwere applied to acquire sufficient product
ions.MS spectrawere recorded over them/z range of 50–1100.
All data was processed by MassHunter workstation software
version B.06.00 (Agilent Technologies, Germany).

2.4. Target Network Pharmacology Analysis

2.4.1. Therapeutic Targets of Cholelithiasis. Cholelithiasis
associated targets were obtained from six existing resources:
(1) TTD database (http://bidd.nus.edu.sg/BIDD-Databases/
TTD/TTD.asp), which could provide a comprehensive infor-
mation platform about the clinical trial drugs, targets
and pathways [8]; (2) OMIM database (http://omim.org/),
which catalogues all known diseases with a genetic com-
ponent and provides references for further research and
tools for genomic analysis of a catalogued gene [9]; (3)
PharmGKB database (https://www.pharmgkb.org/), which
provides a various array of PGx information, from anno-
tations of the primary literature to guidelines for adjusting
drug treatment based on genetic information [10]; (4)
DrugBank database (http://www.drugbank.ca/, version 4.3),
which includes >4100 drug entries, >14 000 protein or drug
target sequences that relevant to these drug entries [11];
(5) GAD database (https://geneticassociationdb.nih.gov/),
which provides a platform analysis for complex common
human genetic disease systematically [12]. (6) DisGeNET
database (http://www.disgenet.org/web/DisGeNET/menu),
which offers available collections of genes and variants related
to human diseases [13].

We searched these databases with keywords “cholecysti-
tis”, “acute cholecystitis”, “chronic cholecystitis”, “gallstones”,
“cholangitis”, “jaundice”, “obstructive jaundice” and got 410
genes totally after removing duplicates.The detailed informa-
tion is provided in Supplementary Table S1.

2.4.2. Compound Target for QRLDD. After identifying
the compounds contained in QRLDD by UHPLC-QTOF-
MS/MS, the InChI Key, Canonical SMILES, and CAS
number of compounds were obtained from NCBI PubChem
database (https://www.ncbi.nlm.nih.gov/pubmed/). And
ingredient-related targets were accordingly collected from
the Traditional Chinese Medicine Systems Pharmacology
Database and Analysis Platform (TCMSP) (http://lsp.nwu
.edu.cn/tcmsp.php) and Swiss Target Prediction (http://
www.swisstargetprediction.ch/) with their names and/or
CAS number as key words. Then, their official symbol was
obtained after input of the targets with the species limited to
“Homo sapiens” via UniProtKB (http://www.uniprot.org/)
[14]. Finally, genes information of ingredients was achieved.
The details are supplied in Supplementary Table S2.

2.4.3. The Protein–Protein Interactions (PPIs) Network Anal-
ysis. The protein–protein interactions (PPIs) network was
constructed and analyzed by STRING database. In order to
further identify the primary therapeutic targets to guarantee
the accuracy of results, only those PPIs with high confidence
score (>0.95) were selected for network construction and
analysis [15].

2.4.4. Network Construction and Analysis. All the networks
can be performed by utilizing the network visualization soft-
ware Cytoscape 3.2.1 [16], which supplies a method for data
integration, analysis, and visualization for complicated net-
work analysis.Three networkswere constructed as follows: (1)
protein-protein interactions (PPIs) of cholelithiasis targets;
(2) herb-compound-compound targets network of QRLDD;
(3) pathways-targets network analysis. In this network plot,
a “node” signifies an herb, ingredient, or gene; an “edge”
represents interaction among different targets. The “degree”
of a node was in agreement with the number of its connected
edges [17].

2.4.5. Enrichment Analysis. To clarify the pathways that are
relate to putative QRLDD targets, Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway aenrichments bsed
on Database for Annotation, Visualization and Integrated
Discovery (DAVID, https://david.ncifcrf.gov/home.jsp, ver.
6.8) were applied [18].

3. Results and Discussion

3.1. Chemical Profile of QRLDDby UHPLC-QTOF-MS. In the
present study, a specific UHPLC-ESI-QTOF MSn protocol
was performed to rapidly identify the compounds of QRLDD
based on the optimized LC and MS conditions systemically.

As a result, a total of 72 compounds, including 33
flavonoids, 17 terpene, 9 phenolic acid, 5 anthraquinones,
3 phenethylalchohol glycosides, and 5 miscellaneous com-
pounds were identified or tentatively characterized (Figure 2,
Table 1). Among them, 23 constituents (compounds 2-3, 10,
13, 15, 17, 20-22, 29, 36, 40-41, 43, 47, 55, 60-61, 64, 68,
and 70-72) were unambiguously identified as gallic acid,
protocatechuic acid, 4-hydroxybenzoic acid, (+)-catechin,

http://bidd.nus.edu.sg/BIDD-Databases/TTD/TTD.asp
http://bidd.nus.edu.sg/BIDD-Databases/TTD/TTD.asp
http://omim.org/
http://www.drugbank.ca/
https://geneticassociationdb.nih.gov/
https://www.ncbi.nlm.nih.gov/pubmed/
http://lsp.nwu.edu.cn/tcmsp.php
http://lsp.nwu.edu.cn/tcmsp.php
http://www.uniprot.org/
https://david.ncifcrf.gov/home.jsp
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Figure 2: Representative base peak chromatogram (BPC) of QRLDD in the positive and negative ions mode, respectively. See Table 1 for the
peak numbers, and see Section 2.3 Chromatography and MS conditions for UHPLC-QTOF-MS conditions.

chlorogenic acid, caffeic acid, syringin, geniposide, (-)-
epicatechin, rutin, kaempferol, hesperidin, neohesperidin,
baicalin, quercetin, baicalein, aloe-emodin, rhein, wogonin,
emodin, dehydrocostuslactone, chrysophanol, and physcion
by direct comparison of their retention time and MS Spectra
with reference compounds, respectively. For the compounds
without chemical standards, the molecular formula was
established by high-accurate quasi-molecular ion such as
[M−H]−, [2M−H]−, [M+Cl]−, [M+HCOO]−, [M+H]+ and
[M+Na]+ within a mass error of 10.0 ppm, fractional isotope
abundance, and their fragmentation patterns with related
literatures. Information regarding the 72 constituents, such as
tR (min), identification, formula, negative ion (m/z), positive
ion (m/z), and source, is offered in Table 1, and the exact
identification of each group of components is outlined in
Table 1 and Figure 2.

3.1.1. Identification of Flavones. A total of 33 flavones and
their glycosides were screened from Scutellariae Radix, Gar-
deniae Fructus, Aurantii Fructus, and Lysimachiae Herba of
QRLDD, with 9 of them unambiguously elucidated and the
other tentatively identified. With respect to the glycosides,
their MS spectra afforded the aglycone product due to the
cleavage at the glycosidic linkage, with 146Da, 162Da, and 176
Da as the characteristic neutral loss of rhamnosyl, glucosyl,
and glucuronic acid residues, respectively. MS2 spectra with
high energy showed characteristic 1,3 A− and 1,3 B− ions origin
from a retro-Diels-Alder (RDA) cleavage of C ring as well as

losses of CH3 (15 Da), CO (28 Da), H2O (18 Da), CO2 (44
Da), and/or combination of the fragments above-mentioned.

(1) Dihydroflavones. A total of seven dihydroflavones were
identified from QRLD samples, with peaks 35, 40, and
41 definitely elucidated and the others tentatively assigned.
Peaks 40 and 41 were accurately identified as hesperidin
and neohesperidin by compared with their respective ref-
erences. Corresponding to the previous paper [19], high-
accurate quasi-molecular ions of peak 41 were obtained in
negative ion mode at m/z 609.1823, which was identified as
hesperidin. The quasi-second-order precursor ions at m/z
301.0719 and 463.1240 were generated from m/z 609.1823
([M-H]−), suggesting continuous losses of glucosyl (162 Da)
and rhamnosyl (146 Da). The most dominate ions at m/z
151 and m/z 149 were yielded from m/z 301.0719 owning
to RDA reaction by breaking two C-C bonds of C-ring
(Figure 3(a)). Similarly, Peak 35 exhibited the [M-H]− ion
at m/z 579.1709 (C27H32O14, retention time 14.09 min) as
well as the ions at m/z 151 and m/z 119 yielded from m/z
271.0621[M-H-glc-rha]− through RDA reaction. The latter
was 30 Da (-CH2O) lower than that of Peak 41. Therefore, it
was identified as narirutin, a methoxy-substituted derivative
at C-6 position, according to the above information and
literature [20]. Correspondingly, peaks 31, 32, 37, and 53 were
tentatively assigned as carthamidin, neoeriocitrin, naringin,
and hesperetin based on in-house library for QRLDD and
further fragmentation patterns mentioned above.
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Figure 3: QTOF-ESI-MS/MS spectra and proposed fragmentation pathways of neohesperidin (a), baicalein (b), rutin (c), geniposide (d),
jasminoside B (f), chlorogenic acid (g), emodin (h), and acteoside (i) in negative ion mode and dehydrocostuslactone (e) in positive ion
mode.
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(2) Flavones and Their Glycosides. Twenty-five flavones and
their glycosides were unambiguously or tentatively identified.
Peak 55, a representative major constituent in QRLDD,
was taken as an example. It displayed quasi-molecular ion
[M–H]− at m/z 269.0455 and was unequivocally identified as
baicalein in comparison with an authentic standard. In the
MS/MS spectrum, characteristic fragment ions m/z 251, 241,
and 223 were formed by successive losses of H2O (18 Da) and
CO (28 Da), while the most dominant ions at m/z 167.0501
were yielded through RDA reaction (Figure 3(b)).

Similarly, peak 43 (definitely identified as baicalin) dis-
played a quasi-molecular ion [M–H]− at m/z 445.0773 and
aglycone ion (m/z 269) that resulted from the loss of a
glucuronic acid (176 Da) by easy cleavage of glycosidic bond.
With similar fragmentation patterns as baicalein, fragment
ions at m/z 251, 241, 223, and 167 were also detected.Thus, the
fragmentation features of O-linked glycosyls and fragment
ions of aglycones were applied in the characterization of the
remaining flavones glycosides

In addition, cyclization reaction was also observed in part
of flavones and their glycosides.

Peak 29 was selected as the example for the stepwise
elucidation of this appearance. It was identified as rutin by
comparing with authentic standard, which exhibited quasi-
molecular ion [M-H]− at m/z 609.1466. Its MS2 spectra gave
the ions at m/z 463.0896 and m/z 301.0346, indicating the
successive loss of rhamnose and rutinose, while, except for
similar skeleton with baicalein (Peak 55), m/z 178 and m/z
151 generated by cyclization reaction after RDA reaction in
the C ring were also observed in the MS/MS spectrum (Fig-
ure 3(c)). Analogically, the other compounds were tentatively
assigned following this fragmentation pathway and related
literatures.

3.1.2. Identification of Terpenes. Seventeen terpenoids,
including nine iridoids and their glycosides, three sesquiter-
penoids, three diterpenes, and two monoterpenes, were
screened from QRLDD. Among them, peaks 21 and 70
were unambiguously identified as geniposide and de-
hydrocostuslactone by comparison with reference standards.

(1) Iridoids and Their Glycosides. Peak 21 exhibited
[M+HCOO]− ion at m/z 433.1351 (C17H24O10, retention time
8.11 min) in negative ion mode. It produced characterized
MS2 fragment ions at m/z 225, m/z 207, m/z 123, and m/z
101 owing to the glycosidic linkage, further dehydration at
C1 and C9 positions, and RDA reaction between C1-O2 and
C4-C5, respectively (Figure 3(d)). Similarly, peak 9 with a
[M+HCOO]− ion at m/z 449.1300 (C17H24O11, retention
time 3.58 min) was 16 Da (+O) higher than quasi-molecular
ion of peak 21. It also produced a desugarization ion at m/z
225.0772. Its predominant fragment ions at m/z 139 and m/z
101were obtained owing to the RDA reaction.The former was
16 Da (+O) higher than that of Peak 21. Thus, this compound
was tentatively assigned as scandoside methyl ester according
to publications [21]. Analogously, the remaining compounds
were tentatively identified by comparison of their retention
behavior and MS/MS spectrum with the literature date
[21, 22].

(2) Sesquiterpenoids. Two distinct peaks 69 and 70 with
[M+H]+ ions at m/z 233.1535 and 231.1357 were observed in
positive ion mode, respectively. Their most probable molec-
ular formulas were inferred to be C15H20O2 and C15H18O2
according to exact molecular weight. Compound 70 was
identified as dehydrocostuslactone by comparison with its
standard. Its tandem mass spectra and possible fragmenta-
tion pathway was illustrated in Figure 3(e). It showed the
protonated ion at m/z 231.1357.The fragment ions at m/z 213,
185, 157, 195, and 175 were the characteristic behavior owing
to successive neutral losses of H2O, CH2O2, C3H6O2, H2O4,
and C4H8, respectively [23]. Compound 69 was accordingly
identified as costus lactone in a similar way. In addition, Peak
59 from Scutellariae radix was observed in negative ionmode
and identified as dikamaliartanes A on the basis of MS data
and related literature [22].

(3) Diterpenes and Monoterpenoid Glycoside. Three diter-
penes were detected in QRLDD in negative ion mode. Peak
48 gave an [M-H]− ion at m/z 813.3186 and showed fragment
ions at m/z 651, 489, and 327 by simultaneous losses of glu-
cosyl groups (162 Da), which was deduced to crocin-2 based
on the exact molecular formulae matching, fragmentation,
and literature date [22]. Peak 44 and 56 exhibited the same
[M-H]− ion at m/z 975.3715 (C44H64O24, retention times
18.03 and 24.49 min), which was 162 Da (+C6H10O5) higher
than that of peak 48. They also showed the same fragments
ions with Peak 48. By matching the constructed compound
library, they were deduced to crocin-1 and crocin-4, a pair
of cis-trans isomer originated from Gardeniae Fructus. In
addition, as the polarity of cis-diterpenes was larger than
that of trans-diterpenes, peaks 44 and 56 were identified as
crocin-1 and crocin-4, respectively [22, 24].

Two monoterpenoids from Gardeniae Fructus were ten-
tatively identified and their cleavage pathway is similar to that
of iridoid glycosides with slightly differences. The losses of
glycosides (162 Da), CO2 (44 Da), and H2O (18 Da) were
the characteristic fragmentations in their MS2 spectra [22,
25]. Peak 12 was selected as the example for the stepwise
elucidation of the molecular structure. It yielded the ions
at m/z 183.0996 and m/z 165.0923, which corresponded to
successive losses of a glycoside and H2O, respectively. The
former further produced a fragment ion at m/z 121.0626 [M-
H-glc-CO2]

−. Consequently, Peak 12was reasonably deduced
to be jasminoside B according to aforementioned fragmental
information and reference data (Figure 3(f)) [22]. Peak 39
was tentatively assigned as jasminoside S/H/I following this
fragmentation pathway; however, it needed to be confirmed
by the reference standards.

3.1.3. Identification of Phenolic Acids. Nine phenolic acids,
originated from Scutellariae Radix, Lysimachiae Herba, and
Gardeniae Fructus, were detected as minority of compo-
nents in QRLDD. The negative ion mode was much more
suitable for their analysis. Peaks 2, 3, 10, 15, and 17 were
unambiguously identified as gallic acid, protocatechuic acid,
4-hydroxybenzoic acid, chlorogenic acid, and caffeic acid
by comparison with authentic references. Peaks 16 and 24
were tentatively identified as darendoside A and p-coumaric
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Figure 4: Cholelithiasis-related targets PPI network (confidence score >0.95).

acid on the basis of the exact molecular formulae matching,
fragmentation, and the literature date [22, 26]. Take chloro-
genic acid (Peak 15) for example. Its MS chromatograms
exhibited a quasi-molecular ion at m/z 353.0890 [M−H]− as
well as two diagnostic fragment ions at m/z 191.0563 (loss
of a caffeoyl group, 162 Da) and 179.0343 (loss of a quinic
acid, 174 Da). Another fragment ion at m/z 135.0477 was
formed by the neutral losses of CO2 (44 Da) via the break of
ester bond in caffeic acid. In addition, m/z 85.0295 formed
via the breaks of C3−C4 and C5−C6 as well as successive
neutral loss of CO2 was also observed (Figure 3(g)) [22].
Additionally, peaks 7 and 18 exhibited the [M-H]− ions atm/z
353.0882 and 353.0883 with molecular formula speculated as
C16H18O9, the fragment ions at m/z 191.0227 and 179.0357
were the same as chlorogenic acid (15), suggesting that they
should be isomers of chlorogenic acid. Tao et al. reported
that three isomeric neochlorogenic acid, chlorogenic acid,
and cryptochlorogenic acid were contained in Gardeniae
Fructus [27]. Moreover, the retention time for chlorogenic
acid was later and earlier than that of neochlorogenic acid
and cryptochlorogenic acid in a similar UHPLC system,
respectively [28]. Therefore, peaks 7 and 18 were tentatively
identified as neochlorogenic acid and cryptochlorogenic acid,
respectively.

3.1.4. Identification of Anthraquinones. Five anthraquinones
were unambiguously identified by comparison with authentic
references, which were more suitable for the analysis in
negative ion mode. Successive or simultaneous neutral losses

of H2O, CO, O, and CH3 were the characteristic behavior
of this type of compounds. Peak 68 (tR = 30.24 min) was
selected as an example, which displayed the [M-H]− ion
at m/z 269.0453. The yield ion at m/z 241.0511 was formed
by direct loss of the CO, followed by the loss of O, and
gave the ion at m/z 225. 0559. The fragment ion of m/z
181, 251, and 223 was corresponded to the losses of CO2,
H2O, and CO, respectively (Figure 3(h)). Similarly, aloe-
emodin, rhein, chrysophanol, and physcion were elucidated
[24].

3.1.5. Identification of Phenethylalchohol Glycosides. Three
phenethylalchohol glycosides were tentatively identified due
to the absence of reference standards, which were from
Scutellariae Radix and Lysimachiae Herba. Caffeic acid,
hydroxytyrosol, and glycosyls were the basic groups of this
type of compounds. Peak 34 was selected as the example for
the stepwise elucidation. Peak 34 with the quasi-molecular
ion m/z 623.1969 and product ions at m/z 461.1657, m/z
315.1010, and m/z 161.0249 were detected in the MS/MS spec-
trum. The product ions were generated from m/z 623.1981
by loss of a caffeoyl group (162 Da), m/z 461.1675 by loss of
rhamnosyl residue (146 Da), and m/z 179.0353 by elimination
of H2O (18 Da), respectively (Figure 3(i)). It was identified
as acteoside in consistent with the fragment information
of literature [29]. Analogously, the remaining peaks 46 and
50 were tentatively identified as isomers cistanoside D and
cistanoside C following above fragmentation pathway and
polarity feature [29].
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3.1.6. Other Types of Miscellaneous Compounds. Other com-
pounds (peaks 1, 11, 20, 58, and 62) were tentatively assigned
as galloyl glucose, procyanidin B2, syringin, meranzin, and
limonin, respectively, on the basis of the exact molecular
formulae matching, fragmentation information as well as the
literature data [30–32] but still need to be further confirmed
by reference standard.

3.2. Target Identification and Network Analysis

3.2.1. Cholelithiasis-Related Targets Network Analysis. The
relationship among 410 disease genes from PPI was extracted
by STRING. And a gene-gene interaction network was
accordingly constructed. 122 nodes and 173 edges were
involved in this network (Figure 4). Among them, the
nodes located at the central part (IL6, NFKB1 and STAT3)
connected by more edges have higher degree, such as 13 in
IL6, 13 in NFKB1, and 10 in STAT3. It implies that these
genes may be the important targets in the formation and
development of cholelithiasis.

3.2.2. Herb-Compound-Compound Targets Network Analysis.
Therelationship among 432 compound targets fromPPIwere
constructed and analyzed by STRING. Compound targets of
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Figure 6: Degree of top 20 compound targets.

PPI with high confidence score (>0.95) were screened. And
herb-compound-compound targets network constructed by
cytoscape was shown in Figure 5, which comprises 313 nodes
(6 herb nodes, 67 compound nodes, and 240 compound
target nodes) and 1937 edges. From this network, we can
conclude that Gardeniae Fructus, lysimachiae Herba, and
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Figure 7: Illustration of relations among chemical constituent targets and involved pathways of QRLDD (green circle represents compound
target, blue triangle represents pathway, green hexagon represents herb, and purple hexagon represents pathway. Node size represents the
degree).

Scutellariae Radix may be the main herbs in treating disease
due to their higher degree. According to the frequency
statistics of 77 Chinese medicine cases on gallstones, Lysi-
machiae Herba, Scutellariae Radix, Aurantii Fructus, and
Aucklandiae Radix were used for 55, 47, 21, and 12 times,
respectively [33]. We can also find that many compounds
acting on the same target and multiple targets contacted
by the same compound. For example, MAPT is the targets
of aloe-emodin, geniposide, gallic acid, and other chemical
components. Quercetin simultaneously acts on IL10,MAPK1,
HSF1, among many other targets. However, some can be
regulated by only one compound, such as CA9, which is
simply controlled by Khelloside. The degree of top 20 targets
was listed in Figure 6.

The result indicted that compounds from QRLDD may
act on these targets systematically and play an important
pharmacological role in treating cholelithiasis, which is in
line with herbal formulae's feature of multicompound and
multi-target. The potential mechanism can be elucidated by
this network.

3.2.3. Pathway of QRLDD-Disease Network. In order to better
understand the mechanism of QRLDD on cholelithiasis,
71 related pathways (P<0.5) were obtained by inputting all
targets into DAVID; the details are described in Supple-
mentary Table S3. As shown in Figure 7, Pathway in cancer
(hsa05200) is ranked first, which has 72 genes involved;
among them, PTGS2, TP53, and IL6 have a higher degree.The
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result is consistent with clinical data, which confirmed the
close relationship between gallstones and gallbladder cancer
[34]. Within the screened genes, EGFR was selected for
example, whose expression is associated with proliferation,
differentiation, lymphatic metastasis, and other processes
of gallbladder carcinoma [35]. Therefore, the analysis of
pathways in cancer will help to understand the pathogenesis
of gallbladder carcinoma caused by gallstones and provide
basis for the future study.

In addition, there were 41, 35, and 31 pathways associated
with MAPK1, MAP2K1, and RAF1, among which, MAPK
signaling pathway (hsa04010), chemokine signaling pathway
(hsa04062), and Focal adhesion (hsa04510) were the most
closely related ones. KEGGdata visualizationmade it obvious
that the PRKCB downstream target proteins RAF1, MAP2K1
and MAPK1 are key connection points between the MAPK
signaling pathway, chemokine signaling pathway and focal
adhesion. According to previous study, lithogenic diet is
closely related to the development of cholelithiasis, which
tends to alter the components in bile with increasing sub-
stances such as arachidonyl lecithin and dehydrocholesterol.
As an adaptive response to the environment, cell turnoverwill
be emerged [36]. In the development of gallstone formation,
mitotic index is shown to increase rapidly at prelithiasic phase
[37]. In addition, the condition of gallbladder and bile duct
abnormalities has been shown to accelerate the cell turnover
and increase cellular proliferating activity [38]. In our present
research, regulation of PRKCB/RAF1/MAP2K1/MAPK1 can
affect cell proliferation and differentiation (Figure 8). These
changes may provide a new perspective for the treatment of
cholelithiasis.

Above findings provide a direct connection between
metabolic syndrome and cholesterol gallstone.Whether their
expression is involved in the curative effect of QRLDD acting
on cholelithiasis will be validated in the subsequent research.

4. Conclusions

Chinese medicine plays an important role in preventing
and treating cholelithiasis. In our study, the chemical profile
of Qingre Lidan Decoction was mapped for the first time
by UHPLC-QTOF-MS, and 72 ingredients origin from six
herbs were attributed. The “multicomponent-multitarget-
multipath” mechanism of QRLDD was further explored
based on network pharmacology platform in view of the
identified ingredient. Our study found that multiple ingre-
dients in QRLDD can exert a combined effect for the same
target. Several important targets (EGFR and MAPK1) and
pathways (pathways in cancer andMAPK signaling pathway)
were predicted to be an important role in the mechanism of
QRLDD. The present study not only provide experimental
and theoretical basis for the further development and appli-
cation of QRLDD, but also make beneficial exploration in
investigating the molecular synergy of Traditional Chinese
Formula.

Data Availability

The data used to support the findings of this study are
available from the corresponding author upon request.

Conflicts of Interest

All authors have no financial or scientific conflicts of interest
in regard to the research described in this manuscript.

Acknowledgments

This work was financially supported by grants from Key
Project Supported by the Clinical Ability Construction of



18 Evidence-Based Complementary and Alternative Medicine

Liaoning Province (no. LNCCC-A03-2015), Dalian Munici-
pal Medical Research Foundation (no. 17Z2001), and Natural
Science Foundation of Institute of Integrative Medicine,
Dalian Medical University (no. ICIM2017003).

Supplementary Materials

Table S1: therapeutic targets of cholelithiasis; Table
S2: compound targets for QRLDD; Table S3: pathway
enrichment analysis of QRLDD-Disease targets network.
(Supplementary Materials)

References

[1] F. Cheung, “TCM: made in China,” Nature, vol. 480, no. 7378,
pp. S82–S83, 2011.

[2] C. J. Wang, X. M. Ma, Z. F. Wang, and etal., “Clinical Obser-
vation on Qingre Lidan Decoction in Treatment of Chronic
Cholecystitis of Hepatobiliary Damp-Heat Type,” Journal of
Liaoning University of Traditional Chinese Medicine, vol. 16, pp.
183–186, 2014.

[3] X. L. Zhu, “Clinical observation on effect of Corydalis
aduncaMaxim combined with modified Qingre Lidan Panshi
decotion in the treatment of cholelithiasis,” Asia-Pacific Tradi-
tional Medicine, vol. 14, no. 2, pp. 195-196, 2018.

[4] J. S. Tian, Y. F. Lin, Y. Gong, and etal., “Study of the prevention
of recurrence of common duct stones after ERCP/EST by
JiajianHuashi Lidan Decoction,”Chinese Archives of Traditional
Chinese Medicine, vol. 31, no. 1, pp. 204-205, 2013.

[5] K. Goh, M. E. Cusick, D. Valle, B. Childs, M. Vidal, and
A. Barabási, “The human disease network,” Proceedings of the
National Acadamy of Sciences of the United States of America,
vol. 104, no. 21, pp. 8685–8690, 2007.

[6] A. Barabási and Z. N. Oltvai, “Network biology: understanding
the cell’s functional organization,” Nature Reviews Genetics, vol.
5, no. 2, pp. 101–113, 2004.

[7] A. L. Hopkins, “Network pharmacology: the next paradigm in
drug discovery,”Nature Chemical Biology, vol. 4, no. 11, pp. 682–
690, 2008.

[8] Y. H. Li, C. Y. Yu, X. X. Li, and etal., “Therapeutic target database
update 2018: enriched resource for facilitating bench-to-clinic
research of targeted therapeutics,” Nucleic Acids Research, vol.
46, no. 1, pp. 1121–1127, 2018.

[9] A. Hamosh, A. F. Scott, J. S. Amberger, C. A. Bocchini, and V. A.
McKusick, “Online Mendelian Inheritance in Man (OMIM), a
knowledgebase of human genes and genetic disorders,” Nucleic
Acids Research, vol. 33, pp. D514–D517, 2005.

[10] J. M. Barbarino, M. Whirl-Carrillo, R. B. Altman, and T. E.
Klein, “PharmGKB: A worldwide resource for pharmacoge-
nomic information,” Wiley Interdisciplinary Reviews Systems
Biology & Medicine, vol. 10, no. 4, p. 1414, 2018.

[11] D. S. Wishart, Y. D. Feunang, A. C. Guo et al., “DrugBank 5.0: A
major update to the DrugBank database for 2018,”Nucleic Acids
Research, vol. 46, no. 1, pp. D1074–D1082, 2018.

[12] K. G. Becker, K. C. Barnes, T. J. Bright, and S. A. Wang, “The
genetic association database,”Nature Genetics, vol. 36, no. 5, pp.
431-432, 2004.
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