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Diospyros lotus L, F. Ebenaceae, is an edible fruit that is widely distributed in China and other Asian countries. Presently, Diospyros
lotus L can be used to treat patients with diabetes; however, its chemical composition and pharmacological profiles remain to be
elucidated. This study investigated the potential bioactive compounds of Diospyros lotus L and their mechanisms of action using
LC-MS and network pharmacology analysis. First, the components of Diospyros lotus L were identify using a reliable strategy for
UHPLC-Q-Exactive Orbitrap mass spectrometry combined with parallel reaction monitoring (PRM) in the negative ion mode.
Second, a network pharmacology study, including target gene prediction and functional enrichment, was applied to screen the
main quality markers of Diospyros lotus L and explore its potential mechanism for the treatment of diabetes. The results showed
that a total of 159 compounds were identified from Diospyros lotus L, among which, 140 were reported for the first time.
Furthermore, 40 active components, such as quercetin, luteolin, and kaempferol, were proposed as active components of
Diospyros lotus L for the treatment of diabetes based on network pharmacology analysis. In addition, 92 relevant antidiabetic
targets were mainly related to positive regulation of transcription from the RNA polymerase II promoter, extracellular space, and
protein binding, suggesting the involvement of TNF, PI3K-Akt, and HIF-1 signaling pathways in the antidiabetic effect of
Diospyros lotus L. Our results may provide a useful approach to identify potential active components and molecular mechanisms
of Diospyros lotus L for the treatment of diabetes.

1. Introduction

Diospyros lotus L, a genus of the family Ebenaceae, is an
edible fruit that is widely distributed in China and other
Asian countries. Diospyros lotus L fruit extract has anti-
diabetic, antitumor,  antinociceptive, and  anti-
inflammatory effects [1-4] and is used for treating vari-
ous diseases, such as hypertension, diarrhea, and dry cough.
However, to date, few studies have investigated the
chemical composition and mechanism of the antidiabetic
effect of Diospyros lotus L.

Diabetes is a chronic, progressive, and complex meta-
bolic disease characterized by hyperglycemia, which is
caused by insufficient insulin secretion, insufficient function,
or the simultaneous occurrence of both [5, 6]. Owing to the
long-term effects of hyperglycemia, various diabetic com-
plications can occur. These complications not only cause
great harm to the physiological and psychological status of
the patients but also put enormous pressure on society [7].

Extracts of Diospyros lotus L and its compounds have
hypoglycemic effects [8-10]. However, the pharmacological
mechanisms and bioactive components of Diospyros lotus L
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remain unknown. Network pharmacology is based on the
chemical components of traditional Chinese medicine in the
existing database to explore its mechanism from multiple
perspectives, such as target gene identification and function
prediction [11, 12].

In this study, a UHPLC-Orbitrap-MS combined with
PRM was developed for component identification of Dio-
spyros lotus L. The bioactive ingredients and mechanism of
action of Diospyros lotus L on the targets of diabetes were
investigated by network pharmacology, which is of great
significance for further research on Diospyros lotus L.

2. Methodology

2.1. Materials and Chemicals. HPLC-grade acetonitrile and
methanol were obtained from Merck Company Inc.
(Darmstadt, Germany), and formic acid was obtained from
Fisher Chemicals (Fairlawn, NJ, USA). Purified water was
purchased from the A.S. Watson Group Ltd. (Hong Kong).
Other reagents and chemicals were of analytical grade and
were supplied by the Aladdin Industrial Corporation. Dried
Diospyros lotus L samples were collected from Shexian
County, Hebei Province, China, in November of each year.

Reference standards, including neochlorogenic acid,
chlorogenic acid, 1,3-dicaffeoylquinic acid, isochlorogenic
acid A, isochlorogenic acid B, and isochlorogenic acid C,
were obtained from Chengdu Herbpurify Co., Ltd. Pro-
cyanidin, phlorizin, trilobatin, and phloretin were acquired
from Sichuan Weikeqi Biological Technology Co., Ltd.
Quinic acid, ferulic acid, catechin, quercetin, quercitrin,
quercetin 3-O-rutinoside, myricitrin, isoquercitrin, nicoti-
florin, myricetin, eriodictyol, luteolin, naringenin, and
kaempferol were purchased from Chengdu Purechem
Standard Co., Ltd. The purity of all standard compounds was
no less than 98% based on LC-UV.

2.2. Standard and Sample Preparation. Diospyros lotus L (1.g)
was extracted with 70% methanol (20mL) by sonication
(1h). Then, the extract was centrifuged (15min, 10°C,
12000 rpm) to obtain the supernatant. Finally, 2 uL of the
supernatant was injected into the LC-MS system for analysis.

All the reference standards were accurately weighed
using an electronic analytical balance (1 mg) and dissolved in
methanol (1 mL). Then, 10 yL of each standard solution was
added to a 1-mL volumetric flask to prepare a mixed
standard solution. The obtained standard solution was
stored below 4°C before analysis.

2.3. Chromatography and MS Conditions.
Chromatographic separation was performed on a Dionex
Ultimate 3000 UHPLC (Thermo Fisher Scientific, San Jose,
CA, USA), using a Thermo Scientific Hypersil GOLDTM aQ
(100 mm x 2.1 mm, 1.9 ym).

The column compartment was maintained at 40°C, and
the flow rate was set at 0.3 mL/min. Water containing 0.1%
formic acid (solvent system A) and acetonitrile (solvent
system B) served as the mobile phase. The gradient elution
program was as follows: 0-2 min, 95%-5% B; 2-5 min, 80%-
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20% B; 5-10min, 75%-25% B; 10-12min, 45%-5% B;
12-20 min, 20%-80% B; 20-25 min, 5%-95% B; 25-30 min,
95%-5% B.

Mass detection was performed on a Q-Exactive Orbitrap
MS equipped with an electrospray ionization source oper-
ating in negative mode with the following operating pa-
rameters: spray voltage at —3.0kV; sheath gas flow rate at 30
arbs; auxiliary gas flow rate at 10 arbs; capillary temperature
at 320°C; heater temperature at 350°C; S-lens RF level at 50;
and normalized collision energies at 30%. The MS spectra
were recorded over an m/z range of 80-1000. All data were
acquired and processed using Xcalibur software version 4.2.

2.4. Candidate Ingredient Screening. To select the compo-
nents that have better biological availability in vivo, the
components were filtered using the principle of “drug-like
soft” in FAFDrugs4. Screening parameters included re-
striction to molecular weight, logP, and hydrogen bond
acceptors (HBA). Details of the physicochemical property
filters are listed in Table 1.

2.5. Targets of Diospyros lotus L and Diseases. The targets of
the filtered components were obtained from the traditional
Chinese medicine systems pharmacology database and
analysis Platform (TCMSP) and predicted using Swiss
TargetPrediction (STP). Setting the organism “Homo sa-
piens” and targets with a probability value greater than 0.1
were considered as potential effective targets for these
compounds in the STP database.

Diabetes-related targets were searched in the Online
Mendelian Inheritance in Man and GeneCards platform
with “diabetes” as the keyword. The collected targets were
amalgamated and duplicated. Potential target genes of
Diospyros lotus L therapy for diabetes were obtained through
the jvenn intersection.

2.6. Construction of Protein-Protein Interaction (PPI)
Network. The PPI network between target proteins of the
related ingredients in Diospyros lotus L and diabetes was
obtained by STRING and then imported into Cytoscape
software version 3.8.2 to construct and validate a visual
network. The species was set as “Homo sapiens,” and the
protein interaction was obtained with a medium confidence
score of 0.4 to ensure the reliability of our analysis. In the PPI
network, topology parameters were calculated to obtain
promising candidate targets that were visually characterized
by the colors of nodes and to screen remarkable targets.

2.7. Enrichment Analysis. Gene Ontology (GO) and KEGG
pathway enrichment analyses were performed using DAVID
software. Subsequently, correlated “histograms” and “bubble
graphs” were established.

2.8. Construction of Active Component-KeyGene-Pathway
Interaction Network. To further explore the mechanism of
the antidiabetic effect of Diospyros lotus L, an active
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TaBLE 1: The range of the parameters of the “drug-like soft”
principle.

Property Range Property Range
MW 100-600 logP -3-6
HBA <12 HBD <7
tPSA <180 Rotatable bonds <11
Rigid bonds <30 Rings <6
Max size system ring <18 Carbons 3-35
Hetero atoms 1-15 H/C ratio 0.1-1
Charges <4 Total charge —4-4

component-keygene-pathway interaction network was
constructed using Cytoscape 3.9.0 software. In the network,
nodes with different shapes represented the active com-
pounds, key genes, and related pathways, and an “edge” was
an association between the nodes.

3. Results and Discussion

3.1. Establishment of Qualitative Analysis Strategy. In this
study, an analytical method of UHPLC-Q-Exactive Orbitrap
MS combined with the acquisition mode of the PRM mode
was used to identify the chemical components of Diospyros
lotus L. First, the extraction method and UHPLC-MS
conditions of Diospyros lotus L were optimized. Second, the
sample was injected into the UHPLC-Q-Exactive Orbitrap
MS to obtain high-resolution mass data, including MS and
MS®. Third, the compounds were predicted using the
Compound Discover version 3.0 workstation with the aid of
the metabolism workflow template by adjusting relevant
parameters. Finally, the compounds were characterized
based on full-scan MS and MS?>, retention times, standards,
and literature.

3.2. Optimization of the Extraction Method. To obtain the
maximum extraction yield, the extraction method for
Diospyros lotus L was optimized with respect to time (0.5, 1,
and 2h); solvent type (methanol and ethanol); solvent
concentration (60%, 70%, and 80%); and liquid-to-solid
ratio (10:1, 15:1, and 20:1). The optimal extraction
method was ultrasonic extraction with 70% methanol
(20ml) for 1h.

3.3. Optimization of UHPLC-MS Conditions. To achieve
good chromatographic separation, UHPLC parameters
were optimized, including the mobile phase (methanol/
water and acetonitrile/water); type and content of acid
(acetic acid and formic acid, 0.05%, 0.1%, and 0.2%);
column (Waters ACQUITY BEH Cl18 column,
100 mm x 2.1 mm, 1.7um, and HYPERSIL GOLD C18
column, 100 mm x 2.1 mm, 1.9 um); column temperature
(30, 35, and 40°C); flow rate of the mobile phase (0.2, 0.3,
and 0.4 mL/min); and the difference gradient of mobile
phase.. The MS parameters, including the flow rate of the
sheath gas and auxiliary, temperature of the capillary and
auxiliary, heater temperature, spray voltage, and collision
energies were examined. In the optimized conditions of

UHPLC-Q-Exactive Orbitrap MS, most of the components
in the Diospyros lotus L showed efficient separation and
parent/daughter ion pairs with high responses.

3.4. Characterization of Diospyros lotus L. A total of 159
compounds, including 88 flavonoids, 24 phenyl-
propanoids, and 47 organic acids, were tentatively iden-
tified by UHPLC-Q-Exactive Orbitrap mass spectrometry;
among them, 140 were reported for the first time in
Diospyros lotus L. The chromatographic and mass data for
the detected constituents are presented in Table 2. The
extracted ion chromatogram in negative ion mode is
shown in Figure 1.

3.4.1. Identification of the Flavonoids in Diospyros lotus L.
Compounds 36, 97,98, 107, 117, 125, 128, 134, 144, 147, 150,
151, 153, 155, 157, and 159 were found at 4.99, 7.60, 7.60,
7.82, 8.33, 8.67, 8.93, 9.36, 9.45, 10.13, 10.33, 11.90, 12.11,
12.58, 12.82, 13.19, and 14.46 min, respectively. They were
accurately identified as catechin, quercetin 3-O-rutinoside,
isoquercitrin, myricitrin, nicotiflorin, quercitrin, phlorizin,
myricetin, trilobatin, eriodictyol, quercetin, luteolin, nar-
ingenin, phloretin, kaempferol, and procyanidin, re-
spectively, by comparing the data with those of authentic
standards.

Compounds 64 and 88 possessed the same quasi-
molecular ions and characteristic fragment ions as
compound 97; thus, they were characterized as quercetin
3-O-rutinoside isomers. Similarly, compounds 84, 114,
and 139 were isoquercitrin isomers, and compounds 109,
140, 146, and 154 were assigned as isomers of nicotiflorin,
quercetin, myricetin, and luteolin, respectively. Com-
pounds 110 and 119 were tentatively presumed to be
phlorizin isomers.

Compound 51, with the deprotonated ion [M-H]  at
m/z 625.1413, was eluted at 6.08 min, with the main
characteristic fragment ion at m/z 463.0877, owing to the
loss of a glucose residue (162 Da), which further gave rise to
product ions at m/z 301.0351. It was tentatively charac-
terized as a quercetin 3,4'-diglucoside [13]. Likewise,
compounds 74, 92, 124, and 148 were deduced to be
quercetin derivatives; compound 78 was quercetin 3-
rutinoside 7-rhamnoside [14]; and compounds 100 and
108 were quercetin 3-O-(6"-galloyl)-B-D-glucopyranoside
isomers. Compound 105 was characterized as quercitrin 3-
O-glucuronide, and compounds 116 and 122 were quer-
citrin 3-O-arabinoside isomers [15-17].

Compounds 53, 69, and 89 exhibited quasi-molecular
ions [M-H]™ at m/z 303.0510, and fragment ions at m/z
125.0232, 151.0026, and 177.0187 were tentatively charac-
terized as taxifolin isomers, as previously reported [16].

Compound 57 was found at 6.23 min, yielded a parent
ion [M-H]™ at m/z 609.1461 consisting of kaempferol
(285Da) and two glucose moieties (324 Da), and was
identified as kaempferol 3,7-diglucoside [13].

Similarly, compound 141 was kaempferol-7-O-rham-
noside, and compounds 35, 45, 70, and 76 were suggested to
be kaempferol derivatives [18].
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Figure 1: Continued.
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FI1GURE 1: The high-resolution extraction ion chromatography of Diospyros lotus L in negative ion mode (a) 167.0350, 169.0142, 191.0561,
193.0350, 218.1030, 271.0612, 287.0561, 331.0671, 355.1035, 423.0416, 431.0983, 447.0933, 463.0882, 479.0831, 597.1825, 641.1359, 755.2040;
(b) 151.0401, 167.0350, 177.0193, 191.0561, 271.0612, 287.0561, 303.0510, 319.0459, 331.0671, 423.0417, 433.1140, 435.1297, 463.0882,
465.1038, 477.1038, 507.1144, 579.2083, 609.146, 613.1779, 625.1410, 641.1359, 755.2040; (c) 145.0506, 151.0401, 153.0193, 167.0350,
177.01933, 179.0350, 187.0974, 193.0506, 263.1283, 273.0768, 285.0405, 287.0561, 299.0772, 303.0510, 315.0505, 317.0303, 319.0460,
329.0878, 331.0671, 353.0878, 433.11402, 435.1297, 449.1089, 457.1351, 461.0725, 463.0890, 465.1038, 475.1457, 477.0675, 491.1195,
493.0624, 507.1144, 515.1195, 579.1719, 579.2083, 609.1461, 613.1779, 615.0992, 625.1410, 641.1359; (d) 145.0506, 151.0401, 153.0193,
167.0350, 177.0193, 179.0350, 183.0299, 193.0506, 263.1283, 281.1396, 301.0354, 303.0510, 315.0722, 319.0459, 353.0878, 359.0984, 433.1140,
435.1297, 449.1089, 457.1351, 475.1457, 477.0675, 477.1038, 491.1195, 493.0624, 493.1199, 505.0987, 579.2083, 593.1512, 609.1461, 613.1779,
615.0992, 771.1989.
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Compounds 48, 71, 85, and 101 were detected at 5.95,
6.69,7.17, and 7.70 min, respectively, and possessed the same
quasi-molecular ions [M-H]™ at m/z 641.1359, MS/MS
fragment ions at m/z 317.0301, and 316.0200 owing to the
loss of two galactoside residues (324 Da), indicating the
presence of a myricetin group. Therefore, they have been
characterized as myricetin 3,3'-digalactoside isomers.
Likewise, compounds 68, 82, 83, 93, and 138 were assigned
as myricetin 3-rutinoside-7-rhamnoside, myricetin 3-O-
glucuronide, myricetin 3-O-galactoside, myricetin de-
rivative, and myricetin 3-O-(6"-galloyl)-B-D-rhamnoside,
respectively, and compounds 73, 79, and 106 were myricetin
3-O-rutinoside isomers [19-21].

Compounds 50 and 65 were eluted at 6.07 and 6.53 min,
respectively, and possessed the same quasi-molecular ion
[M-H]™ at m/z 319.0459 and fragment ions at m/z 125.0232,
193.0134, and 151.0026. They were tentatively assigned as
dihydromyricetin isomers by referring to the literature [22].

Compounds 52 and 60 yielded a quasi-molecular ion
[M-H]™ at m/z 449.1089, which was tentatively identified as
the maesopsin 4-O-glucoside isomer according to a pre-
viously published paper [21]. Likewise, compounds 77, 99,
149, and 158 were catechin di-C-hexoside, 3/, 5'-di-C-$-d-
glucosylphloretin [23], chrysin derivatives, and chrysoeriol,
respectively. Compounds 135 and 143 were 5,2',6'-dihy-
droxy-7,8-dimethoxyflavone isomers [24], and compounds
132 and 133 were viscidulin III 6'-0-B-d-glucoside
isomers [24].

Compounds 62 and 123 showed a deprotonated ion [M-
H]™ at m/z287.0561. The appearance of fragment ions at m/z
125.0233 and 151.0027 in the MS* spectrum of those
compounds indicated that they were (25)-5,7,2,6'-
tetrahydroxyflavanone isomers [24].

Compounds 66, 91, and 103 yielded a quasi-molecular
ion [M-H]™ at m/z 433.1140 and were eluted at 6.58, 7.44,
and 7.73 min, respectively, which showed fragment ions at
m/z 271.0611 by the neutral loss of glucose moieties (162 Da).
Thus, they were considered to be naringenin 7-O-glucoside
isomers [25]. Similarly, compounds 102 and 118 were
naringenin-O-glucoside-rhamnosides.

Compounds 75 and 81 appeared at a retention time (¢)
of 6.96 and 7.07 min, respectively, possessing the quasi-
molecular ions [M-H]™ at m/z 433.1140 and their frag-
ment ions at m/z 313.0717 ([M-H-120]") and 343.0820 ([M-
H-90]7), which were identified as naringenin 6-C-glucosidei
somer [26]. Similarly, compound 47 was deduced as
naringenin-6,8-di-C-glucoside [27].

Compounds 152 and 156 were found at 12.34 and
12.97 min, respectively, which show the common precursor
ion [M-H]™ at m/z 315.0505, and the major fragment ion at
m/z 300.0275 due to loss of a CHj reside (15 Da), then they
were tentatively characterized as isorhamnetinisomer [17].
Compounds 112, 126, 127, 137, and 142 appeared at re-
tention times (fg) of 8.10, 8.72, 8.87, 9.58, and 10.00 min,
respectively, which were tentatively identified as 3-meth-
ylquercetin-7-O-glucoside isomers. The parent ions at m/z
477.1038 were due to the loss of glucose moieties (162 Da)
and generated the characteristic fragment ions at m/z
315.0505 [17].

Journal of Analytical Methods in Chemistry

3.4.2. Identification of Phenylpropanoids in Diospyros lotus L.
Compounds 30, 40, 42, 67, 87, 111, 115, and 136 were eluted
at 3.33, 5.42, 5.46, 6.65, 7.29, 8.04, 8.28, and 9.45 min, re-
spectively. They were characterized as neochlorogenic acid,
chlorogenic acid, caffeic acid, isochlorogenic acid B, ferulic
acid, 1,3-dicaffeoylquinic acid, isochlorogenic acid A, and
isochlorogenic acid C, respectively, by comparison to
commercial reference standards.

Compound 61 possessed the same quasi-molecular ions,
and the characteristic fragment ion of compound 42 was
characterized as a caffeic acid isomer. Similarly, compounds
95, 104, and 129 were ferulic acid isomers.

Compounds (56, tg 6.22 min, and 63, tg 6.52 min) had
the same quasi-molecular ions [M-H]™ at m/z 355.1035 and
the fragment ion at m/z 193.0500, corresponding to the
neutral loss of the glucose group (162Da) and further
generation of the fragment ions of compound 87. Therefore,
they were tentatively assigned as ferulic acid acyl-B-D-
glucoside isomers [17].

Compounds 37, 43, 44, and 46 were eluted at 5.30, 5.49,
5.60, and 5.73 min, respectively, and showed a deprotonated
molecular ion [M-H]™ at m/z 457.1351. They were tentatively
inferred to be p-coumaric acid-O-glucoside-rhamnoside
based on the base peak ion in the MS* spectrum.

Compounds 80, 90, and 121 were eluted at 7.07, 7.41, and
8.42 min, respectively, yielding a deprotonated ion [M-H]~
at m/z 579.2083 and fragment ions at m/z 417.1554,
181.0497, and 402.1317, which were suggested as syringar-
esinol O-f-D-glucoside isomers in comparison with the
literature [28].

Compounds 38, 59, and 96 were eluted at 5.36, 6.39, and
7.60 min, respectively, and yielded the same parent ion [M-
H]™ at m/z177.0193. They were deduced as esculetin isomers
according to the MS and MS/MS spectra [25].

3.4.3. Identification of Organic Acids in Diospyros lotus L.
Compounds 2, 5, and 10 were found at 0.86, 0.94, and
1.34 min, respectively, and possessed the same parent ion
[M-H]™ at m/z 191.0561. Compound 5 was identified as
quinic acid by comparison with the reference substances.
Thus, compounds 2 and 10 were identified as isomers of
quinic acid.

Compounds 1 and 4 were observed at 0.83 and 0.94 min,
respectively, and possessed the same quasi-molecular ions
[M-H]™ at m/z 93.0347 and MS/MS fragment ions at m/z
71.0124, 101.0230, and 113.0231. They were tentatively
assigned as glucuronic acid isomers by comparison to the
literature. Similarly, compounds 3, 6, and 8 were citric acid
isomers [20], compounds 11 and 22 were 3-methylglutaric
acid isomers, compound 27 was syringic acid glucoside [29],
compounds 17 and 18 were pantothenic acid isomers,
compound 55 was dihydrophaseic acid, compound 120 was
azelaic acid, and compounds 130 and 145 were abscisic acid
isomers [16, 27].

Compound 14 exhibited a quasi-molecular ion [M-H]~
at m/z 169.0142 and generated the main characteristic
fragments ion at m/z 125.0233 ([M-CO,-H]"), which was
identified as gallic acid by the MS and MS/MS spectra [30].
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Compounds 7, 12, 13, and 21, with the same deprotonated
ions [M-H]™ at m/z 331.0671, were eluted at 1.07, 1.36, 1.41,
and 1.91 min, respectively. The main fragment ions, at m/z
169.0132, were obtained by the loss of glucose moieties
(162 Da) as well as characteristic fragment ions of gallic acid
(m/z 125.0233), which were deduced as 6-O-galloylglucose
isomers [14]. Similarly, compound 9 was identified as 6-O-
galloylsucrose.

Compound 33 was eluted at 4.07 min, possessing a quasi-
molecular ion [M-H]™ at m/z 183.0298, showing charac-
teristic fragment ions at (m/z 140.0103, 124.0153), and was
characterized as methyl gallate [16].

Compounds 15 and 39 were detected at 1.65 and
5.37 min, respectively. They showed the same deprotonated
ion [M-H]™ at m/z 153.0193 and the fragment ions at m/z
108.0203, 109.0282, and 123.0439, suggesting that they were
2,3-dihydroxybenzoic acid isomers [27, 31]. Compound 20
yielded a deprotonated ion [M-H]™ at m/z 315.0722, which
showed a fragment ion at m/z 153.0186 by losing the glucose
moiety (162 Da) in the MS? fragment ions; therefore, it was
tentatively identified as a 2,3-dihydroxybenzoic acid 3-O-
glucoside isomer [31].

Compounds 16, 19, 28, 29, 41, 58, 113, and 131 were
detected at 1.67, 1.84, 3.09, 3.19, 5.44, 6.38, 8.10, and
9.18 min, respectively, and possessed the same quasi-
molecular ions [M-H]™ at m/z 151.0401. The characteristic
fragment ions at m/z 108.0204, 123.0439, and 136.0154 were
identified as vanillin isomers according to the base peaks and
retention times. Compounds 72 and 86 were found at 6.72
and 7.23 min, respectively, and yielded the parent ions [M-
H]™ at m/z 167.0350. They were identified as vanillic acid
isomers based on the MS and MS/MS spectra [16]. Com-
pound 49 appeared at a tr of 5.95min, possessing quasi-
molecular jons at m/z 329.0878 and the main fragment ion at
m/z 167.0341 owing to the loss of a glucose residue (162 Da),
which was characterized as vanillic acid glucoside [32].
Similarly, compounds 34 and 54 were confirmed as vanillic
acid-O-rutinosides.

Compound 94 at m/z 137.0244 with the molecular
formula C;H¢O; and appearing at a fz of 7.58 min was
suggested to be p-hydroxybenzoic acid based on the MS>
data [21]. Compounds 23, 24, 25, 26, 31, and 32 (t 2.65, 2.85,
2.89, 3.00, 3.53, and 3.75min, respectively) had the same
quasi-molecular ion [M-H]  at m/z 299.0772 and the
characteristic fragment ion at m/z 137.0233 based on the
neutral loss of a glucose residue (162 Da). They were ten-
tatively characterized as p-hydroxybenzoic acid-O-glucoside
isomers [33].

3.5. Active Components and Related Targets. The active
compounds were selected by using the “drug-like soft” in
FAFDrugs4 with the criteria of 100<MW <600,
-3<logP<6, and HBA<12. Eventually, a total of 40
compounds were screened (Supplementary Table 1).
Combined with TCMSP and STP database search and
prediction, 445 component targets were obtained after re-
moving duplicate targets. Furthermore, 521 diabetes-related
targets were identified by screening the disease-target
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compounds diabetes

353 92 429

F1GURE 2: Overlapping genes of diabetes and compound targets.

database. Finally, 92 overlapping genes of compound targets
and diabetes-related targets were regarded as potential
targets of Diospyros lotus L for the treatment of diabetes
(Figure 2).

3.6. PPI Network of Overlapping Genes. The PPI network
graph was obtained by importing 92 overlapping targets into
STRING and removing one disconnected point. There were
91 nodes and 1488 edges; the average number of nodes was
32.8, and the average local clustering coefficient was 0.703.
TSV data were downloaded and imported into Cytoscape
3.9.0 software to show the protein interaction network.

The results are shown in Figure 3, where the node size is
positively correlated with the degree value and the lines
represent interactions. As betweenness centrality increases,
the color of the node changes from yellow to turquoise.
Degree and betweenness centrality indicate the importance
of the targets. The target whose degree value was greater than
the average value was considered the key target.

3.7. Enrichment Analysis. The key targets were further an-
alyzed by functional association clustering to integrate
functional genomics annotations of the most important
cluster of targets and pathways, which facilitates further
understanding of the mechanism of the antidiabetic effect of
Diospyros lotus L.

As shown in Figure 4, the most representative GO-BP
terms were “positive regulation of transcription from RNA
polymerase II promoter” and “inflammatory response,”
whereas the most representative GO-CC terms were “ex-
tracellular space,” “extracellular region,” and “plasma
membrane.” The most representative GO-MF terms were
“protein binding” and “enzyme binding.”

The two most representative KEGG pathways (Figure 5)
were the “MAPK signaling pathway” and “AGE-RAGE
signaling pathway.” After exclusion of broad pathways, 47
core common target genes were mainly related to the TNF,
PI3K-Akt, HIF-1, NAFLD, toll-like receptor, and other
multiple signaling pathways. This suggests that the effect of
Diospyros lotus L on diabetes may involve multiple pathways
as well as complex interactions among these pathways.
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FIGURE 3: PPI network graph.

3.8. Active Component-KeyGene-Pathway Interaction Net-
work Analysis. As shown in Figure 6, the active component-
keygene-pathway interaction network contained 104 nodes
(47 key genes, 37 active components, and 20 KEGG pathways
(top 20)) and 410 edges. In the network, the diamond, oval,
and elliptical nodes correspond to different active com-
pounds, pathways, and targets, respectively. The degrees of
quercetin, luteolin, kaempferol, TNF signaling pathway,
PI3K-Akt signaling pathway, HIF-1 signaling pathway,
PTGS2, AKT1, IL6, and TNF were 34, 20, 18, 12, 11, 10, 25, 21,
20, and 17, respectively. The average degrees of the diamond
and elliptical nodes were 5.93° and 8.72°, respectively. In
addition, at least nine genes were potentially involved in each
diabetes-related pathway, suggesting that one active com-
ponent can potentially target multiple genes and have the
action characteristics of multiple active compounds, targets,
and pathways of Diospyros lotus L in the treatment of diabetes.

Quercetin has many antihyperglycemic effects, such as
enhancing insulin sensitivity, promoting glycogen syn-
thesis, inhibiting a-glucosidase activity, and improving

insulin resistance [34]. Luteolin can play an antioxidant
role by enhancing the activity of superoxide dismutase in
microvascular lesions in diabetes [35]. Kaempferol is
a flavonoid compound that plays an active role in the
prevention and treatment of diabetes and has anti-
inflammatory and antioxidant properties. It can reduce
oxidative stress and inflammation through the MAPK
pathway to alleviate myocardial ischemia-reperfusion
injury in diabetic rats [36]. Myricetin can enhance the
antioxidant defense system in mice, increase insulin se-
cretion, substantially reduce blood glucose levels, and
effectively protect the liver and kidney from oxidative
damage in diabetic mice [37, 38]. IL-6 interferes with the
insulin signaling pathway and promotes apoptosis of
pancreatic f-cells, which promotes insulin resistance in
multiple organs through a variety of inflammatory sig-
naling pathways [39]. TNF is one of the cytokines con-
stituting the acute inflammatory response, which can
trigger the MAPK and NF-«B pathways, leading to insulin
resistance [40].
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FIGURE 6: The active component-keygene-pathway interaction network. As the betweenness centrality increases, the color of the node
changes from yellow to turquoise, and the larger the node, the greater the degree value.

4. Conclusion

In this study, an integrated approach combining UHPLC-Q-
Exactive Orbitrap MS and network pharmacology analysis was
adopted to explore the potential active ingredients and ame-
liorative mechanisms of Diospyros lotus L against hyperglyce-
mia. Eventually, 159 compounds were identified in Diospyros
lotus L (140 of which were reported for the first time). According
to the results of the active components and key gene-pathway
interaction network, the antihyperglycemic effect of Diospyros
lotus L is attributed to quercetin, luteolin, kaempferol, myr-
icetin, and dihydromyricetin, which act on PTGS2, AKT]I, IL6,
TNF, and MMP9 and participate in the TNF, PI3K-Akt, and
HIF-1 signaling pathways, as well as NAFLD. In conclusion, the
integrated approach combining UHPLC-Q-Exactive Orbitrap
MS and network pharmacology analysis provided insights into
the potential active ingredients and ameliorative mechanism of
Diospyros lotus L on hyperglycemia.

Data Availability

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

Disclosure

The funder has no role/influence in this study.

Conflicts of Interest

The authors declare that there are no conflicts of interest.

Authors’ Contributions

Shihan Qin and Mingjuan Liu contributed equally to
this work.

Acknowledgments

This work was financially supported by the Science and
Technology Innovation Program of Hunan Province (no.
2022RC1228), the Scientific Research Fund of Hunan
Provincial Education Department (no. 19A353) and the
Hunan University of Medicine High-Level Talent In-
troduction Startup Funds (no. 15001).

Supplementary Materials

Supplementary Table 1: Results of screening compounds by
“drug-likesoft” in FAFDrugs4. (Supplementary Materials)

References

[1] G. Uddin, A. Rauf, B. S. Siddiqui, N. Muhammad, A. Khan,
and S. U. A. Shah, “Anti-nociceptive, anti-inflammatory and
sedative activities of the extracts and chemical constituents of
Diospyros lotus L,” Phytomedicine, vol. 21, no. 7, pp. 954-959,
2014.

[2] A. Rauf, G. Uddin, H. Khan, M. Raza, M. Zafar, and
H. Tokuda, “Anti-tumour-promoting and thermal-induced
protein denaturation inhibitory activities of 3-sitosterol and
lupeol isolated from Diospyros lotus L,” Natural Product
Research, vol. 30, no. 10, pp. 1205-1207, 2016.


https://downloads.hindawi.com/journals/jamc/2022/8000126.f1.docx

18

[3] A. Rauf, S. Uysal, T. B. Hadda et al., “In vivo and in silico
sedative-hypnotic like activity of 7-methyljuglone isolated
from Diospyros lotus L,” Biomedicine ¢ Pharmacotherapy,
vol. 87, pp. 678-682, 2017.

[4] B. O. Cho, H. H. Yin, S. H. Park, E. B. Byun, H. Y. Ha, and
S. 1. Jang, “Anti-inflammatory activity of myricetin from
Diospyros lotus through suppression of NF-xB and STAT1
activation and Nrf2-mediated HO-1 induction in
lipopolysaccharide-stimulated RAW264. 7 macrophages,”
Bioscience, Biotechnology, and Biochemistry, vol. 80, no. 8,
pp. 1520-1530, 2016.

[5] J. P. Palmer and L. B. Hirsch, Type 2 Diabetes in Adults Type 2
Diabetes in Adults: Management, pp. 8-322, National Institute
for Health and Care Excellence, London E20 UK, 2015.

[6] A.Chaudhury, C. Duvoor, V. S. Reddy Dendi et al., “Clinical
review of anti-diabetic drugs: implications for type 2 diabetes
mellitus management,” Frontiers in Endocrinology, vol. 8,
no. 6, p. 6, 2017.

[7] Y. Song, J. Yang, W. Jing et al., “Systemic elucidation on the

potential bioactive compounds and hypoglycemic mechanism

of Polygonum multiflorum based on network pharmacology,”

Chinese Medicine, vol. 15, no. 1, pp. 121-215, 2020.

M. Azadbakhta, S. Safapour, A. Ahmadi, G. Maryam, and

S. Mohammad, “Anti-diabetic effects of aqueous fruits extract

of Diospyros lotus L on streptozotocin-induced diabetic rats

and the possible morphologic changes in the liver, kidney and

heart,” Journal of Pharmacognosy and Phytotherapy, vol. 2,

no. 2, pp. 010-016, 2010.

[9] D. N. Che, H. J. Kang, B. O. Cho, J. Y. Shin, and S. I. Jang,
“Combined effects of Diospyros lotus Leaf and grape stalk
extract in high-fat-diet-induced obesity in mice,” Food Science
and Biotechnology, vol. 28, no. 4, pp. 1207-1215, 2019.

[10] H.H. Yan, C. Q. Qin, H. R. Li, X. Li, and D. F. Ren, “Protective
effect of fermented Diospyros lotus L extracts against the high
glucose-induced apoptosis of MING6 cells,” Journal of Food
Biochemistry, vol. 45, no. 4, Article ID 13685, 2021.

[11] Q. Chen, Y. Zhao, M. Li et al., “HPLC-MS and network
pharmacology analysis to reveal quality markers of huo-xue-
jiang-tang yin, a Chinese herbal medicine for type 2 diabetes
mellitus,” Evidence-Based Complementary and Alternative
Medicine, vol. 2021, Article ID 1072975, 12 pages, 2021.

[12] S. Guo, H. Ouyang, W. Du et al,, “Exploring the protective
effect of Gynura procumbens against type 2 diabetes mellitus
by network pharmacology and validation in C57BL/Ks] db/db
mice,” Food & Function, vol. 12, no. 4, pp. 1732-1744, 2021.

[13] L. Bell, M. J. Oruna-Concha, and C. J. F. C. Wagstaft,
“Identification and quantification of glucosinolate and fla-
vonol compounds in rocket salad (Eruca sativa, Eruca ves-
icaria and Diplotaxis tenuifolia) by LC-MS: highlighting the
potential for improving nutritional value of rocket crops,”
Food Chemistry, vol. 172, pp. 852-861, 2015.

[14] C. Ganos, N. Aligiannis, I. Chinou et al., “Rindera graeca
(boraginaceae) phytochemical profile and biological activi-
ties,” Molecules, vol. 25, no. 16, p. 3625, 2020.

[15] M.-Z. Zhu, W. Wu, L.-L. Jiao, P. F. Yang, and M. Q. Guo,

“Analysis of flavonoids in lotus (Nelumbo nucifera) leaves

and their antioxidant activity using macroporous resin

chromatography coupled with LC-MS/MS and antioxidant

biochemical assays,” Molecules, vol. 20, no. 6, pp. 10553

10565, 2015.

R. Liu, Z. Zhao, S. Dai, X. Che, and W. Liu, “Identification and

quantification of bioactive compounds in Diaphragma

juglandis fructus by UHPLC-Q-Orbitrap HRMS and

[8

(16

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

Journal of Analytical Methods in Chemistry

UHPLC-MS/MS,” Journal of Agricultural and Food Chemis-
try, vol. 67, no. 13, pp. 3811-3825, 2019.

G. Zengin, M. F. Mahomoodally, M. Y. Paksoy et al., “Phy-
tochemical characterization and bioactivities of five Apiaceae
species: natural sources for novel ingredients,” Industrial
Crops and Products, vol. 135, pp. 107-121, 2019.

H. Chen, K. Ouyang, Y. Jiang et al., “Constituent analysis of
the ethanol extracts of Chimonanthus nitens Oliv. leaves and
their inhibitory effect on a-glucosidase activity,” International
Journal of Biological Macromolecules, vol. 98, pp. 829-836,
2017.

W. L. R. Barbosa, A. Peres, S. Gallori, and F. F. Vincieri,
“Determination of myricetin derivatives in Chrysobalanus
icaco L.(Chrysobalanaceae),” Revista Brasileira de Farm-
acognosia, vol. 16, no. 3, pp. 333-337, 2006.

D. P. Ili¢, D. Z. Troter, L. P. Stanojevi¢, J. B. Zvezdanovic,
D. D. Vukotic, and V. D. Nikolic, “Cranberry (Vaccinium
macrocarpon L.) fruit juice from Serbia: UHPLC-DAD-MS/
MS characterization, antibacterial and antioxidant activities,”
Antibacterial and Antioxidant Activities, vol. 146, Article ID
111399, 2021.

H. Peng, Z. Deng, X. Chen, Y. Sun, B. Zhang, and H. Li,
“Major chemical constituents and antioxidant activities of
different extracts from the peduncles of Hovenia acerba
Lindl,” International Journal of Food Properties, vol. 21, no. 1,
pp. 2135-2155, 2018.

Y. Huang, J. Zhao, W. Jian, and G. Wang, “Effects of ve-
rapamil on the pharmacokinetics of dihydromyricetin in rats
and its potential mechanism,” Xenobiotica, vol. 48, no. 8,
pp. 839-844, 2018.

X. Chen, L. Hu, H. Wu et al., “Anti-helicobacter pylori and
anti-inflammatory effects and constituent analysis of modified
xiaochaihutang for the treatment of chronic gastritis and
gastric ulcer,” Evidence-Based Complementary and Alternative
Medicine, vol. 2018, Article ID 6810369, 15 pages, 2018.

X. Qiao, R. Li, W. Song et al., “A targeted strategy to analyze
untargeted mass spectral data: rapid chemical profiling of
Scutellaria baicalensis using ultra-high performance liquid
chromatography coupled with hybrid quadrupole orbitrap
mass spectrometry and key ion filtering,” Journal of Chro-
matography A, vol. 1441, pp. 83-95, 2016.

G. Téth, A. Alberti, A. Sélyomvary, C. Barabas, 1. Boldizsar,
and B. Noszal, “Phenolic profiling of various olive bark-types
and leaves: HPLC-ESI/MS study,” Industrial Crops and
Products, vol. 67, pp. 432-438, 2015.

M. E. Karar and N. J. J. C. B. T. Kuhnert, “UPLC-ESI-Q-TOF-
MS/MS characterization of phenolics from Crataegus
monogyna and Crataegus laevigata (Hawthorn) leaves, fruits
and their herbal derived drops (Crataegutt Tropfen),” Journal
of Chemical Biology & Therapeutics, vol. 1, no. 102,
pp. 12572-20406, 2015.

S. Uysal, G. Zengin, K. I. Sinan et al., “Chemical character-
ization, cytotoxic, antioxidant, antimicrobial, and enzyme
inhibitory effects of different extracts from one sage (Salvia
ceratophylla L.) from Turkey: open a new window on in-
dustrial purposes,” RSC Advances, vol. 11, no. 10, pp. 5295-
5310, 2021.

Y. He, Y. Wang, X. Zhang et al., “Chemical characterization of
small-molecule inhibitors of monoamine oxidase B synthe-
sized from the Acanthopanax senticosus root with affinity
ultrafiltration mass spectrometry,” Rapid Communications in
Mass Spectrometry: Rapid Communications in Mass Spec-
trometry, vol. 34, no. 8, p. €8694, 2020.



Journal of Analytical Methods in Chemistry

(29]

(30]

(31]

(32]

(33

(34]

(35]

(36]

(37]

(38]

(39]

[40]

W. Ostrowski, A. Wojakowska, M. Grajzer, and M. Stobiecki,
“Mass spectrometric behavior of phenolic acids standards and
their analysis in the plant samples with LC/ESI/MS system,”
Journal of Chromatography B, vol. 967, pp. 21-27, 2014.

L. Zhang, S. Qin, S. Tang et al, “Qualitative analysis of
multiple phytochemical compounds in tojapride based on
UHPLC Q-exactive orbitrap mass spectrometry,” Molecules,
vol. 27, no. 19, p. 6639, 2022.

D. N. Olennikov, A. I. Gadimli, J. I. Isaev et al., “Caucasian
Gentiana species: untargeted LC-MS metabolic profiling,
antioxidant and digestive enzyme inhibiting activity of six
plants,” Metabolites, vol. 9, no. 11, p. 271, 2019.

I. M. Abu-Reidah, D. Arrdez-Roman, R. Quirantes-Piné,
S. Fernandez-Arroyo, A. Segura-Carretero, and A. Fernandez-
Gutierrez, “HPLC-ESI-Q-TOF-MS for a comprehensive
characterization of bioactive phenolic compounds in cu-
cumber whole fruit extract,” Food Research International,
vol. 46, no. 1, pp. 108-117, 2012.

I. Parejo, O. Jauregui, F. Sdnchez-Rabaneda, F. Viladomat,
J. Bastida, and C. Codina, “Separation and characterization of
phenolic compounds in fennel (Foeniculum vulgare) using
liquid chromatography-negative electrospray ionization
tandem mass spectrometry,” Journal of Agricultural and Food
Chemistry, vol. 52, no. 12, pp. 3679-3687, 2004.

F. Yali, L. Hao, L. Juan, Z Ruan, and G. Y Zhai, “Research
progress on therapeutic potential of quercetin,” China Journal
of Chinese Materia Medica, vol. 46, no. 20, pp. 5185-5193,
2021.

Y. N. Zhou, Y. Li, M. Li, P. Xiao, X. Li, and L. H. Wang, “Anti-
oxidative stress effects of Luteolin in diabetic rats retina,”
World Latest Medicine Information, vol. 19, no. 74,
pp. 113-114, 2019.

K. Suchal, S. Malik, S. Khan et al., “Molecular pathways in-
volved in the amelioration of myocardial injury in diabetic
rats by kaempferol,” International Journal of Molecular Sci-
ences, vol. 18, no. 5, p. 1001, 2017.

N. Kandasamy and N. Ashokkumar, “Myricetin modulates
streptozotocin-cadmium induced oxidative stress in long
term experimental diabetic nephrotoxic rats,” Journal of
Functional Foods, vol. 5, no. 3, pp. 1466-1477, 2013.

Z.]. Yang, H. R. Wang, Y. I. Wang et al., “Myricetin atten-
uated diabetes-associated kidney injuries and dysfunction via
regulating nuclear factor (erythroid derived 2)-like 2 and
nuclear factor-«B signaling,” Frontiers in Pharmacology,
vol. 10, p. 647, 2019.

M. Akbari and V. Hassan-Zadeh, “IL-6 signalling pathways
and the development of type 2 diabetes,” Inflammopharma-
cology, vol. 26, no. 3, pp. 685-698, 2018.

R. Jaganathan, R. Ravindran, and S. Dhanasekaran,
“Emerging role of adipocytokines in type 2 diabetes as me-
diators of insulin resistance and cardiovascular disease,”
Canadian Journal of Diabetes, vol. 42, no. 4, pp. 446-456,
2018.

19





