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ABSTRACT

The objective of this study was to investigate the chemical composition, biological activity, and intervention mechanism of

Healthy Snow Lotus Wine in the treatment of erectile dysfunction (ED). A preliminary relative characterization and relative

quantification of Healthy Snow Lotus Wine was conducted using ultra performance liquid chromatography-quadrupole orbitrap

mass spectrometry (UPLC-Q-Orbitrap-MS). This analysis led to the screening of chemical components that met the criteria of
drug similarity and bioavailability. Network pharmacology methods were utilized to identify the active ingredients and their mo-
lecular targets of Healthy Snow Lotus Wine that are relevant to the treatment of ED. Enrichment analysis revealed a significant
association between Healthy Snow Lotus Wine and pathways related to chemical stress, particularly those involved in cellular

basement membrane and phosphatidylinositol 3-kinase complex signaling. Molecular docking experiments demonstrated that
the key compounds bind well to key ED-related proteins, including STAT3, EGFR, SRC, AKT1, and BCL2. Antioxidant exper-
iments demonstrated that the wine exhibited high antioxidant capacity, with its total phenolic content (TPC), total flavonoid

content (TFC), and total proanthocyanidin content (TAC) being superior to those of other samples. These findings provide sub-
stantial evidence to support the therapeutic potential of Healthy Snow Lotus Wine in treating ED through multiple mechanisms,

underscoring its notable biological activity.

1 | Introduction

Health Snow Lotus Wine is crafted from high-quality Xinjiang
grapes and infused with traditional Chinese medicinal ingredi-
ents, including Tianshan Snow Lotus, wolfberry, longan meat,
chrysanthemum, and angelica. Unlike the traditional fermenta-
tion method, this innovative product utilizes a modern steeping
process to integrate medicinal components into the wine. This
approach preserves the wine's original flavor while enhancing
its functional properties by dissolving active herbal ingredients

into the beverage (Gong et al. 2019). Tianshan snow lotus con-
tains flavonoids, terpenoids, polysaccharides, and other active
ingredients (Xie et al. 2017). It has been demonstrated in the
scientific literature that Tianshan snow lotus flavonoids and
terpenoids possess antibacterial, anti-inflammatory, analge-
sic, anti-tumor, and other biological activities (Biez-Gonzalez
et al. 2024). Additionally, its polysaccharides possess antiox-
idant, radioprotective, and photodamage-mitigating effects.
Wolfberry contributes polysaccharides, carotenoids, and flavo-
noid glycosides, which are known for their immunomodulatory,
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antifatigue, and ocular neuroprotective activities (Wang
et al. 2020). Longan meat, rich in polyphenols and vitamins,
supports heart and spleen health while promoting mental calm-
ness and restful sleep (Yue et al. 2022). Chrysanthemum is rich
in flavonoids and volatile oils, which can clear away heat and
provide detoxification, as well as have antibacterial effects (Liu,
Lu, et al. 2024; Liu, Ran, et al. 2024). The ferulic acid and vol-
atile oils in Angelica sinensis are widely used to tonify and in-
vigorate the blood, regulate hormone balance, and fight aging
(Wei et al. 2016). The synergistic effect of these herbs further
enhances the health and functionality of Healthy Snow Lotus
Wine compared to traditional wine, making it an innovative
wine product.

Alcohol consumption exhibits a dual impact on erectile dys-
function (ED). Moderate intake may temporarily alleviate ED
symptoms through relaxation and vasodilation (Yafi et al. 2016).
However, excessive alcohol consumption is a well-documented
risk factor for ED, as it impairs vascular endothelial function,
suppresses testosterone production, and exerts toxic effects on
the nervous system (S. Li et al. 2021). In contrast, Healthy Snow
Lotus Wine, a functional beverage infused with traditional
Chinese medicinal ingredients, such as Tianshan Snow Lotus,
wolfberry, longan meat, chrysanthemum, and angelica, demon-
strates potential benefits for ED management. These ingredients
are renowned in traditional medicine for their ability to nourish
the liver and kidneys, replenish qi and blood, calm the mind, and
alleviate anxiety (Pan et al. 2023). In the meantime, more and
more consumers are inclined to treat chronic diseases through
the use of medicinal food and food ingredients as a means of
health awareness (Arenas-Jal et al. 2020). As a functional bev-
erage with both medicinal and food properties, Healthy Snow
Lotus Wine is gradually gaining popularity among consumers
due to its safety and heart acceptance as well as its convenience
(Law and Au 2025).

Studies have demonstrated a close association between ED and
oxidative stress coupled with metabolic dysregulation. Reactive
oxygen species (ROS) impair nitric oxide synthase (eNOS) ac-
tivity, reducing nitric oxide (NO) bioavailability, and conse-
quently compromising penile vasodilation (Corona et al. 2023;
Kaltsas et al. 2024). Additionally, obesity-induced lipid accu-
mulation exacerbates ED through chronic inflammatory path-
ways (Subramaniyan and Hanim 2025), and the terpenoids in
Healthy Snow Lotus Wine reduce lipid absorption by inhibiting
pancreatic lipase activity, thereby alleviating adipose tissue-
mediated inflammatory responses (Rajan et al. 2020). This
anti-inflammatory effect is characterized by decreased levels of
pro-inflammatory cytokines, such as interleukin-8 (IL-8) and C-
reactive protein (CRP), ultimately ameliorating the severity of
ED (Moon et al. 2019).

In this study, we used UPLC-Q-Orbitrap-MS to characterize
the chemical constituents of Healthy Snow Lotus Wine (Kim
et al. 2024), combining qualitative and relative quantitative
analyses with functional studies to unravel its potential mech-
anisms for addressing ED. High-resolution mass spectrometry
data were utilized to identify bioactive components and predict
their interactions with ED-related protein targets through mo-
lecular docking and network pharmacology. Furthermore, the
antioxidant capacity and pancreatic lipase inhibitory activity

of the wines were systematically evaluated by standardized
in vitro assays, directly targeting oxidative stress and metabolic
dysregulation—two key pathways implicated in the pathogen-
esis of ED. Through phytochemical analysis and bioactivity
validation, this study elucidated the relationship between its
chemical composition and bioactivity, thus laying a scientific
foundation for its application in ED management and functional
food development.

2 | Materials and Methods
2.1 | Wine Samples

Healthy Snow Lotus Wine produced by Xinjiang Tianshan
Snow Lotus Pharmaceutical Co. Ltd. and three other Cabernet
Sauvignon wine samples were selected for the determination
of total composition and antioxidant testing. W1, W2, and W3
were Cabernet Sauvignon wines, and W4 was the Healthy Snow
Lotus Wine. The wine samples were stored in the laboratory at
4°C in a refrigerator and were tested and analyzed immediately
after opening the bottles.

2.2 | Lipase Inhibition Test
2.2.1 | Inhibition of Lipase by Red Wine

According to the method in the literature (Pandey et al. 2020;
Sosnowska et al. 2022), p-NPB was predissolved in acetonitrile,
and a solution of 5.6 umol/mL was prepared and stored at —20°C.
The solution was prepared in Tris-HCI buffer (13mmol/L,
pH=7.5) and stored at 4°C. Tris—-HCl buffer (13mmol/L,
pH=7.5) was prepared and stored at 4°C. An appropriate
amount of lipase was dissolved in Tris-HCI buffer, centrifuged
at 3600 x g for 20min at 4°C, and the supernatant was collected
and prepared into a 0.25mg/mL lipase solution, stored at 4°C
for spare use. Prepare the wine samples at dilutions of 1, 2, 4,
6, and 8, add 50uL of wine samples at different dilutions into
96-well plates, add 130 L of lipase solution, incubate at 37°C for
10min, and add 20uL of 5.60 umol/mL substrate p-NPB solu-
tion, incubate at 37°C for 60 min, and then read absorbance val-
ues at 405nm. In the blank control group, distilled water was
used instead of wine samples, Tris—HCI buffer was used instead
of lipase solution, and orlistat (0.5 mg/mL) was used as a positive
control, and each group of experiments was done three times in
parallel, and the inhibition rate was calculated.

Inhibition rate (%) = (1 _&- D) x 100
A-B

where A represents the Blank group (no sample, enzyme added),
B the Blank control group (no sample, no enzyme added), C the
sample group (with sample, with enzyme), and D the Sample
control group (with sample, without enzyme).

2.2.2 | Type of Lipase Inhibition by Red Wine

Referring to the literature (Cao et al. 2024; N. Li et al. 2022),
50uL of diluted zerofold, undiluted, and twofold wine samples
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were taken from a 96-well plate and added with 130uL of 0, 2,
3,4, 5,and 6 mg/mL lipase solution, respectively, then incubated
at 37°C for 10min, and then added with 20 uL of 5.60 umol/mL
of the substrate, p-NPB, and the absorbance was read at 405nm
after incubation for 60 min at 37°C. The absorbance value was
read at 405nm after incubation at 37°C for 60min. The wine
samples with a dilution of 0 were replaced by distilled water, and
the 0mg/mL lipase solution was replaced by Tris—-HCI buffer,
and each set of experiments was done three times in parallel
(Zhang et al. 2025).

According to the above procedure, the concentration of lipase was
fixed at 0.25mg/mL, and the concentration of the substrate p-NPB
was changed (3, 4, 5, 6, 7umol/mL), and the enzyme reaction rates
of zerofold, onefold, and twofold dilution were determined, respec-
tively (using distilled water instead of zerofold dilution), and the
experiments of each group were done three times in parallel. The
Lineweaver-Burk double inverse curve was plotted with the recip-
rocal of p-NPB concentration as the horizontal coordinate and the
reciprocal of the reaction rate as the vertical coordinate, and the
type of lipase inhibition was judged according to the position of
the intersection of the fitted straight line and the coordinate axis.

2.2.3 | Molecular Docking of Lipase With
Proanthocyanidins

The protein file of pancreatic lipase (1LPA) was down-
loaded from Uniprot (https://www.uniprot.org/) and
PDB (https://www.rcsb.org/) for molecular docking with
proanthocyanidins.

2.3 | Antioxidant Activity Studies
2.3.1 | ABTS Antioxidant Assay

Referring to the method in the literature with some modifications,
100 pL of each sample was taken and diluted 24, 25, 26, 27, 28,
and 29 times. A total of 100 uL of ABTS (12h reaction in the dark,
diluted to near 0.7 absorbance when used) and ethanol were added
in a 96-well plate, and the absorbance was measured at 734nm
with VC (0.1 g/mL) as a positive control (Raseta et al. 2024).

A, —A
ABTS free radical scavenging rate (%) = <1 - %) % 100
0

where A: ABTS + ethanol (100 uL each) mixed well and absor-
bance at 734nm; A;: Samples + ethanol (100 uL each) mixed
well and absorbance at 734nm; and A,: Samples + ABTS (100
KL each) mixed well and absorbance at 734 nm.

2.3.2 | DPPH Antioxidant Assay

Referring to the literature, the preparation of the DPPH reagent
involved the following steps (Saadullah et al. 2024). First, 100 uL
of each sample was taken, and the samples were then diluted 24,
25, 26, 27, 28, and 29 times. A total of 100 uL of DPPH (ethanol
soluble) and 100 uL of ethanol were added to a 96-well plate, and

the absorbance was finally measured at 516 nm with VC (0.1g/
mlL) as a positive control.

A,—-A
DPPH free radical scavenging rate(%) = <1 - %) X 100
0

where A: DPPH + ethanol (100 pL each) mixed well and ab-
sorbance at 516 nm; A;: Sample + ethanol (100 uL each) mixed
well and absorbance at 516 nm; and A,: Samples + DPPH (100
uL each) mixed well and absorbance at 516 nm.

2.3.3 | Hydroxyl Radical Scavenging Antioxidant

Based on the literature, the sample solutions were first diluted 10,
30, and 50 times. Then, 1mL of FeSO, solution, 1 mL of salicylic
acid-ethanol solution, and 1 mL of H,0O, solution were added to the
samples successively and mixed well (Haran et al. 2024). The re-
action was conducted at 37°C for 30min, and the absorbance was
measured at 510nm with VC (0.1g/mL) as the positive control.

AO - (Am _An)
A

0

Hydroxyl radical scavenging rate (%) = % 100

where A, : Absorbance of the sample at 510nm; A,: Water was
substituted for H,O, with absorbance at 510nm; and A,: Water
instead of sample absorbance at 510 nm.

2.3.4 | FeIon Reduction Capacity Determination

The design of experimental protocols was improved in accor-
dance with the literature. The sample solutions were diluted 5,
10, and 30 times. A total of 1mL of phosphate buffer solution
and 1mL of 1% K,Fe (CN), solution were added to the sample
successively, and the reaction was conducted under a water bath
condition at 50°C for 20min. After adding a 10% trichloroacetic
acid solution, the sample was then centrifuged at 3000 r/min for
5min (Wu et al. 2021). A total of 2mL of supernatant was taken,
1mL of water, and 1mL of 0.1% FeCl, solution were added,
mixed, and left for 10min, and the sample was analyzed. The
absorbance was finally measured at 700nm with VC (0.1 g/mL)
as the positive control.

A total antioxidant capacity =A,, — A, — A4,

where A, : Absorbance of the sample at 700nm; A, : Absorbance
at 700nm for samples, buffers, and water; and A : Absorbance at
700nm for water substitution samples.

2.3.5 | Assay of Phosphomolybdic Acid Method

Referring to the literature method (Wang et al. 2022), the sam-
ple solutions were diluted 5, 10, and 30 times. A total of 2mL of
H,SO, solution, 2mL of phosphate solution, and 2mL of ammo-
nium molybdate solution were added to the samples successively
and then mixed well. The solution was placed in a water bath at
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95°C for 90min and cooled to room temperature. Absorbance
was measured at 760 nm with VC (0.1 g/mL) as a positive control.

A total antioxidant capacity =A4,, — A, — A4,

where A, : Absorbance of the sample at 760nm; A, : Samples and
absorbance at 760nm for H,SO, and phosphate and water; and
A,: Absorbance at 760nm for water substitution samples.

2.4 | Total Ingredient Content
2.4.1 | Total Phenol Content

The total phenolic content (TPC) was determined by the
Folin-Ciocalteu (FC) method (Vazquez et al. 2015). The stan-
dard curve of gallic acid (0.05mg/mL) was first prepared in
the concentration range of 1-6mg/L. The FC reagent and 7.5%
Na,CO, solution were added after the samples were diluted well
beforehand (1000-fold dilution was optimal according to the
pre-experiment). The reaction was then conducted for 30 min
under low light, and the absorbance at 760nm was measured.
The TPC of the wine samples was finally expressed as gallic acid
equivalents.

2.4.2 | Total Flavonoid Content

Total flavonoid content (TFC) was determined by the NaNO,-Al
(NO,);-NaOH colorimetric method. The standard curve of rutin
(0.5mg/mL) was first prepared in the concentration range of
20-70mg/L. After diluting the wine 50 times, 1 mL of 4% NaNO,
solution, 1mL of 10% Al (NO,), solution, and 1mL of 4% NaOH
solution were added sequentially, with an interval of 6min for
each reagent. The reaction was finally realized after adding
60% vol. ethanol for 12min. The supernatant was taken by cen-
trifugation, and the absorbance at 510nm was measured (Yao
et al. 2016). The TFC in the wine samples was indicated as rutin
equivalents.

2.4.3 | Total Proanthocyanin Content

The total anthocyanin content (TAC) was determined using the
iron salt-catalyzed colorimetric method. The standard curve of
proanthocyanidins (0.5mg/mL) was first prepared in the concen-
tration range of 27-135mg/L. The absorbance at 550nm was then
measured by adding ammonium iron sulfate and an n-butanol
hydrochloride solution to the wine samples diluted 75 times in ad-
vance, followed by heating at 95°C for 40 min (Pandeya et al. 2018).
The total proanthocyanin content in the wine samples was finally
expressed as proanthocyanidin equivalents.

2.5 | UPLC-Q-Orbitrap-MS Qualitative
and Quantitative Chemical Composition

Q Exactive HF-X Mass Spectrometer (Thermo, USA), Vanquish
Ultra High-Pressure Liquid Chromatograph (Thermo, USA),

Chromatographic column: Waters HSS T3 (100X2.1mm,
1.8 um), Cryogenic high-speed centrifuge (Eppendorf 5430R).
Methanol/acetonitrile/formic acid/isopropanol (chromatogra-
phy grade).

2.5.1 | Pretreatment

The wine samples were slowly thawed at 4°C, an appropriate
volume of sample (0.5-1.0mL, freeze-drying and concentration
can be used if the sample volume is too large) was taken into
a centrifuge tube, two times the volume of extraction solution
(methanol/acetonitrile, 1:1, v/v) was added, vortexed for 60s,
and ultrasonic extracted at low temperature for 30 min, and
then the extract was centrifuged at 12000rpm for 10min at
4°C. The supernatant was then collected and placed at —20°C
for 1h to precipitate the protein, and then further centrifuged
at 12,000rpm for 10min at 4°C; the supernatant was collected
for vacuum drying, and 100uL of 50% acetonitrile solution was
added for re-solubilization, and then centrifuged at 12000rpm
for 10min at 4°C after vortexing, and then the supernatant was
taken for on-board assay.

2.5.2 | UPLC-Q-Orbitrap-MS Parameters

Column: Waters HSS T3 (100X 2.1 mm, 1.8 um); mobile phase:
ultra-pure water (0.1% formic acid) in A, acetonitrile (0.1% for-
mic acid) in B; flow rate: 0.3mL/min; column temp: 40°C; in-
jection volume: 2uL; elution gradient: Omin A-phase/B-phase
(100:0, v/v), 12min A-phase/B-phase 5% A-phase, 95% A-phase,
5% B-phase, 13min, 13.1% A-phase, 86.9% B-phase, 17min,
100% A-phase. The samples were kept at 4°C in the autosam-
pler. To avoid fluctuations in the signal, a random sequence was
used for the analysis of the samples. The QC method was used to
monitor the system and data. A Q Exactive HFX from Thermo,
USA, was used to obtain primary and secondary spectra. The
instrument had an electrospray ionization (ESI) source with 40
arb of sheath gas and 10 arb of auxiliary gas, an ion spray voltage
of +3000/-2800V, a temperature of 350°C, and an ion transfer
tube temperature of 320°C. The scanning mode was Full-MS-
ddMS2, and the scanning mode was positive/negative ion. The
mass spectrometry scanning range was 70-1050 Da, with a reso-
lution of 70,000 and 17,500.

2.5.3 | Data Preprocessing

The data was processed using Progenesis QI software. This re-
moved noise, identified peaks, matched peaks, corrected reten-
tion times, and aligned peaks. This created a data matrix with
retention times, mass-to-charge ratios, and peak intensities.
We used commercial databases and a database of secondary
mass spectrometry of metabolites and corresponding cleavage
patterns to identify the peaks containing secondary mass spec-
trometry data. The higher the secondary fragmentation score,
the more reliable the identification result. A score of 0.7 or above
is generally considered reliable. TICs for positive and negative
ions were created with Xcalibur.
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2.6 | Network Pharmacological Study of Healthy
Snow Lotus Wine

2.6.1 | Screening of Main Active Components
and Target Prediction of Healthy Snow Lotus Wine

The compounds identified by UPLC-Q-Exactive Orbitrap-MS
were screened based on their relative content. The active ingre-
dients were evaluated using Lipinski's rule. This means that the
compounds had a molecular weight of less than 500, had no more
than 5 hydrogen bond donors, and had no more than 10 accep-
tors. The number of hydrogen bond donors was not more than
10, and the log P was between —2 and 5 (Murugan et al. 2024).
The screening process integrated data from the TCMSP data-
base (Traditional Chinese Medicine Systems Pharmacology
Database and Analysis Platform, TCMSP, https://tcmspw.com/
index.php) and the SwissTargetPrediction database (http://
www.swisstargetprediction.ch/). (Liu, Lu, et al. 2024; Liu, Ran,
et al. 2024). Then, the active compounds’ SMILES structures
were determined using the PubChem database (https://pubch
em.ncbi.nlm.nih.gov/). The SMILES structures of the active
compounds were input into the SwissTargetPrediction database
to predict their targets. The screening results were merged to
eliminate duplicate entries. To identify disease targets associ-
ated with erectile dysfunction (ED), the OMIM database (Online
Mendelian Inheritance in Man, OMIM, http://www.omim.
org/), the GeneCards database (score >5) (https://www.genec
ards.org/), and the TTD database (Therapeutic Target Database,
TTD, http://bidd.group/index.html/) were consulted. These
targets were then combined and deduplicated to obtain disease
targets.

2.6.2 | Network Diagram Construction

The Bioinformatics Platform (https://bioinformatics.com.
cn/) was used to identify the intersections between disease
targets and compound targets (Venn diagram). The resulting
targets were imported into the STRING database (https://strin
g-db.org/) with a confidence score threshold set above 0.7.
Unconnected targets were hidden, and interactions between
targets were identified. The data were then imported into
Cytoscape 3.10.0 software to construct a protein-protein in-
teraction network diagram (Gong et al. 2023; Santos Sobrinho
et al. 2022).

The chemical components of Healthy Snow Lotus Wine contain-
ing disease targets from the Venn diagram intersections were
screened, and a drug-component-target network diagram was
constructed. The more connections a component had with tar-
gets, the more critical it was.

2.6.3 | Enrichment Analysis

Kegg analyses were performed using the microbiology platform,
and the analysis module integrated R packages such as cluster-
Profiler and pathview. Data were screened at p-value <0.05, and
GO analysis was applied to the first 10 entries, which were im-
ported into the microbiology platform for visualization. KEGG
was used for the first 10 pathways (Gajera et al. 2024).

2.6.4 | Docking of Molecules

Docking was done using LibDock in Discovery Studio 3.0. To
find proteins, use the Uniprot database. Copy the PDB number
and access the PDB database to download the 3D files of the de-
sired proteins. Finally, use PubChem to find the 3D files of the
core components. Next, open Discovery Studio (DS) software
and remove water molecules, ligands, and complementary res-
idues in preparation for docking. To process all compounds, se-
lect “Prepare Ligands” from the menu. Define each protein as a
receptor molecule and use the machine learning module to pre-
dict binding regions. If the crystal structure does not include H
atoms, hydrogenate the receptor before this step. Next, the pro-
cessed compounds are docked with other compounds using the
“Receptor-Ligand Interactions” module. The results are then an-
alyzed at the end of the program. The higher the docking score,
the stronger the binding (Xiang et al. 2024).

3 | Results
3.1 | Results of Pancreatic Lipase Inhibition Assay

As can be seen from the Figure 1, the inhibitory effects of both
gradually decreased with increasing dilution, but the inhibitory
effect of wine decreased more rapidly, while orlistat inhibited
lipase better than wine at all dilution levels. At dilutions >2,
the inhibitory effect of wine decreased rapidly, whereas orlistat
remained strong, suggesting that the lipase inhibitory effect
of wine was limited at low concentrations, whereas orlistat re-
mained effective at higher dilutions.

The results of the kinetics of lipase inhibition by wine are shown
in Figure 2, all the straight lines pass through the origin and
the slopes increase with increasing wine dilution (i.e., decreas-
ing wine concentration), which indicates that the inhibition of
lipase by wine exhibits a concentration-dependent effect, and it
can be concluded that wine reversibly inhibits lipase activity.

0.14
= Without the stock solution
¢ Dilute two times
0.12 4 Undiluted
0.10 -
=
£ 0.08 -
(=)
=)
< 0.06 - N
>
0.04 A
0.02 -
0.00 T T T T T T
0 1 2 3 4 5 6

Enzyme concentration(mg/mL)

Reversible inhibition of lipase by wine

FIGURE1 | Reversible inhibition of lipase by red wine.
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Reversible inhibition is classified as non-competitive, anti-
competitive, and competitive, and non-competitive inhibition is
typically characterized by unchanged Km and smaller Vmax. By
plotting the Lineweaver-Burk curves of the inhibitor group and
the blank control group at different dilutions, it was found that the
curves of the inhibitor group and the non-inhibitor group inter-
sected on the horizontal axis, and the intercept of the straight line
on the horizontal axis remained unchanged, and the slopes became
larger, i.e., the Km was unchanged and the Vmax became smaller,
which showed that the type of inhibition of pancreatic lipase by
wine was non-competitive. lipase by wine is noncompetitive.

The total ion flow map of procyanidins was obtained based on
the mass spectrometry data, and the secondary fragmentation
ions m/z 425, 407, 289, 245, 125 were identified (Xu et al. 2014).
The results demonstrated concordance with the secondary mass

3007 [ = Undiluted

e Dilute two times
4 Dilute four times
v Without the stock solution

250

200

150

1/V(min/A0D)

100

H
v

T T T T T T T T T 1
-0%0.1 010 0.1 0.2 0.3
50 -

1/S(mL/pmol)

Lineweaver-Burk curves of lipase inhibition by wine

spectra of procyanidins documented in the existing literature.
Furthermore, molecular docking of procyanidins with pancre-
atic lipase was conducted, and the findings exhibited a nota-
ble multi-targeting docking effect of procyanidin. As shown in
Figures 3 and 4.

3.2 | Antioxidant Capacity Test

TPC, an antioxidant, is also considered an important parame-
ter for wine sensory characteristics. Therefore, several models
of the most representative antioxidants were selected for the ex-
periment: ABTS, DPPH, hydroxyl radical scavenging, ferric ion
reducing capacity, and the phosphomolybdic acid method.

Fe3* is formed into Fe** through antioxidants, and Fe?* further
reacts with FeCl, and demonstrates maximum absorbance at
700nm. Therefore, the absorbance at 700nm can reflect the re-
duction capacity of antioxidants; that is, a large absorbance in-
dicates a strong reduction capacity. The absorbance of W4 was
significantly larger than the three remaining groups at three di-
lutions, second only to VC. This finding indicates that the effect
of W4 on Fe3* reduction was highly evident compared with the
three remaining groups.

Ammonium molybdate can produce blue compounds with anti-
oxidants in the presence of strong acid and metaphosphate ions,
and a high absorbance indicates strong antioxidant activity. The
absorbance of W4 was significantly larger than the three other
groups at all three dilutions, second only to VC, indicating that
the total antioxidant capacity of W4 was stronger than the three
other groups (Figure 5).

ABTS was oxidized to green by the oxidant potassium persulfate,
and the production of ABTS cationic radicals in the presence of
the antioxidant was inhibited, resulting in a light solution color
and a small absorbance value at 734nm. The measured results

FIGURE2 | Lipase inhibition by red wine Lineweaver-Burk curve. are shown in Figure 6. W1, W2, W3, and W4 demonstrated
NEG_cp240808001 #4115 RT: 441 AV:1 NL: 7.01E4
T: FTMS - ¢ ESI d Full ms2 593.1315@hcd40.00 [50.0000-625.0000]
125.02
100
95
0 177.02
85
80
75 407.08
70
65 289.07
g 60
2 5 42509
£ 50
o
£ 45
s 40 593.12
35
30
25
- 19702 18}02
303.05 467.10
15 14902 | | 24508
10 | 203.07
; 1NN |
0 -
150 200 250 300 350 400 450 500 550 600
miz
FIGURE3 | Secondary ion fragmentation identification of proanthocyanidins.
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strong scavenging activities against ABTS cationic radicals and
a certain quantitative relationship with them. The scavenging
rate was greater than 50% in the dilution range of 24-27, and
only W4 had a scavenging rate greater than 50% at a dilution of
28, second only to VC.

FIGURE4 |

In Figure 6, W1, W2, W3, and W4 showed strong scavenging
activities against DPPH radicals and had a certain quantitative
effect relationship with them. The scavenging rate was greater
than 50% at the dilution range of 24-25, and the scavenging
rates of W1 and W4 were close to and both higher than those of

Y
g1

Molecular docking of proanthocyanidins with lipases.
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FIGURES5 | Results of reducing power of different samples and determination of reducing power of different samples of antioxidants by phospho-
molybdic acid method.
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FIGURE 6

| Detection of antioxidant capacity of ABTS, DPPH, and hydroxyl radicals.
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TABLE1 | Total phenolic content (TPC), total flavonoid content (TFC), and total proanthocyanidin content (TAC) of the wine samples.

Sample Alcohol (%) TPC (mg/100mL) TFC (mg/100mL) TAC (mg/100mL)
W1 13.5 278.9£2.6 113.7x£2.6 452.1£10.2
W2 13.5 182.4+3.3 105.2+3.6 450.6 +9.0
W3 13.5 271.1£1.3 175.8+£2.6 459.9+4.5
W4 12.0 365.7x+10.6 176.3£3.5 608.0+2.2

Note: W4 is Healthy Snow Lotus Wine.
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FIGURE 7 | Totalion current diagram in positive ion mode.
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FIGURE 8 | Total ion current diagram in negative ion mode.

W2 and W3 at the dilution of 25. Meanwhile, the scavenging rate reaction, which oxidizes Fe?* to Fe3* in the aqueous solution of

of W2 was always low. o-diazafil-Fe?*, resulting in a decrease in absorbance at 510nm.
The capability of the sample to scavenge hydroxyl radicals is
The principle of hydroxyl radical scavenging lies in the gener- demonstrated by the decrease rate at 510nm. The measured

ation of hydroxyl radicals by H,0,/Fe,* through the Fenton results are shown in Figure 6. W1, W2, W3, and W4 revealed
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TABLE 2 | UPLC-Q-Orbitrap-MS data information.

No Metabolite Mode Adducts Formula m/z Fragment ions
1 D-proline pos M+H,2M+H C5H9N02 116.070555 58.0658;59.0735;68.0499;69
.7626;70.0656;70.3695;74.93
77;98.0607;98.97;116.0705
2 Succinic acid neg M-H,0-H, M-H C4H604 117.019247 52.9735;54.3025;55.0187;73.
0294;85.8585;94.3392;94.35
06;99.0085;116.93;117.0192
3 L-asparagine pos M+H C4H8N203 133.060595 68.0498;70.029;74.0241;86.06
04;87.0555;88.0399;99.0078;1
16.0337;132.0648;133.0583
4 1-Heptanol pos 2M+ACN+H C,H,,0 274.273473 57.0707;62.0603;70.0657;71.0
861;85.1017;88.076;102.0913;
106.0867;256.262;274.2736
5 D-leucine pos M+H C,H,;NO, 132.101764 69.0343;69.0704;72.0448;79.
4133;86.0968;87.0442;91.053
8;97.029;105.0698;132.1019
6 3-0- pos 2M+ Na C,,H,,0, 579.148646 123.044;127.0388;135.0439;139
Debenzoylzeylenone .0384;163.0387;271.0601;275.05
51;287.0546;289.0701;409.0901
7 5-deoxy Thymidine pos M+CH,0OH+H C,,H;,N,0, 259.128355 56.05;84.0811;114.0545;122.09
64,142.049;168.1016;170.0807
;195.1122;213.1228;259.1284
8 Glycolaldehyde dimer neg M+ FA-H C,H,0, 165.040644 57.0347;59.0138;72.993;75.00
87;87.0087;99.009;105.0193;1
29.0192;147.0297;165.0406
9 Butyric acid pos M+ACN+H, C,H,O, 130.086097 55.5351,56.0501;61.1989;70.0
2M+ACN+H 658;72.6917;75.4781;81.2637
;84.0451;84.0811;130.0861
10 2-Ketobutyric acid neg M+ FA-H C,H,O, 147.030046 57.0346;59.0139;85.0293;87.00
88;101.0242;103.0405;129.020
4;129.0409;146.0253;147.0294
11 Ethyl gallate neg M-H C9H1005 197.045798 111.0086;124.0167;125.0244;127
.0036;136.9877;139.0036;140.01
12;168.0067;169.0145;197.0458
12 Adenine pos M+H CsHst 136.061577 91.0545;93.0696;94.0401;107.0
615;107.0846;109.0758;119.034
3;135.0916;136.0246;136.0608
13 (+)-Catechin neg M-H,M+Cl CISH1406 289.071736 59.0138;109.0294;123.0451;125
.0244;137.0247;151.04;203.071
7;205.0507;245.0821;289.0718
14 (S)-b-aminoisobutyric pos M+H-H,0,M+H C,H,NO, 104.070929  58.0658;59.0736;60.0813;67.2093
acid ;69.034;77.0948;86.0606;87.0445
15 4-Hydroxyproline pos M+H C,H,NO, 132.065392 55.0184;68.0499;69.0341;70.
0657;74.0241;86.0604;86.096
9;87.0544;97.0286;114.055
16 Cyclic N-Acetyl- neg M + FA-H C,H,.NO, 266.087992 59.0138;72.0091;74.0248;84.04

D-mannosamine

51;101.0245;104.0354;146.0459
;176.0568;218.0667,266.0891

(Continues)
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TABLE 2 | (Continued)
No Metabolite Mode Adducts Formula m/z Fragment ions
17 Ureidopropionic acid neg M-H,0-H, M-H C4H8N203 131.046232 58.0298;70.0299;71.0137;72.0
092;88.0404;95.025;113.0355;
114.0196;115.0029;131.0468
18 Trilepisflavan neg M+Cl C,,H,,0q4 605.194083 59.0137;71.0137;85.0294;87.00
84;89.0242;101.0241;113.0242
;151.0614;173.0455;605.1937
19 D-serine pos M+H C,H,NO, 106.050062 58.0658;60.0449;60.0759;60.
0813;61.0484;61.0846;70.029
4,88.0393;105.1107;106.05
20 L-glutamic acid neg M-H,0-H, M-H C,HyNO, 146.045967 102.0559;128.0353;1
30.5652;146.046
21 (—)-Epicatechin neg M-H,M+Cl C,sH.,04 289.071738 109.0293;123.045;125.0243;137.
0243;151.0401;179.035;203.071
5;205.0506;245.0818;289.0718
22 quercetin pos M+H C,H,,O,  303.049302  121.0284;137.0229;153.0179;165
.0181;201.0545;229.0489;257.04
42;274.0457,285.0395;303.0491
23 Clostebol acetate neg M+K-2H C,H,,ClO,  401.130586  59.0137;71.0137;89.0243;101.0
243;113.0241;119.0346;161.04
5;179.0565;221.0681;341.1106
24 De-O- neg M-H C,H,,0,  277.144601  107.0503;121.0294;127.1127;129
methyllasiodiplodin .1286;134.0373;134.8947;147.00
84;205.1599;233.1543,277.1445
25 Sucrose neg M +FA-H C,H,,0,, 387114691  59.0138;71.0137;72.9934;89.02
43;101.0244;113.0243;119.034
3;179.0566;193.0354;341.1096
26 L-aspartic acid pos M+H C,H,NO, 134.044600 70.029;70.0659,71.0495;74.
024,74.0335;87.055;88.0395;
88.076;116.0335;134.0431
27 Apigenin pos M+H C,sH,,04 271.059414 67.0183;68.9974;91.0547;119.0
491;121.0282;145.0282;153.017
9;163.0397;270.7722;271.0592
28 Cyclo (Ile-Leu) neg 2M+ Hac-H C,,H,,N,0, 511.350013 59.0138;112.0773;129.1043;130
.0868;207.1495;224.1743;225.15
97,337.2609;433.3187;451.3295
strong scavenging activities for hydroxyl radicals and a certain
quantitative effect relationship with them. Meanwhile, W4 was
higher than the three remaining groups at dilutions of 5 and 10,
second only to VC.
3.3 | Determination of Total Content
of Ingredients 364 82 692
The results in Table 1 were obtained from the experimental de-
termination of total polyphenols in wines. The standard curves
prepared before the determination of the total polyphenol
and flavonoid contents were y=123.31x+0.0324, R>=0.9991
and y=12.76x—0.0172, R>=0.9995, respectively. The TPC
(365.7+£10.6 mg/100mL) and TFC (176.3+3.5mg/100mL) of
Healthy Snow Lotus Wine were higher than those of the three ~ FIGURE9 | Erectile dysfunction and Healthy Snow Lotus Wine tar-

other wines (p <0.05). TPC was followed by W1 and W3 (both

get Venn diagram.
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FIGURE 10 | Protein-protein interaction networks.

close in content) and then W2. The standard curve prior to the
determination of proanthocyanidins was y=5.1148x+0.0627,
R?=0.9996. The proanthocyanidin content of the Healthy
Snow Lotus Wine was significantly better than that of the other
samples.

3.4 | Results of UPLC-Q-Orbitrap-MS

The identification results were collated and screened for sub-
stances with a relative content >0.2% and conforming to
Lipinski's five-fold rule, and the total ionic current diagrams
in positive and negative modes are shown in Figures 7 and 8.
Relevant data are shown in Table 2.

3.5 | Study on the Mechanism of Intervention in
Erectile Dysfunction by Healthy Snow Lotus Wine

3.5.1 | Target Prediction and Network Diagram
Construction

Based on the screening criteria described in Section 2.3.1 (in-
cluding Lipinski's rule), 28 compounds met the criteria, with
774 intersections between disease targets and 82 intersections

between targets. Figure 9 shows the Wayne diagram. Figure 10
shows the protein-protein interaction network. It was made
using the criteria in the previous section. Figure 11 shows the
components that match Lipinski's law of five-fold multiplicity.
Table 3 lists the active ingredients.

The four substances most closely linked to each target were
Trilepisflavan, De-O-methyllasiodiplodin, apigenin, and quer-
cetin. The degree values are 32, 27, 23, 13.

3.5.2 | Results of GO and Kegg Enrichment Analysis

Kegg analyses were performed using the microbiology platform
and the analysis module integrated R packages such as clus-
terProfiler and pathview. The data were screened at a p-value
of <0.05, and 2179 BP entries were obtained, mainly related to
chemical stress, signaling, and stress response. A total of 107
CC entries were identified, mainly related to the cell basement
membrane and phosphatidylinositol 3-kinase complex. A total
of 131 MF entries were identified, mainly involving phosphatase
binding, phosphatidylinositol kinase activity, and protein phos-
phatase binding. The top 10 entries of each item were imported
into the microbial platform for visualization. The GO enrich-
ment analysis results are shown in Figures 12-15. One hundred
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FIGURE 11 | Component target interaction network.

TABLE 3 | Key active ingredients of Anchusa italica Retz. flowers.

ID Metabolite Pubchem_ID
SLW-1 D-proline 8988
SLW-2 D-leucine 439524
SLW-3 Ethyl gallate 13250
SLW-4 4-Hydroxyproline 825
SLW-5 Cyclic 11096158
N-Acetyl-D-mannosamine
SLW-6 Ureidopropionic acid 111
SLW-7 Trilepisflavan 131848132
SLW-8 Quercetin 5280343
SLW-9 Clostebol acetate 13327
SLW-10 De-O-methyllasiodiplodin 14562695
SLW-11 Sucrose 5988
SLW-12 Apigenin 5280443
SLW-13 Cyclo (Ile-Leu) 63103176

and fifty pathways were identified by KEGG screening, and the
top 10 pathways were analyzed. The bubble diagram is shown
in Figure 16.

3.5.3 | Docking of Molecules

The top three-degree components were docked with the top five-
degree proteins. Core proteins are shown in Table 4.

STATS3 is a key signal transducer and transcriptional activator in-
volved in multiple cytokine signaling (Zhao et al. 2021). In the
context of erectile dysfunction (ED), STAT3 may act by affecting
vascular endothelial function and smooth muscle cell prolifera-
tion and apoptosis. EGFR is a transmembrane tyrosine kinase
involved in the regulation of cell proliferation, differentiation,
and survival. In the context of ED, EGFR may affect erectile func-
tion by regulating angiogenesis and tissue repair processes in the
penile corpus cavernosum (Masuda et al. 2023). SRC is a non-
receptor tyrosine kinase involved in multiple signaling pathways
(Hussain et al. 2023). SRC may play a role in regulating vascular
tone and influencing the contraction of penile corpus cavernosum
smooth muscle, which in turn affects erectile function. AKT1 is
a key molecule in the PI3K-AKT signaling pathway and is in-
volved in processes such as cell survival, proliferation, and neo-
vascularization (Fang et al. 2019). In ED, AKT1 may play a role
by affecting vascular endothelial function and smooth muscle cell
apoptosis, which in turn affects erectile function. BCL2 is an anti-
apoptotic protein that regulates cell survival by inhibiting apopto-
sis. In the context of ED, BCL2 may act by affecting the apoptotic
process in penile cavernous tissue, especially in diabetes-related
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GO Results of Three Ontologies
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FIGURE12 | BP,CC, MF, 3-in-1 enrichment results.
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Pathway Analysis
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FIGURE 16 | KEGG enrichment analysis results.

TABLE 4 | Core protein-related information.
ID Uniprot ID PDB ID Degree
STAT3 P40763 6NJS 29
EGFR P00533 8a27 28
SRC P12931 1FMK 27
AKT1 Q38998 5AAR 27
BCL2 Q07820 8VJP 24

ED, and BCL2 may protect cavernous tissue through its anti-
apoptotic effects (Shit et al. 2024). Molecular docking of quercetin
with STAT3 as well as rilepisflavan and EGFR showed the best
results, as shown in Figures 17 and 18.

4 | Discussion and Conclusion

By employing the UPLC-Q-Orbitrap-MS technique, we were
able to identify a variety of metabolites in Healthy Snow
Lotus Wine that complied with Lipinski's five rules (Karami
et al. 2022). These metabolites may possess biological activity.
The constructed protein interaction network and enrichment
analysis demonstrated that Healthy Snow Lotus Wine was sig-
nificantly associated with chemical stress, signal transduction
pathways, and stress response pathways, particularly at the cel-
lular basement membrane and phosphatidylinositol 3-kinase
complex (Jedrzejewski et al. 2025). This finding offers insight

into the potential therapeutic intervention effect of Healthy
Snow Lotus Wine on erectile dysfunction. With regard to the
testing of bioactivity, Healthy Snow Lotus Wine demonstrated
reversible noncompetitive lipase inhibition (Wang et al. 2024).
Antioxidant experiments revealed that Healthy Snow Lotus
Wine exhibited a more robust antioxidant capacity than the
other samples, accompanied by a more pronounced total phe-
nolic content (TPC), total flavonoid content (TFC), and total
proanthocyanidin content (TAC). The present study reveals the
potential mechanism by which Healthy Snow Lotus Wine inter-
venes in erectile dysfunction (ED) by acting on multiple biolog-
ical targets. This is consistent with the use of Snow Lotus as a
pleiotropic therapeutic agent in traditional medicine. The active
ingredients in Healthy Snow Lotus Wine may exert a beneficial
effect on ED by protecting vascular endothelial function and re-
ducing oxidative stress, due to their potent antioxidant and anti-
inflammatory effects. The Healthy Snow Lotus Wine has been
shown to assist in the regulation of fat metabolism by revers-
ibly and noncompetitively inhibiting lipases, thereby reducing
the risk of obesity and metabolic syndrome, which in turn has
a positive effect on the prevention of erectile dysfunction (ED).
In addition, the multicomponent properties of Healthy Snow
Lotus Wine suggest potential benefits in the prevention of car-
diovascular disease and anti-tumor effects. However, further
research is required to comprehensively assess the pharmaco-
logical effects, pharmacokinetic properties, bioavailability, and
safety of its active constituents. Future studies should focus on
the specific mechanism of action of these active ingredients in
the clinical treatment of ED as well as their metabolic process
and safety evaluation in vivo. Concurrently, further clinical
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trials will facilitate the validation of existing studies and furnish
a scientific basis for the utilization of Healthy Snow Lotus Wine
as an adjuvant treatment for ED.

Author Contributions

Bohan Yang: conceptualization (lead), data curation (equal), formal
analysis (equal), investigation (lead), methodology (equal), writing -
original draft (equal), writing — review and editing (equal). Siyu Tao:
methodology (equal), project administration (equal), supervision (lead),
writing - original draft (equal). Linyang Wang: data curation (sup-
porting), validation (equal). Yanna Yao: data curation (equal), vali-
dation (equal). Xinyu Wang: visualization (equal), writing — original
draft (supporting), writing - review and editing (supporting). Shuge
Tian: visualization (equal), writing — original draft (supporting), writ-
ing - review and editing (supporting).

Consent

The authors have nothing to report.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The original contributions presented in the study are included in the
article; further inquiries can be directed to the corresponding author.

References

Arenas-Jal, M., J. M. Sufié-Negre, P. Pérez-Lozano, and E. Garcia-
Montoya. 2020. “Trends in the Food and Sports Nutrition Industry:
A Review.” Critical Reviews in Food Science and Nutrition 60, no. 14:
2405-2421. https://doi.org/10.1080/10408398.2019.1643287.

Baez-Gonzalez, J. G., M. M. Gallegos-Garza, C. T. Gallardo-Rivera,
et al. 2024. “Physicochemical Characterization and Thermodynamic
Analysis of Avocado Oil Enhanced With Haematococcus Pluvialis
Extract.” Food 13, no. 19: 3184. https://doi.org/10.3390/foods13193184.

Cao, Q., S. Mei, A. Mehmood, Y. Sun, and X. Chen. 2024. “Inhibition of
Pancreatic Lipase by Coffee Leaves-Derived Polyphenols: A Mechanistic
Study.” Food Chemistry 444: 138514. https://doi.org/10.1016/j.foodc
hem.2024.138514.

Corona, D. G., W. Vena, A. Pizzocaro, et al. 2023. “Metabolic Syndrome
and Erectile Dysfunction: A Systematic Review and Meta-Analysis
Study.” Journal of Endocrinological Investigation 46, no. 11: 2195-2211.
https://doi.org/10.1007/s40618-023-02136-x.

Fang, W., Y. Huang, J. Gan, et al. 2019. “Abstract 327: The Impact of
PIK3CA/PTEN/AKT1 Genes in Advanced NSCLC Patients With
Acquired EGFR-TKI Resistance and Clinical Response to EGFR-TKI
Plus Everolimus Combination Therapy.” Cancer Research 79, no. 13:
327. https://doi.org/10.1158/1538-7445.AM2019-327.

Gajera, H. P, D. G. Hirpara, S. N. Gevariya, D. D. Savaliya, and J.
S. Parasana. 2024. “Exploring the Antioxidant and Antidiabetic
Potentials of Syzygium Cumini L. Landraces: Phytochemicals, Bioactive
Constituents and Pathway Enrichment Analysis.” International Journal
of Food Science & Technology 59, no. 8: 5818-5828. https://doi.org/10.
1111/ijfs.17337.

Gong, G.,J. Huang, Y. Yang, et al. 2019. “Saussureae Involucratae Herba
(Snow Lotus): Review of Chemical Compositions and Pharmacological
Properties.” Frontiers in Pharmacology 10: 1549. https://doi.org/10.
3389/fphar.2019.01549.

Gong, Y., D. Yang, H. Barrett, J. Sun, and H. Peng. 2023. “Building
the Environmental Chemical-Protein Interaction Network (eCPIN):

An Exposome-Wide Strategy for Bioactive Chemical Contaminant
Identification.” Environmental Science & Technology 57, no. 9: 3486—
3495. https://doi.org/10.1021/acs.est.2c02751.

Haran, P., R. Shanmugam, and P. Deenadayalan. 2024. “Free Radical
Scavenging, Anti-Inflammatory and Antibacterial Activity of Acorus
calamus Leaves Extract Against Pseudomonas Aeruginosa and
Staphylococcus aureus.” Cureus 16, no. 3: €55987. https://doi.org/10.
7759/cureus.55987.

Hussain, M., W. Ikram, and U. Ikram. 2023. “Role of c-Src and Reactive
Oxygen Species in Cardiovascular Diseases.” Molecular Genetics and
Genomics: MGG 298, no. 2: 315-328. https://doi.org/10.1007/s00438-
023-01992-9.

Jedrzejewski, T., J. Sobocinska, B. Maciejewski, M. Slovakova, and
S. Wrotek. 2025. “Enhanced Anti-Cancer Potential: Investigating
the Combined Effects With Coriolus Versicolor Extract and
Phosphatidylinositol 3-Kinase Inhibitor (LY294002) In Vitro.”
International Journal of Molecular Sciences 26, no. 4: 1556. https://doi.
0rg/10.3390/ijms26041556.

Kaltsas, A., A. Zikopoulos, F. Dimitriadis, et al. 2024. “Oxidative Stress
and Erectile Dysfunction: Pathophysiology, Impacts, and Potential
Treatments.” Current Issues in Molecular Biology 46, no. 8: 8807-8834.
https://doi.org/10.3390/cimb46080521.

Karami, T. K., S. Hailu, S. Feng, R. Graham, and H. J. Gukasyan.
2022. “Eyes on Lipinski's Rule of Five: A New ‘Rule of Thumb’ for
Physicochemical Design Space of Ophthalmic Drugs.” Journal of Ocular
Pharmacology and Therapeutics: The Official Journal of the Association
for Ocular Pharmacology and Therapeutics 38, no. 1: 43-55. https://doi.
org/10.1089/jop.2021.0069.

Kim,Y.J,S.Jang, and Y.-H. Hwang. 2024. “Qualitative and Quantitative
Analysis of Phytochemicals in Sayeok-Tang via UPLC-Q-Orbitrap-MS
and UPLC-TQ-MS/MS.” Pharmaceuticals 17, no. 9: 1130. https://doi.
0rg/10.3390/ph17091130.

Law, S. K., and D. C. T. Au. 2025. “A Review of Medicine and Food
Homology on Traditional Chinese Medicine as Functional Food.” Food
& Medicine Homology. https://doi.org/10.26599/FMH.2026.9420091.

Li, N, X. Liu, J. Zhang, et al. 2022. “Preventive Effects of Anthocyanins
From Lyciumruthenicum Murray in High-Fat Diet-Induced Obese Mice
Are Related to the Regulation of Intestinal Microbiota and Inhibition of
Pancreatic Lipase Activity.” Molecules 27, no. 7: 2141. https://doi.org/10.
3390/molecules27072141.

Li, S., J.-M. Song, K. Zhang, and C.-L. Zhang. 2021. “A Meta-Analysis
of Erectile Dysfunction and Alcohol Consumption.” Urologia
Internationalis 105, no. 11-12: 969-985. https://doi.org/10.1159/
000508171.

Liu, Y., C. Lu, J. Zhou, et al. 2024. “Chrysanthemum morifolium as a
Traditional Herb: A Review of Historical Development, Classification,
Phytochemistry, Pharmacology and Application.” Journal of
Ethnopharmacology 330: 118198. https://doi.org/10.1016/j.jep.2024.
118198.

Liu, Z., Q. Ran, J. Luo, et al. 2024. “Correlation Analysis of Secondary
Metabolites and Disease Resistance Activity of Different Varieties of
Congou Black Tea Based on LC-MS/MS and TCMSP.” Food Chemistry:
X 23:101331. https://doi.org/10.1016/j.fochx.2024.101331.

Masuda, S., T. Hara, H. Yamagami, et al. 2023. “Vascular Endothelial
Function Is Associated With eGFR Slope in Female and Non-Smoking
Male Individuals With Cardiovascular Risk Factors: A Pilot Study on the
Predictive Value of FMD for Renal Prognosis.” Journal of Atherosclerosis
and Thrombosis 30, no. 11: 1727-1741. https://doi.org/10.5551/jat.63987.

Moon, K. H., S. Y. Park, and Y. W. Kim. 2019. “Obesity and Erectile
Dysfunction: From Bench to Clinical Implication.” World Journal of
Men's Health 37, no. 2: 138-147. https://doi.org/10.5534/wjmh.180026.

Murugan, R., S. Tamil Selvan, M. K. Dharmalingam Jothinathan, G. P.
Srinivasan, R. Rajan Renuka, and M. Prasad. 2024. “Molecular Docking

17 of 18


https://doi.org/10.1080/10408398.2019.1643287
https://doi.org/10.3390/foods13193184
https://doi.org/10.1016/j.foodchem.2024.138514
https://doi.org/10.1016/j.foodchem.2024.138514
https://doi.org/10.1007/s40618-023-02136-x
https://doi.org/10.1158/1538-7445.AM2019-327
https://doi.org/10.1111/ijfs.17337
https://doi.org/10.1111/ijfs.17337
https://doi.org/10.3389/fphar.2019.01549
https://doi.org/10.3389/fphar.2019.01549
https://doi.org/10.1021/acs.est.2c02751
https://doi.org/10.7759/cureus.55987
https://doi.org/10.7759/cureus.55987
https://doi.org/10.1007/s00438-023-01992-9
https://doi.org/10.1007/s00438-023-01992-9
https://doi.org/10.3390/ijms26041556
https://doi.org/10.3390/ijms26041556
https://doi.org/10.3390/cimb46080521
https://doi.org/10.1089/jop.2021.0069
https://doi.org/10.1089/jop.2021.0069
https://doi.org/10.3390/ph17091130
https://doi.org/10.3390/ph17091130
https://doi.org/10.26599/FMH.2026.9420091
https://doi.org/10.3390/molecules27072141
https://doi.org/10.3390/molecules27072141
https://doi.org/10.1159/000508171
https://doi.org/10.1159/000508171
https://doi.org/10.1016/j.jep.2024.118198
https://doi.org/10.1016/j.jep.2024.118198
https://doi.org/10.1016/j.fochx.2024.101331
https://doi.org/10.5551/jat.63987
https://doi.org/10.5534/wjmh.180026

and Absorption, Distribution, Metabolism, and Excretion (ADME)
Analysis: Examining the Binding Modes and Affinities of Myricetin
With Insulin Receptor, Glycogen Synthase Kinase, and Glucokinase.”
Cureus 16, no. 2: €53810. https://doi.org/10.7759/cureus.53810.

Pan, Z., M. Zhao, M. Chang, X. Shi, S. Ma, and Y. Zhang. 2023. “Clinical
Efficacy of Supplementing Qi Dispelling Wind and Activating Blood
Circulation Method in the Treatment of IgA Nephropathy: A Meta-
Analysis.” Medicine 102, no. 10: e33123. https://doi.org/10.1097/MD.
0000000000033123.

Pandey, B. P,, S. P. Pradhan, K. Adhikari, and S. Nepal. 2020. “Bergenia
Pacumbis From Nepal, an Astonishing Enzymes Inhibitor.” BMC
Complementary Medicine and Therapies 20, no. 1: 198. https://doi.org/
10.1186/s12906-020-02989-2.

Pandeya, A., S. Rayamajhi, P. Pokhrel, and B. Giri. 2018. “Evaluation of
Secondary Metabolites, Antioxidant Activity, and Color Parameters of
Nepali Wines.” Food Science & Nutrition 6, no. 8: 2252-2263. https://doi.
0rg/10.1002/fsn3.794.

Rajan, L., D. Palaniswamy, and S. K. Mohankumar. 2020. “Targeting
Obesity With Plant-Derived Pancreatic Lipase Inhibitors: A
Comprehensive Review.” Pharmacological Research 155: 104681.
https://doi.org/10.1016/j.phrs.2020.104681.

Raseta, M., J. Miskovi¢, N. Krsmanovi¢, et al. 2024. “Exploring the
Bioactivity Potential of Indigenous Ganoderma Species From Northern
Serbia: Insights Into Antioxidant and Anti-Acetylcholinesterase
Properties.” Natural Product Research 1: 1-12. https://doi.org/10.1080/
14786419.2024.2415437.

Saadullah, M., J. A. Batool, M. Rashad, M. Asif, Z. Chauhdary, and A.
Bibi. 2024. “Exploration of Neuroprotective and Cognition Boosting
Effects of Mazus pumilus in Alzheimer's Disease Model.” Journal of
Complementary & Integrative Medicine 21, no. 4: 461-471. https://doi.
org/10.1515/jcim-2024-0231.

Santos Sobrinho, E. M., H. O. Santos, E. R. Martins, et al. 2022. “Protein-
Coding Gene Interaction Network Prediction of Bioactive Plant
Compound Action Against SARS-CoV-2: A Novel Hypothesis Using
Bioinformatics Analysis.” Anais da Academia Brasileira de Ciéncias 94,
no. 3: €20201380. https://doi.org/10.1590/0001-3765202220201380.

Shit, V., M. K. Dhakar,and M. Kumar. 2024. “Integrated Transcriptomics
and Metabolomics Studies Reveal Steroid Biosynthesis Pathway and
BCL2 Inhibitory Diazo-Progesterone of Drimia Indica for Conservation
and Sustainable Utilization.” Current Pharmaceutical Biotechnology 26.
https://doi.org/10.2174/0113892010322778240927073617.

Sosnowska, D., A. Podsedek, and A. Z. Kucharska. 2022.
“Proanthocyanidins as the Main Pancreatic Lipase Inhibitors in
Chokeberry Fruits.” Food & Function 13, no. 10: 5616-5625. https://doi.
org/10.1039/d1fo04429j.

Subramaniyan, V., and Y. U. Hanim. 2025. “Role of Pancreatic Lipase
Inhibition in Obesity Treatment: Mechanisms and Challenges Towards
Current Insights and Future Directions.” International Journal of
Obesity 49, no. 3: 492-506. https://doi.org/10.1038/s41366-025-01729-1.

Vazquez, C. V., M. G. V. Rojas, C. A. Ramirez, et al. 2015. “Total Phenolic
Compounds in Milk From Different Species. Design of an Extraction
Technique for Quantification Using the Folin-Ciocalteu Method.”
Food Chemistry 176: 480-486. https://doi.org/10.1016/j.foodchem.2014.
12.050.

Wang, S., S. Long, Z. Deng, and W. Wu. 2020. “Positive Role of Chinese
Herbal Medicine in Cancer Immune Regulation.” American Journal of
Chinese Medicine 48, no. 7: 1577-1592. https://doi.org/10.1142/S0192
415X20500780.

Wang, Y., W. Zhao, Y. Li, et al. 2022. “Optimization of Ultrasound-
Assisted Extraction Method for Phytochemical Compounds and
Antioxidant Activities of Sour Jujube Extracts.” Food Science & Nutrition
10, no. 11: 3736-3748. https://doi.org/10.1002/fsn3.2971.

Wang, Z., L. Chen, L. Liu, Q. Zhang, and Y. Ni. 2024. “Comparative
Insights Into the Inhibition of Pancreatic Lipase by Quercetin Using
mg-MOF-74 as Nano-Carrier: Inhibitory Interaction, Inhibition Activity
and Conformational Change.” Food Bioscience 62: 105427. https://doi.
0rg/10.1016/j.fbio.2024.105427.

Wei, W.-L., R. Zeng, C.-M. Gu, Y. Qu, and L.-F. Huang. 2016. “Angelica
Sinensis in China-A Review of Botanical Profile, Ethnopharmacology,
Phytochemistry and Chemical Analysis.” Journal of Ethnopharmacology
190: 116-141. https://doi.org/10.1016/j.jep.2016.05.023.

Wu, W, S. Jiang, M. Liu, and S. Tian. 2021. “Simultaneous Process
Optimization of Ultrasound-Assisted Extraction of Polyphenols and
Ellagic Acid From Pomegranate (Punica granatum L.) Flowers and Its
Biological Activities.” Ultrasonics Sonochemistry 80: 105833. https://doi.
0rg/10.1016/j.ultsonch.2021.105833.

Xiang, Z., H. Guan, X. Zhao, et al. 2024. “Characterization of Active
Alkaloids and Metabolites in Rats After Oral Administration of
Zuojin Pill Using UHPLC-Q-TOF-MS Combined With Bioinformatics
and Molecular Docking Analyses.” Journal of Pharmaceutical and
Biomedical Analysis 249: 116340. https://doi.org/10.1016/j.jpba.2024.
116340.

Xie, Q., K.-N. Shen, X. Hao, et al. 2017. “The Complete Chloroplast
Genome of Tianshan Snow Lotus (Saussurea Involucrata), a Famous
Traditional Chinese Medicinal Plant of the Family Asteraceae.”
Mitochondrial DNA Part A DNA Mapping, Sequencing, and Analysis 28,
no. 2: 294-295. https://doi.org/10.3109/19401736.2015.1118086.

Xu, W, Z. Fu, J. Lin, et al. 2014. “Qualitative and Quantitative Analysis
of Major Constituents in Tetrastigma Hemsleyanum by HPLC-Q-
TOF-MS and UPLC-QqQ-MS.” Zhongguo Zhong Yao Za Zhi = Zhongguo
Zhongyao Zazhi = China Journal of Chinese Materia Medica 39, no. 22:
4365-4372.

Yafi, F. A., L. Jenkins, M. Albersen, et al. 2016. “Erectile Dysfunction.”
Nature Reviews. Disease Primers 2: 16003. https://doi.org/10.1038/nrdp.
2016.3.

Yao, Q., G. He, X. Guo, Y. Hu, Y. Shen, and X. Gou. 2016. “Antioxidant
Activity of Olive Wine, a Byproduct of Olive Mill Wastewater.”
Pharmaceutical Biology 54, no. 10: 2276-2281. https://doi.org/10.3109/
13880209.2016.1153661.

Yue, X., Z. Chen, J. Zhang, et al. 2022. “Extraction, Purification,
Structural Features and Biological Activities of Longan Fruit Pulp
(Longyan) Polysaccharides: A Review.” Frontiers in Nutrition 9: 914679.
https://doi.org/10.3389/fnut.2022.914679.

Zhang, X.-D., B. Liu, Y.-F. Zou, et al. 2025. “An Efficient Strategy for
the Rapid Exploration of Lipase Inhibitors Derived From the Lindera
Aggregate Leaves by Utilizing Hybrid Lipase-Catalytic Zeolitic
Imidazolate Framework Reactor Combined With HPLC-Q-TOF-MS/
MS and Molecular Docking Techniques.” Food & Medicine Homology.
https://doi.org/10.26599/FMH.2026.9420097.

Zhao, J., Y.-F. Qi, and Y.-R. Yu. 2021. “STAT3: A Key Regulator in Liver
Fibrosis.” Annals of Hepatology 21: 100224. https://doi.org/10.1016/j.
aohep.2020.06.010.

18 of 18

Food Science & Nutrition, 2025


https://doi.org/10.7759/cureus.53810
https://doi.org/10.1097/MD.0000000000033123
https://doi.org/10.1097/MD.0000000000033123
https://doi.org/10.1186/s12906-020-02989-2
https://doi.org/10.1186/s12906-020-02989-2
https://doi.org/10.1002/fsn3.794
https://doi.org/10.1002/fsn3.794
https://doi.org/10.1016/j.phrs.2020.104681
https://doi.org/10.1080/14786419.2024.2415437
https://doi.org/10.1080/14786419.2024.2415437
https://doi.org/10.1515/jcim-2024-0231
https://doi.org/10.1515/jcim-2024-0231
https://doi.org/10.1590/0001-3765202220201380
https://doi.org/10.2174/0113892010322778240927073617
https://doi.org/10.1039/d1fo04429j
https://doi.org/10.1039/d1fo04429j
https://doi.org/10.1038/s41366-025-01729-1
https://doi.org/10.1016/j.foodchem.2014.12.050
https://doi.org/10.1016/j.foodchem.2014.12.050
https://doi.org/10.1142/S0192415X20500780
https://doi.org/10.1142/S0192415X20500780
https://doi.org/10.1002/fsn3.2971
https://doi.org/10.1016/j.fbio.2024.105427
https://doi.org/10.1016/j.fbio.2024.105427
https://doi.org/10.1016/j.jep.2016.05.023
https://doi.org/10.1016/j.ultsonch.2021.105833
https://doi.org/10.1016/j.ultsonch.2021.105833
https://doi.org/10.1016/j.jpba.2024.116340
https://doi.org/10.1016/j.jpba.2024.116340
https://doi.org/10.3109/19401736.2015.1118086
https://doi.org/10.1038/nrdp.2016.3
https://doi.org/10.1038/nrdp.2016.3
https://doi.org/10.3109/13880209.2016.1153661
https://doi.org/10.3109/13880209.2016.1153661
https://doi.org/10.3389/fnut.2022.914679
https://doi.org/10.26599/FMH.2026.9420097
https://doi.org/10.1016/j.aohep.2020.06.010
https://doi.org/10.1016/j.aohep.2020.06.010

	Study on the Chemical Composition, Biological Activity, and Mechanism of Intervention in Erectile Dysfunction of Healthy Snow Lotus Wine
	ABSTRACT
	1   |   Introduction
	2   |   Materials and Methods
	2.1   |   Wine Samples
	2.2   |   Lipase Inhibition Test
	2.2.1   |   Inhibition of Lipase by Red Wine
	2.2.2   |   Type of Lipase Inhibition by Red Wine
	2.2.3   |   Molecular Docking of Lipase With Proanthocyanidins

	2.3   |   Antioxidant Activity Studies
	2.3.1   |   ABTS Antioxidant Assay
	2.3.2   |   DPPH Antioxidant Assay
	2.3.3   |   Hydroxyl Radical Scavenging Antioxidant
	2.3.4   |   Fe Ion Reduction Capacity Determination
	2.3.5   |   Assay of Phosphomolybdic Acid Method

	2.4   |   Total Ingredient Content
	2.4.1   |   Total Phenol Content
	2.4.2   |   Total Flavonoid Content
	2.4.3   |   Total Proanthocyanin Content

	2.5   |   UPLC-Q-Orbitrap-MS Qualitative and Quantitative Chemical Composition
	2.5.1   |   Pretreatment
	2.5.2   |   UPLC-Q-Orbitrap-MS Parameters
	2.5.3   |   Data Preprocessing

	2.6   |   Network Pharmacological Study of Healthy Snow Lotus Wine
	2.6.1   |   Screening of Main Active Components and Target Prediction of Healthy Snow Lotus Wine
	2.6.2   |   Network Diagram Construction
	2.6.3   |   Enrichment Analysis
	2.6.4   |   Docking of Molecules


	3   |   Results
	3.1   |   Results of Pancreatic Lipase Inhibition Assay
	3.2   |   Antioxidant Capacity Test
	3.3   |   Determination of Total Content of Ingredients
	3.4   |   Results of UPLC-Q-Orbitrap-MS
	3.5   |   Study on the Mechanism of Intervention in Erectile Dysfunction by Healthy Snow Lotus Wine
	3.5.1   |   Target Prediction and Network Diagram Construction
	3.5.2   |   Results of GO and Kegg Enrichment Analysis
	3.5.3   |   Docking of Molecules


	4   |   Discussion and Conclusion
	Author Contributions
	Consent
	Conflicts of Interest
	Data Availability Statement
	References


