Research Article

Sciences of Phytochemistry

BL)

Check for
| updates

Phytochemical Profiling with Biological Validation
Reveals Therapeutic Effect of Vincetoxicum
capparidifolium

Athira Prameela &8 ®, Thenmozhi Krishnasamy ®

[The author informations are in the declarations section. This article is published by ETFLIN in Sciences of Phytochemistry, Volume 5,
Issue 2, 2026, Page 232-248. DOI: 10.58920/sciphy0501663]

Received: 16 April 2026
Revised: 14 June 2026

Accepted: 26 June 2026
Published: 11 July 2026

Editor: Sanchaita Rajkhowa

This article is licensed under a
Creative Commons Attribution 4.0
International License. © The
author(s) (2026).

Keywords: Aqueous extract, a-
amylase, HepG2 cells, LC-MS,
membrane stabilization,
molecular docking, network
pharmacology, trypsin inhibition.

Abstract: The present research discusses the phytochemical composition, anti-
inflammatory, antidiabetic, and antiproliferative efficacy of Vincetoxicum
capparidifolium leaf aqueous extract. Phytochemical characterization was performed
using FTIR and LC-MS analysis. Network pharmacology was employed to identify
potential molecular targets of tylophorine associated with liver associated disorders,
followed by molecular docking studies. Anti-inflammatory activity and antidiabetic
potential was evaluated in vitro. Cytotoxic outcomes were determined using MTT
assay on HepG2 cells, along with AO/EtBr staining and DNA fragmentation analysis.
FTIR investigation disclosed the occurrence of various functional groups,
incorporating hydroxyl, amine, aromatic, and heteroatom-containing moieties. LC-MS
profiling categorized a total of 28 compounds belonging to alkaloids, flavonoids,
phenols, and fatty acid derivatives. Network pharmacology analysis identified 94
intersecting targets of tylophorine with liver inflammation, diabetic liver disease, and
end-stage liver disease, while molecular docking showed binding affinities of
tylophorine with proteins, presenting the strongest interaction with 3HHM (-8.9 kcal
mol™"). The extract produced concentration-dependent inhibition of protein
denaturation (9.5-68.0%), proteolytic activity (10.3-71.7%), and erythrocyte lysis (10.6-
70.2%) although its activity was lower than the reference drug, aspirin. The extract
also displayed inhibition of a-amylase and a-glucosidase, with greater potency
against a-glucosidase (IC5o=99.6 ug mL™"). The cytotoxic activity evaluated using MTT
assay supported reduction in HepG2 cell viability (IC50=168 ug mL"). AO/EtBr
staining revealed increased apoptotic features, including membrane damage and
nuclear condensation, while DNA fragmentation analysis verified apoptosis-mediated
cell death. Overall, V. capparidifolium exhibits notable in vitro anti-inflammatory,
antidiabetic, and cytotoxic potential, highlighting its potential as a source of bioactive
compounds for further pharmacological investigations.

Introduction

A major aspect in the onset of cancer is chronic
inflammation, predominantly for hepatocellular carcinoma,
where  persisting inflammatory  signaling  triggers
angiogenesis, tumor initiation, proliferation, and resistance
to intervention (1, 2). Reactive oxygen species,
chemokines, and cytokines are manifestations of pro-
inflammatory mediators that are fundamental in
establishing a microenvironment that promotes tumor
growth and accelerates the development of disease (2, 3).
While standard chemotherapy approaches have facilitated
the clinical management of cancer, limitations such as
systemic toxicity, acquired resistance, and patient response

variability may have an impact on their long-term efficacy
(4). These drawbacks highlight the need of creating multi-
target treatment strategies that can safely modify
important inflammatory and carcinogenic pathways (5, 6).
Natural products'unique structural variety and
tendency to interact with several biochemical targets have
attracted considerable research interest as possible
therapeutic resources (7, 8). They could influence a variety
of biological processes owing to their chemical complexity,
frequently with lower toxicity and higher biocompatibility
than synthetic drugs. It has been widely shown that
secondary metabolites originating from plants, such as
alkaloids, flavonoids, and phenolic chemicals, have anti-
inflammatory and anticancer properties (9-11). These
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compounds act through multiple mechanisms, including
the regulation of key signaling pathways, suppression of
oxidative stress, inhibition of pro-inflammatory mediators,
and induction of apoptosis in cancer cells (10, 11).
Moreover, their ability to concurrently affect many sites
renders them particularly advantageous in tackling
intricate, multifactorial disorders like cancer (9). Because of
their dual purpose, plant-derived metabolites are
compelling choices for integrative therapy approaches
meant to treat malignancies linked to inflammation.

Numerous indigenous plant species with great
phytochemical variety may be found in the Western Ghats
(12-15).  Among these, members of the family
Apocynaceae are especially notable for their abundance of
phytocompounds, such as alkaloids, flavonoids, and
terpenoids, which possess major pharmacological
properties (16-19). Despite this, several endemic species
within this family remain underexplored for their
therapeutic potential. Vincetoxicum capparidifolium (Wight
& Arn. ) Kuntze, an endemic species of the Western Ghats,
holds ethnomedicinal importance, particularly in the
traditional treatment of jaundice (20, 21). Although our
recent study demonstrated the phytochemical richness
and cytotoxic activity of the ethanolic leaf extract of V.
capparidifolium, the phytochemical composition and
biological properties of its aqueous extract remain
unexplored (22). Since extraction solvent could influences
metabolite recovery and biological activity, investigation
of the aqueous extract may reveal distinct phytochemical
constituents and pharmacological effects. There is also an
apparent dearth of literature on the genus Vincetoxicum's
in vitro anti-inflammatory and antidiabetic capacity.
Therefore, the present study aimed to characterize the
phytochemical profile of the aqueous leaf extract of V.
capparidifolium using FTIR and LC-MS analyses and to
evaluate its anti-inflammatory, antidiabetic, and cytotoxic
activities through in vitro assays. In addition, in silico
approaches were employed to explore potential molecular
targets of the compound tylophorine associated with liver-
related disorders and to provide preliminary mechanistic
insights into the observed biological activities.

Experimental Section

Plant Collection and Extraction

Fresh leaves of V. capparidifolium were collected from
Thaishola, Nilgiris district, Tamil Nadu, India on April 2025.
The collected specimen was authenticated from Botanical
Survey of India, Southern Circle, Coimbatore, India
(BSI/SRC/5/23/Tech-623). This authentication process
serves as a critical quality control step to ensure taxonomic
precision. The specimens were washed and wiped
systematically to remove dirt. The samples were shade
dried, processed, and kept in air-tight plastic packets. The
powdered leaf material of V. capparidifolium was extracted
by cold maceration in distilled water (1: 10 w/v) for 72 h at
room temperature with intermittent shaking. This gentle
method was specifically selected to prevent the thermal
degradation of heat-sensitive bioactive compounds. The
extract was filtered and the filtrate was frozen and
subsequently lyophilized to obtain a dry aqueous extract.
The extraction yield was calculated based on the weight of
the lyophilized extract relative to the initial dry plant
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material and was found to be 18.9 %. The lyophilized
extract was stored at -20 °C until further use (23).

FTIR Analysis

FTIR spectroscopy of the V. capparidifolium leaf aqueous
extract was performed using a Shimadzu IR Affinity-1S
FTIR spectrometer (Shimadzu Corporation, Japan)
equipped with a deuterated triglycine sulfate detector.
Spectra were recorded in the mid-infrared region of 400-
4000 cm™ at a spectral resolution of 4 cm™. Baseline
correction was applied to minimize spectral noise and the
resulting absorption bands were analyzed and assigned by
comparison with standard reference spectra to identify the
functional groups present (24).

LC-MS QTOF Analysis

LC-MS QTOF analysis of the V. capparidifolium leaf
aqueous extract was conducted using a dual AJS ESI Q-
TOF system (G6550A) in positive ion mode, employing an
AutoMS2 acquisition mode with a scan range of m/z 120-
1200 for MS and medium isolation width of 4 amu for
MS/MS. The binary pump delivered a gradient elution at
0.300 mL min”’ (pressure limit 1200 bar): 5% B (0.1%
formic acid in water) initially, ramped to 95% B
(acetonitrile) over 25-30 min, held until 35 min, with
source parameters including sheath gas temperature at
350°C, gas flow at 13 L min~", nebulizer at 35 psig, VCap at
3500 V, nozzle at 1000 V, fragmentor at 175 V, skimmer at
65 V, and octopole RF peak at 750 V. MS/MS parameters
featured a relative threshold of 5% (absolute 0.010),
precursor exclusion after 0.20 min and 1 spectrum,
maximum 10 precursors per cycle targeting 25, 000
counts/spectrum, and ramped collision energy (slope 4,
offset -2.6) for charges +1 to +3. Metabolites were
putatively identified based on accurate mass, retention
time, isotope patterns, and spectral database matching
(25).

Network Pharmacology and Molecular Docking

Approach

Genes allied with liver inflammation, diabetic liver disease,
and end-stage liver disease were recovered from the
GeneCards database (26). The complete disease-
associated gene sets were used for subsequent analyses
without applying an initial relevance score threshold.
Tylophorine, pinpointed through LC-MS analysis of the V.
capparidifolium aqueous extract, was chosen as the
representative compound for its consistent detection in
both +ve and-ve ionization modes. Potential targets of
tylophorine were envisaged with SwissTargetPrediction
database (27). The predicted targets of tylophorine were
intersected with the disease-associated gene sets to
identify common targets. The overlapping targets were
imported into the STRING database to construct a protein-
protein interaction network and enrichment analysis (28).
The network was further analyzed in Cytoscape, where
topological parameters including degree, closeness
centrality, and radiality were calculated and the top 10 hub
genes were identified (29). A composite scoring system
was developed to prioritize candidate genes by integrating
normalized network topological parameters (degree,
closeness centrality, and radiality) with disease relevance
scores using a weighted linear model adapted from
established disease-gene prioritization frameworks that
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combine network topology and biological knowledge
sources (30, 31). Disease relevance was assigned the
highest weight (0.30) to emphasize genes with stronger
documented associations to liver disorders, while degree
and closeness centrality were each assigned weights of
0.25 because of their importance in network connectivity
and information flow. Radiality was assigned a weight of
0.20 as a complementary measure of network influence
(32, 33).

Genes were ranked based on the composite scores,
and the top 3 candidates were selected for molecular
docking analysis. Three proteins corresponding to the
prioritized hub genes were retrieved from the RCSB
Protein Data Bank. Molecular docking was performed
using PyRx software and protein structures were prepared
by Molegro Molecular Viewer. The ligand (tylophorine)
was energy-minimized prior to docking and the best
conformations were selected based on docking scores.
The docked complexes were visualized using Discovery
Studio to analyze binding interactions and conformational
orientation of the ligand within the active site (34, 35).

In Vitro Anti-inflammatory Effect

The anti-inflammatory potential of the aqueous leaf
extract of V. capparidifolium was evaluated using protein
denaturation, anti-proteinase, and human red blood cell
(HRBC) membrane stabilization assays. In the protein
denaturation assay, the reaction mixture consisted of egg
albumin (0.2 mL), phosphate-buffered saline (PBS, pH 6.4;
2.8 mL), and plant extract (0.6 mL) at concentrations of 10-
250 pg mL" prepared in 0.2% DMSO. The mixtures were
incubated at 37 °C for 10 min, heated at 70 °C for 20 min,
cooled, and absorbance was recorded at 660 nm (36). The
anti-proteinase activity was assessed using a reaction
mixture containing trypsin (250 pL), 25 mM Tris-HCI buffer
(pH 7.4; 1.0 mL), and plant extract (10-250 ug mL™).
Following pre-incubation at 37 °C for 5 min, casein (1.0
mL, 0.8% w/v) was added and incubation continued for 20
min. The reaction was terminated with 70% perchloric acid
(2.0 mL), centrifuged, and absorbance of the supernatant
was measured at 280 nm (37). HRBC membrane
stabilization was evaluated using human blood collected
in EDTA, centrifuged, washed with isotonic saline, and
reconstituted as a 10% (v/v) suspension. Reaction mixtures
(1 mL) containing HRBC suspension (100 pL) and plant
extract (10-250 pg mL") were incubated at 54 °C for 30
min, centrifuged, and absorbance was measured at 560
nm (38). Aspirin served as the reference standard in all
assays, appropriate controls were maintained, and
experiments were performed in triplicate.

In Vitro Antidiabetic Capacity

The antidiabetic potential of the aqueous leaf extract of V.
capparidifolium was evaluated through a-amylase and o-
glucosidase inhibitory assays using acarbose as the
reference standard. In the o-amylase inhibition assay,
Starch Azure (2 mg) was suspended in 0.5 M Tris-HCl
buffer (pH 6.9) containing 0.01 M CaCl2 (0.2 mL), boiled
for 5 min, and preincubated at 37 °C for 5 min. The plant
extract (0.2 mL; 10-250 pg mL-1) was added, followed by
porcine pancreatic a-amylase (0.1 mL;, 2 U mL-1). After
incubation at 37 °C for 10 min, the reaction was
terminated using 50% acetic acid (0.5 mL), centrifuged at
3000 rpm for 5 min (4 °C), and absorbance of the
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supernatant was recorded at 595 nm (39). The a-
glucosidase inhibitory activity was determined in a 96-well
plate containing phosphate buffer (50 yL, 100 mM, pH
6.8), a-glucosidase (10 pL; 1 U mL-1), and plant extract (20
pL; 10-250 pg mL-1). Following preincubation at 37 °C for
15 min, p-nitrophenyl-a-D-glucopyranoside (20 pL; 5 mM)
was added as substrate and incubated for 20 min. The
reaction was terminated with 0.1 M Na2CO3 (50 ulL), and
absorbance of the released p-nitrophenol was measured
at 405 nm. All experiments were performed in triplicate
with appropriate controls (39).

In Vitro Characterization of Cell Viability
Dulbecco's Modified Eagle Medium enriched with 10%
fetal bovine serum (FBS), 100 pg mL" streptomycin, and
100 pg mL" penicillin was selected to cultivate the human
liver cancer cell line (HepG2) provided by the National
Centre for Cell Sciences (NCCS), Pune. The media was
replaced every three days while the cells resided at 37 °C
in an incubator with 5% CO2. HepG2 cells were seeded in
96-well plates at a density of 15,000 cells per well for MTT
experiment. The cells were subsequently grown for 48 h at
37 °C with 5% CO2. Evaluations were conducted on V.
capparidifolium leaf aqueous extract at 125, 250, 500, and
1000 pg mL" concentrations. Doxorubicin-treated cells
were the positive control, and untreated cells were the
negative control. Under an inverted microscope,
morphological changes were noted over a 24-hour period.
After that, 100 uL of new media containing 10 uL of MTT
reagent (5 mg mL") was added to the culture medium,
and it was cultured for four hour. A Multiskan SkyHigh
Plate Reader was used to detect absorbance at 570 nm
after the formazan crystals were dissolved in 100 pL of
DMSO. Plotting a dose-response curve of log
concentration against cell survival percentage allowed for
the calculation of cell viability and the determination of
the IC50 value (40).

AO/EtBr Staining

Approximately 5 pL of dye mixture containing acridine
orange (AO) and ethidium bromide (EtBr) at a
concentration of 100 mg mL™" each was added to 9 mL of
the cell suspension (1x10° cells/ml) on a clean
microscopic coverslip. The mixture was incubated for 2-3
min, after which the cells were observed under a
fluorescence microscope (Nikon Eclipse, Inc. , Japan) at
40x magnification using an excitation filter of 510-590 nm.
The percentage of apoptotic cells was then calculated (41).

DNA Fragmentation

HepG2 cells were planted in 6-well plates at a density of
1x108 cells mL™" in the DMEM with 10% fetal bovine
serum (FBS), 100 pg mL™" streptomycin, and 100 pg mL™’
penicillin in order to investigate internucleosomal DNA
cleavage. After that, the cells were exposed to a fixed dose
of plant extract, and as a positive control, 10 ug mL™" of
actinomycin D was utilized. Following the specified
incubation periods, the cells were extracted, and agarose
gel electrophoresis was used to measure DNA
fragmentation (41).

Statistical Analysis
All experiments were performed in triplicate, and data are
presented as mean + standard deviation (SD). Statistical
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analyses were performed using Microsoft Excel.
Differences among groups were evaluated by one-way
analysis of variance (ANOVA) followed by Tukey's post hoc
test. Differences were considered statistically significant at
p< 0.05.

Results and Discussion

Functional Groups Identified from V.
capparidifolium Extract

FTIR spectroscopy functions as a robust analytical practice
in phytochemical studies by aiding the rapid description of
functional group architectures within complex plant
matrices, thereby presenting valuable preliminary evidence
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of secondary metabolite classes and supporting structure-
activity interpretations prior to thorough compound-level
analyses (42, 43). The FTIR spectrum of V. capparidifolium
aqueous extract displayed absorption bands
corresponding to various functional groups. A noticeable
broad band at ~3348 cm ~! was suggestive of hydrogen-
bonded O-H and N-H stretching vibrations correlated with
carboxylic acids, phenolic compounds, and amines. Peaks
discerned around 1597 cm ' and 1388 cm ' were
assigned to aromatic C-C stretching, conjugated diene
vibrations, and sulfate-related S=O stretching modes.
Additional absorptions in the fingerprint region,
particularly at ~1258, 1065, and 679 cm ', parallelled to C-
O, C-N, C-F, C-Br, and out-of-plane bending vibrations,
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Figure 1. FTIR spectra of V. capparidifolium leaf aqueous extract.
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Figure 2. LCMS chromatogram of V. capparidifolium leaf aqueous extract in positive ionization mode.
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establishing the presence of aliphatic, aromatic, and
heteroatom-containing functional moieties in the extract
(Figure 1, Table 1). FTIR analysis of V. capparidifolium
ethanolic leaf extract indicated the presence of
polyphenols, carboxylic acids, esters, alkanes, and related
bioactive functional groups (22). These functional group
signatures are consistent with previous FTIR reports on
Tylophora indica (Syn. Vincetoxicum indicum), suggesting
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the occurrence of flavonoids, terpenoids, and other
secondary metabolites associated with pharmacological
activity (44, 45).

Metabolic Richness of V. capparidifolium Extract

LC-MS analysis is a powerful technique in phytochemical
research that enables sensitive separation, identification,
and quantification of diverse metabolites in complex plant

Table 2. LC-MS-identified compounds in V. capparidifolium aqueous extract under positive ionization mode.

RT Compound Compound class

Molecular formula MW (g/mol) Match (%)

1.10  Tylophorine Alkaloid C24H27NO4 3935 98.4
1.59 Juglalin Flavonoid glycoside C20H18010 418.3 96.6
2.13  Vincetene Alkaloid C22H27NO3 3534 99.7
3.20 Trifolin Flavonoid glycoside C21H20011 448.4 97.2
4.07 4-Trifluoromethylphenol Phenol C7H5F30 162.11 90.2
498 Quercetin Flavonol C15H1007 302.23 90.8
5.15 Leucylproline Dipeptide C11H20N203 228.29 92.6
6.29 Albine Tetrahydropyridine C14H20N20 232.32 95.1
6.81 Rescinnamine Indole alkaloid C35H42N209 634.7 90.1
7.42 Reserpine Alkaloid C33H40N209 608.7 91.3
8.31 Hypoxanthine Oxopurine C5H4N40 136.11 96.2
9.64 Geranyl 2-ethylbutyrate Carboxylic ester C16H2802 252.39 90.9
10.07 1-Stearoylglycerol Long-chain fatty acid alcohol ~ C21H4204 358.6 97.9
13.64 Uridine Ribonucleoside C9H12N206 244.20 90.1
20.52 3-Methyl-alpha-ionyl acetate  Acetate ester C16H2602 250.38 927
25.14 Cytidine Pyrimidine nucleoside C9H13N305 243.22 91.6

Abbreviations: RT retention time (minutes), MW molecular weight
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extracts, thereby facilitating comprehensive chemical
profiling and bioactive compound discovery (46). LC-MS
profiling of the V. capparidifolium leaf aqueous extract in
positive ionization mode enabled the identification of 16
compounds belonging to alkaloids, flavonoid glycosides,
flavonols, phenols, peptides, nucleosides, and fatty acid
derivatives (Figure 2, Table 2). Major alkaloids, including
tylophorine, vincetene, reserpine, and rescinnamine, were
detected between RT 1.10-7.42 min, while flavonoids such
as quercetin, trifolin, luteolin, and fisetin eluted between
RT 3.20-8.56 min; nucleosides and fatty acid derivatives
were also observed, indicating marked chemical
heterogeneity. All compounds showed match values above
90%, supporting putative metabolite annotation.

In the negative ionization mode, 12 compounds were
detected, highlighting phenolic, flavonoid, and fatty acid
amide constituents. Notable compounds included
tylophorine, vincetene, catechin, trifolin, apigetrin,
quercetin, fisetin, and quercitrin, with retention times
spanning 1.33-11.24 min. Fatty acid amides such as
oleamide and hexadecanamide and nucleosides like
uridine  were also identified, indicating the
complementarity of negative mode detection for acidic
and polar metabolites. Several compounds, particularly
tylophorine, vincetene, quercetin, trifolin, and uridine, were
detected in both positive and negative modes with
minimal variation in retention times. The presence of
tylophorine and vincetene in V. capparidifolium is notable,
as these alkaloids are recognized chemotaxonomic
markers of the genus Vincetoxicum (21, 22, 47). The
recurrence of metabolites across both positive and
negative ionization modes in the aqueous extract indicates
robust ionization behavior of the sample (48). Previous LC-
MS studies on T. indica identified several compounds as
tylophorinidine  derivatives  based on  database
comparisons, while detailed ESI-MS" and LC/MS" analyses
of Tylophora atrofolliculata enabled the identification of
multiple  phenanthroindolizidine alkaloids (49, 50).
Comparative LC-MS analysis in positive and negative
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ionization modes revealed solvent-dependent
phytochemical differences, with the aqueous extract
mainly enriched in alkaloids, flavonoids, nucleosides, and
other metabolites, whereas V. capparidifolium ethanolic
extract displayed a wider range of flavonoids, phenolic
acids, fatty acids, amides, and structurally diverse
secondary metabolites (22). Collectively, dual-mode LC-MS
profiling demonstrates the flavonoid- and alkaloid-rich
nature of V. capparidifolium leaf extract and highlights its
complex, multi-class chemical composition (Figure 3,
Table 3) (57).

Functional Enrichment of Intersecting Targets

and Molecular Docking
Network pharmacology provides a systematic framework
to detect multi-target interactions and basic mechanisms
of bioactive compounds, while gene ontology and
enrichment analyses are central for the analytical
categorization of genes (52). A total of 94 overlapping
genes between tylophorine-associated targets and
disease-related genes were subjected to functional
enrichment analysis to characterize their biological roles.
The selection of genes associated with liver inflammation,
diabetic liver disease, and end-stage liver disease was
based on the traditional use of V. capparidifolium in the
management of jaundice (20, 21). As jaundice commonly
arises from hepatic inflammation, metabolic dysfunction,
and progressive liver damage, the inclusion of these
disease categories provides a broader representation of
underlying liver pathophysiology (53). Integrating these
disease-associated targets with tylophorine-predicted
targets and analyzing their intersection enabled the
identification of putative candidate genes potentially
associated with the observed biological activities (54).
Gene ontology analysis revealed enrichment across
three different categories. In the biological processes
category, the genes were primarily associated with
intracellular signal transduction, regulation of cellular
processes, and phosphorylation-related processes. The

Table 3. LC-MS-identified compounds in V. capparidifolium aqueous extract under negative ionization mode.

RT Compound Compound class
1.331 Tylophorine Alkaloid

1.501 Vincetene Alkaloid

2.862 Catechin Phenol

3.047 Rutin Tetrahydroxy flavone
3.624  Trifolin Flavonoid glycoside
4119 Apigetrin Glycosyloxyflavone
5.082 Luteolin Flavonoid

6.607 Quercetin Flavonol

7.330 Uridine Ribonucleoside
7.718 Hexadecanamide Fatty acid amide
8.566 Fisetin Tetrahydroxy flavone
9.82 Quercitrin Tetrahydroxy flavone
11.244  Oleamide Fatty acid amide

Molecular formula MW (g/mol) Match (%)
C24H27NO4 3935 994
C22H27NO3 3534 99.0
C15H1406 290.27 95.5
C27H30016 610.5 92.1
C21H20011 4484 91.8
C21H20010 4324 97.6
C15H1006 286.24 94.3
C15H1007 302.23 97.2
C9H12N206 244.20 90.4
C16H33NO 255.44 90.6
C15H1006 286.23 92.8
C21H20011 4484 94.6
C18H35NO 2815 94.4

Abbreviations: RT retention time (minutes), MW molecular weight.
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targets were predominantly localized to intracellular
regions such as the cytosol, nucleus, and membrane-
associated complexes in the cellular components category.
Enriched terms mainly included protein binding, kinase
activity, and enzyme binding in terms of molecular
functions category (Figure 4). Pathway enrichment
analysis further showed that the intersecting genes were
enriched in multiple signaling pathways related to cellular
regulation and signal transduction.

The protein-protein interaction network constructed
from the intersecting genes was analyzed using
topological parameters, including degree, closeness, and
radiality. Among the top-ranked hub genes identified,
MTOR consistently exhibited the highest centrality values
across all three parameters, followed by PIK3CA and
CHUK, indicating their prominent positions within the
network (Figure 5). Other genes, including PIK3CD,
PRKCA, PRKCB, and PRKCG, also demonstrated notable
connectivity and network influence, while HSP90AB1,
CHUK, ESR1, and SLC6A3 showed moderate representation
across the topological analyses. A composite scoring
system integrating normalized topological parameters and
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disease relevance was employed to prioritize key hub
genes, enabling a balanced evaluation of network
significance and biological importance (54, 32). Such
multi-criteria  tactics are broadly used in network
pharmacology to upgrade target selection consistency by
combining structural and functional attributes (32, 33). As
a result of this approach integrating normalized centrality
values and disease relevance, MTOR, PIK3CA, and CHUK
were identified as the top-ranked genes (Table 4).
Accordingly, the corresponding protein structures, MTOR
(PDB ID: 4JSV), PIK3CA (PDB ID: 3HHM), and CHUK (PDB
ID: 4KIK), were selected for docking. MTOR, a key regulator
of cell growth, metabolism, and autophagy, has been
commonly associated in liver pathophysiology, where its
dysregulation causes hepatic inflammation, insulin
resistance, and progression to fibrosis and hepatocellular
carcinoma (55, 56). PIK3CA, encoding the catalytic subunit
of phosphatidylinositol 3-kinase, plays a key role in the
PI3K-AKT signaling pathway, which regulates glucose
metabolism, lipid homeostasis, and cell survival, and is
strongly associated with the development of diabetic liver
disease and metabolic dysfunction (57, 58). CHUK (IKKa), a
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Figure 4. Bubble plot depicting functional enrichment analysis of overlapping genes between tylophorine-associated
targets and disease-related targets.
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critical component of the NF-kB signaling pathway, is  to liver injury through modulation of cytokine-mediated
involved in regulating inflammatory responses and has  signaling (59, 60).
been linked to chronic liver inflammation and progression Ramachandran plot analysis of 3HHM, 4JSV, and 4KIK

d

Figure 5. Network analysis of intersecting genes in the tylophorine-disease interaction study. A. Intersecting genes, B.
Degree distribution, C. Closeness centrality, D. Radiality analysis.

Table 4. Composite scoring and ranking of top hub genes.

Gene Degree Closeness Radiality Disease Score Final Score
MTOR 0.95 0.92 0.90 0.98 0.94
PIK3CA 0.90 0.88 0.85 0.95 0.90
CHUK 0.85 0.82 0.80 0.88 0.84
PIK3CB 0.83 0.80 0.78 0.82 0.81
PIK3CD 0.81 0.78 0.76 0.80 0.79
PRKCA 0.80 0.77 0.75 0.70 0.76
PRKCB 0.78 0.75 0.73 0.68 0.74
PRKCG 0.76 0.73 0.71 0.69 0.73
HSP90AB1 0.75 0.72 0.70 0.72 0.73
ESR1 0.72 0.70 0.68 0.69 0.70
SLC6A3 0.70 0.68 0.66 0.65 0.67
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Figure 6. Structural validation and molecular docking of protein 3HHM against tylophorine. a. Ramachandran plot, b.
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Figure 7. Structural validation and molecular docking of protein 4JSV against tylophorine; a. Ramachandran plot, b.

Surface view of 4JSV, c. active site of 4JSV, and d. ligand protein interaction.
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revealed that most residues were clustered in the favored
regions (a-helix and B-sheet), with very few residues in
disallowed regions, indicating acceptable backbone
conformations and good structural quality suitable for
downstream computational analysis. The Ramachandran
plot is an essential tool for evaluating the stereochemical
quality of protein structures by analyzing the distribution
of backbone dihedral angles (¢ and ), thereby helping to
identify energetically favorable conformations and
structural reliability (61). Molecular docking is widely
employed to predict the binding affinity and interaction
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patterns of bioactive compounds with target proteins,
providing insights into their potential mechanism of action
at the molecular level (62).

Molecular docking analysis was performed to evaluate
the binding affinity of tylophorine with the selected target
proteins. The compound exhibited binding interactions
with all three proteins, with binding energies of-8.9 kcal
mol ! for 3HHM,-8.1 kcal mol ! for 4JSV, and-7.9 kcal mol
1 for 4KIK. The interactions involved key active site
residues and were predominantly mediated by hydrogen
bonding, van der Waals forces, alkyl, and m-related

Figure 8. Structural validation and molecular docking of protein 4KIK against tylophorine. a. Ramachandran plot, b.
Surface view of 4KIK, c. Active site of 4KIK, d. Ligand protein interaction.

Table 5. Molecular docking interactions of tylophorine with selected target proteins.

. PDB o . H-
Protein name D Residues Involved Type of Interactions bonds
TR . GLN859, LYS802, SER774, ILESOO,
Phosphatidylinositol 3-kinase 3HHM MET772, TRP780, PRO778, TYR836, H-bond, van der Waals, 3
(PI3Ka, PIK3CA) ILE848. ILE932 Alkyl, Tt-alkyl
Serine/threonine-protein kinase ., SER2165, ILE2356, TRP2239, PRO2169, :l'kb‘f”f_'aﬁ[k_ } f/t:rf'gr;? ]
MTOR LEU2185, MET2345, TYR2225 Il
Waals
Inhibitor of nuclear factor kappa-B AKIK GLN1937, PRO1940, LEU1936, H-bond, Alkyl, mt-alkyl, van 1

kinase subunit beta (IKKp)

ASP2145, TYR2144, ALA1971

der Waals
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Figure 9. In vitro anti-inflammatory activity of V.
capparidifolium leaf aqueous extract.

interactions. Among the three targets, 3HHM
demonstrated the highest binding affinity. Overall, the
docking results suggest favorable binding interactions
between tylophorine and the selected target proteins,
warranting further experimental validation (Figures 6-8,
Table 5). Previous molecular docking studies have shown
that tylophorine binds within the ATP-binding pocket of
VEGFR2 with an affinity of-7 kcal mol ', involving key
residues such as Lys868, Leu870, His879, Leu882, and
Leu912, with hydrophobic interactions predominating over
hydrogen bonding (63). Similarly, phenanthrene-based
tylophorine derivatives demonstrated favorable binding
interactions with the FabH enzyme, supporting their
biological activity, with selected compounds exhibiting
significant antimicrobial potential and compliance with
drug-likeness criteria (64).
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Anti-inflammatory Effect of V. capparidifolium
Extract

The anti-inflammatory potential of V. capparidifolium leaf
aqueous extract was evaluated using the albumin
denaturation assay and compared with aspirin as the
standard. The extract exhibited protein denaturation over
the range of 10-250 ug mL™", increasing from 9.59% to
68.05%, whereas aspirin showed higher inhibition (20.15-
80.36%) (Figure 9). The ICsqg value of the extract (153.14 ug
mL™") was higher than that of aspirin (93.91 pug mL™"). The
anti-proteinase activity of the extract was assessed using
the trypsin inhibition assay. An inhibition of proteolytic
activity was observed, with percentage inhibition
increasing from 10.33% to 71.76% across the tested
concentrations, while aspirin exhibited higher inhibition
(20.33-78.90%). The ICsp value of the extract (139.21 ug
mL") was greater than that of aspirin (96.91 ug mL™"). The
membrane stabilizing activity of the extract was evaluated
using the heat-induced hemolysis assay. The extract
showed protection against erythrocyte lysis, with inhibition
increasing from 10.64% to 70.25%, whereas aspirin
demonstrated higher values (20.93-80.54%). The ICsg value
of the extract (143.70 ug mL™") was higher than that of
aspirin (91.80 pg mL™"). Although the extract exhibited
concentration-dependent activity, its potency remained
lower than that of aspirin, as reflected by the higher ICsg
values.

To the best of current knowledge, reports on the in
vitro anti-inflammatory activity of Vincetoxicum species are
limited. V. arnottianum exhibited significant protection
against heat-induced protein denaturation, with ethyl
acetate (73%) and methanolic fraction (70%) showing
notable inhibition at 500 ug mL™!, comparable to standard
drugs diclofenac potassium and aspirin (65). Given that
there are few studies on the trypsin inhibitory activity of
Vincetoxicum species, the genus demonstrates anti-
inflammatory capabilities through cytokine suppression
and protein denaturation protection, indicating that similar
phytochemicals underpin the reported action (66). V.
arnottianum fractions, notably ethyl acetate, exhibited
strong in vivo anti-edema effects, linking such in vitro
stabilization to broader suppression of oxidative stress and
pro-inflammatory mediators such as TNF-a (67). Other
members of Apocynaceae, such as Carissa carandas, have
also demonstrated anti-inflammatory potential through
RBC membrane stabilization, where steroidal saponins
from C. carandas leaves exhibited notable in vitro anti-
inflammatory properties, preventing hypotonicity-induced
hemolysis (68). Additionally, phytoconstituents isolated
from C. carandas roots, including lupeol, stigmasterol,
oleanolic acid, carissone, and scopoletin, have shown
capacity to suppress pro-inflammatory mediators like
cytokines and prostaglandins, aligning mechanistically
with Vincetoxicum species' membrane-protective effects
(69).

Antidiabetic Potential of V. capparidifolium
Extract

The aqueous extract of V. capparidifolium demonstrated
inhibitory effect against both a-amylase and a-
glucosidase enzymes over the tested range of 10-250 ug
mL " (Figure 10). In the a-amylase assay, the extract
exhibited inhibition ranging from 16.48% at 10 ug mL "' to
81.12% at 250 pg mL ', with an IC 5o value of 121.88 pg
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Figure 10. /n vitro antidiabetic activity of V.
capparidifolium leaf aqueous extract.

mL 1. The standard drug acarbose showed comparatively
higher inhibitory activity, with inhibition reaching 87.32%
at the highest concentration and an IC 5y of 83.92 ug mL
1. In the oa-glucosidase assay, the extract displayed
relatively stronger inhibitory activity, with values increasing
from 20.28% at 10 ug mL -' to 81.75% at 250 ug mL 1. The
IC 5, value was determined to be 99.61 pg mL ~'. Acarbose
exhibited greater potency, with an IC 4 of 53.29 ug mL '
and a maximum inhibition of 91.48%. Notably, the extract
demonstrated comparatively higher efficacy against a-
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glucosidase than o-amylase. Despite exhibiting dose-
dependent inhibition of both enzymes, the extract was less
potent than acarbose, as indicated by its higher IC s
values. Several members of this family exhibit notable
antidiabetic potential; for instance, alkaloids from
Catharanthus roseus have been reported to reduce blood
glucose levels and improve glucose tolerance, while
Pterocarpus marsupium bark extract has demonstrated
hypoglycemic effects through enhanced insulin secretion
and improved insulin sensitivity (19).

Cytotoxic and Apoptotic Effects of V.
capparidifolium Extract on HepG2 Cells
The cytotoxic potential of V. capparidifolium aqueous
extract was evaluated using the MTT assay (Figure 11a).
Treatment with increasing concentrations of the sample
resulted in a marked decline in viable cells, with an ICsg
value of 168.04 ug mL™'. To further confirm the mode of
cell death, AO/EtBr dual staining was performed (Figure
11b-d). Control cells exhibited uniformly green
fluorescence with intact morphology, indicating viable
cells (Figure 11b). In contrast, doxorubicin-treated cells
showed pronounced red/orange fluorescence with nuclear
condensation and membrane damage, characteristic of
apoptotic cell death (Figure 11c). Cells treated with the
sample at 168.04 pug mL" concentration also displayed
increased red/orange fluorescence along with reduced
green fluorescence, suggesting the induction of apoptosis
(Figure 11d). Additionally, DNA fragmentation analysis
revealed intact genomic DNA in control cells (Figure 11e),
whereas cells treated with the extract at ICsg concentration
showed fragmented DNA patterns (Figure 11f), further
confirming apoptosis-mediated cytotoxicity. Collectively,
these findings indicate that the sample exerts
antiproliferative activity by inducing apoptotic cell death.
Previous studies on the genus Vincetoxicum have
demonstrated notable anticancer potential through MTT-
based cytotoxicity assays. The ethanolic leaf extract of V.
capparidifolium exhibited dose-dependent cytotoxicity
against HepG2 hepatocellular carcinoma cells, reducing
cell viability to 18% at 1000 pug mL -1 with an estimated IC
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Figure 11. Cytotoxic and apoptosis-inducing effects of V. capparidifolium leaf aqueous extract; a. MTT assay showing a
concentration-dependent decrease in cell viability, b-d. AO/EtBr dual staining: b. Control cells, c. Doxorubicin-treated
cells, d. Extract-treated cells at IC50 concentration, e-f. DNA fragmentation analysis: e. Control cells, f. Fragmented DNA
pattern in extract-treated cells.
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so value of 163 pg mL ~'. Apoptotic cell death was

supported by AO/EtBr staining, which revealed membrane
compromise and nuclear condensation, and by DNA
fragmentation analysis showing a characteristic ladder
pattern, indicative of apoptosis rather than necrosis (19).
The methylene chloride fraction of V. pumilum exhibited
potent cytotoxicity against leukemic cell lines HL-60 and
K562, with IC 5o values of 83 and 125 pg mL ',
respectively, and induced apoptosis through sub-G1 arrest
and upregulation of pro-apoptotic markers, while showing
minimal toxicity toward normal lymphocytes (69). Similarly,
the methanolic extract of V. arnottianum markedly reduced
cell viability (10-30%) and inhibited invasion by up to 99%
in pediatric alveolar rhabdomyosarcoma (RH-30) cells at
25 ug mL ' (65). The MTT assay conducted on V.
hirundinaria extracts demonstrated that extracts exerted
no cytotoxic effects on HaCaT cells at any tested
concentration (0.25-1 mg mL ), indicating a favorable
safety profile toward normal cells (70).

Conclusion

The aqueous leaf extract of V. capparidifolium showed a
chemically diverse phytochemical profile, characterized by
FTIR-identified functional groups and LC-MS-detected
alkaloids, flavonoids, nucleosides, and fatty acid
derivatives. Network pharmacology and molecular docking
analyses identified potential molecular targets associated
with liver-related disorders and suggested favorable
interactions of tylophorine with selected proteins. The
extract demonstrated concentration-dependent anti-
inflammatory, anti-diabetic, cytotoxic, and apoptotic
effects in vitro. As the present findings are limited to in
silico and in vitro analyses, further studies are required to
validate the biological efficacy and safety of the extract.
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