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Abstract: Velvet apple (Diospyros discolor Willd.) is 
a tropical fruit with potential bioactive constituents 
relevant to antioxidant-based topical applications. 
This study evaluated Velvet apple fruit extract and a 
10% (w/w) gel formulation through qualitative 
phytochemical screening, DPPH radical-scavenging 
assay, network pharmacology, and molecular 
docking. Fresh fruit pulp was taxonomically 
authenticated prior to extraction. The moisture 
content of the fresh fruit pulp was 82.13%, and 
maceration with 96% ethanol yielded 29.11% extract 
on a moisture-corrected basis. Qualitative 
phytochemical screening indicated the presence of 
flavonoids, tannins, and saponins. In the DPPH 
assay, the crude extract showed strong radical-
scavenging activity with an IC50 of 46.00 ppm, 
compared with vitamin C at 5.60 ppm, whereas the 
gel formulation showed a much weaker apparent response under the assay conditions (IC50 = 33,286.00 ppm). In silico profiling of 52 
putative constituents showed broad chemical diversity, with molecular weights ranging from 106.12 to 576.85 Da and topological polar 

surface area values from 0.00 to 190.28 Å2. Target intersection analysis identified 95 shared proteins between predicted compound 
targets and wound-healing-related proteins, and enrichment analysis highlighted migration- and signaling-related processes. Network 
topology prioritized CASP3, and molecular docking against caspase-3 (PDB ID: 1NME) ranked bauerenol, β-amyrin, and cylindrin 
among the most plausible binders within the applied protocol. Overall, Velvet apple fruit extract appears to be a promising source of 
antioxidant phytochemicals, while the computational findings provide a predictive, hypothesis-generating basis for further wound-related 
investigation. Additional release studies, biological assays, and wound-healing models are needed to confirm formulation performance 
and biological relevance. 
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Introduction 

Plant-derived bioactive compounds have attracted 

considerable attention in wound-related research because they 

may provide multiple complementary effects, including 

antioxidant, anti-inflammatory, and antimicrobial activities, which 

are relevant to the complex nature of tissue repair [1,2]. Velvet 

apple (Diospyros discolor Willd.) is an underutilized tropical fruit 

with reported phytochemical richness and antioxidant potential. 

Previous studies on Velvet apple and related fruit extracts have 

indicated the presence of bioactive constituents and measurable 

radical-scavenging activity, supporting the plausibility of this 

species as a source of wound-relevant natural compounds [3,4]. 
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Skin wounds remain a major clinical and public health 

challenge, particularly when healing is delayed or dysregulated. 

Chronic and difficult-to-heal wounds are associated with 

prolonged treatment, increased risk of infection, reduced quality 

of life, and substantial healthcare burden [5]. Successful wound 

healing depends on the coordinated progression of 

inflammation, cell migration, re-epithelialization, angiogenesis, 

and extracellular matrix remodeling; disruption of these events 

can impair closure and tissue restoration [6–8]. 

Oxidative stress remains a significant biological impediment 

to wound healing. Although physiological levels of reactive 

oxygen species (ROS) are essential for antimicrobial defense 
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and redox signaling, ROS overproduction prolongs inflammation 

and degrades critical cellular and extracellular matrix (ECM) 

components [9,10]. Consequently, antioxidant-based 

therapeutics have emerged as crucial strategies to ameliorate 

the wound microenvironment and restore redox homeostasis 

during tissue repair [11]. In this context, the antioxidant 

properties of Velvet apple present a promising therapeutic 

avenue. However, translating extract-level efficacy into topical 

utility necessitates an appropriate delivery system. Ideal wound-

care vehicles must maintain prolonged local contact, preserve a 

moist microenvironment, and facilitate the targeted release of 

bioactive compounds [12]. Gel formulations offer an optimal 

matrix for this purpose, providing ease of administration, 

extended dermal residence time, and efficient localized delivery 

of therapeutic agents [13]. 

Given the multicomponent and multitarget nature of 

botanical extracts, elucidating their mechanisms necessitates 

systems-level approaches. Network pharmacology provides a 

robust framework for mapping complex compound-target-

pathway interactions in phytomedicine [14,15]. In wound-healing 

research, integrating network pharmacology with molecular 

docking facilitates the identification of putative targets and 

plausible ligand-protein affinities [16,17]. However, as these in 

silico methods are inherently predictive and hypothesis-

generating, their findings require careful interpretation and 

subsequent empirical validation to confirm pharmacological 

efficacy and mechanisms [18,19]. 

Consequently, this study investigated Velvet apple fruit 

extract and its gel formulation through phytochemical profiling, in 

vitro antioxidant assays, network pharmacology, and molecular 

docking. This integrative approach aimed to characterize the 

extract's antioxidant capacity, elucidate putative wound-healing 

mechanisms, and evaluate its suitability as a topical delivery 

system, thereby providing a robust theoretical foundation for 

subsequent empirical validation. 

Materials and Methods 

Materials 

Fresh ripe Velvet apple (Diospyros discolor Willd.) fruits 

were collected from Institut Pertanian Bogor, Indonesia. The 

plant material was taxonomically authenticated at Research 

Center for Biology BRIN. After cleaning, the edible fruit material 

was separated, cut into small pieces, and used for simplicia 

preparation and extraction. Analytical-grade ethanol (96%) was 

used as the extraction solvent. Purified water/distilled water was 

used throughout the experimental procedures. For antioxidant 

analysis, 2,2-diphenyl-1-picrylhydrazyl (DPPH) and ascorbic 

acid (vitamin C) were used as the radical reagent and positive 

control standard, respectively, while ethanol was used as the 

reaction solvent. Analytical-grade reagents used for qualitative 

phytochemical screening included Dragendorff’s, Mayer’s, and 

Wagner’s reagents (alkaloids); magnesium powder, hydrochloric 

acid, and amyl alcohol (flavonoids); 10% ferric chloride (tannins); 

anhydrous acetic acid and concentrated sulfuric acid 

(steroids/triterpenoids); and 10% sodium hydroxide 

(hydroquinones). Additional extraction solvents included 

ammonia, chloroform, ethanol, methanol, and diethyl ether. A 

Velvet apple topical gel was formulated by uniformly dispersing 

4 g of the ethanol extract into 36 g of a pharmaceutical-grade 

base. The gel base comprised Carbopol 940 (gelling agent), 

propylene glycol (humectant), methylparaben (preservative), 

triethanolamine (pH adjuster), and purified water. 

For the in silico study, putative phytochemical compounds of 

Diospyros discolor were compiled from TCMSP v3.0, ETCM 

v2.0, IMPPAT v2.0, and the KNApSAcK Family database. 

Chemical structures and identifiers were cross-checked using 

PubChem. Target prediction and annotation were conducted 

using SwissTargetPrediction, UniProt, GeneCards version 

5.26.0, and DrugBank version 5.1.14. Network analyses were 

performed in Cytoscape version 3.10.3 using the CytoNCA and 

cytoHubba plugins. Functional enrichment was carried out using 

ShinyGO v0.85.1 with Homo sapiens selected as the organism. 

Molecular docking was performed in YASARA Structure 

v19.9.17, and molecular interaction figures were prepared using 

BIOVIA Discovery Studio Visualizer 2016 and PyMOL v3.1.5.1. 

All databases and software were accessed in February 2026. 

Methods 

Plant material and authentication 

Fresh ripe Velvet apple (Diospyros discolor Willd.) fruits 

were obtained from Institut Pertanian Bogor, Indonesia. The 

plant material was authenticated at the Research Center for 

Biology BRIN, Cibinong, Indonesia, and the confirmed taxon was 

recorded as Diospyros discolor Willd. The fruits were washed 

with running water, drained, and the edible portion was 

separated for further processing. The plant identity was used 

consistently throughout the study to avoid confusion with the 

synonym Diospyros blancoi. 

Preparation of simplicia and extraction 

Fresh ripe Velvet apple (Diospyros discolor Willd.) fruits 

were washed with running water and drained thoroughly. The 

pulp was separated from the peel and seeds, cut into small 

pieces, and blended to obtain a homogeneous fruit mass. Five 

hundred grams of the blended pulp were subjected to 

maceration with 96% ethanol at a ratio of 1:10 (w/v). Extraction 

was carried out for 72 h at room temperature, with solvent 

renewal and filtration every 24 h. The combined filtrates were 

concentrated under reduced pressure until a viscous extract was 

obtained, and the final extract was weighed. 

Determination of moisture content 

The moisture content of Velvet apple fruit was determined 

by the gravimetric oven-drying method. Fresh fruits were washed 

with running water, drained, and the pulp was separated from the 

peel and seeds. The pulp was used as the sample for analysis. 

A porcelain dish was dried at 105 °C for 30 min, cooled in a 

desiccator for 30 min, and weighed. Approximately 2 g of fresh 

fruit pulp was then transferred into the dish and dried in an oven 

at 105 °C to constant weight. After each drying step, the dish was 

cooled in a desiccator for 30 min before reweighing.  

Gel formulation 

The topical gel was formulated at a 10% (w/w) concentration 

by incorporating Velvet apple ethanol extract into a 

pharmaceutical-grade gel base at a 1:9 ratio. Briefly, 4 g of 

Velvet apple ethanol extract was mixed with 36 g of gel base 

containing Carbopol 940 as the gelling agent, propylene glycol 

as the humectant, methylparaben as the preservative, 

triethanolamine (TEA) as the pH-adjusting agent, and purified 

water as the vehicle. Carbopol 940 was first dispersed in purified 

water and allowed to hydrate for 30 min. Methylparaben was 

dissolved in propylene glycol, after which the Velvet apple 

extract was incorporated into this phase. The hydrated Carbopol 
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dispersion was then combined gradually with the extract-

containing phase under continuous stirring. Triethanolamine was 

added dropwise until the gel structure formed and the desired pH 

was achieved. Stirring was continued until a macroscopically 

homogeneous gel was obtained. 

Qualitative phytochemical screening 

The Velvet apple ethanol extract was subjected to qualitative 

phytochemical screening for alkaloids, flavonoids, tannins, 

saponins, triterpenoids, steroids, and hydroquinones using 

standard color and precipitation tests. For alkaloid screening, 1 

g of sample was treated with ammonia, extracted with 

chloroform, acidified with 2 M sulfuric acid, and tested separately 

with Dragendorff’s, Mayer’s, and Wagner’s reagents. Positive 

reactions were indicated by orange coloration, white precipitate, 

and brown coloration, respectively. 

For flavonoid, tannin, and saponin screening, 5 g of sample 

was mixed with distilled water, heated for 5 min, and filtered. The 

filtrate was divided into three portions. Flavonoids were identified 

using magnesium powder, HCl:EtOH (1:1), and amyl alcohol, 

with orange coloration indicating a positive result. Tannins were 

identified by the addition of 10% FeCl3, which produced a 

greenish-black coloration. Saponins were identified by the 

formation of stable foam after shaking. 

For triterpenoid and steroid screening, 1 g of sample was 

extracted with hot ethanol, filtered, evaporated to dryness, 

redissolved in diethyl ether, and reacted with concentrated 

sulfuric acid and acetic anhydride. Red/purple coloration 

indicated triterpenoids, whereas green/blue coloration indicated 

steroids. Hydroquinones were screened by heating 1 g of sample 

in methanol, filtering, and adding 10% NaOH; a red coloration 

indicated a positive result. Results were recorded qualitatively as 

present (+) or absent (−). 

DPPH radical-scavenging assay 

The antioxidant capacity of the Velvet apple extract and its 

gel formulation was evaluated using a 96-well microplate DPPH 

assay. Briefly, the extract and ascorbic acid (positive control) 

were dissolved in DMSO and serially diluted to final test 

concentrations of 50–250 ppm and 1.25–20 ppm, respectively. 

For the formulated gel, the sample was prepared by 

homogeneously dispersing 1 g of the gel in 10 mL of ethanol 

under sonication, followed by dilution to the required test 

concentrations. 

In each microplate well, 100 µL of the sample or control 

solution was mixed with 100 µL of a 125 µM DPPH ethanolic 

solution. Negative controls (ethanol and DPPH) and sample 

blanks (sample and ethanol) were prepared concurrently to 

correct for inherent sample absorbance. Following a 30-minute 

incubation in the dark at room temperature, the absorbance was 

measured at 517 nm using a microplate reader. The scavenging 

activity was subsequently calculated, and the IC50 values were 

determined. The percentage of DPPH radical inhibition was 

calculated using the following equation: 

% 𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝐴𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑠𝑎𝑚𝑝𝑙𝑒

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙
× 100 

Collection and Curation of Diospyros discolor 

Compounds 

Putative phytochemicals of Diospyros discolor (syn. 

Diospyros blancoi) were retrieved from the TCMSP (v3.0), 

ETCM (v2.0), IMPPAT (v2.0), and KNApSAcK databases. 

Compounds lacking defined chemical structures or verified 

taxonomic origins were excluded. Overlapping entries across 

databases were deduplicated by matching canonical SMILES 

and InChIKeys. To resolve inter-database conflicts and 

standardize the dataset, all chemical identifiers (PubChem CID, 

canonical SMILES, and 3D conformers) were cross-validated 

using PubChem. The PubChem-verified structures were strictly 

retained as reference entries, yielding a curated, non-redundant 

compound library for subsequent in silico analyses. 

In silico Physicochemical Profiling 

The physicochemical properties of the curated compounds 

were evaluated using the SwissADME web tool. Key computed 

parameters included molecular weight (MW, Da), hydrogen bond 

acceptors (HBA) and donors (HBD), topological polar surface 

area (TPSA, Å²), rotatable bonds, PAINS alerts, and Lipinski’s 

Rule of Five violations. To preserve the natural chemical 

diversity of the botanical extract, compounds were not strictly 

excluded based on isolated rule violations; rather, these 

descriptors were utilized exclusively for qualitative prioritization 

and compound profiling. 

Prediction of compound targets and retrieval of 

wound-healing-related targets 

Putative human protein targets for the curated compounds 

were identified using SwissTargetPrediction (Homo sapiens). To 

balance prediction sensitivity and specificity, a probability 

threshold of ≥ 0.10 was applied, retaining a maximum of 100 top-

ranked targets per compound. This cutoff is established in 

network pharmacology to filter out low-confidence interactions 

while preserving structurally relevant targets [20]. All retrieved 

targets were standardized to official gene symbols using the 

UniProtKB database. 

Disease-associated genes were retrieved from the 

GeneCards database using the keyword "wound healing". A 

relevance score cutoff of ≥ 3 was applied to isolate highly 

correlated therapeutic targets and eliminate peripheral gene 

associations [21,22]. The intersection between the compound-

derived targets and the wound-healing genes was mapped using 

Venny v2.1.0, yielding the core target set for subsequent network 

construction and enrichment analyses. 

Protein-Protein Interaction (PPI) Network and 

Enrichment Analysis 

The intersected genes were mapped in the STRING v12.0 

database (Homo sapiens) to construct a protein-protein 

interaction (PPI) network. The network topology was visualized 

and analyzed using Cytoscape v3.10.3. Hub proteins were 

identified via the cytoHubba plugin, utilizing Degree as the 

primary ranking metric, supported by Betweenness and 

Closeness centralities to ensure ranking robustness. Functional 

enrichment analysis, encompassing Gene Ontology (GO) terms 

and KEGG pathways, was executed using ShinyGO v0.85.1. 

Statistical significance was defined by a false discovery rate 

(FDR) ≤ 0.05. To minimize bias and ensure biological relevance, 

the analysis was strictly limited to gene set sizes of 10–500 and 

a fold enrichment ≥ 1.5 [23]. 

Molecular Docking and Protocol Validation 

Molecular docking against caspase-3 (CASP3 with PDB ID: 

1NME) was performed using YASARA Structure v19.9.17. 

Receptor preparation involved isolating the relevant monomeric 
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chain, depleting crystallographic waters and non-essential 

heteroatoms, adding polar hydrogens, and assigning 

physiological protonation states. 

Docking simulations utilized the AutoDock Vina algorithm 

integrated within YASARA. The search space was strictly 

centered on the centroid of the co-crystallized native ligand (X: 

29.70, Y: 29.70, Z: 29.70) with an 11 Å padding in all directions 

to fully encompass the active site. The protocol was 

prospectively validated by redocking the native ligand, which 

successfully reproduced the experimental binding mode with a 

root mean square deviation (RMSD) of 1.45 Å (threshold ≤ 2.0 

Å). 

For the test compounds, docking parameters were 

configured with an exhaustiveness of 8, a maximum of 10 

modes, and a 3 kcal/mol energy range. Each ligand was 

subjected to three independent runs using distinct random seeds 

to minimize stochastic variation. The conformation exhibiting the 

lowest binding free energy (ΔG kcal/mol) and consistent active-

site localization was selected. The 3D binding complexes and 2D 

ligand-residue interactions were visualized using PyMOL 

v3.1.5.1 and BIOVIA Discovery Studio Visualizer 2016. 

Statistical Analysis 

All in vitro experiments were performed in triplicate, and 

quantitative data are presented as the mean ± standard 

deviation (SD). The IC50 values for the DPPH assay were 

determined via linear regression analysis using Microsoft Excel. 

 

Results and Discussion 

Plant Material and Authentication 

Botanical authentication confirmed the specimen as 

Diospyros discolor Willd. Explicitly establishing this identity is 

critical for taxonomic traceability, as the species is frequently 

cited in the literature under its accepted synonym, Diospyros 

blancoi [24]. Resolving this nomenclature ambiguity prevents 

inconsistencies in phytochemical profiling and ensures reliable 

pharmacological comparisons with prior studies. 

Moisture Content and Extract Yield 

The moisture content of the fresh Velvet apple fruit pulp was 

determined to be 82.13%. This value aligns perfectly with the 

naturally high aqueous composition (80–96%) characteristic of 

fresh postharvest fruits and vegetables [25]. Consequently, the 

obtained extract yield of 29.11% (w/w) strictly reflects the 

recovery efficiency from fresh botanical material, distinguishing 

it from yields typically derived from dried simplicia. 

Table (1): Moisture Content of Crude Drugs and Yield of Velvet Apple 
Extract 

Testing Results (%) 

Moisture content 82.13 

Extract yield 29.11 

 

Phytochemical Screening 

Phytochemical profiling of the Velvet apple ethanol extract 

confirmed the presence of flavonoids, tannins, and saponins 

(Table 2). This specific metabolite signature is highly conducive 

to tissue repair; flavonoids are potent modulators of the wound 

healing cascade, actively promoting antioxidant, anti-

inflammatory, angiogenic, and re-epithelialization pathways [2]. 

Concurrently, tannins synergize these effects through their 

robust antioxidant and antimicrobial capacities, while saponins 

further protect the wound microenvironment via membrane-

disruptive antimicrobial mechanisms [26,27]. Although these 

preliminary colorimetric assays provide foundational evidence 

for the presence of these bioactive classes, subsequent 

quantitative and chromatographic analyses are required to 

elucidate precise compound identities and abundances. 

Table (2): Phytochemical content of Velvet Apple Extract 

Parameters Results 

Flavonoids + 

Alkaloids - 

Tannins + 

Saponins + 

Quinones - 

Steroids - 

Triterpenoids - 

 

Antioxidant activity of the extract and gel formulation 

The DPPH radical-scavenging assay demonstrated a 

concentration-dependent inhibitory effect, with IC50 values of 

5.60 ppm, 46.00 ppm, and 33,286.00 ppm for ascorbic acid 

(positive control), the Velvet apple extract, and the gel 

formulation, respectively (Figure 1). The robust antioxidant 

capacity of the crude extract (IC50 = 46.00 ppm) aligns closely 

with previous reports for Diospyros discolor ethanol extracts (IC50 

≈ 53.51 ppm), confirming the abundance of potent redox-active 

constituents [3]. 

Conversely, the remarkably high IC50 value of the gel 

formulation does not indicate a degradation of intrinsic 

antioxidant activity during preparation. Rather, this apparent 

reduction in efficacy may reflect limited analyte release from the 

polymer matrix and/or matrix interference under the assay 

conditions. The physical entrapment of the extract within the 

viscous polymeric matrix significantly limits its diffusion and 

accessibility to the DPPH radicals in the reaction medium. 

Furthermore, the DPPH assay is inherently highly sensitive to 

matrix interference, solvent polarity, and sample phase 

variations [28,29]. Therefore, the observed gel response reflects 

assay-accessibility limitations rather than an absolute loss of 

pharmacological potential, underscoring the necessity of prior in 

vitro release/extraction protocols when evaluating polymeric 

matrices. 

 

 

Figure (1): DPPH inhibitory activities and IC50 Values of Velvet apple 
extract, Velvet apple gel, and Vitamin C 
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Physicochemical Profiling of Putative Constituents 

In silico physicochemical profiling utilizing the SwissADME 

platform demonstrated that the putative Velvet apple 

constituents span an extensive and diverse chemical space [30]. 

The compound library exhibited significant variations in 

molecular weight, topological polar surface area, hydrogen-

bonding capacity, and molecular flexibility (rotatable bonds) 

(Table 3). While these descriptors are conventionally applied to 

predict systemic bioavailability via Lipinski’s and Veber's rules, 

or to flag non-specific interactions using PAINS filters, their 

primary utility in the present study is to rigorously characterize 

the extract's structural heterogeneity [31–33].

 

Table (3): ADMET profile and druglikeness of compounds in Diospyros discolor Willd 

No. Ligands 
Molecular 
Weight (Da) 

Hydrogen 
Bond 
Acceptor 

Hydrogen 
Bond 
Donor 

Rotatable 
bond 

Topological 
Polar Surface 
Area (Å²) 

Lipinski 
#violations 

PAINS 
#alerts 

1.  (-)-β-Sitosterol 414.71 1 1 6 20.23 1 0 

2.  (E)-Nerolidol 222.37 1 1 7 20.23 0 0 

3.  1-Hexacosanol  382.71 1 1 24 20.23 1 0 

4.  
1,3,5,8-Tetrahydroxy-6-
methoxy-2-methylanthraquinone 

316.26 7 4 1 124.29 0 1 

5.  

6-(1,8-Dihydroxy-6-
methylnaphthalen-2-yl)-5-

hydroxy-2-methylnaphthalene-
1,4-dione  

360.36 5 3 1 94.83 0 2 

6.  α-Amyrenone  424.7 1 0 0 17.07 1 0 

7.  α-Amyrin  426.72 1 1 0 20.23 1 0 

8.  α-Cadinol  222.37 1 1 1 20.23 0 0 

9.  α-Humulene 204.35 0 0 0 0 1 0 

10.  Anthraquinone 208.21 2 0 0 34.14 0 1 

11.  Astragalin 448.38 11 7 4 190.28 2 0 

12.  Bauerenol 426.72 1 1 0 20.23 1 0 

13.  Benzaldehyde 106.12 1 0 1 17.07 0 0 

14.  Benzyl benzoate 212.24 2 0 4 26.3 0 0 

15.  Benzyl butyrate 178.23 2 0 5 26.3 0 0 

16.  Benzyl salicylate 228.24 3 1 4 46.53 0 0 

17.  β-Amyrin 426.72 1 1 0 20.23 1 0 

18.  β-Betulinic acid 456.7 3 2 2 57.53 1 0 

19.  β-caryophyllene 204.35 0 0 0 0 1 0 

20.  
β-sitosterol-3-O-

glucopyranoside 
576.85 6 4 9 99.38 1 0 

21.  Betulin 442.72 2 2 2 40.46 1 0 

22.  Betulinaldehyde 440.7 2 1 2 37.3 1 0 

23.  Betulinic acid 456.7 3 2 2 57.53 1 0 

24.  Betulinic acid methyl ester 547.79 6 1 3 90.08 2 0 

25.  Butyl benzoate 178.23 2 0 5 26.3 0 0 

26.  Butyl butyrate 144.21 2 0 6 26.3 0 0 

27.  Cinnamyl benzoate 238.28 2 0 5 26.3 0 0 

28.  Cinnamyl butyrate 204.26 2 0 6 26.3 0 0 

29.  Cinnamyl valerate 218.29 2 0 7 26.3 0 0 

30.  Cylindrin 440.74 1 0 2 9.23 1 0 

31.  D-Galactose 180.16 6 5 1 110.38 0 0 

32.  D-Galacturonic Acid 194.14 7 5 1 127.45 0 0 

33.  D-Glucose 180.16 6 5 1 110.38 0 0 

34.  D-Xylose 150.13 5 4 0 90.15 0 0 

35.  Diospyrin 374.34 6 2 1 108.74 0 2 

36.  Ellagic acid  302.19 8 4 0 141.34 0 1 

37.  Ethyl palmitate  284.48 2 0 16 26.3 1 0 

38.  Farnesol 222.37 1 1 7 20.23 1 0 

39.  Hexadecanoic 388.54 5 1 18 71.25 1 0 

40.  Hexadecanoic acid 256.42 2 1 14 37.3 1 0 

41.  Hexyl benzoate 206.28 2 0 7 26.3 0 0 

42.  L-(+)-Arabinose 150.13 5 4 4 97.99 0 0 

43.  L-Rhamnose 164.16 5 4 0 90.15 0 0 

44.  Lupeol 426.72 1 1 1 20.23 1 0 

45.  Methyl benzoate 136.15 2 0 2 26.3 0 0 

46.  Methyl palmitate  270.45 2 0 15 26.3 1 0 

47.  Octyl benzoate  234.33 2 0 9 26.3 0 0 

48.  Phenethyl butyrate 192.25 2 0 6 26.3 0 0 

49.  Physostigmine 275.35 3 1 3 44.81 0 0 

https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY007273
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY013554
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY013554
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY013554
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY013554
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY011273
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY011619
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY005537
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY009624
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY006971
https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY015862
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No. Ligands 
Molecular 
Weight (Da) 

Hydrogen 
Bond 
Acceptor 

Hydrogen 
Bond 
Donor 

Rotatable 
bond 

Topological 
Polar Surface 
Area (Å²) 

Lipinski 
#violations 

PAINS 
#alerts 

50.  Stigmast-4-en-3-one 412.69 1 0 6 17.07 1 0 

51.  Stigmasterol  412.69 1 1 5 20.23 1 0 

52.  Ursolic acid 456.7 3 2 1 57.53 1 0 

Intersected targets and enrichment analysis 

Target intersection analysis revealed 95 overlapping 

proteins between the predicted targets of Velvet apple 

constituents and established wound-healing-associated genes. 

This multitarget profile perfectly aligns with the physiological 

complexity of wound repair, which requires the coordinated 

regulation of inflammation, angiogenesis, extracellular matrix 

(ECM) remodeling, and tissue maturation [34,35]. 

The identified network encompasses critical regulatory hubs 

across these distinct healing phases. Key intersections include 

matrix-remodeling enzymes (MMPs), receptor tyrosine kinases 

driving epithelialization and fibroblast transition (EGFR, 

PDGFRA, PDGFRB), and primary mediators of angiogenesis 

(KDR, FLT1, FGFR1) [36–39]. Additionally, the network 

highlights crucial inflammatory modulators (PTGS2, ICAM1) and 

central intracellular signaling nodes (AKT1, MAPKs, SRC, 

CASP3) [40–44]. Collectively, this broad target enrichment 

indicates that Velvet apple phytocompounds likely facilitate 

wound resolution by synergistically modulating multiple 

converging pathways rather than acting through a single 

dominant mechanism [16].  

While these systems-level findings offer a robust biological 

rationale for the extract’s therapeutic potential, they represent 

computational predictions. Consequently, this target network 

serves as a foundational, hypothesis-generating framework to 

prioritize specific pharmacological pathways for subsequent in 

vitro and in vivo validation [17].

 

Figure (2): (A) Target protein from intersection analysis of Diospyros discolor Willd compounds and target protein of Wound Healing and Gene Ontology (GO) 

(B) categories Biological Process, (C) Molecular Function, (D) Cellular Component, and (E) Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathway 

 

GO and KEGG Enrichment Analysis 

Functional enrichment analysis (GO and KEGG) revealed a 

significant clustering of targets within pathways fundamental to 

tissue repair (Figure 2). Highly enriched biological processes 

included epithelial and endothelial cell migration, response to 

wounding, and overall wound healing, which are critical drivers 

of tissue closure and re-epithelialization [6,7]. Furthermore, the 

overrepresentation of receptor-associated and kinase-linked 

signaling networks (PI3K/Akt) highlights a regulatory landscape 

that coordinates cellular proliferation, angiogenesis, and 

migration [42,43].  

The pronounced enrichment of integrin-mediated signaling 

and extracellular matrix (ECM) organization strongly 

corroborates these findings. Integrins act as crucial 

mechanotransducers that facilitate keratinocyte motility, 

dynamic wound-bed interactions, and subsequent ECM 

remodeling during the proliferative phase of healing [8,45]. While 

these statistical associations robustly map the phytocompound 

targets to specific wound-relevant modules, they inherently 

serve as a predictive model for pathway prioritization. 

Subsequent empirical validation is essential to determine the 

precise pharmacological direction and magnitude of these 

modulatory effects. 

 

Topological Screening and Key Target Prioritization 

Topological analysis of the protein-protein interaction (PPI) 

network identified CASP3 as the paramount central node, 

exhibiting the highest degree, betweenness, and closeness 

centralities (Table 4). In complex biological networks, such highly 

connected nodes function as critical regulatory hubs or 

informational bottlenecks that orchestrate signaling crosstalk 

across diverse functional modules [46,47]. Consequently, 

CASP3 emerges as a pivotal convergence point within the 

predicted wound-healing network modulated by Velvet apple 

phytocompounds.  

The prioritization of CASP3 perfectly aligns with the intricate, 

biphasic role of apoptosis during tissue repair. Apoptosis is not 

inherently detrimental; it is strictly required for the timely 

https://cb.imsc.res.in/imppat/phytochemical-detailedpage/IMPHY014842
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resolution of inflammation (via immune cell clearance) and the 

orderly transition into the remodeling phase [44]. Conversely, 

excessive or dysregulated apoptosis can severely impair 

keratinocyte migration and delay re-epithelialization [48]. 

Crucially, targeted in vivo ablation of executioner caspases 

(caspase-3 and caspase-7) has been shown to paradoxically 

hinder skin wound repair and diminish compensatory cell 

proliferation in damaged tissues [49]. Therefore, in the context of 

Velvet apple phytotherapy, CASP3 acts as a dynamic regulatory 

node requiring balanced, homeostatic modulation, rather than 

ubiquitous pharmacological suppression to facilitate an optimal 

microenvironment for tissue regeneration.

 

Table (4): Nodes in the regulatory network of Wound Healing target proteins based on topological parameters of Degree, Eigenvector, LAC (Local Average 

Connectivity), Betweenness, Closeness, and Network. Values are reported using a period as the decimal separator. 

Gene Degree Eigenvector LAC Betweenness Closeness Network 

CASP3 69.0 0.19724055 29.42029 0.37041208 0.44339624 63.30364 

 

Molecular Docking and Interaction Analysis 

The docking protocol was prospectively validated by 

redocking the co-crystallized native ligand into human caspase-

3 (PDB ID: 1NME), successfully reproducing the experimental 

binding pose with an RMSD of 1.45 Å. The native ligand, serving 

as the interaction benchmark, exhibited the most favorable 

binding free energy (-8.4530 kcal/mol; predicted Ki = 0.637 µM). 

This strong affinity was primarily driven by a critical hydrogen 

bond with Arg207 (2.68 Å) and supplementary polar contacts 

with Asn208, Ser249, and Trp214, establishing a robust polar-

anchoring profile. Among the Velvet apple constituents, 

bauerenol (-7.9230 kcal/mol; 1.557 µM), β-amyrin (-7.6830 

kcal/mol; 2.335 µM), and cylindrin (-7.6030 kcal/mol; 2.673 µM) 

emerged as the top-ranked candidates. Unlike the native ligand, 

these triterpenoid-like compounds occupied the active site 

primarily through extensive hydrophobic packing rather than 

directed polar anchoring. They consistently interacted with key 

residues, including Tyr204, Trp206, Arg207, Asn208, Ser209, 

Ser249, Phe250, and Ser251. While this interaction signature 

aligns with the hydrophobic subsite architecture previously 

reported for non-peptidic caspase-3 ligands, other constituents 

like ursolic acid and α-amyrin displayed considerably weaker 

affinities and suboptimal polar contacts [50]. 

 

Table (5): Gibbs free energy (ΔG), Inhibition Constant values, and Amino acid residues from molecular docking of Diospyros discolor Willd test ligands against 

Caspase-3 (PDB ID: 1NME) 

Ligands 

Gibbs free 

energy (ΔG) 

(kcal/mol) 

Inhibition 

Constant 

(µM) 

Residues involved in molecular docking 

Hydrophobic Interactions Hydrogen Bonds 

2-Hydroxy-5-(2-Mercapto-

Ethylsulfamoyl)-Benzoic 

Acid* 

-8.4530 0.637 Ser205 Tyr204 Ser209 Phe250 Ser251 Trp206 

Arg207 (2.68 Å) 

Trp214 (5.07 Å) 

Asn208 (4.27 Å) 

Ser249 (3.92 Å) 

Bauerenol -7.9230 1.557 
Lys210 Ser249 Phe250 Ser251 Asp211 Phe247 Trp214 Glu248 

Asn208 Trp206 Arg207 Ser209 Tyr204 
- 

β-Amyrin -7.6830 2.335 
Tyr204 Phe256 Phe250 Ser249 Glu248 Arg207 Trp214 Asn208 

Trp206 Ser209 Phe252 Ser251 Asp253 
- 

Cylindrin -7.6030 2.673 
Asp211 Phe252 Ser251 Asp253 Trp206 Arg207 Phe250 Asn208 

Ser249 Ser209 Trp214 Glu248 Phe247 Glu246 
- 

Ursolic acid -7.4480 3.472 
Ser209 Asp211 Phe247 Glu246 Trp214 Ser249 Asn208 Phe250 

Trp206 Ser251 Arg207 
Glu248 (4.05 Å) 

α-Amyrin -7.2490 4.858 Gln217 Trp214 Asn208 Ser249 Glu248 Glu246 Phe247 Phe250 Asp211 (4.89 Å) 

*Native Ligand

 
Figure (3): 2D and 3D interaction maps of the native ligand and selected Velvet apple compounds in the CASP3 binding pocket: (A) 2-hydroxy-5-(2-mercapto-

ethylsulfamoyl)-benzoic acid (native ligand), (B) bauerenol, (C) β-amyrin, (D) cylindrin, (E) ursolic acid, and (F) α-amyrin. The native ligand showed stronger 

polar anchoring, whereas the phytochemical ligands were dominated mainly by hydrophobic contacts within the same general binding region.
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Although the top phytocompounds exhibited favorable 

pocket occupancy, their binding scores remained naturally lower 

than the highly optimized native ligand. Contemporary 

benchmarking of docking scoring functions emphasizes their 

proficiency in pose generation and relative candidate 

prioritization, rather than absolute quantitative affinity prediction 

[51,52]. Furthermore, while the localized interactions suggest 

compatibility with the active site, definitive claims regarding 

dynamic conformational changes, such as induced-fit 

rearrangements of Tyr204 necessitate future molecular 

dynamics simulations. Therefore, within the broader wound-

healing network, bauerenol, β-amyrin, and cylindrin are 

prioritized as highly plausible modulatory candidates that warrant 

subsequent in vitro enzymatic and cellular validation. 

Conclusion 

This study demonstrates that the ethanolic extract of fresh 

Velvet apple (Diospyros discolor Willd.) fruit is a rich source of 

redox-active phytochemicals specifically flavonoids, tannins, and 

saponins exhibiting potent in vitro antioxidant capacity. While the 

formulated topical gel displayed restricted radical-scavenging 

activity due to polymeric matrix entrapment, the intrinsic 

bioactivity of the botanical extract remains evident. Furthermore, 

integrated in silico network pharmacology and molecular docking 

analyses elucidated the extract's multitarget potential in tissue 

repair. We identified CASP3 as a pivotal regulatory hub and 

prioritized specific triterpenoids (bauerenol, β-amyrin, and 

cylindrin) as highly plausible modulators of critical wound-healing 

pathways, including angiogenesis, cell migration, and signaling 

regulation. Ultimately, these findings establish a robust structural 

and mechanistic framework for Velvet apple as a promising 

source of wound-relevant antioxidant phytochemicals and a 

candidate for further wound-related investigation. Future 

investigations should focus on optimizing the gel formulation to 

enhance active compound release, alongside rigorous in vivo 

and biochemical validation of the predicted pharmacological 

targets. 
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