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Background

The Sunda porcupine’s quills (Hystrix javanica, F. Cuvier 1823) have been traditionally
used in Indonesian medicine for their pain-relieving properties, particularly toothaches.
Additionally, Sunda porcupine is known for its skin’s impressive wound healing abilities,
leading to speculating that the quills may also possess wound healing potential.

Objective

The objective of this study is to identify bioactive components in Sunda porcupine’s quills
extract using UPLC-MS/MS and GC-MS, and to explore the wound healing potential of
these compounds through network pharmacology and molecular docking analysis.
Materials and methods

Sunda porcupine’s quills were collected, dried at 50 °C, and extracted using 70% ethanol
via maceration. The extract underwent metabolomic profiling using GC-MS and UPLC-
MS/MS, with data analyzed through NIST-11 and databases such as ChemSpider and
MassBank. Target proteins associated with skin wound healing were sourced from
GeneCards, CTD, and PubMed, while the target proteins of Sunda porcupine’s quills
active compounds were identified using SwissTargetPrediction and SEA server. Protein-
protein interactions were analyzed with STRING, followed by enrichment analysis via
DAVID. Molecular docking was performed using AutoDock-4.2, while drug-likeliness and
toxicity were assessed using SwissADME and Protox Il. Results were visualized in 2D and
3D using Discovery Studio Visualizer.

Results and conclusion

Thirty two compounds were identified in the Sunda porcupine’s quills extract through
UPLC-MS/MS and GC-MS analysis. Network pharmacology revealed that the extract
targeted vital inflammatory markers, including IL6, IL14, and TNFa, which are involved in
both skin wound healing and the active compounds of the Sunda porcupine’s quills
extract. Molecular docking analysis showed that compounds such as resolvin-D2,
hypoxanthine, carnitine, indoline, pentanedioic acid 2,4-dimethyl-dimethyl ester,
(11e,13E,15S)-11,15-dihydroxy-9-oxoprost-13-en-1-oate, and 1-dodecanol displayed a
potential inhibitory effect on proinflammatory cytokines (IL6, IL15, and TNFa) and on
PPARy, which plays a role in cell proliferation during the wound healing process.
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Introduction

javanica) is believed to possess healing properties [4-5].
Its quills have been traditionally used by locals in the

Skin acts as the body’s first line of defense against
pathogens and harmful substances, and damage to the
skin, such as from wounds, can disrupt this protective
barrier. Wound healing is a complex, multi-stage process
involving cell migration, proliferation, and inflammatory
responses [1]. Traditional medicines derived from
natural products have long been used to accelerate
wound healing, especially in cases of delayed recovery
[2]. These natural products often contain various
bioactive compounds that interact with various
biological pathways to support the healing process [3].

Ethnomedicine has played a significant role in wound
management in many cultures, with remedies passed
down through generations. In Indonesia, communities
use various animal-derived products for their medicinal
properties. Notably, the Sunda porcupine (Hystrix

© 2025 Egyptian Pharmaceutical Journal | Published by NIDOC

Kalimantan and Dayak communities to treat conditions
such as acne, toothaches, and back pain [6]. Similar
practices have been reported in Malaysia, where
porcupine quills are used to treat breathlessness and
asthma [7]. Recent studies have shown that the extract
from Sunda porcupine’s quills has antimicrobial and
antioxidant properties, particularly against pathogens
like Staphylococcus aureus and Bacillus subtilis [8].

Despite these traditional uses, the specific bioactive
compounds in Sunda porcupine’s quills that contribute to
wound healing remain unidentified. This study aims to
identify bioactive compounds in Sunda porcupine’s
quills using UPLC-MS/MS and GC-MS. By employing
computational tools such as network pharmacology
analysis and molecular docking, this study also aims to
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uncover the potential of these bioactive compounds in
the wound healing process. This research can provide a
scientific basis for the medicinal use of Sunda
porcupine’s quills and contribute to the growing body of
knowledge on animal-derived ethnomedicine.

Materials and methods

Samples

Sunda porcupine’s quills were collected from a
physiological study approved by the Indonesian Institute
of Sciences (protocol number B-
15897/IPH/KS/02/04/X11/2019).

Extraction

The cleaned Sunda porcupine’s quills were dried at 50
°C and grounded to a size of 60 mesh to produce
simplicia powder. The quills simplicia were then
extracted using 70% ethanol with a simplicia to solvent
ratio of 1:30 through the maceration method.
Subsequently, the mixture of solvent-simplicia was
filtered using filter paper. After that, the filtrate solution
was heated by a rotary evaporator at 40 °C to remove all
solvent and obtain the crude extract. It was then stored at
4 °C for future use.

Metabolomic profiling

Metabolomic profiling was conducted using GC-MS and
UPLC-MS/MS. The extract was dissolved in methanol to
the concentration 1000 pg/mL, filtered, and injected
separately into a GC-MS and UPLC-MS/MS instrument.
The GC-MS instrument was set using an Rtx-5MS
column (5% diphenyl: 95% dimethyl-polysiloxane with
30 m length and 0.25 mm diameter), temperature set at
200 °C, the ion source at 230 °C, the interphase at 280
°C, and splitless injection mode. The oven temperature
program was initiated at 60 °C , increased to 150 °C at a
rate of 10 °C/minute, and held for 3 minutes. The GC-
MS chromatogram was analyzed using the NIST-11
library.

The UPLC-MS/MS was analyzed using a mobile phase
consisting of 5 mM ammonium formate in H,O and
0.05% formic acid in acetonitrile, with a flow rate of
0.20 mL/min and a column temperature of 50°C. A C18
HSS T3 1.8 pum column and QTOF detector with
electrospray ionization (ESI) and positive ion mode were
used. Chromatogram analysis was conducted using
Masslynx software. Using the software, the first analysis
was conducted to MS1 to identify the molecular formula
and fit confidence of the compounds. In this state, the
compound should have an intact structure since the
analysis using low energy. After that, the analysis was
performed using MS2 with higher energy. In this step,
the structure of each identified compound will be
fragmented into daughter ions which can be a specific
marker to confirm the structure of the compounds. The
molecular formulas and spectra were compared with
databases such as ChemSpider, PubChem, MassBank,
HMDB, and NIST [8-9]. Compounds will be categorized
as “unknown” if their fit confidence (fit conf) values are
below 75% based on MassLynx analysis or if their
molecular formulas cannot be identified in the
ChemSpider database. Compounds will be classified as

“suspected” if they have fit conf values greater than 75%
and their molecular formulas are identified using
ChemSpider, but they lack sufficient matching daughter
ions data between MassLynx readings and the MassBank
database. Compounds will be grouped as “confirmed” if
they exhibit fit conf values exceeding 75%, have
molecular formulas identified in ChemSpider, and show
matching daughter ions data between MassLynx
readings and MassBank database. Compounds in the
suspected and confirmed categories will be included in
subsequent analysis, if their fit conf values above 75%
and identification in ChemSpider suggest a high
probability of accurate identification. The inclusion of
these two compound categories was also intended to
expand the diversity of compounds analyzed in network
pharmacology and molecular docking studies. This
approach aims to wider exploration of the potential of
Sunda porcupine’s quills for promoting skin wound
healing .

Constructing target proteins associated with skin
wound healing and target proteins of Sunda
porcupine’s quills compounds

Skin wound healing was obtained from the GeneCards
(https://www.genecards.org), comparative
toxicogenomic database (CTD) (https://ctdbase.org), and
PubMed databases by using “skin wound healing ”,
“protein coding”, and “wound and injuries” keywords
(PMID: 36230913, PMID: 34313846, PMID: 34193119,
PMID: 33182690, PMID: 31275545, PMID: 34945243).
Meanwhile, target proteins of Sunda porcupine’s quills
active compound were collected using
SwissTargetPrediction (http://www.swisstargetprediction.ch),
SEA server (https://sea.bkslab.org/), and CTD
(https://ctdbase.org/). On the SwissTargetPrediction and
SEA server database, the SMILES line entries of the
active compounds were filled in for data collection. In
the CTD database, each active compound was filled in a
chemical keyword search. Both sets of target proteins
associated with skin wound healing and target proteins
of Sunda porcupine’s quills active compound were
intersected using a Venn diagram to identify common
protein targets [9-10]. These intersected proteins were
then constructed through protein-protein interaction
(PPI) analysis.

Protein-protein interaction (PPl) and enrichment
analysis

Potential protein targets related to skin wound healing
were analyzed using the STRING database (version 12)
with “Homo sapiens” as the organism and an interaction
score of = 0.7 as a high confidence value. The PPI
network was visualized in Cytoscape, and node analysis
was based on degree values [10, 11]. Gene ontology
(GO) and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment observations were
performed using the DAVID database
(https://david.ncifcrf.gov/home.jsp), focusing on
biological process (BP), cellular component (CC), and
molecular functions (MF). The top ten KEGG pathways
(p<0.05) were selected and visualized.
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Molecular docking

The active compounds of Sunda porcupine’s quills
extract selected from SwissTargetPredicion, SEA, and
CTD were reconstructed using ChemSketch, while the
target proteins associated with skin wound healing from
PPl were downloaded from the RCSB database
(https://lwww.rcsh.org/) as receptors in molecular
docking study. Predicted Lipinski’s rule of five was
applied to assess drug-likeliness via SwissADME
(http://www.swissadme.ch/), and predicted toxicity class
was analyzed via Protox (https://tox-
new.charite.de/protox_I1/). Molecular docking was
performed using Autodock-4.2 which set the grid box
comprising 24x24x24 points spaced by 0.375 A, the
Lamarckian Genetic Algorithm (LGA) of 100 runs, the
population size of 150, the mutation rate of 0.02, and the
crossover rate of 0.80. The lowest binding energy (AG)
ligand conformation was analyzed in 2D and 3D with
Discovery Studio Visualizer [11].

Results

Metabolomic analysis using GC-MS and UPLC-
MS/MS

The compounds in Sunda porcupine’s quills extract were
identified through a metabolomic study using GC-MS
and UPLC-MS/MS. The GC-MS chromatogram is
presented in Fig. 1, while the UPLC-MS/MS
chromatogram is shown in Fig. 2. A total of 7
compounds were identified from the GC-MS analysis
(Table 1). While most of the detected peaks on the GC-
MS chromatogram were successfully matched with
compounds in the databases, two peaks at 14 minutes
and between 36 and 37 minutes did not correspond to
any known compounds, suggesting the presence of
potentially novel or less-characterized bioactive
substances. These unidentified peaks warrant further
investigation to determine their chemical structure and
biological relevance.

In addition, 25 compounds were identified using UPLC-
MS/MS, with 17 compounds suspected and 8
compounds confirmed (Table 2). From the
chromatogram analysis, 39 distinct peaks were observed,
with several corresponding to unknown compounds.
Combined with the result from GC-MS, a total of 32
compounds were identified. These compounds were
screened through network pharmacology to identify
those related to wound healing receptors, while the
unknown peaks suggest the potential presence of novel
bioactive compounds requiring further investigation.

Intersection target proteins associated with skin
wound healing and target proteins of Sunda
porcupine’s quills compounds

Three databases (GeneCards, PMID, and CTD) were
used to get 77 target proteins associated with skin wound
healing of 16774 compounds after removing duplicate
values (Fig. 3a). Then, 29 targets were taken after
removing duplicates and the intersecting the three
databases using a Venn diagram. The intersection
between the target proteins of Sunda porcupine’s quills
active compound and target proteins associated with skin
wound healing was obtained 41 potential targets and is

depicted in Fig. 3b. Potential targets were submitted to
the STRING database with "Homo sapiens" as the
organism to obtain protein interaction
networks, visualizing pathways between nodes and
edges. After the high confidence score was adjusted, the
potential target network data was imported into
Cytoscape version 3.10.0. The PPI network was obtained
with 33 potential targets selected based on degree level
(J3). Key potential targets included TNF ¢, IL6, IL1p,
IL10, CXCL8, MMP9, TGFB1, PTGS2, CCL2, IFNy,
IL4, MMP3, IL1A, PPARy, TIMP1, F3, HIF1A, LEP,
PLAU, PDGFRA, RHOA, MAPK14, ERBB2, F2,
TGFa, KNG1, PLAT, SIRT1, CD36, CPB2, F2R,
ERBB3, and FGFR2 (Fig. 3c). The compound-target
network of Sunda porcupine’s quills extract targeted to
PPI wound healing of the skin are shown in Fig. 4.

GO and KEGG enrichment analysis

A total of 41 potential targets were submitted to the
DAVID database for Gene Ontology (GO) and KEGG
enrichment. Among all potential targets, 261 biological
processes (BP), 16 cellular components (CC), and 20
molecular functions (MF) were identified with a p-value
< 0.05. The term "top three BP" refers to processes such
as cell response to lipopolysaccharide (a component of
the outer membrane of Gram-negative bacteria), positive
regulation of cell population proliferation, and positive
regulation of gene expression. The top three CC terms
relate to the cellular locations of gene products,
specifically the extracellular space, extracellular region,
and cell survival. The top three of MF terms indicate
cytokine activity, growth factor activity, and protein
binding activity. Pathways associated with BP, CC, and
MP are shown in Fig. 5. KEGG analysis identified 10
signaling pathways related to potential targets (p<0.05),
including pathways in cancer and the IL-17 signaling
pathway. The top 10 pathways with KEGG enrichment
values are shown in Fig. 6.

Molecular docking

Molecular docking was conducted on corecompounds in
Sunda porcupine’s quills extract targeting IL6 (PDB ID:
1ALU), IL1S (PDB ID: 5R86), TNFa (PDB ID: 2AZ5),
PPARy (PDB ID: 2PRG) as receptor targets.
ResolvinD2,  hypoxanthine,  carnitine,  indoling,
(110,13E,15S)-11,15-dihydroxy-9-oxoprost-13-en-1-
oate, 1-dodecanol, and pentanedioic acid, 2,4-dimethyl-,
dimethyl ester adhered to Lipinski's rule of five based on
drug-likeliness with zero violations. Most compounds
were predicted to fall into toxicity categories Il 1V, V,
and VI (Table 3). The four receptors had a resolution of
less than 2.5 A and were in a stable state based on
Ramachandran plot, with less than 15% occupancy in the
disallowed region (Fig. 7). The binding pocket center (x,
y, z) performed for IL6, IL1S, TNFa, and PPARy were (-
7.854, -12.939, -0.226), (42.035, 26.718, 65.929), (-
9.181, 67.363, 20.045), and (50.806, -38.214, 19.575),
respectively. The docking process was validated by
docking the natural ligand and comparing the Root Mean
Square Deviation (RMSD) values. An RMSD value of
less than 2 A was considered valid (Fig. 8). The
molecular docking results are presented in Table 4, while
the 2D and 3D interactions illustrated in Fig. 9-12.
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Table 1 Identified compounds from Sunda porcupine’s quills extract by GC-MS.

Retention N Relative Molecular | Compound | Similarity
Time ame abundance Formula Class (%)
(%)
7.924 1-Dodecanol 5.033 CoH50 Alcohol 94
8.200 Pentanedioic  acid, 2,4- | 5.674 CyH1604 Carboxylic | 92
dimethyl-, dimethy! ester acid
23.064 Hexadecanoic acid, methyl | 5.821 C17H340, Ester 93
ester

23.505 Benzenepropanoic acid, 3,5- | 10.487 C1gH2504 Ester 90
bis(1,1-dimethylethyl)-4-
hydroxy-, methyl ester

23.843 I-(+)-Ascorbic  acid  2,6- | 32.694 C3gHeggO0s Ester 86
dihexadecanoate

24,547 5-Methyl-1- 13.242 CuHsg Unknown 68
phenylbicyclo[3.2.0]heptane

26.955 Methyl stearate 4,926 C19H350, Ester 93

Table 2 Identified compounds from Sunda porcupine’s quills extract by UPLC-MS/MS.

Molecular

Relative Fit - Confirmed
RT (min)|abundance MF ML Conf weight daughter Compound name Compound Status
oo [IMHIEdont (MR fons (miz) group
m/z
0.93 0.32 C3HgN,OCI [84.46 [151.0365 |- Unknown - -
112.8971, Amino acid
1232 [0.055 |C/HeNO, [100 |162.1137 %"ggig’ Carnitine derivative confirmed
57.0010
1.386 0.18 C13HyoN5 49,56 (246.1712 |- Unknown - -
1872|0242 [CsHsN,O  [99.74 [137.0473 ﬁgggi Hypoxanthine Purine confirmed
77.0383; Indoles
3.278 0.82 CgH1oN 100 |120.082 ]91.0541; Indoline confirmed
103.0541
N-[3-Carboxy-2-(carboxymethyl)- [Amino acid
3.587 0.196  [C;;HigNOy, [81.06 |322.0775 |- 2-hydroxypropanoyl]-L-glutamic  |derivative suspected
acid
56.0501, Pyrazole
3.826 |3.522 |CyHgN;O |98.39 |218.1296 |97.0766, Noramidopyrine confirmed
159.0925
4.044 0.756  [C;;H;,NO, (100 ]188.0719 |- (2E)-3-(1H-Indol-3-ylacrylic acid |Indoles suspected
5-Methyl-3-({[(2-methyl-2- Amino acid
4.374 0.892 [Ci,HyNO, ([97.57 |246.1714 |- propanyl)oxy]carbonyl}amino)hexa|derivative suspected
noic acid
136.0765; Alkaloid
4839|1292 |CiHaN,O [09.98 |235.1818 |193:0996 | Angustifoline confirmed
: : 1Mz : : 114.0668; g
70.0658
3,6,9,12,15,18,21,24,27- Alcohol
5.098 1.032 CyoH4301;  198.88 |459.2809 |- Nonaoxanonacosane-1,29-diol suspected
Alcohol Suspected
3,6,9,12,15,18,21,24,27,30-
5.324  11.937 |CpHi70,  199.66 1503.3079 |- Decaoxadotriacontane-1,32-diol
3,6,9,12,15,18,21,24,27,30,33- Alcohol
5.542 3.09 CyHs5:045 (100  |547.334 |- Undecaoxapentatriacontane-1,35- suspected
diol
5801 [3.451 |C,Hs;N,05,[39.54 [591.3591 |- Unknown - -
6.048 [3.564 |C,gHssN,O;[79.13 [635.3876 |- Unknown - -
6.245 |2.684  [C3H5gN401,|90.07 |679.413 |- Unknown - -
6.442 |2.116  [CsHe0q17  |72.52 |723.4389 |- Unknown - -
6596 |1.609 |[C;H. O3 |[94.37 [767.4642 |- Unknown - -
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6.751 |1.222  [C3H7s059 |95.71 |811.4905 |- Unknown - -
6.885 |1.03 CsgHg,NO, [94.53 [872.5433 |- Unknown - -
6.99 1.22 CoHgsNO,; [90.31 [916.5695 |- Unknown - -
7.103  |1.453  [C4HgoNO,, |95.15 1960.5958 |- Unknown - -
7.32 1.16 CasHg2N2s0sS [85.8  |1048.6501 |- Unknown - -
1-(2-Cyclopentylphenoxy)-3-[(2-
7.672 0.097 [CigH3NO, [83.68 |292.2281 |- methyl-2-propanyl)amino]-2- Alcohol suspected
propanol
7.827 10.379  [CyH,,NO; (46.92 1452.3129 |- Unknown - -
7961 0.1 CyoHi,NO; [47.34 452.3134 |- Unknown - -
8.178 ]0.308  [CysH3sN;O |51.73 |452.3128 |- Unknown - -
8354 (0279 |CyHiO  [77.05 |379.2964 |- g_zoEn)éCho'eSta""&S(“)'Zz'te“ae”' Steroid suspected
8.593  ]0.167  [CyH40 33.01 [393.3117 |- Unknown - -
8.789  10.984 [CysH3oN nfa  |224.2389 |- Unknown - -
8.994 0.399  [CyH,4N,O5 |55.35 |437.302 |- Unknown - -
9.296  |0.595 [CpH30s  [91.59 [353.2308 |- glxloorz),rlo?;ltz_,llgi)n—_lll_,ol;f|hydroxy-9- Eicosanoid suspected
9.43 0.061  [CpsH3s0S, |95.34 1415.2126 |- Unknown - -
9.647 ]0.055 |CyH»Og |73.61 |389.1239 |- Unknown - -
9.915 0.377 [C»H305 [88.4 |377.2311 |- Resolvin D2 Eicosanoid suspected
10.267 [0.842  |C,H4N30, [64.68 [378.3126 |- Unknown - -
10.547 [0.256 |C;H3NO  [97.72 [268.2652 |- 1-1socyanatohexadecane Isocyanate suspected
55.0547;
11.011 (4.764 |C.gH3sNO [99.39 (282.2813 [69.0707; Dodemorph Morpholine confirmed
83.0865
11.3 0.855 [CygH3sNO |n/a 284.2963 |- Unknown - -
11426 [0.621 |C,,H4N30, [45.12 |406.3435 |- Unknown - -
11.673 [0.397 |CyoH4N,O [53.48 [439.3647 |- Unknown - -
11.848 [0.725 |C,sH4NO, [66.53 [424.3429 |- Unknown - -
12.179 [3.99 CyHiNs  [65.34 1400.3436 |- Unknown - -
N-[6-(1-Piperidinyl)hexyl]-1-[3-(1-
12.418 |(4.47 CxHiNs  |86.08 [426.3602 |- piperidinyl)propyl]-1H-indazol-3- |Indazole suspected
amine
13.1 13.3 CoeHiNs  [82.3  |428.3742 |- Unknown - -
(2R,4S,5S,7S)-5-Amino-N-(3-
amino-3-oxopropyl)-4-hydroxy-7-
13.564 [11.94 |CpeH4eN3Og |79.34 (496.3406 |- [4-methoxy-3-(3- Amide suspected
methoxypropoxy)benzyl]-2,8-
dimethylnonanamide
13.958 [5.238  |C,gH4sN30¢ [60.94 [522.3568 |- Unknown - -
14.443 [1.708 |C4HgsNO;; [81.08 [934.6672 |- Unknown - -
14.682 [0.415  |CsoHaN2sO,S |99.62 [978.6937 |- Unknown - -
15.385 [2.234  |C,gH5oN3Og |60.88 |524.3726 |- Unknown -
69.0704;
149.0455;
15.602 [0.405 |CyoH4NO, |96.64 [326.3063 |207.0333; |Oleoyl Ethanolamide Ester confirmed
267.0002;
309.2793
15.778 [0.609 |Ci¢H34NO |nfa  [256.2648 |- Unknown - -
57,0694;
69,0694;
69,0697;
81,0694;
16046 [0.18  [CiHiNO |100  [282.2802 |83,0855: g?CVC'OdOdeCV"?*G‘ Morpholine  |confirmed
85.1008- imethylmorpholine
97,1016;
111,1182;
111,1165
16.222 [0.566 |CggHsOs  [41.6 [601.3511 |- Unknown - -
16.439  [0.116  |CasHasN.O,S [45.64 [413.3243 |- Unknown - -
N-
16657 [0.883  |CoHsNO, [99.99 [328.3223 |- N-(2-Hydroxyethyl) acylethanolamin |suspected
octadecanamide es
16.812 |0.255 |C4;H7044 [38.57 |807.5455 |- Unknown - -
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17.142 [0.039 [C;gHzgNO [n/a  [|284.2953 |- Unknown - -
17.557 (0.093 CssHeiNoO6S |38.77 |613.4296 |- Unknown - -
(38,50,60,158,245)-3,6,15-
17691 [0.215 |CzHs;0g |88.03 [569.4036 |- Trihydroxycholestan-24-yl  p-D-|Glycoside suspected
xylopyranoside

17.824 [0.454  [CyoH4N,;O [41.77 |556.4067 |- Unknown - -
17.979 [2.848 [C,Hg/NsO14]82.86 [923.6282 |- Unknown - -
18.414 [0.747 |CyHas 99.57 (367.3372 |- Cholesta-2,4,6-triene Steroid suspected
18.879 [3.193 [CyHi0, [99.19 [401.3419 |- Sgr’ég"gé%gi'gfco"ho'e“aﬁ’7'10' Steroid suspected
Table 3 Drug-likeliness of ligand candidates.

MW Hydrogen Hvdroaen Predicted
Compound Formula (g/mol) | bond by g Log P Lipinski* | Toxicity

donor ond acceptor Class**

Carnitine C;HisNO; | 161.10 |1 3 -2.4 0 VI
Hypoxanthine CsH4N,O 136.03 | 2 3 -0.35 0 v
Indoline CgHoN 119.07 |1 1 1.65 0 v
Resolvin D2 CyH3,05 376.22 | 4 4 2.47 0 \
(11@,13E,15S)-11,15- CooH330s | 353.23 |2 5 1.98 0 "
Dihydroxy-9-oxoprost-
13-en-1-oate
1-Dodecanol C1,Hy0 186.19 |1 1 3.41 0 v
Pentanedioic acid, 2,4- | CoH504 188.10 | O 4 1.25 0 \V
dimethyl-, dimethyl
ester

*Number on Lipinski column means the amount of Lipinki’s rule violated. Zero means no Lipinski’s rule violated;
** Class Il1: toxic if swallowed (50 < LD50 < 300), Class IV: harmful if swallowed (300 < LDsy < 2000), Class V: may
be harmful if swallowed (2000 < LD50 < 5000), Class VI: non-toxic (LD50 > 5000).
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Fig. 3 Target of network pharmacology: (a) Intersection Venn diagram of target proteins associated with skin wound

healing , (b) Intersection Venn diagram potential target between target proteins associated with skin wound and target
proteins of Sunda porcupine’s quills active compound , (¢) PPI network of potential target selected with =3 degree

level. Different colors and sizes represent the degree of freedom. The darker colors indicate a greater degree of freedom.
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Fig. 4 Compound-target network of Sunda porcupine’s quills extract compounds related to skin wound healing . The

blue dots represent Hystrix javanica compound of UPLC-MS/MS, orange dots represent Sunda porcupine’s quills

extract compounds of GC-MS,and the green dots represent protein targets.
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KEGG Enrichment
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TL—17 signaling pathway - [ ]
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AGE-RAGE signaling pathway in diabetic complications - L J ® -
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Lipid and atherosclerosis =
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Fig. 6 KEGG enrichment showing the top 10 enriched pathways.

OA TN

Fig. 7 Ramachandran Plot of (a) IL6, (b) IL1p, (c) TNFa, and (d) PPARy.



Table 4 Interaction between top 7 identified compounds from Sunda porcupine’s quills extract (ligand) with

selected wound healing receptors.
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No | Protein Reference ligand | Binding Test ligand Binding Amino acid residues
(PDB) [interacted amino | energy energy interacted with test ligand
acid residues] (kcal/mol) (kcal/mol)
1 IL6 L(+)-Tartaric -3.58 (11@,13E,15S)- | -5.04 ARG A:182, ARG
(1ALU) Acid 11,15- A:179, ARG A:30
[GLU A:23, ARG Dihydroxy-9-
A:24] oxoprost-13-en-
1-oate
Pentanedioic -4.46 LEU A:178, ARG A:179,
acid, 2,4- ARG A:182, ARG A:30
dimethyl-,
dimethyl ester
ResolvinD2 -4.13 LEU A:33, ARG A:179,
ARG A:182, LEU A:
178, ARG A:30
Hypoxanthine -3.64 GLN A: 175
Carnitine -4.16 ARG A:182, ARG
A:179, GLN A: 175
1-Dodecanol -3.30 ASP A:26, LEU A:178,
ARG A:30, ARG A:179
Indoline -3.08 LEU A:178, GLN A:
175, ARG A: 182
2 IL13 GT4 -5.78 ResolvinD2 -6.71 ILE A:56, LEU A:110,
(5R86) [MET A:148, PHE A:150, MET A:148
LYS A:103, LEU Pentanedioic -5.13 MET A:148, LYS A:103,
A110] acid, 2,4- PHE A:150, THR A:147
dimethyl-,
dimethyl ester
Hypoxanthine -4.75 ASN A:108, MET A:148
Carnitine -4.03 LYS A:103
1-Dodecanol -4.08 MET A:148, LEU A:110,
GLU A:105, PHE A:150
(110,13E,15S)- | -6.41 PHE A:150, PHE A:46,
11,15- MET A:148, LEU A:110,
Dihydroxy-9- ASN A:108
oxoprost-13-en-
1-oate
Indoline -4.68 LEU A:110, MET A: 148
3 TNFa Ligand ID: 307 -9.59 ResolvinD2 -5.27 TYR C:59
(2AZ5) [TYR D:119, Hypoxanthine | -4.06 LEU D:120, SER D:60,
TYRD:59, TYR GLY C:121
D:151, GLY Carnitine -3.13 TYRD:59, GLY C:121,
CZlZl, TYR TYR D:151
C:149] Indoline 450 SER D:60, LEU D:120,
TYR D:119
Pentanedioic -4.70 TYR D:59, TYR D:119,
acid, 2,4- TYR C:151, TYR C:119,
dimethyl-, SESR C:60, LEU C:120,
dimethy! ester TYR D:151, SER D:60
(11,13E,15S)- | -6.53 TYR C:119, TYR C:151,
11,15- LEU D:120, TYR C:59
Dihydroxy-9-
oxoprost-13-en-
1-oate
1-Dodecanol -4.53 SER C:60, LEU C:120,

TYR D:119
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4 PPARy Thiazolidinedione
(2PRG) [TYR A:473, HIS
A:323, SER
A:289, GLN
A:286, HIS
A:449, ILE
A:326, LEU
A:330, CYS
A:285 TYR
A:327, MET
A:364, LEU
A:353, VAL
A:339, MET
A:348, LEU 340]

-9.78

oxoprost-13-en-
1-oate

ResolvinD2 -8.14 SER A:342, LEU A:333,
ARG A:288, LEU A:330,
TYR A:473, ILE A:326,
ALA A:292, TYR A:327,
HIS A:449, PHE A:363

Hypoxanthine -4.60 GLN A:286, TYR A:473

Indoline -4.56 HIS A:449, TYR A:327,
CYS A:285

Pentanedioic -5.6 TYR A:327, HIS A:323,

acid, 2,4- ILE A:326, HIS A:449,

methyl-, CYS A:285, TYR A:473,

dimethyl ester LEU A:469

Carnitine -4.81 SER A:289, HIS A:323,
TYR A473, GLN A286,
HIS A449

1-Dodecanol -5.27 ARG A:288, CYS A:285,
LEU A:330, ILE A:326,
MET A:364, HIS A:449,
TYR A:327, TYR A:473

(11@,13E,15S)- | -7.79 CYS A:A85, LEU A:330,

11,15- ARG A:288, SER A:342,

Dihydroxy-9- PHE A:287, LEU A:270

()

(b)

(d)

Fig. 8 Molecular docking validation (a) Superimposition of L(+)-tartaric Acid in initial (turquoise) and redocking (red) positions on
IL6 (PDB ID: 1ALU) with RMSD 0.887 A; (b) Superimposition of GT4 in initial (turquoise) and redocking (red) positions on IL15
(PDB ID: 5R86) with RMSD 1.018 A; (c) Superimposition of 307 ligand in initial (turquoise) and redocking (red) positions on TNFa
(PDB ID: 2AZ5) with RMSD 1.022 A; (d) Superimposition of Thiazolidinedione in initial (turquoise) and redocking (red) positions

on PPARy (PDB ID: 2PRG) with RMSD 1.648 A.
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Fig. 9 Visualization of the interaction of the (11¢,13E,15S)-11,15-dihydroxy-9-oxoprost-13-en-1-oate (red) with IL6

protein.
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TNFo protein.
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Fig. 12 Visualization of the interaction of the resolvinD2 (red) with PPARy protein.

Discussion

Our study identified 32 compounds from the ethanolic
crude extract obtained from Sunda porcupine’s quills
based on GC-MS and UPLC-MS/MS. These compounds
included well-known purines, indoles, amino acid
derivatives, pyrazoles, alkaloids, alcohols, steroids,
eicosanoids, isocyanates, morpholines, indazoles,
amides, esters, morpholines, N-acylethanolamines,
glycosides, and carboxylic acids. The wound healing
process typically involves phases of haemostasis,
inflammation, proliferation, and remodeling [13]. It is
crucial to understand the mode of action of compounds
during the phases of wound healing. We investigated
how Sunda porcupine’s quills can help reduce skin
wounds by analyzing a network pharmacology between
Sunda porcupine’s quill components and target proteins
associated with wound healing. We identified several
critical proteins in the PPl network such as RHOA,
HSPA1, HIFla, CXCLS, IL6, TNFa, IL1S, IL10, IFNYy,
PTGS2, MMP9, MMP3, LEP, IGF1, PPARy, CD36,
MAPK14, PLAU, CDKN1A, INS, F2, TGF-A1, TIMPL,
SIRT1, and CCL2. In addition, our research showed that
nodes IL6, TNFa, and IL1S exhibited a high degree of
connectivity and centrality. The identification of
molecules that play an essential role in the binding
between a ligand and a receptor required the analysis of
connectivity and centrality parameters. These molecules
are often referred to as potential targets and are
distinguished by their high levels of connectivity and
centrality within the molecular interaction network.
Connectivity is the number of interactions a molecule
has with other molecules present in the binding site,
with molecules exhibiting high connectivity being more
likely to be involved in the binding process. Centrality
measures of the importance of a molecule within the
binding site, with molecules exhibiting high centrality
frequently located at the center of the binding site and
critical to the binding process.

IL6 is a proinflammatory cytokine that regulates TGF-51
expression in the skin and fibroblasts. TGF-A1 influences
inflammation, angiogenesis, collagen production, and

wound contraction by stimulating various cell types [14].
A previous study found that upregulated IL-6 levels in
rats lead to increased inflammation and skin growth [15].
TNFa is a cytokine that regulates inflammation and
promotes the proliferation and apoptosis of cells. It also
stimulates the production of other cytokines, such as IL6
and IL10, and can induce the expression of PTGS2 [16].
Studies have demonstrated that TNFa can impair the
wound healing process, suggesting that inhibiting it may
represent a potential therapeutic approach to enhance the
healing of abnormal wounds [16-17]. IL1S is another
proinflammatory cytokine that, together with TNFa and
IL6, recruits immune cells to the wound site [18]. The
study was conducted by Russo et al. and Soliman et al.
who found that IL14 increases human Keratinocyte
growth factor gene expression in fibroblasts, promoting
re-epithelialization of the skin [19-20]. The top pathways
related to Sunda porcupine’s quills extract in the
biological process of GO enrichment include a positive
cellular response to lipopolysaccharide. Interestingly,
our KEGG analysis revealed that the pathways with the
highest score were pathways in cancer. However,
relevant pathways for skin wound healing may include
the IL-17 signaling pathway, which involves
inflammation [17,21]. Inflammation is the first phase of
wound healing, playing a critical role in combating
pathogens by recruiting cells to the wound site,
removing wound debris, and triggering Kkeratinocyte
proliferation. Like a double-edged sword, excessive
inflammation in the wound can also impair and delay
healing [20]. By combining the results of PPl with
KEGG, we speculate that IL6, TNFa, and IL14 nodes
may represent potential targets for inhibiting the
excessive acute inflammation phase.

The Sunda porcupine’s quills extract and skin wound
healing receptors network diagram revealed that the
main nodes involved in wound healing are carnitine,
indoline, resolvin-D2, hypoxanthine, and (11¢,13E,15S)-
11,15-dihydroxy-9-oxoprost-13-en-1-oate. A  previous
study has reported that L-carnitine supplements can
significantly reduce IL6 levels, thereby reducing
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inflammation [22]. Carnitine can also increase PPARy
protein expression in insulin resistance [23]. In vivo
studies have demonstrated that L-carnitine treatment
reduces oxidative stress, preventing the expression of
TNFa, IL6, and NF-kB in rats [24]. Pre-treatment with
L-carnitine has also been shown to induce a significcant
reduction in MMP-9 expression [25]. Indoline is an
aromatic substance with the chemical formula CgHgN. It
has been used as an anaesthetic, and some studies have
indicated that indoline derivatives can suppress
inflammation in lipopolysaccharide (LPS)-activated
macrophages, reducing TNFa and IL-6 [26]. Other
studies have reported that indoline derivatives have
protective effects by down-regulating IL14, IL6, and
TNFa in neuroinflammation [27].

Resolvin-D2 (RvD2) is a metabolite derived from
omega-3 fatty acids. Some studies have shown that
RvD2 can reduce IL-6 levels in human umbilical artery
smooth muscle cells (HUASMC) stimulated with LPS
[28]. In mice peritonitis models, RvD2 decreased IL1p,
IL-6, and TNFa levels in LPS-treated mice [29].
Additionally, when bone marrow-derived macrophage
(BMDM) cells were stimulated with LPS, RvD2
significantly reduced PTGS2 mRNA expression in vitro
[30]. RvD2 has also been found to reduce the expression
of genes PTGS2, which is involved in the production of
prostaglandins [31]. Hypoxanthine is a purine base that
is involved in DNA synthesis and repair. A few studies
suggest that MMP9 in brain edema after ischemic stroke
may be associated with elevated plasma hypoxanthine
levels [32]. (11a,13E,15S)-11,15-Dihydroxy-9-oxoprost-
13-en-1-oate, particularly alprostadil interacts with
TNFa, IL6 and IL15 by inhibiting their production in
acute respiratory distress syndrome and LPS induced
cardiomyocyte injury [33-35]. Alprostadil also has been
shown to reduce the incidence of partial wound necrosis
in ischemic wounds and shorten the average recovery
time [36]. The components present in Sunda porcupine’s
quills extract may indirectly influence the target protein
by modulating its expression or regulating its activity.
The Sunda porcupine’s quills extract speculated wound
healing potential could be attributed to achieve its effects
through the synergistic effect of multiple compounds
interacting  with  specific proteins to regulate
inflammation.

Molecular docking studies have revealed that specific
compounds have the potential to bind to IL6, IL14, and
TNFa, which exhibit top degrees of centrality,
characterized by different binding free energies (AG).
Lower or more negative AG values indicate greater
binding affinity between the ligand and protein, resulting
in more stable binding [37]. Receptor of IL6, IL1p, and
TNFo were selected as primary targets due to their high
degree values in the PPl network and their consistent
presence in both PPl and KEGG pathways, highlighting
their important role in the acute inflammatory
phase. We also used PPARy as a representative
candidate for target inhibition of the proliferation phase
because its activation causes the inhibition of epidermal
keratinocyte proliferation [38-39]. The screening of
compounds as candidate ligands for molecular docking
was conducted based on predicted drug characteristics,

including adherence to Lipinski's rule of five and toxicity
classification. According to Lipinski's rule of five, seven
test ligands were found to possess potential drug-
likeliness properties. The toxicity analysis categorized
these ligands within classes Ill to VI. In line with our
previous study, the toxicity evaluation of the Sunda
porcupine’s quills extract indicated that it is non-toxic,
as classified by the Globally Harmonized System (GHS)
[40].

Resolvin-D2,  hypoxanthine,  carnitine, indoling,
pentanedioic  acid  2,4-dimethyl-dimethyl ester,
(110,13E,15S)-11,15-dihydroxy-9-oxoprost-13-en-1-
oate, and 1-dodecanol demonstrated as ligands binding
to IL6, IL1S, TNFa, and PPARy with negative AG
values. Among these, resolvin-D2, pentanedioic acid
2,4-dimethyl-dimethyl  ester,  (11«,13E,15S)-11,15-
dihydroxy-9-oxoprost-13-en-1-oate, and  carnitine
exhibited more negative binding energies than that of the
natural native ligand of IL6, L(+)-tartaric acid,
suggesting that these three compounds may strongly
inhibit the IL6 pathway in skin wound healing . On the
other hand, hypoxanthine has binding energies
equivalent to the natural native ligand of IL6, suggesting
that it may intermediately inhibit the IL6 pathway.
Additionally, resolvin-D2 and (11l«,13E,15S)-11,15-
dihydroxy-9-oxoprost-13-en-1-oat achieved the highest
AG values compared with natural native ligand of IL1f
(GT4), indicating that these compounds may strongly
inhibit 1L18. However, none of the ligands, namely
resolvin-D2,  hypoxanthine,  carnitine,  indoline,
pentanedioic  acid  2,4-dimethyl-dimethyl  ester,
(11a,13E,15S)-11,15-dihydroxy-9-oxoprost-13-en-1-
oate, and 1-dodecanol had a more negative [1G value
compared to those of the natural native ligand of TNFa
(6,7-dimethyl-3-[(methyl{2-[methyl({1-[3-
(trifluoromethyl) phenyl]-1h-indol-3-yI} methyl) amino]
ethyl} amino) methyl]-4h-chromen-4-one (ID: 307)) and
the natural native ligand of PPARy (thiazolidinedione),
thus these compounds have less potential to inhibit
TNFa and PPARy pathways. Further experiments,
including in vitro and in vivo studies, are required to
validate the potential of Sunda porcupine’s quills extract
in skin wound healing.

Conclusion

The untargeted metabolomic study of Sunda porcupine’s
quills extract was successfully conducted using GC-MS
and UPLC-MS/MS, identifying 32 compounds. By
integrating network pharmacology and molecular
docking, the study revealed that resolvin-D2,
hypoxanthine, carnitine, indoline, pentanedioic acid 2,4-
dimethyl-dimethyl ester, (110,13E,15S)-11,15-
dihydroxy-9-oxoprost-13-en-1-oate, and 1-dodecanol
have the potential to inhibit the binding of
proinflammatory cytokines such as IL6, IL1S, TNFa,
and PPARy as indicated by their negative [JG scores.
Interestingly, resolvin-D2, pentanedioic acid 2,4-
dimethyl-dimethyl ester, (11¢,13E,15S)-11,15-
dihydroxy-9-oxoprost-13-en-1-oate, and  carnitine
demonstrated stronger inhibition of IL6, while resolvin-
D2 and (11«,13E,15S)-11,15-dihydroxy-9-oxoprost-13-
en-1-oate achieved more negative [1G score compared to
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reference ligands, indicating stronger potential as IL1pS
inhibitors. However, all test ligands showed a weak
potential as TNFa and PPARy inhibitors. These findings
suggest a promising therapeutic potential of Sunda
porcupine’s quills extract for traditional wound healing
treatments. Further research is required to determine
chemical structure and biological relevance of
unidentified peaks and unknown compounds on Sunda
porcupine’s quills extract. Moreover, in vivo and in vitro
studies are necessary to validate the potential of Sunda
porcupine’s quills as skin wound healing agent.
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