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Abstract 

Background  Wounds are a major health issue on a global scale, putting a great deal of financial, commercial, 
and social strain on healthcare organizations, patients, and individuals. So, this study aims to investigate the in vitro 
antioxidant activity of Paralemnalia thyrsoides soft coral total ethanolic extract. Also, bio-guided in vivo wound healing 
validation enhanced by the evaluation of related gene expression of Paralemnalia thyrsoides total extract, derived frac‑
tions, and three known metabolites was done. Furthermore, utilizing network pharmacology, we identified ten hub 
target genes associated with wound healing, including AKT1(RAC-alpha serine/threonine–protein kinase), IL6 (interleu-
kin-6), MAPK3 (mitogen-activated protein kinase 3), MMP9 (matrix metalloproteinase 9), and APP (amyloid P protein precur-
sor). We conducted molecular docking to assess how the three compounds interact with these hub genes and inflam‑
matory cytokines (IL-1β (interleukin-1 beta), TGF-β (transforming growth factor-beta), TNF-α (tumor necrosis factor-alpha), 
and NF-KB (nuclear factor-kappa B) linked to wound healing.

Results  In vitro antioxidant activity of the total ethanolic extract of Paralemnalia thyrsoides revealed potent scaveng‑
ing activity against H2O2 with IC50 of 178.62 μg/mL. Additionally, the bio-guided scheme of the in vivo wound healing 
assay leads to the most active fraction, petroleum ether, with a healing percentage of 85% ± 4. Several chromato‑
graphic procedures upon petroleum ether fraction led to the isolation of three known compounds with significant 
in vivo wound healing potential which are recognized as triacontan-1-ol (1), 24-methylcholesterol (2) 6α-acetyl-
7α-acetate-1(10)-α-13-nornardosine [C16H24O4] (3). Noteworthy downregulation in Cox-2 (Cyclooxygenase-2), Cox-1 
(Cyclooxygenase-1), IL-1β, TGF-β, TNF-α, NF-KB, and INF-ϒ (interferon-ϒ) relative genes expression and upregulation 
in TGF-β, and IL-10 (interleukin-10) relative genes expression proved that compounds (3), (2), and (1) were, respectively, 
significant. The in silico study suggests that both C16H24O4 and 24-methyl cholesterol have potential in wound healing, 
possibly involving the regulation of RAC-alpha serine/threonine-protein kinase (AKT1).
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Conclusion  Our study highlights the antioxidant and wound-healing potential of Paralemnalia thyrsoides soft coral 
that can be attributed to its diverse chemical metabolites. The in vivo and in silico findings highlighted that P. thyrsoides 
can be an effective remedy for wound restoration with the need for extensive future detailed clinical studies to prove 
these results.

Keywords  Paralemnalia thyrsoides, Wound healing, Spectroscopic analysis, Network pharmacology, Docking study, 
Histopathology examination

1 � Background
Wounds are a major worldwide health problem that 
imposes considerable profitable, and fiscal burdens on 
healthcare  organizations, professionals, and cases [1]. 
When the skin is injured, the body’s natural response is 
wound healing, which happens in four stages: inflam-
mation, hemostasis, proliferation, and remodeling [2]. 
Wounds to be healed is a complicated approach with 
several components. Fungi and bacteria colonize wounds 
quickly, slowing healing [3, 4]. The outcome, experts 
advise using antibacterial topical formulation as it has 
been proven as the most effective treatment to prevent 
infection of deeper bodily tissues, which can lead to 
death of tissues [5, 6]. Nonetheless, some topical antibi-
otics may cause toxicity of the cells, causing wound cur-
ing to be delayed. Moreover, resistance to antibiotics may 
make wound cleaning and curing more difficult [7, 8]. 
Because of their availability, safety, diversified biology-
related activities, and distinctive secondary metabolites, 
there has recently been a highly increasing need for the 
extraction of natural compounds, whether from plants or 
marine sources, to treat various ailments [9].

The marine environment offers a tremendous biodiver-
sity in their constituents, Soft corals survive in competi-
tive and severe conditions, where they create secondary 
metabolites for defense [10], many of them have recently 
undergone preliminary and clinical trials, because of their 
encouraging in  vivo and in  vitro outcomes [11, 12]. Over 
40% of the soft coral species that are known to exist world-
wide are found in the Red Sea, making this coastal area a 
hub for marine biodiversity. Secondary metabolites found 
in Red Sea soft corals include sesquiterpenoids, steroids, 
triterpenoids, diterpenoids, various fatty acid derivatives, 
and ceramides. Whereas the noticeable bioactivities from 
these newly discovered metabolites were anticancer, anti-
bacterial, and anti-inflammatory [12, 13]. Nor-sesquiter-
penoids and Sesquiterpenoids of the nardosinane [14] and 
neolemnane [15, 16] types have been shown to be abun-
dant in soft corals of the genus Paralemnalia. Paralemna-
lia thyrsoides (family Nephtheidae, order Alcyonacea, class 
Anthozoa, phylum Cnidaria) have been found to be an 
abundant source of sesquiterpenoids and nor-sesquiterpe-
noids [16–19] such as paralemnolin A-W [15, 20–22], lem-
nalemnanes A-C [23], paralemnanone, isoparalemnanone, 

and paralemnanol [24], most of these metabolites exhibited 
crucial in  vitro anti-inflammatory, neuroprotective, and 
cytotoxic activities [25–27]. A growing number of research 
are being conducted to uncover chemicals extracted from 
marine organisms that are beneficial in wound curing and 
skin cell renewal applications [28].

Although the fact that research demonstrating anti-
inflammatory activity exists of P. thyrsoides metabo-
lites, very little has been discovered regarding the drug’s 
mechanism of action concerning its capacity to heal 
wounds. As a result, using a surgical  excision wound 
model, we investigated the in vivo and in vitro wound-
curing efficacy of P. thyrsoides extract and phytochemical 
constituents, with a focus on significant wound-curing 
molecular targets such as tumor necrosis factor (TNF-α), 
interleukin-1β (IL-1β), interferon-ϒ (INF-ϒ), nuclear fac-
tor-kappa B (NF-KB), transforming growth factor-β (TGF-
β), and interleukin-10 (IL-10), results are supported by 
histopathological examination. Furthermore, we used 
Cytoscape 3.10.0 software to construct protein–protein 
interaction (PPI) networks, identifying and extracting 
the top ten significant genes based on their connectivity 
within the network using the Cytohubba plug-in. Sub-
sequently, we performed an in silico molecular docking 
investigation with all our detected compounds, screening 
them versus nine particular gene domains linked to the 
cure of wounds.

2 � Materials and methods
2.1 � General experimental procedure
The instruments and reagents utilized for extraction, iso-
lation, and structure elucidation throughout this study 
are described in the supplementary file in detail.

2.2 � Animal material
P. thyrsoides soft coral specimens were collected by scuba 
divers in December 2019 from the Hurgada coast of 
Egypt at a depth of 12 m. The freshly collected samples 
were kept in a − 20 °C freezer until they were extracted.

2.3 � Extraction and isolation
P. thyrsoides was weighed at 730.0 gm (wet weight) and 
90.0 gm (dry weight). The dried pieces were sliced and 
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then extracted using maceration with 70% ethanol. The 
extract was concentrated under reduced pressure, result-
ing in 48.84 gm of residue without any solvent. This 
residue was then fractionated using different organic sol-
vents: pet. ether, DCM, ethyl acetate, and butanol. Each 
solvent was evaporated separately under vacuum, yield-
ing four fractions weighing 12.6, 9.7, 2.0, and 15.0 gm, 
respectively.

A 12.6 g sample of pet ether fraction was separated 
using silica gel column chromatography. Initially, it was 
eluted with petroleum ether and then the polarity was 
progressively raised by 10% using EtOAc. This process 
resulted in the formation of eight subfractions labeled as 
I-VIII. Subfraction II underwent chromatography on a 
silica gel column using gradient mixes of petroleum ether 
and ethyl acetate. This process led to the separation of 
compounds 1 (75 mg) and 2 (50 mg). The subfraction IV 
underwent further chromatography using a silica gel col-
umn chromatography method. It was eluted isocratically 
using a mixture of pet. ether and EtOAc (92:8, v/v). This 
process resulted in the formation of compound 3, weigh-
ing 65.4 mg.

2.4 � In Vitro antioxidant activity
2.4.1 � Scavenging activity for hydrogen peroxide
The antioxidant capacity was determined by reacting a 
certain amount of externally provided H2O2 (10  mmol/
liter) [29]. The residual H2O2 was detected using the col-
orimetric technique. Essentially, 20 µL of the sample was 
mixed with 500 µL of H2O2 and thereafter heated to a 
temperature of 37 °C for 10 min. Next, the enzyme perox-
idase (HRP)/3, 5-dichloro-2-hydroxyl benzene sulfonate 
(500 μl) was introduced and allowed to undergo incuba-
tion at a temperature of 37  °C for 10  min. Researchers 
were able to detect the intensity of the colored product 
at 505 nm using colorimetry. This measurement enabled 
them to determine the percent inhibition, which indi-
cates the sample’s scavenging activity compared to the 
blank. As a conventional benchmark, ascorbic acid was 
used [30, 31].

The fraction of H2O2 scavenging activity was com-
puted using the following formula:

The IC50 was calculated using four separate concentra-
tions using the GraphPad Prism 7 software.

2.4.2 � Superoxide radical scavenging activity
The Sreenivasan et  al. technique was used to assess the 
scavenging activity of the superoxide anion [32]. The 
generation of superoxide anion radicals was achieved by 
using the Tris–HCl buffer (16 mM, pH 8.0). The mixture 

Scavenging activity =
A control− A sample

A control
× 100

consisted of 0.8  mL of Tris–HCl buffer, 90  μl of NBT 
(0.3 mM), 90 μl of NADH (0.936 mM) solution, 0.1 mL 
of P. thyrsoides complete extract at different concentra-
tions (125, 250, 500, and 1000 mg/mL), and 90 μl of NBT 
(0.3  mM) (16  mM, pH 8.0). To initiate the reaction, a 
volume of 0.1 mL of PMS solution with a concentration 
of 0.12 mM was added to the mixture. The reaction was 
then incubated for 5 min at a temperature of 25 °C. The 
optical density at 560 nm was obtained by comparing it 
to the reference ascorbic acid. The percentage of inhibi-
tion was calculated using the following formula:

The IC50 value was determined using GraphPad Prism 
7 software, using four distinct concentrations.

2.5 � In vivo wound healing activity
2.5.1 � Wound healing assay
2.5.1.1  Animal  A total of eighty adult male albino rats, 
with an average weight of 210 ± 50  g, were individually 
housed in separate cages. They were provided with a nor-
mal feed and tap water in a controlled environment main-
tained at a temperature of 25 °C and humidity of 55%. The 
rats were subjected to a twelve-hour cycle of alternating 
darkness and light. The Ethics Committee approved this 
research and stipulated that animals must not experience 
any kind of distress during testing and must be main-
tained following the guidelines outlined in the Guide for 
the Care and Use of Laboratory Animals.

2.5.1.2  Sample preparation for  wound healing activ-
ity  The total extract, various organic solvent frac-
tions (petroleum ether, ethyl acetate, dichloromethane, 
butanol), and isolated compounds were prepared by dis-
solving 2 g of the total extract and fractions in 100 ml of 
a 0.5% solution of carboxymethylcellulose, while 40 mg of 
the isolated compounds were dissolved in 20 ml of a 0.5% 
solution of carboxymethylcellulose [33].

2.5.1.3  Administration and  wound excision model  The 
rats were rendered unconscious by injecting ketamine 
(Alphasam company®, Holland, 50  mg/kg) and xylazine 
hydrochloride (Alphasam company®, Holland, 10  mg/kg) 
into their peritoneal cavity (I.P.) [34]. The Mebo ointment, 
manufactured by Julphar Gulf Pharmaceutical Industries® in 
Ras Al Khaimah, United Arab Emirates, contains 0.25% w/w 
beta-sitosterol. It was used topically at a dosage of 100 mg 
per lesion, twice daily for 14  days, resulting in significant 
improvement of the wounds [35]. Following the adminis-
tration of anesthetic, the rats’ degree of consciousness, or 
alertness, was assessed and their fur was removed by shav-
ing. The place where the animal was shaved was located in 

Superoxide scavenging activity =
A control − A sample

A control
× 100
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the rear, namely at the withers. The process included the use 
of alcohol at a concentration of 70% and povidone-iodine 
at a concentration of 10%, which was repeated seven times. 
Before creating the incision, the animals had their hair 
removed from the region along the spine. The wound was 
made by using a biopsy punch to make a circular excision 
with a diameter of 6 mm [36]. This method induces a wound 
that affects both the outermost layer of the skin (epidermis) 
and the layer underneath it (dermis). A total of 80 rats were 
split into 10 groups, with each group consisting of 8 rats. 
The experimental groups were administered P. thyrsoides 
entire extract and fractions topically as a lotion twice daily, 
with a dosage of 2 mg per lesion, for 14 days. In contrast, 
the control groups were treated with isolated substances at 
0.2 mg per wound until the wounds were fully healed.

The 1st group served as the negative control and did not 
get any treatment, resulting in a bare wound.

2nd group: group treated with the ethyl acetate fraction.
3rd group: Fraction group containing dichloromethane.
4th group: a group consisting of the proportion of 

butanol.
5th group: total ethanolic extract-treated group.
6th group consists of Mebo® ointment, which is used for 

market therapy.
7th group: Petroleum ether fraction-treated group.
8th group: Triacontan-1-ol compound (comp.1).
9th group: 24-methyl cholesterol (comp.2).
10th group: C16H24O4 compound (comp.3).
A conventional surgical dressing was applied to the 

injured region, and subsequent dressings were changed 
with new ones on days 3, 7, and 10 [37].

2.5.1.4  Wound healing evaluation  To document the phys-
ical appearance and healing progress of wounds, images of 
the wounded areas were captured using a digital camera 
(DSC-W320 Sony; Sony Corp., Tokyo, Japan) on days 0, 3, 7, 
10, and 14. The camera was positioned vertically about the 
middle of the wound, with a distance of 6 cm. The decrease 
in the size of the damaged region, known as wound closure, 
was utilized as a measure of the effectiveness of the treat-
ment. The outline of the excisional wound’s periphery was 
delineated by using translucent paper after the incision was 
created. The degree of wound contraction was measured on 
days 3, 7, 10, and 14 and quantified as a percentage of the 
total area of the healed wound. The percentage of wound 
contraction was determined by applying the following for-
mula:

Wound closure (%) = Area of original wound at day 0

− Area at nth day/Area of original wound at day 0× 100

n: days numbers, and the day of complete wound heal-
ing (epithelialization) were also noted for each wound. 
In addition, a wound aspect ratio was determined to elu-
cidate the observed differences in the form and angular 
orientation of wound contraction among the groups. The 
length-to-width ratio of the wound was determined by 
measuring the length (from head to tail) and width using 
Image J.

2.6 � Gene expression analysis
2.6.1 � Total RNA extraction
To extract total RNA from 50 mg of dorsal skin tissue, a 
method involving the use of an ultrasonic homogenizer 
(Sonics-Vibracell, Sonics and Materials Inc., USA) was 
employed. The homogenization process was carried out 
using 0.5 mL TRIzol reagent (Invitrogen-ThermoFisher, 
Amresco, LLC-Solon, USA) [38]. Total RNA was 
obtained from skin tissues as directed by the manufac-
turer’s guidelines. The yield and purity of the resultant 
RNA were subsequently evaluated [39].

2.6.2 � Real‑time qRT–PCR
The Revert Aid H Minus First Strand cDNA Synthesis 
kit (#K1632, Thermo Scientific Fermentas, St. Leon-Ro, 
Germany) was employed in strict accordance with the 
manufacturer’s guidelines, to reverse transcribe using 
the identical quantity of total RNA in each sample. 
Maxima SYBER Green (Thermo Scientific Fermentas 
St. Leon-Ro, Germany) and StepOne Real-Time PCR 
Detection System (Applied Biosystems) were used for 
Real-time PCR. The specific primers utilized are pre-
sented in the supplementary file in Table. S1. 2 µg of 
RNA per reaction was included and 30 cycles of 95  °C 
for 10 s and 60 °C for 60 s were used for qRT-PCR [40]. 
Expression of target genes was calculated and normal-
ized to glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) as an internal control gene. Using the com-
parative Ct method, the relative RNA abundances were 
evaluated. To calculate the relative expression, formula: 
2 (−ΔΔCt) was employed [41].

2.7 � Histopathological analysis
The rats were given anesthesia on the 7th and 14th days. 
A skin biopsy was collected from the injured location, 
including a 5 mm margin of surrounding healthy skin. 
The skin tissues were preserved in a solution of neutral 
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buffered formalin (10%) for 2–3  days. Afterward, the 
tissues underwent a series of procedures to prepare 
them for analysis and were then enclosed in paraffin. 
Tissue sections of a thickness of 5  μm were created 
using a Microtome and then stained with hematoxylin 
and eosin (H&E). The stained sections were examined 
using a light microscope equipped with a camera to 
observe neovascularization, epidermis, scar, and granu-
lation tissues, and photographs were captured.

2.8 � Network pharmacology‑based Analysis of P. thyrsoides 
soft coral extract in wound healing

2.8.1 � Screening of P. thyrsoides soft coral metabolites related 
targets genes

Target genes for triacontan-1-ol, 24-methyl cholesterol, 
and C16H24O4 compounds were determined using chemi-
cal resemblances, pharmacophore models, and protein 
interactions through a search within the Traditional 
Chinese Medicine Systems Pharmacology Database and 
Analysis Platform (TCMSP) database (https://​old.​tcmsp-
e.​com/​index.​php) [42], BATMAN-TCM platform (http://​
bionet.​ncpsb.​org.​cn/​batman-​tcm/) [43], Comparative 
Toxicogenomics Database (CTD) (http://​ctdba​se.​org/) 
[44] and Swiss Target Prediction Database (http://​www.​
swiss​targe​tpred​iction.​ch/). After that, these target genes 
are converted into their conical gene names using the 
UniProt database (https://​www.​unipr​ot.​org/) [45].

2.8.2 � Screening of wound healing process‑related target 
genes

Genes associated with the wound healing process were 
collected from the GeneCards database (https://​www.​
genec​ards.​org/) [46] and Comparative Toxicogenomics 
Database CTD (https://​ctdba​se.​org/) databases using the 
keywords " wound healing, surgical wound infection, and 
wound infection" and the species limited to "Homo sapi-
ens". Duplicate targets were removed, and overlapping 
component-related and disease-related proteins were 
identified based on interactivenn (http://​www.​inter​activ​
enn.​net/) [47] intersections as potential targets of these 
components in the wound healing process.

2.8.3 � Protein–protein interaction (PPI) network construction
We created a PPI network using STRING version 12.0 
(https://​string-​db.​org/) [48] with a list of target genes and 
then exported it to Cytoscape software version 3.10.0 in 
the United States [49], Cytoscape is a free software tool 
for visualizing, modeling, and analyzing molecular and 
genetic interaction networks, and a confidence score of 
0.400 was used. Subsequently, the Cytohubba plug-in was 

employed to identify the top 10 significant genes within 
the network.

2.9 � Molecular docking
We retrieved crystal structures for nine potential target 
genes, each with its respective Protein Data Bank (PDB) 
ID and resolution: AKT1 (PDB ID: 4EJN, resolution: 
2.19  Å), IL6 (PDB ID: 1ALU, resolution: 1.90  Å), (PDB 
ID: 2ZOQ, resolution: 2.39  Å), MMP9 (PDB ID: 4XCT, 
resolution: 1.30  Å), TNF-α (PDB ID: 2AZ5, resolution: 
2.10 Å), TGF-β (PDB ID: 6B8Y, resolution: 1.65 Å), HIF-
1A (PDB ID: 3KCX, resolution: 2.60 Å), IL-1β (PDB ID: 
6Y8M, resolution: 1.90  Å), and NF-kb (PDB ID: 1SVC, 
resolution: 2.60  Å) [50]. Subsequently, we generated 
input files for the identified chemical compounds, pro-
tein structures, and co-crystallized ligands using Auto-
DockTools [51] OpenBable v2.4 was utilized to process 
all ligands [52]. For the molecular docking of chemical 
compounds to the investigated proteins, AutoDock Vina 
[52, 53] was employed. Preparation of ligands and pro-
teins Protonation is achieved by using AutoDockTools 
(ADT), which is a graphical user interface for preparing 
and analyzing ligand–protein complexes for AutoDock 
docking simulations. Grid boxes were defined, ensuring 
they did not exceed a size of 27,000 Å3, and the "exhaus-
tiveness" parameter was set at 32, which is the recom-
mended value for small boxes. Additionally, we redocked 
co-crystallized ligands into the crystal structures of pro-
teins bound to ligands to validate the docking process. 
The interactions between the docked drugs and the key 
proteins were observed and analyzed using protein-plus 
(https://​prote​ins.​plus).

2.9.1 � Statistical analysis
GraphPad Prism 9 (La Jolla, CA), version 9.5.1, was 
used for the statistical analysis. The data are provided 
as mean ± standard deviation (SD). To assess if the data 
had significant variations, two-way ANOVA and one-
way ANOVA were used, followed by Bonferroni’s mul-
tiple comparisons tests, and a P-value equal to or less 
than 0.05 was found to be acceptable.

3 � Results
3.1 � Identification of compounds
The in vivo wound healing study, biologically based 
fractionation of the total extract of P. thyrsoides 
revealed that the pet. ether fraction demonstrated the 
highest significant efficacy with a healing percentage of 
85% ± 4, owing to the identification of the metabolites, 
responsible for this potential activity, A series of chro-
matographic separations together with spectroscopic 
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analysis yielded three known compounds, identified 
as triacontan-1-ol (1) [54], 24-methyl cholesterol (2) 
[55, 56], first reported from the genus, and 6α-acetyl-
7α-acetate-1(10)-α-13-nornardosine [C16H24O4] (3), 
previously isolated from the species [12, 18] shown in 
Fig. 1. The full 1H-NMR and 13C-NMR data have been 
compared with the previous literature (Figure S1:S8).

Compound 1: White amorphous powder: ESI–MS: 
m/z 456 [M + H2O]+; corresponding to the molecu-
lar formula C30H62O 1H–NMR (CDCl3, 400  MHz): 
δH = 3.64 (2H, t, J = 6.5 Hz, H-1); 1.65 (2H, t, J = 6.8 Hz, 
H-2); 1.28 (m, H-3 ~ H-29); 0.88 (3H, t, J = 6.0  Hz, 
H-30); 13C–NMR (CDCl3, 100 MHz): δC = 65.19 (C-1); 
34.26 (C-2); 25.04 (C-3); 29.27 ~ 29.84 (C-4 ~ C-27); 
32.07 (C-28); 14.26 (C-30).

Compound 2: Colorless needles: the molecular for-
mula was determined to be C28H48O by El-MS spec-
trum (m/z 400.26) [M]+. 1H-NMR (CDCl3, 400 MHz): 
δH = 0.79 (3H, d, J = 6.68  Hz, H-26), 0.95 (3H, d, 
J = 5.21  Hz, H-21), 0.73 (3H, s, H-18), 0.85 (3H, d, 
J = 6.12 Hz, H-27), 0.79 (3H, d, J = 6.76 Hz, H-28), 1.03 
(3H, s, H-19), 3.50 (1H, m, H-3), 5.36 (1H, d, J = 5.12, 
H-6).13C–NMR (CDCl3, 100  MHz) δC = 37.41 (C-1), 
31.81 (C-2), 71.96 (C-3), 42.45 (C-13, C-4), 140.89 
(C-5), 121.86 (C-6), 32.06 (C-7), 34.68 (C-8), 50.29 
(C-9), 36.66 (C-10), 21.22 (C-11), 39.85 (C-12), 56.96 
(C-14), 24.43 (C-15), 28.04 (C-16), 56.16 (C-17), 12.00 
(C-18), 19.54 (C-19), 36.33 (C-20), 19.04 (C-21), 33.87 
(C-22), 30.73 (C-23), 39.22 (C-24), 30.90 (C-25), 17.74 
(C-26), 20.81 (C-27), 15.59 (C-28).

Compound 3: Oily liquid: the molecular formula 
was confirmed to be C16H24O4 through 1H-NMR, 13C-
NMR, and 2D-NMR (HSQC and HMBC). 1H-NMR 
(CDCl3, 400 MHz): δH = 2.79 (1H, d, J = 3.68, H-1), 1.81 
(2H, m, H-2), 1.19 (2H, m, H-3), 1.79 (1H, M, H-4), 
3.19 (1H, d, J = 6.12, H-6), 5.31 (1H, dd, J = 10.7 &4.5, 
H-7), 1.16 &2.25 (2H, m, H-8), 2.21&1.18 (2H, m, H-9), 
2.27 (3H, s, H-12), 0.73 (3H, d, J = 6.8, H-13), 1.05 
(3H, s, H-14), 1.96 (3H, s, OAc). 13C–NMR (CDCl3, 
100  MHz) δC = 57.17 (C-1), 21.30 (C-2), 24.16 (C-3), 

29.90 (C-4), 40.11 (C-5), 57.58 (C-6), 70.97 (C-7), 24.36 
(C-8), 29.06 (C-9), 61.99 (C-10), 208.41 (C-11), 33.52 
(C-12), 15.59 (C-13), 17.14 (C-14), 169.92 & 21.06 
(OAc).

3.2 � Antioxidant activity in vitro
3.2.1 � Scavenging activity for hydrogen peroxide
Drugs with antioxidant effects are expected to reduce 
the oxidative stress of wounds and  accelerate wound 
healing. They serve an important function in limiting 
the impairment of biological components caused by 
reactive oxygen species (ROS). P. thyrsoides soft coral 
antioxidant activity (AA) scavenging capability versus 
H2O2 was investigated in this work. The whole extract 
of P. thyrsoides prevented the production of H2O2 radi-
cals in a manner that was dose-related, at 1000 µg/

Fig. 1  Isolated compounds from the pet. ether fraction of P. thyrsoides soft coral

Fig. 2  Total ethanolic extract of P. thyrsoides soft coral, and ascorbic 
acid as standard reference H2O2 radical scavenging activity at various 
doses (125, 250, 500, 1000 µg/ml). The bars show the mean ± standard 
deviation (SD). A significant difference between groups is examined 
using a two-way ANOVA after variables have been normalized using 
the Shapiro–Wilk test
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mL, the highest hydrogen peroxide radical scavenging 
activity was 54.86% and showed consistent AA with 
an IC50 of 178.62 μg/mL, in comparison with ascorbic 
acid (IC50 = 181.4 μg/mL) as the standard antioxidant 
(Fig. 2).

3.2.2 � The activity of superoxide radical scavenging
Healthy wound recovery is aided by oxidation–reduc-
tion  signaling and enhanced oxidative stress, both of 
which promote inflammation, hemostasis,  granulation 
tissue formation,  angiogenesis, extracellular matrix pro-
duction, maturation, and wound closure [57]. Since soft 
coral P. thyrsoides’ superoxide scavenging capability was 
assessed, the findings revealed that raising the concentra-
tions enhanced the scavenging effectiveness of the ascor-
bic acid and extract shown in Fig. 3. P. thyrsoides whole 
extract had the highest superoxide radical scavenging 
activity, with 71% effectiveness at a concentration of 1000 
μg/mL. The concentration of the total extract of P. thyr-
soides required for 50% inhibition (IC50) was determined 
to be 157.7 µg/mL in comparison with standard ascorbic 
acid (IC50 = 162.8 μg/mL).

3.3 � Activity of wound healing
3.3.1 � Estimation of wound closure rate
Our bio-guided study of P. thyrsoides soft coral total 
extract and different fractions revealed that wounds to be 
cured and closed increased in all rats in a manner that 
was time-related. Group 7 was the most active fraction 

till the end of the experiment (14th day) with a healing 
percentage of 85.6% ± 2.66 compared with group 6 with a 
healing percentage of 60.6% ± 2.66.

Based on that, the results of the wound healing activ-
ity of the petroleum ether fraction metabolites showed 
that the wound closure rate on the 3rd day was around 
10.5 to 45.6% in every group, with the lowest percent-
age in group 1 that did not receive any treatment and 
the highest one in the treated groups but without sig-
nificance (p more than 0.05), but wounds to be cured 
and healed seemed to be considerably higher (p less than 
0.05) in the group 10, and group 9 than in the matching 
untreated group. However, in the seven day after wound 
treatment, the wounds to be cured and healed in group 
10, and group 9 seemed to be considerably greater (p less 
than 0.05) than the matching group that did not receive 
any treatment, shown in Fig. 4.

Furthermore, group 10, and group 9 had rapid wound 
healing rates than group 6 (p less than 0.05). The wounds 
to be closed and healed in group 10, group 9, and group 
8 were again considerably greater (p less than 0.05) than 
the matching group that did not receive any treatment in 
the ten day after wound treatment. Finally, in the four-
teen day after wound treatment, the healing percent-
ages in group 9 and group 8 were 94.5% ± 2.45% and 
90.13% ± 2.53%, respectively. The complete healing in 
the wounds treated with group 10 reached 97% ± 1.31%, 
shown in Fig. 5A. To clarify the observed differences in 
the shape (circular, longitudinal, or any other shapes), 
and direction of wound contraction between groups, we 
calculate the wound aspect shape ratio (length: width) in 
Fig. 5B.

3.3.2 � Effect of P. thyrsoides soft coral on relative gene 
expression of IL‑1β, TNF‑α, Cox‑1, Cox‑2, NF‑KB, INF‑ϒ, 
IL‑10, and TGF‑β

Figure  6A depicts the mRNA expression of Cox-1, and 
Cox-2 following excisional wound therapy with P. thyr-
soides soft coral total extract-, derived fractions-, and 
compounds-treated groups along with Mebo® -treated 
group. Cox-2, and Cox-1 relative gene expression in skin 
tissues was considerably reduced in wounds treated with 
C16H24O4, 24-methyl cholesterol, and Triacontan-1-ol 
compounds for seven or fourteen days than in the group 
that did not receive any treatment (p less than0.05). Also, 
the relative expression of Cox-2, and Cox-1 in wounds 
treated with C16H24O4, 24-methyl cholesterol, and Triac-
ontan-1-ol compounds, showed a greater decrease in the 
mRNA expression in comparison with the group treated 
with Mebo® (market treatment).

The mRNA expression of TNF-α  and IL-1β  is shown 
in Fig. 6B. Cytokines such as TNF-α and IL-1β  inflam-
matory marker activity was considerably reduced in 

Fig. 3  Total ethanolic extract of P. thyrsoides soft coral superoxide 
radical scavenging activity at various does (125, 250, 500, and 1000 
μg/mL). The bars show the mean ± standard deviation (SD). 
A significant difference between group is examined using a two-way 
ANOVA test after variables have been normalized using the Shapiro–
Wilk test
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wounds treated with C16H24O4, 24-methyl choles-
terol, Triacontan-1-ol compounds-treated wounds, 
petroleum ether fraction, total extract, butanol frac-
tion, dichloromethane fraction, ethyl acetate fraction 

of P. thyrsoides soft coral, respectively, compared to 
untreated wounds on day 7 post-injury. In comparison 
with the group treated with Mebo® ointment, injured 
rats with C16H24O4 compound treatment showed a 

Day 0 Day 3 Day 7 Day 10 Day 14

Group 1
untreated

Group 2
Ethyl acetate

frac�on extract

Group 3
DCM frac�on

extract

Group 4
Butanol frac�on

extract

Group 5
Total frac�on  

extract

Group 6
MEBO®

Group 7
Petroleum.ether
fraction extract

Group 8
Triacontan­1­ol

Group 9
24­methyl 
cholesterol 

Group 10
C16H24O4

Fig. 4  Excisional wound activity for P. thyrsoides-treated groups and Mebo® in adult male albino rats on days zero, three, seven, ten, and fourteen 
post-wounding
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considerably greater decrease in (IL-1β, and TNF-α). 
Furthermore, in comparison with the group that did 
not receive any treatment, C16H24O4, 24-methyl choles-
terol, and Triacontan-1-ol compounds-treated wounds, 
respectively, for fourteen days revealed a significant 
reduction in IL-1β and TNF-α relative expression in 
comparison with the group did not receive any treat-
ment at (p less than 0.05).

The relative gene expression of INF-ϒ  and NF-KB is 
depicted in Fig.  6C. Analysis of the relative expression 
of INF-ϒ  and NF-KB in full-thickness wound samples 
on day 7 post-injury revealed significantly lower levels 
in wounds treated with C16H24O4, 24-methyl choles-
terol, and Triacontan-1-ol, petroleum ether fraction, 
total extract, butanol fraction, dichloromethane fraction, 
ethyl acetate fraction of P. thyrsoides soft coral, respec-
tively, in comparison with the wounds did not receive 

any treatment. Injured skin tissue rats treated with the 
C16H24O4 compound, in comparison with rats  treated 
with Mebo® ointment, show a substantial decrease in rel-
ative gene expression. Furthermore, C16H24O4, 24-methyl 
cholesterol, and Triacontan-1-ol-treated wounds for 
fourteen days revealed a substantially greater decrease in 
relative gene expression than wounds that did not receive 
any treatment (p less than 0.05). Lastly, mRNA relative 
gene expression of NF-KB and INF-ϒ in wounds treated 
with C16H24O4, 24-methyl cholesterol, and Triacontan-
1-ol was substantially lower than in Mebo®-treated 
wounds (market therapy).

Figure 6D shows the mRNA relative gene expression of 
anti-inflammatory markers transforming growth factor-
beta, and interleukin-10 after excisional wound care with 
C16H24O4, 24-methyl cholesterol, and Triacontan-1-ol-
treated groups, petroleum ether fraction, total extract, 

Fig. 5  A Wound closure rates in all studied groups after damage. Data were reported as mean ± standard deviation. *p < 0.05 compared 
to the matching group on the respective day and #p < 0.05 compared to the Mebo® group on the corresponding day. B The wound aspect ratio 
(Length: width) was calculated to reflect observed differences in the form and direction of wound contraction across groups
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ethyl acetate fraction, dichloromethane fraction, butanol 
fraction of P. thyrsoides soft coral, and Mebo®-treated 
group. IL-10 and TGF-β relative mRNA gene expression 
in tissues of skin was significantly greater in C16H24O4, 
24-methyl cholesterol, Triacontan-1-ol, petroleum ether 
fraction, and the total extract-treated groups, respec-
tively, for the seven and/or fourteen days in comparison 
with the group did not receive any treatment (p less than 
0.05).

3.4 � Histopathological Study
3.4.1 � 7 days after treatment
In group I, the histopathological study showed that blood 
clot blocking the wound (blood clot), congested blood 
capillaries (arrows), and inflammatory cells infiltration 
at the wound base shown in "Fig. 7A". while in group II, 
the histopathological study showed that the wound bed 

filled with sloughed granulation tissue with edema, cellu-
lar debris, extravasated RBCs. Inflammatory cells mainly 
neutrophils (double arrows), and disorganized compact 
collagen bundles (blue arrows) are seen in "Fig.  7B". 
Additionally, in group III the wound edges appear closer 
(thick arrow) and the wound bed is crowded with inflam-
matory cells mainly macrophages (red arrows) shown 
in "Fig.  7C". However, in group IV, the wound appears 
with closer edges covering the defect (tailed arrows). 
The wound base shows congested blood vessels (BV) 
and filled with irregular and disorganized collagen bun-
dles shown in "Fig.  7D". Moreover, in group V, epithe-
lial repair is observed (thick arrow) and the underlying 
granulation tissue (stars) containing a higher number of 
macrophages (red arrows in the inset) shown in "Fig. 7E". 
besides, in group VI, 1–2 layers of the epidermis covered 
with scare tissue blocking the wound (curved arrow) and 

Fig. 6  The relative genes expression of Cox-1, and Cox-2 (A) TNF-α and IL-1β (B) INF-γ and NF-KB (C) and IL-10, TGF-β (D) in different study groups. 
After normalization to glyceraldehyde 3-phosphate dehydrogenase (GAPDH), with *p < 0.05 compared to the untreated group on the relevant day
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the dermal connective tissue has discontinuous collagen 
bundles (tailed arrows). Notice marked presentation of 
elongated, spindle-shaped fibroblasts (black arrows), 
myofibroblasts with acidophilic cytoplasm (red arrows) 
and newly formed hair follicles (HF) shown in "Fig. 7F". 
Furthermore, in group VII, 1–3 epithelial layers covering 
the wound and the underlying connective tissue contain-
ing myofibroblasts with acidophilic cytoplasm (arrows) 
and newly formed hair follicles (H.F) shown in "Fig. 7G". 
Also, group VIII showed incomplete re-epithelialization 
about 2–3 epithelial cell layers (curved arrow) and elon-
gated spindle-shaped fibroblasts (black arrows) and mac-
rophages with acidophilic cytoplasm (striped arrows) 
shown in "Fig.  7H". Moreover, group IX showed that 
more or less normal epidermis and the dermal matrix 
containing well-organized fibroblasts (arrows) and many 
hair follicles (HF) "Fig.  7I". Finally, in group X, the his-
topathological study showed that typical stratified squa-
mous keratinized epithelium. Collagen bundles of the 
papillary dermis (PD) appeared thin irregular & disor-
ganized and that of the reticular layer (RD) appeared as 
coarse wavy bundles and containing many hair follicles 
(HF) shown in “Fig. 7J".

3.4.2 � 14 Days after treatment
In the group I, the histopathological study showed 
that red granulation tissue fills the wound bed (stars) 

containing injured blood vessels with extravasated RBCs 
& inflammatory cells mainly eosinophils & neutrophils 
(red arrows) shown in "Fig.  8A”, while in group II, the 
wound surface showed that abnormal epidermal cell 
growths (arrow) and the base showing granulation tis-
sue (stars) and disorganized compact collagen bundles 
(tailed arrows) shown in "Fig. 8B". Additionally, in group 
III it showed that creeping of epidermal cells trying to 
cover the wound and the wound base containing granu-
lation tissue (GT) containing numerous macrophages 
(red arrows) shown in "Fig.  8C". However, in group IV, 
epithelium repair is incomplete and covered with crust 
tissue (star). The dermal C.T containing frequent baso-
philic spindle-shaped fibroblasts (arrows) and newly 
formed hair follicles (HF) shown in "Fig.  8D". Moreo-
ver, in group V, inflammatory cells mainly macrophages 
observed, predominant fibroblasts (red arrows) and dis-
continuous collagen bundles filling the bottom of the 
wound (tailed arrows) shown in "Fig.  8E". Besides, in 
group VI, it showed that the epidermis formed of 1–2 
cell layers, the papillary dermis containing numerous 
basophilic fibroblasts & macrophages with acidophilic 
cytoplasm (arrows) and newly formed hair follicles (HF) 
shown in "Fig. 8F". Furthermore, group VII showed that 
1–2 epithelial layers covering the wound and the under-
lying connective tissue containing prominent acidophilic 
myofibroblasts (arrows) separated by discontinuous 

Fig. 7  A–J Showing wounded skin 7 days after incision (H & E stain × 200 & 400)
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collagen bundles (tailed arrow) and newly formed hair 
follicles (H.F) shown in "Fig.  8G". Also, group VIII 
showed incomplete re-epithelialization (2–3 cell lay-
ers) and the papillary dermis (PD) showed newly formed 
hair follicles (H.F) and discontinuous collagen bundles 
(thick arrows) shown in "Fig.  8H". Moreover, in group 
IX, the wound surface showed typical stratified squa-
mous keratinized epithelium, hair follicles, and sebaceous 
glands (SG). Collagen bundles of the papillary dermis 
(PD) appeared thin irregular & disorganized and that of 
the reticular layer (RD) appeared as coarse wavy bundles 
shown in "Fig. 8I". Finally, in group X the skin appeared 
more or less normal; the epidermis was formed of many 
cell layers, and the dermal matrix contained many hair 
follicles. The collagen bundles of the papillary dermis 
appeared thin irregular and disorganized and that of the 
reticular layer appeared as coarse wavy bundles shown in 
"Fig. 8J".

3.5 � Network Pharmacology‑based Analysis of P. thyrsoides 
soft coral metabolites in wound healing

3.5.1 � Screening of P. thyrsoides soft coral extract‑related 
targets genes

Predicted 453 target genes related to triacontan-1-ol, 
24-methyl cholesterol, and 6α-acetyl-7α-acetate-1(10)-α-
13-nornardosine [C16H24O4] compounds were collected 
from TCMSP, CTD, and Swiss Target Prediction and 

these genes were converted into their conical gene names 
using the UniProt database.

3.5.2 � Screening of wound healing process‑related target 
genes

A total of 735 common target genes known to play a 
role in wound healing were gathered from GeneCards, 
CTD, and disgenet databases using the keywords 
"wound healing, surgical wound infection, and wound 
infection" and the species limited to "Homo sapiens". 
Duplicate targets were removed, and the Venn diagram 
was created to compare the targets regulated by P. thyr-
soides extracted compounds and the potential targets 
for wound healing, it revealed a total of 71 common 
intersection targets in Fig. 9.

3.5.3 � Protein–protein interaction (PPI) network construction
The 71 overlapping target genes were imported into 
the STRING database to perform an analysis of pro-
tein–protein interactions (PPI). The results were used 
to generate a PPI network diagram using the Cytoscape 
3.10.0 software, resulting in 58 nodes (after excluding 
thirteen nodes that were not connected), 253 edges, 
and the average node connectivity was found to be 
8.72 as depicted in Fig.  10. Afterward, the Cytohubba 
plug-in was employed to identify and extract the top 

Fig. 8  A–J Showing wounded skin 14 days after incision (H & E stain × 200 & 400)
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ten significant genes based on their degree of con-
nectivity in the network as depicted in Fig. 11, namely 
AKT1, IL6, MAPK3, MMP9, HIF1A, MTOR, PPARG, 
ESR1, PPARA​ and APP. We summarized the topologi-
cal parameters such as node degree, betweenness, and 
closeness for each protein as well as skin tissue expres-
sion score in Table 1.

3.6 � Molecular docking studies
Molecular docking was employed to assess the binding 
affinity of triacontan-1-ol, 24-methyl cholesterol, and 
C16H24O4 derived from P. thyrsoides with the top five 
hub genes (AKT-1, IL6, MAPK3, MMP9, and HIF1A) 
as well as IL-1β, TGF-β, TNF-α, and NF-KB inflamma-
tory cytokines. AutoDock Vina was utilized for this pur-
pose, and the resulting binding capacity and interaction 
patterns were then visualized and analyzed using pro-
tein-plus (https://​prote​ins.​plus). The docking score is dis-
played in Table 2, where the lower the docking score (S), 
the stronger the binding force between the compound 
and the protein.

Among docked compounds, C16H24O4 has the lowest 
docking energy scores ranged from − 5.72 to − 2.24 kcal/
mol. Notably, AKT1, HIF1A, TGF-β, MMP9 and IL6 
ranked in descending order of their docking scores, were 
emerged as prominent target genes demonstrating a sig-
nificant binding affinity toward C16H24O4 compound. 
Furthermore, 24-methyl cholesterol shows notewor-
thy energy score outcomes, particularly in relation to 
AKT1, HIF1A, MAPK3, and MMP9, with S score values 
of − 6.27, − 3.75, − 3.27, and − 3.05 kcal/mol, respectively. 

On other hand, upon docking of triacontan-1-ol shows 
binding affinity against TGF-β with docking score 
− 2.49 kcal/mol.

In conclusion, both C16H24O4 and 24-methyl choles-
terol compounds exhibit potential in the management 
of wound healing by forming interactions with various 
target genes related to wound healing. On the other 
hand, RAC-alpha serine/threonine-protein kinase 
(AKT1) might have a significant role in the regulation 
of wound healing using these bioactive compounds. 
The visualizations of the lowest binding energies 
between AKT1 and these bioactive compounds were 
created using protein-plus as illustrated in Fig.  12A-B 
and other docking poses of the C16H24O4 compound 
with different target genes are shown in supplementary 
data in Figure S10.

4 � Discussion
Wounds to be healed are a complicated approach that 
consists of the reconstruction of cells and tissue struc-
ture in the injured site as closely as possible to its natural 
presence [57]. According to surveys, skin wound resto-
ration has three stages, which include an inflammatory 
process caused by pro-inflammatory mediators, rela-
tive expression and suppression of the immune system, 
a proliferative phase characterized by collagen growth, 
fibroblast proliferation, and formation of capillaries and 
vessels, and a remodeling phase characterized by cure 
and repair of injured dorsal skin tissue [58, 59]. As a 
result, drugs that may accelerate wound restoration with 
potential influence throughout each stage of the process, 

Fig. 9  Venn diagram for the integrated analysis of the related targets of P. thyrsoides extracted compounds and wound healing

https://proteins.plus
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particularly those with low cost and fewer adverse effects, 
would be necessary for efficient therapy.

P. thyrsoides red sea soft coral is one of the terpenoid-
rich soft corals with valuable biological activities, also, 
it is considered a member of the nardosinane-sesquit-
erpene producing family and possesses anti-inflamma-
tory [60, 61], cytotoxicity [16, 62], neuroprotective [63], 
antifungal, and antibacterial activities [12, 64]. So in the 
current study, we examined the antioxidant and wound 
healing effect of P. thyrsoides total extract, fractions, and 

metabolites in vivo, in vitro supported by histopathologi-
cal and pharmacology network studies.

Antioxidants are thought to accelerate wound healing 
by mitigating oxidative stress. The presence of ROS can 
cause significant damage to biological elements such as 
DNA, proteins, and lipids, but antioxidants have been 
shown to reduce such damage. Elevated levels of ROS, 
including H2O2 and superoxide anion, at the wound site 
can trigger collagen breakdown and subsequently lead 
to the degradation of the ECM. This, in turn, inhibits 

Fig. 10  Network nodes represent 58 protein targets, and the edges represent protein–protein interactions. The size of nodes signifies 
the connectivity of each protein, the higher the node size the higher its connectivity to other nodes
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angiogenesis and re-epithelization, two critical pro-
cesses necessary for wound healing [65]. Furthermore, 
increased ROS can lead to inflammation, which in turn 
raises pro-inflammatory cytokines and extends the 
inflammatory response [66].

P. thyrsoides soft coral’s antioxidant activity of the 
total ethanolic extract can be explained by its superox-
ide dismutase (SOD) activity and scavenging activity of 
H2O2 which can eliminate ROS and improve its wound-
curing activity may be ascribed to its diverse secondary 
metabolites with the major content of different classes of 
terpenoids and sesquiterpenoids that exert antioxidant 
activity through multiple mechanisms [61, 67]. Thus, 
high amounts of ROS in the injured skin tissue increase 
collagen degradation and  extracellular matrix (ECM) 
deterioration. Whenever the extracellular matrix dete-
riorates, Re-epithelization and angiogenesis are criti-
cal  procedures for wounds to be healed  and cured and 
are inhibited [68, 69]. Furthermore, increased ROS may 
provoke inflammation [70].Fig. 11  Network nodes represent the top 10 hub genes: the darker 

the color, the higher the score and the stronger the connection

Table 1  Topological parameters of top 10 hub genes with skin tissue expression score

No Name Target Degree Betweenness Closeness Tissue/Skin

1 RAC-alpha serine/threonine-protein kinase AKT1 31 0.22133 0.67059 4.479

2 Interleukin-6 IL6 29 0.18377 0.64045 3.501864

3 Mitogen-activated protein kinase 3 MAPK3 24 0.08524 0.60638 3.576941

4 Matrix metalloproteinase-9 MMP9 21 0.08094 0.58763 3.128017

5 Hypoxia-inducible factor 1-alpha HIF1A 19 0.02174 0.54808 4.126538

6 Serine/threonine-protein kinase mTOR MTOR 18 0.01655 0.54808 4.000566

7 Peroxisome proliferator-activated receptor gamma PPARG​ 17 0.03969 0.52778 3.232146

8 Estrogen receptor alpha ESR1 16 0.02049 0.52778 2.810398

9 Peroxisome proliferator-activated receptor alpha PPARA​ 15 0.01745 0.53271 3.01666

10 Amyloid-beta A4 protein APP 15 0.04000 0.54286 3.999192

Table 2  Molecular docking scores of P. thyrsoides metabolites and selected nine potential target genes related to wound healing

ND Not detected

Compound Binding Energy score (S) (kcal/mol)

AKT1 IL6 MAPK3 MMP9 HIF1A IL-1β TGF-β TNF-α NF-KB

Triacontan-
1-ol

ND ND ND ND ND ND − 2.49 ND 0.70

24-Methyl 
Cholesterol

− 6.27 − 2.51 − 3.27 − 3.05 − 3.75 − 2.17 ND ND − 2.71

C16H24O4 − 5.72 − 3.46 − 3.50 − 4.19 − 4.97 − 3.11 − 4.62 − 2.24 − 3.38

Co-crystallized 
ligand

− 12.06 
RMSD = 1.034 A°

− 5.14 
RMSD = 1.46 A°

− 7.65 
RMSD = 0.37 A°

− 6.39 
RMSD = 1.42 A°

− 5.11 
RMSD = 0.58 A°

− 5.62 
RMSD = 0.193 A°

− 11.69  
RMSD = 0.193 A° 

− 5.17 
RMSD = 1.40 A°

–
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The biological guided fractionation of the P. thyr-
soides leads us to the most active petroleum ether frac-
tion with the highest healing percentage (85.6% ± 2.66) 
among other treated groups even the market treated 
Mebo®-treated groups. In an attempt to explore the 
pet. ether fraction metabolites, phytochemical investi-
gation was applied and three known metabolites were 
isolated and identified as triacontan-1-ol [54], 24-meth-
ylcholesterol [55, 56], and 6α-acetyl-7α-acetate-1(10)-
α-13-nornardosine [C16H24O4]. The three metabolites 
were tested for the in vivo and in vitro wound healing 
restoration ability, wound closure indicates re-epitheli-
alization, granulation, angiogenesis, fibroblast prolifera-
tion, keratinocyte differentiation, and proliferation [71]. 
The marked decrease in wound area observed following 
C16H24O4, 24-methyl cholesterol, and Triacontan-1-ol 
compounds of P. thyrsoides soft coral-treated groups, 
respectively, was confirmed through histological analysis, 
which demonstrated increased fibroblast proliferation, 

angiogenesis, and granulation tissue deposition, indicat-
ing significant re-epithelialization and collagenation in 
the wound bed. Besides, C16H24O4 and 24-methyl choles-
terol compounds groups had higher wound healing rates 
than groups treated with Mebo® ointment and untreated 
animals (p less than 0.05). The centripetal movement of 
the outermost regions of a full-thickness hole to aid in 
healing and tissue healing is known as wound closure 
[71–73].

In general, substances used to treat wounds are either 
able to promote the growth of fibroblasts, induce the dif-
ferentiation or growth of keratinocyte cells, promote the 
production of collagen, or have antioxidant, and anti-
inflammatory properties. When an agent possesses two 
or more of these biological characteristics, it may be a 
viable candidate for use as a wound-healing agent [66].

Additionally, wound closure is associated with COX-1, 
and COX-2 activation in fibroblasts, cells of the mucosa, 
in addition to an increase in Interlukin-1β  relative gene 

Fig. 12  Molecular docking of the key targets. The highest obtained binding poses of AKT1 with A C16H24O4 and B 24-methyl cholesterol
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expression. The results demonstrated that C16H24O4, 
24-methyl cholesterol, and Triacontan-1-ol compounds 
derived from pet. ether fraction-treated groups, respec-
tively, significantly reduced the increased COX-1, and 
COX-2 relative gene expression, confirming its protective 
impact in wound healing. So, the release of pro-inflam-
matory cytokines, such as IL-1B and TNF-α, is com-
pulsory to boost neutrophils and exclude bacteria and 
other contaminants from the injured site. They are also 
known to be dynamic inducers of Metalloproteinase syn-
thesis in  fibroblast  and inflammatory  cells. Metallopro-
teinase  degrades and removes damaged Extracellular 
Matrixes (ECM) during wound curing to aid in repairing 
the wound [74]. Also, the curing and healing processes 
are hampered by an inflammatory phase, IL-1β, and 
TNF-α and metalloproteinase harm the skin tissue, lead-
ing to the conversion of wounds from acute to chronic. 
Tumor necrosis factor-α is a growth factor released by 
macrophages that combines with IL-1β to enhance and 
decrease respective proliferation of fibroblasts and pro-
duction of collagen [75]. Tumor necrosis factor–alpha 
promotes NF-KB, and INF-ϒ, This, in turn, enhances 
relative mRNA expression of a slew of TNF-α itself and 
metalloproteinase, to liberate soluble Tumor necrosis fac-
tor–alpha and intensify its activity [76].

On the other hand, wound-healing processes need 
intricate cell–cell interactions as well as multiple growth 
factors, especially the relative genes expression of TGF-
β and IL-10 are play the most important roles across 
every step of wound curing. IL-10 and TGF-β recruit and 
activate macrophages and neutrophils, during phases of 
wound healing (hemostasis and inflammation phases), 
whereas it promotes a variety of cellular reactions dur-
ing the proliferative stage, including re-epithelialization, 
angiogenesis, granulation tissue formation, and extra-
cellular matrix accumulation [77]. Also, it promotes 
proliferation of fibroblasts as well as transformation to 
myofibroblasts, which aid in wound closure during the 
phase of remodeling [78–80]. In the non-healing wounds 
due to the conversion of these wounds from acute to 
chronic this frequently resulted in a failure of TGF-β and 
IL-10 relative mRNA gene expression, as Feinberg and 
colleagues have said that TGF-β and IL-10 have an inhibi-
tory impact on the development of collagenases, which 
weaken collagen and extracellular matrix [81]. These 
findings are consistent with the findings that C16H24O4, 
24-methyl cholesterol, and Triacontan-1-ol compounds, 
petroleum ether fraction, and total extract of Paralem-
nalia thyrsoides soft coral-treated groups, respectively, 
increased TGF-β, and IL-10 relative genes expression and 
thus recovered wound healing. The mRNA relative gene 
expression of IL-10, and TGF-β increased significantly 

after excisional wound care with C16H24O4, 24-methyl 
cholesterol, and Triacontan-1-ol compounds; addition-
ally, these compounds showed a significant increase in 
the IL-10 and TGF-β ’s relative genes expression in com-
parison with the group treated with Mebo® ointment 
(market treatment).

Pharmacological network analysis was employed to 
explore the potential interactions between the wound 
healing-related genes and P. thyrsoides extract-related 
genes. The analysis identified the top 10 hub genes—
AKT1, IL6, MAPK3, MMP9, HIF1A, MTOR, PPARG, 
ESR1, PPARA, and APP—based on their connectivity 
degree. On the other hand, additionally, molecular dock-
ing was conducted to explore molecular targets contrib-
uting to wound healing potential. The top five hub genes 
(AKT-1, IL6, MAPK3, MMP9, and HIF1A) as well as four 
examined targets (IL-1β, TGF-β, TNF-α, and NF-KB) 
that play a vital role in the wound healing process was 
employed to assess the binding affinity of triacontan-
1-ol, 24-methyl cholesterol, and C16H24O4 derived from 
P. thyrsoides. We found that C16H24O4 had a significant 
binding affinity with genes like AKT1, HIF1A, TGF-β, 
MMP9, and IL6, crucial for wound healing. Addition-
ally, 24-methyl cholesterol showed notable energy scores, 
particularly linked to genes AKT1, HIF1A, MAPK3, and 
MMP9. The RAC-alpha serine/threonine-protein kinase 
(AKT1) emerged as potentially pivotal in regulating 
wound healing when influenced by these bioactive com-
pounds. These findings shed light on the complex inter-
play between genes and compounds, offering promising 
insights into enhancing wound healing mechanisms.

5 � Conclusion
Marine soft corals are thought to provide a tremendous 
number of significant anti-inflammatory drugs. The 
biological investigation of the total ethanolic extract of 
P. thyrsoides revealed promising antioxidant as well as 
wound restoration potentials, evoking further evalua-
tion of the different fractions (pet. ether, DCM, EtOAc, 
and butanol) of P. thyrsoides, whereas the pet. ether frac-
tion was the most active one on wound healing activity 
via accelerated wound closure rate, enhancing TGF-β 
and IL-10 and suppressing inflammatory markers (Cox-
1, Cox-2, IL-1β, TNF-α, INF-ϒ, and NF-KB). Additionally, 
the bio-guided isolation of the pet. ether fraction metab-
olites resulted in the identification of three metabolites 
with significant wound healing potency. The aforemen-
tioned results were supported by the histopathological 
examination of skin tissue through more or less normal 
skin appearance of the pet. ether fraction and the iso-
lated diterpene compound 6α-acetyl-7α-acetate-1(10)-
α-13-nornardosine [C16H24O4]. A network of 71 genes 
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associated with wound healing was established through 
protein–protein interactions (PPI). Among these genes, 
AKT1, IL6, MAPK3, MMP9, HIF1A, MTOR, PPARG, 
ESR1, PPARA, and APP demonstrated significance in 
terms of their connectivity within the network. Addition-
ally, the in silico molecular docking studies indicate that 
both C16H24O4 and 24-methyl cholesterol exhibit bind-
ing affinities toward several target genes associated with 
wound healing, particularly in their potential regulation 
of RAC-alpha serine/threonine-protein kinase (AKT1). 
Nevertheless, further investigation will be carried out to 
fully comprehend the mechanism of these metabolites in 
wound healing, in an attempt to discover new pharma-
ceutical drugs with lesser side effects.
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