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ABSTRACT
Laportea decumana (Roxb.) Wedd. is known for its analgesic, antioxidant, anti-infammatory, and antibacterial properties. This
study aimed to evaluate the wound-healing efects of LDE incorporated into a biocellulose dressing for the treatment of
polymicrobial-infected wounds. The metabolite profle of LDE was characterized using UPLC-Q-TOF/MS. Biocellulose dressings
were prepared with and without 4% LDE for the in vivo study. Fifteen male rats were each subjected to three biopsy punch wounds,
which were infected with a polymicrobial mix of Staphylococcus aureus, Staphylococcus epidermidis, and Pseudomonas aeruginosa.
The wounds were treated with either blank or 4% LDE-fortifed biocellulose dressing, or left untreated for 14 days. Wound di-
ameters were measured daily, and histological analyses were conducted on Days 3, 7, and 11 to evaluate the infammatory,
proliferative, and maturation phases of wound healing. In vivo experiments showed that wounds treated with 4% LDE-fortifed
biocellulose had signifcantly smaller diameters from Day 11 onward compared to untreated wounds or blank control. While all
wounds exhibited edema and leukocyte infltration during the infammatory phase, treatment with 4% LDE signifcantly enhanced
granulation tissue formation, fbroblast activity, and collagen deposition in the proliferative phase. During maturation, LDE-
fortifed dressings accelerated re-epithelialization. In conclusion, the 4% LDE-fortifed biocellulose dressing exhibited wound-
healing efects in a rat model of infected wounds by promoting cell proliferation and accelerating the maturation phase of wound
repair. Further studies are needed to clarify the underlying antimicrobial and infammatory mechanisms.

1 | Introduction

Acute and chronic wounds represent amajor global public health
burden. In particular, chronic wounds complicated by poly-
microbial infections contribute substantially to morbidity and
mortality worldwide [1]. Under physiological conditions, wound
repair proceeds through a tightly regulated sequence of over-
lapping infammatory, proliferative, and remodeling phases [2].

However, in the presence of infection, this tightly regulated
process is disrupted, leading to signifcantly prolonged healing
times that, in some cases, can extend for years. Severe infections
may further progress to complications such as gangrene, often
requiring surgical interventions, including amputation [3].
Moreover, the increasing prevalence of antibiotic-resistant
pathogens presents a challenge in managing polymicrobial
wound infections, emphasizing the need for alternative
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therapeutic approaches that can help control infections while
reducing reliance on conventional antibiotics.

A promising strategy for managing wound infections involves
using wound dressings that provide a protective barrier against
microbial invasion. Among these, biocellulose-based dressings
have gained considerable attention due to their distinctive
physicochemical properties. Bacterial cellulose, naturally syn-
thesized by acetic acid bacteria, particularly from the Acetobacter
genus, serves as a versatile biomaterial for wound care appli-
cations. Its structural properties can be tailored by modifying the
culture conditions, allowing for enhanced functionality in bio-
medical applications [4]. Its unique properties, including
moldability, fexibility, scalable production, and excellent bio-
compatibility, make bacterial biocellulose a highly promising
material for wound dressings [5]. Furthermore, its nanoporous
structure and high liquid absorption capacity make it well-suited
for wound healing by maintaining a moist environment, facili-
tating oxygen exchange, and supporting tissue regeneration [6].
However, in addition to the structural properties of wound
dressings, efective management of polymicrobial-infected
wounds also requires the incorporation of bioactive com-
pounds with potent antibacterial, anti-infammatory, and
wound-healing activities.

Laportea decumana (Roxb) Wedd, a member of the Urticaceae
family, is a medicinal plant traditionally utilized by indigenous
communities in Papua and Maluku Islands in Indonesia for
wound treatment; however, its therapeutic potential remains
underexplored. Phytochemical analyses of L. decumana have
revealed its antibacterial efcacy against Staphylococcus aureus,
as well as its antioxidant and cytotoxic activities against breast
cancer cells, indicating its potential as a multifunctional thera-
peutic agent [7]. Additional studies have demonstrated the ability
of L. decumana leaf compounds to inhibit cyclooxygenase-2
(COX-2), thereby exerting anti-infammatory efects and scav-
enging free radicals [8]. In line with these fndings, a previous
study confrmed the analgesic and anti-infammatory properties
of topically applied L. decumana leaf extract in a rat model, with
its mechanism involving the inhibition of interleukin-6 (IL-6)
release at infamed sites [9].

Despite its diverse bioactivities, the wound-healing efcacy of
L. decumana has not been investigated in polymicrobial-infected
wounds. Moreover, existing studies are largely limited to extract-
based assays or conventional formulations that are inadequate
for sustained local delivery or efective modulation of the wound
microenvironment. Recent studies have demonstrated the ben-
efts of integrating plant-derived phytochemicals into advanced
biomaterial-based wound dressings to enhance wound healing
and antimicrobial efcacy [10, 11]. In recent years, various plant-
derived bioactives, such as those from Aloe vera or Centella
asiatica, have been successfully incorporated into advanced
biomaterial-based dressings to enhance antimicrobial activity,
fbroblast compatibility, and tissue regeneration [12]. However,
to the best of our knowledge, L. decumana has not previously
been integrated into a structured biomaterial delivery platform.

Therefore, this study aimed to evaluate the wound-healing ef-
fcacy of L. decumana leaf extract formulated in biocellulose
dressing using a polymicrobial-infected rat wound model. This
study introduces a novel approach by integrating L. decuma-
na–derived bioactive compounds with the structural and

functional advantages of biocellulose to enhance the healing
process in complex wound infections.

2 | Materials and Methods

2.1 | Sample Collection and Extraction

The leaves of Laportea decumana were collected from Wakal
Village, Leihitu District, Central Maluku Regency, Ambon City
(Figure 1). The plant was taxonomically identifed by a phar-
macognosist at the Laboratory of Pharmacognosy, Hasanuddin
University, and documented under reference number 037/SKIT/
Farmakognosi/IX/2024. A total of 500 g of dried L. decumana leaf
powder was macerated in 70% EtOH at room temperature for
72 h. The mixture was fltered, and the remaining plant residue
was subjected to repeated maceration until the solvent appeared
colorless, ensuring exhaustive extraction of the phytochemicals.
The combined fltrates were concentrated under reduced pres-
sure using a rotary evaporator at a controlled temperature to yield
a thick EtOH extract of L. decumana leaves.

2.2 | Phytochemical Profling by Ultra-
Performance Liquid Chromatography System
Coupled to a Quadrupole Time-of-Flight Mass
Spectrometer (UPLC-Q-TOF/MS)

The separation was achieved using an Agilent RRHD Eclipse
XDB-C18 column (80 Å, 2.1 × 100mm, 1.8 μm) (p/n: 981758-902)
on the Agilent 1290 Infnity II LC system. The mobile phase
consisted of water and acetonitrile for negative-mode data ac-
quisition. The gradient elution programwas as follows: 0 min: 5%
B; 0.5 min: 20% B; 50min: 95% B (held for 15min). After elution,
a 5-min equilibration step was used to prepare the column for the
next injection. The total run time was 70min per sample. The
system operated in constant fow mode, with a fow rate of
0.3 mL/min. 5 μL of the sample was injected into the system. The
autosampler and column compartment temperatures were set at
10°C and 30°C, respectively.

The Q-TOF mass spectrometer was operated in negative ioni-
zation mode using a dual Agilent Jetstream source with the
following settings: sheath gas fow of 11 L/min at 400°C, capillary
voltage at þ3.5 kV (positive) and �3.5 kV (negative), nebulizer
pressure at 35 psi, and drying gas fow of 5 L/min at 300°C. Three
levels of collision energy (0, 20, and 40 V) were used to capture
metabolites over a mass range ofm/z 50 to 1200 using the all-ion
MS/MS scan mode. The reference masses used for data acqui-
sition were m/z 112.9855 and 1033.9881 in negative mode. The
scan rate was set to 3 spectra/s. Chemical structures were
identifed by combining UPLC-Q-TOF/MS data with the Agilent
METLIN Personal Metabolite Database.

2.3 | Biocellulose Preparation

The preparation of biocellulose was performed as described in
a study conducted by Hasan et al. using Acetobacter intermedius
BC-4 (Department of Manufacturing Pharmacy, Pusan National
University, Korea) [13]. The bacteria were cultivated in culture
media supplemented with 2% glucose, 0.5% yeast extract, 0.5%
Bacto peptone, citric acid, and Na2HPO4·12 H2O, for 15 days at
a pH of 6. Biocellulose pellicles started to form after 7 days, and
when the suitable thickness was achieved, the pellicles were
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collected by deionized water immersion (90°C for 2 h). The
biocellulose pellicles were then submerged in a 0.5 M sodium
hydroxide (NaOH) solution and boiled for 20min, followed by
multiple rinses with deionized water. The pellicles were then
submerged in a 1% NaOH solution for 2 days to achieve a neutral
pH and subsequently freeze-dried. Once dried, the pellicles were
stored at a temperature of �25°C for future use.

Biocellulose dressings were loaded with 4% (w/v) L. decumana
extract (LDE) using an immersion adsorption method. The
concentration was selected based on a prior report demonstrating
biological activity of the crude extract at this level in topical
applications [14]. Briefy, sterile biocellulose sheets were sub-
merged in the extract solution and incubated for 24 h at room
temperature to allow passive difusion and incorporation of
bioactive compounds into the nanofbrillar matrix. After in-
cubation, the dressings were removed and gently blotted to
eliminate excess surface solution prior to in vivo application.

2.4 | Polymicrobial Preparation

The polymicrobial strains used to model infected wounds in-
cluded Staphylococcus aureus ATCC 25923, Staphylococcus epi-
dermidis ATCC 12228, and Pseudomonas aeruginosa ATCC
27853, which were obtained from the Laboratory of Microbiol-
ogy, Hasanuddin University, Indonesia. These strains were se-
lected due to their frequent involvement in clinical wound
infections, where S. aureus is a primary pathogenic species,
S. epidermidis represents a common skin commensal associated
with bioflm formation, and P. aeruginosa is a predominant
Gram-negative pathogen in chronic and polymicrobial wounds.
The bacterial cultures were rejuvenated in Nutrient Agar (Merck,
Germany) and incubated at 37°C for 24 h, then prepared in
suspension in physiological sodium chloride (0.9% NaCl) solu-
tion, and the concentration was adjusted to match a 0.5
McFarland standard.

2.5 | Animal Preparation

Eighteen male Wistar rats, aged 2–3months, and weighing
150–250 g, were obtained from the Laboratory of Pharmacology
and Toxicology, Hasanuddin University, Indonesia. Prior to
experimentation, the animals were acclimatized to laboratory
conditions for 1 week to minimize stress and ensure

environmental adaptation. Throughout the study, all rats were
maintained under standard housing conditions, which included
regulated temperature and humidity, as well as a 12-h light/
dark cycle.

2.6 | Experimental Protocols

The rats were anesthetized using ether via inhalation due to its
rapid induction and short procedural duration; all animals were
exposed under identical conditions to minimize variability in
stress or infammatory responses. The dorsal area of each rat was
shaved, dividing it into two sections: the left and right sides of the
back. Each rat received three circular full-thickness excisional
wounds (6 mm in diameter) on the dorsal surface using a sterile
biopsy punch. The wounds on each animal were designated as A,
B, and C, and each wound was assigned to a diferent treatment
group: untreated control, blank biocellulose dressing, or bio-
cellulose dressing containing LDE. This within-animal design
was employed to minimize interanimal variability.

Each wound was inoculated with 50 μL of a polymicrobial
bacterial suspension at a concentration of 1 × 107 CFU/mL. The
bacterial concentration was selected based on a previous study
using a skin and wound co-culture model [15], which demon-
strated that this inoculum level reliably establishes polymicrobial
infection and bioflm formation without excessive cytotoxicity.
The wounds were subsequently sealed with a polyurethane flm
dressing (Tegaderm Transparent Dressing; 3M Health Care, St.
Paul, MN) and left untouched for 24 h before applying the
assigned treatment for each wound.

Treatments were applied once daily for 14 consecutive days.
Wound morphology and diameter were measured daily using
a Vernier caliper. The measurements of the wound diameters
were done in four dimensions (vertical, horizontal, left, and right
diagonals). The rate of wound healing (R) was calculated
according to the following formula:

R =
Dn − D0( )

Dn
[ ] × 100 (1)

where R= the rate of wound healing, Dn =wound diameter on
Day n, and D0 = wound diameter on Day 0.

Rats were euthanized at predetermined time points to represent
diferent phases of wound healing: Day 3 (infammatory phase,
n= 5 rats), Day 7 (proliferative phase, n= 5 rats), and Day 11
(early maturation phase, n= 5 rats). The remaining animals
(n= 3 rats) were maintained until complete wound closure to
evaluate the overall healing duration. The experimental protocol
is depicted in Figure 2.

2.7 | Histopathological Analysis

Wound tissues were excised from the dorsal area, measuring
approximately 20 × 20mm and extending to the fascia, including
5mm of healthy tissue surrounding the wound. The collected
specimens were then fxed in 10% formalin for 48 h. Wound
specimens were processed using a tissue processor (Thermo
Fisher, USA) and prepared into histological slides, following the
method described by Busaeri et al. (2025) [14]. After being
stained with hematoxylin and eosin (HE), the tissue sections
were seen under a light microscope at 100x and 200x magnif-
cations. Histopathological evaluation was performed using

FIGURE 1 | The plant of Laportea decumana.

Advances in Pharmacological and Pharmaceutical Sciences, 2026 3 of 12



predefned morphological criteria, including infammatory cell
infltration, fbroblast proliferation, granulation tissue formation,
and re-epithelialization, to allow consistent comparison among
treatment groups.

2.8 | Statistical Analysis

All data were analyzed using SPSS software. For each time point,
wound diameter and wound-healing percentage values represent
group means calculated from measurements obtained from in-
dividual animals, and variability is expressed as standard de-
viation (SD). Data normality was assessed prior to statistical
testing. Normally distributed data were analyzed using one-way
ANOVA, followed by Tukey’s HSD post hoc test when signifcant
diferences were detected (p < 0.05). For data that did not meet
normality assumptions, the Kruskal–Wallis test was applied. A p
value < 0.05 was considered statistically signifcant.

3 | Results

3.1 | Yield of L. decumana Leaf Extract

Maceration of 500 g of dried Laportea decumana leaf powder
produced 57 g of concentrated extract, corresponding to a yield
of 11.4%.

3.2 | Phytochemical Analysis of L. decumana EtOH
Extract

The components identifed in the L. decumana EtOH extract
using a UPLC-Q-TOF/MS in negative ionization mode are pre-
sented in Table 1. The Q-TOF-MS provides accurate precursor
and product ion information with amass error of less than 5 ppm,
ensuring high precision in the identifcation and characterization
of compounds. The compounds were identifed based on re-
tention time, Agilent METLIN personal metabolite library in-
formation, and MS databases. The chromatogram of the EtOH
L. decumana leaf extract is depicted in Figure 3.

The UPLC-Q-TOF/MS analysis in negative ion mode identifed
42 distinct compounds in the EtOH extract, classifed into several
chemical groups, with glycosides as the most abundant, followed
by alkaloids, steroids, triterpenoids, sesquiterpenes, favonoids,

and other compounds. The detected glycosides included
rebaudioside B (1), corchoionoside B (2), lyciumoside IV (7),
ptelatoside A (11), oleaside E (12), cimicifugoside (30), and
glucosyl (2E,6E,10x)-10,11-dihydroxy-2,6-farnesadienoate (16).
Among the alkaloids, palmatine (10), triphyllin B (13), inte-
gerrenine (14), daphnoline (18), zizyphine A (19), mucronine B
(20), adlupone (22), 2′-norberbamunine (28), and haplophytine
(35) were identifed. Steroid-related compounds detected in-
cluded sitosteryl ester (29), ergosterol acetate (34), stigmasteryl
ester (38), stigmastan-3,5-diene (39), conicasterol B (40), and
stellasterol (42). The triterpenoids comprised theasapogenol A
(21), salannin (26), and 24-norursa-3,12-diene (37), while ses-
quiterpenes included artesunate (9), 11α-acetoxykhivorin (15),
oleandolide (25), and thapsigargin (33). The identifed favo-
noids were 3-hydroxy lidocaine glucuronide (6), cappariloside A
(8), and toonacilin (27). Additionally, several other compounds
were detected, including 3-O-trans-feruloyleuscaphic acid (24)
from the phenolic group, 3-(2,5-dimethoxyphenyl)propanoic
acid (3), and 4-methoxycinnamic acid (5) from the carboxylic
and cinnamic acid group; hydroxyphthioceranic acid (C43) (31)
and linoleic acid (32) from the fatty acid group; 1,3,8-trihydroxy-
4-methyl-2,7-diprenylxanthone (36) from the xanthone group;
and erythrinasinate A (41) from the coumaric acid group.

3.3 | Efect of L. decumana Biocellulose Dressing
on Wound Size and Appearance

Over the 14-day observation period, wound diameter decreased
progressively in all treatment groups from an initial size of 6 mm.
This reduction was observed in untreated wounds as well as in
wounds treated with biocellulose alone or biocellulose combined
with LDE. During the early phase (Days 1–7), no statistically
signifcant diferences in wound diameter were detected among
groups. On Day 3, wound diameters were 5.97� 0.09 mm (un-
treated), 5.06� 0.76 mm (blank biocellulose), and 5.97� 0.09
mm (biocelluloseþ LDE). Morphological evaluation at this time
point revealed the presence of pus and exudate in all wounds
(Figure 4).

By Day 7, wounds treated with biocellulose plus LDE exhibited
a trend toward smaller wound diameter (4.41� 0.82 mm) and
reduced exudate compared with wounds treated with

Bacterial infection

Wound induction

A: Extract
B: Untreated
C: Control

Proliferative phase

Histological analysis
A: S. epidermidis
B: S. aureus
C: P. aeruginosa

Treatment Maturation phase

Day 0 Day 1 Day 2 Day 3 Day 7 Day 11

Inflammatory
phase

A B C

FIGURE 2 | The scheme of experimental protocols.
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biocellulose alone (5.13� 0.77 mm) or left untreated (5.06�

0.76 mm). However, these diferences were not statistically sig-
nifcant. By Day 11, extract-treated wounds appeared visually
drier and showed a signifcantly smaller wound diameter
(3.00� 0.61 mm) than untreated wounds (4.44� 0.73 mm;
Tukey’s HSD, p = 0.024) and wounds treated with biocellulose
alone (4.58± 0.51 mm; Tukey’s HSD, p = 0.014).

Wound-healing rates are summarized in Table 2. Overall group
diferences in percentage wound closure were signifcant on days
11 and 13 (one-way ANOVA, p = 0.010 and p = 0.009, re-
spectively). Post hoc analysis confrmed that wounds treated with
biocellulose plus LDE achieved signifcantly greater healing
compared with untreated wounds, reaching 50.00± 0.61% clo-
sure by Day 11 (Tukey’s HSD, p = 0.024) and 67.71± 0.43% by
Day 13 (Tukey’s HSD, p = 0.026). Notably, complete wound
closure was observed in one rat from this treatment group by Day
15. In contrast, untreated wounds andwounds treated with blank
biocellulose showed lower healing percentages by Day 13
(36.15± 1.10% and 30.38± 0.82%, respectively), with complete
wound closure occurring only by Day 19.

3.4 | Efect of L. decumana Biocellulose Dressing
on Wound-Histopathological Changes

Histopathological examination using HE staining in Figure 5
revealed severe infammation in all wounds by Day 3, charac-
terized by a substantial presence of infammatory cells, partic-
ularly neutrophils, along with a few macrophages. By Day 7, the
infammatory response was still evident, though slightly reduced,
especially in untreated wounds and wounds treated with blank
biocellulose. Wounds treated with biocellulose containing LDE,
however, showed a signifcant reduction in infammation. At this
stage, signs of proliferation were observed, with fbroblasts be-
ginning to populate the wound surface. A thin collagen layer had
also begun to form. Nevertheless, by Day 11, untreated wounds
still exhibited some infammatory response, though its intensity
had diminished. The proliferative phase was beginning, although
re-epithelialization was not yet pronounced. In wounds treated
with blank biocellulose, the number of infammatory cells had
decreased, and both proliferation and re-epithelialization were

underway. In contrast, wounds treated with biocellulose plus
LDE showed the most advanced maturation and re-
epithelialization, with a thicker collagen layer, and epithelial
tissue started to develop.

Masson’s trichrome staining revealed limited granulation tissue
in untreated wounds, even after 11 days postinduction (Figure 6).
In wounds treated with blank biocellulose, collagen deposition
was prominent; however, re-epithelialization was absent due to
ongoing infammation. Conversely, wounds treated with
L. decumana–fortifed biocellulose displayed established re-
epithelialization, although the collagen layer remained
comparatively thin.

4 | Discussion

Plant-based therapies are increasingly recognized for their
therapeutic potential in wound care. Known to produce a distinct
itching sensation when applied to the skin, L. decumana has been
used empirically for centuries as a pain reliever for conditions
such as muscle aches and wound-related discomfort. Toxico-
logical assessments of L. decumana have also demonstrated its
safety in oral administration at a certain dose [16], supporting its
potential for broader medicinal use. In this study, the wound-
healing efcacy of L. decumana in biocellulose dressings was
evaluated in polymicrobial-infected wounds.

4.1 | L. decumana Efects on Wound-Healing
Process

This study demonstrates that LDE incorporated into a bio-
cellulose dressing signifcantly enhances wound healing in
a polymicrobial-infected rat model. Although no marked dif-
ferences were evident during the early infammatory period (Day
3), wounds treated with L. decumana showed accelerated wound
contraction from Day 11 onward, accompanied by reduced ex-
udate and earlier wound drying. These fndings are consistent
with previous reports, demonstrating that topical application of
L. decumana signifcantly promotes acute wound healing, par-
ticularly during the proliferative and maturation phases [14].
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FIGURE 3 | Chromatogram of the EtOH leaf extract of L. decumana in negative ion mode obtained by UPLC-QTOF-MS.
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During the proliferative phase (Day 7), untreated wounds and
those treated with blank biocellulose displayed persistent in-
fammatory cell infltration, indicating delayed resolution of
infammation. This prolonged infammatory response is likely
attributable to the polymicrobial infection, as infammation in
normal wound healing typically resolves within 2–5 days [17].
Polymicrobial wounds are frequently complicated by bioflm
formation, in which microorganisms embedded within a pro-
tective extracellular polymeric matrix evade host immune de-
fenses and antimicrobial agents, thereby prolonging
infammation [18]. In contrast, wounds treated with LDE
showed a marked reduction in infammatory cells, suggesting

more efcient infammatory resolution. While infammatory
mediators were not directly quantifed in this study, prior reports
indicate that crude ethanolic extracts of L. decumana exhibit
COX-2 inhibitory activity, suppression of IL-6, and moderate free
radical scavenging capacity [9, 19, 20], which may contribute to
the observed histological improvements. In addition, the anti-
bacterial activities of Laportea extract reported in other studies
[21, 22] may support microbial control in infected wounds and
potentially facilitate the resolution of the infammatory phase.

The wound-healing efcacy observed in this study likely arises
from the combined actions of multiple phytochemicals present in
L. decumana. Botanical extracts rich in polyphenols, favonoids,
and triterpenoids are known to promote wound repair through
coordinated antioxidant, anti-infammatory, and antimicrobial
mechanisms, with therapeutic efects often attributed to syner-
gistic interactions rather than a single active compound [23, 24].
Furthermore, the use of biocellulose as a delivery matrix may
have enhanced these efects by improving local retention and
bioavailability of the extract while providing a moist, protective
environment [23].

4.2 | Phytochemical Constituents of L. decumana
and Their Potential Contribution

The UPLC-Q-TOF/MS analysis revealed several bioactive com-
pounds with antimicrobial, antioxidant, and anti-infammatory
properties, supporting the potential use of the EtOH extract as
a wound-healing agent.

Antimicrobial activity. A range of compounds with anti-
microbial properties was detected in the EtOH extract of
L. decumana leaf. Palmatine (10), integerrenine (14), and
mucronine B (20) have been reported to exert antibacterial
efects [25–27]. Sitosteryl ester (29) and stellasterol (42) have
also been linked to antibacterial activity [28, 29], while stig-
masteryl ester (38) exhibits both antibacterial and antifungal
properties [30, 31]. Additionally, favonoids such as cappar-
iloside A (8) and toonacilin (27) possess antimicrobial efects
[32, 33], while salannin (26) shows broad-spectrum antimi-
crobial activity [34]. Furthermore, carboxylic and cinnamic
acids, including 3-(2,5-dimethoxyphenyl)propanoic acid (3)
and 4-methoxycinnamic acid (5), also contribute to antimi-
crobial efects [35, 36].

Anti-infammatory activity. Several compounds identifed
in the extract demonstrate anti-infammatory potential, which
is essential for modulating the wound-healing process. Al-
kaloid palmatine (10) and 2′-norberbamunine (28) have
demonstrated anti-infammatory properties, with the latter
known for suppressing nitric oxide, a key infammatory me-
diator [25, 37]. In addition to anti-infammatory efects,
artesunate (9) and 11α-acetoxykhivorin (15) also exhibit
antiparasitic and anticancer properties [38–41]. Meanwhile,
steroid stigmastan-3,5-diene (39) and stellasterol (42) [29, 42],
as well as favonoids cappariloside A (8) and toonacilin (27),
may further enhance the extract’s anti-infammatory potential
[32, 33].

Antioxidant activity. Oxidative stress plays a critical role in
delaying wound healing, making antioxidants valuable in the
treatment process. Several compounds were identifed with
antioxidant activity. Salannin (26) and stigmasteryl ester (38)
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FIGURE 4 | Wound diameter (mm) of untreated wounds and wounds
treated with biocellulose (BC) with or without Laportea decumana extract
(LDE) on Days 3, 7, and 11. Data are presented as mean� SD (n= 5 per
group). Statistical analysis was performed using one-way ANOVA followed
by Tukey’s HSD post hoc test. ∗p < 0.05 compared with untreated and BC-
only groups. Representative wound images are shown.
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have demonstrated antioxidant potential [31, 34]. Ergosterol
acetate (34) has been shown to reduce the levels of radical oxygen
species, thereby reducing cell damage [43, 44]. Another com-
pound, 24-norursa-3,12-diene (37), has also been found as the
major component in Ochradenus arabicus essential oil. This
compound was believed to contribute to the plant’s potent an-
tioxidant activity [45].

Wound-healing potential. Beyond antimicrobial, anti-
infammatory, and antioxidant efects, some compounds have
been directly linked to wound healing. Corchoionoside B (2)
enhances fbroblast proliferation, a key factor in tissue re-
generation [46]. Conicasterol B (40) has been shown to provide
cellular protection, which may contribute to tissue repair [46].

Rebaudioside B (1) has been reported to reduce infammation
and apoptosis in lung ischemia–reperfusion injury [47]. Hap-
lophytine (35) activates protein kinase C alpha (PRKCA), a key
enzyme involved in regulating cell growth, migration, and an-
giogenesis, thereby promoting faster wound closure and im-
proved healing [48]. Artesunate (9) reduces hypertrophic scar
formation by inhibiting excessive collagen and fbroblast pro-
liferation, thereby enhancing wound healing [49].

The presence of multiple bioactive compounds with antimi-
crobial, anti-infammatory, and antioxidant properties sup-
ports the therapeutic potential of LDE as a wound-healing
agent. Consistent with this, our previous study demonstrated
that topical application of L. decumana ethanolic extract
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FIGURE 5 | Microscopic photograph of wounds with diferent treatments on Days 3, 7, and 11 using hematoxylin and eosin staining. Black arrows
represent infammatory cell infltration; yellow arrows represent proliferation of fbroblast; green arrow represents re-epithelization. Pictures were
taken with 10x and 40x magnifcation.

TABLE 2 | The rates of wound healing with diferent treatments.

Treatments
Percentage of healing (%)

Day 1 Day 3 Day 5 Day 7 Day 9 Day 11 Day 13
Untreated 0.0� 0.00 0.56� 0.09 11.67� 0.64 15.63� 0.76 22.92� 0.71 26.04� 0.73 36.15� 1.10
BC only 0.0� 0.00 1.11� 0.15 12.08� 0.75 14.58� 0.77 17.08� 0.77 23.61� 0.51 30.38� 0.82
BCþ LDE 0.0� 0.00 0.56� 0.09 17.22� 0.74 26.46� 0.82 38.33� 0.93 50.00� 0.61∗ 67.71� 0.43∗

p value 1.00a 0.809a 0.361a 0.099b 0.072b 0.010b 0.009b

Note: Data are presented as mean� SD (n= 5 per group). p values indicate overall group diferences at each time point determined by aKruskal–Wallis test or bone-way
ANOVA. When overall diferences were signifcant, pairwise comparisons were performed using Tukey’s HSD post hoc test.
∗p < 0.05 for BC+ LDE compared with untreated wounds and BC only treatment in post hoc analysis.
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signifcantly reduced IL-6, a key proinfammatory cytokine
involved in infammation [9]. Moreover, the extract has been
shown to enhance fbroblast activity, supporting collagen
synthesis and tissue remodeling in acute wounds [14]. The
present study further demonstrates its efcacy in infected
wounds, suggesting a dual role in infection control and tissue
repair. While these fndings are limited to a preclinical model,
practical considerations such as sterilization compatibility
and formulation stability warrant further evaluation prior to
clinical translation.

4.3 | Limitations of the Study

This study has several limitations that should be acknowledged.
First, although UPLC-QTOF/MS enabled high-confdence, pu-
tative identifcation of bioactive compounds in LDE, compound
annotation was based on accurate mass, isotopic pattern, and
database matching without confrmation using authentic refer-
ence standards or NMR analysis. Therefore, the identifed
compounds should be considered tentative and warrant further
validation. Second, while biocellulose was prepared using

a validated and standardized protocol, detailed physicochemical
characterization of the dressing, including thickness, porosity,
and water retention capacity, was not quantitatively assessed.
These parameters may infuence dressing performance and
should be systematically evaluated in future studies. Third, no
in vitro antibacterial or anti-infammatory assays were performed
to directly validate the antimicrobial or immunomodulatory
activities of the LDE or the biocellulose-based formulation; thus,
the observed wound-healing efects are based on healing out-
comes and warrant further mechanistic investigation. Fourth,
a formal dose–response analysis was not performed, as only
a single extract concentration was incorporated into the bio-
cellulose dressing. Consequently, the optimal therapeutic dose
and concentration–efect relationship remain to be determined.
Finally, while the within-animal design minimized interanimal
variability and animal use, potential local or systemic cross-
infuences between wounds may represent a methodological
limitation that should be considered when interpreting the
results.

5 | Conclusion

In conclusion, the 4% LDE-fortifed biocellulose dressing im-
proved wound-healing outcomes in the polymicrobial-infected
rat model, with statistically signifcant enhancement observed at
later stages of healing. Histopathological and morphological
fndings suggest that LDE may support tissue repair by pro-
moting fbroblast infltration and accelerating re-
epithelialization. UPLC-Q-TOF/MS analysis tentatively identi-
fed 42 compounds, predominantly alkaloids, steroids, triterpe-
noids, sesquiterpenes, and favonoids, several of which are
reported to possess anti-infammatory, antimicrobial, and anti-
oxidant properties.

These fndings suggest that L. decumana–loaded biocellulose
dressings may serve as a bioactive approach to support healing in
infected wounds. Nevertheless, further studies are required to
elucidate the underlying mechanisms, optimize dosing, and
evaluate safety and efcacy across diferent wound models to
better defne their translational potential.
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