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Abstract: Wound healing is the restorative process of skin or tissue injury, composed of the inflam-
matory, proliferative, maturation, and remodeling phases. The current study aimed to examine the
efficacy of ASPP 092 (a well-characterized diarylheptanoid from Curcuma comosa Roxb) in modulat-
ing wound healing. Full-thickness excision wounds were made in rats and treated with either ASPP
092 (dose: 1 mg/mL and 2 mg/mL) or mupirocin (bioequivalent formulation). A control group
treated with the vehicle (gel base) was also maintained. The healing efficacy of ASPP 092 was eval-
uated based on gross appearance, wound closure, and histopathology on days 3, 7, and 12 post-
wounding. The expression of cyclooxygenase-2 (COX-2) among the groups was also determined on
day 3 post-wounding. Our results suggest that ASPP 092 treatment accelerated wound healing, as
evidenced by rapid wound closure, re-epithelialization, and granulation of tissue formation with
fewer inflammatory cells. More fibroblasts, collagen fibers, and blood vessels originated with re-
duced COX-2 expression in the wounds, demonstrating the anti-inflammatory potential of ASPP
092 in experimental wounds. In conclusion, our findings, for the first time, preliminarily identified
the potential of ASPP 092 in accelerating wound healing; however, more detailed studies on its

mechanism of action in wound healing are required.
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1. Introduction

Wound healing is the normal body process in which the skin or tissues are repaired
after an injury. It is mechanistically a highly regulated process that can be differentiated
into three overlapping and interdependent phases: inflammatory, proliferative, and mat-
uration and remodeling [1-3]. The key factors and processes of skin wound healing were
recently reviewed [4]. After a blood vessel injury, the initial inflammatory phase forms a
clot through platelet degranulation to attain homeostasis. The blood vessels then dilate,
allowing the inflammatory cells to mantle the wound area at the inflammatory phase. The
tissue regeneration process at the inflammatory phase initiates wound healing, where an
intermediate immunomodulatory mechanism determines the recovery period [5]. The
growth factors and cytokines involved in the inflammatory phase initiate the signals to
activate the fibroblasts and keratinocytes at the proliferation phase, where re-epitheliali-
zation, angiogenesis, and granulation occur. Later, the collagen forms networking to
tightly cross-link the cells, increasing the tensile strength of the tissue around the wound
area and scar formation [6,7].
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In chronic wounds, different harmful bacterial species were reported to place a mi-
crobiota environment at the wound site that causes damage to the host [8], which may
lead to delayed healing. Topical antimicrobial agents were divided into disinfectants, an-
tiseptics, and antibiotics, where only antiseptics and antibiotics were applied to the living
wound [9]. The topical application of these antimicrobial agents was found to be more
beneficial than systemic antimicrobial agents in the case of wounds due to their higher
absorption in the skin [9]. Mupirocin is an established antibiotic used to treat chronic
wounds [10]. Several well-established studies used mupirocin as a standard reference
drug to evaluate the efficacy of new molecules, natural compounds, and their derived
compounds in experimental wound-healing models [11-13]. In a recent study, other than
the antibacterial action, it was reported to stimulate the growth factors and proliferation
of human keratinocytes for skin regeneration [14].

Curcuma comosa Roxb. (C. comosa) is a native Asian plant commonly seen in Thailand,
Indonesia, and Malaysia. This plant belongs to the Zingiberaceae family, which has been
popularly used in Thai traditional medicine for treating postpartum uterine bleeding [15]
with well-characterized estrogenic activity in both in vitro and in vivo models [16-18].
The phenolic and nonphenolic composition of C. comosa was isolated [17,19], where its
diarylheptanoid, ASPP 092 exhibited antioxidant properties [20]. Recently, we identified
the anti-inflammatory properties of ASPP 092 in an ear edema model in mice [21]; the
current study aimed to investigate the efficacy of ASPP 092 in the inflammatory phases of
wound healing.

2. Materials and Methods
2.1. Animals

Six-week-old female Wistar rats with an average weight of 180-200 g were obtained
from the National Laboratory Animal Center, Mahidol University, Salaya Campus, Na-
khonpathom Province, Thailand, and were housed at a controlled temperature (25 + 2 °C),
the humidity of 65%, and a 12 h light/dark cycle. The animals were allowed free access to
standard rat chow and water ad libitum. The experimental protocol was approved by
Siriraj Animal Care and Use Committee (SIACUC), Faculty of Medicine Siriraj Hospital,
Mahidol University, Thailand (No. SI-ACUP 012/2555).

2.2. Experimental Wound Procedures, Treatments, and Sample Collection

Rhizomes of C. comosa were procured from the Nakhorn Pathom Province in Thai-
land (Voucher Number: SCMU No. 300). The diarylheptanoid of C. comosa, ASPP 092
[(35)-1-(3,4-dihydroxy-phenyl)-7-phenyl-(6E)-6-hepten-3-ol] was isolated as previously
described [19] and its structure is represented in the Figure 1. The purity of the compound
used in the study was >98%, determined by HPLC. The isolated compounds were mixed
with a gel base (5% sodium carboxy-methyl-cellulose solution, 14% glycerin as emollient
and moisturizer, 0.1% w/w methyl-paraben, and 0.02% propyl-paraben for preservation)
before being applied to the animals. Two different concentrations of ASPP 092, including
1 mg/mL (n = 12) and 2 mg/mL (n = 12), were tested with the reference drug (mupirocin)
at 8 mg/mL (n =12). A group of rats with no reference drug or ASPP (092 was also main-
tained as the control group (n = 12). Four animals from each group were sacrificed with
an overdose of pentobarbital sodium on days 3, 7, and 12 post-wounding.

OH
N OH
OH

Figure 1. Structure of ASPP 092 [7-(3,4-dihydroxy-phenyl)-5-hydroxy-1-phenyl-(1E)-1-hepten]; mo-
lecular weight: 298.38.
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2.2.1. Punch Wound Procedure in Rats

On the day of the experiment (day 0), the animals were anesthetized by intraperito-
neal injection of pentobarbital sodium (Nembutal®, Akorn Pharmaceuticals, Gurnee, IL,
USA) at a dosage of 50 mg/kg body weight. The dorsal aspect of the upper part of the rats
was shaved using an electric clipper and disinfected with 70% alcohol. A 6 mm diameter
skin biopsy punch (Acuderm Inc., Ft. Lauderdale, FL, USA) was induced to create full-
thickness wounds under aseptic conditions and photographed. Each animal had four
wounds, with two on each side.

2.2.2. Wound Treatment in Rats

Wound sites on each animal were labeled and applied topically with the gel base
(control), mupirocin (reference drug), and ASPP 092 at both 1 mg/mL and 2 mg/mL (test
compound at two different dosages). After that, the wounds in each animal were covered
with Urgoderm No. 1681 (URGO, Chenove, France) hypoallergenic dressing retention
sheet and adhesive non-woven fabric (Fixomull, Hamburg, Germany). Then the Neotape
(BEC-VET, Thailand) was used to prevent Urgoderm and non-woven fabric from slipping
and sutured tightly to the skin with silk, U.S.P. 2/0. The wound-induced animals were
sacrificed with an overdose of pentobarbital sodium on days 3, 7, and 12 post-wounding.
The wounds were observed and photographed at different time intervals. Then the
wound tissues were removed and stored in a solution containing paraformaldehyde for
histological evaluation.

2.3. Quantification of Wound Contraction

Primarily, all the wound sites were labeled after the punch and photographed (day
0). Furthermore, on days 3, 7, and 12, the same wound sites were again photographed at
the same position. The same digital camera (Panasonic Lumix DMC-FX78, Osaka, Japan)
was used to capture the photographs in a fixed position on days 0, 3, 7, and 12 to eliminate
technical errors. The changes in the size of wound areas were quantified by the Motic
Image plus 2.0 program of the stereoscope and expressed as the percentage of wound
contraction (or wound healing) using the formula:

wound area day 0-wound area days (3/7/12)

% wound healing = wound area day 0

2.4. Histopathology

The experimental rats were sacrificed under anesthesia using an overdose of pento-
barbital sodium (Nembutal®) on days 3, 7, and 12 post-wounding. The wound tissues on
these indicated days were harvested, fixed in 4% paraformaldehyde overnight, dehy-
drated through the graded alcohol, embedded in paraffin, cut into 4 um thicknesses, and
mounted onto slides. The serial sections were deparaffinized and stained with hematoxy-
lin—eosin. The histopathological changes in wound healing were then evaluated in terms
of epithelial proliferation, granulation tissue formation and organization, and newly
formed capillaries under a light microscope.

2.5. Analysis of Wound Re-Epithelialization

Re-epithelialization in the experimental wounds was investigated using a previously
established protocol [22]. Briefly, the hematoxylin-and-eosin-stained slides were posi-
tioned in a microscope stage and underwent a computer-assisted morphometric analysis.
The wound areas with restored epithelium were analyzed from the dermal to the epithe-
lial edge. The images for each experimental animal were obtained and analyzed. The data
obtained were expressed as mean + standard error of the mean.
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2.6. Immunohistochemistry

Paraffin-embedded wound sections on days 3, 7, and 12 were deparaffinized, rehy-
drated, and antigen retrieval was conducted by microwave heating in 10 mM sodium cit-
rate buffer (pH 6.0) for 15 min, and then the endogenous peroxidase activity and nonspe-
cific reaction blocked for 5 min. Tissue sections were incubated with (1:100) anti-COX-2
polyclonal antibody (ab15191, Abcam, Cambridge, UK) as primary antibody in a humid-
ified chamber overnight at 4 °C, washed with PBS, and then incubated with the secondary
antibody solution (HRP anti-rabbitantibody; Cat No. 31460, Dako Laboratories, Glostrup,
Denmark) for 1 h, washed with PBS. Sections were detected of immunoreactivity with a
solution containing 0.1 M 3, 3'-diaminobenzidine (DAB) in 0.05 M Tris-buffered saline
(TBS) with 0.5 mL H20:2 (3%) DAB solution (Dako Laboratories, Glostrup, Denmark ) for
5 min and the reaction terminated with distilled water. The sections were counterstained
with hematoxylin. The analysis of immunohistochemical staining was assessed by light
microscopy. COX-2 expression was stained brownish.

2.7. Statistical Analysis

The data were expressed as means + standard error of the mean and analyzed using
one-way ANOVA followed by Bonferroni's test. p < 0.05 was considered to be statistically
significant.

3. Results
3.1. ASPP 092 Treatment Improved Wound Healing in Rats

The experimental wounds were visually examined and photographed at the indi-
cated time intervals, including the initial day of the wound represented as day 0 (Figure
2A), day 3 (Figure 2B), day 7 (Figure 2C), and day 12 (Figure 2D) post-wounding. The
experimental rats maintained good health over the study period, with no observable in-
fection in the wound area. Significant changes in the wound sizes in rats treated with
ASPP 092 and mupirocin were observed on days 3 and 7 post-wounding (Figure 2B,C).
The changes in the wound sizes upon treatment with ASPP 092 at both 1 mg/mL and 2
mg/mL were dose-dependent. On day 7, neither ASPP 092- or mupirocin-treated rats ex-
hibited any signs of inflammation in gross appearance (Figure 2D). Although the mupi-
rocin-treated rats showed a significantly higher improvement than the ASPP 092-treated
rats on both days 3 (Figure 2B) and 7 (Figure 2C), the wounds of all groups of rats were
found to be closed entirely on day 12, with the entire epidermis and keratin formation
(Figure 2D).

Mupirocin (mg/mL)
ASPP 092 (mg/mL)
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Figure 2. The morphological changes in the wounds when the experimentally induced wounds were
treated with mupirocin or ASPP 092 at concentrations of 1 mg/mL and 2 mg/mL. A vehicle control
group was also maintained. The effect of these treatments at different time points, including (A)
Day 0, (B) Day 3, (C) Day 7, and (D) Day 12, are represented.

3.2. ASPP 092 Treatment Improved Wound Contraction in the Experimental Rats

The average percentages of wound contraction in the experimental rats were calcu-
lated based on the data obtained on days 3, 7, and 12 that were then compared with the
observations on day 0. On day 3, the percentage wound contractions were found to be
26.03 £ 3.08, 39.29 + 4.44, 31.41 + 3.5, and 36.92 + 4.69 in the control, mupirocin-treated,
ASPP 092 (1 mg/mL), and ASPP 092 (2 mg/mL) groups, respectively (Figure 3A). More
significant improvements in the wounds were found on day 7 (Figure 3B). Specifically,
the wound area was significantly reduced in the mupirocin-treated and ASPP 092-treated
groups of rats. On day 7, the wound contractions were increased to 50.33 + 5.2, 75.05 +
1.81, 64.04 £ 4.26, and 67.42 + 3.88 in the control, mupirocin-treated, ASPP 092 (1 mg/mL),
and ASPP 092 (2 mg/mL) groups, respectively (Figure 3B). However, on day 12, the
wound-healing process progressed in all groups of rats. The wound contractions were
found to be 84.57 +3.12, 88.2 +1.77, 85.15 + 3.39, and 87.44 + 2.5 in the control, mupirocin-
treated, ASPP 092 (1 mg/mL), and ASPP 092 (2 mg/mL) groups, respectively (Figure 3C).
We found significant wound contractions in the experimental rats treated with either
mupirocin or ASPP 092 on days 3 and 7; however, no substantial changes in wound con-
traction were observed on day 12, suggesting the potential of ASPP 092 in speeding up
the early phases of healing of the experimental wound in rats.
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Figure 3. Percentage of wound healing at different time intervals. The experimentally induced
wounds were treated with either mupirocin or ASPP (092 at concentrations of 1 mg/mL and 2
mg/mL. A vehicle control group was also maintained. The percentage of wound healing at different
time points, including (A) Day 3, (B) Day 7, and (C) Day 12, are represented. The data obtained for
each time point are represented as mean + SEM. * p < 0.05 was considered to be statistically signifi-
cant.
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3.3. ASPP 092 Improved the Histopathology in the Wound Area

Histopathology analysis of the wound area tissues in the mupirocin- and ASPP 092-
treated rats was compared with the control group. The wound-healing process for the
inflammatory, proliferative, and maturation and remodeling phases was characterized at
different time points (days 3, 7, and 12) in the wound (Figure 4).

Mupirocin (mg/mL)
ASPP 092 (mg/mL)

Figure 4. Histopathological observations in the wounds treated with ASPP 092. The experimentally
induced wounds were treated with either mupirocin or ASPP 092 at concentrations of 1 mg/mL and
2 mg/mL. A vehicle control group was also maintained. Histopathology sections of the wounds
stained with hematoxylin and eosin (H&E) at different time points, including days 3, 7, and 12, were
conducted and represented (arrow, wound margin; Bv, blood vessel; Co, collagen fibers; Der, der-
mis; Epi, epidermis; Ke, keratin; *, inflammatory cells; x100).

On day 3 (Figure 4), the experimentally induced wounds treated with either mupiro-
cin or ASPP 092 displayed significant retention in the inflammatory phase overlapping
the initiation of the proliferative phase. The wound gaps were found to be established
with an accumulation of hemorrhagic fibrin clots (scabs) with a migratory tongue of epi-
dermal cells (epithelial cells) under the scabs. The signs of re-epithelialization in all the
wounds originated; however, a well-established epidermal layer was only observed in the
mupirocin- and ASPP 092-treated wounds compared to the control groups. In the dermal
layer, the fewest signs of inflammatory cells, including mast cells, macrophages, and neu-
trophils, were seen with abundant granular tissues, including fibroblasts and collagen.
Moreover, angiogenesis was also seen in the wounds treated with either Mupirocin or
ASPP 092; however, the degree of angiogenesis in the control group was found to be less.
This finding suggests the remarkable changes on day 3 when the experimental wounds
were treated with different concentrations of ASPP 092. Interestingly, a higher grade of
improvement in the wounds was observed with the highest dosage of ASPP 092 (2
mg/mL) and mupirocin.

On day 7 (Figure 4), the proliferation stage overlapped with the initiation of the mat-
uration and remodeling phase in mupirocin and ASPP 092 at different concentrations in
a dose-dependent manner. The epidermal layer exhibited higher proliferation on day
seven than on day 3 in mupirocin and to varying concentrations of ASPP 092. A continu-
ous incomplete epidermal layer was observed under the scab in the control wounds.
Moreover, a thick epidermis migration toward the central area was observed in the mupi-
rocin- and ASPP 092-treated groups compared to the control group. In the dermal region,
the control wound displayed inflammatory cells; however, they were found to be compa-
rably less in the mupirocin and to varying concentrations of ASPP 092 treatment. In addi-
tion, fewer fibroblasts, collagen fiber, and newly formed blood vessels were seen in the
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control group. However, the mupirocin and varying concentrations of the ASPP 092 treat-
ment wound groups revealed the most intense granulation tissue composed of more fi-
broblasts, and collagen fiber from the edges of the wound migrated into the central area
with newly formed blood vessels.

On day 12 (Figure 4), all the experimental wounds had shrunk and were in the mat-
uration and remodeling phase of wound healing. All the experimental wounds exhibited
a covered epidermis (neoepithelium) on the wound surface with the stratum basale, stra-
tum spinosum, stratum granulosum, and stratum corneum. At the stratum corneum, the
keratin on the superficial surface of the epidermis had already been generated. The mupi-
rocin- and ASPP 092-treated groups presented higher thicknesses of the epidermis and
more columnar appearances than the control group. In the dermal layer, all the wounds
showed dense, irregularly arranged connective tissue, as in normal dermis, which had
collagen bundles, hair follicles, and new blood vessels. However, the mupirocin- and
ASPP 092-treated wounds were more extensively developed than the control-treated
wound.

In conclusion, the wound-healing process was faster at the different stages in mupi-
rocin- and ASPP 092-treated wounds than in control wounds. The treatment with either
mupirocin or ASPP 092 at 2 mg/mL dosage effectively healed the experimental wounds
with a consistent scar formation, where the fewest inflammatory cells were observed. In
addition, fibroblast synthesis (fibroplasia), collagen synthesis, angiogenesis (neovascular-
ization), and re-epithelialization were prominent in the wounds treated with either mupi-
rocin or ASPP 092 at 2 mg/mL dosage.

3.4. ASPP 092 Improved the Re-Epithelialization in the Experimental Wounds

Re-epithelialization in the experimental wounds was analyzed using morphometric
analysis (Table 1). A higher epithelial migration was found in the mupirocin- and ASPP
092 (2 mg/mL)-treated wounds. The re-epithelial regeneration was higher on day 7 com-
pared to day 3 in the mupirocin- and ASPP 092-treated groups. In comparison with the
day 7 observations of both concentrations of ASPP 092, including 1 mg/mL and 2 mg/mL,
a higher grade of re-epithelialization was seen in ASPP 092 at a 2 mg/mL concentration.

Table 1. Re-epithelialization in the experimental wounds at different time intervals. The experimen-
tally induced wounds were treated with either mupirocin or ASPP 092 at concentrations of 1 mg/mL
and 2 mg/mL. A vehicle control group was also maintained. Re-epithelialization in the wounds was
calculated and expressed as percentage changes. The analyzed data are represented as mean + SEM.
*p < 0.05 was considered to be statistically significant.

Groups of Experimental Re-Epithelialization (%)
Wounds Day 3 Day 7 Day 12
Control Group 27.43 +3.92 81.6+5.32 100
Mupirocin (8 mg/mL)-treated 47.65+1.89 100 * 100
ASPP 092 (1 mg/mL)-treated 37.38 £2.69 * 88.22 +4.52 100
ASPP 092 (2 mg/mL)-treated 43.14+2.87 * 100 * 100

3.5. ASPP 092 Reduced the Cyclooxygenase-2 (COX-2) Expressions in the
Experimental Wounds

Immunohistochemical staining with COX-2 antibody was conducted to preliminarily
evaluate the anti-inflammatory potential of ASPP 092 in the experimental wounds (Figure
5). Our result suggests that signs of inflammation occurred in both the epidermal and
dermal compartments. A higher expression of COX-2 was found in the basal keratino-
cytes, inflammatory cells, and stromal cells. The COX-2-expressed keratinocytes were in-
tegrated into the newly formed epithelium near the wound margin. The COX-2 positive
cells were expressed in keratinocytes on the stratum basale and suprabasal layer of the
stratum spinosum of the developing epidermal tongue (neoepithelium) near the wound
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margin. The wounds treated with ASPP (092 displayed fewer inflammatory cells (dark
brown nuclei) on the basal layer of the epidermis and dermis, whereas control wounds
showed higher COX-2 positive cells. The higher COX-2 expression in the control group
suggests delayed wound closure. Our results preliminarily indicate that ASPP 092 may
accelerate wound repair by exerting its anti-inflammatory properties.

Mupirocin (mg/mL) - 8.0
ASPP 092 (mg/mL) - - 1.0 2.0

Figure 5. COX-2 expressions in the experimentally induced wounds treated with ASPP 092. The
experimentally induced wounds were treated with either mupirocin or ASPP 092 at concentrations
of 1 mg/mL and 2 mg/mL. A vehicle control group was also maintained. Immunohistochemistry
analysis was conducted to estimate the COX-2 expressions in the experimental wounds. Im-
munostaining for COX-2 (dark brown nuclei) in the epidermis and dermis of rat skin wounds on
day 3 is represented. The density of COX-2 positive cells on stratum basale and lower part of stratum
spinosum, fibroblasts, and endothelial cells of new vessels are also shown (Bv, blood vessel; Der,
dermis; Epi, epidermis; *, inflammatory cell; x200).

4. Discussion

In traditional medicine, herbal formulations were widely used to treat various dis-
ease conditions, which has been comprehensively reviewed [23,24]. In the traditional
healthcare system, Curcuma comosa is one of the herbal formulations reported to show
several effects [25]. Diarylheptanoids isolated from Curcuma comosa have become popular
due to their various activities in treating diseases; however, their oral administration ex-
hibits a short half-life [26]. In leukemic cell lines, the cytotoxicity and antiproliferative ef-
fects of the diarylheptanoids isolated from C. comosa were previously established [27]. Re-
cently, one of the popular diarylheptanoids, ASPP 092, isolated from C. comosa, was
shown to exhibit neuronal protection against hydrogen-peroxide-induced toxicity via nrf-
2 activation [28]. In an experimental model, ASPP 092 moderated the inflammatory cyto-
kines and improved ethyl-phenylpropionate (EPP)-induced inflammation [21]. The cur-
rent study identified that ASPP 092 could accelerate wound healing, modulating the
stages of wound healing in rats. Our findings were consistent with the recently identified
compounds of natural origin [29,30], which can moderate wound-healing processes in
rats.

The signaling molecules and regeneration patterns in wound healing have been com-
prehensively reviewed [4]. The different phases of skin wound healing and various as-
pects of skin wound care and regeneration have previously been explained [31]. The cur-
rent study was designed to evaluate the therapeutic potential of ASPP 092 at different
phases of experimentally induced wound care management. When the wounds were
treated with ASPP 092, the granulation tissue formation was accompanied by markedly
fewer inflammatory cells. In addition, more fibroblasts, collagen fibers, and newly gener-
ated blood vessels were seen. These effects may be due to the anti-inflammatory and an-
tioxidant properties of ASPP 092, which needs validation.

The extract of C. comosa and its diarylheptanoid was reported to suppress the release
of pro-inflammatory cytokines such as interferon-gamma (INF-y), interleukin-4 (IL-4), tu-
mor necrosis factor a (TNF-a), and interleukin- 13 (IL-1§) [32], and the expression of in-
ducible nitric oxide synthase (iNOS) and cyclooxygenase 2 (COX-2) [33]. Inflammatory
cytokines were reported to contribute to the imbalance of redox status in various diseases
[34]. The ethanolic extract of C. comosa and its diarylheptanoids displayed antioxidant
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properties by modulating the superoxide dismutase (SOD), decreasing the production of
kidney malondialdehyde (MDA), increasing glutathione (GSH) content, and restoring
glutathione peroxidase (GPx) activities in mice with cisplatin-induced nephrotoxicity [20].
The diarylheptanoids (ASPP 092 and ASPP 049) of C. comosa were also reported to protect
against hydrogen-peroxide (H202)-induced oxidative stress by modulating the lipid pe-
roxidation that causes cell death in human retinal pigment epithelial (ARPE-19) cells [28].
In addition, these diarylheptanoids were identified as increasing the antioxidant enzymes,
including glutathione peroxidase, superoxide dismutase, and catalase [35]. However, in
the current study, wound healing was assessed only by wound closure analysis, histo-
pathology, and an inflammatory marker (COX-2 expression), which requires a more com-
prehensive evaluation of the inflammatory cytokines and antioxidants in the experimental
wounds treated with ASPP 092.

Histopathology findings suggest that ASPP 092 treatment enhanced the healing by
re-epithelialization and wound contraction, which causes an increase in tensile strength.
A higher concentration of ASPP 092 (2 mg/mL) accelerated wound healing, though it was
not as effective as the mupirocin antibiotics. This may be due to several factors affecting
the wound-healing process, including oxygenation, infection, and stress. A better under-
standing of these factors may lead to a better experimental therapeutics design that could
improve wound healing [36].

COX-2 was reported to be a crucial marker for inflammation [37]. The structure-ac-
tivity relationship (SAR) of different COX-2 inhibitors was previously reviewed [38]. The
SAR among the diarylheptanoids isolated from the barks of Alnus japonica Steudel dis-
played that the keto-enol group in the heptane moiety or a caffeoyl group in the aromatic
ring were vital for its inhibitory activities on COX-2 production [39]. However, in the case
of the diarylheptanoids obtained from Curcuma xanthorrhiza, the presence of diene ketone
ensured better skin-penetrating properties [40]. In the case of the diarylheptanoids iso-
lated from the Curcuma comosa for its estrogenic activity, a keto group at C3 and an absence
of hydroxyl moiety in the ring B were reported to be essential [16]. Molecular docking
studies determined that the presence of 3-hydroxy--aryl-alkanoic acid class was the most
potent group exhibiting the highest inhibition of COX-2 when orally administered in ani-
mals [41]; interestingly, they were structurally similar to ibuprofen, which is in the class
of nonsteroidal anti-inflammatory drugs (NSAID).

We preliminarily evaluated the COX-2 expressions in the ASPP 092-treated wounds
using an immunohistochemistry analysis in the current study. The ASPP 092-treated
wounds displayed fewer inflammatory and COX-2 positive cells in the epidermal and
dermal layers. This result was consistent with the previous studies stating that another
diarylheptanoid of C. comosa, ASPP 049, reduces the COX-2 expressions to exert the anti-
inflammatory potential [33]. In another study, ASPP 092 was reported to reduce the ex-
pression of COX-2 in an experimentally induced inflammation model in mice [21]. Our
results were consistent with several natural compounds, showing that COX-2 is an estab-
lished marker to preliminarily identify the anti-inflammatory potential of compounds [42]

5. Conclusions

ASPP 092 accelerates the healing in experimentally induced wounds; however, its
potential in acute injuries may need more experimentation. Our study identified that
ASPP 092 modulates inflammation and influences the different phases of wound healing,
which are limited to the preliminary histopathology observations. Further studies on the
effect of ASPP 092 on the inflammatory cytokines and factors contributing to the inflam-
matory signals in the wounds need thorough investigation.
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