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ABSTRACT

Background. Soft tissue wounds are common in the oral cavity and can be treated with various medicines. Several 
conventional treatments aid in wound healing; however, some are expensive and have side effects. Consequently, 
natural products and their components have been studied for their potential wound-healing properties. An example 
of this is coconut oil, which is often credited with various health benefits and contains lauric acid as its primary fatty 
acid component. Lauric acid has been shown to possess anti-inflammatory, antioxidant, and antibacterial properties; 
however, its effect on wound healing has yet to be explored.

Objective. The study aimed to determine the effect of lauric acid on the healing of experimentally induced soft tissue 
wounds on the buccal mucosa of Sprague-Dawley rats.

Methods. Forty-eight male Sprague-Dawley rats were randomly assigned to one of three main groups and subjected 
to a wounding procedure using a 4 mm diameter punch biopsy instrument, followed by daily application of a topical 
material. The vehicle control group (n = 16) received hydroxyethyl cellulose gel (HEC); the experimental group (n = 16) 
received lauric acid gel (LA); and the positive control group (n = 16) received 0.2% hyaluronic acid gel (HA). The three 
main groups were further divided into four subgroups and randomly assigned to an experimental time point (day 3, 7, 
14, 21). Soft tissue wound healing at each time point was evaluated using the Healing Index (HI), by computing the 
Percentage Area Reduction (PAR), and through histological examination. Statistical analyses were performed using 
the Kruskal-Wallis test and post-hoc Dunn’s test. 

Results. HI scores within the three main groups and across different experimental time points showed a significant 
difference (p<0.05); however, the HI of subgroups assigned to the same experimental time point was not statistically 
different. PAR and HHS results showed no significant difference between the LA and HA groups. 

Conclusion. Lauric acid promotes healing of soft tissue wounds on the buccal mucosa of Sprague-Dawley rats.
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INTRODUCTION

Soft tissue wounds are relatively common in the oral 
cavity, leading to pain, discomfort, swelling, or infection.1 
These wounds can result from tooth brushing, chewing food, 
or even during dental treatment, and they may sometimes 
heal improperly.2 When the oral mucosa is injured, the body 
responds immediately with bleeding and an inflammatory 
response, followed by healing that involves various cellular 
and molecular mechanisms.3

Healing of oral wounds may be influenced by factors 
such as saliva, oral bacteria, and mouth movement, and some 
of these wounds may experience delayed or impaired healing 
and do not respond adequately to conventional treatment, 

eISSN 2094-9278 (Online)
Published: August 15, 2026
https://doi.org/10.47895/amp.v60i15.14036
Copyright: The Author(s) 2026

Corresponding author: Christian Noel E. Paghubasan, DDM
Department of Clinical Dental Health Sciences
College of Dentistry
University of the Philippines Manila
Pedro Gil St. cor. Taft Ave., Ermita, Manila 1000, Philippines
Email: cepaghubasan@up.edu.ph
ORCiD: https://orcid.org/0009-0000-7218-0133

VOL. 60 NO. 15 2026118

ORIGINAL ARTICLE



posing a greater challenge for treatment and management.4,5 
Wounds in the oral mucosa can be treated with various 
topical medicines.6 While several conventional treatments 
exist to aid in wound healing, some of these medications can 
be relatively expensive and may have reported side effects.7 
Currently, there is increasing interest in exploring natural 
compounds for their potential wound-healing properties.8 
One such example is coconut oil, with its lauric acid content 
often cited as a reason for its health benefits.9 Many studies 
highlight the positive health benefits of using coconut oil; 
however, only a limited number of studies regarding the 
effects of lauric acid are available. 

Lauric acid, which contributes to a significant portion 
of fatty acids in coconut oil (approximately 50%), has been 
reported to possess anti-inflammatory, antioxidant, and 
antibacterial properties.3,10,11 However, its effect on the 
healing of soft tissue wounds in the oral cavity has not yet 
been studied. Therefore, this preliminary in vivo study aimed 
to determine if lauric acid affects the healing of soft tissue 
wounds on the buccal mucosa of Sprague-Dawley rats and 
potentially establish its value as an oral wound-healing 
medication.

MATERIALS AND METHODS

Lauric Acid Gel Preparation	
Lauric acid in solid, white, crystalline form was procured 

from a GMP-certified and FDA-accredited local chemical 
supplier. Other chemicals and components of the topical 
formulation were locally available and purchased from a 
private chemical laboratory. The lauric acid gel was prepared 
in a GMP-certified chemical laboratory in Laguna using the 
fusion method, in which hydroxyethyl cellulose (HEC) was 
dissolved in a mixture of distilled water, glycerin, EDTA, 
sodium benzoate, and sorbitol. Lauric acid, comprising 10% 
of the formulation, and PEG-40 stearate were gradually 
added to the base and continuously stirred at 79-82 °C until 
homogeneous. The gel formulation was placed in a small, 
transparent, airtight glass container, allowed to set at room 
temperature, and stored away from direct sunlight. After 
24 hours, a physicochemical evaluation of the semi-solid 
formulation was performed (Table 1). 

Relative viscosity was estimated by performing a spread-
ability test via a parallel plate method. Results showed a 
mean spread diameter (MSD) of 4.15 ± 0.05 cm, indicating a 
smaller spread or a slightly higher viscosity than the gel base 
(MSD = 4.75 ± 0.03 cm). A sterility test was also performed 
through direct inoculation of the material into the Fluid 
Thioglycollate medium (FTM). After the 14-day incubation 
period, turbidity was not observed in the culture medium, 
confirming the sterility of the prepared formulation.

A hydroxyethyl cellulose (HEC) gel base for the vehicle 
control group was prepared using components procured from 
a private chemical laboratory, while 0.2% hyaluronic acid 
(HA) gel (Gengigel®), serving as the positive control, was 
purchased from the official local dental distributor.

Animals
Based on an a priori sample size computation (effect size 

= 0.5124, power = 0.823, α = 0.05), the minimum required 
sample size was 4 animals per subgroup per experimental 
time point, corresponding to 16 animals per treatment group, 
with a total of 48 animals for the entire study. 

Forty-eight (48) male Sprague-Dawley rats aged 8-10 
weeks and weighing 150-200 g were obtained from a Bureau 
of Animal Industry-accredited facility. Prior to and following 
transport, the health status of all animals was verified by a 
licensed veterinarian based on a Body Conditioning Score 
(BCS)of 3 and the presence of intact buccal mucosa.12,13 At 
the study site, the licensed veterinarian randomly selected the 
rats from the transport cage and placed them in groups of 
four, housing them in unlabeled polypropylene cages (92 in2 
floor area, 7 in height) with stainless steel wire covers and 
separate compartments for food and water. An autoclaved 
paper tube was provided in each cage for enrichment.14 A 
cereal-based fixed formula (soy, wheat, corn) was provided 
daily at approximately 10% of body weight, and distilled 
water was given ad libitum. Conditions were maintained 
at 18–26 ± 2 °C, 40–60% humidity, under a 12:12 light-
dark cycle.15 All animals underwent a 7-day acclimatization 
period before experimentation. 

Sampling
After the 7-day acclimatization period, systematic 

random sampling was conducted by one of the researchers 
to assign the animals to their groups and experimental time 
points. The home cages were randomly labeled with a number 
from 1 to 12, and an online number list randomizer was used 
to rearrange numbers 1 to 12. The first 4 numbers on the 
list were assigned to the vehicle control group, the next 4 
numbers to the experimental group, and the last 4 numbers 
to the positive control group. To randomize the home cages 
further, the groups were rearranged from the lowest to the 
highest number and were finally assigned a letter-number 
code: A1 to A4 for the vehicle control group, B1 to B4 for 
the experimental group, and C1 to C4 for the positive control 
group. In addition, to easily identify an individual rat within 

Table 1.	Physicochemical Evaluation 
of 10% Lauric Acid Gel

Parameter Result(s)

Form Semi-solid, gel

Color White, off-white

Texture Smooth, non-grainy

Appearance No visible grains or lumps

Consistency Smooth, homogeneous

pH 6.8-7.2
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the group, a line was placed on its tail using a colored, non-
toxic marker. 

Treatment Groups
The animal groups were also assigned to specific 

experimental time points (Day 3, 7, 14, and 21). Animals 
in the A1, B1, and C1 groups were assigned for Day 3 and 
were scheduled for sacrifice three days later; Groups A2, B2, 
and C2 were set for Day 7, scheduled to be sacrificed 7 days 
after wounding. The A3, B3, and C3 groups were sacrificed 
14 days after wounding, while the A4, B4, and C4 groups, 
designated for Day 21, were sacrificed 3 weeks following 
the wounding procedure. 

Experimental Procedure
To ensure standardization, a single researcher performed 

anesthesia administration, wounding procedure, and topical 
material application. The researcher responsible for these 
procedures was blinded to the subgroups and treatment. 

 
Wounding Procedure

Anesthesia was induced via intraperitoneal injection 
with a mixture of 25 mg Tiletamine and 25 mg Zolazepam 
(Zoletil® 50) at 20 mg/kg.16 The mouth was opened and 
secured with sanitized elastic bands, exposing the right buccal 
mucosa. Disinfection with 5 mL of 0.12% Chlorhexidine 
Gluconate for 30 seconds, then a 6 x 6 mm area was marked 
with a surgical skin marker pen. A wound was created with 
a 4.0 mm diameter, 0.5 mm depth tissue punch to obtain a 
cylindrical tissue sample (Figure 1-A0, B0, C0), which was 
separated with a No. 15 blade.17-19 The wound was allowed 
to bleed and was exposed to air and saliva for 2 minutes 
without intervention, then irrigated with 5 mL of 0.9% NSS, 
dampened, and compressed using a sterile gauze with firm 
pressure until the wound bed was clean and clearly visible. 
Wound dimensions were immediately measured and verified 
using a UNC-15 periodontal probe.

Application of Lauric Acid and Other Topical Materials
The control group received HEC gel base, the experi-

mental group received lauric acid gel, and the positive control 
group received 0.2% hyaluronic acid. After drying the 
wound area with sterile gauze, a pea-sized amount (approxi-
mately 0.036 grams) of topical medicament was applied to 
each animal’s wound to adequately cover the area.20 After 
application, the animal was fasted for 30 minutes to maximize 
contact time, placed in a temporary cage over a heating pad 
for monitoring and recovery before being returned to its 
home cage where it was provided with the standard diet 
and water. 

Daily Application of Topical Material
Visual examination of the soft tissue wound, measure-

ment of the animal’s weight, and observation of the animal’s 
general condition were performed daily to monitor post-

wounding recovery and before reapplication of the topical 
materials. The animals were sedated each day using an intra-
peritoneal injection of ketamine (40-100 mg/kg) combined 
with xylazine (5-10 mg/kg).21 This procedure was repeated 
daily until the designated experimental time point was 
reached. Animals not scheduled for sacrifice on day 3, as 
well as those randomly selected to remain until the end of 
the experiment (day 21), received the anesthetic mixture for 
21 days.

Animal Sacrifice and Tissue Sample Collection
Animals were sacrificed at designated time points via 

cervical dislocation. Buccal mucosa samples were collected 
using an 8 mm punch biopsy, fixed in 10% buffered formalin, 
embedded in paraffin, sectioned at 5 μm, and stained with 
hematoxylin and eosin (H&E). 

Wound Healing Assessment
Two (2) independent examiners assessed soft tissue 

wound healing using three methods: the Healing Index (HI), 
Percentage Area Reduction (PAR), and Histologic Healing 
Score (HHS). Prior to the wound evaluation, the examiners 
underwent a calibration process through discussion and review 
of the clinical and histologic evaluation criteria to ensure 
consistent scoring and interpretation. The calibration included 
evaluation of photographs and representative histologic slides 
of unwounded buccal mucosa from the animals to standardize 
the interpretation of normal tissue architecture and wound 
healing features. To minimize observer bias, the examiners 
were blinded to the treatment groups and experimental time 
points during assessment. Evaluation of clinical photographs 
and microscopic slides for wound healing was performed 
using coded samples and images, which were decoded only 
by one of the researchers.

Clinical assessment of the soft tissue wound was 
performed at the experimental time points using the Healing 
Index developed by Landry, Turnbull, and Howley.22 Each 
soft tissue wound was assessed using the following clinical 
parameters: tissue color, bleeding on palpation, granulation 
tissue, incision margin, and suppuration. Each parameter 
was rated on a scale from 1 to 5, with 1 indicating very poor 
healing and 5 denoting excellent healing.

Digital planimetry was also used to measure and calculate 
the total wound area in each animal.23 Wound images were 
captured using a mirrorless digital camera with a 30 mm 
f/2.8 macro lens, mounted on a tripod to ensure consistent 
distance and angle relative to the right buccal mucosa. A 
UNC-15 periodontal probe served as a reference scale. 
Images were taken in triplicate, and the best-quality image 
was selected for evaluation. The wound margin was traced 
using the digital image of the wound using the Freehand 
Selections tool in ImageJ software. After tracing, the Measure 
option was selected to obtain values for the wound area (in 
mm²). The measurement was repeated three times for each 
image to obtain an average value, which was subsequently 
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used to calculate the Percentage Area Reduction (PAR) for 
each animal. To calculate the PAR, the wound area at the 
designated experimental time point was subtracted from its 
measurement at day 0. The resulting value was then divided 
by the initial wound area and multiplied by 100 to express it 
as a percentage.

Histological evaluation was performed using a modified 
scoring method by Sultana et al., where the histological 
healing score (HHS) was derived by summing the scores 
from the four histological parameters of wound healing: the 
amount of granulation tissue and inflammatory infiltrates, 
and the orientation and arrangement of collagen fibers.24 
Total scores were categorized as good (9 – 12), fair (5 – 8), 
and poor (<5). 

Statistical Analysis
Descriptive statistics were used to summarize the data. 

To determine whether lauric acid has an effect on soft tissue 
wound healing and to analyze the results of the wound 
healing assessment methods in all groups, the Kruskal-Wallis 
test was utilized. Due to the non-normal distribution of data, 
a non-parametric test was used for data analysis, followed 
by a post-hoc Dunn’s Test. A p-value of less than 0.05 was 
considered statistically significant.

Ethical Considerations
The study was conducted with approval from the 

Institutional Animal Care and Use Committee, University of 
the Philippines Manila (Protocol No. 2024-007). 

RESULTS

Reliability Tests
A Cohen’s kappa (κ) analysis was performed to deter-

mine inter-reliability between the two examiners for each 
wound healing assessment method. The results showed 
strong agreement across all evaluation parameters (HI, κ = 
0.925; PAR, κ = 0.955; HHS, κ = 0.911), confirming the 
reliability and accuracy of the data used. Additionally, the 
test statistics (HI = 6.450; PAR = 399; HHS = 10.7) and 
p-values (<0.001) suggested sufficient evidence to conclude 
that the level of agreement is statistically significant at the 
0.05 level of significance.

Healing Index (HI)
Table 2 showed that all animals in the A1 subgroup had 

an HI score of 1, indicating very poor healing, whereas only 
one rat in each of the B1 (Rat 2) and C1 (Rat 1) subgroups 
received the same score. The subgroups randomly assigned 
to day 7 (A2, B2, and C2) achieved a majority score of 2, 
with an equal distribution among the three treatment 
groups. Furthermore, the B2 and C2 subgroups had the same 
number of animals with HI scores of 2, 3, and 4. The animals 
randomly selected for day 14 had HI scores of 4, while only 
one rat in the group received a score of 3 (Rat 2). In particular, 
all rats from the B3 and C3 subgroups received an HI score 
of 4, indicating very good wound healing. The majority of 
the HI scores received by the animals in subgroups A4, B4, 
and C4 were also 4. Additionally, two rats from the B4 (Rat 
1 and Rat 3) and C4 (Rat 4) subgroups received the highest 
index (HI = 5).

Table 2.	Summary of Healing Index (HI) Results and Kruskal-Wallis Test of Different 
Treatment Groups

Treatment 
Group

Sub-
group

Healing Index
Test 

statistic 
(H)

p-valueE1
Rat 
1

E2
Rat 
1

E1
Rat 
2

E2
Rat 
2

E1
Rat 
3

E2
Rat 
3

E1
Rat 
4

E2
Rat 
4

HEC A1 1 1 1 1 1 1 1 1 14.12 0.0027*
A2 1 1 2 2 3 2 2 2
A3 4 4 3 3 4 4 4 4
A4 4 4 4 4 3 4 3 4

LA B1 2 2 2 1 2 2 1 1 12.18 0.0068*
B2 3 3 2 2 4 4 2 2
B3 4 4 4 4 4 4 4 4
B4 5 5 4 4 5 5 4 4

HA C1 2 1 2 2 1 1 2 2 11.85 0.0079*
C2 2 2 2 2 3 3 4 4
C3 4 4 4 4 4 4 4 4
C4 4 4 4 4 4 4 5 5

*Statistically significant at p <0.05

Table 3.	Dunn’s Test (with Bonfer-
roni Correction) for Multiple 
Pairwise Comparisons on HI 
Subgroups

Sub-
groups

HI

Test statistic 
(Z) p-value

A1 vs. B1 -1.177 0.239

A1 vs. C1 -1.177 0.239

B1 vs. C1 0.000 1.000

A2 vs. B2 -1.471 0.141

A2 vs. C2 -1.471 0.141

B2 vs. C2 0.00 1.000

A3 vs. B3 -0.588 0.556

A3 vs. C3 -0.588 0.556

B3 vs. C3 0.00 1.000

A4 vs. B4 -1.177 0.239

A4 vs. C4 -0.588 0.556

B4 vs. C4 0.588 0.556
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The Kruskal-Wallis test showed a significant difference 
among the HI scores of the treatment groups; however, it 
also revealed that the HI scores of the subgroups assigned 
to the same experimental time point were not significantly 
different. A post-hoc Dunn’s test analysis (Table 3) further 
confirmed that there were no differences in HI scores among 
the specified subgroups.

Percentage Area Reduction (PAR)
The A1 subgroup (Figure 1-A1) achieved a mean PAR 

of 37.24% ± 13.31 (Table 4), the lowest in both its treatment 
group and among all subgroups. The B1 (Figure 1-B1) and 
C1 (Figure 1-C1) subgroups also recorded the lowest mean 
PAR scores in their respective treatment groups. Although 
these scores remain higher than those of A1, statistical 
analysis using the Kruskal-Wallis test showed no significant 
differences in mean PAR among these subgroups. 

The subgroups A2, B2, and C2 (Figures 1A2, B2, and 
C2) exhibited a higher mean PAR than those assigned to 
the previous experimental time point. At this point, the 
subgroups had a mean PAR of more than 50%, indicating 
that the soft tissue wound had already decreased to more 
than half of its original size. Statistical analysis revealed 
that the mean PAR between subgroups B2 and C2 was not 
significant (g = 0.35, 95% CI [-0.59, 1.28]); however, there 
were significant differences between subgroups A2 and B2 
(g = 2.80, 95% CI [1.32, 4.28]), and A2 and C2 (g = 1.48, 
95% CI [0.29, 2.67]). 

By day 14, the soft tissue wounds of subgroup C3 (Figure 
1C3) were completely closed, while those in B3 remained 
slightly open (Figure 1-B3). In contrast, the wound margins 
of subgroup A3 were still visible (Figure 1-A3), resulting in a 
mean PAR of 79.62% ± 3.76. Dunn’s test (Table 5) indicated 
that subgroups A3 and B3 (g = 6.22, 95% CI [3.92, 8.52]), 

as well as A3 and C3 (g = 7.15, 95% CI [4.54, 9.77]), were 
statistically different from each other, while B3 and C3 were 
similar. 

Daily treatment on subgroups B4 (Figure 1B4) and C4 
(Figure 1C4) produced complete wound closure on day 21, 
while the soft tissue wound in subgroup A4 (Figure 1-A4) 
remained traceable and had a mean PAR of 88.45%. Based 
on post hoc Dunn’s test (Table 5), the treatment effect in 
subgroups A4 and B4, as well as A4 and C4, was significantly 
different (g = 6.55, 95% CI [4.14, 8.96]), whereas the 
difference between B4 and C4 was not significant.

Histologic Healing Score (HHS)
All animals in the A1 subgroup predominantly exhibited 

a mean score of 4.13 ± 0.35, indicating poor healing (Table 
6). At this experimental time point, the animals in both the 
lauric acid and hyaluronic acid-treated groups had the same 
score (HHS = 6), indicating fair wound healing. However, 
statistical analysis showed no difference among the scores of 
the three subgroups. 

On day 7, the HHS of subgroup A2 indicated fair wound 
healing, whereas the wounds in the experimental and positive 
control groups had already demonstrated good healing. A 
representative slide (Figure 2B) shows an ulcerated area with 
sparse collagen, an elevated epithelial area, and granulation 
tissue. A noticeable fibrinous area can be noted adjacent to 
the ulceration. In contrast, the soft tissue wound treated 
with LA exhibited early signs of remodeling and collagen 
deposition (Figure 2C). Table 7 also showed that the mean 
scores of subgroups A2 and C2 differed statistically (g = 5.92, 
95% CI [3.72, 8.12]), whereas those of subgroups B2 and 
C2 did not. 

The B3 and C3 subgroups both showed good wound 
healing, as evidenced by scant granulation tissue and fewer 

Table 5.	Dunn’s Test (with Bonferroni Correction) for Mul-
tiple Pairwise Comparisons on PAR Subgroups

Subgroups
PAR

Test statistic (Z) p-value

A1 vs. B1 -1.667 0.096

A1 vs. C1 -1.863 0.062

B1 vs. C1 -0.196 0.844

A2 vs. B2 -2.942 0.003*

A2 vs. C2 -2.353 0.019*

B2 vs. C2 -0.588 0.556

A3 vs. B3 -2.353 0.019*

A3 vs. C3 -2.942 0.003*

B3 vs. C3 -1.177 0.239

A4 vs. B4 -2.353 0.019*

A4 vs. C4 -2.353 0.019*

B4 vs. C4 0.000 1.000

*Statistically significant at p <0.05

Table 4.	Summary of Percentage Area Reduction (PAR) Results and 
Kruskal-Wallis Test of Different Treatment Groups

Treatment
Group

Sub-
group

PAR

Mean ± SD Test statistic (H) p-value

HEC A1 37.24% ± 13.31 12.18 0.0068*
A2 61.22% ± 6.83
A3 79.62% ± 3.76
A4 88.45% ± 1.67

LA B1 65.20% ± 18.61 10.96 0.0119*
B2 76.06% ± 2.11
B3 98.44% ± 1.21
B4 100.00% ± 0.00

HA C1 63.23% ± 11.07 10.40 0.0155*
C2 80.39% ± 16.50
C3 100.00% ± 0.00
C4 100.00% ± 0.00

*Statistically significant at p <0.05
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Figure 1.	 Macroscopic images from each group (HEC, LA, HA) at different experimental time points (Day 3, 7, 14, 21) were 
used for wound evaluation. HI and PAR results indicated visible changes and a reduction in wound area over time.
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Figure 2.	 Histologic sections (H&E, 10x/0.25 magnification) of specimens at different experimental time points. (A) 
No Wound; (B) HEC Day 7, (C) LA Day 7, (D) LA Day 14, (E) LA Day 21, (F) HA Day 14, (G) HA Day 21.
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inflammatory infiltrates histologically (Figures 2D and 2E); 
however, the mean histological score of the C3 subgroup 
was still higher than that of the B3 subgroup, although the 
difference was not statistically significant. Notably, the B3 
subgroup had a slightly lower mean histological score than 
the B2 subgroup (g = -0.05, 95% CI [-1.03, 0.93]). By 
contrast, the A3 subgroup showed fair wound healing, with a 
mean HHS of 6.00 ± 0.00, which differed significantly from 
that of the C3 subgroup.

On day 21, the animals assigned to the vehicle group 
consistently showed fair healing (HHS = 6.00 ± 0.00). In 
contrast, those in the experimental and positive control 
groups exhibited excellent wound healing and had a higher 
histologic score (HHS = 11.00 ± 0.00). A post hoc Dunn’s 
test further confirmed that subgroups A4 and B4, as well 
as A4 and C4, were statistically different. Representative 
histologic sections of B4 (Figure 2F) and C4 (Figure 2G) 
groups also demonstrated a reorganized, intact epithelium 
overlying a fibrous tissue, with decreased vascularity. In 
Figure 2G, however, a non-intact basement membrane was 
observed. The separation in the basement membrane from 
the epithelium, however, must be interpreted with caution 
as the wound appears to have good wound healing, and the 
separation may be a histologic processing-related artifact.23

Since there is no significant difference between sub-
groups B2 and C2, B3 and C3, and B4 and C4, it can be 
inferred that the effects of lauric acid and hyaluronic acid on 
soft tissue wound healing at specific experimental time points 
are histologically comparable.

DISCUSSION

The findings from this study suggest that lauric acid had 
a positive effect on soft tissue wound healing in Sprague-

Dawley rats. Results showed that subgroups treated with 
lauric acid had higher HI, PAR, and HHS values than 
subgroups without the active ingredient. However, the values 
observed in the lauric acid groups were not consistently 
higher than those of the hyaluronic acid groups at any 
point during the study. The findings also demonstrated no 
statistically significant difference between lauric acid and 
hyaluronic acid. Since no significant difference was observed 
between the experimental and positive control groups, these 
results indicate that the effect of lauric acid on soft tissue 
wound healing was clinically and histologically comparable 
to that of hyaluronic acid.

Soft tissue wounds in the oral cavity, like any other 
injury in the body, change over time as they pass through 
the different, yet overlapping, phases of healing.3,25 Many 
treatments are also designed to optimize the conditions for 
natural healing, thereby causing the wound to change and 
progress through the phases more quickly and effectively.26 
Healing in the oral mucosa is typically faster than in the 
skin, as the oral cavity has a rich vascular network that helps 
deliver essential nutrients and oxygen to the wound site, 
thereby accelerating the healing process, often without the 
need for additional medicinal intervention.27 However, the 
healing of oral wounds may be influenced by factors such as 
saliva, oral bacteria, and mouth movement.3,4 Some wounds 
in the oral cavity also experience delayed or impaired healing 
and do not respond adequately to conventional treatment, 
posing a greater challenge for treatment and management.5 
Therefore, there is a demand for methods and materials that 
can accelerate the healing process for all patients, whether 
they are immunocompromised or not.

Lauric acid, the naturally occurring fatty acid in coconut 
oil and a staple in many traditional Pacific and Asian diets, 
has been studied for its health benefits and potential use as 

Table 6.	Summary of Histological Healing Score (HHS) Results 
and Kruskal-Wallis Test of Different Treatment Groups

Treatment 
Group

Sub-
group

HHS

Mean ± SD Test statistic (H) p-value

HEC A1 4.13 ± 0.35 8.47 0.0372*
A2 6.00 ± 0.00
A3 6.00 ± 0.00
A4 6.00 ± 0.00

LA B1 6.00 ± 0.00 11.72 0.0084*
B2 9.50 ± 0.93
B3 9.56 ± 1.25
B4 11.0 ± 0.00

HA C1 6.00 ± 0.00 8.74 0.0330*
C2 10.63 ± 0.74
C3 11.00 ± 0.00
C4 11.00 ± 0.00

*Statistically significant at p <0.05

Table 7.	Dunn’s Test (with Bonferroni Correction) for Mul-
tiple Pairwise Comparisons on HHS Subgroups

Subgroups
HHS

Test statistic (Z) p-value

A1 vs. B1 -2.353 0.056

A1 vs. C1 -2.353 0.056

B1 vs. C1 0.000 1.000

A2 vs. B2 -2.941 0.003*

A2 vs. C2 -2.991 0.003*

B2 vs. C2 -1.275 0.202

A3 vs. B3 -2.991 0.003*

A3 vs. C3 -2.941 0.003*

B3 vs. C3 -1.177 0.239

A4 vs. B4 -2.353 0.017*

A4 vs. C4 -2.353 0.017*

B4 vs. C4 0.000 1.000

*Statistically significant at p <0.05
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a medicine; however, only a few studies, most of which are 
dermatological, have examined its topical effects at different 
concentrations.11,28-31  In this present study, the 10% lauric 
acid gel concentration was used based on safety conside- 
rations and preliminary formulation testing. Safety assess-
ments have reported that topical preparations containing 
1–19.4% lauric acid are within acceptable safe-use limits, 
providing a basis for evaluating concentrations within this 
range.32 Three concentrations (5%, 10%, and 15%) were 
initially formulated and evaluated for their physical properties. 
Among these, the 10% lauric acid gel demonstrated the most 
favorable characteristics, including a homogeneous and 
stable gel matrix, improved consistency, better spreadability, 
and uniform distribution of the active ingredient within 
the hydroxyethyl cellulose (HEC) base. In comparison, the 
5% formulation exhibited high viscosity, whereas the 15% 
formulation produced grainy, non-uniform dispersions, 
suggesting poor incorporation of lauric acid. Therefore, the 
10% concentration was selected for the bioassay because it 
provided sufficient stability, uniformity, and applicability 
for topical application.

Clinical and Macroscopic Wound Healing
Currently, several methods are used to assess the overall 

appearance of a wound at a macroscopic level, and one of the 
most commonly used is the Healing Index (HI) by Landry, 
Turnbull, and Howley. This 5-level scoring system quantifies 
wound healing, with higher scores indicating better healing.

The results of the study showed that the HI score of 
the experimental (LA) group was consistently higher than 
that of the vehicle control (HEC) group. Even at different 
experimental time points, the scores obtained by the subgroups 
in the LA group were higher, and on certain days, resembled 
those of the positive control (HA) subgroup. However, 
statistical analysis showed that the HI scores of subgroups 
at the same experimental time point but receiving different 
treatments revealed no significant differences. This indicated 
that, at a macroscopic level, soft tissue wound healing was 
similar across the groups at the same experimental time point, 
regardless of the treatment.

The clinical appearance of wounds can vary based on 
factors such as the type, location, depth, and severity of 
the injury.33 It changes over time because it directly reflects 
the body's natural healing process and possibly the effects 
of therapeutic interventions. However, in the early stages, 
they often look similar because the inflammatory phase, 
which begins within 24 hours of the injury, can last for up 
to two weeks.34 In this study, since healthy animals were 
used and the healing index (HI) was based only on the visual 
appearance of the wound, any treatment not potent enough to 
significantly impact the healing process would appear similar 
to the control group. Although the LA and HA groups were 
expected to exhibit better HI scores, the effect of lauric acid 
was probably too small to produce a statistically significant 
difference.

The absence of significant differences in Healing Index 
(HI) scores across experimental time points may reflect 
the inherent limitations of HI as a clinical assessment 
tool. HI primarily evaluates wound characteristics such 
as color, the presence or absence of granulation tissue, and 
epithelialization, making it less sensitive to subtle biological 
and structural changes within the healing tissue. Moreover, 
the semi-quantitative and ordinal nature of the scoring system 
may not capture minor treatment-induced improvements 
detectable with more sensitive methods. Another factor that 
may have contributed to the HI results across treatment 
groups was the use of two independent calibrated examiners 
for wound assessment. Although calibration was performed 
to improve scoring consistency, subtle differences in 
interpretation may have arisen when evaluating the different 
clinical wound parameters. When the soft tissue wounds 
exhibited only minor visible differences, both examiners may 
have assigned similar scores despite underlying biological 
variations in tissue healing. Therefore, the lack of significant 
differences in HI scores across subgroups of the same 
experimental time point does not necessarily indicate an 
absence of the effect of lauric acid on wound healing. Rather, 
the findings suggest that treatment-related improvements in 
wound contraction and tissue architecture were more readily 
detected by histologic and quantitative assessments than by 
gross clinical examination alone.

On the other hand, the HI scores of subgroups within 
the same treatment group at different experimental time 
points were equal to or higher than those at the previous 
time point and showed statistically significant differences, 
demonstrating that wound healing varied across experimental 
time points and aligns with the well-established, predictable 
phases of wound healing. In this study, day 3 corresponded 
to the inflammatory phase, during which the wound site 
was characterized by erythema, edema, and the presence 
of exudates. Accordingly, HI scores were lower at this time 
point, particularly in the HEC group. By day 7, clinical signs 
of inflammation had begun to subside, and the appearance 
of granulation tissue indicated a transition toward the 
proliferative phase. Although HI scores remained relatively 
low, they were higher than observed on day 3, indicating 
progression in the wound healing process. Finally, days 14 
and 21 corresponded to the proliferative and early maturation 
phases of healing, during which the wound surface became 
fully epithelialized, erythema progressively diminished, 
and the newly formed tissue increasingly resembled the 
surrounding oral mucosa. These clinical improvements were 
reflected by higher HI scores, particularly in the LA and 
HA groups, indicating enhanced wound healing and tissue 
maturation over time.

Wound contraction has been widely recognized as a 
key component of both cutaneous and oral wound healing, 
as it facilitates a reduction in wound size.35 In addition to 
contributing to physical wound closure, it serves as an 
important clinical parameter for evaluating the progression 
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of healing and for assessing the therapeutic effects of inter-
ventions.36 Previous reports have suggested that quantifying 
wound contraction after four weeks of treatment provides a 
reliable estimate of healing potential, with a 50% reduction in 
wound area at this time point often considered a meaningful 
indicator of favorable healing outcomes.37 In this study, 
Percentage Area Reduction or PAR was used as a clinical 
parameter of wound healing; that is, the greater the PAR, the 
greater wound healing effect is observed. 

Soft tissue wounds, such as oral aphthous ulcers, 
typically heal naturally within a few days; however, complete 
resolution of larger lesions may require up to six weeks 
or longer.38 In this study, the HEC group did not achieve 
complete wound closure by the end of the third week. In 
contrast, the LA group demonstrated a progressive reduction 
in wound area, with approximately 55% PAR observed 
by day 3, 98% by day 14, and complete closure by day 21. 
Notably, the hyaluronic acid-treated group exhibited an even 
more pronounced effect, achieving 100% PAR as early as 
the second week, indicating more rapid wound contraction 
compared with the other treatment groups. 

Several studies have demonstrated that hyaluronic acid 
enhances oral wound healing through multiple mechanisms, 
including modulation of inflammation, antimicrobial activity, 
maintenance of a moist wound environment, and promotion 
of re-epithelialization.39-42 These effects collectively facilitate 
faster tissue repair and more organized epithelial coverage of 
the wound surface. Similarly, lauric acid has been reported 
to possess anti-inflammatory and antimicrobial properties 
and to accelerate epithelial wound closure by enhancing 
the proliferation and migration of keratinocytes and other 
cells at wound margins, thereby promoting the more rapid 
re-establishment of the epithelial barrier and accelerating 
the wound healing process.43 In this study, the absence of a 
statistically significant difference in PAR between the lauric 
acid and hyaluronic acid groups suggests that both treatments 
exerted comparable effects in promoting soft tissue wound 
healing and contraction. This finding also implies that lauric 
acid may exhibit a similar wound healing effect to that of 
hyaluronic acid, at least in terms of macroscopic wound 
reduction.

Histologic Wound Healing	
Histologic examination is a valuable method for assessing 

wound healing because it enables direct visualization of 
cellular and tissue-level changes that are not readily detectable 
by gross clinical observation.2 It provides detailed information 
on inflammatory cell activity, fibroblast proliferation, collagen 
deposition, angiogenesis, and epithelial organization, thereby 
enabling a more sensitive evaluation of the wound healing 
process.44 In this study, the histologic state of the wound 
was assessed using the Histologic Healing Score (HHS), a 
scoring system that evaluates key parameters, specifically the 
amount of inflammatory infiltrates and granulation tissue, 
and the pattern and orientation of collagen fibers.45,46 

Successful wound healing is reflected by decreased 
inflammatory cell infiltration and granulation tissue, and more 
aligned, uniform collagen fibers, indicating the transition 
from active inflammation to tissue repair and maturation.47 

Inflammatory cells like neutrophils and macrophages are 
typically involved in the inflammatory phase of wound 
healing.5 These cells gather at the wound site, and once the 
wound is cleared of pathogens and damaged tissue, the cells 
release chemical mediators, signaling the next phase of wound 
healing.48 Granulation tissue, characterized by the presence 
of new blood vessels, fibroblasts, and collagen, forms and 
increases during the proliferative phase. In general, a decrease 
in the amount of granulation tissue is considered indicative 
of improved progression toward the remodeling phase of 
wound healing, as mature healing tissue is characterized by 
reduced cellular proliferation and increased organization 
of the extracellular matrix.2,49 Evaluation of collagen fiber 
pattern and orientation also served as an indicator of the 
degree of tissue maturation and remodeling during the later 
stages of wound healing, as more organized and well-aligned 
collagen fibers reflect improved structural integrity of the 
newly formed tissue. 2,50 

The study demonstrated an increase in Histologic 
Healing Score (HHS) over time, indicating progressive 
wound healing across all groups. From day 0 (Figure 2A) 
until day 21, wounds treated with LA and HA consistently 
exhibited higher scores than the HEC group, reflecting 
a relative reduction in inflammatory cell infiltration and 
granulation tissue formation. Statistical analysis further 
revealed that the LA and HA groups were comparable to 
each other across the evaluated histologic parameters, while 
both differed significantly from the HEC group. In contrast, 
evaluation of collagen fiber pattern and orientation showed 
no statistically significant differences among the treatment 
groups, suggesting a similar degree of collagen organization 
and maturation across all interventions. 

Studies on lauric acid have reported that its antimicrobial 
property positively affects wound healing by reducing 
the bacterial load and helping maintain a relatively clean 
environment necessary for the healing process.51 In addition, 
its aseptic and regenerative effects have been shown to further 
support the healing process by modulating inflammatory 
responses and promoting tissue regeneration.52 Histologically, 
these effects are expected to manifest as a decrease in 
inflammatory cell infiltration.

It was also consistent with the findings of a recent review, 
which reported that lauric acid demonstrated excellent 
healing and promoted cell migration and proliferation of 
human gingival fibroblasts.29 From a histologic perspective, 
these may be reflected by increased fibroblast activity within 
the wound bed, contributing to more rapid granulation 
tissue formation in the early proliferative stage, as well as 
re-epithelialization.

Similar to lauric acid, hyaluronic acid is an important 
bioactive compound used in many therapeutic applications, 
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particularly in wound management.53,54 Notably, some of its 
biological effects are comparable with those of lauric acid, 
which may help explain why the HHS observed between 
the two treatment groups is statistically similar, particularly 
from days 7 and 21. Although existing studies suggest that 
lauric acid can also help reduce inflammation and recruit 
inflammatory cells to the wound site, which are likewise 
attributed to hyaluronic acid, its direct influence on wound 
healing at a histological level remains less extensively 
characterized and still requires further investigation.29,55 

The present study examined the effect of lauric acid on 
soft tissue wound healing in Sprague-Dawley rats at both 
clinical and histological levels; however, immunological and 
biochemical parameters associated with soft tissue wound 
healing were not assessed. In addition, the experiment was 
limited to 21 days; therefore, the long-term effects and 
stabi-lity of lauric acid gel remain unexamined. The study 
also investigated a single formulation, specifically a gel 
containing 10% lauric acid; thus, other concentrations were 
not studied, and the optimal therapeutic dose for wound 
healing remains to be determined. Furthermore, additional 
quality control tests, such as acute toxicity, mucoadhesion, 
pharmacological profiling, and drug release kinetics, are 
recommended to fully support the findings of this study and 
to validate and strengthen the applicability of the formulation 
for clinical use. 

Given that the findings from this study indicate a 
positive effect of lauric acid on soft tissue wound healing and 
considering that it comprises the majority of the fatty acids 
in coconut oil, the results of this study may further contribute 
to the existing literature supporting the therapeutic effects of 
coconut oil and coconut-derived products. Moreover, future 
research may utilize the findings of this study to develop a 
lauric acid-based formulation as an alternative treatment 
for soft tissue wounds and other oral mucosal injuries in the 
human oral cavity.

CONCLUSION

The results indicated that the application of lauric acid 
has an effect and promotes healing of soft tissue wounds in 
the buccal mucosa of Sprague-Dawley rats. Furthermore, the 
healing of soft tissue wounds treated with lauric acid was 
comparable to that of hyaluronic acid, both clinically and 
histologically.
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