This article is distributed under the terms of the Creative Commons Attribution 4.0. International License (CC-BY 4.0).

Acta Dermatovenerologica
Alpina, Pannonica et Adriatica

20265;35:139-145
doi: 10.15570/actaapa.2026.27

Acta Dermatovenerol APA

Efficacy of topical polypeptide gel in accelerating early healing of
diabetic ulcers: a randomized controlled trial

Stella Gracia Octarica*™, Suci Widhiati*, Endra Yustin Ellistasari*, Indah Julianto?, Nugrohoaji Dharmawan?, Eva
Niamuzisilawati?

‘Dermatology and Venereology Department, Faculty of Medicine, Sebelas Maret University / Dr. Moewardi General Hospital, Surakarta, Indonesia.
2Department of Internal Medicine, Faculty of Medicine, Sebelas Maret University / Dr. Moewardi General Hospital, Surakarta, Indonesia.

Abstract

Introduction: Diabetic ulcer (DU) remains a major health problem with high morbidity and treatment cost. Effective, rapid, and af-
fordable treatment is essential for its management. Topical polypeptide gel has regenerative, angiogenic, and anti-inflammatory
properties that may accelerate wound healing. However, clinical evidence regarding effectiveness is limited.

Methods: A double-blinded randomized controlled trial was conducted involving 26 subjects with DU, randomly allocated into an
intervention group that received 7% topical polypeptide and a control group that received hydrocolloid gel. Wound healing was
assessed by measuring ulcer surface area reduction on days 7, 14, and 21 compared to baseline.

Results: The polypeptide gel group demonstrated significantly greater absolute ulcer size reduction on day 7 (p = 0.002) and day
14 (p = 0.004), whereas the difference in absolute area did not reach statistical significance on day 21 (p = 0.106). When healing
was expressed as the percentage of wound reduction from baseline, the polypeptide gel group showed significantly greater wound
closure at all three time points, including day 21 (day 7: 66.4% vs. 16.8%, p < 0.001; day 14: 83.3% Vs. 27.8%, p < 0.001; day 21:
92.7% Vs. 41.5%, p = 0.002), with large effect sizes.

Conclusions: Topical 7% polypeptide gel was associated with significantly greater reduction in diabetic ulcer surface area com-
pared with hydrocolloid gel. Although the difference in absolute area reduction did not reach statistical significance at day 21, the
relative reduction from baseline remained significantly greater in the polypeptide gel group at all three time points, indicating a

sustained healing advantage.
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Introduction

Diabetes mellitus (DM) is a metabolic endocrine disorder result-
ing from impaired insulin function, either due to absolute insu-
lin deficiency, known as type 1 DM, or insulin resistance, char-
acteristic of type 2 DM (1). Poorly controlled diabetes can lead to
a wide range of complications, among which diabetic ulcer (DU)
is among the most common. These ulcers typically develop due
to poor glycemic control, peripheral vascular disease, inadequate
foot care, and neuropathy. Without appropriate management, DU
can progress to osteomyelitis and even lower-limb amputation.
The most frequent sites of DU are areas of the foot exposed to
trauma and repetitive pressure (2).

Patients with DU require hospitalization more frequently than
those with other diabetic complications. The global annual in-
cidence of DU is estimated at 9.1 to 26.1 million cases. Approxi-
mately one-fifth of patients with diabetes are expected to develop
a chronic non-healing wound such as DU during their lifetime,
with recurrence rates ranging from 40% to 65% (3). The world-
wide prevalence of DU is reported at 6.3%, with a prevalence of
5.5% in Asia (4). In Indonesia, the prevalence has been reported
to reach 7.3%, higher than both global and regional averages (5).
With the increasing prevalence of DM and an aging population,
the incidence of DU continues to rise by approximately 2% annu-
ally (6). Compared to other ulcer types, DU prevalence is consid-
erably higher, exceeding venous ulcers (1%-2%) (7) and pressure
ulcers (4.4%) (8) in the elderly. Although DU can occur at any age,
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the highest prevalence is observed in patients over 75 (9). Patients
with flat-foot morphology, especially at the heel, are at higher risk
due to disproportionate pressure distribution, which may trigger
inflammation and subsequent ulcer formation (10).

Wound healing is a highly regulated process involving overlap-
ping and complex stages of hemostasis, inflammation, prolifera-
tion, and tissue remodeling (11). In patients with DU, protein loss
due to catabolism impairs wound-healing mechanisms, including
reduced wound tensile strength, impaired T-cell function, dimin-
ished phagocyte activity, and lower levels of complement and an-
tibodies. This disruption increases susceptibility to infection and
delays healing. DU not only poses a high risk of amputation but
also significantly reduces patients’ quality of life (12). Despite ad-
vances in wound-healing research, effective DU therapy remains
a major clinical challenge (11).

The economic burden of DU management is substantial. In
Europe, the annual cost of DU treatment is estimated at approxi-
mately €70 million, with prolonged healing times contributing
further to rising costs. Therefore, wound therapies that are both
effective and affordable are urgently needed (13).

Polypeptide-based topical gels are a promising low-cost thera-
peutic option with encouraging outcomes. Amino acid—derived
polypeptides have been reported to accelerate wound healing in
traumatic and burn injuries (14). They act through multiple mech-
anisms, including anti-inflammatory, antimicrobial, proliferative,
and angiogenic pathways (15). Essential, non-essential, and semi-
essential ami no acids contribute differently to wound repair (16).
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For example, arginine enhances collagen synthesis, improves
blood flow through nitric oxide (NO) production, and exerts antimi-
crobial effects, and glutamine serves as an energy source and pro-
tects tissues against inflammatory injury (14). Taowen et al. dem-
onstrated that polypeptides containing 81 amino acids enhanced
wound healing in DU patients by promoting endothelial cell prolif-
eration and angiogenesis (17). In an animal model, Febriani et al.
identified 1 gram of polypeptide in a 10-gram gel base as the opti-
mal dose to accelerate wound healing in diabetic Wistar rats (18).
Most previous studies have evaluated amino acid polypeptides
through systemic administration, primarily oral supplementa-
tion. However, evidence on topical application in humans remains
limited. Based on this background, this study was conducted to
investigate the clinical effects of topical amino acid polypeptide
gel compared to standard wound care on ulcer healing in patients
with DU to assess its potential as an adjunctive therapeutic option.

Methods
Study design

This study was a double-blind randomized controlled trial (RCT)
with a pretest—posttest control group design, aimed at evaluating
the effect of topical amino acid polypeptide gel on ulcer size re-
duction in patients with DU. The study was conducted at the Der-
matology, Venereology, and Aesthetic Outpatient Clinic, the endo-
crinology subdivision of the Internal Medicine Outpatient Clinic,
and the Thoracic and Cardiovascular Surgery Outpatient Clinic
of Dr. Moewardi General Hospital in Surakarta, Indonesia, from
January 2025 to May 2025. Ethical approval was obtained from
the Health Research Ethics Committee of Dr. Moewardi General
Hospital (no. 1.920/VIII/HREC/2024) and the Indonesian Clinical
Research Registry (INA-2Y49T46A).

Subject allocation

Participants were randomly assigned into two groups using a
computer-independent randomization table. The intervention
group received wound dressing with 7% polypeptide gel, and
the control group received wound dressing with hydrocolloid gel
consisting of a mixture of pectin and sodium carboxymethylcellu-
lose. Allocation concealment was maintained using sequentially
numbered, opaque, sealed envelopes that were opened only after
a participant had been enrolled and consented. The randomiza-
tion sequence was generated and held by an independent inves-
tigator that was not involved in recruitment, treatment delivery,
or outcome assessment. Both study gels were prepared in identi-
cal unlabeled containers with comparable color, consistency, and
handling characteristics, so that the participants, treating clini-
cians applying the dressings, and outcome assessors were un-
able to distinguish the intervention from the control preparation.
Blinding was therefore applied at the level of participants, care
providers, and outcome assessors, and it was maintained until
completion of data analysis.

Inclusion and exclusion criteria

Patients were recruited and screened at Dr. Moewardi General
Hospital by clinical staff. Eligible patients were invited to partici-
pate and provided written informed consent. Inclusion criteria

were age > 18 years and diagnosis of Wagner grade 1—4 DUs. Exclu-
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sion criteria were prior treatment with other wound care modali-
ties, presence of complications such as osteomyelitis, or history
of allergy to any study materials. This trial was designed as an
exploratory (pilot) study, and the sample size was determined by
the number of eligible patients that could be recruited within the
predefined enrolment period rather than by a formal a priori pow-
er calculation. A total of 26 subjects (13 per group) were enrolled.

Gel polypeptide preparation

The polypeptide solution was prepared in collaboration with the
Faculty of Pharmacy, Gadjah Mada University, and Dermama Bio-
technology, certified under ISO 9001 by the British Standards In-
stitution and with halal certification from the Indonesian Ulema
Council (MUI). Amino acid analysis was performed by the Inte-
grated Research and Testing Laboratory, Gadjah Mada University.
The composition of the polypeptide included L-arginine, L-histi-
dine, L-lysine, L-phenylalanine, L-isoleucine, L-leucine, L-tyros-
ine, L-methionine, L-valine, L-glutamic acid, L-aspartic acid, L-
cysteine, L-threonine, L-serine, L-glycine, and L-tryptophan, with
L-arginine being the most abundant component (124.59 mg/kg).
The polypeptide solution was mixed with 3% hydroxypropyl
methylcellulose (HPMC) as a gelling agent. The polypeptide solu-
tion was slowly mixed with HPMC in cold water to prevent clump-
ing, then heated to 60 to 70 °C until fully dissolved, and cooled to
room temperature to form a gel. The final product was stored in air-
tight containers. Stability testing was conducted at the Laboratory
of Extract Standardization, Faculty of Pharmacy, Muhammadiyah
University of Surakarta (no. 450/SEFA-UMS/XII/24). Among the
concentrations tested (5%, 7%, 10%, and 15%), the polypeptide
gel with the 7% concentration formulation demonstrated optimal
spreadability and stability, with consistent organoleptic proper-
ties, stable pH (3.35-3.36), good homogeneity, low adhesiveness,
and reproducible spreadability. These characteristics were the
main reasons why the researchers selected the 7% concentration
for further use. In the control group, hydrocolloid gel was admin-
istered as the standard therapy for DU because it is widely recog-
nized for maintaining a moist wound environment, promoting
autolytic debridement, reducing pain, and serving as an evidence-
based comparator in clinical trials of wound-healing interventions.

Wound care procedure

Wound cleansing began with hand hygiene and use of non-sterile
gloves. Ulcers were irrigated with 0.9% NaCl solution, then com-
pressed with sterile gauze soaked in 0.9% NaCl for 15 minutes. Ne-
crotic tissue and slough were debrided using a sterile minor surgi-
cal set. After debridement, either polypeptide gel or hydrocolloid
gel (containing pectin and sodium carboxymethylcellulose) was
applied. The ulcer was covered with sterile gauze and secured
with hypoallergenic plaster. The subjects in this study were in-
structed to change their wound dressings and apply the gel once
daily at the same time. However, if the dressing became wet due
to water exposure, it was permitted to replace the dressing earlier.

The gel was applied in a dose of 0.5 g per adult hand-sized
wound area (finger-tip unit standard). Study subjects were sup-
plied with a 30 g tube of polypeptide gel. Caregivers were edu-
cated and required to demonstrate correct wound care technique.
Daily wound care monitoring was carried out through logbook
entries completed by the patients and their families, including
notes of any mild reaction or side effects the patient experienced,
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and supervised by the researchers via WhatsApp (Meta Platforms
Inc., Menlo Park, CA, USA) chat. In cases of severe allergic reac-
tions (e.g., intense pruritus, swelling, erythema, or blistering), the
patient was advised to discontinue the treatment and wash the
affected area immediately. Safety was assessed prospectively at
every scheduled visit (days o, 7, 14, and 21) through direct clinical
examination of the peri-wound skin and structured questioning
for local adverse events (pruritus, erythema, edema, pain, blister-
ing, and contact dermatitis) and any systemic complaints, sup-
plemented by the daily patient-completed logbooks and remote
supervision. All events reported were recorded with their date
of onset, severity, and relationship to the study product, and re-
viewed by the investigators; any event prompting discontinuation
was documented as a serious adverse event.

Wound size measurement and analysis

Wound size assessment was conducted by two independent eval-
uators: the principal investigator (blinded to treatment alloca-
tion) and an external observer. The ulcer was photographed with
a ruler as a reference scale at baseline (day o), day 7, day 14, and
day 21. Treatment was discontinued once complete closure was
achieved, or after 21 days.

The primary outcome was the reduction in ulcer area. Ulcer
area is a validated predictive indicator of DU healing, with early
surface area reduction strongly correlating with overall healing
time. Digital imaging was performed, and images were analyzed
using Image] software version 1.53 (National Institutes of Health,
Bethesda, MD, USA) with scale calibration. Digital imaging was
used because it provides non-contact, reliable, and accurate
measurements. The baseline ulcer area of every wound was re-
corded on day o and used as the reference for all subsequent
measurements. Wound healing was expressed as the absolute re-
duction in ulcer surface area (mm?2) and percentage of wound re-
duction (%) compared to the baseline of the wound area on day o.

Statistical analysis

Data were analyzed using SPSS version 26 (IBM Corp., Armonk,
NY, USA). A p-value < 0.05 was considered statistically significant.
Interrater reliability of wound measurements was tested using the
kappa statistic. Demographic data, including age, BMI, sex, DM
type, comorbidities, and bacterial isolates, were summarized us-
ing descriptive statistics. The distribution of continuous variables
was assessed using the Shapiro-Wilk test. Because the change in
ulcer surface area was not normally distributed and the group siz-
es were small, between-group comparisons of the reduction in ul-
cer area at each time point (AH7, AH14, and AH21 relative to base-
line) were performed using the non-parametric Mann-Whitney U
test. We acknowledge that a repeated-measures or linear mixed-
effects model would more fully exploit the longitudinal structure
of the data by modeling all time points simultaneously while ac-
counting for within-subject correlation; such an approach is rec-
ommended for future, larger studies. To aid interpretation beyond
statistical significance, the effect size for each between-group
comparison was estimated using the rank-biserial correlation de-
rived from the Mann-Whitney U statistic, and 95% confidence in-
tervals for the between-group difference in means were obtained
by bootstrap resampling. Effect sizes and confidence intervals are
reported alongside p-values.

Results
Baseline characteristics of study subjects

A total of 26 subjects with DU were enrolled in this study, with 13
allocated to the treatment group and 13 to the control group. Table
1 presents the baseline characteristic of the study subjects. The
mean age was 54.2 years in the treatment group and 54.1 years in
the control group. The treatment group was slightly dominated
by females (53.8%) compared to males (46.2%), whereas the con-
trol group had a higher proportion of males (53.8%) than females
(46.2%). Both groups were predominantly composed of subjects
with normal BMI. In the treatment group, insulin-dependent DM
(69.2%) was more common than non-insulin-dependent (30.8%),
whereas the control group had a higher prevalence of non-in-
sulin-dependent DM (53.8%) compared to insulin-dependent
(46.2%). The mean wound area for the treatment group was 901.62
mm? compared to 1,542.29 mm?2 in the control group.

Regarding ulcer grading, most subjects in the treatment group
presented with Wagner grade 2 ulcers (76.9%), followed by grade
3 (15.4%) and grade 4 (7.7%). In the control group, grade 2 ulcers
were also the most frequent (69.2%), followed by grade 3 (30.8%).
All subjects had comorbidities. The most frequent comorbidities
in the treatment group were hypertension (46.2%) and periph-
eral arterial disease (46.2%), whereas in the control group car-
diovascular disease (46.2%) and hypertension (30.8%) were most
common (Table 2). Gram-stained ulcer smears revealed positive
dominance of Gram-positive bacteria in only two subjects in the
treatment group (15.4%) and one subject in the control group
(7.7%). The most frequent ulcer location was the plantar region
(38.5%) in the treatment group and the crural region (38.5%) in
the control group. No adverse events or discomfort were reported
in either group.

Table 1 | Baseline characteristics.
Treatment group  Control group

Characteristics

(n=13) (n=13)

Age (years) 54.2+6.7 54.1+10.6 0.965

Sex 0.695
Male 6 (46.2%) 7 (53.8%)

Female 7 (53.8%) 6 (46.2%)

Body mass index 0.688
Underweight 1(7.7%) 2(15.4%)
Normoweight 6 (46.2%) 6 (46.2%)
Pre-obesity 3(23.1%) 4 (30.8%)

Obesity 3(23.1%) 1(7.7%)

DM type 0.234
Insulin-dependent 9 (69.2%) 6 (46.2%)
Non-insulin-dependent 4 (30.8%) 7 (53.8%)

Wagner grades 0.645
2 10 (76.9%) 9(69.2%)

3 2 (15.4%) 4 (30.8%)
4 1(7.7%) 0 (0.0%)

Complicating bacteria 0.539

Significant growth 2 (15.4%) 1(7.7%)
No significant growth 11 (84.6%) 12(92.3%)
Ulcer location 0.105
Cruris 3(23.1%) 5(38.5%)
Plantar 5(38.5%) 1(7.7%)
Abdomen 1(7.7%) 0 (0.0%)
Sacrum 1(7.7%) 0 (0.0%)
Pedis 3(23.1%) 7 (53.8%)
Baseline wound area (mm?) 901.6 1542.3 0.505

DM = diabetes mellitus.
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Table 2 | Comorbidities of the study subjects.

. Treatment group  Control group
Comorbidities (n=13) (n=13) p
CVvD 1(7.7%) 6 (46.2%) 0.423
AKI 1(7.7%) 2 (15.4%)
CKD 3(23.1%) 2 (15.4%)
Hypertension 6 (46.2%) 4 (30.8%)
Pleural effusion 1(7.7%) 0(0.0%)
PAD 6 (46.2%) 2 (15.4%)
Anemia 2 (15.4%) 1(7.7%)
Dyslipidemia 3(23.1%) 2(15.4%)
Hyperuricemia 5(38.5%) 0(0.0%)
Electrolyte imbalance 2 (15.4%) 0 (0.0%)
Dementia 1(7.7%) 0(0.0%)
Hypoalbuminemia 2 (15.4%) 0 (0.0%)
Hypercoagulopathy 1(7.7%) 0 (0.0%)
CLI 0 (0.0%) 3(23.1%)
DVT 1(7.7%) 1(7.7%)
Stroke 0 (0.0%) 2(15.4%)
Bullous pemphigoid 0 (0.0%) 1(7.7%)
Parkinson 0 (0.0%) 1(7.7%)
Pneumonia 0 (0.0%) 1(7.7%)

AKI = acute kidney injury, CKD = chronic kidney disease, CLI = critical limb
ischemia, CVD = cardiovascular disease, DVT = deep vein thrombosis, PAD =
peripheral arterial disease.

Note. Comorbidities refer to conditions other than the primary disease; sub-
jects may present with more than one comorbidity.

Interrater agreement for wound size assessment

To ensure reliability of ulcer size measurement, a kappa test was
performed between two independent assessors. The interrater re-
liability was excellent, with k values of 0.92 at baseline (Ho), 0.96
at day 7 (H7), 1.00 at day 14 (H14), and 1.00 at day 21 (H21), indicat-
ing very strong agreement (Table 3).

Table 3 | Interrater reliability of wound size.

Observer K
HO 0.92
H7 0.96
H14 1.00
H21 1.00
H = day.

Differences in ulcer surface area reduction between groups

The analysis of ulcer surface area reduction was conducted by
comparing changes between H7 and Ho, H14 and Ho, and H21
and Ho. We also compared the percentage of wound reduction.
Significant differences were observed in AH7 and AH14 between
the treatment and control groups; in addition, AH21 showed a dif-
ference in wound size but did not reach statistical significance.
The mean reduction in ulcer surface area at AH7 was 570.7 mm?2
in the treatment group versus 71.9 mm? in the control group (95%
confidence interval [CI] 163.6-944.7 mm?; effect size = 0.75; p =
0.002). At AH14, the mean reduction was 723.0 mm? in the treat-
ment group compared to 146.4 mm? in the control group (95% CI
147.1-1,135.6 mm?; effect size = 0.70; p = 0.004). At AH21, reduc-
tions were 806.0 mm? in the treatment group and 300.3 mm? in
the control group (95% CI -3.8 to 1,138.4 mm?; effect size = 0.43;
p = 0.106; Fig. 1). Notably, two subjects each in the treatment and
control groups achieved complete ulcer closure. When expressed
as percentage reduction relative to baseline, the treatment group
showed a greater relative reduction than the control group at
day 7 (66.4% vs. 16.8%; 95% CI 32.3%-63.7%; effect size = 0.85;
p < 0.001), day 14 (83.3% Vvs. 27.8%; 95% CI 39.1%—69.0%); effect
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size = 0.85; p < 0.001), and day 21 (92.7% vs. 41.5%; 95% CI
33.6%—-66.2%); effect size = 0.72; p = 0.002; Fig. 2). Wound progress
in the treatment and control groups can be seen in Figures 3 and 4.

Discussion

This study demonstrated a significantly greater wound size reduc-
tion in the treatment group than in the control group at day 7 and
day 14. Although the difference in absolute ulcer area was not sta-
tistically significant at day 21, the relative reduction from baseline
remained significantly greater in the treatment group at all three
time points, indicating that the early healing advantage was sus-
tained through day 21. Our study results indicate that the poly-
peptide gel was superior to the hydrocolloid gel containing pectin
and sodium carboxymethylcellulose, particularly during the early
phases of wound healing. This finding supports our hypothesis
that topical application of polypeptide gel accelerates ulcer size
reduction in patients with DU. The results are consistent with pre-
vious studies. Taowen et al. reported that polypeptides containing
81 amino acids improved healing outcomes in DU patients (17),
and Xing et al. demonstrated that injectable polypeptide hydro-
gel enhanced wound closure in streptozotocin-induced diabetic
mice through angiogenesis (19). Likewise, Sun et al. showed that
the short-chain peptide RL-QN15 promoted re-epithelialization
and angiogenesis in diabetic wounds, partly by upregulating vas-
cular endothelial growth factor beta (VEGF-B) expression (20). In
our study, the polypeptide gel formulation, primarily composed of
L-arginine (7% in HPMC gel), along with other amino acids, likely

R B

Figure 1 | Comparison of wound size changes (mm2) between the treatment and
control groups.
AH7 = change in ulcer area from baseline to day 7, AH14 = change from base-
line to day 14, AH21 = change from baseline to day 21.
* = statistically significant with the Mann-Whitney test, data presented as
mean + standard deviation.
[[] Treatment [ ]| Control
(0=0.002)*

100 92.67

(p<0.001)*
83.32

80 (p<0.001)* 7
66.39 //
; ; /

40

Wound reduction (%)

20
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Figure 2 | Comparison of wound size reduction (%) between the treatment and
control groups.

* = statistically significant with the Mann-Whitney test, data presented as
mean #* standard deviation.
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provided synergistic wound-healing benefits. reactive oxygen species (ROS) formation, advanced glycation end-

Delayed wound healing in DU is multifactorial, mainly driven = product accumulation, endothelial dysfunction, and impaired
by hyperglycemia, oxidative stress, neuropathy, and impaired nitrogen oxide (NO) bioavailability, leading to persistent inflam-
angiogenesis (21-23). Chronic hyperglycemia induces excessive mation, ischemia, and poor remodeling (24—26). Neuropathy ex-

HO H7 H14 H21

TREATMENT GROUP

Al

Figure 3 | Wound progress in the treatment group.
HO = baseline (day 0), H7 = day 7, H14 = day 14, H21 = day 21.

HO H7 H14 H21

CONTROL GROUP

Figure 4| Wound progress in the control group.
HO = baseline (day 0), H7 = day 7, H14 = day 14, H21 = day 21.
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acerbates these conditions through sensory loss, biomechanical
changes, and reduced immune responses (27). Against this back-
ground, polypeptides may exert therapeutic effects by enhancing
angiogenesis, reducing inflammation, providing antimicrobial
action, and stimulating fibroblast and keratinocyte proliferation
(28, 29). L-arginine serves as a substrate for NO synthesis, thereby
promoting vasodilation, oxygen delivery, and collagen deposition
(30). Other amino acids such as glutamine, alanine, and pheny-
lalanine may support anti-inflammatory processes and angio-
genesis. In addition, antimicrobial peptides (AMPs) derived from
amino acids such as arginine are effective in reducing infection
risk with minimal antimicrobial resistance (31, 32).

The greater early response in the polypeptide treatment group
was most evident at day 7, when the inflammatory phase predomi-
nates in DU. The treatment group showed greater reduction in ul-
cer size. We hypothesize that this may reflect anti-inflammatory
and antimicrobial properties of polypeptides reported in preclini-
cal work, such as downregulation of interleukin (IL)-1, IL-6, and
tumor necrosis factor (TNF)-a, and induction of IL-4 and IL-10;
however, these mediators were not measured in this study, and so
any such mechanism remains speculative. At day 14, the treatment
group again demonstrated greater wound reduction, a pattern that
could be consistent with accelerated angiogenesis, fibroblast pro-
liferation, and collagen deposition during the proliferative phase,
although these processes were likewise not directly assessed. At
day 21, the absolute reduction in ulcer area remained greater in
the treatment group but did not reach statistical significance. This
loss of significance in absolute terms most plausibly reflects the
larger and markedly more variable baseline wounds in the control
group, in which a few substantially larger ulcers inflated the vari-
ance of absolute change and reduced statistical power, rather than
a true convergence of healing between the groups. Consistent with
this interpretation, when healing was expressed as the percentage
reduction from baseline, which normalizes for initial ulcer size,
the treatment group retained significantly greater wound closure
at day 21, representing a large effect. Residual between-group dif-
ferences in absolute healing at this stage may additionally be influ-
enced by systemic factors such as poor glycemic control, impaired
vascularization, and diabetic neuropathy (33—35). Several studies
have reported that peptide-based therapies exert their strongest ef-
fects during the inflammatory and proliferative phases of wound
healing, and that the magnitude of the absolute between-group
difference may narrow during the remodeling phase (20, 30). More-
over, control treatments such as hydrocolloid gels also provide a
favorable healing environment that can accelerate wound closure
in later stages (36). Systemic factors, including glycemic control
and vascular comorbidities, further influence outcomes in DU (33,
34). Finally, the limited sample size of this trial may have reduced
statistical power to detect a difference in absolute area at day 21, as
similarly noted in other wound-healing studies (11). Nevertheless,
the relative reduction from baseline remained significantly greater
in the treatment group at day 21, indicating that the treatment ad-
vantage was maintained when differences in baseline ulcer size
were taken into account.

The control group received a hydrocolloid gel consisting of
pectin and sodium carboxymethylcellulose, a dressing that has
been widely applied for chronic wound management. It has been
shown to provide a moist healing environment, promote angio-
genesis, and facilitate autolytic debridement (36). Our findings
suggest that polypeptide gel may offer a greater early wound-
healing benefit at a substantially lower cost (Rp 13,500 / $0.82 vs.
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Rp 172,600 / $10.68 per 30 g), supporting its potential as a cost-
effective adjunctive option for DU management that warrants con-
firmation in larger trials. Importantly, no adverse events were re-
ported with polypeptide gel use, consistent with previous reports
of its favorable safety profile, although the small sample limits the
precision of this safety estimate. However, high concentrations of
free amino acids have been associated with cytotoxicity, under-
scoring the need for careful formulation (37).

However, several limitations should be acknowledged. First,
this was a small, single-center, exploratory trial without a prior
power calculation. It was therefore likely underpowered to de-
tect between-group differences at later time points, and the non-
significant result at day 21 should be interpreted as inconclusive
rather than as evidence of no effect. Second, several baseline
wound and patient characteristics that may influence healing—
including ulcer duration, glycemic control, vascular status, infec-
tion status, and off-loading strategy—were not fully captured or
reported, which limits the ability to exclude residual confound-
ing. These variables should be measured and reported in future
studies. Third, between-group comparisons relied on the Mann-
Whitney U test applied separately at each time point rather than a
repeated-measures or mixed-effects model that would account for
the within-subject correlation across visits. A longitudinal mod-
eling approach is recommended for subsequent trials. Finally, an-
giographic examination was not performed to evaluate vascular
involvement, which could influence wound-healing outcomes;
future studies should consider angiographic evaluation to better
assess the role of vascular status in wound repair.

Conclusions

In this small exploratory randomized controlled trial, topical 7%
polypeptide gel was associated with a significantly greater rela-
tive reduction in DU surface area than hydrocolloid gel through-
out the 21-day observation period. When healing was expressed
as the percentage of wound reduction from baseline, the treat-
ment group consistently and significantly achieved greater wound
closure at every timepoint, with each comparison representing a
large effect size. This sustained advantage in relative healing, to-
gether with the gel being well tolerated and substantially less ex-
pensive than the comparator, suggests that it may be a promising
low-cost adjunctive option for DU management. Nevertheless, be-
cause of the small sample size and exploratory design, and given
that the corresponding difference in absolute area change did not
reach statistical significance at day 21, these findings should be
regarded as preliminary. Larger, adequately powered, longer-term
trials with detailed baseline characterization are needed before
any firm clinical recommendation can be made.
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