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Abstract
Introduction: Diabetic ulcers require effective management to prevent complications. 

Kelulut bee propolis, rich in flavonoids and phenolic acids, offers significant potential for wound 
care. This study evaluated the efficacy of standardised Kelulut bee propolis extract–based 
dressings on wound healing in diabetic rats.

Methods: Twenty-four male Wistar rats (n  =  6 per group) were divided into healthy 
control (Group I), diabetic control (Group II), povidone-iodine (Group III), and 20% (w/v) propolis 
dressing (50 mg/pad) (Group IV). Diabetes was induced using alloxan (150 mg/kg body weight). 
Wounds were measured daily for 20 days using digital callipers under a single-blind procedure to 
minimise bias. Data were analysed using repeated measures analysis of variance (RM-ANOVA) and 
post-hoc least significant difference (LSD) tests (P < 0.05).

Results: Group IV showed the most rapid contraction. By Day 5, Group IV’s mean 
incision length (0.55 ± 0.22 cm) was significantly lower than Group II (1.70 ± 0.17 cm; P = 0.001). 
Group IV achieved complete closure by Day 10, significantly faster than Group II (1.28 ± 0.24 cm) 
and Group III (0.27  ±  0.11 cm). RM-ANOVA confirmed significant differences between groups 
[F (3, 20)  =  48.72; P  =  0.001]. LSD tests validated propolis’s superiority over povidone-iodine 
(P = 0.003).

Conclusion: Standardised 20% Kelulut propolis dressings significantly accelerate diabetic 
wound healing in rats compared to povidone-iodine. These preclinical findings suggest that 
propolis effectively modulates the hyperglycemic microenvironment. However, further human 
clinical trials are essential to validate safety and dosage before clinical implementation.
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TNF-α and IL-6, thereby facilitating the essential 
transition from the inflammatory phase to the 
proliferative and remodelling stages (11).

Despite these theoretical benefits, empirical 
evidence specifically validating the efficacy of 
Kelulut bee propolis extract–based dressings 
in standardised diabetic models remains 
limited  (12). Therefore, this study aims to 
establish a rigorous preclinical foundation by 
evaluating the effectiveness of these dressings 
in accelerating wound contraction and re-
epithelialisation in alloxan-induced diabetic 
rats. These findings are intended to provide 
the necessary scientific evidence for the future 
development of advanced, natural bioactive 
interventions in chronic wound management.

Methods

Materials
The primary biological material for the 
intervention was raw Kelulut bee propolis, 
sourced from local meliponiculture apiaries in 
Samarinda, East Kalimantan (13). The study 
utilised 24 male Wistar rats (Rattus norvegicus), 
aged 2–3 months with a body weight of 250–
300  grams (14). Alloxan Monohydrate was 
employed for intraperitoneal induction to 
establish the diabetic model (15). Surgical 
procedures and data collection utilised sterile 
scalpels for standardised incisions, a digital 
glucometer for blood glucose monitoring, and a 
calibrated digital vernier calliper with 0.01  mm 
precision for wound closure measurement (16).

Research Design
This study employed a true experimental 
laboratory design with a post-test-only control 
group approach (17). This design was chosen 
to determine the causality and effectiveness 
of the intervention by comparing the outcome 
(wound healing) between the experimental group 
receiving the propolis dressing and the control 
group under controlled laboratory conditions.

Setting and Samples
The study was conducted at the Biomedical 
Science Laboratory of a private university in 
East Kalimantan, Indonesia, from 1 September 
to 30 September 2025. A total of 24 male 

Introduction

Diabetes mellitus (DM) is a complex 
metabolic disorder characterised by chronic 
hyperglycemia resulting from defects in insulin 
secretion, insulin action, or both. The global 
epidemiological burden is substantial, with 
Indonesia projected to reach 23.1 million cases 
by 2030 (1). Often termed a “silent killer,” DM 
can lead to severe systemic complications, 
including visual impairment, cardiovascular 
disease, and notably, chronic non-healing 
wounds known as diabetic ulcers. These ulcers 
are highly susceptible to bacterial infection 
and, if left untreated, may progress to diabetic 
gangrene and ultimately require amputation (2).

Current clinical management often relies 
on conventional antiseptic dressings, such 
as povidone-iodine (3). Although effective 
at preventing infection, povidone-iodine has 
been reported to exhibit cytotoxicity toward 
fibroblasts, which may paradoxically delay re-
epithelialisation in fragile diabetic tissues (4). 
Consequently, there is an urgent need to identify 
bioactive natural alternatives that not only 
provide antimicrobial protection but also actively 
promote tissue regeneration (5).

Kelulut propolis, sourced from stingless 
bees in the biodiversity-rich region of East 
Kalimantan, Indonesia, has emerged as a 
promising therapeutic candidate (6). Although 
propolis is frequently discarded as a byproduct 
of honey production, phytochemical screening 
reveals that it is exceptionally rich in bioactive 
constituents, including triterpenoid saponins, 
steroids, and, in particular, high concentrations 
of flavonoids and phenolic acids (7).

A critical research gap exists regarding the 
application of stingless bee propolis in diabetic 
wound care (8). While the therapeutic effects of 
Apis mellifera propolis are well documented, 
Kelulut propolis possesses a unique geobotanical 
chemical profile that may offer superior 
efficacy in modulating the impaired wound 
microenvironment in hyperglycemic subjects (9). 
Scientifically, the delayed healing in diabetes is 
driven by a persistent inflammatory state and 
excessive oxidative stress (10). The flavonoids 
and phenolic acids found in Kelulut propolis are 
hypothesised to act as potent modulators that 
can inhibit pro-inflammatory cytokines, such as 
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Wistar rats were selected and allocated into four 
groups (n = 6 per group) using a simple random 
sampling technique (18). The sample size was 
determined using the Federer formula to ensure 
sufficient statistical validity for preclinical trials. 
Specific inclusion and exclusion criteria were 
applied to ensure subject health and consistency 
across the experimental units (19).

Intervention
Subjects were acclimatised and fasted for 16 
to 18 h before the induction of diabetes via 
a single intraperitoneal injection of alloxan 
monohydrate (150 mg/kg body weight). Diabetic 
status was confirmed three days post-injection 
for rats with glucose levels >  200 mg/dL (20). 
Before the surgical procedure, the dorsal area 
of each rat was pre-shaved and anaesthetised 
with topical lidocaine cream to ensure adequate 
pain management and minimise distress during 
wound creation. After anaesthesia onset, 
standardised dorsal incisions (2 cm in length 
and approximately 3 mm in depth) were created 
with a sterile scalpel; bleeding confirmed a full-
thickness wound. This procedure was conducted 
in strict accordance with the Refinement 
principle of the 3Rs, prioritising animal welfare 
throughout the experimental phase (21). Subjects 
were divided into: Group I (healthy control), 
Group II (diabetic control), Group III (positive 
control – povidone-iodine), and Group IV 
(experimental – Kelulut bee propolis extract–
based dressings). The interventions were carried 
out daily for 20 days and involved cleaning 
the wound area and applying the respective 
treatment materials strictly according to the 
group assignment. Specifically, the wounds in 
Group I (healthy control) and Group II (diabetic 
control) were cleaned and dressed daily with 
sterile normal saline (0.9% NaCl) (22).

Preparation of Kelulut Propolis Extract 
and Dressings
The extraction utilised maceration with 70% 
ethanol at a 1:10 (w/v) ratio for three days in 
the dark. The filtrate was concentrated using a 
rotary evaporator and subsequently partitioned 
with ethyl acetate to isolate the bioactive 
viscous extract (23). To ensure reproducibility, 
the extract was standardised to 20% (w/v), 
consistent with previous topical applications of 
propolis extracts that demonstrated successful 
wound healing in diabetic rat models (15,  24). 
Therapeutic dressings were prepared by 
submerging sterile 1 cm × 1 cm pads in this 

standardised extract for 24 h to facilitate 
complete fibre saturation (25). Gravimetric 
analysis confirmed that each pad held 
approximately 50 mg of the propolis fraction. 
Dressings were stored aseptically in aluminium 
foil until application (26).

Measurement and Data Collection
The primary outcome was the reduction in 
wound length, measured daily for 20 days using 
a digital vernier calliper (27). Although the 
wounds were monitored daily, data extraction 
and formal assessment of healing progression 
were performed on Day 1 (baseline), Day 5 
(inflammatory phase), Day 10 (proliferative 
phase), and Day 15 (remodelling phase) 
to map the healing kinetics. To minimise 
measurement bias, a single-blind procedure 
was implemented, with the primary researcher 
responsible for wound assessment blinded to 
group assignments. Consistency was further 
maintained by having the same observer assess 
the wounds at the same time each day (28).

Data Analysis
Data were summarised using mean and 
standard deviation (mean ± SD). Normality and 
homogeneity were assessed using the Shapiro–
Wilk and Levene’s tests, respectively (29). 
Due to the longitudinal nature of the data, the 
interaction between treatment groups and time 
was evaluated using repeated measures analysis 
of variance (RM-ANOVA) to ensure a more 
accurate representation of healing kinetics than 
a standard one-way ANOVA. Post-hoc pairwise 
comparisons were conducted using the least 
significant difference (LSD) test, with P < 0.05 
considered statistically significant (30).

Results

Wound Closure Kinetics and Macroscopic 
Observations
The macroscopic evaluation of the dorsal 
incisions revealed a progressive reduction in 
mean wound length across all four experimental 
groups over the 20-day observation period. At 
baseline (Day 1), incision lengths did not differ 
significantly between groups, with mean values 
ranging from 1.84 ± 0.23 cm to 1.88 ± 0.41 cm, 
confirming a standardised initial wound model. 
As the study progressed into the inflammatory 
phase (Day 5), the Kelulut bee propolis extract–
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povidone-iodine group (Group III) achieved 
complete closure by Day 15, while the 
untreated diabetic group failed to achieve full 
epithelialisation even by Day 20 (31). Figure  1 
visually summarises the longitudinal progression 
of healing. Figure 2 illustrates the representative 
macroscopic changes in wound contraction 
observed across the experimental groups.

based dressing group (Group IV) exhibited 
accelerated wound contraction (0.55 ± 0.22 cm) 
compared to the diabetic control group 
(1.70  ±  0.17 cm) and the povidone-iodine group 
(0.94  ±  0.28 cm). By the proliferation phase 
(Day  10), Group IV achieved complete wound 
closure (0.00  ±  0.00 cm), whereas the diabetic 
control (Group II) maintained a significantly 
larger unhealed area (1.28  ±  0.24  cm). The 

Figure 1. Wound-healing kinetics and longitudinal progression in diabetic rat models.
Data are expressed as mean ± SD (n = 6 per group). Group IV (propolis) demonstrated significantly faster wound closure than 
diabetic control (Group II) and povidone-iodine (Group III). Statistical markers indicate significance at P < 0.05 using RM-
ANOVA followed by LSD post-hoc tests.

Figure 2.	 Representative macroscopic photographs of wound-healing progression in Wistar rats on days 
1, 5, 10, and 15 across experimental groups: Group I (healthy control), Group II (diabetic control), 
Group III (povidone-iodine), and Group IV (Kelulut bee propolis extract–based dressings).

Wound-healing phases were categorised as baseline (Day 1), inflammatory (Day 5), proliferative (Day 10), and remodelling 
(Day 15) based on observed macroscopic progression.
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Discussion

The primary objective of this study was to 
evaluate the efficacy of Kelulut bee propolis 
extract–based dressings on wound-healing 
kinetics in diabetic rats, providing a preclinical 
foundation for innovative wound care 
interventions (35). Our findings show that 
standardised propolis dressings significantly 
accelerated wound closure compared with 
both diabetic controls and standard povidone-
iodine treatment (36). Based on longitudinal 
observation, Group IV (propolis) achieved 
complete wound epithelialisation by an average 
of Day 10, which was statistically superior to 
povidone-iodine (P  =  0.003) and the diabetic 
control group, which failed to achieve closure 
within the 20-day period (37).

Scientifically, the accelerated healing 
observed in the propolis group can be 
attributed to its rich flavonoid and phenolic 
acid composition, which possesses potent anti-
inflammatory and antioxidant properties (38). 
While specific molecular pathways—such as the 
inhibition of pro-inflammatory cytokines (TNF-α 
and IL-6) or the stimulation of growth factors 

Statistical Validation of Healing Efficacy
To address the longitudinal nature of the 
measurements, a repeated measures analysis of 
variance (RM-ANOVA) was performed, revealing 
a significant main effect for the treatment group 
[F (3, 20)  =  48.72; Р  =  0.001] and a significant 
group × time interaction, indicating that the rate 
of healing was dependent on the type of dressing 
applied over the 20-day period (32). The mean 
incision lengths at critical time intervals, along 
with statistical values, are summarised in Table 1.

Post-hoc pairwise comparisons using the 
LSD test confirmed that the healing rate in the 
Kelulut bee propolis extract–based dressing 
group was significantly faster than in the 
diabetic control (P  =  0.001) (33). Furthermore, 
the propolis-based intervention demonstrated 
a statistically significant advantage over the 
standard povidone-iodine treatment (P = 0.003). 
Significant differences were also recorded 
between the healthy control (Group I) and 
the diabetic control (Group II) (P  =  0.004), 
validating the experimental model’s sensitivity 
to hyperglycemic wound stagnation (34). Table 2 
presents the detailed matrix of these pairwise 
statistical comparisons.

Table 1.	 Longitudinal evaluation of mean wound incision length (cm) in alloxan-induced diabetic rats across 
treatment groups (Days 1 to 15).

Group Day 1 
(baseline)

Day 5 
(inflammatory)

Day 10 
(proliferation)

Day 15 
(remodelling)

Normality 
(P)

ANOVA 
(P)

Group I (healthy) 1.84 ± 0.23 1.35 ± 0.24 0.74 ± 0.27 0.05 ± 0.02 0.063

0.001*
Group II (diabetic) 1.86 ± 0.07 1.70 ± 0.17 1.28 ± 0.24 0.65 ± 0.25 0.165

Group III (povidone) 1.88 ± 0.41 0.94 ± 0.28 0.27 ± 0.11 0.00 ± 0.00 0.415

Group IV (propolis) 1.87 ± 0.57 0.55 ± 0.22 0.00 ± 0.00 0.00 ± 0.00 0.431

Data are presented as mean ± standard deviation (n = 6 per group). F (3, 20) = 48.72, P = 0.001 using repeated measures ANOVA.

Table 2.	 Post-hoc pairwise comparison matrix (least significant difference test) for wound-healing efficacy 
between healthy, diabetic, povidone-iodine, and propolis-treated groups.

Group Group I
(healthy)

Group II
(diabetic)

Group III
(povidone)

Group IV
(propolis)

Group I (healthy) — 0.004* 0.001* 0.001*

Group II (diabetic) 0.004* — 0.002* 0.001*

Group III (povidone) 0.001* 0.002* — 0.003*

Group IV (propolis) 0.001* 0.001* 0.003* —

P-values are obtained from the least significant difference post-hoc test following repeated measures ANOVA; * indicates statistical 
significance at the P < 0.05 level. Data represent comparisons between six animals per group (n = 6).
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Conclusion

This study demonstrates that standardised 
Kelulut bee propolis extract–based dressings 
(20% w/v) significantly accelerate wound 
healing in diabetic rats, achieving superior 
contraction and complete closure markedly 
faster than conventional povidone-iodine 
treatments. The extract’s bioactive capacity to 
modulate the diabetic wound microenvironment 
and resolve chronic inflammatory delays is 
likely responsible for this therapeutic efficacy. 
However, as these findings are derived from a 
preclinical animal model with a small sample 
size (n = 6 per group), they should be interpreted 
as preliminary evidence rather than definitive 
clinical proof. While Kelulut propolis shows 
promising potential as a bioactive alternative in 
advanced wound care, further human clinical 
trials are essential to validate its safety, optimal 
dosage, and clinical efficacy before it can be 
cautiously integrated into standard nursing 
practice protocols.
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(VEGF and TGF-β)—were not experimentally 
quantified in this study, they are hypothesised 
to be the primary drivers of the observed 
regeneration, based on established literature 
on Kelulut propolis (39). The data suggest that 
the propolis intervention effectively mitigated 
hyperglycemia-induced oxidative stress, 
facilitating a swift transition from the chronic 
inflammatory phase to the proliferative phase 
of healing (40).

A critical finding of this study is the 
statistical superiority of propolis over povidone-
iodine (41). While povidone-iodine remains a 
conventional antiseptic standard, its potential 
cytotoxicity toward fibroblasts may inadvertently 
retard the rate of tissue regeneration (42). In 
contrast, the Kelulut bee propolis extract–based 
dressing supported rapid re-epithelialisation 
without such retardation, indicating its role 
as a “pro-healing” agent rather than a mere 
antiseptic (43). The validity of the experimental 
model was further confirmed by the significant 
difference between healthy and diabetic controls 
(P = 0.004), which accurately reflects the wound 
stagnation typically seen in hyperglycemic 
states (44).

Several limitations of this study must 
be acknowledged. First, the sample size was 
relatively small (n  =  6 per group), which, while 
statistically valid under the Federer formula, 
may limit the generalisability of the findings 
(45). Second, the assessment was limited to 
macroscopic wound-length measurements. The 
absence of histopathological analysis (to evaluate 
collagen deposition) and molecular markers 
(to measure specific cytokine levels) means that 
the underlying biological mechanisms remain 
inferential (46). Future research utilising larger 
cohorts and histological endpoints is necessary 
to provide a more granular understanding of 
propolis-mediated tissue repair (47).

From a clinical practice perspective, 
these findings offer promising evidence for the 
development of bioactive, natural dressings that 
minimise chemical irritation in chronic wound 
management (48). However, it is important 
to note that these results are derived from a 
preclinical animal model (49). Before these 
findings can be integrated into clinical protocols, 
further human clinical trials are required to 
determine optimal dosage, safety profiles, and 
patient comfort (50). This study serves as an 
essential stepping stone toward standardising 
Kelulut propolis as a cost-effective, indigenous 
resource for advanced diabetic wound care (51).
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