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Abstract: This research is related to a drug delivery system to accelerate wound healing 
in patients with diabetes mellitus using bioactive compounds from red betel leaf (Piper 
crocatum Ruiz and Pav) made in Nano-emulcream form. Bioactive natural ingredients 
made with nanoparticle technology have the advantages of more controlled and easily 
targeted delivery, on-target delivery and easy absorption, resulting in accelerated diabetic 
wound healing due to the flavonoid and tannin content. The developed nanoparticle system 
is expected to shorten the healing time of diabetic wounds. This study observed the diabetic 
wound healing process using Red Betel Leaf Extract Nano-Emulcream (Piper crocatum 
Ruiz and Pav) in experimental animals. This study used a true experimental laboratory 
study with a post-test only control group design. The research stages included the 
preparation of red betel leaf extract, the preparation of red betel leaf extract nano-
emulcream, the preparation of experimental animals, the induction of diabetes in the 
experimental animals, the creation of traumatic ulcers in the experimental animals, the 
application of treatment, the observation of wound length, and the data analysis. Overall, 
this study demonstrates that the synthesized Nano-emulcream significantly improve the 
wound healing rate in diabetic rat models. The results of this study showed a significant 
difference in the use of Red Betel Leaf Extract Nano-Emulcream on days 2 and 7 with 
significance values of 0.001 and 0.001, respectively (p-value <0.05). highlighted by 
the 10% Red Betel Leaf Extract Nano-Emulcream (Piper crocatum Ruiz and Pav) 
group which achieved the lowest wound length on day 7 compared to the control group. 
 
Keywords: Red Betel Leaf; Diabetes; Drug delivery system; Nano-emulcream; Piper 
crocatum Ruiz and Pav 

 
INTRODUCTION 

Diabetes mellitus (DM) is a chronic disease characterized by elevated 
blood sugar levels due to insufficient insulin production and decreased insulin 
function 1,2, Diabetes mellitus is also a global challenge due to its high morbidity 
and mortality. 

The International Diabetes Federation (IDF) stated in 2019 that diabetes is 
a global health problem, with approximately 463 million people worldwide suffering 
from diabetes, a figure expected to increase to 700 million by 20453. One such 
condition is diabetic ulcers. Diabetic ulcers can lead to amputations, negatively 
impacting the patient's quality of life. In Indonesia, 15% of people with diabetes 
suffer from diabetic ulcers, which often lead to death4. The diabetic wound healing 
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process is very complex, and several factors significantly influence the healing 
process (inflammation, proliferation, and wound closure)5,6. 

Current treatment for diabetic wounds uses topical antibiotics, which can 
cause side effects such as skin irritation, redness, allergies, and even edema. 
Furthermore, bacterial resistance to antibiotics increases mortality and treatment 
costs. This has certainly prompted researchers to find a method or method to 
ensure drug delivery systems are more targeted. 

One potential natural ingredient is the Red Betel Leaf (Piper crocatum Ruiz 
and Pav), which contains flavonoids, alkaloids, tannins, and essential oils7. 
Phenolic compounds function as antiseptics. Red Betel Leaf also contains tannins, 
which are effective in hemostasis, vitamin A for epithelial cell formation and cell 
differentiation, and vitamin C for collagen formation8. 

These important compounds will be packaged into nanometer-sized 
particles (10–1000 nm), called nanoparticles, which can become an effective drug 
delivery system 9,10 so that important compounds can be distributed more efficiently 
and target specific pathologies quickly and precisely without causing any side 
effects. Biotoxicity11,12. 

The advantages of nanoparticles include their ability to penetrate 
intercellular spaces that can only be penetrated by colloidal particles, their ability 
to penetrate higher cell walls, either through diffusion or opsonification, and their 
flexibility to be combined with various other technologies and active compounds, 
thus opening up broad potential for development for various therapeutic target 
purposes12. 

Wound care techniques to accelerate the healing process of diabetic 
wounds by utilizing bioactive compounds from red betel leaves (Piper crocatum 
Ruiz and Pav) have been conducted by research13. The use of bioactive 
compounds for diabetic wound healing in the form of boiled red betel leaves 
maintained wound moisture with a moisture-retaining dressing, thus healing the 
wound. Another study14 tested the effectiveness of red betel leaves on incision 
wounds in experimental animals in the form of an ointment, which was then applied 
to the resulting incision and observed the results of erythrocyte and hemoglobin 
counts. 

Several studies also utilized bioactive compounds found in Piper crocatum 
Ruiz and Pav in the form of extracts 15,16,17 to observe wound healing through the 
p53, E-cadherin, and SOD1 pathways in hyperglycemic fibroblast cells. Blood 
sugar levels in patients with diabetes mellitus were also observed. The results 
showed that P. crocatum was able to increase collagen and wound closure through 
the expression of SOD1 and E-cadherin. Red betel leaf extract was also able to 
lower blood sugar levels in diabetes mellitus. 

Another study 8 demonstrated antibacterial effects through the 
phytochemical profile of red betel leaves in inhibiting bacteria in teeth. And another 
study 18 demonstrated the anti-infective effects of oral microorganisms with herbal 
treatment of red betel leaves. These studies utilized red betel leaves in extract 
form. 

While previous studies have explored Piper crocatum extract for wound 
care, these conventional formulations suffer from poor penetration into deep tissue 
and rapid degradation of bioactive compounds. To date, no study has investigated 
the dose-dependent efficacy of a nanoparticle-based delivery system for Piper 
crocatum extract specifically designed for diabetic wound models. Therefore, this 
study aims to evaluate the topical effects of formulation on diabetic wound healing, 
focusing on critical observational timepoints during early healing phases. 

Although the effectiveness of utilizing bioactive compounds in red betel 
leaves (Piper crocatum Ruiz and Pav) in healing diabetic wounds has been 
demonstrated, the preparations applied are still in extract form, which has 
limitations in drug delivery systems for packaging the bioactive compounds and in 
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distributing the drug to the infected area. Wound care methods with high humidity 
levels in the wound area are also susceptible to increasing bacterial infection. 
 

MATERIAL AND METHOD 
This study observed the healing process of diabetes mellitus wounds using 

Red Betel Leaf Extract Nano-Emulcream (Piper crocatum Ruiz and Pav) in 
experimental animals. This study used a true experimental laboratory research 
type with a Post-test only control group research design. This study has been 
approved by the Health Research Ethics Committee (KEPK) of the Faculty of 
Health Sciences at Universitas Muhammadiyah Pringsewu, with ethics certificate 
number: 007/KEPK/FKes/2025. All procedures involving laboratory animals were 
conducted in accordance with animal welfare standards to minimize pain and 
stress during the study. The sample calculation uses the Federer formula. This 
formula is used to determine the number of replicates (n) per group so that the 
research results have an adequate number of degrees of freedom : (t – 1) x (n – 

1)  15 with 5 treatment groups. Based on this formula, the number of samples per 
group is 5 samples. Process diagram of the research on the potential of Red Betel 
Leaf Extract Nano-Emulcream (Piper crocatum Ruiz and Pav). 
 
Stage 1: Preparation of red betel leaf extract (Piper crocatum Ruiz and Pav) 
The research process into the potential of Red Betel Leaf Extract Nano-Emulcream 
(Piper crocatum Ruiz and Pav) in healing diabetic wounds began with the 
preparation of red betel leaf extract. A 500-gram sample of dried red betel leaf was 
weighed and soaked in 5 liters of analyzed ethanol at a 1:10 ratio to facilitate the 
extraction of the compounds. The extraction process was carried out for 3 days, 
with stirring every 24 hours. The sample was filtered, then the filtrate was 
evaporated using a rotary evaporator to produce a thick red betel leaf extract 19. 

 
Stage 2: Production of Red Betel Leaf Extract Nano-Emulcream (Piper crocatum 
Ruiz and Pav) (Characterization and Particle Size Analyzer/PSA) 
The preparation of red betel (Piper crocatum) leaf extract nano-emulcream was 
initiated by formulating the oil phase in a mortar, where the red betel leaf extract 
was ground until homogeneous with propylene glycol, followed by the sequential 
addition and constant blending of VCO, Span 80, Tween 80, nipasol, and 96% 
ethanol to ensure uniformity. Concurrently, the aqueous phase was prepared by 
dissolving nipagin in half of the total volume of distilled water, which was 
subsequently combined with the oil phase using a magnetic stirrer at 1,000 rpm 
and 50°C for 10 minutes to yield the nanoemulsion. Meanwhile, the gel base was 
fabricated by dispersing Carbomer 940 evenly over the remaining half of the 
preheated distilled water, allowed to swell for 15 minutes, ground into a gel matrix, 
and homogenized with glycerin. In the final stage, the pre-formed nanoemulsion 
was incorporated into the gel base, followed by the addition of triethanolamine 
(TEA) with continuous stirring until thickening occurred. The particle size was 
subsequently reduced using an Ultra-Turrax homogenizer at 15,500 rpm for 10 
minutes to obtain a homogeneous20. The mixture was then stirred using a magnetic 
stirrer at 250 rpm for 30 minutes. The nanoparticles were then characterized using 
a UV-Vis spectrophotometer to determine the maximum wavelength indicating the 
formation. This was followed by characterization using a Particle Size Analyzer to 
determine the size and distribution of the formed particles. 
 
Stage 3: Preparation of Wistar rats (Rattus norvegicus)  
This stage involved acclimatizing the animals to the testing room to adjust or adapt 
to the conditions and temperature of the testing room for 7 days before the next 
stage. 
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Stage 4: Induction of Diabetes in the Experimental Animals 
In this stage, the animals were induced intraperitoneally with alloxan monohydrate 
A7413, Sigma Aldrich, at a dose of 100 mg/kg body weight, to stimulate diabetes. 
Alloxan was prepared by dissolving 0.9 g of alloxan monohydrate in 6 ml of 
phosphate-buffered saline to obtain a concentration of 150 mg/ml 21. The rats were 
deprived of food or water for more than 12 hours overnight before alloxan induction. 
The development of diabetes mellitus in these animals was confirmed 72 hours 
after alloxan induction and was confirmed by an average blood glucose level 
exceeding 200 mg/dL using a GlucoDR device. 
 

 
Figure 1. Induction of diabetes in experimental animals 

 
Stage 5: Traumatic ulcer in diabetic Wistar rats 
In this stage, a traumatic ulcer or wound is created in the diabetic test animal. After 
the test animal is confirmed to have diabetes mellitus (fasting glucose >200 
mg/dL), a 2 cm and 2 mm deep traumatic ulcer is created along the back using a 
stainless steel blade/scalpel. Prior to the traumatic ulcer, the test animal is 
anesthetized with ketamine/xylazine. A traumatic ulcer is confirmed after 24 hours, 
with the clinical appearance of a yellowish-white ulcer with a reddish border22. 
 

 
Figure 2. Creation of a traumatic ulcer in a diabetic Wistar 

 
Stage 6: Treatment Application 
At this stage, after the traumatic wound or ulcer condition in the diabetic 
experimental animals has been established, the experimental application will be 
carried out on five groups of experimental animals. Group 1 (negative control) was 
given 0.9% NaCl, group 2 (positive control) was given povidone iodine, and groups 
3, 4, and 5 were given Red Betel Leaf Extract Nano-Emulcream at concentrations 
of 5%, 10%, and 15%, respectively. 
 
Stage 7: Observation of the length and width of the traumatic ulcer measurements 
were explicitly performed on designated timepoints, specifically on day 2 and day 
7 post-injury. 
 
Stage 8: Data Analysis 
Data were expressed as Mean ± Standard Deviation (SD). The normality of data 
distribution and homogeneity of variances were assessed using the Shapiro-Wilk 
test and Levene’s test, respectively. Statistical significance among the 
experimental groups was analyzed using  Welch’s ANOVA. And Post-Hoc Games-
Howell to comparisons were subsequently to determine specific pairwise 
differences between groups. A p-value of less than 0.05 (p<0.05) was considered 
statistically significant. All statistical analyses were executed using SPSS version 
26. 
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RESULTS AND DISCUSSION  
The results of the characterization test were carried out with 2 types of FTIR 

spectrum tests, namely the characterization test on Red Betel Leaf Extract (Piper 
crocatum Ruiz and Pav) and the characterization test on the Red Betel Leaf Extract 
Nano-emulcream (Piper crocatum Ruiz and Pav) preparation. The results of the 
characterization test on the extract and the Red Betel Leaf Nano-Emulcream 
preparation obtained 9 points and 13 peak points/Peaks which indicate the results 
of the FTIR analysis on the red betel leaf extract containing various functional 
groups which indicate the diversity of chemical components and bioactive 
compounds. Thus, this FTIR spectrum provides an illustration that red betel leaves 
contain complex compounds including hydrocarbons, phenolic compounds, and 
nitrogen-containing compounds18,14, which can support the bioactive potential of 
Red Betel Leaves. It can be concluded that flavonoids, tannins, and essential oils 
are present in the chemical composition of red betel leaves. These results align 
with previous research 23 that examined flavonoids, tannins, and essential oils 
using the FTIR method24. Each identified spectral peaks indicating the 
characteristic functional groups of each compound. Two characterization tests of 
the RBL Nano-Emulcream preparation revealed no changes in the compound 
content of the prepared preparations. 

The results of the Particle Size Analyzer (PSA) test (Table 1) using the 
NanoTrac II instrument with the Dynamic Light Scattering (DLS) method indicate 
that the particle size of red betel leaf (Piper crocatum Ruiz & Pav) nanoparticle 
extract is in the range of 176.35–361.8 nm, with a Polydispersity Index (PDI) value 
between 1.055–1.132. At a RBL-NEC concentration of 5%, an average particle 
size of 176.35 nm (PDI 1.055) was obtained, indicating a heterogeneous particle 
size distribution. This suggests a potential tendency for particle aggregation within 
the emulcream matrix, which represents a limitation of the current formulation 
design. At RBL-NEC 10%, the particle size increased to 266.8 nm (PDI 1.127), and 
at RBL-NEC 15%, the particle size reached 361.8 nm (PDI 1.132) with a more 
heterogeneous distribution. 

 
Table 1. PSA test results for three concentrations of Red Betel Leaf Extract Nano-
Emulcream 

No Sample 

PSA Parameters Average Parameters (x̄) 

Mean Intensity 
(MI) 

Polydispersity Index 
(PDI) 

MI PDI 

1 
RBL-NEC 5% 164.7 nm 1.008 

176.35 1.055 
RBL-NEC 5% 188 nm 1.102 

2 
RBL-NEC 10% 274.2 nm 1.108 

266.8 1.127 
RBL-NEC 10% 259.4 nm 1.146 

3 
RBL-NEC 15% 349.1 nm 1.114 

361.8 1.132 
RBL-NEC 15% 374.5 nm 1.151 

 
The high PDI value (>1.0) is likely due to the diversity of bioactive 

components in Piper crocatum extract that have different affinities to the carrier 
polymer, thus forming a heterogeneous particle size population. Although the PSA 
results show a high PDI due to the sensitivity of the instrument to particle 
aggregates, microscopic observations indicate that most individual particles are 
still in the nanometer range25,26. 

The increase in particle size with increasing concentration is due to particle 
aggregation and size growth due to the greater number of precursors, so that the 
particles tend to combine to form larger particles. All results are still within the 
nanoparticle size range (10–1000 nm), making them suitable for use in drug 
delivery systems. These results align with previous research 27 which reported a 
red betel leaf extract nanoemulsion size of 514.4 nm, and are supported by 
research explaining that the higher the concentration of the active ingredient, the 
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larger the resulting particle size due to a decrease in the zeta potential value, which 
causes the molecules to easily attract each other and aggregate28,29,30. 

 
Table 2. Effect of Treatment on Wound Length on Day 2 and Day 7 
Treatment Group Day 2 (Mean ± SD) Day 7 (Mean ± SD) 

C – (Negative Control) 1.95 ± 0.05 1.57 ± 0.08 

C + (Positive Control) 1.60 ± 0.12 0.88 ± 0.19 

RBL-NEC 5% 1.83 ± 0.08 0.82 ± 0.16 

RBL-NEC 10% 1.71 ± 0.07 0.22 ± 0.08 

RBL-NEC 15% 1.69 ± 0.12 0.34 ± 0.20 

P Value (Welch) 0.001 0.001 

 
On Day 2, the negative control group (C-) exhibited the largest mean wound 

length at 1.95±0.05. The Games-Howell post hoc test demonstrated that the C- 
group was significantly different from the positive control group (C+; 1.60±0.12), 
the 10% extract dose group (RBL-NEC 10%; 1.71±0.07), and the 15% extract dose 
group (RBL-NEC 15%; 1.69±0.12). This indicates that from the early phase of 
healing (Day 2), administration of the extract at a minimum concentration of 10% 
successfully stimulated a statistically significant reduction in wound length. 
Conversely, the low-dose group (RBL-NEC 5%; 1.83±0.08) did not show a 
significant difference in mean wound length compared to the negative control 
group. Interestingly, all extract-treated groups (RBL-NEC5%, RBL-NEC10%, and 
RBL-NEC15%) demonstrated a therapeutic efficacy comparable to that of the 
positive control group (C+), with no statistically significant differences observed 
among these groups (p>0.05). 

And by day 7, a distinct and more pronounced pattern of efficacy emerged 
across the treatment groups. The negative control group (C-) maintained the 
largest mean wound length (1.57±0.08) and remained highly significantly different 
(p≤0.003) compared to all other intervention groups. The administration of the 
moderate extract dose (RBL-NEC10%) and high extract dose (RBL-NEC15%) 
yielded the most optimal healing outcomes, with mean wound lengths 
of 0.22±0.08 and 0.34±0.20, respectively. Both groups were found to be 
significantly more effective in reducing wound length compared to the positive 
control group (C+; 0.88±0.19). The RBL-NEC10% and RBL-NEC15% groups also 
outperformed the low-dose RBL-NEC5% group (0.82±0.16). However, increasing 
the extract concentration from 10% (RBL-NEC10%) to 15% (RBL-NEC15%) did 
not result in a statistically significant difference in wound healing acceleration. 
Meanwhile, the low-dose RBL-NEC5% group (0.82±0.16) exhibited a healing 
efficacy that was statistically equivalent and not significantly different from the 
positive control group at this stage of observation. 

 
Figure 3. Graph of average reduction in wound length , wounds (cm) in 

experimental animals on day 2 and day 7 
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Figure 3. shows that increasing the concentration from 5% to 10% resulted 

in a sharp increase in healing effectiveness on Day 7 (down from 0.80 to 0.20). 
However, further dose increases to 15% no longer showed an increase in the 
acceleration effect, but rather tended to stabilize (at 0.34). Thus, it can be visually 
concluded that RBL-NEC 10% is the most optimal concentration in accelerating 
wound healing efficiency in this test animal model. 

On day 2, wound healing effects began to appear in the 10% and 15% RBL-
NEC groups, which showed faster anti-inflammatory and antimicrobial activity than 
the other groups. This phase is still included in the early inflammatory phase where 
hemostasis and clearance of tissue debris by inflammatory cells occur. Healing 
activity at this stage is related to the ability of nano-emulcream to suppress 
inflammatory mediators. These results are in line with research by Sukmawati et 
al. who reported that white turmeric extract nanoparticles were able to suppress 
inflammation in excision wounds in mice in the first 48 hours through antioxidant 
and antibacterial activity that reduced neutrophil infiltration31. Several studies have 
shown that nanoparticles derived from herbal ingredients with high phenolic 
compound content can inhibit the formation of inflammatory mediators, thereby 
helping to accelerate the transition from the inflammatory phase to the proliferation 
phase in the wound healing process32,33,34. Furthermore, Wulandari's research 
reported that Rhaphidophora pinnata leaf nanoparticle gel accelerated wound 
closure starting on day 3 compared to the control, through mechanisms such as 
increased fibroblast activity and reduced tissue edema35. 

On day 7, all treatment groups showed a greater reduction in wound size, 
particularly in the 10% RBL groups, indicating a potentially enhanced progression 
into the proliferative phase. This phase is characteristically associated with 
granulation tissue formation, fibroblast proliferation, collagen deposition, and re-
epithelialization. While these underlying cellular mechanisms were not directly 
evaluated in the present study, the macroscopic acceleration of wound closure 
aligns with studies by Yuliani et al. and Che et al., which demonstrated that 
chitosan-based nanoparticles can enhance fibroblast migration and type I collagen 
production36,37. However, increasing the concentration to 15% did not improve 
results, likely due to particle saturation or local tissue irritation, as also found by 
Afshar et al. and Medic et al38,39. Overall, the RBL-NEC 105 formulation proved to 
be the most effective in accelerating macroscopic wound healing. These outcomes 
may be associated with the potential antimicrobial, anti-inflammatory, and 
fibroblast proliferation stimulation effects reported in previous literature; however, 
further histological and biomolecular analyses are required to definitively confirm 
these specific mechanisms in this model. 

 

CONCLUSION 
Red Betel Leaf Extract Nano-Emulcream (Piper crocatum Ruiz & Pav) showed 

potential to accelerate wound healing in an alloxan-induced diabetic rat model. A 
formulation with a particle size of 176–361 nm enhances the effectiveness of bioactive 
compounds such as flavonoids and tannins through anti-inflammatory, antibacterial, 
and antioxidant activities. In vivo testing results showed that a 10% concentration 
significantly reduced wound length (p < 0.05) compared to the control group. In 
conclusion, the developed red betel leaf extract nano-emulcream showed potential 
effectiveness as a topical wound-healing agent. However, further toxicity, skin irritation, 
and systemic safety evaluations are strictly required before clinical translation as an 
alternative topical therapy to accelerate tissue regeneration in diabetic wounds. 
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