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Abstract. Wound healing in hyperglycemia patients is still a challenge in the medical field. Bioactive compounds 

of binahong leaf extract can support the wound healing process. Nanoencapsulation of the extract can avoid 

oxidation and optimize drug delivery to target tissues. This study aimed to analyze the effect of nanochitosan 

encapsulated binahong extract ointment (NEBE/Oint) on the percentage of wound healing, angiogenesis, collagen 

density, and epithelial thickness in hyperglycemic rats. This study used 80 mg/kg streptozotocin-induced 

hyperglycemia rats injured in the back area. Rats were divided into P0 (0,9% NaCl), P1 (10% povidone-iodine 

ointment (PI/Oint)), P2 (10% NEBE/Oint), P3 (20% NEBE/Oint), P4 (30% NEBE/Oint). Phytochemical screening 

of binahong leaves extract showed positive results for flavonoids, alkaloids, saponins, and tannins. NEBE particle 

size was 169 nm with a size distribution of 0.2 and a zeta potential value of -40,2 mV. The results showed NEBE 

ointment had a significant effect when compared with negative control on wound healing hyperglycemic rats. The 

conclusion is that nanochitosan drug delivery has the potential as an alternative wound treatment. The novelty of 

this study is the use of nanochitosan to accelerate wound healing in hyperglycemic rats. The results of this study 

are expected to become a reference for new wound-healing methods in the medical field. 
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INTRODUCTION 

Diabetic ulcers are one of the most 

threatening complications for people with diabetes 

because they are the leading cause of amputation 

(Perez-Favila et al., 2019). High blood sugar 

levels can result in chronic wounds that are 

difficult to heal due to persistent infections as 

a result of cellular dysfunction, microvascular 

disorders, high oxidative stress, and hypoxia (Qin 

et al., 2022). Current methods of treating diabetic 

wounds include taking antidiabetics, antibiotics, 

debridement, dressings, administering exogenous 

growth factors, and stem cell therapy (Spampinato 

et al., 2020; Tekleyes et al., 2015). Currently, 

available methods still have shortcomings such as 

high therapy costs, side effects, and the risk of 

strain resistance, and cannot guarantee the success 

of effective healing (Spampinato et al., 2020; 

Pereira & Bartolo, 2016). Therefore the 

development development of alternative 

treatments needs to be carried out. 

Binahong (Anredera cordifolia (Ten.) 

Steenis) is a medicinal plant containing secondary 

metabolite compounds such as flavonoids, 

alkaloids, tannins, saponins, and steroids 

mailto:sunarno@lecturer.undip.ac.id


156 

Zalfa Alfatinnisa, et al. / Biosaintifika 16 (1) (2024): 155-165 

 

(Dwitiyanti           et al., 2019). These compounds have 

mechanisms of action that can help wound 

healing, including antibacterial, antioxidant, anti-

inflammatory, and analgesic (Yuniarti & 

Lukiswanto, 2017). Several studies have used an 

extract of binahong to heal wounds. Situmorang et 

al., (2020) proved that 10% ethanol extract of 

binahong leaves effectively reduced      wound 

diameter. Anggraeni et al., (2017) observed 

microscopically the effect of ethanol binahong 

leaf extract in reduced infiltration of inflammatory 

cells in injured tissue. Nuroini et al. (2021), 

reported that 25% and 50% ethanol extract of 

binahong leaves can stimulate the formation of 

collagen on S. aureus-infected wounds. 

Nanoparticle-based technology currently can 

be utilized to increase the effectiveness of 

pharmaceutical products by increasing drug 

stability and solubility, controlling drug release, 

minimizing toxicity, and providing high 

therapeutic effects (Hamimed et al., 2022). One 

example of the most widely used nano drug 

delivery system is chitosan polymer. This is 

because chitosan is non-toxic, biocompatible, 

mucoadhesive, biodegradable, antibacterial, 

cheap, and easily modified to nano size (Yalcin & 

Cankaya, 2022). Several in vivo studies have 

shown that nano-delivered bioactive compounds 

accelerate wound healing through the modulation 

of several growth factors, including tumor 

necrosis factor-alpha (TNF-alpha), interleukin-10 

(IL-10), endothelial growth factor (EGF) and 

transforming growth factor-beta (TGF-beta), 

resulting in decreased inflammatory cell 

infiltration, increased collagen deposition, and re-

epithelialization (Choudary et al., 2020; Hou et al., 

2020; Menne et al., 2021). There is not much 

information regarding the use of nanochitosan 

combined with binahong leaf extract to heal 

wounds. Therefore, this research was carried out 

to reveal the effect of binahong extract 

encapsulated with nanochitosan on wound healing 

with a case study in this research of hyperglycemic 

rats that induced streptozotocin. The novelty of 

this research is the use of nanochitosan as an 

encapsulation of binahong extract for wound care. 

This research data can provide information and 

knowledge regarding the effects of nanochitosan 

as a drug delivery agent on the wound healing 

process in hyperglycemia sufferers. It is hoped 

that this research can be an initial study for further 

drug development, especially for sufferers of 

wounds caused by hyperglycemia. 

 

METHODS 

Ethical Approval 

All research procedures adhere to animal 

experimental ethics and have been approved by 

the Health Research Ethics Committee of the 

Faculty of Medicine, Diponegoro University 

(No.62/EC-H/KEPK/FK-UNDIP/VI/2023). 

Plant Material 

Binahong leaves were obtained from mature 

and healthy plants in July 2022 from Panggung 

Lor Village, North Semarang District, Semarang 

City (-6.9581667, 110.4009411). Determination 

of binahong plants was carried out at the Ecology 

Laboratory, Department of Biology, Faculty of 

Science and Mathematics, Diponegoro University. 

Preparation of Extracts Binahong 

The harvested binahong leaves are then 

sorted, washed with water, and drained. Next, the 

leaves are dried in an oven at 40oC until 

completely dry. The dried leaves are then crushed 

and sifted using a 40-mesh sieve to produce a 

uniform size of simplicial powder (Rusli et al., 

2020). 

The extraction of bioactive compounds was 

carried out using the maceration method. 

Simplicia powder was soaked in 96% ethanol for 

5 days with a ratio of 1:5, and the soak was stirred 

occasionally. The maceration results are then 

filtered to separate the pellet from the filtrate. The 

pellets were then macerated again with the same 

ratio and the procedure was done in 2 days. The 

filtrate from the first and second maceration is 

filtered again to eliminate impurities. The 

impurity-free filtrate is then evaporated using a 

vacuum evaporator at a temperature of 60oC and 

heated using a water bath at a temperature of 60oC 

to obtain a condensed extract (Kintoko & 

Desmayanti, 2016; Yuniarti & Lukiswanto, 2017). 

The condensed extract obtained was then 

subjected to a qualitative phytochemical screening 

to determine the content of bioactive compounds 

in it. 

Nanoencapsulation Preparation and 

Characterization 

Nanoencapsulation binahong leaf extract was 

synthesized using the ionic gelation method. 2 g of 

condensed binahong leaf extract was dissolved in 

50 mL of 70% ethanol. This solution was mixed 

with 100 mL 0.2% chitosan and stirred using a 

magnetic stirrer. 0.2% Sodium tripolyphosphate 

(STTP) solution with a volume of 25 ml was added 
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to this solution gradually and homogenized using 

a magnetic stirrer for 30 minutes until a 

nanoencapsulation suspension of binahong leaves 

was formed (Utari et al., 2022; Winarti et al., 

2023). The            nanoencapsulation properties of 

binahong leaf extract, including particle size, 

polydispersity index (PI), and zeta potential, were 

characterized using the Malvern zeta sizer nano 

instrument (Soleymanfallah et al., 2022). 

Preparation of Topical Formulations 

The ointment is made with the essential 

ingredients of adeps lanae and vaseline album in a 

ratio of 1:5. Adeps lanae was melted in a sterilized 

mortar and heated using an oven at 50oC. Vaseline 

album is added to the mortar and stirred until 

homogeneous. Nanochitosan encapsulated 

binahong extract (NEBE) was added to the 

ointment base at 10%, 20%, and 30%, 

respectively, and stirred again until homogeneous. 

NEBE at each concentration was made into an 

ointment of 30 grams (NEBE/Oint) (Dewi & 

Fatonah, 2019). 

Excision Wound Making on Rats 

Male Wistar rats measuring 180-230 g were 

used in this study. Acclimatization was carried out 

for a week in a standard cage with room 

temperature, 25 ± 2oC, 65% relative humidity, and 

a 12:12 hour light-dark cycle, and food and water 

were given ad libitum. 

Acclimatized animals were injected with 

streptozotocin (80 mg/kg, i.p.) and given 20% 

glucose solution orally. 2 days after induction, 

blood glucose levels were measured (Kamar et al., 

2019). Rat confirmed to have fasting blood 

glucose levels above 200 mg/dl will be used in this 

study (Brodjonegoro et al., 2021). The excision 

wound was made using ketamine anesthesia 

(50 mg/kg, i.m.), and the hair of the back area was 

shaved. An excision wound with an area of 36 

mm2 was created using punch biopsy (Kintoko et 

al., 2017; Nagar et al., 2016). 

Wound Treatments on The Rats 

The total test animals used were 25 rats 

randomly grouped into 5 groups with 5 

replications. P0 (control negative): 0.9% NaCl, 

P1(control positive): 10% povidone-iodine 

ointment (PI/Oint), P2: 10% NEBE/Oint, P3: 20% 

NEBE/Oint, P4: 30% NEBE/Oint. Topical 

medication is applied once a day for 14 days of 

treatment. 

Measurement of Percent Wound Closure 

Excision wounds on days 0, 3, 7, 10, and 14 

were documented as material for calculating the 

size of the wound area using software (ImageJ, 

NIH). The results of the wound area analysis are 

processed into percentages using a calculation 

formula (Choudary et al., 2020). 

 

Wound contraction (%) = 
𝑤𝑜𝑢𝑛𝑑 𝑎𝑟𝑒𝑎 𝑜𝑛 𝑑𝑎𝑦 0−𝑤𝑜𝑢𝑛𝑑 𝑎𝑟𝑒𝑎 𝑜𝑛 𝑑𝑎𝑦 𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑡𝑖𝑜𝑛

𝑤𝑜𝑢𝑛𝑑 𝑎𝑟𝑒𝑎 𝑜𝑛 𝑑𝑎𝑦 0
 𝑥 100 

 

Histopathological Preparation and Analysis 

Rats were terminated with excessive doses of 

ketamine. A biopsy of the healing wound was 

carried out on the last day of the experiment to 

continue making histology preparations. Tissues 

were made into paraffin blocks, cut at a thickness 

of 5 µm, and stained with Hematoxylin Eosin. The 

parameters observed at the tissue level are 

angiogenesis, epithelial thickness, and collagen 

density. The tissue was observed under a light 

microscope connected to an Optilab at 400x 

magnification. 

Statistical Analysis 

Quantitative data were summarized as mean 

± SD. Ratio data including percentage of wound 

healing, epithelial thickness, and angiogenesis 

amount, were tested by ANOVA followed by 

Tukey's advanced test. Ordinal data for collagen 

density was tested by Kruskal-Wallis and followed 

by the Mann-Whitney test. Statistical tests were 

carried out using SPSS version 29.0 software with 

a significance level of P≤0.05. 

RESULTS AND DISCUSSION 

Phytochemical screening 

Binahong leaf simplicia macerated with 96% 

ethanol solvent produced an extract yield of 

16.75%. Phytochemical screening of binahong 

leaf extract was carried out to determine the 

compound content in the extract so that it could be 

linked to its biological activity. Qualitative 

phytochemical test results show that binahong leaf 

extract contains alkaloids, flavonoids, saponins, 

and tannins (table 1.). These various bioactive 

compounds have pharmacological activities as 

antibacterial, antioxidant, analgesic, and anti-

inflammatory agents which support the wound 

healing process (Yuniarti & Lukiswanto, 2017). 
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Table 1. Results of phytochemical screening of ethanol extract of binahong leaves 

Types of 

Secondary 

Metabolites 

 
Test Method 

 
Description 

 
Test Result 

Flavonoid Wilstater Orange color Positive 

Saponin Forth Formed foam Positive 

Alkaloid Wagner Light brown precipitated Positive 

Tanin FeCl3 1% Blackish green color Positive 

Steroid Liebermann-Bouchard Didn’t change Negative 

 

Characterization of Synthesized Nanoparticles 

Nanoparticles were used in this research as 

drug delivery to increase the stability and 

efficiency of bioactive compounds absorption into 

the skin compartment. Things that need to be 

considered are the characteristics of size and PI 

value. Size characteristics are used to estimate the 

in-vivo distribution, toxicity levels, and the ability 

of materials to reach target cells (Hosyar et al., 

2016; Egbuna et al. 2021). The average size of 

NEBE was 171.8 ± 2.43 nm. In this research, the 

NEBE produced had a particle size that met the 

requirements for a nano drug delivery system, 

from 50 to 300 nm (Sabdoningrum et al., 2021). 

The uniformity of nanoparticles is indicated by PI 

(Afifah et al., 2021). The PI value ranges from 0.0 

(homogeneous particle size distribution) to 1.0 

(particle size distribution with a high degree of 

heterogeneity) (Danaei et al., 2018). The results of 

the size uniformity analysis show a value of 0.207 

± 0.01, which indicates a homogeneous particle 

size. 

Optimization of NEBE material as drug 

delivery is closely related to the zeta potential 

characteristics. The results of this character 

analysis show the level of stability of a particle. 

Afifah et al., (2021) stated that a stable particle is 

indicated by a zeta potential value of more than ± 

30 mV. The value obtained from the zeta potential 

analysis of the NEBE material is -40.2 mV. This 

value indicates that NEBE material is stable or the 

particles are difficult to aggregate. 

Wound Contraction in Rats Treated with 

Different Topical Formulations 

Observations of wound healing in 

hyperglycemic white rats were divided into five 

treatment groups P0, P1, P2, P3, and P4 which 

were observed macroscopically for 14 days 

(Figure 1). The size of the wound area obtained 

from macroscopic observations is then converted 

into a percentage of wound contraction. Wound 

contraction data were analyzed by ANOVA. The 

ANOVA results showed that the treatment had a 

significant effect on the percentage of wound 

healing on days 3, 7, and 10 between the P0 group 

as a negative control and the treatment groups 

were given topical medication (P1 as control 

positive, P2, P3, and P4). P4 gave the highest 

percentage of observations on days 3, 7, and 10. 

Meanwhile, on day 14, there was no significant 

effect between all treatment groups (p> 0.05) 

(Table 1).  
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Figure 1. Documentation of macroscopic observations of wounds treated differently. 

 

Table 1. Effect of Various treatment on Wound Contraction Percentage 
Treatment 

Groups 

Day 3 (%) Day 7  

(%) 

Day 10  

(%) 

Day 14  

(%) 

P0 -1.06a ± 0.11 12.40a ± 0.19 38.92a ± 0.06 66.20 ± 0.20 

P1 25.27b ± 0.15 40.18ab ± 0.15 75.96b ± 0.19 97.00 ± 0.03 

P2 13.02ab ± 0.05 25.38ab ± 0.13 66.30ab ± 0.22 89.00 ± 0.08 

P3 24.73b ± 0.13 48.59b ± 0.13 76.51b ± 0.15 97.80 ± 0.03 

P4 25.64b ± 0.10 53.73b ± 0.09 78.72b ± 0.06 98.40 ± 0.01 

Note: Data are expressed as mean ± standard deviation (n=5). Numbers followed by the same letters 

indicated that they were not significantly different at p<0.05. 

 

Macroscopic observations of wound healing 

were carried out on days 0, 3, 7, 10, and 14. Based 

on observations on day 3, all treatment groups had 

wounds that had dried out and were growing 

scabs. Observations on days 7 and 10 showed that 

all groups had thinner scabs and smaller wound 

diameters. Observations on the 14th day, 

treatments P1, P3, and P4 showed that the scab had 

detached and the wound had closed, whereas in 

treatments P0 and P2 there were still scabs with a 

diameter that was getting smaller (Figure 1). The 

formation of a scab during the wound-healing 

process indicates that the wound has entered the 

proliferation phase of wound healing. This phase 

is characterized by the presence of fibroblasts, 

collagen, and capillaries that form granulation 

tissue. Scabs function to help wound 

hemostasis and prevent contamination by 

microorganisms. The scabs will detach when the 

wound has healed (Sudira et al., 2019). 

Effect of Topical Application of Different 

Treatments on Angiogenesis, Collagen 

Density, and Epithelial Thickness 

Microscopic observation of wound healing 

was carried out on the wound tissue after 14 days 

of treatment. The parameters observed 

microscopically are wound healing parameters in 

the proliferation phase, which include 

angiogenesis, collagen density level, and 
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epithelial thickness (Table 2). 
 

Table 2. Results of microscopic observation data analysis. 
Treatment Groups Observation Parameters 

Number of Capillaries Collagen Density Epithelial Thickness 

P0 2.44a ± 0.33 2.20a ± 0.00 12.18a ± 0.45 

P1 7.00b ± 0.24 3.00b ± 0.00 23.95d ± 0.74 

P2 6.53b ± 0.31 3.00bc ± 0.00 14.65b ± 0.71 

P3 6.40b ± 0.65 3.04bc ± 0.22 16.02b ± 0.55 

P4 7.00b ± 0.24 3.24c ± 0.17 21.73c ± 1.42 

Note: P0 (control negative): 0.9% NaCl, P1(control positive): 10% povidone-iodine ointment (PI/Oint), 

P2: 10% NEBE/Oint, P3: 20% NEBE/Oint, P4: 30% NEBE/Oint. 
 

Angiogenesis is the process of forming new 

blood vessels. This process is induced by hypoxia 

tissue and the presence of VEGF signals produced 

by macrophages. This situation activates 

endothelial cells in the wound area, then 

endothelial cells proliferate and migrate around to 

form new capillary branches (Spampinato et al., 

2020). Capillaries growing in the excision wound 

area were observed microscopically (Figure 2). 

Data on the number of capillaries indicates the 

existence of an angiogenesis process (Table 1). 

The results of the ANOVA analysis showed that 

the treatment given produced a significant 

difference in the number of capillaries (p<0.05). 

The difference in the number of capillaries in 

treatment groups was then tested by Tukey. Based 

on Tukey test, group P0 was different from groups 

P1, P2, P3, and P4 (p<0.05). The highest mean 

number of capillaries was found in groups P1 and 

P4 (7.00 ± 0.24). 

The results of this study showed that P1, P2, 

P3, and P4 had a significant effect on increasing 

angiogenesis compared to P0. Povidone iodine 

ointment 10% is one of the drugs most often used 

in the treatment of various types of wounds. This 

type of ointment functions as an antiseptic to 

prevent microbial contamination of damaged 

tissue (Bigliardi et al., 2017). Low levels of 

microbial infection will accelerate the 

inflammatory phase towards the wound healing 

phase (Holzer-Geissler et al., 2022). 

The treatment group given NEBE ointment 

also showed capillary growth. Bioactive 

compounds in NEBE ointment induce the 

angiogenesis process. Apriasari et al., (2016) 

reported tannin extracted from banana stems can 

increase the expression of VEGF which affects 

increasing angiogenesis of oral cavity ulcers in 

Wistar rats. Tannins are known to increase the 

expression of proangiogenic growth factors 

(HIF1α and HSp90α). Flavonoid quercetin is also 

known to help the angiogenesis process by 

increasing the secretion of VEGF (Zhou et al., 

2015). 
 

   

 

 

 

 

Figure 2. Histopathological image of angiogenesis (HE staining, 400x magnification). The white  

   arrow indicates angiogenesis. P0 (control negative): 0.9% NaCl, P1(control positive): 10% 

  povidone-iodine ointment (PI/Oint), P2: 10% NEBE/Oint, P3: 20% NEBE/Oint, P4: 30%  

NEBE/Oint. 
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Collagen is a protein that makes up the 

extracellular matrix (Mathew et al., 2021). 

Collagen formation in the wound healing 

process is carried out from the proliferation to 

remodeling stages. The cells that play a role in the 

collagen deposition process are fibroblasts. TGF-

β will induce fibroblasts to start synthesizing type 

III collagen. When entering the remodeling stage, 

fibroblasts will produce collagen 

metalloproteinase to degrade type III collagen and 

replace it with type I collagen which has thicker 

and stronger characteristics as a protective 

mechanism for the skin (Dorantes & Ayala, 2019). 

The collagen density was scored (Figure 3), and 

then statistically analyzed (Table 1).  

NEBE ointment has a higher effect on 

collagen density compared to treatment with 

control, P0, and P1. This is because NEBE 

ointment contains bioactive compounds that can 

stimulate collagen formation. Zhang et al., (2022) 

stated that flavonoids play a role in TGF-β 

expression which induces fibroblast cell 

proliferation. An increase in activated fibroblast 

cells will increase the production of collagen. 

Gopalakrishnan et al., (2016) stated that quercetin 

is a type of flavonoid that is known to increase 

TGF-β expression in the early proliferation phase, 

thus supporting fibroblast activation, extracellular 

matrix deposition, and granulation tissue 

formation. Mastuti et al., (2017), saponin 

compounds can stimulate the formation of 

fibronectin by fibroblasts. The fibronectin that is 

formed will stimulate the migration of fibroblasts 

to the wound tissue, so more collagen is 

synthesized by the fibroblasts. Alkaloids are a type 

of bioactive compound besides flavonoids and 

saponins which are known to help heal wounds 

in the proliferation phase. The results of in vitro 

research conducted by Azzazy et al., (2021) show 

that alkaloid compounds extracted from Peganum 

harmala can increase the number of fibroblasts 

and collagen. 

 

   
 

 

 

 

 

Figure 3. Histopathological image of collagen density (HE staining, 400x magnification). The white  

        arrow indicates collagen fiber. P0 (control negative): 0.9% NaCl, P1(control positive): 10%  

   povidone-iodine ointment (PI/Oint), P2: 10% NEBE/Oint, P3: 20% NEBE/Oint, P4: 30%  

   NEBE/Oint. 
 

Epithelialization is the process of forming 

new epithelial cells on the surface of damaged 

skin. This process involves the proliferation and 

migration of keratinocyte cells (Bartolo et al., 

2022). Keratinocytes have junction structures in 

the form of desmosomes and hemidesmosomes 

which help connect keratinocyte cells. The initial 

process of reepithelialization is characterized by 

the degradation of desmosomes and 

hemidesmosomes to facilitate keratinocyte 

migration (Rakita et al., 2022). IL-1 is secreted 

autocrine by keratinocytes to increase the 

migration and proliferation of these cells. IL-1 

also activates fibroblasts to increase KGF 

secretion thereby inducing keratinocyte migration 

and proliferation. TNF-α is also secreted autocrine 
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for keratinocyte migration and paracrine activates 

fibroblasts to increase the secretion of fibroblast 

growth factor (FGF) which has an impact on 

extracellular matrix deposition thereby increasing 

keratinocyte motility during re-epithelialization 

(Bartolo et al., 2022).  

Measurement of epithelial thickness 

produces an average thickness for all treatment 

groups (Figure 4 & Table 2). ANOVA statistical 

analysis showed that the treatments given 

produced significant differences in epithelial 

thickness (p<0.05). Differences in epithelial 

thickness in the treatment groups were then tested 

by Tukey. Based on further tests, the negative 

control group was different from the positive 

control group and NEBE treatment. The highest 

value was obtained in P1 (positive control) 

followed by P4, P3, and P2. 

P4 had the second highest effect on epithelial 

thickness (21,73 µm) after P1. The flavonoids 

contained in NEBE ointment are known to induce 

keratinocyte proliferation (Gallelli et al., 2020), 

and induce the secretion of TGF-β and FGF with 

increased collagen production which causes 

accelerated keratinocyte migration for re-

epithelialization  (Kartikaningtyas et al., 2015;                                                                                  

Mi et al., 2022). Subramanian et al., (2023) stated 

that the ethyl acetate fraction of D. viscosa 

contains the 

flavonoid type quercetin. The results of the 

western blot test stated that quercetin could 

increase FGF regulation in wound granulation 

tissue. This is also supported by in-vivo research 

results which prove that the extract is able to 

produce wound healing through the mechanism of 

forming collagen fibers with a high level of 

density, blood vessel formation, and optimal 

epithelialization (Subramanian et al., 2023). 
 

   
 

 

 

 

 

Figure 4. Histopathological image of epithelialization thickness (HE staining, 400x magnification). P0  

  (control negative): 0.9% NaCl, P1(control positive): 10% povidone-iodine ointment (PI/Oint),  

  P2: 10% NEBE/Oint, P3: 20% NEBE/Oint, P4: 30% NEBE/Oint. 

 

Based on the results found, this research can 

become a new reference in the medical world for 

wound healing cases. The innovation of 

combining natural ingredients, binahong extract 

encapsulated with nanochitosan as drug delivery, 

can be an alternative topical medicine for wounds, 

apart from the general use of povidone-iodine. The 

percentage value of wound closure and 

observation of the quality of tissue undergoing 

wound healing is considered good and can balance 

the value of wound tissue treated with povidone-

iodine. It is hoped that this research will open up 

further research opportunities to optimize wound 

healing using natural bioactive compounds with 

nano-delivery systems. 

CONCLUSION 

Nanochitosan has the potential as an 

alternative treatment in the form of drug delivery 

material for wound healing. In this study, wounds 

in hyperglycemia sufferers were demonstrated by 
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wound closure, angiogenesis, collagen deposition, 

and epithelialization. 

Further research on specific bioactive 

compounds extracted from binahong leaves as 

well as immunohistochemical evaluation of 

growth factors in the wound healing process needs 

to be carried out so that the compounds and their 

molecular wound healing mechanisms can be 

identified with certainty. This can support more 

specific optimization of the wound healing 

process. 
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