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Abstract:  Diabetic wounds are a major clinical challenge due to delayed healing and increased 

complication risks. Ethanol extract of avocado leaves (Persea americana Mill.) has previously shown 

promise in enhancing tissue regeneration in diabetic wounds, but its potential in gel form remains 

untested. This study aimed to develop an avocado leaf ethanol extract-based gel and evaluate its wound-

healing potential in diabetic mice. Avocado leaves were extracted using 70% ethanol and formulated into 

a gel, which was evaluated for physical properties and topical suitability. Diabetic mice were divided into 

five groups: normal control, negative control (gel base), positive control (bioplacenton), and two treatment 

groups (5% and 10% gel). Diabetes was induced using alloxan (150 mg/kg BW), followed by wound 

induction and treatment. Wound healing was assessed through visual assessment, wound diameter 

reduction, and healing duration. Statistical analysis was performed using one-way ANOVA with a 95% 

confidence level. Results showed the gel meets physical properties (pH test, organoleptic test, 

homogeneity test, spreadability test) and significantly improved wound healing in diabetic mice. The 5% 

gel demonstrated wound-healing activity due to bioactive compounds such as saponins, tannins, 

alkaloids, and flavonoids. Further analysis is needed to identify the specific components responsible for 

the healing effects, highlighting the gel’s potential for diabetic wound treatment.  
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1. INTRODUCTION 

Diabetes remains a major health problem both in Indonesia [1] and globally. In 2021, the global 

prevalence of diabetes among individuals aged 20–79 years was 10.5% (536.6 million people), and it 

is projected to rise to 12.2% (783.2 million people) by 2045 [2]. One of the significant complications 

of diabetes is chronic wounds, which can develop into diabetic ulcers. Diabetic wounds are 

characterized by prolonged healing times and, if left untreated, can lead to serious infections and 

even amputation [3]. These wounds are typically associated with chronic hyperglycemia, which 

damages various organs and impairs the natural healing process. Wound healing involves a 

complex interplay between cellular, humoral, and connective tissue components, progressing 

through interconnected inflammatory, proliferation, and maturation phases. Fibroblasts, as the 

main cellular components of connective tissue, serve as the principal source of protein matrix 

synthesis essential for tissue repair [4]. 

Effective management of diabetic wounds is crucial, highlighting the need for the development 

of suitable wound healing preparations. Gels are among the most commonly used formulations due 

to their ease of application and patient comfort. Natural medicines have gained increasing attention 

as effective therapeutic sources, with avocado leaves (Persea americana Mill.) emerging as a 

promising candidate. Ethanol extracts of avocado leaves, particularly when fractionated with ethyl 

acetate and n-hexane solvents (2:1), have been shown to accelerate diabetic wound tissue 
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regeneration [5]. Avocado leaves are rich in active compounds, including saponins, tannins, 

alkaloids, and flavonoids [6]. Moreover, the secondary metabolites present in avocado leaf extracts 

exhibit antibacterial activity against Staphylococcus, Pseudomonas, Proteus, Escherichia, and Bacillus 

species [7]. 

The antioxidant properties of flavonoids protect wound tissues from oxidative damage, thereby 

promoting healing. Saponins stimulate collagen production, facilitating faster wound closure, while 

tannins act as astringents, shrinking pores and promoting new skin formation [8]. Alkaloids further 

support wound healing by strengthening collagen fibers, enhancing cell protection, and increasing 

DNA synthesis for new tissue growth [9]. Additionally, the antimicrobial activity of these 

metabolites contributes to faster wound regeneration [10]. Previous studies have demonstrated the 

potential of avocado leaf extracts in wound healing, with a 5% concentration of avocado leaf extract 

gel proving most effective in treating burns [11],[12]. 

This study aimed to formulate an avocado leaf ethanol extract gel that meets the required 

physical properties and to evaluate its activity as a diabetic wound healing. This research is 

significant as it provides a scientific foundation for the use of avocado leaf ethanol extract gel as an 

alternative treatment for diabetic wounds and supports the development of Indonesia’s natural 

resources to enhance national pharmaceutical independence. 

2. MATERIALS  iAND iMETHODS 

2.1. Tools and Materials 

The tools used in this study included a vernier caliper (Vernier Caliper®), a set of surgical 

instruments (Arugamed®), a glucometer (Accu-Chek®), a pH meter (Lutron Digital®), a magnetic 

stirrer (Thermo Scientific®), a biopsy punch (Ribbel®), a rotary evaporator (IKA®), an analytical 

balance (Kern-Germany®), and glassware (Iwaki®). 

The materials used were avocado leaf extract from PT Rachma Sari Group, Sukoharjo, Central Java, 

with the following specifications: dry powder form, distinctive aromatic smell, brown in color, 

bland taste, and 1.70% moisture content, 0.9% NaCl solution (Otsu-NS®), alloxan monohydrate 

(Sigma-Aldrich®), ketamine (Pfizer®), Bioplacenton® (Kalbe®), 70% ethanol (Onemed®), Carbopol 

(Sigma-Aldrich®), triethanolamine (Sigma-Aldrich®), methyl paraben (Sigma-Aldrich®), and 

distilled water (Onemed®). 

2.2. Extract Preparation and Phytochemical Screening 

A total of 600 g of avocado leaf powder was extracted by maceration using 70% ethanol for 

three days. The maceration extract was concentrated using a rotary evaporator to obtain a thick 

extract and calculate the yield [13]. Phytochemical screening was performed by dissolving 0.5 g of 

the extract in 10 mL of ethanol [14]. 

2.2.1. Flavonoid Test  

Extract 0.5 mL was mixed with 1 mL of ethanol, 0.5 g of magnesium, and 1 mL of 

concentrated HCl. A positive result is indicated by the appearance of yellow, red, or orange 

coloration. 

2.2.2. Alkaloid Test 

Extract 1 mL was mixed with 1 mL of ethanol and 0.5 mL of 2 M HCl. Then, 0.5 mL of the 

solution was transferred into a test tube, and 4–5 drops of Mayer's and Dragendorff's reagents were 

added. A white precipitate (Mayer’s reagent) or an orange-red precipitate (Dragendorff’s reagent) 

indicated a positive result. 

2.2.3. Saponin Test 

Extract 1 mL was mixed with 1 mL of ethanol and 1 mL of distilled water, then shaken 

vigorously. A stable foam formation indicated a positive result. 

2.2.4. Tannin Test 

Extract 0.5 mL was mixed with 1 mL of ethanol and 5 drops of 1% FeCl₃. The formation of a 

greenish-brown or blackish-blue color indicated a positive result. 
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2.3. Avocado Leaf Extract Gel Formulation 

Methyl paraben was dissolved in a mortar until clear, followed by the addition of 

triethanolamine (TEA) and Carbopol, mixed continuously until a gel mass formed (Table 1). After 

the gel base was prepared, the avocado leaf ethanol extract was added and mixed until 

homogeneous. 
Table 1. Avocado Leaf Extract Gel Formulation 

Formulation F1 (Base Gel) F2 (5% Extract) F3 (10% Extract) 

Avocado leaf extract 0 5 g 10 g 

Carbopol 1.5 g 1.5 g 1.5 g 

Triethanolamine 1.76 mL 1.76 mL 1.76 mL 

Methyl paraben 0.2 g 0.2 g 0.2 g 

Aquadest 100 mL 100 mL 100 mL 

The variation in extract concentrations in the gel formulation was intentionally designed to 

explicitly identify the optimal extract dose for promoting wound healing under diabetic conditions 

and to clearly evaluate the dose–response relationship between extract concentrations and wound 

healing efficacy.  

2.4. Gel Physical Property Test 

In addition, gel physical property tests were also conducted to evaluate the quality of the 

formulation, including organoleptic test, homogeneity, pH, and spreadability tests: 

Organoleptic Test: Organoleptic testing is conducted by observing changes in the shape, color, and 

smell of the gel preparation during storage at room temperature [15]. 

2.4.1. pH Test 

The pH of the gel is measured using a pH meter. The pH of each formula that shows stability 

is within the pH range of 4.0-7.0, so it can be concluded that the gel produced will not irritate the 

skin and meets the requirements for good physical properties and gel stability [15]. 

2.4.2. Homogeneity Test  

Application of gel onto a clean, transparent glass plate; a homogeneous gel shows no 

insoluble particles [16]. 

2.4.3. Spreadability Test 

To test the spreadability, 0.5 grams of gel was placed on a glass and then stuck onto another 

glass. After that, the diameter of each side of the gel was measured. To test additional loads of 50, 

100, 150, 200, and 300 grams, the load was left for one minute. After that, the diameter of the gel 

was measured as before. The spreadability of a good gel preparation is 5-7 cm [16]. 

2.5. Animal Test 

 Healthy male Balb/C mice, aged 2–3 months and weigh 20–30 g, were obtained from UD. 

Abadi Jaya. Mice were housed under controlled conditions: temperature 23–25°C, humidity 60–

70%, and a 12 h light/12 h dark cycle. All mice were acclimatized for 7 days under standard 

laboratory conditions and were provided with standard BR2 feed and drinking water ad libitum. 

2.6. Treatment of Test Animals 

 This study was approved by the Research Ethics Committee (KEP) of Ahmad Dahlan 

University (No. REC-UAD/02/01/01-2025/016). A total of 15 mice were acclimatized for 7 days 

and then randomly divided into five groups (Table 2). 

Table 2. Treatment Groups 

Group Description 

Normal Non-diabetic mice, wounded, without gel treatment 

Bioplacenton Diabetic mice, wounded, treated with Bioplacenton® 

Base Gel Diabetic mice, wounded, treated with base gel 

5% Gel Diabetic mice, wounded, treated with 5% extract gel 

10% Gel Diabetic mice, wounded, treated with 10% extract gel 
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 All mice were fasted (water only) for 16 hours before baseline blood glucose measurements. 

Diabetes was induced by intraperitoneal injection of alloxan at a dose of 150 mg/kg BW dissolved in 

NaCl [17]. After three days, blood glucose levels were measured via tail vein sampling using a 

glucometer. Mice were considered diabetic when fasting blood glucose levels reached ≥200 mg/dL 

after alloxan induction. Under normal conditions, fasting blood glucose levels in mice typically 

range from 72 to 105 mg/dL, which serves as a physiological reference for mice and not as a basis 

for conversion from human diabetes criteria [18]. Mice with blood glucose levels >200 mg/dL [19], 

were subsequently selected for wound induction using a 5-mm biopsy punch on the dorsal surface 

under ketamine HCl anesthesia (80 mg/kg BW) [20]. Each group of test animals was given a 

predetermined treatment, except for the normal group of mice, which was treated with 50 mg of 

gel. Treatments were applied once daily between 09:00 and 10:00 WIB for 21 days. The wounds 

were then covered with sterile gauze and plaster to reduce contamination [19]. Observations were 

conducted on days 0, 4, 7, 14, and 21 to measure blood glucose levels, wound appearance, wound 

diameter, and healing time. Wound appearance was evaluated using an ordinal semi-quantitative 

scoring system by two independent observers at days 0, 4, 7, 14, and 21. As the scores represent 

ordinal levels, the data were expressed as median (interquartile range). Statistical analysis was 

performed using non-parametric tests, including the Kruskal–Wallis test followed by the Mann–

Whitney U test for comparisons among groups. 

 The percentage reduction in blood glucose and wound healing was calculated using the 

following formulas: 

𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝐵𝑙𝑜𝑜𝑑 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 (𝐵𝐺) (%) =
(𝐵𝐺 𝑜𝑛 𝐷𝑎𝑦 − 1) − (𝐵𝐺 𝑜𝑛 𝐷𝑎𝑦 − 21)

(𝐵𝐺 𝑜𝑛 𝐷𝑎𝑦 − 1)
 × 100          (1) 

𝑅𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑖𝑛 𝑊𝑜𝑢𝑛𝑑 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑊𝐷) (%) =
(𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝐷) − (𝑊𝐷 𝑜𝑛 𝐷𝑎𝑦 − 𝑋)

(𝐼𝑛𝑖𝑡𝑖𝑎𝑙 𝑊𝐷)
 × 100          (2) 

 Wound healing assessment was conducted to determine the percentage of tissue regeneration 

over time. 

2.7. Data Analysis 

 Data including blood glucose levels, wound healing percentage, and healing time were 

analyzed statistically using SPSS. The data were tested for normality and homogeneity, followed by 

ANOVA testing. The results showed that the data had a normal distribution (p>0.05), were 

homogeneous (p>0.05), and were significant (p<0.05). If the results show a non-normal distribution, 

use a non-parametric test such as the Kruskal-Wallis test followed by the Mann-Whitney test. If the 

significance is less than the α value (p < 0.05), it means there is a meaningful difference. 

3. RESULTS AND DISCUSSION 

3.1. Avocado Leaf Extract and Phytochemical Screening 

Based on the Certificate of Analysis (COA), the organoleptic test results showed that the 

extract was a dry powder with a brown color, a distinctive avocado leaf aroma, and a bland taste, 

with a moisture content of 1.7%. Based on the organoleptic and moisture content tests, the product 

was confirmed as avocado leaf extract, and the moisture content met the Indonesian Herbal 

Pharmacopoeia (FHI) requirements, which stipulate a maximum of 14.0%. 

Phytochemical screening results showed that the avocado leaf extract was positive for 

flavonoids, saponins, alkaloids, and tannins (Table 3). These findings are consistent with research 

by Putri et al. [14], who also reported the presence of these compounds in avocado leaves.  

Table 3. Phytochemical Screening Results 

Phytochemical Test Reagent Color Change Result 

Flavonoid AlCl3 Yellow Positive 

Alkaloid Mayer, Dragendorff Sediment Positive 

Saponin HCl Bubbly Positive 

Tannin FeCl3 Brownish green Positive 
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3.2. Avocado Leaf Extract Gel Formulation 

The organoleptic evaluation of the gel formulations showed differences in consistency among 

the formulations (Figure 1). Higher extract concentrations resulted in gels with greater thickness 

and a more intense green color. 

 

Figure 1. Visual appearance of gel formulations.  a) 5% avocado leaf extract gel, b) base gel, c) 10% avocado 

leaf extract gel 

Table 4. Results of Evaluation of Gel Formulations 

Formulation Organoleptic Properties pH Test Spreadabillity (cm) 

Base Gel Thick, clear white, odorless 6.104+0.112 3.67±0.197 

5% Gel Thick, green, distinctive avocado leaves smell 6.345+0.041 3.50±0.523 

10% Gel Thick, dark green, distinctive avocado leaves smell 6.416+0.038 3.13±0.862 

 

Result of evaluation of gel formulation (Table 4). The pH value of the entire formulation is 

within the acceptable pH range for topical application (4.0–7.0), so it does not have the potential to 

cause skin irritation [21]. Spreadability tests indicated that although all formulations showed good 

spreadability, none reached the ideal range of 5–7 cm recommended for optimal topical application 

[22]. This is influenced by the use of the extract in dry powder form, which increases the viscosity 

and stiffness of the gel matrix, thereby inhibiting the ability of the preparation to spread [23]. 

3.3. Avocado Leaf Extract Gel Activity Test on Diabetic Wound Mice 

 In this study, diabetes was induced in mice using alloxan (150 mg/kg BW), which damages 

pancreatic beta cells, leading to increased blood sugar levels [24]. Figure 2 shows a significant rise 

in blood sugar levels. Blood sugar levels were monitored on days 0, 4, 7, 14, and 21 (Figure 3). 

Bioplacenton was used as a positive control because it has been proven effective in wound healing 

models, and was administered at the same dosage and frequency as the test gel. Among all groups, 

the 5% avocado leaf extract gel group exhibited the greatest reduction in blood glucose, with a 

decrease of 51.82% (Figure 4).  

 
 

Figure 2. Comparison of average blood sugar levels (mg/dL) in mice before and after alloxan injection 

a c b 
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Figure 3. Blood sugar measurements (mg/dL) at different time points 

 

Figure 4. Percentage decrease in blood sugar levels from day 1 to day 21 

 

Figure 5. Macroscopic description of the wound healing process on day 0 and day 21 
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Figure 6. Graph showing wound healing percentage on days 1, 4, 7, 14, and 21 

Table 5. Results of Evaluation of Gel Formulations 

Group Wound Healing Time (Days) 

Normal 18±0.00 * 

Bioplacenton 16±0.00 * 

Base Gel 21+ (Not yet recovered) 

5% Gel 16.6±0.89* 

10% Gel 19.4±0.55*   

   Note: *There is a significant difference with base control (p<0.05). 

 

Interestingly, the normal (non-diabetic) group also showed complete wound closure by day 

21, which aligns with the fact that normal blood glucose levels support better oxygen and nutrient 

delivery needed for tissue repair [25]. Controlled blood sugar levels play an important role in 

supporting the wound healing process because hyperglycemia (high blood sugar) can damage 

blood vessels and interfere with blood circulation, thereby reducing the flow of oxygen and 

nutrients to the wound area [26]. Adequate oxygen and nutrient supply through good blood flow is 

essential for the proliferation and regeneration phases of tissue during wound healing [27]. 

Macroscopic observations of wound healing from day 1 and day 21 are shown in Figure 5. 

Wounds healing percentage (%) treated with 5% and 10% from avocado leaf extract gels showed 

complete closure by day 21 (Figure 6). These results suggest that the 5% extract gel group not only 

had the greatest reduction in blood sugar levels but also showed faster wound healing compared to 

other groups. The results showed that the application of 5% and 10% extract gels accelerated 

wound healing time. On day 14, the 5% ethanol extract of avocado leaf gel group showed the 

highest wound healing percentage of 71.59% compared to other groups. On day 21, complete 

wound closure (100%) was observed in the healthy positive control group (Bioplacenton), 5%, and 

10% gel groups. In contrast, the negative control group (gel base) showed a wound healing rate of 

only 63.11%, indicating slower recovery due to the absence of active ingredients. 

The wound healing time data are presented in Table 5. From this data, it can be seen that the 

5% and 10% avocado leaf extract gels were significantly different from the negative control group 

(gel base). The 5% avocado leaf extract gel showed a significance of 0.136 compared to the positive 

control (Bioplacenton), which means that the 5% avocado leaf extract gel has the same healing time 

as the positive control (Bioplacenton) with an average wound healing time of 16.6 days. Wound 

healing percentages were calculated to evaluate recovery. 

Wound healing is a complex process involving interactions between cells and the extracellular 

matrix (ECM), mediated by cytokines and growth factors [28]. Diabetic conditions significantly 
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interfere with the wound healing process because diabetes causes physiological and metabolic 

changes that affect almost all phases of wound healing, including inflammation, proliferation, and 

remodeling. In diabetes, chronic hyperglycemia slows blood perfusion, reduces tissue oxygenation, 

and inhibits leukocyte migration and immune cell activity, which then causes a prolonged 

inflammatory response and a higher risk of infection compared to non-diabetic conditions [29].  

The healthy group achieved 100% healing faster because non-diabetic conditions ensured 

proper delivery of nutrients and oxygen to the wound site [30]. Active phytochemical compounds 

in avocado leaves, including flavonoids, alkaloids, tannins, and steroids, play a critical role in 

accelerating wound healing in diabetic patients [31]. 

  Avocado leaf extract is rich in flavonoids, which possess antioxidant and anti-inflammatory 

properties aiding in wound healing [32]. Flavonoids also help lower blood sugar levels by 

enhancing pancreatic function [33]. Additionally, alkaloids, saponins, and tannins in the extract 

contribute antibacterial, anti-inflammatory, and wound-sealing effects [34]. Alkaloids lower blood 

sugar levels by increasing glucose transport, inhibiting glucose absorption in the intestines, and 

stimulating glucose storage as glycogen [35]. Saponins and tannins act as antidiabetics by inhibiting 

the enzymes α-glucosidase and α-amylase, thereby slowing the breakdown and absorption of 

carbohydrates into glucose and helping to control hyperglycemia [36]. Additionally, carbopol-based 

gels are widely used in wound formulations due to their biocompatibility, ability to maintain a 

moist wound environment, and ability to facilitate the transport of active compounds to wound 

tissue, thereby creating favorable conditions for tissue repair even though they do not have 

biological activity themselves [37].  

 

4. CONCLUSION 

Avocado leaf ethanol extract gels with concentrations of 5% and 10% meet the physical 

properties requirements for gels and contain saponins, alkaloids, tannins, and flavonoids. Both 

formulations show wound healing activity as measured by wound healing percentage and 

significantly accelerate the healing process (p < 0.05). However, the gel with a concentration of 5% 

showed a faster wound healing time compared to the gel with a concentration of 10%. 
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