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Abstract 

Objective: Topical application of ambon banana (Musa paradisiaca var. sapientum (L.) 

kuntze) stem sap gel (GEGPA) on the socket wound area showed an increase in the expression 

of platelet-derived growth factor-BB. Also, decreasing in the expression of matrix 

metalloproteinase-2 and 9. The aims of this study to achieve standard formulation of ambon 

banana stem sap extract gel through stability, viscosity, distribution area, and drugs release for 

oral gel wound healing. 

Materials and Methods: In vitro and in vivo study with the randomized posttest only control 

group design. The gel was formulated according to the composition of each group by adding 

hydroxypropyl methylcellulose, lexgard, propylene glycol, and cold water to obtain 100 

grams of gel. Observations were made through the following tests: stability, viscosity, 

distribution area, drug release, and histopathological analysis of tooth extraction wound 

healing.  

Statistical analysis: Data was analyzed using a one-way ANOVA (α=0.05) with GraphPad 

Prism-8 statistical software.  

Results: The study showed that the GEGPA formulation was stable against changes in 

consistency, color, smell, homogeneity, and pH value. There is a significance different 

between groups on the viscosity (p=0.0001), adhesion (p=0.004), dispersion (p=0.000) and 

fibroblast cells number on day 3 and 5 (p=0.007 and p=0.001). There is no interaction 

between the active ingredients and the gel base of all formulas. Formulation 3 had better 

properties, viscosity, broad distribution, and drug release compared to other groups. 

Application GEGPA to tooth extraction wounds showed a significant proliferation of 

fibroblast cells on days 3 and 5. 

Conclusions: The formulation of Musa paradisiaca var. sapientum (L.) kuntze extract with 

HPMC and propylene glycol obtained a gel preparation (GEGPA) that was organoleptically 

stable and met the topical gel standard for wounds in the oral cavity.  

 

Keywords: drug compounding; drug stability; health risk; oral gel; wound healing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Introduction 

Wound healing is a defense mechanism by repairing damaged cells or tissues (1,2). It healing 

consists of a complex series of biological processes that involve cells and surrounding tissues 

supported by inflammatory and anti-inflammatory cytokines. The oral cavity is a remarkable 

environment in which wound healing process occurs in the presence of millions of 

microorganisms in warm oral fluids (3). Topical or oral medications are used to localize 

wounds, relieve pain, prevent contamination, and promote healing (4,5).  

The drug can be administered topically by applying it to the skin or mucosal surface (6). 

Drugs that are commonly used for topical administration to the skin are usually in the form of 

creams, lotions, or ointments (7), while drugs that are usually used for treating oral mucosa 

wounds are generally in the form of gels (8,9). The success of topical treatment depends on 

patient age, selection of appropriate topical agents, location and area of the affected or 

diseased body, stage of disease, the concentration of active ingredients in the vehicle, methods 

of application, determination of drug-use duration, and penetration of the topical drug into the 

skin/mucosa (10-12). Topical drug administration may be considered in patients with 

gastrointestinal disturbances, contraindications, or difficulty of swallowing (13). 

Ambon banana (Musa paradisiaca var. sapientum (L.) kuntze) stem sap extract contains 

lectins, palmitic acid, leucocyanidin, quercetin, 3-Ogalactoside, 3-O-glucoside, and 3-O-

rhamnosyl glucoside (14), have analgesic, anti-inflammatory, antibacterial (15), and 

antioxidant properties (16). These also increase fibroblasts proliferation through the induction 

of growth factors such as platelet-derived growth factor-BB (PDGF-BB) and transforming 

growth factor-β1 (TGF-β1) (17). The use of ambon banana stem sap extract gel (GEGPA) in 

fibroblast cell culture shows that it is relatively non-toxic up to a concentration of 100% (18). 

The increase of collagen in the wound area that was given the ambon banana stem sap gel can 

be caused by decreasing of matrix metalloproteinase-2 and 9 (MMP-2 and MMP-9 

expressions, as well as the antioxidant activity of active compounds in it (19). The gel 

consistency greatly affects the ease of its application on the oral wound area. The use of gel-

forming materials such as hydroxypropyl methylcellulose (HPMC) in the preparation of 

ambon banana stem sap extract has not been proven to interfere the wound healing process 

after extractions. 

The gel is a semi-solid form that is clear, translucent, and contains active substances. It is also 

a colloidal dispersion that has force caused by tissues that are bonded to each other in the 

dispersed phase (20). This gel form has several advantages such as its non-stickiness, the little 

concentration of gelling agents that is required to form good gel mass, and the gel viscosity 

that will not change significantly at storage temperature (21). Every drug should have a good 

stability; therefore, the pharmaceutical form must be considered carefully. This is very 

important considering the drug forms that are generally made in large quantities and require 

long-term storage. If a drug is stored for a long period of time, it can decompose and result in 

the reduced effects received by the patient (22). A good formulation is needed for optimum 

drug stability and the factors that influence the stability of a new drug. This study aims to 

obtain a suitable gel formulation, so that the stability, viscosity, distribution, and release of 

active compounds in ambon banana stem sap extract are maintained as a potential drug. 

 

Materials and Methods 

Ambon banana stem sap preparation 

Ambon banana stems were cleaned of dirt with running water. The sap from the Ambon 

banana stem was taken by extracting it. The stems were cut into thin strips with a thickness of 

0.5-1 cm and dried using an oven (MMM, GmbH) at 40ºC for three hours. The dried stems 

were made into powder and then weighed as much as one kg. The maceration process was 

carried out with two liters of 96% ethanol. The maceration process with ethanol solvent was 



 

 

carried out twice, up to seven days. The results of the maceration were filtered using filter 

paper (whatman number 41), and then separated between the extract and solvent using an 

evaporator (Heidolph) at 40ºC with 200 rpm speed for two hours, in order to obtain a thick 

extract. The extract was stored in a closed dark container and protected from light. 

 

Ambon banana stem sap gel (GEGPA) formulation 

The gel was formulated according to the composition in Table 1, and the required ingredients 

were weighed. HPMC was dispersed into 30 ml of water at 80-90°C until it expanded. It was 

then stirred until a clay (gel) was formed. The stirring process must be in a cold state such as a 

basin that had been given ice cubes. Lexgard was mixed in propylene glycol according to the 

groups (F1, F2, F3), then the extract was added until it was properly mixed. The mixture was 

added to the HPMC mixture and stirred until it was homogeneous. Coldwater was added to 

get 100 grams of gel, then it was packed in a tightly sealed tube. In the control group (K), no 

extract was added. 

 

Gel stability test 

The stability of GEGPA was tested at room temperature by observing (organoleptic) the color, 

smell, homogeneity, pH, and viscosity (23). Samples were stored at 4ºC for 24 hours. After 

that, the samples were taken out and placed at 40ºC for 24 hours. This treatment is counted as 

one cycle. The experiment was repeated for 6 cycles while taking the physical conditions into 

account during the experiment by comparing the previous forms. 

 

Gel pH test 

PH testing on GEGPA was done by inserting the pH meter electrode (Mettler Toledo S220, 

Merck) into the gel (23). The gel's pH value will be displayed on the pH meter's screen. The 

recording of the pH value is awaited until the number on the screen does not change (stable). 

A suitable gel preparation has a pH value that is near to the oral pH, which is between 6,2 -

7,6. 

 

Gel viscosity test 

The viscosity test is used to determine the viscosity of the gel preparation by using a 

viscometer (Haake 6R viscometer, Thermo Scientific, Germany) (23). The gel preparation 

sample was put into a glass beaker and placed under a spindle hanger. The spindle is installed 

on the spindle hanger, then it was lowered to the limit immersed in the extract gel preparation. 

Next, the rotor was turned on while pressing the button. The spindle was allowed to rotate and 

the red needle was observed on the scale, then the number indicated by the needle was read. 

 

Gel homogeneity test 

The homogeneity test was carried out by weighing 0.1 grams of each sample. Furthermore, 

the sample is smeared on an object glass, and the homogeneity of the preparation and the 

presence of air bubbles were observed under a microscope at a 100x magnification (23). 

 

Gel adhesion test 

The adhesion test was carried out by means of 0.25 grams of sample placed on top of two 

predetermined object glasses, then pressed with a load of 1 kg for 5 minutes. The glass object 

was put on the test equipment and then a load of 80 grams was added. The time it takes for the 

glass object to come off is the stickiness ability of the gel that is going to be recorded and 

tabulated (24). 

 

 



 

 

Gel dispersion test 

The dispersion test was carried out by weighing the gel preparation as much as 0.5 grams, 

after that the gel was placed right under a round glass underneath, accompanied by a diameter 

scale. Next, it was covered with another glass that had been weighed and then let it sit for one 

minute. The scatter diameter of each gel was then measured. After 1 minute, a 50 grams load 

was added and let it sit for 1 minute. Next, the diameter of the spread was re-measured. 

Repeated every 1 minute with the addition of a 50 grams load until a sufficient diameter was 

obtained to observe the effect of the load on the diameter of the spread on the gel preparation 

(24). 

 

Power of diffusion and permeation tests 

The gel diffusion test was carried out with a Millipore synthetic membrane, which was placed 

between two halves of the diffusion cell. Then, the receptor was filled with phosphate buffer 

of 6.8 pH and 5% ethanol to 130 mL at 37°C. One gram of gel was applied to the membrane. 

The absorption was measured every 30 minutes to 8 hours at a 274 nm wavelength with a UV-

Vis spectrophotometer (Shimadzu 1800) (24). 

 

Histopathological of fibroblast cells on tooth socket wound healing  

This research has passed the health ethics test with number: 586/HRECC.FODM/IX/2020. 

The experimental animals were 24 male rats, Wistar type, 2-3 months old, and divided into 4 

groups. Rats were anesthetized according to their body weight (30 mg/kg thionembutal). After 

the rats were anesthetized, the wound was made by extracting the mandibular left incisor. In 

the control group (K), the socket was only given the drug carrier gel. The treatment group was 

given GEGPA with different formulations, namely F1, F2, and F3. After tooth extraction, the 

wound was closed by suturing using 5-0 vicryl (Ethicon, Johnson & Johnson do Brasil, São 

Jose dos Campos, SP, Brazil). Decapitation was carried out on days 3 and 5, then the tissue 

was washed to remove the residual blood with 0.9% NaCl physiological solution and fixed 

using 10% neutral buffer formalin. The mandible bone was decalcified using 10% EDTA 

(Sigma) and then paraffin blocks were made. The preparations were made with a 4 µ 

thickness for histological examination of fibroblast cells in the apical one-third of the 

extraction socket. The preparations were observed using a light microscope (Nikon H600L) 

with 400x magnification in 5 fields of view, equipped with a calibrated micrometer. The 

preparations were processed using the Nikon Image System software and a 300 megapixels 

DS Fi2 digital camera. 

 

Statistical analysis 

Data were tabulated and analyzed using a one-way ANOVA test with GraphPad Prism-8 

statistical software at a 95% significance. Differences in the mean value of viscosity, 

adhesion, dispersion, and the number of fibroblasts were analyzed statistically by one-way 

ANOVA. The gel diffusion and permeation data were analyzed by regression. 

 

Results 

Organoleptic observations of GEGPA 

The four formulations showed that in the control group: a clear, homogeneous gel was 

formed, with a typical smell of gel base, 6.8 pH, and thick viscosity. In the three groups of 

GEGPA formulations: there are no organoleptic differences between the gel samples. The gel 

is clear brown, homogeneous, has a typical banana smell, and thick viscosity. There is a 

decrease in pH of 0.1 in the F1 and F2 groups, but it is stable in F3 compared to the control 

group (Table 2). 

 

I suggest whether the material used has changed or not? For example a change in color or smell.



 

 

The difference of gel viscosity on GEGPA 

Viscosity testing aims to determine the value of the viscosity of a substance. The higher the 

viscosity, the higher the level of the substance’s viscosity. There is a decrease in the viscosity 

of each formula, as the increased volume of propylene glycol that had been used. 

Sequentially, the highest viscosity values are: the control group>F1>F2>F3, with a value of 

3,592; 3,187; 2,438; and 2,035 cps (Fig. 1). There is a significant difference in the viscosity 

value between each group (p=0.0001). 

 

Gel adhesion ability on GEGPA 

The gel adhesion test is intended to determine the ability of the gel to adhere to the oral 

mucosa. The gel adhesion test was evaluated by observing the length of time that the glass 

objects to be attached. There is a significant decrease in the length of attachment time 

between each group (p=0.004). Obviously, the GEGPA formulation can affect the time length 

of adhesion (Fig. 2).  

 

Gel dispersion on GEGPA 

Gel examination on its ability to spread is intended to determine the gel spread in the oral 

mucosa. The GEGPA distribution in the F3 group was wider than in the other groups (Fig. 3). 

Sequentially, the widest dispersion ability is: F3>F2>F1>control with a value of 21.76; 17.91; 

14.05; and 12.37 mm2 (Fig. 4). There is a significant difference in dispersion between groups 

(p=0.000). 

 

Diffusion and penetration of GEGPA across membranes 

In the results (Fig. 5), the spectrophotometer data for the maximum absorbance of the gel is at 

a 274 nm wavelength in a 6.8 phosphate buffer solution. Referring to Lambert Beer's law of 

the standard solution with a concentration of 10-180 mcg, it is found that the linearity (r2) is 

0.999, and regression value (Y) is 0.0171X+0.003. From this graph, the results indicate that 

there is no interaction between the active ingredients and the gel base of all formulas (F1, F2, 

and F3). 

 

Fibroblast proliferation in the healing process of tooth sockets 

There is a significant increase in number of fibroblast cells in tooth socket on healing days 3 

and 5 in the groups that were given GEGPA which are F1, F2, and F3, compared to the 

control group (p=0.007 and p=0.001) (Table 3). The apical one-third of the socket in groups 

F1, F2, and F3 appears to be filled with fibroblast cells more rapidly (Fig. 6). There is no 

significant difference in the number of fibroblasts in the F1, F2, and F3 groups on days 3 and 

5 (p=0.207 and p=0.112). The number of fibroblast cells in the control group appears to be 

lesser than the group given GEGPA. 

 

Discussion 

A lot of research has been done to get a material that can accelerate the wound healing process 

in the oral cavity, as well as reduce postoperative complications. In controlling complex 

microorganisms in the oral cavity, topical wound protection agents are surely needed, besides 

oral drugs to reduce pain, inflammation, and infection. Oral drugs use will give absorption, 

metabolism, distribution, and excretion (ADME) effect, as well as first-pass metabolism 

(25,26). Disruption of ADME results in reduced drug availability in the systemic circulation, 

and low found drug concentrations in tissue (27). Recent researches in dentistry are mainly 

focused on the development of local agent’s use or drugs that are applied directly to the 

wound area. It is hoped that the local/topical administration will be more effective because it 

can be absorbed directly and interact with surrounding cells and tissues. Oral gel formulations 



 

 

may reduce side effects in patients with gastrointestinal disorders if taken orally, or in patients 

with medical conditions such as dysphagia (28). In addition, there are many oral gel products 

that available commercially, most of them which are quick-release formulations that release 

the active ingredient by diffusion (29).  

In this study, HPMC was used for making the GEGPA preparations, which act as a gelling 

agent. HPMC will form a colloidal system when dissolved in water. Lipophilic colloids are 

generally organic molecules that can be dissolved with molecules from the dispersing phase 

(21). HPMC is non-toxic and has good water binding ability (30). The use of 4% HPMC in 

GEGPA preparations produces the appropriate viscosity and can hold blood out of wounds as 

a result of the extraction of rat teeth (17,19). A topical preparation’s solubility can be 

increased by adding a cosolvent or a solubility-enhancing compound. One of the cosolvents 

that is often used in gel preparations is propylene glycol with a concentration of 5-80% (31).  

A formulation of propylene glycol cosolvent with a concentration of 10-20% was used for 

oral gel preparations. The use of propylene glycol can also increase drug penetration (32). 

Propylene glycol is used because it has hydrophilic and hydrophobic groups, so it can 

dissolve hydrophobic compounds (33). In addition, propylene glycol is a cosolvent with low 

toxicity (34). GEGPA formulations that consists of ambon banana stems extracts, HPMC, and 

propylene glycol, produced a brownish clear gel with thick viscosity and a typical banana 

scent. The GEGPA formulation is slightly decreasing the pH, namely 0.1 compared to the pH 

of the control group, which is 6.8. The pH value of GEGPA still meets the requirements for a 

normal oral pH environment, which is between 6.7-7.3, and saliva with a pH between 6.2-6.7 

(35). The use of 20% propylene glycol can balance the pH of GEGPA, so it become as same 

as the pH of the control group. It is possible because, in GEGPA preparations, the compound 

in ambon banana stem sap can lower the pH of propylene from 9.0-10.5 to 6.7-6.8. 

The viscosity of the GEGPA formulation is decreased compared to the control group as well. 

A good gel has a viscosity between 2,000-4,000 cps (36,37). The GEGPA formulation has a 

viscosity between 2,035-3,187 cps, so the results of this study indicate that the GEGPA 

formulation meets the requirements as a fairly good oral gel. Due to the encouragement of 

blood flow that comes out of the wound, the appropriate gel viscosity can inhibit gel 

detachment from the mucosa. 

The thicker the gel or the higher the viscosity of the gel, the more difficult for the active 

ingredient to be separated from the carrier material and the longer the penetration time into 

the tissue, so the absorption of the active ingredient can decrease. The increase in viscosity 

can also affect the adhesion of the gel to the mucosa. The appropriate gel when the drug can 

diffuse quickly into the wound. 

The dispersion of the gel is increased at a low viscosity. Viscosity affects the dispersed area, 

the greater of the viscosity value of the gel preparation, the greater the resistance of the gel 

preparation to spread, resulting in a decreasing dispersion value. Conversely, if the viscosity 

value of the gel preparation is getting smaller, the resistance of the gel preparation to spread 

will be also getting smaller, so it has a wide dispersion. The spreadability of the GEGPA 

formula in the F3 group is wider than in the other groups. So, when applied to the application 

site, this ensures that the formulation maintains a good wet contact time. 

Therefore, the active ingredients used in these formulas can be combined with the excipients 

used in all of these gel formulations. From the comparison of the three formulas above, it can 

be seen that the third formula experienced the best release of active ingredients compared to 

other formulas. In an in vitro study, it was found that formula 3 was released by permease 

diffusion of 94.01% for 8 hours, so that formula 3 can describe the increase of the active 

ingredient penetration and absorption. 

The use of GEGPA inserted into the tooth sockets of mice shows an increase in the number of 

fibroblasts on the day 3 and 5. Phytochemical compounds in GEGPA such as lectins, palmitic 

I suggest to add an explanation of the reasons for using fibroblast parameters and measurements should be added on the 3rd and 5th day



 

 

acid, leucocyanidin, quercetin, 3-Ogalactoside, 3-O-glucoside, and 3-O-rhamnosyl glucoside 

can be released from the gel, and play an important role in activating PDGF-BB and TGF-β1 

(17), so that they can increase fibroblasts proliferation in the tooth socket area. The 

distribution of these compounds in the form of a gel can certainly accelerate wound healing 

 

Conclusions 

The formulation of (Musa paradisiaca var. sapientum (L.) kuntze) extract with HPMC and 

propylene glycol obtained a gel preparation (GEGPA) that was organoleptically stable and 

met the topical gel standard for wounds in the oral cavity. 
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Figures  

 

Fig. 1: Viscosity of ambon banana stem sap extract gel 

 

Fig. 2: Average gel adhesion strength 

 

Fig. 3: Differences in the spread of gel in GEGPA groups 

 

Fig. 4: Differences in dispersion between groups of gels 

 

Fig. 5: Diffusion and permeation power of GEGPA: Formulation F1; Formulation F2; 

Formulation F3 

 

Fig. 6: The difference number of fibroblast cells (arrows) between groups with hematoxylin-

eosin staining. Fibroblast cells proliferation on day 3: Control (A), Formulation F1 (B), 

Formulation F2 (C) and Formulation F3 (D). Fibroblast cells proliferation on day 5: Control 

(E), Formulation F1 (F), Formulation F2 (G) and Formulation F3 (H). 400x magnification, 

Nikon H600L microscope, DS Fi2 camera 300 megapixels 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Tables  

Table 1: The formulation of the Ambon banana hump extract gel (GEGPA) 

Material  

Material concentration 

(% b/b) 

F1 F2 F3 

Active material  1 1 1 

HPMC 4 4 4 

Propylene glycol 10 15 20 

Lexgard 0,01 0,01 0,01 

Aqua ad 100 100 100 

 

Table 2: Organoleptic observations of gel formulations 

Physical 

Properties 

Test 

Formula 

Control (Base) F1 F2 F3 

Color  Clear Clear brown Clear brown Clear brown 

smell Typical base Specialty 

banana 

Specialty 

banana 

Specialty 

banana 

pH 6,8 6,7 6,7 6,8 

Viscosity Thick  Thick Thick Thick 

Homogeneity Homogeneous Homogeneous Homogeneous Homogeneous 

Description: Control: base (HPMC 4%), F1: Formula 1, F2: Formula 2, F3: Formula 3 

 

 

 

Table 3: The average number of fibroblast cell proliferation on days 3 and 5 

Groups 
Count of fibroblast cells (�̅�±SD)* 

Day 3 p-value Day 5 p-value 

Control  8.3 ± 0.52 

p=0.007* 

12.1 ± 0.86 

p=0.001* 
F1 16.7 ± 0.75 22.3 ± 1.13 

F2 18.1 ± 0.66 24.3 ± 1.02 

F3 8.3 ± 0.52 25.7 ± 1.15 

*�̅�: mean; SD: standard deviation; p-value: significance level 0.05 
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Response to Reviewers’comments 

 

Reviewer: 1 

Comments to the authors 

Comments-1: 

The research was conducted using materials available in the community so that it is useful to 

add information to the community about the use of bananas for the wound healing process.  

 

Response: Thank you very much for suggestions and we have added the information of 

community useful to the text of the manuscript. 

 

Comments-2: 

I suggest adding the results of the determination the plants or materials used. In the organoleptic 

test, it is better to add a description of whether there is a change in the quality of the materials 

used. 

 

Response: Thank you very much for suggestions and we have added the determination of plant 

into the matrials and methods and was added to the text of the manuscript. The quality of the 

materials on organoleptic test showed no changed significantly from previous form. We have 

added to clear it in the result of the manuscript. 

The experiment was repeated for 6 cycles and comparing to the previous forms. As physically, 

there is no changed significantly between groups in color, smell, homogeneity, pH, and 

viscosity, but there is a decreasing in pH of 0.1 in the F1 and F2 groups. The formula of F3 is 

more stable compared to the treatment groups (Table 2). 

 

Comments-3: 

In the method, I suggest to add the size of the Ambon banana stem sap gel that is applied to the 

tooth socket. 

 

Response: Thank you very much for suggestions and we have added to the manuscript.  

The gel was injected into the dental socket of Wistar rats using modified needle (as much as 1-

2 mL of tuberculin spluit). 

 

 



Comments-4: 

For the discussion, it is better to add a description of the reasons for choosing fibroblast cell 

parameters and why the measurement of fibroblast cells was carried out on the 3rd and 5th day. 

 

Response: Thank you very much for suggestions and we have added to the manuscript. 

The patient's well-being may be harmed by a delayed tooth extraction socket healing process, 

which increases the risk of infection. The proliferation phase of fibroblast proliferation is a 

crucial stage in the healing process. Bone development in the socket is facilitated by fibroblasts 

made up of extracellular matrix and collagen fibers. Fibroblasts are particularly critical cells in 

the early stages of wound healing, and they begin to form on the third day following injury 

during the proliferative stage. Fibroblasts begin to move to the wound site and proliferate 

between days 3 and 5, resulting in a dominance of their numbers on the wound site. 

 

 

 

Reviewer: 2 

Comments to the authors 

Comments-1: 

In the results, I suggest wheter the materials used has changed or not? For example a change 

in color or smell. 

 

Response: Thank you very much for suggestions and I was added the some information to 

make clear in the manuscript. 

The experiment was repeated for 6 cycles and comparing to the previous forms. As physically, 

there is no changed significantly between groups in color, smell, homogeneity, pH, and 

viscosity, but there is a decreasing in pH of 0.1 in the F1 and F2 groups. The formula of F3 is 

more stable compared to the treatment groups (Table 2). 

 

Comments-2: 

In the discussion, I suggest to add an explanation of the reason for using fibroblast parameters 

and measurements should be added on the 3rd and 5th day 

 

Response: Thank you very much for suggestions and I was added some information to make 

clear in the manuscript. 



The patient's well-being may be harmed by a delayed tooth extraction socket healing process, 

which increases the risk of infection. The proliferation phase of fibroblast proliferation is a 

crucial stage in the healing process. Bone development in the socket is facilitated by fibroblasts 

made up of extracellular matrix and collagen fibers. Fibroblasts are particularly critical cells in 

the early stages of wound healing, and they begin to form on the third day following injury 

during the proliferative stage. Fibroblasts begin to move to the wound site and proliferate 

between days 3 and 5, resulting in a dominance of their numbers on the wound site 
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Abstract

Objective Topical application of ambonese banana (Musa paradisiaca var. sapientum (L.) kuntze) stem sap gel (GEGPA)
on the socket wound area showed an increase in the expression of platelet-derived growth factor-BB, while decrease in the
expression of matrix metalloproteinase-2 and 9. The aim of this study is to achieve standard formulation of GEGPA through
stability, viscosity, distribution area, and drugs release for oral gel wound healing.

Materials and Methods This is an in vitro and in vivo study with the randomized posttest only control group design. The
gel was formulated according to the composition of each group by adding hydroxypropyl methylcellulose (HPMC), Lexgard,
propylene glycol, and cold water to obtain 100 g of gel. Observations were made through the following tests: stability,
viscosity, distribution area, drug release, and histopathological analysis of tooth extraction wound healing.

Statistical analysis Data were analyzed using a one-way analysis of variance (α = 0.05) with GraphPad Prism-8
statistical software.

Results The study showed that the GEGPA formulation was stable against changes in consistency, color, smell,
homogeneity, and pH value. There is a significant difference between groups with respect to viscosity (p = 0.0001),
adhesion (p = 0.004), dispersion (p = 0.000), and fibroblast cell numbers on days 3 and 5 (p = 0.007 and p = 0.001). There
is no interaction between the active ingredients and the gel base of all formulations. Formulation 3 had better properties in
terms of viscosity, broad distribution, and drug release compared with other groups. Application of GEGPA to tooth
extraction wounds showed a significant proliferation of fibroblast cells on days 3 and 5.

Conclusions The formulation of M. paradisiaca var. sapientum (L.) kuntze extract with HPMC and propylene glycol
obtained a gel preparation, GEGPA, that was organoleptically stable and met the topical gel standard for wounds in the oral
cavity.
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Abstract Objective Topical application of ambonese banana (Musa paradisiaca var. sapientum (L.)
kuntze) stemsapgel (GEGPA)on the socket woundarea showedan increase in theexpression
of platelet-derived growth factor-BB, while decrease in the expression of matrix metal-
loproteinase-2 and 9. The aim of this study is to achieve standard formulation of GEGPA
through stability, viscosity, distribution area, and drugs release for oral gel wound healing.
Materials and Methods This is an in vitro and in vivo study with the randomized
posttest only control group design. The gel was formulated according to the
composition of each group by adding hydroxypropyl methylcellulose (HPMC), Lexgard,
propylene glycol, and cold water to obtain 100 g of gel. Observations were made
through the following tests: stability, viscosity, distribution area, drug release, and
histopathological analysis of tooth extraction wound healing.
Statistical analysis Data were analyzed using a one-way analysis of variance (α ¼
0.05) with GraphPad Prism-8 statistical software.
Results The study showed that the GEGPA formulation was stable against changes in
consistency, color, smell, homogeneity, and pH value. There is a significant difference
between groups with respect to viscosity (p¼0.0001), adhesion (p¼0.004), dispersion
(p¼ 0.000), andfibroblast cell numbersondays3and5 (p¼ 0.007andp¼0.001).There isno
interactionbetween theactive ingredients and thegel baseof all formulations. Formulation3
had better properties in terms of viscosity, broad distribution, and drug release compared
with other groups. Application of GEGPA to tooth extraction wounds showed a significant
proliferation of fibroblast cells on days 3 and 5.
Conclusions The formulation ofM. paradisiaca var. sapientum (L.) kuntze extract with
HPMC and propylene glycol obtained a gel preparation, GEGPA, that was organolepti-
cally stable and met the topical gel standard for wounds in the oral cavity.
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Introduction

Wound healing is a defense mechanism that works by
repairing damaged cells or tissues.1,2 The healing consists
of a complex series of biological processes that involve cells
and surrounding tissues supported by inflammatory and
anti-inflammatory cytokines. The oral cavity is a remarkable
environment in which wound healing process occurs in the
presence of millions of microorganisms inwarm oral fluids.3

Topical or oral medications are used to localize wounds,
relieve pain, prevent contamination, and promote healing.4,5

The drug can be administered topically by applying it on
the skin or mucosal surface.6 Drugs that are commonly used
for topical administration to the skin are usually in the form
of creams, lotions, or ointments,7 while drugs that are
usually used for treating oral mucosa wounds are generally
in the form of gels.8,9 The success of topical treatment
depends on patient age, selection of appropriate topical
agents, location and area of the affected or diseased body,
stage of disease, the concentration of active ingredients in
the vehicle, methods of application, determination of drug-
use duration, and penetration of the topical drug into the
skin/mucosa.10–12 Topical drug administration may be con-
sidered in patients with gastrointestinal disturbances, con-
traindications, or difficulty of swallowing.13

Ambonese banana (Musa paradisiaca var. sapientum (L.)
kuntze) is one of the tropical plants that are often used as
herbalmedicines. The banana tree can be used as an alternative
in the treatment of wounds, fevers, insect bites, digestive
disorders, and epilepsy.14 The stem sap extract of ambonese
banana contains lectins, palmitic acid, leucocyanidin, quercetin,
3-O-galactoside, 3-O-glucoside, and 3-O-rhamnosyl gluco-
side,15 and has analgesic, anti-inflammatory, antibacterial,16

and antioxidant properties.17 These also increase fibroblasts
proliferation through the induction of growth factors such as
platelet-derived growth factor-BB (PDGF-BB) and transforming
growth factor-β1 (TGF-β1).18 The use of ambonese banana stem
sap extract gel (GEGPA) in fibroblast cell culture shows that it is
relativelynontoxicup to a concentrationof100%.19The increase
in collagen in the wound area that was given the GEGPA can be
caused by decrease inmatrix metalloproteinase-2 and 9 expres-
sions, as well as the antioxidant activity of active compounds in
it.20Thegel consistencygreatlyaffects theeaseof its application
on theoralwoundarea. Theuseof gel-formingmaterials suchas
hydroxypropyl methylcellulose (HPMC) in the preparation of
ambonese banana stem sap extract has not been proven to
interfere the wound healing process after extractions.

The gel is a semi-solid form that is clear, translucent, and
contains active substances. It is also a colloidal dispersion
that has force caused by tissues that are bonded to each other
in the dispersed phase.21 This gel form has several advan-
tages such as its nonstickiness, the little concentration of
gelling agents that is required to form good gel mass, and the
gel viscosity that will not change significantly at storage
temperature.22 Every drug should have a good stability;
therefore, the pharmaceutical form must be considered
carefully. This is very important considering the drug forms
that are generally made in large quantities and require long-

term storage. If a drug is stored for a long period of time, it can
decompose and result in the reduced effects received by the
patient.23 A good formulation is needed for optimum drug
stability and the factors that influence the stability of a new
drug. This study aims to obtain a suitable gel formulation, so
that the stability, viscosity, distribution, and release of active
compounds in ambonese banana stem sap extract are main-
tained as a potential drug.

Materials and Methods

Ambonese Banana Stem Sap Preparation
The plant was determinated in the Lembaga Ilmu Pengeta-
huan Indonesia, Purwodadi, East Java. Ambonese banana
stems were cleaned of dirt with running water. The sap
from the ambonese banana stem was taken by extracting it.
The stems were cut into thin strips with a thickness of 0.5 to
1 cm and dried using an oven (MMM, GmbH) at 40°C for
3hours. The dried stems were made into powder and then
weighed as much as 1 kg. The maceration process was
performed with 2 liters of 96% ethanol. The maceration
process with ethanol solvent was performed twice, up to
7 days. The results of themacerationwerefiltered usingfilter
paper (Whatman number 41), and then separated between
the extract and solvent using an evaporator (Heidolph-VAP,
Germany) at 40°Cwith 200 rpm speed for 2hours, to obtain a
thick extract. The extract was stored in a closed, dark
container and protected from light.

Ambonese Banana Stem Sap Gel (GEGPA) Formulation
The gel was formulated according to the composition
in ►Table 1, and the required ingredients were weighed.
HPMCwas dispersed into 30mL of water at 80 to 90°C until it
expanded. It was then stirred until a clay (gel) was formed.
The stirring process must be in a cold state such as a basin
that had been given ice cubes. Lexgard was mixed in propyl-
ene glycol according to the groups (F1, F2, F3); then the
extract was added until it was properly mixed. The mixture
was added to the HPMC mixture and stirred until it was
homogeneous. Coldwater was added to get 100 g of gel; then
it waspacked in a tightly sealed tube. In the control group (K),
no extract was added.

Table 1 The formulation of the ambonese banana hump
extract gel (GEGPA)

Material Material concentration
(% b/b)

F1 F2 F3

Active material 1 1 1

HPMC 4 4 4

Propylene glycol 10 15 20

Lexgard 0.01 0.01 0.01

Aqua ad 100 100 100

Abbreviations: F1, formulation 1; F2, formulation 2; F3, formulation 3;
HPMC, hydroxypropyl methylcellulose.
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Gel Stability Test
The stability of GEGPA was tested at room temperature by
observing (organoleptic) the color, smell, homogeneity, pH, and
viscosity.24Sampleswerestoredat4°Cfor24hours.After that, the
samples were taken out and placed at 40°C for 24hours. This
treatment is counted as one cycle. The experiment was repeated
for six cycles while taking the physical conditions into account
during the experiment by comparing the previous forms.

Gel pH Test
pH testing on GEGPA was done by inserting the pH meter
electrode (Mettler Toledo S220, Merck) into the gel.24 The
gel’s pH valuewill be displayed on the pHmeter’s screen. The
recording of the pH value is awaited until the number on the
screen does not change (stable). A suitable gel preparation
has a pH value that is near to the oral pH, which is between
6.2 and 7.6.

Gel Viscosity Test
The viscosity test is used to determine the viscosity of the gel
preparation by using a viscometer (Haake 6R viscometer,
Thermo Scientific, Germany).24 The gel preparation sample
was put into a glass beaker and placed under a spindle
hanger. The spindle is installed on the spindle hanger; then
it was lowered to the limit immersed in the extract gel
preparation. Next, the rotor was turned on while pressing
the button. The spindle was allowed to rotate and the red
needlewas observed on the scale; then the number indicated
by the needle was read.

Gel Homogeneity Test
The homogeneity test was performed by weighing 0.1 g of
each sample. Furthermore, the sample is smeared on an
object glass, and the homogeneity of the preparation and the
presence of air bubbleswere observed under amicroscope at
a 100� magnification.24

Gel Adhesion Test
The adhesion test was performed by means of 0.25 g of
sample placed on top of two predetermined glass objects,
then pressed with a load of 1 kg for 5minutes. The glass
object was put on the test equipment and then a load of 80 g
was added. The time it takes for the glass object to come off is
the stickiness ability of the gel that is going to be recorded
and tabulated.25

Gel Dispersion Test
The dispersion test was performed by weighing the gel
preparation as much as 0.5 g; after that the gel was placed
right under a round glass underneath, accompanied by a
diameter scale. Next, it was covered with another glass that
had been weighed and then allowed to sit for 1minute. The
scatter diameter of each gel was then measured. After
1minute, a 50 g load was added and allowed to sit for
1minute. Next, the diameter of the spread was remeasured.
This was repeated every 1minute with the addition of a 50 g

load until a sufficient diameter was obtained to observe the
effect of the load on the diameter of the spread of the gel
preparation.25

Power of Diffusion and Permeation Tests
The gel diffusion test was performed with a Millipore syn-
thetic membrane, which was placed between two halves of
the diffusion cell. Then, the receptor was filled with phos-
phate buffer of 6.8 pH and 5% ethanol to 130mL at 37°C. One
gram of gel was applied to the membrane. The absorption
was measured every 30minutes to 8 hours at a 274 nm
wavelength with an ultraviolet-visible spectrophotometer
(Shimadzu 1800).25

Histopathology of Fibroblast Cells on Tooth Socket
Wound Healing
This research has passed the health ethics test with num-
ber: 586/HRECC.FODM/IX/2020. The experimental animals
were 24 male rats, Wistar type, 2 to 3 months old, and
divided into 4 groups. Rats were anesthetized according to
their body weight (30mg/kg thionembutal). After the rats
were anesthetized, the wound was made by extracting the
mandibular left incisor.26 In the control group (K), the
socket was only given the drug carrier gel. The treatment
group was given GEGPAwith different formulations, namely
F1, F2, and F3. The gel was injected into the dental socket of
Wistar rats using modified needle (as much as 1 to 2mL of
tuberculin syringe). After tooth extraction, the wound was
closed by suturing using 5–0 Vicryl (Ethicon, Johnson &
Johnson do Brasil, São Jose dos Campos, SP, Brazil). Decapi-
tation was performed on days 3 and 5; then the tissue was
washed to remove the residual blood with 0.9% sodium
chloride physiological solution and fixed using 10% neutral
buffer formalin. The mandible bone was decalcified using
10% ethylenediaminetetraacetic acid (Sigma) and then par-
affin blocks were made. The preparations were made with a
4 µ thickness for histological examination of fibroblast cells
in the apical one-third of the extraction socket. The prep-
arations were observed using a light microscope (Nikon
H600L) with 400� magnification in five fields of view,
equipped with a calibrated micrometer. The preparations
were processed using the Nikon Image System software and
a 300 megapixels DS Fi2 digital camera.

Statistical Analysis
Data were tabulated and analyzed using a one-way analysis
of variance (ANOVA) test with GraphPad Prism-8 statistical
software at 95% significance. Differences in themeanvalue of
viscosity, adhesion, dispersion, and the number of fibroblasts
were analyzed statistically by one-way ANOVA. The gel
diffusion and permeation data were analyzed by regression.

Results

Organoleptic Observations of GEGPA
The four formulations showed that in the control group a
clear, homogeneous gel was formed, with a typical smell of
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gel base, 6.8 pH, and thick viscosity. In the three groups of
GEGPA formulations, there are no organoleptic differences
between the gel samples. The gel is clear brown, homoge-
neous, has a typical banana smell, and thick viscosity. The
experiment was repeated for six cycles and compared with
the previous forms. Physically, no significant change is found
between groups with respect to color, smell,
homogeneity, pH, and viscosity, but there is a decrease in
the pH of 0.1 in the F1 and F2 groups. The formulation of F3 is
more stable comparedwith the treatment groups (►Table 2).

The Difference in Gel Viscosity of GEGPA
Viscosity testingaims todeterminethevalueof theviscosityof
a substance. The higher viscosity of the gel will make the gel
thicker resulting in more difficult drug to spread. There is a
decrease in the viscosity of each formulation with increase in
the volume of propylene glycol that had been used. Sequen-
tially, the highest viscosity values are: the control group2009;
003E;2009;F12009;003E;2009;F22009;003E;2009;F3, with a
valueof 3,592; 3,187; 2,438; and2,035 cps 0028;►Fig. 10029;.
There is a significant difference in the viscosity values of each
group 0028;p2009;003D;2009;0.00010029.

Gel Adhesion Ability of GEGPA
The gel adhesion test is intended to determine the ability of
the gel to adhere to the oral mucosa. The gel adhesion test

was evaluated by observing the length of time the glass
objects remained attached. There is a significant decrease in
the length of attachment time in each group (p¼0.004).
Obviously, the GEGPA formulation can affect the time length
of adhesion (►Fig. 2).

Gel Dispersion of GEGPA
Gel examination is intended to determine the ability of the
gel to spread in the oral mucosa. The GEGPA distribution in
the F3 group was wider than in the other groups (►Fig. 3).
Sequentially, the widest dispersion ability is: F3> F2> F1>

control, with a value of 21.76, 17.91, 14.05, and 12.37mm2

(►Fig. 4). There is a significant difference in dispersion
ability between groups (p¼0.000).

Diffusion and Penetration of GEGPA across
Membranes
As per the results (►Fig. 5), the spectrophotometer data for
the maximum absorbance of the gel are at 274nm wave-
length in a 6.8 phosphate buffer solution. Referring to
Lambert Beer’s law of the standard solution with a concen-
tration of 10 to 180 µg, it is found that the linearity (r2) is
0.999, and regression value (Y) is 0.0171Xþ0.003. From this
graph, the results indicate that there is no interaction
between the active ingredients and the gel base of all
formulations (F1, F2, and F3).

Table 2 Organoleptic observations of gel formulations

Physical properties test Formula

Control (Base) F1 F2 F3

Color Clear Clear brown Clear brown Clear brown

smell Typical base Specialty banana Specialty banana Specialty banana

pH 6.8 6.7 6.7 6.8

Viscosity Thick Thick Thick Thick

Homogeneity Homogeneous Homogeneous Homogeneous Homogeneous

Abbreviations: F1, formulation 1; F2, formulation 2; F3, formulation 3; HPMC, hydroxypropyl methylcellulose.
Note: Description: Control, base (HPMC 4%), F1, Eq. 1, F2; Eq. 2; F3, Eq. 3.

Fig. 1 Viscosity of ambonese banana stem sap extract gel. F1,
formulation 1; F2, formulation 2; F3, formulation 3.

Fig. 2 Average gel adhesion strength. F1, formulation 1; F2, for-
mulation 2; F3, formulation 3.
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Fibroblast Proliferation in the Healing Process of
Tooth Sockets
There is a significant increase in the number of fibroblast
cells in the tooth socket on healing days 3 and 5 in the groups
that were given GEGPA, which are F1, F2, and F3, compared
with the control group (p¼0.007 and p¼0.001; ►Table 3).
The apical one-third of the socket in groups F1, F2, and F3
appears to be filled with fibroblast cells more rapidly
(►Fig. 6). There is no significant difference in the number
of fibroblasts in the F1, F2, and F3 groups on days 3 and 5
(p¼0.207 and p¼0.112). The number of fibroblast cells in

the control group appears to be lesser than the group given
GEGPA.

Discussion

A lot of research has been done to get a material that can
accelerate thewoundhealing process in the oral cavity, aswell
as reduce postoperative complications. In controlling complex
microorganisms in the oral cavity, topical wound protection
agents are surely needed, besides oral drugs to reduce pain,
inflammation, and infection. Oral drug use will give absorp-
tion,metabolism, distribution, and excretion (ADME) effect, as
well as first-pass metabolism.27,28Disruption of ADME results
in reduced drug availability in the systemic circulation, and
low-found drug concentrations in tissue.29 Recent researches
in dentistry are mainly focused on the development of local
agent’suseordrugs that areapplieddirectly tothewoundarea.
It is hoped that the local/topical administration will be more
effective because it can be absorbed directly and interact with
surrounding cells and tissues. Oral gel formulations may
reduce side-effects in patients with gastrointestinal disorders
if taken orally, or in patients with medical conditions such as
dysphagia.30 In addition, there aremany oral gel products that
are available commercially, most of which are quick-release
formulations that release the active ingredient by diffusion.31

In this study, HPMC was used for making the GEGPA
preparations, which act as a gelling agent. HPMC will form
a colloidal system when dissolved in water. Lipophilic col-
loids are generally organic molecules that can be dissolved
with molecules from the dispersing phase.22 HPMC is non-
toxic and has good water binding ability.32 The use of 4%
HPMC in GEGPA preparations produces the appropriate

Fig. 3 Differences in the spread of gel in ambonese banana stem sap gel groups. F1, formulation 1; F2, formulation 2; F3, formulation 3.

Fig. 4 Differences in dispersion between groups of gels. F1, formu-
lation 1; F2, formulation 2; F3, formulation 3.

Table 3 The average number of fibroblast cell proliferation on
days 3 and 5

Groups Count of fibroblast cells (x̄� SD)

Day 3 p-Value Day 5 p-Value

Control 8.3�0.52 0.007a 12.1� 0.86 0.001a

F1 16.7� 0.75 22.3� 1.13

F2 18.1� 0.66 24.3� 1.02

F3 8.3�0.52 25.7� 1.15

Abbreviations: SD, standard deviation; x̄, mean.
ap-Value, significance level 0.05.

Fig. 5 Diffusion and permeation power of ambonese banana stem
sap gel. F1, formulation 1; F2, formulation 2; F3, formulation 3.
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viscosity and can hold blood out of wounds as found in the
result of the extraction of rat teeth.18,20 A topical prepara-
tion’s solubility can be increased by adding a cosolvent or a
solubility-enhancing compound. One of the cosolvents that
is often used in gel preparations is propylene glycol with a
concentration of 5 to 80%.33

A formulation of propylene glycol cosolvent with a con-
centration of 10 to 20% was used for oral gel preparations.
The use of propylene glycol can also increase drug penetra-
tion.34 Propylene glycol is used because it has hydrophilic
and hydrophobic groups, so it can dissolve hydrophobic
compounds.35 In addition, propylene glycol is a cosolvent
with low toxicity.36 GEGPA formulations that consist of
ambonese banana stem extracts, HPMC, and propylene gly-
col, produced a brownish clear gel with thick viscosity and a
typical banana scent. The GEGPA formulation has a slightly
decreased pH, namely by 0.1, compared with the pH of the
control group,which is 6.8. The pH value of GEGPA still meets
the requirements for a normal oral pH environment, which is
between 6.7 and 7.3, and saliva with a pH between 6.2 and
6.7.37 The use of 20% propylene glycol can balance the pH of
GEGPA, so that it becomes the same as the pH of the control
group. It is possible because in GEGPA preparations, the
compound in ambonese banana stem sap can lower the pH
of propylene from 9.0–10.5 to 6.7–6.8.

The viscosity of the GEGPA formulation is also less com-
pared with the control group. A good gel has a viscosity
between 2,000 and 4,000 cps.38,39 The GEGPA formulation
has a viscosity between 2,035 and 3,187 cps, so the results of
this study indicate that the GEGPA formulation meets the
requirements of a fairly good oral gel. Due to the encourage-
ment of blood flow that comes out of the wound, the
appropriate gel viscosity can inhibit gel detachment from
the mucosa.

The thicker the gel or the higher the viscosity of the gel,
the more difficult it is for the active ingredient to be
separated from the carrier material and the longer is the
penetration time into the tissue, so the absorption of the
active ingredient can decrease. The increase in viscosity can
also affect the adhesion of the gel to the mucosa. The gel is

considered appropriate when the drug can diffuse quickly
into the wound.

The dispersion of the gel is increased at a low viscosity.
Viscosity affects the dispersed area. Thus, the greater the
viscosity value of the gel preparation, the greater is the
resistance of the gel preparation to spread, resulting in a
decreasing dispersion value. Conversely, if the viscosity value
of the gel preparation is getting smaller, the resistance of the
gel preparation to spread will also be getting smaller, and so
it will have awide dispersion. The spreadability of the GEGPA
formulation in the F3 group iswider than in the other groups.
So, when applied to the application site, this ensures that the
formulation maintains a good wet contact time.

Therefore, the active ingredients used in these formula-
tions can be combinedwith the excipients used in all of these
gel formulations. From the comparison of the three formu-
lations above, it can be seen that the third formulation
experienced the best release of active ingredients compared
with other formulations. In an in vitro study, it was found
that formula 3 was released by permease diffusion of 94.01%
for 8 hours, so that formula 3 can describe the increase of the
active ingredient penetration and absorption.

The patient’s well-being may be harmed by a delayed
tooth extraction socket healing process, which increases the
risk of infection. The proliferation phase of fibroblast prolif-
eration is a crucial stage in the healing process. Bone devel-
opment in the socket is facilitated by fibroblasts made up of
extracellular matrix and collagen fibers. Fibroblasts are
particularly critical cells in the early stages of wound healing,
and they begin to form on the third day following injury
during the proliferative stage. Fibroblasts begin to move to
the wound site and proliferate between days 3 and 5,
resulting in a dominance of their numbers on the wound
site.40 The use of GEGPA inserted into the tooth sockets of
mice shows an increase in the number of fibroblasts on
days 3 and 5. Phytochemical compounds in GEGPA such as
lectins, palmitic acid, leucocyanidin, quercetin, 3-O-galacto-
side, 3-O-glucoside, and 3-O-rhamnosyl glucoside can be
released from the gel, and play an important role in activat-
ing PDGF-BB and TGF-β1,18 so that they can increase

Fig. 6 The difference in the number of fibroblast cells (arrows) between groups with hematoxylin-eosin staining. Fibroblast cells proliferation on
day 3: Control (A), formulation F1 (B), formulation F2 (C), and formulation F3 (D). Fibroblast cells proliferation on day 5: Control (E), formulation
F1 (F), formulation F2 (G), and formulation F3 (H). 400x magnification, Nikon H600L microscope, DS Fi2 camera 300 megapixels.
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fibroblasts’ proliferation in the tooth socket area. The distri-
bution of these compounds in the form of a gel can certainly
accelerate wound healing.

Conclusions

The formulation of M. paradisiaca var. sapientum (L.) kuntze
extract with HPMC and propylene glycol obtained a gel
preparation, GEGPA, that was organoleptically stable and
met the topical gel standard for wounds in the oral cavity.
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