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Gel Semprot Ekstrak Daun Sirih Hijau (Piper betle) Untuk
Infeksi Bakteri Penyebab Luka Diabetes

Abstrak

Resistensi antibiotik pada terapi infeksi luka diabetes banyak terjadi. Ekstrak daun Piper betle
memiliki aktivitas antibakteri, antiinflamasi, antioksidan. Tujuan penelitian untuk memformulasi
gel semprot ekstrak daun Piper betle dan menguji efeknya pada luka diabetes terinfeksi
Methicillin Resistant Staphylococcus aureus (MRSA) dan Pseudomonas aeruginosa. Metode
penelitian dengan desain pre and post test control. Gel dibuat dengan ekstrak 10% (F1), 15%
(F2), 20% (F3). Uji karakteristik fisik organoleptik, pH, homogenitas, viskositas, pola semprot,
daya sebar lekat, waktu kering, dan stabilitas fisik. Semua tikus diberi aloksan 170 mg/kgBB,
kadar glukosa puasa diukur lalu dikelompokkan menjadi kontrol normal, terpapar MRSA, dan
P.aeruginosa. Kelompok terpapar bakteri meliputi kontrol negatif, kontrol positif, F1, F2, F3.
Luka 2 cm dengan kedalaman 0,3 cm diberi bakteri, kecuali kontrol normal. Panjang luka
diukur, dihitung pengurangan luka, kemudian dinyatakan sebagai persentase penutupan luka
dan dianalisis statistik. Hasil F1, F2, F3 memenuhi kriteria fisik, menutup luka MRSA secara
signifikan 100%. F2 dan F3 menutup luka P.aeruginosa signifikan 89.88%; 93.13%, sehingga
disimpulkan bahwa gel semprot ekstrak daun Piper betle memiliki efek dapat meredakan infeksi
luka diabetes.

Kata Kunci: luka diabetes, methicillin resistant Staphylococcus aureus, sirih hijau,
Pseudomonas aeruginosa, gel semprot
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1. Introduction

Diabetic wounds are open wounds resulting from
damage to skin epithelial tissue caused by invasion of
microorganisms and disorders of peripheral autonomic
nerves. The prevalence of diabetic wounds in
Indonesia reaches 15%, amputation cases 30%, and
deaths 35%." Diabetic wounds are the most common
cause of hospitalization for DM patients, accounting
for 80%.2 These wounds take a long time to heal
because the skin’s elasticity is reduced in diabetes and
it is susceptible to bacteria, leading to infection.?

Bacteria that often cause infections in diabetic wounds
include Methicillin-Resistant Staphylococcus aureus
(MRSA) and Pseudomonas aeruginosa.* Management
of diabetic wounds can be carried out using systemic
antibiotics or topical antibiotics.®* However, MRSA and
P. aeruginosa have become highly resistant to systemic
therapies such as ampicillin, amoxicillin, cefotaxime,
oxacillin, gentamicin, tetracycline, moxifloxacin,
levofloxacin, ciprofloxacin, clindamycin, trimethoprim/
sulfamethoxazole, and erythromycin.%” Topical
therapies are also used to treat diabetic wounds,
such as antiseptics, silver, honey, bacteriophage
therapy, or NPWT (negative pressure wound therapy).
However, these are not recommended for treating
diabetic ulcers because they have not been proven
to significantly improve wound healing.? In addition,
silver-type antimicrobials should not be used for more
than 2 weeks because they can cause resistance.®
Based on this background, the discovery of natural
medicines needs to be developed as an alternative
effort to overcome the problem of wound care. Natural
medicines are generally considered safer and less
risky than synthetic medicines.™

One of the natural ingredients that can be developed
as a medicine is Piper betle L. leaves because they
have antibacterial properties. Piper betle leaf extract at
a concentration of 20% has been proven to be effective
in inhibiting the growth of MRSA," and a concentration
of 15% against Pseudomonas aeruginosa in vitro."
This antibacterial ability is related to the content
of active compounds.”® Ethanol extract of Piper
betle leaves contains flavonoids, tannins, alkaloids,
saponins, essential oils, vitamin C, polyphenols, and
terpenoids which have wound healing activities.™

All of these chemical compounds have functions that
support the wound healing process, so that wounds
heal more quickly. All of these compounds synergize
to accelerate wound healing through antimicrobial
activity that can clean wounds, and stimulate fibroblast
proliferation and collagen formation to rebuild
tissue.1®16.17
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The development of the extract in topical dosage
forms has been carried out in the form of ointment
preparations. Piper betle leaf extract ointment with a
concentration of 5% can increase epidermal thickness
and reduce IL-6 expression in MRSA-infected
incisions. However, ointment preparations have a high
risk of contamination due to direct hand contact.®
Meanwhile, spray gel preparations have advantages
over other topical preparations due to their relatively
low level of microbial contamination and their ability to
increase drug penetration into the skin,’® and is more
practical to use.?°

Based on the description above, this research involved
a spray gel formulation with varying concentrations
of Piper betle leaf ethanol extract at 10%, 15%,
and 20%. The ethanol extract of P. betle has been
shown to possess antibacterial activity and contains
flavonoids, triterpenoids, alkaloids, and tannins, which
are believed to contribute to this activity."® The study
aimed to investigate the effect of spray gel on wound
healing in diabetic rats infected with MRSA and P.
aeruginosa.

2. Materials and Method
2.1.Tools

Oven, moisture balance, simplicia electric scale,
blender, rotary evaporator, Buchner flask and funnel,
analytical balance, glassware (IWAKI), pH meter,
Brookfield viscometer, autoclave, electric stove,
micropipette, Laminar Air Flow, Bunsen, round tube,
measuring flask syringe, blood glucose measuring
instrument (Easy Touch), glucose test strips, sterile
surgical knife and scissors, tweezers.

2.2.Materials

Research materials include Piper betle leaves,
70% ethanol, TEA, carbopol 940, propylene
glycol, propyl paraben, distilled water, Methicillin
Resistant Staphylococcus aureus, methyl paraben,
Pseudomonas aeruginosa FNCC 0063, Mc. Farland
standard, H-SOa., BaCl, NaCl. 0.9%, Brain Heart
Infusion media, Aloxan, Lidocaine 2%, and Aqua pro
injection.

2.3.Methods

2.3.1. Sample Collection

The Piper betle leaves used are fresh, green, and
not affected by pests. The leaves are obtained from

plantations or cultivation of betel plants in the Kendal
area, Central Java.
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2.3.2. Extraction

Piper betle leaves were cleaned with running water
and dried using an oven (temperature 50°C). The
dried leaves are ground into powder, and the moisture
content is measured to be less than 10% using a
moisture balance tool. Extraction is carried out using
the maceration method. Dry leaf powder was added
to 70% ethanol, soaked for 3 days, and stirred twice
a day. Then, it was macerated for 2 days. The filtrate
was filtered and concentrated until a thick extract is
obtained.?' It was a higher polar solvent compared to
ethanol at higher concentrations.

2.3.3. Spray Gel Formulation

The spray gel preparation formula refers to research
by with a modified composition. The test formula was
prepared in three variants, with extract contents of
10%, 15%, and 20% respectively (Table 1). The initial
step was to develop Carbopol 940 with hot distilled
water, stirring it little by little until a gel base is formed.
Then, methyl paraben and propyl paraben were stirred
again until a homogeneous mixture is achieved. After
that, TEA was added and stirred until a homogeneous
mixture was formed (mixture A). In another container,
the extract was dissolved in propylene glycol gradually
while stirring constantly until a homogeneous mixture
was formed (mixture B). Mixture B was added to Mixture
A and then stirred until the mixture was homogeneous.
Next, distilled water was added to a 100 mL volume.?

2.3.4. Physical Evaluation of Piper betle Leaf Extract
Spray Gel

Organoleptic Test

Testing of the physical properties of Piper betle leaf
extract spray gel included color, aroma and texture.?®

Homogeneity Test

The preparation was sprayed on a glass object. A gel
was said to be homogeneous if there were no granules
or solid particles.?

Table 1. The Piper betle leaf ethanol extract spray gel formula
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pH Test

pH measurement was conduted using a pH meter. The
pH requirement for topical preparations was 4.5-7 so
as not to cause irritation to the skin surface.?®

Viscosity test

Viscosity measurement was carried out using a
Brookfield viscometer. The preparation was put into a
glass beaker and spindle number 63 was installed. the
rotor rotates and waited until a stable viscosity value
appears on the screen. The viscosity of a good spray
gel preparation is 500-5000 cPs.?

Test Adhesion

The test was carried out by spraying the gel once onto
the skin of the upper arm at a distance of 3 cm. After
that, wait for 10 seconds to determine how long the gel
sticks to the skin. The test was carried out three times.
Good adhesive spreadability means that the gel can
stick to the skin or not drip when sprayed.®

Test the Spray Pattern

This test was carried out by spraying Piper betle leaf
extract gel spray on mica sheets at a distance of 3,
5, 10, 15, 20 cm. After that, the spray pattern was
measured accordingly. The farther the spray distance,
the more spread the spray pattern.z

Test Dry Time

Spray gel was applied to the volunteer’s lower arm and
then the time needed for it to dry was calculated. A
good spray gel preparation has a dry time of less than
5 minutes.®

Physical Stability Test

Spray gel extract of Piper betle leaf as much as 10 mL
in a tube was centrifuged at a speed of 3800 rpm for 30
minutes. Physical changes were observed which were
characterized by separation or deposition.?®

Concentration (%)

Materials Function

F1 F2 F3
Piper betle leaf ethanol extract active substance 10 15 20
Carbopol 940 gelling agent 1.5 1.5 1.5
Trietanolamin alkalizing agent 1 1 1
Propilen glikol humectant 10 10 10
Metil paraben preservative 0.18 0.18 0.18
Propil paraben preservative 0.02 0.02 0.02
Aquadest ad solvent 100 100 100
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2.3.5. Animal Preparation

The test animals used were Wistar rats, male, weighing
100-200 grams, 2-3 months old, and healthy. Male
rats were adapted for 7 days in the Pharmacology
Laboratory, Faculty of Pharmacy, Wahid Hasyim
University, Semarang. After the animal is adapted,
weighing is carried out to determine the dose or volume
of administration. This study consisted of two types
of testing: diabetic wound testing using MRSA and
P. aeruginosa infections. Experimental animals were
grouped into normal controls, MRSA-exposed, and P.
aeruginosa-exposed controls. The bacterial exposure
subgroups consisted of negative controls, positive
controls, and F1, F2, and F3 spray gels. The normal
control (uninfected) was a diabetic rat with a wound
that was not infected with bacteria and was exposed to
spray gel (not containing extract) twice a day.

The negative control was a diabetic rat with a wound
infected with bacteria and was given active spray gel
basis (not containing extract) twice a day. The positive
control was a diabetic rat with a wound infected with
bacteria and was given Silver gel (Star Ag) twice a day.
Groups F1, F2, and F3 were diabetic rats given F1,
F2, and F3 spray gel, respectively. Animal treatment
procedures have met research ethics requirements
based on Ethical Clearance No. 384/X/2024/Bioethics
Commission, Faculty of Medicine, Sultan Agung
Islamic University, Semarang. Test animals were
placed in a special room at room temperature and
adequate lighting (automatically dark and bright), and
were given sufficient food and water every day, with
one cage per animal. Researchers used personal
protective equipment when treating test animals.

All rat that had completed the test were euthanized.
The dead mice were wrapped in two layers of plastic
bags, then sealed and disposed of in an appropriate
infectious waste container before being incinerated.
Prior to testing, the mice were acclimatized for 1
week and fasted for 12 hours before being induced
with alloxan. Next, alloxan was given at a dose of
170 mg/kg BW intraperitoneally. On the 4" day after
alloxan induction, all rats had their blood glucose
levels measured again.?® Blood glucose levels were
measured using a glucometer. Rats were declared
diabetic if blood glucose levels were = 200 mg/dL.2®

All diabetic mice were wounded on day 5 after alloxan
administration. This was due to the stable increase in
glucose levels after 4 days of induction.?® To create the
wound, the mouse’s fur in the dorsal area was shaved
and cleaned, then anesthetized subcutaneously with
2% lidocaine (0.03 mL/200 g BW) until the mouse
experienced a loss of feeling.?® After that, the dorsal
area was injured using a sterile scalpel 2 cm long
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with a depth of 0.3 cm, reaching the dermis, marked
by bleeding. After the bleeding stopped, the rats were
infected with a suspension of 50 yL (1 x 108 CFU/mL)
of MRSA and P. aeruginosa bacteria intradermally.?®

The condition of the wound was observed after 24
hours of administration of the bacteria, to determine the
success of the infection. The characteristic of MRSA
infection is the presence of pus or fluid in the wound®°,
while P. aeruginosa infection has bluish-green pus.®'

2.3.6. Diabetic wound infection healing test

Infected rats were given spray gel F1, F2, and F3 by
spraying it on the wound area. The normal control
group (non-infected) was only given the spray gel
base. The negative control group was given spray gel
base; the positive control group was given silver gel
(Star Ag). All preparations were given 2 times a day
for 14 days.

Macroscopic observations and measurements of
wound length were carried out every day. The
condition of the wound observed is signs of wound
healing, namely the color changes to white, no scabs,
and the formation of new skin. The percentage of
wound closure was calculated using the formula of
subtracting the initial wound length from the final
wound length then dividing the initial wound length and
multiplying by 100%.%233

2.3.7. Data analysis

The results of the evaluation of the physical
characteristics of the Piper betle leaf extract spray
gel, blood glucose levels, morphological conditions
were analyzed descriptively. The percentage of wound
closure was statistically analyzed using the Kruskal-
Wallis and Mann-Whitney tests, and a significant
difference was reported if p < 0.05.

3. Result
3.1.Physical evaluation

Physical evaluation of the preparation is a test carried
out to determine the quality of the spray gel preparation
produced. This evaluation includes organoleptic tests,
homogeneity, pH, viscosity, adhesion, spray pattern,
dry time, stability. Spray gel preparations are said to
be good if they meet the specified requirements. The
evaluation results of all formulas are in Table 2.

Organoleptic test results show that all formulas have
the same color and aroma. The aroma of the gel
preparation is the characteristic smell of Piper betle
leaves. The difference occurs in the texture of F1,
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Table 2. Evaluation Results of Piper betle Leaf Extract Spray Gel
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Type of testing F1

F2 F3

Organoleptic Color: blackish green

Aroma: typical Piper betle

Texture: thick

Homogeneity homogeneous
pH 5.31
Viscosity (cps) 4992
Sticking power (second) 10
Dry time (minute) 4.37
Stability No separation occurred
Spray Pattern

3cm Clot

5cm Clot

10 cm Clot

15 cm Spread

20 cm spread

Color: blackish green
Aroma: typical Piper betle
Texture: a little thick

Color: blackish green
Aroma: typical Piper betle
Texture: a little thick

homogeneous Homogeneous
5.27 5.25
3597.3 1522.6
10 10
3.54 3.09

No separation occurred No separation occurred

Clot Clot

Clot Clot

Clot Spread
Spread Spread
Spread Spread

which is thick. F1 contains less active substance than
F2 and F3. The viscosity of the preparation decreases
with increasing extract concentration.

The homogeneity test aims to determine the presence
of insoluble particles in the preparation, because this
indicates incomplete mixing of the substances. The
test results show that all the resulting formulas are
homogeneous. The homogeneity of the preparation
is related to the uniformity of the active substance
dispersed in the spray gel mass.**

The pH test was carried out to determine the degree
of acidity of the spray gel. The preparation must meet
the pH range that matches the skin’s pH so as not to
irritate the skin (pH 4.5-7). The test results showed
that the pH of the Piper betle leaf extract spray gel
preparation was included in this range. A low pH can
pose a risk of skin irritation, while a high pH can cause
the skin to become slippery and dry quickly.® Viscosity
evaluation aims to determine the viscosity of the spray
gel. The test results show different values for each
formula (Table 2). The higher the concentration of the
active substance, the lower the viscosity. Evaluation
of the drying time for spray gel preparations is carried
out to determine how long it takes for the preparation
to dry after being applied to the skin. The ideal dry
time is less than 5 minutes. The test results show
that the dry time for the three formulas is less than 5
minutes. Spray gel that has a fast drying time creates
a comfortable feeling because it does not stick to the
skin.z

Evaluation of the spray pattern aims to determine the
condition of the spray coming out of the applicator.

There are several factors that influence the spraying
pattern of the preparation, namely the characteristics of
the formula, viscosity, and spray distance. The farther
the spraying distance, the wider the spray pattern can
be produced.*® Based on the research results (Table
2), the spraying patterns of the three formulas varied.
F1 starts to spread at 20 cm, F2 starts to spread at a
distance of 15 cm, while F3 at a distance of 10 cm.

Adhesion evaluation aims to determine how long the
preparation remains attached to the skin. The good
durability of the spray gel is that it doesn’t drip after
10 seconds. Based on test results, the three formulas
did not drip after 10 seconds.?® Physical evaluation
of the spray was also carried out to determine any
instability of the preparation. In the research, a stability
test was carried out using the centrifugation method.
The test results showed that the three formulas were
stable, indicated by the absence of separation after
centrifugation.

3.2. Measurement of blood glucose levels

Blood glucose levels are checked first on test animals
to ensure that all animals used are healthy and do not
have diabetes. Measurements were also carried out
after administering alloxan to ensure that all animals
had diabetes. The results from blood glucose levels
(Table 3) showed that the administration of alloxan as
a diabetes inducing agent had succeeded in making
all test animals suffer from diabetes, indicated by
blood glucose levels 2200 mg/dL on the 4" day. The
administration of a dose of 170 mg/kg body weight can
maintain diabetic conditions in rats. All the rats were
then infected with bacteria for the subsequent analysis.

http://jurnal.unpad.ac.id/ijpst/

212



Indonesian Journal of
Pharmaceutical Science and Technology

Table 3. The average blood glucose levels in test animals
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Groups
B

Fasting blood glucose levels (mg/dL)

efore induction

After induction (fourth day)

Normal (uninfected+ base of spray gel)
Infected by MRSA

Negatif control (base of spray gel)
Positive control (Silver gel)

F1

F2

F3

Infected by P.aeruginosa

Negatif control (base of spray gel)

Positive control (Silver gel)

123.40 £ 22.47

81.00 + 11.86
138.80 £ 22.02
105.00 + 14.36
102.60 = 17.39
99.40 + 18.08

112.40 + 16.88
113.00 £ 10.40

392.60 + 41.89*

454.00 £ 55.01%
506.40 + 24.99*
457.80 £ 49.79*
438.80 £ 53.43*
354.80 £ 19.78*

500.20 + 34.03*
427.00 £ 11.30*

F1 94.20 £ 7.57 480.80 * 33.88"
F2 119.60 + 8.42 496.40 + 16.90*
F3 105.20 + 13.64 549.20 + 10.73*

All values were presented in the table as mean + SD (n=4). *, p < 0.05 from the Wilcoxon test

3.3. Test the healing effect of diabetic wound infection

This test aimed to determine the effect of Piper betle
leaf ethanol extract gel spray on wound healing in
diabetic rats infected with Pseudomonas aeruginosa
and MRSA. Both bacteria are opportunistic pathogens
that attack individuals with weakened immune
systems, such as patients with diabetes mellitus.
Infections caused by these bacteria can slow the
wound healing process and even worsen the wound
condition, requiring amputation. Wound healing testing
was conducted by treating infected diabetic rats with
wounds by spraying the preparation onto the wound
area twice daily for 14 days. The spray gel preparation
tested contained ethanol extract of Piper betle leaf at
concentrations of 10%, 15%, and 20%. Negative and
non-infected controls were given spray gel without
active ingredients.

The negative control was used as a comparison to
the Piper betle leaf ethanol extract spray gel formula
to determine its healing activity in diabetic wounds
infected with MRSA. The non-infected control served
to validate the success of the infected wound creation
process, aiming to ensure there was a difference
between infected and uninfected wounds. The positive
control group was given Star Ag gel containing silver,
which has been clinically proven to be effective in
healing diabetic wounds.?” The positive control in this
study aimed to validate the results. Observations on the
length of the wound were carried out for 14 days to see
the physical changes that occurred in the injured area.
Visual observations include changes in wound color,

scab formation as an early sign of the proliferation
phase, and the formation of new skin. Wound color
changes as the wound heals. The reduction in wound
length over 14 days was used as a parameter to
assess the activity of the spray gel.

Figure 1A showed that the percentage of wound length
reduction in the negative control was lower than that
in the uninfected control (p<0.05). This means that
infection can slow down wound healing. The results of
testing on diabetic wounds infected with P. aeruginosa
showed that F1, F2, and F3 were able to reduce the
length of the wound by 77.25%, 89.88%, and 91.13%,
respectively; however, F1 could not be concluded to
affect healing wounds because the results were not
significantly different compared to the negative control.
All formulas can reduce wound length by 100%, and
the reduction was insignificant (p>0.05) compared to
the positive control. This indicates that the F1, F2, and
F3 spray gels have the same effect as the Silver gel
(Star Ag).

Furthermore, in the P. aeruginosa infected wound
test, the uninfected control had a significantly greater
percentage of wound length reduction than the
negative control (p<0.05) (Figure 1B). This indicates
that infection affects wound healing. The wound length
reduction of F2 and F3 was significantly higher than
that of the negative control. This means that F2 and F3
have a wound-healing effect. For F1, the reduction was
higher, but not significantly different from the negative
control (p>0.05). This means that F1 did not have a
healing effect. The wound length reduction of F2 and
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A MRSA infected wound test
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Figure 1. Average percentage of closure of diabetic wounds infected with (A) MRSA and (B) P. aeruginosa. All values were
presented as mean + SEM, n = 4, #p<0.05 when compared to negative control; *p<0.05 when compared to control

(infected+gel base).

F3 was lower than that of the positive control, but not
significantly different (p>0.05), so it can be said that
F2 and F3 have a wound length reduction effect that is
almost comparable to that of Silver gel.

4. Discussion

This research aims to formulate Piper betle leaf extract
into a spray gel preparation and determine its effect in
healing infected diabetic wounds. Piper betle extract
was obtained using the maceration method, which
is suitable for extracting active compounds that are
easily destroyed by heating. Most of the compounds
contained in Piper betle extract are heat-resistant.
Flavonoids and other phenolic compounds are

sensitive to heat (thermolabile) and easily oxidized,
so heating during the extraction process can cause
degradation or a decrease in their levels.®37 In addition
to this, this method was chosen because it is easy to
perform and does not require complex equipment.®®
The test formula uses three series of different extract
concentrations. The gelling agent used in this research
is carbopol 940.

Carbopol 940 is a biodegradable, biocompatible,
and bioadhesive gelling agent that is not absorbed
into the body and does not irritate the skin. However,
a limitation of this study is that toxicity testing has
not been conducted to ensure safety for skin use.
Additionally, the gelling agent is very stable and
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resistant to microbes.? Based on the results of the
physical test evaluation, it was found that all Piper
betle leaf extract spray gel formulas met the physical
criteria for the preparation.

Our findings showed that all alloxan-induced rats
showed blood glucose levels >200 mg/dL, indicating
hyperglycemia. Alloxan induction in rats causes an
increase in blood glucose. Alloxan is a chemical
compound commonly used to induce diabetes
in laboratory animals. Its mechanism involves
the degradation of pancreatic B-cells, resulting in
decreased quality and quantity of insulin production,
leading to hyperglycemia.*

Long-term high blood glucose levels can cause
pathological changes in blood vessels, nerves, and the
immune system, which can increase the risk of diabetic
wounds. Furthermore, wound healing in patients
with diabetes mellitus takes longer due to impaired
skin tissue regeneration, prolonged inflammation,
and infection.®® This is consistent with research by
Riana and Jeffrey (2021), which found that 57% of
respondents with abnormal blood glucose levels (=200
mg/dL) experienced impaired post-operative wound
healing. Post-operative wounds in DM patients are at
risk of infection due to abnormalities in blood glucose
levels, which lead to decreased immune functions,
such as chemotaxis and oxidative killing potential of
neutrophil cells.*!

Therefore, all spray gel formulas were further tested
on test animals. it was also found that the higher the
concentration of Piper betle leaf extract in the spray
gel preparation, the greater the effect in reducing
wound length. The results of this study are in line with
Za’rah’s (2021) research, which proved that Piper betle
L. leaf extract can heal wounds in mice (Mus musculus
L.)." This effect is related to the presence of active
chemical compounds in the extract, namely tannins,
saponins, alkaloids, flavonoids, essential oils, vitamin
C, polyphenols, and terpenoids.*? Each of these active
compounds has a function that can accelerate the
wound healing process. Flavonoids have antioxidant,
antibacterial, and anti-inflammatory effects.®

Flavonoids trigger re-epithelialization and tissue repair
by stimulating the growth and movement of fibroblasts
and keratinocytes to the wound area, and they reduce
inflammation by modulating macrophage cells and
reducing inflammatory cytokines. Flavonoids as
antioxidants can help inhibit oxidative stress, which can
interfere with wound healing.® Flavonoids can damage
bacterial cell walls and DNA, inhibit the formation of
extracellular proteins and bacterial cell motility. Phenol
caninactivate and denature bacterial cell proteins. Piper
betle leaf essential oil contains phenolic compounds

Vol. 12 Suppl. 3 (2025): 208-217

(carvacrol) and phenylpropanoids (eugenol and
kavikol), which are effective as very strong bactericides
and fungicides.®® Essential oils, flavonoids, tannins,
phenolic saponins, alkaloids, coumarins, emodins,
steroids, and most contain betephenol. Essential oils
can inhibit the formation of cell walls, nucleic acids and
bacterial cell proteins. Betel leaves contain high levels
of vitamin C and polyphenols, which can neutralize
harmful free radicals produced during injury. Saponins
increase collagen production, thus helping to improve
wound healing. Saponins are also able to interfere with
bacterial permeability.** Tannins damage polypeptides
and inhibit the activity of bacterial extracellular
enzymes. Alkaloids can accelerate wound healing
through their antibacterial mechanism by destroying
cell membranes and interfering with bacterial nucleic
acid synthesis.*®

In this study, observations and measurements of
wound length were conducted over a 14-day period.
This period was taken to obtain representative
measurement results. Wound healing is a complex
and time-consuming process, so long-term monitoring
is crucial to obtain accurate data on the spray gel’s
effectiveness over time. Longer follow-up can yield
more convincing results and identify potential long-term
side effects that may not be apparentin a short period of
time.*¢ A limitation of this study is that histopathological
testing was not performed. Histopathological testing
is helpful in determining the level of wound healing.
This preparation also needs to be tested for toxicity to
ensure its safety for use on the skin.

5. Conclusion

Piper betle extract spray gel of 10% (F1), 15% (F2),
and 20% (F3) can significantly close wounds infected
with MRSA. In P. aeruginosa infections, wounds
closed substantially by 89.88% (F2) and 93.13% (F3).
Thus, Piper betle leaf extract spray gel has the effect
of reducing bacterially infected diabetic wounds.
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