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Abstract

Purpose: To determine the effectiveness of Moringa oleifera leaf extract in a gel preparation for treating
second-degree burns in diabetic rat models.

Method: The animals were divided into five groups labelled placebo, Bioplacenton®, and test
preparations of 5, 10, and 15 % concentrations, respectively. Diabetes mellitus was first induced using
intraperitoneal streptozotocin at a dose of 30 mg/kg BW and confirmed on the 3rd day; then, second-
degree burns were made on the backs of the animals. The 96 % ethanolic extract of mature Moringa
oleifera was made into a gel. The placebo, Bioplacenton and gel preparations were then applied to the
wounds of their labelled models. Wound healing was assessed through the healing rate based on the
percentage decrease in wound diameter on the day of observation compared to the wound diameter the
day after the wound was made.

Results: There were statistically significant differences in wound healing rates among the groups
(Bioplacenton, Placebo, 5, 10, and 15 %) treated with Moringa leaf gel on the 3rd, 6th, and 9th day (p <
0.05). There was no significant difference in healing rate among the 5 groups on the 12th and 14th day
(p > 0.05). The average healing of second-degree burns occurred on the 14th day.

Conclusion: Moringa leaves in gel preparations at 5, 10, and 15 % accelerate the healing process of

second-degree burns in diabetic rat model.
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INTRODUCTION

Diabetes mellitus (DM) is a chronic condition
characterized by insufficient insulin production by
the pancreas or the body's inability to use the
insulin produced adequately [1]. By 2045,
diabetes cases are projected to surge to 783
million, accompanied by a corresponding
increase in the burden of care [2]. Unfortunately,
this condition is often underdiagnosed in low-

and-middle-income countries in Africa, the
Western Pacific, and Southeast Asia [2].
Diabetes in Indonesia is also projected to

increase from 18.69 million cases in 2020 to 40.7
million cases in 2045. This figure represents an
increase from 9.19 to 16.09 %. If appropriate
interventions are implemented, this prevalence
will decrease [3].

Untreated Diabetes mellitus results in a variety of
complications, including the obstruction of
microvascular blood vessels, such as retinopathy
and nephropathy, and macrovascular diseases,
such as coronary artery disease and blood
vessels in the extremities [4]. Type 2 DM is a
chronic metabolic disorder characterized by
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insulin resistance and a relative deficiency in
insulin  secretion, resulting in persistent
hyperglycemia. It is the most common form of
diabetes and is strongly associated with lifestyle
factors such as unhealthy dietary patterns,
physical inactivity, obesity, and tobacco use [1].
People with DM typically experience significantly
slower wound healing compared to individuals
without diabetes. In people with diabetes,
physiological mechanisms of hemostasis,
inflammation, proliferation, and remodeling, and
cellular processes are impaired, which leads to
chronic, non-healing wounds and serious
complications such as infection or ulcers [5].

Treatment of DM requires comprehensive wound
care, including debridement and cleansing, as
well as topical antibiotic administration. Burns
and their management are important medical
issues. Loss of the skin's physical barrier
function facilitates microbial penetration and lead
to infection [6]. Second-degree burns are the
most common type of burn in clinical practice
and are difficult to treat. Particular attention is
paid to the fact that formulating a clinical
management plan presents significant
challenges. Second-degree burns often exhibit
dynamic changes in the early post-burn period,
which are not only determined by their
pathophysiological characteristics but also
closely related to wound interventions and other
factors. Timely and rational pre-hospital first aid
and appropriate wound care after hospital
admission are crucial in preventing wound
deepening [7].

Moringa oleifera Lam. (Family: Moringaceae) is a
tropical deciduous tree, originating in India,
widely planted in Asia, Africa, and Central
America. Its leaves, roots, and seeds are used
as food, and its active components have various
pharmacological functions, including antioxidant,
anti-inflammatory, anti-diabetic, lipid-lowering,
anticancer, and antibacterial properties [8].
Ethanolic extract of mature Moringa oleifera
leaves influences the catalytic activity of
paraoxonase - 1 and catalase enzymes to
compensate for changes triggered by diabetes in
rats. [9]. The gel dosage form is one of the best
choices for optimizing the antioxidant activity of
Moringa leaves [10].

Several scientific studies have reported
phytochemical tests of Moringa leaves in powder,
cream, ointment, and gel forms. Moringa leaves
extract possesses numerous therapeutic
benefits, including antioxidant, anticancer,
antidiabetic, and antimicrobial properties. Despite
the known pharmacological properties of Moringa
oleifera, there is limited evidence regarding its
effectiveness in topical gel formulations for the

treatment of burn wounds under diabetic
conditions. The purpose of this study is to
investigate the effectiveness of Moringa oleifera
leaf extract in gel preparations for healing
second-degree burns in a diabetes mellitus
model in rats.

EXPERIMENTAL

Materials

Moringa oleifera leaf extract, 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical, and glycine,
vitamin C (Sigma - Aldrich, USA). Sodium-
carboxymethyl cellulose (CMC - Na), propylene
glycol, methylparaben, methanol, 96 % ethanol,
hydrochloric acid (HCI), ammonia, chloroform,
sulfuric acid (H,SO,), Dragendorff's reagent,
ferric chloride (FeCls), potassium ferricyanide
Kz(Fe(CN)¢) and sodium chloride (NaCl), Merck,
Germany.

Plant preparation

Mature Moringa oleifera leaves were collected
locally. Botanical identification and authentication
were performed by a botanist at the Faculty of
Medicine, Dentistry, and Health Sciences
(FKKGIK) at Universitas Prima Indonesia
(UNPRI). A voucher specimen was deposited in
the institutional herbarium under voucher number
(MO - 021/2024) for future reference.

Extraction

The dried Moringa oleifera leaves were ground
into a fine powder using a blender. A total of
1,000 g of dried leaf powder was macerated in a
single stage using 7 L of 96 % ethanol for 5 days
with daily stirring at room temperature. The
mixture was then filtered to obtain the filtrate.
The solution was evaporated using a rotary
evaporator and thickened in a water bath at a
temperature of 70 °C. The Moringa leaf extract
was then semi-dried in the open air and heated
in an oven at 50 - 60 °C until completely dry.

Animal

The study consisted of 25 male white rats
(Rattus norvegicus), aged 2 - 3 months and
weighing 120 - 200 g, obtained from a certified
laboratory animal breeding facility. The rats were
housed in standard polypropylene cages under
controlled environmental conditions (temperature
22 - 25 °C, relative humidity 50 - 60 %, and a 12
- hour light/dark cycle). All animals were
acclimatized for 7 days. Rats were provided with
standard laboratory pellet diet and unlimited
access to drinking water. All rats were induced
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with diabetes mellitus by a single intraperitoneal
injection of streptozotocin (STZ) at 30 mg/kg
body weight (BW). Fasting blood glucose (FBG)
levels were measured on the third day after
streptozotocin (STZ) injection. Before blood
sampling, the rats were fasted for 8 - 12 hours
with free access to drinking water. Blood
samples were taken from the tail vein, and
glucose levels were measured using a portable
glucometer and glucose test strips. Rats with
fasting blood glucose levels = 126 mg/dL were
considered diabetic [11].

Ethical approval

Ethical approval was obtained from the Health
Research Ethics Committee (Komisi Etik
Penelitian Kesehatan, KEPK) of Universitas
Prima Indonesia, Medan, Indonesia (approval no.
021/KEPK/UNPRI/XI11/2023).

Body weight (BW) and Blood glucose level
(BGL) determination

Body weight was recorded using a digital
analytical balance, while blood glucose levels
were measured before treatment as described in
the protocol. The test preparation used to heal
diabetes mellitus burns in this study was Moringa
leaf ethanol extract in gel preparation. M. oleifera
leaves.

Phytochemical test

The presence of various phytochemical
constituents such as alkaloids, flavonoids,
saponins, tannins and triterpenoids was

determined by following standard procedures
[11].

Antioxidant activity

This assay was performed using a standard
DPPH radical scavenging method. Two
milligrams of the sample extract was mixed with
2 mL of a methanol solution containing 100 ppm
DPPH (1,1-diphenyl-2-picrylhydrazyl). The
solution was diluted to obtain four concentrations
(10, 20, 30, and 40 ppm) for calibration.

DPPH solution preparation

The DPPH at different concentrations of 40 ppm
and up to 100 ppm was prepared. The mixture
was stirred and left in a dark room for 30
minutes. The comparison was observed with a
standard vitamin C solution. Next, measurements
were performed using a spectrophotometer at an
absorbance wavelength of 517 nm. The blank
used is methanol. The magnitude of the activity

of the antioxidant compound is then calculated.
The percent inhibition of DPPH was calculated
using Eq 1.

Inhibition (%) = {(Ablank-AsampIe)/AbIank}1 00...... (1)

Where: Aviank = absorbance of the DPPH solution
with methanol (blank); Asampe = absorbance of
the DPPH solution with the sample or extract.

Gel formulation

The gel preparations had varying concentrations
of Moringa leaf extract, namely, 5, 10, and 15 %.
A total of 50 mL of distilled water was heated to
80 °C, CMC - Na was added until it expanded
and formed a base, then methylparaben and
propylparaben, which were dissolved in hot
water, and mixed with a blend of propylene
glycol, and extract of Moringa leaves, until
homogeneous and distilled water was added.

Animal grouping and handling

Animals were randomly divided into five groups,
with  five rats in each group. Wound
measurements were performed by an
investigator blinded to the treatment groups.
Group | served as the negative control and
consisted of diabetic burn-induced rats treated
with the gel base (placebo). Group Il served as
the positive control and consisted of diabetic
burn-induced rats treated with Bioplacenton®
gel. Group Il consisted of diabetic burn-induced
rats treated with a topical gel containing 5 %
ethanolic extract of Moringa oleifera leaves.
Group IV consisted of diabetic burn-induced rats
treated with a topical gel containing 10 %
ethanolic extract of Moringa oleifera leaves.
Group V consisted of diabetic burn-induced rats
treated with a topical gel containing 15 %
ethanolic extract of Moringa oleifera leaves.
Observations were made on days 3, 6, 9, 12, and
14, and the wound was measured with a caliper.
Rats had their hair shaved on the upper back.
Next, the diabetic rats were anesthetized using
0.12 mL of ketamine intramuscularly (IM), then a
special circular metal plate, 2 cm x 2 cm in
diameter, heated to 100 °C, was attached to the
rats' upper back area for 30 seconds. Burns are
considered circular; therefore, the circle, divided
into several radial lines, depicts the direction of
wound diameter measurement from several
sides. Wound diameter was measured in four
main directions (e.g., vertical, horizontal, and two
diagonals) and was calculated using Eq 2.

D (mm) = (d1+d2+d3+d4)/4 ............ )

Where: d: Wound diameter on the day of
observation.
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Wound healing determination

The percentage of wound healing (W) was
calculated based on the reduction in wound
diameter using Eq 3.

W (%) = {(d1?-d2?)/d+Z}100 ............. (3)

d1: Wound diameter the day after wound 1 was
made, d2: Wound diameter on the day of
observation

Data analysis

The data were analyzed univariately descriptively
on healing second-degree burns in diabetic rats.
Data were analyzed using the Statistical
Package for the Social Sciences software. The
normality of the data distribution was assessed
using the Shapiro-Wilk test, while the
homogeneity of variances among groups was
evaluated using Levene’s test. Data that were
normally distributed and homogeneous were
further analyzed using one-way analysis of
variance (ANOVA), followed by an appropriate
post hoc test to identify differences between
groups. A p-value of < 0.05 was considered
statistically significant.

RESULTS

Phytochemical contents

Results for phytochemical screening showed that
alkaloid, flavonoid, saponin, tannin, and
triterpenoid/steroid compounds were positive,
meaning they were present in the extract (Table

1),

Table 1: Phytochemical screening results of ethanolic
extract of Moringa oleifera leaves

Phytochemical

Description
compound
Alkaloids Brown precipitate
Flavonoids Reddish - brown
solution
Saponins Stable foam
Tannins Dark blue solution

Triterpenoids / Steroids Greenish solution

Antioxidant activity test

The results of the antioxidant activity of Moringa
leaf extract at concentrations of 10 ppm, 20 ppm,
30 ppm, and 40 ppm in triplicate showed average
results of 58, 58, 36, and 41 %, respectively,
while the antioxidant activity of vitamin C was 51,
48, 57, and 54 %, respectively.

Wound healing activity of Moringa oleifera
leaf extract in gel

Fasting blood glucose levels (FBG) measured
before streptozotocin (STZ) administration were
< 126 mg/dL, indicating that the rats were not
diabetic. After STZ administration, fasting blood
glucose levels increased to > 126 mg/dL,
confirming the successful induction of diabetes
mellitus. The study results showed that burn
wounds were closed in rats given Moringa leaf
extract in a gel preparation. Closure rate of burn
wounds in rats given the ethanol extract gel
concentration of Moringa leaves in group 3 (5 %)
was faster than in group 5 (15 %) and the
negative control/placebo. The results show that
Moringa leaves in gel preparation of 5 % and 10
% concentrations cause burn wounds in rats to
close more quickly than in rats not given
treatment (Table 2).

DISCUSSION

The plant material used in this study was mature
Moringa oleifera leaves. Extraction is the process
of separating a substance based on its solubility
difference in two immiscible liquids, usually water
and another organic solvent. The chemical
composition of natural products is identified by a
low content of active components and a complex
composition. This process facilitates subsequent
work in purification, analysis, and separation.
Second-degree burns are superficial partial
thickness burns (I1A) and deep partial thickness
burns (1IB) [12]. A second-degree burn, or
superficial partial-thickness burn, impacts the
upper layer of the dermis. Blisters are prevalent
and may remain unbroken during the initial
assessment. After unroofing the blister, the
exposed wound bed appears uniformly red or
pink and exhibits blanching upon application of
pressure. These burns are excruciating.
Recovery generally occurs within 2 to 3 weeks
with no scarring [13].

There were differences in healing rate among
groups (Bioplacenton, Placebo, 5 %, 10 %, and
15 %) on the 3rd, 6th, and 9th day, with p < 0.05;
however, there were no differences in healing
rate on the 12th and 14th day. The results show
that Moringa leaves in gel preparations at
concentrations of 5, 10, and 15 % speed up the
healing process of second-degree burns. The
most significant outcome for the healing results
for second-degree burns occurred on the 14th
day at a concentration of 15 % of Moringa leaf
gel. The lack of significant differences in wound
healing rates between groups on days 12 and 14
may be due to the late proliferative and early
remodeling phases. At this stage, re-
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inflammation, increase fibroblast proliferation,

Table 2: Healing rate of Grade Il burns in diabetic rats (n = 5)

and promote collagen synthesis, contributing to
accelerated early-phase healing [14].

Days Treatment Mean * SD (mm) P-value
3rd-day wound Bioplacenton 17.62+0.75 0.000
Placebo 20.50£0.78
5% 17.50+0.81
10 % 18.32+0.93
15 % 17.60+1.14
6th-day wound Bioplacenton 15.46+0.82 0.000
Placebo 21.34+2.31
5% 16.58+0.80
10 % 16.9840.71
15 % 15.22+1.49
9th-day wound Bioplacenton 13.70+£1.38 0.003
Placebo 19.34+£3.55
5% 15.94+1.41
10 % 14.80+1.67
15 % 14.9241.13
12th-day wound Bioplacenton 10.8616.25 0.092
Placebo 19.58+4.87
5% 11.7646.66
10 % 9.2048.63
15 % 7.6416.97
14th-day wound Bioplacenton 8.16+4.86 0.093
Placebo 15.04+3.50
5% 8.12+4.79
10 % 6.9216.74
15 % 6.1615.63

Moringa leaves contain many bioactive
substances such as minerals, vitamins, and
phytochemicals, making them a valuable source
of active ingredients for health products.
Microparticles that have been developed and
filled with Moringa oleifera extract are an
essential ingredient for wound healing [8].
Moringa oleifera (MO) is a tree belonging to the
Moringaceae family originating from South Asia
[8]. Al-Ghanayem et al showed that M. oleifera
extract had antioxidant properties [15]. Rubio-
Sanz et al [14] demonstrated that Moringa
oleifera leaves contain high concentrations of
several nutrients, such as calcium, potassium,
and iron, compared to other Moringa species,
such as M. stenopetala and M. peregrina. In
addition, the presence of various bioactive
compounds, including B - B-carotene (provitamin
A), ascorbate (vitamin C), and glutathione
(primarily functioning as antioxidants), as well as
chlorogenic acid with anticancer properties and
quercetin  with antioxidant, anticancer, and
antidiabetic activities, has been well documented
[14]. Moringa leaf extracts have demonstrated
antidiabetic and anti-inflammatory effects in
experimental models, including reductions in
insulin resistance, glucose levels, and pro-
inflammatory cytokines such as TNF-a [15].
Moringa leaves lower indices of liver functioning
in hyperglycemic situations. The flavonoid group

among the bioactive elements in the leaves is
important in blood glucose level maintenance.
Flavonoids' antioxidant qualities allow one to
stop liver damage, leading to higher circulation of
liver enzyme release. The extract also slows the
formation of cancer tissue [14]. Moringa leaf
extract formulations induce the expression of the
vascular endothelial growth factor (VEGF) and
gene expression of Transforming Growth Factor
(TGF - B1) and promote increased tissue
proliferation in the wound area. The efficacy of
M. oleifera extract was less evident in treating P.
aeruginosa - contaminated wounds in diabetic
rats, indicating variable impact depending on the
infecting pathogen [16]. The gel form is
determined to be suitable for use [17].

CONCLUSION

Moringa oleifera leaf ethanol extract contains
polyphenols, flavonols, and alkaloids. This
extract possesses antioxidant, anti-inflammatory,
antidiabetic, and antibacterial properties. The
results show that Moringa leaves in gel
preparations at concentrations of 5, 10, and 15 %
accelerates the healing process of second-
degree burns in a rat model. The most significant
healing results for second-degree burns were
observed on the 14th day, using a 15% Moringa
leaf extract gel.
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