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ABSTRACT

Objective: Disruptions in the wound healing process occur because of two main factors in diabetes: high blood sugar levels and chronic
inflammation. This study evaluated the effectiveness of hydrogel patches containing neem leaf extract in the healing of diabetic wounds.

Methods: The experimental method used a post-test control group design that included extract preparation, phytochemical screening, hydrogel
patch preparation, stability testing, and testing of hyperglycemic rats by observing wound size, histopathology, and TNF-a and TGF-f cytokine levels
ondays 7, 14, and 21.

Results: The neem leaf extract contains secondary metabolites that support anti-inflammatory and wound-healing activities. Stability tests showed
that the hydrogel patch met the standards for organoleptic properties, weight uniformity, and moisture absorption. The group given NLEHP (Neem
Leaf Extract Hydrogel Patch) showed a decrease in wound area (0.5+0.1 cm?) not significantly different from the non-diabetic group with a
reduction (0.5+0.1 cm?) (p>0.05) and significantly different from the negative group with a decrease (1.1+0 cm?) (p<0.05). Histopathological
analysis of skin thickness of the NLEHP group (19.2+1.6 pm) was not significantly different from the non-diabetic group (18.2+0.8 um) (p>0.05) and
significantly higher than the negative control group (10.7+2.4 pm) (p<0.05). The TNF-a levels showed a significant increase (p<0.05) in the negative
control group, whereas the non-diabetic and NLEHP groups showed a non-significant decrease (p>0.05). The levels of TGF-B progressively
increased in the non-diabetic and NLEHP groups, unlike the decline observed in the negative control.

Conclusion: These results indicate that the neem leaf extract hydrogel patch is an effective alternative for diabetic wound healing therapy.
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INTRODUCTION

Diabetic wounds are a complication of diabetes mellitus caused by
several factors, including nerve damage (neuropathy) and
peripheral arterial disease caused by uncontrolled high blood sugar
levels. These wounds are difficult to heal and can lead to serious
infections and tissue death (gangrene) [1, 2]. Hyperglycemia can
inhibit healing through cell dysfunction, impaired production of
growth factors, and increased oxidative stress in the impaired
diabetic wound healing process, macrophages produce excessive
pro-inflammatory cytokines and have difficulty transitioning into
anti-inflammatory cytokines. TNF-a is a proinflammatory cytokine
produced by macrophages and other immune cells. TNF-a levels are
often elevated in diabetic wounds, which can prolong the
inflammatory phase and hinder healing. Elevated levels of TNF-a
contribute to insulin resistance and increased oxidative stress,
which worsen wound conditions [3, 4]. In contrast, TGF-B functions
as an anti-inflammatory mediator and plays a role in the
proliferative phase of wound healing by stimulating the synthesis of
collagen and other extracellular matrix components. TGF-B levels
are often impaired in diabetic wounds, which can inhibit tissue
regeneration. Increased TGF-f levels can help improve the healing
process by reducing inflammation and promoting new tissue
formation [5]. In diabetic wounds, there is an imbalance between
TNF-a and TGF-B levels. TNF-a levels tend to be high, which can
prolong the inflammatory phase and inhibit wound healing. The
production of TGF-B, which is often disrupted, can effectively reduce
the effect of wound healing.

Diabetic wound healing requires comprehensive therapeutic
interventions to address various cellular and molecular
abnormalities that occur. Neem leaf extract (Azadirachta indica) is a
phytotherapeutic agent that can be investigated for its potential use
in diabetic wound management. Neem is an herbal plant that is rich
in benefits and contains active components such as nimbidin,
nimbin, and nimbidol, which have antibacterial, anti-inflammatory,

antiviral, and antifungal properties that play an important role in
optimizing wound healing. The high mineral, vitamin, and amino
acid content in this plant also supports the formation of new
pigments during the proliferation phase [6, 7].

To increase the effectiveness of the topical use of leaf extracts,
hydrogel patch preparations can be prepared. Hydrogels with three-
dimensional tissue structures are soft materials that can be
physically and chemically customized for biomedical applications.
Hydrogels have characteristics that resemble the natural
extracellular matrix, making them an optimal choice for diabetic
wound management. Hydrogel patch-based delivery systems offer
several advantages, including ease of application, reduced frequency
of drug administration, maintenance of bioavailability, and
prevention of first-pass metabolism effects. These characteristics
result in a significant reduction in the amount of drug entering the
systemic circulation, increasing the overall therapeutic efficacy [7-
10]. In contrast to other topical preparations, hydrogels possess a
high water content that facilitates the formation of an optimal moist
environment for wound healing, controlled drug release through
passive diffusion and polymer matrix degradation, and viscoelastic
properties that facilitate good skin adhesion and enhance
transdermal penetration [11].

MATERIALS AND METHODS
Material

The materials used in this study are simplicia of neem leaves
(Azadirachta indica) obtained from Tanggamus District, Lampung,
96% ethanol (analytical grade), aquadest, HPMC, PVA, Polyethylene
Glycol (PEG 400) (pharmaceutical grade), concentrated HCI, NaOH,
Mg powder, Mayer's reagent, Wagner's reagent, Dragendorff's
reagent, FeCls, 2 N HCI, chloroform, and sulfuric acid (analytical
grade), (hematoxylin and eosin (HE) (histological grade), TNF-a
(Elikine™), TGF-B (Elikine™), Protein Extraction (ExKine™), GOD-
PAP reagent (®Dyasis), and alloxan monohydrate (Sigma-Aldrich®).
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Methods

This research is based on Laboratory Experimental with posttest
control group design.

Preparation of extracts and identification of metabolite

compounds of neem leaf extracts

The process of preparing neem leaf extract and identifying
metabolite compounds was carried out by smoothing the dried
leaves, macerating them using 96% ethanol, and thickening the
filtrate with a rotary evaporator. The thick extract obtained was
tested by phytochemical screening for flavonoids, alkaloids, tannins,
saponins, steroids, and terpenoids. A clearer procedure can be seen
in fig. 1 [11-15]:

Procedures for extraction neem leaf
(a)

IEanc 36%

SO0 grams of neem leal powder
plus 96 ethanol (1:100 let stand
for 3 days and stir occasionally

Diry neem leal are Bland
into coarse powder

(b)
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Hydrogel patch preparation

The procedure for making the hydrogel patch from neem leaf extract
begins with dissolving 5 g of PVA in distilled water at 80 °C using a
magnetic stirrer. Separately, 1 g of HPMC was slowly added with
stirring at a speed of 50 rpm for 50 min. Five (5)g of neem leaf
extract and Aquadest were added to a volume of 50 ml while stirring
at a temperature of 40 °C, followed by the addition of 2 ml of PEG
400 and 1 ml of glycerin. The preparation was then cast using a
primary hydrogel patch with a specific thickness and dried at 40 °C
for 24 h. Stability tests include organoleptic observations (color,
odor, shape), weight uniformity, and moisture absorption by storing
the patch in a desiccator for 24 h at 40 °C in a climate chamber. For
more details, please refer to fig. 2 [12, 13].

and phytochemical screening

filtering was carried out and the filtrarz
obrained was evaporated using a rotary
evaporator at a temperature of 5lac

PHYTOCHEMICAL SCREENING

FLAVONOIDS ALHALOIDS TANHIN

200 mg of extract 5ml extract was

wis dissolved in 10 added with SmlL nfc?ﬂlran_:t wis
ml af ethanol, Dragendorfs added with FeCl3
magnesium powder reagent

and five drops of
hydrochlorie acid
were added.

SAPONIN

The neem leal extract
15 first dissolved in
hot distilled water

and then shaken
vigerously, Afer
leaving it for 10
minutes then add 2 N
HCl

STERQID/TERPENDID

1 ml of neem leaf
extract was added
with 10 mL. of
chloroform and 14
mL of sulfuric
acid

Fig. 1: (a) Extract preparation procedure and identification of metabolite compounds of neem leaf extract, (b) Phytochemical screening,
which includes flavonoid, alkaloid, tannin, saponin, steroid and terpenoid tests

Procedures for making neem leaf extract hydrogel patches and stability tests

Add 1 gram of HPMC slewly
by stiring using o magnatic

stirrer ot @ speed of 30 rpm

for 230 minutes

Add 5 grams of neem leaf extrect,
Aquadoes is odded to o valume of 50 ml
while still stirring and the temperature
is maintained at 400C.

I3

— —— k > |
o — | HPMC ld —
Added 2 ml PEG 400
Dissolve 5 grams of PVA with and I ml glycerin
distilled woter ot a temperature

THE STABILITY OF THE NEEM ¥

The proparation « then printed
e bt using @ hydrogel patch printer with
PATCH WAS TESTED a thickness of 0.5 cm (5 mm). dry at

Organoleptik Woight ':.n:formﬂy
were carried out by
observing the smell,

color and shape of the

Rircal pidh the average

Weigh each hydrogel
potch and determine

40°C for 24 hours

Moisture Absorption

Store the pofch in a
desiceator for 24  haurs,
then weigh it, stere it again
in the climatic chamber ot
40eC for 24 hours and
waigh it again,

Fig. 2: Procedure for making hydrogel patch from neem leaf extract and stability test
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Animal modelling

The research has received ethical approval (No.5262/B.1/KEPK-
FKUMS/V11/2024). Using male Wistar white rats obtained from the
UMS Pharmacology Laboratory, aged 2-3 mo (200-300g),
maintained at a temperature of 25+1 °C with ad libitum access to
food and water [18].
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Preparation of test animal models

The manufacture of test animal models and treatment of test
animals is carried out by making hyperglycemia in test animals
using alloxan according to the dose, after the test animals are said to
be hyperglycemia, then proceed with the manufacture of excision
wound models. For clear procedures can be seen in fig. 3 [14-21]:

induce alloxan 150mg/kg  Three days afier alloxan After all mice were considered shaved on the back with a razor
7 intraperitoneally injection, the mice's blood diabetic ce were and the area of the wound to be
ntraperitoneally. )
glucose  levels  were i”f"“”“'“’“{ ' made is outlined on the back of
. rjection  of a (10 mgkg)
measured injection of rida (10 mgkg the animal 1.5 ¢m in a circle and
mne 1Y \1 !l ] s - 1
o .|1ij ketamine hydrochloride full depth
Q (25 mg/kg)
B = i :
& —
\
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[ ‘
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<-=& ) 2o
‘ <&
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wly cleaned  with

‘ - ‘ — A
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Test animuls were induced with

alloxan, given a hydroge! patch of
e wounds necm  leal  extract  with a

concentration of 5% (the patch
was replaced every 3 days)

Fig. 3: Test animal model and treatment of test animals for 21

Wound healing measurement

Wound healing was assessed by measuring the wound area at fixed
time interval [19]. The wound area was calculated at regular
intervals on days 0, 7, 14, and 21, and histopathology assays using
formalin-fixed wound tissue samples were cut into 4 pum sections
and stained with hematoxylin and eosin (H and E) for
histopathological examination. Tissues were graded based on
epidermal thickness [17-23], cytokine assay by taking wound tissue
biopsies, transferring them to tubes containing protease inhibitor
buffer for ELISA, centrifuging, and using tissue homogenates or cell
culture supernatants for TNF-a (Tumor Necrosis Factor-alpha) and
TGF-B1 expression assays [24].

Statistical analysis

Phytochemical screening data of neem leaves and evaluation of
hydrogel patches were analyzed descriptively because they are
qualitative data that describe the characteristics of the samples. For

wound healing data, the analysis began with the Shapiro-Wilk
normality test to determine the distribution of the data normally
distributed data, followed by one-way ANOVA test to compare
differences between groups, followed by the Tukey test to identify
significantly different groups.

RESULTS AND DISCUSSION

Phytochemical screening results

The results of phytochemical screening are shown in (table 1).
Hydrogel patch evaluation

Organoleptic test

The organoleptic test for the neem leaf extract hydrogel patch
assessed the product characteristics using the five senses. The
following is an image of the appearance of the neem leaf extract
hydrogel patches cut to a size of 2 cm.

Table 1: Phytochemical screening

Metabolite compounds Reagent Observation results Information
Flavonoid Concentrated Magnesium and Hydrogen There is ared color +
Chloride Powder
Alkaloid Hydrogen Chloride and Dragendr of reagent Orange precipitate formed +
Saponin Hydrogen chloride 2N Foam-shaped 1 cm +
Tannin FeCl3(Ferric Chloride) Blue or blackish-green hue +
Terpenoid Chloroform and sulfuric acid Reddish-brown color +
Steroid The top layer is red and the bottom layer is greenish  +

Notes:+= Positive,-= Negative

The Organoleptic evaluation of the neem leaf extract hydrogel patch,
with a combination of PVA and HPMC polymers, shown in fig. 4,
shows that the product has a distinctive odor, blackish-green color,
and chewy texture. This indicates that the hydrogel patch produced
was of good physical quality.

Weight uniformity and moisture absorbency

The results of the weight uniformity test and moisture
absorption of the neem leaf extract hydrogel patches are
presented in (table 2).
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Fig. 4: Neem leaf hydrogel patch cut with 2x2 cm size

Table 2: Weight uniformity of neem leaf extract hydrogel patches (NLEHP)

Name Average weigh (meantSD) CV value
Before After

Weight Uniformity - 0.3+0.1 3.0

Moisture uptake 23.7% 8.3 % -

Notes: Data in the table is described in mean+SD. Number of samples (n=5), As shown in (table 2), the CV value of the weight uniformity of neem
leaf extract hydrogel patches with a combination of PVA and HPMC polymers was 3.0, and the average moisture absorption values were 23.7% and
8.3 %, respectively.

Weight monitoring of test animals

The results of body weight monitoring before and after treatment
can be seen in (table 3):

Based on (table 3) the average body weight of the test animals
showed changes in body weight of the test animals in the three
treatment groups for 21 days after alloxan induction. The non-

diabetic group maintained a relatively stable body weight. The
Negative group experienced a drastic weight loss from 243.9 g to
115.2 g. The NLEHP group showed a moderate decrease from 263.5
grams to 150.8 g.

Monitoring blood sugar levels of rats

Monitoring of blood sugar levels in the test animals is shown in table 4.

Table 3: Average body weight of test animals (grams) pre and post-aloxan induction

Group Weight of test animal (g) (Mean+SD)

Baseline Post induction aloxan H7 H14 H21
Negative 243.9+30.3 213.8+34.1* 187.9+41.9* 143+46.1 115.2+11.3*
Non-Diabetic 254.9+41.8 230+37.4# 234.6+35.9% 225.9+40# 254+46.8#
NLEHP 263.5+33 216.7+36.4" 194.2+17.9* 172.2+16.5" 150.8+12.6*

Notes:*= There was a significant difference in body weight in the negative group and the Neem Leaf Extract Hydrogel Patch group with the non-
diabetic group #= There was no significant difference in body weight in the negative and Leaf Extract Hydrogel Patch groups. Data in the table is
described in mean+SD (n=5)

Table 4: Blood sugar level (mg/dl) before and during observation (21 D)

Group Blood sugar levels (mg/dl) before and during observation (MeantSD)

Before treatment During observation

Baseline Post induction aloxan H7 H14 H21
Negative 92.3+13.5 359.9+134.7 347.5+£89.4" 382.1+£84.5" 414.8+60.1"
Non-Diabetic 98.4+9.0 92.8+8.1# 89.8+5.4# 87.7+9.1# 91+5.8#
NLEHP 86.5+12.7 363.2+69.3" 326.1+46.6 365.3+49.2" 358.2+32.9

Notes: *= There is a significant difference (<0.05) in blood sugar levels in the negative group Neem Leaf Extract Hydrogel Patch group vs the non-
diabetic group. #= There is no significant difference (>0.05) between negative and Neem Leaf Extract Hydrogel Patch group. Data in the table is
described in mean+SD. (n=5).
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Based on the data (table 4), Variations in blood sugar levels between
test groups are shown in table 4. The non-diabetic group maintained
stable blood sugar levels (98.4 mg/dl baseline until day 21 of 91+5.8
mg/dl). The negative group increased from 92.3 mg/dl (baseline) to
359.9 mg/dl (post-alloxan induction), continuing to 414.8 mg/dl on
day 21. The NLEHP group showed an initial increase (363.2 mg/dl)
but experienced a slight decline. To 358.2 mg/dl on day 21, although
it was still above the normal threshold (>200 mg/dl).

Wound area monitoring

Wound area monitoring was conducted for 21 D by comparing three
different treatment groups, where visual documentation was taken
on days 0, 7, 14, and 21 to evaluate the wound healing process in
each group, as shown in (fig. 5 and table 5).
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The results of wound area monitoring for 21 d based on (table 5)
obtained the average value of wound area at the beginning of the
study (day 0), and all groups had the same wound area of 1.5+0
cm?2. Over time, there were differences in the speed of wound
healing between groups. The NLEHP-treated group showed the
most significant decrease in wound area, reaching 0.5+0.1 cm?2on
day 21. The Nondiabetic group also showed improvement, with a
final wound area of 0.5+0.1 cm2. Meanwhile, the Negative group
showed the slowest healing, with a wound area of 1.1+0.1 cm? on
day 21.

Histopathology test of skin thickness

The histopathology test results and average skin thickness are
shown in (fig. 6):

Non Diabetic Negative

NLEHP

Fig. 5: Wound area reduction on days 0, 7, 14 and 21

Notes: The wound area is calculated using the following formula: dx = M
Table 5: Average wound area on days 0, 7, 14 and 21
Groups MeanSD wound area (cm?) (mean+SD) CI (95%)
HO H7 H14 H21
Negative 1.5+0 1.5+0 1.4+0 1.1+0.1 # 1.3
Non-Diabetic 1.5+0 1.4+0 1.1x0 0.5+0.1* 0.4
NLEHP 1.5+0 1.3+0.1 1.0+0.1 0.5+0.1* 0.4

Notes: *= There was significant difference (<0.05) between negative vs. Neem Leaf Extract Hydrogel Patch and Nondiabetic group; #= No significant
difference (>0.05) between the non-diabetic group and Neem Leaf Extract Hydrogel Patch group. Data in the table is described in mean#SD. (n=5).

As shown in fig. 6A, the histopathology test results of the skin
condition on days 7, 14, and 21 in the negative control experienced
tissue damage that appeared to worsen over time, as evidenced by
the uneven skin structure and increasing gap between the layers. In
contrast, the non-diabetic group showed a more regular skin
structure with clear dermis and epidermis layers. In contrast, the
NLEHP group showed progressive improvement in skin structure, as
evidenced by the increased regularity of the layers and fewer gaps.
Furthermore, fig. 6B shows the average skin thickness on days 7, 14,
and 21; the negative group showed the lowest or insignificant
thickness at all time points, while the non-diabetic and NLEHP
groups showed a more significant increase at all time points.

Cytokine assay by elisa method
The cytokine assay with the elisa can be seen in (fig. 7):

As shown in fig. 7A, the average TNF-a levels in the negative control
group were relatively high at all time points measured. The non-
diabetic and NLEHP groups showed a decrease in TNF-a levels at
each time point, with no significant difference (>0.05) between the
two groups. Fig. 7B shows the average TGF-f level. In the negative
group, TGF-f levels were relatively low and decreased at each time
measured at all times measured. In the non-diabetic and NLEHP
groups, TGF-f levels increased at each time measured, and there
was no significant difference (>0.05) between the two groups.
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Negative

Non diabetic

NLEHP

Skin Thickness

day 7 day 14 day 21
Sampling Day

mmm Negative == Non Diabetic == NLEHP

Fig. 6: (A) Histopathological examination of wound skin thickness was performed on days 7, 14, and 21 using 400x magnification. (B) The average

skin tissue thickness was measured on days 0, 7, 14, and 21

Notes: *= There was a significant difference (<0.05) between the negative group vs Neem Leaf Extract Hydrogel Patch and Nondiabetic. #= There
was no significant difference (>0.05) between Nondiabetic and Neem Leaf Extract Hydrogel Patch Data in the fig. is described in mean*SD. (n=5)
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Mean £SD TNF-a Levels

day 7

mmm  Negative

TNF-u Levels (B) TGF-p Levels
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day 14 day 21 day 7 day 14 day 21
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== Non Diabetic =~ == NLEHP mm Negative == Non Diabetic == NLEHP

Fig. 7: (A) TNF-a and (B) TGF-f levels

Notes: *= There is a significant difference (<0.05) between the negative group (vsthe Neem Leaf Extract Hydrogel Patch and Nondiabetic
groups #= There is no significant difference (>0.05) between the non-diabetic and Neem Leaf Extract Hydrogel Patch groups.

Data in the fig. is described in mean+SD. (n=5)
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DISCUSSION

Diabetic wound healing is a significant clinical challenge caused by
impaired healing processes resulting from hyperglycemia and
chronic inflammation. The neem leaf extract (Azadirachta indica)
contains secondary metabolites that have potential as therapeutic
agents for diabetic wounds (table 1). Flavonoids act as antioxidants
and anti-inflammatory compounds by reducing oxidative stress and
inhibiting the production of ROS, which inhibits tissue regeneration
[21-23]. Alkaloids have various biological activities, including
analgesic and anti-inflammatory effects. Alkaloids can inhibit the
NF-xB signaling pathway, which is a key regulator of inflammatory
responses [25, 26]. Although saponins play a role in stimulating the
activity of fibroblasts, they are responsible for the synthesis of
collagen and the extracellular matrix. By increasing collagen
production, saponins help repair damaged tissue structure [25-27].
Tannins have astringent properties that help accelerate the process
of hemostasis or blood clotting. By binding to proteins, tannins can
form complexes that inhibit blood flow to the wound area, reduce
blood loss, and facilitate early healing [33]. Terpenoids and steroids
in neem leaves have also been reported to accelerate wound healing
through their antioxidant activities and increased collagen
production [6]. In addition, the main components of neem leaves
such as nimbin and azadirachtin, have mechanisms to inhibit NF-xB
activity to reduce the production of pro-inflammatory cytokines
TNF-a and can also modulate the activity of macrophages and
neutrophils, enhance phagocytosis, and stimulate the production of
growth factors (VEGF, TGF-B) for angiogenesis and extracellular
matrix deposition. These two compounds also exhibit antioxidant
effects through the activation of the Nrf2/ARE pathway, which
induces the expression of antioxidant enzymes (SOD, catalase), and
increase the expression of ECM proteins (type I and III collagen) and
MMP activity for tissue remodeling [30, 31]. The use of neem leaf
extract shows advantages compared to the isolation or fractionation
of single compounds because secondary metabolites work
synergistically through multiple targets and complementary
molecular pathways, providing a more comprehensive therapeutic
effect. Additionally, the total extract approach has practical
advantages in terms of cost and accessibility, as its production
process is simpler compared to isolation, which requires more
expensive technology and resources. The complexity of
phytochemicals in total extracts also has the potential to reduce the
risk of microbial resistance compared to the use of single
antimicrobial compounds [32, 33].

Dosage evaluation was conducted on the hydrogel patches containing
neem leaf extract combined with PVA and HPMC polymers. Initial
testing included organoleptic analysis, as illustrated in (fig. 4). Testing
continued with the evaluation of weight uniformity as well as water
absorption capacity, with the results listed in (table 2). In patch
formulation, weight uniformity is a key indicator of quality, with a
standard CV value < 5% to ensure dose uniformity in each patch [9-
27]. The moisture absorption test was designed to ascertain the water
absorption capacity of the transdermal patch after conditioning at 40
°C for 24 h. The water absorption level of the patch during use was
demonstrated by the moisture absorption of the patch on the
epidermis. The quality of a patch is influenced by its resistance to
moisture, which can result in a decrease in elasticity and an increased
susceptibility to tearing [9]. Previous studies have shown that
hydrogels have extracellular matrix-like properties that support
wound healing by increasing water retention and providing an
environment conducive to cell proliferation [28, 29].

Body weight in test animals was observed before and after
treatment and used as an indicator of treatment, as shown in (table
3) which shows that body weight in the negative group and hydrogel
patch after alloxan induction until observation day 21 decreased
body weight. A decrease in the body weight of the test animals can
also be a sign of hyperglycemic disease. This is due to an increase in
gluconeogenesis and glycogenolysis, which increase the storage of
glycogen and fat in muscle tissue and adipose cells [41]. The non-
diabetic group did not experience a decrease because it did not
undergo alloxan induction. In addition to observations of body
weight, blood sugar levels were also measured to support the
success of observing diabetic wounds.
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Based on (table 4) displays the results of observations of blood
sugar levels in three treatment groups for 21 d. The negative control
and NLEHP groups showed increased blood sugar levels. This is
because alloxan damages the pancreatic $ cells, disrupts insulin
production, and causes hyperglycemia [42]. Compared to the non-
diabetic group, the blood sugar levels on day 21 were relatively
stable because the non-diabetic group was not induced by alloxan,
so the blood sugar levels were still within the normal range of
fasting blood glucose [43].

The wound healing parameters were observed in the wound area
and cytokine assays (table 5) shows the development of the wound
area in the three treatment groups over 21 d. All groups started with
the same initial wound area (1.5 cm), but showed different healing
patterns. The negative control group had the slowest healing
compared to the non-diabetic group, and the NLEHP group showed
the fastest healing, indicating that neem leaf extract has bioactive
components that have the potential to significantly affect the wound
healing process. These metabolite compounds in neem leaves play a
role in regulating the synthesis and secretion of crucial growth
factors, especially Vascular Endothelial Growth Factor (VEGF) and
Transforming Growth Factor-beta (TGF-f). This modulation can
optimize the wound microenvironment, promote angiogenesis, and
accelerate granulation tissue formation. The potential effectiveness
of neem leaf extract in accelerating wound healing may be due to the
anti-inflammatory and antimicrobial properties of bioactive
compounds, such as nimbin and azadirachtin contained in neem
leaves [34], the non-diabetic group showed good healing (0.5+0.1
cm at day 21). This occurred because normal physiological
conditions with stable blood glucose levels allow for an orderly
wound-healing process to occur through the phases of inflammation,
proliferation, and tissue remodeling [44]. Normal glucose levels also
support adequate function of inflammatory cells, collagen
production, and angiogenesis for tissue repair [45]. This difference
emphasizes the importance of intervention in the wound healing
process. The observed pattern of wound area reduction is in line
with the normal stages of wound healing, including the
inflammatory, proliferative, and remodeling phases [46].

Comprehensive analysis of histopathology test data of skin thickness
measured at three points showed the effectiveness of neem leaf
extract hydrogel patches in enhancing skin tissue regeneration. This
can be seen in fig. 6A and B. In the negative group, on days 7-21, the
skin thickness tended to remain thin, indicating significant tissue
damage and obstacles in the healing process. Hyperglycemia causes
oxidative stress and inflammation, which inhibit skin regeneration
[47]. The group treated with the neem leaf extract hydrogel patch
showed a significant increase in skin thickness, especially on days 14
and 21. Neem leaf extract in hydrogel patches seems to have a good
healing effect, accelerating the regeneration process of skin tissue,
even under hyperglycemic conditions. The anti-inflammatory and
antioxidant properties of the neem leaf extract may play a role in
accelerating the healing process by reducing inflammation and
increasing the proliferation of skin cells [45]. This increase in cell
proliferation is related to the upregulation of gene expression that
supports the synthesis of collagen and growth factors that are
essential for tissue regeneration [48]. In the non-diabetic group,
which was allowed to heal without any treatment, skin thickness
gradually increased from day 7 to day 21. This indicated that natural
healing occurred over time without significant impediments,
reflecting the normal process of efficient skin regeneration [39, 40].

Based on the data shown in fig. 7A, TNF-a levels in the group
administered NLEHP showed a significant anti-inflammatory effect,
indicating that this hydrogel patch is effective in reducing
inflammation faster than the negative control group and close to the
non-diabetic group. This is in line with other studies showing that
neem leaf extract exerts anti-inflammatory effects by inhibiting the
production of pro-inflammatory cytokines, such as TNF-a [51].
Meanwhile, TGF-f levels fig. 7B showed that TGF-f levels in the
NLEHP group increased significantly compared to the non-diabetic
group and inversely proportional to the negative control group, which
decreased. The consistent pattern of increasing TGF-f3 levels in the
neem leaf extract hydrogel patch group indicated the potential of this
formulation to accelerate wound healing. This is supported by other

256



A.S. Wahyuni et al.

studies that have found that topical application of plant extracts can
increase TGF-f levels and accelerate wound closure [52].

CONCLUSION

The formulation of hydrogel patches from neem leaf extract
(Azadirachta indica) is effective in healing diabetic wounds through
specific mechanisms. The compound content in neem leaf extract
has been proven to reduce the expression of the pro-inflammatory
cytokine TNF-a in the wound area. The developed hydrogel patch
also demonstrated the ability to maintain optimal moisture and
facilitate the continuous release of bioactive neem compounds into
the wound tissue, resulting in enhanced granulation tissue
formation and faster re-epithelialization than the control. These
results indicate the potential of neem leaf extract hydrogel patches
as a promising wound dressing alternative, particularly in managing
diabetic wounds that require optimal inflammatory control and
healing environments. The development of NLEHP for diabetic
wound healing necessitates additional research on a variety of
diabetes models (type 1 and 2), as well as the assessment of vascular
complications.

Additionally, formulation optimization is necessary to improve
bioavailability and stability before clinical trials. Clinical trials are
conducted in stages, beginning with phase I (safety evaluation),
followed by phase Il (dose optimization), and phase III (efficacy
validation). The parameters of these trials include patient quality of
life, tissue quality, and healing rate. The development of NLEHP into
a safe and effective therapeutic product necessitates collaboration
among researchers, clinicians, and the pharmaceutical industry.
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