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Diabetes mellitus is a long-term metabolic disease which hinders wound healing and
raises the chance of developing chronic diabetic foot ulcers (DFUs), infections, and
relapse. Chronic high blood glucose levels interfere with the normal process of wound
repair by causing prolonged inflammation, oxidative stress, poor angiogenesis, periph-
eral neuropathy, and abnormal remodelling of the extracellular matrix. This review
focuses on the possible benefits of medicinal plants, such as Rosmarinus officinalis,
Punica granatum, Moringa oleifera, Curcuma longa, and Azadirachta indica, since these
possess antioxidant, anti-inflammatory, antimicrobial, and possible glucose-regulating
properties. The review also looks at conventional antidiabetic drugs, including met-
formin, DPP-4 inhibitors, pioglitazone, and GLP-1 receptor agonists, as these might help
tissue repair by bringing about glycaemic control and by influencing the pathways
related to inflammation, angiogenesis, and cellular regeneration. Even though promis-
ing results have been obtained, further clinical studies are still required to determine
their safety, effectiveness, and value as additions to standard diabetic wound care.

INTRODUCTION type 2 diabetes [5-7]. It is currently estimated that about

, o o S 500 million people are affected by diabetes mellitus,
Diabetes mellitus is a complex condition arising either with forecasts showing that the number will increase
considerably in the future. In the United States alone,
annual expenditures on medical bills and lost working
days because of diabetes mellitus exceed $300 million

[1,2].Moreover, one estimate suggests that between

from a failure to sense glucose or from insufficient
insulin production, from autoimmune destruction of the
B-cells in the case of type 1 diabetes, or from inade-
quate compensation for insulin resistance in the case of
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one in three and one in five people with diabetes mel-
litus will develop a chronic non-healing wound during
their lives, for example a diabetic foot ulcer (DFU),
which has a worrying recurrence rate of 40% within
one year and 65% within five years [3,4].In the case of
type 1 diabetes, the beta cells in body cease to pro-
duce insulin, so the patient have to depend completely
on insulin injection in order to survive. Type 2 diabetes,
which accounts for about 90%of all cases, is caused by
the body becoming resistant to insulin. Although type

2 diabetes can generally be controlled by changes in
diet, exercise, and the use of oral medications, both
types of diabetes have similar symptoms consist of high
blood sugar levels, a constant feeling of thirst, needing
to go to the bathroom frequently, unexplained weight
loss even though the person is hungry, fatigue, blurred
vision, nausea, and sudden changes in mood [8].

Normal Wound Healing Vs. Diabetic Wound Healing

Normal Wound Healing

A wound is described as a disruption of the normal
anatomical structure and function [9]. Healing a tissue
refers to the process of restoring its anatomical conti-
nuity and function. For tissues that cannot regenerate,
healing occurs through the deposition of connective
tissue and results in scarring. An example of this is the
replacement of parenchymal tissue with connective
tissue in the heart following a myocardial infarction
[10].

Normal wound healing Stages

Haemostasis

In the event of tissue injury, the body begins
haemostasis, a response that stops blood from leaving
a skin wound.[11]. To do this the body tightens the
blood vessels near the injury, which reduces blood loss
for a time. When collagen fibres and the inner lining of
the vessel are exposed, platelets in the blood stick to the
vessel wall. Release growth signals and other clotting
substances. After this the platelets gather to create a
platelet plug, which's essential to halt further bleeding
from the damaged vessel. The platelet plug stops
bleeding immediately [12]. The resulting fibrin clot

,
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acts as a shield that keeps bacteria out of the blood-
stream. It also provides a framework, for immune cells
fibroblasts and endothelial cells to move in and mend
the injured tissue. The fibrin clot remains as a barrier
while the repair process continues [13].

Inflammation

Inflammation is marked by the movement of neu-
trophils and macrophages which play a role in clearing
away foreign substances, bacteria and damaged tissue
to stop infection. During this stage the blood vessels
that were initially narrowed begin to widen and become
more permeable allowing neutrophils and macrophages
to reach the area. The widening of blood vessels leads
to redness, warmth and swelling at the site of the injury.
The pain experienced is caused by the swelling and the
presence of chemicals, such, as bacterial toxins at the
wound. The presence of pain and swelling can reduce
the function of the affected area. The five main signs of
inflammation are swelling (tumor) redness (rubor)
warmth (Calor) pain (dolor) and loss of function
(functio lease) [14].

Proliferation
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Angiogenesis is the process involving the formation of
new blood vessels which may arise from existing blood
vessels or from progenitor cells. It is triggered by
growth factors such as growth factor-1 (FGF-1), FGF-2
and vascular endothelial growth factor (VEGF). These
growth factors are emitted by platelets, macrophages,
fibroblasts and keratinocytes [15,16,17]. Following
this, the endothelial cells begin to move, to divide and
arrange themselves in the fibrin-fibrinogen matrix.
They produce buds of blood vessels. The buds then join
one another to form blood vessels. This process goes
on until the number of blood vessels in the wounded
area is three times greater than in the surrounding tis-
sue [18].

Maturation

The final stage of wound healing, in lude PDGF, TGF-
B1, and EGF. At the same time, cells release inflam-
matory messengers such as IL-1[26]. Those signals pull
in macrophages and neutrophils. After they arrive, they
boost the inflammation around the injury [27,28]. Next,
chemotactic signals push neutrophils into an active
state. The neutrophils then gather at the wound, stick to
nearby tissue, and release matrix parts outside the cells.
Still, poor small blood flow can interfere with how
neutrophils attach. Inflammation may stay on for too
long. That leads to a late wound healing process over-
all [29,30].

Diabetic Wound Healing

Diabetic Wound Inflammation

Compared to wounds in people without diabetes,
wounds in individuals with diabetes take longer to go
through the inflammatory stage of healing. This pro-
longed period of inflammation slows down the healing
process and can result in the development of a chronic
wound [19]. Neutrophils, a type of white blood cell,
play a role in inflammation by releasing harmful en-
zymes, inflammatory substances, and free radicals,
which increase oxidative stress. This oxidative stress
causes more tissue damage and slows down the healing
process in diabetic wounds. Neutrophils also create
structures called neutrophil extracellular traps (NETs),
which are used to trap harmful microorganisms. In
diabetic wounds, the production of NETs is increased,
which keeps the inflammatory response going and
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makes it harder for the wound to heal. Factor that con-
tributes to extreme inflammation in diabetic healing is
miRNA. While miRNA levels related to healing are
similar in both diabetic and non-diabetic skin that is not
injured, they behave differently once the skin is
wounded. This suggests that miRNA also plays a role
in the abnormal or dysregulated inflammation seen in
diabetic wounds [20].

Angiogenesis in Diabetic wound healing

In wounds associated with diabetes, a lack of adequate
angiogenesis significantly impacts poor healing, which
results from several factors. To begin with, diabetic
wounds exhibit a shortage of essential proangiogenic
factors, likely due to a reduced presence of
macrophages that generate them. Moreover, there is an
increase in anti-angiogenic factors, while factors that
promote capillary maturation are diminished. This lack
of maturation factors slows down the healing process,
heightening the chances of the wound becoming
chronic or recurring [21]. Furthermore, changes in the
blood vessels of people with diabetes and insufficient
oxygen delivery impede the movement of white blood
cells to the area of the wound, thus increasing the risk
of infections [22].

Scarring of Diabetic Wound Healing

The normal healing process of wounds ends with mat-
uration, remodelling, and the formation of a scar. Dur-
ing this stage, extra collagen breaks down, the wound
tightens, and a scar forms [23]. The scar is made up of
collagen and extracellular matrix produced by fibrob-
lasts. New skin scars differ from the original tissue in
several ways; they lack hair follicles and sebaceous
glands, and their collagen fibers are tightly packed [24].
In individuals with diabetes, the healing process results
in a scar that has reduced collagen production and
structural alterations when compared to scars in healthy
individuals. These changes cause the scar to have re-
duced contraction ability and higher collagen density,
both of which reduce the scar's tensile strength and
negatively affect wound healing. The inadequate con-
traction observed in diabetic wounds is partly due to
fibroblasts that have become resistant to multiplication
and have entered a state of senescence. In the absence
of adequate contraction, diabetic wounds depend more
heavily on granulation tissue and reepithelialization for
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healing, which may lead to a diminished ability of the

scar matrix to withstand tensile forces and shear stress
[25].

Diabetic Wound Healing Stages

1. Hemostasis
{Imimeciiately adter injury)

2. Inflammatory Phase
(Day 1-7)

Blewsd chot Marirghi
\

Molecular and Cellular Pathophysiology of Diabetic
Wounds

Dysregulated Innate Immune Responses in Diabetic
Wound Healing

In typical wound healing, M1 macrophages are brought
in during the initial inflammatory phase, where they aid
in eliminating pathogens and damaged cells through
proinflammatory functions. As the wound healing
process moves into the proliferative and remodelling
phases, macrophages gradually take on an M2-like
phenotype. M2 macrophages facilitate tissue healing
by releasing growth-promoting factors, aiding in ECM
accumulation, and encouraging angiogenesis in injured
regions. The usual shift from proinflammatory to
reparative macrophage phenotype in diabetic wounds
is greatly hindered. Continual buildup of these inflam-
matory and oxidative substances leads to harm to cells
and tissues, undermines the function and stability of
growth factors, and disrupts the formation of healthy
granulation tissue. Collectively, these irregularities
extend the inflammatory stage and significantly hinder
the typical advancement of diabetes [31].

Impaired Angiogenesis and Microvascular

Restoring proper microvascular flow is essential for
supplying oxygen and nutrients to the healing tissue. In
typical hypoxic conditions after an injury, signals that
promote angiogenesis, like vascular endothelial growth
factor (VEGF)are increased. The movement of en-
dothelial cells is impaired pro-angiogenic signalling is
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lacking, and anti-angiogenic elements (like pigment
epithelium-derived factor) are abnormally heightened.
Furthermore, shortages in vascular stabilization ele-
ments, like platelet-derived growth factor (PDGF),
hinder the stabilization of newly formed capillaries,
resulting in weak, non-operational microvascular. [32].

Matrix Remodelling in Diabetic Wounds

In wounds of people with diabetes the process of re-
building tissue is not working properly. Lasting in-
flammation, high blood sugar levels, too much free
radicals and low oxygen levels affect how skin cells
work and how the structure of the skin is made.
Wounds in people with diabetes often have collagen
and it is not arranged the right way. Less activity from
a protein called TGF-fB, which usually helps skin cells
make collagen has been seen in these wounds. These
issues cause the tissue that helps wounds heal to not
form [33]. A major problem in the way the skin struc-
ture is built in diabetes is much cutting and breaking
down of the structure. Enzymes called MMPs are im-
portant for healing because they clean up damaged
parts help cells move around and are part of rebuilding
tissue. Normally these enzymes stop working once the
inflammation goes down. In long-lasting wounds from
diabetes the inflammation continues, blood sugar stays
high oxygen is not enough and certain chemicals like
TNF-a and IL-1p keep causing more of these enzymes
to be made. More of MMP-1, MMP-2, MMP-8 and
especially MMP-9 have been found in wounds on the
feet of people, with diabetes [34].
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Metabolic and Molecular change

High blood sugar and insulin resistance stop wound
healing by breaking the normal function of cells and
the signals inside the body. These issues alter how
inflammation happens how new blood vessels grow
how fibroblasts work how collagen is made and how
tissues are rebuilt [35]. When high blood sugar stays
for a time it triggers harmful chemical changes, in the
body. These changes involve the polyol pathway, the
protein kinase C pathway and the advanced glycation
product pathway. A lot of sugar builds up glycation end
products [36]. A key feature of diabetic wounds is
extended and unregulated inflammation. In a typical
wound, inflammatory cells eliminate damaged tissue
and pathogens prior to the wound advancing into the
proliferative phase. In diabetes, irregular activity of
neutrophils and macrophages, an overabundance of
inflammatory mediators, and continuous activation of
inflammatory signalling pathways hinder the prompt

resolution of inflammation. This extended inflamma-
tory condition leads to ongoing tissue injury and hin-
ders advancement toward regeneration [37].

Neuropathy

Aside from raising the likelihood of DFU development,
every form of neuropathy (sensory, Motor and/or au-
tonomic functions can distinctly affect the healing of
DFUs. For instance, autonomic neuropathy reduces
sweat gland function, resulting in dry and cracked skin,
thus heightening the likelihood of itching and infection,
which impedes wound healing [38]. Furthermore, due
to dry skin and inadequate circulation, diabetic
neuropathy is linked, for reasons that are not well
[39,40].
Simultaneously, motor neuropathy elevates pressure on
the plantar. Surface of the foot, causing tissue ischemia
and necrosis [18]. In general, neuropathic skin pos-

understood. Accompanied by itching

sesses a lower density of neurons and shows impaired
skin healing [41].

Pathnphysiology of Diabetic Wouind Healing

n..-mms Mellitus @ ¢

« Irvsuln deficsency 4 Blood glucasa ‘

« Doicative stress {f ROS)

* Insulin resistance
+ Chroric byporghcemia

= Altered growth factor signaling
= Impaired nitric oxide production

1. Hemastasis
(D-1 day}

2. Inflammation
{1-3 days)

Hormal Wound
Haaling

progression

Dinbetic Wound
Healing

« Inpived plielet hunction
+ Prokonged binedieg fime

Dedayed and
impred progression

The Role of Medicinal Plants in Diabetic Wound
Healing

Due to the ethnobotanical survey, numerous types of
plants and herbs that aid in wound recovery Activities
related to agriculture have been recognized in Africa
and various other regions. Emerging nations. The ap-
plication of medicinal herbs in Wound care and man-
agement includes cleaning and disinfection,
debridement, along with ensuring a suitable environ-
ment treatment for the body's natural healing process
[42]. Tt is presumed that components derived from
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medicinal plants exhibit lower toxicity and exhibit
reduced side effects in comparison to conventional
therapeutic substances; therefore, the heightened and
revitalized fascination with the utilization and imple-
mentation of therapeutic flora during the process of
healing wounds in those with diabetes and conditions
that are not diabetic. Difficulty in the recovery of dia-
betic wound is recognized as a significant health con-
cern. For healthcare providers worldwide, and this is
associated due to the unclear cause in certain instances;
consequently, a therapeutic method for treatment is the
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utilization of healing herbs especially in impoverished
resource configurations [43].

Rosmarinus officinalis

The scientific name of (Rosmarius officinalis) is
Salvia rosmarinus ,its belong to family of mint in
Lamiaceae , Rosmarinus officinalis was also known
as rosemary, the Rosmarinus officinalis found in
geographical region like Morocco, Spain, France, Al-
geria and some parts of India like Kerala in the region
of Nilgiris Hills District [44].

This plant is recognized for its antioxidant and an-
tibacterial effects. In the animal model, Abul-Al-Basal
[45] investigated the therapeutic capabilities of the
extract of the plant on complete-thickness excision cut
necrotic injuries in alloxan-induced diabetic BALB/c
mice. For this research, 6-week-old male BALB/c mice
weighing 18-20 g were utilized. Diabetes in the rodents
was initiated by administering 0.2 ml of alloxan

monohydrate within the peritoneal cavity. After the
experiment, several assessments were conducted
involving wound contraction, granulation tissue, and
histopathology. Results indicated that on day 3, the
moist weight of granulation tissue had significantly
elevated in comparison to the untreated controls.
Quantitative assessments of wound dimensions were
commonly employed to evaluate the initial dimensions
of a wound prior to and following debridement and
advancement in wound closure. The rate of wound
healing was measured by observing the reduction in
wound size as a percentage on days 3, 6, 10, and 15
after injury. . The author concluded that the essential
oil from the aerial parts of the plant had a more
effective healing effect than the aqueous extract when
applied topically on wounds of diabetic mice. This
healing ability of the plant can be attributed to its strong
antimicrobial, anti-inflammatory, and antioxidant
properties [46,47].

Carnosic Acid
(2,8,7.7-tetramethyl-3-(2-methyl-3-hydroxyprop-2-enyl)-
chromen-d-carboxylic acid)

Application

Enhanced Tissue Regeneration: Promotes fibroblast
proliferation, reepithelialization, and the regeneration
of healthy granulation tissue [48].
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Collagen Deposition & Angiogenesis: Stimulates col-
lagen synthesis and new blood vessel formation, which
are often impaired in chronic diabetic ulcers [49].

Punica granatum
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The pomegranate's scientific name is Punica granatum,
and it is part of the Lythraceae family (previously
grouped under Punicaceae); it includes both fresh and
dried fruit [50].

Pomegranate extracts may be useful in preventing and
treating type 2 diabetes, according to the findings. Later
reports that addressed the therapeutic effects of pome-
granate, in general [51], have indirectly discussed the
connection between the pomegranate and type 2 dia-
betes. Moreover, a recent review by Medjakovic and
Jungbauer [52] addressed the potential use of the
pomegranate and its active compounds as therapy for

particularly clinical, focusing on the effects of pome-
granate needs to be performed to fully characterize the
relationship between this fruit and type 2diabetes. In
the study presented here, we sought to examine the
short-term impact of fresh pomegranate juice on fasting
serum glucose and insulin levels in individuals with
type 2 diabetes. We proposed that drinking pomegran-
ate juice might help lower insulin resistance and reduce
blood glucose levels three hours after consumption. If

our findings support this, pomegranate juice could be
considered as a potential aid in managing type 2 dia-
betes. It could also provide dietitians with evidence-
based nutritional information regarding the use of PJ in
T2D patients [53].

metabolic syndrome. Hence, further research,
OH
OH
= 0 o OH
HOw. ) o
o]
OH o
P ey
HO
o 0
% A
Hum 0 o L OH
oH 9
Ho" I “'oH4
OH
Punicalagin
Applicationa

Blood sugar support: Certain compounds found in
pomegranates, such as punicalagins and ellagic acid,
may aid in slowing the absorption of carbohydrates and
enhancing the body's response to insulin.Research from
clinical studies suggests that these compounds could
lead to lower levels of fasting blood glucose and im-
proved resistance to insulin [54].

Moringa oleifera
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The scientific name of moringa oleifera is Moringa
pterygosperma Gaertn and it belong to family of
Moringaceae, The plant source consists of the dried or
fresh leaves, seeds, roots, and bark.It is globally dis-
tributed across tropical and subtropical regions and the
tree is indigenous to South Asia, specifically the sub-
Himalayan foothills of northern India, Pakistan,
Bangladesh, and Nepal [55].

Morninga oleifera helps diabetic wounds heal faster. It
does this by reducing stress decreasing inflammation,
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fighting infections and promoting tissue repair. The
plant has compounds like quercetin and kaempferol.
These compounds neutralize free radicals in the wound
area. This helps the skin heal better and faster. It’s a
way to support the body’s own healing process. This
reduction in stress helps diabetic wounds close more
effectively. Research indicates that the extract is
effective against drug- bacteria such as Staphylococcus

Vicenin-2

Application

Enzyme Inhibition: Enzyme inhibition delays the car-
bohydrates’ breakdown and the absorption of glucose.
It acts by inhibiting enzymes, such as a-amylase and a-
glucosidase [57].

Reduction of Oxidative Stress: The antioxidant power
fights cell damage and reduces problems that come
from diabetes [58].

Curcumin

Curcumin scientific name is Curcuma longa is it also
known as turmeric, is a plant of the ginger family,
Zingiberaceae. It is mostly cultivated in Southwestern
Asia. This plant is widely used in the cooking of many
countries including Iran, Malaysia, India, China, Poly-
nesia and Thailand. It is a spice that can change the
taste, color and smell of food. In many recipes turmeric
is mixed with other spices [59].

Vi 3‘% INTERNATIONAL JOURNAL OF PHARMACGEUTICAL SCIENCES
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aureus and MRSA which are common causes of serious
infections in people with diabetes. When applied to the
skin Moringa oleifera promotes the growth of fibrob-
lasts increases the formation of blood vessels and en-
hances collagen production. These processes help
rebuild the skin structure and accelerate the formation
of skin, over the wound [56]

Quercetin

The main part of the plant is the rhizomes, and the most
common active ingredients are the curcuminoids,
which include curcumin, demethoxycurcumin, and
bisdemethoxycurcumin[60,61,62].These curcuminoids
are non-toxic polyphenolic compounds that have a
wide variety of biological effects[63,64].They are
known to produce significant immunosuppressants that
help reduce the production of IL-2 and IL-12.This
compound also inhibits the expression of several pro-
inflammatory molecules, including iNOS (inducible
nitric oxide synthase), COX-2 (cyclooxygenase-2),
lipoxygenase-5, and various inflammatory cytokines
such as TNF-a, IL-1, IL-6, and IL-8 [65-67].

Curcuminoids can regulate apoptosis and inhibit neu-
rotoxic elements in macrophages and alveolar mono-
cytes activated by lipopolysaccharides. Additionally, it
hinders the phosphorylation and breakdown of IxBa
(nuclear factor kappa light polypeptide gene enhancer
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in B-cells inhibitor, alpha) and triggers the y receptor
pathway stimulated by peroxisome proliferators, di-
minishing the inflammation profile caused by the NF-
kB pathway [68-69].

Application

Diabetic Complications: Aids in preventing damage to
blood vessels, nerve damage, and eye conditions such
as retinopathy by reducing oxidative stress [70].

Bioavailability Limits: Natural curcumin has limited
absorption by the body, prompting the development of
advanced forms like nanocurcumin to improve its ef-
fectiveness [71].

Curcuma longa
{Turmeric)

SR |

= l OH

Demethoxycurcumin

Bisdemethoxycurcumin

Azadirachta indica

The neem tree, also known scientifically as
Azadirachta indica and belonging to the Meliaceae
family is an evergreen that grows widely in Asia. Many
people use neem leaves and neem seeds in home
remedies in the traditional system of Ayurveda. In
Sanskrit the neem tree is called rishtha, which means
"Reliever of Sickness ". It is also called Sarba-roga-ni-
barini. Several chemicals from neem such, as
Azadirachtin, Nimbidiol, Gedunin and Azadiradione

,

?:FE} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

have shown the ability to lower blood sugar but these
chemicals can be toxic. The bitter flavor of neem seed
oil comes from a compound called Meliacin. Another
compound, Tignic acid (5-methyl-2butanoic acid)
taken from neem seeds gives neem seed oil its special
smell. All these compounds are a class of products
known as triterpenoids [72].The effect of neem leaf
water extract on lowering blood sugar may happen
because more insulin is released from the cells in the
pancreas or because the body takes in and uses glucose
better in parts of the body. Insulin made by the cells
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that are still working or new cells helps the extract fight
diabetes brings back the bodys ability to respond to
insulin lowers how much sugar, from food is not ab-
sorbed in the intestine or helps the body take in sugar
through the tissues using a special transporter called
GLUT-4. The neem leaf extract has chemicals called
alkaloids that help increase the amount of insulin re-
leased by repairing the parts of the pancreas that make
insulin [73].

Application

Alpha-Glucosidase Inhibition: Bioactive constituents
in Neem act as inhibitors of enzymes. Alpha-

e

Active Constituent

Nimbidol

Synthetic and Conventional Drugs of Diabetes
Mellitus

1.Metformin

Clinical applications Metformin can help heal the

wounds of diabetic patients by decreasing
{?E}f INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

—

Glucosidase Inhibition blocks the breakdown of car-
bohydrates into sugars in the digestive system thereby
stopping rapid post-meal glucose surges [74]

Activates insulin-mimicking pathways. This improves
the responsiveness of insulin receptors allowing muscle
and fat cells to absorb glucose from the bloodstream
more efficiently [75].

Neem contains phytochemicals, such, as flavonoids,
triterpenoids, nimbin and nimbidin that affect pancre-
atic beta cells and increase insulin release [76].

Nimbidin

0
GHy 0)]\\/ CHy
OH

inflammation, preventing proliferation of cells, pro-
moting angiogenesis and enhancing collagen synthesis
when it is administered topically and systemically [80].
In terms of collagen synthesis, it increases the supply
of collagen-I and collagen-III proteins and serves as a
satisfactory foundation for new tissue formation. In
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terms of blood vessels generation, angiogenesis, it
helps the living tissue develop new blood vessels,
which carry oxygen and nutrients to the wound. In
terms of inflammation decrease, it soothes the immune
system and erases pro-inflammatory markers [77].

Mechanism

Activation of the AMPK pathway: Initiates cellular
survival signals and diminishes cellular harm caused by
high glucose or low oxygen levels in the wound
area.Enhanced Angiogenesis: Boosts the quantity and
activity of circulating endothelial progenitor cells
(EPCs) and elevates Vascular Endothelial Growth
Factor (VEGF) to form new blood vessels [78]. En-
hances Collagen Production: Boosts levels of collagen
types I and III, reinforcing the extracellular matrix for
quicker healing.Anti-Inflammatory & Immunomodu-
latory Effects: Redirects macrophages to the pro-repair
M2 phenotype while inhibiting detrimental pro-in-
flammatory cytokines and matrix-degrading enzymes
(MMPs).

Decreased Apoptosis: Minimizes cell death occur-
rences in injured tissues by blocking pro-apoptotic
indicators such as p53 [79].

2. DPP-4 Inhibitors

Inhibition of peptidase (DPP)-4 is a way to lower glu-
cose levels, in the treatment of type 2 diabetes [83].
This approach was developed based on the idea that
gut-derived glucagon-like peptide (GLP)-1 is an an-
tidiabetic hormone. DPP-4 inhibition stops the inacti-
vation of GLP-1, thereby elevating the circulating
intact (active) GLP-1 levels beyond physiological lev-
els that exhibit antidiabetic effects[84].

Mechanism

The function of DPP-4 inhibiting drugs like sitagliptin
and linagliptin is to block the enzyme DPP-4. Nor-
mally, DPP-4 quickly degrades hormones that are re-
leased after a meal. These drugs stop the breakdown of
the incretins. The incretins that are raised by DPP-4
inhibition are GLP-1 (glucagon-like peptide-1) and
GIP (glucagon-like peptide-1) and GIP (glucose-de-
pendent insulinotropic polypeptide) [80].

Reducing Blood Sugar: Lower levels of glucagon and
increased levels of insulin inhibit the liver from
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producing more sugar and promote the body to utilize
it, thus lowering blood sugar levels. Lowering of the
Secretion of Glucagon: These drugs also result in the
reduction of the glucagon secretions. It is a hormone
responsible for the stimulation of the liver to start pro-
duction of glucose and to add it to the bloodstream [81].

Releasing Insulin Mechanism: An incretion in the level
of incretin causes the pancreas to release more insulin
in the bloodstreams [82].

3.Pioglitazone

Pioglitazone accelerates the healing of wounds in dia-
betic patients by functioning as an agonist of PPAR-y,
thus reducing chronic inflammation, promoting tissue
repair and stimulating the growth of new blood vessels
[85].

Mechanism

Activation of PPAR-y: Pioglitazone activates the
PPAR-y receptor it helps reduce long-term inflamma-
tion. This action of Pioglitazone helps manage condi-
tions where inflammation plays a role. The PPAR-y
receptor Pioglitazone influences the body’s response to
inflammation effectively. The result is an effect on
chronic inflammation over time [86].

Pioglitazone also supports tissue repair. I notice that
Pioglitazone encourages the formation of blood ves-
sels, which are essential for wound healing. Another
important effect of Pioglitazone [87].

MMP-9 is an enzyme that builds wounds and blocks
the healing process. When pioglitazone reduces
MMP-9 it allows the tissue to repair itself quickly.
These actions together make pioglitazone a useful
agent, in improving wound healing in patients [88].

4. GLP1As

Glucagon-like peptide-1 receptor agonists (GLP-1
RAs), which are commonly prescribed to control blood
glucose and assist in weight reduction, have numerous
other advantages for promoting tissue repair. For ex-
ample, in the case of chronic wounds like diabetic foot
ulcers, GLP-1 RAs do more than simply regulate blood
glucose; they actually affect the wound directly by
reducing inflammatory responses, increasing cell mi-
gration toward the wound, and enhancing new blood
vessel formation [89].
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Mechanism
Macrophage Polarization (Shift from M1 to M2)

Chronic diabetic wounds stay inflamed for a time
mainly because of M1 macrophages. Macrophage Po-
larization is driven by M1 macrophages. GLP-1 recep-
tor agonists interact with GLP-1 receptors on cells, and
this lowers signals from NF-«xB and TNF-a. GLP-1
receptor agonists change Macrophage Polarization
from M1 type to M2 reparative type. M2 macrophages
create anti-inflammatory cytokines such as IL-10 and
the enzyme arginase-1. These substances help the
healing process by encouraging the repair of damaged
tissues [90].

Enhancement of Angiogenic Factors (VEGF and
HIF-1a)

To fix oxygen and bad blood flow GLP-1 receptor
agonists increase the activity of key factors that help
blood vessels grow. These factors include Vascular
Endothelial Growth Factor Receptor-2, called
VEGFR-2 and Hypoxia-Inducible Factor-1 alpha, also
called HIF-1a. At the time GLP-1 receptor agonists

boost Sirtuin 1 also called SIRT1. SIRT1 protects cells
that can become blood vessels and helps build func-
tional small vessel networks. GLP-1 receptor agonists
activate the phosphoinositide 3-kinase (PI3K) and
protein kinase B (Akt) pathways at the wound edge.
This helps skin cells called keratinocytes survive and
move which is vital for skin renewal. Also GLP-1 re-
ceptor agonists activate the AMPK pathway, called
Adenosine monophosphate-activated protein kinase.
AMPK cuts down reactive oxygen species also called
ROS and stops cell death that comes from advanced
glycation end-products also called Ages [91].

Extracellular Matrix (ECM) Remodelling through
MAPK: The change of fibroblasts, into myofibroblasts
helps shrink the wound. GLP-1 receptor agonists con-
trol the Mitogen-Activated Protein Kinase, called
MAPK and ERK1/2 pathways. These pathways man-
age enzymes called matrix metalloproteinases also
called MMPs, which break down the matrix. They also
encourage orderly collagen build-up of messy scar
tissue [92].

Diabetic Wound Healing Recovery from Synthetic Drug —- Mechanism
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CONCLUSION

The repair of wounds in individuals suffering from
diabetes is a difficult and gradual process involving
chronic inflammation, oxidative stress, inadequate
angiogenesis, altered cellular responses, neuropathy,
and a defective remodelling of the extracellular matrix.
Review of the available evidence shows that both syn-
thetic drugs and medicinal plants can influence the
various stages and molecular pathways taking place in
this improper healing process. Synthetic drugs such as
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metformin, the DPP-4 inhibitors, pioglitazone, and the
Glucagon-Like Peptide-1 Receptor Agonists (GLP-1
RAs) all have an impact on the various molecular
pathways and cellular mechanisms associated with
inflammation, the mobilisation of progenitor cells,
angiogenesis, collagen synthesis, and tissue repair. In
the same way, various medicinal plants such as Ros-
marinus officinalis, Moringa oleifera, Curcuma longa,
Punica granatum, and Azadirachta indica contain sev-
eral phytoconstituents that have antioxidant, anti-
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inflammatory, antimicrobial, glucose-modulating, and
tissue-repair properties. It is therefore impossible,
based on this review, to assert that either synthetic
medicines or natural medicines are generally quicker or
better at healing diabetic wounds. The results show that
the effectiveness of these medicines varies according to
the drug or plant, the formulation, the mechanism of
action, the properties of the wound, and the quality of
the evidence. Even though medicinal plants show
promise as potential complementary treatments and for
future therapeutic approaches, synthetic drugs have
more precise molecular targets. Yet further well-de-
signed clinical studies are required to establish the
effective doses, formulations, safety, and comparative
efficacy in promoting wound healing before these
methods can be routinely recommended for use in
diabetic wounds.
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