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ABSTRACT

Background: Wound healing is a complex process that advances through inflammation, proliferation,
and remodelling phases. Diabetes precipitates numerous ailments that obstruct practically all of these
reparative processes. Methodology: We performed a literature search on ScienceDirect and PubMed
databases using various keywords, including "Diabetes Wound Healing." The search was refined by
applying relevant filters to obtain the most pertinent articles for this review article's objective. Results:
Keywords Patients with diabetes may incur wounds during or after medical interventions. The wound healing

Wound healing, Diabetes,
Pathological changes,
Molecular targets,
Inflammation.

process comprises remodelling, proliferation, and inflammation. Diabetes impedes nearly all of these
healing processes through various pathological changes. This study primarily examines the molecular
pathways of inflammatory substances, including growth stimulants and other factors that hinder wound
healing. It also examines molecular targets and the current advancements in wound care and complete
healing. Conclusion: Based on our investigation, we identified several practical approaches for treating
wound inflammation and proposed that combining these strategies may yield the most significant results

in our research domain.

INTRODUCTION
Diabetes is still a major issue, according to recent studies on its

occurrence and impact. The number of Americans diagnosed

associated with several pathological changes that impair wound
healing. Poor blood circulation and damage to the vasculature
are consequences of chronic hyperglycemia. Diabetics may have

with diabetes in 2018 was 34.2 million, with an additional 88
million with prediabetes. Consequently, the CDC estimates that
healthcare costs amounted to $237 billion [1]. As many as a
quarter of all diabetics will develop foot ulcers or another type
of diabetic lesion [2]. At least one-third of the whole budget goes
toward treating these wounds, which can be quite expensive due
to diabetes and associated complications [3]. Diabetes is

trouble identifying things because of neuropathy and peripheral
vascular dysfunction. In diabetic wounds, there is swelling, a
lower number of new blood vessels, problems with the migration
of keratinocytes, and a slower growth of fibroblasts [4].
Infection, wound dehiscence, and chronic, nonhealing wounds
are among the complications that can arise in diabetic
individuals' wounds due to these changes.
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Figure 1: Normal wound healing is disturbed

Effects of Diabetes on Healing

Complex wounds heal in three steps: contraction, proliferation,
and inflammation. That and remodelling typically occur. Blood
clots and immune cell infiltration characterise inflammation.
Strong angiogenesis reepithelialisation
proliferation [5]. Late proliferation, scarring, wound maturation,
and remodelling occur [6]. Diabetes blocks most of these healing
pathways.

and characterise

Diabetes-related wound inflammation

Diabetic wounds have a more extended inflammatory stage than
nondiabetic wounds. This proinflammatory state may slow
healing and cause persistent wounds [7]. M1 macrophages are
phagocytic and proinflammatory during wound healing. In
diabetic wounds, macrophages generate too many inflammatory
cytokines [9]. However, anti-inflammatory, angiogenesis-
promoting, and ECM-producing M2 macrophages replace them.
Diabetic wounds have more inflammatory macrophages than
anti-inflammatory ones [8]. Neutrophils release inflammatory
mediators, free radicals that increase oxidative stress, and
cytotoxic enzymes. Oxidative stress slows pathological healing
and damages tissue in diabetic wounds [10].

Neutrophils that hunt bacteria overproduce neutrophil
extracellular traps (NETSs). Diabetic wounds increase NET
production, causing inflammation and slowing
Another molecular change that increases wound inflammation in
diabetes is miRNA. Diabetics and non-diabetics showed equal
healing miRNA levels in healthy skin. MiRNA expression

recovery.

changed after the wound, suggesting it may be involved in
inflammation that isn't acting effectively. Epigenetics and
transcription Diabetes
inflammation and dysregulation. Many studies on humans and
animals show that chronic inflammation slows diabetic wound
healing. Long-term inflammation delays healing, increasing
chronic wound risk.

factors. wounds have harmful

Increasing healing-promoting growth factors and reducing
inflammation in diabetic mice enhanced wound healing. [14].
Additionally, research links it to abnormal hypertrophic and
keloid scars [11-13]. Diabetics must reduce inflammation
during healing to avoid scarring. Most wound healing occurs
during proliferation when blood flow is restored [15].
Angiogenic and antiangiogenic factors like VEGF, PEDF, and
angiogenesis-1 keep the vasculature in healthy skin steady.
When blood oxygen levels drop too low after an injury, the body
produces more angiogenic factors and fewer antiangiogenic
ones. Inadequate angiogenesis, which can take numerous forms,
is a significant cause of wound healing failure. Vascular
maturation and pruning in diabetic wounds require platelet-
derived growth factor (PDGF) later in wound remodeling.
Because macrophages produce few proangiogenic factors,
diabetic wounds may initially lack them. Capillary maturation
factors are downregulated, while antiangiogenic factors are
upregulated.

Additional variables include matrix metalloproteinases and
miRNAs, which limit angiogenesis [16]. Damage to vascular
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maturation factors slows wound healing. This stabilizes the
newly created capillary bed. Lack of maturation factors slows
wound healing and increases the risk of chronicity [5]. Diabetes
vascular alterations and oxygen deprivation limit leukocyte
migration into the wound, increasing infection risk [17].

Diabetes injury scar tissue

Scarring, maturation, and remodeling are natural wound-healing
processes. Scarring results from wound contracture and collagen
degradation. Fibroblasts secrete scar collagen and ECM.
Collagen fiber density and the lack of hair follicles and
sebaceous glands show that a skin scar is new and not from the
original tissue [18]. Medical research shows that diabetes
wounds heal with physically different scars and produce less
collagen. A scar with less contractile strength and more collagen
can't mend adequately due to its lower tensile strength [19].
Fibroblasts, senescent cells that cannot divide, may slow diabetic
wound healing. When diabetic wound contraction is insufficient,
granulation and reepithelialization speed healing. The diabetes
scar matrix cannot withstand shear and tensile pressures [20].
After  Surgery: Diabetes and Wound
Recovery Issues

As previously indicated, diabetes increases the risk of wound
infections, dehiscence, and scarring. Diabetics encounter in most
surgical subspecialties; surgical site infection is more common
than postoperative glucose increase. Diabetes raises infection
risk via more channels than hyperglycemia [21]. Obesity and
other common comorbidities increase the risk of superficial and
deep incisional surgical infections [22]. Diabetes patients
undergoing abdominal panniculectomies are at risk for wound
dehiscence, infections, readmission, sepsis, and extended
hospital stays. Diabetics who use mesh reinforcing for
abdominal wall repairs are more likely to get infections [23].
Diabetes can slow down the healing of breast reconstruction
because it can cause ischemia, dehiscence, nipple-areolar
complex cesses, and faster flap necrosis [24]. Diabetes can cause
surgical site infections in cosmetic breast surgery [25]. Patients
with diabetes are getting implants. More problems occur with
mastopexy [26]. In another trial of breast, body, and face
cosmetic treatments, diabetes increased the risk. The same study
indicated that torso treatments caused more wound issues than
face or breast surgeries. Diabetes wounds look different, but the
reason is unknown [27]. Diabetes patients who have hand
surgery are more prone to developing infections, stiffness, and

Healing

poor wound healing [28]. The trigger finger and carpal tunnel
openings show this, but the latter is less evident [29-31].
Diabetics had lengthier hospital stays and infections after face
fractures [32].

Diabetes-related injuries and health

Nutrition strongly influences surgical wound healing and
infection risk in type 2 diabetes [33]. The subjective global
nutritional status rating predicts worse wounds in poorly treated
wounds. We use the Wagner grading to assess the severity of
diabetic ulcers. [34]. The anabolic stage of wound healing
requires a better diet. To catabolize wound healing, anabolic
hormones increase insulin resistance and reduce diabetes [35].
Diabetes problems protein  loss,
hyperglycaemia, a negative nitrogen balance, increased resting
energy demand, and malnutrition risk. Diabetics with wounds,
fat breakdown, and microalbuminuria lose more protein and lean
body mass than those without wounds. These approaches show
diabetic wound regeneration requires more nourishment than
regular wound healing. To improve diabetic patients' nutritional
status, analyse lean body mass loss, identify macro- and
micronutrient deficits, and create a diet that meets these needs.
In wounds not caused by diabetes, whey protein
supplementation restores cytokine levels, aiding cutaneous
wound healing [36].

metabolic include

Diabetes begins with weakened skin, resulting in poor wound
healing. Collagen is one of two unaffected features of diabetic
skin. Advanced glycation end products (AGES) cause oxidative
stress, ageing, and skin stiffness, and they build up faster in
diabetic skin [37]. Diabetes patients are less likely to recover
from wounds due to these skin abnormalities. Wounds enhanced
dietary AGEs' negative effects in diabetic mice models, causing
persistent inflammation and delayed healing [38]. Diabetes
patients must minimise AGE-rich foods while healing wounds
since they naturally create more. Diabetes patients with injuries
must reduce meat and fatty food intake and avoid frying, grilling,
and roasting to reduce AGE intake [39].

Mechanistic comprehension

Diabetes' slow healing process may cause a wound that won't
heal, in addition to psychological suffering and despair. This can
cause septicemia, gangrene, osteomyelitis, cellulitis, and
walking problems. Diabetics decreased wound healing is well
established, but the disease's cause remains unknown. Only
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coordinated biochemical mediators activated by inflammatory
cells and pathways can restore health. Cellular and metabolic
alterations have been associated with diabetic wound healing
failure. Wound healing involves many cell types. These include
endothelium, B, T, fibroblast, monocyte, macrophage, and
keratinocyte. These cells produce and regulate growth factors
and cytokines. As monocytes grow into macrophages, they
secrete pro-inflammatory cytokines such as IL-1B2, TNF-a3, IL-
64, IGF-16, and TGF-B7. Diabetes sufferers and non-diabetics
may relate. This crucial stage produces neutrophils, T cells, B
cells, keratinocytes, fibroblasts, IL-10, mast cells, and
endothelial cells. These cells participate in producing TGF-p,
IGF-1, and VEFG [40]. Macrophages help healing. Oxidative
and hyperglycemia epigenetics, affecting
macrophage polarisation and control. Dysregulated macrophage
polarisation may delay wound healing [41-42].

stress alter

Diabetes inhibits wound healing due to a complex chemical
process, according to research. Studies show that diabetes in
animal models decreases growth factor synthesis, keratinocyte
and fibroblast migration and proliferation, neutrophil and
macrophage activity, and other wound healing processes. People
with diabetes also have trouble healing because their blood
vessels are narrow, their metabolism is off, their oxygen levels
are low because of changes in the red blood cell membrane and
haemoglobin glycation, and their internal systems don't work
right [45]. Blood vessel constriction limits wound oxygenation,
causing hypoxia.
nutritional and oxygen deficits, which hinder healing. UPR8
drives endoplasmic reticulum unfolded protein accumulation in

Second, haemoglobin glycation causes

response to hypoxia or glucose scarcity. After skin or tissue
injury, this UPR produces inflammatory mediators and activates
them. DWs produced greater pro-inflammatory chemokines and
exhibited prolonged UPR [46]. Diabetic
microvascular problems produce local ischemia, which slows
wound healing. MiRNASs9, a family of non-coding RNAs with
19-24 nucleotides, are involved in various physiological

activation

processes. Scientists have linked miRNA alterations to many
ilinesses and poor wound healing [47].

When oxygen levels are low, MiR-210 targets E2f3 to limit
keratinocyte growth during wound healing [48]. By targeting
globin transcription factor 2 and VEGFR210, MiR-200b reduces
angiogenesis [49]. MIiRNAs
epithelialization, fibroblast migration, keratinocyte migration,

influence angiogenesis, re-

inflammation, and epithelization in diabetic wounds [50-51].
There were higher levels of matrix metalloproteinase-9 in the
serum [52], fewer nerves in the epidermis, a poor barrier
function, changes in the expression of neuropeptides in the skin,
less inflammation, collagen buildup, and changes in the ratio of
different types of collagens [53-55].

Free radicals, oxidative stress, and chemical signaling
process

Charts 1 and 2 show essential evidence that has developed in
recent decades, aiding several processes. When PKC pathways
are blocked, hyperfiltration happens, and AGEs are made. These
AGEs cause neuropathy through the Maillard reaction, polyol,
hexosamine, diacylglycerol pathways,
Oxidative stress and mitochondrial reactive oxygen species
production accelerate these processes [56]. Oxidative stress
worsens diabetes and wound healing. The transcription factor
NRF212 controls cell motility, apoptosis, proliferation,
differentiation, and oxidative stress adaptation [57].

and nitric oxide.

High hyperglycemia and oxidative stress activate NRF2,
facilitating damage repair. In a study by Long et al., turning on
NRF2 through indirect and direct methods lowered oxidative
stress caused by diabetes. It changed gene expression for TGF-
B, cell migration, and proliferation [58]. Diabetes is associated
with the expression of the stress-inducible gene ATF-313 and
metabolic and B-cell dysfunction [59]. The irregular pro-
inflammatory response activates ATF-3 and iNOS, causing
oxidative stress and slowing healing. Badr et al. showed that
improper cellular differentiation and remodelling hinder healing
[60]. Caspase-3, -8, and -9 activity, free radical levels, ATF-3,
and iNOS expression are abnormally upregulated. The body
heals with HBD 1, 2, and 3 and proinflammatory cytokines like
MIP1a14, MIP-215, and KC16. These cytokines kill germs and
cause leukocytokines to build up.

Neutrophils, monocytes, macrophages, and dendritic cells
transform into leukocytes. Research shows that soluble and
membrane-bound  CX3CL117 attract fibroblasts and
macrophages [34-36]. It's too bad that Badr et al. found that
losing MIP1, MIP-2, and CX3CL1 lowers STAT318 levels,
AKT/PKB, and NF-«B activation. Lower amounts of HBD 1, 2,
and 3 were observed. Combining these factors makes diabetic
wound healing harder [61]. Diabetic peripheral neuropathy
inhibits wound healing by inhibiting the autonomic nervous
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system. This condition affects both sensory and motor nerves.
Unfortunately, excessive protein kinase activation and aberrant
nerve cell protein glycation produce nerve dysfunction and
ischemia. The culprit is excessive blood sugar and oxidative
stress [62]. Patients with sensory neuropathy, which reduces or
eliminates pain, develop diabetic sores faster. Due to
painlessness, diabetic wounds bleed more. Altering Akt/mTOR
inhibits diabetic wound healing. Huang et al. developed a
diabetes-induced rat model [63]. According to Lima et al., AKT,
IR/IRS/PI3K, and IR/SHC/ERK are insulin-signaling pathways
that aid wound healing. Turning on these pathways speeds up the
healing of diabetic wounds, encourages angiogenesis, raises the
production of VEGF and SDFla tissue, and phosphorylates
eNOS [64]. In wound healing, matricellular proteins link ECM
proteins to cell surface receptors and interact with them,
according to research.

Al-420 contributes to the matricellular protein in keratinocyte
migration, angiogenesis, and reepithelialization. When AL-4
binds to integrin 1, it can start signalling SRC, ERK, AKT, and
JAK1/STAT3 signalling pathways. By activating STATS3,
injured tissue may suffer angiogenesis, keratinocyte NO
production, and iNOS21 overexpression. Injury significantly
increases AL-4 expression, which is generally low in healthy
skin. Diabetes patients' diminished AL-4 expression slows
healing by affecting angiogenesis and re-epithelialization [65].

Immune System Function

Healthy innate immune system control is crucial to recovery.
Only innate immune responses and inflammation can start after
TLRs22 activation.  Diabetics'
inflammatory responses are compromised by TLRs-2
downregulation in damaged tissue. Reduced chemotactic action
delays inflammatory cell recruitment [66-69]. Diabetes impairs
the immune system and slows wound healing, making people
more susceptible to infections. Developing biofilms in bacteria
that touch the wound site contributes to diabetic wounds.
Biofilm microorganisms impede healing by defending against
the immune system and antibiotics. Most diabetic lesions lead to
lower limb amputations [70].

immune systems and

Immune cells perform several including
inflammation. Monocytes, T lymphocytes, B lymphocytes, and
mast cells are examples. Diabetics may have decreased host

immunity due to cell dysregulation. High levels of pro-

activities,

inflammatory cytokines like TNF-a and IL-6 in diabetes lead to
insulin resistance, hyperinflammation, and disruption of the
inflammatory cascade. An increase in effector T cells may cause
higher TNF-a levels. The TCR-V2 range grew in diabetic wound
patients while the frequency of naive T cells decreased (Maura
et al.). We have too many effector T cells [71]. Higher AGE
levels can impact immunity by causing cytokine production,
such as TNF-o and IL-6. Cell function disruption by AGEs may
slow healing, increase immunological responses, and cause
death. This may stop collagen production [72]. Angiogenic mast
cellsemit VEGF, TGF-1, and FGF [48]. Numerous studies show
that mast cells, macrophages, endothelial cells, and fibroblasts
help heal wounds. It promotes matrix remodelling, disrupting the
wound's pro- and anti-angiogenic balance [73-81].

Diabetic wound
process

Figure 2: Causes of Diabetic Wounds

Delays in wound healing can be attributed to growth factors.
Growth factors are crucial to initiate and sustain the various
phases of wound healing. Figure 3 illustrates this. Several
problems, like decreased expression of growth factor receptors
or increased growth factor degradation, worsen wound healing
in people with diabetes. Platelets release PDGF, an important
serum mitogen. It encourages connective tissue growth, matrix
synthesis, and cell proliferation. A key cell type in the wound
area, macrophages, continue to secrete PDGF during the late
inflammatory phase. PDGF's unique features attract
macrophages and inflammatory cells. It aids in the partial
synthesis of collagen, proteoglycans, and glycosaminoglycans.

It speeds up the healing process by encouraging fibroblast
migration and proliferation, angiogenesis, the creation of a
temporary extracellular matrix, and protein synthesis in the
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granulation phase of tissue. A decrease in PDGF synthesis and
its receptors in wounds caused by diabetes suggests that PDGF
plays a role in wound healing. Numerous PDGF clinical trials
have demonstrated faster recoveries. BFGF28 has an impact on
many different biological processes. Among these processes are
the following: migration of cells, proliferation of endothelial
cells, growth and multiplication of fibroblasts, and metabolism
of the extracellular matrix.

The increased rate and intensity of granulation tissue growth aids
the healing process. VEGF, one of the strongest angiogenic
cytokines in the skin, may significantly affect angiogenesis and
vasculogenesis, the two processes that slow down wound
healing the most. Capillary endothelial cells move and divide to
make this process happen. Proteases break down the
extracellular matrix of capillaries that were already there.
Applying VEFG to diabetic wounds increases capillary density,
improving circulation and metabolism.

When blood flow returns to the wounds, they heal more quickly.
This transport of oxygen and nutrients enables the reparative
cells to develop and function properly. Granulation tissue
production relies on it and plays a crucial role in regulating
wound revascularisation and permeability. The activation of the
VEFG receptor-1 leads to inflammation, whereas the activation
of the VEFG receptor-2 induces angiogenesis. These two
receptors regulate the effects of VEGF. Diabetes impairs wound
healing, and low VEGF levels in local wounds are a hallmark of
the disease. Researchers have found that wounds don't heal
because VEGF receptor patterns aren't working right. Low
VEGF mRNA levels, high VEGFR-1, and low levels of
VEGFR-2 mark these.

The process by which platelets attach to EGF receptors makes
EGF, which improves cell migration, motility, angiogenesis,
proliferation, and the matrix’s ability to heal itself. Two peptides
are required to form IGF: IGF-1 and IGF-2. IGF-1 helps wounds
heal by increasing the number of keratinocytes and fibroblasts,
cell granulation, and re-epithelialization.

If you have diabetes, your body may not make enough IGF-1,
which can cause problems with cell granulation. A wound's
affinities are controlled by its pH. Wounds in humans and
animals with diabetes took longer to heal due to reduced
amounts of TGF-p and IGF-1 [78, 79].

Factor p leads to transformation

Growth factors change to speed up the healing process after a
wound. The inflammatory cells that tumor growth factors attract
and activate include growth factors, neutrophils, macrophages,
lymphocytes, keratinocytes, and fibroblasts. In addition to
enhancing angiogenesis, vascularization, and ECM synthesis,
these drugs decrease ECM degradation. In wound healing
conditions, TGF-B levels are lower when diabetes is present.
Several experiments have shown that the promoter regions of the
genes that make MMP have an inhibitory element that lowers
gene expression and depends on TGF-Bl. More MMP
expression leads to more growth factor breakdown, while fewer
TGF-p levels lead to less.

The genes that bind to TGF-e and make matrix
metalloproteinase (MMP) are controlled by transcription factors
Smad-2, Smad-3, and Smad-4. TGF-1 enhances collagen
production by activating Smad-2 and Smad-3. Decreased TGF-
1 levels attract more activated inflammatory cells, which extends
the repair process of DWs from the inflammatory phase to the
proliferation phase. Previously,
excessive levels of TGF-3 primarily caused low TGF-1 levels in
diabetics. Collagen production decreased, and macrophage
activity increased in the final analysis. Diabetics have an
extended inflammatory phase and elevated reactive oxygen
species due to their increased macrophage activity. Diabetic
wounds heal more slowly and imperfectly due to an imbalance
in the expression of these growth factors or their absence
altogether [80-81]

researchers believed that

The role of myeloprotegerins in postponed wound healing
The extracellular matrix and enzymes from the matrix
metalloproteinase family, which are involved in angiogenesis,
make it easier for wounds to heal, change shape, and start to form
new cells. Collagens, proteoglycans, and elastin have recently
been the subject of an upsurge in research due to the significance
of wound healing.

According to the study, changes in growth factor synthesis,
cytokines, and other molecular components primarily cause
inadequate wound healing in diabetics. These abnormalities and
imbalances in gene expression in all key cells make the repair
process less effective. Since the inflammatory stage and chronic
nonhealing wounds cannot coexist, the former typically
manifests during the latter.
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Numerous molecular factors and targets have radically altered
wound care for diabetics. We can classify these management
approaches based on the molecular targets that control their
functions. PDGF, EGF, VEFG, FGF, KGF, and TGF-a are some
growth factors that can directly connect with stem cells,
autologous fibroblasts, or keratinocytes.

We have previously discussed the relevance and purpose of
these objectives in the preceding sections. These objectives
include regulating growth factors, collagen production and
breakdown, matrix metalloproteinase (MMP), nitric oxide
levels, and cytokines that promote or inhibit inflammation. It's
still unclear what role this enzyme plays in wound healing, but
it may help keratinocytes move away from the basement
membrane. This lets macrophages and neutrophils destroy the
matrix as they remove dead or damaged tissue. Researchers have
found that high metalloprotease (MMP) levels in chronic wound
fluid are a sign of diabetic wounds.

These levels are about sixty times higher than those in acute
wound fluid. This spike in protease activity hinders the body's
natural ability to heal itself and expedites tissue disintegration.
There can be several factors at work here. One is that increased
glucose levels immediately affect matrix metalloproteinases
(MMPs), changing their expression and abundance. Another is
that persistently high levels of inflammatory and profibrotic
cytokines are associated with downregulated TIMP expression.
Finally, the production of complex glycation products indirectly
affects MMPs. Because of this, they remove growth factors,
receptors, matrix proteins, and other components necessary for
wound healing [82-83].

Biological Targets

Research on the molecular mechanisms by which diabetes
impairs wound healing has increased dramatically in recent
years. Researchers have found that an imbalance in the
production of molecular parts like growth factors and cytokines
is why diabetics' wounds don't heal properly.

Because of these abnormalities and imbalances in gene
expression in all important cells, the healing process is less
effective. To that end, chronic nonhealing wounds can only
appear during the inflammatory phase and never simultaneously.
Identifying numerous molecular factors and targets has radically
altered wound care for diabetics.

We can classify these management approaches based on the
molecular targets that control their functions. PDGF, TGF-a,
EGF, VEFG, FGF, and KGF are growth factors that work
directly with stem cells, autologous fibroblasts, and
keratinocytes. The preceding sections have already covered the
relevance and purpose of these objectives. Among these goals
are controlling nitric oxide levels, matrix metalloproteinase
(MMP), inflammatory and non-inflammatory cytokines, and
collagen-making and breaking down. One biochemical target
that many drugs may directly influence is key factors linked to
angiogenesis.
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Figure 3: The primary mechanism that causes Diabetic
Wounds to heal more slowly

Experimental studies

In a clinical trial involving photodynamic therapy, Tardive et al.
(2014) discovered that the probability of amputation was 0.029
times more significant in the treatment group compared to the
control group. Park et al. (2018) did a phase Il multicenter,
double-blind, randomised, placebo-controlled trial to test the
safety and effectiveness of a new growth factor therapy spray
containing rhEGF for treating diabetic wounds.

73.2% of people in the rhEGF group (compared to 50.6% of
people in the placebo group) finished the healing process, which
is a significant difference (p = 0.001). In addition, irrespective
of HbAlc levels, the rhEGF-treated group exhibited a quicker
repair rate (p = 0.029). Compared to the placebo group, the
rhEGF group shortened the median durations for 50% reductions
in ulcer size and complete wound healing. Asadi et al. (2017)
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conducted a low-intensity cathodal direct current study using a
single-blind, placebo-controlled design. The study's findings
suggest that electric stimulation can speed up the healing of
ischemic ulcers by setting off healing factors like VEFG and
HIF-1a in the wound. Soleimani et al. (2017) conducted a study
to explore the benefits of flaxseed oil, an omega-3 fatty acid.
People with diabetic wounds who took omega-3 fatty acid
supplements for 12 weeks saw improvements in their plasma
TAC, serum hs-CRP, ulcer size, insulin metabolic markers, and
glutathione levels [84,85]. The trial
randomized, and placebo-controlled. Table 1 summarizes the
results of several recent clinical studies that aimed to improve
the healing time of diabetic wounds.

was double-blind,

Future strategies for treatment
Peripheral neuropathy, peripheral vascular disease, and foot
problems or illnesses are major contributors to diabetic wounds.

Table 1: List of diabetic wound clinical trial studies[86]

Despite technological advances, such as using bioengineered
skin cells and traditional care, insulin's reported rate of wound
healing has remained below 50%. New medicines that target
cytokines, inflammatory mediators, the extracellular matrix,
matrix metalloproteinase, the epidermis, genetics, vasculature,
and stem cell therapy have made it possible for diabetic wound
assessment to improve.

Diabetic wounds have prompted a flurry of research into
potential treatments. Stem cell therapy, platelet-rich plasma,
substance P, sphingosine 1-phosphate, laser therapy, shockwave
treatment, and therapies generated from natural products are all
part of the techniques. A safer and more successful treatment for
diabetic wounds must be developed using these strategies, as
shown in Table 1. Clinical trials have only tested these
treatments on humans, but research is still ongoing.

Study Total No. of | Type of Study | Intervention and Comparison Outcomes
Patients
. Prospective Autologous PRP injections vs. Improved wound healing (p <
Alhawari et al. 10 . .
clinical trial platelet-poor plasma 0.05)*
Randomized PRP dressings vs. normal saline Healing rate or percentage ulcer
Guptaet al. 60 . . .
controlled trial | dressings area reduction (p = 0.3)
Randomized PRP gel vs. silver sulfadiazine Increased the healing rate (p =
Malekpour et al. 90 . .
controlled trial | ointment 0.0)*
. . . Reduced wound size and
. Randomized PRP gel dressings vs. saline . .
Elsaid et al. 24 . ) contribute to faster healing
controlled trial | dressings .
times(p < 0.00)*
. . Autologous platelet-rich gel vs. .
Xie et al. 48 Clinical study Shorter hospital stays (p < 0.05)*
standard wound care
Double-blind, PRP-fibrin glue dressings combined .
. . T Improved wound healing (p =
Yarahmadi et al. 25 parallel-group with oral vitamins E and A vs PRP- 0.019)*
clinical trial fibrin glue with a placebo '
Open label, Autologous platelet-rich fibrin (A- A-PRF + HA significantly
Kartika et al. 30 randomized PRF) plus hyaluronic acid (HA) vs. | improved wound healing (p <
controlled trial | A-PRF alone vs. sodium chloride 0.05)*
Feasibility- . . .
. . Fat grafting with or without PRP vs. L .
Smith et al. 18 randomized L. No significant differences
. standard podiatric care
controlled trial

*Significant difference

CONCLUSION

Peripheral neuropathy, peripheral artery disease, and foot

ilinesses are among the several risk factors that could result in
diabetic wounds, according to research by S. Patel et al. (2019).
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Despite the extensive use of standard care and technological
advancements such as bioengineered skin cells, the wound
healing rates for diabetics have allegedly remained around 50%.
Research into diabetic wounds is witnessing the rapid emergence
of novel, non-conventional therapeutic techniques. Some things
fall into this group: matrix, angiogenesis
stimulators, gene and stem cell treatments, cytokine inhibitors
and stimulators, and skin replacements.

extracellular

The treatment of diabetic wounds has been the subject of a surge
in recent years. Serious complications might arise when wounds
take longer to heal in people with diabetes. Numerous studies
have examined various factors that can lead to poor wound
healing. The condition is common in people with diabetes.
Improvements in the management of wound healing in diabetes
have been made possible by new therapeutic approaches and
materials. Various methods based on growth factors, dual
growth  factors, anti-inflammatories, cytokines,
metalloproteinase (MMP), angiogenesis, extracellular matrix
(ECM), stem cells, and natural products have been investigated
and tested by researchers with varying degrees of success.
Crucial is mastering the basic method and coming up with newer
carriers.

matrix

Combination therapy may become an important area of research
in the future for the management of damaged wounds. Diabetic
wounds recover at a faster rate as a result. Additional research
into diabetic wound healing medications that target specific
phases is necessary. It could be helpful to evaluate the level of
recovery more precisely.

FINANCIAL ASSISTANCE
NIL

CONFLICT OF INTEREST
The authors declare no conflict of interest.

AUTHOR CONTRIBUTION

Anubhav Dubey and Niladry S Ghosh wrote the original draft.
They also contributed to supervising and looking after
administration. contributed to analyzing
literature and working on methodologies. Anubhav Dubey and
Mamta Kumari were involved in collecting data, data curation,
and accessing various resources.

Mamta Kumari

REFERENCES
[1] Chaudhary JS, Verma R, Chanchal DK, Sahu MS, Mishra

SR, Tomar V, et al. Development and optimization of extended-
release tablets using biodegradable natural binders for enhanced
antidiabetic therapy. Biochemical and Cellular Archives, 24 (2),
575-2579 (2024) https://doi.org/10.51470/BCA.2024.24.2.2575

[2] Dubey A, Kumari M, Kumar V. In vivo antidiabetic activity of
asparagus racemosus seeds in streptozotocin induced diabetic
model. International Journal of Therapeutic Innovation, 2 (3),
0146-0152 (2024) https://doi.org/10.55522/ijti.\/213.0037

[3] Driver VR, Fabbi M, Lavery LA, Gibbons G. The costs of
diabetic foot: the economic case for the limb salvage team. J
Vasc Surg., 52 (6), 17S-22S (2010)
https://doi.org/10.1016/j.jvs.2010.06.003

[4] Gorecka J, Kostiuk V, Fereydooni A, Gonzalez L, Luo J, Dash B,
Isaji T, et al. The potential and limitations of induced pluripotent
stem cells to achieve wound healing. Stem Cell Res Ther., 10 (1),
87-100 (2010) https://doi.org/10.1186/513287-019-1185-1.

[5] Okonkwo UA, DiPietro LA. Diabetes and wound angiogenesis.
Int J Mol Sci., 18 (7), 1419 (2017)
https://doi.org/10.390/ijms18071419.

[6] Dubey A, Kumari M, Pandey M. Homeopathic Medicinal
Products and Importance in Diabetes. International Journal of
Homeopathy & Natural Medicines, 10 (1), 17-26 (2024)
https://doi.org/10.11648/j.ijhnm.20241001.12

[71 Khushnuma R, Dakshina G, Dubey A, Singh Y. A Review on B-
escin. Indian Journal of Medical Research and Pharmaceutical
Science, 8 (1), 10-16 (2021)
https://doi.org/10.29121/ijmrps.v8.i1.2020.2.

[8] Dash, SL, Gupta P, Dubey A, Sahu VK, & Amit Mishra. An
Experimental Models (In-Vivo and In-Vitro) Used for the Study
of Antidiabetic agents. Journal of Advanced Zoology, 44 (4), 86—
95 (2023) https://doi.org/10.17762/jaz.v44i4.1461

[9] Dubey A, Pandey M, Yadav S, et al. Tripathi Hypolipidemic and
haematological effects of ethanolic extract of Tecoma stans linn
(bignoniaceae) seeds in alloxan-induced diabetic albino rats.
Korean Journal of Physiology and Pharmacology, 27 (3), 85-90
(2023) https://doi.org/10.25463/kjpp.27.1.2023.8.

[10] Dubey A, Ghosh NS, Rathor VVPS, Patel S, Patel B, Purohit D.
Sars- COV-2 infection leads to neurodegenerative or
neuropsychiatric diseases. International Journal of Health
Sciences, 6 (S3), 2184-2197 (2022)
https://doi.org/10.53730/ijhs.v6nS3.5980

[11] Den Dekker A, Davis FM, Kunkel SL, Gallagher KA. Targeting
epigenetic mechanisms in diabetic wound healing. Transl Res.,
204 (2), 39-50 (2019) https://doi.org/10.1016/j.trsl.2018.10.001

[12] Mahdavian Delavary B, van der Veer WM, van Egmond M,
Niessen FB, Beelen RHJ. Macrophages in skin injury and repair.
Immunobiology., 216 (7), 753-762 (2011)
https://doi.org/10.1016/j.imbio.2011.01.001.

Journal of Applied Pharmaceutical Research (JOAPR)| January — February 2025 | Volume 13 Issue 1| 9


https://doi.org/10.51470/BCA.2024.24.2.2575
https://doi.org/10.55522/ijti.V2I3.0037
https://doi.org/10.1016/j.jvs.2010.06.003
https://doi.org/10.1186/s13287-019-1185-1
https://doi.org/10.390/ijms18071419
https://doi.org/10.11648/j.ijhnm.20241001.12
https://doi.org/10.29121/ijmrps.v8.i1.2020.2
https://doi.org/10.17762/jaz.v44i4.1461
https://doi.org/10.25463/kjpp.27.1.2023.8
https://doi.org/10.53730/ijhs.v6nS3.5980
https://doi.org/10.1016/j.trsl.2018.10.001
https://doi.org/10.1016/j.imbio.2011.01.001

Journal of Applied Pharmaceutical Research 13 (1); 2025: 1 -13

Dubey et al.

[13] Boyce DE, Ciampolini J, Ruge F, Murison MS, Harding KG.
Inflammatory- cell subpopulations in keloid scars. Br J Plast
Surg., 54 (6), 511-516 (2001)
https://doi.org/10.1054/bjps.2001.3638.

[14] Mirza RE, Fang MM, Weinheimer-Haus EM, Ennis WJ, Koh TJ.
Sustained inflammasome activity in macrophages impairs wound

healing in type 2 diabetic humans and mice. Diabetes., 63 (3),
1103-1114 (2014) https://doi.org/10.2337/db13-0927.

[15] Demidova-Rice TN, Durham JT, Herman IM. Wound healing
angiogenesis: innovations and challenges in acute and chronic
wound healing. Adv Wound Care (New Rochelle).,1 (2), 17-22
(2012) https://doi.org/10.1089/wound.2011.0308.

[16] Patel S, Srivastava S, Singh MR, Singh D. Mechanistic insight
into diabetic wounds: pathogenesis, molecular targets and
treatment strategies to pace wound healing. Biomed
Pharmacother., 112 (4), 108615 (2019)
https://doi.org/10.1016/j.biopha.2019.108615

[17] Greenhalgh DG. Wound healing and diabetes mellitus. Clin Plast
Surg. , 30 (2), 37-45 (2003) https://doi.org/10.1016/s0094-
1298(02)00066-4.

[18] Sorg H, Tilkorn DJ, Hager S, Hauser J, Mirastschijski U. Skin
wound healing: an update on the current knowledge and
concepts. Eur Surg Res., 58 (12), 81-94 (2017)
https://doi.org/10.1159/000454919.

[19] Minossi JG, Lima FdeO, Caramori CA, et al. Alloxan diabetes
alters the tensile strength, morphological and morphometric

parameters of abdominal wall healing in rats. Acta Cir Bras., 29
(2), 118-124 (2014) https://doi.org/10.1590/S0102-
86502014000200008.

[20] Berlanga-Acosta J, Schultz GS, L6pez-Mola E, Guillen-Nieto G,
Garcia-Siverio M, Herrera-Martinez L. Glucose toxic effects on
granulation tissue productive cells: the diabetics’ impaired
healing. BioMed Res Int., 20 (12), 256043 (2013)
https://doi.org/10.1155/2013/256043

[21] Martin ET, Kaye KS, Knott C, Nguyen H, Santarossa M, Evans
R, et al. Diabetes and risk of surgical site infection: a systematic
review and meta-analysis. Infect Control Hosp Epidemiol., 37
(1), n88-99 (2016) https://doi.org/10.1017/ice.2015.249.

[22] Kantar RS, Rifkin WJ, Wilson SC, David JA, Diaz-Siso JR,
Levine JP, et al. Abdominal panniculectomy: determining the
impact of diabetes on complications and risk factors for adverse
events. Plast Reconstr Surg., 142 (1), 462e-471e (2018)
https://doi.org/10.1097/PRS.0000000000004732.

[23] Kao AM, Arnold MR, Augenstein VA, Heniford BT. Prevention
and treatment strategies for mesh infection in abdominal wall
reconstruction. Plast Reconstr Surg., 142 (2), 149S-155S (2018)
https://doi.org/.1097/PRS.0000000

[24] Chatterjee A, Nahabedian MY, Gabriel A, Macarios D, Parekh
M, Wang F, et al. Early assessment of post-surgical outcomes
with pre-pectoral breast reconstruction: a literature review and

meta-analysis. J Surg Oncol., 117 (6), 1119-1130 (2016)
https://doi.org/10.1002/js0.24938

[25] Dortch JD, Eck DL, Ladlie B, Ter Konda SP. Perioperative
glycemic control in plastic surgery: review and discussion of an
institutional protocol. Aesthet Surg J., 37 (7), 821-830 (2016)
https://doi.org/10.1093/asj/sjw064.

[26] Hanemann MS Jr, Grotting JC. Evaluation of preoperative risk
factors and complication rates in cosmetic breast surgery. Ann
Plast Surg., 64 (5), 537-540 (2010)
https://doi.org/10.1097/SAP.0b013e3181cdabf8

[27] Bamba R, Gupta V, Shack RB, Grotting JC, Higdon KK.
Evaluation of diabetes mellitus as a risk factor for major
complications in patients undergoing aesthetic surgery. Aesthet
Surg J., 36 (5), 598-608 (2016)
https://doi.org/10.1093/asj/sjv241.

[28] Lipira AB, Sood RF, Tatman PD, Davis JI, Morrison SD, Ko JH.
Complications within 30 days of hand surgery: an analysis of
10,646 patients. J Hand Surg Am., 40 (9), 1852-59 (2015)
https://doi.org/10.1016/j.jhsa.2015.06.103.

[29] Brown E, Genoway KA. Impact of diabetes on outcomes in hand
surgery. J Hand Surg Am., 36 (4), 2067-2072 (2011)
https://doi.org/10.1016/j.jhsa.2011.10.002.

[30] Federer AE, Baumgartner RE, Cunningham DJ, Mithani SK.
Increased rate of complications following trigger finger release in
diabetic patients. Plast Reconstr Surg., 146 (4) ,420e-427e
(2020) https://doi.org/10.1097/PRS.0000000000007156

[31] Werner BC, Teran VA, Deal DN. Patient-related risk factors for
infection following open carpal tunnel release: an analysis of
over 450,000 Medicare patients. J Hand Surg Am., 43 (3), 214-
219 (2018) https://doi.org/10.1016/j.jhsa.2017.09.017

[32] Raikundalia M, Svider PF, Hanba C, Folbe AJ, Shkoukani MA,
Baredes S, et al. Facial fracture repair and diabetes mellitus: an
examination of postoperative complications. Laryngoscope. ,127
(4), 809-814 (2017) https://doi.org/10.1002/lary.26270.

[33] Molnar JA, Vlad LG, Gumus T. Nutrition and chronic wounds:
improving clinical outcomes. Plast ReconstrSurg.,138 (7), 71S—
81S (2016) https://doi.org/10.1097/PRS.0000000000002676

[34] Zhang S-S, Tang Z-Y, Fang P, Qian H-J, Xu L, Ning G.
Nutritional status deteriorates as the severity of diabetic foot
ulcers increases and independently associates with prognosis. Exp
Ther Med., 5 (1), 215-222 (2013)
https://doi.org/10.3892/etm.2012.780.

[35] Dubey Anubhav, Tiwari Mamta, Kumar Vikas, Srivastava,
Kshama, Singh, Akanksha. Investigation of Anti-Hyperlipidemic
Activity of Vinpocetine in Wistar Rat. International Journal of
Pharmaceutical Research, 12 (2), 1879-1882 (2020)
https://doi.org/10.31838/ijpr/2020.12.02.250.

[36] Dubey Anubhav, Tiwari M, Singh Yatendra, Kumar N,
Srivastava K. Investigation of anti-Pyretic activity of vinpocetine
in wistar rat, International Journal of Pharmaceutical Research,

Journal of Applied Pharmaceutical Research (JOAPR)| January — February 2025 | Volume 13 Issue 1 | 10


https://doi.org/10.1054/bjps.2001.3638
https://doi.org/10.2337/db13-0927
https://doi.org/10.1089/wound.2011.0308
https://doi.org/10.1016/j.biopha.2019.108615
https://doi.org/10.1016/s0094-1298(02)00066-4
https://doi.org/10.1016/s0094-1298(02)00066-4
https://doi.org/10.1159/000454919
https://doi.org/10.1590/S0102-86502014000200008
https://doi.org/10.1590/S0102-86502014000200008
https://doi.org/10.1155/2013/256043
https://doi.org/10.1017/ice.2015.249
https://doi.org/10.1097/PRS.0000000000004732
https://doi.org/.1097/PRS.0000000
https://doi.org/10.1002/jso.24938
https://doi.org/10.1093/asj/sjw064
https://doi.org/10.1097/SAP.0b013e3181cdabf8
https://doi.org/10.1093/asj/sjv241
https://doi.org/10.1016/j.jhsa.2015.06.103
https://doi.org/10.1016/j.jhsa.2011.10.002
https://doi.org/10.1097/PRS.0000000000007156
https://doi.org/10.1016/j.jhsa.2017.09.017
https://doi.org/10.1002/lary.26270
https://doi.org/10.1097/PRS.0000000000002676
https://doi.org/10.3892/etm.2012.780
https://doi.org/10.31838/ijpr/2020.12.02.250

Journal of Applied Pharmaceutical Research 13 (1); 2025: 1 -13

Dubey et al.

12 (2), 1901-1906 (2020)
https://doi.org/10.31838/ijpr/2020.12.02.254.

[37] Van Putte L, De Schrijver S, Moortgat P. The effects of advanced
glycation end products (AGEs) on dermal wound healing and
scar formation: a systematic review. Scars Burn Heal., 5 (12), 10-
25 (2016) https://doi.org/10.1177/2059513116676828

[38] Uribarri J, Woodruff S, Goodman S, et al. Advanced glycation
end products in foods and a practical guide to their reduction in
the diet. J Am Diet Assoc., 110 (1) ,911-16.e125(2010)
https://doi.org/1177/205951311574837

[39] Babaei N. Bayat M. Nouruzian M. Bayat. Pentoxifylline
improves cutaneous wound healing in streptozotocin-induced
diabetic rats. Eur. J. Pharmacol., 700 (1), 165-172 (2013)
https://doi.org/10.1016/j.ejphar.2012.11.024

[40] Mallik SB, Jayashree BS, Shenoy RR. Epigenetic modulation of
macrophage. polarization- perspectives in diabetic wounds, J.
Diabetes Complicat., 32 (2), 524-530 (2018)
https://doi.org/10.1016/j.jdiacomp.2018.01.015.

[41] Maruyama K, Asai J, li M, Thorne T, Losordo DW, D'Amore
PA. Decreased macrophage number and activation lead to
reduced lymphatic vessel formation and contribute to impaired
diabetic wound healing, Am. J. Pathol., 70 (4), 1178-1191 (2007)
https://doi.org/10.2353/ajpath.2007.060018

[42] Okizaki S, Ito Y, Hosono K, Oba K, Ohkubo H, Amano H, et al.
Suppressed recruitment of alternatively activated macrophages

reduces TGF-B1 and impairs wound healing in streptozotocin
induced diabetic mice, Biomed. Pharmacother., 70 (3), 317-325
(2017) https://doi.org/10.1016/j.biopha.2014.10.020

[43] Loots MAM, Kenter SB, Au FL, Galen YIJMY, Middelkoop E,
Bos JD, Mekkes JR. Fibroblasts derived from chronic diabetic
ulcers differ in their response to stimulation with EGF, IGF-I,
bFGF, and PDGF-AB compared to controls, Eur. J. Cell Biol., 81
(3), 153-160 (2002) https://doi.org/10.1078/0171-9335-00228

[44] Brem H, Tomic-Canic M. Cellular and molecular basis of wound
healing in diabetes, J.Clin. Invest., 117 (5), 219-1222 (2007)
https://doi.org/10.1172/JC132169.

[45] Schurmann C, Goren I, Linke A, Pfeilschifter J, Frank S.
Deregulated unfolded protein response in chronic wounds of
diabetic ob/ob mice: a potential connection to inflammatory and
angiogenic disorders in diabetes-impaired wound healing,
Biochem. Biophys. Res. Commun., 446 (3), 195-200 (2014)
https://doi.org/10.1016/j.bbrc.2014.02.085

[46] Moura J, Barsheim E, Carvalho E. The Role of MicroRNAs in
Diabetic Complications-Special Emphasis on Wound Healing.
Genes (Basel)., 29 (4), 926-56 (2014)
https://doi.org/10.3390/genes5040926.

[47] Biswas S, Roy S, Banerjee J, Hussain SR, Khanna S, Guruguhan
M, et al. Hypoxia inducible microRNA 210 attenuates
keratinocyte proliferation and impairs closure in a murine model

of ischemic wounds. Proc Natl Acad Sci U S A., 13 (4), 6976-81
(2010) https://doi.org/1073/pnas.1001653107.

[48] Chan YC, Roy S, Khanna S, Sen CK. Downregulation of
endothelial microRNA-200b supports cutaneous wound
angiogenesis by desilencing GATA binding protein 2 and
vascular endothelial growth factor receptor 2. Arterioscler
Thromb Vasc Biol., 32 (6), 1372-82 (2012)
https://doi.org/10.1161/ATVBAHA.112.248583.

[49] Bhattacharya S, Aggarwal R, Singh VP, Ramachandran S, Datta
M. Downregulation of miRNAs during Delayed Wound Healing
in Diabetes: Role of Dicer. Mol Med., 21 (1), 847-860 (2016)
https://doi.org/10.2119/molmed.2014.0018

[50] Icli B, Nabzdyk CS, Lujan-Hernandez J, Cahill M, Auster ME,
Wara AK, et al. Regulation of impaired angiogenesis in diabetic
dermal wound healing by microRNA-26a. J Mol Cell Cardiol.,
91 (2), 151-9 (2016) https://doi.org/10.1016/j.yjmcc.2016.01.007.

[51] Li Z, Guo S, Yao F, Zhang Y, Li T. Increased ratio of serum
matrix metalloproteinase-9 against TIMP-1 predicts poor wound
healing in diabetic foot ulcers. J Diabetes Complications., 27 (4),
380-2 (2013) https://doi.org/10.1016/j.jdiacomp.2012.12.007

[52] Pradhan L, Cai X, Wu S, Andersen ND, Martin M, Malek J, et al.
Gene expression of pro-inflammatory cytokines and
neuropeptides in diabetic wound healing. J Surg Res., 15 (2),
336-42 (2011) https://doi.org/10.1016/j.jss.2009.09.012.

[53] Verkleij CJ, Roelofs JJ, Havik SR, Meijers JC, Marx PF. The role
of thrombin-activatable fibrinolysis inhibitor in diabetic wound
healing. Thromb Res., 126 (5), 442-6 (2010)
https://doi.org/10.1016/j.thromres.2010.08.008.

[54] Nass N, Vogel K, Hofmann B, Presek P, Silber RE, Simm A.
Glycation of PDGF results in decreased biological activity. Int J
Biochem Cell Biol., 42 (5), 749-54. (2010)
https://doi.org/10.1016/j.biocel.2010.01.012

[55] Gooyit M, Peng Z, Wolter WR, Pi H, Ding D, Hesek D, etal. A
chemical biological strategy to facilitate diabetic wound healing.
ACS Chem Biol., 17 (9), 105-10. (2014)
https://doi.org/10.1021/cb4005468.

[56] Brownlee M. The pathobiology of diabetic complications: a
unifying mechanism. Diabetes., 54 (6), 1615-25(2005)
https://doi.org/10.2337/diabetes.54.6.1615.

[57] Niture SK, Jaiswal AK. Inhibitor of Nrf2 (INrf2 or Keapl)
protein degrades Bcl-xL via phosphoglycerate mutase 5 and
controls cellular apoptosis. J Biol Chem., 286 (52), 44542-56
https://doi.org/10.1074/jbc.M111.275073

[58] Long M, Rojo de la Vega M, Wen Q, Bharara M, Jiang T, et al.
An Essential Role of NRF2 in Diabetic Wound Healing.
Diabetes, 65 (2), 780-93 (2016) https://doi.org/10.2337/db15-
0564.

[59] Nakagomi S, Suzuki Y, Namikawa K, Kiryu-Seo S, Kiyama H.
Expression of the activating transcription factor 3 prevents c-Jun
N-terminal kinase-induced neuronal death by promoting heat

Journal of Applied Pharmaceutical Research (JOAPR)| January — February 2025 | Volume 13 Issue 1 | 11


https://doi.org/10.31838/ijpr/2020.12.02.254
https://doi.org/10.1177/2059513116676828
https://doi.org/1177/205951311574837
https://doi.org/10.1016/j.ejphar.2012.11.024
https://doi.org/10.1016/j.jdiacomp.2018.01.015
https://doi.org/10.2353/ajpath.2007.060018
https://doi.org/10.1016/j.biopha.2014.10.020
https://doi.org/10.1078/0171-9335-00228
https://doi.org/10.1172/JCI32169
https://doi.org/10.1016/j.bbrc.2014.02.085
https://doi.org/10.3390/genes5040926
https://doi.org/1073/pnas.1001653107
https://doi.org/10.1161/ATVBAHA.112.248583
https://doi.org/10.2119/molmed.2014.0018
https://doi.org/10.1016/j.yjmcc.2016.01.007
https://doi.org/10.1016/j.jdiacomp.2012.12.007
https://doi.org/10.1016/j.jss.2009.09.012
https://doi.org/10.1016/j.thromres.2010.08.008
https://doi.org/10.1016/j.biocel.2010.01.012
https://doi.org/10.1021/cb4005468
https://doi.org/10.2337/diabetes.54.6.1615
https://doi.org/10.1074/jbc.M111.275073
https://doi.org/10.2337/db15-0564
https://doi.org/10.2337/db15-0564

Journal of Applied Pharmaceutical Research 13 (1); 2025: 1 -13

Dubey et al.

shock protein 27 expression and Akt activation. J Neurosci., 23
(12), 5187-96 (2003) https://doi.org/10.1523/INEUROSCI.23-12.

[60] Badr G, Hozzein WN, Badr BM, Al Ghamdi A, et al. Bee
Venom Accelerates Wound Healing in Diabetic Mice by
Suppressing Activating Transcription Factor-3 (ATF-3) and
Inducible Nitric Oxide Synthase (iNOS)-Mediated Oxidative
Stress and Recruiting Bone Marrow-Derived Endothelial
Progenitor Cells. J Cell Physiol., 23 (10), 2159-71 (2016)
https://doi.org/10.1002/jcp.25328.

[61] Badr G. Camel whey protein enhances diabetic wound healing in
a streptozotocin-induced diabetic mouse model: the critical role
of B-Defensin-1, -2 and -3. Lipids Health Dis., 1 (4), 12-46
(2013) https://doi.org/10.1186/1476-511X-12-46

[62] Dewald O, Zymek P, Winkelmann K, Koerting A, Ren G, Abou-
Khamis T, et al. CCL2/Monocyte Chemoattractant Protein-1
regulates inflammatory responses critical to healing myocardial
infarcts. Circ Res., 29 (8), 881-9 (2005)
https://doi.org/10.1161/01.RES.0000163017.13772.3a.

[63] Ishida Y, Gao JL, Murphy PM. Chemokine receptor CX3CR1
mediates skin wound healing by promoting macrophage and
fibroblast accumulation and function. J Immunol., 18 (2), 569-79.
(2008) https://doi.org/10.4049/jimmunol.180.1.569.

[64] Badr G. Supplementation with undenatured whey protein during
diabetes mellitus improves the healing and closure of diabetic

wounds through the rescue of functional long-lived wound
macrophages. Cell Physiol Biochem., 29 (4), 571-82 (2013)
https://doi.org/10.1159/000338511.

[65] Raja JM, Maturana MA, Kayali S, Khouzam A, Efeovbokhan N.
Diabetic foot ulcer: A comprehensive review of pathophysiology
and management modalities. World J Clin Cases., 16 (8), 1684-
1693 (2023) https://doi.org/10.12998/wjcc.v11.i8.1684.

[66] Huang H, Cui W, Qiu W, Zhu M, Zhao R, Zeng D, et al.
Impaired wound healing results from the dysfunction of the
Akt/mTOR pathway in diabetic rats. J Dermatol Sci., 79 (3),
241-51 (2015) https://doi.org/10.1016/j.jdermsci.2015.06.002.

[67] Lima MH, Caricilli AM, de Abreu LL, Araujo EP, Pelegrinelli
FF, Thirone AC, et al. Topical insulin accelerates wound healing
in diabetes by enhancing the AKT and ERK pathways: a double-
blind placebo-controlled clinical trial. PLoS One., 7 (5), 36974
(2012) https://doi.org/10.1371/journal.pone.0036974.

[68] Chong HC, Chan JS, Goh CQ, Gounko NV, Luo B, Wang X, et
al. Angiopoietin-like 4 stimulates STAT3-mediated iNOS
expression and enhances angiogenesis to accelerate wound
healing in diabetic mice. Mol Ther., 22 (9), 1593-604 (2014)
https://doi.org/10.1038/mt.2014.102.

[69] Peleg AY, Weerarathna T, McCarthy JS, Davis TM. Common
infections in diabetes: pathogenesis, management and

relationship to glycaemic control. Diabetes Metab Res Rev., 23
(1), 3-13 (2007) https://doi.org/10.1002/dmrr.682.

[70] Singh K, Agrawal NK, Gupta SK, Mohan G, Chaturvedi S, Singh
K. Decreased expression of heat shock proteins may lead to
compromised wound healing in type 2 diabetes mellitus patients.
J Diabetes Complications., 29 (3), 578-88 (2015)
https://doi.org/10.1016/j.jdiacomp.2015.01.007

[71] Singh K, Agrawal NK, Gupta SK, Mohan G, Chaturvedi S, Singh
K. Genetic and epigenetic alterations in Toll like receptor 2 and
wound healing impairment in type 2 diabetes patients. J Diabetes
Complication., 29 (3), 222-9. (2015)
https://doi.org/10.1016/j.jdiacomp.2014.11.015

[72] Smith K, Collier A, Townsend EM, O'Donnell LE, Bal AM,
Butcher J, et al. One step closer to understanding the role of
bacteria in diabetic foot ulcers: characterising the microbiome of
ulcers. BMC Microbiol., 22 (3), 16-54 (2016)
https://doi.org/10.1186/s12866-016-0665-z.

[73] Moura J, Rodrigues J, Gongalves M, Amaral C, Lima M,
Carvalho E. Impaired T-cell differentiation in diabetic foot
ulceration. Cell Mol Immunol., 14 (3), 758-769 (2017)
https://doi.org/10.1038/cmi.2015.116

[74] Abiko Y, Selimovic D. The mechanism of protracted wound
healing on oral mucosa in diabetes. Review. Bosn J Basic Med
Sci., 10 (3), 186-91 (2010)
https://doi.org/10.17305/bjbms.2010.2683

[75] Nishikori Y, Shiota N, Okunishi H. The role of mast cells in
cutaneous wound healing in streptozotocin-induced diabetic
mice. Arch Dermatol Res., 35 (9), 309-338 (2014)
https://doi.org/0.1007/s00403-014-1496-0

[76] Tellechea A, Leal EC, Kafanas A, Auster ME, Kuchibhotla S,
Ostrovsky Y, et al. Mast Cells Regulate Wound Healing in
Diabetes. Diabetes., 65 (9), 2006-19 (2016)
https://doi.org/10.2337/db15-0340

[77] Bevan D, Gherardi E, Fan TP, Edwards D, Warn R. Dive potent
activities of HGF/SF in skin wound repair. J Pathol., 203 (4),
831-8 (2004) https://doi.org/10.1002/path.1578

[78] Grieb G, Simons D, Eckert L, Hemmrich M, Steffens G,
Bernhagen J, et al. Levels of macrophage migration inhibitory
factor and glucocorticoids in chronic wound patients and their
potential interactions with impaired wound endothelial progenitor
cell migration. Wound Repair Regen., 20 (10), 707-14 (2012)
https://doi.org/10.1111/].1524-475X.2012.00817.

[79] Ebaid H, Abdel-Salam B, Hassan I, Al-Tamimi J, Metwalli A,
Alhazza I. Camel milk peptide improves wound healing in
diabetic rats by orchestrating the redox status and immune
response. Lipids Health Dis., 24 (10), 101- 132 (2016)
https://doi.org/10.1186/s12944-015-0136-9.

[80] Luong M, Zhang Y, Chamberlain T, Zhou T, Wright JF, Dower
K, Hall JP. Stimulation of TLR4 by recombinant HSP70 requires
structural integrity of the HSP70 protein itself. J Inflamm (Lond).,
26 (3), 9-11 (2012) https://doi.org/10.1186/1476-9255-9-11

Journal of Applied Pharmaceutical Research (JOAPR)| January — February 2025 | Volume 13 Issue 1 | 12


https://doi.org/10.1523/JNEUROSCI.23-12
https://doi.org/10.1002/jcp.25328
https://doi.org/10.1186/1476-511X-12-46
https://doi.org/10.1161/01.RES.0000163017.13772.3a
https://doi.org/10.4049/jimmunol.180.1.569
https://doi.org/10.1159/000338511
https://doi.org/10.12998/wjcc.v11.i8.1684
https://doi.org/10.1016/j.jdermsci.2015.06.002
https://doi.org/10.1371/journal.pone.0036974
https://doi.org/10.1038/mt.2014.102
https://doi.org/10.1002/dmrr.682
https://doi.org/10.1016/j.jdiacomp.2015.01.007
https://doi.org/10.1016/j.jdiacomp.2014.11.015
https://doi.org/10.1186/s12866-016-0665-z
https://doi.org/10.1038/cmi.2015.116
https://doi.org/10.17305/bjbms.2010.2683
https://doi.org/0.1007/s00403-014-1496-0
https://doi.org/10.2337/db15-0340
https://doi.org/10.1002/path.1578
https://doi.org/10.1111/j.1524-475X.2012.00817
https://doi.org/10.1186/s12944-015-0136-9
https://doi.org/10.1186/1476-9255-9-11

Journal of Applied Pharmaceutical Research 13 (1); 2025: 1 -13

Dubey et al.

[81] Park KH, Han SH, Hong JP, Han SK, Lee DH, Kim BS, et al.
Topical epidermal growth factor spray for the treatment of
chronic diabetic foot ulcers: A phase 111 multicenter, double-
blind, randomized, placebo-controlled trial. Diabetes Res Clin
Pract., 14 (3), 335-344. (2018)
https://doi.org/10.1016/j.diabres.2018.06.002

[82] Armstrong DG, Jude EB. The role of matrix metalloproteinases
in wound healing, J. Am. Podiatr Med. Assoc., 92 (4), 12-18
(2002) https://doi.org/10.7547/87507315-92-1-12.

[83] Patel S, Srivastava S, Singh MR, & Singh D. Mechanistic insight
into diabetic wounds: Pathogenesis, molecular targets and
treatment strategies to pace wound healing. Biomedecine &
pharmacotherapie., 112 (4), 108615 (2019)
https://doi.org/10.1016/j.biopha.2019.108615

[84] Barret JP, Podmelle F, Lipovy B, Rennekampff HO, Schumann
H, Schwieger-Briel A, et al. Accelerated re-epithelialization of
partial-thickness skin wounds by a topical betulin gel: results of a
randomized phase Il clinical trials program. Burns., 43 (6),
1284-1294 (2017) https://doi.org/10.1016/j.burns.2017.03.005.

[85] Guo CL, Fu XY. Research on effect evaluation of local treatment
of patients with diabetic foot ulcers using honey dressing, Med. J.
West China., 20 (7), 977-980 (2013)
https://doi.org/10.1111/iwj.14135

[86] Ganesan O, Orgill DP. An Overview of Recent Clinical Trials
for Diabetic Foot Ulcer Therapies. J Clin Med., 16 (13), 7655
(2024) https://doi.org/10.3390/jcm13247655.

Journal of Applied Pharmaceutical Research (JOAPR)| January — February 2025 | Volume 13 Issue 1 | 13


https://doi.org/10.1016/j.diabres.2018.06.002
https://doi.org/10.7547/87507315-92-1-12
https://doi.org/10.1016/j.biopha.2019.108615
https://doi.org/10.1016/j.burns.2017.03.005
https://doi.org/10.1111/iwj.14135
https://doi.org/10.3390/jcm13247655

	Journal of Applied Pharmaceutical Research
	Volume 13 Issue 1, Year of Publication 2025, Page 1 – 13
	ABSTRACT
	INTRODUCTION
	REFERENCES

