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ABSTRACT

Diabetic wound healing poses a significant clinical challenge due to the impaired regenerative capacity
observed in individuals with diabetes. Diabetes causes a dysregulated wound healing process that is
multidimensional and involves intricate interactions between cellular and molecular processes. This paper
reviews discuss the activity of myofibroblasts in the context of diabetic wound healing. Myofibroblasts are
specialized cells with contractile capabilities that are essential for developing scars and tissue healing. They
are one of the main participants in this complex process. Wound healing is a multifaceted and ever-changing
biological response involving several interrelated systems. Enzymes responsible for the control of the
extracellular matrix (ECM) are tissue inhibitors of metalloproteinases (TIMPs) and matrix metalloproteinases
(MMPs). The ECM is essential for wound healing, reconstruction of tissues, and other bodily processes.
Diabetes and myofibroblast apoptosis have a complicated and multidimensional interaction. Diabetes is a
chronic illness that needs to be managed continuously since it fails to go away on the own. This strategy
has strained interest in a number of areas, including wound healing. Certain academics have looked at
the possibility of repurposing medications for wound care applications, even if this could not be typical.
Dipeptidyl peptidase 4, metformin, and propranolol are used in the reusing of medications for the purpose
of promoting wound healing. This review provides information on the influence of diabetes on myofibroblast
function and fibroblast differentiation, as well as potential treatment options associated with the affected
pathways.

Keywords: Martix Metalloproteinases (MMPs); Extracellular Matrix (ECM); Tissue Inhibitors Metalloproteinases
(TIMPs); Dipeptidyl Peptidase 4 (DPP4).

RESUMEN

La cicatrizacion de heridas diabéticas plantea un importante reto clinico debido a la capacidad regenerativa
alterada que se observa en las personas con diabetes. La diabetes causa un proceso de cicatrizacion de heridas
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desregulado que es multidimensional e implica intrincadas interacciones entre procesos celulares y
moleculares. En este articulo se analiza la actividad de los miofibroblastos en el contexto de la cicatrizacion
de heridas diabéticas. Los miofibroblastos son células especializadas con capacidades contractiles esenciales
para el desarrollo de cicatrices y la curacion de tejidos. Son uno de los principales participantes en este
complejo proceso. La cicatrizacion de heridas es una respuesta biologica polifacética y en constante cambio
en la que intervienen varios sistemas interrelacionados. Las enzimas responsables del control de la matriz
extracelular (MEC) son los inhibidores tisulares de las metaloproteinasas (TIMP) y las metaloproteinasas
de matriz (MMP). La MEC es esencial para la cicatrizacion de heridas, la reconstruccion de tejidos y otros
procesos corporales. La diabetes y la apoptosis de miofibroblastos tienen una interaccion complicada y
multidimensional. La diabetes es una enfermedad crénica que hay que controlar continuamente, ya que no
desaparece por si sola. Esta estrategia ha despertado el interés en diversos ambitos, como la cicatrizacion
de heridas. Ciertos académicos han estudiado la posibilidad de reutilizar medicamentos para aplicaciones en
el cuidado de heridas, aunque no sea lo habitual. La dipeptidil peptidasa 4, la metformina y el propranolol
se utilizan en la reutilizacion de medicamentos con el fin de promover la cicatrizacion de heridas. Esta
revision proporciona informacion sobre la influencia de la diabetes en la funcion de los miofibroblastos
y la diferenciacion de los fibroblastos, asi como las posibles opciones de tratamiento asociadas a las vias
afectadas.

Palabras clave: Martix Metaloproteinasas (MMPs); Matriz Extracelular (ECM); Inhibidores Tisulares de las

Metaloproteinasas (TIMPs); Dipeptidil Peptidasa 4 (DPP4).

INTRODUCTION

Table 1. Summary of the review
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Plumbagin  administration  improved
wound healing and showed potential as
an antidiabetic and anti-inflammatory
agent, according to the study results.

Topical Pazopanib Hydrochloride (PZH)
outperformed systemic administration in
enhancing wound closure and improving
healing quality in the in vivo study.

The interplay among Type 2 Diabetes
Mellitus (T2DM), heart failure, and renal
dysfunction, creating harmful cycles.

To clarify the molecular pathways in
obesity-related processes that contributes
to the development of chronic diseases
like diabetes and its complications.

Early detection of epigenetic events in
Diabetic Kidney Diseas (DKD) could aid
timely diagnosis and prevent progression
to end-stage renal disease.

Plumbagin’s antidiabetic and wound
healing mechanisms and the active
principle involved can contribute
to developing effective therapeutic
strategies for  diabetic  wound
treatment.

To promised progress in developing a
topical PZH dosage for diabetic wound
healing.

The described vicious circles here
illustrate the progression of T2DM,
with  cardiovascular and renal
complications often leading to
disability and death.

To highlight key aspects of diabetes
prevention in overweight/obesity,
with a focus on surgical interventions.

It explores the possibilities of certain
methylation variables and non-coding
RNAs as diagnostic and therapeutic
targets, highlighting the rising
relevance of genetics and epigenomics
research in DKD.

A systemic disease called diabetes causes hyperglycemia that could be caused by organs and cells becoming
resistant to insulin or an inadequate amount of the protein in the blood. In the throughout the globe, diabetic
wounds over time represent a significant public health threat.® Individuals with diabetes have 10-20 times
higher risk of limb owing to persistent ulcers than the rest of the population. The intricate reaction of biological
and molecular processes that occurs during healing of wounds in diabetes is reflected in all phases of the
healing procedure.®? Typically, tissue remodeling, development, and inflammatory are the stages that wound
healing through. It’s a complicated procedure, and several situations involving tissue healing capacity result
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from any failure.® Extracellular Matrix (ECM), enhance the structural integrity of tissues following injury, and
wound healing where cells proliferate and reshape.® Different progenitor cells are the source of lymphocytes.
® According to exploratory and clinical data, diabetes-related healing of wounds can affect the development
of myofibroblasts from precursor cells, which could result in inadequate ECM deposition, decreased wound
contraction, and increased proteolytic enzymes operation as well as a dearth of proliferating cells.® Based on
existing laboratory and clinical investigations, the study will discuss and assess the effects that diabetes has on
myofibroblast biology, therapeutic methods for wound healing and pertinent signalling networks.”

An approach for understanding how diabetes affects the process of healing wounds, particularly myofibroblast
activity. ® Diabetes results in poor healing because of its complex pathophysiology, which includes immunological,
nerve-related, blood vessels and physiological elements. Tissue oxygenation is reduced by delayed circulation
and microvascular dysfunction brought by enhanced vessel stiffness linked to hyperglycaemia.® Peripheral
nerve injury can cause tingling and reduced response to pain, if left untreated can culminate in the occurrence
of long-term wounds. The traits mentioned are particularly important for the lower limbs, especially the foot,
which is more susceptible to chronic conditions due to its greater exposure, even from minor lesions. ' Table 1
depicts the summary of the review.

Diabetic wound healing

Myofibroblasts are specialized cells that are necessary for tissue regeneration and wound healing. With
characteristics of both soft tissue and fibroblast cells, these cells represent a special hybrid.(® Alpha-smooth
muscles action and other electromechanical amino acids, which allow these cells to apply force and take part in
tissues shrinkage, are characteristics of lymphocytes. When tissue injury first occurs, skeletal muscle cells are
drawn to the damaged area to aid in the healing process by forming granulation tissue and helping wounds to
close.™ As a result of their contractile qualities, the wounded region shrinks and the wound contracts. Diabetes
has an impact on skeletal muscle cells at all stages of the complex wound healing process.'® Its effects are felt
during the initiation, inflammation, cell proliferation, and maturing phases and a result has a significant effect
on the entire course of tissue recovery. Figure 1 shows the myofibroblasts healing process.

Diabetes impacts

Provocative Proliferative Remodel
Phase phase phase
N 7]
“*MMPs \]/
S ‘[, %*Angiogenesisi, s \l,
“*Epithelialization “+Collagen
“*Growth factors \L \[’ depositionl/
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differentiatioml, “*Wound \[,
contraction:

Figure 1. Diabetes impacts

Diabetes’s effects on myofibroblast apoptotic

Myofibroblasts are highly particular cells that develop early in the recovery process and eliminated during
the tissue-granulation phase when they are operating regularly. Diabetes causes myofibroblast maturation
to be delayed in the beginning stages of repair phase.” However, it was shown in diabetic mice that were
given a substance known as the number of myofibroblasts increased at later 15-day time periods. Particularly
in the diabetic wounds was seen a prolonged retention for many days following the granulation phase and
a delay in enlistment at the start of the process of wound healing.?” Numerous in vitro experiments have
demonstrated how hyperglycemia modifies the physiology of fibroblasts, including apoptosis, RETIREMENT and
granular resistance. The healing of chronic diabetes wounds is significantly influenced by the mitochondrial
behavior. Through the use of db/db mice, it was shown that diabetic wounds had notably elevated levels of
TNF-q, fibroblast death, the caspase enzyme-3/7 operation and an increase in the pro-apoptotic transcription
element FOXO1.?" Recent findings indicate that in diabetic rats, adjusting TNF-a can decrease death and boost
cell proliferation and myofibroblast densities and the healing of oral wounds in db/db mice and individuals
that received glucocorticoid treatments.® In terms of molecular makeup, wounds in diabetic mice displayed
a substantial increase in TUNEL-labeled apoptotic cells compared to wounds in control animals.®) These
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changes were significant at 7 and 14 days following the creation of the wounds. Further analysis showed that
some of these cells had died in fact scaffolds. Further studies should be used to investigate the relationship
between diabetes and the apoptotic properties of fibroblasts, even though the precise mechanism is unclear.
@49 Interaction between cells depends on gap junctions, which also support signs of cell death, such as fibrosis
ablation. Gap junction amino acid over expression can result in deadly signaling errors and particularly common
in wounds caused by diabetes.

Diabetes’s effects on MMPs and TIMPs

This high ratio in wounds associated with diabetes sets off a series of harmful events: low TIMP levels
trigger unchecked MMP activity, which in turn causes excess extracellular matrix (ECM) destruction. Moreover,
other studies have shown, the elevated MMP protein concentrations worsen the disability by upsetting the
well planned process of ECM formation.? A key component of the pathogenesis of diabetic wounds is revealed
by the complex interaction between MMPs and TIMPs, which also identifies possible targets for therapeutic
therapies meant to restore the delicate balance in the injury’s environment.? Further research using db mice
confirmed these results by revealing a significant reduction in the production of vascular endothelial growth
factor (VEGF) in conjunction with increased activity of matrix metalloproteinase-9 (MMP-9) and hence a strong
pro-degradative effect on cellular function.® In the context of urethral scarring, this multimodal investigation
offers significant insights into the complex interactions between molecular variables controlling responses from
cells . Table 2 depicts the impacts of MMPs and TIMPs.

Table 2. MMPs and TIMPs impacts

Factor MMPs TIMPs
MMP Expression Increased expression in diabetes Altered expression levels
MMP Activity Elevated activity contributes to tissue Canbe decreased indiabetic conditions

remodeling and fibrosis

Role in Complications Involved in diabetic complications (e.g., Helpsregulate MMP activity, potentially
retinopathy, nephropathy) protective

Balance Disruption Imbalance leads to tissue degradation Disruption could exacerbate diabetic
complications

Therapeutic Targets MMP inhibitors considered for treatment TIMP modulation as a therapeutic

approach
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Figure 2. Diabetes’s effects on many signaling pathways involved in healing wounds, including myofibro blastfunctioning

The mechanisms of healing in wounds

The physiological process of wound healing is a complex phenomenon initiated by the loss of skin integrity,
impacting its barrier functions.? Given the skin’s significant exposure to external irritants and the need to
prevent infection, a rapid defense mechanism is often activated. Although the skin typically regains around
70 % of its original tensile strength, it can ultimately return to its natural state through physiological healing.
@ Usually, this process is divided into three phases: an inflammatory, a proliferative, and the reconstruction
phase.

Repair in diabetes

The healing of wounds, leukocyte migration through disrupted extracellular matrix, processing of numerous
cytokines and growth factor participation are few of the components that make up the procedure for recovery. %
Preventing the disintegration of the foundations essential to the best possible wound healing requires maintaining
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the proper balance between MMPs and TIMPs. A synthetic, graphic depiction illustrating the sequence of events
under typical and prolonged circumstances is presented in figure 3.

Statistical analysis

Before structural analysis and measurement, several preliminary analyses were approved using Statistical
Package for the Social Sciences (SPSS) version 25.0 to rule out the possibility of value omissions and clear
lines. Descriptive statistics are used by the researchers to examine the participant outcomes. All demographic
information has been combined into a single table to illustrate the demographic components and SPSS is used
to do a quantitative analysis of frequency. The basic framework is scrutinized after this inquiry in light of the
information that was produced.

Injury
Provocative phase Proliferative phase Remodel phase
Coagulation fibrin plug
Hypoxia —HIF1 =VEGF — Vascular maturation
l Neoangiongensis
TGF-g,PDGF recruitment of Collagen remodeling

Neutrophils and macrophages
B I Extracellular matrix deposition

Wound edge contraction
Inflammation IL-18 growth factors

Granulation tiesue formation Migration of fibroblasts and keratinocytes

Migration of fibroblast and

keratinocytes \ / \
Reduced pericyte activity Decreased angiogenesis Chronic inflammation
decreased mat!.lratlon of Disequilibrium between —higher IL-18
the a_r_tenes : MMPs and TIMPs — Dysfunctional
Reduced abllrtydfor healing altered ECM macrophages
wounds

Figure 3. The chronological occurrence of events in physiological wound healing

Insulin

The innovative multicenter, international randomized trial known as Outcome Reduction with Initial Glargine
Intervention (ORIGIN) was designed to target people with diabetes, especially those who were at a higher risk
of cardiovascular disease and had early-stage Type 2 Diabetes Mellitus (T2DM). This large-scale was to assess
and contrast the benefits of early low-insulin therapy with the standard regular care usually provided to high-
risk group.®” The experiment showed that glycemic management, which maintains HbA1c at or above 6,5
%, avoids diabetes development for five years and reduces the microangiopathy in those with HbA1c >6,4 %.
Results from the Diabetes Prevention Program Outcome Study (DPPOS) demonstrate a significant 56 % decrease
in the incidence of diabetes among high-risk persons who are able to return their pre-disposition glucose levels,
emphasizing the critical importance of starting medication early and effectively.®? It is noteworthy, that the
inquiry does not offer precise information about the strategies or techniques used to accomplish this effective
return to baseline glucose levels.

Metformin

Biguanide metformin is frequently administered as the first pharmacological intervention for the management
of type Il diabetes. It is widely accepted as a cornerstone in the therapeutic armament. Its impressive
antihyperglycemic properties are supported by a complex mechanism that includes decreased absorption of
glucose in the intestines, suppression of hepatic insulin synthesis and enhancement of the absorption of glucose
and usage by body’s various organs. Metformin’s pharmacological profile contains new aspects that have been
revealed by empirical findings, exhibiting unique pleiotropic effects. These include increasing the number
and caliber of endothelium progenitor cells, which strengthens their defense function in preserving critical
organs like the heart and kidneys. Furthermore, as recent research has shown, metformin has antioxidant
qualities, inhibits fibrotic processes, and has an anti-proliferative effect.®® Metformin known by its brand name
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Glucophage, acts pharmacologically by blocking electron transport at complex 1 of the mtdna chain, which
is a crucial process in the synthesis of energy in cells. The complex interactions between these biochemical
processes highlight the medication’s effectiveness in treating hyperglycemia and suggest that could be useful
in treating more general issues related to organ preservation and vascular health. This complex activity makes
insulin a potentially effective treatment that goes much beyond its main function in controlling blood sugar
levels. It also suggests that metformin can have a role in the overall health of a number of biological processes.

Statins are drugs

Statins possess diverse impacts on biological systems that go beyond their well-known inhibition of wound
healing of farnesyl pyrophosphate (FPP) and cortisol synthesis. These drugs prevent the production of these
inhibitory substances, but they also regulate the fundamental processes, resulting in a generalized suppression
that lessens the accumulation of obesity. Furthermore, the complex physiological profile of statins, keratinocyte
progression is inhibited, which places limitations on epithelial growth via binding to glucocorticoid receptors.
G4 These substances have significant antibacterial, antioxidant and anti-inflammatory properties by nature,
which gives a wide range of medical advantages. Furthermore, it is imperative to emphasize that statins have
a noteworthy ability to augment endothelial function, thus promoting beneficial results in tissue repair. The
wide-ranging and adaptable characteristics of statins emphasize their usefulness in a variety of therapeutic
contexts, underscoring their importance beyond the domain of cholesterol control and highlighting their critical
role in regulating diverse processes in cells for enhanced health benefits.

Phenytoin

Approximately 50 % of individuals receiving treatment for phenytoin experience gingival tissue development,
a frequent adverse effect of the anticonvulsant medication. Although voltage-dependent Na* channel blockage
is the method by which phenytoin controls seizures nothing is known about the cellular process behind gum
thickening. Due to the obvious gingival hypertrophy, phenytoin was directly tested in experimentally produced
gingival wounds initially, leading to a rapid transition to skin reparative processes. However, research was
done on the molecular mechanisms underlying the effects that were observed. The damaged area becomes
stronger as a result of phenytoin’s stimulation of granulation tissue development, inhibition of the collagenase
movement, and promotion of collagen synthesis and deposition.®> Lowering the bacterial load in the wound
confers antibacterial properties but also requires a careful examination to determine if this impact is an
independent result or a byproduct of addressing the inflammatory response, which is shown by a decrease
in edema and exudate. Additionally, there is scientific data to bolster the claim that phenytoin injection
leadership demonstrates a noteworthy ability to regulate VEGF and FGF at the lesion site, but sets off a critical
series of events that are essential for angiogenesis. This complex mechanism that phenytoin orchestrates
sets the stage for the start and stimulation of angiogenic processes, which in turn results in the formation of
developing blood vessels. A detailed analysis of wound tissue that was treated with phenytoin subsequently
provides strong evidence of a reduced inflow of inflammatory cells, an increased level of collagenization, and
the coordinated formation of new vascular structures, all of which highlight the therapeutic utility of phenytoin
in promoting tissue renewal and repair.

Inhibitors of dipeptidyl peptidase 4 (DPP4)

The transdermal serine aminopeptidase DPP4, often referred to as CD26, cleaves N-terminal the dipeptides
in the presence of proline, the hydroxyproline and tyrosine. Its primary known function is the disintegration of
enteric-released incretins that regulate the release of insulin. DPP4 quickly deactivates the insulin-releasing
function of GLP-1 by specifically cleaving its N-terminal dipeptide. It’s interesting to note that DPP4 targets a
variety of receptors instead than just GLP1. When the blood sugar goal is not reached after a period of three
months of metformin therapy, DPP4 antagonists and GLP1 analogs are two additional therapeutic alternatives
that can be added to the program. DPP4 inhibition extends the insulin-secretagogue action of GLP1.4% Specially
beneficial because they are regarded as weight neutral (DPP4 inhibitors) or even have the ability to cause weight
reduction (GLP1 analogs) and cause low rates of hypoglycemia. Furthermore, DPP4 is a widely distributed
molecule with pleiotropic effects, which makes an appealing target for therapeutic intervention outside of the
traditional usage of inhibitors of DPP4 such as antiglycemic medicines.

Recycling drugs to treat and heal wounds

Its recognized function as a reactive material scavenger has led to application in creative wound dressings
including naturally produced materials.®” When compared to the biomaterial used, this combination of
substances had a greater wound-repair effect. In addition to the medications listed, there appear to be a
number of additional medications in use, which have demonstrated some activity in the wound healing process.
(8 |n this specific setting, shall focus on a few pharmaceutical classes, including those treat diabetes. Extensive
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genetic data, in addition to preclinical and clinical trials, supports the potential usefulness of these medications
in encouraging successful healing of wounds. Table 3 lists all of their chemical formulae and structure.

The crystalline structure and chemical composition of a drug called the inaugural statin available for sale
are displayed.® Atorvastatin, Fluvastatin, Pravastatin, Simvastatin, The drug in question is readily available,
other medications in the statin class.“?

CONCLUSIONS

Myofibroblasts are essential for wound healing because they help to constrict the wound and form
extracellular matrix (ECM). Diabetes affects how myofibroblasts function, which slows down the healing process
in general. Hyperglycemia exacerbates hypoxia-induced harm dysregulates lipolysis, and tampers with the
expression of cytokines. This obstacle impedes the complex process of myofibroblast development, which is
critical to tissue regeneration and reconstruction. This causes problems with the extracellular matrix’s proper
adjustment, which is an essential framework that controls the behavior of cells and the architecture of tissues.
By generating the required damaged wound conditions for restoration, a comprehension of the role, the cells
known as in wound healing for diabetics helps improve the handling of wounds from diabetes that do not heal.
There is a noticeable lack of study regarding the activation of myofibroblasts in diabetic wounds, indicating
a substantial knowledge gap. Further research is desperately needed to decipher the complex mechanisms
by which diabetes affects human myocytes and to clarify the intricate relationship between diabetes and
myofibroblast stimulation in the context of wound healing.
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