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SUMMARY

A wound is the event of deterioration of the integrity of soft tissue.
The intricate tissue restoration process during wound healing involves
cellular and molecular activities. Wound healing includes three
phases: hemostasis and inflammatrory phase, proliferation phase, and
remodeling phase. Diabetes mellitus (DM), an endocrine system
disease, occurs due to the absence of insulin or resistance to the
effect of insulin. Problems with angiogenesis, immunity, and risk of
infection make diabetic wound care difficult. Various studies have
been carried out to increase wound healing in diabetes and skin
wounds, and the use of herbal products in this direction is increasing.
Momordica charantia (MC) is well-known for its ability to treat
diabetes and repair wounds. MC is a plant widely grown in the
world and in our country. It is a used both in the pharmaceutical
industry and as a nutrient. MC, a member of the Cucurbitaceae
Jamily, is the scientific name for bitter gourd. Sterols, triterpenoids,
polypeptides, saponins, flavonoids, and alkaloids are present in
MC. Phytochemical studies have shown that bioactive components
have antidiabetic, antioxidant, antiviral, antimicrobial, anti-
inflammatory,  antitumor,  hypolipidemic,  immunomodulatory,
and wound-healing activities. Studies have shown that MC extract
increases  epithelialization, neovascularization and  fibroblast
proliferation in wounds and accelerates wound healing by suppressing
inflammation. It is thought that the topical application of the extract
of the MC plant can accelerate wound healing in skin and diabetic
wounds and help trearment.

Key Words: Momordica charantia, skin wound, diabetic wound,
topical application.

Momordica charantia Ekstraktinin Topikal Uygulamalarinin
Yara lyilesmesi Uzerindeki Etkileri: Kapsamly Bir Derleme

0z

Yara, yumusak dokunun biitinkiginiin bozulmas: olayidir. Yara
iyilesmesi, dokunun onaridmas: icin hiicresel ve biyokimyasal olaylar:
igeren karmagik bir siivectir. Yara iyilesmesi, hemostaz ve inflamatuar
Jaz, proliferasyon faz: ve yeniden olgunlasma fazi olmak iizere iic
evreden olugmakradyr. Bir endokrin sistem hastaligr olan diaberes
mellitus (DM) insiilin yokluguna veya insiilinin etkisine olan dirence
bagls olarak ortaya ¢ikmaktadsr. Anjiyogenez, bagisiklik ve enfeksiyon
riski ile ilgili sorunlar diyabetik yara bakimin: zorlasarmakiadyr.
Diyabette ve deri yaralarinda yara iyilesmesini arttirmak icin cesitli
calismalar yapilmakta ve bu yinde bitkisel diriinlerin kullanim:
giderek artmaktadyr. Momordica charantia (MC), diyabeti tedavi
etme ve yaralar: onarma becerisiyle taninir. MC diinyada ve iilkemizde
yaygin olarak yetigtirilen bir bitkidir. Hem ilag sektoriinde hem de
besin maddesi olarak kullanilmaktadsr. Cucurbitaceae familyasinin
bir diyesi olan MC, aci kabaklarin bilimsel adidr. MCde steroller,
triterpenoitler, polipeptitler, saponinler, flavonoitler ve alkaloitler
bulunur. Yapilan fitokimyasal arasnrmalay, bu bitkideki biyoaktif
bilesenlerin; antidiyabetik, antioksidan, antiviral, antimikrobiyal,
antiinflamatuar,  antitiimér,  bipolipidemik,  immunomodiilatir
ve yara iyilestirici aktivitelerinin oldugunu gostermigtir. Yapilan
caligmalar MC  ekstresi  uygulanan  yaralarda epitelizasyonun,
neovaskiilerizasyonun ve  fibroblast proliferasyonunun arttigini
ve inflamasyonun  baskilanarak yara iyilesmesinin  higlandigini
gostermigtir. MC bitkisinin ekstresinin topikal wygulamasinin deri
yaralarinda ve diyabetik yaralarda yara iyilesmesini hizlandirabilecegi,
tedaviye yardimer olabilecegi diigiiniilmektedir.

Anabhtar Kelimeler: Momordica charantia, deri yarasi, diyabetik
yara, topikal wygulama.
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INTRODUCTION

A wound is an event in which the integrity of soft
tissue is disrupted (Pekbilir, 1990). Accidental trau-
ma is a frequent cause of skin wounds. The complex
wound-healing process involves biochemical mecha-
nisms (Sagdstegui-Guarniz et al., 2021). Hemostasis,
inflammatory response, proliferation, and remodel-
ing are the stages of wound healing. The healing peri-
od for acute wounds is usually 5-10 days but can take
up to a month. These types of wounds are generally
skin, muscle, nerve, and tendon injuries caused by
surgical incisions, aseptic wounds, and open or closed
fractures (Durmus & Basa, 2018). Infections lead to
complications during the recovery period. The tissue’s
capacity to heal itself, the size and type of the wound,
and the general condition of the tissue are important
factors in wound healing (Sagastegui-Guarniz et al.,
2021). If wound healing is disturbed during the in-
flammatory phase, healing is delayed. Oxygen plays
an important role in wound healing as it is necessary
for collagen synthesis and fibroblast migration. Hy-
poxia, diabetes, arterial disease, malnutrition, and
steroid use cause chronic wound healing. Chronic
wounds pose serious problems in veterinary medicine
(Durmus & Basa, 2018).

The most crucial complication of diabetes is the
deterioration of wound healing processes (Hussan,
Teoh, Muhamad, Mazlan, & Latiff, 2014). The cause
of non-healing wounds in diabetes depends on many
factors. The first metabolic event that occurs in dia-
betes is decreased oxygenation of the scar tissue and
a delay in tissue mend and regeneration due to con-
striction of the arteries in the wound from hypergly-
cemia. In the later stages, perception of sensation is
lost, and defense against infections is weakened as the
peripheral nerves and immune system are damaged
by chronic hyperglycemia (Singh, Garcia-Gomez,
Gudehithlu, & Singh, 2017). Numerous studies are
being done to enhance wound healing in diabetics,
and more herbal medications are being used (Hussan
et al, 2014).
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Because of thelimited efficacy, low availability, high
cost, and some side effects of wound-healing agents,
plants are widely used in the general population.
According to numerous researchers, various plant
extracts are effective in the wound healing (Sagaste-
gui-Guarniz et al,, 2021). Today, phytotherapy, which
benefits from the healing effects of plants, has become
widespread, and the use of natural remedies has come
to the fore (Prisacaru et al., 2013). Herbal medicines
can be used for wound healing. Numerous herbal
preparations such as MC, have been proven in studies
to have wound-healing effects (Hussan et al., 2014).
Additional names for MC include “bitter melon” or
“bitter gourd” due to its bitter flavor, which becomes
more apparent as the fruit ripens. MC grows widely in
Asia, India, East Africa and South America, and in the
west of the Marmara Region and the Aegean Region
in Turkey. It is a climbing plant from the Cucurbitace-
ae family that can generally grow up to 5 meters tall.
It is a tropical perennial plant (Joseph & Jini, 2013;
Kisacik & Giines, 2017).

It is thought that MC plant can be used in veter-
inary medicine to accelerate wound healing in skin

and diabetic wounds.
Momordica charantia

MC is a plant grown both for consumption as food
and for use in the pharmaceutical industry. Research-
es based on its pharmacological properties date back
to the 16th century (Kisacik & Giines, 2017).

Botanical Features of Momordica charantia

A member of the Cucurbitaceae family is the bit-
ter gourd and is called MC (Kisacik & Giines, 2017).
It is known as ‘Bitter Melon’ in English (Ekizce, 2019).
It is an annual, tropical plant whose thin leaves grow
in the form of ivy. Momordica means ‘bite’ in Latin. It
has various names like bitter melon, balsam pear, and
bitter gourd. It is known that the plant, whose home-
land is India, grows in the tropical regions of Asia,
South America, and Africa, and in our country, in the
west of the Marmara Region and the Aegean Region
(Kisacik & Giines, 2017). The leaves of the plant are
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4-12 cm in size and have toothed edges. Its fruit is oval
and rough. While immature fruits are green, this col-
or becomes orange-yellow as they mature. The fruit is
fleshy and has 3 parts, and as the fruit matures, it folds
back and opens. When a fruit is opened, red seeds are
seen within. It bears bitter fruit (Ekizce, 2019).

Chemical Composition and Biological Activi-

ties of Momordica charantia

Despite the bitter taste of the MC fruit, it is popu-
lar many locations around the globe. In many regions
it is also used as herbal medicine. Fruits, leaves, roots
of the plant; it is used by people for diseases such as
toothache, diarrhea, boils, constipation, gout, jaun-
dice and rheumatism. It is also known to be used
as an anthelmintic. It is known that bitter gourd tea
made from dried plant slices is quite common in
some regions. Triterpenoids, alkaloids, polypeptides,
flavonoids, saponins, and sterols are all present in
MC. Phytochemical studies have shown that bioactive
components have anti-inflammatory, antidiabetic,
antioxidant, antiviral, antimicrobial, antitumor, hypo-
lipidemic, immunomodulatory, and wound healing
activities (Jia, Shen, Zhang, & Xie, 2017).

Bitter melon plant contains; momordicin, mo-
morcharin, momordin, charantin, polypeptide-p,
cucurbitacin B, linolenic acid (constitutes 60% of
the seed oil of the plant), iron, calcium, magnesium,
phosphorus, p-carotene, potassium, magnesium and
vitamin A (Kisacik & Giines, 2017). Except for methi-
onine, lysine and cysteine, MC contains most of the
essential amino acids (Yuwai, Rao, Kaluwin, Jones, &
Rivett, 1991).

Phenolic compounds like gentisic acid, caffeic
acid, benzoic acid, chlorogenic acid, tannic acid, and
gallic acid are found in the fruits of MC. Tocopherol,
catechin, and epicatechin in MC exhibit antioxidant
properties. The seed membranes in ripe fruits are a
source of lycopene (Ekizce, 2019). Phenolic com-
pounds are metabolic aids that have a structure sim-
ilar to benzene. They are tannins, coumarins, lignins,

lignans, flavonoids, common phenols, and phenolic

acids. They have antioxidant, antimicrobial, and anti-
cancer effects (Faith Oyelere et al., 2022).

The predominant terpenoids in MC are momor-
dicin, and charantin. Terpenoids, the largest group
of secondary metabolites, are found mostly in lower
invertebrates and plants. They have anti-cancer, an-
ti-inflammatory, plant growth-promoting and cardio-
vascular disease-reducing effects (Faith Oyelere et al.,
2022).

A combination of 5,25-stigmadiene-3-ol-glyco-
side and B-sitosterol-p-D-glucoside makes up cha-
rantin (Sharma, Sharma, & Kohli, 2010). Chloroform
and dichloromethane are less polar solvents in which
charantin is readily soluble, due to its steroidal struc-
ture in the aglycone part. Due to charantin’s glucoside
structure, it can also dissolve in solvents such as etha-
nol and methanol (Tiirkoglu, 2018). Active substanc-
es with hypoglycemic characteristics include charan-
tin and polypeptide-p. Additionally, soluble pectins,
5-hydroxytryptamine, saponins, and steroidal glyco-
sides are present in the MC plant (Hussan et al., 2014).
MC’s leaves, stems, fruits, and roots contain saponins.
Cucurbitacins, alkyl-type saponins, are a group of
mainly tetracyclic, triterpenic plant substances with
a bitter taste and high oxygen content. Studies have
shown that saponins have antidiabetic and hypogly-
cemic activities (Jia et al., 2017).

Several phytosterols have been identified in MC,
such as [-sitosterol, campesterol, 25,26-dihydroes-
terol, stigmasterol, daucosterol, clerosterol, and dios-
genin. Low amounts of a group of sterols called phy-
tosterols can be found in plants. Phytosterols, which
may contain up to 30 carbon atoms in their structure,
have various effects such as anticholesterol, antican-
cer, immunomodulator, skin protector, antioxidant,
hypocholesterolemic, and anti-inflammatory (Faith
Opelere et al., 2022).

Polysaccharides are classified as heteropolysac-
charides and consist of glucose, galactose, arabinose,
mannose, and rhamnose but their polysaccharide

content can be affected by different conditions. By
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preventing the nuclear factor kappa B (NF-xB) signal-
ing pathway, polysaccharides, one of the key bioactive
components of MC fruit, are known to reduce oxi-
dative stress, inflammation, apoptosis, and hyperlip-
idemia during myocardial infarction. They also have
several other bioactivities, including antioxidant,
immune-boosting, antidiabetic, neuroprotective, an-
titumor, and antimicrobial properties. Additionally,
investigations have demonstrated that it boosts the
synthesis of volatile fatty acids, modifies the rumen
fermentation pathway, and impacts the population of
cellulolytic bacteria (Jia et al., 2017).

Proteins and peptides the primarily functional
compounds, are found in the fruits and seeds of MC.
Many protein and peptide species such as lectin, an-
ti-HIV protein, and a- B- y- 8- e-momorcharin have
been extracted from different parts of MC and have a
cancer-fighting, immune-suppressing, and antimicro-
bial effect. It is also reported to have properties such
as RNA N-glycosidase activity, DNAase-like activity,
polyalkylene glycol (PAG) activity, superoxide dis-
mutase activity and phospholipase activity. Plant cells
release a specific kind of hypoglycemic peptide that
binds to carbohydrates called polypeptide-p, which
is crucial for cell adhesion and recognition processes
(Jia et al., 2017).

Wound Healing

The skin is the most elastic organ surrounding the
body of all vertebrates and occupies the most signif-
icant space. Derived from the Latin word “cutis,” the
skin is referred to in the literature as “cutaneous.” His-
tologically, three layers comprise the skin: the epider-
mis, dermis, and subcutis. The epidermis is the skin’s
topmost layer and consists of the stratum corneum,
stratum basale, stratum spinosum, stratum granulo-
sum, and stratum lucidum, in that order (Yumusak,
2012). The epidermis acts as a waterproof barrier. Ke-
ratinocytes are the most abundant cells in the epider-
mis (about 90%). In addition, there are melanocytes,
Langerhans cells, and Merkel cells (Nourian Dehkor-
di, Mirahmadi Babaheydari, Chehelgerdi, & Raeisi
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Dehkordi, 2019). The dermis layer is under the epi-
dermis layer and provides elasticity to the skin. This
layer, which contains blood and hair follicles, sweat
glands, sebaceous glands, lymphatic vessels, and sen-
sory nerves, is also responsible for supplying cells in
the epidermal layer by diffusion through capillaries.
Two layers, the stratum papillare and the stratum
reticulare, comprise the dermis. The stratum papil-
lare is a layer of connective tissue rich in fibrocytes
and fibroblasts and contains sweat glands, sebaceous
glands, and hair follicles. The stratum reticulare is
the layer where the sweat glands and hair follicles are
interwoven with the stratum papillare. The subcutis,
which lies beneath the dermis, is the lowest layer.
Subcutis is the subcutaneous connective tissue and
contains fat cells, fibrocytes, fibroblasts, and dense
collagen bundles. In this layer, which includes dense
vascular and nervous structures, connective tissue

cells are arranged parallel (Yumusak, 2012).

The term “wound” refers to the deterioration of
the skin’s or mucosa’s tissue integrity for various caus-
es, such as illnesses or physical damage. Wounds in
which the integrity of the skin tissue is not completely
disrupted due to crush, sprain or dislocation are called
‘closed wounds. Wounds in which the integrity of the
skin is completely disrupted due to cuts, stings, and

punctures are called ‘open wounds’ (Baktir, 2019).

Normalization of cellular, biochemical, and sys-
temic processes defines wound healing and the dete-
rioration caused by trauma with the formation of new
tissue. Fibroblast growth factor (FGF), transforming
growth factor B (TGF-P), epidermal growth factor
(EGF), granulocyte-macrophage colony-stimulating
killing factor (GM-CSF), insulin-like growth factor
(IGF), platelet-derived growth factor (PDGF), tumor
necrosis factor-alpha (TNF- a) and interleukins (IL-1
and IL-2), are a few examples of cytokines and growth
factors that support the healing of wounds (Baktr,
2019).

Neutrophil granulocytes are the first cells to attack
the area during the wound healing, and they play a
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role in both antimicrobial protection and the produc-
tion of free oxygen radicals. The two main variables
that slow the healing of wounds are inflammation and
oxidative stress. Therefore, local antioxidant activity
may be effective in the healing process (Chen, Liou,
Tzeng, Lee, & Liu, 2013; Yadav, Singh, Yadav, & Ver-
ma, 2018).

During wound healing, excessive collagen or gran-
ulation tissue development may result in an atypical
scar. TGF-{ regulates scar development on its own.
The three TGF- isoforms are responsible for this.
TGEF-PB3, which has been demonstrated to have anti-
scar effects, balances out TGF-B2, which is implicated
in producing scars. Thus, abnormal scar formation is

prevented (Hussan et al., 2014).
Stages of Wound Healing

There are three stages of wound healing: Hemo-
stasis and inflammation, proliferation, remodeling

and maturation (Baktir, 2019).
Phase 1: Hemostasis and inflammation

As aresult of the injury, bleeding occurs due to the
destruction of vessels and tissues (Cigek, 2015). In-
flammation happens right after an injury and protects
against bacterial contamination by cell growth. The
coagulation system is initially activated to stop the
bleeding (hemostasis) in the wound region (Yaziciog-
lu, 2009). The activation, adhesion, and aggregation
process begins with platelets. Platelets bind to selectin
and integrin receptors on extracellular matrix pro-
teins. Later, with platelet degranulation, many factors
(thromboxanes, prostaglandins, serotonin, fibrino-
gen, fibronectin, Von Willebrand factor, PDGF, EGE,
and TGF-P1) in the granules are released into the en-
vironment (Cigek, 2015). These factors provide both
the formation of fibrin clots and the regulation of cel-
lular response. Neutrophils are the first cells to arrive
at the site of a wound (Yazicioglu, 2009). Neutrophils
stick to the endothelium once adhesive components
close to the wounded tissue on the vascular endothe-
lial surface are activated. Then, neutrophils reach the

tissue space by passing through damaged capillaries or

the spaces between endothelial cells. Neutrophils are
crucial for tissue debridement and the prevention of
infections. Since neutrophils produce various growth
factors and proteases, they also show their effects by
participating in the healing of wounds. Circulating
monocytes quickly transform into adult macrophages
as they enter the tissue area (Baltzis, Eleftheriadou, &
Veves, 2014). After 2-3 days, the number of neutro-
phils decreases and macrophages become the most
abundant cell population in the wound. Macrophages
are responsible for clearing the impacted area of
dead neutrophils, foreign objects, and injured tissue
(Yazicioglu, 2009). T-lymphocytes enter the location
of the wound during at the late stages of inflammation
and have a modulatory effect on tissue remodeling
(Baltzis et al., 2014).

Phase 2: Proliferation

This stage starts the second day following the in-
jury and lasts up to three weeks. Fibroblasts begin to
produce new extracellular matrix and immature type
III collagen when they are stimulated by cytokines
and growth factors generated by inflammatory cells in
the wound area. As collagen accumulates, the wound’s
resistance to stretching increases rapidly. Epithelial
cells derived from the basal layer form a new surface
at the edges of the wound. Wound contraction occurs
due to the transformation of some of the fibroblasts
into myofibroblasts (Baktir, 2019).

Phase 3: Remodeling and Maturation

This stage starts in the third week when the
amount of fibroblasts in the wound region declines
and collagen production approaches equilibrium. Ep-
ithelialization is complete. Remodeling stage is the re-
modeling of collagen fibers. Type III collagen, which
is soft and gelatinous, transforms into tighter type I
collagen. Some of the contractions also occur at this
stage. Thus, the wound regains 80-95% of its initial
strength at the end of 6 weeks. This phase, in which
scar tissue is formed, lasts between 6 and 24 months
(Baktir, 2019).

Studies have revealed that the typical wound
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healing phases are not entirely followed by diabetic
wounds; diabetes causes ulcers and prolongs the heal-

ing process (Liu, Liu, Deng, Li, & Nie, 2021).
Diabetic Wound

DM, an endocrine system disease, occurs due to
the absence of insulin or resistance to the effect of
insulin. DM characterized by carbohydrate, protein,
and fat metabolism disorders, is frequently observed
in cats and dogs. DM can be asymptomatic, but usu-
ally clinical signs of DM, such as polyphagia, weight
loss, polyuria, polydipsia, and weakness, are typical-
ly present. Due to metabolic abnormalities, the dis-
ease has a wide range of organ and systemic effects
(Simsek & Icen, 2008).

According to the latest classification system, there
are four types of diabetes (Sahinduran & Vurkag,
2018).

Hyperglycemia and the death of pancreatic beta
cells are characteristics of type I diabetes (Wang, Bai,
Wu, Li, Xie, Ji, & Gao, 2023). In this type of diabetes,
the cells are destroyed by antibodies against §3-cells in
the pancreatic islets of Langerhans. Type I diabetes is
most common in dogs. In mild cases, the number and
size of B3-cells are reduced. In severe cases, the damage
is so severe that the cells are unrecognizable. It was
observed that antibodies against {3-cells developed in
half of the dogs with diabetes, and autoimmune dam-

age occurred (Sahinduran & Vurkag, 2018).

While the pancreas is macroscopically normal
in type II diabetes, microscopic degenerative lesions
are observed f3-cells in the pancreatic islets of Lang-
erhans. IT diabetes is most common in cats. Amyloid
deposition in the islets of Langerhans with micro-
scopic changes is observed in most cats with diabe-
tes and is considered a characteristic finding for type
IT diabetes. Insulin resistance develops in target tis-
sues with pancreatic secretion of abnormal insulin.
Although insulin secretion is very high in the early
stages of the disease, blood sugar is among the refer-
ence values. The failure to secrete insulin to maintain

a healthy blood glucose level results in hyperglycemia
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in the later phases. As a result of hyperglycemia, loss
of function in §3-cells occurs and an adequate amount
of inability to secrete insulin. Thus, insulin deficiency
and an increase in insulin release can be observed in
this type of diabetes (Sahinduran & Vurkag, 2018).

Type III gestational diabetes is typically seen
in middle-aged dogs and during the second half of
pregnancy. If diabetes continues to be observed after
pregnancy or diestrus has ended, another disease oth-
er than gestational diabetes should be suspected and
diagnosed. Gestational diabetes in dogs is rare, and
a study has shown that diabetes cases are higher in

pregnancies in winter (Sahinduran & Vurkag, 2018).

Type IV secondary diabetes mellitus is a form of
secondary diabetes that arises from other conditions.
Endocrine abnormalities such as hyperadrenocorti-
cism and progesterone-acting growth hormone prob-
lems are the most common causes of type IV diabetes
in dogs. In addition, type IV diabetes is encountered
in approximately 15% of acute pancreatitis cases ($a-
hinduran & Vurkag, 2018).

The wound healing process is more extended in
diabetic patients as many factors are negatively affect-
ed compared to routine wound healing. In routine
wound healing, TNF-a level reaches its maximum
level by macrophages 12-24 hours after wound for-
mation. After the completion of the proliferative
stage, TNF-a decreases to the basal level. Due to the
increased TNF-a level in diabetic wounds, fibroblast
proliferation, angiogenesis, cell proliferation, and cell
migration are impaired. As the cytokines TNF-a and
IL-6 increase, the amount of IL-10 decreases, which
leads to a prolongation of the leukocyte infiltration
time (Ekizce, 2019). There is a decrease in resistance
to microorganisms in diabetic animals. Diseases such
as pus cystitis, prostatitis, bronchopneumonia, and
dermatitis can be observed chronically and recurrent-
ly due to dysfunctions in leukocytes. Hepatomegaly
may develop due to fatty liver. Chronic kidney diseas-
es, gangrene, and blindness may develop due to mi-

croangiopathy (Ozmen & Topsakal, 2019).
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In diabetic wounds, blood vessels are damaged,
and their angiogenic capacity decreases, resulting in
inadequate nutrition and low oxygenation in wounds.
Intense use of oxygen by cells during inflammation
causes hypoxia. Due to hypoxia, the concentrations
of free oxygen radicals increase further, delaying the
wound healing time. The first affected cells in DM are
neurons (Dong, Wu, & Tian, 2023). Due to hypergly-
cemia, loss of function occurs in the schwann cells
and myelin sheaths in the nervous system, resulting
in neuropathy in the form of numbness, pain or at-
rophy. The loss of function observed in the sebaceous
and sweat glands due to autonomic neuropathy caus-
es the development of anhidrosis, drying, peeling,
and hyperkeratosis on the plantar surface of the foot
as a result of the deterioration of thermoregulation in
the foot. Deformities in the foot and restricted joint
movements result in excessive pressure on the plan-
tar surface of the foot. If such long-term forces are
applied continuously to a particular area, ulceration
develops due to focal tissue ischemia, local inflam-
matory response, and tissue destruction. Foot ulcers,
which are a severe diabetic complication, can grow at
a rate of 15% throughout the life of diabetic patients
and are essential because they may require amputa-
tion in 7-20% of cases (Ekim & Ekim, 2016).

Continuous hyperglycemia in diabetic patients
affects wound-healing processes in various ways. Hy-
percoagulation and decreased skin functions are ob-
served in the hemostasis phase. While some growth
factors and irregularities in inflammatory factors in
the inflammatory phase cause chronic inflammatory
reactions, a predisposition to diabetic scar formation
occurs due to the decrease in neutrophil concentra-
tion. Decreased migration and proliferation of ke-
ratinocytes due to prolonged hyperglycemia causes
insufficient wound re-epithelialization. One of the
reasons for poor wound healing in diabetic wounds
is the different expression of the extracellular matrix
formed by fibroblasts (Liu et al., 2021).

Problems in angiogenesis, immunity, and risk of

infection make diabetic wound care difficult (Hussan

et al., 2014). In addition, any wound in the lower ex-
tremities can become ulcers as they become suscep-
tible to infections (Liu et al., 2021). Wounds usually
require debridement, in some cases amputation may
be performed. Various studies are being conducted to
improve wound healing in diabetics, and the usage of
herbal medications in this direction is growing. MC
fruit extract is also known for its wound healing and

antidiabetic properties (Hussan et al., 2014).
Topical Applications in Wound Healing

Vascular endothelial growth factor (VEGF), TGF-
B, PDGE IGE and cytokines regulate the wound
healing. In response to injury, platelets, fibroblasts,
and macrophages produce TGF- . This factor, which
participates in every step of wound healing, speeds
up the healing process by enhancing monosaccharide
conversion to macrophages and promoting fibroblast
contraction. TGF- {3 affects the chemotaxis of granu-
lation tissue, activates fibroblasts and stimulates col-
lagen, fibronectin synthesis, and extracellular matrix
accumulation. A crucial component of the extracellu-
lar matrix is collagen. Collagen helps wound healing
by binding to fibronectin (creates the environment for
fibroblast proliferation and increases the elasticity of
granulation tissue) and platelets. Excessive collagen
or granulation tissue production, on the other hand,
might result in aberrant scar formation. TGF- p reg-
ulates not normal scar formation by producing tissue
inhibitors of metalloprotease and promoting matrix
metalloproteinase production. Because of the three
TGE- B isoforms’ activity. TGF-  may also speed up
collagen and total protein depositing, which could ex-
plain why MC-treated animals heal faster (Hussan et
al., 2014).

Fibroblasts produce an extracellular matrix
(ECM) at the time wound healing that meets the edg-
es of the wounds. Wound contraction, re-epithelial-
ization, and angiogenesis are required for complete
wound closure. Angiogenesis ensures that nutrients
reach the granulation tissue constituents (Piskin et

al,, 2014). Protein content of injured tissue represents
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protein levels and cellular proliferation (Teoh et al.,
2009). Any protein can affect the intracellular mech-
anism of tropocollagen synthesis or the extracellular
deposition mechanism and organization of collagen
fibers, thereby altering the repair process (Prashanthi,
Mohan, & Siva, 2012).

Wound contraction happens due to a centripetal
move of the wound margins to close a full-thickness
wound. The increased pace of wound contraction due
to the activation of IL-8, a-chemokine, and various
growth factors, or the inhibition of proinflammatory
indicators such as IL-1p and TNF-a, that influenc-
ing the activity and recruiting of different inflamma-
tory cells. Increased quantities of hydroxyproline,
the primary component of the collagen protein, are
observed in the granulation tissue during the wound
healing process. Proline and hydroxyproline are cru-
cial for the integrity of collagen. The primary element
of extracellular tissue, which provides strength and
support, is collagen. Collagen deterioration results in
the release of hydroxyproline and related peptides. It
is possible to use the measurement of hydroxyproline
as a collagen turnover index. Hexosamine is an essen-
tial substrate for collagen synthesis. At the beginning
of wound healing, it is known to rise, then fall. Sim-
ilar to previous results, a rise in uronic acid concen-
trations in animals suggests enhanced glycosamino-
glycan production. The maximum force a material
can withstand per unit of area is known as its ‘tensile
strength’ The higher collagen concentration and fiber
stability could both be contribute factors to the rise in
tensile strength. The collagen components that were
produced at the site of the wound area cross-linked
to create fibers. Tensile strength results from collagen
remodeling and the formation of enduring intra- and

intermolecular cross-links (Prashanthi et al., 2012).

Free radicals can be defined as unstable, reactive
molecules. Free radicals occur as a result of biochem-
ical reactions in the metabolism of cells, produced by
endogenous and exogenous sources. When the pro-
duction of free radicals increases, and antioxidants

are insufficient or deactivated, ‘oxidative stress’ oc-
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curs. One of the important lipid peroxidation mark-
ers is malondialdehyde (MDA) and is an indicator of
oxidative damage in tissues. MDA is formed by the
breakdown of unsaturated fatty acids containing three
or more double bonds. Superoxide dismutase (SOD)
is the most effective antioxidant and is known to be
found in all cells that use oxygen. Glutathione reduc-
tase (the antioxidant defense system enzyme) catalyz-
es the reduction of oxidized glutathione to decreased
glutathione in its presence of Nicotinamide adenine
dinucleotide phosphate (NADPH). With the decrease
of glutathione reductase activity, the protection of

cells from oxidative damage decreases (Ekizce, 2019).

The MC antioxidant activity has been linked to
a faster rate of wound healing. Low reactive oxygen
species and oxidative stress are necessary for wound
healing physiology. Thus, excessive exposure to ox-
idative stress results in inadequate wound healing

(Sagastegui-Guarniz et al., 2021).

Pigkin et al. (2014) conducted a study has shown
that on 28 New Zealand rabbits (in the group in which
MC was applied twice a day) compared to the oth-
er groups (dexpanthenol, nitrofurazone applied and
control group), the rate of macroscopic wound heal-
ing and re-epithelialization rate was higher at the end
of the 28th day. Under a microscope, the average ratio
of epidermis to papillary dermis, the average number
of fibroblasts, and the fraction of fibroblasts and colla-
gen fibers in the reticular dermis were higher than the
other groups. The MC group also had a thicker epi-
dermis, more collagen bundles, capillaries, and mac-
rophages than the other groups. They demonstrated
that the MC oil extract increased epithelialization,
neovascularization and fibroblast proliferation and
accelerated wound healing by suppressing inflamma-
tion. In addition, the normal epithelium of the rabbit
skin after treatment indicates that MC extract pro-
tects the skin against oxidative damage.

Teoh et al. (2009), observed that MC application
shorter wound healing time in the group in which
they induced DM, while MC application didn’t make
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a significant difference in the group in which they
didn’t induce DM. On the 5th day, they observed a rise
in the quantity of infiltrating cells and a well-formed
epidermis layer in the MC-applied group compared
to the other groups. They showed that the protein
content was higher in the group with DM and MC ex-
tract was used compared to the different groups. High
protein concentration, MC extract might encourage
cellular migration and proliferation. Although there
was no visible difference in wound healing, the pres-
ence of more granulation tissue in the non-DM MC
extract group than in the control group raises the pos-
sibility that it may aid the healing process. The study
showed that MC extract was beneficial in the diabetic

wound healing process.

Prasad et al. (2006) showed that in the MC powder
ointment group supported wound healing activity by
inducing epithelialization, fibrosis, and angiogenesis.
In addition, they found a higher level of hydroxypro-
line in the group using MC powder ointment than in

the other groups.

Hussan et al. (2014) showed that in diabetic
groups compared to the control group, incomplete
epithelialization and epidermis and dermis layers did
not intertwine. However, it was observed that these
abnormalities were less in the MC ointment-applied
group than in the other diabetic groups. In addition,
the epidermis in the MC ointment applied group ex-
hibited full-thickness epithelialization with regular
collagen fibers, like the control group. On day 5, dia-
betic groups had a slower rate of wound closure than
the control group. The group that received no treat-
ment had the lowest closure rate. Compared to the
other diabetes groups, the group receiving MC oint-
ment on day 10 had the highest wound closure rate.
They claimed increased TGF-f expression was related
to a faster wound closure rate. The diabetic group who
had not received treatment had low TGF-f expression
and slow wound healing. Since excessive scar forma-
tion was not observed in the MC ointment group, all
isoforms of TGF-B might play a role in maintaining
its function. The fact that MC-treated animals had

higher total protein levels shows that MC can increase
the number of cells in scar tissues through migra-
tion or proliferation. Through increased TGF-p ex-
pression, topical administration of MC fruit extract
sped up wound healing in animals with DM. The MC
ointment-treated group has a higher wound closure
rate, TGF-P expression, and better wound histological
characteristics, compared to the MC powder-treated
group.

Satar et al. (2013), in their research on New Zea-
land rabbits, showed that the oily extraction form of
MC caused a decrease in the epithelialization time in
the wound area. During their study, they performed
complete blood counts in rabbits and did not detect
any pathology. They argued that this data indicates
that topical application of MC does not cause any
systemic abnormalities. Animals treated with the oily
extraction form of MC had a significant reduction in
wound area and healing time compared to the other
groups (MC powder, extra virgin olive oil, and control
groups).

Prashanthi et al. (2012), in their study on albino
rats, showed that wound contraction was faster in
groups where MC extract was applied compared to
the control group, thus inducing early healing. It was
revealed in their study that the MC outer layer extract
had higher hydroxyproline and protein content in the
granulation tissue compared to other groups (seed ex-
tract and the control group). Hexosamine and uronic
acid concentration was higher than the control group
in the granulation tissue. Skin tissues healed in the
MC-treated groups had considerably more tensile

strength than those in the control group.

Ekizce (2019), according to his study in rats, found
the most severe inflammation findings and changes
characterized by fibroblastic activity and neovascu-
larization related to delayed healing in the diabetic
group without MC. Significant wound healing was
observed compared to the group that did not receive
MC. While there was no significantly differ from the

wound group and the groups in which MC was ap-
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plied to the wound in terms of MDA levels, a signif-
icant increase was detected in the diabetes group. It
was determined that the MDA value, which increased
in the group treated with MC by creating diabetes,
decreased significantly at the end of the treatment
compared to the diabetic group. Still, the MDA val-
ue was higher than in the non-diabetic groups. There
was no discernible difference between the groups that
had MC treatment and the wound group in terms of
SOD, activities. There was a finding that SOD activity
decreased considerably in the diabetic group and an
increase was observed in the diabetic group in which
potency pomegranate was applied, compared to the
diabetic group. Still, the SOD value was discovered to
be less than the non-diabetic groups. Regarding glu-
tathione reductase value, when the group treated with
MC and the group with diabetes were compared, it
was determined that the glutathione reductase value
increased considerably in the group treated with MC.
It has been shown that there is no effect on blood glu-
cose levels in external application on rats with diabe-

tes and wounds on the skin.

Sagastegui-Guarniz et al. (2021), in their study,
demonstrated that MC gel and cream shortened the
time of skin wound healing in mice and 1% cream
formulation was the most effective. Phytocomponents
like steroids, flavonoids, and cucurbit triterpenes,
which exhibit antimicrobial and antioxidant activi-
ties, have reportedly been linked to the healing pro-
cess of MC. It has been suggested that the ingredients
in MC acetonic extract are more effective than those
in the cream formulation. Because of the formulation
of these chemicals being lipid-soluble. Aglycone fla-
vonoids are often extracted using less polar solvents
like acetone. Acetone is thought to be the optimum
solvent for extracting flavonoids from MC.

CONCLUSION

There are no standards in preparing MC fruit
extraction, and studies on short-term diabetes are
limiting. Although studies show that MC plant has

a wound healing effect, more studies are needed on
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its wound healing mechanism. The MC plant can be
used in veterinary medicine for wound healing in
skin wounds and diabetic wounds due to its availabil-
ity, ease of extraction, and lack of any side effects in
topical application. Investigations should be conduct-
ed into how the active phytochemicals in MC affect
the healing of wounds. More research is needed on
the mechanism of action of growth factors and cyto-
kines on wound healing. More studies should be on
the effects on wound healing among powder, gel and

cream formulations.
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