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Abstract

The skin is the largest organ of the body and serves as a protective shield against the
environmental stress like heat, light, injury and infection. On disclosure of the skin to this kind
of variables in complement to chemical contaminants and additional mechanical elements can
induce reactive oxygen species and the exhibition of free radicals. These are unstable radicals
conjoined with further cellular components which leads to structural and cellular damage, which
provoke a deployment in wound healing as well as rev the aging process. A wound is a disruption
of normal anatomic structure and function which may result because of the mentioned factors.
These wounds can be acute or chronic wounds. The skin has ability to repair such injuries as its
essential for the survival but in some situations this potential to heal is disrupted as in cases of
high glycemic patients. The healing of injury is a complex process and usually consists of 3 to 4
distinct phases which may be by a primary or a secondary union. Polyphenols, like gallic acid are
an eminent category of antioxidants which shows a prominent effect in the series of wound
healing. Gallic acid has high oxygen-derived free radical scavenging activity and has also been
identified for curative effects like antimutagenicity, antiallergic, anti-inflammatory, anti-
diabetic and anticarcinogenic activities. In this review we have focused on the importance of
function of gallic acid in wound healing which is not only limited during normal but also
hyperglycemic conditions where the healing process is affected.
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FIGURE I. Activity of Gallic Acid in Wound Healing

INTRODUCTION

Skin is the uttermost layer of the human body that is
persistently revealed to the surrounding pursuits,
like ultra-violate radiation, physical stress, natural or
synthetic toxins, heat and is susceptible to instinctive
bruising and wounds. Wound healing is a composite
procedure carried by a multitude of cellular events
that must be tightly coordinated to precisely repair
damaged tissue. Abnormalities in wound-linked
cellular conducts, as transpires with aging and
diabetes, might lead to healing vandalism and the
formation of chronic and non-healing wounds.

The body's capability to substitute damaged or dead
cells and to rebuild tissues after inflammation is
essential to survival. When deleterious agents harm
cells and tissues, the host responds by forming in
motion a sequence of events that aid to eradicate
these agents comprise the impairment, a prepare for
surviving cells for replication. The restoration of
damaged tissue induced by wounds, surgical
resection, and miscellaneous sorts of chronic
damage is considerably distinguished into two
procedures- healing and regeneration. Healing may
reform initial structures but concerns scar formation
due to collagen deposition whereas Regeneration
results in restitution [1]

Healing of skin wounds is achieved either the two
forms- healing by first intention (primary union) and
healing by second intention (secondary union).

Healing by first intention is proceeded in wounds
which have characteristics like clean and uninfected,
surgically incised and without much loss of cells and
tissues. The events take place immediately after
injury, the space between the surfaces of incised
wounds is filled with blood which then clots and seals
the wounds against dehydration and infection. Next,
acute inflammatory responses occur within 24 hours
with appearance of polymorphs. The basal cells start
proliferating and migrate towards incised space in
form of epithelial spurs. By 3rd day the fibroblasts
also invade the wound area and by 5th day new
collagen fibrils start forming. The scar tissue with
exiguous cellular and vascular aspects, an infrequent
number of inflammatory cells and the epithelialized
surface is formed, during the 4th week.

The secondary intention healing takes place in
wounds which are open with large tissue defects, at
times infected and having extensive loss of cells and
tissues. The initial hemorrhage, inflammatory
response and epithelial phases are replica of primary
union while changes occur after epithelial changes in
which granulation tissue is formed by proliferation of
fibroblasts and neovascularization from the
adjoining viable elements. This is followed by
contraction of wound. The wound starts contracting
after 2-3 days and the process is completed by the
14th day. The wound is reduced by approximately
80% of the original size.
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The factors influencing the wound healing are
divided into two types: the local factors which
include infection, poor blood supply, exposure to
ionizing radiations, and type, size and location of
injury while the systemic factors include age,
nutrition, administration of glucocorticoids and
uncontrolled diabetes. [2]

Wounds can be categorized in various ways based on
the healing time. People are more often to go
through from various types of wounds over their
entire life span while executing their daily life
activities. Based on the cause, depth and place of
occurrence, a wound can lead from uncomplicated to
critical one. Because of the intrinsic complexity, the
categorization of wounds is crucial for the
identification, conduction, opting for the right care
and restorative counting on the category of the
wound. Substantially, burn wounds are classified as
a category of wounds in which injury is caused by
extreme cold, heat, electrical shock, chemicals,
radiation, or erosion. A critical wound is a crevasse of
the epidermal layer that emerges spontaneously
instead of with time. These wounds may apprehend
small or inconsequential cuts with smooth-edged
objects such as glass objects or knives, tear in the
epidermal layer with rough and uneven edges,
blemishes, and wounds after surgery. Acute wounds
can occur in whatever place on the body and differ
from surface scratches to severe injuries that can
impair the blood vessels, muscle tissue, and nerve
cells.

In contrary, chronic wounds are wounds that are
leisurely cured, cease to function through the normal
stages of healing systematically, and results in no
consequential improvement leading to recovery
within months. These consist of diabetic foot ulcers,
arterial ulcers, pressure ulcers, and venous ulcers.
These wounds are often persisted in the
inflammation stage of the healing process. Patients
suffering from chronic wounds in most cases suffers
from immobility and dearth in routine functioning,
continuous pain, and excessive abnormal stress,
along with depression, quarantine, and long-term
hospitalization. Points that may influence a wound
becoming a chronic consists shock or trauma, strain
and wounds with lower severity. Chronic wounds
may take a large amount of time to heal or may never
heal. These wounds may convict patients through
severe sentimental and physical pain and tensity.
Therefore, a suitable treatment is necessary. [3]

The most familiar types of chronic wounds are
diabetic, pressure ulcers, arterial, and venous.
Arterial ulcers — Usually visual on the legs, they are
caused by diminished circulation and might be
recognized by pain that shoots after physical stress
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or at night. They are particularly round-shaped
wounds with lain edges, usually influence the full
thickness of skin and appear popped up.
Venous ulcers — These wounds often initiate along
venous ailments like chronic venous insufficiency
(CVI) and varicose veins that progressively get more
ominous. These kinds of ulcers, which often originate
in the lower leg induce inflammation, pain, and drain
laboriously, negatively impacting the quality of life.
Venous ulcers can be regarded as about half of
chronic ulcers. It is typically agreed that venous
depletion is the direct cause of venous hypertension,
which eventually leads to the development of venous
leg ulcers. [4]
Diabetic ulcers —Numerous diabetic ulcers are
neuropathic-related, where unduly dry skin cracks,
scales, and form calluses. The calluses can break
down and develop ulcers. In different cases, diabetic
ulcers tend to be ischemic in origin. In those cases,
the ulcer, dull and cool, forms in patients with poor
circulation. A common complication in uncontrolled
diabetes mellitus, people living with diabetes can
develop ulcers on the feet, toes, and heels. They are
the result of poor blood circulation, nerve damage,
and impaired immune function.
Pressure ulcers —Wounds that are produced by
stress, shear, and friction forces are a massive
concern for patients and their caretakers and may
often result in admission to a healthcare facility.
Pressure that is sufficient to either directly necrose
tissue or to interrupt blood supply for a duration
sufficient to produce necrosis (low pressure, long
duration) affects millions of people.
Although pressure/shear/friction is an etiologic
aspect for these ulcers, it does not seem to be the
explanation for their diligence. Various studies have
shown that deduction of pressure from the wound
and defense from any redundant concussion might
improve multiple pressure ulcers, yet others might
fail to heal. [5,6]
There are many factors and conditions that can put
the patients at risk while people with chronic
conditions such as diabetes and arterial disease are
at high risk of developing chronic wounds:
e Diabetes
e patients of an advanced age
e Conditions that affect your vascular system,
such as hypertension, heart disease, various
veins, and deep venous thrombosis
e Lack of nutrition
e Unhealthy lifestyle habits that include poor
hygiene, smoking, and lack of physical activities
e Immobility and prolonged periods of bed rest
e  Obesity
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Ailments that compromise one’s immune
system, including major burn injuries, cancer,
AIDS, and high cholesterol
e History of ulcers
e professions that require long periods of sitting
(4]
The literature reports many groups of antioxidants,
such as flavonoids, phenolic acids, simple phenols,
coumarin, tannins, lignin, and tocopherol [7,8].
Phenols and its derivatives are most important
antioxidants that can be used against this. Gallic acid,
belonging to the group of phenolic acids occurs in
variety of plant species.GA is flavonoid compound
also named as 3,4,5-trihydroxybenzoic acid. It has a
very potential action on acceleration of wound
healing process not only in normal but also
hyperglycemic conditions mainly by activating focal
adhesion kinases (FAK), extracellular signal regulated
kinase (Erk), and c-Jun N-terminal kinase (JNK), which
might be important for GA mediated wound healing
process.[9] On disclosure of the skin to this kind of
variables in complement to chemical contaminants
and additional mechanical elements can induce
reactive oxygen species and the exhibition of free
radicals. These are unstable radicals conjoined with
further cellular components which leads to structural
and cellular damage, which provoke a deployment in
wound healing as well as rev the aging process.

STAGES OF WOUND HEALING

To distinguish acute and chronic wounds, it is
necessary to understand the stages of healing
mechanism. There are four perceptible stages of
healing.

Hemostasis:

The endothelium cells of blood vessels that are
revealed by the injury triggers platelets to release
few factors, which result in vasoconstriction and
beginning of the clotting surge. The clot is devised
initially at the place of injury to control bleeding. It
incorporates mainly of platelets. Many conditions
can obstruct the formation of a clot during
haemostasias, such as venous insufficiency, diabetes,
thrombocytopenia and other blood dyscrasias.
Conditions such as these may lead to poor wound
healing, therefore careful management of these
conditions will be important in the normal process of
wound healing. Prostaglandins, Thrombin, growth
factors and other cytokines are released at the place
of the injury, whose function is to attract
inflammatory cells to the area, as well as increase
their production and migration.

Inflammation:

When wounds are blocked in the inflammatory
phase, proper management of exudate is an
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important step in assisting wounds with moving on
to the proliferative phase. Neutrophils produce
inflammatory mediators that activate and recruit
fibroblasts and epithelial cells to the injury site.
When neutrophils are depleted, they are replaced by
macrophages, which help to produce elastase and
collagenase and get rid the wound of devitalized
tissue. Macrophages also prompt beginning of the
proliferative phase of wound healing and an ending
of the inflammatory phase and the neutrophils also
attach themselves to the endothelial cell walls of the
damaged vasculature and travel to the point of injury
and, within hours of clot formation. These
neutrophils phagocytize dead tissue, bacteria, and
any foreign material present and hence provide
protection  against infection.  Unfortunately,
inflammatory mediators may sometimes prolong the
inflammatory phase of healing and can cause tissue
damage. Therefore, any process which leads to
prolongation of the inflammatory phase is due to
increase number of neutrophils (and thus forms
inflammatory mediators).

Proliferation:

During the proliferation phase, protection of newly
growing tissues and maintenance of a moist wound
environment is crucial. Any condition that obstructs
with any of these may lead to prolongation of the
proliferation phase. Granulation tissue is composed
of immature collagen fibroblasts, an extracellular
matrix, blood vessels and macrophages. In duration
of this phase of healing the wound fills with new
connective tissue (epithelialization, contraction and
granulation) and decreases in size. As other cells,
including keratinocytes, fibroblasts and endothelial
cells, begin to produce and release growth factors
and continue to multiply, macrophages begin to
decrease in number. The growth of granulation
tissue results in narrowing of wound margins and
filling of the wound. Ultimately, the wound forms a
scar and closes off. As granulation tissue grows, it
forms the new scaffolding by promoting the
migration of endothelial cells and fibroblasts into the
wound as it stimulates collagen production and
fibroblasts.

Remodeling:

Remodeling occurs in the early inflammatory phase
in which the fibrin clot is replaced by the granulation
tissue that is abundant with collagen IIl and blood
vessels during the proliferative phase. Consequently,
it is reintegrated with much less mature blood
vessels by a collagenous scar rich in type | collagen.
In this stage, Collagen proliferates, remodels and
matures; this procedure can take many months. The
main key features of wound repairing mechanism are
the growth factors which as attract new cells to the
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wound as well as trigger cellular proliferation and are
polypeptides released at the wound site by several
activated cells.

GALLIC ACID:

The use of natural products from plants for
treatment of wounds has been practiced since
ancient times. Due to the fact that plant-extracted
treatments are easily accessible and relatively safe,
there is a steadily growing interest in using natural
compounds to prevent and combat skin pathologies.
Moreover, polyphenols have been widely used in
traditional medicines to treat several chronic skin
diseases, such as psoriasis and vitiligo, and they are
also known to be therapeutically beneficial in wound
healing and show anti-inflammatory effects when
applied topically [10,11]. Despite the fact that GA
exhibits several beneficial properties including
antioxidant, anti-inflammatory, and anti-tumor
activities, there is only little evidence on the role of
GA in skin and skin pathology. Here, we studied the
effect of GA on would healing in human
keratinocytes.[12]. In addition, GA has shown strong
protective effects on disease progression in type 1-
and type 2-diabetes animal models [13]. In the
current study, we reviewed that GA has antioxidant
properties, as well as cell migration effects in both
normal and high glucose conditions, suggesting that
GA has a curative potential for chronic wounds in
DM.

Gallic acid also referred to as 3,4,5-trihydroxy
benzoic acid, a triphenolic compound usually
transpiring low molecular weight, generated by
reactive species often confronted in biological
methods including, hydroxyl, and the non-radicals,
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shield against oxidative impairment and has been
advised to maintain potent antioxidant actions in
many considerations. [14—19] Besides, GA has been
exhibited as the principal antioxidant element
accountable for the effective antiradical and
anticancer qualities of several plant essences. [20-
25] Likewise, gallic acid derivatives (GADs) have also
been observed in many phytomedicines with distinct
biological and pharmacological pursuits, intervening
with the cell signaling pathways, such as apoptosis of
cancer cells and ROS scavenging. [26—29] This recent
attribute i.e., initiation of apoptosis, is principally
linked with its prooxidant, preferably than
antioxidant response. GA can thus show both
prooxidants as well as antioxidant characteristics,
[30] displaying a dual-edge knife function. There is a
distinct category of bioactive natural molecules
occupying the GA moiety, conferring numerous
pharmacological and industrial purposes such as
being used as a requisite building block for multiple
pharmaceutical elements, including
podophyllotoxin, combretastatin A-4, and colchicine.
[31] A few of its ester derivatives (octyl gallate,
propyl gallate, and lauryl gallate) are broadly used in
processed food, cosmetics, and food packing
supplies to counteract oxidative rancidity and
deterioration.

BIOSYNTHESIS OF GALLIC ACID:

Three pathways have been proposed for the
biosynthesis of gallic acid which have been depicted
in the figure Il:

(a) PB-oxidation of the side
trihydroxycinnmaic acid
Dehydrogenation of shikimic acid, presumably

chain of 3,4,5-

(b)

hypochlorous acid, and hydrogen peroxide with 3-dehydrshikimic acid as an intermediate
superoxide and peroxyl, implements an effective (c) Hydroxylation of protocatechuic acid [32]
» €O,
LG ®
Shikmic acid » Chorismic acid > Prephenic acid > Phenyl pyruvic acid
¥o
© ;
Carbohydrates » 3-dehydro > | 3-dehydro > | Procatechuic
quinic acid shikmic acid acid @
ol o
Gallic Acid / /J D)
O-_OH Caffeicacid «—— P-coumaric acid Phenylalanine
Hofiw
! ) 3,4,5-trihydroxy
» cinnammic acid
Ecg
EGCg
Theogallin
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Figure Il. Biosynthesis Of Gallic Acid
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3-Deoxy-7-phosphoheptulosonate synthase (EC 2.5.1.54)

3-Dehydroquinate synthase (EC 4.2.3.4)

3-Dehydroquinate dehydratase (EC 4.2.1.10)

Shikimate dehydrogenase (EC 1.1.1.25)

Chorismate synthase (EC 4.2.3.5)

Mutase (EC 5.4.99.5)

Prephenate dehydratase (EC 4.2.1.51)

Tyrosine transaminase (EC 2.6.1.5)

Trans-cinnamate 4-monooxygenase (EC 1.14.13.11)

p-coumarate 3-dehydrogenase

B-oxidation of caffeic acid

3-dehydro-shikimaate dehydrogenase

Hydroxylation of protocatechuic acid

wW(N|R|x[—|—|z|m |+|0o|a|o|oc|w

B-oxidation of 3,4,5 trihydroxy cinnamic acid

Table I. Enzymes in Biosynthetic Pathway of Gallic Acid Shown In Figure Il

BIOAVAILABILITY OF GALLIC ACID:

Gallic acid is largely found in free form or as a
derivative in several food origins such as nuts, tea,
grapes, and sumac (Rhus coriaria L.) and exists in the
plant kingdom. [33-35] Other origins include
different berries, gallnuts, oak bark, honey, mango,
pomegranate, and beverages and other fruits,
vegetables. [36-41] Gallic acid is detected in plant
tissues in several esters with sugars glycosides,
polyols and phenols and ester form and have been
reported. [42] Aside from the plant species included
the quantity of GA in plant tissues may also get
altered due to some surface inducements such as
chemical stressors, UV radiation, and microbial
infections. In related words, the phenolic formation
in grape juices and wines gets influenced by
constituents such as grape species, storage, and
processing practices. [42] In distinct, red wine has a
great content of this phenolic acid. Burns et al.
examined some red wines and observed the
cumulative phenolic content as 1100 to 3165 mg L1,
out of which 120 to 360 mg L1 and 35 to 70 mg L1 are
earmarked to the epicatechin gallate and GA
derivatives, respectively. [41]

GA content is more eminent in green tea. [41] but the
inclusive gallate content of cocoa is determined to be
even more eminent than that of green tea or red
wine.

Owing to its extensive array of applicability, it is
widely used in chemical research and medicine and
other industries including cosmetic pharmaceutical,
and food industries [43]. Due to the presence of
polyphenolic functionality, Gallic acid has high
oxygen-derived free radical scavenging activity [44].
By Folin—Ciocalteau assay is also used as a standard
for delimiting the phenolic content. Besides this, it is
also used in dyes, printing inks, and photography
[45]. It inhibits the deterioration and rancidity of fats
and oils due to its antioxidant nature. Research on
B16F10 melanocyte cells explained that gallic acid
repressed melanogenesis, which could make it an

additive in cosmetics to subdue pigmentation [46]. It
has been proclaimed that gallic acid exhibited
antibacterial attributes abreast an extensive
assortment of pathogens including Escherichia coli,
Klebsiella pneumonia, Staphylococcus aureus, and
Pseudomonas aeruginosa, [47]. It is also identified
for some curative effects like antimutagenic,
antiallergic, anti-inflammatory, and anticarcinogenic
[48,49,50]. It can be utilized as an antioxidant to
guard human cells against oxidative injury, treat
diabetes and albuminuria, and as a remote
astringent in states of internal hemorrhage [51]. It
was observed to show cytotoxic impacts without
wrecking normal cells against cancer cell [52]. Gallic
acid therapy was found to modify the metabolism to
its natural state in a mice model with nonalcoholic
fatty liver disease (NAFLD) [53]. Obesity has been
identified to decrease the antioxidant capability by
lowering the level of antioxidant enzymes. Research
had been done in rats served with high-fat diets
(HFD) and gallic acid, to examine the antiobesity
outcomes of Gallic acid. It was discerned that level of
antioxidant enzymes was extended along with a
reduction in weight gain besides the decrease of
complexities like dyslipidemia, oxidative stress, and
hepatosteatosis [54].

Novel research in rats by Sen et al. revealed that
gallic acid occupied antioxidant and antiulcer action.
This shielding role against ulcers was associated with
the enhanced generation of phlegm that carried
glycoproteins which serve to guard the gastric lining
[55]. Along with other composites, gallic acid was
found to significantly diminish allergen and platelet-
activating factor (PAF) effected bronchial hyper-
reactivity in guinea pigs [56]. The antioxidant
characteristics of polyphenols have been exploited in
the interference of fibrillar protein heaps that lead to
ailments like Parkinson’s disease and Alzheimer’s
[57]. Gallic acid was affirmed to guard the animal
model of Parkinson’s disease against neural
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impairment due to oxidative tension caused by 6-
hydroxydopamine [58].

GALLIC ACID AS ANTI — DIABETIC AGENT

Diabetes mellitus (DM) is one of the dominant public
wellness problems and is deemed a chronic
metabolic ailment that concerns about 347 million
people globally [57]. It is principally delineated by
hyperglycemia which emerges from defects in the
operation or secretion of insulin. The described traits
of DM are polyuria, polydipsia, polyphagia, weight
loss, loss of vision, and fatigue. These signs can be
moderate or even be absent. [58]. De Oliveira et al.
study explains the influence of GA on biochemical
and histological parameters and biomarkers of
oxidative stress in the kidney and liver of
streptozotocin (STZ)- aided diabetic rats. GA
introduces a variation in the lipid profile of the
handled creatures since it decreases levels of TG, TC,
and LDL. In extension to reductions in free radical
levels and lipid peroxidation, it increments enzymatic
and non-enzymatic cancer inhibition agent
protection in these tissues. Their conclusions show
that GA might be estimable for the treatment of
hepatic and renal complications associated to DM
and raise the probability of another application as an
analogous approach associated with hypoglycemic
medications [25]. Research insinuates that GA and
ellagic acid, natural flavonoids, are used as
antidiabetic agents. Nair et al. assessed the binding
of GA and its dimer, ellagic acid, to glycogen
phosphorylase (GP) enzyme, a principal applicant of
glucose homeostasis. This dimer is described as a
potent inhibitor as correlated to GA. Both these
bioactive composites function as competing
inhibitors for glucose-1-phosphate and non-
competitive for allosteric activator, AMP. For this
purpose, ellagic acid is conceivably used as an
antihyperglycemic agent [59].

GALLIC ACID AS ANTIOXIDANT AGENT

It is observed that the oxidative damage of
biomolecules, incorporated under severe and
chronic oxidative stress, is implicated in the
pathogenesis of extensive diseases, such as
degenerative diseases, cancer, cardiovascular
diseases, and metabolic diseases. Hence, it is
necessary to know the role of medicines, gallic acid
in this shows action in the inhibition of oxidative
stress and handling of oxidative damage diseases.
Gallic acid has been described to exert both pro-
oxidant and antioxidant activities [58]. Interestingly,
a phenolic compound like GA was latterly correlated
with cell death caused by oxidative stress derived
from ROS and mitochondrial dysfunction [25]. The
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intracellular ROS formation was evaluated using a
particular probe and GA enhanced ROS after only 30
minutes of expression in lung cancer cells [59]. These
aspects were also proclaimed in two well-established
lung carcinoma cell lines A549 and Calu-6 [59]. The
levels of a well-known ROS were reduced in the
presence of GA from 100 uM to 400 uM like for
superoxide ions. [59]. Nevertheless, concentrations
up to 50 uM slightly reduced the formation of such
ions. Authors advised that GA usually plays a role as
a pro-oxidant, but its impact is dependent on the
concentration used in the assays, period of
incubation, and cell types. As shown in figure Gallic
acid played its role by upregulating the expression of
antioxidant genes like superoxide dismutase-2(SOD-
2), catalase (CAT), and glutathione peroxidase-
1(Gpx-1) in dermal cells. This signified that GA shows
its antioxidant activity by upregulating the anti-
oxidant genes.

GALLIC ACID AS ANTI — INFLAMMATORY AGENT

Inflammation is the preeminent problem of many
chronic health ailments, immune-inflammatory
impact is a shielding mechanism to prevent the
incipience of contagions induced by a wound or
microbial intrusion. Phenolic compounds are the
front-line protection of plants like subsequent
metabolites. The mechanisms of anti-inflammatory
impacts of the phenolic compounds are commonly
estimated to derive from their ability to restore
antioxidant enzyme activities, eliminate free radicals,
and in regulating cytokine-induced inflammation
[60]. Gallic Acid, a naturally transpiring polyphenol,

uses conceivably medically beneficial anti-
inflammatory effects reconciled through the
abolition of p65-NF-kB and IL-6/p-STAT3Y705

activation. In gallic acid anti-inflammatory response,
one of the potentials given mechanisms includes a
decrease of the neutrophilic infiltration in the colon
followed by a decreased appearance of CD68+. Also,
the pro-inflammatory proteins iNOS and COX-2
expression lessened by inhibiting the expressions of
p-STAT3Y705 and restraining the p65-NF-kB-
mediated transcriptional activation [61]. The
acetylation of p65 regulates the biological behavior
of NF-kB, including the activation of the
transcription, DNA binding activity, and IkBa
assembly. It has been advised that GA hindered the
activation of NF-kB-dependent p65 acetylation and
the production of inflammatory markers. The low
acetylation rate of p65 occurred in a total loss of
function of NF-kB, intimating that its acetylation is
crucial for the signaling pathway mediated by NF-kB.
Therefore, researchers advised that restraint in the
scrupulous acetylation of p65 with small molecules
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as GA might be considered as a novel class of anti-
inflammatory drugs. The low acetylation rate of p65
occurred in a total loss of function of NF-kB,
intimating that its acetylation is crucial for the
signaling pathway mediated by NF-kB. Gallic acid was
reported to inhibit and prevent inflammation, NF-KB
and other changes linked to pathology.[24,27,31] As
mentioned in figure, it also decreases iNOS,
neutrophil's adhesion molecules and production of
cyclooxygenase.[27,38] Rong et al noted that gallic
acid reduced TGF Bl smad-2-signalling and
Interleukin-6  which reduced inflammation in
vivo.[39] The inflammation lessened and deposition
of collagen increased with enhanced fibroblast cell
count and activity promotes the healing process.
Thus, gallic acid decreased the inflammatory cell
infiltration and cell count in vivo. [40,41]

GALLIC ACID IN WOUND HEALING:

Many constituents available from plant show
advantageous effects on physiology of skin via
regulating the redox homeostasis. to figure out in
what way gallic acid plays its role in wound healing
Kirfel G.et al observed its effect on human
keratinocytes by growing HaCaT cells which were
wounded by scratching and then incubated in the
presence of epidermal growth factor. It came into
notice that in the presence of GA the wound sites
gradually closed and also the extent of wound
closure in human keratinocytes decreased.[62] This
process of healing involves cell proliferation and
migration and the regulation of such cellular
processes is done by focal adhesion kinase (FAK)
which is a cytoplasmic protein tyrosine kinase.[63] In
Drosophila wing and abdomen wound models, c-Jun
N-terminal kinase(JNK) is predominantly
phosphorylated in the cells adjoining the wound,
intimating JNK signaling is claimed for epithelial cells
at the wound margin close to the wound.[63,64] The
mitogen-activated protein kinase (MAPK) signaling
pathway also executes a function in the control of
cell migration and wound healing. All this indicated
that GA activates FAK, Erk, and JNK, which may be
important for GA-mediated wound healing process.
It can be elucidated that GA has a role in wound
healing which might be the resultant of its anti-
oxidant and anti-inflammatory mechanisms. Gallic
acid blocks NF-kB, prevent inflammation by
upregulating major pro-inflammatory cytokines like
IL-6 and TNF-a and blockage of this pathway results
in inhibition of inflammation [8,24,27,28]. In addition
to the anti-inflammatory effect, gallic acid also
enhances collagen | and extracellular matrix
synthesis and osteoblast proliferation [41]. The
decrease in inflammation and increase in collagen
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deposition with increased fibroblast cell counts and
activity accelerate the healing process, and gallic acid
was reported to reduce inflammatory cell infiltration
and cell counts in vivo [31,33]. Reduction in
inflammation, along with increased fibroblast
activity, is the most critical effect of gallic acid
contributing to wound healing which is also reported
after gallic acid administration in skin wounds in rats
[31]. Improved wound healing results in shorter
healing period and faster epithelization as Tsala et al.
and Upadhyay et al. reported by shortened healing
time with increased epithelization rate, fibroblast
proliferation, and decreased inflammatory cell
infiltration [33,66].

GALLIC ACID IN WOUND
HYPERGLUCIDIC CONDITION:

GA also has a positive effect on wound repair in
hyperglycemic condition in fibroblasts, the wound
healing effect of GA in fibroblasts in either low
glycemic or high glycemic conditions was examined.
[65] Hyperglycemia inhibited wound repair as it
should have, and treatment with GA significantly
improved wound healing similar to that of EGF. The
wound repair was significantly elevated in mitomycin
C-treated cells in a hyperglycemic condition as well,
indicating that the improved wound healing by GA in
HG condition might not be due to cell proliferation
but rather due to accelerated cell migration. These
results highly indicate that GA significantly improves
wound healing not only in keratinocytes but also in
fibroblasts.

The effect of gallic acid was evident even in diabetic
conditions [41]. Thanikachalam et al. revealed that
gallic acid increased cell migration from wound
borders and promoted wound healing both in vitro
and in vivo [43]. Furthermore, Pellenz et al. showed
decreased apoptosis in the keratinocyte and
fibroblast cells after gallic acid treatment [44]. In
terms of matrix degradation, Wang et al. reported
that gallic acid down-regulated MMP-1 and -3
expressions while upregulating tissue inhibitors with
the inhibition of AKT and ERK1/2 signaling [45].
Increased angiogenesis, collagen deposition, and
regeneration were also reported after gallic acid
administration [48]. Luo et al. also reported faster
wound contraction, epithelialization, increased
hydroxyproline content, high tensile strength,
collagen deposition, and vascularization with
decreased IL-6, NO, and TNF-a levels [42].

GA accelerated cell migration of keratinocytes and
fibroblasts in both normal and hyperglycemic
conditions. Further, GA treatment activated factors
known to be hallmarks of wound healing, such as
focal adhesion kinases (FAK), c-Jun N-terminal
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kinases (JNK), and extracellular signal-regulated
kinases (Erk), underpinning the beneficial role of GA
in wound repair. Therefore, this demonstrate that GA
might be a viable wound healing agent and a
potential intervention to treat wounds resulting from
metabolic complications.

CONCLUSION:

The literature survey represented that Gallic acid
belonging to the group of phenolic acids which are
most important antioxidants. Gallic acid which is a
flavonoid is an important agent which has diverse
pharmacological spectrum. Its activity has been
reported for various properties like antioxidant, anti-
inflammatory, anti-diabetic, anti-tumor, anti-
infection along with its prominent role in wound
healing. The findings of its activity are in line with its
antioxidant and anti-inflammatory property. Gallic
acid activates FAk, Erk and JNK which is essential for
GA-mediated wound healing process. The
importance lies in the fact that it not only promotes
healing in normal conditions but also in hyper-
glycemic conditions.
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