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A complex of gastrointestinal condition , this gastric ulcer are caused by imbalance
between aggressive elements that are consist of H pylori infection, gastric acid, and
NSAID’s , the protective gastrointestinal responses in the stomach lining membrane.
Intension of this review to show the important molecular and biochemical markers that
play a role in the development of gastric ulcers. This contains oxidative stress markers,
inflammatory mediators and apoptotic proteins and nitric oxide and prostaglandins and
matrix metalloproteinases. Cellular damage due to oxidative stress is also observed,
which is explained by the creation of harmful compounds by reactive oxygen species,
the subsequent destruction of tissues by inflammatory cytokines (TNF- alpha and
interleukins). Apoptotic proteins like Bel-2 and Bax and caspases and p53 lead to cell
death thus disrupting repairing of the tissue. Both nitric oxide and prostaglandin protect
the mucosa as well as cause tissue damage. Activation of virulence factors and the
initiation of a prolonged period of inflammation in the stomach by H. pylori causes
gastric ulcers. Matrix metalloproteinases are involved in both tissue repair after injury
and extracellular matrix remodelling. All these biomarkers give researchers a clear
picture of the gastric ulcer disease mechanisms and thus they are able to develop
superior tests and treatment options. Researchers can also take a lot of ways to
investigate how the use of biomarkers and the use of the precision medicines that enable
the doctors to ascertain how various individuals respond to the same disease can assist
in enhancing the treatment choices of patients with gastric ulcer disease.

INTRODUCTION

One of the numerous GI diseases that transpire due
to the excessive forces of factors like gastrin, acid,

safeguarding factors like those present in the
stomach lining include chronic  gastric
ulcerations.! Gastric ulcers have proven to be a
long term health issue and this has been due to

pepsin, and toxic microorganisms defeating the
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their chronicity, relapse as well as the severity of
their outcomes,? That makes them a challenge to
cure. The biochemical pathways of gastric ulcers
are thus of importance as they govern the
development, formation and healing of gastric
ulcers so as to develop diagnostic and treatment
interventions.

The most significant cause of the development of
gastric ulcers is infection with H pylori, which
effects the stomach inner lining membrane nearly
50 perecent population in the worldwide.?
Helicobacter pylori damages our mucosal tissues
by producing cytotoxin-associated gene A (CagA)
like virulence factors that kills our epithelial tissue
and causes inflammatory reactions to occur with
the help of our immune system.* When reacting to
the infection, pro-inflammatory cytokines are also
produced such as TNF-alpha and IL-1beta, which
result in chronic inflammatory reactions, causing
our tissue damage,’ therefore, it is a biochemical
marker in respect to formation of gastric ulcers in
future.

The creation of a gastric ulcer takes place as a
result and the number of molecular signaling
mechanisms controlling inflammation, cell death,
and cell development . NF-kB activation is
believed to be the major process by which
mediators that promote inflammation are
generated, This proceed with of damage the
stomach lining.% it is believed that oxidative stress
is a key factor in the development of stomach
ulcer, and lipid peroxidation and destruction of
DNA by the protective properties of the stomach
mucosa are lost when reactive oxygen species are
produced in excess.

Various oxidative stress biomarkers can be used to
measure oxidative stress in gastric ulcer patients,
and they comprise MDA and GSH.” Recent
research has demonstrated that blood tests as a
measure the systemic inflammatory indicators

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

using the systemic inflammatory response index
(SIRI), Neutrophil-lymphocyte ratio (NLR), and
platelet-lymphocyte ratio(PLR) tests are crucial in
estimating how far gastric ulcers go towards
becoming common and severe.® The systemic
inflammatory markers are well-known markers to
quantify the inflammatory response, which is
handy in the detection of gastric ulcers, therefore
is used as non-invasive tests to quantify the level
of the gastric ulcer inflammation.

The pathogenesis of gastric ulcers is an
inflammatory mediators and molecular markers-
dependent process, involving matrix
metalloproteinases (MMPs), which
enzymes that degrade the extracellular matrix,
concomitantly remodelling tissues, so that their
failure to do so leads to an increased recovery time.
Moreover, MMP-9 and tissue inhibitors of
metalloproteinases (TIMPs) have been associated
with high levels of mucosal damage in the

gastrointestinal tract, thus a possible biomarker of

S€rve as

gastric ulcer disease depending on the relationship
observed in recent studies.’

Recent studies, which examined function the
pyroptotic death of cells in the stomach’s mucosal
injury have also contributed to a deeper
comprehension of the mechanisms underlying
programmed cell death. For pyroptosis-related
molecules, such as the Gasdermin D, caspase-1,
and the NLRP3 inflammasome have all these
associated with this cell death of inflammatory
cells, as well as the destruction of tissues because
of the infection of H. pylori .!° It was also
established this molecules have significant action
of formation of ulcers.

It has also been found that gene modifications and
epigenetic regulation by microRNAs are also
important in gastric disease pathogenesis and
progression, and that microRNA expression can

3530 | Page



Sreekanth S., Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 3529-3553 |Review

also be linked to gastric ulcer development and
progression.'!

The development of the gut flora in the stomach
proceeds as long as the H. Pylori infection stays
within its limits. The imbalance of the microbes in
the body that leads to an immune response which
is the increase in the level of stomach lining
inflammation is dysbiosis. It is suggested in the
research that the microbes which serve to diagnose
stomach infection following the test works in the
correct cohort study.!? The researchers state that
the microorganisms interplay with other risk
factors of developing digestive ulcers and form
multi-layered mechanisms that define the risk of
an individual developing digestive ulcers. The
study about the chemical reactions resulting in the
creation of stomach ulcers will give the relevant
predictive instrument allowing a doctor to estimate
the risk of a particular person of developing an
ulcer, thereby serving to devise improved patient
management strategies.

Pathophysiology of gastric ulcer

The mechanism of gastric ulcer occurrence is
multi-component in nature; it entails the interplay
of multiple components that are in complicated
relationships with one another. The stomach
mucosa is influenced by several variables to
ensure that the environment is healthy. The
stomach has its own acid which it produces and it
is covered by the mucus layer. The presence of
mucus secretion of bicarbonate maintains the level
of pH in the stomach. The turnover effect is
observed in the epithelial cells and this means that
new cells are continuously formed to replace old
cells. Gastric blood flow supplies blood to the
gastric lining which contains oxygen and nutrients
as well as eliminates waste products present in the
stomach. The waste products can destroy cells
upon their The synthesis of
prostaglandins is the guarantee of the protective

presence.

INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

mechanisms development in the stomach lining.
Pepsin, stomach acid, and bile salts and other
chemicals and medications, such as NSAIDs and
alcohol, damage the epithelial cells of the stomach.
These drugs and chemicals preserve the mucosal
barrier by inhibiting the production of the
prostaglandins by COX enzymes.!* The gastric
lining is highly vulnerable to damage by acid as a
result of absence of protective prostaglandins.

The development of gastric ulcers is also greatly
impacted by an infection of H. pylori. These
bacteria of H. pylori uses its flagella to move and
penetrate the mucous layer of the stomach. It also
uses its enzyme to set up a defense mechanism by
destroying stomach acids to ensure its survival.
The bacteria H. pylori creates CagA and VacA
virulence factors. The virulence factors break
down the cells’ strong connections. This damages
these cells.!* This virulence factors cause the
intracellular pathways to occur. This leads are
generation of mediators that cause inflammation.
An inflammatory reaction is triggered by the
inflammatory mediators. Cells die as a result, and
cellular equilibrium is disturbed.

The gastric mucosa is affected because of the
infection of H. pylori. This is because of infection
of H. pylori leads to an inflammatory response.
This causes the stimulation of immune cells The
immune cells activation with the infection of H.
pylori causes the generation and discharge of
cytokines that promote inflammation. As a result,
TNF-alpha, IL-8, and IL-1beta are produced. This
leads to tissue damage and results in chronic
inflammation.'> The presence of these cytokines
also leads to impaired healing for stomach
epithelium. As a result, stomach ulcers develop.
Understanding oxidative stress and how it affects
the illness is essential to understanding the
pathophysiology of stomach ulcers. Inflammatory
damage to the cells in the stomach lining occurs as
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a result of the production of Reactive oxygen
species , which causes the oxidation of fats and
protein as well as DNA damage. The oxidative
stress causes impairment of the cell system that is
beyond the inherent antioxidant defense
mechanisms.!® Mitochondrial damage happens
because of reactive oxygenspecies, which trigger
the capoptotic process, thereby impairing the
lining of the intestine.

According to the latest research findings, the
mechanisms of apoptosis, which include
pyroptosis, are responsible for causing damage to
the gastric lining. Pyroptosis refers to a form of
inflammatory cell death, which occurs as a result
of the activation of the NLRP3 inflammation, wh,
which are released by the inflamed gaich activates
caspase-1 and produces IL-1beta and IL-18, stric
lining.!” This process of pyroptosis not only leads
to damage of the cells in the stomach lining but
also leads to a cycle of inflammation, which
impairs the cells in the stomach lining, thereby
causing damage.

The formation of gastric ulcers depends on two
main processes which involve the body's inability
to heal and restore its mucosal lining. The healing
of the ulcers depends on various mechanisms
which work together to achieve the main goal
through three main processes which involve the
growth and movement of epithelial cells and
Blood vessel development and extracellular matrix
alteration. Various growth factors activate the
processes which involve the vascular endothelial
growth factor and the epidermal growth factor as
the two main components. The healing of the
ulcers will face a delay as all pathological
conditions will disrupt the main healing processes
which result in the development of chronic
ulcers.'® Activation of neuroendocrine pathways is
what causes the development of stress related
gastrointestinal ulcers by activating both the
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hypothalamic-pituitary system and the
sympathetic nervous system. The body's activation
leads to the increased production of cortisol and
catecholamines which decrease the
production, blood flow to the stomach mucosa,

mucus

and the production of acids which increase the
chances of the mucosal lining to develop ulcers
according to research.

Furthermore,'® the gastric mucosa is subject to
more damage by two factors that include oxidative
damage and the strss-induced inflammatory
response. That formation the gastric ulcers comes
as a result of the pathogenic process of the
microbes that affect the gastric area, which is
beyond the H. pylori that interferes with the
regular operation of the gastric microbiota. The
injury the gastric mucosa that comes as a result of
the loss of microbial diversity identifies the
imbalance of the microbes as the cause of the
formation of gastric ulcers, as indicated by the
research findings.?’

Biological pathways Mitogen-Activated Protein
and Nuclear Factor Kappa B . The biochemical
mechanisms that the human body uses are called
kinases to instigate particular molecular processes
in response to an infection or trauma. The
pathways control the formation of "mediators" that
are inflammatory signaling molecules in case of
gastric ulcers. The pathways regulate three
processes which are responsible for the production
of mediators and apoptosis proteins and stress
response proteins.”?! The Persistent pathway
activation causes permanent body inflammation
and interferes with the healing process of the
injured body tissues. The integrity of the stomach
mucosa depends on the operation of vascular
factors which act as essential components. The
body cells require an adequate blood supply
through the process of microcirculation to provide
them with the required nutrients and oxygen while
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removing their injurious products through the
blood. The Prevalence of stomach ulcers is
attributed to dysfunction that the microvascular
system which interferes with the blood flow to the
damaged body tissues.??

Damage to the microcirculation endothelial cell
and the reduction of blood vessel formation would
cause a reduction in the protective capacity of the
mucosa. A number of biochemical processes and
their interrelationship with molecular mechanisms
work together to cause the pathophysiological
condition for the acid-peptic damage response’s
role in the development of stomach ulcers, the
microbial infection and inflammation response,
the oxidative stress response, the tissue repair
response, and the apoptosis response. In order to
discover targets to
investigating every activity is essential for the
treatment of stomach ulcer disease and their
interrelationship with one another.

new biomarkers and

Oxidative stress markers in gastric ulcer
pathogenesis.

Oxidative stress is the cause of stomach ulcer
disease development and progression, which
affects the balance of reactive oxidative species
production and gastric mucosa antioxidant defense
systems. The regular operation of cells produces
reactive oxygen species. If teir levels are higher, it
could lead to the emergence of illnesses.
Superoxide anion (O2-), hydroxyl radicals (OH),
and hydrogen peroxide (H202) are the reactive
oxygen species generated by stomach tissue.?
There is also the oxidative stress on the gastric
tissue, which is caused by various factors as the
sources of this stress include Helicobacter pylori,
NSAIDs, alcohol, ischemia-reperfusion, and
inflammation, as they all result in gastric mucosal
damage, which gastric  ulcers.?
Malondialdehyde is an important indicator of
oxidative stress, which is typically assessed and

causes
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investgated in individuals with gastric ulcer
disease. It results from the oxidation of lipids and
fatty acids, and it is related to oxidative stress
because of lipid peroxide formation. The more
malondialdehyde is produced, the greater is the
degradation of lipid membranes, causing loss of
and increased cell

membrane  function

permeability.?

Patients that exhibit higher levels of MDA have
been found to suffer stress-related gastric ulcers
and gastric mucosal injury, which shows how
widespread the oxidative damages have been to
the body of a patient. MDA has the ability to bind
to proteins and nucleic acids, thereby causing more
damage to the cells, resulting in increased
inflammation.

The second indicator of oxidative stress is 4-
hydroxynonenal (4-HNE), and this compound is
also a result of lipid peroxidation. MDA and 4-
HNE function as reliable markers and demonstrate
oxidative stress results while they engage in
cellular activities that control apoptosis and
inflammation. The gastric tissues of the human
body demonstrate an accumulation of these two
compounds during oxidative damage. This leads to
the development of the disease. The antioxidant
defense
markers. These indicators serve to guarantee of
oxidative stress will be reduced. One of that basic
components for this group of markers is
superoxide dismutase (SOD). It acts by reducing
the superoxide radicals to hydrogen peroxide. This
reduces oxidative stress in the human body. The
study shows that the defense to harm the stomach
mucosa is less with reduced SOD. This makes
humans susceptible to gastric mucosa damage.?¢
The research on clinical studies indicates that
patients suffering from gastric ulcers have
significantly reduced SOD. This indicates that
their body defense system works poorly.

system contains various enzymatic
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Catalase(CAT)

Potential other significant antioxidant enzymes
include the enzyme catalase (CAT) breaks down
hydrogen peroxide into oxygen and water, and
then oxygen reacts to generate highly reactive
hydroxyl radicals. SOD/CAT combination is an
essential native defensive mechanism through
which the cells can endure the damage caused by
ROS. The CAT activity level of gastric ulcer
patients is decreased below normal levels, causing
the body to store more hydrogen peroxide and thus
suffer from oxidative damage.?’

Glutathione(GSH)

The protein named Glutathione, which performs
the role of an antioxidant, in a cell, this protein
exists as a vital component which supports the
maintenance of redox balance in the cell.”® GSH
performs its function by fighting free radicals and
offering the necessary materials for the function of
Glutathione Peroxidase (GPx) which performs the
process of breaking down hydrogen and lipid
hydroperoxides. The manifestation of oxidative
stress occurs in the form of a decrease in the GSH
content in the gastric mucosa, which scientists
have proven occurs in ulcerative disorders. The
drop in the content of GSH in the body causes the
inability of the body to remove (ROS) reactive
oxygen species that, its turn, increases that level
for lipid peroxidation and damages the cells.*

Glutathione S-transferase and Glutathione

peroxidase

Antioxidant enzymes include glutathione S-
transferase (GST) and Gpx which support the
process of detoxification in the body. GPx is
responsible in the process of catalyzing the
breakdown of hydrogen and lipid peroxides into a
less damaging form whereas GST is in charge of
conjugating GSH with degradable toxins to be
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safely disposed. The body is under increased
oxidative stress with mucosal injury in the
stomach due to a reduction in GPx and GST
activity. Ischemia Modified Albumin (IMA) its
possible indicator of oxidative stress. IMA forms
due a changes in the structure of the albumin due
to oxidative processes. IMA levels are increased in
patients with stress-related gastric mucosal injury,
where the IMA level may reflect the severity of
mucosal injury.’® IMA indicates that ischemia
leads to oxidative stress, while oxidative damage
brought on by ischemia leads to formation the
ulcers.

Together with reactive nitrogen species (RNS),
Nitric oxide regulates stomach processes in two
ways. Nitric oxide vasodilates the blood vessels;
this allows the flow of blood to the mucosal area
at normal body levels of NO. Excessive release of
NO is achieved by the activation of the iNOS in
the body resulting to creation of a reactive species
called peroxynitrite that destroys the cell.>! The
study has shown that higher levels of iNOS are
expressed in gastric ulcer models; the above means
that the generation of iINOS is the cause that
occurrence of nitrosative and oxidative stress. The
level that myeloperoxidase (MPO), which is
released by neutrophils, mainly first measure the
determining of level of oxidative damage. MPO is
an enzyme that produces an acidic component
which is Hypochlorous acid (HOCI) which is a
powerful oxidant responsible of damaging
tissues.>? The detection of increased MPO in the
tissue of the stomach implies that the body is
experiencing both inflammation and oxidative
stress tissue damage, especially for H. pylori-
induced ulcers.

Oxidative stress in the stomach can also be
determined using the oxidant-antioxidant balance
marker ratio, which involves both individual and
combined marker assessments for determining the
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oxidative status in the stomach. The MDA/SOD
and MDA/GSH ratios are the standard methods for
determining the amount of oxidative damage that
has taken place in relation to the antioxidants'
ability to protect the body. The increased ratio
implies that there has been a shift towards
oxidative stress, which is a measure of the severity
of the disease.**

The malfunction of mitochondria increases (ROS)
reactive oxygen species, this causes the increases
senescence-related oxidative damage, and these
reactive oxygen species trigger the apoptotic
pathway. Mitochondrial dysfunction will result
will be decrease of pro-apoptotic and ATP factors
release, which will cause cellular homeostasis
disruptions.®* This leads to epithelial cell death,
causing increased time for healing of ulcers.

Oxidative stress results in increased activity of
NF-kB, which leads to increased pro-
inflammatory cytokine levels, which again
promotes greater damage to the mucosal tissue in
a destruction cycle. Both inflammation and
oxidative stress are both components of a
gastrointestinal ulcer cycle. The use of biomarkers
for oxidative stress is helpful the understanding in
mechanism of stomach ulcer formation. The
biomarkers MDA, 4-HNE, SOD, catalase, GSH,
GPx, GST, IMA, NO, MPO, etc., are helpful in
understanding the levels of tissues’ antioxidant
defence mechanism and oxidative stress, which
are helpful in understanding glial mucosal damage
and evolution of gastric ulcers and their prevention
of healing. The use of these biomarkers was
helpful in understanding gastric ulcers, and their
use will enable doctors to make early diagnoses.
The use of antioxidant therapy will lead to
successful outcomes for gastric ulcer patients.

Inflammatory Markers in Gastric Ulcer

Pathogenesis.
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The development of gastric ulcers begins with the
process of inflammation that associates stomach
lining injuries with natural healing processes.
Various factors that stomach lining
inflammation involve the use of NSAID’s drugs
and helicobacter pylori infection,
consumption, also physiological stress because
these factors cause stomach lining injuries that
result in the destruction of the stomach lining due
to the body's immune response.® The immune
response leads to inflammation that activates
immune cells of the body that release cytokines,
chemokines, the mediators that destroy the

cause

alcohol

stomach lining, causing ulcers to develop.

(TNF-0) tumar necrosis factor alpha is the primary
inflammatory marking for the development the
gastric ulcer disease because this inflammatory
cytokine is produced by monocytes and
macrophages. The protein TNF-a
inflammation in the body through its ability to
release cytokines that attract white blood cells and

causes

cause stomach lining cells to die through a process
known as programmed cell death. he initial fact
that identifies the TNF- as a diagnostic signal to
gastric ulcer disease development is the fact that
patients with stomach ulcers have been shown by
studies to have elevated levels of TNF- that
correlate with the severity and progression of their
illness.*®

Interleukin-1 (IL-1B)

Gastric mucosal inflammation mostly results from
the activation of the process by interleukin-1 beta
(IL-1B). This cytokine leads to two results, which
are the halting of stomach acid production as well
as gastrointestinal tract damage. The conditions
are a situation that leads to the formation of ulcers.
The interleukin-1 beta protein activates adhesion
molecule production, which enables the
neutrophils to get to the site of damage, leading to
further damage of the mucosal tissue.?’
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Interleukin-6 (IL-6)

IL-6, which stands for interleukin-6, is a
messenger that activates different inflammatory
reactions in the body. he presence of elevated IL-6
is the indicator of the existence of inflammatory
processes, which inflict even greater harm to the
stomach mucosa’s tissues, thereby inhibiting for
healing process. IL-6 is a controller of signaling
pathways that include the JAK/STAT pathway,
which is responsible for gene expression for
inflammatory and immune reaction processes in
the body.®

Interleukin-8 (IL-8)

The potent chemokine interleukin-8 (IL-8) is a key
player for research in H. pylori infection. IL-8 is a
chemoattractant which allows neutrophils to move
to the gastric mucosa.®® Neutrophils that
accumulate in the gastric mucosa cause tissue
damage through the release of reactive oxygen
species (ROS) and proteolytic enzymes that lead
to the formation of ulcers. The production of IL-8
is proportional to the severity of the gastric
inflammation, thereby creating a direct
relationship.

The regulation of gastric ulcer disease involves
pro-inflammatory cytokines such as IL-8 and anti-
inflammatory cytokines. The regulation of tissue
damage reduction through the production of pro-
inflammatory cytokines is controlled by the anti-
inflammatory cytokine IL-10. The absence of IL-
10 or a change in the IL-10 path leads to a situation
where inflammation is high.*’ The absence of IL-
10 leads to a situation where inflammation is high.

Chemokines are also an important set of
inflammatory markers. An example of this is
chemokine monocyte chemoattractant protein-1
(MCP-1) that is used in the recruitment of immune
cells to inflammation sites. It has been
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demonstrated to play a role in the infiltration of
monocyte/macrophage cells into the gastric tissues
and lead to chronic inflammatory and tissue
remodelling when overexpressed in inflammatory
conditions.*! It has been noted that elevated levels
of MCP-1 have been seen in cases of gastric ulcers
and contribute to the progression of the disease.

The dual-function cowboys-banana
oxido-catecholamine catabar is an inflammatory-
inducing enzyme responsible for the production of
prostaglandins for gastric functions. When
overexpressed under inflammatory conditions, the
COX-2 inflammatory
mediators.*

enzyme

enzyme overproduces

2

The study established the overproduction of the
COX-2 enzyme during the increased inflammatory
states for both gastric ulcer diseases and the
symptoms of H.pylori infections [Wagner et al
2006, Wang et al 2005]. The transcription factor
NF-kB plays a crucial role in determining the
response to an inflammatory condition by
controlling all the inflammatory genes responsible
for the production of chemical signals and
inflammatory cells responsible for the production
of adhesion molecules.

NF-kB is attracted to the nucleus upon its
activation to perform the function of transcription
for the production of wvarious inflammatory
cytokines and chemokines and adhesion molecules
responsible  for the maintenance of the
inflammatory condition and the consequent tissue
damage. The overactivation of NF-kB has severe
negative effects on the gastric mucosae through
the induction of acute stomach inflammation,
leading to the formation of gastric ulcers.*’

The C-reactive protein (CRP) is an inflammatory
marker, and it is used in the development of
diseases depending on their biochemical character.
The increase of CRP is usually observed in
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patients who are suffering from gastric ulcers, and
it is related to the general condition of systemic
inflammation. The clinical applicability of CRP as
a marker is used to measure inflammation levels in
a patient and track the course of the disease.

Other adhesion molecules, which include
intercellular adhesive molecule-1 (ICAM-1), are
important for the adhesion of leukocytes with
vascular endothelial cells, thereby facilitating the
movement of leukocytes through the endothelial
cell layer. ICAM-1 expression causes the
inflammatory cells to increase in number thus
causing damage to the gastric mucosa and ulcer
development in the stomach mucosa.This
association between ICAM-1 and inflammatory
cytokines, as well as other transcription factors,
process by which different
inflammatory pathways function with different

molecular mechanisms.

llustrates the

The oxidative stress process works with different
inflammatory markers, leading to further damage
of the gastric mucosa. Pro-inflammatory cytokines
have the ability to activate oxidative stress, which
also leads to the activation of ROS synthesis by
these cytokines. The activation of oxidative stress
results in the activation of NF-kappaB, which
activates  different inflammatory pathways,
thereby leading to a continuous process of damage
and inflammation in the stomach lining.**

The main reason for gastric ulcer disease is present
because of inflammatory markers, which are
responsible for immune responses, which lead to
tissue damage and prevent healing. Among the
critical inflammatory markers that characterize
gastric ulcer disease are TNF- alpha, IL-1b, IL-6,
IL-8, IL-10, MCP-1, COX-2, NF-kB, CRP, and
various adhesion molecules, which lead to the
occurrence of gastric ulcer disease as well as could
be used in medical treatment.The whole system of
inflammatory mediators needs our complete
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understanding because it is a system, and it is
important to understand it in order to develop
prevention and treatment strategies for gastric
ulcer disease.

Nitric Oxide and Prostaglandins in Gastric
Ulcer Pathogenesis.

Prostaglandins and nitric oxide (NO), therefore,
sustain the integrity of the gastric mucosa through
their regulatory functions as they regulate both
normal and abnormal stomach functions. The two
mediators regulate three different body processes:
blood flow to the mucosal tissue, the production of
mucus and bicarbonate, and the body's response to
inflammation. Any abnormality in the normal
balance during the synthesis and/or function of
and NO would significantly
increase the risk of the occurrence of a gastric
ulcer.”

prostaglandins

Nitric Oxide (NO), a gas, is produced by the
oxidation of the amino acid L-Arginine by the
action of the enzyme Nitric Oxide Synthase
(NOS), which exists in three main forms:
endothelial (eNOS), neuronal (nNOS), and
inducible nitric oxide synthase (iNOS). The
human body produces the eNOS enzyme to
generate NO for the protection of the gastric
mucosa by dilating blood vessels to increase blood
flow to the gastric mucosa for tissue protection and
minor injury tissue repair.*® The Nitric Oxide (NO)
molecule regulates and bicarbonate
secretion as a defense mechanism against gastric

mucus

acids and pepsin.

The body produces inducible nitric oxide synthase
in three different pathological conditions, which
include inflammation, stress, and Helicobacter
pylori infection. When inducible nitric oxide
synthase overproduces nitric oxide in three
pathological conditions, which are inflammation,
stress, and Helicobacter pylori infection, the body

3537 |Page



Sreekanth S., Int. J. of Pharm. Sci., 2026, Vol 4, Issue 6, 3529-3553 |Review

produces excessive nitric oxide. There are three
pathological conditions where inducible nitric
oxide synthase over produce nitric oxide in the
body leading to excessive production of nitric
oxide which include inflammation, stress and
Helicobacter pylori infection.

The presence of high levels of NO enables it to
react with superoxide radicals, which then produce
peroxynitrite, an extremely toxic substance. This is
because the formation of peroxynitrite results in
oxidative stress and nitrosative stress since it
initiates the production of lipid peroxidation that
then causes the destruction of gastric mucosa and
the emergence of ulcers.*” The body uses nitric
oxide in its normal physiological range, and this
nitric oxide becomes harmful in large quantities.

The response of inflammation by the production of
cytokines and the sticking of leukocytes to the
endothelium is controlled by NO as well. NO
inhibits platelet aggregation and leukocyte
adhesion to the vascular endothelium, thus
producing an anti-inflammatory response.*’ The
inflammatory response leads to the disruption of
the normal production of NO, which activates NF-
kB signaling pathways for the production of
inflammatory mediators responsible for tissue
damage.*®

Prostaglandin E2 (PGE2) is an important lipid
mediator due to the fact that it is synthesized out
of arachidonic acid via cyclooxygenase (COX)
pathway that protects the gastric lining because it
promotes the secretion of the mucus and
bicarbonate, and blood flow to the tissues lining
the stomach and epithelial cell proliferation in the
stomach.*’ Prostaglandins also inhibit the secretion
of gastric acid, which in turn inhibits the harmful
components that cause damage.

The synthesis of prostaglandins in the body is
controlled by the presence of two enzymes known
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as cyclooxygenases (COX) and are referred to as
COX-1 and COX-2.COX-1
stimulates prostaglandin synthesis even in resting
states, while COX-2 stimulates prostaglandin
synthesis as a result of inflammation in the body.
NSAIDs as COX inhibitors have a great effect of
reducing the production of prostaglandins, which
subsequently causes the weakening of the defenses
mechanisms of the stomach lining, making it more

continuously

vulnerable to S. pyogenes attack and ulcer.>

According to the research, it is evident that
patients suffering from gastric ulcers always
exhibit low prostaglandin E2. This proves that the
body of such patients is not able to protect its
stomach lining. The absence of prostaglandins
results in less mucus and bicarbonate being
produced. The result of this is the reduced blood
circulation and slows down the regeneration of
epithelial tissues, thereby resulting in the
development of ulcers and inhibiting the recovery
of ulcers.”! The role of prostaglandins is crucial in
the regeneration of tissues, which is a vital part of
the healing of ulcers. The regeneration of tissues
occurs during the healing of wulcers. The
development of blood vessels is controlled by
prostaglandins in the body.

Nitric oxide and prostaglandins have a mutual
relationship, which has led to the development of
complex mechanisms to protect gastric mucosal
balance. The combination of nitric oxide and
cyclooxygenase activation results in the
production of prostaglandins. The relationship
between nitric oxide and prostaglandins ensures
the regulation of nitric oxide synthase by
prostaglandins through the regulation of nitric
oxide synthase expression. The relationship
between nitric oxide and prostaglandins ensures
the regulation of defense mechanisms of the
gastric mucosa.>?
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Gastric mucosa has both the protective and
harmful effects of the biochemical mediators,
which are nitric oxide and prostaglandins. The
protective effect of nitric oxide and prostaglandins
on the gastric mucosa is the result of the
improvement of the blood flow as well as the
induction of mucus production, which diminishes
the inflammatory reaction that occurs at normal
body temperatures. The formation of excessive
nitric oxide by the body results from the activation
of the inducible nitric oxide synthase, which leads
to inhibition the production of prostaglandins by
cyclooxygenase, thereby resulting in oxidative
stress and inflammation, which cause gastric
ulcers.

The biochemical reactions of this research enable
scientists to find new ways of creating treatment
that prevents gastric ulcers.

Apoptosis-Related Molecular Markers in

Gastric Ulcer Pathogenesis

Apoptosis is a controlled death mechanism of the
cells that play a major action maintaining balance
in the body, and mucous membrane in the stomach
(gastric mucosa) is maintained at homeostasis
through a balance of cell proliferation and
programmed cell death (apoptosis). When there is
an imbalance in the levels of apoptosis, with an
increase in the number of cells dying via an
apoptotic mechanism, it leads to gastric ulcers
because this state of imbalance results in the
destruction of cells within the lining of the gastric
mucosa.>?

Proteins from the Bcl-2 family play an important
role as cellular regulatory molecules controlling
the process of apoptosis; they contain both pro-
apoptotic (Bax and Bak) and anti-apoptotic (Bcl-2
and Bcl-xL) effectors. The pro-apoptotic family
members (Bax and Bak) promote apoptosis via
increased mitochondrial membrane permeability
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whereas anti-apoptotic (Bcl-2 and Bcel-xL) family
members  promote  cellular
maintaining mitochondrial membrane stability. In
cases of gastric ulcers, the Bax/Bcl-2 ratio
increases, resulting in increased rates of epithelial
cell death.>*

survival via

Mitochondrial (intrinsic) apoptotic pathways are
responsible for creating damage to gastric mucosal
tissue. Mitochondrial apoptosis begins when a cell
is subjected to oxidative stress, has DNA damage,
or has been given inflammatory signals. When
pro-apoptotic proteins such as Bax are activated,
they will result in the release of cytochrome ¢ from
the mitochondria of a cell into its cytosol, which
causes the activation of caspases. This process
results in the complete breakdown of the cellular
components leading to cell death.>®

Cysteine proteinases called caspases include many
proteases, and form an important group of cysteine
proteases that function as an essential component
of the apoptosis (programmed cell death) pathway.
There are two major functions of caspases. One is
as initiator caspases, whose role is to activate
effector (downstream) caspases such as caspase 3.
Initiator caspases become active when a cell
receives specific signals that trigger programmed
cell death, often called apoptotic or ‘“death”
signals. These signals turn on the initiator
caspases, which then go on to activate the effector
caspases.The effector caspases go on to break
down important cellular components such as
proteins and DNA, leading to the orderly and
controlled death of the cell. The effector caspases
are responsible for the cellular destruction process
associated with cell death.’® Increased caspase
activity is often associated with oxidative stress
and inflammatory conditions in the gastric mucosa

A key marker of cell death is p53, which is a
tumor-suppressor protein and plays a critical part
in regulating the cell cycle. Under stress conditions
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(e.g., oxidative stress and DNA damage), p53 will
become activated. The activation of p53 represents
a defence mechanism in response to the stress;
when activated, p53 will result in the expression of
pro-apoptotic genes like Bax, which ultimately
triggers the death of the cell.’’ In gastric ulcer
disease, upregulation of p53 has been linked to
increased apoptosis and impaired mucosal repair,
highlighting its role in disease progression

Another pathway of apoptosis is via the external
pathway, which is mediated by the Fas/Fas ligand
system where the Fas receptor interacts with Fas
ligand resulting in the activation of caspase 8 and
subsequently activating other caspases resulting in
cell death (ulcers caused by Helicobacter pylori)
through elevated levels of Fas and FasL observed
in the gastric mucosa after injury.*®

Aside from protein markers, mitochondrial
dysfunction also contributes to the induction of
apoptosis during the development of gastric
ulcers.When the mitochondrial membrane gets
damaged, it releases pro-apoptotic substances like
cytochrome ¢ and apoptosis-inducing factor (AIF).
These substances help to further drive the process
of apoptosis, eventually leading to the death of the
cell. This mitochondrial damage is often a
consequence of oxidative stress and inflammatory
mediators.

Nuclear factor kappa B (NF-kB) acts as a control
on two processes involved in controlling apoptosis
as a transcription factor. Typically NF-xB works
to regulate inflammation, however it can also
stimulate or inhibit the death of cells by its action
in different cells. The chronic activation of NF-kB
in gastric ulcer disease results in the activation of
inflammatory and apoptotic genes causing tissue
damage.

Some other new apoptotic markers also include
caspase-activated DNase (CAD), that are part of
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the DNA fragmentation process of apoptosis. By
activating CAD, DNA is “laddered” in apoptotic
cells and serves as one of the basic characteristics
of the apoptosis process. Increased DNA
fragmentation has been reported in gastric ulcer
tissues, further the role of apoptosis in mucosal

injury.

There are two primary causes that determine the
formation of gastric ulcers, which are both
apoptosis and inflammation via reactive oxygen
species (ROS) induced cell damage. Reactive
oxygen species damage the various -cellular
components in our bodies, which then triggers
apoptosis in these cells. Apoptosis can also be
activated via the inflamed tissue's release of (TNF-
alpha) cytokines. Activation of both pathways
leads to the initiation of apoptosis. This interplay
creates a cycle of cell death and tissue injury that
impairs mucosal healing.

The data indicate that the Bcl-2 family, caspases,
pS3, Fas and FasL, and NF-kB play a crucial role
in regulating apoptosis and act as important
molecular markers in the development of gastric
ulcers, and these pathways must be carefully
controlled because any imbalance can lead to
excessive cell death, thereby impairing the healing
of the gastric mucosa, while a better understanding
of these apoptotic mechanisms also provides
valuable insights for developing therapeutic
strategies to regulate cell death and promote
mucosal healing.

Activation of NF-«kB increases the expression of
genes involved in inflammation and cell death,
which ultimately leads to damage of the epithelial
cells.> NF-kB signaling and apoptosis are closely
connected, demonstrating that the processes of
inflammation and cell death are
interrelated in the body.

strongly
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Another key apoptosis marker, caspase-activated
DNase (CAD), degrades DNA when activated, at
the end stage of programmed cell death
(apoptosis). It is during CAD activation that
chromosomal DNA begins to break down and is
subsequently recognized by researchers as a
hallmark of cell death by apoptosis. Increased
DNA fragmentation has been observed in gastric
ulcer tissues, confirming the involvement of
apoptosis in mucosal injury.

The connection between oxidative stress,
apoptosis, and inflammation is important for
gastric ulcer development and plays an important
role in the pathogenesis of gastric ulcers. The
oxidative stress pathway produces reactive oxygen
species (ROS) which
macromolecule damage leading to apoptosis,
while the pro-inflammatory cytokine tumour
necrosis factor alpha (TNF-a) is involved in the
initiation of both intrinsic apoptosis pathways as
well as extrinsic apoptotic mechanisms. This
interaction creates a cycle of continuous cell death
and tissue injury, which delays healing and
promotes ulcer progression.

can cause cellular

Bcl-2, caspases, p53, Fas/FasL, NF-xB, and CAD
are all important molecules that indicate whether
or not cells die. Apoptosis (programmed cell
death) occurs at an uncontrolled rate, leading to
excessive cell deaths that damage the stomach
lining, therefore preventing proper healing of the
ulcer. Understanding the molecular pathways
behind this process has provided important
insights that can help in developing better
treatment options for gastric ulcers in the future.*

Role of Helicobacter pylori Infection in Gastric
Ulcer Pathogenesis

*Helicobacter pylori* is a type of bacteria that can
infect individuals to develop either peptic or
gastric ulcers. This type of bacteria has been found
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in many countries, as it can survive in an acidic
(more than pH 4.5) environment of the stomach.
The bacteria will slowly wear through the
protective lining of the stomach, creating an ulcer
in the stomach lining.®' Its presence leads to
chronic inflammation, epithelial damage, and
alterations in gastric physiology, all of which
contribute to ulcer formation.

The bacterium Helicobacter pylori contains an
enzyme called urease which breaks down urea to
produce ammonia and carbon dioxide. The
ammonia produced by *H. pylori* helps reduce
the acidity in the stomach, creating a more
favorable environment for the bacterium to
survive. H. pylori bacteria establish their survival
through their ability to establish less acidic
conditions between their immediate surroundings

and their cellular structures.5?

The stomach lining will suffer negative effects
from this process. The epithelial cells suffer
damage from ammonia which creates an increased
risk of harm through gastric acid and pepsin
because it weakens the protective strength of
mucosal barriers.

The gastric mucosa becomes damaged by*H.
pylori* infection because of bacterium possesses
multiple virulence factors that enable it to damage
the stomach lining and interfere with its protective
functions. Among the virulence factors, the
cytotoxin-associated gene A (CagA) gene that
been identified as one of the most harmful
virulence factors.

CagA protein enters host cells to disrupt their
signaling pathways while it induces inflammation
and rearranges host cell cytoskeletons and causes
loss of cellular polarity.®® An additional important
virulence factor of *H. pylori* is the vacuolating
cytotoxin A (VacA) that causes vacuolation within
epithelial cells the stomach.. The process leads to
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mitochondrial dysfunction which results in cell
death through apoptosis. The process results
additional injury to stomach mucosal layer.®

The formation of ulcers as a result of H. pylori
infection is mainly included with the immunity
levels in human body against the Helicobacter
pylori bacteria. In response to H. pylori , the
immune system releases cytokines that promotes
inflammation  which include Interleukin-1beta
Interleukin-8 and TNF-alpha. The main role of
these pro-inflammatory cytokines is to attract
more immune system responses to the site where
the Helicobacter pylori bacteria are causing
destruction.  Neutrophils and macrophages
generate reactive oxygen species together with
proteolytic enzymes which create oxidative stress
while damaging tissues. The stomach lining
develops chronic gastritis which leads to persistent
inflammation and results in stomach ulcer

formation.

H. pylori infections lead to two effects because
they cause inflammation and control stomach acid
production. One of the effects of an infection with
H. pylori is that it can alter the degree of gastric
acid produced. The pattern of bacterial
colonization and its specific location in the
stomach will determine the extent of this variation.
The antrum of the stomach produces more gastrin
through antral-predominant gastritis, which leads
to increased stomach acidity that results in
duodenal and gastric ulcers. Inversely, what could
be expected upon corpus-predominant infection is
that less acid secretion might occur, yet the
subsequent mucosal damage will take place
because of inflammation and impaired defense
mechanisms.®

The gastric mucosal barrier is disrupted by this
bacterium through alterations in the production of
mucus as well as the tight junctions that are present
in the epithelial cells. The microbe changes both
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the composition and viscosity of mucus which
leads to its protective function being disabled. The
ideal operation also concerns the tight-junction
proteins that exist to keep the stomach-lining cells
in close relation to one another. This makes the
lining permeable, and this
hydrogen ions to leak in and cause further damage
to the stomach lining.

stomach allows

The bacterium H. pylori infection impacts another
essential process which controls cell death through
apoptosis. The bacterium infection leads epithelial
two distinct processes allow cells to go through
apoptosis, including mitochondrial dysfunction
and death receptor Fas activation. The elevated
rate of cell death through apoptosis results are loss
of epithelial cells which slows down the process of
mucosal healing and this mechanism leads to the
continued existence of ulcers.®

Recent research has demonstrated that H. pylori
impact critical cell signalling pathways, such as
mitogen-activated protein kinase(MAPK) and
nuclear kappa B (NF-kB). Pro-
inflammatory genes are transcribed when NF-Kb
and MAPK are activated. which create a greater
inflammatory response.®’ It continues leading to
chronic inflammation overtime, which can result
in significant tissue damage and, in turn, the
progression of ulcers.

factor

As found the H. pylori present in stomach
microbiome causes the changes that result in
different disease progression patterns. The
dysbiosis caused by a stomach illness caused by H.
pylori microbiome disables  body's immune
system while creating conditions for long-lasting
inflammation.®® Here 1 would emphasize the
complicated collaboration between microbial
factors and host responses in regard to formation
the stomach ulcer.
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The research shows that Helicobacter pylori
contributes to gastric ulcers through multiple
mechanisms because it uses its virulence factors to
damage the epithelial layer while it creates
inflammation and oxidative stress and disrupts
mucosal barriers and changes both apoptotic and
signaling pathways. The understanding of
infection eradication methods together with ulcer
prevention methods has been established through
this research.

Matrix Metalloproteinases in Gastric Ulcer
Pathogenesis

The MMPs endopeptidase family uses zinc as a
cofactor to perform essential
extracellular matrix degradation and remodeling
Matrix metalloproteinases (MMPs)
participate in the process of gastric mucosa
restoration and regeneration. The proteins become
harmful to gastric ulcer development when their
levels exceed normal range.%’

functions 1in

activities.

MMPs exist in numerous forms yet researchers
have conducted multiple studies on both MMP-2
which scientists refer to as gelatinase A and MMP-
9 which they call gelatinase B because these
enzymes can destroy essential basement
membrane materials through their ability to break
down collagen IV and gelatin which results in
damage to the epithelial membrane’® Studies have
discovered that the MMP-9 and MMP-2 levels are
higher the gastric ulcer tissue.

This suggests that these enzymes play a significant
part in damaging of mucosal lining also promoting
development and progression the ulcers. The
increase of these enzymes shows their role in
damaging mucosal lining which leads to ulcer
formation.

Matrix metalloproteinases face strict regulation
through three different control mechanisms that
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include transcription control and proenzyme
activation control and metalloproteinase tissue
inhibitor control. The matrix extracellular will
undergo excessive breakdown when MMP levels
exceed TIMP levels because the body will lose its
ability to repair damage.”! Stomachs of individuals
suffering from stomach ulcers, decrease the TIMP
expression allows MMPs to freely stimulate the
process of long-duration mucosal damage and
delayed healing.

The proinflammatory mediators, which include
IL-1 and TNFa, initiate MMP production through
multiple pathways because they activate two
intracellular signaling systems which include NF-
kB and MAPK to establish MMP transcription
control through their subsequent activation.”?
Cytokines establish direct links
inflammatory processes and the destruction of
bodily tissues through their regulatory functions.
The process results in additional destruction of
tissues while it boosts the production of stomach

between

acid, which leads to worsening of existing ulcers.

H. pylori infection makes a major impact on MMP
activity. The bacteria use its virulence factors to
activate MMP expression which leads to greater
destruction of the gastric mucosal barrier.” The
process leads to damage of the epithelial layer
which creates conditions for ulcer development.
MMPs participate in two functions, which include
controlling leukocyte movement and supporting
blood vessel creation, thus affecting both the
inflammatory process and tissue reconstruction

MMPs create damage to the mucosa when they
become overexpressed. MMPs show their healing
function by helping to heal gastric ulcers. MMPs
help to speed up ulcer healing through their ability
to support tissue reconstruction and blood vessel
formation and epithelial cell movement.”*
Therefore the regulation of MMP activity is
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imperative to maintain humor polarity and
facilitate effective healing.

The progression and healing process of gastric
ulcers depends on the activity of matrix
metalloproteinases (MMPs). Uncontrolled MMPs
cause extracelluar matrix (ECM) degradation
which leads to tissue damage and extended wound
healing times. Wound healing requires specific
MMP levels to be effectively controlled. The
discovery of an MMP regulatory mechanism has
the capacity to act as a remedy method for gastric
ulcer management.

Clinical Significance of Biomarkers in Gastric
Ulcer Pathogenesis

Biochemical and molecular markers serve
essential functions for diagnosing and forecasting
disease outcomes and treating gastric ulcer
patients. The biomarkers provide information
about pathophysiological mechanisms which lead
to gastric ulcers by showing specific processes the
inflammation and oxidative stress and apoptosis

and remodelling.”
Inflammatory Markers

Gastric ulcer patients show levels of the
inflammatory indicators C-reactive protein,
interleukin-6 and tumour necrosis factor-alpha,
which function as indicators of their disease
severity. The markers enable assessment of
mucosal inflammation severity which leads to
determination of possible complications and
evaluation of treatment effectiveness for both
inflammation and pathogen eradication.”® The
decrease in CRP levels after treatment shows that
the body either has resolved its inflammation or its
mucosal tissues have begun to heal.

Oxidative stress Markers
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The link between reactive oxygen species and
antioxidant defence mechanisms is demonstrated
by the stomach mucosa using oxidative stress
markers such as superoxide dismutase and
malondialdehyde. It has been demonstrated that
oxidative stress results in epithelium damage
which leads to delayed ulcer healing. Clinicians
can use oxidative stress as a guideline to determine
when to administer antioxidants which will help
reduce oxidative damage and support the healing
process.

Apoptosis-related Markers

The scope of epithelial cell loss in a gastric ulcer
can be estimated by the insights on apoptosis-
related markers such as Bc-2, Bax, and caspase
3.”77 An increase in pro-apoptotic signals indicates
that the mucosal lining suffers from ongoing
damage, whereas the rise in anti-apoptotic markers
shows that the body tries to protect and maintain
the tissue. The clinical assessment the pro-
apoptotic and pro-apoptotic markers will assist the
predicting how long was ulcer will last and when
doctors must start treatment to help patients with
chronic and recurrent ulcers.

Nitric oxide and Prostaglandin levels

It can be seen that the synthesis of NO and the
secretion of PGE2 are reliable indicators of the
defensive mechanism of the gastric mucosa.”
Acid damage susceptibility when
prostaglandin  production and nitric oxide
production capabilities decline. The experimental

occurs

markers can serve clinical purposes because they
help doctors identify patients who will develop
NSAID-induced ulcers, while also assisting
doctors in creating preventive strategies that
involve using prostaglandin analogs and nitric
oxide donor medications.

Matrix metalloproteinases (MMPs)
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MMP-2 and MMP-9 are matrix metalloproteinases
that act as vital indicators which researchers use to
evaluate ulcer healing and tissue regeneration
because these proteins show the alterations
happening in injured gastric tissue.”” The testing
shows that MMP reaches its peak activity which
leads to excessive ECM breakdown and this
process results in delayed wound healing together
with complications that include bleeding and
perforation. The testing of the level of MMP can
guide the modifications to be made to the tissue
repair process through therapy to ensure efficient
mucosal healing.

The biomarkers provide a crucial clinical value for
diagnosing gastric ulcer disease because they show
the extent of mucosal damage and inflammatory
response and oxidative damage and the process of
gastrointestinal tissue reconstruction.

The identification of Gastric Ulcer Disease
biomarkers will enable healthcare providers to
achieve more accurate diagnoses which will result
in decreased patient suffering and improved health
results for people with gastrointestinal disorders.
The application of biomarkers in clinical settings
will enhance patient results who have Gastric
Ulcer Diseases because it enables more precise
treatment methods and effectiveness evaluation of
medical procedures.

Future Perspectives in Gastric Ulcer

Biomarker Research

Scientists have studied the biochemical and
molecular factors which cause gastric ulcers. The
disease mechanisms have been explained better
through this research yet significant obstacles still
need to be resolved. The future research in this
field will focus on three main objectives which
include discovering new biomarkers and using
multi-omics and  developing  personalized
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treatment methods to enhance diagnosis and
prognosis and treatment success rates.*

Genomic and proteomic profiling technologies
enable researchers to discover new molecular
targets for research through their ability to identify
gastric ulcer-related molecular compounds. The
technologies enable researchers to discover new

biomarkers  which  predict gastric  ulcer
development and its bleeding and perforation
complications. =~ The  technologies  enable

researchers to discover new genes and proteins
which connect to gastric ulcer development and
healing processes.®!

Another major area for future research that would
be beneficial would be the identification of non-
invasive biomarkers. The current diagnostic
procedures require endoscopic examination which
creates both an invasive experience for patients
and a high financial cost. The identification of
biomarkers in the blood, saliva, and urine could
help us to identify patients with gastric ulcers early
on and thereby promote compliance and reduce the

burden on the healthcare system. ™

The blood contains three types of biomarkers
which include inflammatory cytokines
oxidative stress markers and specific microRNAs.
These biomarkers can indicate disease severity and
track the effectiveness of treatment results.

and

Research into gastric ulcer disease pathogenesis
now investigates how microRNAs together with
their associated epigenetic changes impact disease
development. The molecular regulators of the
processes studied here which include gene
expression and apoptosis and inflammation and
tissue remodeling and which serve as possible
indicators and treatment objectives for stomach
ulcer disease research.®® The study of their specific
contributions will establish new treatment
methods which will target molecular pathways to
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achieve better mucosal healing and recurrence
prevention.

Researchers will achieve their goal of personalized
medical treatment through their research into
biomarkers and their precision medicine studies. A
physician can use a specific combination of
biomarkers to determine what type of antioxidant
and anti-inflammatory drugs, in addition to proton
pump inhibitors, are best for a specific patient.
Personalized treatment based on a patient's unique
biomarker profile will enable the physician to
achieve superior treatment outcomes which will
also reduce medical costs and protect vulnerable
patient groups from harmful drug effects.®*

The relationship between microbial and human
factors needs further investigation because H.
pylori virulence factors and gastric microbiota
composition and human disease susceptibility
interact to affect biomarker expression which
creates new possibilities for ulcer treatment and
prevention.

Future research on gastric ulcer biomarkers will
establish better methods to detect the disease and
categorize risks and deliver specialized treatment.
The management of gastric ulcer patients will
undergo major changes through the combination
of genomics and proteomics and non-invasive
biomarker tests and precision medicine.

CONCLUSION

Gastric ulcer disease results from a variety of
factors, and as a result, a number of things are
happening simultaneously. The progression of
stomach ulcers disease occurs through three main
factors which include aggressive and irritant
factors as well as the immunological system of the
body and the bacteria that develop on the inflamed
stomach lining. Researchers can use various
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biochemical and molecular markers to study how
gastric ulcer disease develops in humans.

The markers which researchers will use include
five biological processes which include oxidative
stress and inflammation and apoptosis and
extracellular matrix remodeling and mucosal
defense. The researchers will use oxidative stress
markers which include malondialdehyde and
superoxide dismutase to demonstrate that free
radicals cause damage of stomach’s lining
epithelial cells. Researchers will use markers of
inflammation which include IL- 8 and IL-6 and
TNF-alpha to demonstrate that stomach lining
suffers from severe inflammatory damage.The
apoptotic molecules which include Bcl-2 and Bax
and caspases and P53 function as evidence that
stomach epithelial cells have died which prevents
proper gastric ulcer healing.

The protective function of the mucosal barrier
support from nitric oxide and
prostaglandins, while these substances also serve

receives

as regulators in the control of the inflammatory
response. The matrix metalloproteinases enable
extracellular matrix remodeling, tissue repair
functions, and the advancement of ulcerative
conditions. The infection by one of the main
causes of helicobacter pylori is causes mucosal
injury through various virulence factors,
apoptosis, and chronic inflammation. The
application of these biomarkers in the clinical
setting is extremely useful in the process of
diagnosis, and therapeutic
interventions.

prognosis,

The research involves biomarker detection studies
and genomics/proteomics/microRNA  studies
which serve as tools for early diagnosis and
precision medicine development. The complex
biochemical/molecular pathways create a space
for researchers to develop targeted approaches
which will enhance mucosal defense procedures
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and stop ulcer recurrence and treat gastric ulcer
conditions in patients. The inclusion of the data
from the study of the biomarkers will greatly
contribute to the advancements in the management
of gastric ulcers; great advancements will be
achieved with the study of the biomarkers.
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