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ABSTRACT

Nonsteroidal anti-inflammation drug (NSAID) has been commonly used by people to treat myalgia and
arthritis. Long-term use of nonsteroidal anti-inflammatory drugs (NSAIDs) can cause chronic gastritis due to
its topical and systemic effects. The topical effects of NSAID comprise cytotoxic and apoptotic effects on gastric
mucosa which involve many apoptosis biomarkers while systemic effects are associated with cyclooxygenase
(cox) inhibition in the reduction of prostaglandins production that plays a role in gastric mucosa's protectors.
Apoptosis biomarkers that are involved in NSAID-induced gastritis comprise tumor necrosis factor-alpha
(TNF-a) as well as cytochrome-c and SMAC which act as apoptosis inducers via extrinsic and intrinsic
pathways respectively, caspase-8, caspase-9, caspase-3 in apoptosis pathway, Apoptosis Inducing Factor (AIF),
longevity of apoptotic inhibitor proteins and NF-kB activity, resulting in apoptosis and cytotoxic effect to
develop gastritis. This review will help us to understand the safety of NSAID drugs and to find effective
treatments to regulate its mediators and not just suppress gastric acid secretion.
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INTRODUCTION

Nonsteroidal anti-inflammation drugs (NSAID) can
induce gastritis aside from its main use in managing
pain, fever, and inflammation. Long-term use of
NSAIDs can cause chronic diseases in the form of
chronic gastritis. NSAID can go through several
mechanisms to cause gastritis which can be
categorized as two main mechanisms. These
mechanisms are topical mechanism that occurs
through apoptosis, and systemic mechanisms that
occur through COXs inhibitions and disruption of
prostaglandin production. These mechanisms cause
the imbalance of aggressive factors and protective
factors, resulting in gastritis [1]. Preventive
measures should be taken to mitigate this adverse
effect.

1. TOPICAL MECHANISM

Topical mechanism can occur through direct
irritation of gastric mucosa by acidic nature or direct
contact in damaging epithelial cells, and disruption
of the mucus-bicarbonate barrier by mucus-
bicarbonate reduction and bicarbonate secretion
decrease after NSAID administrations. NSAID causes
direct irritation to gastric mucosa by its non-ionized
formation in an acidic environment, allowing it to
penetrate deeper into the barrier. The ion trapping
theory also explains how the acidic pH of the
gastric environment facilitates the diffusion of the

non-ionized to lipid-soluble NSAIDs that conversed
to lipophobic form that may induce toxicity within
the neutral pH environment of the cytosolic gastric
mucosa [2].

NSAID can also cause damage by directly in contact
with the epithelial cells of the gastric mucosa. This
process mainly involves apoptosis and thus plays a
major role in the topical mechanism of NSAID-
induced gastritis. Apoptosis is one of programmed
cell deaths that occurs naturally in the body to
remove old or damaged cells. This program is highly
happening in cellular eukaryotic cells that can be
stimulated by extrinsic and intrinsic factors [3].
NSAID induces apoptosis in the stomach lining can
happen via the reduction of prostaglandin and
several molecular interactions after NSAID intakes.
Several molecular biomarkers in this mechanism
involve comprising TNF-a, cytochrome-c, SMAC
(second mitochondria-derived activator caspases),
caspase-3, caspase-8, caspase-9, AIF (Apoptosis
Inducing Factor), and survivin to manifest NSAID-
induced gastritis.

1.1 Tumor Necrosis Factor-alpha (TNF-«)

Tumor necrosis factor-alpha (TNF-a) plays a
significant role in the development of NSAID-induced
gastritis, where it contributes to inflammation,
mucosal injury, and ulcer formation in the stomach.
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Nonsteroidal anti-inflammatory drugs (NSAIDs) are
commonly used for pain and inflammation relief, but
they can cause gastric damage by interfering with the
protective mechanisms of the gastric mucosa. Here’s
how TNF-a contributes to NSAID-induced gastritis:

Promotion of Inflammatory Response: TNF-a is a
pro-inflammatory cytokine that becomes elevated in
response to NSAID use. NSAIDs inhibit
cyclooxygenase enzymes (COX-1 and COX-2), which
reduces prostaglandin production. Prostaglandins
are essential for maintaining gastric mucosal
protection, and their reduction leads to increased
gastric acid secretion and decreased mucus and
bicarbonate production. As a result, the gastric
lining becomes more vulnerable to damage, and
TNF-a release is triggered in response to this stress,
leading to an inflammatory cascade [4, 5].

Recruitment and Activation of Immune Cells: TNF-
a attracts immune cells, such as neutrophils and
macrophages, to the site of injury in the gastric
mucosa. The attractant such as cytokine-induced
neutrophil chemoattractant-1 (CINC-1) of gastric
epithelial cells can be stimulated by TNF-a to attract
immune cells [6]. These immune cells release
additional inflammatory mediators, including
interleukins (e.g., IL-1f3) and reactive oxygen species
(ROS), which further damage the gastric lining and
increase inflammation. This amplifies the gastric
injury caused by NSAIDs.

Induction of Apoptosis in Gastric Cells: TNF-a can
promote apoptosis (programmed cell death) of
gastric epithelial cells by activating pro-apoptotic
signaling pathways, particularly through receptors
like TNF receptor 1 (TNFR1). TNF receptor 1
(TNFR1) senses TNF-a around the epithelial cells
and leads to several pathways such as complex IIb,
and complex Ila, and is associated with caspase 8 to
trigger caspase 3 [7]. These caspases then execute
apoptosis as a cell death program and contribute to
gastric epithelial cell loss, compromising the
integrity of the gastric mucosa, further weakening
its protective barrier, and increasing susceptibility
to acid and other irritants.

Microcirculation Impairment: TNF-a contributes
to microcirculatory disturbances by increasing
vascular permeability and promoting endothelial
cell damage, which can impair blood flow to the
gastric mucosa. TNF-a induced endothelial cell
injury and reduced several tight junction proteins
such as ZO-1 and Claudin-5 thus increasing the
permeability of the blood vessel barrier [8]. This
causes impairment of the blood vessels barrier
leading to the reduction of blood flow. Reduced
blood flow limits the delivery of oxygen and
nutrients necessary for healing and maintaining
mucosal integrity, exacerbating the damage caused
by NSAIDs.

1.2 Cytochrome-c

Cytochrome-c plays a critical role in NSAID-induced
gastritis primarily through its involvement in the
mitochondrial pathway of apoptosis in gastric
mucosal cells.

NSAID-induced gastritis occurs due to the
disruption of the gastric mucosal barrier and the
induction of cell death in gastric epithelial cells,
leading to mucosal damage and ulcer formation.
Here’s how cytochrome-c is involved in this process:

Mitochondrial Damage and Cytochrome-c
Release: NSAIDs, by inhibiting cyclooxygenase
enzymes (COX-1 and COX-2), reduce the production
of protective prostaglandins in the gastric mucosa,
making the cells more susceptible to damage from
gastric acid and other stressors. NSAIDs can also
directly impact mitochondria, causing
mitochondrial membrane permeability changes
such as through depolarization and increased
membrane transition pores [9]. This membrane
disruption allows cytochrome-c to escape from the
mitochondrial intermembrane space into the
cytosol.

Activation of the Apoptotic Pathway: Once in the
cytosol, cytochrome-c binds to apoptotic protease
activating factor-1 (Apaf-1), forming a complex
known as the apoptosome [10]. This complex then
activates caspase-9, which in turn activates
downstream effector caspases like caspase-3. These
caspases execute apoptosis by cleaving cellular
proteins, leading to programmed cell death.
Apoptosis of gastric epithelial cells compromises the
mucosal barrier, increasing susceptibility to further
damage and contributing to NSAID-induced gastritis
and ulcer formation [11].

Induction of Oxidative Stress: Cytochrome-c
release is associated with increased oxidative stress.
NSAIDs can generate reactive oxygen species (ROS)
within the mitochondria, which can further damage
mitochondrial membranes and other cellular
components. Cytochrome-c contributes to ROS
formation of mitochondrial cargo as it leaks from
damaged mitochondria, further exacerbating
oxidative damage within the gastric mucosa [12].
This can result in weakening the integrity of the
gastric mucosa barrier.

1.3 Second mitochondria-derived activator of
caspases (SMAC)

The Second Mitochondria-Derived Activator of
Caspases (Smac), also known as Diablo, plays a
significant role in NSAID-induced gastritis by
regulating apoptosis in gastric mucosal cells. Smac s
a mitochondrial protein released into the cytosol
following mitochondrial stress or injury, which can
be triggered by NSAIDs. Here’s how Smac
contributes to NSAID-induced gastritis:

Promotion of Apoptosis: In the context of NSAID
use, mitochondrial stress occurs due to the loss of
protective prostaglandins, which weaken the gastric
mucosa. NSAIDs can induce mitochondrial damage,
causing the release of Smac into the cytosol along
with other pro-apoptotic factors like cytochrome-c.
Once in the cytosol, Smac inhibits inhibitors of
Apoptosis Proteins (IAPs), such as XIAP (X-linked
inhibitor of apoptosis protein), which normally
suppress caspase activation.
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By binding to and neutralizing IAPs, Smac facilitates
the activation of caspase-9 and downstream
caspases (e.g., caspase-3), promoting apoptosis in
gastric epithelial cells [13].

Synergistic Role with Cytochrome-c: Smac works in
tandem with cytochrome-c to amplify the apoptotic
response in NSAID-induced gastritis. While
cytochrome-c forms the apoptosome complex to
initiate caspase activation, Smac ensures that 1APs
do not interfere with this process, allowing
apoptosis to proceed efficiently. This synergistic
effect enhances cell death in the gastric mucosa,
compromising the protective barrier of the stomach
lining [14].

Exacerbation of Mucosal Damage: The loss of IAP
function after Smac release can effectively allow the
promotion of apoptosis [15]. The promotion of
apoptosis by Smac release contributes to the loss of
gastric epithelial cells, weakening the mucosal layer
that serves as a barrier against stomach acid and
other irritants. This loss exacerbates gastric damage,
leading to symptoms of NSAID-induced gastritis and,
potentially, ulcer formation as the mucosal defense
is further compromised.

1.4 Survivin

Survivin, a member of the inhibitor of apoptosis
(IAP) family, plays a complex role in NSAID-induced
gastritis by helping to regulate cell survival and
apoptosis in the gastric mucosa. NSAIDs disrupt the
protective mechanisms of the stomach lining,
leading to increased cell death, inflammation, and
potential ulceration. Survivin is typically involved in
promoting cell survival and preventing apoptosis,
but its role in NSAID-induced gastritis can vary
depending on how NSAIDs impact Survivin levels
and activity. Here’s an outline of its role:

Prevention of Apoptosis: Survivin is an anti-
apoptotic protein that inhibits caspase activation,
helping cells resist apoptosis. In NSAID-induced
gastritis, where the gastric mucosal cells undergo
stress and are more prone to apoptosis due to
mitochondrial damage and increased pro-apoptotic
signaling, Survivin expression may help some gastric
epithelial cells resist this stress. Survivin binds to
SMAC/diablo and forms a complex that restrains
SMAC/diablo from binding with clIAP1/2 or XIAP
thus further effectively blockading caspase activity
[16]. By inhibiting caspases (particularly caspase-3
and caspase-7), Survivin reduces cell death, helping
to preserve the integrity of the gastric mucosal
barrier.

Response to NSAID-Induced Damage: In the setting
of NSAID-induced gastritis, however, Survivin levels
may be altered. Some studies suggest that NSAID
treatment can downregulate Survivin expression
in gastric mucosal cells, which removes this anti-
apoptotic protection [17, 18, 19]. NSAID
downregulates survivin through involvement in
survivin degradation and inhibition of STAT3
and HSF-1 which can bind to survivin promoters

and function as transcriptional activators of survivin
genes [18, 20, 21]. Reduced Survivin levels allow
apoptosis to proceed, leading to increased cell loss
and weakening of the gastric mucosa, exacerbating
the damage caused by NSAIDs. This makes the
stomach lining more susceptible to acid and other
irritants, promoting gastritis and ulcer formation.

Survivin in NSAID-induced gastritis may help
protect gastric cells from apoptosis and support
mucosal integrity. However, NSAIDs can disrupt this
protective function by downregulating Survivin,
leading to increased cell death, impaired repair, and
worsening of gastritis [16, 18, 22]. Survivin's dual
roles in both apoptosis inhibition and cell
proliferation highlight its importance in maintaining
gastric mucosal health under NSAID-induced stress.

1.5 Apoptosis Inducing Factor (AIF)
Apoptosis-inducing factor (AIF) is a mitochondrial
protein involved in caspase-independent cell death,
and it plays an important role in NSAID-induced
gastritis by contributing to the apoptosis of gastric
epithelial cells. NSAIDs cause stress and damage to
the gastric mucosa, leading to cell death and
inflammation. Here's how AIF contributes to NSAID-
induced gastritis:

Mitochondrial Damage and AIF Release: NSAIDs
cause oxidative stress and mitochondrial injury in
gastric epithelial cells by inhibiting protective
prostaglandins. NSAID induction enhances the

formation of permeabilization of the outer
mitochondrial membrane (MOMP) and
depolarization, leading to mitochondrial

dysfunction [23, 24]. This MOMP allows AIF to
translocate from the mitochondria to the cytosol
and, subsequently, to the nucleus.

Induction of Caspase-Independent Apoptosis:
Once AIF is released into the cytosol and enters the
nucleus, it triggers a caspase-independent pathway
of apoptosis [25]. AIF binds to DNA in the nucleus
and causes large-scale DNA fragmentation and
chromatin condensation, leading to cell death. This
process is independent of caspase activation, which
distinguishes it from the caspase-dependent
apoptotic pathways often associated with NSAID-
induced injury (e.g., via cytochrome-c release) [26].

Contribution to Gastric Mucosal Damage: AIF-
mediated apoptosis contributes to the loss of gastric
epithelial cells, weakening the gastric mucosal
barrier. As AIF promotes cell death in the gastric
mucosa, it increases the tissue’s vulnerability to acid
and other irritants, exacerbating NSAID-induced
gastritis. The cumulative loss of cells disrupts the
mucosal lining, impairing its ability to protect the
underlying tissue.

AIF plays a pro-apoptotic role in NSAID-induced
gastritis by promoting caspase-independent
apoptosis in gastric epithelial cells. High AIF
expressions are found to be related to high caspase-
3 expressions, contributing to the breakdown of the
gastric mucosal barrier [27].
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Its role in oxidative stress by causing increased
cellular ROS and cell death makes it a critical factor
in the pathogenesis of NSAID-induced gastric injury
[28].

1.6 Caspases

Caspases are crucial in the development of NSAID-
induced gastritis, as they mediate apoptosis
(programmed cell death) in the gastric epithelial
cells, contributing to mucosal damage and
inflammation. NSAIDs disrupt the gastric mucosal
barrier by inhibiting protective prostaglandins,
which makes the mucosa more susceptible to injury.
Here’s how caspases are involved in NSAID-induced
gastritis:

Activation of Apoptotic Pathways: NSAIDs can
trigger apoptosis in gastric mucosal cells through
both intrinsic (mitochondrial) and extrinsic (death
receptor) pathways. Caspases are central to both
pathways:

e Intrinsic Pathway: NSAID-induced mitochondrial
stress leads to the release of cytochrome-c, which
forms a complex with apoptotic protease
activating factor-1 (Apaf-1) to activate caspase-9.
NSAID also attenuates SIRT3, allowing caspase-9
release [[29]]. Caspase-9 then activates
downstream caspases, such as caspase-3, which
execute apoptosis by cleaving cellular proteins
and DNA.

e Extrinsic Pathway: NSAIDs can upregulate pro-
inflammatory cytokines like TNF-a, which bind
to death receptors on gastric epithelial cells and
trigger the activation of caspase-8 [30, 31].
Caspase-8 binds with the Fas-associated death
domain (FADD) and later forms a death-inducing
signaling complex (DISC) wupon DED-DED
interaction [32, 33]. Caspase-8 activates
downstream effector caspases, such as caspase-3
and caspase-7, leading to cell death.

Execution of Apoptosis: Caspase-3, known as the
“executioner caspase,” plays a direct role in
executing apoptosis by breaking down cellular
components and structural proteins, ultimately
leading to cell death. Caspase-3 activation cleaves
poly ADP-ribose polymerase-1 (PARP1), and cleaves
DFNAS that later produces DFNA5-N fragment [34,
35]. The activation of caspase-3 is a crucial step in
NSAID-induced apoptosis in gastric mucosal cells, as
it leads to DNA fragmentation, membrane blebbing,
and loss of cellular integrity.

1.7 Nuclear Factor Kappa B (NF-kB)

Nuclear Factor kappa B (NF-kB) plays a significant
role in NSAID-induced gastritis by mediating
inflammation, cell survival, and immune responses
in the gastric mucosa. NF-kxB is a transcription factor
that regulates the expression of various pro-
inflammatory cytokines, chemokines, and molecules
involved in immune responses. Here’s how NF-kB is
involved in NSAID-induced gastritis:

Induction of Inflammatory Response: NSAIDs
inhibit cyclooxygenase enzymes (COX-1 and COX-2),

reducing  the production  of  protective
prostaglandins in the gastric mucosa. This inhibition
disrupts the mucosal barrier and promotes
inflammation. In response to this damage, NF-«B is
activated and translocates to the nucleus, where it
upregulates the expression of pro-inflammatory
cytokines such as TNF-q, IL-1f3, and IL-6 [36]. These
cytokines recruit and activate immune cells,
amplifying inflammation and worsening mucosal
injury.

Promotion of Gastric Epithelial Cell Apoptosis:
NSAID-induced NF-xB activation can lead to the
production of pro-apoptotic molecules in the gastric
mucosa. For example, NF-kB promotes the
expression of Fas ligand and TNF-a, which can bind
to death receptors on the surface of gastric epithelial
cells, triggering apoptosis [37, 38]. Increased
apoptosis contributes to the weakening of the
gastric mucosal barrier, making it more susceptible
to injury from gastric acid and other irritants.

Regulation of Oxidative Stress: NF-xB also
regulates the expression of enzymes involved in
oxidative stress responses, such as inducible nitric
oxide synthase (iNOS) and NADPH oxidase, which
produce reactive oxygen species (ROS) [[39]].
Elevated ROS levels contribute to oxidative stress,
damaging cellular structures, including
mitochondria and DNA, which further trigger NF-xB
activation. This creates a feedback loop where NF-
kB activation leads to oxidative stress, which, in
turn, promotes further NF-kB activity and
inflammation in the gastric mucosa.

Involvement in Immune Cell Recruitment: NF-xB
activation leads to the production of chemokines,
such as IL-8, which attract immune cells (e.g,
neutrophils and macrophages) to the site of injury.
The released IL-8 interacts with chemokine
receptors such as CXCR2 on neutrophils and CXCR4
on macrophages, recruiting these immune cells to
the site [40, 41]. These immune cells release
additional pro-inflammatory mediators, including
proteases and more ROS, which exacerbate tissue
damage and inflammation, further contributing to
NSAID-induced gastritis.

NF-kB plays a crucial role in NSAID-induced gastritis
by promoting inflammation, apoptosis, oxidative
stress, and immune cell recruitment in the gastric
mucosa. Its activation exacerbates the damage
caused by NSAIDs, contributing to the development
and persistence of gastritis.

2. SYSTEMIC MECHANISM

NSAIDs, while primarily causing local effects in the
gastric mucosa, can also have systemic effects that
contribute to gastritis and other gastrointestinal
complications. These systemic effects occur because
NSAIDs circulate throughout the body and affect
various physiological processes, especially those
related to inflammation and cell signaling. Here’s
how NSAIDs exert systemic effects that contribute to
gastritis:
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Systemic Inhibition of COX Enzymes:

e NSAIDs inhibit both COX-1 and COX-2 enzymes
throughout the body, reducing prostaglandin
synthesis in multiple tissues, including gastric
mucosa. This inhibition happens selectively and
nonselectively, having a significant impact on
homeostasis [42]. Inhibition of COXs by NSAIDs
causes the increase of mucosal vulnerability
toward irritant and aggressive factors.

e Prostaglandins, especially those produced by
COX-1, play a critical role in maintaining gastric
mucosal protection. Systemic inhibition of COX-1
decreases prostaglandin levels in the stomach
lining, reducing mucus production, bicarbonate
secretion, and blood flow, making the stomach
more vulnerable to damage. The impaired
function of the mucosal lining such as the
intestinal barrier allows bacteria to invade
mucosa and trigger more inflammatory cascades
[42].

Reduction in Mucosal Defense Mechanisms:

e The systemic reduction of prostaglandins
compromises various defense mechanisms in the
gastrointestinal tract. NSAIDs reduce
prostaglandin levels not only in the stomach but
also in other parts of the gastrointestinal tract,
leading to decreased mucus production and
bicarbonate secretion. The occurrence of
mucosal breaks causes more damage and severe
complications [43].

e This systemic effect makes the entire digestive
tract more susceptible to injury from digestive
acids and enzymes, increasing the risk of
gastritis, enteropathy, and ulcers [44].

2.1 Cyclooxygenase (Cox)

Cyclooxygenase (COX) enzymes, specifically COX-1
and COX-2, play a central role in NSAID-induced
gastritis by affecting the balance of protective and
inflammatory processes in the gastric mucosa.
Nonsteroidal anti-inflammatory drugs (NSAIDs)
target these enzymes to reduce pain and
inflammation, but this inhibition can also
compromise the protective mechanisms in the
stomach. Here’s how COX enzymes are involved in
NSAID-induced gastritis:

COX-1 and Gastric Mucosal Protection:

A. COX-1is constitutively expressed in most tissues,
including the gastric mucosa, where it plays a key
role in producing protective prostaglandins
(mainly prostaglandin E2, or PGE2). These
prostaglandins help maintain gastric integrity
by:
- Stimulating mucus and bicarbonate

secretion creates a protective layer on the

stomach lining and helps neutralize
stomach acid.

- Enhancing mucosal blood flow, which
supplies nutrients and oxygen, aiding in
mucosal repair.

- Modulating the secretion of gastric acid,
ensuring it stays within safe levels.

B. When NSAIDs inhibit COX-1, the production of
these protective prostaglandins decreases,
compromising the stomach’s defenses against
the acidic environment. Inhibition of COX-1 by
NSAID also results in the reduction of stimulation
to mucus/bicarbonate secretion, demolishing
stabilization and protective function of the
stomach barrier, allowing more exposure of
gastric acid to gastric epithelial cells, and leading
to various inflammatory processes and apoptosis
in contributing to cell irritation and cell damage
[45]. Taken together, inhibition of COX-1
increases the risk of mucosal injury, gastritis, and
ulceration.

COX-2 and Inflammation:

e (COX-2 is an inducible enzyme, typically
expressed in response to inflammation and
tissue injury, including gastric injuries. COX-2
helps produce prostaglandins that mediate
inflammation, pain, and fever.

e While COX-2 inhibition is the primary target of
NSAIDs to relieve pain and inflammation, it also
plays a role in the stomach by facilitating
mucosal healing after injury.

e (COX-2 is required for the synthesis of
prostaglandin E2 which plays a crucial role in
various cell regeneration and healing processes
[46, 47]. Inhibition of COX-2 by NSAIDs can,
therefore, impair the gastric mucosa’s ability to
repair itself after minor injuries, which can
worsen gastritis or ulceration in the presence of
preexisting mucosal damage.

Selective vs. Non-Selective NSAIDs:

e Non-selective NSAIDs inhibit both COX-1 and
COX-2, which maximizes their anti-inflammatory
effects but also leads to increased
gastrointestinal side effects, such as gastritis and
ulcer formation, due to reduced protective
prostaglandins from COXs inhibition. COXs
inhibition by NSAID can lead to several
apoptosis, resulting in further gastric mucosal
damage. COX enhances Akt phosphorylation, and
its inhibition can block Akt activation, resulting
in apoptosis induction [48, 49, 50].

e (COX-2 selective inhibitors (e.g., celecoxib) aim to
reduce inflammation and pain without affecting
COX-1 and the protective gastric effects it
mediates. However, while they are generally
associated with a lower risk of gastric injury than
non-selective NSAIDs, they are not completely
without risk, as COX-2 also plays a role in
mucosal healing. COX-2 selective inhibition
enhances apoptosis in gastric mucosal healing
via blocking in the Akt pathway, thus delaying
healing in gastric mucosa [48].

Role in Mucosal Healing:

e In cases of gastric injury, COX-2 expression can
increase as part of the body's natural healing
process, promoting the production of
prostaglandins that aid in the repair and recovery
of the gastric lining. NSAIDs, by inhibiting COX-2,
may hinder this repair process, leading to
prolonged or worsened mucosal injury.
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e This effect is particularly relevant in chronic
NSAID use, where constant inhibition of COX-2
may lead to delayed healing of any existing
gastritis or ulcers.

COX enzymes are critical in NSAID-induced gastritis,
where COX-1 inhibition reduces protective
prostaglandins, compromising gastric mucosal
defenses, and COX-2 inhibition can delay mucosal
healing.

2.2 Prostaglandin

Prostaglandins play a crucial protective role in the
gastric mucosa, and their reduction due to NSAID
use is a primary factor in NSAID-induced gastritis.
Prostaglandins, especially prostaglandin E2 (PGE2)
and prostaglandin 12 (PGI2), are synthesized by the
action of cyclooxygenase-1 (COX-1) and contribute
to maintaining gastric mucosal integrity. Here’s how
prostaglandins protect the gastric lining and how
their reduction leads to NSAID-induced gastritis:

Stimulation of Mucus and Bicarbonate Secretion:

e Prostaglandins stimulate the production of
mucus and bicarbonate in the gastric mucosa.
The mucus forms a protective gel layer that
shields the stomach lining from the acidic gastric
contents, while bicarbonate neutralizes the acid
near the mucosal surface. Bicarbonate ions can
also chelate calcium (Ca2+), alongside pH
neutralization near the mucosa, resulting in
mucin linearization and remodeling [51, 52, 53].

e This combination helps maintain a pH gradient
that protects epithelial cells from damage. When
NSAIDs inhibit COX-1, prostaglandin levels drop,
leading to reduced mucus and bicarbonate
secretion, weakening this protective layer and
exposing the mucosa to acid and digestive
enzymes.

Enhancement of Gastric Mucosal Blood Flow:

e Prostaglandins increase blood flow to the gastric
mucosa, which is essential for providing oxygen,
nutrients, and a steady supply of bicarbonate.
This blood flow also aids in the repair and
regeneration of epithelial cells, helping the
stomach recover from minor injuries.
Prostaglandins through their receptors induce
vasodilatation, reduce cell death, and protect
tight junctions near endothelial cells that are
important to maintain blood vessel integrity [54,
55, 56].

e When prostaglandin synthesis is reduced by
NSAIDs, mucosal blood flow decreases, impairing
the stomach’s ability to repair itself and making
it more susceptible to injury from acidic and
mechanical stress.

Modulation of Gastric Acid Secretion:

e Prostaglandins help regulate gastric acid
secretion, maintaining it within safe levels that
do not harm the stomach lining. By acting on
parietal cells, prostaglandins prevent excessive
acid production [57].

e With NSAID-induced reduction in
prostaglandins, there is less regulation of acid
secretion, leading to higher acid levels in the
stomach, which can further irritate and damage
the gastric mucosa. NSAID exposure can be an
active substance that induces gastric acid
secretion through increased nitric oxide (NO)
production and activates the H+, K+-ATPase to
the apical membrane of parietal cells [58].
Because NSAIDs reduce the production of
prostaglandins, and increase the activity of H+,
K+-ATPase to induce gastric acid, the gastric
condition becomes more acidic and easily
irritates the weakened gastric protective layer,
damaging mucosal barrier increasing the
opportunity for bacterial infection to pass
through the mucosal layer and causing further
infections.

Anti-inflammatory and Cytoprotective Effects:

e Prostaglandins exhibit  anti-inflammatory
properties that help protect the stomach lining
from inflammatory responses that can result
from minor injuries or irritants. Prostaglandins
reduce the pro-inflammatory activity of some
immune cells through their receptors such as
inhibiting NET formation through cAMP
production [59, 60]. Thus, prostaglandins
enhance cell survival and protect against
oxidative damage.

e The loss of these cytoprotective effects with
NSAID use makes the gastric mucosa more
vulnerable to inflammation, apoptosis, and
injury from reactive oxygen species (ROS) and
inflammatory mediators.

Consequences of Prostaglandin Reduction in

NSAID-Induced Gastritis:

e A significant decrease in prostaglandin levels
compromises all of these gastric protective
functions with COX inhibition by NSAIDs being
the main causative factor. On the other hand, this
decrease also further increases the activity of
aggressive factors such as activation of H+, K+-
ATPase that leads to excessive gastric acid
production. This further leads to an imbalance
between aggressive factors (acid, pepsin, ROS)
and defensive factors (mucus, bicarbonate, blood
flow), resulting in mucosal injury, inflammation,
and gastritis.

e This can lead to clinical manifestations of NSAID-
induced gastritis, such as epigastric pain, nausea,
and an increased risk of gastric ulcers, which can
bleed or perforate in severe cases [61, 62].

Prostaglandins are essential for gastric mucosal
protection, helping to regulate mucus and
bicarbonate production, blood flow, and acid
secretion. The reduction of prostaglandins due to
NSAID use removes these protective mechanisms,
leading to increased susceptibility to gastritis and
gastric injury.
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CONCLUSION

Gastritis induced by NSAID can go through two
categorized mechanisms that affect cytotoxic, and
apoptotic effects, as well as COXs inhibition cascade
effects involving several molecular biomarkers that
require attention on its treatment. By understanding
the mechanism of gastritis caused by NSAIDs,
hopefully, the public can also understand the side
effects of NSAID use, thereby encouraging the
achievement of drug safety in the use of NSAIDs.
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