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Abstract
Gastric ulcer (GU), a common type of peptic ulcer, results from an imbalance
in the action of protective and aggressive agents. Gastroprotective mechanisms are
mucus layer, gastric epithelium, gastric blood flow, gastric neurons, mucosal repair
capacity, and immune system. Thus, the aim of this chapter was to provide an update
on gastroprotective mechanisms. It was carried out through searches in PubMed covering the years 2016–2021 using several keywords. This survey resulted in 428 articles,
of which 110 were cited in this chapter. It was reviewed the status of gastroprotective
mechanisms and highlighted that mucins can act as a filter; gastric epithelial defenses
are composed of the cell barrier, stem cells, and sensors on the mucosal surface;
nitric oxide (NO) and hydrogen sulfide (H2S) act for gastric blood flow homeostasis
(GBF); the main effector neurons in the gastric mucosa are cholinergic, nitrergic and
VIPergic, and oxytocin can activate neurons; repair of the gastric mucosa requires
complex biological responses; the immune system regulates the entry of antigens
and pathogens. The main knowledge about gastroprotective mechanisms remains
unchanged. However, we conclude that there has been progressing in this area.
Keywords: hydrochloric acid, pepsin, mucus, gastric epithelium, gastric blood flow,
gastric neurons, mucosal repair, immune system

1. Introduction
Gastric ulcer (GU) is a common type of peptic ulcer that stands out among
different types of ulcers due to the frequency of occurrence in the digestive tract.
In addition, it affects approximately 10% of the world’s population [1, 2]. Although
the number of deaths from GU complications has decreased in recent years, it still
seriously affects the patient’s quality of life and requires studies in this regard [3].
GU occurs as a gastric mucosal lesion that progresses to the lining of the stomach and
becomes chronic and recurrent [4, 5]. In gastric ulcers, different stages of necrosis
occur in the glands of the stomach tissue, participating in the formation process, neutrophil infiltration, reduced blood flow, increased oxidative stress and inflammation
[6]. These changes are due to the imbalance between protective agents (e.g., production of mucus, bicarbonate, and prostaglandins) and aggressive agents (e.g., secretion of acid and pepsin) caused by different sources. People suffering from stomach
ulcers report stomach pains feeling when eating, nausea, vomiting often accompanied by blood, high temperature feeling in the stomach, burning, and bloating.
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The main causes of GU includes nonsteroidal anti-inflammatory drugs prolonged use, alcohol intake, smoking, ischemia, delayed gastric emptying [7],
chronic inflammation due to exogenous factors, stress (trauma, shock, and burns),
Helicobacter pylori infection [8, 9] and some dietary habits. When the stomach
is exposed to adverse conditions, it tends to increase the production of acid and
pepsin and to decrease the production of mucus and other factors that protect the
gastric mucosa, which leads to epithelial damage.
The mucosal epithelial damage causes disorganization of the simple columnar
epithelium, capillary blood congestion, edema, and necrosis of the gastric mucosa
[10]. When the gastric mucosa is injured, there is a continuous secretion of reactive
oxygen species (ROS) leading to lipid peroxidation and, consequently, to a decline
in the antioxidant defense mechanism [8, 11]. Reactive nitrogen species (RNS) also
participate in this process. Both ROS and RNS lead to ulcerative gastritis, stimulate
macrophages, and increase the release of inflammatory cytokines [tumor necrosis factor (TNF)-α and interleukin (IL)-6] and nuclear factor kappa B (NF-kB)
signaling [12].
The most used drugs for the treatment of gastric ulcers in the last 5 years are
proton pump inhibitors (PPI), histamine H2 receptor antagonists, and antibiotics
eradication of H. pylori [13]. However, they cause several adverse effects. PPI can
produce hypomagnesemia, cutaneous lupus erythematosus, osteoporosis-related
fracture, acute kidney injury, and an increased risk of gastrointestinal infections
[14]. Ranitidine can cause cancer in humans due to the presence of impurities containing N-nitrosodimethylamine [15]. Antibiotics, on the other hand, can develop
bacterial resistance in users [16].
It is important to highlight that, although therapies with anti-H2 and PPI are
already well established for the treatment of UG, they do not prevent its recurrence
and may occur drug interactions in some patients [17, 18]. In view of these unfavorable properties, many researchers have searched for more effective and safer alternative anti-ulcer agents to treat GU that have less or no adverse effects [11, 17, 19].
Therefore, it is necessary to know the gastroprotective mechanisms which are
essential to the development of new drugs for the prevention and treatment of GU.
In general, gastroprotective mechanisms are mucus layer, gastric epithelium, gastric
blood flow, mucosal repair capacity, gastric neurons, and immune system [20–25].
Therefore, the aim of this research was to discuss the gastroprotective mechanisms
in the stomach and update the existing knowledge on the subject.

2. Method
This chapter presents an update on gastroprotective mechanisms based on
research in PUBMED using the following words—gastroprotective action mechanisms (113 articles); gastric protection against hydrochloric acid and pepsin (4);
function of hydrochloric acid and pepsin (31); types of pepsinogen in the stomach
(16); function of gastric mucus and bicarbonate (7); gastric mucus and bicarbonate
(9); gastric mucus formation (258); gastric sodium bicarbonate (91); defense of
the gastric epithelium (43); blood flow gastric defense (15); vascular endothelial
growth factor in gastric defense (4); gastric neurons mucosal defense (5); IL-1β
gastric defense (16); stomach interneurons (9). A total of 428 articles were found on
the topic researched between the years 2016 to 2021 and, of these, 110 were cited for
containing relevant content within the scope of this chapter. The main approach of
this update was on the gastroprotective mechanisms related to the prevention and
treatment of gastric ulcers.
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3. Gastroprotective mechanisms
3.1 Hydrochloric acid and pepsin
Increased production of HCL in the stomach leads to increased conversion
of pepsinogen to pepsin. Together, these two substances can cause loss of gastric
integrity and constitute harmful agents for the stomach.
The gastric juice is a liquid constituted mainly by HCl, lipase, and pepsin [26].
HCl acts actively in food digestion and is part of the protective barrier against
pathogens ingested in food or water [27]. HCl is produced mainly by parietal cells
and its secretion is stimulated by gastrin hormone in the gastric antrum G cells in
response to food intake. Its secretion is mediated by vagal stimulation and gastrinreleasing peptides [23, 27]. In addition, other endogenous agents also participate
in gastric acid secretion, such as histamine released from enterochromaffin cells
(paracrine pathway) and acetylcholine from enteric neurons (neurocrine pathway).
Pepsin is the enzyme contained in gastric juice responsible for the digestion
of proteins. It is produced by the main cells from the inactive form “pepsinogen”
stored in zymogen granules. Under physiological or chemical signals, these granules
secrete pepsinogen into the gastric cavity, where is activated into pepsin in the
presence of HCl from the gastric juice [24, 28, 29]. The main cells secrete pepsin in
its inactive form that prevents the self-digestion of protective proteins in the lining
of the gastrointestinal tract. The pepsin activation only occurs in the presence
of HCl [27].
There are two types of pepsinogens, type A (with three subtypes A3, A4, and
A5) and type C [28, 29]. Other authors refer to pepsinogen as type I and type II.
However, type A pepsinogen has characteristics common to type I and, type C
to type II. Type I is formed by main gastric cells, whereas type II is formed in the
fundic glands in the stomach, pyloric glands, and Brunner’s glands in the duodenum
[30]. Type I is reduced in cases of stomach mucosa atrophy below 30 μg/L, and type
II can be secreted into the gastric lumen or the circulation, and its concentration in
the blood increases in case of gastritis of different origins [31]. In another study, the
authors found a relationship between gastric cancer risk and a low level of serum
pepsinogen [32]. The diagnosis of atrophic gastritis of the body (AGB) is evaluated
by the relationship between the pepsinogen I blood concentration and pepsinogen I versus II proportion (if < 3 means that the patient has AGB), whose values
represent the mass of glandulocytes and the main glands in the body region of the
stomach [31].
Pepsinogen type A can be used as a diagnostic biomarker for chronic atrophic
gastritis and gastric neoplasms [33], and type C pepsinogen as a biomarker for
prediction, diagnosis, and prognosis of different types of cancer because it has a
broad-spectrum expression characteristic [28].
In a study to assess clinicopathological features of gastric adenocarcinoma of
the fundic gland by endoscopy, 90–100% of clinical cases showed positive immunostaining for type I pepsinogen [34]. The honeycomb gastric cancer had negative
immunostaining for pepsinogen type I/H+/K+-ATPase [35]. In another study,
the authors reported that type I pepsinogen levels were found to be increased in
individuals with gastric cancer and peptic ulcers affected by type I H. pylori (which
expresses CagA and VacA type proteins) [30]. These authors argue that the different levels of pepsinogen found are probably due to the use of different methods of
analysis or population of patients involved and, perhaps, it is uncertain to assess
cancer risks and its progression by pepsinogen levels, which require other more
accurate tests, such as endoscopy.
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3.2 Mucus layer
The mucous epithelium promotes the internal protection of the organs in relation to the external environment (respiratory, digestive, urinary, and reproductive
systems) [36]. In the stomach, the mucus-bicarbonate layer has a peculiar role,
because it has gelling property and forms a physical barrier against the self-digestion of the epithelium by HCl and pepsin. It covers the mucosal surface and ensures
acid neutralization, maintaining the basophilic pH [37–42]. Mucus is a viscoelastic
hydrogel with a thickness of ≥1 mm formed mostly by mucin molecules produced
by goblet cells [43]. It has an antioxidant and protective effect on epithelial surfaces against dehydration, shear stress, and infections [40, 44], and promotes the
protection of the gastric mucosa in host defense against pathogens and gastric
irritants [45].
The mucus barrier in the stomach is composed of two layers, a very adherent inner layer and a poorly adherent outer layer [46]. This barrier is formed by
water (≤ 90%), some salts, carbohydrates, lipids, mucins and lectins [46, 47]. The
basic components of mucus are mucin glycoproteins (such as Muc5AC, Muc1, and
MUC6) and lectins such as trefoil factor (TFF) 1 and 2 and Griffonia simplicifolia II
(GSA-II), which bind to MUC6 and stabilize gastric mucus [38, 47–50]. It is noteworthy that mucins are mainly responsible for the viscous character of mucus and
TFFs are typical constituents of mucus-secreting epithelia [28, 50, 51]. In gastric
neoplasms with differentiation of the oxyntic glands, immature MUC6 is produced
from the pyloric gland, with an absence of α1,4-linked N-acetylglucosamines
glycosylation [52], MUC6 positive immunostaining occurs in gastric adenocarcinoma of the fundic gland [34] and MUC5AC/MUC6 positive immunostaining for
honeycomb gastric cancer [35].
Mucus can be readily permeable to H+ and HCO3− ions, preventing most HCO3−
secreted by epithelial cells from mixing with acid, keeping the pH gradient almost
neutral [38]. The hypothesis of hydrogen sequestration by mucus is as follows—
hydrogen is bound to mucin polymers and the degradation of mucin polymers in
the presence of activated pepsin would decrease the capacity of hydrogen sequestration [39], being released in the light of the stomach. On the mucosal surface, the
pH gradient is almost neutral due to the retention of HCO3− [37, 47]. HCO3− is an
inorganic alkaline salt that neutralizes excess gastric acidity. The conversion of CO2
to HCO3− is catalyzed by carbonic anhydrase (metalloenzymes) at low pH and by
hypoxia in the gastric mucosa [53].
To maintain a balanced pH gradient, HCO3− secretion must be in the same
order of magnitude as hydrogen secretion according to a model based on the
physics of ion transport within the mucosal layer according to the Nernst–Planck
Equation [39]. In a neutral environment, mucus forms a tangle of polymers with
adequate conformations for the passage of gases and nutrients and constitutes a
lubricant against shear stress. Under acidic conditions, mucus constitutes a weak gel
with adequate elasticity against gastric acids [41].
Mucins are high molecular weight glycoproteins that can act as a filter to prevent
or delay the diffusion of harmful molecules and the entry of pathogens [44, 51].
If mucin production is altered and the mucus layer is damaged, infections such
as H. pylori can occur [44, 45]. With a greater supply of water, there is a greater
separation of mucin chains, as their density formed by interactions between mucins
is reduced and may compromise their bactericidal function [41]. In this sense,
adequate mucin production and balanced hydration promote the ideal structural
condition against pathogen invasion.
Mucosal lining factors are directly involved in normalizing the gastric environment and GU healing [54, 55]. During the process of normalization of the gastric
4
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environment, the production of mucus can be stimulated by nitric oxide (NO) and
hydrogen sulfide (H2S) donors that interact with each other to produce mucus [56].
In ethanol-induced GU experiments, it is observed that in the negative control
animals there is a reduction in mucus production, decrease in pH, and increase
in gastric acidity [57]. After dissolving the mucus, ethanol inhibits the protective
capacity of the mucosa, increases its permeability (allowing transport of large molecules) and leads to the dissolution of lipoproteins in the cell membrane [42, 57].
3.3 Gastric epithelium
The gastric epithelium is formed by a continuous layer of narrow junctions cells
with secretory and digestive functions [57, 58]. The main cells that the infectious
agent H. pylori tries to attach are the gastric epithelial cells [59].
Some of the protective mechanisms of the gastric epithelium include—cell
barrier against the entry of toxic or pathogenic agents, stem cells that differentiate
into gastric epithelial cells, and sensors located on the mucosal surface capable of
detecting microbial antigens, leading to the induction of autonomic mechanisms
that result in the effective killing of bacteria [60–62]. One of the proteins responsible for supporting the integrity of the protective barrier is β-catenin, acting as an
adherent junction molecule together with E-cadherin [63].
This epithelial barrier is continually renewed by a small population of long-lived
dividing stem cells; the renewal period is short, typically ranging from 3 to 10 days
depending on your location [64, 65]. The generations of basal stem cells directly
neutralize the colonization by pathogens by sensing their approach, promoting the
regeneration of clean epithelial cells in the lumen [60].
In addition to the mucosa having cell renewal mechanisms for its own maintenance and secreting hydrochloric acid, pepsin and mucus under normal physiological conditions, it has sensors located on the cell surface that lead to the induction of
the invader’s death by autonomous effector mechanisms [60]. For example, when
gastric epithelial cells become infected by pathogens, they produce factors that
recruit immune cells, such as matrix metalloproteinases [66].
3.4 Gastric blood flow
Adequate gastric blood flow (GBF) is a protective factor for the gastric mucosa
that has the primary role of maintaining its integrity [25, 56].
Gastric stress-related mucosal disease (SRMD) can lead to ulceration by
compromised gastric defenses through gastrointestinal hypoperfusion and,
subsequently, ischemia [37]. In order to repair the gastric injury caused by stress,
angiotensin (1–7), a metabolite of the renin angiotensin system, NO, H2S or carbon
monoxide (CO) and ghrelin, nesfatin-1 and apelin peptides, participate; together,
all these factors promote an increase in gastric microcirculation [67].
Among mediators that induce gastric damage are oxidative stress and inflammation [68]. Ethanol is the main cause of gastric damage in this regard, because it
causes damage to vascular endothelial cells of the gastric mucosa, promotes hypoxia
by increasing the production of ROS, induces the release of inflammatory mediators, and suppresses the activity of antioxidant enzymes [42, 69, 70], resulting in
decreased microcirculation, submucosal edema, and development of hemorrhagic
gastritis [45, 70]. Restoration of damaged blood flow in the gastric mucosa by ethanol requires removal of free radicals, pro-inflammatory cytokines, and inhibition of
the transcription factor NF-kB-p65 [70–72].
Aspirin-treated rats have bleeding lesions in the gastric mucosa due to decreased
mucus production due to cyclooxygenase blockade, inhibition of endogenous
5
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prostaglandin (PGs) synthesis, and decreased GBF [73–75]. The use of this drug
also promotes an increase of almost 50% in the number of neurons that express
the pituitary adenylate cyclase-activating polypeptide (PACAP), increasing
gastric microcirculation [76]. In this sense, the resumption of the production of
prostaglandins, as well as the increase in the endogenous production of CO and
H2S (produced by the enzymes cystathionine-γ-lyase/cystathionine-β-synthase/3mercaptopyruvate sulfurtransferase or heme oxygenases) [75] and decreased
number of PACAP-expressing neurons may contribute to the restoration of injured
gastric mucosa and GBF. It is noteworthy that the interaction of NO and H2S gasotransmitters is very important for the maintenance of GBF and vascular homeostasis [77], as well as its restoration.
Other endogenous factors that contribute to mucosal recovery, as well as blood
flow, will be discussed in the topic of mucosal repair capacity.
3.5 Gastric neurons
The main neurons present in the stomach are gastric interneurons and motor
neurons [78].
The vagus nerve is responsible for stimulating the secretion of hydrochloric acid,
and one of the first treatments for GU was based on severing this nerve in order
to decrease acid production. Gastric neurons act on gastric motility, interact with
hormones, regulate HCl and bicarbonate secretion, and induce immune responses
[74, 76, 78, 79]. As an example of the interaction with hormones, oxytocin (OT)
administered in the ventral tegmental area (VTA) can activate dopamine neurons
in the dopamine pathway in the nucleus accumbens through OT receptors and
improve the dysfunction caused by stress in the gastric mucosa, reducing the ulcer
area, stimulating mucus production, and increasing gastric pH [80].
As part of the mechanism of gastric mucosal integrity, neuropeptides released
by afferent C fibers sensitive to capsaicin participate [81].
Human gastric enteric neurons have been identified, mainly in the ganglionic
plexus developed between the longitudinal and circular layers of the tunica muscularis called the myenteric plexus [82]. The main neurons identified were—with
nonspecific dendritic architecture, cholinergic and nitrergic neurons; cholinergic
type I uniaxonal spinous neurons are considered excitatory motor neurons or
interneurons in the stomach; type I spinous neurons reactive to (NOS)+ and
vasoactive intestinal peptide (VIP)+ considered inhibitory motor neurons and/
or interneurons; and type II multiaxonal neurons (SOM)+ co-reactive for somatostatin. However studies are needed to assess the role of these neurons in gastric
protection.
Among molecules that participate on the gastric ulcer defense mechanisms we
can cite neuronal growth factor (NGF), PACAP, calcitonin gene-related peptide
(CGRP) and NO. Reduction of NGF expression in gastric mucosa endothelial cells
impairs endothelial cell viability, angiogenesis, and GU healing [74]. There is an
increase in the number of PACAP-expressing neurons in the dorsal vagal nucleus in
acetylsalicylic acid-induced gastritis, as described above [76], indicating that it is a
factor in the neuronal response of inflammation in the stomach, acting to protect
the gastric mucosa by reducing the secretion of gastric acid. CGRP and NO have a
vasodilating action, probably participate in the mechanism of gastroprotection and
increase in GBF in stress-induced damage to the gastric mucosa [81].
It is noteworthy that activation of the gamma-aminobutyric acid (GABA) A
receptor of peripheral sensory afferent neurons in the stomach also appears to be
involved in gastroprotection [83].
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3.6 Ability to repair the mucosa
The integrity of the gastric epithelium depends on the maintenance of redox
balance, antioxidant defense, and blood flow [65], as well as a constant renewal by
stem cells. In this sense, the treatment of UG requires restoring the balance between
cytoprotective agents and aggressive agents, either by reducing or neutralizing the
production of gastric acid and/or stimulating gastric cytoprotection [84, 85].
During the healing process, there is a need for complex biological responses such
as reduced inflammation, reduced oxidative effect, gastric cell regeneration, cell
proliferation, migration, differentiation, gland reconstruction, granulation tissue
formation, and neovascularization [3, 7, 86]. These responses are modulated by
CO, glutathione peroxidase enzyme (GSH-Px), Cu/Zn superoxide dismutase
(SOD), catalase (CAT), PGs, NO, sulfhydryl compounds, epidermal growth factor
(EGF), vascular endothelial growth factor (VEGF) and the peroxisome proliferator-activator receptor gamma (PPAR-γ) [7, 10, 59, 75, 89–93].
CO is a gas molecule that helps to defend the gastric mucosa due to its
vasodilating and antioxidant properties, improves hypoxia, and regulates Nrf-2
expression [75, 90].
The GSH enzyme is the main cellular antioxidant present mainly in the reduced
form [67]. SOD and CAT enzymes are also important antioxidants [79]. These
three enzymes constitute an important group of defenses against ROS that degrade
gastric mucosa components and alter cell metabolism [45, 91]. Despite contributing
to injury, ROS can reprogram differential cells together with antioxidant defenses
(so that they are successful), as they can up-regulate molecules that stabilize and
increase the activity of the cystine/glutamate antiporter, such as CD44v9 [92].
PGs are anti-ulcer agents that protect the barrier of damaged mucosa, increase
blood circulation and bicarbonate secretion [67]. Increased production of endogenous PGs may result in increased gastric mucosal resistance against harmful agents,
such as ethanol [51]. Particularly, PGs E2 and I2 amplify the secretion of bicarbonate
and mucus contributing to the balance of gastric pH, maintain the blood flow of
the gastric mucosa and coordinate the defense, renewal, and repair of the mucosal
epithelial cells [45, 70, 93–95]. In addition, PGE2 via the EP receptor can inhibit acid
secretion and histamine release by parietal cells and enterochromaffin-like cells,
respectively [95].
A study demonstrated that NO derived from inducible nitric oxide synthase
(NOS) did not influence the healing process of gastric ulcers; on the other hand, the
NO produced by the endothelial NOS isoform increased its healing [96]. NO acts as
a gastric mucosal protector, activates KATP channels, modifies blood flow, neutrophil adhesion, and mucus secretion, and aids in wound repair [83, 89, 95]. NO and
H2S are small gaseous molecules that interact with each other, are freely permeable
to the plasma membrane, and contribute to stomach homeostasis, integrating the
control of mucus production, blood flow, mucosal defense, and gastric motility
[77]. Endogenous sulfhydryls are also involved in the protective mechanism of the
gastric mucosa [51].
Basic fibroblast growth factor (EGF) is responsible for the accelerated epithelial
repair, increased mucus production improving the integrity of the gastric mucosa,
and modulates the expression of cells called spasmolytic polypeptide expression
metaplasia (SPEM) [2, 94, 97]. It is noteworthy that EGF and PGE participate as
defense and repair factors of the gastric mucosa [96].
Vascular endothelial growth factor (VEGF) a functions to promote angiogenesis
and protect gastric endothelial cells [74, 98]. Finally, activation of PPARγ protects
against stress-induced gastric ulcer [86].
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3.7 Immune system
The innate immune system can recognize molecular patterns associated with
common pathogens in microbes and molecular patterns associated with damage through cell damage and the necrosis process through pattern recognition
receptors [99].
Antimicrobial peptides form a chemical border between the epithelium and the
mucus layer essential in the innate immune response to pathogen infection and are
responsible for killing bacteria, fungi, protozoa, and viruses [61, 100]. However, if
this chemical defense fails or the pathogen adapts and overcomes both physical and
chemical barriers to reach the epithelium, the epithelial cells emit responses to the
immune system and the immune system produces specialized defense cells. We can
report some of these mechanisms described in the literature—macrophages form
one of the first lines of gastric defense against H. pylori infection [101]; CD8+ T
cells are present in the gastric mucosa and can act as a pro-inflammatory [66]; IL-17
and IL-22 are able to inhibit the growth of H. pylori in vitro [102]. The interferon 8
regulatory factor circuit (IRF)-8 and interferon γ (IFN)-γ forms an innate immune
mechanism in the host’s defense against H. pylori, which may promote Th1 differentiation, in addition to increasing the inflammatory responses of gastric epithelial
cells to eliminate the bacteria [103].
CagA-dependent H. pylori infection contributes to activate the mechanistic
target of rapamycin complex 1 in gastric epithelial cells; then, there is an increase
in pro-inflammatory cytokines TNF-α, IL-1β and IL-6, CCL7, and CXCL16 chemokines, as well as an increase in the antimicrobial peptide LL37, exerting pro-inflammatory and probactericidal effects, inhibiting H. pylori colonization [59].
However, if H. pylori resists to these defenses and advances in its colonization,
it can lead to ulcer and gastric cancer; which is quite common, since in most cases
the infection can last for decades because the immune response has been unable to
eliminate the bacteria, and long-term damage can lead to dysplastic changes and
malignant transformations [32]. About 17.8% of the different types of cancers in
the world are caused by infectious agents, including cancer by H. pylori that corresponds to about 5.5% of this total and over 60% of cases of gastric cancer [31].
H. pylori has a molecular mimicry between its lipopolysaccharide and the human
Le group antigens, Le Type 1 (Lea and Leb) and Type 2 (Lex and Ley), allowing
the bacterium to escape the host’s immune system response [104]. Its attachment
to mucus is mediated by the Lewisb antigen in MUC5AC and can also be attached
to the mucosal epithelium; however, antigens can lead to alterations in the glycosylation sequence in mucins, forming epitopes on oligosaccharide side chains and
contributing to aggressiveness and metastasis of gastric cancer [38].
After the gastric injury, there is an increase in the count of circulating neutrophils and a reduction in lymphocytes; the count of these cells or others that are
part of the immune system are markers for GU [54, 71]. In a recent study for the
development of vaccines against the pathogen Helicobacter felis, an infiltration of
the antibody Gr-1 in the stomach induced an inflammatory response that led to the
formation of CD4+ memory T cells (TRM) essential for protection [105].
In gastric injury, inflammatory cytokines IL-1β, IL-6, IL-8, IL-10, TNF-α, and
the transcription factor NF-kB-p65 are present [70, 71, 94, 106, 107]. IL-1β and
TNF-α are increased in ethanol-induced gastric ulcers [57]. IL-1β is considered a
hereditary factor for gastric cancer; and, its reduction together with the reduction
of TNF-α contributes to the restoration of the gastric mucosa [57, 99]. IL-6 activates
neutrophils, macrophages, and lymphocytes at the site of injury, resulting in oxidative bursts and the formation of cytotoxic metabolites [89, 106].
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Activation of the mitogen-activated protein kinase (MAPK) cascade and NF-κB
transcription pathways is critical in several inflammatory and immunomodulatory
diseases [108]. TNF-α induces neutrophil infiltration in the gastric epithelium and
activation of NF-κB, increasing its own production, considered the main proinflammatory cytokine present during GU [103]. NF-kB regulates the transcription
of IL-1 and IL-6 by activating neutrophils [45]. In addition to the transcription of
TNF-α, IL-1, and IL-6, NF-kB can promote the transcription and expression
of more than 100 target genes, which express cytokines and pro-inflammatory
enzymes, contributing to tissue inflammation. In this sense, inhibition of NF-kB is
considered the key to reducing gastric ulcer formation [42, 70].
Neutrophils can increase lipid peroxidation, releasing ROS as superoxide and
hydrogen peroxide, delaying ulcer healing [91]. ROS secretions activate MAPK
signaling in the gastric epithelium, which further activates NF-kB and Nrf-2, which
can suppress the inflammatory response by increasing the antioxidant capacity in
the gastric tissue [89]. Corroborating this information, the main antioxidants such
as SOD, CAT, HO-1, gamma-glutamylcysteine synthetase, and GSH-Px are regulated by Nrf-2 [109]. Thus, it is noteworthy that Nrf-2 mediated HO-1 induction
has cytoprotective, anti-inflammatory, antioxidant, and anti-apoptotic activities
providing a therapeutic target against SRMD [107].
IL-10 acts as an anti-inflammatory cytokine, negatively regulating Th1 cell
expression, class II MHC antigens, NF-kB transcription, and costimulatory
molecules in macrophages [17]. Therefore, ROS inhibition and immune system
improvement are related to the GU healing process [20], as well as the inhibition of
the inflammatory cascade and down-regulation of the transcription factor NF-kB
result in the decrease of neutrophils in the gastric tissue.
During wound healing, peptides from the TFF family coordinate the process of cell
migration/invasion, angiogenesis, and immune responses [90]. Peptides TFF1, TFF2
and TFF3 are critical for gastric mucosa protection and damage correction [70, 110].
The TFF2 peptide is expressed in the mucus-secreting repair epithelial cell present at
the edge of the SPEM ulcer, which coordinates immune cell traffic during repair [93].
Macrophages contribute to ulcer healing, secreting collagenases and elastases to
break down damaged tissue and stimulating the release of cytokines, which stimulate chemotaxis, the proliferation of fibroblasts, and smooth muscle cells to build
granulation tissue [91].

4. Conclusion
We present a brief summary of the main gastroprotective mechanisms of gastric
ulcer. Analyzing such mechanisms is of great importance for advances in the studies
of new drugs that aim to attenuate or prevent the actions of aggressive agents in the
formation of gastric ulcers. We observed that there was a little scientific advance
in relation to gastroprotective mechanisms, among which we can mention: HCO3−
secretion occurs in the same order of magnitude as H+ secretion for the maintenance of the gastric buffer system in the absence of food; oxytocin can activate
dopaminergic neurons in the ventral tegmental area reducing stress-induced gastric
ulcer; the main effector neurons in the gastric mucosa are cholinergic, nitrergic,
and VIPergic; the cagA-dependent H. pylori infection that contributes to activating
the mechanistic target of rapamycin complex 1 in gastric epithelial cells; infiltration of the Gr-1 antibody in the stomach induces the formation of CD4+ TRM cells
essential for protection from H. felis; and that the main antioxidants SOD, CAT,
HO-1, gamma-glutamylcysteine synthetase, and GSH-Px are regulated by Nrf-2.
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