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ABSTRACT

This study was conducted to evaluate the immunohistochemical (IHC) expression of fibroblast growth
factor (FGF), matrix metalloproteinase-9 (MMP-9) and occludin in the repair of gastric mucosal erosions
in Wistar rats was induced by administration of aspirin, one of the non-steroidal anti-inflammatory drugs
(NSAIDs). These expressions are associated with changes in histopathological features. This experimental
research used a posttest only control group design. The research sample was 28 male Wistar rats that met
the inclusion criteria, but not met the exclusion criteria. The samples were randomly allocated into four
groups. Group 1 as negative control and group 2 as positive control. Group 3 as treatment 1, which was
given HBOT (hyperbaric oxygen therapy) 2.4 ATA for 3 x 30 minutes/day (air break 5 minutes) for 5 days,
after aspirin induction at 30 mg/kgBW/day for 10 days. Group 4 as treatment 2, which was given HBOT 2.4
ATA for 3 x 30 minutes/day (air break 5 minutes) for 10 days, after aspirin induction at 30 mg/kgBW/day
for 10 days. Each group was evaluated the immunohistochemical (IHC) expression of FGF, MMP-9 and
occludin, using the Remmele scale index, immune reactive score (IRS). The expressions were correlated
with histopathological changes, using the HAI (Histology Activity Index) method. The results show that
the HBOT 2.4 ATA for 3 x 30 minutes/day (air break 5 minutes) for 5 days and for 10 days, it can improve
FGF (p=0.016) and occludin (p=0.021) expression significantly. The HBOT can also reduce inflammation
(p=0.005), epithelial defects (p<0.001) and MMP-9 expression (0.042). There is a significant difference in
occludin expression (p=0.034) between 5-day HBOT and 10-day HBOT. However, there was no significant
difference between the 5-day HBOT and the 10-day HBOT for reduce inflammation (p=0.845), epithelial
defects (p=0.469), FGF expression (0.054) and MMP-9 expression (0.470). The provision of HBOT at 2.4
ATA significantly improved gastric mucosal erosion in NSAID-induced gastric mucosal erosion Wistar rats
model, by decreasing MMP-9 expression, as well as increasing FGF and occludin expression. There is a

significant difference in occludin expression between 5-day HBOT and 10-day HBOT.
Key words: HBOT, Gastric mucosal erosions, FGF, MMP-9, Occludin.

INTRODUCTION

Erosion of the gastric mucosa and submucosa
is a condition of the stomach experiencing
inflammation, otherwise known as gastritis.
Gastritis is a health disorder that is often found in
everyday life. If gastritis is not treated optimally
and becoming chronic, gastritis will develop
into a peptic ulcer which can lead to bleeding
complications, gastric perforation, peritonitis and
even death.! Indonesia ranks fourth in terms of the
number of gastritis cases in the world after China,
England, and Bangladesh. Data from the Directorate
General of Health, Ministry of Health of the
Republic of Indonesia in 2010, gastritis is a disease
that is in the fifth position of the top ten inpatient
diseases and the sixth position of outpatients
in hospitals. The high incidence of gastritis in
Indonesia is a problem that needs attention.” The
incidence of gastritis in Indonesia is 40.8%, or
274,396 cases of all morbidity.> The World Health
Organization (WHO) world health research agency
in 2012, conducted research in several countries in
the world and got the results of the percentage of
gastritis incidence in the world, including England
22%, China 31%, Japan 14.5%, Canada 35%,
and France 29.5%. In the world, the incidence of
gastritis is about 1.8 million of the population each
year. The incidence of gastritis in Southeast Asia
is about 583,635 of the total population each year.

The prevalence of endoscopically confirmed gastritis
in the Shanghai population is around 17.2% which
is substantially higher than the western population,
which is 4.1% and is asymptomatic.*

Non-steroidal anti-inflammatory drugs (NSAIDs)
are one of the most important causes of gastritis.
Other causes of gastritis are infection (Helicobacter
pylori and cytomegalovirus), stress, diet (low fiber
diet, alcohol consumption, and foods that increase
stomach acid), and immune compromised patients.
Research shows that 52.1% of patients using NSAIDs
therapy cause gastric mucosal damage in the form of
ulcers.” In other data, it is stated that 70% of patients
with long-term NSAIDs therapy, on the endoscopy
picture there is mucosal erosion, ulceration, and sub-
epithelial bleeding.®” The use of low-dose aspirin
(LDA) is very often prescribed for therapeutic
purposes, 5-10% of global/world prescribing.® Based
on studies with long-term LDA therapy, it was found
that gastroduodenal mucosal damage occurred in 49
patients (51.6%).° The side effects of NSAIDs therapy
can be even more severe, namely the occurrence of

gastrointestinal bleeding.'**?

The therapeutic effect of NSAIDs is to inhibit
prostaglandin synthesis. Inhibition of prostaglandin
synthesis, via the Cyclooxygenase (COX) enzyme
pathway. The role of COX-1 is to secrete mucus and
bicarbonate and improve mucosal blood flow. If
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Figure 1: Gastric mucosal epithelium. No mucosal erosion was seen (K-). There was severe erosion of the mucosal epithelium up to the lamina propia.
There was mild erosion of the mucosal epithelium (Hematoxylin-eosin staining: Magnification 400x).

Figure 2: Comparison of the mucosa and submucosa of the stomach. No inflammatory cell infiltration was seen (K-). There was an increase in inflammatory
cellinfiltration (K+). It appears that the infiltration of inflammatory cells is reduced (P1 dan P2). ( k ) showing mononuclear inflammatory cells in the gastric

mucosa (Hematoxylin-eosin staining: Magnification 400x).

COX-1 is inhibited it results in tissue ischemia. The role of COX-2 is to
improve wound healing and inhibit adherent leukocytes. This leukocyte
adhesion resulted in increased levels of neutrophils, Reactive Oxygen
Species (ROS) and production of Nitric Oxide (NO).!*1¢

Pharmacognosy Journal, Vol 14, Issue 3, May-June, 2022

The gastric mucosa, which is injured by NSAIDs, can actually heal on
its own. This occurs through a complex process and takes 40-150 days
for the maturation phase to occur, after wound exposure.”” The poor
healing process can be caused by an increase in the activity of matrix
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Figure 3: Box plot HAI score epithelial defect in gastric mucosa.
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Figure 4: Box plot HAl score inflammation of gastric mucosa.

Figure 5: Description of MMP-9 expression in the gastric mucosal layer between groups. Positive expression of MMP-9 in the cell cytoplasm was indicated
by the presence of brown color chromogen (arrow) (staining: IHC; magnification: 400x).
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Figure 6: Box plot of MMP-9 expression score on gastric tissue immunohistochemistry examination.

Figure 7: Description of FGF expression in the gastric mucosal layer between groups. Positive FGF expression in cell cytoplasm was indicated by the
presence of brown chromogen (arrow) (staining: IHC; magnification: 400x).
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Figure 8: Box plot of FGF expression score on gastric tissue immunohistochemistry examination.
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Figure 9: Overview of occludin expression in the gastric mucosal layer between groups. Positive occludin expression in the cytoplasm and cell membranes
was indicated by the presence of brown chromogen (arrow) (staining: IHC; magnification: 400x).
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Figure 10: Box plot of occludin expression scores on immunohistochemical examination of gastric tissue.

metalloproteinases (MMPs), especially MMP-2 and MMP-9, which
contribute to damage to the extracellular matrix (ECM) and basement
membrane. MMP-9 activity can be inhibited by tissue inhibitors of
metalloproteinase-1 (TIMP-1). TIMP-1 expression occurs 72 hours
after MMP-9 degrades the matrix and lyses tissue.'®"

When mucosal erosions or ulcers occur, proinflammatory cytokines
activate local fibroblasts, endothelial cells, and epithelial cells. These
cells move towards the tissue to differentiate and repair damaged
tissue. This is a remodeling process of granulation tissue growth and
the generation of new blood vessels through angiogenesis and basic
fibroblast growth factor (bFGF), vascular endothelial growth factor
(VEGEF), platelet derived growth factor (PDGF), transforming growth
factor-p (TGF-f3) and angiopoietins.”?® Fibroblast growth factor
(FGF) belongs to a group of peptides that play an important role in
development, homeostasis, and repair processes in several tissues and
organ systems, including the gastrointestinal system.*"*
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The healing process can also be through increased activity of neutrophil
chemotactic factor (NCF). So that there will be cell migration and
reepithelization of mucosal erosion. Reepithelization will be stronger in
the presence of bonds between epithelial cells by the presence of tight
junctions, which function as a barrier to prevent the return of diffusion
of acid and pepsin.'” Tight junctions are plasma membrane proteins,
which consist of claudins and occludin. Both have an important role
in tight junctions, especially occludin which has a more important role
in keeping epithelial cells stable.”® Occludin has also been shown to
be well regulated post-transcriptionally and plays a role in preventing
gastrointestinal inflammation.*

Management of gastritis, according to the pathologic that causes
it. According to the 2017 American College of Gastroenterology
(ACG) and Canadian Association of Gastroenterology (CAG) clinical
guidelines, there are several recommended therapies. These therapies
are proton pump inhibitors (PPI), prokinetics, tricyclic antidepressants
(TCA), psychotherapy and H. pylori eradication.”®

Pharmacognosy Journal, Vol 14, Issue 3, May -June, 2022



Ilmawan ME, et al.: Effects of Hyperbaric Oxygen Therapy on the Expression of FGE, MMP-9 and Occludin in the Repair of Gastric Mucosal Erosions

Table 1: NFKB expression (scale index using IRS).

MMP-9 Group Group Group Group p
expression K(-) K(+) P1 P2 Anova
Mean 5,16 7,83 3,16 5,16 0,042
SD 0,85 0,86 0,54 1,31

Minimum 3,80 6,60 2,50 2,90

Maximum 6,00 8,70 4,00 6,70

Table 2: FGF expression (scale index using IRS).

FGF Group Group Group Group p
expression K(-) K(+) P1 P2 Anova
Mean 6,29 4,57 6,13 4,86 0,016
SD 1,34 1,34 0,81 0,89

Minimum 4,60 2,70 5,10 3,90

Maximum 8,70 6,30 7,50 6,30

Table 3: Occludin expression (scale index using IRS).

Qoude, e Gow SR O e
Walis
Mean 6,24 5,74 6,40 7,90 0,021
SD 1,42 0,96 1,14 0,88
Minimum 5,00 4,40 5,40 7,00
Maximum 9,00 6,00 8,10 9,00

The phenomena mentioned above are the basis for consideration
of additional or alternative therapies for gastric mucosal erosions,
especially those caused by NSAIDs administration. One such therapy is
hyperbaric oxygen therapy (OHB). OHB therapy is carried out through
three hypothesis approach, namely: redox hypothesis, preconditioning
ischemia and hormesis theory.** The 10th European Consensus
Conference on hyperbaric oxygen therapy, made recommendations that
hyperbaric oxygen therapy can be given to carbon monoxide poisoning,
open fractures, osteoradionecrosis according to level B evidence. There
are still some indications for hyperbaric oxygen therapy with level C
evidence.”

The main aim of this research was to evaluate the immunohistochemical
(IHC) expression of fibroblast growth factor (FGF), matrix
metalloproteinase-9 (MMP-9) and occludin in the repair of gastric
mucosal erosions in Wistar rats was induced by administration of
aspirin, one of the non-steroidal anti-inflammatory drugs (NSAIDs).
These expressions are associated with changes in histopathological
features.

METHODS

This experimental research used a posttest only control group design.
The research sample was 28 male Wistar rats that met the inclusion
criteria, but not met the exclusion criteria. The samples were randomly
allocated into four groups. Group 1 as negative control (K-). Group
2 as positive control (K+), NSAIDs induction (aspirin 30 mg/kgBW/
day) for 10 days had inflammatory cell infiltration and severe mucosal
erosion up to the lamina propia. Group 3 as treatment 1 (P1), which
was given HBOT 2.4 ATA for 3 x 30 minutes/day (air break 5 minutes)
for 5 days, after aspirin induction at 30 mg/kgBW/day for 10 days.
Group 4 as treatment 2 (P2), which was given HBOT 2.4 ATA for 3
x 30 minutes/day (air break 5 minutes) for 10 days, after aspirin
induction at 30 mg/kgBW/day for 10 days. Each group was evaluated
the immunohistochemical (IHC) expression of FGF, MMP-9 and
occludin, using the Remmele scale index, immune reactive score (IRS).
The expressions were correlated with histopathological changes, using
the HAI (Histology Activity Index) method.

Pharmacognosy Journal, Vol 14, Issue 3, May-June, 2022

Ethical Requirements: Ethical implications for white rats as experimental
animals follow Bioethics Committee of Veterinary Faculty, Airlangga
University. Things that need to be carried out according to ethics
include the treatment of white rats in a cage, namely one cage one tail,
feeding and drinking, air flow into the cage room, treatment during
research, taking research analysis units and exterminating them.

Statistical data analysis will be performed using SPSS 23.0. The research
data were analyzed using univariate analysis to determine the mean,
deviation (SD) minimum value and maximum value. The normality
test of data distribution uses the Saphiro-Wilk because the number of n
in this study is less than 50. If the data is normally distributed, it meets
the parametric requirements, then the ANOVA statistical analysis is
used. However, if the distribution is not normal, a non-parametric test
is performed with the Krusskall-Wallis test, followed by the Mann-
Whitney U post hoc test. In addition, bivariate analysis, one-away
ANOVA was used to state the difference in the mean of the variables
in the 4 experimental animal groups followed by the Tukey post hoc
test (for homogeneous data) and the Games Howell post hoc test (for
inhomogeneous data), to determine the difference in mean variables in
2 groups, Multivariate analysis with pathway analysis (path analysis)
to determine the significancy of the variables according to the existing
pathway mechanism. Regression tests were carried out on variables that
were suspected to have a strong role (predictors) for other variables.

RESULTS

Effect of OHB 2,4 ATA on gastric mucosal erosion

Histopathological examination of the gastric mucosa was intended to
determine the level of damage to the gastric mucosal epithelium of
rats and the infiltration of inflammatory cells in the gastric mucosa
and submucosa of rats. This histopathological examination was made
from tissue samples of 28 Wistar rats. Preparation of preparations and
histopathological readings were carried out at the Anatomical Pathology
Laboratory, Faculty of Veterinary Medicine, Airlangga University.

The level of damage was assessed based on the HAI (Histology Activity
Index) method according to Rogers,® which was modified with the
following criteria: inflammation and epithelial defects. Each criterion
has a score range of 0-4 (0=no abnormality; 1 = abnormality < 25%; 2
=25% - 50% abnormality; 3 = 50% - 75% abnormality; 4 = abnormality
>75%). The assessment was carried out based on observations from
5 (five) fields of view of the glandular part of the stomach with 400x
magnification. This examination uses an ordinary Nikon E100 light
microscope, equipped with a 12 megapixel Optilab Advance Plus digital
camera and Image Raste image processing software.

The mean of epithelial defects and gastric mucosal inflammation
in the K (+) group had the highest value, while the K(-) group had
the lowest value, with an abnormal distribution. The results of the
histopathological differences between the treatment groups by Kruskal
Wallis analysis were p < 0.001 (in gastric mucosal epithelial defects)
and p = 0.005 (in gastric mucosal inflammation). The post hoc test
showed that the groups with the most differences in the appearance of
inflammation and gastric mucosal epithelial defects were the K (-) and
K (+) groups, each p = 0.001. While the P1 and P2 different tests on
inflammation and epithelial defects did not experience any difference.

Descriptive and statistical analysis data showed that hyperbaric oxygen
therapy (OHB) 2,4 ATA was significant enough to reduce gastric mucosal
erosion. This can be seen from the comparison of histopathological
examinations in the therapeutic treatment group (P1 and P2) which
experienced less inflammation (inflammatory cell infiltration) and
lighter erosions compared to the positive control group. Meanwhile, in
the negative control group, there was no inflammation and erosion of
the gastric mucosa.
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In the positive control group [K (+)], NSAIDs induction (aspirin 30
mg/kgBW/day) for 10 days had inflammatory cell infiltration and
severe mucosal erosion up to the lamina propia. This proves that to
make a rat model of gastric mucosal erosion, aspirin can be used for
10 days at a dose of 30 mg/kgBW/day.*** With this dose it does not
cause gastrointestinal bleeding and does not endanger the safety of the
experimental animals. The condition of the K (+) group rats before
termination still looked healthy and active.

Induction with NSAIDs can't simply cause erosion of the gastric mucosa,
because the stomach also has a defensive factor to protect against
erosion. These defensive factors are the production of bicarbonate in
the mucosa and prostaglandins in the microcirculation. Under normal
circumstances, defensive factors can compensate for aggressive factors
by maintaining a good diameter of the capillary lumen so that the
supply of oxygen and food juices remains smooth so that acid cannot be
penetrated and there is no damage. Balance disorders, with aggressive
factors being more dominant than defensive factors can cause erosion
of the gastric mucosa.”!

Several other endogenous mediators that can play a role in protecting
the gastric mucosa are nitric oxide (NO) and Lipoxin. According to
Wallace, the defense factor (defensive) of the gastric mucosa consists
of several components that form a complex network. The complex
network is: 1) extramucosal components, namely acid, mucus,
phospholipids, and bicarbonate; 2) Epithelium; 3) microcirculation; 4)
mucosal immune system; 5) the ability of the mucosa to repair.*>*

Administration of NSAIDs has the effect of inhibiting the synthesis
of prostaglandins, whereas prostaglandins play an important role in
protecting the gastric mucosa. Inhibition of prostaglandin synthesis
results in changes in gastric and duodenal microcirculation, via the
Cyclooxygenase (COX) enzyme inhibitory pathway. The role of COX-1
is to secrete mucus and bicarbonate and improve mucosal blood flow,
while COX-2 has a role to improve wound healing and inhibit adherent
leukocytes. One of the NSAIDs that is often consumed is aspirin, which
works by inhibiting COX-1 and COX-2.'63*

Aspirin therapy inhibits prostaglandin synthesis, via the Cyclooxygenase
(COX) enzyme pathway. If COX-1 is inhibited there will be a decrease
in blood flow resulting in tissue ischemia. If COX-2 is inhibited it will
interfere with wound healing and increase adherent leukocytes. This
leukocyte adhesion resulted in increased levels of neutrophils, Reactive
Oxygen Species (ROS) and production of Nitric Oxide (NO). The end
result of inhibition of COX-1 and COX-2, will result in injury and
ulceration of the gastric mucosa.!*!¢

The treatment groups (P1 and P2) were subjected to the same
induction as the K(+) group, followed by 5 days of OHB therapy for
P1 group and 10 days of OHB therapy for P2 group. From the results
of histopathological examination, it appears that the infiltration of
inflammatory cells and mucosal erosions were lighter in the treatment
group (P1 and P2) compared to that in the K(+) group. This difference
is quite significant when viewed from the reduction in mucosal erosion
that occurs, whereas when viewed from the infiltration of inflammatory
cells this difference is not significant.

The difference in repair of mucosal epithelial erosion that occurred in
the P1 and P2 groups was not significant. This shows that OHB therapy
for 5 days is sufficient to repair mucosal epithelial damage. Whereas
in general the wound healing process is very complex, takes a short
time and includes the following steps: hemostasis, inflammation,
proliferation/granulation and remodeling phases. Each phase has a
certain period of time: 1-3 days, 3-20 days, 7-40 days and 40 days up
to 2 years."”* This study shows that OHB therapy can accelerate the
wound healing process, especially in the inflammatory and proliferative
phases.
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Identical results were obtained in the hyperbaric oxygen therapy study
on Wistar rats injured 1x1 cm. The treatment group was divided into 2
groups, the first group was given OHB therapy for 5 days and the second
group was given OHB therapy for 10 days. Each treatment group has a
control group. Wound healing in the group given OHB therapy for 5
days was significantly different from the control group. Meanwhile, the
treatment group with OHB therapy for 10 days was different but not
significant when compared to the control group.*

OHB therapy in gastric mucosal erosion caused by NSAIDs is in
accordance with the pathological that occurs. Aspirin therapy inhibits
prostaglandin synthesis, via the COX enzyme pathway, which results in
tissue ischemia and ROS activation. While the OHB therapy approach
is the redox hypothesis (oxidative stress), ischemia (lack of oxygen in
the tissues) and the hormesis theory (change in exposure from low
doses that are protective, to dangerous when exposed to higher doses).?
So, this OHB therapy can be given to gastric mucosal erosions caused
by NSAIDs.

OHB therapy is good enough to improve the condition of tissue
ischemia. Oxygen in the blood is transported in a soluble form in
plasma fluids and forms bonds with hemoglobin (97%). and only a
small fraction is soluble in plasma (3%). In OHB therapy, this dissolved
oxygen becomes important because it is more easily consumed by
tissues through direct diffusion than oxygen bound to hemoglobin.?* At
normal ambient air pressure, only a small amount of oxygen dissolves
in the blood. But in hyperbaric conditions, it allows an increase in
the solubility of oxygen, which is sufficient to meet the body's oxygen
needs, because oxygen dissolved in plasma is utilized much faster than
that bound in hemoglobin (oxyhemoglobin).?”

The oxygen needed by the body comes from the outside air and to get
into the cells it must pass through the pulmonary capillary system,
then pass through the interstitial and intercellular fluids and finally
enter the cellular system. Oxygen in cells enters the utilization process
in peroxisomes, endoplasmic reticulum, and mitochondria. The use of
oxygen mainly occurs in the mitochondria, which is about 80% while
20% is used by other sub-cellular, such as microsomes, nucleus, plasma
membrane and others. Under normal conditions, the rate at which
oxygen is used is determined by the rate at which ADP and ATP are
generated. The diffusion distance from the wall to the cell is about 50
mm and usually oxygen can reach the cell quickly. If pO2 falls below a
critical pressure of 1-3 mmHg, then oxygen utilization in cells depends
on diffusion and not on ADP. The process of entering oxygen in the
body to its utilization by cells, goes through several stages (phases):
Ventilation Phase, Transport Phase, Utilization Phase, and Diffusion
Phase.®

Research on OHB therapy for 7 days has also been carried out on
colitis rats. In this study, it was found that histopathological the colitis
model rats experienced milder inflammation than the colitis model
rats without OHB therapy. This study found a decrease in neutrophil
and monocyte infiltration, and a decrease in inflammatory mediators
(interleukin-6 / IL-6) as well as an increase in the antioxidant enzyme
glutathione peroxidasel (GPx1).*

OHB therapy, apart from being tested on experimental animals, has
also been used in gastrointestinal diseases, such as IBD. There were
13 studies on Crohn's disease and 6 studies on ulcerative colitis. Based
on the analysis and systematic review, it was concluded that OHB
therapy improved the symptoms and signs of IBD, by reducing the
concentration of pro-inflammatory cytokines, reducing inflammatory
biomarkers and oxidative stress, with minimal side effects.*’

In a case of gastritis, it was reported that there was a 68-year-old male
patient who had bleeding for 4-5 weeks after esophagectomy surgery.
The results of the endoscopic examination showed the presence of

Pharmacognosy Journal, Vol 14, Issue 3, May -June, 2022
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bleeding. The patient refused gastrectomy, and was given alternative
therapy with OHB 3x30 minutes/cycle. Three days of OHB therapy,
melena stopped, and 2 weeks later had a re-endoscopy, the gastritis and
bleeding were improved.*!

Another study used combination therapy of rebamipide and
pantoprazole in patients undergoing endoscopic gastric submucosal
dissection. The results showed that the ulcer healing rate occurred at
week 4, after dissection.”? Shorter therapeutic procedure time was an
independent predictive factor for a high ulcer healing rate. However, it
cannot be concluded that the combination therapy is inferior to OHB
therapy. So, someday it is necessary to conduct a study to compare the
combination therapy with OHB therapy.

The studies and cases above underlie that OHB therapy improves tissue
ischemia and suppresses oxidative stress due to NSAIDs administration
so that it can improve inflammation and mucosal erosion in the
gastrointestinal tract. OHB therapy can also accelerate wound healing,
especially in the inflammatory and proliferative phases. So with a faster
recovery, complaints and symptoms are reduced more quickly.

Effect of OHB 2,4 ATA on MMP-9 expression

Examination of MMP-9 expression is an immunohistochemical
examination, to determine the expression of MMP-9 in the gastric
mucosal layer. The data for each sample was assessed semi-quantitatively
according to the modified Remmele (Immune Reactive Score/IRS)
method.* The IRS semiquantitative scale is the result of multiplying the
percentage score of positive cells (A) with the color reaction intensity
score (B), so IRS = (A x B). Score at group A: 0 = no positive; 1 =
positive cell less than 10%; 2 = positive cell 11% - 50%; 3 = positive cell
51% - 80%; 4 = positive cell more than 80%. Score at group B: 0 = no
color reaction; 1 = weak color intensity; 2 = medium color intensity; 3
= strong color intensity.

Descriptive and statistical analysis data showed that hyperbaric oxygen
therapy (OHB) 2,4 ATA significantly reduced MMP-9 expression.
MMP-9 expression in the treatment group (P1), decreased significantly
when compared to the positive control group and the negative control
group. However, in the P2 group, the expression of MMP-9 increased
when compared to P1. Perhaps this indicates that 5 days of OHB therapy
has been able to reduce MMP-9, which in turn can accelerate healing of
mucosal erosion. Identical to the results of the expression of IL-8 and
IL-10, in the expression of MMP-9 after healing has been achieved, the
activity of MMP-9 expression decreases towards a stable direction.

The mean in the K (+) group has the highest value while the K(-) group
has the lowest value. The distribution of MMP-9 expression based on
the Saphiro-Wilk test was normally distributed. Levene's test to test the
homogeneity of MMP-9 expression obtained p value based on mean
> 0.05, meaning that the data is homogeneous so that the statistical
test that can be used is Anova, followed by post hoc test using Tukey.
Based on the Anova test, the value of p = 0.042. These results indicate
that there are significant differences in MMP-9 expression between the
treatment groups

The results of this study showed that the expression of MMP-9 in the
aspirin-induced K (+) group increased when compared to the K (-) group
that was not induced by aspirin. Gastric mucosal epithelium erosions
or wounds due to NSAIDs, can actually heal on its own. This occurs
through a complex process and takes 40-150 days for the maturation
phase to occur, after wound exposure.”” The poor healing process can
be caused by an increase in the activity of matrix metalloproteinases
(MMPs), especially MMP-2 and MMP-9, which contribute to damage
to the extracellular matrix (ECM) and basement membrane. MMP-9
activity can be inhibited by tissue inhibitors of metalloproteinase-1
(TIMP-1). TIMP-1 expression occurs 72 hours after MMP-9 degrades
the matrix and lyses tissue.'s!

Pharmacognosy Journal, Vol 14, Issue 3, May-June, 2022

OHB therapy in gastric mucosal erosion caused by NSAIDs is in
accordance with the pathological that occurs. Tissue ischemia and ROS
activation are reduced. The healing process went well, one of which was
marked by a decrease in MMP-9 expression. Matrix metalloproteinase-9
(MMP-9) is one of the gelatinases that degrade type-IV collagen, also
a component of cell basement membranes. Besides being expressed
in the digestive tract, MMP-9 together with MMP-2, will increase its
expression in cases of ovarian cancer, inflammatory diseases (e.g.,
esophagitis) and some complications of diabetes mellitus.* Increased
activity of matrix metalloproteinases (MMPs), especially MMP-2 and
MMP-9, results in poor healing processes in injury or inflammation.”

Research on the effect of giving OHB to decrease MMP-9 expression
in gastrointestinal organs is still limited. Research on the effect of OHB
therapy on decreasing MMP-9 expression in other organs, including
in cases of brain metastases and cases of diabetic wound healing in
experimental animals. The results of these two studies prove that OHB
therapy can reduce MMP-9 expression and improve the situation in
each of these cases.**

MMP-9 expression in the P2 group, had a lower value than the P1
group. This can occur, related to the healing process which includes
several phases: hemostasis, inflammation, proliferation/granulation,
and remodeling. When the gastric mucosa is induced by aspirin, the
expression of MMP-9 will increase. Furthermore, the expression of
MMP-9 will rapidly decrease after receiving OHB therapy for 5 days,
and will return to normal, despite being treated with OHB for 10 days.

MMP-9 expression increased gastric mucosal erosion (p= 0.000; =
0.795), so there was a very significant positive correlation. When
the gastric mucosa is induced by aspirin, the expression of MMP-9
will increase, and mucosal damage will increase. When the healing
process went well, it was marked by a decrease in MMP-9 expression.
MMP-9 expression can actually be inhibited by tissue inhibitors of
metalloproteinase-1 (TIMP-1). TIMP-1 expression occurs 72 hours
after MMP-9 degrades the matrix and lyses tissue."

Effect of OHB 2,4 ATA on FGF expression

Examination of FGF expression is an immunohistochemical
examination, to determine the expression of FGF in the gastric mucosal
layer. The data for each sample was assessed semi-quantitatively
according to the modified Remmele (Immune Reactive Score/IRS)
method, same with examination of MMP-9 expression.

From the descriptive and statistical analysis data, it appears that
hyperbaric oxygen therapy (OHB) 2,4 ATA is significant enough to
increase FGF expression. FGF expression in the treatment group
(P1), increased significantly when compared to the positive control
group and the negative control group. In the P2 group the mean FGF
expression was lower than the P1 group. Perhaps this indicates that
OHB therapy for 5 days has been able to increase the expression of FGF
and subsequently can improve inflammation.

The phenomenon that the expression of FGF in the P2 group was
lower than in the P1 group could also be influenced by the healing
phase. Initially, there is an epidermal growth factor (EGF) response,
the activity is quite short, which reacts after injury (30 minutes-2
hours). Furthermore, there is an intermediate response, namely the
growth of granulation tissue and the generation of new blood vessels
through angiogenesis and growth factors [basic fibroblast growth factor
(bFGF), vascular endothelial growth factor (VEGF), platelet derived
growth factor (PDGF), transforming growth factor-p (TGF-B) and
angiopoietins (6hours-2 days)]. In the next response for 14 days.'”*

In this study, the expression of FGF in the aspirin-induced K (+) group
decreased when compared to the K(-) group that was not induced by
aspirin. This can be caused by damage or interference with the gastric
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mucosal defensive factors. Meanwhile, FGF is a defensive factor found
in the subepithelial layer.

Gastroduodenal mucosal defensive factors can be divided into 3 parts:
pre-epithelial, epithelial, and subepithelial. Each section consists
of the following components: (1) Pre-epithelial : (i) Mucus layer =
hydrophobic barrier, mucus composition, trefoil peptide, and mucus
thickness regulation; (ii) mucus layer pH = lumen pH and pH balance;
(iii) Lumen contents = nutrients and gastric acid; (2) Epithelial: (i)
Mucosal permeability = Apical membrane and Intercellular Junctions
(ii) Regulation of pH = acid-base balance; (iii) Hormonal regulation
= melatonin, leptin, estrogen, thyrotropin releasing hormone (TRH),
amylin and endorphins. (iv) Antioxidant compounds = nitroguanine;
(v) Stress protein induced by mucosal injury = MMP, survivin,
heat shock protein (HSP), annexin, and heme Oxygenase-1. (3)
Subepithelial: (i) Growth factor = vascular endothelial growth factor
(VEGF), basic fibroblast growth factor (bFGF), platelet derived growth
factor (PDGF); (2) Mucosal blood flow, controlled by the central and
enteral nervous systems; (iii) Submucosal elements = acid sensor,
neural effects, chemical mediators (iv) Gastric protective receptors =
E-type prostaglandin (EP), angiotensin (AT) receptor, peroxisome
proliferator activated receptor-y (PPAR).

OHB therapy in gastric mucosal erosion caused by NSAIDs is in
accordance with the pathological that occurs. Induction of aspirin
inhibits prostaglandin synthesis, via the COX enzyme pathway,
resulting in tissue ischemia and ROS activation. In addition, NSAID
therapy can cause topical irritation, which in turn causes damage to
the epithelium. Several markers that can be affected are tight junction,
MMP-9 and FGE* Among them are as follows: 1. Treatment of ocular
herpes, can use FGF-1 therapy, through the mechanism of increasing
anti-inflammatory M2. One of the anti-inflammatory M2 is IL-10.% 2.
Another study used the expression of FGF-21 which can ameliorate the
inflammation induced by lipopolysaccharide (LPS), by increasing the
expression of IL-10.%

Another pathway analysis showed that FGF expression increased
occludin expression so it was significantly positively correlated.
Epithelial-mesenchymal transition (EMT) is an important process that
plays key physiological and pathological roles, such as embryogenesis,
wound healing, and cancer development. The collaboration of EMT
and FGF will increase the adhesion of molecules, which will strengthen
tight junctions, including occludin and claudin.*

At the beginning of the healing phase, an epidermal growth factor
(EGF) response occurs, its activity is quite short, which reacts after
injury (30 minutes-2 hours). Furthermore, there is an intermediate
response, namely the growth of granulation tissue and the generation
of new blood vessels through angiogenesis and growth factors [basic
fibroblast growth factor (bFGF), vascular endothelial growth factor
(VEGF), platelet derived growth factor (PDGF), transforming growth
factor-p (TGF-P) and angiopoietins]. (6hours-2 days). In the next
response for 14 days."”?

The healing process, as above, can explain why on OHB therapy in
group P2 (10 days of OHB therapy), FGF expression was lower than in
P1 group (5 days of OHB therapy). FGF expression will rapidly increase
after receiving OHB therapy for 5 days, and will decrease back to
normal, even though OHB therapy is continued for 10 days. This will be
inversely proportional to the expression of MMP-9. The phenomenon
that emerges is the correlation which is like a mirror image. We can see
this phenomenon in the box plot diagram for each of these variables.

There are several studies that prove that OHB therapy increases FGF
expression. OHB therapy can improve calvaria defects, with increased
FGF expression, although the increase in FGF was not statistically
significant.! FGF expression increased significantly after OHB
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therapy in cases of peripheral arterial occlusive disease (PAOD).*> FGF
expression also increased significantly after being given OHB therapy,
especially in the first 3-7 days, in cases of muscle contusion.”

Effect of OHB 2,4 ATA on occludin expression

Examination of occludin expression is an immunohistochemical
examination, to determine the expression of occludin in the gastric
mucosallayer. The data for each sample was assessed semi-quantitatively
according to the modified Remmele (Immune Reactive Score/IRS)
method, same with examination of MMP-9 expression.

The descriptive and statistical analysis data, it appears that hyperbaric
oxygen therapy (OHB) 2,4 ATA is significant enough to increase
occludin expression. The expression of occludin in the treatment group
(P2), increased significantly if the positive control group and negative
control group were walled off. As for the P1 group, the increase in
occludin expression was not significant.

Occludin is part of the tight junction, which is in the gastric epithelium.
Occludin is part of the defensive factors of the gastric mucosa.”’ Tight
junctions are plasma membrane proteins that are important as shields
in the gastrointestinal tract, consisting of claudins and occludin. Both
have important roles in tight junctions (TJs), especially occludin,
which was the first T] discovered and has a more important role in
keeping epithelial cells stable.?>** In addition to being one of the keys to
maintaining the integrity of the digestive tract epithelium, occludin has
also been shown to be a good post-transcriptional regulator and also
plays a role in preventing gastrointestinal inflammation.* Occludin also
acts as a barrier to maintain the integrity of the TJ against oxidation-
reduction and interacts strongly with zonular occludens-1 (ZO-1),
which is attached to the cytoskeleton structure.”

Pathway analysis showed that occludin expression was stimulated by
FGF expression and inhibited gastric mucosal erosion. The correlation
between FGF and occludin has been described previously. There are
several studies that show the role of occludin in the digestive tract.
Research by Liu et al. (2018), proved that giving mosapride protects
experimental animals from gastric injury after aspirin induction,
by increasing occludin expression. So that the occurrence of gastric
mucosal erosion can be prevented.” In the case of inflammatory
bowel disease (IBD), downregulation occludin suppresses caspase-3
expression to limit excessive apoptosis, so that mucosal damage in IBD
can be suppressed.*

Research on the effect of giving OHB on occludin expression in
gastrointestinal organs is still limited. Research on colitis model rats
given OHB therapy on histopathologic features experienced milder
inflammation. One of the mechanisms is the activity of antioxidant
enzymes that make TJ stronger.” HBO therapy significantly improves
neurologic function, reduces intestinal mucosal injury, maintains
intestinal barrier integrity and increases occludin expression through
spinal cord injury (SCI). HBO therapy significantly inhibited the Rho/
ROCK (Ras homologous/Rho-associated coiled-coil forming protein
kinase) pathway, which is the basic mechanism of T regulation due to
HBO therapy.®

CONCLUSION

The provision of HBOT at 2.4 ATA significantly improved gastric
mucosal erosion in NSAID-induced gastric mucosal erosion Wistar
rats model, by decreasing MMP-9 expression, as well as increasing FGF
and occludin expression. There is a significant difference in occludin
expression between 5-day HBOT and 10-day HBOT.
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