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Effects of Lactobacillus plantarum 1S-10506 on

L)

gastric protective mucosal factors:
an ibuprofen-induced gastric mucosal injury

Andy Darma’?, Wibi Riawan?, Khadijah Rizky Sumitro?,
Alpha Fardah Athiyyah?, Reza Ranuh? Mohammad Fathul Qorib?,
Ingrid Surono?®, Subijanto Marto Sudarmo?

ABSTRACT

Background: Gastric mucosal protective factor plays an important roles in gastric homeostasis between mucosal injury
and mucosal repair. Previous study implicated probiotics in the repair of the intestinal mucosa, while probiotic role in gastric
mucosa remains poorly understood. This study aims to determine the role of probiotic L. plantarum 15-10506 in gastric
protective mucosal factors by examining the expression of cyclooxygenase-1 (COX-1), COX-2, prostaglandin E2 (PGE2), and
gastric mucus production (Mucin 5AC/ MUC5AC) by surface mucous cells as gastric mucosal protective factors.

Methods: Twenty-seven male Wistar rats (Rattus norwegicus) were divided into 3 groups, ie. control, curative and preventive
group. Ibuprofen 300mg/kgBW were given to all groups to induce gastric injury, while Lactobacillus plantarum 15-10506
1x10°CFU/day were given into the curative (5 days) and preventive (12 days) groups. Antrum tissue with primary monoclonal
antibodies againts C0X-1, COX-2, PGE2, and MUC5AC were examined in the day -1, -3, and -5 after necropsy.

Results: Number of cells expressed COX-1, COX-2, PGE2 and MUC5AC in curative and preventive groups were significantly
higher than control group. L. plantarum 15-10506 showed its efficacy in gastric mucosal repair on third day in the curative
group and on first day in the preventive group. L. plantarum 15-10506 probiotic plays a role in gastric protective mucosal
factors by promoting cell expression of COX-1, PGE2, and MUC5AC. In addition, it has been determined that L. plantarum IS-
10506 inhibits COX-2 expression, that may lead to minimalize the inflammatory conditions and a deterioration of the gastric
mucosal environment.

Conclusion: Lactobacillus plantarum 15-10506 can prevent ibuprofen-induced antral mucosal damage through gastric
protective mucosal factors.

Keywords: Lactobacillus plantarum 15-10506, gastric, COX-1, COX-2, PGE2, MUCSAC.
Cite This Article: Darma, A., Riawan, W., Sumitro, K.R., Athiyyah, A.F.,, Ranuh, R., Qorib, M.F,, Surono, I., Sudarmo, S.M.
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injury. Bali Medical Journal 12(1): 514-518. DOI: 10.15562/bmj.v12i1.3948
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INTRODUCTION

Gastric ~ mucosal  integrity  plays
an important role to keep gastric
homeostatic. Mucosal injury, mucosal
healing, and various mucosal protective
factors are in an equilibrium position
under physiological condition."” The main
gastric mucosal protective factor is the
presence of mucus-buffers-phospholipid
layer (Mucin 5AC/ MUCS5AC) as pre-
epithelial barrier which is enhanced
by prostaglandins and continuously
renewed layer of surface epithelial cells
as the second line of mucosal defense.”
Prostaglandins are produced from
arachidonic acid metabolism through
the cyclooxygenase (COX) enzymes. In

gaster, prostaglandin E2 (PGE2) play
an important role to maintain mucosal
integrity by upregulating mucosal blood
flow and stimulating mucus production
that cover gastric epithelial layer against
noxious substances."” Ibuprofen is one
of non-selective non-steroidal anti-
inflammatory drug (NSAID) that well
known as common cause of gastric mucosal
damage.”® NSAID plays an important
role as exogenous aggressive factor in
gastric mucosal injury by inhibiting
prostaglandin synthesis, thereby reducing
mucus production, bicarbonate secretion,
and mucosal blood flow.”

Probiotics are defined as
microorganisms that provide therapeutic
benefits to the host when given

appropriately.” Previous research has
implicated probiotics in the repair of
the gastrointestinal mucosa.” This study
chooses Lactobacillus plantarum 1S-10506
as it has very stable viability in phosphate
buffersolution (pH7) in48 hours compared
to L. acidophilus and L. rhamnosus GG.*
Previous study on L. plantarum IS-
10506 has also shown the regeneration
capabilities in the intestinal brush border’
and ileum surface structure'” and activate
the intestinal stem cell in a rodent model."
While these finding suggest L. plantarum
IS-10506 provide therapeutic benefit
in intestinal mucosa, it'’s role in gastric
mucosa remains poorly understood. This
study aims to determine the role of L.
plantarum I1S-10506 in ibuprofen-induced
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gastric mucosal injury by examining the
cell expression of COX-1, COX-2, PGE2,
and MUC5AC as mucosal protective
factors.

MATERIALS AND METHODS

Samples and study design

A randomized controlled trial study
used male rats Rattus norwegicus
Wistar strain, aged 12 weeks and each
weighing between 200-250 grams from
The Integrated Research and Testing
Laboratory, Universitas Gadjah Mada.
Twenty-seven rats were divided into 3
treatment groups, i) control, ii) curative
and iii) preventive group and each group
consisits of 9 rats. Ethical clearance of
this study was approved by the Ethical
Committee of Faculty of Veterinary
Medicine, Universitas Airlangga (No.
2.KE.022.03.2021).

Ibuprofen

Ibuprofen were given at dose 300 mg/
kgBW, dilluted with 1 ml aquadest in a
1:1 ratio to induce gastric mucosal injury.
On day-0, ibuprofen will be administered
to all groups through an oral gavage. For
control group, distilled water was given for
5 days after being given ibuprofen (day 1
-5).

Probiotic

Microencapsulated Lactobacillus
plantarum 1S-10506 (GeneBank accession
n° DQ860148) powder in 1% skimmed
media given by oral gavage at a dose of
1x10° CFU/day. This probiotic will be
dissolved in 1.5 ml of sterile water once
daily. For the curative group, probiotics
will be given for 5 days after being given
ibuprofen (day 1 - 5). While for preventive
group, probiotic given for total 12 days
from 6 days before until 5 days after being
given ibuprofen (day [-6] - 5).

Antrum tissue collection

All rats from all groups were surgically
dissected under ether anesthesia and
sacrified on day-1, -3 and -5 after
ibuprofen administered. The antrum
tissue sections were excised and cleaned
then fixed with a 10% formalin buffer
solution for histopathology preparations.
Paraffin blocks is carried out at the
PathologyAnatomy Laboratory, Faculty of

Medicine, Universitas Airlangga.

Immunohistochemistry

Paraffin blocks containing antrum gastric
tissue were sliced in 4 pm, deparafinized
and followed by dehydration, clearing and
embedding. Obtained anthrum tissues
were probed with primary monoclonal
antibodies againts COX-1 (SC-19998,
Santa Cruz Biotechnology, California,
USA), COX-2 (SC-19999, Santa Cruz
Biotechnology, California, USA), PGE2
(SC-514224, Santa Cruz Biotechnology,
California, USA) and MUC5AC (45M1,
Thermo Fisher Scientific, Massachusetts,
USA). Immunopositive cells  were
counted by the average number of cells
expressing antibody from 20 random
fields at 1000x magnification. Histological
samples were observed and counted by
one independent examiner under a light
microscope (CX21; Olympus, Tokyo,
Japan) and photographed using a Nikon
E100 microscope (Nikon Instruments
Inc., Tokyo, Japan) in the Biomolecular
Biochemistry Laboratory, Department
of Biomolecular Biochemistry, Faculty of
Medicine, Universitas Brawijaya.

Statistical Analysis

Data were presented as mean + standard
deviation (SD) by bar chart. Statistical
analysis was done by using Kruskall Wallis
and Mann-Whitney U test (as the data
was not normally distributed) to find
differences between groups treatment on
each day (day-1, -3 and -5), with p < 0.05
considered statistically significant.

RESULTS

Cyclooxygenase (COXs)

Both probiotic groups (curative and
preventive) had an upward trend in
COX-1 expression from the 1% to 5%
day. On the contrary, ibuprofen group
showed the lowest COX-1 expression
from the 1* to 5™ day between all groups.
The curative group showed significantly
higher COX-1 expression compared to
the ibuprofen group on the 3 and 5"
day, while the preventive group already
showed the difference from the 1% day
(Fig. 1A). Contrast result was found
in COX-2 expression between groups.
Probiotic groups show downward trend
in COX-2 expression from the 1% to 5%

day. Meanwhile ibuprofen group show
highest and upward trend in COX-2
expression. On the 3™ and 5" day, COX-
2 expression was significantly lower in the
curative and preventive groups compared
to the ibuprofen group (Fig. 2A). The
immunohistochemical examination of
COX-1 and COX-2 cell expression was
figured in Fig. 1B and 2B. The COX-1/
COX-2 ratio is determined to summarize
the role of probiotics in cyclooxygenase
expression. Both probiotic groups showed
upward trend in COX-1/COX-2 ratio
expression from the 1* to 5" day. On the
3" and 5" day, the expression of the COX-
1/COX-2 ratio was significantly higher in
the curative group than in the ibuprofen
group. The preventive group showed
significantly higher COX-1/COX-2 ratio
expression than the ibuprofen group on the
1%, 3 and 5% day (Fig. 3). These findings
suggest that the protective mechanisms
through COXs may have began earlier in
the preventive group than in the curative

group.

Prostaglandin E2 (PGE2)

Ibuprofen caused a decreased expression
of PGE2 from the 1% to 5% day while
probiotic groups shows an upward trend.
Linear to the COX-1/COX-2 ratio, the
curative group showed significantly higher
PGE2 expression than the ibuprofen
group on the 3 and 5" day. Meanwhile,
the preventive group showed significantly
higher PGE2 expression compared to the
ibuprofen group from the 1% to 5" day
(Fig. 4A). The immunohistochemical
examination of PGE2 cell expression was
figured in Fig. 4B.

Mucin 5AC (MUC5AC)

Probiotics groups show an upward trend
of MUC5AC expression while ibuprofen
shows a downtrend. Relevant to the COXs
ratio and PGE2 result, the curative group
showed significantly higher MUC5AC
expression than the ibuprofen group on
the 3 and 5" day. PGE2 expression was
significantly higher in the preventive
group than in the ibuprofen group on
the 1%, 3 and 5% day (Fig. 5A). The
immunohistochemical examination of
MUCS5AC cell expression was figured in
Fig. 5B.
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expression with 100x, 400x, and 1000x magnification. expression with 100x, 400x, and 1000x magnification.
Brown colored tissue (marked by arrow) shows cell Brown colored tissue (marked by arrow) shows cell
parts that express COX-1 in ibuprofen, curative and parts that express COX-2 in ibuprofen, curative and
preventive groups. preventive groups.
COX-1 /Cox_z Ratio most of the PGE-2 synthesized by COX-
1 as a protective factor of gastric mucous.
0.05 B Ibuorof There have been many studies on the effect
] 0.05 I 1 qu_’ N of probiotics on the production of PGE2,
]  — 00 T B Curative  which plays a role in the healing process of
0.05 1 : Lo
1 — 0.05 Preventive  gastric injury, however knowledge of the
1 I 1 effects of L. plantarum on PGE2 as a single
1 agent is still limited. A previous study has
shown that L. rhamnosus and E. coli have
1 5.44

a therapeutic effect on gastric injury by
increasing PGE2 secretion.”

This study also determined that
probiotics decrease COX-2, that can
lead to anti-inflammatory  effect.
Prior study by Han et al. show similar
result that L. plantarum was linked to
significant decrease in expression of
COX-2 compared to lipopolysaccharide
control. L. plantarum also show higher
decrease in COX-2 expression compared
to L. rhamnosus although failed to show

DISCUSSION

Our study found that probiotic
administration increases the expression of
COX-1 and PGE2 compared to the control

group. Increased PGE-2 expression of
gastric mucosain curative and preventive is
linear with increased COX-1 expression in
each group, showing that in this condition

statistically significant.”” Our study also
support a previous study by J. M. Otte et
al. that found reduction in intestinal COX-
2 expression with VSL3 probiotic which
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Figure 5. A. Effect of ibuprofen and probiotic on MUC5AC

expression; mean + standard deviation (SD)

B. Immunohistochemical examination of PGE2 cell
expression with 100x, 400x, and 1000x magnification.
Brown colored tissue (marked by arrow) shows cell
parts that express PGE2 in ibuprofen, curative and
preventive groups.

expression; mean + standard deviation (SD)

B. Immunohistochemical examination of MUC5AC
cell expression with 100x, 400x, and 1000x
magnification. Brown colored tissue (marked by
arrow) shows cell parts that express MUC5AC in
ibuprofen, curative and preventive groups.

contains eight different microorganism
strains, including L. plantarum. This
study also found that VSL3 reduces
inflammatory agent (gastrin and TNF-a)."
Bifidobacterium lactis share more specific
result by increasing COX-1 expression
while simultaneously decreasing COX-2
expression.'

Gastric mucous plays a protective role
by sheltering the gastric epithelial cells from
acid and noxious agents.* This study show
that probiotic treatment has significant
role in MUC5AC expression increase. This
finding support previous study that found
MUCS5AC expression was slightly elevated
in VSL3-treated animals, although not
statistically significant.”” In addition, we
found linear result between COX-1/COX-
2 ratio, PGE2 and MUCS5AC expression,
showing that COX-1-generated PGE2
plays part in MUC5AC secretion. This
finding could provide additional insight
into previous research indicating that

MUCSAC is primarily activated by the
COX-2/PGE2 pathway.'*"”

The interesting finding in this study
is that there are significant differences in
COX-1, COX-2, PGE-2, and MUC5AC
expression between the ibuprofen vs
curative group in the 3 and 5" day and
ibuprofen vs preventive group on the 1%,
3" and 5" day. These results indicating
that curative probiotic treatment started
showing its efficacy from the 3 day while
preventive treatment provide earlier
onset of efficacy on the 1% day of the
study. Khoder et al summarize probiotics’
prophylactic and therapeutic effects in
gastric ulcers. Probiotics protect the
integrity of the gastric mucosal barrier by
upregulating prostaglandin E2, mucous
secretion, and downregulating apoptosis.
Probiotics could also accelerate healing in
gastric ulcers by increasing the generation
of prostaglandin E2. Pre-treatment with
probiotics upregulates MUC5AC gene

expression thus increasing gastric mucus
production by surface mucous cells.

The limitation of this study is that we
did not measure the level of COX and
other markers produced but by the cells
expression using immunohistochemistry
methods. As a result, additional studies
that include the assessment of marker
levels might be necessary to support our
findings.

CONCLUSION

The findings of our study show that
L. plantarum 1S-10506 plays a role in
gastric mucosal protective factors by
increasing cell expression of COX1, PGE2,
and MUCS5AC. In addition, it has been
determined that L. plantarum 1S-10506
inhibits COX2 expression, that may lead to
minimalize the inflammatory conditions
and a deterioration of the gastric mucosal
environment.
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