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Abstract

Background and Objective: Indomethacin is an anti-inflammatory drug which causes peptic ulcers

as a result of its complication, For this reason, multiple experimental studies have been performed to

search for new agents in order to treat or prevent gastric and duodenal ulcers. Probiotics are live
microorganisms, and it has been stated by different studies that these bacteria have antioxidant and
anti-inflammatory effects so; the aim of the present study is to compare the gastroprotective potential of
probiotic lactobacillus plantarum, versus the anti-ulcer drug (ranitidine), against indomethacin-induced
gastric ulcer in rats.

Materials and methods: Thirty-two adult male rats were divided equally into four groups. Group I:
(normal control) animals received distilled water. Group Il animals received indomethacin to induce
ulcer. Group IlI: animals were given ranitidine followed by indomethacin. Group 1V: animals were also
treated with probiotic lactobacillus plantarum. Animals of all groups received the treatments orally. Rats
were sacrificed 7hr later, and their blood and stomachs were isolated for examinations.
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Results: our study revealed that Lactobacillus plantarum has ulcer healing properties possibly via
enhancement of gastric defense system through increasing PGE2 levels. Further to this, Lactobacillus
plantarum reduced serum TNF-a, serum IL-If, serum IL-6 and tissue TBARS expression and thus
exhibited antioxidant and anti-inflammatory effects and consequently reduced neutrophil infiltration and
thus free radicals’ generation as ranitidine treated group (p<0.05).

Conclusion: This study demonstrates that compared to ranitidine, Lactobacillus plantarum showed
gastroprotective efficacy against indomethacin-induced peptic ulcer through possing anti-inflammatory,
antioxidant and anti-apoptotic properties

Keywords: Gastric ulcer, Indomethacin, Ranitidine, probiotic, lactobacillus plantarum.

Introduction

Peptic ulcers are a digestive tract pathology that includes both duodenal and gastric ulcers.
Lesions known as ulcers are lesions that penetrate muscularis mucosa to their full depth. The
factors that contribute to morbidity and mortality were one of its main drawbacks (Amandeep et
al., 2012).

When the "aggressive" and "protective” forces at the luminal surface epithelium are out of
balance, peptic ulcers can form. Helicobacter pylori, which is one of the most common causes of
peptic ulcer disease and is thought to be present in half of the world's population, hydrochloric
acid (HCI), pepsins, NSAIDs, bile acids, alcohol, smoking, and hypoxia are among the
aggressive factors. Conversely, protective factors, which have a major global impact on a wide
range of people (Siddique et al., 2018).

Non steroid anti-inflammatory drugs are typically given for the treatment of a variety of
illnesses such Rheumatoid arthritis and osteoarthritis because of their analgesic, anti-
inflammatory, and antipyretic effects. Gastric ulcers may occur as a side effect in 35-60% of
patients, and their action is mediated by the suppression of prostaglandins, cyclo-oxygenases
(cox), and leukotriene production (Gambero et al., 2005).

The introduction of selective cyclo-oxygenase (COX) blockers has not been able to eliminate
the serious problem of ulcers linked to NSAIDs. Most NSAIDs cause stomach discomfort,
mucosal erosion, and ulceration to variable degrees, but relative stomachic toxicity is the main
factor to take into account (Fong et al., 2015).

Peptic ulceration is typically treated medically by either inhibiting HCL acid secretion or by
neutralizing the acid. Numerous pharmacological agent categories have been thoroughly tested
for their efficacy in treating acid peptic diseases (Waller et al., 2005).

The most often given medications for stomachic lesions brought on by NSAIDs are H2-
receptor antagonists. Because they belong to a class of pharmaceuticals that prevent histamine
from acting on the parietal or oxyntic cells in the stomach's histamine H2 receptors, H2-receptor
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antagonists, such as nizatidine and ranitidine, are antihistamines. Stomach acid production is
reduced as a result. They are used to treat gastric reflux disease and peptic ulcer disease (Panula
et al., 2015).

Probiotics may be utilized to cure stomach ulcers, according to numerous research. Gram-
negative bacteria colonization happened quickly at the location of the ulcer in a rat model of
acetic acid-induced stomach ulcer, which greatly slowed ulcer healing. However, gram-positive
bacterial colonization aided in ulcer healing. Notably, administering the exogenous probiotic
strain Lactobacillus sped up the healing of ulcers (Khoder et al., 2016).

Eating live bacteria (Lactobacillus bulgaricus) in yoghurt or fermented milk enhances the
biological characteristics of the gastrointestinal system. Probiotics are live microorganisms that,
when given to a host in sufficient quantities, have a positive impact on their health, according to
the Food and Agriculture Organization and the International Scientific Association for Probiotics
and Prebiotics (Hill et al., 2014).

Previous studies looked at the probiotics' preventative and therapeutic benefits on a number of
gastrointestinal and non-gastrointestinal disorders. Probiotics have proven potential therapeutic
effects in various metabolic illnesses, such as hyperlipidemia or hypercholesterolemia, obesity,
and diabetes, in addition to their traditional advantages for gastrointestinal functions. Probiotic
use may therefore help to lower the risk of atherosclerosis and hypertension (Huang et al.,
2014).

Several research conducted over the past few decades have suggested that probiotics may
have a part in the treatment and prevention of cancer. According to data, persons with colon
cancer have distinct changes in the composition of their gut's microbes (called dysbiosis). When
1,2-dimethylhydrazine is used to induce colon cancer in rats, there is a large dysbiosis that may
be prevented by taking Lactobacillus salivarius Ren orally, effectively suppressing the
development of colon cancer (Zhang et al., 2015).

The probiotics Bacillus subtilis and Clostridium butyricum have been shown to prevent the
growth of 1,2-dimethylhydrazine-induced colorectal cancer in mice. Little is known regarding
the potential link between probiotics and carcinogenesis in terms of stomach cancer. Probiotics
have been shown to have highly promising anti-proliferative and pro-apoptotic effects on gastric
cancer cells, according to certain in vitro studies. Additionally, research has shown that
probiotics may help cancer patients avoid the negative side effects of chemotherapy and
radiation treatment (Haghshenas et al., 2014).

The potential use of probiotics as adjuncts or even replacements for oral antibiotic therapy has
been raised, particularly considering the rising incidence of antibiotic resistance. Antibiotics can
cause resistance when used repeatedly and without a prescription, and they can also damage the
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gut bacteria. In these circumstances, administering probiotics may help the patient recover by
restoring the natural microflora, displacing the pathogenic resistant bacteria, and competing with
them (Crouzet et al., 2015).

Some genetically modified probiotic strains with skills for the release of anti-inflammatory
cytokines, vaccines, and anti-pathogenic compounds have been created using novel methods.
Probiotics have the potential to be used in the future as delivery systems for gastrointestinal
mucosal lesions. 'Pharmabiotics’ refers to this innovative method of probiotic-based targeted
medicine delivery (Cano et al., 2014).

Probiotics may be helpful for gastrointestinal colic, acute infectious diarrhoea, inflammatory
bowel syndrome, diarrhoea brought on by antibiotics, travellers' diarrhoea, lactose
malabsorption, and inflammatory bowel illnesses, according to some studies. Data on the
potential link between probiotic supplementation and gastric ulcer healing and prevention,
however, are scarce (Marchesi et al., 2016).

The present work aims to evaluate the gastroprotective effect of antiulcer drugs (ranitidine as
H2-receptor antagonists) versus probiotics lactobacillus plantarum and their ability to treat of
NSAIDs-induced peptic ulcer in adult male albino rat.

Materials and Methods
Animals and ethical decision

Thirty two male albino rats of local strains weighing between (120 - 140 g) and aged 6 to 8
weeks. They were kept for two weeks in a conventional laboratory setting with a temperature of
25 °C, relative humidity of 60 %, and an equal day and night cycle, as well as unrestricted access
to a standard pellet diet and unlimited access to water. The care and usage of laboratory animals
were handled in compliance with international standards during the study's approach.

Drugs and experimental design
Drugs and chemicals

Both probiotic lactobacillus plantarum and ranitidine were bought from Sigma
Pharmaceutical Company in Quesna. All other reagents and kits were of the analytical quality
and were acquired from Sigma-Aldrich Co. in St. Louis, Missouri, USA.

Experimental design

Rats were assigned into 4 equal groups (n=8/group). Regular weight checks were performed.
Group 1: Control group which received physiological saline 1m for 10 days
Group 2: Indomethacin group which received physiological saline for 10 days then on day 11
was received single dose of indomethacin (50mg/kg,i.p)

Group 3: Probiotic + indomethacin group Which received lactobacillus plantarum 1ml/kg for 10
days then on day 11 received single dose of indomethacin (50m/kg,i.p)

Group 4: Ranitidine + Indomethacin group which received ranitidine (5mg/kg) for 10 days then
received on day 11 indomethacin single dose (50m/kg,ip), Sample gathering and animal
sacrifice.

Vol 28 No.02 (2021):JPTCP(237-253) Page | 240


https://basicandappliedzoology.springeropen.com/articles/10.1186/s41936-020-00196-6#ref-CR32
https://basicandappliedzoology.springeropen.com/articles/10.1186/s41936-020-00196-6#ref-CR32
https://basicandappliedzoology.springeropen.com/articles/10.1186/s41936-020-00196-6#ref-CR32

Comparative study of the possible gastroprotective effect of probiotic (lactobacillus plantarum) and
ranitidine on indomethacin induced gastric ulcer in adult male albino rat

Rats were slaughtered using isoflurane inhalation anesthesia. Blood samples were collected
by heart puncture into vacuum tubes, and serum was separated by centrifuging blood at 4,000
rpm for 20 min. Until further biochemical investigation, serum was stored at -80°C in plastic
Eppendorf containers. The stomach was removed, weighed, and cleaned in a phosphate buffer
solution. The right one was immediately kept at -80 °C for subsequent measurement of PGE2
and TBARS.

Biochemical investigations

With the help of the diamond diagnostic kit (Diamond Diagnostics Company, Egypt),
Plasma tumor necrosis factor-alpha (TNF-a), IL-6 and IL-1 were measured by ELISA kit (Life
Technologies Corp., Frederick, MD, USA).

Enzyme-linked immunosorbent assay (ELISA)

After collecting the stomach tissues from the animals, cold phosphate buffer saline (Sigma
Aldrich, USA) was used for keeping the gastric tissue samples that were then homogenized and
centrifuged using a cool ultra-centrifuge. Later, the supernatants were collected and utilized in
the ELISA study to measure the levels of PGE2 (Cat. No. E0504Ra, Bioassay Technology
Laboratory, Shanghai, China) and TBARS (Cat. No. E1369Ra, Bioassay Technology
Laboratory, Shanghai, China).

Statistical analysis

Utilizing (Graph Pad Prism version 9.4 for Windows, 2010, Graph Pad software, Inc.), the
results' statistical analysis was carried out. ATN score was reported as median, and data were
presented as mean + standard error of the mean (SEM). One-way ANOVA was used to compare
several groups, followed by the post hoc Tukey test, the Games Howell test, and the Bartlett test
for groups with uneven variances. The threshold for significance was set at the 0.05 level of
probability.

Results
Plasma TNF- alpha, IL-6 and IL-1p

As shown in Table 1; the probiotic-treated group showed insignificant changes in the serum
TNF- alpha (Figure 1), serum IL-IB (Figure 2), and serum IL-6 (Figure 3) when compared with
their corresponding ranitidine treated-group values. The probiotic and ranitidine-treated groups
recorded a significant elevation (P-value<0.05) in the TNF- alpha, IL-1B, and IL-6 in the serum
as compared with the control group while showing improvement when compared to
indomethacin induced group.

Tissue PGE2 levels

As shown in Table 1 and Figure 4; the probiotic and ranitidine-treated groups exhibited
significant elevation in PGE2 level (P-value <0.05) when compared with the indomethacin
group. On the other hand, indomethacin caused a significant reduction in PGE2 level in
comparison with the control group. Moreover, PGE2 levels of both ranitidine and probiotic
groups were comparable to each other without a significant difference.
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Tissue TBARS level

As shown in Table 1 and Figure 5; oxidative stress is known to contribute to the pathogenesis
of gastric ulcers and hence the tissue levels of TBARS were measured in this study as markers of
oxidative stress and found to be significantly elevated (P-value<0.05) in the indomethacin group
when compared with the control group. On the other hand, TBARS levels in the probiotic and
Ranitidine groups were significantly reduced in comparison with the indomethacin group.

Table (1): The plasma concentration of tumor necrosis factor (TNF-a), interleukin (1L-6),
IL-1p, tissue PGE2 and tissue TBARS in control and treated rats

All data are expressed as mean = SEM. Different letters are significantly different at p<0.05.

Parameters Group 1 Group 2 Group 3 Group 4
Control Induced Probiotic treated | Ranitidine treated
group group

TNF (pg/ml) 35.240.90°¢ | 90.2+9.9° 50.2+0.5" 55.1+0.8"
IL-6 (pg/ml) 75.4¢3.7° | 160.9+9.60% 110.5+4.20° 105.9+4.2°
IL-1p (pg/ml) 0.71+0.01° | 1.31+0.02° 0.9+0.05" 0.98+0.02°
PGE2 5.5+0.01° 1+0.01° 4.3+0.25° 4.1+0.14°
TBARS (mmol/g tissue) | 0.65+0.001° | 16.9+0.04% 5.7+0.03" 5.56+0.1"

150+

100+

TNF (pg/ml)

Group 1
Figure (1): TNF (pg/ml) in control and treated rats

Group 2

Group 3

Group 4
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Figure (5): Tissue TBARS level in control and treated rats
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Histological and histochemical studies

Stomachs were taken, fixed in neutral buffered formol saline and they were processed by
paraffin technique, to be subjected to histological and histochemical examination.

Five slides from each specimen with 2 levels on each slide were cut at 5-um thicknesses.
Haematoxylin and Eosin (H&E) stain: For general morphological and structural study.

A minimum of 10 fields for each slide were examined and for severity of changes they scored
semiquantitatively the scoring was done as none, mild, moderate and severe changes. (Drury
and Wallington 1980)

Periodic acid Schiff (PAS) and Alcian blue stains to show the mucous barrier layer of the
stomach mucosa for measuring its thickness and optical density (Pearse, 1977).

2. Results
2.1. Histological Results

Group | (control): Microscopic examination of H&E stained sections showed normal
appearance In G1 the mucosa was healthy. There were no ulcers no hemorrhage and no blood
congestion. Both the upper surface of the mucosa and lower part of the mucosa the glands
boundaries are intact. The cells of the glands have vesicular nuclei. The lamina propria was rich
in eosinophils . (Fig.1 A).

Group Il (Indomethacin group): The results obtained by H&E staining showed marked
blood vessels dilatation and congestion. There was marked loss of the normal shape of the
glands. The cells showed vaculation and nuclear pyknosis. There was disappearance of
eosinophils from the lamina propria. (Fig. 1B)

Group 111 (Probiotic and Indomethacin group): the glands boundaries were intact. It
contained healthy cells with vesicular nuclei but there were scattered cells with pyknotic nuclei.
There were also some dilated blood capillaries and some lymphocytic infiltration. It is noted that
in the base of the mucosa there were disappearance of eosinophils from lamina propria (Figure
1C).

Group 1V (Rantidine and Indomethacin group): the glands start to retain their shape but
there were some cells in the glands still showing vaculation and nuclear pyknosis. There was also
disappearance of eosinophils from the lamina propria. (Figure 1D).

PAS & Alcian blue stain results

In the stomach body In G1 (figure 2A): the surface of the mucosa was covered with well-
formed PAS positive layer without interruptions. In G2 (figure 2B): There were more remnants
of PAS positive layer that cover surface of the mucosa. In G3 (figure 2C): the surface of the
mucous was covered with well-formed PAS positive layer except for few interrupted area. In G4:
There were remnants of PAS positive layer that cover the surface of the mucosa (Figure 2D)
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Figure 1: Photomicrographs of a section in the mucosa of stomach body of rats, the
mucosa is intact and intact cells containing vesicular nuclei (blue arrows) in G1 (A).Wide

spread necrotic cells with pyknotic nuclei (blue arrows) in G2 (B). The mucosa appear
intact and healthy cells with vesicular nuclei ( red arrows) and few necrotic cells with
pyknotic nuclei (blue arrows) in G3 (C). Many necrotic cells with pyknotic nuclei (blue

arrows) in G4 (D). (x400 H & E)
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Fig 2 : Photomicrographs of sections in stomach body of rats showing PAS positive mucous
barrier (red arrows) in G1 (A) . Remnants of PAS positive mucous barrier (red arrows) in G2
(B). The remnants are increased in G3 (C). Well-formed PAS positive mucous layer (yellow
arrows) with interrupted areas in G4 (D). x400 PAS & Alcian Blue
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Discussion

Gastric ulcers, often referred to as peptic ulcers, form within the stomach's epithelial lining
because of the mucus layer being thinned out by increased acid and pepsin release. Helicobacter
pylori infection, alcohol misuse, smoking, and long-term use of non-steroidal anti-inflammatory
medicines (NSAIDs) are some of the main causes of these erosion processes in the stomach
(Toljamo et al., 2011).

South Korea has one of the highest yearly incidences of perforated peptic ulcers in the 21st
century, according to Azhari et al.'s (2018) systematic study on the global incidence of peptic
ulcers. Proton pump inhibitors or the complete eradication of H. pylori, which involves antibiotic
therapy, are still the only clinical options available for treatment. The majorities of the prescribed
medications, like proton pump inhibitors, reduces stomach acid production and disrupt the
protective pH barrier, which increases the risk of enteric infections brought on by bacterial
pathogens like Clostridium difficile, Salmonella spp., and Campylobacter spp. As a result,
additional complementary treatments are required to treat stomach ulcers while simultaneously
shielding the gastrointestinal tract against enteric infections (Imhann et al., 2017).

Probiotics are defined as "live microorganisms which, when administered in adequate
amounts, confer a health benefit on the host" and include various strains of the lactic acid
bacteria (LAB), including several Lactobacillus spp. Numerous studies have been done on the
effectiveness of different Lactobacillus strains in treating stomach ulcers (Khoder et al., 2016)
either as single therapeutic agents or in combination with antibiotics (Goderska et al., 2018).

Through the up regulation of prostaglandin E2, the augmentation of mucus secretion, or the
modulation of inflammatory responses, most of the examined strains have been found to inhibit
or protect the gastric mucosal barrier (Senol et al., 2014). Additionally, some of these probiotics
not only have preventive benefits but also therapeutic ones by promoting angiogenesis,
enhancing epithelial development, and up-regulating the expression of anti-inflammatory
cytokines. Currently, strategies involving either "new" antimicrobials or probiotics are seen as
promising strategies for treating or preventing stomach ulcers (Goderska et al., 2018).

According to several researches, probiotics' regulating influence on the gut microbiota may be
one of the potential underlying mechanisms for their effect on the host's physiology (Ji et al.,
2018). However, a more thorough understanding of the effect of probiotic therapy on treating
stomach ulcers is still inadequate and requires more research and improvement. One of the three
main short chain fatty acids (SCFASs) produced by the intestinal microbiota, butyrate, is thought
to protect against the development of stomach ulcers brought on by ethanol, according to current
research. Butyrate pretreatment reduced the levels of the pro-inflammatory cytokines IL1, TNF,
and IL6 and increased the production of stomach wall mucus (Liu et al., 2016).
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In the current investigation, indomethacin was employed to induce a gastric ulcer and both
histological abnormalities in the gastric mucosa and gross morphological injuries to the stomach
were the results. The protective benefits that numerous experimental drugs displayed against
indomethacin-induced ulcers have been determined to be due to both raising stomach mucosal
PGEZ2 levels and decreasing free radical production (AlKreathy et al., 2016).

In comparison to the control group, the Indomethacin group had significantly lower PGE2
levels. This impact is ascribed to non-selective inhibition of the COX enzyme, which is thought
to be the underlying mechanism for the previously described indomethacin-induced stomach
ulcers. Additionally, ulcers brought on by indomethacin were avoided when misoprostol, a PGE2
analogue, was exogenously supplied. According to reports, PGE2 increases mucin synthesis,
enhances blood flow, and reduces stomach acid output to improve gastric protection (Suleyman
et al., 2010).

As opposed to the indomethacin-treated group, treatment of ranitidine led to a considerable
rise in PGE2 levels. This result is consistent with a prior study that showed ranitidine greatly
raised PGE2 levels in the stomach tissues, increased mucin synthesis, and eventually decreased
the size of ulcers (El-Saka et al., 2014).

L. plantarum prevents TNF- from causing epithelial barrier disruption and IL-8 release.
Probiotics may maintain the function of the epithelial barrier and reduce inflammation by
changing the signal transduction pathway (Ko et al; 2007).

When compared to the indomethacin control group and showing insignificant results with
their corresponding Ranitidine treated-group values (P-value 0.05), the probiotic group showed a
significant increase in PGE2 concentration and a significant decrease in serum TNF-, serum IL-I,
serum IL-6, and tissue TBARS. This is in agreement with Wu et al's studies from 2021, which
showed that the protective effect of Lactobacillus plantarum The biochemical indicator detection
revealed that LP-HFY09 boosted levels of somatostatin (SS), prostaglandin E2 (PGE2),
glutathione (GSH), glutathione peroxidase (GSH-Px), superoxide dismutase (SOD), and
glutathione (GSH), while decreasing levels of malondialdehyde (MDA).

Additionally, LP-HFYQ9 increased levels of the anti-inflammatory cytokine IL-10 while
decreasing levels of the pro-inflammatory cytokines interleukin (IL)-1, IL-6, and tumour
necrosis factor (TNF). The quantitative polymerase chain reaction (g-PCR) examination revealed
that LP-HFY09 enhanced the mRNA expression of nuclear factor E2-related factor 2 (Nrf2) and
downstream genes, including copper/zinc superoxide dismutase (SOD1), heme oxygenase-1
(HO-1), gamma-glutamylcysteine synthetase (GSH1), manganese superoxide dismutase (SOD2),
catalase (CAT), and GSH-Px. According to this study, LP-HFYQ9 effectively reduced
inflammation by boosting the gastric mucosa defence factor, decreasing oxidative stress, and
suppressing the inflammatory response in alcohol-induced stomach ulcers (Wu et al; 2021).
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Our findings supported the findings of Aboutalebi et al. (2010), who showed that
Lactobacillus plantarum significantly reduced stomach ulcer area relative to control and negative
control groups and improved ulcer healing. On day 5 after the production of the ulcer, a
histological analysis revealed a much lower number of neutrophils and a significantly higher
number of macrophages and fibroblasts (p<0.001). On day 14 following ulcer induction, a
substantial decrease in neutrophil, macrophage, and fibroblast numbers was also seen (p<0.001).

To ascertain the changes in oxidative stress and lipid peroxidation brought on by ulcers, the
levels of TBARS in the gastric tissue were evaluated by ELISA. When compared to the control
group, the indomethacin group's TBARS levels were shown to be higher. This result is consistent
with a previously published study in which the treatment of indomethacin caused the formation
of ulcers as well as an increase in TBARS levels, which were explained by the oxidation of
phospholipid (Aal-Aaboda et al; 2010).

On the other hand, ranitidine therapy decreased the level of TBARS in the stomach tissue by
lowering lipid peroxidation through its anti-secretory and antioxidant activities, which mitigated
tissue damage. Isrogladin maleate has a protective effect against ulcer-induced tissue injury, and
Jaldani and colleagues demonstrated that this effect was synergistic when paired with ranitidine
(Jaldani et al; 2017).

This may help to explain why using Lactobacillus plantarum had a protective effect against
stomach ulcer induction. In addition, another study compared the effects of Lactobacillus
plantarum and ranitidine in the prevention of gastrointestinal ulceration. This study found that
Lactobacillus plantarum considerably reduced oxidative stress as seen by the reduction in
TBARS levels.

IL-1 expression was examined to better understand the inflammatory changes associated with
stomach ulcers, and it was discovered that this expression was considerably higher in the
indomethacin group than in the control group. Alternately, ranitidine administration decreased
IL-1 expression because of ranitidine's ability to heal ulcers, which is consistent with earlier
findings (Ugan and Un; 2020).

Gastric mucosal IL-1 levels were observed to be considerably lowered in response to
Lactobacillus plantarum. Because LT receptor antagonists decrease the expression of IL-1 and
other inflammatory cytokines that are generated by tumor necrosis factor-alpha (TNF-), this
effect may be explained (Ferreira et al; 2016).
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Conclusion

According to the study's findings, Lactobacillus plantarum may have the ability to cure ulcers
by boosting the stomach defense system by raising PGE2 levels. Additionally, Lactobacillus
plantarum showed antioxidant and anti-inflammatory activities, which in turn reduced neutrophil
infiltration and the subsequent production of free radicals. It also decreased the expression of
serum TNF-, serum IL-1, serum IL-6, and tissue TBARS.
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