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Abstract 

Probiotics are live microorganisms that, when administered in adequate amounts, confer health 
benefits to the host. The present study aimed to evaluate the protective effects of a probiotic against 
experimentally induced gastric ulcers in rats. Male Wistar rats were allocated into five groups (n = 6 
per group): Control, Model (indomethacin-induced ulcers, IND), Positive control (IND + famotidine), 
IND + Laktera Nature (LN) probiotic (800 mg/kg), and IND + LN probiotic (1600 mg/kg). The study 
duration was 14 days. On day 15, rats in groups 2–5 received 1 ml of indomethacin (40 mg/kg) orally. 
All rats were euthanized four hours later via cervical dislocation under diethyl ether anesthesia. LN 
probiotics have demonstrated dose-dependent protection against indomethacin-induced gastric 
ulcers, as assessed by both macroscopic and microscopic evaluation. Therefore, LN probiotics may 
represent a valuable adjunctive strategy in the management of gastric ulcers. 

Keywords: Lactobacillus bulgaricus; probiotics; gastric ulcers; indomethacin 

1. Introduction

Probiotics are live microorganisms which, when administered in adequate amounts, provide
health benefits to the host [1]. Probiotics are used across a wide range of medical fields, including 
gastroenterology, pediatrics, immunology, dermatology, and even neurology, due to their ability to 
restore gut microbiota balance, enhance mucosal barrier function, and modulate immune and 
inflammatory responses [2,3]. 

Over the past decades, a growing body of scientific evidence has highlighted their beneficial role 
in the prevention and management of various gastrointestinal tract (GIT) disorders. These include 
functional disorders such as irritable bowel syndrome, inflammatory diseases like Crohn’s disease 
and ulcerative colitis, and infectious conditions such as enteritis. Moreover, an imbalance in the 
intestinal microbiota—commonly referred to as dysbiosis—has been associated with a wide range of 
gastrointestinal pathologies, including gastritis, peptic ulcer disease, and even certain neoplastic 
processes [4,5] It is precisely for this reason that in recent years there has been an increase in research 
into the antineoplastic effects of probiotics on a wide variety of neoplasms in the gastrointestinal tract 
[6–8]. 

Probiotics exert their beneficial effects through multiple mechanisms. These include restoring 
microbial balance in the gut, competitively inhibiting the colonization of pathogenic bacteria, 
strengthening the integrity of the mucosal barrier, and modulating both local and systemic immune 
responses [9,10]. Additionally, certain probiotic strains have been shown to exert anti-inflammatory, 
antioxidant, and anti-apoptotic effects, further contributing to gastrointestinal protection [11,12]. One 
promising area of current research is the use of probiotics as adjunctive therapy in drug-induced 
gastrointestinal injuries. Non-steroidal anti-inflammatory drugs (NSAIDs), such as indomethacin, 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 9 February 2026 doi:10.20944/preprints202602.0597.v1

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from
any ideas, methods, instructions, or products referred to in the content.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202602.0597.v1
http://creativecommons.org/licenses/by/4.0/


 2 of 8 

 

are widely used for their analgesic and anti-inflammatory properties but are known to cause 
significant gastric mucosal damage. NSAID-induced gastric ulcers occur due to inhibition of 
prostaglandin synthesis, oxidative stress, increased gastric acid secretion, and compromised mucosal 
defense mechanisms [13,14]. These side effects limit the long-term use of NSAIDs and necessitate the 
development of effective gastroprotective strategies. Recent experimental studies have suggested 
that probiotics may attenuate NSAID-induced gastric injury by modulating inflammatory responses, 
enhancing mucosal defense, and promoting tissue repair [15]. However, the efficacy of different 
probiotic strains and formulations remains an area of active investigation. 

The aim of the present study was to evaluate the gastroprotective effects of the Laktera Nature 
probiotic formulation against indomethacin-induced gastric ulcers in rats. This study sought to 
determine whether Laktera Nature can mitigate the extent of mucosal damage through macroscopic 
and histopathological assessment, and to explore the potential dose-dependent nature of its 
protective effects. 

2. Materials and Methods 

The bacterial cell culture LDB-ST was kindly provided by Daflorn Ltd. Each milligram of the 
formulation contained 25 × 10⁶ viable and dormant colony-forming units (CFU), comprising the 
following strains: Lactobacillus delbrueckii subsp. bulgaricus DWT1, Lactobacillus helveticus DWT2, 
Lactobacillus lactis DWT3, and Streptococcus thermophilus strains DWT4–DWT8. All additional reagents, 
including indomethacin, famotidine, 10% neutral buffered formalin, and 0.9% saline (NaCl), were 
obtained from Merck (Germany). 

Animals 

The study involved 30 male albino Wistar rats obtained from the animal facility of the Medical 
University of Varna. The animals were housed under standard laboratory conditions, with a 
controlled ambient temperature of 22 ± 2 °C, a 12 h light/dark cycle, and ad libitum access to food 
and water. All experimental procedures complied with Directive 2010/63/EU and were approved by 
the Bulgarian Food Safety Agency (Approval Document No. 175). 

Experimental Design 

The study followed the same experimental design as our previous publication [16], with a 
general overview provided below. The first three groups were identical in both studies: Control 
group (Group I), IND group (indomethacin-induced ulcer model, Group II), and IND + FM group 
(indomethacin + famotidine, Group III). Two additional groups received LN at 800 mg/kg (Group IV) 
and 1600 mg/kg (Group V). Details are provided in Table 1. 

Table 1. Experimental Design. 

Group Treatment Dose Duration 
Number of 

Animals 

I Distilled water 1 mL 14 days 6 

II 

 

Distilled water 

 

1 mL 

 

14 days 6 

Indomethacin (IND) 40 mg/kg, 1 mL on 15th day 

III 

 

Famotidine (FM) 

 

1.25 mL (20 mg/kg) 

 

14 days 6 

Indomethacin (IND) 40 mg/kg, 1 mL on 15th day 

IV    6 
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LN probiotic  800 mg/kg, 1 ml 14 days 

Indomethacin 40 mg/kg, 1 mL on 15th day 

V 

 

LN probiotic  

 

800 mg/kg, 1 ml 

 

14 days 6 

Indomethacin 40 mg/kg, 1 mL on 15th day 

All treatments were delivered orally via gavage. Indomethacin and famotidine were prepared 
in 0.5% sodium carboxymethylcellulose (NaCMC) as the vehicle. Rats were fasted for 24 hours prior 
to indomethacin administration, with unrestricted access to water. On day 15, four hours after 
indomethacin administration, the animals were euthanized by cervical dislocation under diethyl 
ether anesthesia. The stomachs were then removed, opened along the greater curvature, rinsed with 
saline, and assessed macroscopically. Subsequently, the tissues were fixed in 10% neutral buffered 
formalin for histopathological examination. 

Macroscopic Evaluation of Gastric Ulcers 

Gross inspection of the gastric mucosa was performed to evaluate both the incidence and 
intensity of ulcerative damage. Lesions were scored using the following numerical scale: 0 = intact 
mucosa; 1 = presence of blood in the gastric lumen; 2 = punctate erosions; 3 = 1–5 small erosions (< 2 
mm); 4 = >5 small erosions (< 2 mm); 5 = 1–3 large erosions (> 2 mm); 6 = >3 large erosions (> 2 mm) 
[17]. The ulcer index (UI) for each experimental group was calculated by dividing the cumulative 
lesion score by the number of animals in that group. Gastroprotective efficacy was expressed as 
percentage protection (PP), calculated using the formula [18]: 𝑃𝑃 ሺ%ሻ =  𝑈𝐼 𝑖𝑛𝑑𝑢𝑐𝑒𝑑 𝑏𝑦 𝐼𝑁𝐷 −  𝑈𝐼 𝑤ℎ𝑒𝑛 𝑡𝑟𝑒𝑎𝑡𝑖𝑛𝑔𝑈𝐼 𝑖𝑛𝑑𝑢𝑐𝑒𝑑 𝑏𝑦 𝐼𝑁𝐷  ×  100 

Histopathological Evaluation of Gastric Mucosal Injury 

Gastric tissue samples were fixed in 10% neutral buffered formalin, processed using standard 
paraffin-embedding techniques, and cut into 4 µm sections with a rotary microtome. The sections 
were stained with hematoxylin and eosin (H&E) for histological evaluation. For each sample, a 
minimum of six microscopic fields were examined using a Leica DM 1000 LED light microscope 
equipped with a Leica MC170 HD digital camera and accompanying software (Leica Microsystems 
AG, Wetzlar, Germany). Images were captured at 200× magnification. Evaluation of mucosal injury 
was conducted by a qualified histologist who was blinded to the treatment groups. 

Statistical Analysis 

Data are expressed as mean ± standard deviation (SD). Each value represents the mean of two 
independent experiments, each performed in triplicate. Statistical analyses were performed using 
GraphPad Prism 8.0.1 (GraphPad Software, San Diego, CA, USA). Differences among multiple 
groups were evaluated by one-way ANOVA with Tukey’s post hoc test, and Student’s t-test was 
applied when appropriate. p < 0.05 was considered statistically significant. 

3. Results 
3.1. Macroscopic Evaluation of Gastric Ulcers 

No ulcerative lesions were detected in the control group, whereas the indomethacin-treated 
group exhibited pronounced gastric ulceration (Figure 1). Macroscopic assessment demonstrated that 
the LN probiotic produced a significant, dose-dependent protective effect against ulcer formation in 
rats, comparable to the effect observed with famotidine (Figure 2). 
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Figure 1. Macroscopic evaluation of control group (I, A) and Indomethacin model of gastroulcer (II, B). 

 

Figure 2. Macroscopic evaluation of famotidine-pretreatment group (III, A), LN probiotic 800 mg/kg (IV, B) and 
LN probiotic 1600 mg/kg (V, C). 

The ulcer index (UI) for all groups and the percentage of protection (PP) for pretreated groups 
(III, IV, and V) were calculated to assess the severity of mucosal lesions. The results are shown in 
Table 2. 

Table 2. Data are shown as mean ± S.E.M. (n = 6). *p < 0.05, p < 0.005 vs. indomethacin group (Group II). 

 
Calculated ulcer 

index (UI) 

Calculated percentage 

of protection (PP), % 

Group I (control group) 0 - 
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3.2. Histological Analysis of Gastric Ulcers 

In the control group (Group I), H&E-stained gastric sections displayed normal mucosal 
architecture with intact epithelium, well-preserved foveolar and glandular zones, and no signs of 
inflammation or hemorrhage. In contrast, the indomethacin-treated group (Group II) showed 
pronounced mucosal damage, including epithelial degeneration, surface erosions, and focal 
hemorrhages with hemosiderin deposits, indicative of acute inflammation (Figure 3). 

 
Figure 3. Representative histological images of gastric tissue stained with H&E (original magnification ×200; 
scale bar = 100 µm). (a) Control group; (b) Indomethacin-treated group (40 mg/kg induction dose), showing 
mucosal damage and areas of erosion with hemosiderin deposition (indicated by arrows). 

Rats pretreated with famotidine (20 mg/kg) for 14 days prior to ulcer induction showed well-
preserved gastric mucosa, with intact epithelium and no evidence of inflammation or hemorrhage. 
Groups IV and V, receiving LN at 800 mg/kg and 1600 mg/kg, respectively (Figure 4b,c), 
demonstrated a dose-dependent gastroprotective effect. LN treatment substantially reduced 
indomethacin-induced histopathological damage, maintaining mucosal integrity comparable to the 
famotidine-treated group. 

 
Figure 4. Gross and microscopic images of gastric tissue stained with H&E (original magnification ×200; scale 
bar = 100 µm). (a) Group pretreated with famotidine (20 mg/kg) for 14 consecutive days before ulcer induction, 
showing intact gastric mucosa with no observable lesions, both macroscopically and histologically. (b) and (c) 
Groups pretreated with the LN probiotic at doses of 800 mg/kg and 1600 mg/kg, respectively, for 14 consecutive 
days prior to ulcer induction. These groups exhibited dose-dependent gastroprotective effects on histological 

Group II (IND) 4.67 ± 0.45 - 

Group III (FAM + IND) 2.17 ± 0.61** 53.53 

Group IV (LN, 800 mg/kg + IND) 2.74 ± 0.40* 41.32 

Group V (LN, 1600 mg/kg + IND) 2.27 ± 0.43* 51.39 
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examination, with markedly reduced mucosal erosion and fewer haemosiderin deposits (some indicated by 
arrows). 

4. Discussion 

To date, numerous scientific articles on probiotics have been indexed in PubMed, with more 
than 10,000 published in 2024 alone. While many of these studies highlight the beneficial effects of 
probiotics on the gastrointestinal tract through in vitro experiments, animal models, and 
investigations in both healthy and diseased volunteers, research specifically addressing their impact 
on gastric ulcers remains relatively scarce. This limited availability is probably due to the stomach’s 
harsh conditions—its acidity, digestive enzymes, bile acids, and mechanical forces—which hinder 
probiotic survival and colonization. To counter these obstacles, high doses of the LN probiotic were 
used in an effort to strengthen mucosal defenses and promote ulcer repair. The most widely studied 
probiotics for the treatment and/or prevention of gastrointestinal diseases are lactic acid bacteria, 
specifically the species Lactobacillus and Bifidobacterium. They can withstand the harsh luminal 
environment of the gastrointestinal tract [19]. 

Indomethacin-induced damage to the gastrointestinal mucosa results from complex interactions 
among multiple pathophysiological mechanisms. A significant factor is the inhibition of 
cyclooxygenase and the subsequent reduction in prostaglandins, which leads to impaired secretion 
of mucin and bicarbonates, reduced mucosal blood flow, and compromised barrier function [20,21]. 
These alterations are intensified by heightened oxidative stress, greater neutrophil infiltration, and 
reduced microcirculatory function; when gastric acid is present, the injury becomes even more severe. 
Consequently, the mucosal barrier is compromised, creating favorable conditions for erosion and 
ulcer formation. 

Pre-treatment with the LN probiotic has been shown to exert significant protective effects on the 
gastric lining through multiple, complementary mechanisms. These include increased mucus 
production, which reinforces the gastric mucosal barrier, enhanced synthesis of prostaglandin E2—a 
key mediator of mucosal protection—and modulation of the gut microbiota, promoting a favorable 
microecological balance [22–24]. Additionally, receptor competition and immunomodulatory effects 
within intestinal lymphoid tissue contribute to maintaining mucosal integrity and preventing 
pathogenic colonization. Lactobacilli not only act locally in the gut but also contribute more broadly 
to gastrointestinal health. They can suppress harmful microbes, moderate inflammatory activity, and 
limit allergic or neoplastic changes, indicating benefits that extend beyond the immediate site of 
action. Probiotics also influence epithelial turnover by shifting the balance toward greater cell 
proliferation relative to apoptosis, a process that supports the repair of injured epithelial surfaces, 
especially along the borders of gastric ulcers [25]. The LN probiotic further exhibits notable 
antioxidant activity, including the neutralization of free radicals and a reduction in lipid 
peroxidation—effects that likely strengthen its protective role by lowering oxidative stress in the 
gastric mucosa [26]. These antioxidant properties appear closely linked to the number of viable 
Lactobacillus bulgaricus cells in the product, emphasizing the importance of cell viability for achieving 
therapeutic benefits [27]. 

5. Conclusions 

In conclusion, gastric ulcers result from a disruption between injurious factors and the gastric 
mucosa’s defense mechanisms. The present findings suggest that LN probiotic exerts a protective and 
healing effect on gastric mucosa, likely through multiple mechanisms. These results support the 
potential of LN probiotic as an adjunctive strategy for gastric ulcer management and highlight the 
need for further research to optimize probiotic-based therapies in both health and disease. 
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