
 
American Journal of Life Sciences 
2020; 8(6): 183-188 
http://www.sciencepublishinggroup.com/j/ajls 
doi: 10.11648/j.ajls.20200806.11 
ISSN: 2328-5702 (Print); ISSN: 2328-5737 (Online)  

 

Ameliorative Effect of Probiotic Strains, Lactobacillus 
Acidophilus and Lactobacillus Bulgaricus Against Acetic 
Acid-Induced Inflammation in the Mouse Colon 

Md Shihab Uddin Sohag
1, 2

, Mst. Mahfuza Rahman
1, 3

, Mollika Paul
1
, Md. Masud Rana

1
,  

Ranjan Kumar Barman
1
, Mir Imam Ibne Wahed

1
, Md. Rafiqul Islam Khan

1, *
 

1Department of Pharmacy, University of Rajshahi, Rajshahi, Bangladesh 
2Beximco Pharmaceuticals Ltd., Gazipur, Bangladesh 
3Department of Pharmacy, Comilla University, Comilla, Bangladesh 

Email address: 

 
*Corresponding author 

To cite this article: 
Md Shihab Uddin Sohag, Mst. Mahfuza Rahman, Mollika Paul, Md. Masud Rana, Ranjan Kumar Barman, Mir Imam Ibne Wahed, Md. 
Rafiqul Islam Khan. Ameliorative Effect of Probiotic Strains, Lactobacillus Acidophilus and Lactobacillus Bulgaricus Against Acetic Acid-
Induced Inflammation in the Mouse Colon. American Journal of Life Sciences. Vol. 8, No. 6, 2020, pp. 183-188.  
doi: 10.11648/j.ajls.20200806.11 

Received: January 13, 2020; Accepted: January 27, 2020; Published: November 23, 2020 

 

Abstract: Probiotic bacteria with anti-inflammatory properties have the potential to be of therapeutic benefit in 
inflammatory bowel diseases. The present study was designed to evaluate the effect of feeding low-fat probiotic yogurt 
containing L. acidophilus and L. bulgaricus on acetic acid-induced inflammation in mouse colon. Inflammatory model that 
mimics various features of IBDs was induced by a single application of 100µl of 4.5% acetic acid in Swiss Albino mice. Mice 
were pretreated orally by 200µl yogurt containing both L. acidophilus and L. bulgaricus for 3 days before induction of 
inflammation and 200µl yogurt was given orally for a period of 7 days after acetic-acid induction. The body weight, food and 
water intakes, serum biomarkers, macroscopic and histopathological studies of colon tissues were performed to evaluate the 
anti-inflammatory effect. Combined administration of both strains prevented the damages of villous and crypts in colon 
epithelial cells and thus provides unique mucosal protective effects in experimental colitis. In conclusion, feeding low-fat 
probiotic yogurt containing L. acidophilus and L. bulgaricus prevented or ameliorated the inflammatory conditions that can be 
beneficial to prevent or lower risks of IBDs and its complications. 
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1. Introduction 

Inflammatory bowel diseases (IBDs), which comprise 
ulcerative colitis (UC) and Crohn’s disease (CD), affect 
the gastrointestinal tracts (GIT) with chronic and relapsing 
inflammation. A well balanced diversity of intestinal 
microbiota is an important aspect of health. In the healthy 
state, potentially pathogenic bacteria are kept under 
control by the non-pathogenic flora, so called colonization 
resistance. Gut microbiota plays a crucial role in 

triggering, maintaining, and exacerbating IBDs. Although 
the etiology of these diseases is still unclear, the main 
hypothesis is that IBDs are a result of an excessive 
immune response to endogenous bacteria, which occurs in 
genetically predisposed individuals [1, 2]. Epithelial 
integrity of the gut is essential for preventing the invasion 
of microorganisms and the development of inflammation 
in intestinal submucosa. The intestinal epithelium is a 
highly selective barrier that permits the absorption of 
nutrients from the gut lumen into the circulation and at the 
same time restricts the passage of harmful and potentially 
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toxic compounds [3, 4]. 
The gut microbiota normally presents a barrier to 

invading organisms, but pathogens often become 
established when the integrity of the microbiota is impaired 
through stress, illness, antibiotic treatment, changes in diet, 
or physiological alterations in the gut. The colonic 
microbiota affects mucosal and systemic immunity in the 
host [5]. Gut microbiota influences human health through 
an impact on the gut defense barrier, immune function, and 
nutrient utilization and potentially by direct signaling with 
the gastrointestinal epithelium [6]. Disruption of intestinal 
barrier integrity (leaky gut) may lead to the penetration of 
luminal bacterial products into the submucosa to initiate 
local inflammation [3]. Probiotics, when ingested, produce 
microbial transformation in the intestinal microbiota and 
exert several health-promoting properties, including 
maintenance of the gut barrier function and modulation of 
the host immune system [7-9]. Modulation of intestinal 
microbiota by probiotics may be of potential for the 
amelioration of IBDs. 

Probiotics are the live microorganisms, which when 
ingested, confer health benefits without adversely affecting 
the host. According to Fuller et al., [10]. Lactobacillus strains 
meet the criteria of probiotics. Various researchers showed 
the health benefits of Lactobacillus strains [11, 12] in various 
animal model experiments. 

In the present study, we aimed to investigate the anti-
inflammatory effect of two lactobacillus strains, L. 

acidophilus and L. bulgaricus in acetic acid-induced mouse 
model by analyzing the histopathological studies of the 
mouse colon. 

2. Methods 

2.1. Reagents and Materials 

‘Probio’ capsule manufactured by Square Pharmaceuticals 
Ltd., Bangladesh. MRS agar media (Hi Media Laboratories, 
India), Low fat milk (Pran company ltd., Bangladesh), 
hematoxylin and eosin (Loba Chemicals Ltd., India) and 
other reagent grade necessary chemicals were purchased 
from reliable sources. 

2.2. Collection of Commercial Probiotic Sample and 

Culture in MRS Media 

Commercial probiotic sample ‘Probio’ (0.5 gm/capsule) 
manufactured by Square Pharmaceutical Company Ltd., 
Bangladesh was collected from the local market. According 
to manufacturer, Probio contained Lactobacillus 

acidophilus, Lactobacillus bulgaricus and Bifidobacterium 

bifidum. Stock solution of probio capsule was cultured in 
MRS agar media by pour plate culture method as described 
previously [13]. Briefly, 300µL of inoculum from 1×106 
dilution of stock solution was mixed with MRS agar 
medium and transferred into anaerobic jar with an 
anaerobic kit which provided CO2 and the plates were then 
incubated 37°C for 48 hours. The colonies on the MRS 

plates were then counted and recorded under J2 Colony 
counter. MRS medium allowed the growth of lactic acid 
bacteria (LAB) only. 

2.3. Characterization of Pure Cultures and Preparation of 

Yogurt 

Two different colonies were selected from previously 
cultured petri dish and transferred into two new MRS plates 
and incubated at 37°C for 48 hrs. After the incubation period, 
the plates with no contamination were checked for their 
growth patterns, morphology. The plates with no 
contamination were selected as pure cultures and designated 
as LAB A and LAB B. Morphological, physiological and 
biochemical examination of LAB A and LAB B were 
performed according to the previous report [13] in order to 
characterize the strains. Yogurt was prepared by inoculating 
probiotic strains LAB A and LAB B separately in low fat 
UHT liquid milk at 37°C for 48 hours. 

2.4. Experimental Animal 

Twenty-four Swiss Albino mice of average weight 32.88 g 
and age 6 weeks were purchased from animal centre, 
Department of Biochemistry and Molecular Biology, 
Rajshahi University, Rajshahi, Bangladesh. Mice were 
normal without any prominent gastrointestinal problems such 
as diarrhea or mucus secretion. They were kept in 
polypropylene mice cages throughout the study. They were 
housed in a temperature-controlled (24 ± 1°C) room with 60-
70% humidity and standardized light/dark (12/12 hour) 
cycles. They were acclimated for 1 week and fed with 
standard mice diet and tap water ad libitum. The 
experimental protocols were approved by the Institutional 
Animal, Medical Ethics, Biosafety and Biosecurity 
Committee (IAMEBBC) at the Institute of Biological 
Sciences, University of Rajshahi, Bangladesh. 

2.5. Induction of Inflammation 

After an overnight fasting (receiving nothing except 
water), 100µL 4.5% acetic acid [14-16] (pH 2.3) was slowly 
infused 5 cm into the rectal lumen via anus of all mice 
(except normal control group) through polypropylene 
cannula (Japan). Mice were kept in trendelenburg position for 
30 seconds to prevent leakage during acetic acid 
administration process. Normal control group was treated 
with 100µL distilled water instead of acetic acid with the 
same method. 

2.6. Experimental Design 

Healthy mice were subdivided into four groups of six 
animals in each group. 

Group 1 (Normal group): Animals were received 100µL 
distilled water instead of acetic acid intrarectally. 

Group 2 (Inflammatory group): Animals were received 
100µL 4.5% acetic acid intrarectally once for a period of 
three days. 

Group 3 (Probiotic treatment group) Animals were 
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received 100µL 4.5% acetic acid once intrarectally for a 
period of three days and yogurt that containing Lactobacillus 

acidophilus and Lactobacillus bulgaricus for a period of 
another seven days. 

Group 4 (Standard treatment group) Animals were treated 
with prednisolone (0.25 mg/kg) [17, 18] along with 100µL 
4.5% acetic acid once. Prednisolone continued for a period of 
seven days but acetic acid for three days. 

2.7. Macroscopic Study of Mouse Colon 

At the end of the experimental period, mice were 
euthanized by chloroform anesthesia and then cervical 
decapitation. The whole colon was excised from each animal. 
The length and stool quality was analyzed. Finally opened 
the colon longitudinally, rinsed with saline solution and 
mucosal lesions were scored macroscopically. 

2.8. Histopathological Studies of Colon Tissues 

Mid distal colon from each animal was excised and 
preserved in 10% neutral buffered formalin was treated 
according to a standard laboratory protocol. Embedded 
sections were cut at a size of 5 µm. Then, slides were 
deparaffinized in p-xylene and rehydrated in changes of 
ethanol (100%, 90%, 80%, 70%, and 50%) and rinsed under 
tap water. Slides were stained by hematoxylin and 
counterstained by eosin, mounted in DPX, cover-slipped and 
viewed under a light microscope (Olympus IX71, Japan) 
connected to a computer. 

2.9. Statistical Analysis 

Statistical analysis was carried out by using a statistical 
software package Graph Pad Prism 7.0 (San Diego, CA, 
USA). All data are presented as the mean ± SEM (standard 
error of the mean). Differences among groups were assessed 
by one- way analysis of variance (ANOVA). Student t-test 
was used for comparison between two groups. Values at p 

<0.05 were considered statistically significant. 

3. Results 

3.1. Characterization of Probiotic Strains for the 

Preparation of Yogurt and Subsequent Colony Count 

Morphological, physiological and biochemical 
examination of probiotics suggested that the isolated strains 
from the commercial product ‘Probio’ were Lactobacillus (L) 

acidophilus (LAB-A) and L. bulgaricus (LAB-B) that all 
features consistent to previous reports [19, 20]. This 
morphological characterization has already been published 
[21]. After preparation of yogurt by inoculating probiotic 
strain L. acidophilus or L. bulgaricus in low fat UHT liquid 
milk at 37°C for 48 hours, colonies were counted. The yogurt 
inoculated by L. acidophilus was contained 9.73 billion 
(9.73×109) viable L. acidophilus cells per gram and the 
yogurt inoculated by L. bulgaricus contained 9.57 billion 
(9.57×109) viable L. bulgaricus cells per gram. 

3.2. Macroscopic Study 

There was no visible damage in the normal control group 
treated by distilled water only. In acetic acid-induced colitis 
mice (AA), visual damage was observed. The colon length 
and colon diameter was also decreased as compared to 
normal control group (NC) that was prevented in probiotic 
and standard treatment group (figure 1). In the normal control 
mice, there were feces in the regular interval of mice colon 
but in the inflammatory group mice colon, stool was either 
soft or in some cases it was absent. Reddish ulceration and 
lesions were observed in the luminal epithelial layers of the 
inflammatory mice colon (B) which were less in the case of 
probiotic (C) and prednisolone (D) treatment group. Food 
and fluid consumption by the mice were decreased after 
induction of colitis. But after 2 days, the yogurt protected 
mice and prednisolone treated mice had improved food and 
fluid intake (data not shown). Besides, the body weight of the 
colitis mice were changed (decreased) but not significantly 
during the seven (7) days experimental period. 

 

Figure 1. Macroscopic observation of mouse colon; (A) normal control group, (B) inflammatory group, (C) probiotic treatment group, (D) prednisolone 

treatment group. Inflammation were analyzed by the observation of i) colon length, ii) stool consistency and iii) lesions in the luminal part of colon (red 

circle). 
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3.3. Histopathological Evaluation of Mouse Colon 

In order to investigate the effect of probiotics on the 
protection and/or amelioration of acetic acid-induced 
inflammation, mice colon were fixed with neutral buffered-
formalin and stained with hematoxylin and eosin. 
Microscopic observation showed that acetic acid-induced 
inflammation caused damages of crypt and villus structure 
and submucosal edema (figure 2B). Normal control group 

did not show such changes (figure 2A). Administration of 
probiotic yogurt containing L. acidophilus and L. bulgaricus 
was not shown the inflammatory cell infiltration and 
submucosal edema (figure 2C). The epithelial cells with 
microvilli are almost intact in probiotic protected group. 
Similar results were observed in the standard prednisolone 
treatment group (figure 2D). 

 

Figure 2. Light microscopic (20× magnification) examination of the colonic mucosa in experimental groups. (A) Normal control group, describes normal 

morphology, regular epithelial line and submucosa; (B) inflammatory group characterized by degenerated surface epithelium, severe submucosal edema, 

inflammation, vasculitis; (C) probiotic protected group, describes regular epithelial line, well organized submucosa; (D) Standard prednisolone treated group. 

Scale bar, 100 µm. 

4. Discussion 

An imbalance between oxidant and antioxidant substances 
found in acetic acid-induced IBD [22]. It has been well 
documented that infiltration of neutrophils leads to the 
production of superoxide anion and initiation of a cascade for 
the production of various reactive species. This may lead to 
the generation of hydroxyl radicals and peroxides that 
significantly contribute to the progression of tissue necrosis 
and mucosal dysfunction [23, 24]. Evidence has shown that 
probiotic bacteria present significant antioxidant abilities 
both in vivo and in vitro [25]. Regular administration of L. 

acidophilus and L. bulgaricus might restore the balance 
between oxidant and antioxidant substances or controlled the 
infiltrating neutrophils that had a significant contribution to 
the regulation of inflammation and immune responses in 

peripheral tissue. Probiotics could modulate intestinal 
epithelial cells (IEC) function in a variety of ways, including 
indirect effects on microbial biofilms [26] and direct effects 
on IECs via enhancement of barrier function by enhancing 
tight junctions or promoting the epithelial restitution or 
reorganization of tight junctions and mucin production [27]; 
induction of antimicrobial peptides (AMPs) and heat shock 
protein production [28]; modulation of pro-inflammatory and 
immunoregulatory cytokines and interference with 
pathogenesis [29]. 

5. Conclusion 

In conclusion, administration of low fat yogurt containing 
L. acidophilus and L. bulgaricus prevented the damages of 
villous and crypts epithelial cells in the colon and thus 
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provides unique mucosal protective effects in experimental 
colitis. So, our findings indicate that balanced microbiota by 
L. acidophilus and L. bulgaricus can prevent or lower risks 
of IBDs and its complications. 

Abbreviations 

LAB- lactic acid bacteria; MRS - De Man, Rogosa and 
Sharpe; PBS-phosphate buffered solution; CFU-colony 
forming unit; AA- Acetic acid. 
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