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ABSTRACT:

Introduction: Inflammatory bowel disease (IBD) is a chronic condition of the gastrointestinal tract marked
by symptoms ranging from diarrhea and abdominal pain to severe bleeding and weight loss. A key factor in
IBD pathogenesis is gut dysbiosis. Due to limitations and side effects of current treatments, probiotics are
being explored as alternative therapies.

Objectives: This study evaluated the protective effects of a Bifidobacterium longum suspension formulated in
avocado oil on dinitrobenzene sulfonic acid (DNBS)-induced colitis in Sprague-Dawley rats.

Methods: Colitis was induced using a single intrarectal dose of DNBS (120 mg/kg). After three days, rats
were treated orally with either B. longum oil suspension (2x10° CFU/g/day) or dexamethasone (2 mg/kg/day)
for 28 days. Key parameters included body weight, food and water intake, colon weight, disease activity index
(DAI), and colonic mucosal damage index (CMDI). Biochemical markers assessed included fecal calprotectin,
glutathione (GSH), superoxide dismutase (SOD), nitric oxide (NO), and malondialdehyde (MDA).
Histological analysis was performed on colon tissues.

Results: DNBS significantly reduced body weight and increased DAI and CMDI scores. Both treatments
improved clinical and biochemical markers, reduced inflammation (calprotectin), oxidative stress (NO and
MDA), and improved antioxidant levels (GSH and SOD). While dexamethasone showed slightly better results,
B. longum also conferred significant protection.

Conclusions: B. longum formulated in avocado oil effectively attenuates DNBS-induced colitis, likely via
anti-inflammatory and antioxidant mechanisms. It may serve as a promising adjunct or alternative therapy for
IBD.

1. Introduction

Inflammatory bowel disease (IBD) is a chronic
inflammatory disorder affecting the gastrointestinal tract

country as having one of the largest populations affected
by IBD worldwide ©. Over the past two to three decades,
the prevalence of inflammatory bowel disease (IBD) has
increased significantly, attributed to a range of

(GIT) "2, 1t is broadly categorized into two major types:
ulcerative colitis (UC) and Crohn’s disease (CD), which
differ based on the location and extent of gastrointestinal
involvement %, Crohn’s disease may affect any
segment of the GIT, from the oral cavity to the anus, and
is characterized by patchy, transmural inflammation that
can involve deeper layers of the intestinal wall. In
contrast, UC is confined to the colon and rectum, causing
continuous inflammation and ulceration restricted to the
mucosal layer ¥, In India, the prevalence of IBD has
been reported to be as high as 19.3%, @ positioning the

972

contributing factors such as sedentary lifestyle,
environmental pollution, diets high in saturated fats and
refined carbohydrates, chronic alcohol consumption,
tobacco use, and rising rates of infectious diseases .

The clinical manifestations of IBD are heterogeneous
and depend on the type and severity of the disease.
Common gastrointestinal symptoms include diarrhea,
abdominal pain, bloating, and anorexia, while systemic
symptoms may comprise fever, fatigue, and general
malaise. In more advanced stages, patients may present
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with gastrointestinal or rectal bleeding and anemia 9.
IBD also imposes a substantial healthcare burden due to
the need for prolonged pharmacotherapy, frequent
hospital admissions, and increased utilization of
healthcare resources, collectively contributing to
elevated direct and indirect healthcare costs '), Current
management approaches involve both pharmacological
and non-pharmacological strategies. Pharmacological
therapies include aminosalicylates, corticosteroids,
immunosuppressive agents, and biologics, whereas non-
pharmacological comprise dietary
modifications, physical activity, and the avoidance of
alcohol and tobacco (12, Despite the availability of
these treatment modalities, IBD remains a subject of

measures

ongoing investigation, highlighting the unmet need for
more effective and targeted therapeutic options.

The human gut microbiome comprises a diverse and
dynamic community of trillions of microorganisms
residing within the gastrointestinal tract (GIT)!3. These
commensal microbes have evolved to adapt to the
fluctuating environment of the GIT and perform several
essential physiological functions, including nutrient
metabolism, protection against pathogenic colonization,
and regulation of host immune responses (314,
Disruption of this microbial equilibrium, a condition
referred to as gut dysbiosis, is characterized by a decline
in beneficial microbial populations and a concurrent
proliferation of potentially harmful species (!*!5. This
imbalance has been associated with the pathogenesis of
various gastrointestinal and systemic disorders. Notably,
gut dysbiosis has been strongly implicated in the
development and progression of inflammatory bowel
disease (IBD), thereby representing a potential

therapeutic target in disease prevention and management
(16-19)

Probiotics, as defined by the World Health Organization,
are live microorganisms that confer health benefits to the
host when administered in adequate amounts (320, A
growing body of experimental and clinical evidence
supports the therapeutic potential of probiotics in
managing conditions associated with gut dysbiosis @!-2%,
Numerous studies have investigated the beneficial
effects of probiotics in animal models of experimentally
induced inflammatory bowel disease (IBD) 427,
however, to date, no study has specifically evaluated the
therapeutic efficacy of a Bifidobacterium longum
formulation administered as an oil-based suspension.
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Accordingly, the present study was designed to assess the
protective effects of B. longum formulated in a stable
avocado oil suspension in a dinitrobenzene sulfonic acid
(DNBS)-induced colitis model in Sprague-Dawley (SD)
rats.

2. Objectives

The current investigation was carried out to investigate
the protective effects of a Bifidobacterium Ilongum
suspension formulated in Avocado oil on dinitrobenzene
sulfonic acid (DNBS)-induced colitis in Sprague-
Dawley rats.

3. Methods

3.1 Preparation and Characterization of Bifidobacterium
longum Suspension in Avocado Oil:

The probiotic oil-based suspension was prepared using
Bifidobacterium longum, silicon dioxide, avocado oil,
and selected pharmaceutical excipients. Initially, the
probiotic powder and excipients were accurately
weighed and passed through an appropriate mesh sieve
to ensure uniform particle size distribution. A
predetermined volume of avocado oil was employed as
the suspending medium, into which silicon dioxide was
added. The mixture was stirred using a magnetic stirrer
at 750 rpm for 10 minutes to achieve uniform dispersion.
Following this, the probiotic powder and remaining
excipients were gradually incorporated into the silicon
dioxide—avocado oil mixture and thoroughly blended to
obtain a homogeneous suspension. The final formulation
appeared as a pale yellow suspension with a
characteristic odor of avocado oil, indicating the absence
of degradation or chemical interaction among the
constituents. Visual examination confirmed that the
formulation was free from foreign particulate matter and
exhibited no signs of phase separation.

3.2 Assessment of Viable Colony-Forming Units (CFUs)

in the Probiotic Oil Suspension:

The viable count of probiotic cells in the prepared oil
suspension was determined using a standard microbial
assay. A 100 pL aliquot of the formulation was
aseptically transferred onto sterile Petri dishes and
uniformly spread across the surface. Sterile de Man,
Rogosa, and Sharpe (MRS) agar medium previously
sterilized by boiling and cooled to an appropriate
temperature was then poured into the plates and allowed
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to solidify at room temperature for 15-30 minutes. The
inoculated plates were subsequently incubated at room
temperature for 24 hours under anaerobic conditions.
Following incubation, viable colony-forming units
(CFUs) were enumerated using a calibrated digital
colony counter to quantify the number of viable
Bifidobacterium longum cells present in the formulation.

3.3 Animals

Healthy adult male and female Sprague-Dawley (SD)
rats, weighing between 225-250 g, were procured from
Arihant School of Pharmacy & Bio-Research,
Gandhinagar, Gujarat, India. The animals were housed in
standard polypropylene cages under controlled
laboratory conditions, with ad libitum access to a
standard pellet diet and drinking water. Prior to the
commencement of the study, all animals were
acclimatized for a period of one week under standardized
environmental conditions, including a temperature range
of 25-30°C and a 12-hour light/dark cycle. All
experimental procedures were conducted in accordance
with institutional guidelines and were approved by the
Institutional Animal Ethics Committee of Arihant School
of Pharmacy & Bio-Research (Approval No.:
ASPBRI/IAEC/2022-23/11).

3.4 Induction of Colitis Using DNBS:

Prior to the induction of colitis, rats were fasted for 12
hours with free access to water. Mild anesthesia was
induced using diethyl ether, and animals were
continuously monitored for respiratory rate and reflex
responses to ensure adequate anesthetic depth. Following
anesthetization, a 1.0 mL syringe fitted with a flexible
catheter was carefully inserted into the rectum to a depth
of approximately 8 cm, reaching the region of the splenic
flexure. A freshly prepared solution of dinitrobenzene
sulfonic acid (DNBS; 120 mg/kg body weight in 50%
ethanol) was administered intrarectally. To minimize
reflux and ensure uniform distribution, the animals were
maintained in the Trendelenburg position for
approximately five minutes post-administration. Clinical
manifestations of colitis, including weight loss, diarrhea,
and rectal bleeding, typically developed within three
days following DNBS administration.

3.5 Experimental Groups:

The animals were randomly assigned into four groups (n
= 6 per group): normal control (NC), disease control
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(DC), standard control (SC), and test (T) groups. The NC
group received an intrarectal administration of normal
saline solution (1 mL/kg) along with the vehicle. Colitis
was induced in the DC, SC, and T groups by intrarectal
administration of DNBS solution. Following induction,
the SC group was orally treated with dexamethasone at a
dose of 2 mg/kg/day, while the T group received an oral
dose of Bifidobacterium longum oil suspension
containing 2 x 10° colony-forming units (CFU)/g/day.
The DC group was administered the vehicle orally as a
supplement. Treatments were administered once daily
for 28 consecutive days. On day 28, all animals were
euthanized, and their abdomens were opened to carefully
dissect and collect colon tissues for further analyses.

3.6 Evaluation parameters:

3.6.1 Body Weight and Food and Water Intake:

Food and water consumption were monitored daily for
each group throughout the supplementation period. The
recorded data were used to calculate the average intake
per group. Additionally, the body weight of each rat
(grams) was measured at the beginning and at the end of
the experimental period.

3.6.2 Colonic Weight, Colonic Mucosal Damage Index,
and Disease Activity Index:

After euthanasia, the colon was carefully dissected and
excised. The tissue was then opened longitudinally along
the antimesenteric border following removal of any
adherent tissues. The colon was thoroughly rinsed with
saline buffer to remove residual contents before being
weighed. Subsequently, the colon was placed on a wax
block for macroscopic evaluation of tissue damage using
the Disease Activity Index (DAI) and the Colonic
Mucosal Damage Index (CMDI). The DAI is scored
from O to 4, where 0 indicates intact colonic crypts and
surface epithelium, and 4 represents severe colitis
characterized by pronounced hyperemia, necrosis, and
mucosal ulceration affecting more than 40% of the colon.
Similarly, the CMDI ranges from 0, denoting normal
mucosa, to 4, indicating complete loss of colonic crypts
and surface epithelium.

3.6.3 Tissue Homogenate Preparation:

The excised colon tissue was homogenized at a
concentration of 50 g/L in ice-cold phosphate-buffered
saline (pH 7.4). The homogenate was then centrifuged at
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3000 rpm for 10 minutes at 4 °C. The supernatant was
carefully collected and immediately stored at —20 °C for
subsequent analysis of oxidative stress markers and
inflammatory biomarkers.

3.64 Colonic Mucosal Oxidative  Stress and
Inflammatory Biomarkers Analysis:

3.6.4.1 Malondialdehyde (MDA) Estimation:

Malondialdehyde (MDA) levels were quantified using
the thiobarbituric acid reactive substances (TBARS)
assay. Briefly, 1.0 mL of tissue homogenate was mixed
with 0.2 mL of 4% (w/v) sodium dodecyl sulfate, 1.5 mL
of 20% acetic acid prepared in 0.27 M hydrochloric acid
(pH 3.5), and 1.5 mL of 0.8% thiobarbituric acid. The
mixture was thoroughly vortexed and incubated in a
water bath at 85 °C for 1 hour. After incubation, the
absorbance of the resulting solution was measured at 532
nm using a UV-visible spectrophotometer. A blank
sample containing 1.0 mL of distilled water in place of
homogenate was used for baseline correction. MDA
concentration was expressed as pg/mL and calculated
either from a standard curve or by applying the molar
extinction coefficient of 1.56 X 105 M™"-ecm™.

3.6.4.2 Nitric Oxide (NO) Estimation:

Nitric oxide levels were determined using the Griess
reaction. Briefly, 1.0 mL of tissue homogenate was
mixed with 1.0 mL of sulfanilamide solution (1%
sulfanilamide in 5% phosphoric acid, equilibrated at
room temperature) and incubated for 5—-10 minutes at
room temperature in the dark. Subsequently, 1.0 mL of
NED solution (0.1% N-1-naphthylethylenediamine
dihydrochloride in water, equilibrated at room
temperature) was added, and the mixture was further
incubated for 5-10 minutes protected from light. After
30 minutes, the resulting purple/magenta-colored
solution was used to measure absorbance at 540 nm. A
blank sample was prepared by substituting the
homogenate with 1.0 mL of distilled water and processed
similarly. Nitric oxide concentration was quantified
using a standard curve and expressed as pmol/mL.

3.6.4.3 Superoxide Dismutase (SOD) Assay:

Superoxide dismutase (SOD) activity was determined by
mixing 1.0 mL of tissue homogenate with 0.1 mL of
ethylenediaminetetraacetic acid (EDTA) solution (1 x
10* M), 0.5 mL of carbonate buffer (pH 9.7), and 1.0 mL
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of epinephrine solution (3 x 107 M) in a clean test tube.
The optical density of the reaction mixture was measured
at 480 nm at 30-second intervals over 3 minutes. A blank
sample was prepared by substituting the tissue
homogenate with 1.0 mL of distilled water and processed
similarly. SOD activity was expressed as units per gram
of tissue (U/g tissue).

3.6.4.4 Glutathione (GSH) Estimation:

Glutathione levels were estimated by mixing 1.0 mL of
tissue homogenate with 1.0 mL of 10% trichloroacetic
acid (TCA). After cooling the mixture for 10 minutes, it
was centrifuged at 2000 rpm for 10 minutes, and the
supernatant was collected. Subsequently, 0.5 mL of the
supernatant was combined with 1.5 mL of phosphate
buffer and 4.0 mL of DTNB solution (0.6% 5,5'-
dithiobis-2-nitrobenzoic acid in 1% sodium citrate). The
mixture was thoroughly mixed and incubated at room
temperature for 5 minutes. Absorbance was measured at
412 nm against a blank prepared with distilled water
processed identically. Glutathione concentration was
expressed as pg/mL.

3.6.4.5 Fecal Calprotectin Content Estimation:

Fecal samples were collected from the animals prior to
euthanasia and homogenized with saline solution at a
ratio of 1 mL per gram of feces to estimate fecal
calprotectin levels. The homogenate was thoroughly
mixed and stored at —20 °C until analysis. Fecal
calprotectin concentrations were determined using a
commercially available assay kit following the
manufacturer’s instructions. Results were expressed as
ng/mL.

3.6.4.6 Histopathological Analysis of the Colonic
Mucosal Layer:

Excised colonic tissues were fixed in 10% neutral
buffered formalin, embedded in paraffin, and sectioned
into 3 pm thick slices, which were subsequently mounted
on glass slides. For histopathological evaluation, sections
were stained with Hematoxylin and Eosin (H&E) and
Periodic Acid-Schiff (PAS) reagents. These stains
facilitated assessment of intestinal tight junction
integrity, goblet cell morphology, mucosal cellular
architecture, and mucosal alterations associated with
oxidative stress and inflammatory cell infiltration.
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3.7 Statistical Analysis:

Data are presented as mean + standard deviation (SD).
Statistical analysis was performed using one-way
ANOVA with multiple comparisons by the Tukey
method, employing GraphPad Prism software (version
9.0.0; GraphPad Software Inc., San Diego, CA, USA). A
p-value < 0.05 was considered statistically significant.

4. Results

4.1 Body Weight and Dietary Intake Assessment:

Weight loss is a common clinical manifestation of
inflammatory bowel disease (IBD), often attributed to
reduced food and water intake, increased fecal output,
and blood loss. In the present study, rats with DNBS-
induced colitis exhibited a significant reduction in body
weight compared to the normal control group (p < 0.05;
Fig. 1). Treatment with dexamethasone or
Bifidobacterium longum oil suspension significantly
attenuated this weight loss, with dexamethasone
demonstrating a more pronounced protective effect than
the B. longum suspension (p < 0.05).

230 w
220 A =5
210 A
.
200 A
150 4
150 1

Normal control Disease control ~ Standard comtrol Bifidobacterium

Body weight
(zgm)

longum group

mDay 0  Day 28

Fig.1: Change in body weight during study duration. **,%
indicates p < 0.05 v/s normal control group, disease
control group, and standard (dexamethasone) group,
respectively.

Similarly, the disease control (DC) group showed a
significant decrease in food and water consumption
relative to the normal controls (p < 0.05; Fig. 2). Both
treatment groups exhibited a significant improvement in
dietary intake compared to the DC group, with the
dexamethasone-treated ~ group  showing  greater
enhancement than the B. longum oil suspension group.
The patterns observed in dietary intake closely
corresponded with the changes in body weight.
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4.2 Colonic Damage Scores and Histological Evaluation:

Intra-rectal administration of DNBS resulted in a
significant increase in both the Colonic Mucosal Damage
Index (CMDI) and Disease Activity Index (DAI),
reflecting marked injury to the colonic mucosa (Table 1).
The CMDI score increased significantly from 0.112 in
the normal control group to 2.228 in the DNBS-treated
disease control group (p <0.05). Similarly, the DAI score
rose significantly from 0.152 to 3.338 (p < 0.05),
confirming extensive mucosal damage following colitis
induction.

Average food & water infake
3

Average food intake (in gm)

Average water intake {in mL)

mNormal contral wDisease control = Standard control -« Bifidobacteriom longum group

Fig. 2: Change in average food and water intake. *#,$
indicates p < 0.05 v/s normal control group, disease
control group, and standard (dexamethasone) group,
respectively.

Supplementation with dexamethasone or
Bifidobacterium longum oil suspension significantly
attenuated DNBS-induced
Dexamethasone treatment markedly reduced the Colonic
Mucosal Damage Index (CMDI) score (0.555 vs. 2.228;
p < 0.05) and Disease Activity Index (DAI) score (1.337
vs. 3.338; p < 0.05) compared to the disease control
group. Similarly, administration of B. longum oil
suspension significantly decreased CMDI (0.741 vs.
2.228; p < 0.05) and DAI (1.552 vs. 3.338; p < 0.05)
scores relative to the disease control group. However,
dexamethasone exhibited superior protective effects
compared to B. longum oil suspension, as indicated by
significantly lower CMDI and DAI scores (Table 1).

mucosal injury.

Histological analysis corroborated these findings. In the
normal control group, the colonic mucosa exhibited
intact architecture, with well-preserved epithelial cells
and goblet cell morphology, and absence of
inflammatory infiltration (Fig. 3A). In contrast, the
DNBS-induced colitis group demonstrated extensive
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mucosal disruption, goblet cell rupture, and marked
infiltration of inflammatory cells (Fig. 3B). Treatment
with dexamethasone preserved mucosal architecture,
maintained normal goblet cell structure, and showed only
mild inflammatory cell infiltration (Fig. 3C). The B.
longum oil suspension group exhibited partial
preservation of epithelial integrity, minor goblet cell
alterations, and mild inflammatory infiltration (Fig. 3D),
indicating moderate protective effects.

4.2 Colon Weight and Inflammation Assessment:

Colon damage in inflammatory bowel disease (IBD) is
commonly associated with elevated oxidative stress and
infiltration of inflammatory cells, which compromise the

Table 1: Macroscopic colonic damage scores

mucosal barrier, induce tissue edema, and consequently
increase colon weight. In the present study, DNBS-
treated rats showed a significant increase in colon weight
compared to the normal control group (p < 0.05; Fig. 4).
Administration of dexamethasone or Bifidobacterium
longum oil suspension significantly attenuated this
increase in colon weight relative to the disease control
(DC) group, with dexamethasone exerting a more
pronounced effect than B. longum (Fig. 4).

To further assess the anti-inflammatory effects of the
treatments, fecal calprotectin; a validated biomarker of
intestinal inflammation was quantified.

Normal group

Disease control

Standard control

B. longum oil

suspension group

CMDI score

0.112 +0.042

2.228 +£0.064"

0.555 +0.037"

0.741 £ 0.054"

DAI score

0.152+0.011

3.338£0.219"

1.337 £0.096™

1.552 £0.132"%

Data presented as mean + SD. CMDI: Colonic mucosal damage index, DAI: Disease activity index. *,#,$ indicates p <

0.05 v/s normal control group, disease control group, and standard control group, respectively.

Fecal calprotectin levels were significantly elevated in
the disease control (DC) group compared to the normal
control group (p < 0.05; Table 2), confirming active
intestinal inflammation. Treatment with dexamethasone
or Bifidobacterium longum oil suspension significantly
decreased fecal calprotectin concentrations relative to the
DC group (p < 0.05), indicating their anti-inflammatory
efficacy. Notably, dexamethasone exhibited a
significantly greater reduction in calprotectin levels than
the B. longum oil suspension (Table 2).

4.3 Measurement of Colonic Oxidative Stress Levels:

Table 2 summarizes the impact of DNBS-induced colitis
on oxidative stress biomarkers and the protective effects
of dexamethasone and Bifidobacterium Ilongum oil
suspension against oxidative damage. At the conclusion
of the study, rats with DNBS-induced colitis exhibited a
significant reduction in antioxidant biomarkers,
including glutathione (GSH: 82.38 vs. 354.12 ug/mL; p
< 0.05) and superoxide dismutase (SOD: 3.27 vs. 15.05
U/g tissue; p < 0.05), compared to the normal control
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group. Conversely, oxidative stress markers, namely
nitric oxide (NO: 1088.25 vs. 189.45 umol/mL; p <0.05)
and malondialdehyde (MDA: 1.46 vs. 0.21 pg/mL; p <
0.05), were significantly elevated in the DNBS group.

Dexamethasone supplementation significantly restored
antioxidant levels, with glutathione (GSH) increasing to
212.48 ng/mL compared to 82.38 pg/mL in the disease
control (DC) group (p < 0.05), and superoxide dismutase
(SOD) activity rising to 12.56 U/g tissue versus 3.27 U/g
tissue in the DC group (p < 0.05). Concurrently,
oxidative stress markers were markedly reduced, as nitric
oxide (NO) decreased to 235.14 pmol/mL from 1088.25
pumol/mL (p < 0.05) and malondialdehyde (MDA)
declined to 0.11 pg/mL from 1.46 ug/mL (p < 0.05).
Similarly, treatment with Bifidobacterium longum oil
suspension significantly enhanced antioxidant status
(GSH: 195.25 vs. 82.3 pg/mL; SOD: 10.52 vs. 3.27 U/g
tissue; p < 0.05) and reduced oxidative stress markers
(NO: 381.42 vs. 1088.25 umol/mL; MDA: 0.3 vs. 1.46
pg/mL; p < 0.05) compared to the DC group.
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Table 2: Antioxidant, oxidative stress, and intestinal inflammation biomarker levels

B. // il
Normal group Disease control Standard control 0.ngum o
suspension group
NO level . . .
189.45 +3.63 1088.25 +£9.29 235.14 + 8.95™ 632.22 +7.93"
(nmol/mL)
MDA level . ¥ *
0.21 +0.05 1.46 £ 0.08 0.11 +0.02" 0.42 £ 0.05™8
(ng/mL)
GSH level . N *
354.12 £6.19 82.38+£2.93 212.48 +4.50™ 154.90 + 4,198
(ng/mL)
SOD level i} .
15.05 +2.46 3.27+0.46 12.56 + 2.45* 5.99 +£0.36"
(U/gm tissue)
Fecal calprotectin . sy s
2910.00 + 115.29 24866.17 + 649.37 9534.17 + 246.02 15305.50 + 887.91
level (ng.mL)

Data presented as mean + SD. NO: Nitric oxide, MDA: Malondialdehyde, GSH: Glutathione, SOD: Superoxide dismutase.
* #,8 indicates p <0.05 v/s normal control group, disease control group, and standard control group, respectively.

However, dexamethasone demonstrated significantly
greater efficacy than Bifidobacterium longum oil

suspension in enhancing antioxidant defenses and
reducing oxidative stress markers (p < 0.05 for all
evaluated parameters).

;\
s

Fig. 3: Histological evaluation of colonic tissue of (A)
Normal control group, (B) Disease control group, (C)
Standard (dexamethasone) group, and (D) B. longum oil
suspension group.
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5. Discussion

Several previous studies have demonstrated that
dinitrobenzene sulfonic acid (DNBS) induces colitis
through disruption of the gut microbiota and induction of
dysbiosis (28-30). In this study, Sprague-Dawley (SD)
rats were used to evaluate the therapeutic efficacy of
Bifidobacterium longum suspension in avocado oil in a
DNBS-induced colitis model, with dexamethasone
serving as the standard control treatment. The results
provide preliminary evidence supporting the potential of
B. longum oil suspension to ameliorate colitis. Based on
these findings, it is postulated that B. longum oil
suspension exerts protective effects on the intestinal
mucosa by reducing oxidative stress and inflammation,
while enhancing endogenous antioxidant defenses.

3000

Normal group Conmtrol group  Standard control  Bifidobacterium
longum sroup

Fig. 4: Change in colon weight. *#,$ indicates p < 0.05
v/s normal control group, disease control group, and
standard (dexamethasone) group, respectively.
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Numerous studies have underscored the critical role of
gut dysbiosis in the pathophysiology of inflammatory
bowel disease (IBD) (*!9), Gut dysbiosis is defined as an
imbalance in the gastrointestinal microbial community,
characterized by an increase in pathogenic
microorganisms and a concomitant reduction in
beneficial microbes. This microbial imbalance
contributes to the onset and progression of IBD by
disrupting the homeostatic interaction between the gut
microbiota and the intestinal epithelium, inducing
aberrant immune responses and promoting epithelial
damage mediated by harmful microbes (619,

The gut microbiome plays a fundamental role in
maintaining intestinal health. For example, Firmicutes
species produce short-chain fatty acids (SCFAs), such as
butyrate, which suppress pro-inflammatory cytokine
activity. Proteobacteria synthesize various bacteriocins
that inhibit the colonization and proliferation of
pathogenic microorganisms. Actinobacteria contribute to
maintaining the integrity of the intestinal barrier, while
Bacteroidetes facilitate nutrient absorption and support
the maturation of intestinal epithelial cells ¢!,

Gut dysbiosis, characterized by a reduction in beneficial
bacterial populations, impairs these protective and
regulatory functions, leading to a cascade of events that
compromise the intestinal mucosal barrier '3,
Probiotics have been shown to restore microbial balance
by reducing harmful bacterial populations and promoting
the growth of beneficial microbes, thereby improving
overall gut health®, In the present study, the beneficial
effects observed with Bifidobacterium Ilongum oil
suspension may be attributed to its capacity to modulate
the gut microbiota, ultimately enhancing intestinal
health.

Oxidative stress is a key factor in the initiation and
progression of inflammatory bowel disease (IBD) %), It
is defined as a state characterized by excessive
generation of reactive oxygen species (ROS), resulting in
cellular damage to proteins, lipids, polysaccharides, and
nucleic acids ©¥. Oxidative stress activates the pro-
inflammatory nuclear factor kappa-light-chain-enhancer
of activated B cells (NF-kB) signaling pathway, which
promotes the production of various pro-inflammatory
cytokines ®*39), These cytokines infiltrate the intestinal
epithelium, exacerbating inflammation and accelerating
cellular injury. Moreover, activation of the NF-«kB
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pathway and elevated cytokine levels impair
mitochondrial function, thereby amplifying ROS
production and oxidative stress in a self-perpetuating
cycle ©G63%  This reciprocal interaction between
inflammation and oxidative damage culminates in severe
disruption of the intestinal epithelial barrier, a hallmark
of IBD pathogenesis 3439,

Although probiotics are widely recognized for their
antioxidant and anti-inflammatory properties that
contribute to the mitigation of oxidative stress and
inflammation “%#V several studies have also emphasized
the role of gut dysbiosis in exacerbating oxidative stress-
associated intestinal injury #4243,

Elevated levels of nitric oxide (NO) in intestinal tissues
are recognized as key biomarkers of inflammation and
oxidative stress in inflammatory bowel disease (IBD) “4¥.
The overproduction of NO is primarily mediated by the
upregulation of inducible nitric oxide synthase (iNOS),
often triggered by mucosal endothelial damage induced
by excessive reactive oxygen species (ROS) and pro-
inflammatory cytokines ¥, In conditions of antioxidant
depletion, NO exerts pro-oxidant effects analogous to
ROS, thereby intensifying oxidative stress and
promoting further activation of inflammatory signaling
pathways. The intestinal microbiota plays a regulatory
role in NO synthesis through the production of short-
chain fatty acids (SCFAs), particularly butyrate, which
has been shown to suppress iNOS expression and activity
in the intestinal epithelium 9. However, gut dysbiosis
marked by altered SCFA profiles and heightened
oxidative and inflammatory states results in uncontrolled
NO production, contributing significantly to intestinal
injury and the pathogenesis of IBD.

In the present study, administration of Bifidobacterium
longum oil suspension significantly reduced colonic
nitric oxide (NO) levels, supporting the probiotic’s role
in attenuating oxidative stress and inflammatory
responses. Furthermore, treatment with B. longum oil
suspension markedly decreased tissue malondialdehyde
(MDA) concentrations compared to the disease control
group. MDA is a widely recognized biomarker of
oxidative stress 4% and elevated tissue and serum
levels have been closely associated with disease severity
in inflammatory bowel disease (IBD) ®%. The observed
decline in MDA levels following B. longum oil
supplementation indicates a substantial reduction in
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oxidative damage, further reinforcing the antioxidant
potential of the formulation in the DNBS-induced colitis
model.

Antioxidants, including glutathione (GSH) and
superoxide dismutase (SOD), play a pivotal role in
modulating oxidative stress within the body “’#9). These
compounds act by scavenging free radicals and inhibiting
the overactivation of enzymes responsible for the
generation of reactive oxygen species (ROS), thereby
preserving cellular redox homeostasis and supporting
normal cellular function, growth, and development ©?,
In the present study, animals in the disease control group
demonstrated significantly decreased levels of GSH and
SOD, consistent with findings from prior experimental
and  clinical  investigations GV, Conversely,
administration of Bifidobacterium longum oil suspension
resulted in a marked increase in GSH and SOD
concentrations, supporting previous reports that suggest
the efficacy of probiotic interventions in enhancing
antioxidant defences 2.

Moreover, fecal calprotectin, a well-established and
sensitive biomarker of intestinal inflammation, is
typically elevated in individuals with inflammatory
bowel disease (IBD) ©¥. In the current study,
supplementation with Bifidobacterium longum oil
suspension resulted in a significant reduction in fecal
calprotectin levels, further substantiating the probiotic’s
anti-inflammatory properties in alignment with findings
from previous investigations 9.

A notable strength of the present study is that it is the first
to assess the therapeutic efficacy of Bifidobacterium
longum formulated in an avocado oil suspension in
mitigating the severity of 2,4-dinitrobenzenesulfonic
acid (DNBS)-induced colitis in Sprague-Dawley (SD)
rats. The findings are in concordance with previous
research, thereby reinforcing the outcomes observed in
this investigation. Furthermore, by evaluating key
markers of inflammation and oxidative stress, the study
elucidated potential mechanisms underlying the
protective effects of B. longum oil suspension against
colitis-associated intestinal injury.

Despite its strengths, the present study has certain
limitations. A major limitation is the absence of a
comparison  group treated with  conventional
inflammatory bowel disease (IBD) therapies. Although
dexamethasone was included as a reference treatment,
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other commonly used agents such as sulfasalazine were
not evaluated. Inclusion of a broader range of standard
therapies in future studies would allow for a more
comprehensive assessment of the therapeutic potential of
Bifidobacterium longum oil suspension. Additionally,
while the study focused on markers of inflammation and
oxidative stress, the observed protective effects may also
involve alternative mechanisms, including
immunomodulation and alterations in the gut microbiota,
which merit further investigation.

In summary, both dexamethasone and Bifidobacterium
longum oil suspension demonstrated efficacy in
ameliorating DNBS-induced experimental colitis. The
protective effects of these treatments are likely mediated
through their anti-inflammatory and antioxidant
activities. Further experimental and clinical studies are
required to validate and extend the findings of the present
investigation.

References

1. Ramos, G. P.; Papadakis, K. A. Mechanisms of
disease: inflammatory bowel diseases. Mayo Clin.
Proc. 2019, 94(1), 155-165

2. Zhang, Y. Z.; Li, Y. Y. Inflammatory bowel
disease: pathogenesis. World J. Gastroenterol.
2014, 20(1), 91-99

3. Vermeire, S.; VanAssche, G.; Rutgeerts, P.
Classification of inflammatory bowel disease: the
old and the new. Curr. Opin. Gastroenterol. 2012,
28(4), 321-326

4. Ray, G. Inflammatory bowel disease in India—
past, present and future. World J. Gastroenterol.
2016, 22(36), 8123—-8136

5. Kedia, S.; Ahuja, V. Epidemiology of
inflammatory bowel disease in India: the great shift
east. Inflamm. Intest. Dis. 2017, 2(2), 102—-115

6. Dam, A. N.; Berg, A. M.; Farraye, F. A.
Environmental influences on the onset and clinical
course of Crohn’s disease — part 1: an overview
of external risk factors. Gastroenterol. Hepatol. (N.
Y.) 2013,9(11), 711-717.

7. Davis, J.; Kellerman, R. Gastrointestinal
conditions: inflammatory bowel disease. FP
Essent. 2022, 516, 23-30

8. Singh, S.; Blanchard, A.; Walker, J. R.; Graff, L.
A.; Miller, N.; Bernstein, C. N. Common
symptoms and stressors among individuals with


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(4), 972-983 | ISSN:2251-6727

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

981

inflammatory bowel diseases. Clin. Gastroenterol.
Hepatol. 2011, 9(9), 769775

Linschoten, R. C. A.; Visser, E.; Niehot, C. D.;
et al. Systematic review: societal cost of illness of
inflammatory bowel disease is increasing due to
biologics and varies between continents. Aliment.
Pharmacol. Ther. 2021, 54(3), 234-248

Coward, S.; Windsor, J.; Benchimol, E.; et al. The
cost of inflammatory bowel disease: a population-
based analysis of administrative data. Inflamm.
Bowel Dis. 2024, 30(Suppl 1), S40

Duff, W.; Haskey, N.; Potter, G.; etal.
Non-pharmacological therapies for inflammatory
bowel disease: recommendations for self-care and
physician guidance. World J. Gastroenterol. 2018,
24(28), 3055-3070

Leitner, G. C. Pharmacological- and non-
pharmacological therapeutic  approaches in
inflammatory bowel disease in adults. World J.
Gastrointest. Pharmacol. Ther. 2016, 7(1), 5-20
Kheni, D. B.; Sureja, V. P.; Deshpande, S. S.;
Dubey, V. P.; Kansagra, J. J. A systematic mapping
review of in-vitro and in-vivo evidences exploring
the role of  strain-specific probiotic
Bifidobacterium longum W11. Int. J. Pharm. Sci.
Drug Res. 2024, 16, 127-134

Jandhyala, S. M. Role of the normal gut
microbiota. World J. Gastroenterol. 2015, 21(29),
8787-8803

Bidell, M. R.; Hobbs, A. L. V.; Lodise, T. P. Gut
microbiome health and dysbiosis: a clinical primer.
Pharmacotherapy 2022, 42(11), 849-857

Santana, P. T.; Rosas, S. L. B.; Ribeiro, B. E.;
Marinho, Y.; de Souza, H. S. P. Dysbiosis in
inflammatory bowel disease: pathogenic role and
potential therapeutic targets. Int. J. Mol. Sci. 2022,
23(7), 3464;

Dahal, R. H.; Kim, S.; Kim, Y. K.; Kim, E. S.; Kim,
J. Insight into gut dysbiosis of patients with
inflammatory bowel disease and ischemic colitis.
Front. Microbiol. 2023, 14, 1174832

Shan, Y.; Lee, M.; Chang, E. B. The gut
microbiome and inflammatory bowel diseases.
Annu. Rev. Med. 2022, 73, 455-468

Lal, S.; Kandiyal, B.; Ahuja, V.; Takeda, K.; Das,
B. Gut microbiome dysbiosis in inflammatory

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

bowel disease. Prog. Mol. Biol. Transl. Sci. 2022,
192(1), 179-204

Fijan, S. Microorganisms with claimed probiotic
properties: an overview of recent literature. Int. J.
Environ. Res. Public Health 2014, 11(5), 4745—
4767

Ma, T.; Shen, X.; Shi, X.; etal. Targeting gut
microbiota and metabolism as the major probiotic
mechanism—an evidence-based review. Trends
Food Sci. Technol. 2023, 138, 178-198
Chandrasekaran, P.; Weiskirchen, S.; Weiskirchen,
R. Effects of probiotics on gut microbiota: an
overview. Int. J. Mol. Sci. 2024, 25(11), 6022

Li, C.; Niu, Z.; Zou, M.; etal. Probiotics,
prebiotics, and synbiotics regulate the intestinal
microbiota differentially and restore the relative
abundance of specific gut microorganisms. J. Dairy
Sci. 2020, 103(7), 58165829

Ahn, S. L; Cho, S.; Choi, N. J. Effect of dietary
probiotics on colon length in an inflammatory
bowel disease-induced murine model: a
meta-analysis. J. Dairy Sci. 2020, 103(2), 1807—
1819

Zhang, T.; Zhang, J.; Duan, L. The role of
genetically engineered probiotics for treatment of
inflammatory bowel disease: a systematic review.
Nutrients 2023, 15(7), 1566

Huang, Y.; Peng, S.; Zeng, R.; et al. From probiotic
chassis to modification strategies, control and
improvement of genetically engineered probiotics
for inflammatory bowel disease. Microbiol. Res.
2024, 289, 127928

Pesce, M.; Seguella, L.; DelRe, A.;
Next-generation probiotics for inflammatory
bowel disease. Int. J. Mol. Sci. 2022, 23(10), 5466
Khafipour, A.; Eissa, N.; Munyaka, P. M.; etal.
Denosumab regulates gut microbiota composition
and cytokines in dinitrobenzene sulfonic acid
(DNBS)-experimental colitis. Front. Microbiol.
2020, 11, 1405

Zhou, Y.; Xu, H.; Xu, J.; etal. Faecalibacterium
prausnitzii and its  supernatant
SCFAs-producing bacteria to restore gut dysbiosis
in TNBS-induced colitis. AMB Expr. 2021, 11(1),
33

Son, M.; Park, I. S.; Kim, S.; etal. Novel
potassium-competitive acid blocker, tegoprazan,

etal.

increase


http://www.jchr.org/

Journal of Chemical Health Risks

www.jchr.org

JCHR (2025) 15(4), 972-983 | ISSN:2251-6727

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

982

protects against colitis by improving gut barrier
function. Front. Immunol. 2022, 13, 870817
Maciel-Fiuza, M. F.; Muller, G. C.; Campos, D. M.
S.; etal. Role of gut microbiota in infectious and
inflammatory diseases. Front. Microbiol. 2023, 14,
1098386

Valdes, A. M.; Walter, J.; Segal, E.; Spector, T. D.
Role of the gut microbiota in nutrition and health.
BMJ 2018, 361, k2179

Hemarajata, P.; Versalovic, J. Effects of probiotics
on gut microbiota: mechanisms of intestinal
immunomodulation and neuromodulation. Ther.
Adv. Gastroenterol. 2013, 6(1), 39-51

Muro, P.; Zhang, L.; Li, S.; et al. The emerging role
of oxidative stress in the pathogenesis of
inflammatory bowel disease: beneficial effects of
antioxidants. Antioxidants (Basel) 2021, 10(10),
1532

Liu, P; Li, Y.; Wang, R.; Ren, F.; Wang, X.
Oxidative stress and antioxidant nanotherapeutic
approaches for inflammatory bowel disease.
Biomedicines 2021, 10(1), 85;

Morgan, M. J.; Liu, Z. Crosstalk of reactive oxygen
species and NF-kB signaling. Cell Res. 2011,
21(1), 103115

Khansari, N.; Shakiba, Y.; Mahmoudi, M. Chronic
inflammation and oxidative stress as a major cause
of age-related diseases and cancer. Recent Pat.
Inflamm. Allergy Drug Discov. 2009, 3(1), 73—-80
Ramos-Gonzalez, E. J.; Bitzer-Quintero, O. K.;
Ortiz, G.; Hernandez-Cruz, J. J.; Ramirez-Jirano,
L. J. Relationship between inflammation and
oxidative stress and its effect on multiple sclerosis.
Neurologia 2024, 39(3), 292-301

Tian, T.; Wang, Z.; Zhang, J. Pathomechanisms of
oxidative stress in inflammatory bowel disease and
potential antioxidant therapies. Oxid. Med. Cell
Longev. 2017, 2017, 4535194

Mostafavi Abdolmaleky, H.; Zhou, J. R. Gut
microbiota dysbiosis, stress,
inflammation, and epigenetic alterations in
metabolic diseases. Antioxidants 2024, 13(8), 985
Li, L.; Peng, P.; Ding, N.; Jia, W.; Huang, C.;
Tang, Y. Oxidative stress, inflammation, gut
dysbiosis: what can polyphenols do in
inflammatory bowel disease? Antioxidants 2023,
12(4), 967

oxidative

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Li, Q.; Zheng, T.; Ding, H.; Chen, J.; Li, B.; Zhang,
Q.; etal. Exploring the benefits of probiotics in gut
inflammation and diarrhea—from an antioxidant
perspective. Antioxidants 2023, 12(7), 1342
Ballini, A.; Santacroce, L.; Cantore, S.; Bottalico,
L.; Dipalma, G.; Topi, S.; et al. Probiotics efficacy
on oxidative stress values in inflammatory bowel
disease: a randomized double-blinded
placebo-controlled pilot study. Endocr. Metab.
Immune Disord. Drug Targets 2019, 19(3), 373—
381

Avdagi¢, N.; Zaciragic, A.; Babi¢, N.; Huki¢, M.;
Seremet, M.; Lepara, O.; etal. Nitric oxide as a
potential biomarker in inflammatory bowel
disease. Bosn. J. Basic Med. Sci. 2013, 13(1), 5-9
Byndloss, M. X.; Olsan, E. E.; Rivera-Chavez, F.;
Tiffany, C. R.; Cevallos, S. A.; Lokken, K. L.; et al.
Microbiota-activated PPAR-y signaling inhibits
dysbiotic Enterobacteriaceae expansion. Science
2017, 357(6351), 570-575

Cordiano, R.; Di Gioacchino, M.; Mangifesta, R.;
Panzera, C.; Gangemi, S.; Minciullo, P. L.
Malondialdehyde as a potential oxidative stress
marker for allergy-oriented diseases: an update.
Molecules 2023, 28(16), 5979

Aquilano, K.; Baldelli, S.; Ciriolo, M. R.
Glutathione: new roles in redox signaling for an old
antioxidant. Front. Pharmacol. 2014, 5, 196
Younus, H. Therapeutic potentials of superoxide
dismutase. Int. J. Health Sci. 2018, 12(3), 88-93.
Korczowska-tacka, 1.; Stowikowski, B.; Piekut,
T.; Hurla, M.; Banaszek, N.; Szymanowicz, O.;
etal. Disorders of endogenous and exogenous
antioxidants in neurological diseases. Antioxidants
2023, 12(10), 1811

Lee, S.; Hu, L. Nrf2 activation through the
inhibition of Keapl-Nrf2  protein—protein
interaction. Med. Chem. Res. 2020, 29(5), 846—
867

Moura, F. A.; de Andrade, K. Q.; dos Santos, J. C.
F.; Aratjo, O. R. P.; Goulart, M. O. F. Antioxidant
therapy for treatment of inflammatory bowel
disease: does it work? Redox Biol. 2015, 6, 617—
639

Wang, Y.; Wu, Y.; Wang, Y.; Xu, H.; Mei, X.; Yu,
D.; etal. Antioxidant properties of probiotic
bacteria. Nutrients 2017, 9(5), 521


http://www.jchr.org/

Journal of Chemical Health Risks
www.jchr.org

JCHR (2025) 15(4), 972-983 | ISSN:2251-6727

53.

54.

983

Pathirana, W. G. W. G.; Chubb, S. P.; Gillett, M.
J.; Vasikaran, S. D. Faecal calprotectin. Clin.
Biochem. Rev. 2018, 39(3), 77-90

Cristofori, F.; Dargenio, V. N.; Dargenio, C.;
Miniello, V. L.; Barone, M.; Francavilla, R.
Anti-inflammatory and immunomodulatory effects
of probiotics in gut inflammation: a door to the
body. Front. Immunol. 2021, 12, 578386



http://www.jchr.org/

