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ORIGINAL STUDY

Renoprotective Potential of Ciprofloxacin,
Prednisolone, and Infliximab in Acetic
Acid-Induced Ulcerative Colitis Rats

O. A. Oyesola a, O. E. Olayemi a,*, B. I. Kukoyi b

a Department of Physiology, Faculty of Basic Medical Sciences, Olabisi Onabanjo University, Sagamu Campus, Ogun State, 121102 Nigeria
b University of Maryland, Baltimore, 21201 USA

ABSTRACT

Ulcerative colitis (UC) is a chronic inflammatory bowel disease with systemic manifestations, including renal impair-
ment mediated by oxidative stress, inflammation, and electrolyte imbalance. This study investigated the renoprotective
potential of ciprofloxacin, prednisolone, and infliximab in rats with acetic acid–induced UC. Fifty male Sprague–Dawley
rats (180–200 g) were divided into five groups (n = 10): control, UC control, UC + ciprofloxacin (50 mg/kg, p.o.),
UC + prednisolone (4 mg/kg, p.o.), and UC + infliximab (5 mg/kg, i.p.). UC was induced by rectal instillation of 4%
acetic acid, and treatments were administered for 42 days. Serum urea, creatinine, electrolytes, and malondialdehyde
(MDA) were analyzed, and renal histopathology was assessed using hematoxylin–eosin staining. UC induction caused
marked renal dysfunction, reflected by increased urea (+144%), creatinine (+192%), and MDA (+667%) levels, along
with significant electrolyte derangements (p < 0.05 vs. control). All treatments significantly reduced oxidative stress,
improved renal function, and restored electrolyte balance (p < 0.05 vs. UC control). Infliximab produced the most
pronounced effect, reducing MDA by 78% and preserving normal renal histoarchitecture. Ciprofloxacin, prednisolone,
and infliximab confer renoprotective effects in UC by attenuating oxidative and inflammatory injury and restoring renal
homeostasis. Infliximab exhibited superior efficacy, highlighting the central role of TNF-α–mediated inflammation in
UC-associated renal damage. These findings provide preclinical evidence supporting biologic therapy for extraintestinal
complications of UC.
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1. Introduction

Ulcerative colitis (UC) is a chronic, relapsing form
of inflammatory bowel disease (IBD) characterized by
continuous mucosal inflammation of the colon, often
beginning in the rectum and extending proximally in
a continuous manner [1]. The incidence of UC has
been rising globally, with a growing burden in devel-
oping nations, posing significant challenges to public
health systems [2]. The pathogenesis of UC involves
complex interactions among genetic predisposition,
intestinal microbiota dysbiosis, environmental trig-
gers, immune dysregulation, and oxidative stress [3].

Although UC primarily affects the gastrointestinal
tract, it is increasingly recognized as a systemic disor-
der with extraintestinal manifestations involving the
hepatobiliary, dermatologic, musculoskel et al, and
renal systems [4].

Renal involvement in UC, while less frequently
studied, contributes significantly to morbidity. Mech-
anisms implicated in UC-associated nephropathy
include chronic systemic inflammation, immune com-
plex deposition, oxidative stress, and electrolyte
imbalance [5]. Studies have reported elevated
serum urea and creatinine, lipid peroxidation, and
histopathological evidence of tubular injury in UC
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patients and experimental models [6]. These find-
ings highlight that kidney injury may be a direct
consequence of inflammatory and oxidative processes
associated with UC rather than an unrelated comor-
bidity. Dincer et al. [7] demonstrated that renal
manifestations occur in approximately 4–5% of pa-
tients with IBD, even during the biologic therapy era,
underscoring the need for effective renoprotective
interventions in UC.

Current therapeutic approaches for UC include an-
tibiotics, corticosteroids, immunosuppressants, and
biologic agents that target key inflammatory medi-
ators [8]. Ciprofloxacin, a fluoroquinolone antibi-
otic, has been reported to exert beneficial effects
in UC not only through its antimicrobial activ-
ity but also by modulating the gut microbiota,
reducing bacterial translocation, and suppressing
pro-inflammatory cytokine release [9, 10]. Lahat
et al. [11] further demonstrated that ciprofloxacin
reduces interleukin-1β and tumor necrosis factor-
alpha (TNF-α) expression in experimental colitis
models, suggesting an additional immunomodulatory
role.

Prednisolone, a corticosteroid, remains a
cornerstone of UC management due to its potent anti-
inflammatory and immunosuppressive properties. It
acts mainly by inhibiting the nuclear factor kappa B
(NF-κB) signaling pathway, thereby downregulating
the transcription of cytokines such as TNF-α and
interleukin-6 [12]. However, the therapeutic use
of corticosteroids is limited by systemic adverse
effects, including metabolic disturbances, immune
suppression, and renal impairment during prolonged
therapy [13].

Infliximab, a chimeric monoclonal antibody against
TNF-α, has revolutionized the management of
moderate-to-severe UC. It induces clinical remission,
promotes mucosal healing, and reduces hospitaliza-
tion and colectomy rates [14]. Beyond its colonic ben-
efits, infliximab has demonstrated protective effects
in experimental models of renal injury, suggesting
potential renoprotective properties [15].

Despite these findings, there remains a paucity
of data comparing the renoprotective efficacy of
ciprofloxacin, prednisolone, and infliximab in UC.
Most available studies have focused on colonic in-
flammation, with limited exploration of secondary
organ (renal) injury. This gap underscores the need
for comparative experimental studies to elucidate
their differential impacts on UC-associated renal dys-
function.

The acetic acid–induced UC model in rats repli-
cates key clinical and histopathological features of
human UC, including mucosal ulceration, inflamma-

tory infiltration, oxidative stress, and systemic organ
involvement [16]. Therefore, it serves as a suitable
platform for evaluating therapeutic interventions be-
yond the colon.

This study aimed to comparatively evaluate
the renoprotective potential of ciprofloxacin, pred-
nisolone, and infliximab in acetic acid–induced ul-
cerative colitis in rats. The findings are expected to
enhance understanding of the extraintestinal effects
of UC therapies and contribute to the development of
integrated management strategies for UC-associated
renal injury.

2. Materials and methods

2.1. Animals and experimental design

Fifty adult male Sprague–Dawley rats (180–200 g)
were obtained from the animal facility of Olabisi
Onabanjo University. Animals were housed under
standard laboratory conditions (12 hours light/dark
cycle) with free access to standard chow and water.
After 14 days of acclimatization, rats were randomly
assigned into five groups (n = 10 each):

• Group A (Control): Distilled water, no UC induc-
tion

• Group B (UC control): Acetic acid–induced UC,
untreated

• Group C (Ciprofloxacin): UC + ciprofloxacin (15
mg/kg, orally)

• Group D (Prednisolone): UC + prednisolone (4
mg/kg, orally)

• Group E (Infliximab): UC + infliximab (5 mg/kg,
intraperitoneally)

All procedures were approved by the Olabisi On-
abanjo University Teaching Hospital Animal Ethics
Committee (OOUTH-HREC/021/2023AP) and con-
ducted in accordance with the National Institutes of
Health Guide for the Care and Use of Laboratory
Animals.

2.2. Induction of ulcerative colitis

Ulcerative colitis (UC) was induced by intrarec-
tal instillation of 4% acetic acid (2 mL) under light
anesthesia achieved using ketamine (50 mg/kg) and
xylazine (5 mg/kg) administered intraperitoneally
to ensure minimal discomfort and immobility with-
out deep sedation, as described previously [17].
Animals were maintained in a head-down position
for 30 seconds to prevent leakage. Disease induc-
tion was confirmed by diarrhea and bloody stools
within 24 h.
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2.3. Treatment regimens

50 mg of ciprofloxacin (Ratnamani Healthcare PVT.
LTD., India) was dissolved in 2 ml of distilled wa-
ter to give a solution of 50 mg/ml, 15 mg/kg of
ciprofloxacin was administered every 72 hours for
forty-two days orally [18]. 10 mg of prednisolone
(Jiangsu Penyao Pharmaceutical Co. Ltd.,China) was
dissolved in 2.5 ml of distilled water to give a solution
of 4 mg/ml, 4 mg/kg of prednisolone was adminis-
tered every 72 hours for forty-two days orally [19].
5 mg/kg of infliximab (Remsima, Janssen Biotech,
USA)was administered bi-weekly for forty two days
intra-peritoneal [20].

2.4. Biochemical analysis

At the end of the experimental period, rats were
anesthetized with light ether, and blood samples were
collected via cardiac puncture using sterile syringes
[21]. The samples were allowed to clot at room tem-
perature and then centrifuged at 3000 rpm for 10
minutes to obtain serum, which was aliquoted and
stored at − 20 °C until analysis.

Serum urea and creatinine concentrations were de-
termined using commercial colorimetric assay kits
(Randox Laboratories Ltd., Crumlin, UK) based on the
Berthelot enzymatic method for urea and the Jaffe
alkaline picrate method (for creatinine) according to
the manufacturer’s protocols [22, 23].

Serum electrolyte concentrations—sodium (Na+),
potassium (K+), and chloride (Cl−)—were quanti-
fied using an automated ion-selective electrode (ISE)
electrolyte analyzer (Medica EasyLyte, Bedford, MA,
USA), with daily calibration using manufacturer-
provided standard solutions.

Lipid peroxidation was assessed by determining
malondialdehyde (MDA) levels using the thiobar-
bituric acid reactive substances (TBARS) assay as
described by Stocks & Dormandy [24]. 0.5 mL of
serum was mixed with trichloroacetic acid (10%)
and thiobarbituric acid (0.67%), boiled for 15 min,
cooled, and centrifuged. The absorbance of the super-
natant was read at 532 nm using a Shimadzu UV–vis
spectrophotometer (Japan). MDA concentration was
expressed as nmol/mL serum using an extinction co-
efficient of 1.56 × 105; M−1 cm−1.

2.5. Histopathology

Kidney tissues were excised, rinsed in cold saline
and fixed in 10% neutral buffered formalin (NBF) for
24-48 hours, followed by dehydration in a series of
ethanol solutions (70%, 80%, 90%, and 100%) and
clearing in xylene. The tissues were then embedded

in paraffin wax, sectioned into 5-µm thick slices using
a microtome, and deparaffinized in xylene. The sec-
tions were rehydrated in a series of ethanol solutions,
stained with Harris’ hematoxylin solution for 5-10
minutes, and then stained with eosin Y solution for
1-2 minutes. After dehydration and clearing, the sec-
tions were mounted on glass slides using a mounting
medium (DPX) and examined under a light micro-
scope to observe tissue morphology and architecture.

2.6. Statistical analysis

All data were expressed as mean ± standard error
of the mean (SEM). Statistical analysis was performed
using GraphPad Prism 8.0 (GraphPad Software, USA).
Group comparisons were made using one-way analy-
sis of variance (ANOVA) followed by Tukey’s post hoc
test. A value of p < 0.05 was considered statistically.
significant.

3. Results

The effects of ciprofloxacin, prednisolone, and
infliximab on renal function in acetic acid-
induced ulcerative colitis (UC) rats

UC rats exhibited significant elevations in serum
urea and creatinine compared with controls (p
< 0.05). Urea increased by ∼144% and creati-
nine by ∼192% in the UC group. Treatment with
ciprofloxacin, prednisolone, and infliximab signifi-
cantly reduced both parameters (p < 0.05 vs. UC).
Among the treatments, infliximab achieved the great-
est improvement, restoring urea and creatinine levels
close to control values Table 1.
Table 1. The effects of ciprofloxacin, prednisolone, and infliximab on
renal function in acetic acid-induced ulcerative colitis (UC) rats.

Group Urea (mg/dL) Creatinine (mg/dL)

A – Control 16.67 ± 0.88 0.25 ± 0.20
B – UC control 40.67 ± 1.56a 0.73 ± 0.33a

C – Ciprofloxacin-treated 26.67 ± 1.41b 0.34 ± 0.73b

D – Prednisolone-treated 20.67 ± 0.34b 0.32 ± 0.33b

E – Infliximab-treated 18.33 ± 1.18bc 0.28 ± 0.59b

Values are expressed as mean ± SEM.Superscripts indicate
significant differences (p ≤ 0.05):
a = significantly different from Group A;
b = significantly different from Group B;
c = significantly different from Group C.

The effects of ciprofloxacin, prednisolone, and
infliximab on malondialdehyde (MDA), urea, and
creatinine levels in acetic acid-induced ulcerative
colitis (UC) rats

Malondialdehyde (MDA) levels were markedly el-
evated in the UC group, reflecting increased lipid
peroxidation (p < 0.05 vs. control). All treatment
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groups showed significant reductions in MDA (p <
0.05 vs. UC), with infliximab producing the largest
decrease (∼78% reduction compared with UC) Ta-
ble 2.

Table 2. The effects of ciprofloxacin, prednisolone, and in-
fliximab on malondialdehyde (MDA), urea, and creatinine
levels in acetic acid-induced ulcerative colitis (UC) rats.

Group MDA (µmol/ml)

A – Control 0.03 ± 0.14
B – UC control 0.23 ± 0.43a

C – Ciprofloxacin-treated 0.07 ± 0.23b

D – Prednisolone-treated 0.08 ± 0.26b

E – Infliximab-treated 0.05 ± 0.22b

Values are expressed as mean ± SEM. Superscripts
indicate significant differences (p ≤ 0.05):
a = significantly different from Group A;
b = significantly different from Group B.

The effects of of ciprofloxacin, prednisolone,
and infliximab on blood electrolyte levels in
acetic acid-induced ulcerative colitis (UC) rats

UC rats showed electrolyte imbalance characterized
by hyponatremia, hypochloremia, and hyperkalemia
compared with controls (p < 0.05). Ciprofloxacin,
prednisolone, and infliximab significantly corrected
these alterations (p < 0.05 vs. UC). Infliximab re-
stored electrolyte concentrations closest to normal
ranges Table 3.

The effects of ciprofloxacin, prednisolone, and
infliximab on kidney tissue histology in acetic
acid-induced ulcerative colitis (UC) rats

Kidneys from control rats displayed normal
glomerular and tubular architecture. UC rats
exhibited severe tubular degeneration, glomerular
shrinkage, inflammatory infiltration, and necrosis.
Ciprofloxacin and prednisolone treatments partially
ameliorated these histological changes, while
infliximab demonstrated the strongest protective
effect, preserving glomerular and tubular structures
with minimal inflammatory infiltration Fig. 1.

4. Discussion

This study demonstrates that acetic acid–induced
ulcerative colitis (UC) is associated with significant
renal dysfunction, characterized by elevated serum
urea and creatinine, lipid peroxidation, and elec-
trolyte imbalance. These findings corroborate earlier
reports that systemic inflammation and oxidative
stress play central roles in the extraintestinal manifes-
tations of UC, including nephropathy [5, 7]. Elevated
malondialdehyde (MDA) levels reflect enhanced lipid
peroxidation and membrane injury, consistent with
oxidative stress–driven renal damage previously re-
ported in UC models [1, 4].

The inflammatory cascade in UC is driven by
cytokines such as tumor necrosis factor-alpha (TNF-
α), interleukin-6 (IL-6), and interleukin-1β (IL-1β),
which contribute to endothelial dysfunction, tubu-
lar necrosis, and fibrosis [25, 26]. In this study, the
marked improvement in renal biochemical param-
eters following treatment with ciprofloxacin, pred-
nisolone, and infliximab suggests suppression of these
cytokine-mediated pathways. Although cytokine lev-
els were not directly quantified, prior studies provide
mechanistic evidence. Ciprofloxacin has been shown
to inhibit IL-1β, IL-8, and TNF-α expression in colonic
tissue and macrophages, indicating immunomodula-
tory effects beyond its antibacterial activity [11, 27].
Prednisolone suppresses NF-κB activation, thereby re-
ducing transcription of pro-inflammatory cytokines
including TNF-α and IL-6 [28]. Infliximab, by di-
rectly neutralizing TNF-α, interrupts the cytokine
amplification loop responsible for both colonic and
systemic inflammation [29]. These mechanisms likely
explain the observed normalization of renal func-
tion and histological preservation, particularly in the
infliximab-treated group.

Oxidative stress is a well-recognized mediator of
tissue injury in UC. Reactive oxygen species (ROS)
deplete antioxidants such as superoxide dismutase
(SOD) and reduced glutathione (GSH), leading to
lipid peroxidation and protein oxidation [30]. Pre-
vious work has demonstrated decreased SOD and
GSH activities in UC-induced colonic tissues [31]. The
reduction of MDA levels following therapy in this
study suggests that all three drugs mitigated oxidative
damage. According to previous studies, ciprofloxacin
may exert antioxidant effects by reducing nitric oxide
and inducible nitric oxide synthase (iNOS) expression
[10]. [32] prednisolone may restore redox balance
through inhibition of phospholipase A2 and attenu-
ation of ROS generation [33], while infliximab may
indirectly enhance antioxidant enzyme activity by
suppressing TNF-α–driven oxidative cascades [34].
Therefore, the observed biochemical improvements
may reflect restoration of antioxidant defenses and
attenuation of oxidative injury.

Renal apoptosis is another mechanism contributing
to UC-associated nephropathy. Excess TNF-α and ROS
activate caspase-3–mediated apoptotic pathways in
tubular epithelial cells [35]. Studies have shown that
infliximab and other TNF-α blockers downregulate
caspase-3 and Bax while upregulating Bcl-2, thereby
preserving cellular integrity [36]. Prednisolone also
reduces apoptotic signaling through glucocorticoid
receptor–mediated suppression of pro-apoptotic
genes [37]. Ciprofloxacin, while less directly
anti-apoptotic, protects against apoptosis through
modulation of oxidative stress and inhibition of
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Table 3. The effects of of ciprofloxacin, prednisolone, and infliximab on blood electrolyte levels in acetic acid-induced
ulcerative colitis (UC) rats.

Group Na+ (mmol/l) K+ (mmol/l) Cl- (mmol/l)

A – Control 137.67 ± 0.33 3.36 ± 1.63 100.33 ± 0.37
B – UC control 103.61 ± 0.24a 7.87 ± 0.22a 71.00 ± 0.47a

C – Ciprofloxacin-treated 141.00 ± 0.58b 4.93 ± 0.67b 99.67 ± 0.33b

D – Prednisolone-treated 139.33 ± 1.33b 4.97 ± 0.34b 102.00 ± 0.31b

E – Infliximab-treated 140.35 ± 0.49b 3.73 ± 0.28b 100.01 ± 0.47b

Values are expressed as mean ± SEM. Superscripts indicate significant differences (p ≤ 0.05):
a = significantly different from Group A;
b = significantly different from Group B.

Fig. 1. The effects of ciprofloxacin, prednisolone, and infliximab on kidney tissue histology in acetic acid-induced ulcerative colitis (UC)
rats. A. Control group: Normal kidney histology showing well-differentiated glomerulus (black arrow) with podocytes, distinct capsular space
(CS), and proximal (PCT) and distal convoluted tubules (DCT) lined with simple squamous epithelial cells (red arrow). B. UC group: Kidney
section showing thickened and constricted PCT and DCT, glomerulus (black arrow) with slight epithelial cell loss (blue arrow), and capsular
space (CS). C. Ciprofloxacin treated group: Kidney histology revealing thickened walls of PCT and DCT, normal glomerulus (black arrow),
distinct capsular space (CS), and intact epithelial cells (red arrow). D. Prednisolone treated group: Kidney section displaying constricted PCT
and DCT, slightly distorted glomerulus (black arrow), dilated capsular space (CS) with reduced epithelial cells (yellow arrow). E. Infliximab
treated group: Kidney histology showing constricted PCT and DCT, dilated capsular space (CS), normal glomerulus (black arrow), and
simple squamous epithelial cells. H/E staining, magnification (x400), all micrographs were captured under light microscopy.

bacterial endotoxin-induced signaling [10]. The
improved renal histoarchitecture in the treated
groups is consistent with these anti-apoptotic and
cytoprotective effects.

Among the tested agents, infliximab exhibited the
most pronounced renoprotective effect, normalizing
renal biomarkers and preserving tubular morphol-
ogy. This superiority can be attributed to its targeted
inhibition of TNF-α, a master regulator of inflam-
matory and oxidative pathways. These findings are
in agreement with previous reports that infliximab
reduces renal injury markers and restores antioxi-

dant capacity in models of colitis and nephrotoxicity
[34, 36]. Prednisolone conferred partial protection,
consistent with its broad but non-specific anti-
inflammatory profile and potential metabolic side
effects [33]. Ciprofloxacin produced moderate im-
provement, aligning with earlier studies where its
benefits were attributed to microbial modulation and
secondary reduction of systemic inflammation rather
than direct immunosuppression [10, 32].

These findings support prior evidence that control-
ling systemic inflammation ameliorates extraintesti-
nal organ injury in UC. Dincer et al. [7] documented
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renal manifestations in ∼5% of UC patients, sug-
gesting that systemic cytokine overproduction and
oxidative stress underlie UC-associated nephropathy.
The observed restoration of renal function and reduc-
tion of oxidative damage in treated rats thus mirror
clinical improvements reported in patients receiving
TNF-α blockade or corticosteroid therapy. However,
our study extends these observations by demonstrat-
ing comparative renoprotective effects across three
mechanistically distinct therapies.

5. Conclusion

Ciprofloxacin, prednisolone, and infliximab each
significantly ameliorated renal dysfunction in acetic
acid-induced ulcerative colitis, as reflected by marked
reductions in serum creatinine (by approximately
53%, 56%, 61%, respectively), urea levels (by 35%,
50%, 55% respectively) and malondialdehyde (MDA;
by 69%, 65%, 78%, respectively) level compared
with untreated UC rats, alongside restoration of
electrolyte balance and histological improvement
in renal architecture. Among the treatment groups,
infliximab demonstrated the most pronounced reno-
protective effect, underscoring the pivotal role of
TNF-α–mediated signaling in UC-associated renal in-
jury. However, this study is limited by the absence
of direct measurements of inflammatory cytokines
(TNF-α, IL-6), antioxidant enzymes (SOD, GSH), and
apoptotic markers (caspase-3), which would have
provided stronger mechanistic confirmation of the
proposed pathways. Furthermore, longer study du-
rations and dose-response analyses are needed to
evaluate chronic renal adaptations and potential tox-
icity. Future studies should incorporate these molec-
ular assays and explore signaling pathways such as
NF-κB and Nrf2 to clarify the interplay between in-
flammation and oxidative stress. Collectively, these
findings emphasize that UC exerts systemic effects
beyond the intestine and suggest that targeting TNF-
α pathways—particularly through infliximab—may
offer superior therapeutic benefit for preventing or
managing renal complications associated with UC.
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