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ABSTRACT

Background and Purpose: The misuse and toxicity of antibiotics remain significant public
health concerns, with implications extending beyond hepatotoxicity to include pancreatic
injury. This study investigated the toxic effects of selected antibiotic drugs (amoxicillin,
ciprofloxacin, erythromycin and metronidazole) on the liver and pancreas of male Wistar rats.
Methods: Adult male Wistar rats were randomly assigned into five groups (n=5 per group).
Group I served as the control and received normal saline. Groups I to V received ciprofloxacin
(86 mg/kg), amoxicillin (129 mg/kg), erythromycin (86 mg/kg), and metronidazole (69
mg/kg), respectively. Administration was by the oral route for 21 or 42 days. Plasma insulin,
nuclear factor kappa-beta (NFK-B), liver function enzymes (AST and ALT), lipid profile, and
caspase-3 activity in liver and pancreas were evaluated. Histology and immunohistochemistry
were performed on the liver and pancreas.

Results: Erythromycin significantly elevated serum AST and ALT levels, indicating
hepatocellular injury. LDL levels rose following a 21-day metronidazole exposure and a 42-
day ciprofloxacin and amoxicillin administration, while HDL levels declined across all
antibiotic groups, demonstrating a consistent dyslipidemic effect. Metronidazole altered
insulin levels differently in 21 days and 42 days durations, suggesting duration-dependent
metabolic modulation. NFK-B levels increased significantly in metronidazole and
erythromycin groups, indicating a heightened inflammatory response. In the 21-day treatment,
hepatic caspase-3 activity was significantly elevated in the amoxicillin and erythromycin
groups, indicating enhanced hepatocyte apoptosis. Conversely, pancreatic caspase-3 levels
were significantly reduced in these same groups, suggesting suppression of pancreatic
apoptotic activity. In contrast, during the 42-day treatment, pancreatic caspase-3 levels were
markedly increased in the ciprofloxacin and metronidazole groups. Immunohistochemistry
revealed disrupted hepatic and pancreatic architecture across all treated groups.

Conclusion: Ciprofloxacin, erythromycin, and metronidazole induced significant metabolic,
inflammatory, and histopathological alterations in hepatic and pancreatic tissues. These
findings underscore the need for cautious use and monitoring of these antibiotics to mitigate
organ-specific toxicities.
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INTRODUCTION

Antibiotic drugs are essential in modern medicine and are
primarily used to treat bacterial infections such as tonsilitis,
pneumonia, urinary tract infection, and sexually transmitted
infections like gonorrhea and chlamydia, and as
prophylactic agents (WHO, 2020; Yonts et al., 2018).
However, their misuse has led to significant short and long-
term consequences. They are ineffective against viral
infections such as the common cold or flu and the absence
of this knowledge often leads to misuse, which contributes
to antimicrobial resistance (AMR).

Alarmingly, global data suggests that up to half of all
irrationally prescribed medications are antibiotics (Onah
and Idoko, 2022). In Nigeria, the WHO estimates that 60%
of antimicrobial prescriptions are irrational (Otuko et al.,
2023). This misuse significantly drives AMR, a global
crisis. Africa, with the world's heaviest infectious disease
burden, continues to face high morbidity and mortality from
infections (Otuko ef al., 2023). Antibiotic misuse and
toxicity pose a pressing public health challenge, with an
estimated 70 billion antibiotic doses consumed globally
each year (Mittal et al., 2020). There has been a surge in
antibiotic consumption in the 21% century with the
penicillins and macrolides being the most prescribed
(Roberts and Zembower, 2021).

Emerging research has linked metabolic diseases like
obesity and type-2 diabetes with changes in microbiota
composition and function (Fu et al., 2025). For example,
erythromycin has been associated with liver toxicity
(Jamshed et al., 2022), ciprofloxacin with oxidative tissue
damage due to free radical production (Ramos ef al., 2023),
and metronidazole with liver toxicity in rat models (Enas,
2017). Additionally, early antibiotic exposure has been
linked with altered insulin responses and several chronic
diseases (Li et al., 2017).

The liver and pancreas are closely linked anatomically,
metabolically, and physiologically (Yang, 2020). The
pancreas produces enzymes for digestion and homeostasis
and regulates glucose levels through insulin secretion
(Roder et al., 2016). The liver aids in lipid digestion,
glucose release from glycogen, and detoxification by
removing harmful substances and cells (Tiniakos et al.,
2010). This study aimed to evaluate the effects of prolonged
treatments with antibiotic drugs (a subclass of antibiotics)
on hepato-pancreatic integrity and metabolic functions in
male Wistar rats, with a focus on exploring potential links
to the increasing prevalence of diabetes mellitus of
unknown origin.
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MATERIALS AND METHODS

Animals and Treatments

Fifty (50) male Wistar rats weighing 200-220 g were
procured from the animal house of Afe-Babalola University
Ado-Ekiti (ABUAD). The rats were housed under natural
conditions. All rats had unlimited access to standard rat
chow and water. The study was conducted following the
National Institutes of Health Guide for the Care and Use of
Laboratory Animals and was approved by the Institutional
Ethical Review Board of Afe-Babalola University (Ado-
Ekiti, Nigeria). Four (4) different antibiotics (amoxicillin,
ciprofloxacin, erythromycin and metronidazole) were used
for the study due to their distinct mechanisms of action,
broad spectrum, and relevance in treating various bacterial
infections. The drugs were procured from the Pharmacy
Department of the Afe Babalola University Multisystem
Hospital, Ado-Ekiti. The animals were randomly assigned
to five groups (n=5 per group) each for the two duration of
exposure namely: group 1 (control) given normal saline;
group 2 (ciprofloxacin); group 3 (amoxicillin); group 4
(erythromycin), and group 5 (metronidazole). The doses
were determined by extrapolating from human dosage
guidelines (Reagan-Shaw et al., 2008) and were
administered per os for a 21-day and a 42-day toxicity
evaluation. Assays and histology were carried out at the end
of each duration of treatment.

Oral Glucose Tolerance Test

The blood glucose was estimated at the end of each duration
of treatment (21 or 42 days). Blood was obtained from the
tail before glucose load (2 g/kg) and then sequentially at 30,
60, 90 and 120 min after glucose load. Glycemic
concentrations were determined with a hand-held
glucometer (OneTouch) as previously described (Omoaghe
etal.,2022).

Sacrifice and Sample Collection

At the end of each duration of treatment, the animals were
anesthetized intraperitoneally with pentobarbital sodium
(50 mg/kg). The rats were cardiac punctured to collect
blood samples into heparinized tubes which were
centrifuged at 3000 rpm for 15 min at room temperature.
Plasma samples were stored frozen until biochemical assays
were performed. For the histology, the animals were trans-
cardially perfused with phosphate buffered solution (PBS)
of pH 7.4 to clear the blood vessels, and with 10% neutral
buffer formasaline (NBF) which served as the pre-fixative.
For biochemical assays, the animals were perfused with
PBS only and thereafter, the liver and pancreas were
excised, cleared of adhering connective tissues and
homogenized in phosphate buffer.
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Biochemical Analysis

High-density lipoproteins (HDL), triglycerides (TG), and
total cholesterol (TC) levels in plasma were evaluated by an
enzymatic colorimetric method (Dolati et al, 2020).
Alanine aminotransferase (ALT) (BXC0212) and aspartate
aminotransferase (AST) (BXC0202) levels were evaluated
using kits manufactured by Fortress Diagnostics Limited
(United Kingdom) (Jain et al., 2022). Plasma
concentrations of insulin and NF-kB were determined using
ELISA kits from Ray Biotech, Inc. (Georgia, USA),
according to the manufacturer’s protocols. The enzymatic
activity of caspase-3 in liver and pancreatic tissues was
evaluated using assay kits procured from Fortress
Diagnostics Limited (United Kingdom). The methodology
was adapted from Thapaliya et al. (2014), ensuring
consistency with established experimental procedures.

Histological and Immunohistochemical Processing of
Tissue Samples

Liver and pancreatic tissue sections were deparaffinized in
xylene and rehydrated through descending graded
concentrations of ethanol (100%, 95%, and 70%) to
distilled water. Hematoxylin staining was performed by
dissolving ammonium alum in boiling water, combining it
with hematoxylin in absolute ethanol, and enhancing
nuclear affinity with mercuric oxide and glacial acetic acid.
Sections were immersed in the hematoxylin solution,
rinsed, and counterstained with eosin prepared in a distilled
water—alcohol—-acetic acid mixture. Slides were cleared in
xylene, mounted with Permount, and examined
microscopically using an OPTO-Edu Industrial Light
Microscope (China). Photomicrographs were captured
using a high-resolution Moticam X3 digital microscope
camera (12.0 MP) mounted on the same microscope.
Images were acquired under standardized illumination and
magnification using Motic Images Plus software and
analyzed with ImageJ. For immunohistochemistry (IHC),
tissues were fixed in formalin, dehydrated using ascending
grades of ethanol, cleared in xylene, and embedded in
paraffin wax prior to sectioning (5 pm). After
deparaffinization and rehydration, antigen retrieval was
achieved via heat or enzymatic digestion. Primary
antibodies specific to target antigens were applied, followed
by HRP-conjugated secondary antibodies.
Diaminobenzidine (DAB) served as the chromogen, while
hematoxylin counterstaining enhanced structural contrast.
Slides were examined microscopically to assess protein
localization and distribution (Ige ef al., 2017). For BCL-2
expression analysis, liver tissue sections were subjected to
immunohistochemical staining using anti-BCL-2 primary
antibodies (1:200 dilution), followed by Horseradish
Peroxidase (HRP)-conjugated secondary antibodies.
Antigen retrieval was performed using citrate buffer (pH
6.0) in a microwave oven. Detection was carried out with
DAB, and hematoxylin was used for counterstaining.
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Stained sections were examined for cytoplasmic and peri-
nuclear localization of BCL-2 (Kelland and Beale, 2001).

Statistical Analysis

All data are expressed as mean =+ standard error of mean
(SEM). Statistical group analysis was carried out using
GraphPad Prism software version 8.5. We compared the
mean values of the variables among the groups using one-
way analysis of variance. Post hoc analysis was performed
using Tukey’s test. Differences were considered
statistically significant at P<0.05.

RESULTS

Effect of Antibiotics Administration on Body Weight
No significant weight changes were observed between the
antibiotic-administered groups and the control, as
illustrated in Figures 1A and 1B.
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Figure 1: Weight changes in rats after 21-day (A) and 42-day (B)
dosing with antibiotics. CONT - Control, CIPROX -
Ciprofloxacin, AMOX — Amoxicillin, ERYTH — Erythromycin,
METRO — Metronidazole. Weight changes are not statistically
significant.

Effect of Antibiotic Drug Administration on Glucose
and Insulin Concentrations, Area Under the Curve for
Glucose Concentration

In the 21-day duration, there were no significant differences
among the groups in the OGTT results as glucose levels
were comparable (Figure 2A). Similarly, the area under the
curve (AUC) indicated no significant variations (Figure
2B). Plasma insulin concentration was significantly
elevated (P<0.05) in the metronidazole group, while other
groups remained unchanged (Figure 3A). In the 42-day
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duration, glucose concentrations remained statistically
unchanged, but the AUC for glucose was significantly
(P<0.0001) lower in the metronidazole group (Figures 2C,
2D). Insulin concentration significantly decreased in the
Ometronidazole group in the 42-day duration (Figure 3B).
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Figure 2: Plasma glucose concentration and area under the curve
(AUC) following 21-day (A and B) and 42-day (C and D) treatment
of rats with antibiotic drugs. ***P<0.001 versus control, n=5.
CONT - Control, CIPROX — Ciprofloxacin, AMOX — Amoxicillin,
ERYTH - Erythromycin, METRO- Metronidazole, ns — not
significant.
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Figure 3: Plasma insulin concentrations following 21 days (A) and
42 days (B) treatment of rats with antibiotic drugs. *P<0.05,
**%P<0.001 versus control, n=5. CONT — Control, CIPROX —
Ciprofloxacin, AMOX — Amoxicillin, ERYTH — Erythromycin,
METRO- Metronidazole, ns — not significant.

Effect of Antibiotic Administration on Liver Enzymes

In the 21-day duration (Figure 4A), ALT levels increased
significantly in the erythromycin group but decreased
significantly in all other administered groups compared
with the control. In the 42-day duration (Figure 4B), ALT
levels increased significantly in the erythromycin groups.
AST levels in the 21-day duration (Figure 4C) increased
significantly in the ciprofloxacin and erythromycin groups
but decreased significantly in the metronidazole group,
compared with the control. In Figure 4D (42-day duration),
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AST levels significantly decreased in the ciprofloxacin and
amoxicillin groups compared with the control.
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Figure 4: Levels of liver function enzymes (ALT and AST)
following 21 days (A, B) and 42 days (C, D) of antibiotic drug
administration to rats. *P<0.05, **P<0.01, ***P<(0.001,
**%%P<0.0001 versus control, n=5. CONT - Control, CIPROX —
Ciprofloxacin, AMOX — Amoxicillin, ERYTH — Erythromycin,
METRO- Metronidazole, ns — not significant.

Effect of Antibiotic Drug Administration on Plasma
Lipids

Total cholesterol levels (Figure 5A) increased significantly
in ciprofloxacin and erythromycin groups but were
unchanged in amoxicillin and metronidazole groups in the
21 days duration in comparison with the control group.
However, in the 42-day evaluation, only the amoxicillin
group had significant elevation in total cholesterol levels
(Figure 5B). Triglycerides levels (Figures 5C, 5D) did not
change significantly in the 21-day and 42-day evaluations
in most of the groups except for an increase in the
amoxicillin group (Figure 5C), and a decrease in the
erythromycin group (Figure 5D). LDL Levels (Figure 5E)
significantly increased in the metronidazole group when
compared with the control of the 21-day duration, while in
the 42-day duration, ciprofloxacin and amoxicillin groups
had significant increase when compared with the control
(Figure 5F). HDL Levels in the 21-day duration (Figure 5G)
significantly decreased in ciprofloxacin, amoxicillin, and
metronidazole groups compared with the control group. In
the 42-day duration, only the plasma levels of the
ciprofloxacin group was significantly reduced (Figure SH),
compared with the control group.
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Figure 5: Levels of plasma lipids: TC (A, B), TG (C, D), LDL (E,
F), and HDL (G, H) after 21 (first alphabet) and 42 (second
alphabet) days of administering antibiotic drugs to rats. *P<0.05,
**P<0.01, ***P<0.001, ****P<(0.0001 versus control, n=5.
CONT - Control, CIPROX — Ciprofloxacin, AMOX — Amoxicillin,
ERYTH - Erythromycin, METRO- Metronidazole, ns — not
significant.

Effect of Antibiotic Drug Administration on Plasma
NFK-p Levels

Plasma NFK-f levels (Figure 6A) increased significantly in
the metronidazole and erythromycin groups, whereas in the
ciprofloxacin and amoxicillin groups, the levels were not
significantly altered when compared with the control in the
21-day duration of treatment. In the 42-day duration of
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treatment, plasma NFK-f levels (Figure 6B) were not
significantly changed in any antibiotic drug-administered
group compared with the control.
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Figure 6: Plasma NFK-B after 21-day (A) and 42-day (B) of
antibiotic drug administration to rats. *P<0.05, ***P<0.001 versus
control, n=5. CONT — Control, CIPROX — Ciprofloxacin, AMOX
— Amoxicillin, ERYTH — Erythromycin, METRO- Metronidazole,
ns — not significant.

Effect of Antibiotic Drug Administration on Liver and
Pancreatic Caspase-3 Levels

Liver caspase-3 levels (Figure 7A) were not significantly
changed in any antibiotic drug-administered group
compared with the control, in the 21-day duration.
However, in the 42-day duration, liver caspase-3 levels
(Figure 7B) increased significantly in the amoxicillin and
erythromycin groups, while the changes in levels were not
significant in ciprofloxacin and metronidazole groups
compared with the control.

Pancreatic caspase-3 levels (Figure 7C) significantly
increased in the ciprofloxacin and metronidazole groups,
while for the other groups, there were no changes in the
levels compared with the control group, in the 21-day
duration. Pancreatic caspase-3 levels (Figure 7D)
significantly increased in the ciprofloxacin and
metronidazole groups, whereas for the amoxicillin and
erythromycin groups, there were no significant alterations
compared with the control in the 42-day evaluation.

Effect of Antibiotic Drug Administration on Liver
Histology

Photomicrographs of the liver revealed the presence of
perivascular inflammatory cells in the periportal area across
all drug-administered groups during both the 21-day
(Figure 8) and 42-day (Figure 9) durations. Additionally,
there was no significant decrease in hepatocyte count in the
erythromycin and amoxicillin groups compared with the
control group. However, in the ciprofloxacin and
metronidazole groups, there were significant reductions in
hepatocyte count relative to the control group (Figure 8).
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Figure 8: Photomicrographs of liver histology after 21 days of treating rats with antibiotic drugs (H&E stain, x400 magnification). Al = control;
A2 = ciprofloxacin-treated; A3 = amoxicillin-treated; A4 = erythromycin-treated; and A5 = metronidazole-treated. Statistical significance
compared with the control group is as follows: P<0.05 (*) and P<0.0001(****). ns = not significant.
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Figure 9: Photomicrograph of liver histology (H&E stain, x400 magnification) after 42 days of treatment of rats with antibiotic drugs. B1 =
control, B2 = ciprofloxacin-treated, B3 = amoxicillin-treated, B4 = erythromycin-treated, and B5 = metronidazole-treated. Statistical
significance is denoted as follows: P<0.05 (*), P<0.01 (**), P<0.001 (***) and P<0,0001 (****). ns = not significant.

Effect of Antibiotic Drug Administration on BCL-2 whereas erythromycin reduced it during the 21-day duration
Expression in the Liver (Figure 10). In the 42-day duration, all drug-administered
The control group showed normal BCL-2 expressions. groups experienced a significant reduction in hepatocyte
Among the antibiotic drug-administered groups, count compared with the control group (Figure 11).

amoxicillin increased BCL-2 expression in the liver,
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Figure 10: Photomicrograph of BCL-2 expression in liver tissue (H&E stain, x400 magnification) after 21 days of treatment of rats with
antibiotic drugs. Al = control, A2 = ciprofloxacin-treated, A3 = amoxicillin-treated, A4 = erythromycin-treated, and A5 = metronidazole-
treated. Statistical significance is as follows: P<0.05 (¥*), P<0.01 (**), P<0.001 (***). ns = not significant.

e b
| ns |
—
e e e
| e b e I
1
e e e e atinad
T 1
< e b ke e
| — | | —
e e o
B3 sa 55

Figure 11: Photomicrograph of BCL-2 expression in liver tissue (H&E stain, x400 magnification) after 42 days of treatment of rats with
antibiotic drugs. B1 = control, B2 = ciprofloxacin-treated, B3 = amoxicillin-treated, B4 = erythromycin-treated, B5 = metronidazole-treated.
Statistical significance is indicated as follows: P<0.05 (*), P<0.01 (**), P<0.001 (***) and P<0.0001 (****). ns = not significant.
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Effect of Antibiotic Drug Administration on Pancreas
Histology

Histological analysis did not reveal a significant difference
in the number of islets of Langerhans in pancreas across all
groups (Figure 12) in the 21-day duration. However, in the

antibiotic drug-administered groups, decrease in islet count
was significant when compared with the control group after
42 days of treatment (Figure 13).

46



Ibrahim et al. Pharmacol Toxicol Nat Med 2025, 5(3-4): 40-52

ns

Number of islet of langerhan (n)

A1 A2 A3 A4 AS

Figure 12: Photomicrograph of pancreatic tissue (H&E stain, x400 magnification) after 21 days of antibiotic drug treatment to rats: Al=
control, A2 = ciprofloxacin-treated, A3 = amoxicillin-treated, A4 = erythromycin-treated, and A5 = metronidazole-treated. ns = not significant.
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Figure 13: Photomicrograph of pancreatic tissue (H&E stain, x400 magnification) after 42 days of treating rats with antibiotic drugs. B1 =
control, B2 = ciprofloxacin-treatment, B3 = amoxicillin-treatment, B4 = erythromycin-treatment, B5 = metronidazole-treated. P<0.0001 (****)
compared with control. ns = not significant.

Effect of Antibiotic Drug Administration on Pancreatic there was normal expression in the control group. There
BCL-2 Expression was no significant difference in the islet cell count between

Administration of antibiotic drugs led to mild membranous the antibiotic drug-treated group and the control group in

expression of BCL-2 in the pancreas in both the 21-day either duration of treatment.
(Figure 14) and 42-day (Figure 15) treatment. In contrast,
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Figure 14: Photomicrograph of BCL-2 expression in pancreatic tissue (H&E stain, x400 magnification) after 21 days of treating rats with
antibiotic drugs. A1 = control, A2 = ciprofloxacin-treated, A3 = amoxicillin-treated, A4 = erythromycin-treated, A5 = metronidazole-treated.
ns = not significant.

1.59
ns

1.0

0.5+

0.0-

Number of islet of langerhan (n)

B1 B2 B3 B4 BS

Figure 15: Photomicrograph of BCL-2 expression in pancreatic tissue (H&E stain, x400 magnification) after 42 days of treating rats with
antibiotic drugs. B1 = control, B2 = ciprofloxacin-treated, B3 = amoxicillin-treated, B4 = erythromycin-treated, B5S = metronidazole-treated.

ns = not significant.

DISCUSSION

This study provides some insights into the toxic effects of
some antibiotic drugs on the liver and pancreas. Weight
gain in all antibiotic-treated and control groups during both
21- and 42-day evaluations was not significant, contrasting
with Mihalas et al. (2018), who reported significant weight
gain in rats given amoxicillin. The administration of

erythromycin led to elevation in liver enzymes (ALT and
AST), indicating potential hepatic dysfunction, and
aligning with Adnan (2019). Conversely, ciprofloxacin,
amoxicillin, and metronidazole treatments resulted in
decreased ALT and AST levels, and consistent with Bilgic
et al. (2017). However, Priya et al. (2024) reported
increased liver enzyme levels, highlighting discrepancies
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likely due to variations in dosage and duration of drug
administration.

Insulin, secreted by beta cells in response to elevated blood
glucose, promotes glucose absorption in muscles and
adipose tissue, enhancing their glucose storage and leading
to glycogen synthesis in the liver (Wollheim and Maechler,
2002). In the present study oral glucose tolerance test
(OGTT) and insulin concentration were used to assess
proneness to diabetes. In the metronidazole group, the area
under the curve significantly decreased compared to the
control, but plasma insulin levels markedly increased,
indicating hyperinsulinemia. This contradicts the report by
Adeoye et al. (2022), who found that there were no
significant changes in plasma insulin after metronidazole
administration.

Inflammation and infections play a crucial role in altering
lipid metabolism. While these changes initially support
immune responses in combating infections, they may also
increase the risk of atherosclerosis and fibrosis, affecting
vital organs such as the liver. In this study, total cholesterol
(TC) levels were elevated in the ciprofloxacin and
erythromycin groups compared to the control. This finding
aligns with that of Ogbonna et al. (2024), but contrasts with
Hamoya et al. (2017), likely due to differences in dosage
and duration of drug administration.

Our findings also indicate that metronidazole led to a
significant increase in low-density lipoprotein (LDL) levels
in the 2Il-day evaluation, while -ciprofloxacin and
amoxicillin induced similar increases in LDL levels in the
42-day evaluation. This suggests that certain antibiotic
drugss influence lipid metabolism over a period of time,
highlighting the need for further investigation into their
long-term effects. Furthermore, significant reductions in
high-density lipoprotein (HDL) levels were observed in the
ciprofloxacin, amoxicillin, and metronidazole groups
relative to the control. However, Igbayilola et al. (2020)
reported an increase in HDL levels following ciprofloxacin
administration, suggesting that antibiotic effects on lipid
metabolism may be influenced by additional factors.
Interestingly, the erythromycin group did not exhibit
significant HDL changes, differing from the findings by
Kong et al. (2020), who documented decreased lipoproteins
after 28 days of erythromycin treatment.

Previous studies have explored the relationship between
antibiotic drugs and lipid profiles, demonstrating that
certain antibiotic drugs can alter lipid metabolism and
potentially contribute to dyslipidemia. Additionally,
interactions between antibiotic drugs and lipid-modifying
agents have been reported, reinforcing the importance of
monitoring lipid levels during antibiotic drug therapy.
Given the association of some antibiotic drugs with
increased LDL cholesterol levels, this study provides
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valuable insights into time-dependent effects of
metronidazole, ciprofloxacin, and amoxicillin on lipid
metabolism, further enriching the existing body of
knowledge in this area.

NFK-B activation, associated with increased pro-
inflammatory biomarkers IL-1, TNF-a, and IL-6, correlates
with severity of inflammation. In the 21-day evaluation,
erythromycin and metronidazole groups showed significant
increases in nuclear NFK-B, unlike amoxicillin and
ciprofloxacin groups. Chaturvedi et al. (2020) suggested
metronidazole's role in NFK-f activation, while Silva et al.
(2022) reported erythromycin down-regulated NFK-. No
significant changes were observed in the 42-day assessment
across all groups compared to the control.

Caspase-3, an essential enzyme in apoptosis, was
significantly increased in the liver of the erythromycin
group, with no significant changes in ciprofloxacin,
amoxicillin, and metronidazole groups during regardless of
the duration of treatment whether 21 days or 42 days. This
contradicts the report by Hemieda ef al. (2019), who found
increased liver caspase-3 levels following ciprofloxacin
administration. In addition, the significant increase in
pancreatic caspase-3 levels in the ciprofloxacin and
metronidazole groups compared to the control during both
the 21- and 42-day evaluations. This finding aligns with that
of Abdel-Rahman et al. (2021), who reported a significant
increase in pancreatic caspase-3 following ciprofloxacin
administration. However, no significant changes were
observed in the amoxicillin and erythromycin groups
compared to the control.

Histology results revealed distortions in liver architecture
indicated by perivascular inflammatory cell infiltration and
congestion, suggesting cellular injury in the drug-
administered groups in both the 21-day and 42-day
assessments. There was a significant decrease in hepatocyte
counts in the amoxicillin and erythromycin groups
compared to the control, while there were no significant
changes in the ciprofloxacin and metronidazole groups.
This aligns with Omodamiro (2018), who observed similar
histoarchitecture distortions after 21 days of ciprofloxacin
and amoxicillin administration. Immunohistochemistry
(IHC) revealed mild membranous BCL-2 expression and
decreased hepatocyte counts in the amoxicillin and
erythromycin groups, with no changes in BCL-2
expressions in the ciprofloxacin and metronidazole groups
(Adeoye et al., 2022).

In the pancreas, histological analysis revealed distorted
histoarchitecture, characterized by congestion between
endocrine and exocrine units, indicating acinar and islet cell
injury (acute pancreatitis). This finding supports the
involvement of antibiotic drugs in the etiology of acute
pancreatitis (Parniczky et al., 2019). IHC revealed mild
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membranous BCL-2 expression, with no significant
differences in islet cell counts between antibiotic drug-
administered groups and control groups during both
durations of treatment (Adeoye ef al., 2022).

CONCLUSION

This study sheds light on the adverse hepato-pancreatic
effects that may arise following the misuse of antibiotic
drugs. Administration of metronidazole can significantly
change insulin concentrations, and this has implications for
blood glucose concentration. Misuse can also result in
altered lipid metabolism such as elevation in the total
cholesterol levels (ciprofloxacin and erythromycin) and
decrease in HDL levels (ciprofloxacin, amoxicillin, and
metronidazole) with possible cardiovascular sequelae.
Also, elevation in the levels of some pro-inflammatory
enzymes and distortions in the histoarchitecture of the liver
and pancreas have been seen with some of the drugs.
Therefore, it is important that the dosage and duration of
antibiotic therapy be well-considered to mitigate potential
adverse effects on liver and pancreatic functions.

ACKNOWLEDGMENTS

We acknowledge the supports of the Tertiary Education
Trust Fund (TETFund) Nigeria
TETF/DR&D/CE/UNT/AZARE/IBR/2023/VOLI, our
families and colleagues at work throughout the period of the
study.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

AUTHORS’ CONTRIBUTION

Conceptualization, Methodology, Data Collection and
Analysis, Writing (Original Draft): IIK, OAO, AOK. Data
Collection & Analysis, Supervision and Project
Administration: MYH, ET, EN.

FUNDING

This research was supported by the Tertiary Education
Trust Fund (TETFUND) Nigeria grant, provided through
TETF/DR&D/CE/UNT/AZARE/IBR/2023/VOLI We
gratefully acknowledge this financial support.

AUTHORS’ DECLARATION

The authors hereby declare that the work presented in this
article is original and that any liability for claims relating to
the content of this article will be borne by them.

Ibrahim et al. Pharmacol Toxicol Nat Med 2025, 5(3-4): 40-52

REFERENCES

Abdel-Rahman IM, Mustafa M, Mohamed SA, Yahia R,
Abdel-Aziz M, Abuo-Rahma GEDA, Hayallah AM (2021).
Novel Mannich bases of ciprofloxacin with improved
physicochemical properties, antibiotic, anticancer activities
and caspase-3 mediated apoptosis. Bioorganic Chemistry
107: 104629.

Adeoye MD, Oyebamiji AK, Ashiru MA, Adigun RA,
Olalere OH, Semire B (2022). Biological evaluation of
selected metronidazole derivatives as anti-nitroreductase
via in silico approach. Eclética Quimica Journal 47(4): 27-
36. DOI: 10.26850/1678-4618eqj.v47.4.2022.p27-36

Adnan N, Raza I, Assad T, Kamran M, Mubeen S, Perveen
F (2019). Effect of Azadirachtica indica leaves aqueous

extract on erythromycin induced hepatic damage. Pakistan
Journal of Medicine and Dentistry 8(2): 49-55.

Bilgic Y, Harputluoglu H, Yilmaz C, Karadag N, Cagin YF,
Akbulut S, Seckin Y, Kutlu O, Yildirim O, Harputluoglu M
(2017). Drug induced autoimmune hepatitis: a single center
experience. Biomedical Research-India 28(15): 6528-6532.

Chaturvedi S, Malik MY, Rashid M, Singh S, Tiwari V,
Gupta P, Shukla S, Singh S, Wahajuddin M. (2020).
Mechanistic exploration of quercetin against metronidazole
induced neurotoxicity in rats: Possible role of nitric oxide
isoforms and inflammatory cytokines. NeuroToxicology 79:
1-10. https://doi.org/10.1016/j.neuro.2020.03.002

Dolati S, Namiranian K, Amerian R, Mansouri S, Arshadi
S, Azarbayjani MA (2020). The effect of curcumin
supplementation and aerobic training on anthropometric
indices, serum lipid profiles, C-reactive protein and insulin
resistance in overweight women: A randomized, double-
blind, placebo-controlled trial. Journal of Obesity &
Metabolic Syndrome 29(1): 47-57. doi:
10.7570/jomes 19055

Fu L, Baranova A, Cao H, Zhang F (2025). Gut microbiome
links obesity to type 2 diabetes: Insights from Mendelian
randomization. BMC Microbiology 25(1): 1-14.

Hamoya T, Miyamoto S, Tomono S, Fujii G, Nakanishi R,
Komiya M, Tamura S, Fujimoto K, Toshima J,
Wakabayashi K, Mutoh M (2017). Chemopreventive
effects of a low-side-effect antibiotic drug, erythromycin,
on mouse intestinal tumors. Journal of Clinical
Biochemistry and Nutrition 60(3): 199-207. doi:
10.3164/jcbn.16-107.

Hemieda FA, El-Kholy WM, Masud ASA (2019).
Evaluating the protective impact of ginger extract against
ciprofloxacin-induced hepatotoxicity in male albino rats.
1OSR Journal of Pharmacy and Biological Sciences 14(1):
23-30.

50



Igbayilola YD, Saka WA, Aina SO, Mofolorunso AM,
Oyabambi AO, Morakinyo AO (2020). Adverse effect of
graded ciprofloxacin oral intake in male Sprague-Dawley
rats. Journal of African Association of Physiological
Sciences 8(1): 62-70.

Ige AO, Oyekunle AO, Olaoye MO, Adewoye EO (2017).
Unripe Musa paradisiaca fruit diet ameliorates impaired
glucose regulation caused by iron-induced oxidative stress.
African Journal of Biomedical Research 20(3): 301-308.

Jain P, Batta AK, Singh P (2022). Comparative study of
serum levels of gamma-glutamyl transferase, aspartate
aminotransferase (AST), alanine transaminase (ALT),
AST: ALT, and bilirubin in patients with chronic hepatitis.
Indian Journal of Medical Biochemistry 26 (3): 73-76.

Jamshed N, Raza I, Rasheed A, Jamshed N, Akhtar L,
Rashid N (2022). Impact of aqueous neem leave extract on
erythromycin induced hepatotoxicity. Pakistan Armed
Forces Medical Journal 72(1): 235-239.
https://www.pafmj.org/PAFMJ/article/view/6756

Kong L, Yu S, Gu L, Geng M, Zhang D, Cao H, Liu A,
Wang Q, Wang S, Tao F, Liu K (2022). Associations of
typical antibiotic residues with elderly blood lipids and
dyslipidemia in West Anhui, China. Ecotoxicology and
Environmental Safety 242: 113889. doi:
10.1016/j.ecoenv.2022.113889.

LiJ, Yang K, Ju T, Ho T, McKay CA, Gao Y, Willing BP
(2017). Early life antibiotic exposure affects pancreatic islet

development and metabolic regulation. Scientific Reports 7:
41778. https://doi.org/10.1038/srep41778

Mihalas E, Balan A, Petcu A, Gavrila L, Savin C (2018). In
vivo pilot study regarding the effects of amoxicillin on
blood glucose levels, body weight and water intake. Revista
De Chimie 69(5): 1229-1232.

Mittal AK, Bhardwaj R, Mishra P, Rajput SK (2020).
Antimicrobials misuse/overuse: Adverse effect,
mechanism, challenges and strategies to combat resistance.
The Open Biotechnology Journal 14(1).
https://doi.org/10.37358/RC.18.5.6296

Ogbonna OA, Egba SI, Uhuo EN, Omeoga HC, Obeagu EI
(2024). Toxic outcomes of ciprofloxacin and gentamicin
co-administration and possible ameliorating role for
antioxidant vitamins C and E in Wistar rats. Elite Journal
of Medicine 2(3): 1-14.

Omoaghe A, Oyesola O, Ezike T, Omizu B, Boone K
(2022). Effects of combined Garcinia kola and Kigelia
africana on insulin and paraoxonase 1 (PONI) levels in

type 2 diabetic rats. Current Drug Discovery Technologies
19(5): 33-41.

Ibrahim et al. Pharmacol Toxicol Nat Med 2025, 5(3-4): 40-52

Omodamiro OD (2018). Hepatotoxicity activity of broad
spectrum antibiotics (amoxicillin and ciprofloxacin) after
prolonged administration in Wistar albino rats. SAJ
Pharmacy and Pharmacology 5(2): 1-11.

Onah PO, Idoko CC (2022). Drug prescription pattern
among patients on national health insurance at tertiary care
hospital in north east Nigeria. GSc Biological and
Pharmaceutical Sciences, 20(01), 137-144.
https://doi.org/10.30574/gscbps.2022.20.1.0220

Otuko R, Maina M, Mwaniki P, Mweu M, Akech S (2023).
Patterns and determinants of antibiotic prescription among
children admitted to public hospitals in Kenya: A cross-
sectional observational study. Wellcome Open Research 8:
454, https://doi.org/10.12688/wellcomeopenres.19531.1

Péarniczky A, Lantos T, Téth EM, Szakacs Z, Godi S,
Hagendorn R, Illés D, Koncz B, Marta K, Miké A,
Mosztbacher D, Németh BC, Pécsi D, Szabo A, Sziics A,
Varju P, Szentesi A, Darvasi E, Erdss B, Izbéki F, Gajdan
L, Halasz A, Vincze A, Szabé6 I, Par G, Bajor J, Sarlés P,
Czimmer J, Hamvas J, Takacs T, Szepes Z, Czako L, Varga
M, Novak J, Bod B, Szepes A, Siimegi J, Papp M, Gog C,
Torok I, Huang W, Xia Q, Xue P, Li W, Chen W,
Shirinskaya NV, Poluektov VL, Shirinskaya AV, Hegyi PJ,
Batovsky M, Rodriguez-Oballe JA, Salas IM, Lopez-Diaz
J, Dominguez-Munoz JE, Molero X, Pando E, Ruiz-
Rebollo ML, Burgueiio-Gémez B, Chang YT, Chang MC,
Sud A, Moore D, Sutton R, Gougol A, Papachristou GI,
Susak YM, Tiuliukin IO, Gomes AP, Oliveira MJ, Aparicio
DJ, Tantau M, Kurti F, Kovacheva-Slavova M, Stecher SS,
Mayerle J, Poropat G, Das K, Marino MV, Capurso G,
Malecka-Panas E, Zatorski H, Gasiorowska A, Fabisiak N,
Ceranowicz P, Kusénierz-Cabala B, Carvalho JR, Fernandes
SR, Chang JH, Choi EK, Han J, Bertilsson S, Jumaa H,
Sandblom G, Kacar S, Baltatzis M, Varabei AV, Yeshy V,
Chooklin S, Kozachenko A, Veligotsky N, Hegyi P;
Hungarian Pancreatic Study Group. Antibiotic therapy in
acute pancreatitis: From global overuse to evidence based
recommendations. Pancreatology 19(4):488-499. doi:
10.1016/j.pan.2019.04.003.

Priya G L, Dhibar DP, Saroch A, Sharma N, Sharma V,
Verma N, Chaluvashetty SB, Prakash A, Kaur H (2024).
Efficacy of empirical Ciprofloxacin or Cefixime plus
Metronidazole therapy for the treatment of liver abscess: a
randomized control clinical trial. Scientific Reports 14(1):
11430. doi: 10.1038/s41598-024-59607-1.

Ramos AQ, Ramos YM, Camaticona NMQ, Tejeda JLR,
Quiréz CNC, Maldonado I, Huaman-Castilla NL, Vilca FZ
(2023). Deciphering ciprofloxacin’s impact on growth
attributes and antioxidant compounds in Pasankalla quinoa.
Agronomy 13(7): 1738.
https://doi.org/10.3390/agronomy 13071738

51


https://www.pafmj.org/PAFMJ/article/view/6756

Reagan-Shaw S, Nihal M, Ahmad N (2008). Dose
translation from animal to human studies revisited. The
FASEB Journal 22(3): 659-661.

Roberts SC, Zembower TR (2021). Global increases in
antibiotic consumption: a concerning trend for WHO
targets. The Lancet Infectious Diseases 21(1): 10-11.

Roder PV, Wu B, Liu Y, Han W (2016). Pancreatic
regulation of glucose homeostasis. Experimental &
Molecular Medicine 48(3): €219-e219.

Silva Lagos L, Luu TV, De Haan B, Faas M, De Vos P
(2022). TLR2 and TLR4 activity in monocytes and
macrophages after exposure to amoxicillin, ciprofloxacin,
doxycycline and erythromycin. Journal of Antimicrobial
Chemotherapy 77(11): 2972-2983. doi:
10.1093/jac/dkac254.

Tahoun EAEM (2017). Protective Effect of Moringa
oleifera against metronidazole-induced toxicity in male

albino rats. Journal of Bioscience and Applied Research 3:
137-149.

Thapaliya S, Wree A, Povero D, Inzaugarat ME, Berk M,
Dixon L, Papouchado BG, Feldstein AE (2014). Caspase 3
inactivation protects against hepatic cell death and
ameliorates fibrogenesis in a diet-induced NASH model.
Digestive Diseases and Sciences 59: 1197-1206. doi:
10.1007/s10620-014-3167-6.

Ibrahim et al. Pharmacol Toxicol Nat Med 2025, 5(3-4): 40-52

Wollheim CB, Maechler P (2002). f-Cell mitochondria and
insulin secretion: messenger role of nucleotides and
metabolites. Diabetes 51: S37-S42.

World Health Organization (2020). 2019 Antibacterial
agents in clinical development: an analysis of the
antibacterial clinical development pipeline. Available at
https://www.who.int/publications/i/item/9789240000193.
Accessed 7" July, 2025.

Yang LL (2020). Anatomy and physiology of the liver. In:
Milan Z, Goonasekera C (eds) Anesthesia for Hepatico-
Pancreatic-Biliary Surgery and Transplantation Cham:
Springer International Publishing, Pp 15-40.

Yonts AB, Kronman MP, Hamdy RF (2018). The burden
and impact of antibiotic prescribing in ambulatory

pediatrics. Current Problems in Pediatric and Adolescent
Health Care 48(11): 272-288.

52


https://www.who.int/publications/i/item/9789240000193

