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Abstract

Ciprofloxacin (Cipro) has been associated with various adverse effects,
including potential toxicity to the immune system. This study investigates
the immunotoxic effects of Cipro and examines the possible protective role
of vitamin C (VitC) using rats. Although rats can synthesize VitC, they serve
as a relevant model for evaluating drug effects and immune responses due
to their physiological and immunological similarities to humans. A total of
40 rats were divided into four groups (n = 10). The Cipro group received
750 mg/kg of Cipro orally each day for five days. The VitC-Cipro group was
administered 200 mg/kg of VitC orally one hour prior to receiving Cipro
daily for five days. The VitC group received the same dose of VitC, while the
Control group was given 0.9% normal saline daily for five days. Levels of
interleukin-4 (IL-4), interleukin-10 (IL-10), and interferon-gamma (INF-y)
were measured in serum. Histopathological examinations of mesenteric
lymph nodes were also conducted. The Cipro group exhibited significantly
lower levels of IL-4 compared to all other groups (P < 0.05). Similarly, INF-
y levels were significantly reduced in the Cipro group compared to the VitC-
Cipro group (P < 0.05) and the Control group (P < 0.01). No significant
differences in IL-10 levels were observed among the groups (P > 0.05).
Histological analysis revealed degenerative changes in the lymph nodes of
the Cipro group, characterized by a moth-eaten appearance, tingible body
macrophages, localized hemorrhage, and reactive eosinophilia. Tissue

sections from the VitC-Cipro group showed a reduced number of
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lymphocytes with uneven distribution in the paracortex reticular tissue.
These alterations in interleukin levels and lymph node histology may
indicate ciprofloxacin-induced immunotoxicity. Furthermore, the
ameliorative effects of VitC against Cipro toxicity suggest its potential

utility in cases of antibiotic overdose.
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1. Introduction

Ciprofloxacin (Cipro) is a broad-spectrum synthetic antimicrobial agent
belonging to the second generation of fluoroquinolones. It exerts its
antibacterial effects by inhibiting DNA gyrase and topoisomerase 1V, critical
enzymes involved in DNA replication [1]. Cipro's high bioavailability and
rapid absorption, particularly its penetration into cerebrospinal fluid,

contribute to its widespread clinical use [2].

Despite its efficacy, Cipro can induce toxicity, particularly with overdose or
prolonged use. The mechanisms underlying fluoroquinolone toxicity include
oxidative stress and the generation of reactive oxygen species (ROS), as
well as nitrosative stress [3]. These free radicals can lead to various adverse
effects, prompting restrictions on Cipro use during pregnancy, lactation,

and in pediatric and elderly populations [4].

Cipro is associated with several adverse effects, ranging from localized
reactions to severe systemic conditions. For instance, Toxic epidermal
necrolysis (TEN), a severe cutaneous reaction characterized by extensive
epidermal detachment and a high mortality rate, has been reported
following ciprofloxacin administration [5]. Peri-orbital edema, along with
itching and redness, has been observed in patients using ciprofloxacin eye
drops [5]. Fluoroquinolones, including ciprofloxacin, can induce toxic
effects on peripheral nerves, potentially leading to peripheral neuropathy,

characterized by symptoms such as pain, burning, tingling, numbness, or



weakness [6]. Furthermore, Cipro has been associated with cardiotoxicity
and hepatotoxicity. Ciprofloxacin can cause Drug Reaction with Eosinophilia
and Systemic Symptoms (DRESS) syndrome, a severe hypersensitivity

reaction involving multiple organ systems [7].

Food and Drug Administration (FDA) and the European Medicine Agency
(EMA) have advised caution regarding fluoroquinolone prescriptions,
particularly for uncomplicated infections, emphasizing the need for careful

risk-benefit assessments [8].

Antioxidants like Vitamin C have shown potential in mitigating Cipro-
induced toxicities. Studies indicate that Vitamin C can protect against ROS
generation and phototoxicity associated with fluoroquinolones [9].
However, caution is warranted, as concurrent use of Vitamin C may reduce
Cipro's antibacterial activity, necessitating careful adjustment of

administration protocols [10].

In the context of assessing immunotoxicity biomarkers, a recent study
explored the protective role of VitC against Cipro-induced immunotoxicity.
Systemic immune parameters, including IL-4, IL-10, and IFN-¥%, were
measured in Cipro-overdosed rats receiving VitC as a prophylactic agent.
Local immune responses were evaluated through histopathological
examination of mesenteric lymph nodes. Comparisons were made with three

groups receiving Cipro only, VitC only, and Control receiving saline only.
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The rationale for using rats in this research is their physiological similarities
to humans, which facilitate relevant extrapolation of findings to human
health [11]. While rats synthesize Vitamin C, their immune responses are
comparable to those in humans, enhancing the clinical relevance of the
results [12]. In contrast, guinea pigs, which cannot synthesize vitamin C
[13], may present different physiological responses to supplementation and

drug interactions [14].

2. Materials and Methods

2.1. FEthical Use of Animals

Experiments on animals were designed and conducted according to the
National Guide for the Animal Care and Use of Laboratory Animals, which
were according to the Animal Care and Use Committee (ACUC) at Jordan
University of Science and Technology (Approval No. 753/2/3/16). All
mandatory laboratory health and safety procedures have been complied
within the course of conducting any experimental work reported herein.
This study is reported in accordance with the ARRIVE guidelines (Animal

Research: Reporting of In Vivo Experiments) for reporting animal research.

2.2. Animal Conditions

A total of 40 adult male Sprague-Dawley rats (10-11 weeks, 174-190 g body
weight) were housed in the Animal Care Unit at Jordan University of
Science and Technology. The animals were examined by an assigned
veterinarian. Rats were randomly assigned to one of four groups (n=10) by
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a technician not otherwise involved in the study. Animals had a week for
acclimatization in a stainless-steel wire cage (L x W x H; 37 x 22 x 25 cm3),
on a bedding of hardwood chips with free access to water and standard
chow [15]. The temperature was controlled around 25 = 2 °C at a 26%

humidity and a 12-hour light: dark cycle [16].
2.3. Cipro and VitC Administration Protocols

Pre-treatment protocol (treatment before intoxication) was employed for the
In vivo experiments to simulate the real practical clinical use of prophylaxis,
and to show the ameliorative efficacy of VitC against cipro immunotoxicity.
The groups of rats were treated as follows; the Cipro group had oral dose of
750 mg/kg cipro once daily for 5 days. The VitC-Cipro group had orally 200
mg/kg VitC one hour before the cipro overdose. The VitC group had only
VitC, while the Control group had 0.9% normal saline solution. All doses
were prepared freshly in 0.9% normal saline solution before oral
administration and were given once daily for 5 days. The doses were
according to previous studies on Cipro [17], and VitC [18]. During all
experiments, animals were monitored daily, particularly for one hour

following each dose [19]. No clinical or behavioral changes were detected.
2.4. Measuring IL-4, IL-10 and INF-y Using ELISA

Blood samples (2 ml) were taken retro-orbital at the end of the experiment.
The immune biomarkers IL-4, IL-10 and INF-y were measured using enzyme

linked immunosorbent assay (ELISA) [15]. The analysis was performed by
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an investigator blinded to the group allocations. The samples were
collected in golden-jell cap tubes, left 30 minutes at room temperature to
coagulate. Later, the samples were cold centrifuged (4 °C) at 3,000 x g for
10 min in a K3 series refrigerated centrifuge (Centurion Scientific, UK), and
finally stored in aliquots at - 20 °C for later analysis. The assay was
performed using Rat IL-4 ELISA kit (ab100770, Abcam, USA), Rat IL-10
ELISA kit (ab100764, Abcam, USA), and Rat INF-y ELISA Kit (ab46107,
Abcam, USA). To optimize serum dilutions, a pilot run was conducted for
the three kits using 1:1, 1:2, and 1:4 sample dilutions. Based on this, the
dilution of 1:2 was selected for the three assays. The assays were
conducted according to the manufacturers’ instructions, except two
modifications for measuring IL-4, where incubation time of samples was
adjusted to 3 hours instead of 2 hours, while for the substrate, time was
duplicated to 20 minutes instead of 10 minutes. Samples were processed in
duplicates and measured at 450 nm wavelength using a microplate reader,

model 1510 Multiskan Go Spectrophotometer (Thermo Fisher, UK).

2.5. Pathohistological Examination

By the end of the experiment, a brief sedation with 3% isoflurane was
performed right before euthanasia by decapitation. The mesenteric lymph
nodes from two rats per group were preserved in 10% formalin. Then
tissues were cut into 0.5 pm sections using a rotary microtome of the model

HM 325 (Thermo Scientific, USA). Processing of sections was performed



according to a previously described protocol [20]. Processed sections were
placed on glass slides and stained using Hematoxylin-Eosin stain (H&E).
Slides were left to air dry then were examined under a digital light
microscope, model B-290TB (Optika, Italy). It is worth noting that while
H&E stain is useful for identifying overall lymph node structural changes
and inflammation, Immunohistochemical Staining is recommended to
specifically identify T cells, B cells, and macrophages. In addition, future
molecular studies can identify the alterations in the interleukin genes and

verify their serum levels.

2.6. Statistical Analysis of Data

The statistical analysis was conducted by a researcher blinded to the
experimental groups. All data are expressed in mean * standard error (M
+ SE). The data were analyzed using ANOVA in the GraphPad Prism
version 8.0.1 (GraphPad Software, USA, 2018). Tukey's contrast analysis to
determine any significance between and within groups. Shapiro-Wilk test
was conducted to check the normality of data. The level of significance was
set to the value P < 0.05 with confidence interval (CI) of 95%. Image] 1.53K
software (National Institute of Health, USA, 2021) was used to analyze the
cell count in the mesenteric lymph nodes sections form each animal group

[21].

3. Results

3.1. Measurements of Serum IL-4, IL-10 and INF-y
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The average concentration of serum IL-4 was 1.83 + 0.42 pg/ml in the cipro
overdosed rats; 3.63 = 0.14 pg/ml in the rats that had VitC one hour before
the cipro overdose; 3.48 = 0.65 pg/ml in rats treated with VitC only; and
3.51 = 0.02 pg/ml in control rats that had the normal saline. Overdosed
rats that did not have Vit C recorded significantly 52.6% lower levels of IL-4
than rats of other groups (P < 0.05). Fig.1 shows the serum levels of IL-4

in the challenged rats.
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Fig.1 Mean concentrations (pg/ml) of IL-4 in serum of 4 groups of rats.
From left to right: a group had 750 mg/kg cipro; a group had 200

mg/kg VitC then 1 hour later 750 mg/kg cipro; a group had VitC; and
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control had normal saline. All doses were orally given once daily for 5

days. Whiskers are representing standard errors

The average serum levels of IL-10 were 59 + 12.64 pg/ml in the overdosed
rats; 58.65 * 6.43 pg/ml in the rats with VitC prophylaxis; 63.95 = 6.57
pg/ml in the VitC group; and 68.41 +£9.90 pg/ml in control. No significant
changes (P > 0.05) were found between all groups with a 13% decrease in
the levels of Cipro intoxicated rats relative to the control. Fig.2 depicts

serum levels of IL-10 in the four groups.

-

o

o
|

(o]
o
l

o o1
o o
| |

Serum levels of IL10 (pg/ml)
S
|

o

Fig.2 Mean concentrations (pg/ml) of IL-10 in serum of 4 groups of rats.
From left to right: a group had 750 mg/kg cipro; a group had 200

mg/kg VitC then 1 hour later 750 mg/kg cipro; a group had VitC; and
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control had normal saline. All doses were orally given once daily for 5

days. Whiskers are representing standard errors

The mean levels of serum INF-y was 15.33 = 4.21 pg/ml in the cipro
intoxicated rats; 35.25 = 7.30 pg/ml in the animals with the prophylaxis;
56.11 * 24.40 pg/ml in rats that had only VitC; and 43.93 = 16.71 pg/ml in
the control. The intoxicated rats with no prophylaxis expressed notably
43.5% lower levels of serum INF-g compared to rats with prophylaxis (P <
0.05), and the animals with or without VitC (P < 0.01). Refer to Fig.3 for

more illustration of the cytokine levels in the serum of rats.
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Fig.3 Mean concentrations (pg/ml) of INF-x in serum of 4 groups of rats.

From left to right: a group had 750 mg/kg cipro; a group had 200
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mg/kg VitC then 1 hour later 750 mg/kg cipro; a group had VitC; and
control had normal saline. All doses were orally given once daily for 5

days. Whiskers are representing standard errors

3.2. Histopathology Examination of Mesenteric Lymph Nodes

The histopathological changes are available in Fig.4, where Fig.4A
represents tissue of mesenteric lymph nodes from cipro intoxicated rats
without VitC prophylaxis. The lymph nodes had degenerative changes,
mainly, moth-eaten appearance (circle), tingible body macrophages (TBMs)
at the triangle point, localized hemorrhage, and reactive eosinophilia
(arrow). TBMs are a subset of mononuclear large phagocytes that contain
many phagocytized, apoptotic cells in various states of degradation. Fig.4B
shows samples from VitC-cipro group, the paracortex tissue demonstrated a
decreased quantity of lymphocytes with uneven distribution within the
reticular tissue (star). Normal sections of mesenteric lymph nodes are in
Fig.4C from VitC group and Fig.4D from control group. Lymphocytes are
homogenously distributed throughout the lymph node tissue, no necrosis,

no inflammation and no nodule formation.
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Fig.4 Histopathological sections of mesenteric lymph nodes from cipro
group (A) at magnification of x100 with two enlarged fields to the left
and to the right. Left (triangle), a higher magnification (x400) of a field
from Image A, showing tingible body macrophages (TBM) with
intracytoplasmic apoptotic bodies (arrows), which represent nuclear
debris, surrounded by lymphocytes. Right (circle), a higher
magnification of a field from Image A illustrating moth-eaten
appearance, reactive eosinophilia with binuclearity, where cells clearly
have two round nuclear lobes close together with joining filament
(arrows). Image B shows a mesenteric lymph node section from cipro-
VitC group, where the paracortex part demonstrated a decreased
population of lymphocytes with uneven distribution throughout the
reticular tissue. Image C as well as Image D show normal sections of
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mesenteric lymph nodes with normal macrophages (arrow) from VitC

group and the control group, respectively. Scale bar =100 pm, 50 pm

Regarding quantitative analysis of the histological section, the average
immune cells count was measured in 25 fields per 0.5 cm? area of lymph
node tissue. Sections from the cipro intoxicated rats recorded an average
of 233 = 5.4 immune cells; sections from cipro intoxicated rats but had VitC
prophylaxis recorded 106.3 = 3.4 immune cells; sections from rats that had
only VitC reported 192.5 = 5.2 immune cells; and sections from control
samples counted 190.5 = 4.9 immune cells. The highest count of
lymphocytes was recorded in intoxicated rats was due to the developed
eosinophilia. Despite having VitC prophylaxis, notable decrease in the
lymphocyte count was in the intoxicated rats relative to control. For
statistical illustrations, Fig.5 shows significant differences between Cipro
group and all groups (P < 0.001). On the contrary, VitC prophylaxis

reduced the numbers significantly compared to all groups (P < 0.001).
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Fig.5 Average lymphocytes count per 25 fields of 4 groups of rats. From left
to right: a group had 750 mg/kg cipro; a group had 200 mg/kg VitC
then 1 hour later 750 mg/kg cipro; a group had VitC; and control had
normal saline. All doses were orally given once daily for 5 days.

Whiskers are representing one standard deviation

4. Discussion

This is the first report of immunotoxicity due to oral overdose exposure to
the antibiotic cipro in rats and potential prophylactic action of VitC. The
toxic effects were evaluated by measuring serum levels of IL-4, IL-10, and
INF-y to evaluate systemic impact on the immune system, and microscopic

examination of mesenteric lymph nodes to assess local reaction in the

17



immune system. The selected dose of Cipro was based on a number of
factors. First, Cipro has an oral bioavailability of approximately 70-80%
[22], which significantly impacts effective dosing. In adults, typical dosages
range from 250 mg to 750 mg taken twice daily [23], depending on the
specific infection being treated. Second, a dose of 1000 mg/day is already
on the higher end of rat dosing and within the guidelines to perform
Repeated Dose Oral Toxicity (OECD Test Guideline 407) [24]. Third,
research utilizing higher doses in controlled environments, such as animal
models or clinical trials, aims to identify effects that may not be evident at
standard dosages. These studies often incorporate safety monitoring to
ensure their findings are applicable to clinical situations, with higher doses

providing critical insights into potential risks.

IL-4 is a key anti-inflammatory cytokine that plays a critical role in the
immune response to parasites and allergens [25]. In our findings, serum
IL-4 levels were significantly lower in ciprofloxacin-intoxicated rats
compared to controls, regardless of administered agents. This aligns with
previous studies on albino mice, which indicated that treatment with Cipro
at a dosage of 80 mg/100 g body weight led to a significant decrease in IL-4
production after 14 days [26]. In neonatal rats with E. coli sepsis,
ciprofloxacin treatment also resulted in decreased serum IL-4 levels [27].
Overall, our results support the concept of Cipro-induced

iImmunosuppression.
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IL-10 serves as another important anti-inflammatory cytokine, crucial for
maintaining immune homeostasis. It regulates various effector cells and
mitigates allergic reactions and autoimmunity [28]. In our study, IL-10
serum levels did not show significant changes across all groups, regardless
of treatment. This contrasts with previous reports where prophylactic
Cipro treatment increased IL-10 concentrations in mesenteric lymph nodes
of rats with colon cancer [29]. In a fish model, Cipro pre-exposure caused
severe mucosal damage and inhibited IL-10 expression following
subsequent infections [30]. The discrepancies in findings may stem from

variations in experimental conditions and species studied.

IFN-x%, produced by T cells, and natural killer (NK) cells, plays a vital role in
combating viral, bacterial, and protozoal infections [31]. Our results
revealed significant decreases in serum IFN-y levels in Cipro-intoxicated
rats compared to other groups. Similar results have been documented,
showing reduced IFN-¥ production in splenocytes treated with Cipro in
combination with chemotherapy [32]. Additionally, Cipro has been reported
to dose-dependently decrease IFN-yx expression in lymphocytes from
healthy individuals [33]. Our findings align with these studies indicating
that ciprofloxacin significantly decreases IFN-y levels. Furthermore, rats
receiving VitC prophylaxis displayed normal IFN-x levels, suggesting a
protective effect of this antioxidant against antibiotic-induced

immunotoxicity.
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The histopathological examination of mesenteric lymph nodes corroborates
the cytokine measurements. Lymph nodes from Cipro-intoxicated rats
without VitC prophylaxis exhibited several degenerative changes, including
localized hemorrhage, a moth-eaten appearance, and reactive eosinophilia.
Reactive eosinophilia is characterized by binuclearity, defined by two
round nuclear lobes connected by filaments [34]. Tingible body
macrophages (TBMs) were also observed, indicating the presence of
mononuclear phagocytes containing phagocytosed apoptotic cells at
varying degradation stages. TBMs can actively phagocytose apoptotic
lymphocytes, and the tingible bodies in their cytoplasm are referred to as
apoptotic bodies [34]. In contrast, the reticular tissue within the paracortex
of the VitC-Cipro group showed a decreased population of Immune cells.
Control rats and those receiving only VitC displayed normal lymph node
architecture, with a homogeneous distribution of macrophages and
lymphocytes throughout the cortex and paracortex. These findings suggest

a localized immune reaction following cipro overdose.

Eosinophilia can arise from numerous non-neoplastic causes, including
allergic disorders, drug effects, and parasitic infections [34]. The observed
eosinophilia in the mesenteric lymph nodes of Cipro-intoxicated rats,
reflected in the elevated lymphocyte counts, underscores the drug's
immunotoxic effects. Notably, the absence of eosinophilia in sections from

intoxicated rats receiving VitC prophylaxis suggests a protective role for
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VitC against Cipro-induced immunotoxicity, aligning with previous studies

demonstrating the ability of VitC to mitigate antibiotic toxicity [35, 36].

This study has several limitations. First, the sample size, while consistent
with similar toxicological studies, was not determined by a formal power
calculation. Second, the study was conducted exclusively in male rats to
control for hormonal variability; future studies should include female
subjects to assess for sex-based differences. Third, the histopathological
analysis was performed on lymph nodes from a subset of animals (n=2 per
group); a larger sample size for histology would strengthen these findings.
Fourth, while the high dose of Cipro was chosen to model overdose
conditions, it may not directly reflect clinical exposure levels, and the
findings should be interpreted within this experimental context. Finally, the
protective mechanism of VitC, while likely linked to its antioxidant
properties, was not mechanistically probed and warrants further

investigation.

5. Conclusions

In summary, the current work sheds a new light on the systemic
immunotoxic effect of cipro overdose by evaluating the serum
concentrations of two anti-inflammatory cytokines (IL-4 and IL-10) and one
proinflammatory cytokines (IFN-x). The local immunotoxic effect of cipro
overdose was evaluated by examining histological alterations in mesenteric

lymph nodes. Both IL-4 and INF-x were significantly decreased in the
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serum of cipro intoxicated rats. IL-10 levels did not significantly change
between all groups. Intoxicated animals with no prophylaxis expressed
degenerative changes in the draining lymph nodes, mainly, moth-eaten
appearance, TBMs and reactive eosinophilia. The revealed alterations in
the selected interleukins, together with the changes in the mesenteric
lymph node could support clinical assessment of cipro induced
immunotoxicity. Furthermore, VitC prophylaxis ameliorated these
immunotoxic effects, which encourages future investigations to adjust doses
and administration protocols of this antioxidant as a prophylactic agent

against antibiotics immunotoxicity.
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