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Abstract

Diverse range of adverse effects in the administration of fluoroquinolones that includes negative
impacts on semen parameters abound in literature. The current study evaluated the effects of
ciprofloxacin and levofloxacin on the semen indices of experimental rats. Groups of ten rats each
administered with standard doses of ciprofloxacin and levofloxacin twice daily for seven days and
a third group with sterile distilled water as control. Examination of semen samples from the cauda
epididymis on day 35 after the agents’ administration revealed significant declines in sperm cells
motility (P<0.0001); significantly increased abnormal sperm cells morphology (P<0.0001) as well
significant declines in sperm cells concentrations were recorded for both ciprofloxacin and
levofloxacin. This study illuminates the harmful effects of these fluoroquinolones on male fertility.
There is therefore, a need for careful assessment of the potential harm versus benefits in the use of
these antimicrobial agents, otherwise preference for substitute agents especially in men with
fertility challenges is desirable.
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1. Introduction

The challenge of infertility affects 30-50% in different population settings [1]. Male infertility
is responsible for up to 20% of infertility separately and a further 30-40% of the partner’s
infertility [2]. A number of etiological factors contribute to male infertility that range from
urinary tract infections, UTlIs, anatomical abnormalities, occupational and environmental
hazards such as radiation, smoking, scrotal temperature, heavy metals and the administration
of antimicrobial therapeutic agents [3,4]. There are reports of fluoroquinolones, FQs adversely
impacting male fertility [4,5]. The fluoroquinolones are some of the commonest antimicrobial
therapeutic agents prescribed for a wide variety of infections globally [6,7,8,9,10]. The wider
activity range of FQs against both Gram-positive and Gram-negative bacteria including
Pseudomonas aeruginosa and Mycobacteria species with the added advantage of oral
formulations that possess excellent bioavailability contributes to the passion for their regular
use [11,12]. Fluoroquinolones have been administered widely for infections in the last four
decades since introduction into the clinical arena and may remain so for the foreseeable future
[13,14]. The activity of the FQs is directed at the bacterial DNA gyrase and topoisomerases 11
and IV (Topo Il and Topo IV) which are essential enzymes in DNA replication in both
prokaryotes and eukaryotes [7,15]. Individually, TOP | and TOP Il work in opposition to
maintain the super-coiled structure of the DNA, while Topo | reduces the negative twist to
allow unwinding into a relaxed state and alter the topology thus permitting replication [7,16-
18]. Topoisomerase 1V enables the newly synthesized DNA strands to disassemble
synchronously [19,20]. The impressive outcome of the fluoroquinolones in treating bacterial
infections accompanied with wide range of unknown adverse drug effects surfaced during the
post-marketing data collection period [21]. Some of the ADEs are a major source of unease as
they include neurological complications [22]. The fluoroquinolones exhibit extensive
multiplicity of ADEs that range from tendinopathy, tendon rupture, arthropathy, and
interference with glucose metabolism, depression and central nervous system, CNS
disturbances [23-26]. Others ADEs include teratogenic effects on embryo, abnormal semen
parameters and chromatin fragmentation [3-5,27-29]. The planning of the current study was to
evaluate the effects of ciprofloxacin and levofloxacin on the fertility of experimental male rats.

Citation: Onemu SO, Kolawole JT, Isibor CN, Ademulegun FG. Experimental Evaluation of the
Effects of Ciprofloxacin and Levofloxacin on Semen Parameters of Male Rats. Elite Journal of
Laboratory Medicine, 2024; 2(8): 23-32

2


https://epjournals.com/journals/EJLM

Elite Journal of Laboratory Medicine. Volume 2 Issue 8(2024), Pp. 23-32
https://epjournals.com/journals/EJLM

2. Materials and Methods

2.1. Ethical Consideration

The Ministry of Agriculture and Forestry, Akure, Ondo State gave ethical clearance for the study
with letter Ref. No. MNR/V.384/80 issued June 14, 2024, for strict compliance with the guidelines
in the care and use of animals for research.

2.2 Experimental Animals

Adult Wistar rats (30) grouped randomly into A, B and C of 10 rats each for the administration of
ciprofloxacin and levofloxacin and 10 as control.

2.3 Study Design.

Experimental study to evaluate the effects of two regularly prescribed fluoroquinolones -
ciprofloxacin and levofloxacin on the potential harmful effects of the agents on the reproductive
capacity of male rats as a measure of toxicity.

2.4 Experimental Procedure.

The rats were allowed to rest for 5 days to acclimatize, weighed and to determine the concentration
of agent to be administered. The rats assigned into three groups in cages boldly marked (Group A-
C). Group C served as the control group and received only normal rat feed and water. Group B
received 500 pg/kg of ciprofloxacin administered orally twice daily for 7 days. Group C received
200 pg/kg of levofloxacin orally twice daily for 7 days with the aid of a gavage.

2.5 Examination of rats.

Each male rat was initially anesthetized with diethyl-ether before being euthanized through
cervical dislocation and orchiectomy performed via the castration method, involving a midline or
pre-scrotal incision to access the testicular region. The testes extruded through the incision site,
and the tunica vaginalis incised to expose the testicular tissue. Each spermatic cord identified,
ligated, sutured and transected. The method of semen collection is similar to that described by
Okoye et al, [30]. Seminal fluid was from the caudal epididymis was teased into a micro-tube for
prompt analysis to maintain to optimum semen quality.

2.6 Laboratory Analysis

Wet mount of seminal fluid accomplished by the addition of an equal amount of phosphate
buffered saline, PBS solution (1:1 dilution) to enhance sperm cells motility and evaluation for
morphology. The mixture was then gently vortex-mixed to preclude the introduction of bubbles
and foam, from which a small aliquot (5 pL) placed carefully on a clean glass slide, covered with
a coverslip to prevent evaporation and preserve specimen integrity. The prepared slide was then
examined under a bright-field microscope (x10 and x40), enabling the accurate assessment of
motility, morphology and sperm concentration applying standardized guidelines [31].

2.7 Statistical Analysis

Statistical Package for Social Science Version 20 (SPSS V.20) software deployed for the analysis
of data with use of descriptive statistics, including mean, standard deviation, inferential statistics
and t-test to determine significant differences test rats and control rats. The confidence limit was
set at 95%, (P<0.05).

3. Results
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Table 3.1 shows the mean percent of sperm cells motility and morphology parameters of each
experimental group of rats with the control set of rats showing the most impressive indices - 78.2
+ 3.5% and 85.1 + 2.1% for motility and sperm cells with normal morphology individually. Rats
treated with ciprofloxacin and levofloxacin showed sperm cells motility and normal sperm cells
forms of 52.1 + 5.2% and 61.3 £ 4.5%, and 53.5 + 5.5% and 62.5 + 4.2% respectively. Each of the
agents showed a significant level of decline (P<0.0001) in both motility and in the proportion of
normal sperm cells. Table 3.2 represents a comparative analysis of the mean sperm cell
concentration of the three groups of rats. The spermatozoa concentration in the control group of
rats was significantly higher (P<0.0001), 52.1 + 1.75 x 10%/mL compared to 33.1 + 3.43 x 10%/mL
and 33.2 + 3.25 x 10%/mL for ciprofloxacin and levofloxacin treatment groups respectively.
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Table 3.1: Assessment of sperm cells motility and morphology after administration of agents.

Group of rat Motility (%) Normal sperm cells (%) P-vatue
Ciprofloxacin 52.1+52 613+ 4.5 <0.0001
Levofloxacin 535+55 625+4.2 <0.0001
Control 78.2+35 85.1+21
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Table 3.2: Concentration of sperm cells of rats treated with ciprofloxacin and levofloxacin

Group of rat Sperm cells concentration P-value
(x 108/mL)
Ciprofloxacin 33.1+£3.43 <0.0001
Levofloxacin 33.2+3.25 <0.0001
Control 52.1+1.50
4. Discussion

The study uncovered the detrimental effects of ciprofloxacin and levofloxacin on the fertility
of the experimental male rats. Sperm cells motility declined significantly (P<0.0001) in male
rats administered with ciprofloxacin (Table 3.1). Rats that received levofloxacin similarly
demonstrated significant reduction (P<0.0001) in the proportion of motile sperm cells
compared to the control group of rats. The abnormalities in sperm cells morphology similarly
increased significantly (P<0.0001). The harmful effects of ciprofloxacin and levofloxacin point
to the deleterious impacts of ciprofloxacin and levofloxacin on male reproductive capacity
reported from earlier studies [32-35]. The administration of each of ciprofloxacin and
levofloxacin in the experimental rats caused significant reduction (P<0.0001) in sperm cells
concentration. This is an indication that the use of these fluoroquinolones leads to the induction
of deleterious events in the male reproductive system. This is consistent with observations from
previous studies [3,24-28]. The pronounced impact of ciprofloxacin and levofloxacin on semen
parameters from this study cannot be divorced from the mode of action of the fluoroquinolones
which is directed at the inhibition of bacterial DNA gyrase and topoisomerases Il and IV
(TOPO Il and TOPO 1V) necessary for replication of bacteria. Topoisomerase | (TOPO I) and
TOPO I are critical enzymes in both prokaryotes and eukaryotic organisms that function
synchronously during replication. The inhibition of TOPO Il indirectly hampers the activity of
TOPO I that may reflect the harmful effects seen in mammalian cells [17,18,20]. The increased
levels of abnormalities recorded from this study lays credence to reports of DNA fragmentation
and other abnormalities reported from prior studies on the adverse effects of fluoroquinolones
[5,16,19]. This represents the most direct evidence that ciprofloxacin and levofloxacin are not
sufficiently selectively toxic to only prokaryotic cells or bacteria but also to mammalian cells,
and therefore, capable of exacerbating male infertility and complicate
oligoasthenozoospermia. It is instructive therefore, to weigh the risks-benefits ratio in the
prescription of fluoroquinolones antimicrobial agents particularly ciprofloxacin and
levofloxacin for males in the active reproductive age. The consideration for placement of these
fluoroquinolones into the list of reserved drugs for which no alternative agent exists is desirable
[4,5,19,20,36-39].

5. Conclusion

Ciprofloxacin and levofloxacin are fluoroquinolones prescribed extensively with demonstrable
deleterious impacts on semen indices requiring risk-benefit assessment for their administration in
males in the active reproductive years. The removal of fluoroquinolones from routine use into
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agents of last resort will minimize the occurrence of adverse events and diminish the challenge of
bacterial resistance to antimicrobial agents.

Funding: The authors received no funding and have no conflict of interest to declare.

Data availability: All relevant data from the current study are included and assessable on
reasonable request from the corresponding author.
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