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Ciprofloxacin, an antibiotic with cardiac actions on isolated rat
hearts
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Abstract

Resumen

Context: Ciprofloxacin is the most commonly used fluoroquinolone and is
prescribed as the antibiotic of choice in the treatment of several microbial
infections. Some clinical reports have suggested that ciprofloxacin may
induce QT-interval prolongation and Torsades de Pointes arrhythmias.
This drug is a weak inhibitor of a rapid component of the cardiac delayed
rectifier potassium current IKr, but there are few electrophysiological data
available to assess whether ciprofloxacin has the potency to provoke QT
prolongation and subsequent Torsades de Pointes arrhythmias.

Contexto: La ciprofloxacina es la fluoroquinolona más comúnmente
empleada como antibiótico de elección en el tratamiento de diversas
infecciones microbianas. Algunos reportes clínicos han sugerido que la
ciprofloxacina puede prolongar el intervalo QT y causar arritmias del tipo
Torsión de Puntas. Este fármaco es un débil bloqueador del componente
rápido de la corriente de potasio cardiaca rectificadora retardada IKr, pero
hay pocos estudios electrofisiológicos que permitan explicar su potencia
de acción para provocar la prolongación del intervalo QT y las
consecuentes arritmias del tipo Torsión de Puntas.

Aims: To evaluate the effect of ciprofloxacin on the contractile and
electrical activity of isolated rat hearts.
Methods: The Langendorff technique was performed in rat hearts, and the
effects of ciprofloxacin (0.001 - 100 μM) were measured on the cardiac
force of contraction and on the RR, QRS and QTc intervals. The
arrhythmogenic potential and the ventricular fibrillation threshold were
evaluated with ciprofloxacin.
Results: Ciprofloxacin decreased the force of contraction of all hearts
studied, in a concentration-dependent manner. The estimated IC50 for the
inotropic negative effect was 0.15 ± 0.04 μM. Ciprofloxacin significantly
prolonged the QRS complex, QTc and RR interval. Significant arrhythmic
effects with ciprofloxacin were shown and the ventricular fibrillation
threshold was decreased.
Conclusions: These results suggest that ciprofloxacin exerted effects on
cardiac Na+, K+ and Ca2+ channels. The actions of ciprofloxacin require
further studies at the cellular level. These conclusions may account for
clinical data that have been reported previously.

Keywords: antibiotic; arrhythmia; ciprofloxacin; ECG; fluoroquinolones;
QT prolongation.

Objetivos: Evaluar los efectos de ciprofloxacina sobre la actividad
contráctil y eléctrica de corazones aislados de rata.
Métodos: Se llevó a cabo la técnica de Langendorff en los corazones de
rata y se midieron los efectos de ciprofloxacina (0.001 – 100 μM) sobre la
fuerza de contracción cardiaca y sobre los intervalos RR, QRS y QTc. Se
evaluó el potencial arritmogénico y la variación del umbral de fibrilación
ventricular con ciprofloxacina.
Resultados: La ciprofloxacina disminuyó la fuerza de contracción de todos
los corazones estudiados de manera dependiente de la concentración. El
valor de IC50 estimado para el efecto inotrópico negativo de ciprofloxacina
fue de 0.15 ± 0.04 μM. El complejo QRS y los intervalos RR y QTc fueron
prolongados significativamente con ciprofloxacina. Se observaron eventos
arrítmicos con este compuesto y disminuyó significativamente el umbral
de fibrilación ventricular.
Conclusiones: Estos resultados sugieren que la ciprofloxacina ejerce
acciones sobre canales cardiacos de Na+, K+ y Ca2+, lo cual requiere la
realización de otros estudios a nivel celular. Estas conclusiones pueden
explicar los hallazgos clínicos reportados previamente.
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INTRODUCTION
Ciprofloxacin, like other fluoroquinolones, is
widely used for the treatment of various types of
bacterial infections. Prolongation of the QT interval
is an adverse effect associated with the use of fluoroquinolones (Owens, 2004; Briasoulis et al., 2011). Druginduced QT prolongation increases the risk for Torsade de Pointes (TdP), a potentially fatal ventricular
arrhythmia (Roden, 2004; 2016). The proarrhythmic
side effect of these antimicrobial agents is receiving
more and more attention since the withdrawal of
grepafloxacin and sparfloxacin from the market due
to adverse cardiac events (Dupon et al., 1996; Jaillon et al.,
1996; Owens, 2004).
Fluoroquinolones prolong the QT interval by
blocking voltage-gated potassium channels, especially the rapid component of the delayed rectifier
potassium current IKr, expressed by HERG (the
human ether-a-go-go-related gene) (Bischoff et al.,
2000; Anderson et al., 2001; Kang et al., 2001; Owens, 2004) .
The IC50 of ciprofloxacin for hERG K+ currents has
been reported to be 966 μM in Chinese hamster
ovary cells (Kang et al., 2001). On the other hand, Lacroix et al. (2003), reported that the maximum
blockade of IKr was 47.6 ± 1.9% at 335 μM of ciprofloxacin in human embryonic kidney (HEK) 293
cells. Fluoroquinolones are thus, weak inhibitors of
IKr compared with other drugs with specific inhibitory mechanisms (Owens, 2004, Sanguinetti and TristaniFirouzi, 2006; Owens and Nolin, 2006) and the association
between prolongation of the QT interval and TdP is
complex and depends on concurrent risk factors;
eg, genetic predisposition, female sex, age, underlying heart disease, and co-medication with drugs
that are known to increase the risk of TdP (AboSalem et al., 2014; Roden, 2016).
Ciprofloxacin prolonged action potential duration in a concentration-dependent manner in canine isolated cardiac Purkinje fibers (Patmore et al.,
2000). In Langendorff-perfused rabbit hearts ciprofloxacin increased the QT interval and monophasic
action potentials duration (Milberg et al., 2007). Likewise, in halothane-anesthetized guinea pig, ciprofloxacin, at 10 mg/kg, prolonged PR, QRS and QT
intervals and the duration of the monophasic action
potentials (Matsuo et al., 2013).
http://jppres.com/jppres
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Some clinical reports have suggested that ciprofloxacin may induce QT-interval prolongation or
TdP arrhythmias in the presence or absence of coadministered drugs (Noel et al., 2003; Prabhakar and
Krahn, 2004; Letsas et al., 2006; Keivanidou et al., 2009; Haring
and Bauer, 2012). Also, ciprofloxacin inhibits CYP1A2

and CYP3A4, known CYP-mediated drug interactions that potentially leading to a decreased clearance of several proarrhythmic agents. These interactions pose an underestimated risk in the application of ciprofloxacin (Haring and Bauer, 2012).
There are few electrophysiological data available
to assess whether ciprofloxacin has the potency to
provoke QT prolongation and subsequent TdP. Besides, information is limited regarding the contractile actions of ciprofloxacin in the heart. The present study assessed the effects of ciprofloxacin on
the electrical and contractile activity of rat hearts.
To better analyze the proarrhythmic potential of
ciprofloxacin, the study further evaluated its arrhythmogenic effects and how it affects the ventricular fibrillation threshold.
MATERIAL AND METHODS
Animals
Male adult (7-8 weeks) Wistar rats were obtained from the National Center for Laboratory Animal Reproduction (CENPALAB; La Habana). Prior
to the experiment, animals were adapted for seven
days to laboratory conditions (controlled temperature 25 ± 2°C, relative humidity 60 ± 10%, and 12 h
light/dark cycles). Tap water and standard diet for
rodents supplied by CENPALAB were freely provided. All procedures were also conducted according
to the European Commission guide-lines for the use
and care of laboratory animals and approved by the
Ethical Committee for Research of the Center (No.
02-2015, folio 3, book 01, 2015). The minimum number of animals (n = 6) required to obtain consistent
data were employed.
Isolated hearts
As previously reported (Galán et al., 1998), under
pentobarbital anesthesia rat hearts were removed
and placed in cold Tyrode (see below). Rat hearts
were carefully dissected, mounted on a Langendorff
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column and perfused at constant flow (10 mL/min)
with a Tyrode solution of the following composition
(mmol/L): 140 NaCl, 2.5 KCl, MgCl2, 2 CaCl2, 10 Trishydroxymethylaminomethane, 10 Glucose (pH =
7.4, gassed with O2; T = 35°C). A bipolar platinum
recording electrode was placed on the ventricular
epicardium to record the surface electrocardiogram
(ECG). Another bipolar platinum electrode was
placed near the atrioventricular ring and was connected to an electronic stimulator.
To record the force of contraction (FC), the cardiac apex was fixed to a force-displacement transducer with a surgical 6-0 silk thread. ECG and FC
values were recorded at the spontaneous heart rate
and at a fixed stimulus rate (200-ms RR interval).
The incidence of arrhythmia was analyzed in accordance with the Lambeth Conventions (II) as
ventricular premature beats, ventricular tachycardia, and other types of arrhythmias (bigeminy and
salvo) (Curtis et al., 2013).
The ventricular fibrillation threshold (VFT) was
determined using a stimulation program that consisted of twenty 2-ms duration current pulses at 2ms interval. Current intensity (mA) was measured
with the stimulus-isolating unit. VFT was the current intensity at which at least five spontaneous
arrhythmic complexes were observed after the end
of the stimulus train.
Ciprofloxacin and chemicals
Ciprofloxacin hydrochloride monohydrate (molecular weight = 385.82) was a gift of BioCubaFarma, and it was diluted in the bathing solution on
the day of the experiment. All other chemicals were
from Sigma Aldrich.
Statistical analysis
Results are expressed as means and standard errors of means. Statistical significance was evaluated
using Student’s t-test. Differences were considered
statistically significant at p<0.05.
RESULTS AND DISCUSSION
The present study examined the effects of ciprofloxacin on rat cardiac contraction. Fig. 1A shows
that ciprofloxacin exerted a negative inotropic effect in concentration-dependent manner. The maxhttp://jppres.com/jppres
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imum inhibitory effect of ciprofloxacin (100 μM)
was 87.1 ± 4.8% of the control force amplitude.
Concentration-effect relationships yielded an IC50
value of 0.15 ± 0.04 μM. The negative inotropic effect of ciprofloxacin has not been reported before,
this action indicated the existence of an inhibitory
contractile mechanism that could be via their action on any of the mechanisms that lead to a decreasing the cellular calcium entry during the excitation-contraction coupling such as Na+ and Ca2+
channels, the Na-Ca exchanger, the ryanodine receptor or the Ca-ATPase (Bers, 2001). Thus, further
studies will be needed to clarify its mechanisms.
Ciprofloxacin, in a concentration-dependent
manner, affected the spontaneous electrical activity
of isolated rat hearts, it prolonged the RR, QRS and
corrected QT (QTc = QT/√RR), in a statistically
significant manner (Fig. 1B-D). Ciprofloxacin decreased the heart rate with significant changes in
RR interval since 0.1 μM, at lower concentrations
(0.001 and 0.01 μM), ciprofloxacin showed a tendency to increase the RR interval but without statistical significance; the pre-drug control RR was 241.2
± 21.0 ms, it was increased to 1687 ± 57.8 ms at the
highest concentration (100 μM). QRS interval was
not significantly affected by ciprofloxacin at concentrations from 0.001 to 1 µM; however significant
changes were detected in QRS duration since 10, 30
and 100 μM of ciprofloxacin (from 9.4 ± 0.8 ms in
control to 13.1 ± 1.1 ms, 16.4 ± 4.1 and 17.1 ± 3.5 ms,
respectively). QTc was also prolonged by ciprofloxacin, but with statistical significance at concentrations as low as 0.1 μM; the pre-drug control QTc
was 105.6 ± 6.9 ms.
These results are in agreement with those of
Matsuo et al. (2013) who reported that ciprofloxacin,
at 10 mg/kg, in halothane-anesthetized guinea pig,
decreased the heart rate and prolonged the QT interval and the duration of the monophasic action
potential of the ventricle. They also reported that
the PR interval and QRS were also increased by
ciprofloxacin at 10 mg/kg, suggesting that the drug
inhibited cardiac K+ channels as well as Na+ and
Ca2+ channels in vivo. In Langendorff-perfused rabbit hearts, ciprofloxacin led to a signiﬁcant increase
in QT interval and monophasic action potentials
duration and exhibited reverse-use dependence
(Milberg et al., 2007). Abdelrady et al. (2017), measuring
J Pharm Pharmacogn Res (2018) 6(2): 67
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QT, QTc, QRS and ST segment changes, highlighted that administration of ciprofloxacin (150 or 300
mg/kg) to healthy rats or rats with myocardial infarction, increased all these values compared to
their control group.
In contrast, ciprofloxacin, orally administered to
healthy male dogs at the dosage of 25 mg/kg weight
twice daily for 14 days, produced no significant
changes in heart rate, QT, QTc (Bazett's formula)
and QTc (Fridericia's formula) (Omobowale et al., 2016).
Another finding of the present study resulted in
significant arrhythmic effects with ciprofloxacin in
isolated hearts from rats. Of six hearts studied, five
developed arrhythmias. Ventricular premature
A

beats, bigeminies, and ventricular salvos occurred
with ciprofloxacin since 0.1 μM, but no episodes of
TdP were shown (Fig. 2).
The ventricular fibrillation threshold (VFT) was
significantly decreased by ciprofloxacin since 0.1
μM. At 0.1 μM and 1 μM of ciprofloxacin, the VFT
was decreased in 58.3 ± 8.3% and 56.1 ± 10.6%, respectively, compared with the control condition.
These data provide direct evidence for the potential
role of ciprofloxacin on the susceptibility to arrhythmias of the isolated rat heart, as assessed by
the fall in the VFT. However, in this study, the decrease in the VFT and the proarrhythmic effects
were independent of ciprofloxacin concentration.
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Figure 1. Effects of ciprofloxacin on the contractile and electrical activity of isolated, Langendorff-perfused rat hearts.
A: Concentration-response curves for the inhibition of force of contraction by ciprofloxacin. Experimental data (n = 6 for each point) were fitted to
a Hill function. B-D: Effect of ciprofloxacin on the RR (B), QRS (C) and QTc (D) interval of the ECG recorded in isolated rat hearts. The data
represent mean ± SEM for n=6.*p<0.05 compared to control values.
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Figure 2. Examples of the arrhythmic effects of ciprofloxacin at different concentrations in isolated, Langendorffperfused rat hearts on the force of contraction (black upper trace) and ECG (red lower trace).
Trace A is a control recording, trace B indicates the induction of bigeminy by 0.1 μM of ciprofloxacin. Application of 10 μM of
ciprofloxacin-induced ventricular premature beats and ventricular salvos (trace C). Ventricular premature beats and ventricular salvos
were recorded in the presence of 100 μM of ciprofloxacin (trace D).

Additional pro-arrhythmic mechanisms have
been described for ciprofloxacin, such as triangulation of the action potential and dispersion of repolarisation. In the presence of low potassium concentration, four of 10 ciprofloxacin-treated Langendorff-perfused rabbit hearts showed arrhythmic recordings with Early Afterdepolarizations and TdP
(40%) (Milberg et al., 2007).
All quinolones demonstrated reverse use dependence as a typical marker of IKr-blocking drugs
that is regarded as a risk factor for TdP. It contributes importantly to proarrhythmia associated with
these drugs because of a marked increase in dispersion of repolarization. This increase in dispersion of
repolarization by all fluoroquinolones is typical for
this class of drugs. It results in electrical heterogeneity, representing the appropriate substrate that
most likely underlies circus movement re-entry in
TdP (Milberg et al., 2007).
Another aspect to keep in mind is that the individual response to a repolarization prolonging drug
that might reduce the repolarization reserve plays
an important role in the development of
proarrhythmia. The concept of repolarization reserve was introduced by Dan Roden (1998), as a patient-speciﬁc response to a repolarization prolonghttp://jppres.com/jppres

ing drug underlying acquired QT syndrome. It suggests that risk factors and genetic defects set the
stage for this abnormal response (Roden, 2016). When
multiple subclinical lesions inﬂuence the repolarization process because of clinical risk factors such
as hypokalemia or bradycardia, superimposition of
IKr-blocking drugs can result in TdP. In this context, administration of fluoroquinolones is of particular importance in patients with predisposing
risk factors reﬂecting decreased repolarization reserve (Prabhakar and Krahn, 2004) and may act as an
ampliﬁer that increases the probability of TdP (Owens, 2004; Owens and Nolin, 2006; Abo-Salem et al., 2014).
Ciprofloxacin remains the safest fluoroquinolone
to date regarding TdP risk. A few cases of TdP have
been reported to occur in association with ciprofloxacin administration (Frothingham, 2001; Prabhakar and
Krahn, 2004; Flanagan et al., 2006; Haring and Bauer, 2012; Itoh
et al., 2016). This may be related to the fact that some

drugs block the hERG potassium channel and prolong QT with a minimal TdP risk like ranolazine
(Antzelevitch et al., 2004) or amiodarone (Wu et al., 2008),
likely because of additional block of inward currents, such as the late sodium current or the L-type
calcium current (Antzelevitch and Shimizu, 2002; Sanguinetti and Tristani-Firouzi, 2006; Roden, 2016). Preclinical
J Pharm Pharmacogn Res (2018) 6(2): 69
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studies have suggested that late sodium or calcium
current block can shorten hERG potassium channel
block-induced action potential and QT prolongation and prevent TdP (Chezalviel-Guilbert et al., 1995;
Shimizu and Antzelevitch, 1997; Martin et al., 2004; Belardinelli
et al., 2013).

CONCLUSIONS
The present findings clearly highlight the negative inotropic action of ciprofloxacin in a concentration-dependent manner, and the prolonging RR,
QTc, and QRS actions. These results suggest that
ciprofloxacin exerted a multi-ion channel–blocking
action in the heart, and it that requires further
studies. These conclusions may account for clinical
data that have been reported previously.
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