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Abstract: The present study was planned to investigate the effects of two different concentrations (10 and 40 mg/kg) of monensin,

carboxylic ionophore antibiotic, on the ECG and the serum Na+ and K+ concentrations of rabbits. Fifteen male rabbits, about 2 kg

and 1 year old, were used. ECGs were recorded by a direct writing electrocardiograph. Blood samples for measuring serum Na+ and

the K+ concentrations were collected and the leads I, II, II, aVR, aVL and aVF were recorded before and 6 hours after monensin was

given. The durations and amplitudes of waves on the trace were measured in lead II and electrical axis also measured in leads I and

III. We found that the effects of monensin on ECG and the serum Na+ and the K+ concentrations were dose dependent. In low doses

(10 mg/kg) it produced a sinusoidal tachycardia by decreasing the time interval between two impulse production by sinoatrial node

without changing the serum ion balance. However, in high doses (40 mg/kg) it produced a sinusoidal tachycardia with increasing the

serum K+ and decreasing the serum Na+ concentrations. 
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Monensinin Farklı Dozlarının Tavşanlarda Elektrokardiogram ve Serum İyon Dengesi Üzerine
Etkisi

Özet:Bu çalışma bir karboksilik antibiyotik olan monensinin iki farklı dozunun (10 ve 40 mg/kg) tavşan EKG ve serum Na+ ve K+

konsantrasyonu üzerindeki etkisini araştırmak amacıyla yapılmıştır. Çalışmada yaklaşık 2 kg ağırlığında ve 1 yaşında 15 tavşan

kullanıldı. Monensin uygulamasından önce ve 6 saat sonra serum Na+ ve K+ konsantrasyonunu ölçmek için kan alındı ve I, II, III, aVR,

aVL ve aVF derivasyonları kaydedildi. Dalgaların boyu ve süreleri II. derivasyonda hesaplandı. Ayrıca I. ve III. derivasyonlar kullanılarak

normal elektriksel eksen hesaplandı. Monensinin EKG ve serum Na+ ve K+ konsantrasyonu üzerindeki etkisinin doza bağımlı olduğu

bulundu. Düşük dozda (10 mg/kg) monensin sinuzoidal taşikardi oluşturduğu halde serum Na+ ve K+ konsantrasyonunu

değiştirmedi. Ancak daha yüksek dozda (40 mg/kg) monensin hem sinuzoidal taşikardi oluşturdu ve hem de serum K+

konsantrasyonunu artırarak serum Na+ konsantrasyonunu düşürdü.  

Anahtar Sözcükler: Monensin, elektrokardiogram, serum, sodyum, potasyum, tavşan

Introduction

The electrocardiogram (ECG), record of the potential
fluctuations during a cardiac cycle, gives informations
about all details of cardiac activity (1) and is recognized
as a laboratory aid in diagnosis cardiovascular diseases
(2, 3). Many studies have showed (4, 5) that some
diseases, environmental conditions, breed, age and
muscle condition can affect the ECG.

Monensin is a carboxylic ionophore antibiotic which is
derived from the fermentation of the fungus
Streptomyces cinnemonensis (6). It is used as a
coccidiostat in birds, lambs and calves (7, 8, 9) and
primarily as a growth promoter (10, 11) and as a bloat
preventive (8, 12) in cattle.

Monensin has also a strong positive inotropic effect in
cardiac muscle (13, 14, 15). This effect occurs, because
as an ionophore, monensin has strong affinity for (Na+)

0
.

The affinity of monensin for Na
+

is ten times that for K
+
,

its nearest competitor in biological systems (16). The
monensin-induced increase in (Na

+
)
i

facilitates the entry
of Ca

2+
into the cell by a Na

+
(out) / Ca

2+
(in) exchange

mechanism (17). This Ca
2+

shift is the primary factor
mediating the cellular response. Another factor modifying
the cellular response includes the alteration of the pH of
intracellular components (pHi) since monensin increases
the pHi by transferring H

+
out of the cell (16.)
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Meral et al. demonstrated that monensin increases
the contraction force of the papillary muscles isolated
from the guinea-pigs (17) by increasing the intracellular
Ca

2+
concentration. He also suggested that monensin

should be studied for the treatment of congestive heart
failure (17). However, it has also become clear that, in
addition to increasing the force of contraction, increased
intracellular Ca2+ concentration has other effects on
cardiac muscle. In particular, increases in the intracellular
Ca

2+
concentration appear to initiate some cardiac

arrhytmias. Meral et al. also demonstrated by using
single myocytes that monensin increases the intracellular
Ca2+ concentration by increasing the intracellular Na

+

concentration (17). Since monensin increases the
intracellular Na+ concentration, it should also decrease
the serum Na+ concentration and increase the serum K+

concentration. The  present study was planned to
investigate the effects of two different concentrations of
monensin on the ECG and the serum Na+ and K+

concentrations of rabbits.

Material and Methods

Preparation of animals for recording: 

Fifteen male rabbits, about 2 kg and 1 year old, were

used. Alligator clip electrodes were attached to the skin
at the triceps brachii muscle (coput longum and coput
laterale) of the right and left limbs and biceps femoris
muscle of the right and left hips. Electrode gel was
rubbed into the skin in the area where the alligator clips
were attached to act as a decreasing agent and thereby
decrease the resistance of the skin (18). The rabbits
were immobilized by wrapping a light cotton around
them and then placed on a table. We waited about 10
min. for rabbits to get calm. The rabbits were not
anesthetized at any time. All recordings were made on
the same day.

ECGs were recorded by a direct writing
electrocardiograph (Cardiofax 6851; Nihon Kohden,
Tokyo). All ECGs were standardized at 1 mV = 10 mm,
with a chart speed of 50 mm/sec. Leads I, II, II, aVR, aVL
and aVF were recorded before and 6 hours after
monensin was given. The durations and amplitudes of
waves on the trace were measured in lead II and
electrical axis also measured in leads I and III.

Measurement of the serum Na
+

and K
+

concentrations:

Blood samples for measuring serum Na
+

and the K
+

concentrations were collected before and 6 hours after
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Lead III

Lead I Lead II

Lead aVR

Lead aVL Lead aVF

Figure 1. The leads of ECGs of the control rabbits (standardization, 1mV=10mm; chart speed, 50 mm/sec.
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monensin was given. The Na
+

and the K
+

concentrations
were measured by using a Na

+
/K

+
/C

1-
analyzer (IL testTM

Solution Pact-ILyte Na
+
/K

+
/Cl-, USA).

Drug used:

Two different concentrations (10 and 40 mg/kg) of
monensin (Kartal Kimya San. ve Tic. A. Şti, İstanbul,
Türkiye) were used. Monensin was dissolved in distillated
water and given directly into the stomach by using a
sterile plastic catheter. 

Statistical analysis:

Three treatments (control, 10 mg/kg and 40 mg/kg
monensin) were used. Each treatment contained same
number (n=5) of rabbits with same sex and weight. The
data were expressed as mean ± standard deviation (SD)
and analyzed using analysis of variance (ANOVA). Least
significant difference (24) was used to test for
differences among means for which ANOVA indicated a
significant (P< 0.05) F ratio.

Results

Figure 1,2 and 3 provide all leads of the ECG of the
normal and monensin treated rabbits respectively. These
readings are representative of the majority of rabbits.

The durations and amplitudes of all waves in lead II and
the serum Na

+
and K

+
concentrations are shown in Table

1.

In control group, the P wave was negative in lead aVR
and positive in other leads. The mean duration of the P
wave was 0.020 sec (0.016-0.025 sec) and its mean
average amplitude was 0.10 mV (0.08-0.13 mV). Q wave
was only seen in leads I and aVL. The mean duration of
QRS complex was 0.040 sec (0.035-0.045 sec) and its
mean amplitude was 0.50 mV (0.40-0.63 mV). T wave,
like Q wave, was negative in lead aVR and positive in
other leads. The mean duration of the T wave was 0.080
sec (0.05-1.12 sec) and its average amplitude was 0.25
mV (0.19-0.28 mV). The average value of the mean
electrical axis of the rabbit heart was + 65˚ (-20˚ to +
130˚). The heart rate of rabbits was 187.6 beats/min.
(158-222 beats/min.).

Ten and 40 mg/kg monensin treatments did not
change the durations or amplitudes of any wave on the
trace except they decreased (P<0.05) the average
amplitude of T wave (from 0.25 mV to 0.15 and 0.10
mV respectively). They also increased (P<0.05) the heart
rate (from 187.6 beats/min. to 300 and 330 beats/min.
respectively) by producing a P+T wave and decreasing the
time interval between two impulse production in
sinoatrial node (sinusoidal tachycardia).
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Lead aVL

Lead aVR

Lead aVF

Lead III

Lead I Lead II

Figure 2. The leads of ECGs of the 10 mg/kg monensin treated groups (standardization, 1 mV=10mm; chart speed, 50 mm/sec.)
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Although 10 mg/kg monensin treatment did not
change the serum Na

+
or K

+
concentrations, 40 mg/kg

monensin significantly (P<0.05) decreased the serum Na
+

concentration (from 138.7±4.3 to 111.8 ± 5.2) and
increased the serum K

+
concentration (from 5.3 ± 0.8 to

61.37 ± 6.5).

Discussion

This study was undertaken to evaluate the toxic effect
of the different concentrations of monensin on the ECG
and the serum Na+ and K+ concentrations of rabbits.
Data presented in this study showed that monensin
treatment produced a sinusoidal tachycardia by
decreasing the time interval between two impulse
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Lead I Lead II

Lead aVRLead III

Lead aVL Lead aVF

Figure 3. The leads of ECGs of the 40 mg/kg monensin treated groups (standardization, 1mV=10mm; chart speed, 50 mm/sec).

Variables Control 10 mg/kg 40mg/kg

monensin treated monensin treated

P(sec) 0.020±0.005 0.030±0.005 0.020±0.004

P(mV) 0.10±0.02 0.10±0.02 0.100±0.02

QRS(sec) 0.040±0.006 0.040±0.005 0.030±0.005

QRS (mV) 0.50±0.11 0.60±0.14 0.5+0.09

T (sec) 0.080±0.022 0.10±0.033 0.10±0.029

T(mV) 0.25±0.05 0.015±0.03* 0.10±0.03*

P-Q (sec) 0.70±0.018 0.060±0.015 0.080±0.0.019

Q-T (sec) 0.18±0.03 0.19±0.03 0.17±0.03

Heart rate 1876±29 300±37* 330±43*

Mean electrical axis +65˚ +65˚ +65˚

(-20˚ to + 135˚) (-20˚ to + 135˚) (-20˚ to + 135˚)

Serum Na+ concentration 138.7±4.3 143.4±56 111.8±5.2*

Serum K+ concentration 5.3±0.8 4.9±0.8 61.37±6.5*

Table 1. Amplitudes and durations of

waves, heart rates and the serum

Na+ and K+ concentrations of

control, 10 mg/kg monensin

treated and 40 mg/kg monensin

treated rabbits (mean±standard

deviations are shown, n=15).

*denotes a significant difference

between control and the

treatment group.
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production by sinoatrial node. It has been suggested (19)
that the effect of monensin on systemic blood pressure
and the heart rate is dose-dependent; in low doses there
appear to be a slight but statistically insignificant decrease
in aortic pressure and a slight increase in the heart rate.
Sani et al (19) demonstrated that heart rate had a
tendency to increase by a few beats perminute during the
first 5 minute after the 200 µg/kg of monensin, but
essentially remained unchanged.

In the present study we found that 10 and 40 mg/kg
monensin increased the heart rate significantly (P<0.05).
Dose of monensin in this experiment was high (toxic). It
has been suggested that (19) monensin releases both
norepinephrine from the adrenergic nerve terminals and
epinephrine from the adrenal medulla, since the
cardiovascular actions of the large dose of monensin are
similar to the those reported for both norepinephrine and
epinephrine. The Ca2+ influx is an essential step in
catecholamine release from adrenal medulla, chromoffin
granules and adrenergic nerve terminals (20, 21). How
monensin can cause an increased influx of Ca2+ remains
unexplained at the present time. However, experiments in
isolated rabbit atria (22, 23) suggest that monensin does
not directly transport Ca2+ across the cell membrane, but
may do so indirectly via the transport of Na

+
, which then

exchanges for Ca2+ by a Na+ (out)/ Ca2+ (in) exchanger
(17). The Ca2+ that enters the cell (by a Na

+
(out)/Ca2+ (in)

exchanger and by a catecholamine release) causes an
additional release of Ca2+ from the sarcoplasmic reticulum
(Ca2+-induced Ca2+-release). Release of catecholamines
from adrenal medulla, chromoffin granules and
adrenergic nerve terminals by monensin causes an
increase in the impulse production in sinoatrial node
causing a sinusoidal tachycardia. In our previous
experiments we found that monensin caused a positive
inotropic effect in guinea-pig papillary muscles (17).
Other positive inotropic drugs, such as digoxin also causes
a positive inotropic effect by increasing the intracellular
Ca2+ concentration but it also produces a ventricular
tachycardia (17). However, in this experiment monensin

did not produce any serious arhytmia except sinusoidal
tachycardia that can be easily treated by using
parasymphatic drugs. This finding may be important for
the use of monensin in the treatment of the congestive
heart failure that we suggested before (17). However,
more studies are needed for the use of monensin the
treatment of the congestive heart failure.

It has been also found that the average value of the
mean electrical axis of the rabbit heart was + 65˚ (-20˚ to
+130˚). This result indicated that the ventricular axis is
from right to left and from front to back in rabbits.

We also found that 10 mg/kg monensin treatment did
not change the  serum Na

+
or K

+
concentrations. This

result indicated that 10 mg/kg monensin is not toxic
enough to produce any change in the serum ion balance
although it is toxic enogh to produce an increase in the
heart rate. However, 40 mg/kg monensin significantly
decreased the serum Na

+
concentration and increased the

serum K+ concentration. This indicated that in high (very
toxic) doses monensin, in addition to the increased heart
rate, also changes the serum ion balance by transferring
Na

+
into the cells (24, 25) and causing an increased

intracellular Na
+

concentration and decreased serum Na+

concentration. 

We concluded that the effects of monensin on ECG
and the serum Na

+
and the K

+
concentrations are dose

dependent. In low doses it increases the heart rate
without changing the serum ion balance. However, in high
doses it increases the heart rate with a changed serum ion
balance.
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