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Abstract. – Rasagiline (RSG) and selegiline (SEL) are potent selective monoamine oxidase-B inhibitors and used in the treatment of
Parkinson’s disease. Selegiline is metabolized
in vivo to l-methamphetamine and l-amphetamine which effect cardiovascular system.
Therefore, the aim of this study was to evaluate and to compare the effects of long-term
use of these drugs on QT interval in conscious rabbits.
The study involved 17 New Zealand rabbits
of both sexes, aged between 7 and 14 months.
Control group (CG, n=6) was orally given isotonic saline solution at dose of 0.5 cc/per rabbit. The SEL group (SG, n=6) received 5
mg/per rabbit SEL orally twice daily (09:00 am
and 09:00 pm) for 14 days. The RSG group
(RG, n=5) was orally given of RSG at 1 mg/per
rabbit daily for 14 days. Electrocardiographic
records were taken before the experiment
(baseline) and at 1st, 7th, and 14th days of experiment by direct writing electrocardiograph
for two groups.
Heart rate (HR), QT and QTc values were determined from ECG records. HR did not significantly differ in both treatment groups through
the experimental period when compared to
baseline values. The significant prolongation
of QT and QTc values were observed at 7th,
and 14th day (p< 0.01) in SG and 1st day of experiment in RG (p< 0.05) as compared to baseline values.
In conclusion, the results obtained suggest a
statistically significant effect of SEL on QTc prolongation when compared to RAS. QTc prolongations should be taken into account in Parkinson’s disease where autonomic system is involved.
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Introduction
Rasagiline (RAS) and selegiline (SEL) are potent selective monoamine oxidase-B inhibitors
and used in the treatment of Parkinson’s disease
(PD). SEL, the first selective MAO-B inhibitor,
has been commercially available in the United
States since 19891. SEL is metabolised to methamphetamine and amphetamine2. These metabolites
increase synaptic release of catecholamines. Amphetamine is metabolised to the neurotransmitter
p-hydroxyephedrine which takes part in depletion
of nerve terminals of norepinephrine3,4. Methamphetamine and catecholamines modulate heart rate
and blood pressure with cardiotoxic effects. Increased high catecholamine levels can also cause
vasoconstriction, vasospasm, tachycardia and hypertension5. Kaye et al6 already underlined that
methamphetamine use can cause cardiac arrhythmias and that sudden cardiac death is often associated with high methamphetamine doses.
Rasagiline mesylate, a new selective MAO-B
inhibitor, has been approved by European drugregulatory authorities since 2005. RAS has been
developed to produce a selective MAO-B inhibitor
that, presumably, is not metabolised to toxic
metabolites, amphetamine and methamphetamine,
as it happens by products of SEL metabolism1.
One of the side-effects of several non-cardiac
drugs is QT interval prolongation. In fact, many
antiarrhytmic and non-cardiac drugs are known
to prolong ventricular repolarisation with the appearance of the torsades de pointes (TDP) resulting in an inhomogeneous lengthening of action
potential, T wave abnormality, and QT interval
prolongation7.
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Side-effects of SEL and RAS on cardiovascular system have already been discovered in few
studies. However, it is lacking an experimental
study evaluating the effect of SEL alone on corrected QT interval (QTc) prolongation. It has
been observed that RAS has less side-effects in
comparison to SEL. However, there is no report
stating the effect of RAS on QTc. Therefore, the
aim of this study was to evaluate and to compare
effects of long-term use of RAS and SEL on QT
interval in conscious rabbits.

Materials and Methods
Animals and Groups
The study involved 17 New Zealand rabbits of
both sexes, aged between 7 and 14 months. Rabbits were fed special pelleted rabbit diet ad libitum in cages. Animals were kept at room temperature (22-25ºC) with 12h light:12h dark cycle.
The Laboratory Animal Care and Use Committee
of University of Kafkas approved the experimental protocol.
Drug Administration
Control group (CG, n=6) was orally given isotonic saline solution at dose of 0.5 cc/per rabbit.
The SEL group (SG, n=6) received 5 mg/per rabbit SEL orally twice daily (09:00 am and 09:00
pm) for 14 days. The RAS group (RG, n=5) was
orally given of RAS at 1 mg/per rabbit daily for
14 days.
Electrocardiography (ECG) Recording
Electrocardiographic procedure was performed as reported by Uzun et al8. ECG records
were taken for all rabbits before the experiment
(baseline) and 1st , 7th and 14th day of experiment
by direct writing electrocardiograph (Poly-Spectrum 12 channel ECG-System, Poly-Spectrum-8,
Neurosoft, 5, Voronin str., Ivanovo, Russia).
ECG recordings were loaded onto computer and
analysed manually. Animals were not given any
sedatives or anaesthetics before and during ECG
recording.
The QT interval was corrected for heart rate
with the formula used by Fridericia et al9.
Statistical Analysis
Mean HR, QT, and QTc were compared within and between the groups at baseline (before the
experiment), 1st, 7th, and 14th days by one-way
96

ANOVA (Turkey’s t-test) using MINITAB stastical package (Version 11.2, 1996). The factors effecting the HR, QT, QTc values were analysed
using the multiple ANOVA methods. Data were
represented as mean ± SEM. Significant level
was set at p<0.05.

Results
Heart rate (HR), QT and QTc values were determined from ECG records. HR did not significantly differ in both treatment groups throughout
the experimental period when compared to CG
and baseline values. The significant prolongation
of QT and QTc values were observed at 7th and
14th day (p<0.01) in SG and 1st day of experiment
in RG (p<0.05) as compared to baseline values.
All data are given in Table I. Statistical analyses
revealed that these changes were time dependent
(p<0.001).
Changes in percentage of HR, QT and QTc
values are given in the Figure 1A-C.

Discussion
This study referred a significant changes in
QT/QTc in rabbits receiving RAS and SEL in
comparison to baseline and with control values.
Comparison of treated groups with CG revealed non-significant changes in HR. However,
a 6.7% significant decrease against baseline HR
was detected in RAS group respect to SEL
group, during 14 days period. If this changes
were not considered, one observer would conclude that there was no effect of RAS and SEL
on HR in conscious rabbits.
Abbasi et al.10 reported unchanged HR values
after oral application of RAS and SEL for 5-21
days in anesthetized rabbits. Conversely, Finberg
et al.11 reported a sympathomimetic effect and increased HR after an intravenous injection of SEL
at dose rate s of 1-5 mg/kg. However, 1 mg/kg of
SEL and RAS didn’t exhibit sympathomimetic effect through sufficiently inhibited MAO-A and
MAO-B. Our data agree with Abbasi et al. results
but differe from that of Finberg et al. where SEL
dependent HR increase was reported. This difference may be explained by dose of drug and route
of application since Finberg et al. used an intravenous route and a dose 3 times higher than ours.
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Table I. Comparison of HR, QT and QTc changes in Control group (6 rabbits treated with saline: 1 ml per rabbit) and after
oral administration of Selegiline (6 rabbits: 10 mg/per rabbit/per day) and of Rasagiline (5 rabbits: 1 mg/per rabbit/per day).
Drugs were administrated for 14 days. The Heart Rate (HR), QT and Corrected QT values (QTc) were measured in conscious
rabbits from ECG records before (baseline) and at 1, 7, and 14 days of experiment. Values are different in the same row
(p<0.05, **p<0.01) and in the same column (ap<0.05, bp<0.01) compared to baseline and Control group, respectively.
Time after application
Groups/
application
Control group
(1 ml/per rabbit, n=6)
Selegiline group

Rasagiline group

Values
(ms)

Baseline

Day 1

HR
QT
QTc
HR
QT
QTc
HR
QT
QTc

240 ± 3
147 ± 2
233 ± 4
248 ± 3
142 ± 2
227 ± 2
242 ± 8
138 ± 3a
219 ± 4a

236 ± 3
146 ± 2
230 ± 3
248 ± 3
144 ± 2
232 ± 3
242 ± 8
149 ± 4*
236 ± 5*

Use of SEL with L-Dopa caused sudden cardiac death in several cases of Parkinson’s disease
(PD); these deaths have been attributed to cardiotoxic effects of SEL12. In fact, methamphetamine, a metabolite of SEL, has been reported to
prolong QTc suggesting that this prolonged QTc

Day 7
234 ± 4
145 ± 2
228 ± 3
242 ± 4
153 ± 4**
243 ± 5**,a
228 ± 8
147 ± 3
228 ± 4

Day 14
245 ± 4
148 ± 2
237 ± 4
240 ± 3
152 ± 2**
240 ± 3**
225 ± 7
148 ± 3
229 ± 4b

might have played a role in the cardiac death13.
SEL and RAS are non-cardiac drugs but many
antiarrhytmic and non-cardiac drugs are known
to prolong ventricular repolarisation and provoke
torsades de pointes (TDP) resulting in an inhomogeneous lengthening of action potential, T

A

B
CG
SEL
RAS

Figure 1. A-C, The percentage changes at 1st , 7th and
14th days of HR, QT and QTc from baseline in control
and experimental groups. (*p<0.05; **p≤0.01;
***p≤0.001).

C
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wave abnormality, and QT interval prolongation7.
There has not been an experimental study evaluating the effect of SEL alone on QTc prolongation. RAS has less side-effects in comparison to
SEL but there are also no reports stating the effect of RAS on QTc. Our data revealed a QTc
prolongation at the end of 14th day when compared to baseline, and a prolongation at 7th day
when compared to CG. Percent changes in HR,
QT and QTc values compared to baseline values
suggested a marked effect of SEL especially on
QT/QTc time.
To the best of our knowledge, this is the first
experimental study reporting SEL effect on
QT/QTc. QTc time prolongation has already
been reported in PD patients14. Therefore, the use
of SEL may increase risk in PD patients whose
QTc time is already prolonged.
Non cardiac drugs are already known to give
rise to resulting in prolonged ventricular repolarisation and provoking TDP. These drugs share the
same ability to block the rapid component of the
delayed rectifier potassium channel (IKr), resulting in an inhomogeneous lengthening of action
potential, T wave abnormality, and QT interval
prolongation7. However, SEL and RAS seem not
provoke the cardiac effect through the same
mechanism. Prolonged QT/QTc time due to SEL
and RAS may be attribute to the metamphetamine since QTc prolongation has already been
reported in metamphetamine abuses13, because
SEL is metabolised to methamphetamine and
amphetamine2, the increased synaptic release of
the catecholamines may influence the ventricular
electrical activity by modyfying the ventricular
repolarisation time 15 . Amphetamine is also
metabolised to the neurotransmitter p-hydroxyephedrine which depletes nerve terminals of
norepinephrine3,4. Therefore SEL dependent QTc
prologation was attributed to the metamphetamine and catecholamines release.
The results obtained in this study may suggest
a statistically significant effect of SEL on QTc
prolongation when compared to RAS. QTc prolongations should be taken into account in PD
patients where the autonomic system is involved.
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