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Abstract

keeping rabbits as pets and their use in laboratory research increased the need for research
into heart disease and treatment in rabbits. Pimobendan is one of the most common drugs
which is used in cardiac diseases. Its use in rabbits is anecdotal. The first step toward the
approval of pimobendan in rabbits is the potential for beneficial effects on cardiac function.

Echocardiographic functional parameters can detect it.

This study aimed to determine the pimobendan’s effects on echocardiographic parameters.
Eleven rabbits were included in this study. Echocardiographic examinations were done before

and after pimobendan administration for each rabbit.

Left ventricle morphological and functional parameters were compared between time points.



Pimobendan resulted in changes in several echocardiographic variables in rabbits;
Specifically, fractional shortening, ejection fraction, stroke volume, left ventricular posterior
wall end-systole, and left atrium end-systolic increased (p=0.0001, p=0.0001, p=0.0284,
p=0.0272, and p=0.0007, respectively), whereas left ventricular internal diameter end-systole
and end systolic volume decreased (p=0.0343 and p=0.038). It wasn’t a meaningful change in
some parameters like left ventricular internal diameter end-diastole, left ventricular posterior
wall end-diastole, end diastolic volume, left atrium maximum dimension, Mitral annulus

diameter, and left atrium to aorta ratio.

Considering that the factor fractional shortening indicates an increase in the power of heart
contraction and consequently an improvement in heart function, and which has increased in
this study after pimobendan administration, it can be concluded that pimobendan improves
cardiac function. Further studies are required to investigate whether pimobendan has similar

effects in rabbits with cardiac disease.

Introduction

Heart disease in rabbits can result in congestive heart failure (CHF), characterized by an
excess of fluid volume that manifests in signs of left-sided failure, such as pulmonary edema
and pleural effusion, as well as signs of right-sided failure, including abdominal effusion,
hepatomegaly, and splenomegaly. The initial indications of heart disease include reduced

activity, weight loss, alterations in eating patterns, and breathing difficulties.

Pimobendan, a benzimidazole pyridazinone medication, has demonstrated significant
advantages in CHF, preclinical dilated cardiomyopathy, and preclinical degenerative valve
disease in dogs [1][2]. Pimobendan is used to treat dogs with congestive heart failure (CHF)

secondary to dilated cardiomyopathy (DCM). It has positive inotropic and vasodilatory
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effects by phosphodiesterase 3 inhibition and calcium sensitization [1]. It has other effects
such as increasing coronary blood flow, positive effects on myocardial oxygen consumption,

and satisfactory effects on myocardial compliance [2].

Rabbits have been widely used as animal models to study various cardiac diseases, such as
endocarditis and cardiomyopathies [3,4]. The most common types of cardiovascular disease
in rabbits include myocarditis, arteriosclerosis, and cardiomyopathy. Electrocardiograms,
[5,6] blood pressure measurements, and echocardiograms [7,8] can be used for diagnostic

purposes in rabbits.

The extra-label use of pimobendan in rabbits with CHF has garnered a lot of attention in the
past decade. The positive inotropic effect of the drug has been reported in rabbits without any

negative impacts on morbidity and mortality [9].

In 2020, Ozawa et al. evaluated the pharmacokinetics of oral pimobendan administrated to
healthy New Zealand White rabbits. According to their findings,[10] the half-life of
pimobendan was 3.54 + 1.32 hours, the plasma concentrations were detected for up to 24
hours, and desmethyl pimobendan, which is the active metabolite of pimobendan, was

detectable for 24 to 36 hours [10].

The present study was designed to address the knowledge gap by investigating the
echocardiographic effects of pimobendan administreted orally to healthy New Zealand White

rabbits.

Abbreviations

LVIDs: Left ventricular internal diameter end-systole

LVIDd: Left ventricular internal diameter end-diastole
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LVPWs: Left ventricular posterior wall end-systole

LVPWd: Left ventricular posterior wall end-diastole

IVSs: Interventricular septum end-diastole

[VSd: Interventricular septum end-systole

EDV: End-diastolic volume

ESV: End-systolic volume

EF: Ejection fraction

SV: Stroke volume

FS: Fractional shortening

LA max: Left atrium maximum dimension

LA min: Left atrium minimum dimension

MVA max: Mitral valve maximum area

MVA min: Mitral valve minimum area

LA/Ao: Left atrium to Aorta ratio

CHEF: cardiac heart failure

DCM: Dilated cardiomyopathy

LV: Left ventricle

LA: Left atrium

Results



Pimobendan caused noticeable changes in some parameters compared with the pre-drug
group; SV, EF, FS, LVPWs, and minimum size of left atrium increasing were noticeable (P-
value < 0.05), whereas LVIDs and ESV were decreased (p=0.0343 and p=0.038,

respectively).

There wasn’t a meaningful change in some parameters like Left ventricular internal diameter
end diastole (LVIDd), Left ventricular posterior wall thickness in diastole (LVPWd), End-
diastolic volume (EDV), Maximum left atrial diameter (LA max), Mitral annulus diameter

and LA/Ao (Figure 1,2).

Table 1 clarifies changes from the base time (before administration) up to 3 hours after

oral administration of pimobendan.

Discussion

This study gained information about pimobendan’s effects on the left ventricle function of
healthy adult rabbits. Pimobendan’s increased LV function was confirmed by the results of

some echocardiographic LV variables.

There was no significant change in LVID during diastole, but LVID during systole decreased
after 3 hours. Pimobendan had the same results in a study in dogs with asymptomatic mitral

valve disease [11].

This result was similar to the result of a study that examined pimobendan effects on beagle

dogs by Saengklub et al [12].

In a study conducted by Boswood et al. and another study conducted by Haggstrom et al in
dogs with myxomatous mitral valve disease both LVIDd and LVIDs were decreased. In

another study, which was done by Kinel et al. (2021) on dogs with Mitral valve disease,
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pimobendan only reduced the size of the left ventricle during diastole [13—15].

Left ventricle posterior wall was slightly increased during systole. This finding was found in

two studies by Yata et al. on healthy dogs and healthy cats [1,2].

Because the main cavity of the heart is the left ventricle and the blood in LV pumps in the

aorta to deliver oxygenated blood to all body tissues, increasing LVPW can interfere with the
heart’s ability to pump blood in the aorta. However, the increase in LVPWs in this study was
very mild and remains in the normal range of left ventricle posterior wall thickness in rabbits,

so 1t doesn’t have destructive effects on LV function.

The fractional shortening reflects the left ventricle systolic function. Our study shows
increased left ventricular fractional shortening after pimobendan administration, which means
an increase in LV function. Left ventricular fractional shortening has been used in veterinary
medicine [16] and human [17] to assess LV systolic function. Prior studies have shown
increased left ventricular fractional shortening in other animals. For example, a study
evaluated cardiovascular effects after a single dose of pimobendan on healthy cats. The same
result was found in a study by Ro et al. after oral administration of a pimobendan-

pentoxyifyllin mixture in dogs [1,18].

Changes in some echocardiographic parameters that indicate systolic function, such as the
increase in FS and the decrease in LVIDs, indicate the positive inotropic effect of

pimobendan in rabbits.

In this study, we found a decrease in ESV after 3 hours, but there was no significant change
in blood volume at the end of diastole. This finding is similar to a finding that Sengklab et al.

(2022) obtained in their study [12]. Many studies of M-mode in veterinary medicine, showed



a strong relationship between cardiac volume measurements (ESV, EDV) and cardiac output
(19). In this study, the SV increased after half an hour of Pimobendan administration; as a
result, despite the lack of change in cardiac output, it can be concluded that pimobendan can
increase cardiac output and thus improve cardiac function in diseases such as heart failure
which cardiac output decreases. In similar studies that had been done on dogs, different
results had been found; SV was increased after pimobendan administration in one of them in
dogs with dilated cardiomyopathy, while in another study in dogs with mitral regurgitation,

there was no change in SV [20,21].

While in similar studies on dogs, SV was increased after pimobendan administration while in
another study evaluated SV in dogs with mitral valve regurgitation, there was no change in

SV [20,21].

The ejection fraction was significantly increased after taking pimobendan. Ejection fraction is

the gold standard index in evaluating the left ventricle.

It depends on preload, afterload, and heart contractility. In patients with CHF, it can be
reduced, which means the heart pumps less than before. With a significant increase of EF in
this study, it can be concluded that pimobendan can be used in rabbits that have suffered from
CHF or any other diseases that can decrease EF. We can find similar results in an article
about 24 dogs with mitral valve disease [11] and another with DCM treated with pimobendan

[20].

There are a few studies about LA size after pimobendan administration. In this study, left
atrial size at the end of the diastole increased slightly after half an hour and didn’t change
since then. However, a study on dogs with cardiomyopathy showed that pimobendan in the

group treated with it did not cause a change in the size of the left atrium [22]. Also, in a study
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on the left ventricular function of myxomatous mitral valve disease in dogs treated with
pimobendan, a similar result was obtained, and no change in the size of the left atrium was
seen [23]. Pimobendan had similar effects to that in our study in cats in a study which

investigated the effects of pimobendan on left atrial transport function in cats [24].

According to the differences in the findings obtained from the effects of pimobendan on the
LA in rabbits, more research is needed. The reason for increasing the size of the left atrium in

our study wasn’t found.

Conclusion

Echocardiographic results after pimobendan administration indicate that pimobendan has

useful effects on LV function in healthy rabbits.

Further study is needed to find out whether pimobendan is effective in rabbits with cardiac

disease.

Material and Methods

Animals

Islamic Azad University, Karaj Branch approved all the procedures used in the current study
for the care and treatment of animals (IR.IAU.K.REC.1401.018). Eleven White New Zealand
rabbits (24-30 weeks old and weighing 2.1 £ 0.3 kg) were purchased from Pasteur Institute of
Iran (Tehran, Iran), and were engaged in this study. All the rabbits were adopted under

supervision after experiments were finished.

Drug



Pimobendan (0.3 mg/kg, Vetmedin 5 mg chewable tablet, Boehringer Ingelheim-Germany)
was dissolved in distilled water and administered orally [10]. The medication has been
calculated according to the weight of each rabbit, and an appropriate amount of powdered
pimobendan, depending on each one’s weight, has been separately dissolved in 1 cc of water

and gently administered from the corner of their mouth.

Echocardiography protocol

Echocardiography was carried out under spontaneous respiration, and without any anesthesia.
It was performed by a single-board certificate radiologist using a GE Vivid 7 ultrasound

machine equipped with a phased-array (S10) probe (5-10 MHz).

To obtain the right parasternal window, rabbits were positioned in the right lateral
recumbency, and an ultrasound probe was placed in the area on the cranial aspect of the

thoracic wall, which was shaved before, through a gap in the echocardiography table.

For a short axis view from the right parasternal, M-mode imaging was made at the level of
the papillary muscles. Measurements of the interventricular septum end-systole (IVSs) and
end-diastole (IVSd), left ventricular internal diameter end-systole (LVIDs), and end-diastole
(LVIDA), and left ventricular free wall in systole (LVFWs), and in diastole (LVFWd) were
obtained. The right parasternal short-axis view with M-mode was used for the measurements
of aortic and left atrial diameters at the level of the aortic valve. M-mode parameters were
measured by the leading-edge method of the American Society of Echocardiography. Left

ventricular ejection fraction and fractional shortening were calculated by these formulas:

FS = (LVIDd — LVIDS) /LVIDd) x100



EF = (SV/EDV) x100

SV =EDV -ESV

Study design

Rabbits were healthy based on physical, radiology, echocardiography, and hematology

examinations.

Chest radiography for possible respiratory disorders was obtained for all of them. The
animals were fed with water and pellet. They were housed in steel cages at temperatures of

21-24 °C, with a 12:12 hour light-dark cycle.

Each rabbit went through five echocardiographic examinations: on day 0 the first
examinations were done 1 hour apart and possible valvular blood regurgitation and
thickening were checked by color Doppler and M-mode imaging. The third examination, the
baseline, was done on day 1; the fourth and fifth studies were done 30 minutes and 3 hours
after a single dose of pimobendan was administered, respectively [26]. The planning of the
echocardiographic assessment time depended on a pharmacokinetics investigation of

pimobendan in rabbits [10].

Statistical analysis

To compare the echocardiographic data in pre-drug and post-drug conditions, the average

records were collected during

three quantitative assessments of pre-drug. The records were investigated between time

points using SAS-9.2 software.
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In this research, the primary descriptive statistics of the data were extracted, and the primary
statistical distributions of the data were obtained and investigated. Examining the normal
distribution of data and variance independence, test was performed with the Kolmogorov-
Smirnov test at a statistical level of 5%. Then ANOVA procedure was used for the analysis

of variance.

The mean values and standard deviations for each experimental group, including the records
of pre-drug, half, and three hours after taking the drug for each parameter extracted, and
comparison between the averages was done with Duncan's multiple range test. The
coefficient of variation, mean value, and total standard deviation with the level of

significance were calculated. Differences at p<0.05 were considered significant.
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Figure 1. Echocardiographic parameters in a rabbit before (lower image) and 3 hours after

(upper image) orally administration of pimobendan at 0.3 mg/kg.
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Figure 2. Left atrium size and mitral annulus diameter during systole (upper image) and

diastole (lower image).
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Table 1. Comparison of echocardiographic parameters before and after pimobendan

administration

Variables pre-drug post-drug p-value
IVSd 0.23+£0.02 0.22 +£0.01 0.2158
IVSs 0.31+0.01 0.32 £0.01 0.1388
LVIDd 1.05 +£0.01 1.09 £0.02 0.2537
LVIDs 0.74 £0.02 0.73 £ 0.02 0.0343
LVPWd 0.29 £0.01 0.29 £ 0.01 0.4537
LVPWs 0.28 +0.01 0.30 £ 0.01 0.0007
EDV 2.36 +£0.58 2.61£0.13 0.2632
ESV 0.92 +0.16 0.89 + 0.05 0.038
FS% 29.4 £0.64 32.95+0.76 0.0001
EF% 60.99 + 0.47 65.94 + 0.99 0.0001
SV 1.4 +£0.26 1.71 £ 0.09 0.0284
LA max 0.76 £0.02 0.78 £0.01 0.2736
LA min 0.57 £ 0.01 0.60 + 0.01 0.0272
MVA max 0.52+£0.01 0.53 £0.01 0.7082
MVA min 0.46 £0.02 0.47 £0.01 03111
LA/Ao 1.12+£0.02 1.12+0.02 0.7919
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