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keeping rabbits as pets and their use in laboratory research increased the need for studying heart diseases and treatments

in rabbits. Pimobendan is one of the most common medications used in cardiac diseases and is anecdotal in rabbits.
The first step toward the approval of pimobendan in rabbits is assessing the potential for beneficial effects on cardiac
function through echocardiographic functional parameters.This study aimed to determine the effects of pimobendan on
echocardiographic parameters. Eleven rabbits were included in this study. Echocardiographic examinations were per-
formed before and after pimobendan administration for each rabbit. The LV morphological and functional parameters
were compared between study time points. Pimobendan resulted in changes in several echocardiographic variables in
the rabbits, including FS and an increase in EE, SV, LVPWs, and LA end-systolic (p = 0.0001, p = 0.0001, p = 0.0284, p =
0.0272, and p = 0.0007, respectively). Moreover, LVIDs and end-systolic volume decreased (p = 0.0343 and p = 0.038).
The changes in some parameters were not significant, such as LVIDd, LVPWd, end-diastolic volume, LA max, Mitral
annulus diameter, and LA/Ao. FS, which indicates an increase in the power of heart contraction and consequently an
improvement in heart function, increased in this study after pimobendan administration. Therefore, it can be concluded
that pimobendan improves cardiac functions. Further studies are required to investigate whether pimobendan has sim-

ilar effects in rabbits with cardiac diseases.
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Introduction [N

Heart disease in rabbits can result in CHE
characterized by an excess of fluid volume
resembling the signs of left-sided failure, such as pul-
monary edema and pleural effusion, as well as the
signs of right-sided failure, including abdominal ef-
fusion, hepatomegaly, and splenomegaly. The initial
symptoms of heart disease include reduced activity,
weight loss, alterations in eating patterns, and breath-
ing difficulties.

Pimobendan, a benzimidazole pyridazinone
medication, has demonstrated significant advantages
in CHE, preclinical DCM, and preclinical degenera-
tive valve disease in dogs [1, 2]. Pimobendan is used
to treat dogs with CHF secondary to DCM. It has pos-
itive inotropic and vasodilatory effects via phospho-
diesterase 3-inhibition and calcium sensitization [1].
It has other effects, such as increasing coronary blood
flow, positive effects on myocardial oxygen consump-
tion, and satisfactory effects on myocardial compli-
ance [2].

Rabbits have been widely used as animal models
to study various cardiac diseases, namely endocarditis
and cardiomyopathies [3, 4]. The most common types
of cardiovascular disease in rabbits include myocardi-
tis, arteriosclerosis, and cardiomyopathy. Electrocar-
diograms [5, 6], blood pressure measurements, and
echocardiograms [7, 8] can be used for diagnostic pur-
poses 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 medi-
cine has been reported in rabbits without any negative
impacts on morbidity and mortality [9].

In 2020, Ozawa et al. evaluated the pharmacoki-
netics of oral pimobendan administrated to healthy
New Zealand White rabbits. According to their find-

astole

LVPWs: Left ventricular posterior wall end-systole
LVPWd: Left ventricular posterior wall end-diastole
IVSs: Interventricular septum end-diastole

IVSd: 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

ings [10], the half-life of pimobendan was 3.54 + 1.32
h, the plasma concentrations were detected for up to
24 hours, and desmethyl pimobendan, which is the
active metabolite of pimobendan, was detectable for
24-36 h [10].

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

Results [N

Pimobendan caused a significant increase in SV,
EF, ES, LVPWs, and the minimum size of LA com-
pared to the pre-drug group (p < 0.05), whereas LVIDs
and ESV decreased significantly (p = 0.0343 and p =
0.038, respectively). No significant change was ob-
served in some parameters, including LVIDd, LVPW
thickness in diastole (LVPWd), EDV, LA max, Mitral
annulus diameter, and LA/Ao (Figure 1,2).

Table 1 summarizes the changes from the base
time (before administration) up to 3 h after the oral
administration of pimobendan.
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Figure 1.

Echocardiographic parameters in a rabbit before (lower image)
and 3 hours after (upper image) the oral administration of pimo-
bendan at 0.3 mg/kg
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Figure 2.
Left atrium size and mitral annulus diameter during systole (up-
per image) and diastole (lower image)

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
NY% 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 0.3111
LA/Ao 1.12 £ 0.02 1.12 £ 0.02 0.7919

Discussion

This study found results about the effects of pimo-
bendan on the LV function of healthy adult rabbits.
The LV function increase by pimobendan was con-
firmed by some echocardiographic LV variables.

There was no significant change in LVID during
diastole, while LVID during systole decreased after
3 h. Pimobendan had the same impact in a study on
dogs with asymptomatic mitral valve disease and an-
other research on beagle dogs [11, 12]. Moreover, in
studies conducted by Boswood et al. and Haggstrom
et al. on dogs with myxomatous Mitral valve disease
both LVIDd and LVIDs decreased. In another investi-
gation by Kinel et al. (2021) on dogs with Mitral valve
disease, pimobendan only reduced the size of LV
during diastole [13-15].

The LV 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].
The main cavity of the heart is LV and the blood in LV
is pumped in the aorta to deliver oxygenated blood to
all body tissues. Therefore, a rise in LVPW can inter-
fere with the ability of the heart to pump blood in the
aorta. However, the increase in LVPWs in this study
was very mild and remained in the normal range of
LV posterior wall thickness in rabbits. As a result, it
did not have destructive effects on the LV function.

The FS reflects the LV systolic function. Our study
showed increased left ventricular FS after pimoben-
dan administration, which means a rise in LV func-
tion. Left ventricular FS has been used in veterinary
medicine [16] and humans [17] to assess LV systol-
ic function. Prior studies have shown increased left
ventricular FS in other animals. For example, a study
evaluated cardiovascular effects after a single dose
of pimobendan in healthy cats. The same result was
found by Ro et al. after the oral administration of a
pimobendan-pentoxifylline mixture in dogs [1, 18].
Changes in some echocardiographic parameters that
indicate systolic function, such as the increase in FS
and decrease in LVIDs, indicate the positive inotropic
effect of pimobendan in rabbits.

In the current study, we observed a reduction in
ESV after 3 h, but there was no significant change in
the blood volume at the end of diastole. This finding
is similar to that of Sengklab et al. (2022) [12]. Many
studies of M-mode in veterinary medicine, showed
a strong relationship between cardiac volume mea-
surements (ESV and EDV) and cardiac output (19).
In the present study, SV rose after 30 min of pimo-
bendan administration. Despite the lack of change
in cardiac output, it can be concluded that pimoben-
dan can augment cardiac output, thereby improving
cardiac function in diseases, such as heart failure in
which cardiac output decreases. In similar studies on
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dogs, different results had been found; SV increased
after pimobendan administration in dogs with DCM,
while in another study there was no change in SV in
dogs with Mitral regurgitation [20, 21]. While SV rose
after pimobendan administration in some studies on
dogs, there was no change in SV in other research on
dogs with Mitral valve regurgitation [20, 21].

The EF as the gold standard index in evaluating
LV, significantly increased after taking pimobendan.
It depends on preload, afterload, and heart contrac-
tility. In patients with CHE it can be reduced, which
means the heart pumps less than before. With a sig-
nificant increase in EF in our study, it can be conclud-
ed that pimobendan can be used in rabbits with CHF
or any other diseases that can decrease EF. Similar re-
sults were found in an investigation on 24 dogs with
Mitral valve disease [11] and another study on dogs
with DCM treated with pimobendan [20].

There are a few studies about LA size after pimo-
bendan administration. We observed that left atrial
size at the end of the diastole increased slightly after 30
min and did not change since then. However, a study
on dogs with cardiomyopathy showed that pimoben-
dan did not cause a change in the size of the LA [22].
In addition, in a study 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 LA was reported [23]. Pi-
mobendan had similar effects in a study on the effects
of pimobendan on left atrial transport function in cats
[24].

Considering the discrepancy in the findings con-
cerning the effects of pimobendan on LA in rabbits,
further research is required. The reason for increasing
the size of the LA in our study was not found.

Conclusion

Echocardiographic results after pimobendan ad-
ministration indicated that pimobendan has useful
effects on LV function in healthy rabbits. Further
evaluations are needed to find out whether pimoben-
dan is effective in rabbits with cardiac disease.

Materials and Methods

Ethical statement

Islamic Azad University, Karaj Branch approved all the pro-
cedures used in the current study for the care and treatment of
animals (IR.JAU.K.REC.1401.018).

Animals

Eleven White New Zealand rabbits (24-30 weeks old and
weighing 2.1 + 0.3 kg) were purchased from the Pasteur Institute
of Iran (Tehran, Iran) for this study. All the rabbits were adopted
under supervision after the experiments were finished.

Medication

Pimobendan (0.3 mg/kg, Vetmedin 5 mg chewable tablet,
Boehringer Ingelhei, Germany) was dissolved in distilled water
and administered orally [10]. The medication dosage was calcu-
lated according to the weight of each rabbit, and an appropriate
amount of powdered pimobendan, depending on the weight of
each animal, was separately dissolved in 1 cc of water and gently
administered from the corner of their mouth.

Echocardiography protocol

Echocardiography was carried out under spontaneous respi-
ration, and without any anesthesia. It was performed by a single
board-certified radiologist using a GE Vivid 7 ultrasound ma-
chine 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
on the cranial aspect of the thoracic wall, which had been shaved
before, through a gap in the echocardiography table.

For a short axis view from the right parasternal, M-mode im-
aging was made at the level of the papillary muscles. Measure-
ments of IVSs, IVSd, LVIDs, LVIDd, left ventricular free wall in
systole (LVFWs), and in diastole (LVFWd) were performed. The
right parasternal short-axis view with M-mode was used for mea-
suring the 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 ven-
tricular EF and FS were calculated by the following formulas:

FS = [(LVIDd - LVIDS) / LVIDd] x100

EF = (SV / EDV) x100

SV =EDV - ESV

Study design

Rabbits were healthy based on physical, radiologic, echocar-
diographic, and hematologic examinations.

Chest radiography for possible respiratory disorders was ob-
tained for all subjects. The animals were fed with water and pellet.
They were housed in steel cages at temperatures of 21°C-24°C,
with a 12:12 h light-dark cycle.

Each rabbit went through five echocardiographic examina-
tions. On day 0 the first examination was performed, and 1 hour
apart possible valvular blood regurgitation and thickening were
checked by color Doppler and M-mode imaging. The third ex-
amination, the baseline, was done on day 1; the fourth and fifth
evaluations were completed 30 min and 3 h after a single dose of
pimobendan was administered, respectively [26]. The planning of
the echocardiographic assessment time depended on a pharmaco-
kinetics 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 investigat-
ed between time points using SAS-9.2 software. In this research,
the primary descriptive statistics of the data and the primary sta-
tistical distributions of the data were obtained and investigated.
To examine the normal distribution of data and variance indepen-
dence, the Kolmogorov-Smirnov test was performed at a statisti-
cal level of 5%. Moreover, an analysis of variance was performed.

The mean values and standard deviations for each experi-
mental group, including the pre-drug, 30 min post-drug, and 3
hours post-drug, for each parameter extracted, and comparisons
between the means were performed by Duncan's multiple range
test. The coefficient of variation, mean value, and total standard
deviation with the level of significance were calculated. Differenc-
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es at p < 0.05 were considered significant.
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