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Abstract

Background and aim: Oryctolagus cuniculus are an excellent model for cardiovascular research because the size of
these animals is more suitable for study and experimentation than smaller animals and are economical and cost-
effective in research. One of the most important diagnostic imaging techniques is echocardiography, which is used
today to perform anatomical and functional evaluation of the cardiovascular system and is one of the most accurate
and sensitive non-invasive methods for examining heart diseases. Ventricular function indices could be assessed by
cardiac imaging techniques. One of these important cardiac parameters is the ejection fraction, which has a valuable
position along with other involved parameters. Ejection fraction is a measure of blood percentage that comes out of
the heart with each contraction.

Materials and Methods: For this study, 100 six-month to one-year adult, standard and young Oryctolagus
Cuniculus (in Iran) and in healthy appearance of both sexes (50 female rabbits and 50 male rabbits) were studied
without anesthesia and sedation.

Results: In this study, the mean ejection fraction in the studied Oryctolagus Cuniculus was 58.753+6.889 in male
animals and 61.397+6.530 in females which indicates that the ejection fraction in the assessed male population was
significantly higher than the female population.

Conclusion: The measured ejection fraction values were comparable to those mentioned in the authoritative books
and there is no significant difference in the average size of ejection fraction measured in this study with the previous
research.
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Introduction

Oryctolagus cuniculus are an excellent model for
cardiovascular research because the size of these
animals is more suitable for study and
experimentation than smaller animals and are
economical and cost-effective in research. The
myocardium of Oryctolagus cuniculus is more similar
to that of humans than that of dogs and cats. One of
the most important diagnostic imaging techniques is
ultrasonography, which is used today for anatomical
and functional evaluation of the cardiovascular
system. Echocardiography is one of the most accurate
and sensitive non-invasive methods for examining
heart diseases, but it is a costly method and is not
available to all treatment centers (Fontes-Sousa et al.,
2006). Primary extensive echocardiographic research
has previously been performed on populations of
small animals without racial separation in relation to
the determination of natural echocardiographic
parameters, but over time and with the development
of echocardiography in small animals, the effects of
some factors such as weight, age and especially breed
on some species of animals were studied and the
results showed significant differences in some
echocardiographic parameters in different breeds
(Jacobs & Knight, 1985).

In the meantime, the existence of normal
functional indicators in a particular breed, like
Oryctolagus cuniculus, is necessary to be compared
with what is mentioned in the reference books as well
as reference values in the region to evaluate its
morbid conditions. In our country, very little study
has been conducted in this field and the need for more
research is felt, especially in the Oryctolagus
Cuniculus breed. Ventricular function indices can be
assessed with cardiac imaging techniques. Among
these important cardiac parameters, the ejection
fraction could be mentioned, which has a valuable
position along with other involved parameters (Slater
& Herrtage, 1995).

Ejection fraction is a measure of blood percentage
that comes out of the heart with each contraction. At
each heartbeat, the heart contracts and dilates. When
the heart contracts, blood is expelled from the two
ventricles of the heart. As the heart dilates, the
ventricles fill with blood again. But it must be
mentioned that no matter how strong the contraction
is, the ventricles will never be completely empty. The
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term "ejection fraction" refers to the percentage of
blood that comes out of a blood-filled ventricle with
each heartbeat (Fontes-Sousa et al,, 2006). The left
ventricle is the main pumping site of the heart, so
usually only the left ventricular ejection fraction (LV)
is measured. The ejection fraction is an ideal indicator
of the strength of ventricular contraction and
expresses the amount of blood drawn out after the
diastolic volume phase of the heart (Ware, 2007).

Materials and methods

For this study, 100 six-month to one-year adult,
standard and young Oryctolagus Cuniculus (in Iran)
(mean age of 8.9+0.56 in females and 9.26+0.557 in
males) and in healthy appearance of both sexes (50
female rabbits and 50 male rabbits) with mean weight
of 2663.2+75.077 in males and 2517.2486.65 in
females were studied without anesthesia and sedation.

To obtain a right parasternal view, the rabbits
were placed on an echocardiographic table on the
right side of their body and the echocardiographic
probe was placed exactly on the shaved area (from
the anterior to the end of pectoral area on the right
side) on the right chest and all the required
parameters were measured by Zoncare device
(Zoncare Q9) and with transducer with phased array
with the frequency of 7 to 9 MHz and then was
statistically analyzed. The measurement of left
ventricular diameter in diastole and the size of left
ventricular internal diameter in systole was conducted
using measuring instruments and the amount of blood
drawn from the heart in each cardiac cycle or the
same percentage of left ventricular ejection fraction
(EF%) was calculated by the cube method according
to the following formula: Ejection fraction =
[(LVIDd® — LVIDs’)/LVIDd’]x100 (Yang et al,
1999).

Statistical Data Analysis

The collected data were analyzed descriptively
and analytically using SPSS software version 16. In
order to analyze the data, Kolmogorov-Smirnov test,
Chi square test and Mann-Whitney test were used.

Results

In this study, the mean ejection fraction in
Oryctolagus Cuniculus was 58.753£6.889 in the
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male animals and 61.397+6.530 for the females
which are comparable to the items mentioned in the
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valid books and all the values obtained are listed in
tables 1 and 2.

Sex No. Maximum
male 50 69.10
female 50 72.70
Both Sexes 100 72.70

Minimum Mean Standard
Deviation
45.70 58.7536 6.8892
47.70 61.3076 6.53087
45.70 60.0756 6.80934

Table 1. Mean ejection fraction by sex in Oryctolagus Cuniculus.

Parameter Minimum
Weight/g 2000
Heartbeat/min 167
Internal dimension of the left 9.20

ventricle (In diastole)/Mm

Internal dimension of the left 6.35
ventricle (In Systole)/Mm

Ejection fraction percentage 45.70

Maximum Mean Standard Deviation
3250 2590.20 302.978
254 204.33 20.148
19.86 15.5428 2.969
14.92 10.970 2.253
72.70 60.075 6.809

Table 2. Normal echocardiographic indices measured in Oryctolagus Cuniculus (in both males and females).

In this study, 50% of the studied rabbits were
female and 50% male and the mean age of the
evaluated rabbits was 9.8 months (range from 6 to 12
months). The mean age of female rabbits was not
significantly different from male rabbits. The mean
weight of male rabbits in this study was significantly
higher than females (2517.20 g). In this study, the
mean heart rate in 50 female rabbits was 207.66
(heart rate/min), which is significantly higher than
201 male rabbits (heart rate/min). The mean inner
diameter of the left ventricle at the end of diastole is
15.5424+0.269 mm, the mean left ventricular internal
diameter in peak systole is 10.9704+0.225 mm and the
mean percentage of left ventricular ejection fraction
was measured 60.075+6.809. The left ventricular
internal dimension measured in systole and diastole to
obtain the ejection fraction in the assessed male

rabbits’ population was significantly higher than the
female rabbit population.

Discussion

A study was conducted in Portugal in 2004 as “a
measure of brightness mode and Doppler
echocardiography in New Zealand white rabbits”.
This study was performed on 52 male New Zealand
male  rabbit after  anesthesia and the
Echocardiography of left ventricular, left atrium and
aortic motility and Doppler measurement of
pulmonary current and aortic current were measured.
Echocardiography of left ventricular, left atrium and
aortic motility and Doppler measurement of
pulmonary current and aortic current were measured.
The results showed that the mean heart rate during
echocardiography  was  155£29  beats  per
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minute and the medium size in systole and diastole
for left ventricular internal diameter and calculated
10.25+1.22 mm and 14.37+1.49 mm and the mean
left ventricular ejection fraction was 61.294+4.66 %. In
2014, a similar study was conducted by Casamian-
Sorrosal et al.,, (2014) on 40 Oryctolagus Cuniculus
and the statistical comparison of the ejection fraction
index measured in domestic rabbits with the above-
mentioned studies, which had evaluated normal
echocardiographic indices in 52 and 40 rabbits,
showed that there was no significant difference in the
mean ejection fraction between the three studies
(Fontes-Sousa et al., 2006). Since a complete and
accurate understanding of echocardiographic results
requires having sufficient knowledge of the natural
anatomy of cardiac sections and the existence of
standard values of natural echocardiographic indices
of different animals can be regarded as a reference,
therefore, the mean values of the ejection fraction
obtained in this study, which is an ideal indicator of
ventricular contractile strength and shows the amount
of blood drawn after the diastolic volume stage of the
heart can be used as a reference for Oryctolagus
Cuniculus echocardiographic tests in future clinical
echocardiographic research and examinations.
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