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Abstract

The effects of T4 are mainly manifested by positive ino- and chronotropism. The syndrome
accompanying hypothyroidism in rabbits (impaired myocardial contractility and reduced ejection
capacity) is caused by a deficiency of thyroid hormones - especially T4. The study group consist-
ed of a total of 41 animals: 15 males and 26 females, ranging in age from 2 months to 8§ years.
with echocardiogram showing reduced fractional shortening (<30%), with normal results
of heamatological and biochemical tests. Blood was collected in order to measure T4 level.
Echocardiographic examinations were performed with two-dimensional (2D) imaging, M-mode
measurements and the pulsed/colour-labelled Doppler technique. Statistical analysis was
performed using Statistica 13.0. Correlations were determined: between serum thyroxine concen-
tration and the value of the fraction of shortening in the groups: young animals (up to 5 years
of'age) and older animals, females and males, and sterilised and non-sterilised animals. Statistical
analysis showed a positive correlation between T4 levels in the blood of the test animals and
myocardial fractional shortening and heart rate and left-atrial to aortic ratio (LA/Ao) in the
pre-treatment period. A positive correlation was also shown after dividing the patients into 2
groups based on their age (below 5 years vs. 5 years and over), sex (male and female rabbits) and
fact of sterilization (yes/no). Our study unequivocally confirmed a positive correlation between
the decreased serum T4 concentration and reduced fractional shortening, indicating decreased
cardiac systolic function in hypothyroid rabbits.
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Introduction

The thyroid is an endocrine gland directly adjacent
to the trachea, located at the front of the neck just below
the larynx (Kahaly et al. 2005, Asvold et al. 2007).
In mammals, this paired gland consists of two connec-
ted lobes, the right and the left, made up of follicular
epithelial cells (thyrocytes) and C cells. The secretion
of thyroid hormones is regulated by the hypothalamus
and pituitary gland. The hypothalamus produces thyro-
liberin (TRH — thyrotropin-releasing hormone), which
stimulates thyroid cells of the pituitary gland to produce
thyrotropic hormone (TSH — thyroid-stimulating hor-
mone), which in turn stimulates the thyroid to produce
and release thyroxine T4 and triiodothyronine (T3) into
the bloodstream (Kahaly et al. 2005, Biondi and Cooper
2008, Gerdes and Iervasi 2010). These hormones are
then bound in significant amounts by carrier proteins
and transported in this form. Free thyroxine (fT4)
accounts for 0.05% of total plasma T4, while free tri-
iodothyronine (fT3) for 0.5% of total T3 (Asvold et al.
2007, Biondi and Cooper 2008, Gotynski 2012).
Thyroid hormones are essential for the normal body
functioning. Thyroxine plays a vital role, i.a., in heart
function — it regulates the transcription of genes respon-
sible for coding important structural and regulatory pro-
teins associated with myocardial contractile function.
Thyroid hormones and B-adrenergic receptor agonists
affect the heart in a similar way. The effects of T4 are
mainly manifested by positive ino- and chronotropism,
while its deficiency leads to impaired myocardial
contractility and reduced ejection capacity (Klein and
Danzi 2007). Moreover, these hormones affect the
cardiovascular system by influencing cardiac contrac-
tile protein synthesis, calcium pump, sodium-potassium
pump and phospholamban, and have non-genomic
effects by regulating the activity of ion channels in
cardiomyocytes (Stephan et al. 2003, Rodondi et al.
2005, Asvold et al. 2007). Thyroid hormone receptors
are located in all cells of the animal’s body and there-
fore have a significant impact on the functions of the
whole system (Asvold et al. 2007, Biondi and Cooper
2008). Hypothyroidism can be divided into primary and
secondary types. Primary hypothyroidism is caused by
chronic autoimmune thyroiditis, significant environ-
mental iodine deficiency, irradiation of the neck area
or excessive amiodarone administration, among others.
Secondary hypothyroidism is an extremely rare compo-
nent of hypopituitarism (Gerdes and lervasi 2010).
Hypopituitarism presents with a variety of symptoms
with a predomination of dermatological disorders, such
as dorsal alopecia. Other symptoms may include
aggression, exercise intolerance, reduced cold tolerance
or bradycardia (Stephan et al. 2003). The syndrome
accompanying hypothyroidism is caused by a deficien-

cy of hormones of this organ — in rabbits especially T4
(Kopanski 1984, Gotynski 2012, DiGeronimo and
Brandao 2020). The cardiovascular disorder characte-
ristic of hypothyroidism is a reduced positive inotropic
effect (Rodondi et al. 2005, Asvold et al. 2007,
Pingitore et al. 2008). Affected animals present such
symptoms as reduced physical activity, pale mucous
membranes, low weight gain and dermatological prob-
lems (DiGeronimo and Brandao 2020). Over the past
years, there have been more and more cases of hypothy-
roidism in rabbits (DiGeronimo and Brandao 2020,
Zigtek et al. 2021); therefore, this study aims to deter-
mine the frequency of reduced fractional shortening
in rabbits with hypothyroidism.

Materials and Methods

Animals

The study was conducted in the years 2019-2022.
It included 177 rabbits with various cardiac disorders:

« dilated cardiomyopathy (DCM) — 42 individuals,

* mitral valve degenerative disease (MMVD) — 22,

« ventricular septal defect — 9,

* pulmonary stenosis (PS) — 11,

e aortic stenosis (AS) — 5,

* patent ductus arteriosus (PDA) — 8,

* neoplastic lesions — 16,

* cardiac tamponade — 18 animals.

The further studies included only the animals with
echocardiogram showing reduced fractional shortening
FS (<30%) calculated using M-mode, with normal re-
sults of basic biochemical tests (i.e. aspartate transami-
nase AST, alanine transaminase ALT, alkaline phospha-
tase AP, UREA, creatinine CREA, total bilirubin BIL T)
and haematological tests. The group consisted of a total
of 41 animals: 15 males and 26 females, ranging in age
from 2 months to 8 years (the average age was 26
months in males and 24 months in females). In the
group of 41 animals qualified for the study, two females
and two males were older than 5 years, the other rabbits
were younger. 15 females were sterilised (36.5%
of the total study group), 11 were not sterilised (26.8%),
eight males were sterilised (19.5%) and seven were not
sterilised (17%). A summary of the animals is presented
in Table 1.

The animals included in the study were pets receiv-
ing regular preventive care against ecto- and endopara-
sites. All rabbits were fed commercial foods, dried
herbs, fresh vegetables and hay, and were provided with
constant access to water. All animals were subjected
to a routine clinical examination. All of them presented
weakened heart tones on auscultation and decreased
physical activity.
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Table 1. The rabbits used in the study (FS: fractional shortening; LA/Ao: left atrial to aortic ratio; HR: Heart rate).

RAB- AGE STERILIZA- FS (%) T4 (mg/dl) LA/Ao HR (bpm) FS (%) T4 (mg/dl) LA/Ao HR (bpm)
BIT SEX (months) TION before before before before after after after after
No treatment  treatment  treatment  treatment  treatment  treatment treatment  treatment
1 Q 12 no 28 6 1.44 211 34 6.8 1.37 221
2 Q 10 yes 26 6.9 1.42 189
3 3 36 no 29 5.8 1.52 202 35 7.6 1.41 209
4 Q 11 yes 24 5.5 1.46 184 34 6.5 1.39 204
5 Q 24 no 29 3.6 1.36 233 28 6.9 1.37 235
6 Q 5 no 28 5.6 1.45 187 37 72 1.38 199
7 Q 36 yes 22 5 1.49 202 35 7.8 1.41 209
8 3 36 no 19 3.4 1.44 231 27 6.3 1.43 235
9 Q 11 yes 25 5.1 1.41 209 34 6.8 1.4 211
10 3 60 yes 19 4.7 1.43 211 35 6.9 1.41 213
11 Q 48 yes 22 4.4 1.36 176 36 7.8 1.35 201
12 ) 12 yes 26 4.8 1.43 199 33 6.9 1.41 205
13 3 36 no 29 5 1.43 203 36 7 1.38 212
14 Q 12 yes 27 5.4 1.41 199 36 7.1 1.38 217
15 Q 96 no 25 4.2 1.44 207 33 6.5 1.43 207
16 Q 24 yes 29 6.1 1.4 214 29 6.7 1.41 217
17 3 8 yes 24 6 1.34 198 34 6.8 1.33 205
18 Q 4 yes 28 6.6 1.37 200
19 3 24 yes 25 5.5 1.45 203 33 7.5 1.43 205
20 3 36 no 28 8 1.34 207
21 3 12 yes 27 6.1 1.43 204 38 7.8 1.38 209
22 Q 12 yes 25 59 1.46 221 31 6.7 1.44 223
23 Q 9 no 24 45 1.47 192 35 7 1.42 200
24 Q 24 yes 29 4.8 1.53 188 35 6.4 1.47 197
25 3 7 no 28 5.5 1.49 178 36 6.7 1.42 189
26 Q 36 no 23 39 1.6 181 28 5.8 1.51 194
27 Q 12 yes 29 6.2 1.49 199 35 7.5 1.43 208
28 3 12 no 19 3.5 1.51 179 26 6 1.48 188
29 3 18 yes 29 6.2 1.44 201 31 6.5 1.44 214
30 Q 11 no 28 6.5 1.39 231
31 Q 8 no 25 6.1 1.48 203 31 6.6 1.47 214
32 Q 36 yes 28 6.3 1.39 197 35 6.9 1.38 202
33 Q 24 no 27 5.5 1.41 234 31 6.7 1.41 237
34 Q 84 yes 24 53 1.52 194 32 6.4 1.48 200
35 Q 24 no 22 3.7 1.56 180 28 4.5 1.54 193
36 Q 11 yes 25 4 1.43 195 33 6.7 1.43 201
37 3 3 no 18 3.8 1.53 179 27 4.8 1.49 180
38 3 7 yes 22 39 1.48 177 30 6.4 1.46 185
39 Q 18 no 28 5.7 1.43 188 36 6.8 1.43 197
40 Q 24 yes 28 5.2 1.4 203 33 6.7 1.39 207
41 3 84 yes 29 79 1.42 211
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Blood examination

Blood was collected from all rabbits in order to
measure T4 thyroxine level using a VCheck V200 ana-
lyser. The physiological T4 concentration was estab-
lished as the range of 6.4 to 8.3 mg/dl.

Cardiological examination

Echocardiographic examinations were performed
on the animals in the supine position using an Esaote
Mylab Class C ultrasound machine with a PA023 4-12
MHz phased-array multifrequency cardiac transducer.
Each time, the myocardial structure and function were
assessed. The examinations were performed with
two-dimensional 113 (2D) imaging, M-mode measure-
ments and the pulsed/colour-labelled Doppler tech-
nique. Two-dimensional imaging included long-axis
and short-axis imaging planes from the right and left
parasternal acoustic windows. Pulmonary artery and
aorta flow measurements were taken. Left atrial and
aortic diameters were measured to determine the ratio
of the aorta to the left atrium. Additionally, HR was
assessed in the ECG examination. The following mea-
surements were taken in M-mode examination of the
left ventricle:

* left ventricular lumen in diastole (LVDd),

* left ventricular lumen in systole (LVDs),

« interventricular septal thickness in diastole (IVSd),

* interventricular septal thickness in systole (IVSs),

* left ventricular posterior wall thickness in diastole

(PWd),
« left ventricular posterior wall thickness in systole
(PWs),

« fractional shortening (FS).

A range of 30.0% to 42.9% was considered normal
values for fractional shortening (FS).

Statistical analysis

Statistical analysis was performed using Statistica
13.0. Correlation were determined: between serum
thyroxine concentration and the value of the fraction
of shortening, ratio of the aorta to the left atrium
(LA/Ao0), Heart Rate (bpm) in the groups:

e young animals (up to 5 years of age) and older

animals (over 5 years of age),

e females and males,

« sterilised and non-sterilised animals.

Values of analysed parameters: FS (%) and T4 (mg/dl),
ratio of the aorta to the left atrium (LA/Ao) and Heart
Rate (bpm) were put in MS Excel. Within groups,
Pearson correlation values (r) for the FS, T4, LA/Ao
and HR parameters were calculated separately for
values obtained before and after treatment with levothy-

roxine. The effects of therapy, expressed as the diffe-
rence between the post- and pre-treatment values, were
also checked. Results were considered statistically
significant when the p-value p<0.05.

The study was conducted in accordance with the
Directive of the European Parliament on the protection
of animals used for scientific purposes (Directive
2010/63/EU). All owners of the rabbits agreed to include
them in the study. Blood sampling was a part of the
clinical procedure — no Ethic Commission Agreement
was required.

Results

In the biochemical examination, a decrease in thy-
roid hormone levels below normal (6.4 mg/dl) was
found in 36 of the 41 rabbits studied, representing
87.8% of the animals included in the study (Table 1).
These included 10 unsterilised females (T4 blood
concentration range was 3.6-6.1 mg/dl), 13 sterilised
females (4.0-6.3 mg/dl), and six unsterilised males
(3.4-5.8 mg/dl) and seven sterilised males (3.9-6.2 mg/dl).
In all these individuals, echocardiography revealed
a decrease in fractional shortening (<30%). Treatment
with levothyroxine was implemented at a dose of
1.5 pg/kg q 12 h PO. After one month of treatment, the
animals were subjected to a follow-up echocardiogram
and their serum T4 levels were determined again. Intro-
duction of the treatment resulted in an improvement
in left ventricular systolic function and an increase in
the T4 concentration in 29 rabbits, representing 70.73%
of the animals included in the study. In one animal
(rabbit no. 5), the reduced fractional shortening persis-
ted, while the T4 concentration was within the physio-
logical norm. In another animal (rabbit no. 16), the
values of both examined parameters were still below
physiological norms despite the undertaken treatment.
On follow-up echocardiography, the remaining M-mode
values did not change significantly, suggesting
no change in left ventricular myocardial thickness with
increased myocardial contractile force. Statistical ana-
lysis showed a positive correlation (r=0.630) between
T4 levels in the blood of the test animals and myo-
cardial fractional shortening in the pre-treatment
period. The calculated values were statistically signifi-
cant (p = 0.000) (Fig. 1).

After introduction of the treatment, results were
similars (r=0.711, p=0.000) (Fig. 2). After dividing the
patients into 2 groups based on their age (below 5 years
vs. 5 years and over), a similar result was obtained for
37 younger animals (r=0.634, statistically significant
p=0.000). There were only 4 individuals in the group
of older animals, and the number of animals was insuf-
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Fig. 1. A positive correlation between T4 levels in the blood of the test rabbits and myocardial fractional shortening in the pre-treatment

period.
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Fig. 2. A positive correlation between T4 levels in the blood of the test rabbits and myocardial fractional shortening in the post-treatment
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www.czasopisma.pan.pl P N www.journals.pan.pl

N
506 L. Mazurek et al.
Scatterplot: FS (%) vs. LalAo X FS{%)
La/Ao = 1.6026 - 0.0062 * FS (%) Dt s

Correlation: r = -0.3386

St dere. = 3201372
Maties. = 29000000

20 Mir = 18000000
¥: Lalho
M=t
10 . Mesar = 1445122
Stond. den = 0058186
Mates. = 1600000
0 *mﬁﬁg@ Miri, = 1340000
1,70
1,65 F J
1,60 | o i
1,65 F J
g 1,50 1
3 145 J
140 | .
1,35 F J
1,30 b J
1‘25 1 1 1 1 1
16 18 20 22 24 26 28 30 0 10 20

FS (%)

0.95 Conf. int.

Fig. 3. A negative correlation between LA/Ao of the test rabbits and myocardial fractional shortening in the pre-treatment period.

ficient. A positive correlation was also shown after
introduction of the treatment between the increase in
the T4 concentration and the increase in the shortening
fraction values in both age groups (r=0.714 and p=0.000
in the younger group). Considering the sex of the ani-
mals, the correlation between the decrease in the T4
concentration and the decrease in the shortening values
in the pre-treatment period was lower in the females
(26 animals; r=0.471) than in the males (15 animals;
r=0.766). Nevertheless, it was statistically significant
in both groups (p=0.015 in females and p=0.001 in
males). After introduction of the treatment, a positive
correlation was shown between the increase in the T4
concentration and the increase in the fractional shorten-
ing values in in females (r=0.645) and males (r=0.795).
It was statistically significant in both groups (p=0.001).
Determining the correlation between the decrease in the
T4 concentration and the decrease in the shortening
values in the groups of sterilised and unsterilised rabbits
at the time of diagnosis revealed statistical significance
in males, both castrated (r=0.745, p=0.034) and uncas-
trated (r=0.783, p=0.037). After introduction of the
treatment, a positive correlation between the increase
in the T4 concentration and the increase in the fractio-
nal shortening values was shown in the group of steri-
lised females (r=0.648, p=0.043) and sterilised males
(r=0.806, p=0.029).

The group of animals with analysed parameters:
ratio of the aorta to the left atrium (LA/Ao) and Heart
Rate (bpm) after treatment was smaller and consisted

a total of 36 animals (Table 1). Statistical analysis
showed a negative correlation (r=-0.3386) between
LA/Ao of the test animals and myocardial fractional
shortening in the pre-treatment period. The calculated
values were statistically significant (p = 0.030) (Fig. 3).
After introduction of treatment, results were similars
(r=-0.5930, p=0.000) (Fig. 4).

Statistical analysis of the Heart Rate of the test ani-
mals and myocardial fractional shortening in the
pre-treatment period showed a positive correlation
(r=0.28107) in the pre-treatment period (Fig. 5) and
a negative correlation after treatment (r=-0.0376)
(Fig. 6).

Correlations between T4 levels in the blood of the
test animals and ratio of the aorta to the left atrium
(LA/A0) and T4 levels in the blood of the test animals
and their Heart Rate, in both periods (pre- and post-treat-
ment) are shown in Fig. 7-10.

All correlations obtained through statistical analysis
of data in our research are collected in Fig. 11.

Discussion

Hypothyroidism is a syndrome of symptoms caused
by T3 and T4 deficiency (Biondi and Cooper 2008).
This disorder cannot be cured, but measures can be
taken to minimise the symptoms and significantly
improve the patient’s quality of life. According to Tilley
et al. (2010) and Pastawska et al. (2020), hypothyroi-
dism in dogs very often results in a reduction of the
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Fig. 4. A negative correlation between LA/Ao of the test rabbits and myocardial fractional shortening in the post-treatment period.
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Fig. 5. A positive correlation between Heart Rate of the test rabbits and myocardial fractional shortening in the pre-treatment period.

fractional shortening and ejection fraction — similar to
that seen in rabbits in our study. It should be empha-
sised that none of the patients included in the study
showed any abnormalities of the shell or nervous sys-
tem, apart from the cardiovascular symptoms. There are
no data in the available literature on the influence

of hypothyroidism on cardiac systolic function in lago-
morphs, which was the reason behind this study.
In available literature there is no reference ranges
of diastolic function of the heart of rabbits, so it was not
possible to measure, and correctly interpreted of this
parameter. Kahaly and Dillmann (2005) showed that
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Fig. 6. A negative correlation between Heart Rate of the test rabbits and myocardial fractional shortening in the post-treatment period.
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Fig. 7. A negative correlation between T4 levels in the blood of the test rabbits and ratio of the aorta to the left atrium (LA/Ao),

in the pre-treatment period.

a typical example of the effect of T4 on the contractility
of rabbit myocardial cells is the induction of changes in
the quantitative distribution of myosin heavy chain iso-
forms. It was also found that thyroid hormones affect
the expression of the gene encoding the a-MHC isoform
and contribute to increased production of myosin,

a protein that is part of contractile thick fibres. Statisti-
cal analysis of the results of our study did not show that
sex, age or a history of sterilisation had any effect on the
development of hypothyroidism or reduced fractional
shortening. On the other hand, a positive correlation
between the decreased serum T4 concentration and
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Fig. 8. A negative correlation between T4 levels in the blood of the test rabbits and ratio of the aorta to the left atrium (LA/Ao),

in the post-treatment period.
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Fig. 9. A positive correlation between T4 levels in the blood of the test rabbits and Heart Rate in the pre-treatment period.

reduced fractional shortening 211 was unequivocally
confirmed, indicating decreased cardiac systolic func-
tion in hypothyroid rabbits. Hypothyroidism treatment
includes administration of levothyroxine at a dose
of 1.5 pg/kg q 12 h PO. If cardiovascular disorders
develop, oxygen therapy is also required in extreme

cases, as well as the introduction of pimobendan
at a dose of 0.25 mg/kg bw q 8 h PO to improve systol-
ic function. Some cases of this disorder may be recur-
rent, so periodic cardiovascular follow-ups and routine
blood tests must be performed (Zietek et al. 2021).
In our study, treatment with levothyroxine alone
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Fig. 10. A positive correlation between T4 levels in the blood of the test rabbits and Heart Rate in the post-treatment period.

PRE-TREATMENT PERIOD

FS (%) T4 (mg/dl) LA/Ao HR (bpm)
FS (%) 0,630 -0,339 0,281
T4 (mg/dl) 0,630 0,424 0,230
LA/Ao -0,339 -0,424 -0,467
HR (bpm) 0,281 0,230 -0,467
POST-TREATMENT PERIOD
FS (%) T4 (mg/dl) LA/Ao HR (bpm)
FS (%) 0,711 -0,593 -0,038
T4 (mg/dl) 0,711 -0,717 0,347
LA/Ao -0,593 -0,717 -0,427
HR (bpm) -0,038 0,347 -0,427

Fig. 11. Correlations between variables in pre- and post-treatment period.

improved myocardial contractility in 70.73% of
patients, indicating the efficacy of such management.
This paper aimed at presenting the effects of hypo-
thyroidism on myocardial function in rabbits, which
suffered from myocardial contractility in the course
of the disorder, as revealed on echocardiography.
Levothyroxine treatment can result in stabilisation
of the patients suffering from that disorder. Decreased
fractional shortening is an increasingly frequently diag-
nosed — albeit undescribed in the literature — complica-
tion of hypothyroidism, and its development makes the
diagnostic process and treatment much more difficult.
Knowing that such a disorder may appear in rabbits,

a veterinarian can implement appropriate management
early, often saving the patient’s life.
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