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Abstract: There is an urgent clinical need to develop new therapeutic approaches for treating cardiovascular dis-
ease, but the biology of cardiovascular regeneration is complex. Model systems are required to advance our under-
standing of the pathogenesis, progression, and mechanisms underlying cardiovascular disease as well as to test
therapeutic approaches to regenerate tissue and restore cardiac function following injury. An ideal model system
should be inexpensive, easily manipulated, reproducible, physiologically representative of human disease, and ethi-
cally sound. The choice of animal model needs to be considered carefully since it affects experimental outcomes
and whether findings of the study can be reasonably translated to humans. This review presents a guideline for the
commonly used small animal models (mice, rats, rabbits, and cats) used in cardiac research as an effort to stan-
dardize the most relevant procedures and obtain translatable and reproducible results.
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Introduction

Cardiovascular disease is considered the ma-
jor cause of morbidity and mortality world-
wide. Over the past several years, enormous
achievements have been made in the manage-
ment of cardiovascular disease, which has
depended on the use of experimental animal
models [1]. However, there are still no perma-
nent cures for most cardiovascular diseases.
For example at present, the only cure for heart
failure (HF) is a heart transplant; however, its
therapeutic potential is limited by very small
numbers of donor hearts available relative to
the need and is complicated by long-term
allograft vasculopathy. Tissue-engineered bio-
materials and autologous or allogeneic cell
transplant therapy may have the potential to
restore function and obviate the necessity for
transplant [1, 2]). In recent years, gene therapy
and cell transplant technologies have advan-
ced remarkably. If proven efficient and safe,
these therapies might revolutionize the treat-
ment of myocardial failure [3].

A major challenge of preclinical testing is to
establish clinically relevant models for myocar-

dial failure and infarction [3]. Donated human
hearts, either non-transplantable (ranging from
healthy to diseased) or end-stage failing hearts,
typically obtained at the time of transplanta-
tion, are great tools for addressing this issue.
These tissues are, however, available in very
limited quantities and exhibit great variability
due to differences in factors such as genetics,
medication, diet, social habits, and disease.
Therefore, it is necessary to have a suitable ani-
mal model where cardiac physiology and dis-
ease can be studied efficiently and reliably with
translational applicability to humans [4].

Depending on the cardiovascular process being
studied, the choice of animal model needs to
be considered carefully since it affects experi-
mental outcomes and whether findings of the
study can be reasonably translated to humans.
As a simple rule, the closer the heart or body
weight of the animal model to human heart or
body weight, the more similar are the hearts [4].
Both small and large animal models of heart
disease have advantages and disadvantages.
The main problems with using small animals
are how to establish functional benefit of the
treatment and the translation of results. In
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large-animal models, the ethical requirement
for limiting the number of animals influences
study protocols, especially concerning non-
human primates or dogs [3].

Determining the best experimental model of a
human condition requires a number of deci-
sions and compromises - especially in relation
to obtaining the optimal balance between the
quantity and quality of the data produced
and the relevance of the data to the condition
under investigation. In assessing the utility of
an investigative model, it is necessary to iden-
tify the research objectives. The nature of the
question under study will greatly influence se-
lection of the most appropriate investigative
models and endpoints of cardiac function and
malfunction [5]. It is also important to stan-
dardize the procedures used so as to obtain
relevant and reproducible results that can be
compared with other findings.

Rodent models are often used in cardiovas-
cular research since they are easier to handle
and house, have a short gestation time, geneti-
cally manipulate to generate transgenic strains,
and have low maintenance costs; therefore,
they are more suitable for “high-throughput”
studies than large animal models [6]. These
characteristics make small rodent models the
most used model for cardiac physiology and
disease, genetics, pharmacology, and long-te-
rm survival studies [4]. However, rodents are
phylogenetically very distant from humans and
some pathophysiological features of disease
and their response to pharmacological treat-
ments may not be reliable predictors [4, 6].

Mouse

During the past 15 years, the mouse has
become the model organism of choice to study
human heart disease. 99% of human genes
have direct murine orthologs and mice are suit-
able for selection of genetically modified indi-
viduals within a relatively short time because
of their high breeding rate. They also have a
short life span, allowing investigators to fo-
llow the natural history of the disease at an
accelerated pace [6]. Use of genetically modi-
fied mouse models allows for rapid establi-
shment of proof-of-principle, which can later
be extended into larger animal models and,
eventually, into humans [4].
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Despite their widespread use, mice represent a
heart model that is farthest from human con-
tractile function, mainly due to their small size
and short lifespan. Thus, translational aspects
and the value of genetic mouse models must
be interpreted with caution. Although these
models may recapitulate some of the charac-
teristics of the human cardiac phenotype of a
disease, they typically do not recapitulate all
aspects of human cardiovascular disease [4].

Ligation-induced myocardial infarction (MI)

MI animal model is one of the most common-
ly used one to mimic human heart attack.
Mortality after Ml is relatively high and surviv-
ing patients are often severely compromised
due to insufficient heart-pump function. At the
cellular level, damage to the heart’s contrac-
tile constituents, the cardiomyocytes, is irrever-
sible, and treatments merely serve to reduce
symptoms. Only a minority of patients receives
heart transplants [7].

The neonatal mouse MI model represents a
useful tool for evaluating mammalian cardiac
regeneration and cellular/molecular mecha-
nisms that govern cardiomyocyte proliferative
capacity only in the early stage of neonatal
mice [8]. To generate MI, neonates are briefly
sedated using an isoflurane induction chamber
followed by a short cooling period (a few min-
utes) in ice water. The animals are then taped
to a cooling bag in the right lateral position to
ensure continued hypothermic anesthesia dur-
ing the surgical procedure. The skin is cut a few
millimeters below the left foreleg, the thorax
opened in the 4th intercostal space, and the
left anterior descending (LAD) artery is ligated.
Ml is indicated by a light pallor of the myocar-
dium below the ligature after suturing. The
musculoskeletal thorax and the skin are closed,
and mice are put onto a 37°C heated pad to
recover from the anesthesia [8-10].

It is commonly found that the complete regen-
eration of cardiomyocytes can be reached
when the LAD artery is ligated in newborn mice.
Myocardial necrosis is usually observed at Day
3 after ligation as ~75% of the myocardium
below the ligature becomes nonviable. There is
also a marked decline in left ventricular (LV)
systolic function at Day 4 after injury. Cardiac
systolic function is able to restore to sham
operating levels at Day 21 after Ml as the myo-
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cardium is repaired to greater than 95% viable
[8]. However, the complete regeneration is age-
dependent. For 1 day old mice, they are able to
clear fibrotic tissue and replenish all cardiomyo-
cytes while for 7 days old mice, their capacity
for the capacity for complete morphological
and functional cardiac regeneration was lost
and retained significant scar tissue at day 21
after MI [9]. Very few proliferating cardiomyo-
cytes were identified in 7 day old mice after Ml
and the remodeling response of 14 day old
mice was characterized by extensive fibrosis,
wall thinning, and ventricular dilation after Ml
[8].

The adult mouse infarct model better repre-
sents the cardiac response of human patients
to an ischemic injury than neonatal mouse
model. To induce heart infarction, mice are
anesthetized by inhaling isoflurane or injecting
anesthetics (e.g., Ketamine/Xylazine). The mice
are then intubated using a catheter and venti-
lated with a rodent ventilator. The surgical pro-
cedure is similar to the one described above for
neonatal mice. A left-sided thoracotomy is per-
formed and the LAD artery is permanently ligat-
ed, approximately ~4 mm distal to the origin of
the artery under the left atrium. Infarction is
verified by LV blanching distal to the suture. The
chest and skin are then closed, and mice are
allowed to recover in a heated chamber [8, 11,
12]. Inflammation and scar tissue formation
replacing the necrotic myocardium after Ml are
essential to preventing cardiac wall rupture. It
is possible that ischemic injury, with subse-
quent cell necrosis, apoptosis, and damage to
the extracellular matrix, dictates the course of
inflammation and inhibits complete regenera-
tion [13].

An inherent limitation of the LAD ligation model
both in neonates and adults makes standard-
izing injury size difficult. Given that a proximal
LAD occlusion can result in infarction of as
much as 40% of the LV, it is highly plausible
that larger ischemic injuries, similar to larger
resection injury, are incompatible with com-
plete regeneration [14].

Cryogenic injury

Cryogenic injury is another mouse model for
studying heart regeneration and cellular re-
modeling. Unlike MI, the cryoinjury model in-
duces confluent necrosis but does not spare
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cells within the center of the lesion. It can also
have interdigitating viable and necrotic tissue
[15]. Interestingly, cardiomyocytes are capable
to proliferate sufficiently to effectuate myocar-
dial regeneration after extensive cryoinjury of
the LV myocardium in adult mice. High levels of
macrophages precede and coincide with the
highest levels of cardiomyocyte proliferation,
suggesting a functional role of these cells in
myocardial regeneration [16].

Cryogenic injury can be induced in several plac-
es throughout the heart, depending on the
investigators’ area of interest. An open thora-
cotomy approach is used to induce cryoinjury
on the LV, because this allows direct visualiza-
tion of the freezing process and immediate vali-
dation of the resulting freeze-thaw injury. A lig-
uid nitrogen-cooled aluminum probe is applied
directly onto the anterior LV for ~10 seconds.
The frozen myocardium thaws completely
10-15 seconds following probe removal, and
the injured area exhibits a deep red coloration
[12]. Three 1-min exposures cause an exten-
sive lesion on the midventricular portion of the
anteriolateral LV wall [11].

Another approach is through an abdominal inci-
sion to induce cryoinjury on the right ventricle
(RV). Mice are anesthetized and the abdomen
is opened through a transverse laparotomy.
The translucent diaphragm is exposed by lifting
the chest with a divaricator. The surface of the
heart is now visible through the diaphragm and
the desired area for the injury can be selected.
A blunt tip stainless steel Von Graefe hook is
directly placed on the diaphragm after cooling
for ~2 min in liquid nitrogen to make an apical
or midventricular RV injury. Two sequential 10-s
exposures (with an intermittent 30-s interval)
cause an extensive, transmural lesion on the
lateroapical portion of the RV wall with an ex-
tension to the apical LV wall. A single 30-s ex-
posure causes an extensive, transmural le-
sion on the midventricular RV wall with no ex-
tension to the septum [11]. This procedure has
also been described in rats [17].

Doxorubicin (DOX)-induced HF

Nonischemic cardiomyopathy accounts for ap-
proximately one-third of HF cases. Unlike isch-
emic forms, which are amenable to palliative
procedures like revascularization and remo-
deling operations, nonischemic cardiomyopa-
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thies, once they have reached an end stage of
drug refractoriness, can only be treated radi-
cally by heart transplantation. DOX-treated
mice receive a single dose of DOX at 15-20
mg/kg i.p., which causes clinical symptoms of
HF [18]. Mice are studied five days later be-
cause at this time point more than 5 final half-
lives of elimination of DOX from both plasma
and cardiac tissue in mice has taken place and,
at the time of functional and immunohisto-
chemical assessment, DOX is no longer pres-
ent in the blood or cardiac tissues. LV fractional
shortening and cardiac output are significant-
ly reduced (35 and 23%, respectively) relative
to control animals. This murine model of severe
LV dysfunction by DOX cardiotoxicity mimics
the human pathology. Changes are consistent
with clinical observations, suggesting that this
murine model is appropriate for mechanistic
evaluations [19].

Transgenic lines

One of the most advantageous aspects of utiliz-
ing mice is the ability to make genetic models.
Although such models can be produced in larg-
er species, mouse models can be developed in
a shorter time period due to their short gesta-
tion age at a substantially lower cost [4].

Dilated cardiomyopathy (DCM): Two strains of
mice have been established to model the
development, progression, and regression of
DCM in humans. Muscle LIM protein (MLP) null
mice are engineered by a deletion of MLP, an
actin-associated cytoskeletal protein and Ca-
sequestrin (CQS) mice have a cardiac-restrict-
ed overexpression of the calcium binding pro-
tein CQS. Both produce a HF phenotype that
replicates various aspects of human DCM. The
MLP-/- mice appear to closely replicate hu-
man DCM, with progressive reduction in cardi-
ac function beginning at 4-6 months, whereas
CSQ mice develop rapid-onset DCM resulting
in mortality by 9-14 weeks [20]. Echocardio-
graphy shows normal contractility in 4-week-
old MLP null mice and a progressive decrease
in contractility with increasing age. This sug-
gests that contractile dysfunction is not the
primary defect in this mouse model of DCM.
Rather, the lack of MLP causes hypertrophy,
resulting in HF with an increase in connecting
tissue and increased myocardial stiffness [21].
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Hypertrophic cardiomyopathy (HCM): Mouse
models in which ¢cMyBP-C is homozygously
ablated (cMyBP-C/) have been used to study
the role of cMyBP-C in normal cardiac contrac-
tility and the development of HCM. Alterations
in contractile kinetics serve as the primary
pathophysiologic trigger for the development of
hypertrophy in this model [22]. Another trans-
genic mouse model of HCM that overexpresses
myotrophin in the heart, the Tg mouse, was also
developed. This model showed hypertrophy as
early as 4 weeks of age that progressively led to
HF with severe compromised function. All the
symptoms in this model mimic human HF. Tg
mice demonstrated prevalent DNA damage in
hearts during transition from long standing
hypertrophy to HF and the induction of the cell
regenerative machinery, especially in cardiac
myocytes. Human HCM heart samples show
similar changes in several genes for apoptosis
and cell regeneration. Data in the Tg mouse
model convincingly suggest that cell death and
regeneration take place simultaneously during
the transition of hypertrophy to HF [23].

Autoimmune cardiomyopathy (AICM): To devel-
op an animal model for AICM, DQ8 transgenic
non obese diabetic (NOD) mice were crossed
with @ NOD Major Histochmpatibility Complex
(MHC) class Il B-chain knockout (KO) line.
Animals from the original DQ8 transgenic NOD
line developed spontaneous autoimmune dia-
betes at the same rate as the regular NOD/LtJ
strain. However, when the DQ8-NOD animals
were crossed with the NOD MHC class Il KO
line, the resulting DQ8*/*, IAB/ NOD animals no
longer developed diabetes or insulitis; instead,
they developed progressive DCM (hearts three
to four times than normal size) and HF leading
to premature death in both males and females.
As the animals aged, first-degree atrioventricu-
lar (AV) block became widespread in the popu-
lation, and by 18 weeks, the majority of animals
had progressed to second degree or complete
AV block. Histological examination of end-stage
hearts showed pancarditis, with grossly dilated
atria and only a few live cardiomyocytes remain-
ing in mostly fibrotic atrial walls, which in places
were paper thin [24].

Duchenne muscle dystrophy (DMD): DMD is an
X-linked neuromuscular disorder caused by a
mutation in the dystrophin gene [25]. Although
limb muscle weakness and loss of ambulation
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are usually the initial clinical signs of the dis-
ease, patients with DMD die from respiratory
failure or HF. To improve lifespan and quality of
life, progressive loss of contractile function in
the heart also needs to be prevented or halted
[26].

The genotypic murine model for DMD is the
dystrophin-deficient Mdx mouse. The disease
phenotype is milder in Mdx mice in contrast to
human counterparts [25]. They have a normal
life span and do not show significant muscle
weakness or cardiac alterations nor any of the
skeletal or cardiac muscle lesions that develop
at late time points in DMD patients, such as
fibrosis and muscular atrophy [27]. This is par-
tially due to the compensatory effects of utro-
phin, a dystrophin homolog that can offset the
loss of dystrophin in mice [26]. Another trans-
genic mouse was developed to better model
the severe cardiac dysfunction in humans with
DMD. In this double knock-out mouse, where
both dystrophin and utrophin are absent, car-
diac contractile function is severely affected at
8 weeks-of-age, displaying the classic patho-
physiological hallmarks of end-stage human
cardiac failure [28].

Several studies using dystrophin-deficient mice
bred with other strains were conducted to clari-
fy mechanisms leading to cardiomyopathy in
DMD. Different therapies have been used to
treat the symptoms of cardiomyopathy in DMD,
but these agents cannot replace lost or dam-
aged cardiomyocytes resulting from lack of
fully functional dystrophin. Generation of new
cardiomyocytes in dystrophin-deficient cardiac
muscle from an endogenous population of car-
diac stem cells suggests a potential mecha-
nism that may be exploited to delay or prevent
DCM in DMD [29]. Macrophages are necess-
ary for repair of damage in the heart, as they
stimulate new cardiomyocytes [29]. Also, IL-10
might be an important immune-modulator in
dystrophic muscle. Cardiac inflammation in-
duced by IL-10 ablation induced cardiac dys-
function and decreased LV function with LV
and RV dilatation [30].

Atrial fibrillation (AF): Cardiac-specific LKB1 KO
mice are used to study AF and associated
pathologies. 95% of KO mice developed AF by
12 weeks. They also demonstrated variable
heart rhythm disorders including first- and sec-
ond-degree AV block, bundle branch block, pre-
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mature atrial and ventricular contractions, and
atrial flutter. AF resulted in increased fibrosis,
apoptosis, and disrupted ultrastructure [31].
KO mouse heart developed dilated atrial car-
diomyopathy, which was vulnerable to electri-
cal and structural remodeling. Atrial dilation,
stretch, fibrosis, loss of muscle mass, cellular
and matrix remodeling, and disruption of gap
junctions are documented in this model. AF
caused LV systolic dysfunction with depress-
ed LV ejection fraction and clinical HF. It accu-
rately represents human AF with characteris-
tic structural and electrical remodeling in atria
[31].

Rat
Ligation-induced myocardial infarction (Ml)

The procedure to induce rat Ml is very similar to
the one described above for mice. Briefly, after
rats are anaesthetized, intubated, and con-
nected to a ventilator, a left thoracotomy is per-
formed in the fourth intercostal space, the
heart exposed, and the LAD artery ligated 2-3
mm from its origin between the pulmonary
artery conus and the LA [32-34].

Overload-induced cardiac hypertrophy

One of the most common and successful surgi-
cal models to create pressure overload HF is
constriction of the ascending aorta. This model
is clinically relevant because of its slow but
steady progression from compensated cardiac
hypertrophy to the decompensated phase and,
finally, to the HF stage. Ascending aortic con-
striction can be performed in two ways, either
by using sutures or by application of metallic
clips, which is less surgically complicated. In
this procedure, one has to locate the supra-
valvular ascending aorta and insert the clip
around the aorta to obtain the desired level of
constriction [35, 36].

Diabetic cardiomyopathy (DbCM)

Little attention has been devoted to defining
the initial response of myocardial tissue to a
short period of hyperglycemia in terms of prolif-
erative properties of myocytes and alterations
of cardiac stem cell storage before the appear-
ance of the cardiomyopathic phenotype. A
detailed knowledge of changes occurring at the
very beginning of diabetes, when cardiac elec-
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tromechanical performance is still normal, may
suggest appropriate therapeutic approaches
aimed at preventing the development of me-
chanical dysfunction and arrhythmogenesis,
which characterizes more advanced stages of
DCM [37].

To create an animal model for diabetes, a sin-
gle intra-peritoneal injection of streptozotocin
(STZ, 60 mg/kg) is applied to rats. This is one
of the most commonly used experimental mod-
els of diabetes. Rats exhibit hyperglycemia and
hyperlipidemia coupled with hyperinsulinemia
[38]. Ventricular dysfunction and marked struc-
tural damage appear 12 weeks after STZ treat-
ment. The first detrimental effect of metabolic
changes is a marked loss of ventricular mass,
in the absence of cardiomyocyte hypertrophy
or accumulation of extracellular matrix [37].
However in STZ-injected rats, it is difficult to
definitively exclude the possibility that the
pathogenesis is related, at least in part, to a
permanent toxic action of STZ [39].

Transgenic lines

Ml in hypertensive rats: Coronary occlusion in
spontaneously hypertensive rats (SHR) pres-
ents many similarities to Ml in humans and rep-
resents an adequate model for the investiga-
tion of the role and mechanisms of stem cell
therapy [40]. Hypertension in SHR causes high-
er LV systolic pressure, blood pressure, and RV
and LV weight compared with their normoten-
sive counterparts. After MI, hypertension accel-
erates LV dilatation and haemodynamic altera-
tions, indicating that this animal model pres-
ents many similarities to Ml in humans [32, 40].

Type Il diabetic rats: A rat model of Type |l dia-
betes is the Goto-Kakizaki (GK) rat. GK rats
have a stable, inheritable form of Type Il diabe-
tes characterized by mild hyperglycemia and
hyperinsulinemia, with no obesity, hyperten-
sion, or marked hyperlipidemia. Under normox-
ic conditions, cardiac function in the GK rat is
indistinguishable from that of control rats. A
contractile defect in both systolic and diastolic
LV function can be elicited in the GK heart dur-
ing even brief moderate hypoxia. Regardless
the level of insulin, a high level of extracellular
glucose is sufficient for development of con-
tractile abnormalities in diabetic cardiomyo-
cytes, which may explain the absence of these
abnormalities in the GK rat model where the
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level of hyperglycaemia is mild. Contractile
dysfunction in the GK heart has a primarily
metabolic basis [39].

Another rat model is the JCR: LA-cp rat. It is
a normotensive, hyperinsulinaemic model of
Type Il diabetes, which differs from the GK rat
in being obese and markedly hyperlipidaemic.
In addition, these rats develop early atheros-
clerotic lesions of major blood vessels and
occlusive coronary thrombi at later stages of
the disease [39].

Duchenne muscular dystrophy (DMD): A new
model of dystrophin-deficient rats was made
by microinjecting a mixture of TALE nuclease
mRNA for DMD in rat zygotes, allowing for the
generation of two DMD/Mdx rat lines. The
lesions in heart and skeletal muscle in this
model closely mimics those observed in DMD
patients. As observed in DMD patients but not
in Mdx mice, fibrosis is severe in all skeletal
muscle examined as well as in cardiac muscle
of DMD/Mdx rats. Cardiac muscles are affect-
ed with necrosis and fibrosis and show signs
of progressive DCM. Echocardiography showed
significant concentric remodeling and altera-
tion of diastolic function. These results indicate
that DMD/Mdx rats represent a new, invaluable
small animal model for pre-clinical research on
DMD [27].

Rabbit

Spontaneous watanabe heritable hyperlipid-
emic myocardial infarction (WHHL-MI)

Rabbit myocardium shares more similarities
with human myocardium than small rodent
myocardium; therefore, rabbit genetic models,
albeit expensive, can be used as a stepping-
stone to determine whether a particular study
can be extended to humans and larger animal
models. Although, other large species such as
canine and sheep more closely resemble the
human heart, the cost of acquiring and housing
rabbits is still significantly lower, making them
an attractive alternative to larger animal mod-
els for cardiac research. Differences between
rabbit and human myocardium remain, possi-
bly resulting in a particular study or therapeutic
intervention having differential effects in rab-
bits and humans. For example, rabbits might
not serve as the best animal model for studying
the effects of exercise on the cardiovascular
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Table 1. Advantages and disadvantages of small animal models
Advantages

Disadvantages
* Lower maintenance costs

* Phylogenetically distant from humans

* Pathophysiology of disease may not be translatable to humans
* Different response to pharmaceutics

* Not suitable for chronic studies

* Easier to handle and house
* Shorter gestation time and lifespan
* Suitable for proof-of-concept and “high-throughput” studies

* ischemia-reperfusion induced arrhythmias are infrequent and easy to reverse when they occur
» Suitable for genetic selection and production of transgenic strains
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Table 2. Relevant small animal models for cardiac disease (only one reference is listed for each

model. See the Main text for more references)

Animals Induced models Spontaneous models
Mouse Cryoinjury [11] AF [31]
DOX induced HF [18] AICM [24]
MI [8] DCM [21]
DMD [28]
HCM [23]
Rat Cardiac hypertrophy [35] Cryoinjury [17] Hypertensive rat [40] DbCM [39]
DbCM [38] DMD [27]
MI [33]
Rabbits WHHL-MI rabbits [41]
Cats HCM [42]

Abbreviations: AF: Atrial fibrillation, AICM: Autoimmune cardiomyopathy, DbCM: Diabetic cardiomyopathy, DCM: Dilated cardio-
myopathy, DMD: Duchenne muscular dystrophy, DOX: Doxorubicin, HF: Heart failure, HCM: Hypertrophic cardiomyopathy, Ml:
Myocardial infarction, WHHL-MI: Watanabe heritable hyperlipidemic myocardial infarction.

system mainly because its heart rate reserve is
much less than that in human and large animal
models, such as canines, which would serve as
better animal models in such cases [4].

A rabbit spontaneous MI model could be ob-
tained from the selective breeding descen-
dants of coronary atherosclerosis-prone WHHL-
MI rabbits. Because the coronary lumen area
stenosis was enhanced in these rabbits, the
incidence of spontaneous WHHL-MI was incre-
ased in proportion to the serial nearly-occluded
coronary lesions. Coronary plaques with com-
plicated lesions are the major determinant for
MI in these rabbits. However, observations in-
dicate that the mechanisms for Ml in WHHL
rabbits are different from those in humans [41].

Cats
Hypertrophic cardiomyopathy (HCM)

Spontaneous cardiac diseases similar or identi-
cal to those in humans are extremely common
in companion animals and are vastly underuti-
lized as models of human cardiac disease.
HCM is currently the most common heart dis-
ease in cats, and its incidence appears to be
increasing. As in humans, feline HCM is charac-
terized by hypertrophy of the (LV, impaired dia-
stolic filling, secondary left atrial enlargement
is usually evident, and variable right heart
enlargement or hypertrophy may develop over
time. Arrhythmias are uncommon unless severe
left atrial enlargement is present. In cats with
HCM, congestive HF and arterial thromboem-
bolism are common clinical manifestations
[42].

[

A specific breed, the Maine Coon, has a genetic
mutation that makes the breed prone to suffer
from HCM. The prevalence of HCM in cats
homozygous for this mutation is much higher
than in cats heterozygous for the mutation.
However, it is highly likely that other causes
(genetic or not) are also responsible for the dis-
ease in the Maine Coon [43]. Individuals of this
breed can be used as relevant animal models
to study the development and pathophysiology
of HCM.

Conclusions

Small animal models are commonly used in
cardiovascular research because of their many
advantages over large animal models (see
Table 1). They have a short life span, allowing
the investigators to follow the natural history of
the disease at an accelerated pace. Also, the
development of genetically modified models
allows for rapid establishment of proof-of-prin-
ciple that can later be extended into larger ani-
mal models. However, rodents have a few dis-
advantages as well. They are phylogenetically
very distant from humans and some patho-
physiological features of disease and their
response to pharmacological treatments may
not be reliable predictors for humans. Thus,
translational aspects and value of genetic
small animal models must be interpreted with
caution. Although they may display some of the
characteristics of human cardiac disease, they
typically do not recapitulate all aspects of it.

Determining the best experimental model of a
human condition requires a number of deci-

Am J Cardiovasc Dis 2016;6(3):70-80



Small animal models of heart disease

sions and compromises - especially in relation
to obtaining the optimal balance between the
quantity and quality of the data produced vs
the relevance of the data to the condition under
investigation. In assessing the utility of an
investigative model, it is necessary to identify
the research objectives. The question under
study will greatly influence the choice of the
most appropriate model and determination of
cardiac function and malfunction. It is also
important to standardize the procedures used
in order to obtain relevant and reproducible
results that can be compared with other find-
ings. Table 2 summarizes the most relevant
small animal models for cardiac disease and
whether the disease is artificially induced or
spontaneous. This provides a basis in which
to decide what model best suits a specific
investigation.
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ble hyperlipidemic myocardial infarction.
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