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Abstract. The muscular dystrophies are a heterogeneous 
group of genetically inherited diseases characterized by 
muscle weakness and progressive wasting, which can cause 
premature death in severe forms. Although >30 years have 
passed since the identification of the first protein involved in 
a type of muscular dystrophy, there is no effective treatment 
for these disabling disorders. In the last decade, several novel 
therapeutic approaches have been developed and investigated 
as promising therapeutic approaches aimed to ameliorate the 
dystrophic phenotype either by restoring dystrophin expression 
or by compensating for dystrophin deficiency. Concurrently, 
with the development of therapeutic approaches, in addition 
to naturally occurring animal models, a wide range of geneti‑
cally engineered animal models has been generated. The use 
of animals as models of muscular dystrophies has greatly 
improved the understanding of the pathogenicity of these 
diseases and has proven useful in gene therapy studies. In 
this review, we summarize these latest innovative therapeutic 
approaches to muscular dystrophies and the usefulness of the 
various most common experimental animal models.
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1. Introduction

Muscular dystrophies (MD) refer to a group of inherited 
heterogeneous muscle diseases characterized by skeletal 
muscle degeneration and weakness (1) that progress to severe 
physical disability and various complications.

Since the identification in 1987 (2) of the first protein 
involved in a type of muscular dystrophy, dystrophin, numerous 
other dystrophin‑associated proteins have been identified in 
skeletal muscle. These proteins form a plasma membrane 
transmembrane complex named the dystrophin‑glycoprotein 
complex (DGC) (3), which links the extracellular matrix to the 
subsarcolemmal cytoskeleton (4). To date, the DGC in skeletal 
muscle is formed by transmembrane, cytoplasmic, and extra‑
cellular proteins such as dystrophin, the sarcoglycan complex 
(α‑, β‑, γ‑ and δ‑sarcoglycan), the dystroglycan complex (α‑ and 
β‑dystroglycan), sarcospan and, α‑ and β‑syntrophins. This 
complex along with extra‑ and intracellular proteins [nitric oxide 
synthase (nNOS), dystrobrevin, caveolin 3] plays an important 
role in the mechanical stability of the plasma membrane and 
protects muscle fibers from damage during contraction (5). 
The mutations that occur in the genes that encode for all these 
proteins are responsible for the occurrences of different types 
of muscular dystrophies (6). To date, >30 types of muscular 
dystrophy with a wide range of clinical manifestation, different 
age of onset, the pattern of inheritance, and life expectancy 
have been identified (1). These vary from severe forms such 
as Duchenne muscular dystrophy (DMD) with early child‑
hood‑onset and early death, to forms with a later onset that 
do not affect lifespan such as limb‑girdle muscular dystrophy 
(LGMD) (7). The main and most studied types of muscular 
dystrophy are Duchenne and Becker muscular dystrophy 
(BMD), LGMD, congenital muscular dystrophy (CMD), and 
Emery‑Dreifuss muscular dystrophy (EDMD) (8).
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Despite extensive discoveries over the years and the 
improvement in the understanding of the molecular basis of 
the muscular dystrophies (9), currently, there is no cure or 
treatment for these conditions. Identification of genetic defects 
specific to each type of muscular dystrophy as well as biochem‑
ical changes of proteins, have provided essential information 
concerning the pathophysiology of muscle diseases and paved 
the way to create appropriate animal models for the study of 
these diseases.

Numerous animal models have been developed and used 
to prevent disease progression in biomedical research (10,11). 
In addition, animal models have been used for amelioration 
of muscle‑associated disorders in regenerative medicine 
studies (12), for a better understanding of the physiological 
mechanism of the diseases as well as for the developing and 
testing of potential therapeutic strategies.

The development of therapy is the main concern of 
researchers worldwide and for this purpose, numerous studies 
have been conducted on animal models (13‑17). Over the 
years, developed animal model systems are frequently used in 
different experiments and play a central role in research (17‑20). 
To date, they have demonstrated, their usefulness in pre‑clin‑
ical studies on the safety and efficacy of different therapeutic 
approaches. In addition, for the understanding of the patho‑
genesis of these disorders, mutant animal models have been 
demonstrated to be an essential tool and provide valuable 
insights in deciphering the underlying mechanisms of these 
conditions (14,21,22).

Different types of animal models for muscular dystrophies 
such as mouse, pig, rabbit, dog, hamster, and sheep have been 
developed to study the different pathogenetic mechanisms 
of muscle fiber, histopathological changes, necrosis and 
myogenesis, inflammatory processes in the muscle, muscle 
fibrosis, disease progression as well as the effectiveness of 
new drugs (15,23‑27). However, all developed animal models 
still do not fully reflect human pathology, and therefore, their 
constant improvement over time has been and is a necessity. 
However, the mouse remains the most widely used animal 
model for the study of muscular dystrophies.

The aim of the present study was to explore the most used 
animal models of muscular dystrophy, and how these models 
contributed to the understanding of the disease and to the 
muscular dystrophy therapeutic approaches to date.

2. Requirements for a well‑developed animal model

It is well known that a disease induced artificially in an 
animal does not recapitulate identical conditions that occur 
naturally in humans. However, animals are widely used 
in scientific experiments due to genetics, anatomy, and 
physiology similarities with humans. The most common 
species used in experiments for muscular dystrophy studies 
are mice, dogs, pigs, Drosophila, and zebrafish. Genetic 
diseases (e.g., muscular dystrophies) occur naturally in some 
species whereas, in others they must be genetically induced. 
In experimental research, both types of animals are used 
for identification of the disease‑causing gene as well as 
genetic inheritance pattern, to understand the cellular and 
molecular mechanisms underlying genetic disease, and its 
treatment (28,29).

To obtain significant valid results, these experiments 
involve the use of a large number of laboratory animals. For 
this reason, the animal used for experiments should be easy to 
acquire at a reasonable cost and have a low maintenance cost. 
It is also desirable, that the animals used in experiments should 
be easy to handle and have a high reproductive rate (12). The 
use of laboratory animals also involves the participation of 
veterinarians in scientific experiments which will contribute 
to maintaining animal health. Their knowledge and skills in 
animal anatomy, physiology, and pathology as well as internal 
medicine, and surgery contributes to the success of a scientific 
experiment (30).

In order to be able to provide the best predictive data and 
to obtain valuable information in understanding the patho‑
genic mechanisms in different diseases, for an appropriate 
disease model a number of factors should be considered (31): 
i) Adequately designed and conducted, ii) well‑defined genetic 
characteristics, iii) mimic aspects of a disease or pathological 
condition found in humans as closely as possible and iv) repro‑
ducibility. The conditions of the experiment are important; 
they must be strictly monitored throughout their development. 
In addition, a thorough understanding of the limitations of 
animal models, differences, and similarities between animals 
and humans, contributes to the avoidance of misinterpretations 
of results when data obtained are extrapolated from animal to 
human and positively influence the success of an experiment (32).

An ideal animal model of muscular dystrophy should 
resemble human muscle structure, express the key aspects 
of the disease, and have similar gene expression patterns of 
human disorders. All these aspects are not found in a single 
animal model requiring the use of several animal models to 
mimic human disease. Therefore, it must be borne in mind that 
the animal model must provide insights into the mechanisms 
of the disease and should be adequate for studying a particular 
hypothesis (33).

Knowledge thus far of >30 different types of muscular 
dystrophy each with specific features has led to the improve‑
ment of animal study models for each type of muscular 
dystrophy. However, each model has its advantages and limita‑
tions.

3. Animal models for dystrophinopathy

Due to the large number of genes that are involved in muscular 
dystrophies numerous animal models have been developed 
over time.

Duchenne and Becker muscular dystrophies (dystrophi‑
nopathies) the most common forms of muscular dystrophy are 
X‑linked allelic muscle diseases that vary between them in the 
age of onset, the severity of manifestation, and life expectancy. 
Both are caused by the mutations in the dystrophin gene (DMD) 
which encodes for a structural protein called dystrophin with 
an important role in the proper function of the muscles (34). 
The most severe form of dystrophinopathies, DMD, is caused 
by out‑of‑frame mutations that disturb the reading frame and 
are associated with a lower level of protein, <5% than the 
normal level of protein in skeletal muscle (1). In the allelic 
form, BMD, the mutations that occurred in the DMD gene do 
not disturb the reading frame that determines the production 
of a shorter but functional protein in muscle (35,36).
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Mdx mouse. Mouse models are not the best models for DMD 
disease, but they are widely used for the study of DMD thera‑
pies for a few reasons: They are easy to take care of, they have 
a small body size, the cost associated with their maintenance 
is acceptable and breeding them is an advantage (21 days of 
pregnancy for mouse females). In addition, the mouse genome 
is strongly defined and is largely comparable to the human 
genome (33).

A general problem for different mouse models developed 
for DMD is represented by the limitation of clinical manifesta‑
tion/symptomatology of the human muscular dystrophy (37). 
This aspect may be present due to the dysregulation of the 
offsetting mechanism or to a species‑specific function of the 
muscle. Although ~20 species of different dog breeds were 
identified with dystrophy deficiency, most of the studies were 
only case reports (38).

The dystrophin gene is the first gene discovered to be 
involved in a type of muscular dystrophy, and due to the DMD 
phenotype is the most severe form of the disease, and it has 
been the most studied disease over the last 3 decades (2,39).

The first dystrophin‑deficient mouse naturally occurring 
was discovered by chance in 1984 by Bulfield et al (40) in an 
experiment for the determination of glycolytic enzyme activity 
mutants. This mouse model C57BL/10ScSn‑Dmdmdx/J, 
carries a nonsense point mutation in exon 23 in the DMD gene 
(3185C>T) which a premature stop codon leads to the absence 
of full‑length dystrophin and is known as the ‘mdx‑mouse’.

The mouse exhibits muscular dystrophy but does not mani‑
fest clear clinical symptoms of muscular dystrophy (41,42). For 
example, muscle degeneration in mdx mice is different from 
DMD patients. The fibrosis is less severe than in DMD patients, 
who also exhibit abnormal cardiac function and a different 
rate of disease progression (43). Nevertheless, the mice present 
similar features to human diseases such as muscle weakness, 
an increased level of muscle creatinine kinase (44), and a 
shorter lifespan than controls (45).

Thus, this mdx mouse model has been used over the years 
in preclinical research for efficacy testing of the potential 
of a new drug (14,46), for dystrophin restoration by stem 
cell transplantation (15), precursor cells (47), and exon skip‑
ping strategy using antisense oligonucleotide for stop‑codon 
read‑through (48).

Additional newer strains of mdx mice have been described 
such as mdx2cv, mdx4cv and mdx5cv over time that facilitate anal‑
ysis of the role of the dystrophin isoforms (49). In addition, to 
exacerbate the phenotype, mdx variants and double‑knockout 
animals have been developed.

Consequently, scientists succeeded in obtaining a better 
model (DBA/J2‑mdx), which exhibited a closer phenotype to 
the dystrophic diseases with improved fibrosis and less regen‑
eration, however the myocardial pathology and hemodynamic 
defects suggest that this mouse represents an inadequate model 
for DMD cardiomyopathy (16,43).

Originating from the mdx model, for a better understanding 
of the pathophysiology of the disease, a series of mdx variants 
and double knockout mice models that combine dystrophin 
mutation of the mdx mouse with mutations in an additional 
gene in order to exacerbate the phenotype have been gener‑
ated (50). For dystrophinopathies, a double knockout mouse 
model for dystrophin and utrophin (a dystrophin homolog 

protein whose presence compensates for dystrophin deficiency 
and prevents pathology), mdx/Utrn−/− displays a more severe 
phenotype, develops signs of cardiomyopathy and is more suit‑
able to use in experiments (51,52). In addition, mdx4cv/mTRG2 

that includes ‘humanized’ telomere lengths, and exhibits 
dilated cardiomyopathy appears to be the model that reca‑
pitulates both the skeletal muscle as well as the cardiac DMD 
phenotypes (53). This model was used to demonstrate that long 
telomeres protect the mice from lethal cardiac disease (54) 
and contributes to the high regenerative capacity of mouse 
muscle (55).

Canine model. Several dog breeds such as the Irish Terrier (56), 
Rottweiler (47,57), Cavalier King Charles Spaniel (58), 
Golden Retriever (59,60), have been reported and clinically 
characterized with naturally occurring dystrophin deficiency. 
Of these, the Golden Retriever muscular dystrophy (GRMD) 
dog remains the most widely used animal model and the 
best characterized for the study of DMD pathogenesis and 
treatment development. The canine model Golden Retriever 
for Duchenne dystrophy (GRMD) presents an expression of 
muscular dystrophy phenotype closer to human DMD with 
lethal respiratory distress and cardiomyopathy. In the GRMD 
dog, an A to G transition near the end of intron 6 disturbs 
the acceptor site, causing exon 7 skipping, resulting in a stop 
codon in exon 8 and arising in a frameshift mutation which 
leads to lack of dystrophin (61,62). This canine model has 
the advantage of sharing numerous similar features with 
the human DMD phenotype regarding severity and selec‑
tive muscle injury (17,18) and also the body mass of an 
adult dog is comparable to DMD patients (19). Recently, a 
dystrophin‑deficient male Border collie dog was identified 
with several naturally‑occurring mutations in the DMD gene 
(deletion of thymine in exon 20 and non‑synonymous substitu‑
tions in exons 15 and 34) at the age of 5 months (23). The dog 
presented a relatively mild phenotype and progressive disease 
similar to DMD patients and could have value as a preclinical 
model for testing the safety and efficacy of a new drug, and 
for analysis of the therapeutic potential of various approaches 
strategies such as exon skipping (63).

However, although, the studies conducted on GRMD dogs 
are more informative, GRMD dogs are less used in clinical 
studies of different therapies in contrast with different types 
of the mdx mouse models due to the adversity of carrying 
the affected dogs, of the high associated cost with care and 
management (64).

Although a different number of animals may develop 
dystrophin‑deficient syndrome, the murine and canine models 
for DMD are the most used animals in pre‑clinical testing and 
although the mouse is a strong model, affected dogs exhibit 
a better response in clinical and immunological progression 
compared to humans (65).

Pig models. Because the pig shares several similarities with 
humans such as the genome (20), size, anatomy, physiology, and 
pathology (66) it is an attractive animal model to study highly 
prevalent genetic human diseases. To date, several genetic 
engineering porcine models of human disease have been 
created by somatic cell nuclear transfer (67), technologies for 
genome editing (TALENs) and the CRISPR/Cas9 system (24).
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The pig has also been demonstrated to be an option for 
muscular dystrophy studies. In 2013, Klymiuk et al reported 
the generation of a transgenic DMD male pig model with 
exon 52 deleted by gene targeting and generated offspring by 
nuclear transfer. The obtained pig model (DMDΔ52) displayed 
some common features with human dystrophy such as loss of 
dystrophin in skeletal muscle, high level of serum creatine 
kinase and muscle fibrosis (67). However, the model also 
has some drawbacks such as a high level of utrophin when 
compared with age‑matched WT pigs and a short lifespan 
of the animals (67). Recently, Moretti et al were successful 
in restoring the expression of a shortened dystrophin in a 
DMDΔ52 pig model (25). The loss of exon 52 in the DMD 
gene is a frequent mutation found in DMD patients (68). This 
porcine model could be useful for the development of different 
therapeutic strategies for DMD patients.

Another porcine model was generated using the 
CRISPR/Cas9 system targeting the DMD gene at exon 27. 
The DMD‑modified pigs displayed a low level of dystro‑
phin protein, reduction of movement ability, and cardiac 
involvement similar to DMD patients. Unfortunately, the 
founder pigs succumbed, and the cause of death was not 
specified (69).

A missense mutation (C>T, R1958W) in exon 41 of the 
DMD which changes arginine to tryptophan was identified 
in pigs and characterized as spontaneous mutation (70,71) 
In addition, a case of human Becker muscular dystrophy 
(BMD)‑like myopathy with dystrophin abnormality was iden‑
tified and described in a pig (72).

As an advantage, the pig and the dog compared with mouse 
models, have a closer immune system to humans and their 
body size also is comparable with pre‑teenage humans. The 
pregnancy period for female dogs (58‑68 days) and mother 
sows (124 days) represents a disadvantage for these species in 
gene therapy studies in DMD (25).

Unfortunately, although the pig represents a favorable 
option for pre‑clinical therapy studies, they succumb early, 
most of them in the first week of life and none of them live 
long enough for natural breeding. Another important aspect is 
represented by human perception of different species involved 
in animal experiments (12). It is well known that humans have 
a high affinity for dogs, and non‑governmental organizations 
are fighting for animal welfare and rights all around the world.

4. Therapeutic strategies in DMD animal models

In the absence of curative treatment for this progressive and 
devastating disease, several therapeutic strategies in animal 
models have been developed over recent years in order to 
slow down the progression of DMD, to potentially improve 
the quality of life, or prolong the survival of patients. The 
progress made thus far in understanding disease progression 
and pathogenesis has been achieved both with animal models 
with naturally occurring mutations and developed by genetic 
engineering (73).

In recent years, several potential strategies have been 
developed and investigated as promising DMD therapeutic 
approaches that aimed to ameliorate the DMD phenotype, 
either by restoring dystrophin expression or by compensating 
for dystrophin deficiency (74).

5. Therapies aimed to restore dystrophin expression

Of specific emerging therapeutic strategies aimed to restore 
dystrophin expression the most advanced and promising 
results are the read‑through, exon skipping or using the 
CRISPR/Cas9 system.

Read‑through therapies. The occurrence of a premature 
termination codon within the coding regions of mRNA due 
to nonsense mutations determines the incorrect termination 
of translation and production of non‑functional, truncated 
proteins (75). Only DMD patients carrying nonsense mutations 
(~10% of all), may benefit from read‑through therapy (76).

Read‑through therapy relies on the use of small molecules 
(aminoglycosides) that enable recognition and ignore the stop 
codon thus allowing the production of a functional version of 
the protein (65). Gentamicin has been the most used aminogly‑
coside antibiotic that facilitates the read‑through of premature 
stop codons in DMD (75).

The therapeutic properties of gentamicin were demon‑
strated for the first time in experiments on mdx mice with 
a mutation in exon 23 in the DMD gene (77). It has been 
revealed that gentamycin administration can restore dystro‑
phin expression up to ~10‑20% of normal protein level in the 
muscle (77,78). A large variety of aminoglycosides have been 
tested for their read‑through properties in various animal 
models (26). Due to the side effects identified in humans, most 
common nephrotoxicity and ototoxicity, its use in treatment 
was dismissed (79).

Subsequent efforts were directed towards the discovery 
and development of novel synthetic aminoglycosides with 
enhanced read‑through activity and reduced toxicity. 
Translarna (ataluren) is a novel drug used for correction of 
nonsense mutations by read‑through, that was approved for 
human use after numerous experiments on the mdx mouse 
model for DMD (80). Contrasting results obtained by different 
research groups on animal models has led to inefficient treat‑
ment of nonsense mutations but with an impact on disease 
progression (81).

Exon skipping. In the DMD phenotype, the mutations that 
occur in the DMD gene disrupt the open reading frame and 
lead to the absence of a functional dystrophin protein in 
muscle fibers, while in the less severe allelic BMD pheno‑
type the open reading frame is maintained and a shorter but 
functional dystrophin protein is produced (35). The lack of 
treatment for the severe phenotype has led to the development 
of a strategy to transform the DMD phenotype into BMD 
by modulating splicing of the dystrophin mRNA and skip 
exons containing mutations that disrupt the open reading 
frame (68,82). The reading frame correction can be mediated 
by antisense oligonucleotides (ASOs) or using CRISPR‑Cas9 
gene editing.

The potential of antisense oligonucleotide‑mediated exon 
skipping therapy using several types of antisense oligo‑
nucleotides targeting exon 51 was evaluated in the mdx mouse 
model (83), and a canine model (84). The results were prom‑
ising and 2‑O‑methyl‑phosphorothioate (2OMePS) (82,85) 
and morpholino‑phosphorodiamidate oligomer (PMO) (27) 
have been translated into clinical trials. The studies have been 
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extended to other exons and are currently being investigated in 
exons 42, 52, 53, and 55 (86).

Although this therapy has been demonstrated to be a 
powerful tool for restoring the open reading frame numerous 
challenges remain regarding the stability, delivery, efficacy, 
and toxicity of AONs (87).

Clustered regularly interspaced short palindromic 
repeats/CRISPR‑associated protein 9 (CRISPR/Cas9) tech‑
nology (88) is the most promising genetic‑engineering tool for 
editing genomes. The technology has been used to introduce 
a desired small or large DNA modification in different cell 
types and organisms (89). The approach has been applied 
successfully in restoring an open reading frame and increasing 
the expression of a shortened dystrophin in a mouse model 
(del52hDMD/mdx) (90) and a pig model (DMDΔ52) (25).

With the use of this approach, the efficiency and stability 
of the genetic modification were significantly improved (91). 
However, numerous questions remain concerning the safety 
and effectiveness of the technology when used in humans.

6. Therapies aimed to compensate the lack of dystrophin

The advantage of compensatory approaches, in contrast to 
restorative approaches, is that they are intended for all patients 
with DMD regardless of the type of mutation.

Among the therapeutic strategies which are aimed to 
compensate for the lack of dystrophin that are thought to have 
an important value in treating these diseases, are utrophin 
upregulation, myostatin inhibition, reduction of inflammation 
and fibrosis, and neuronal nNOS pathway enhancement (92‑96).

Of all these potential therapeutic strategies, upregulation 
of utrophin is a highly promising approach and utrophin is 
a promising candidate to compensate for the lack of dystro‑
phin (97). Utrophin or dystrophin‑related protein (DRP) is an 
autosomal gene that exhibits 80% homology with dystrophin, 
has similar molecular weight and structure (98), and can 
perform similar functions (99). Due to its homology and other 
criteria, the possibility of compensating the loss of dystro‑
phin with upregulation of utrophin has been investigated in 
numerous experiments using mdx utrn‑/‑ mice (100) as well 
as in the dystrophin/utrophin (mdx/utrn‑/‑) double‑knock out 
mouse model (101,102). The results of the experiments have 
revealed that utrophin ameliorates all mechanical perfor‑
mances of the muscle (95), increased utrophin levels are not 
toxic to tissues (103) and appear promising to endorse utrophin 
modulation as a therapeutic strategy for DMD patients.

7. Animal models for other types of muscular dystrophies

LGMD are a group of heterogeneous rare progressive genetic 
disorders characterized by muscle wasting and weakness 
of the voluntary muscles of the limb girdle area. There are 
>30 types of LGMD with specific features such as the age of 
onset, the severity of disease, phenotype, and pathology. They 
are caused by mutations that occur in numerous different 
genes (104).

Based on its inheritance pattern and genetic cause, LGMDs 
are classified into two subtypes: Type 1 with an autosomal 
dominant inheritance pattern and type 2 with autosomal reces‑
sive transmission (105).

With regard to LGMD type 2, the most common forms with 
the highest incidence are sarcoglycanopathies (LGMD 2D, 2E, 
2C, and 2F), a group of autosomal recessive muscle‑wasting 
disorders caused by mutations in the genes that encode for cell 
membrane glycoproteins, α‑, β‑, γ‑ or δ‑sarcoglycan, as well as 
calpainopathy (LGMD2A) caused by mutations in the CAPN3 
gene that encodes for calpain 3 (106).

Animal models of calpain 3 deficiency. There is no causative 
treatment for this disease to date (107). In order to understand 
the calpainopathy disease mechanism and testing potential 
therapeutics, several animal CAPN3‑knockout models have 
been developed.

One mouse model of calpain 3 knockout was generated by 
Richard et al in 2000 (108), with disrupted proteolytic site of 
calpain 3 by substituting exons 2 and 3 with a neoR cassette 
using homologous recombination. Phenotypically, the muscles 
revealed regions of focal necrosis and apoptosis of nuclei with a 
complete absence of calpain 3 protein (108). Another mouse was 
generated by using a gene trap retroviral vector that introduced 
premature stop signals that completely abolished mRNA and 
protein expression. The phenotype exhibited muscle necrosis 
in combination with fibre atrophy and closely resembled 
LGMD2A (109,110). These animal models used in the afore‑
mentioned studies revealed the importance of calpain 3 in 
Ca2+ release in muscle fibers and its participation in sarcomere 
remodelling by promoting ubiquitination of its ligands (111).

A previous study revealed that the accumulation of aged and 
damaged proteins in old C3KO mice leads to cellular toxicity 
and a cell stress response in the muscle of mice (111). Recently, 
a severe double‑knockout mouse model (dKO) deficient in 
calpain 3 and dysferlin was developed by Lostal et al (112) to 
investigate the mechanism of the cardiac toxicity that previ‑
ously was observed in mice.

Animal models of sarcoglycanopathies deficiency. There are 
a great number of animal models of sarcoglycanopathies, 
however the hamster was the first animal model and is the 
most well described (113).

Mice are also a classical model used to study the pathology 
of the α‑, β‑, γ‑ and δ‑sarcoglycanopathies, respectively. These 
models have revealed progressive muscle pathology and 
functional impairments of variable severity (109). Notably, all 
sarcoglycan‑null models except the Sgca‑null mice develop 
a cardiac phenotype (33). A new variation of the Sgcg‑null 
mouse has been generated (the 521ΔT mouse) which has a 
single nucleotide deletion in exon 6, corresponding to the most 
common mutation found in humans (114).

8. Ethical concerns and animal models

Using experimental animals for scientific research in human 
medicine and the implementation of new techniques and 
procedures for developing new animal models for research 
represents a necessity both for human medicine and for scien‑
tific fields. Nowadays, researchers are developing humanized 
animal models for numerous genetic diseases (115).

Romanian legislation on the use of animals in biological 
research. The legislation regarding the use of animals for 
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experimental scientific research has been developed worldwide 
and is the result of public and non‑governmental organisations, 
concerned with the welfare of laboratory animals. Regarding 
the current legislation on the protection of animals used for 
scientific research, in Romania, the EU Directive no. 63/2010/ 
was transferred in the current Law no. 43/11 April/2014. For 
projects conducted on laboratory animals and for projects 
authorization procedures, since 2015 in Romania the Order 
no. 97/2015 of the President of National Sanitary Veterinary 
and Food Safety Agency (NSVFSA) is in effect.

In Romania, for project authorization a two‑step procedure 
must be followed: i) The applicant requires the approval of 
the institutional Ethics Committee; and ii) the applicant 
requires the authorization of the regional Sanitary Veterinary 
authority (116). Correct implementation and use of laws 
regarding the projects conducted on laboratory animals are 
necessary for quality of scientific research but also for animal 
welfare. It is well known that the welfare of laboratory animals 
during the experiments influences the effects or experimental 
results and may lead to erroneous or even inaccurate results 
in scientific fields (117). On the other hand, most countries 
already have groups of non‑governmental organisations that 
are promoting laboratory animal welfare, trying to stop the 
use of animals for scientific research, even in the testing of 
treatments for rare diseases.

9. Conclusion

With regard to muscular dystrophy as a progressive and fatal 
disease, where Duchenne and Becker muscular dystrophy 
(DMD and BMD) are the most common, different methods are 
used for targeted therapies with the goal of prevention of the 
disease or to stop some other related diseases such as cardio‑
myopathy. In consequence, a wide variety of disease animal 
models naturally occurring, or laboratory‑generated have been 
used for testing targeted therapies and their efficacy (9,30,31).

The contrast between animal models in their body size, 
phenotype, disease expression and response to therapeutic 
treatments in comparison with humans highlight the need 
and the necessity of developing new models for study (31,117). 
Identification and characterization of laboratory animal 
models for dystrophinopathies would improve the under‑
standing of the diseases, the molecular mechanism, and the 
possibility of testing future therapies. Although, nowadays, the 
activity and the manifestations of non‑governmental organisa‑
tions regarding the animal welfare of laboratory animals are 
present worldwide, developing animal models for therapeutic 
approaches and for studying important diseases such as 
muscular dystrophies are mandatory.

For consideration of muscular dystrophy animal models, a 
few aspects are necessary: The cost of maintenance of animals 
in laboratory must be low or acceptable, animals should be 
cared for compassionately and their well‑being must be of 
utmost importance considering the fact that animals cannot 
move normally due to their dystrophinopathy and the animal 
survival rate with the associated pathology such as cardio‑
myopathies should be long enough. The gestation period of 
animals should be short, and the survival rate of the progeni‑
tors must be high enough and most important, animals should 
best express the human phenotype.

The advances of the last years in gene therapy and the 
improvement of animal models and methods of analysis have 
led us closer to finding a treatment for muscular dystrophies.
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