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Needle muscle biopsy: technique validation and histological and

histochemical methods for evaluating canine skeletal muscles
Biopsia muscular por agulha: validacao da técnica e dos

métodos histologicos e histoquimicos na avaliacao do
musculo esquelético de caes

Abstract

This study evaluated the needle muscle biopsy technique using a 6G Bergstrom percutaneous needle
combined with histological and histochemical methods to analyze the skeletal muscle of dogs. There are
few studies about canine skeletal muscles and a lack of reports in the literature about tissue collection
and analysis for canine species. Evaluation of 32 German Shepherd samples collected from the gluteus
medius, at a depth of 3 cm, was performed. The choice of gluteus medius and the 3-cm depth provided
good quantity fragments with sufficient sizes (3—5 mm), which permitted optimal visualization of
muscle fibers. Myosin ATPase, at pH 9.4, 4.6, and 4.3, and SDH reactions revealed that all muscle
samples analyzed had fibers in the classic mosaic arrangement, enabling counting and typification.
The mean percentages of fibers were 29.95% for type I and 70.05% for type II. On the basis of these
results, we concluded that the percutancous needle biopsy technique for canine skeletal muscles is a
safe and easy procedure that obtains fragments of proper sizes, thereby enabling the study of muscle
fibers. Standardization of the muscle of choice and the depth of muscle sample collection significantly
contributed to this success. This is an important method to evaluate muscle fiber types of dogs and
diagnose important diseases affecting the skeletal muscles.
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Resumo

O objetivo deste trabalho foi avaliar a técnica de biopsia muscular por agulha de biopsia percutanea
tipo Bergstrom n° seis, e os métodos histologicos e histoquimicos utilizados na analise do musculo
esquelético de cdes, uma vez que estudos sobre a musculatura esquelética em caes sdo poucos o que
acarreta um numero pequeno de relatos na literatura sobre métodos de coleta e andlise desse tecido
nessa determinada espécie. Foram avaliadas amostras de 32 animais da raga Pastor Alemao coletadas
do musculo gliteo médio a uma profundidade de trés centimetros. A escolha da profundidade de trés
centimetros ¢ do musculo Gluteo Médio em cdes da raga Pastor Alemao denotou fragmentos colhidos
com suficiente viabilidade, bons padrdes de tamanho (entre trés e cinco milimetros) e boa quantidade
e qualidade, permitindo 6tima visualizag¢@o das fibras musculares dos animais da amostra. Nas reacdes
enzimo-histoquimicas da miosina ATPase no pH 9.4, 4.6 ¢ 4.3 ¢ SDH todos os musculos examinados
apresentavam a distribui¢do das fibras musculares com o classico padrdo de mosaico, possibilitando
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a contagem ¢ a diferenciagdo dos diferentes tipos. O valor médio de fibras tipo I foi de 29,95% ¢ o
valor médio de fibras tipo II, 70,05%. Com base nesses resultados, pode-se concluir que a técnica
de biopsia com agulha percutanea utilizada em musculo esquelético de caninos, demonstrou ser um
procedimento seguro e de facil recuperagdo, obtendo fragmentos de tamanho adequado e, portanto,
viabilizando o estudo. A padroniza¢do do musculo e da profundidade de coleta da amostra muscular
teve contribui¢do importante. Sendo um importante meio para avaliar os tipos de fibras musculares em
cées e no diagnéstico de importantes enfermidades que acometem a musculatura esquelética.
Palavras-chave: Musculo. Pastor Alemao. Diagnostico.

Introduction

Few studies have discussed canine skeletal
muscles. Therefore, the literature lacks reports of
methods for collecting and analyzing this type of
tissue within the canine species.

Significant muscle disorders may affect dogs,
such as X-linked muscular dystrophy (Duchenne
type), congenital myotonia, and myasthenia gravis,
in addition to endocrine myopathy associated with
hypothyroidism and hypercortisolism, and immune-
mediated and parasitic myopathies (VALENTINE;
McGAVIN, 2009). Studies about the different
aspects of X-linked muscular dystrophy in dogs and
its evolution are crucial, since they are appropriate
animal models to study similar alterations in
humans, as indicated by Grando et al. (2009).

Muscle biopsy was first performed by Duchenne
in 1861, but its application was limited until
Bergstrom introduced the percutaneous needle
technique with similar characteristics, which is
mainly used to study physiological variations in
normal muscles (DUBOWITZ et al., 2013a).

Needle muscle biopsy is now widely used, and
the technique is accepted in human medicine for
the diagnosis and monitoring of neuromuscular
diseases and to investigate muscular metabolism
in healthy individuals and in diseases such as
glycogenoses, lipid-related disorders, and lysosomal
and mitochondrial myopathies (MITCHELL et al.,
1989). Muscular biopsy has been widely used in
human and equine medicine, and needle muscle
biopsy has been an outstanding method to obtain
canine muscle samples for evaluation (REYNOLDS
et al., 1995).

Currently, the majority of canine muscle samples
are obtained from open biopsies (ROSENBLATT et
al., 1988), which requires general anesthesia and
may lead to significant risk to animals with severe
neuromuscular weakness, malignant hyperthermia,
or cardiovascular, pulmonary, and liver or kidney
diseases (DUBOWITZ et al., 1985). Furthermore,
general anesthesia may affect the metabolic flow
and the open biopsy procedure, which may become
inappropriate for investigating metabolic energy
(REYNOLDS et al., 1995).

Needle muscle biopsy causes little discomfort
and is virtually inoffensive to dogs, and thus
repeated collection procedures in a single animal are
possible. The technique is performed rapidly, allows
for effective and safe biopsies of muscle tissue in
conscious and intact dogs, in addition to the fact that
dogs are able to exercise normally one day after the
procedure. The obtained fragment is appropriate for
most morphological and histochemical evaluations
(TREVINO et al., 1973, REYNOLDS et al., 1995).
It is also a practical, rapid, and minimally invasive
technique for equine examination (LEDWITH;
MCGOWAN, 2004; PADILHA et al., 2008). These
attributes of the technique provide significant
potential for the diagnosis, clinical management,
and research of nutrition and metabolism and
neuromuscular diseases (GREIG et al., 1985).

The muscle fragments of dogs to evaluate fiber
types and metabolism were obtained post-mortem in
several studies (HARRIS et al., 1990; ACEVEDO;
RIVERO, 2006). Percutaneous needle muscle biopsy
is useful and effective for monitoring diseases,
leading to significant results in studies of canine
muscular disorders (SAMPAOLESI et al., 2006).
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The gluteus medius is a superficial muscle of the
pelvic that is easily visualized limb. This muscle,
which is located on the gluteal surface of the ilium,
begins at the iliac crest and the iliac tuberosity,
and ends as a small and strong tendon attached to
the greater trochanter (EVANS; CHRISTENSEN,
1979).

Histological techniques reveal the overall
muscle fragment structure; enzyme histochemical
reactions, however, permit differentiation of the
biochemical properties of specific muscle fiber
types (DUBOWITZ et al., 2013b), leading to a

more thorough study of distinct fiber types.

This
muscle biopsy technique using a 6G Bergstrom

study evaluated percutaneous needle
needle, and histological and histochemical methods
of canine skeletal muscle analysis., since studies
on the skeletal muscles in dogs are scarce leading
to a small number of reports in the literature on
methods of collection and analysis of this tissue in
this particular species.

Materials and Methods

This study was analyzed and approved by the
Animal Ethics Committee of the Federal Fluminense
University (protocol no. 355/2013).

Muscle
asymptomatic, male and female German Shepherd

samples were collected from 32
dogs, aged from one to six years old, who were
maintained under standardized management. The
site of muscle fragment collection was the gluteus
medius, selected due to its superficial location and
importance for animal locomotion. It is therefore
an important muscle to study athletic activities, and
is unaffected by canine-hip dysplasia of German
Shepherd dogs (CARDINET et al., 1997).

The dogs were grown under standardized
management, in semi-confined system, within
individual 4.5 m X 2 m cemented floor pens that
were partially covered and with access to sunlight.
They were fed twice a day with the same super

premium dog food containing guaranteed levels of
the following nutrients: crude protein, 240 g/kg;
ether extract, 150 g/kg; minerals, 69 g/kg; fiber,
25 g/kg; water, 95 g/kg; phosphorus, 5,800 mg/kg;
vitamin A, 12,900 IU; vitamin C, 200 mg; vitamin
E, 500 IU; taurine, 1,530 mg/kg; eicosapentaenoic
acid (EPA)/docosahexaenoic acid (DHA), 4,100
mg/kg; metabolizable energy, 4,014 kcal/kg. In
addition, all dogs were had unrestricted access to
water.

The needle muscle biopsy technique was
performed after the animals were chemically
restrained for the tranquilization protocol, which
involved 1 mg/kg 2% xylazine hydrochloride
injected intramuscularly through the pelvic limb
opposite to the biopsied gluteus medius (left pelvic
limb) using a 25 x 7 mm needle. All dogs were
submitted to 12-hour time feed restriction prior to
each procedure.

Trichotomy and sterilization were performed in
the right gluteus medius area, and local anesthesia
with lidocaine hydrochloride 2% (3mL per dog) was
administered with the animal in the lateral recumbent
position. The muscle biopsy was then performed
using a 6G Bergstrom percutaneous needle 6 mm
in length (Stille, Stockholm, Sweden) (Figure 1),
and a skin incision was performed using a scalpel.
A standardized 2-cm incision was performed in the
muscle fascia, and then muscle fiber divulsion was
performed to a depth of 3 cm, where the biopsy
needle was inserted. The needle was centrally
inserted at a 45° angle into the gluteus medius, 3 cm
below the iliac crest. Three-point suture (“U”) was
performed using 2.0 nylon monofilament sutures
after sample collection.

Subsequently, 1% topical polyvinylpyrrolidone
was applied, in addition to a ketanserin tartrate
healing ointment and prophylactic 5 mg/kg
enrofloxacin antibiotic therapy for five days,
administered subcutaneously on a daily basis.
Stitches were removed seven days after the

procedure.
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Figure 1. Three components of the G6 Bergstrom percutancous biopsy needle. A hollow puncture cylinder with a
sharp edge, used for muscle fiber divulsion, and a compartment for sample storage (arrow head); another hollow
cylinder that slides inside the needle, with a sharp edge (arrow), and a stylet used for extracting the sample from the

needle’s interior.

Muscle fragments were extracted and wrapped in
aluminum foil, which has cryoprotective functions,
thereby avoiding damage during freezing. The
samples were then immediately frozen using liquid
nitrogen at —160°C by direct immersion until
“bubbling” ceased; samples were then stored in an
appropriate canister until processing. Transverse
10-pum histological sections were made, as per the
method of Dubowitz et al. (2013a), using a cryostat
at —20°C, and samples were collected with glass
slides.

The feasibility of visualization of the different
structures and substrates using each sample, and
differentiation of muscle fiber types, were evaluated
using  the
and histological techniques: myosin adenosine
triphosphatase (ATPase), at pH 9.4, 4.6, and 4.3;
succinic dehydrogenase (SDH); modified Gomori
trichrome (MGT); periodic acid-Schiff (PAS); as
per the methods of Dubowitz et al. (1985) adapted
by Ferreira (2000); and hematoxylin and eosin
(H&E); in accordance with Ferreira (1994).

following  enzyme-histochemical

Exploratory data analysis was performed using
descriptive statistics to determine the mean values
of different muscle fiber types.

Results and Discussion

Needle muscle biopsy enabled safe and effective
biopsies of animals in this study. It was a minimally
invasive, safe, and easily performed technique with
a fast recovery for dogs, corroborating the results
obtained by Ledwith and McGowan (2004) and
Padilha et al. (2008) in horses. The low cost of the
procedure is an important point to consider.

Histological analysis of samples permitted
evaluation of the overall muscle architecture and
observation of individual morphological variations
of the muscle fibers, as reported by Sundaram
(2011). Hematoxylin and eosin (H&E) staining,
a routinely used technique, clearly reveals tissue
structure: fiber, nucleus, adipose and fiber tissue,
presence of inflammatory cells, and vascular and
neural components, as reported by Dubowitz
et al. (2013b). This technique facilitated the
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accurate histological evaluation of canine muscle.
Histological evaluation revealed that the muscle
fragments were composed of typical polygonal-
shaped fibers with significant variations in size,
eosinophilic sarcoplasm, and elongated nuclei with
subsarcolemmal arrangement. Muscle fibers were
separated from each other by a delicate layer of
connective tissue, referred to as endomysium, with
capillaries in some samples.

The (MGT)
technique permitted examination of the endomysial
connective tissue, as described by Dubowitz et al.
(2013b), which was present as a thin layer between
muscle fibers. All samples had similar morphological
aspects, independently of gender or age of the dog,
after application of both conventional and enzyme-
histochemical techniques. The Periodic acid-Schiff
(PAS) reaction permits the quantification of muscle
glycogen, as demonstrated by Acevedo and Rivero
(2006); pathological glycogen accumulation in
canine muscle fibers was not observed during
this study. PAS technique is especially useful
for the diagnosis of different glycogenosis types
that affect various animal species, including dogs
(VALENTINE; McGAVIN, 2009).

Myosin ATPase at pH 9.4, 4.6, and 4.3, and
SDH reactions revealed that the muscle fibers of all

modified Gomori trichrome

samples were arranged in the classic mosaic pattern,
which permitted the counting and differentiation of
distinct fiber types, as previously described (VAN
VLEET; VALENTINE, 2007; DUBOWITZ et
al., 2013b), and resulted in different biochemical
properties of specific muscle fiber types.

The reaction of myosin ATPase at pH 9.4
revealed light-colored, type I fibers and dark-
colored, type Il fibers; the reaction at pH 4.3
showed dark-colored type I fibers and light-colored
type II fibers, corroborating with previous studies
(LATORRE et al., 1993; ACEVEDO; RIVERO,
2006). This color arrangement is evidence of the

characteristic mosaic pattern of this reaction. The
mean value of type I fibers was 29.95% and that
of fiber II was 70.05%. Evaluation of the SDH
enzyme activity revealed that dark blue-colored
fibers had prominent oxidative metabolism, while
fibers with glycolytic metabolism are light blue-
colored (Figure 2), similarly were described in dogs
(LATORRE et al., 1993) and horses (PADILHA et
al., 2011) with NADH-TR enzyme activity-another
oxidative enzyme.

The gluteus medius is the muscle of choice
and standardized needle insertion depth (three
centimeters) permitted a satisfactory biopsy
procedure, with minimal bleeding throughout
the surgical incision, as previously described
(TREVINO et al., 1973); these authors reported
that this technique could be rapidly performed in
animals, and dogs are able to exercise normally one
day after biopsy. Oblique needle insertion into the
gluteus medius enables the acquisition of sample
sections with a satisfactory size for histological and
histochemical evaluation (BRAGA; FERREIRA,
2002).

Dogs that were subjected to the muscle biopsy
experiment using a 6G Bergstrdm percutaneous
needle (six millimeters) did not demonstrate
immediate complications. Signs of discomfort were
observed in approximately 50% of the procedures
when the needle was inserted through the skin and
fascia, which disappeared as the needle reached
the muscle interior. Immediately after the biopsy,
the animals did not show signs of claudication
or walking problems, and there was no effect on
exercise performance 15 to 30 minutes after biopsy
collection. The incision wound healed rapidly
without complications or suture dehiscence. The
quality of the collected samples was appropriate
for the identification of muscle fiber by enzyme
histochemical analysis; similar results
described (REYNOLDS et al., 1995).

were
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Figure 2. Transverse sections of muscle samples from German Shepherd dogs. (A) Identification of muscle fiber types
by enzyme histochemical examination through the reactions for myosin ATPase at pH 9.4 and (B) myosin ATPase at
pH 4.3; and (C) oxidative capacity of muscle fibers by succinic dehydrogenase enzyme histochemical reaction: muscle
fibers classified as: type I (1); type II (2); low oxidative capacity (3); high oxidative capacity (4). Scale bar = 100 pm.

Although this muscle biopsy method is not a
complete substitute for an open biopsy, it may be
used in certain cases to obtain sufficient information
regarding muscle fiber types and in the assessment of
neuromuscular disorders, and poses a lower risk for
the patient if it was submitted to general anesthesia.
These observations in the dogs of this study are
consistent with those described (REYNOLDS et al.,
1995).

In contrast to the studies conducted by Braund
et al. (1982), and Acevedo and Rivero (2006), who

performed dog euthanasia with posterior muscle
dissection, this technique considers animal welfare
and enables studies that require fragments of canine
muscle tissues in live animals. Greig et al. (1985)
have indicated that this procedure has the potential
for use in the diagnosis, clinical management, and
research activities relative to nutrition, metabolism,
and neuromuscular diseases. Biopsies repeated
within a seven-week interval permitted evaluation
of equine muscle tissue (LINDNER et al., 2002);
thus, evaluation of training programs, age effects
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and/or pathology evolution was possible, without
injuries to the animals.

The standardized use of the gluteus medius
muscle and a 3-cm depth in this study produced
good quantity fragments with sufficient sizes (3—5
mm), which permitted optimal visualization of
muscle fibers. Furthermore, the standardized use
of the gluteus medius muscle and a 3-cm depth
contributed to producing representative results for
the ratio of the type of fibers and to standardizing
animal samples; this was consistent with the
findings of Acosta Junior and Roy (1987), who
studied muscle samples from primates and observed
that the ratio of the type of fibers is not the same
along the muscle length and depth and depends on
the muscle functional activity. The findings from
this study corroborated with those of Ferreira (2000)
and Reynolds et al. (1995) who obtained muscle
samples with the appropriate size and quality for
use in histological and biochemical analyses in
horses and dogs, respectively. Mercado et al. (2001)
observed that samples from percutaneous needle
biopsies of canine vastus lateralis muscles were not
sufficient in size for examination.

The orientation of transverse sections from the
frozen muscle fragments and the 10-um thickness,
as described by Dubowitz et al. (2013a), guaranteed
success of analyses and permitted the visualization
of structures and the differentiation of muscle fiber
types; these are consistent with those of another
study (ACEVEDO; RIVERO, 2006).

Until nowadays, the needle muscle biopsy
technique is widely used in sport horses for equine
training evaluation, as reported by Lindner et al.
(2013), and it is essential not only for obtaining
fragments for histological and enzyme histochemical
analyzes but also to understanding gene expression
(MURPHY et al., 2014) and identify biomarkers
related to skeletal muscles (TE PAS et al., 2013).
Therefore, the needle muscle biopsy is a technique
that can not only be used to evaluate the training
protocol of canine athlete and performance dogs, but

also to assess muscle tissues of working dogs and
for the diagnosis of several canine neuromuscular
diseases.

In horses, the use of microbiopsies is useful
to analyze the mitochondrial respiratory capacity
(VOTION et al., 2010, 2012), being an alternative
method to evaluate muscle samples. However, the
use of microbiopsies has no practical application
in the evaluation of muscle fiber architecture and
typification, since the size of samples collected by
this technique is not sufficient, and thus, muscle
fragments obtained by needle biopsy are preferred.

It is important to emphasize that studies using
muscle biopsy as a method of diagnosis are very
valuable for veterinary medicine, as reports of
diseases such as canine muscle dystrophies have
increased (ARAUJO et al., 2009). Although an
increase in the number of enzymes indicative of
muscle disease, for example, creatine kinase in
female dogs carrying the muscle dystrophy gene
(MORINTI et al., 2011), muscle biopsy is still the
only method to diagnose these progressive lesions
in these dogs.

The histological techniques permitted an
effective evaluation of muscle fragments by
enabling the observation of fiber structure. Enzyme
histochemical methods permitted the observation
of the mosaic pattern obtained by reactions and
the different fiber types were highlighted, which
enabled counting. Such success was also observed
in studies of other species, for example, in equines
(D"ANGELIS et al., 2006, 2008; REVOLD et al.,

2011; LINDNER et al., 2013).

On the basis of these results, we conclude that
percutaneous needle biopsy of canine skeletal
muscles is a safe and convenient procedure, which
obtains fragments with a proper size, thus enabling
study of these muscles. Standardization of the
muscle of choice and collection depth was essential.
This technique represents an important method to
evaluate canine muscle fiber types and facilitates the
diagnosis of important skeletal muscular diseases.
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