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Abstract 

 

 Duchenne muscular dystrophy is a lethal genetic disease characterized by progressive muscle degeneration 
that usually had been used the Golden Retriever as a model for studying the disease (GRMD - Golden Retriever 
Muscular Dystrophy). A total of 16 male dystrophic Golden Retrievers dogs between 5 to 51 months of age were 
examined in the present study. The animals were classified as dystrophic according to two simultaneous complementary 
criteria: genotypic analysis and serum creatine kinase levels. The macroscopic abnormalities of the different organs and 
tissues and histopathological features were described using hematoxylin-eosin. The lesions in the skeletal muscles 
associated with the digestive problems resulted in cachexia with different intensities in all the dystrophic dogs. Cardiac 
muscle involvement was found in 87,5% of the GRMD dogs resulting, however, in cardiac failure in only 18,8% of the 
animals. The musculature of the diaphragm was hypertrophic in all affected animals resulting in progressive respiratory 
muscle weakness and at later stages in respiratory failure (81,25%). The liver abnormalities found in dystrophic dogs 
were originated mainly from heart disease and developed progressively. Hyperemia of mucosa and granular material 
indicated changes in the functioning and emptying of bladder. The germinative lineage cells presented moderate to 
severe degeneration probably due to degeneration of the scrotum and cremaster muscle which prevented the proper 
thermo-regulation of the testicle. Our results highlight the fact that there is significant impairment of the cardiac, 
respiratory and skeletal muscle systems in GRMD dogs since the age of five months. In addition, significant alterations 
of the gastrointestinal tract, urinary and reproductive systems are indicating the presence of degenerative lesions in the 
smooth musculature. 
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Introduction  

 

Duchenne muscular dystrophy (DMD) is a 
lethal genetic disease characterized by progressive 
muscle degeneration. It is an X-linked disorder and is 
caused by mutations in the dystrophin gene responsible 
for production of this membrane protein (28). The 
absence of dystrophin is accompanied by alteration of 
the dystrophin-glycoprotein complex (DGC) and results 
in progressive degeneration of the heart, skeletal and 
smooth muscle with subsequent replacement of tissue 
by fibrosis and fatty infiltration (11, 15). The onset of 

disease occurs between 2 and 5 years of age and many 
patients die from cardiac or respiratory failure (20, 34). 
Cardiac involvement, which commonly occurs in DMD 
patients, has now become a major cause of death due to 
clinical progress in the treatment of respiratory 
symptoms (14, 35). 
 In search of DMD, the canine model is the 
most appropriate in the study of the disease due to the 
large clinical and morphological similarity in relation to 
man. The Golden Retriever (GR) presents the most 
common form of dystrophy in dogs and is called 
Golden Retriever Muscular Dystrophy (GRMD) (6, 43).  
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Animal Age CK (U/L)* Death Cause

1 51 months 27064.0 Heart failure

2 21 months 12100.0 Respiratory failure

3 20 months 12862.0 Respiratory failure

4 17 months 17770.0 Respiratory failure

5 15 months 19800.0 Respiratory failure

6 15 months 17970.0 Respiratory failure

7 13 months 9072.0 Respiratory failure

8 12 months 8290.0 Respiratory failure

9 11 months 7200.0 Respiratory failure

10 11 months 8250.0 Respiratory failure

11 10 months 2431.0 Respiratory failure

12 9 months 1147.0 Respiratory failure

13 8 months 8548.0 Respiratory failure

14 8 months 3481.0 Heart failure

15 7 months 1654.0 Heart failure

16 5 months 1210.0 Respiratory failure

 The hypertrophy of the calf muscles is 
mentioned as a strong feature of the disease in humans 
(13, 21). Similarly, dystrophic adult Golden Retrievers 
show hypertrophy of the thoracic limbs, tongue, 
diaphragm, esophagus and sartorius muscle and atrophy 
of the others. (29, 30, 45). In GRMD, in addition to 
muscle hypertrophy, there are other clinical signs that 
include muscle weakness, dysphagia, tremors, exercise 
intolerance, displacement and deformity of the limbs 
and elevated serum creatine kinase activity (6, 30, 43, 
46, 50). Additionally, dogs DMGR also show 
electrocardiographic findings and progressive 
cardiomyopathy comparable to cardiac involvement in 
DMD patients (33, 48, 49). As the leading cause of 
death are pointed to heart and respiratory failure. (18, 
46). Mortality rates are higher in the first two weeks of 
life and from 7 to 9 months old (24, 46, 47).  
 Given the above, we established a line of dogs 
with GRMD in Brazil and we examined the 
involvement of systems with the support of pathological 
examinations of the same. 
 

Materials and Methods 

Animals 

A total of 16 male dystrophic Golden 
Retrievers dogs between 5 and 51 months of age were 
examined in the present study. They were coming from 
the Brazilian GRMD colony at the University of São 
Paulo (USP), in the State of São Paulo, Brazil. The 
animals were classified as dystrophic according to two 
simultaneous complementary criteria: genotypic 
analysis and serum creatine kinase (CK) levels.  
 
Serum creatine kinase (CK) concentration 

Serum samples were obtained by means of 
venipuncture, starting just after the dogs’ birth and 
continuing monthly until their death. The CK analysis 
was determined by means of an enzymatic kit (Sigma 
Diagnostics, St. Louis, MO, USA).  

 

Analysis of genomic DNA 

The genomic DNA was analyzed at the Human 
Genome Study Center at USP. To perform the analyses, 
DNA was extracted from blood samples collected from 
young pups, using a commercial kit (GFX Genomic 
Blood DNA Purification Kit – Amershan Pharmacia). 
The genotypes of the dystrophic and non-dystrophic 
dogs were determined using the primers GF2 and GR1 
(23, 42).  
 
Gross morphology 

The dystrophic animals used in the present 
work died naturally. Firstly, an external evaluation was 
performed to record data relating to the animal’s health 
and also any skin or mucosa abnormalities that were 
present. Next, the thoracic and abdominal cavities were 
examined, followed by analysis of the different organic 
systems (digestive, cardiovascular, respiratory, 
genitourinary and nervous systems). 

The macroscopic abnormalities of the different 
organs and tissues were described using the following 
evaluation parameters: changes in coloring, shape, 
volume and content.  

Finally, a diagnosis was established for the 
cause of death, by taking into consideration the organ or 
set of organs most affected in each system. 
 
Histological features 

The sections of the different organs and tissues 
were mounted on histological slides and stained using 
hematoxylin-eosin (H&E) to analyze the microscopic 
alterations present.  
 
Results 

 
Creatine kinase levels 

The results from the CK evaluation and death 
cause of dystrophic dogs are detailed in Table 1.  

 

Table 1. Age, values of CK and death cause of the 
dystrophic dogs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
*CK = creatine kinase (values of reference to dogs: 40 
– 254 U/L) (Mayer and Harvey, 1998) 
 

Gross morphology  

All the dystrophic dogs presented cachexia 
with different intensities, pallid mucosa and preputial 
secretion (Fig. 1A). The skeletal muscles were pale and 
atrophied and increased with the age. In our previous 
studies, we studied the influence on disease phenotype 
from crossing the base GR breed with Yellow Labrador 
Retrievers. We found that the histopathological changes 
were more severe in the GR dogs than in Golden 
Labrador Retrievers (GLR), suggesting that cross 
breeding could lessen the disease phenotype (33). 
Interestingly, it was previously reported two GRMD 
dogs (Ringo and Suflair) with an unusually mild disease 
course. In these dogs the dystrophin was absent, and 
utrophin was overexpressed in a pattern similar to that 
observed in severely affected dogs. In addition, fiber-
type distribution, histopathologic and 
immunohistochemical findings from biopsies of biceps 
femoris in these dogs were similar to those seen in 
GRMD dogs with a more severe clinical phenotype (2, 
52).  
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Figure 1. Gross morphology in Golden retriever dogs with muscular dystrophy. (A) Dogs with seven months of age that 
belong to the same breed. In the left an animal with muscular dystrophy and in the opposite side (right) a healthy animal. 
The affected animal exhibit markedly atrophied muscles. (B) Tongue with increased volume in animal with Muscular 
dystrophy. Note the base tongue with 11 cm of length. (C) Liver with increased volume, rounding of the margins, diffuse 
areas with yellowish coloring and congestion. The gallbladder is very dilated. (D) Presence of foam in the trachea. Lungs 
with increased volume and congested parenchyma. (E) Thickening of the diaphragm in the region of the pillars and 
thinning close to the tendon center. (F) Heart with increased volume, rounded and left concentric hypertrophy (LV). The 
right ventricle is dilated and thinned (RV). 
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There were collections of liquid (between 100 
and 300 mL) in the thoracic and abdominal cavity in the 
animal after 7 months of age. These alterations 
indicated changes in the hemodynamic balance within 
the vascular compartment. Evaluation of the spleen 
demonstrated mild increased of volume after 8 months 
of age. No macroscopic alterations to the epiploon were 
identified in the dystrophic animals.  

Analysis of the digestive system identified 
macroglossia, with protrusion of the tongue outside of 
the oral cavity after 8 months of age (Fig. 1B). In these 
same animals, the esophageal wall was two to three 
times more thickness. The stomach presented pallid 
mucosa, loss of stomach creases, petechial 
hemorrhages, ecchymosis and ulceration of the mucosa. 
The intestinal loops were hyperemic, dilated and full of 
pasty feces over their whole length, thus indicating 
decreased intestinal transit. No lesions were identified 
in these animals’ pancreas. Evaluation of the liver 
detected increased volume, rounding of the edges, 
diffuse areas with yellowish coloring and congestion 
(Fig. 1C). The gallbladder was very dilated and filled 
with granular material in all the animals evaluated. 

In the respiratory system, the presence of foam 
was detected in the trachea and bronchial tree of 
thirteen of the sixteen animals necropsied (Fig. 1D). 
The lungs of these same animals presented increased 
volume and firm consistency. The pulmonary 
parenchyma was congested, with liquid flowing when 
cut, and with the presence of areas of crepitation. The 
musculature of the diaphragm was hypertrophic in all 
affected animals. The thickening of the diaphragm 
occurred mainly in the region of the pillars. Close to the 
tendon center, the diaphragm became thinned, thus 
providing the conditions for diaphragmatic hernia to 
occur in three animals (19%) and its rupture in one 
animal (6%) (Fig. 1E).  

Evaluation of the cardiac system identified 
significant abnormalities in fourteen (87.5%) of the 
sixteen animals. Increased volume and rounded shape 
were seen in these animals’ hearts, and also left 
concentric hypertrophy (Fig. 1F). Its thickness was two 
to three times greater than that of the normal heart wall. 
The right ventricle was dilated and its wall was flaccid 
and thinned. Analysis of the genitourinary system 
showed congestion of the renal parenchyma, hyperemia 
of the vesicular and preputial mucosa in all the animals.  

 
Histological features 

Histopathological alterations were identified in 
the muscles from dystrophic dogs. We found hyalinized 
(dark) and necrotic fibers distributed throughout the 
endomysium as well inflammatory cells, particularly 
mononuclear (Fig. 2A). These alterations were present 
isolated or grouped. There were fiber size variation and 
regeneration fibers with small diameter, basophilic 
cytoplasm and large vesicular nuclei. Some myofibers 
had undergone dystrophic calcification. Interfascicular 
fatty infiltration was observed in some muscles, 
especially in the tongue. 

Analysis of the digestive system showed 
inflammation of the mucosa, degeneration of stomach 

glands, hyperplasia of caliciform cells and waxy 
degeneration of smooth muscle (Fig. 2B). Necrosis was 
detected at the extremities of the villi of the intestinal 
loops in the dystrophic animals, and also hypertrophy of 
caliciform cells and Payer’s plaques (Fig. 2C). 
Mononuclear inflammatory cells were seen in the 
mucosa and submucosa of intestines. Inflammatory 
cells associated with degenerating hepatic cells were 
distributed throughout the interstitium in the livers of 
all dystrophic dogs (Fig. 2D). Also, were found 
moderate to pronounced connective tissue and smooth 
muscle degeneration in the liver. 

The respiratory system showed vascular 
congestion, edema and emphysema of pulmonary 
alveoli, and areas of hemorrhage. Inflammatory cells 
were present with different intensities and distribution, 
which characterized pneumonia (Fig. 2E). Thickening 
and necrosis of alveolar septa and presence of fibrin 
were also observed.  

Analysis of the cardiac muscle tissue of the 
dystrophic animals revealed moderate to pronounced 
connective tissue, inflammatory cells, particularly 
mononuclear, degeneration, necrosis and some 
myofibers undergoing dystrophic calcification (Fig. 
2F). 

Evaluation of the splenic parenchyma 
demonstrated hyperplasia of follicles in ten animals 
(62.5%). The genitourinary system showed congestion, 
mononuclear inflammatory cells and moderate to severe 
degeneration of the nephrons. Mild inflammation and 
interstitial edema were seen in the bladder mucosa. The 
testicular interstice presented moderate to severe 
degeneration of the germinative lineage cells.  

 
Discussion 

 

In dystrophic dogs, the skeletal muscles were 
pale and atrophied due the histopathological alterations 
identified such as hyalinized (dark) and necrosed fibers, 
fiber size variation and, particularly, increased of 
connective tissue. These changes associated with the 
digestive problems resulted in cachexia with different 
intensities in all the dystrophic dogs.  

Cardiac muscle involvement was found in 
87,5% of the GRMD dogs resulting, however, in 
cardiac failure in only 18,8% of the animals. In human 
beings, progressive involvement of the left ventricle 
leads to abnormal wall movement and result in dilated 
cardiomyopathy in only 10-20% of patients. This 
phenomenon was verified in an animal (6,2%) with 51 
months of age, because most of the animals died before 
reaching this age with pulmonary respiratory failure 
(16, 17, 19, 27, 37, 38, 39, 41). Interestingly, cardiac 
problems were not observed in the group with mild 
phenotype where the animals tolerated exercise better 
than others (3). In our GRMD dogs, the cardiac disease 
was responsible for collections of liquid (between 100 
and 300 mL) in the thoracic and abdominal cavity in the 
animal after 7 months of age. As histological 
characteristics in cardiac tissue, we found the same 
changes that occur in human cardiac tissue (27).  
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Figure 2. Histological features in Golden retriever dogs with muscular dystrophy. HE; Bar = 20 μm. (A) Diaphragmatic 
muscle: inflammatory cells, particularly giant cells (arrow), hyalinization (arrowhead) and hyperplasia of the perimysial 
and endomysial connective tissue can be observed. (B) Stomach: hyperplasia of lymphatic system in the submucosa 
(arrow) and presence of mononuclear cells in the mucosa. (C) Intestine: hypertrophy of caliciform cells (arrow) and 
Payer’s plaques (arrowhead) can be observed at the intestinal loops. (D) Liver: degeneration moderate of the hepatic 
cells. Note the increased volume and presence of steatosis (arrow) in these cells. (E) Lung: vascular congestion, areas of 
edema (arrow) and intense inflammatory infiltrate (arrowhead) were present characterized pneumonia. (F) Heart: 
proliferation of connective tissue (arrowhead) and myofibers presenting calcification (arrow) can be observed in the 
areas with lesions. 
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The pulmonary abnormalities suggested 
pneumonia by aspiration of food. The dysphagia 
developed by the dystrophic dogs and demonstrated by 
macroglosia, thickening of the esophageal wall and 
reduction of muscles’ movements was responsible for 
the inflammation of pulmonary parenchyma. The 
pneumonia is observed in 33% DMD patients (8). The 
musculature of the diaphragm was hypertrophic in all 
affected animals resulting in progressive respiratory 
muscle weakness and at later stages in respiratory 
failure (81,25%). The same phenomena are observed in 
humans with muscular dystrophy and are the 
commonest cause of death in Duchenne muscular 
dystrophy (8, 26, 36, 44).  

In our study, the smooth muscle in the 
gastrointestinal tract of GRMD dogs (100%) showed 
affected agreeing with the findings described in human 
beings (12). In human beings (21% DMD patients), 
autopsy studies demonstrated the involvement of the 
gastrointestinal tract in muscular dystrophies that result 
in atrophy and thinning of the bowel wall (7, 25). These 
changes can lead to severe functional disturbances of 
the gastrointestinal tract with gastroparesis, acute 
gastric dilatation and intestinal pseudo-obstruction (4, 
5, 9, 10, 31). In study were described microscopic 
alterations in the layer of smooth muscle of 
gastrointestinal tract of GRMD dogs. This layer lost 
their typical organization and revealed increased of 
connective tissue, being the damage to the smooth 
muscle of the stomach more severe than the intestine 
(20).  

 The liver abnormalities found in dystrophic 
dogs were originated mainly from heart disease and 
developed progressively. These findings were 
reinforced by others studies that mentioned the cardiac 
disease, increased of the age and congestion of hepatic 
venom system as responsible for the alterations in the 
liver (23, 41).  In previous studies, evaluation of the 
liver detected increased volume in dystrophic dogs 
indicating that this change is a common finding (1, 23). 
Also, in our dogs the gallbladder was much dilated and 
full due to smooth muscle degeneration associated with 
replacement by connective tissue (23).    

Regarding the urinary system, we observed 
GRMD dogs, similar to DMD patients, with full 
bladder, hyperemia of mucosa and granular material 
indicated changes in the functioning and emptying of 
that (8). In the reproductive system, the germinative 
lineage cells presented moderate to severe degeneration 
probably due to degeneration of the scrotum and 
cremaster muscle which prevented the proper thermo-
regulation of the testicle. 

Thus, our results reinforce the fact that there is 
significant impairment of the cardiac, respiratory and 
skeletal muscle systems in GRMD dogs from the age of 
five months. In addition, significant alterations of the 
gastrointestinal tract, urinary and reproductive systems 
are indicating the presence of degenerative lesions in 
the smooth musculature. Most studies so far have 
focused on the morphological aspects of the disease in 

Golden Retrievers with different ages in which this 
disease has been manifested. In the literature consulted 
there are few reports of systematic morphological 
studies that characterize muscle lesions during the 
evolution of the disease and its clinical manifestations 
through until adult age. For these reason, this study 
could give support in others studies and fill the gaps of 
knowledge about the disease. 
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