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Abstract, Page 2 
Background: Modern imaging plays a central role in the care of obese patients, with an integral focus 
on its use and accessibility in individuals with this condition with alterations of various organs. 
Objective. To perform an echographical analysis of musculoskeletal system disorders, endothelial 
dysfunction and the left ventricle in obese rats.  
Methods. Sprague Dawley rats (250±5 g) were used and divided into two groups: control group (C) 
fed a standard diet and the obese group (Ob), fed with a hyper caloric diet of high fructose-fat for 4 
mounts. Body weight, cholesterol, triglycerides, glucose, inflammatory cytokines and adhesion 
molecules (ICAM-1, VCAM-1) were measured. Additionally, two-dimensional echocardiography and 
abdominal ultrasound and musculoskeletal system studies in the lower extremities were performed.  
Results. Body weight in the Ob group was increased compared to the control group, (p <0.001); in 
addition, increased glucose, cholesterol and triglycerides of were found in the Ob group vs the C 
group, (p <0.05), and as well as increased adhesion molecules ICAM-1 and, VCAM-1 (p <0.01). On 
ultrasound, 75% of the Ob group presented showed 75% fatty liver and distal joint abnormalities.  
Conclusion. Endothelial dysfunction and changes at the level of the musculoskeletal system with 
the presence of joint cysts in the posterior region of the distal joint of the lower extremities were 
observed in obese rodents 

INTRODUCTION  
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Some mechanisms that are triggered by obesity involve the inflammatory process, with the 
production of proinflammatory cytokines such as interleukine-6 (IL-6) and Tumor Necrosis Factor-α 
(TNF-α). In addition, the endothelial dysfunction that is induced by the activation of adhesion 
molecules (ICAM-1, VCAM-1) is the cause of several vascular pathologies [2-5]. To understand the 
pathophysiological mechanisms, experimental models are used, as murine models (rats) are a 
valuable tool to understand these processes and their histological characteristics as well as the 
mechanisms linked to the comorbidities of these metabolic diseases [6]. In obesity, the accumulated 
storage of lipids in different organs, such as the liver, and heart, increases the macrophages of 
adipocyte origin, altering the essential lysosomal catabolism program for triglyceride hydrolysis and 
generating hepatic steatosis [7, 8]. 
Within the enormous complexity of the individual, family and social management of the obese 
patient, imaging does not escape the inherent difficulties that come with the care of this type of 
population. The possibility of using widely tested imaging techniques in humans, such as ultrasound 
or echocardiography, has resulted in studying the structure and function of organs in small rodents 
[9].  
Ultrasound is an economical, accessible, fast, precise, simple, comfortable, and noninvasive 
procedure. It does not cause pain, radiation is not used, it has high sensitivity and accuracy to obtain 



images and it is essential in the study of a variety of organs such as the liver and the musculoskeletal 
system. Two-dimensional echocardiography is the study of the heart in two dimensions; it allows us 
to analyze the organ as a whole and the relationships that the cardiac structures maintain with each 
other. Two-dimensional echocardiography is very useful in the study of congenital anomalies, in the 
differentiation between thrombi and intracardiac masses and in the analysis of regions of difficult 
access with the one-dimensional echocardiogram [9]. 
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we report here in this study the echographic analysis of the left ventricle, liver, musculoskeletal 
disorders and endothelial dysfunction in obesity. 

METHODS  
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All experiments were performed in accordance with relevant guidelines and regulations of bioterium 
of the Specialty Hospital of National Center Medical, of the Mexican Social Security Institute (CMN 
SXXI-IMSS), in accordance with the Official Mexican Standard (NOM-062-ZOO-1999, revised 2001) 
for the care and use of laboratory animals. Also, we obtained written informed consent to use the 
animals in our study. This study was approved by the Ethical Committee and the Local Research and 
Health Committee of the Mexican Social Security Institute, with number registered 3601-2015-95. 
The animals were treated according to the Official Mexican Standard (NOM-062-ZOO-1999). The 
animals continued to be fed until 12 months of age were anesthetized, killed by cardiac puncture, 
for an analyzed of tissues 

 

Methods: Paragraphs 4, page 4 and Paragraphs 1, page 5  
This was an experimental, cross-sectional and analytical study. The population was a murine model 
of rats of the Sprague Dawley strain obtained and used from an inbred colony of bioterium of the 
Specialty Hospital of the National Medical Center, Mexican Social Security Institute (Mexico City, 
Mexico), a total of 20 males were used and weighing 200-250 g. Animals were randomly allocated 
and were divided into the control group C (n=12) fed the standard diet (Formulab 5008 Diet; PMI 
Nutrition International, Brentwood, MO, USA), the Ob group (n=8) was fed a hypercaloric diet (high 
in fructose 30%), until 6 months of age, the rats stayed with this diet. All cages contained wood 
shavings, bedding and a cardboard tube for environmental enrichment. All rats had ad libitum access 
to a standard pellet diet and water; they were housed in groups of 4 rats, in conventional cages at 
room temperature (22-25°C), under a light cycle of 12 hours’ light/12 hours’ dark since at the start 
of the trial and hygienically controlled room. We have worked with this experimental model in other 
projects [5]. The hypercaloric diet was used to induce obesity and insulin resistance in (Ob group) 
experimental rats 
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The rats were divided into the control group C (n=12) fed the standard diet (Formulab 5008 Diet; 
PMI Nutrition International, Brentwood, MO, USA), and the Ob group (n=8) was fed a hypercaloric 
diet (high in fructose 30%),  
 
as 6 months of age, the rats stayed with this diet.  
 
All experiments were performed in accordance with relevant guidelines and regulations of bioterium 
of the Specialty Hospital of National Center Medical, of the Mexican Social Security Institute (CMN 
SXXI-IMSS). 
We have worked with this experimental model in other projects [5]. The hypercaloric diet was used 
to induce obesity and insulin resistance in (Ob group) experimental rats. 
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This was an experimental, cross-sectional and analytical study. The population was a murine model 
of rats of the Sprague Dawley strain obtained and used from an inbred colony of bioterium of the 
Specialty Hospital of the National Medical Center, Mexican Social Security Institute (Mexico City, 
Mexico), a total of 20 males were used and weighing 200-250 g. The rats were divided into the 
control group C (n=12) fed the standard diet (Formulab 5008 Diet; PMI Nutrition International, 
Brentwood, MO, USA), and the Ob group (n=8) was fed a hypercaloric diet (high in fructose 30%), as 
6 months of age, the rats stayed with this diet. 
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a total of 20 males were used and weighing 200-250 g. Animals were randomly allocated and were 
divided into the control group C (n=12) fed the standard diet (Formulab 5008 Diet; PMI Nutrition 
International, Brentwood, MO, USA), the Ob group (n=8) was fed a hypercaloric diet (high in 
fructose 30%), until 6 months of age, the rats stayed with this diet. 
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Abstract: Paragraphs 2, page 2 
Body weight, cholesterol, triglycerides, glucose, inflammatory cytokines and adhesion molecules 
(ICAM-1, VCAM-1) were measured. Additionally, two-dimensional echocardiography and 
abdominal ultrasound and musculoskeletal system studies in the lower extremities were 
performed. 
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The study groups were statistically analyzed the difference in means between group C vs Ob 
with a Student t test, the level of statistical significance was considered with a value of p <0.05. 
 
The data are presented as means ± standard deviation (SD) of each group 

RESULTS  

 

Statistical Analysis Paragraphs 3, page 7 
The data are presented as means ± standard deviation (SD) of each group. The study groups were 
statistically analyzed the difference in means between group C vs Ob with a Student t test, the 
level of statistical significance was considered with a value of p <0.05. For each study variable: 
glucose, insulin, lipid profile, HOMA-IR index, proinflammatory cytokines, TNF-α, IL-6, adhesion 
molecules ICAM-1 and VCAM-1 statistical analysis was carried out using Graph Pad Prism. 
(GraphPad Prism 8 for Windows, San Diego, CA); p <0.05 was considered significant. 
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a total of 20 males were used and weighing 200-250 g. The rats were divided into the control 
group C (n=12) fed the standard diet (Formulab 5008 Diet; PMI Nutrition International, 
Brentwood, MO, USA), and the Ob group (n=8) was fed a hypercaloric diet (high in fructose 
30%), as 6 months of age, the rats stayed with this diet. 
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 C   (n=12) Ob   (n=8) % ± SD 

Body weight (g) 385±20 472±25** 122.5 

Fasting Glucose 
(mg/dL) 

69±2 165±45* 239.1 

HOMA-IR 4±1 16±3*** 400 

Triglycerides (mg/dL) 109±7 225±19*** 206.4 

Cholesterol (mg/dL) 70±5 98±3*** 140 

HDL (mg/dL) 50±5 32±3*** 64 

LDL (mg/dL) 25±2 58±4*** 232 

VLDL (mg/dL) 33±2 48±4*** 145.4 

 

N/A 

DISCUSSION  



 

Discussion: Paragraphs 3, page 9 
In the present work, the results of this experimental model of obesity revealed alterations in 
metabolic parameters, such as lipids and HOMA-IR index, as mentioned by other studies where 
the use of hypercaloric diets similar to that used in this study, is associated with the early onset 
of lipid-like metabolic alterations [12], besides the endothelial damage that is had with the 
intake of hypercaloric diets, showing increase in TNF-α and adhesion molecules (ICAM-1 y 
VCAM-1). Together, with the ultrasound evaluation, the alterations of joint cysts and liver 
damage are highlighted. In individuals with metabolic alterations, it is difficult to diagnose and 
reverse this damage and also have the complications of cardiovascular diseases 
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The results obtained from this study suggested that ultrasound is an excellent diagnostic tool that 
is accessible and easy to use in the chronic diseases that are increasing in our population, and it 
allows the integration of alterations in different organs, joints and tissues and better monitoring 
and treatment in support of reducing complications and improving the quality of life of patients.  
In this study, also we showed a relationship between endothelial dysfunction and changes at the 
level of the musculoskeletal system with the presence of joint cysts in the posterior region of the 
distal joint of the lower extremities were observed in obese rodents. 

 

Funding: Paragraphs 7, page 13 
This study was supported by Mexican Social Security Institute (IMSS) (Grant No. 
FIS/IMSS/PROT/G14/1666). The funder had no role on the design of study and collection, 
analysis, and interpretation of data and in writing the manuscript in this study 

 


