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Abstract
Background: Modern imaging plays a central role in the care of obese patients, with an integral focus on
its use and accessibility in individuals into 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 in two groups: control group (C) fed with
a standard diet, and the obese group (Ob) fed with a hyper caloric diet of high fructose-fat for 4 months.
Body weight, cholesterol, triglycerides, glucose, in ammatory cytokines and adhesion molecules (ICAM-1,
VCAM-1) were measured. Additionally, two-dimensional echocardiography, abdominal ultrasound and
musculoskeletal system studies were performed in the lower extremities.
Results. Body weight in the Ob group was increased compared to the control group, (p <0.001); in addition,
increased glucose, cholesterol and triglycerides 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 and fat liver were
observed in obese rodents.

Background
Overweight and obesity are de ned as an abnormal or excessive accumulation of fat that is harmful to
health and it is an important risk factor for non-communicable diseases, such as cardiovascular diseases
(mainly heart disease and strokes), associated to metabolic disorders (glucose intolerance, insulin
resistance, hyperlipidemia, diabetes and hypertension), musculoskeletal disorders (especially
osteoarthritis) and some cancers (endometrial, breast, ovarian, prostate, liver, gallbladder, kidney and
colon) [1].
Some mechanisms that are triggered by obesity involve the in ammatory process, with the production of
proin ammatory cytokines such as interleukine-6 (IL-6) and Tumor Necrosis Factor-α (TNF-α). Thus,
transendothelial migration of in ammatory cells (leucocytes) and production of cytokines are an early
step in endothelial dysfunction, which continues with the activation of adhesion molecules (ICAM-1,
VCAM-1); this contributed, from early endothelial dysfunction to the atherosclerotic plaques, causing
vascular complications [2-6]. To understand these pathophysiological mechanisms, experimental models
are used, as murine models (rats) which are a valuable tool to understand these mechanisms linked to the
comorbidities of the metabolic disease [7].
In obese rat have been demonstrated excess lipid accumulates in other tissues including the liver, the
skeletal muscle and the heart, also, these are associated with an increase in adipose mass and free fatty
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acids. Likewise, in liver together with other intrahepatic signals leading to derangement in glucostatic and
lipidostatic functions, are generating to greater vulnerability to hepatic steatosis [8, 9].
While echography is usually used in the clinical setting for the diagnosis and follow-up of patients with
nonalcoholic fatty liver disease (NAFLD); also, this analysis is a good method which allows to examine
arteries, cardiopathies and fatty tissue [10]. However, in obese murine models no study has assessed
sonographic ndings of several organs in obesity, this could be identi ed to integration and relationship of
dysfunctions of mechanism different in other organs or comorbidities in same organism.
Thus, 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 di cult access
with the one-dimensional echocardiogram [11].
Although there are ultrasound studies in rats where the various morphological and functional aspects are
both analyzed at the cardiac level, mainly in the left ventricle, none of them has been considered important
for a joint analysis of both, the left ventricle and the hepatic, renal and musculoskeletal systems
represented in humans [12]. Therefore, we report here in this study the echographic analysis of the left
ventricle, liver, musculoskeletal disorders and endothelial dysfunction in obesity.

Methods
Animals and Model of obesity
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 weighing 200-250 g, were used.
Animals were randomly allocated and were divided in two groups: the control group C (n=12) was fed with
the standard diet (Formulab 5008 Diet; PMI Nutrition International, Brentwood, MO, USA) and the Ob group
(n=8) was fed with a high fat-fructose diet (standard diet supplemented with 10% lard and 30% fructose
mixed and dissolved in drinking water) by 16 weeks ad libitum, both groups had this diet until six months
of age. Food and water intake, as well as, the animals weight, were recorded daily during these weeks. We
have worked with this experimental model in other projects [5]. This animal model employed in this work
with the ingestion of a high fat-fructose diet is clearly associated with insulin resistance development,
disturbed glucose homeostasis and endothelial dysfunction in rodents [4-6]. The hypercaloric diet was
used to induce obesity in (Ob group) experimental group.
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All cages contained wood shavings, bedding and a cardboard tube for environmental enrichment. All rats
of each group had ad libitum access to their 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.
Ethical statement
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 O cial 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 O cial Mexican Standard for the care, use and sacri cing laboratory animals. (NOM-062ZOO-1999, revised 2001). In this work the obese group had a hypercaloric diet during 4 months, and both
groups; C and Ob were studied at 6 months of age. However, their feeding continued of both groups until
12 months of age for others of tissues and organs analysis.
Metabolic parameters and Body weight
Body weight. The weight of both groups: group C (n=12) and Ob (n=8) was recorded from the begging to
the end of the study. Food and water intake were recorded per week.
Blood samples were collected at 8 am (during a 7 hours fasting at 6 month of age) from the tail vein in
order to measure the biochemical blood parameters and in ammatory cytokines. The blood samples were
transferred into tubes containing anticoagulant for measurement of biochemical blood parameters and
in ammatory cytokines, respectively. The samples were centrifuged at 5200 g for 15 minutes. Plasma was
separated and stored at -70 °C until use for bioassay analyses.
Blood glucose level was determined by One drop of blood was placed on the blood glucose test strips of
the FreeStyle Optium Xceed glucometer (Abbot Diabetes Care Ltd, OYL, UK). In each animal was twice
recorded.
Determinations of levels of total cholesterol, triglycerides (TG), high density lipoproteins (HDL) and lowdensity lipoproteins (LDL) were made on a Cardiocheck apparatus after placing one drop of blood (see
previous section on blood samples) on a reactive strip, according to the manufacturer’s instructions.
Quanti cation of insulin and index HOMA-IR, insulin was measured by chemioluminiscence, using Insulin
IMMULITE kit (LKIN1 insulin IMMULITE);
Insulin resistance was calculated the index HOMA-IR through the formula of homeostasis model
assessment-insulin resistance (HOMA-IR) index: insulin (μU/mL) × glucose (mg/dL)/405.
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TNF-α, IL-6, adhesion molecules ICAM-1 and VCAM-1 were analyzed using enzyme immunoassay kits by
ELISA R&D kit (R&D Systems, Inc., Minneapolis, MN, USA).
Ultrasound analysis
To carry out the study, the rat was placed in the left lateral decubitus position, with a slight inclination of
the head and placing the transducer in the different acoustic windows. The equipment used was a Philips
A niti 70 with a linear transducer of 9 mHz, where the results were obtained in millimeters. During the
echocardiographic examination, two cuts were used for the evaluation of the heart: the left longitudinal
parasternal section and the right longitudinal parasternal section. In the left longitudinal sternal section, it
is possible to visualize the right ventricle, aorta with aortic valve, left atrium, mitral valve and left ventricle
[11].
The right longitudinal sternal section that appears on the left and the base (atria) on the right, with the
rotation of the transducer in the right direction, shows the left ventricular outlet, aortic valve, aortic root
and proximal ascending aorta [11,12].
The measurement of the left ventricle in diastole was performed from the left septal endocardium to the
posterior wall endocardium, measuring below the level of the mitral valve. The interventricular septum is
between the mitral ring in its posterior part and the endocardial surface of the high septum in its anterior
part. In the free wall of the VI, the diastolic thickness is measured; its value is approximately equal to the
diameter of the IVT, and its birth is parallel to it.
Statistical Analysis
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 signi cance was considered with a value of p <0.05. For each study variable: glucose, insulin,
lipid pro le, HOMA-IR index, proin ammatory 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 signi cant.

Results
Figure 1 shows the differences in food consumption in the study groups, in Obese group with hypercaloric
diet had a rise compared with control (p<0.001). Also, an increase in body weight was observed in the Ob
group vs the C group (22.5%; 472 ± 25 vs 385 ± 20, p<0.001). In addition, the Ob group showed an increase
in fasting glucose (p<0.05), lipid pro le and HOMA-IR index (300%; 4±1 vs 16±3, p<0.0001); therefore, also
because of lipids analyzed, these rats were considered obese rats with metabolic alterations (Table 1).
Table 1. Metabolic parameters of control (C) and hypercaloric diet (Ob) rats
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Ob

n=12
385±20

n=8
472±25**

22.5

69±2

165±45*

139.1

4±1

16±3***

300

109±7

225±19***

106.4

Cholesterol
(mg/dL)

70±5

98±3***

40

HDL (mg/dL)

50±5

***

32±3

-64

model demonstrated

LDL (mg/dL)

25±5

58±4***

132

endothelial
dysfunction,

VLDL (mg/dL)

33±2

48±4***

45.5

manifested by
in ammatory

Body weight (g)
Fasting Glucose
(mg/dL)
HOMA-IR
Triglycerides
(mg/dL)

% difference of Ob
vs C

Determination of body
weight
(g),
fasting
glucose, cholesterol and
triglycerides levels in
control (C) and obese
(Ob)
rats.
Values
represent the mean ±
SD of 8-12 animals per
group. Values * p<0.05,
**p<0.001, ***p<0.0001
significantly
different
from
control
group.
Value of % difference
was considered value of
control as 100%.

C

This experimental

cytokines TNF-α, also
adhesion molecules that are indicators of endothelial damage, such as ICAM-1 (87.6%, 122± 9 vs 65±5, p
<0.0001) and VCAM-1 (29.4% 110±10 vs 85±2, p <0.05) (Table 2). ICAM-1 and VCAM-1 are relevant in
chronic in ammatory process, with highlights to an increased risk for type 2 diabetes (T2DM) and
cardiovascular diseases (CVD) [6,7,13]
Table 2. Effects on cytokines and CAMs in groups of study.
Control

Obese

n=12

n=8

5±0.5

16±2**

220

IL-6 (pg/mL)

9±1

23±5**

155.5

IL-10 (pg/mL)

3±1

4±2

33.3

ICAM-1 (ng/mL)

65±5

122±9***

87.6

VCAM-1 (ng/mL)

85±2

110±10*

29.4

TNF-α (pg/mL)

% difference of
Ob vs C

Results are presented as values of the mean ± SD, n=8-12 animals per group. Values * p<0.05, **
p<0.001, *** p<0.0001 significantly different from control and obese group. Value of % difference
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was considered value of control as 100%.

In the Ob group, an increase in these adhesion molecules and in proin ammatory cytokines such as TNF-α
was demonstrated, with a signi cant difference compared with the C group (220%, 16±2 vs 5±0.05,
p<0.001), and similar was for IL-6 (155%, 23±5 vs 9±1, p<0.001). According to the measurements of the
metabolic parameters and cytokines, the Ob group, with the consumption of the hypercaloric diet,
presented endothelial damage. In addition, modern imaging allowed us to evaluate an integral approach
of the control group, where the aorta and left ventricle (VI) were observed. For VI, an increase in the septum
and wall was found in the Ob group (Table 3, Figure 2).
However, in Figure 3A, the analysis of the two-dimensional ultrasound being more complete, in the obese
group was observed fat ltration, with the presence of fatty liver (Table 3); on the other hand, a
homogeneous hepatic parenchyma was found being isoechoic in the control group (Figure 3B).
Another analysis of the ultrasound dimensions, that was obtained in the Ob group showed alterations in
pelvic dilatation in the kidney compared to the control group where the kidney was echogenic, with no
evidence of dilation (Figure 3C, D).
In the ultrasound images at the musculoskeletal level, we can observe alterations in the Ob group, where
these changes were found due to fat deposits, demonstrating the presence of cysts at the articular level, in
the posterior region of the distal joint, where it is possible to view the damage due to accumulated fat
(Table 3, Figure 3E).
Table 3. Descriptions of two-dimensional echocardiography of kidney and skeletal muscle (lower extremities) and
left ventricles (LV), partition IV y wall of LV express in mm

Discussion
In this study, we showed relation among obesity, endothelial dysfunction and alterations in several organs
as musculoskeletal system, kidney, liver and heart through a noninvasive method as is echography. Thus,
our result showed that high fat-fructose diet increased intake food, with marked weight gain due the
caloric contribution provided by the fat and carbohydrate in obese group. We also found metabolic
alterations, such as rise in glucose, triglycerides, cholesterol and HOMA-IR index, similar as other studies
where were used hypercaloric diets [14,15]. Hence, with the obesity is triggered dysmetabolism, in our
results observed hyperglycemia and hypertriglyceridemia, also, an increase of the levels of in ammatory
cytokines (TNF-a, IL-6). Likewise, as a consequence of obesity can be manifested alterations in other
organs that could be analyzed in ultrasound. In this work was relevant the results in muscle-skeletal and
articular levels to show the presence of cysts at the articular level, in the posterior region of the distal joint,
where it was possible to view the damage due accumulated of fat. Other alterations were presented in
heart, kidney, musculoskeletal and liver analyzed by echography.
In this study we used a noninvasive and fast method, in the evaluation of the ventricular anatomy,
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C

Ob

Left ventricle

10 mm

9 mm

6 mm

8 mm

13 mm

Partition IV

2 mm

2 mm

1 mm

1 mm

1 mm

Wall LV

2 mm

2 mm

2 mm

2 mm

1 mm

Liver

normal

normal

non-alcoholic
fatty liver

non-alcoholic
fatty liver

non-alcoholic
fatty liver

Skeletal muscle
system

normal

normal

without changes

change in fat

cystic lesions

Other

normal

Pielica dilation
at the bilateral
renal level

although the cut-off point for normal relative parietal thickness in humans is 0.42 mm, this criterion was
highly speci c in our animals because the rats presented a relative parietal thickness below that limit [11,
12]. Also, in this work was found the presence of Baker's cyst (QB), or popliteal cyst, which was rst
described in 1840 by Adams [16] and later by Baker [17]. In 1877, Baker published his experience on this
entity, which gave him a rise name going to designate this type of cyst. Baker’s cyst is de ned as an
abnormal cluster of synovial uid in the gastrocnemius-semimembranosus bursa or, failing that, a
herniation of the posterior joint capsule with synovial uid tension [17-19]. Changes in both static and
dynamic alignment of the lower extremities could alter balance and gait, and trigger pain throughout the
lower limbs [20]. Besides, ultrasound changes in the liver were found as fatty liver in 75% of the rats (6
exemplary) in obese rats. It is known that one of the main organs affected by obesity is the liver, where
long-term the increase in lipogenesis and the decrease in mitochondrial β-oxidation of nonesteri ed fatty
acids, as well as hepatic triglyceride secretion, can contribute to the accumulation of fat in the liver,
leading to the appearance of liver steatosis. As well as, in a prospective longitudinal study, 86% of patients
with NAFLD and progressive brosis were obese [13, 15, 21].
At the renal level, changes such as pelvic dilation were found in 50% of the obese group. On the other
hand, changes were observed 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 of the rodents. Thus, with an excessive body
weight creates a greater load stress, which in the musculoskeletal system affects muscle-skeletal and
articular levels, causing joint misalignment (deformities) in the lower extremities and in ammatory and
degenerative processes. Which could decrease physical functioning due associations with mobility and
pain [22].
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In several studies, it is known that the mechanical stress caused by overload or repetitive use can trigger
tendon pathology. There are also extrinsic factors (posture and activity) and intrinsic factors (genetics and
metabolic characteristics) that can interfere with their development [23]. This condition and metabolic
factors (hyperglycemia, dyslipidemia and endothelial dysfunction) affect quality life of subjects.
Regarding to the in ammatory process and endothelial dysfunction, we also found an increase in
proin ammatory cytokines, such as TNF-α and IL-6, these molecules augment monocytes adhesion to
endothelial cell. It is known that in both, humans and mice, an imbalance between TNF-α, and adiponectin
(adipokine of adipose tissue) participate in the progression to steatohepatitis [24-26]. So, the adipose
tissue releases in ammatory mediators, proin ammatory molecules as TNF-α and IL-6, and some other
mediators such leptin, adiponectin, and resistin. IL-6, TNF-α and leptin act on immune cells and cause
local and systemic in ammation. In several studies, in endothelial damage is demonstrated augment
molecules such as monocyte attractant chemoprotein 1 (MCP-1), ICAM-1, VCAM-1 and plasminogen
activator inhibitor (PAI-1), that contributing in the vascular complications [6,7,27,28].
Thus, our results of adhesion molecules showed an increase in the Ob group, which con rms endothelial
damage, which has an impact on the joints. In addition, ICAM-1 and VCAM-1 are known being activating
molecules of endothelial dysfunction because they play a crucial role in the adhesion of cells to the
endothelial surfaces and in the integrity of the vascular wall, generating an accumulation of cells and
sparking oxidative stress, that can be modulated by body composition and eating pattern [4,6,29,30].

Conclusion
This study we observed a relationship between endothelial dysfunction and the changes observed at the
level of the musculoskeletal system, liver and heart with the presence of joint cysts in the posterior region
of the distal joint of the lower extremities in obese rodents. Thus, we suggest 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, besides,
better monitoring and support to reducing complications and improving the quality of life of patients.

Abbreviations
C: control group; ELISA: Enzyme immunoassay; HDL: High Density Lipoprotein; HOMA-IR: Homeostasis
Model Assessment-Insulin Resistance Index; ICAM-1: Intercellular Adhesion Molecule-1; IL-6: Interleukine-6;
IMSS: Mexican Social Security Institute; LDL: Low Density Lipoprotein; MCP-1: Monocyte Attractant
Chemoprotein 1; NAFLD: Non-Alcoholic Fatty Liver Disease; Ob: hypercaloric diet group; PAI-1:
Plasminogen Activator Inhibitor; QB: Baker's cyst; SD: standard deviation; TG: Triglycerides; TNF-a: Tumor
Necrosis Factor-a; VCAM-1: Vascular Adhesion Molecule-1; VI: left ventricle; VLDL: Very Low Density
Lipoprotein.

Declarations
Page 9/16

Acknowledgements
We acknowledge the support Mexican Social Security Institute (IMSS) (FIS/IMSS/PROT/G14/1666) and
SNI/CONACYT. NAEC is scholarship for CONACYT whit number 401729 and of CIS-IMSS whit number
99096806. We thank to MVZ César Hernández Chicharo, Bioterium of UMAE Cardiology, Hospital CMN
SXXI, IMSS.
Authors’ contributions
All the authors engaged in the surveys. AMC and LMA designed this article. NAEC, MIPO and DMC
acquired and collected the data. AMC, DMC and LMA organized and analyzed all the information. AMC,
NAEC and LMA drafted the manuscript. All the authors read and approved the nal manuscript.
Availability of data and materials
The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.
Competing interests
The authors declare that there is no con ict of interest regarding the publication of this article.
Consent for publication
Not applicable.
Ethics approval and consent to participate
This study was approved by the Ethical Committee and the Local Research in Health Committee of the
Mexican Social Security Institute, with number registered 3601-2015-95. The animals were treated
according to the O cial Mexican Standard for the care, use and sacri cing laboratory animals. In this
work the obese group had a hypercaloric diet by 4-months, and both groups; C and Ob were studied at 6
months of age. However, after, of this work all rats followed their feeding continued until 12 months of
age. In this moment, rats were sacri ced with deeply anesthetized and was administered pentobarbital (25
mg/kg, i.p.) [14] (NOM-062-ZOO-1999, revised 2001). For collection of blood samples was by cardiac
puncture, with the samples was followed analysis of other cytokines and others of tissues analysis.
Funding
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.
Authors information

Page 10/16

1

Hospital de Cardiología, Centro Médico Nacional Siglo XXI. Instituto Mexicano del Seguro Social. Mexico
City, Mexico
2

Unidad de Investigación Médica en Enfermedades Endocrinas, Hospital de Especialidades, Centro Médico
Nacional Siglo XXI, Instituto Mexicano del Seguro Social. Mexico City, Mexico
3Departamento

de Urgencias Adultos, Instituto Mexicano del Seguro Social, Hospital General Centro

Médico Nacional “La Raza”/Coordinación de Enseñanza e Investigación, Instituto de Seguridad y Servicios
Sociales de los Trabajadores del Estado Hospital Regional 1° de Octubre, Mexico City, Mexico

References
1. World Health Organization. OMS, obesity-and-overweight. Recovered from 2018.
https://www.who.int/es/news-room/fact-sheets/detail/obesity-and-overweight
2. Csige I, Ujvearosy D, Szabo Z, Lorincz I, Paragh G, Harangi M, Somodi S. The impact of obesity on the
cardiovascular system. J Diabetes Res 2018: 3407306. doi: 10.1155/2018/3407306. eCollection
2018
3. Matsuzawa, Y. Therapy Insight: adipocytokines in metabolic syndrome and related cardiovascular
disease. Nat Clin Practice Medicine 2006; 3: 35-42.
4. Vincent HK, Innes KE, and Vincent KR. Oxidative stress and potential interventions to reduce oxidative
stress in overweight and obesity. Diabetes, Obesity & Metabolism, 31 Oct 2007, 9(6):813-839. DOI:
10.1111/j.1463-1326.2007.00692.x.
5. Pérez-Capistran T, Chávez-Negrete A, Palomares M et al. Relationship of receptors of adipokines with
hypertension and obesity. Model murine. Rev Med Inst Mex Seguro Soc. 2017; 55 (Suppl 4): S358S364.
6. Preiss DJ, Sattar N. Vascular cell adhesion molecule-1: a viable therapeutic target for atherosclerosis?
Int J Clin Pract, April 2007, 61, 4, 697–701: doi: 10.1111/j.1742-1241.2007.01330x.
7. Breslow JL. Mouse models of atherosclerosis. Science 1996;272(5262):685-8.
8. Flaherty S, Grijalva A, Xu X et al. A lipase-independent pathway of lipid release and immune
modulation by adipocytes. Science 2019: 363(6430):989-993. doi: 10.1126/science.aaw2586.
9. Xu X, Grijalva A, Skowronski A, van Eijk M, Serlie MJ, Ferrante AW Jr. Obesity activates a program of
lysosomal-dependent lipid metabolism in adipose tissue macrophages independently of classic
activation. Cell Metab. 2013;18(6):816‐ doi:10.1016/j.cmet.2013.11.001.
10. Henik RA. Ecocardiografía E Ultra-Som Doppler. In: Tilley, L.P.; Goodwin, J.K. Manual de Cardiología
para Cães e Gatos. 3rd ed.: Edit Roca. São Paulo, 2002, 71-98.
11. Abduch MCD, Assad RS, Mathias Junior W, Aiello VD. 2014. The echocardiography in the
cardiovascular laboratory: a guide to research with animals. Arq Bras Cardiologia 102(1): 97-103.
12. Nyland TG, Mattoon JS. Ultra-som Diagnóstico em Pequenos Animais. 2 ed: Editora Roca, São Paulo,
2004: 354-42.
Page 11/16

13. Adrielle Lima VR, Nascimento de Freitas R, Volp AC. Adhesion molecules and chemokines; relation to
anthropometric, body composition, biochemical and dietary variables. Nutr Hosp 2014; 30: 223–236.
14. Loza‐Medrano S, Baiza‐Gutman LA, Manuel‐Apolinar L, García‐Macedo R, Damasio‐Santana L,
Martínez‐Mar OA, Sánchez‐Becerra MC, Cruz‐López M, Ibáñez‐Hernández MA, Díaz‐Flores M. High
fructose containing drinking water induced steatohepatitis in rats is prevented by the nicotinamide
mediated modulation of redox homeostasis and NADPH producing enzymes. Molecular Biology
Reports https://doi.org/10.1007/s11033-019-05136-4, 2019.
15. Estrada-Cruz NA, Almanza-Pérez JC, Fortis-Barrera A, Gallardo JM, Manuel-Apolinar L, Segura-Uribe J,
Orozco-Suarez S, Coyoy-Salgado A, Guerra-Araiza C. Acute Administration of Tibolone Prevents
Oxidative Stress in Ovariectomized Rats Fed High-Fat-and-Fructose Diet. Exp Clin Endocrinol Diabetes
2019 Jun;127(6):396-404. doi: 10.1055/a-0659-9928.
16. Adham do Amaral and Castro A, Larocca Skare T, Nunes Nassif P et. al. Tendinopathy and obesity.
Arq Bras Cir Dig 2016: (Supl1):107–110.
17. Baker WM. On the formation of synovial cyst in the leg connection with the disease of the knee-joint
1877. Clin Orthop Relat Res. 1994;(299):2-10.
18. Curl WW. Popliteal cysts: Historical background and current knowledge. J Am Acad Orthop Surg 1996;
4(3): 129-33.
19. Alessi S, Depaoli R, Canepari M et al. Baker's cyst in pediatric patients: ultrasonographic
characteristics. J Ultrasound 2012:76-81.
20. Hubbard MJ, Hildebrand BA, Battafarano MM, Battafarano DF. Common Soft Tissue Musculoskeletal
Pain Disorders. Primary Care. 201845 (2): 289–303. doi:10.1016/j.pop.2018.02.006
21. Bray GA, Lovejoy JC, Smith SR et al. The in uence of different fats and fatty acids on obesity, insulin
resistance and in ammation. J Nutr 2002: 2488-2491.
22. Minghelli B, Oliveira R and Nunes C. Association of obesity with chronic disease and musculoskeletal
factors. Rev Assoc Med Bras 2015:347-54.
23. Castro AD, Skare TL, Nassif PA, Sakuma AK, Barros WH. Tendinopathy and obesity. Arq Bras Cir Dig.
2016;29 (Suppl 1):107-110. DOI: /10.1590/0102-6720201600S10026
24. Miquilena Colina ME, García-Monzón C. Obesidad e hígado graso. Gastroenterol Hepatol Contin 2011:
201-7.
25. Fassio E, Álvarez E, Domínguez N, Landeira G, Longo C. Natural history of nonalcoholic
steatohepatitis: a longitudinal study of repeat liver biopsies. Hepatology 2004;40(4):820-6. doi:
10.1002/hep.20410.
26. Gamberi T, Magherini F, Modesti A et al. Adiponectin Signaling Pathways in Liver Diseases.
Biomedicines 2018;6(2):52. doi: 10.3390/biomedicines6020052.
27. Hui JM, Hodge A, Farrell GC et al. Beyond insulin resistance in NASH: TNF-alpha or adiponectin.
Hepatology 2004;40(1):46-54. doi: 10.1002/hep.20280.
28. Basain-Valdés J, Valdés-Alonso M, Pérez-Martínez M Socorro Sarracent GL, Álvarez DD, Mesa Martin
I. Mecanismos implicados en la aparición y regulación del proceso de remodelación del tejido
Page 12/16

adiposo y estado de lipoin amación en la obesidad. Rev Cubana Pediatr 2016:88(3)348–59.
29. Lima Vieira RA, Nascimento de Freitas R and Volp A. Adhesion molecules and chemokines: relation to
anthropometric, body composition, biochemical and dietary variables. Nutr Hosp. 2014 Aug 1;30(2):
223-36. doi: 10.3305/nh.2014.30.2.7416.
30. Stolzman S, Irby MB, Callahan AB et al. Pes planus and paediatric obesity: a systematic review of the
literature. Clin Obes. 2015:52–9. doi: 10.1111/cob.12091. Epub 2015 Mar 23

Figures

Page 13/16

Figure 1
A) Effect on Food intake of groups of study. B) Represent weight body in different groups. Results are
presented as values of the mean ± SD, n=8-12 animals per group. Values *p<0.05, **p<0.001, t Student
test, signi cantly different from control group
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Figure 2
Two-dimensional echocardiography. A: The left longitudinal parasternal section, where it is possible to
evaluate the aorta (AO), the left atrium (AE), and the right (RV) and left (Vi) ventricles in the control group.
B: The approach for the left ventricle. The markers of endothelial dysfunction as CAMs in C; ICAM-1 and D,
VCAM-1 are presented results as values of the mean ± SD.
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Figure 3
Two-dimensional echocardiography. A: The right hepatic lobe with fatty in ltration and an increase in
echogenicity in a homogenous manner in the male Ob group. B: The hepatic parenchyma is homogeneous
and isoechoic in the control group. C. The right kidney in a longitudinal section where we can visualize the
pelvic dilation presented by the Ob group. D: The right kidney of another specimen can be seen where the
renal sinus is echogenic, with no evidence of dilation in the Control group. E. in both images, there is a
level approach to the distal joints of the hind legs of the rodents where cystic lesions were found. Twodimensional echocardiography of: In both images, the approach is at the level of the distal joints of the
hind legs of the rodents where cystic lesions were found that predominated in the Ob female group. F,
Damage from these lesions can be observed.
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