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ARTICLE INFO  ABSTRACT 
 
 

The increase in life expectancy allows women to live longer, with the deleterious effects of 
gonadal deficiency, such as the accumulation of abdominal fat; and the new habits of modern 
society are dedicated to eating foods rich in fats and carbohydrates, which contribute to 
overweight and obesity.The objective of this study was to evaluate intra-abdominal fat tissue and 
pancreas in ovariectomized rats. Wistar rats, 90 days-old, after evaluation by vaginal cytology 
were ovariectomized. The animals were divided into four groups and were fed diets with soybean 
oil concentrations of 4% or 19% for 30 days.Body weight and food intake was evaluated. At 120 
days-old, total fat and lean mass were assessed by densitometry (DEXA) and after the blood was 
collected. Serum was used for determination of triglyceride, cholesterol, HDL, glucose, estradiol 
and insulin.Adipose tissue was excised, weighed and used to evaluate the morphology and 
expressionERα. Pancreas used to evaluate the morphology and immunohistochemistry by 
insulin.The mass of the uterus, serum estradiol were lower in OVX and OVXHf groups.The mass 
of intra-abdominal adipose tissue and the total body fat were higher in OVXHf group. Serum 
insulin triglycerides, cholesterol and glucoseincreased in ShamHf and OVXHf groups. There was 
an increase on area of adipocytes and islet pancreasOVX, OVXHf groups. ERα expression was 
lower in OVX and OVXHf.We concluded, the deficiency of estrogen associated the intake of high 
fat diet can be accelerating the onset of metabolic syndrome.he works in the area  metabolic 
diseases. 
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INTRODUCTION 
 

In recent years, the increase on food intake rich in 
carbohydrates and specially lipids induces to obesity, a risk 
factor for many disorders (Paniagua, 2016 and Engin, 2017).  
Increased adiposity, especially the intra-abdominal adiposity, 
has a well-known association with an increased risk of insulin 
resistance and the development of type 2 diabetes that can lead 
to the metabolic syndrome (Wang, 2017 and Fändriks, 2017). 
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It is well established that high fat diets (HF) are related to 
metabolic alterations including liver lipid infiltration, 
accumulation of intra-abdominal adipose tissue and negative 
changes of lipid profile, glucose metabolism and contributes to 
insulin resistance (Soares da Costa, 2009; Paquette, 2007; 
Pataky, 2017). The polyunsaturated fatty acids (PUFA) can 
induce obesity, acting directly on preadipocytes, increasing the 
rate of replication and/or differentiation, mainly in early stages 
of adipose tissue development (Wu, 2017; Sun, 2003; 
Vishvanath, 2016). Adipose tissue is highly specialized to 
store lipid and/or release energy from lipid stores in response 

ISSN: 2230-9926 
 

International Journal of Development Research 
Vol. 09, Issue, 03, pp.26348-26354, March, 2019 

 

Article History: 
 

Received 10th December, 2018 
Received in revised form  
21st January, 2019 
Accepted 16th February, 2019 
Published online 31st March, 2019 
 

Available online at http://www.journalijdr.com 

 

Key Words: 
 

High fat diet,  
Adiposity, Pancreas, 
Ovariectomized. 
 

Citation: Aluana Santana Carlos, Luciano Pinto Souza, Rodrigo de Azeredo Siqueira, Adalgiza Mafra Moreno, Carlos Alberto Soares da Costa, 
Aline de Souza Santos, Patrícia Cristina Lisboa, Celly Cristina Alves do Nascimento-Saba. 2019. “Effects of high-fat diet on adipose tissue 
andpancreatic islet function in ovariectomized rats”, International Journal of Development Research, 09, (03), 26348-26354. 

 

        ORIGINAL RESEARCH ARTICLE                                 OPEN ACCESS 



to a variety of signals (Cinti, 2005 and Cinti, 2001). In 
addition, to managing the most important energy reserve of the 
body, it secretes a multitude of soluble proteins called 
adipokines, which have beneficial or, alternatively, deleterious 
effects on the homeostasis of the whole body (Freitas Lima, 
2015; Jennifer, 2011 and Alvarez-Castro, 2011). The 
expression of these adipokines is an integrated response to 
various signals received from many organs, which depends 
heavily on the integrity and physiological status of the adipose 
tissue (Singla, 2010; Ouchi, 2011; Myers, 2011). One of the 
main regulators of gene expression in fat is the transcription 
factor peroxisome proliferator-activated receptor gamma 
(PPARgamma), which is a fatty acid- and eicosanoid-
dependent nuclear receptor that plays a key role in the 
development and maintenance of the adipose tissue (Myers, 
2011 and de la Rosa Rodriguez, 2017). It has long been 
recognized that estrogen is the main regulator factor of adipose 
tissue development and triglycerides deposition in females and 
its biological activities are performed binding to nuclear 
estrogen receptors (ERα, ERβ) (Dahlman-Wright, 2006). The 
deficiency of ovarian steroids induced by ovariectomy or in 
menopause, is another factor that favors metabolic changes, 
favoring visceral fat tissue deposition (Santana, 2011) and 
insulin resistance (Paquette, 2007). Menopause by itself was 
found as a risk factor for the metabolic syndrome, 
independently of the influence of estrogen deficiency on 
central obesity in nondiabetic women (Wang, 2017). The roles 
of both high fat diet development and estrogen deficiency in 
obesity have been extensively studied23but the association of 
these two parameters is poorly explored. So, based on the 
change on eating and in the increase of life expectancy, 
meaning that women live longer after menopause, this study 
was designed to investigate the effects of high-fat diet 
associated with the deficiency of estrogen on adiposity of 
female adult rats. 
 

MATERIALS AND METHODS 
 

Animals: A total of 48 female Wistar rats weighing 200-210g, 
reproduced and maintained in the animal room of the 
Laboratory of Endocrine Physiology, Institute of Biology 
Roberto Alcantara Gomes, University of the State of Rio de 
Janeiro, were used. They were housed, six per cage, receiving 
food and water ad libitum, under 12h light–dark cycle (lights 
on from 7:00 AM to 7:00 PM) and temperature-controlled (25 
± 1°C). The protocol to use and handling the experimental 
animals was approved by the Ethical Committee of the 
Biology Institute of the State University of Rio de Janeiro, 
which based their analysis on the principles adopted and 
promulgated by the Brazilian Law that concerns the rearing 
and use of animals in teaching and research activities in Brazil 
(Marques, 2009). 
  
Groups: The stage of the estrous cycle was evaluated by daily 
vaginal smears, and only the animals showing two consecutive 
regular cycles were used in the study. At ninety days, rats were 
randomly divided into two groups: Sham operation (Sham; n = 
24) and Ovariectomy (Ovx; n = 24)21. For surgery, rats were 
anaesthetized with thiopental (0,1ml/100gPC). After surgery, 
the rats were fed by 30 days with manufactured diets (table 1), 
according the suggestion of the American Institute of Nutrition 
(AIN93-M). In the composition of control diet, it was used 4% 
soybean oil, and for high fat diet (Hf) was used 19% soybean 
oil. Rats were divided in Sham (n=12, receiving control diet), 
ShamHf (n=12, receiving high fat diet), Ovx (n=12, receiving 
control diet) and OvxHf (n=12, receiving high fat diet).  Food 

intake (g) was measured each three days and body weight (g) 
was verified each seven days.  
 
Dual Energy X-ray Absortiometry (DEXA): At the end of the 
nutritional period, 120-days-old rats, after 8 h of fasting, were 
anesthetized with Avertin (Tribromoethanol,300 mg/kg) and 
subjected to dual-energy X-ray absorptiometry (DEXA), using 
a Lunar DEXA 200368 GE instrument (Lunar, Wisconsin, 
USA) with specific software (encore 2008. Version 12.20 GE 
Healthcare). The evaluation was blind, since the DEXA 
technician did not know the experimental protocol. Total lean 
(g), fat mass (g) and trunk fat mass analysis. 
 
Sacrifice: Immediately after DEXA evaluation rats were killed 
(between 12:00 and 15:00 h) by exsanguination. Blood 
samples were centrifuged were centrifuged (1500 g/20 min per 
4°C) to obtain serum, which were kept at -20°C until the assay. 
The abdominal cavity was opened following the median line of 
the abdomen and tissues were removed in the following order: 
intra-abdominal adipose tissue (retroperitoneal depot), uterus 
and pancreas. Adipose tissue was weighed and immediately 
frozen in liquid nitrogen and stored samples at -70C until 
performed analyses.  
 
Analytical procedures: All measurements were performed in 
one assay; all samples were analyzed in duplicate. 
Triglycerides, cholesterol, HDL cholesterol and glucose 
concentrations were determined using colorimetric assay 
(Bioclin®,Quibasa, MG, Brasil) and evaluated by 
spectrophotometer.  Leptin was measured by a specific RIA kit 
(Linco Research, Inc., St Louis, MO, USA) that measures both 
rat and mouse leptin (range of detection, 0.5–50 ng/ml; 
intraassay variation, 2.9%). Insulin was determined by a 
commercial RIA kit (Linco Research Inc., St Louis, MO, 
USA), with an assay sensitivity of was 1 mUl/ml, and intra-
assay variation was 8.9%. 17β-estradiol was measured using a 
RIA kit (Linco Research, Inc., St Louis, MO, USA), with an 
coefficient of variation was 5.3%. 
 

Morphometry: Samples of tail pancreas and adipose tissue 
were fixed in Bouin and buffered formaldehyde, respectively. 
After 24 h of fixation, samples were dehydrated with 
increasing concentration of ethanol (1x 80%, 1x 90%, 2x 
100%), incubated with xylol (3x) and liquid paraffin (3x), and 
embedded into paraffin. Sections of 5µm were obtained 
(microtome Microtec-CUT 4050, SC, USA), placed onto slides 
and stained with Hematoxylin/Eosin. A light microscope 
(model BX40 Olympus  coupled to a digital camera (Olympus 
DP71, USA) was used to examine the morphology. A 
morphometric analysis was realized with captured images of 
about 10 slides for animal. For each slide, the area of 10 
adipocytes or pancreatic islets were randomly selected and 
analyzed using the IMAGEM-J/NHI software.  
 

Immunohistochemistry: Sections of pancreatic islets were 
submitted to successive xylol baths (3x, 2min), dehydrated 
with decreasing concentration ethanol solutions and washed 
with distilled water. Endogenous peroxidase was blocked with 
10 vol. hydrogen peroxide (3%). After washing with water and 
phosphate buffer, the unspecific antigenic sites were blocked 
with 1% albumin in 0.1 M phosphate buffer. Samples were 
incubated with polyclonal primary antibody anti-rat insulin 
(Cell Signal 4590, USA; 1:100), overnight, at 4°C, followed 
incubation with LSAB2-HRP (K0637, DAKO, CA, USA). 
Counterstained was done with hematoxylin.  
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Western blotting: Western Blot was also perfomed as 
previously reported (Conceição, 2011). In brief, about 20 µg of 
total proteins from each sample were loaded onto 12% SDS-
PAGE and transferred onto a nitrocellulose membrane 
(Hybond P ECL membrane; Amersham Pharmacia Biotech). 
Membranes were incubated with 5%TBS containing of nonfat 
dry milk for 90 min. Primary antibody (SC- Santa Cruz 
Biotechnology, Santa Cruz, CA, USA) ERα (1:1000) was 
incubated with the membrane overnight at 4°C. Further, 
membranes were washed and incubated with appropriate 
secondary antibodies conjugated to biotin (Santa Cruz 
Biotechnology; 0.5 % nonfat dry milk TTBS diluted) for 1 h at 
room temperature. Membranes were washed and incubated for 
1 h at room temperature with streptavidin HRP-conjugated 
(Zymed, CA, USA) in the same dilution of the secondary 
antibody. Immunoreactive proteins were visualized by 
horseradish peroxidase substrate (ECL-plus; Amersham 
Pharmacia Biotech, NJ, USA) and then exposed to X-ray fi lm. 
Area and density of protein bands were quantified by Image J 
1.34 s software (Wayne Rasband National Institute of Health, 
MA, USA). 
 

Statistical analysis: Statistical analyses were carried out using 
the Graph Pad Prism statistical package version 5.00, 2007 
(San Diego, CA, USA). Food intake and body mass were 
analyzed by two-way ANOVA, followed by Bonferroni post-
test. The other data were analyzed by one-way ANOVA, 
followed by Newman–Keuls post-test. Differences were 
considered significant at P<0.05.  
 

RESULTS 
 
As expected, estradiol concentrations were significantly 
decreased (P<0.05) in ovarietomized groups (OVX: -60%; 
OVXHf: - 58%) and was accompanied by a lower uterus mass 
(OVX: -22%; OVXHf: -46%) (Fig. 1).  
 

 
A 

 
B 

 

Fig. 1. (A) Serum estradiol concentration; (B) Utero weight. Sham (Sham, 
n= 12), Ovariectomized (Ovx, n=12), Sham fed with high fat diet with 

soybean oil 4% during 30 days (ShamHf, n=12) and Ovariectomized fed 
with high fat diet with soybean oil 19% during 30 days (OvxHf, n= 12). 

Values are means. *Significantly different from corresponding OVX Hf, 
Ovx, vsSham, ShamHf (one-way ANOVA, P < 0.05) 

 

During experimental period, neither ovariectomy nor the high 
fat diet changed food intake (Fig. 2A). Nevertheless, the lack 
of sexual hormones associated with HF diet intake determined 
an increase in body mass from the nintety day, well evidenced 
in OvxHf group. Among the other groups (Sham, Ovx and 
ShamHf) the gain of body mass was similar (Fig. 2B). But, the 
analysis of body compartments by DEXA showed that 
ovariectomy alone was capable to induce a significant increase 
in total fat mass and when associated to HF diet the increase is 
even higher (ShamHf: +7.2%; Ovx: +14%; OvxHf: +32.3%, 
P<0.001). 
 

 
 

 
Fig. 3- A. Photomicrography of intra-abdominal adipose tissue 
staining with HE (original magnification 200x); (B) Size of intra-
abdominal adipocytes; (C) Wheight intra-abdominal adipose 
tissue.Sham (Sham, n= 12), Ovariectomized (Ovx, n=12), Sham 
fed with high fat diet with soybean oil 4% during 30 days 
(ShamHf, n=12), Ovariectomized fed with high fat diet with 
soybean oil 19% during 30 days (OvxHf, n= 12). Values are 
means±S.E. #Significantly different from corresponding OVX Hf 
vsOVX, Sham, ShamHf (one-way ANOVA, P < 0.05). 
*Significantly different from corresponding OVX, ShamHf 
vsOVXHf (one-way ANOVA, P < 0.05) 
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By the other hand, the trunk fat mass was higher in OVX and 
OVX Hf (OVX: +25%; OvxHf: +56.9%,P<0.05, table 2) 
compared to Sham females. Total lean mass did no differ 
among groups (Table 2).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The weight of intra-abdominal adipose tissue depot (Figure 3) 
was higher in both ovariectomized groups (OVX: +18%; 
OvxHf: +74%,P<0.05). And, interestingly, sham rats fed with 
high fat diet (ShamHf) did not differ from sham fed with 

Table 1. Composition of experimental diets 
 

Ingredient ( g/ 100 g) Control diet High fat diet 

Casein 14.0 14.0 
Cornstarch 63.0 47.8 
Sucrose 10.0 10.0 
Soybean  oil 4.0 19 
Fiber 5.0 5.0 
AIN-93M mineral mix 3.5 3.5 
AIN-93 vitamin mix 1.0 1.0 
L-Cystine 0.18 0.18 
Choline bitartrate 0.25 0.25 
Protein, % of energy 12.5 10.2 
Carbohydrate, % of energy 76.5 49.9 
Fat, % of energy 10.0 39.0 
Energy, kcal 3.5 4.3 

C, control diet; HF, high fat diet; AIN, American Institute of Nutrition. 
Mineral and Vitamin Mix; L-Cystine; Choline Bitartrate: PragSoluções®; Casein; Cornstarch: FARMOS®; 
Soybean: Lisa® and Sucrose: União®.  
Formulated on recommendations of the AIN-93M for rodent diets.  

 
Table 2. Body composition by DXA at 120 days 

 

 Sham        OVX ShamHf OVXHf 

 Mean SEM   Mean    SEM Mean   SEM Mean SEM 
Total lean mass (g) 160.3 5.6 116.3     10.3* 93.33   3.8# 130.3 8.5* 
Total fat mass (g) 79.67 5.5 156.0       7.5 165.3  5.6 177.0 8.9 
Trunk fat mass (g) 54.0 5.8 68.50    3.5* 58.6   1.3 86.0 4.5* 

Sham (Sham, n= 12), Ovariectomized (Ovx, n=12), Sham fed with high fat dietwith soybean oil 4% during 30 days (ShamHf, 
n=12) and Ovariectomized fed with high fat diet with soybean oil 19% during 30 days (OvxHf, n= 12).Values are means. 
#Significantly different from Sham vs Sham Hf (one-way ANOVA, P < 0.05); *Significantly different from corresponding OVX 
Hf vs Ovx, ShamHf(one-way ANOVA, P < 0.05). 
 

Table 3. Serum hormonal, lipids and glucose at 120 days 
 

 Sham        OVX ShamHf OVXHf 

 Mean SEM Mean    SEM Mean SEM Mean SEM 
Estradiol (pg/mL) 
Glucose (mg/dL) 
Insulin (pg/mL) 

131.5 
70.2 
24.9          

9.1 
2.5 
0.4 

52.1       7.8*  
116.9    3.8& 
40.4       5.6 

  131.1     8.5 
116.8     8.5& 
53.6       3.8$ 

55.6 
105.2 
51,91 

6.5* 

5.9& 

1,7$ 
Triglycerides (mg/dL) 70.5 1.9 112.0     8.5 96.11     5.7 191.5 1.5@ 
HDL-cholesterol(mg/dL)  56.5 9.8 58.5       4.5 60.75.9 58.4  2.4 
Cholesterol (mg/dL) 60.1 4.9 67.23.6 79.54.3 78.3 5.4 

Sam (Sham, n= 12), Ovariectomized (Ovx, n=12), Sham fed with high fat diet with soybean oil 4% during 30 days (ShamHf, n=12) 
and Ovariectomized fed with high fat diet with soybean oil 19% during 30 days (OvxHf, n=12).Values are means. *Significantly 
different from corresponding OVX, OVX Hf vs ShamHf(one-way ANOVA, P < 0.05); &Significantly different from OVX, Sham 
Hf, OVX Hf vs Sham (one-way ANOVA, P < 0.05); $Significantly different from OVX, Sham Hf vsOVX, Sham(one-way ANOVA, 
P < 0.05); @Significantly different from corresponding OVX Hf vs OVX, Sham, ShamHf(one-way ANOVA, P < 0.05). 
 

 
Fig. 4-Expression of ERα in intra abdominal adipose tissue. Sham (Sham, n= 12), Ovariectomized (Ovx, n=12), Sham fed with high fat diet with soybean 

oil 4% during 30 days (ShamHf, n=12), Ovariectomized fed with high fat diet with soybean oil 19% during 30 days (OvxHf, n= 12). Values are means±S.E. 
*Significantly different from corresponding OVX, OVXHf vsSham, ShamHf (one-way ANOVA, P < 0.05) 
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normolipidic diet (Sham). But, the area of intra-abdominal 
adipocytes was higher in all groups, the increase being more 
evident in OvxHf (+127%, p< 0.0001) (Figure 3). The analysis 
of intra-abdominal adipose tissue by protein expression 
showed a significant decrease of ERα in both ovarietomized 
groups (OVX: -61%, OVXHf: -67.1%, P<0.05) (Figure 4). 
Glucose concentrations were significantly increased in all 
groups, compared to Sham. But, insulin was higher in the 
groups fed with high fat diet (ShamHf and OVXHf, P<0.05). 
Triglycerides were increased only in OVXHf group (+27.16%, 
P<0.05). There was no significant effect of ovariectomy and/or 
high fat diet on serum HDL-col, cholesterol and leptin. In 
order to better explain insulin and glucose serum 
concentrations, pancreatic islets were evaluated. Sham groups 
maintained morphologic characteristics of exocrine pancreas 
and homogeneous and rounded islets. But, in the 
ovariectomized rats the islets were higher (OVX: +48%, 
OVXHf: +120%, P<0.05, Figure 5) and present amyloid 
depots. The detection of pancreatic islets insulin content by 
immunohistochemistry showed an exacerbated marking in 
OVXHf and ShamHf groups, while OVX group had a lower 
marking than Sham group (Figure 5).  
 

 
 

 
   
Fig. 5. Morphologic analysis of pancreatic islets. A) Immunohistochemical 
staining for insulin in islets of Langerhans (original magnification 400x). 
B) Morphometric analysis of pancreatic islet.The arrows shown that 
indicate areas have immunomarker; IL= islets of Langerhans.Sham 
(Sham, n= 12), Ovariectomized (Ovx, n=12), Sham fed with high fat diet 
with soybean oil 4% during 30 days (ShamHf, n=12), Ovariectomized fed 
with high fat diet with soybean oil 19% during 30 days (OvxHf, n= 12). 
Values are means±S.E. #Significantly different from corresponding 
ShamHf vsOVX, OVXHf (one-way ANOVA, P < 0.05).*Significantly 
different from corresponding OVX, OVXHf vsSham, ShamHf (one-way 
ANOVA, P < 0.05). 

DISCUSSION 
 
The increase of longevity allows greater insight of the 
deleterious effects of loss of gonadal function; among the 
many changes it causes central obesity (Conceição, 2011). In 
addition, the lifestyle of modern society includes high energy 
consumption with meals rich in lipids, which contributes to 
adverse effects on health such as obesity (Wang, 2017 and 
Chandran, 2014). Changes in eating habits, increasing the 
consumption of high-fat diet, constitute one of the factors 
determinants of metabolic syndrome in humans and rodents 
(Costa, 2011 and D'Eon, 2005). In this study, it was observed 
that the association of ovarian function loss and intake of high 
fat diet was deleterious in the short experimental period. 
Deficiency of sex steroids determined by bilateral removal of 
the ovaries is a very common experimental practice to simulate 
menopause (Santana, 2011). Deficiency of sex steroids 
determined by bilateral removal of the ovaries is a very 
common experimental practice to simulate menopause (21). 
This was confirmed by the low serum estradiol and decreased 
uterus mass, an organ that maintains its integrity by 
stimulation of ovarian sex steroids. In animals, ovariectomy 
(OVX) leads to increased adiposity (Blaustein, 1976; Stubbins, 
2012), that is repressed by estrogen replacement (Lovre, 
2017). Although OVX induces a transient rise in food intake in 
rodents and E2 replacement reduces food intake (Clegg, 2003), 
hyperphagia does not completely explain the changes in 
metabolism and development of obesity after OVX. In our 
study, the experimental period was sufficient to detect the 
increase of intra-abdominal adipose tissue and total fat content 
in OVX and OVXHf groups, determined by weighing and 
DEXA. Nevertheless, the higher body mass, that is commonly 
seen in ovariectomized animals (Zhang, 2014), was observed 
only in OVXHf group. In this model, the evaluation by DEXA 
was more efficient and was able to detect fat depot increase 
even without changes in body mass. Maybe in a larger trial 
period, an increase in body mass could be observed in OVX 
group. 
 
Alteration in adipose tissue deposition due to gonadal failure 
may be related to changes in estrogen receptor alpha (ERα). 
Knockout mice for ERα provides evidence that estrogens 
directly regulate the amount of adipose tissue in females, by 
regulating this receptor expression. In these animals, adipocyte 
hyperplasia and hypertrophy, insulin resistance and glucose 
intolerance are observed (Palmer, 2015). The gain in body 
mass and the distribution of adipose tissue are determined by 
genomic actions of E2 that regulates the development and 
distribution of intra-abdominal adipose tissue, but not 
subcutaneous distribution (Hamilton, 2017). So, the lower 
expression of ERα in ovariectomized groups could be 
responsible by the changes of adipose tissue metabolism of 
these female rats. Other metabolic changes became active after 
this period as dyslipidemia and hyperinsulinemia. It is known 
that estrogens regulate the production of triglycerides and 
maintain adequate ratio between LDL and HDL, in it absence 
this relationship is lost (Faulds, 2012 and De Groot, 2017). It 
was evidence that the association of estrogen deficiency with 
high-fat diet exacerbates this disturbance, contributing to 
higher concentrations of triglycerides and lower HDL (Pinkas, 
2017). Despite this evidence, in our model, oophorectomy 
alone was not able to generate an increase in triglycerides or to 
cause other alterations in the lipid profile. However, this lack 
of association has already been shown in other studies (Brown, 
2010). Estrogens are important regulators of energy balance 
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(Mauvais-Jarvis, 2013 and Martínez de Morentin, 2014). There 
is some evidence that a lack of estrogen changes the gene 
expression of a variety of ECM proteins culminating in the 
ECM destabilization and impairing the interaction between 
ECM proteins and adipocytes, leading to adipose tissue 
accumulation44. Is also important to mention that the increase 
of lipoprotein lipase (LPL) activity, accumulating TG is 
promoted by insulin but it can also be triggered by estrogen 
deficiency (D'Eon, 2005).  The increased deposition of TG is 
in agreement with the increased adipocyte area determined by 
the lack of estrogen and its association with high fat diet. As 
intra-abdominal adipocytes are considered metabolically more 
active, it requires a higher glucose uptake to provide glycerol-
3-phosphate necessary to increase TG synthesis and depot in 
this tissue that has a high rate of lipolysis (Wang, 2016). The 
insulin regulation on lipid metabolism seems to be maintained 
by insulin serum concentrations. The increase in 
polyunsaturated fat acids intake causes hyperglycemia and 
hyperinsulinemia and a greater content of insul/in in pancreatic 
islets, but without alteration of the islets morphology when 
estrogen is present.  By the other hand, when occurs the loss of 
ovaries, despite no alteration be detected on insulin 
concentrations and content, probably by the 
adaptation/augmentation of islet structure, a hyperglycemia 
state is establishedaccompanied by amyloid depots 
characterizing a prediabetes state (Aarabi, 2017). Similarly, 
Zhang et al. Did not observe a difference in fasting insulinemia 
in oophorectomized animals, however, they noted a higher 
glucose uptake and lower insulinemia after intraperitoneal 
glucose administration, compared to the control group (Zhang, 
2014). Our results can be explained by the fact that 
accompanied by amyloid depots characterizing a prediabetes 
state (Aarabi, 2017 and Guardado-Mendoza, 2009). The 
amyloids depot are partially ordered, fibrillar, protein 
aggregates that formation occurs progressive loss of beta cell 
(Tatsuo Tomita, 2016). Hyperglycemia and islet amyloidosis 
have been implicated in the cause beta cell death by occupying 
extracellular space, thereby impairing nutrients and oxygen 
uptake. In the group submitted to ovariectomy and fed with Hf 
this association determined the worst response. So, the 
deficiency of estrogen and the intake of high fat diet rich in 
polyunsaturated fat acids can alone cause the increase of fat 
depots, adipocytes size, glycemia and insulinemia. But, when 
the two conditions are together the set of changes worsening 
the overall condition of the animal and accelerate the onset of 
metabolic syndrome. 
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