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ABSTRACT  

The present study evaluated the effects of the western-style diet in the time-specific windows of 

rodents. Male Wistar rats were divided into three groups fed on a Control diet during all experimental 

period (CC); a western-style diet after lactation (CW); and a westernized diet throughout entire 

experimental period (WW). Body weight, food and energy intake, abdominal fat, glucose tolerance, 

biochemical parameters and serum hormones were evaluated. Higher body weight (CC=408.6±11.3g; 

CW=474.1±9.2g; WW=475.8±16.3g, p<0.001), increased abdominal fat (CC=12.6±0.8g; CW=34.1± 

2.3g; WW=33.2± 2.4g, p<0.001), reduced food intake (CC=26.3±0.8g; CW=17.0±0.6; 

WW=18.4±0.9g, p<0.001), and similar energetic intake were found among the groups fed on the 

western-style diet regardless to the exposure time. Also, the area under the curves of glucose tolerance 

test, glucose, triacylglycerol, VLDL-c and total cholesterol blood levels were higher in the western-

style diet groups compared to the control groups (p<0.01). However, levels of hormones were 

different according to specific windows of dietary exposure. The CW group showed higher 

corticosterone (CC=263.4± 109.1;CW= 339.9±16.6; WW=305.5±16.2ng/mL, p<0.001) and leptin 

levels (CC=8.2 0.7;CW=14.5 1.4;WW=9.1 0.7ng/mL p<0.001); and the WW group showed raised 
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insulin levels (CC=6.7±0.3;CW=8.0±0.3;WW=10.5±0.8ng/mL, p<0.001). Then, the western-style 

diet enhanced signals of metabolic imbalance in both groups, but the outcomes varied according to 

the windows of dietary exposure. 

 

Keywords: Western-style diet; glucose tolerance, hyperinsulinemia, hyperleptinemia, abdominal fat, 

rats. 

 

RESUMO 

O presente estudo avaliou os efeitos da dieta do estilo ocidental nas janelas de tempo específicas dos 

roedores. Ratos Wistar machos foram divididos em três grupos: alimentados com dieta controle 

durante todo o período experimental (CC); uma dieta de estilo ocidental após a lactação (CW); e uma 

dieta ocidentalizada durante todo o período experimental (WW). Foram avaliados peso corporal, 

ingestão de alimentos e energia, gordura abdominal, tolerância à glicose, parâmetros bioquímicos e 

hormônios séricos. Maior peso corporal (CC = 408,6 ± 11,3g; PC = 474,1 ± 9,2g; WW = 475,8 ± 

16,3g, p <0,001), aumento da gordura abdominal (CC = 12,6 ± 0,8g; PC = 34,1 ± 2,3g; WW = 33,2 

± 2,4g, p <0,001), consumo alimentar reduzido (CC = 26,3 ± 0,8g; PC = 17,0 ± 0,6; WW = 18,4 ± 

0,9g, p <0,001) e consumo energético semelhante entre os grupos alimentados com a dieta de estilo 

ocidental, independentemente do tempo de exposição. Além disso, a área sob as curvas do teste de 

tolerância à glicose, glicemia, triacilglicerol, VLDL-c e níveis sanguíneos de colesterol total foram 

maiores nos grupos de dieta do estilo ocidental em comparação aos grupos de controle (p <0,01). No 

entanto, os níveis de hormônios foram diferentes de acordo com janelas específicas de exposição 

alimentar. O grupo CW apresentou níveis mais elevados de corticosterona (CC = 263,4 ± 109,1; PC 

= 339,9 ± 16,6; WW = 305,5 ± 16,2ng / mL, p <0,001) e níveis de leptina (CC = 8,2 0,7; PC = 14,5 

1,4; WW = 9,1 0,7 ng / mL p <0,001); e o grupo WW apresentou níveis elevados de insulina (CC = 

6,7 ± 0,3; PC = 8,0 ± 0,3; WW = 10,5 ± 0,8 ng / mL, p <0,001). Então, a dieta do estilo ocidental 

aumentou os sinais de desequilíbrio metabólico nos dois grupos, mas os resultados variaram de 

acordo com as janelas de exposição da dieta. 

 

Palavras-chave: Dieta de estilo occidental, tolerância a glicose, hyperinsulinemia, hiperleptinemia, 

gordura abdominal, ratos. 

 

1 INTRODUCTION  

The type of nutrition in the early fetal stage and/or immediately after birth has been seen to 

be critical health of descendents. It has been suggested that a western-style diet used during gestation 

(defined as high in simple sugars, trans and saturated fats, sodium and poor in fibers) may have 

deleterious outcomes on the health of offspring. The western-diet affects early development of 

offspring by making them susceptible to non-communicable diseases (obesity, type 2 diabetes and 

cardiovascular disease) throughout life (Elahi et  al., 2009). Maternal nutrition with high-fat diet 

during gestation or during gestation and lactation, as well as an inadequate post-weaning diet closely 

correlated with an increased susceptibility of the offspring to the metabolic diseases in the short 

and/or long term (Howie et al., 2009; Jones et al., 2009; Oliveira et al., 2011). Continuous ingestion 

of hyperlipidic diets by the offspring leads to endothelial dysfunction (Khan et 109 al., 2004), high 

body weight, dyslipidemia and hepatic steatosis (Elahi et al., 2009). 
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Inadequate food habits characterized by high consumption of food rich in saturated lipids, 

sugar and sodium as well as, industrialized foods are frequently observed in western societies 

associated with a high prevalence of overweight/obesity. According to the World Health Organization 

(WHO), the problem of the number of overweight people has more than doubled in the world 

population since 1980. Only in 2017, studies showed that 39% of adults aged 18 years and over were 

overweight and 13% were obese (WHO, 2018). Overweight and obesity featured by an increased 

abdominal fat are associated with hypertension, glucose intolerance, hyperinsulinism, dyslipidemias, 

hepatic steatosis and cardiovascular disease risks (Mathieu et al., 2009; Eguchi et al., 2011). Early 

life has been widely studied and shown to be a period of high vulnerability to environment factors as 

nutrition. Nutritional aggressions at the developmental phase have dentrimental consequences for the 

health of offspring.  However, little is known about either the effects of long-term ingestion of a 

human-like western-style diet nor the effects of this diet during post-weaning on long-term health.     

The current study used the western-diet (rich in lipids and carbohydrates and poor in fibers) 

adapted for animals to test its effects on different times. Our hypothesis is the western-style diet 

offered post weaning is more deleterious to health than when offered continuously in metabolic terms. 

In this way, the aim was to evaluate the metabolic and murinometric parameters of the western-style 

diet on the offspring when the diet is offered only in the post-weaning period or whole time of 

experimental protocol. 

 

2 MATERIALS AND METHODS  

All animal procedures followed the National Council for the Control of Animal 

Experimentation requirements and were approved by the Ethical Committee on Experimental Animal 

of the Federal University of Pernambuco (UFPE), Brazil, under protocol 23076.048926/2010-88 

according to the Guidelines for the Care and Use of Laboratory Animals (Bayne K. Revised Guide 

for the Care and Use of Laboratory Animals available. Americ Physiolog Soc. The Physiologist. 

1996; 39(4): 199-208). 

 

ANIMALS  

Female Wistar rats 90–120 days old with body weight between 220–250g were mated with 

males 120–150 days old with body weight 320–359g. The animals were obtained from the colony of 

the Department of Nutrition of the Federal University of Pernambuco. When the dams were pregnant 

(0 day was considered when spermatozoa were found in the vaginal smear), they were separated and 

placed in individual cages under constant conditions of temperature (20ºC), 55-60% humidity, 



Brazilian Journal of Development 
 

      Braz. J. of Develop., Curitiba, v. 6, n. 7 , p.48355-48372, jul. 2020.    ISSN 2525-8761 

48358  

luminosity (12-12h cycle, lights on at 6pm) and free access to water and standard laboratory chow 

diet. Monitoring of the female’s body weight gain assessed the pregnancy evolution.  

 

DIETS AND EXPERIMENTAL GROUPS 

The pregnant rats were randomly divided into two groups (n=5 per group) according to diet: 

Control (C, fed on standard chow diet all time); and Western-style diet (W, fed on western-style diet 

during gestation and lactation). On second postnatal day, the litters were reduced into eight pups by 

littermater. At weaning (22 days old), two males from each litter were randomly allocated to be fed 

on either a standard chow diet (Presence®, final composition in kcal % of macronutrients: 23% 

protein; 4% fat, 63% carbohydrate, 5% fiber and 3.6 kcal/g) or for western-style diet (final 

composition in kcal % of macronutrients: 14.7% protein; 52.6% carbohydrate, 33.3% lipids, 0.3% 

fiber and 4.2kcal/g). The offspring born from W dams are referred as WW (n = 8). The offspring born 

from C dams (n=8) are referred as CC (n = 8) or CW (n = 10), according to their post-weaning dietary 

intake. The male pups were kept in groups of two individuals per cage up to 140-142 days, when they 

were euthanized. The female pups were used in another experiment. The schematic experimental 

protocol adopted by the study is presented below (Figure 1). 

 

Figure 1. Schematic experimental protocol: The control group received isoenergetic casein-based diet during gestation 

and lactation, and then standard chow diet after weaning. The experimental groups received “western-style ingredient–

based diet during gestation, lactation and post weaning (WW group) or after weaning (CW group). G21: 21st gestation 

day; PND 0: day of birth; PND21: 21st post-natal day, for weaning. PND22: 22nd post-natal day, with western-style diet.  

 

Source: The authors 

 

The adjustments of the ingredients in the formula for the western-style diet (protein value) 

were necessary to provide specific conditions needed for the growth and maintenance periods of 

rodents. The standard chow diet (Presence®) was offered to the rodents in order to control the post-

weaning diet. The western-style diet (W) (high amount of sodium, sugar and fat) had respective 
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composition (kcal %) according to growth or maintenance phase: In the growth period, the 

composition was 19.9% protein; 49.3% carbohydrate and 31.5% lipids and 4.2kcal/g; and in the 

maintenance period, the composition was 14.7% protein; 52.6% carbohydrate, 33.3% lipids, 0.3% 

fiber and 4.2kcal/g. The proportion of macronutrients in the western-style diet (Table 1) was based 

on the experimental diet based according family budget survey (POF -  Pesquisa de Orçamentos 

Familiares) adapated to experimental research  (CARVALHO, et al., 2013.). Also, it was based on 

the amount of lipids intake in Europe and United States of America (Sharma et al., 2003; Astorg et 

al., 2004; Drewnowski & Almiron-Roig, 2010).   

The two different versions (growth and maintenance) of the western-style diet were prepared 

by the Laboratory of Experimental Nutrition and Dietetics, Nutrition Department, UFPE. The 

macronutrient centesimal composition of this growth phase was analyzed by the Food 

Experimentation and Analysis Laboratory, Nutrition Department, UFPE. The composition of fatty 

acid has previously published in Ferro Cavalcante et al. (2013). In short, the fatty acids in the diet 

composition had 68% saturated fat (SFA), 16% monounsaturated fat (MUFA) and 16% 

polyunsaturated fat (PUFA) whereas the standard chow diet had 26% saturated fat, 12% 

monounsaturated fat and 62% polyunsaturated fat. Both diets had adequate ratios of n-3: n-6 

according to Reeves (1997) (Cavalcante et al., 2013). The amount of sodium was 2.5 higher than in 

the control diet during the perinatal period, as well as the amount of the simple sugar.  

 

MURINOMETRIC MEASURES  

Body mass was measured at intervals (21st 60th, 90th, 120th days of age). The range of body 

weight gain was calculated according to the following equation: [%WG= Final weight (g) x 100 / 

Initial weight (g) – 100] (Bayol et al., 2004). Body dimensions (body length, thoracic and abdominal 

circumference) were obtained at the 60th, 90th and 120th days of age. Body length (BL) was determined 

as the distance from the nose to the anus, measured with a digital caliper (Starrett®, Series 799, São 

Paulo, Brazil, 0.01-mm precision). We calculated the Lee index [Lee index=cube root 207 of body 

weight (g) / nose-to-anus length (cm3)] (Bernardis, 1970) and Body Mass Index [BMI= body weight 

(g)/length (cm2)] from the relation between weight and body length (Novelli et al., 2007). Lee index 

higher than 0.30 or BMI higher than 0.68 in animals older than 60 days were considered to be strongly 

associated with obesity (Novelli et al., 2007). 

 

FOOD INTAKE   

Pups between 28 and 38 days old were individually housed for 10 days in metabolic cages. 

The first 4 days were used for their adaptation to the cage. Subsequently, the food consumption was 
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determined daily for each animal during 5 days by the difference between the amount of food 

provided (25 g) at the onset of the light phase and the amount of remaining food 24 h later. At 

adulthood, the offspring (110-to-120 days old) were again individually housed in metabolic cages for 

10 days using the same procedure when younger during 5 days providing 40 g of food. Fresh diet 

was available daily and any remaining chow from the previous day was discarded. 

 

GLUCOSE TOLERANCE TEST (GTT)   

Glucose tolerance test (GTT) was performed after fasting overnight (6:00 p.m. to 6:00 a.m.) 

between the 120th and 125th day old of rats. Blood samples were taken from tip of tail to withdraw 

approximately 10 μL of blood. The first blood sample (baseline) was collected before glucose 

injection. As for the GTT, 50% glucose solution intraperitoneal (Equiplex Pharmaceutical Ltd., GO, 

Brazil) at 1 mg/g per body weight was intraperitoneally administered. Blood glucose levels were 

monitored using a glucometer (Accuchek®) before (0 time) and 30, 60, 90 and 120 minutes after 

glucose administration. The area under glucose curve (AUC glucose) was obtained according to the 

glycemic values at 0, 30, 60 and 120 minutes by using the trapezoidal method (Le Floch et al., 1990). 

 

EUTHANASIA AND ECTOPIC FAT WEIGHT  

The animals fasted overnight one day before euthanasia. The rodents were deeply 

anaesthetized with 10mg/kg xylazine and 100mg/kg ketamine intraperitoneally delivered, and they 

were sacrificed at 143±2 days of age. Blood samples were rapidly obtained by cardiac puncture. 

These samples were pooled in heparinized and non-heparinized tubes, and centrifuged at 1048g for 

20min. Serum and plasma were stored at -70oC. Ectopic fat depots (epididymal, retroperitoneal and 

peri-renal fat pads) were carefully removed and weighed. The abdominal ectopic fat was obtained 

from each animal and relativized to the total mass weight and expressed in g%. The weight of the 

ectopic fat was recorded according to the Marte® scale (AS-1000), in increments of 0.001g and 

maximum capacity of 500g. 

 

BIOCHEMICAL AND HORMONAL ASSESSMENT  

Glucose, triglyceride (TG) total cholesterol and fractions, high-density-lipoprotein cholesterol 

(HDL-c) were measured in the plasma of rodents using commercial kits (Labtest®, MG, Brazil) 

according to the manufacturer´s instructions. Very low-density-lipoprotein cholesterol (VLDL-c) and 

LDL-c values were obtained using the Friedewald calculations (Friedewald et al., 1972) when 

cholesterol levels were below 100mg/dL (Sanchez‐Muniz & Bastida, 2008). Plasma leptin, 

corticosterone and insulin levels were measured following manufacturer’s instructions of commercial 
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immunoenzimatic assays (ELISA) (Enzo Life Sciences®, Farmingdale, NY, EUA). The sensitivity 

or detection limit of assays was 67.2 ng/mL for leptin and 26.99 pg/mL for corticosterone. Plasma 

insulin levels were measured performing manufacturer’s instructions of ELISA commercial kit 

(Alpco®, Salem, NH, EUA). The sensitivity of the insulin assay was 0.399 μIU/ml. Readings were 

obtained by microplate TP reader (Thermoplate, São Paulo, Brasil). 

 

STATISTICAL ANALYSES   

All values are given as means ± standard error of means (SEM). The normality of data was 

realized using the Kolmogorov Simirnov test. Regarding to statistical analysis, one-way ANOVA for 

simple comparison or two-way was performed followed by Bonferroni’s post-hoc test with diet and 

time as factors. Significance was set at P≤0.05. Data analysis was performed using Graph Pad Prism 

5.0 statistical software (Graph Pad Software Inc., La Jolla, CA, USA). 

 

3 RESULTS  

MURINOMETRIC MENSURES AND FOOD INTAKE 

Litters from mothers subjected to the western-style diet during gestation and lactation showed 

greater body weight at 21days (CC, 48.52±1.25; CW, 47.06±1.01; WW, 55.08±1.15; F=14.31; 

p<0.001) (Figure 2A). The high body weight of initial life corresponded to a higher body weight in 

adulthood (Figure 2B). However, the highest body mass gain in the two groups occurred in different 

periods. In the CW group, it occurred between the 21st and 60th-days; but, in the WW group occurred 

between the 90th and 120th days (Figure 2B). The percentual body mass gain after weaning of the 

WW group (744%) was similar to the CC group (778%) and both was lower than the CW (936%) 

group.  
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Figure 2. Effects of the westernized diet during pregnancy and lactation chronically or post-weaning on body 

weight and body weight gain (from 21st to 120th day) of rats. A) Body weight, B) Range of body weight gain from 

weaned pups (21 to -120 days old) Values are expressed as means (±SEM). Groups: Control-Control (CC, n=8); Control-

Westernized (CW, n=8); Westernized-Westernized (WW, n=8). **P<0.01; ***P<0.001 Data analyzed by one way 

ANOVA followed by post-hoc Bonferroni test. ***vs CC; ###vs CW. 
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The daily relative food and energy intake was lower in both groups fed on western-style diet 

at the ages of 28-38 days (Figure 3) and also at adulthood (110-120 days) in comparison with CC 

group (Figure 4).  
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Figure 3. Effects of the westernized diet during pregnancy and lactation chronically or post-weaning on daily food 

consumption and energy intake in the early post-weaning (28 to 38 days old) from pups of rats. A) Intake food per 

100g of body weight during 5 days (34th, 35th, 36th, 37th and 38th); B) Overall food intake; C) Energy intake during 5 days 

(34th, 35th, 36th, 37th and 38th); D) Overall average caloric intake. *P<0.05; **P<0.01 ***P<0.001vs chow fed controls 

(CC). Values were expressed as means (±SEM). Data analyzed by one-way ANOVA (A,C) or two-way repeated measure 

ANOVA (B,D) followed by Bonferroni post-hoc test. 
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Source: The authors 

 
Figure 4. Effects of the westernized diet during pregnancy and lactation, chronically or post-weaning on daily food 

consumption intake in the early post-weaning (110 to 120 days-old) from pups of rats. A) Intake food per 100g of 

body weight during 5 days (110th, 111st, 112nd, 113rd and 114th); B) Overall relative food intake per energy intake; C) 

Intake food per 100g of body weight during 5 days (115th, 116th, 117th, 118th and 119th); D) Overall relative food intake 

per energy intake. *P<0.05; ***P <0.001vs standard fed controls (CC). Values were expressed as means (±SEM). Data 

analyzed by one-way ANOVA (A,C) or two-way repeated measure ANOVA (B,D) followed by Bonferroni post-hoc test. 
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 The western-style diet also influenced murinometric measures. There was found in both 

groups fed western-style diet (CW and WW), higher abdominal circumference (AC), Lee index and 

BMI compared to the CC group. The WW group also showed a greater thoracic circumference (TC) 

(Table 1). This increase in murimometric parameters in the western groups was confirmed by 

measuring abdominal fat (Table 1). The percentage increase of abdominal fat in the groups fed on 

the westernized diet was evaluated. We observed that both western-style diet groups had more 

abdominal fat than the control group. The increase was 117.3% for CW and 109.9% for WW in 

comparison to the CC group (Table 1).  

 

Table 1. Murinometric parameters of the offsprings submitted to western-style diet throughout perinatal life and 

post-weaning or only post-weaning. 

Measures 

Groups (age) 

60d old 90d old 120d old 

CC CW WW CC CW WW CC CW WW 

BL (cm) 
21.30 

±0.30 

22.40 

±0.20* 

22.29 

±0.15* 

23.73 

±0.42 

24.20 

±0.29 

23.23 

±0.27 

24.56 

±0.36 

25.02 

±0.19 

24.35 

±0.25 

AC (cm) 
15.98 

±0.20 

16.76 

±0.29 

15.93 

±0.23 

17.11 

±0.36 

19.01 

±0.34* 

17.75 

±0.33 

17.99 

±0.33 

19.13 

±0.42* 

18.10 

±0.33* 

TC (cm) 
13.48 

±0.13 

13.82 

±0.19 

13.90 

±0.15 

14.53 

±0.18 

15.22 

±0.17 

15.06 

±0.19 

15.21 

±0.22 

15.72 

±0.15 

16.31 

±0.28* 

LI (3√g/ 

cm) 

0.30 

±0.00 

0.30 

±0.00 

0.31 

±0.00 

0.30 

±0.00 

0.31 

±0.00* 

0.32 

±0.00* 

0.30 

±0.00 

0.31 

±0.00* 

0.32 

±0.00* 

BMI 

(g/cm2) 

0.60 

±0.02 

0.61 

±0.03 

0.64 

±0.01* 

0.65 

±0.01 

0.73 

±0.01*** 

0.76 

±0.01*** 

0.67 

±0.01 

0.78 

±0.02** 

0.75 

±0.02* 

CC (Control–Control, n=8), CW (Control-Westernized, n=9), WW (Westernized-Westernized, n=8). Body Length (BL), 

Abdominal Circumference (AC), Thoracic Circumference (TC), Body Mass Index (BMI) and Lee Index (LI). Values are 

expressed as means ± S.E.M. Data analyzed by two way RM ANOVA followed by Bonferroni post hoc test.  *P<0.05; 

**P<0.01; ***P<0.001 vs CC.  

Source: The authors 

 

GLUCOSE TOLERANCE TEST (GTT), BIOCHEMICAL AND HORMONAL PARAMETERS  

The glucose tolerance test (GTT) was conducted at 110-115 days. It was elevated at 30 and 

60 minutes (Figure 4A) in both groups fed on the western-style diet with a greater area under the 

glycemic curve (Figure 4B). The biochemical changes in glycemic and lipemic parameters were 

observed in both groups (CW and WW). However, corticosterone and leptina levels were only found 

in CW group. On the other hands, hyperinsulinism was found only the in WW group (Table 2). 

 

Table 2. Biochemical parameters and hormonal levels of the offspring after 12h fasting (140-145 days-old) 

submitted to western-style diet throughout perinatal life and post-weaning or only post-weaning. 

Parameters 
 GROUPS 

CC  CW  WW  P 

Fasting glucose(mmol/L) 6.53±0.23 12.27±0.49* 11.31±1.29* < 0.001 

Triacylglycerol (mg/dL) 43.95±4.15 74.49±7.07* 78.65±9.27* =0.01 

Total cholesterol (mg/dL) 61.55±3.64 99.02±6.33* 69.79±2.30δ =0.004 

VLDL (mg/dL) 7.53±0.65 12.72±1.57* 16.62±1.34* <0.001 
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Three groups of rats are shown: CC= Control (n=8); CW= Control-Westernized (n=9); WW= Westernized-Westernized 

(n=8); WC= westernized-control (n=8). Dyslipidemia was observed among groups fed westernized diet. ns= no 

significance. Values are means ±S.E.M. *vs CCδ vs CW. Mean value was significantly different when compared to control 
group, except in the case of HDL-c and LDL-c levels. Data analyzed by one way ANOVA followed by Bonferroni post-

hoc test 

Source: The authors 

 

4 DISCUSSION 

The present study shows that the rodents fed western-style diet during preganancy and 

lactation and/or post-weaning develop greater body mass, high ectopic fat depots in the abdominal 

region, hyperglycemia, hyperglyceridemia, hyperleptinemia, hyperinsulinism, hypercholesterolemia 

and high corticosterone at adulthood with small differences according to time-specific windows of 

dietary exposure.  

The similar results in the present work relative to body weight gain have been observed in 

previous studies using HFD for dams during perinatal period or by weaned pups, leading to a greater 

body weight gain (Elahi et al, 2009; Bayol et al, 2007). Anthropometric measurements of body 

dimensions such as length, circumference and body mass index showed effects for the CW and WW 

groups. BMI; and the Lee index means obesity risk parameter of the animals with 60 days of age 

(Bernardis, 1970; Novelli et al., 2007). In the classic study of Novelli et al. (2007), only BMI is not 

considered a body fat mass index; however, it is associated with the signals of metabolic syndrome 

(Novelli et al., 2007).  

The increased amount of lipids presents in the western-style diet is correlated with alterations 

in murinometric measures. Hyperplasia and hypertrophy of adipocytes are closely related to intake 

of HFD in early life (Samuelsson et al., 2008). In humans, birth weight or BMI in infancy and/or in 

adolescence is important as body weight predictors in adult life (Deckelbaum & Williams, 2001). 

With respect to experimental animals, this prediction is less explored and unclear (Elahi et al 2009). 

Although the groups (WW and CW) showed higher body weight at the end of the experimental 

period, the percentage of weight gain after weaning was different between the groups fed western 

diet. The lower body mass gain by the WW group compared to the CW group may be associated to 

metabolic changes in the relationship to adaptive predictive response as defended by Gluckman 

(Gluckman, 2005). We hypothesized that food and energy intake had been the same between the CW 

HDL-c (mg/dL) 34.68±2.81 52.63±9.43 41.79±7.21 ns 

LDL-c (mg/dL) 19.87±2.66 25.47±4.68 25.12±5.55 ns 

Insulin (ng/mL) 6.74±0.20 7.99±0.23 10.11±0.28* δ <0.001 

Corticosterone (ng/mL) 263.4±28.03 389.9±24.20* 305.5 ±23.68 =0.005 

Leptin (ng/mL) 8.18±0.73 14.51±1.44* 9.06±0.73 =0.002 
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and WW groups after weaning, since the outcomes are different between groups due to the time-

specific window.  

The literature has reported that animals subjected to a hypercaloric or hyperlipidic diet 

diminish their food intake for balancing energetic needs. Or yet, it shown that hyperphagia in 

adulthood is caused by these diets are more palatable (Bayol et al., 2007). The western-style diet used 

in the current study did not induce hyperphagia in ether the WW or CW group. We attribute this fact 

to the increased levels of leptin or insulin found in the CW and WW groups, respectively. Increased 

leptin and/or insulin levels are associated with reduced food intake (Hansen et al., 2004; Zanchi et 

al., 2017). The rats chronically subjected to a high-fat diet have shown reduced hypothalamic NPY 

activity. NPY content being negatively correlated to plasma leptin concentrations (Hansen et al., 

2004). Although NPY was not analyzed in the current model, 77% greater leptin was found in blood 

of the CW group blood compared to the CC group and the plasmatic insulin was found 150% higher 

in the WW group than CW group. 

There was an increase of abdominal ectopic fat in the WW and CW groups compared to the 

CC group. These results agree with the findings demonstrated by Elahi et al. (2009), who observed a 

higher total body fat percentage in animal groups fed lipid-rich diet, either throughout entire 

experiment or only after weaning (Elahi et al., 2009). Abdominal fatty tissue increases intensely in 

terms to metabolism than subcutaneous fatty tissue. This occurs due to the higher catecholamine 

effects on lipolysis and a lesser antilipolitic effect of insulin. Hence, it occurs a higher mobilization 

of fatty acids of the abdominal depots than subcutaneous femoral gluteus depots (Wajchenberg, 2000; 

Lafontan & Berlan, 2003). Also, there is an expression of several inflammatory proteins (Bezpalko 

et al., 2015) mainly secreted by visceral adipocytes, such as adiponectin, angiotensinogen, 

interleukin-6 (IL-6), plasminogen activator inhibitor-1 (PAI-1) and the cholesterol ester transfer 

protein (CETP) (Lafontan & Berlan, 2003). In addition, it has known that the glucocorticoids are 

important to lipid homeostasis regulation. Excess and/or chronic glucocorticoid exposure may lead 

to lipid disorders such as central obesity, dyslipidemia and fatty liver (Wang et al., 2012). High 

corticosterone levels found in the CW group probably help to explain a raised amount of visceral fat 

in this group.  

The previous studies have reported that an increase of visceral fatty is associated with a 

dyslipidemic state and a metabolic syndrome (Després, Lemieux & Prud’homme, 2001; Grundy et 

al, 2005; Kissebah & Krakower, 1994). Hyperglycemia and hypertriglyceridemia found in both 

groups fed western-style diet regardless to the period of onset of the diet. In turns, it showing the 

impact of diet on biochemical metabolic parameters and the strong relationship between abdominal 

fat depot and murimometric measurements found in our results.   
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The leptin synthetized by adipocytes is regulated by nutritional and energetic status cellular. 

In this study we found high cholesterol, triacylglycerol and leptin levels in CW group. In general, 

increased stored triglyceride results of leptin production, whereas a decreased stored fat diminishes 

leptin level (Myers & Greenwald-Yarnell, 2013). The leptin and other factors are involved in energy 

expenditure, lipid metabolism and glucose metabolism (Fraulob et al.,2012). In contrast, 

hyperinsulinism was found in the WW group. So, it may be associated to the early exposure of the 

pancreas to the high-fat diet. The use of a lipid-rich diet in rats during gestation and lactation changed 

the pancreatic beta cells mass, altering OGTT (oral glucose tolerance test) and induced 

hyperglycemia (Gregorio et al., 2013).  

Consumption of a high fat diet during several critical development windows shows a strong 

reduction of the glucokinase and glucose transporter 2 (GLUT2) expression in the pancreas with 

lesser β-cells amount (Cerf et al., 2005). The monitoring of male Wistar rats up to three months old 

fed high-fat diet showed elevated acinar cell proliferation,and number, and large size of β-cells. It 

seems that beta-cell population presented hyperfunction by increasing insulin secretion without 

restoring normoglycemia (Cerf et al., 2012). These authors suggested that a long-term ingestion of 

high-fat diets might induce adaptive status in pancreatic islets (Cerf et al., 2012). The hypothesis of 

β-cell mass dysfunction in the WW group may be related to the hyperglycemia preceding the insulin 

level increase (Wells et al., 2003). According to Cerf et al. (2012), β-cell hyperplasia may not depend 

on glycemia or insulinemia changes, thus suggesting that more β-cells are required for glucose 

homeostasis.  

Besides the high fat diet, the role of sugar and sodium in the westernized diet on animal 

metabolism disorders must not be neglected (Tranchida et al., 2012). The western-style diet used in 

this study contained twice sucrose and 2.5 times more sodium concentration than control diet. 

Srinivasan et al. (2006) exhibited altered insulin secretory pattern in response to several glucose 

concentrations found in pancreatic islets isolated from 120-day-old animals (Srinivasan et. al., 2006). 

In addition, a high sodium intake may be impaire insulin sensitivity by increasing the circulating 

amounts of free fatty acids (Donovan et al., 1993), consequently, worsening the pancreatic function 

(Cerf, 2010). Salt-sensitive rats fed on diet high in sodium showed insulin resistance likely due to 

different mechanisms related to obesity. The insulin pathway involving one or more metabolic 

downstream located in the steps of phosphatidylinositol 3-kinase and Akt activation (Ogihara et al., 

2002). Therefore, our data demonstrated that there are different and similar metabolic outcomes with 

respect to the windows of dietary exposure. Additional researches are necessary to clarify other 

physiometabolic consequences and molecular mechanisms related to the western-style diet following 

different times of dietary exposure. 
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5 CONCLUSION 

In the present study, the rats submitted to a western-style diet in different times of dietary exposure 

exhibited distint and similar consequences. Both groups fed on a western-style diet showed ectopic 

abdominal obesity and imminent signals of metabolic syndrome development. But, our results do not 

allow us conclude that western-style diet when offered continuously is less deleterious than when 

offered only post weaning. 
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