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Effects of maternal high fat intake during pregnancy and lactation on 
total cholesterol and adipose tissue in neonatal rats
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Abstract
Aim: Obesity during pregnancy is one of the most established risk factors for negative long-term programming. The aim 
of the present study was to investigate the effects of maternal consumption of a high-fat diet during pregnancy and 
lactation on the weight gain, visceral adipose tissue and cholesterolemia in neonatal rats. Methods: Wistar rats were 
divided into two groups according to the mother’s diet during pregnancy and lactation: Control group (CG, n = 12) 
were the offspring of rats fed a standard diet (4% lipid) and the Test group (TG, n = 12) were pups rats fed on a high fat 
diet (23% lipid). The weight of the animals was measured on alternate days until the 22nd day of life, when collected 
visceral adipose tissue and blood were collected for biochemical analysis. For statistical analysis the Student t test, 
Sidak´s teste and two way ANOVA was used, with p <0.05. Results: the test group showed differences in weight gain, 
visceral adipose tissue and higher cholesterol. Conclusion: a maternal exposure to a high-fat diet during pregnancy and 
lactation can promote changes in weight gain, hypercholesterolemia and an increase in adipose tissue in neonatal rats.
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Efeitos do consumo materno de dieta hiperlipídica durante a gestação e 
lactação no colesterol total e tecido adiposo de ratos neonatos

Resumo
Objetivo: A obesidade durante a gestação é um dos fatores de risco mais estabelecidos para uma programação negativa 
em longo prazo. O objetivo do presente estudo foi investigar os efeitos do consumo materno de uma dieta hiperlipídica 
durante a gestação e lactação no aumento do peso, do tecido adiposo visceral e colesterolemia em ratos neonatos. 
Métodos: Ratos Wistar foram divididos em dois grupos de acordo com a dieta da mãe durante a gestação e lactação: 
grupo controle (GC, n=12) composto por filhotes de ratas alimentadas com uma dieta padrão (lipídios 4%) e o grupo 
teste (GT, n=12) composto de filhotes de ratas alimentadas com dieta hiperlipídica (lipídios 23%). O peso dos animais 
foi aferido em dias alternados até o 22° dia de vida, quando foi coletado sangue para análises bioquímicas. Para a 
análise estatística utilizou-se os seguintes testes: two way ANOVA, teste de Sidak e teste t de Student, com p< 0,05. 
Resultados: O grupo teste mostrou diferença no ganho de peso, no tecido adiposo visceral e nos níveis de colesterol. 
Conclusão: Uma exposição materna a uma dieta hiperlipídica durante a gestação e lactação pode promover maior 
ganho ponderal, hipercolesterolemia e um aumento do tecido adiposo em ratos neonatos.

Palavras-chave: dieta hiperlipídica, ratos neonatos, colesterol, tecido adiposo visceral.

1. Introduction

The intake of fats, especially saturated fat and refined 
foods, have increased throughout the world (Guthrie et al., 
2002). This dietary pattern is characterized by high palatability 

food with a high concentration of calories, fat and sugar. 
It is known as a westernized diet, fast food or cafeteria diet 
(Sampey et al., 2011). It emerged in the second half of the 
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twentieth century when the convenience and quickly eating 
became popular and today it represents a global food pattern.

The consumption of high-fat diets for young women 
of reproductive age has been growing (IASO, 2013). 
The increased prevalence of obesity and its complications 
in this population, especially during pregnancy and 
lactation has raised concerns about the effects on the 
health of offspring caused by an imbalance in the supply 
of nutrients in the development phase (Oben et al., 2010; 
Barker, 1991).

Epigenetic mechanisms have been associated with 
metabolic imprinting of and damages to adulthood offspring 
(Waterland, 2005; Sullivan and Grove, 2010). In our previous 
studies it was shown that malnutrition during pregnancy 
and lactation can promote lasting effects on the offspring 
(Barreto-Medeiros et al., 2007; Melo et al., 2011). We also 
found in previous studies that maternal intake of high fat 
diet, promoting hypercholesterolemia (Oliveira et al., 2011; 
Perez  et  al., 2015), increased visceral fat and hepatic 
steatosis in rats in adulthood (Perez et al., 2015).

Thus, it is of great interest to know the early consequences 
of the consumption of a high fat a high glycemic index diet 
during the perinatal period. This study aims to investigate 
the early effects of maternal consumption of high fat diet 
on body weight gain, cholesterolemia and visceral adipose 
tissue in neonatal rats.

2. Material and Methods
2.1. Animals

All the procedures involving animals were approved by the 
Animal Research Ethics Committee of the Federal University 
of Bahia, protocol no. 20/10. The animals were kept under 
stable temperature conditions with a 12-hour light-dark cycle. 
Unrelated, primiparous Wistar rats, 90-100 days old, were 
mated with non-consanguineous males (2:1 ratio). Pregnancy 
was confirmed by means of the vaginal smear test, in which 
the presence of spermatozoa in the vaginal secretion was 
considered indicative of the onset of pregnancy.

2.2. Experimental groups
After confirmation of pregnancy, the rats were 

allocated to two experimental groups based on the diet to 
be given during pregnancy and lactation: Control group 
(C, n = 12), offspring whose mothers received a standard 
commercial diet for rats; The high-fat group (H, n = 12) 
were the offspring whose mothers received the high fat 
diet. The period up to 24 hours after birth was considered 
to adjust the baby rats per litter of six rats.

2.3. Diets
The control diet was a standard commercial diet for rats 

(Nuvilab CR1) containing approximately 22.0% protein, 57.0% 
carbohydrates, 4% fat, corresponding to approximately 3.5 kcal/g. 
The high-fat diet consisted of a mixture of hypercaloric foods, 
including the commercial diet (Nuvilab), roasted peanuts, 
milk chocolate and biscuits, containing 17.0% protein, 
46.0% carbohydrates, 23% fat, corresponding to 4.5 kcal/g 
(Oliveira et al., 2011). The rats kept the consumption of diets 
throughout the period of pregnancy and lactation. Until the 
21st day of life, the animals continued exposed to same diet.

2.4. Body weight
This was recorded throughout lactation (day 2 to 22). 

The relative body weight gain was calculated as the 
percentage gain in relation to their weight on the initial 
day (daily weight / initial weight * 100).

2.5. Visceral adipose tissue
At 22 days of age, the animals were anesthetized 

(0.5 mL xylazine and 2.0 mL ketamine in normal saline, 
final volume 10 mL; 0.1 mL anesthetic solution/10 g body 
weight) and killed using the cardiac puncture technique. 
A longitudinal incision was made in the abdomen to dissect 
the visceral adipose tissue. This tissue was then weighed 
on a digital electronic scale (Marte model S-400) with a 
4-kg capacity and a 0.001-g sensitivity.

2.6. Total cholesterol
The blood was collected by cardiac puncture technique 

and centrifuged to separate the plasma fraction. The levels of 
total cholesterol were measured at a specialized veterinary 
laboratory by means of enzymatic methods using a 
commercial kit (Biosystems, Spain) and an A25 Clinical 
Chemistry Analyser.

2.7. Statistical analysis
Results are presented as means ± standard errors of 

the mean. Data for all analyses were performed using the 
statistical GraphPadPrism version 6.04 software for Windows. 
For statistical analysis of body weight a two-way ANOVA was 
used. When the ANOVA indicated a significant difference, 
Sidak’s test was used to identify the differences between 
groups. For total cholesterol and visceral adipose tissue, the 
T test was used to compare groups. The significance level 
was set to 5% in all the analyses.

3. Results

Weight gain in the high fat group was higher than Control 
from 18th day (see Figure 1) to weaning. The high fat diet raised 
the total cholesterol (Figure 2a) and visceral adipose tissue 
of the offspring at 22 days of life (as shown in Figure 2b).

Figure 1. Body weight gain during lactation of control 
group (C) or high fat group (H). The values are presented as 
mean ± SEM, using Two-way ANOVA followed by Sidak’s 
multiple comparison test. Significance level ***p<0.001; 
**** p<0.0001.
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4. Discussion

Given the increasing prevalence of obesity 
(WHO, 2014), understanding how obesity in a mother 
might impact her children’s health is of major public 
health importance. In this study, we demonstrate the 
early effects of maternal diet in the phenotype of their 
offspring at 22-days of life.

During the period of lactation, the rats whose mothers 
were fed with high fat diet had a higher body weight 
gain compared to controls. Similar results were found by 
(Desai et al., 2014; Tamashiro et al., 2009; Purcell et al., 2011).

The influence of maternal diet on milk composition may 
explain the results. Confirming this hypothesis, studies have 
shown that the quality of maternal dietary lipids consumed 
during lactation is correlated to the nutritional profile 
secreted of milk (Bautista et al., 2016; Oosting et al., 2015). 
According to Purcell et al. (2011), on the 10th day, the 
milk of rats fed with a high fat diet becomes more caloric 
and high in fat. Likewise, Del Prado et al. (1997) studied 
the composition of rats’ milk fed on a high fat diet and 
found that the amount of lipid and total calories were 
significantly higher than the controls, and therefore this 
can contribute to greater weight gain.

Another important aspect to consider is the amount 
ingested of milk. Previous work has shown that young 
rats fed a high fat diet consume more breast milk 
(Purcell et al., 2011). Thus, a higher milk intake may also 
have contributed to the results.

The maternal high fat diet also increased the visceral 
adiposity of neonatal rats and the serum cholesterol. 
An important result because nowadays fat cells are not 
only seen as reserve, protection and support structures, 
but as a real organ with intense endocrine and metabolic 
activity (Hauner, 2004), participating in weight control 
mechanisms and involved in the onset of cardiovascular 
complications and hypertension in individuals with excess 
visceral adiposity (Abraham et al., 2015).

The nutritional composition of the diet given to the 
rats, particularly the amount of saturated fatty acids may 
have contributed to these results. In a previously study, 
Oliveira et al. (2011) showed that this high fat diet has 
23% of fat and 41.71% of these lipids are saturated fatty 
acids, more than twice that found in the control diet 
(19.17%). According to Tinoco  et  al. (2007), the milk 
fatty acid profile of mothers who consume a high fat diet 
resembles the profile of maternal diet. Thus, the composition 
of fatty acids in milk may have contributed to the rise in 
cholesterol levels of the offspring.

In summary, our data in a rat model demonstrate that 
maternal exposure to high fat diet causes overweight, 
increased visceral adiposity and hypercholesterolemia in 
neonatal rats, providing further evidence regarding the 
paramount importance of a balanced diet in the critical 
periods of development. Nutritional recommendations 
on obesity must therefore target maternal and postnatal 
nutrition, especially with regard to fatty acid composition.
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