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ABSTRACT

Objective

To prepare a high fat diet rich in satured fatty acids and supplemented with omega 3 for experimental studies
in rodents.
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Methods

Purified industrial ingredients and flaxseed oil as a source of omega 3 at a concentration of 3.5% (v/w) were
used in the elaboration of the diets. Centesimal and nutritional compositions, fatty acids profile and dietary
intake were evaluated. Serum levels of total protein, albumin, cholesterol and glucose in pregnant rats were
verified. The offspring were assessed with regard to body mass and waist circumference. Statistical analysis was
performed using the Kolmogorov-Smirnov, Anova One-Way test and Bonferroni post-test.

Results

High fat and high fat with omega 3 diets presented, respectively, 37% and 36% saturated fat, and the lipid
amount was 80% higher than the American Institute of Nutrition 93G control diet. The omega 3 content was
50% higher in the high fat with omega 3 diet. There was no difference in consumption of diet types in weight
(grams). The dams that received the High fat diet developed hypercholesterolemia and their High fat offspring
exhibited higher body mass on the 1t day of life and increased abdominal circumference on the 30" day of life
compared to the control and the high fat with omega 3 offspring.

Conclusion

The formulated diets with a higher amount of saturated fatty acids meet the nutritional requirements of the
gestation and lactation period. The high fat diet with omega 3 was able to attenuate the changes observed in
dams and their offspring.

Keywords: Alpha-linolenic acid. Fatty acids. Nutritional requirements. Rats.

RESUMO

Objetivo

Elaborar uma dieta hiperlipidica rica em gorduras saturadas e suplementada com émega 3 para estudos
experimentais em roedores.

Métodos

Foram utilizados ingredientes industriais e purificados na elaboracéo das dietas, e o dleo de linhaca como fonte
de émega 3 na concentragdo de 3,5% (v/m). As composicées centesimal e nutricional, o perfil de acidos graxos
e o consumo das dietas foram avaliados. Verificaram-se os niveis séricos de proteinas totais, albumina, colesterol
e glicose das ratas prenhas. A prole foi submetida a avaliacdo de massa corporal e circunferéncia abdominal.
Na andlise estatistica, utilizou-se o teste de Kolmogorov-Smirnoy, Anova One-Way e o pds-teste de Bonferroni.

Resultados

As dietas hiperlipidica e hiperlipidica com émega 3 apresentaram, respectivamente, 37% e 36% de gorduras
saturadas, sendo a quantidade de lipidios 80% superior em relacdo a dieta controle 93G do American Institute
of Nutrition. O teor de 6mega 3 foi 50% maior na dieta hiperlipidica com 6mega 3. Nao houve diferenca no
consumo em gramas dos tipos de dieta. As maes que receberam dieta hiperlipidica tiveram hipercolesterolemia e
a prole hiperlipidica apresentou maior massa corporal no 1° dia de vida e aumento de circunferéncia abdominal
nos 30 dias de vida em relacdo ao grupo controle e hiperlipidica com émega 3.

Conclusao

As dietas formuladas atendem aos requerimentos nutricionais do periodo de gestacdo e de lactacdo com uma
quantidade superior de acidos graxos saturados. A dieta hiperlipidica com émega 3 foi capaz de atenuar as
alteracées observadas nas maes e na prole.

Palavras-chaves: Acido alfa-linoleico. Acidos graxos. Necessidades nutricionais. Ratos.

INTRODUCTION

Consumption of high fat diets in pregnancy and lactation is associated with cardiometabolic
diseases in adulthood [1,2]. Fat content in high fat diets varies among experimental studies, reaching
65% of Total Energy Value (TEV) fat in some diets [1,3,4]. High fat rodent diets can be classified into:
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high lipid diets with 30% to 50% TEV and very high lipid diets with over 50% TEV [5]; such values
are well above those recommended by the American Institute of Nutrition (AIN), which advocates the
supply of 7% lipids in the concentration of the soybean-based experimental diet, which corresponds
to 17% TEV, as safe for meeting the needs of essential fatty acids. during growth, reproduction and
lactation in rodents [6,7].

Pregnancy is a physiological state that requires adequate intake of essential fatty acids,
particularly Docosahexaenoic Acid (DHA), for the development of the fetal central nervous system
[8,9]. Supplementation of 200mg DHA from safe sources such as fish rich in this nutrient (herring, tuna
and salmon) or from seaweed-based nutritional supplements is recommended for pregnant women
to prevent heavy metal contamination such as mercury contamination [9]. Maternal consumption of
DHA may also reduce the risk of premature birth in high-risk pregnancies [10]. On the other hand,
the use of omega-3 enriched diets during pregnancy and lactation may decrease the expression of
genes related to increased adiposity in offspring [11]. A decrease in omega 3 intake with an increased
omega 6:3 ratio in the diet may also influence body composition at birth, increasing adiposity. [12].

Fatty acid profile in high fat diets during pregnancy and/or lactation may be a factor related to
the development of metabolic disorders in adulthood [13]. Consumption of a diet rich in saturated
fatty acids was associated with the development of hepatic steatosis with a higher degree of hepatic
impairment, unlike a diet rich in polyunsaturated fatty acids [14]. The excess of saturated fatty acids
resulted in altered endocrine pancreas morphometry with lower density of insulin-containing islets,
which was not observed in offspring of rats that received the flaxseed high fat diet [3].

Nutritional manipulation with high fat diets during the critical period may imply morphological
and functional changes in organs important for endocrine regulation with risk for the development
of metabolic diseases in adulthood [3,4,14]. The increased nutritional demands of rodents regarding
macronutrients (carbohydrates, proteins and lipids) and micronutrients (vitamins and minerals) during
pregnancy, lactation and growth [6,7] sometimes is not considered in the elaboration of experimental
diets or in the supply of food to animals by their breeders, especially when using commercial feed and
this fact can lead to potential deficiencies.

In the search for a high fat diet pattern with or without omega 3 supplementation, different
diets are available, either formulated or commercial diets. The high fat diet model used depends
on the type of experimental design, study objectives, research line (e.g., fetal programming or
phenotypic plasticity), among others. Nevertheless the diet must meet the demand of different
nutrients, considering the life stage of the animal. Conservation and presentation of diets should
also be considered. Reduction of dietary intake due to palatability may jeopardize animal growth and
development, resulting in lower birth weight and lower pregnancy rates among females [15].

Westernized high fat diet formulation should consider the nutritional requirements of rodents,
increasing lipid supply without hampering other nutrients. Diet development also involves steps, such
as: selection of ingredients, preparation and pelletization, which may impair quality and acceptance
of the feed by the animal, especially regarding the proper texture, jeopardizing the development of
research. Westernized experimental diets used in a study with rodents, the Cavalcante et al. [16] diet,
based on data from the Family Budget Survey of the Instituto Brasileiro de Geografia e Estatistica
(Brazilian Institute of Geography and Statistics/Brazil 2002-2003) and the recommendations of AIN
93G [6,7], demonstrates the consumption pattern of the Brazilian population, whose highest caloric
intake comes from refined cereals, simple sugars, vegetable oils and animal fats. The diet composition
is 49.3% carbohydrate, 31.5% lipid and 19.9% protein, rich in saturated fat. The authors observed
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that the consumption of this diet during pregnancy and lactation promoted an early maturation in
puppies’ physical characteristics and neural reflexes.

Considering the repercussions of high fat diet in pregnancy and lactation on offspring and the
scarcity of studies that address the need for standardization of diets, the present work proposed to
elaborate a high fat diet rich in saturated fats, which could reflect the consumption of the Brazilian
population and a diet of saturated fats with omega 3, meeting the nutritional requirements of rodents
and acknowledging the importance of developing strategies that can reduce the effects of a high fat
diet, supporting further studies with animal models.

METHODS

The high saturated fatty acid diet with omega 3 (HFw3) was prepared using the basic ingredients
of the high fat diet (HF) described above. Flaxseed oil was used as a source of omega 3 (LinoQil®,
Cisbra, Rio Grande do Sul, Brazil), hich was previously analyzed for determination of the lipid profile
in the Laboratdrio de Fitoquimicos e Processos da Central Anélitica (LAFIP/CEAN, Phytochemistry
and Processes Laboratory/Analytical Center) of the Centro de Tecnologias e Estratégias do Nordeste
(CETENE, Northeast Center for Strategic Technologies) (Recife, Pernambuco, Brazil). The HFw3 diet
also included in its composition soybean oil, besides flaxseed oil, with a total content of 7% vegetable
oil, similar to AIN 93G. Initially a formulation with 2.5% flaxseed oil had been proposed, but after
analysis of the dietary fatty acid profile, it was observed that a concentration of 3.5% flaxseed oil and
3.5% soybean oil supplied the required amounts of omega 6 indicated in AIN 93G. The preparation
of the diet followed the same procedure described above for the HF diet.

The dried ingredients were mixed and sieved three times. Then the fat-sourcing ingredients
were added, mixing and sieving again three times. Hot water was added to the end-product to obtain
a homogeneous solid mass. After this step, the dough was cut into pellets and dried at 70°C for 48
hours in a heating and ventilation oven. The diet was prepared at room temperature at 24°C at the
Dietetic Technique Laboratory of the Centro Académico de Vitdria (CAV) at the Universidade Federal
de Pernambuco (UFPE).

The high saturated fatty acid diet with omega 3 (HFw3) was prepared using the basic
ingredients of the High Fat Diet (HF) described above. Flaxseed oil was used as a source of omega 3
(LinoOil®, Cisbra, Rio Grande do Sul, Brazil), which was previously analyzed for determination of the
lipid profile in the Laboratdério de Fitoquimicos e Processos da Central Analitica (LAFIP/CEAN) of the
Centro de Tecnologias e Estratégias do Nordeste (CETENE) (Recife, Pernambuco, Brazil). The HFw3
diet also included in its composition soybean oil, besides flaxseed oil, with a total content of 7%
vegetable oil, similar to AIN 93G. Initially a formulation with 2.5% flaxseed oil had been proposed,
but after analysis of the dietary fatty acid profile, it was observed that a concentration of 3.5%
flaxseed oil and 3.5% soybean oil supplied the required amounts of omega 6 indicated in AIN 93G.
The preparation of the diet followed the same procedure described above for the HF diet.

The determination of the centesimal composition was performed in triplicate using the
Association of Official Analytical Chemists (AOAC) moisture, protein, lipid and ash determination
methods [17]. Results were expressed as g/100g diet according to the average of three sample
repetitions. The carbohydrate fraction was determined by the difference of the values found for
moisture, ether extract, proteins and ashes in 100g of the product, without dissociation between
total carbohydrates and fiber content [17]. The analysis was performed at CAV/UFPE Bromatology
Laboratory.
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The analysis was performed at the CETENE, LAFIP/CEAN Laboratory. The preparation of methyl
esters followed the AOAC methodology [17]. After obtaining the methyl esters, the fatty acid profile
was determined by Gas Chromatography with Flame lonization Detector (GC-FID), containing a
capillary column: DB-5ms (dimensions 30m longx250um diameterx0.25pum, FAME Supelco™ mix
C4-C24, Bellefonte, PA, USA). Chromatograph operating conditions were: 1.00mL/min column flow;
detector temperature 300°C; 300°C injector temperature, 150°C oven temperature for 4 minutes,
150-280°C (4°C/min); The carrier gas used was helium, and a 1L aliquot of the samples was injected
into the apparatus. Fatty acid identification was performed by comparing sample peak retention
times with standard peak retention times. The results obtained were in % of area.

Primiparous albino rats (Rattus norvegicus) (n=20) Wistar strain, weighting 220 to 250
grams and at 90 days of life were placed for mating at a ratio of 1:3 (male:female). Pregnancy
was determined by observing the presence of sperm in a vaginal swab, defining the first day of
pregnancy. On the first day of gestation until the 21 day of lactation, female rats were separated
and placed in individual cages, randomly allocated to their relevant diets, with water and ration
ad libitum, composing the following groups: Control Diet (n=5), High Fat Diet (HF) (n=9) and
Omega 3 High Fat Diet (HFw3) (n=6).

Temperature and moisture were kept within the range of 22 to 24°C and 55 to 65%,
respectively, with 12h light and dark (lights on from 6 am to 6 pm). The offspring were reduced to
eight pups per litter for each dam. This reduction should occur after the first dark cycle from birth so
that the dam does not reject the remaining offspring and until the 3 day of life so as not to interfere
with milk production.

Feed intake was assessed between the second and third gestational week on alternate days at
the beginning of the light period (at eight o’clock in the morning), calculating the difference between
the amount offered on the previous day and the cage leftover. Data from some animals were excluded
due to difficulties during the food intake assessment test and therefore, only data from nine dam rats
were taken into account in this evaluation, three from each group. On the 21 day of life, offspring
were weaned and they began to receive a standard Presence® commercial ration (Grupo Neovia, Sdo
Paulo, Brazil), which contained 25.4% protein, 2.8% lipids, 54.5 % carbohydrates, 8.5% ash and
8.8% moisture per 100g diet. The caloric supply of this diet was 3.44 Kcal per gram of diet; 29.4%
of the calories originated from protein, 7.6% from fat and 63% from carbohydrates.

At 19 days pregnancy, the rats were submitted to 12hour fasting (overnight). After this period,
the dams were anesthetized with ketamine (80mg/Kgi.p) and xylazine (10mg/Kgi.p) to collect blood
samples (1.0mL) through retro orbital plexus rupture. After coagulation, the blood was centrifuged
at 3500 RPM for 10 minutes to obtain the serum, which was stored at -20°C in an Eppendorf tube
until biochemical analyses could be performed using the Automated Biochemical Analyzer (version.4,
Pioway Medical Lab Equipment Co. Nanjing, China). Blood glucose, total cholesterol, total protein and
albumin were analyzed. Male offspring from each group of dams were submitted to murinometric
measurements of body mass on the 1, 21t and 30" day of life and abdominal circumference on the
271tand 30™ day of life.

Data were analyzed using the GraphPadPrism Software (GraphPad Software Corporation,
version 5.0, San Diego, CA Unided States, 2007). The normal distribution of the variables was
verified by the Kolmogorov-Smirnov Test. After analysis of the normal distribution, the comparison
between the groups was performed using the Anova One-way test, followed by the Bonferroni post
test. Results were expressed as mean £SEM (Standard Error of The Mean). The significance level
considered was p<0.05.
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RESULTS

The amount of casein was equivalent between diets. The main sources of fat in the high fat
diets were: butter, vegetable oil and lard. Monosodium glutamate was included as an ingredient, as
shown in Table 1. The concentration of Butylated Hydroxytoluene antioxidant was increased in high
fat diets due to changing fat sources. The HFw3 diet composition contains the ingredients in equal
amounts to the HF diet, except for flaxseed and soybean oils, which together make up 7% vegetable
oil according to the dietary composition of AIN 93G.

The analysis of centesimal composition, described in Table 2, showed a 20% increase in
protein content in the HF diet and 13% in HFw3 in relation to the AIN 93G control diet. There was
a 178% and 165% increase in lipid content in the HF and HFw3 diets, respectively. The amount of
carbohydrates was reduced by approximately 20% in high fat diets. The percentage energy from fat
was 80% higher in the HF diet and 74% in the HFw3 diet according to the nutritional composition
analysis, also shown in Table 2.

The Chromatography Qualitative Analysis (Table 3) indicated that fatty acids C16:0, C18:0,
C18:1, C18:2 and C18:3 were present in the three diets reviewed. Only the AIN 93G diet contained
no medium chain fatty acids (C8:0, C10:0 and C12:0). The quantitative analysis showed that the
three samples presented a lipid profile predominantly composed of unsaturated fatty acids, but with
different proportions of saturated, monounsaturated and polyunsaturated fatty acids between the
samples. The AIN 93G diet exhibited higher content of polyunsaturated fatty acids, followed by

Table 1. Composition of ingredients used in the formulation of experimental diets. Vitéria de Santo Antéo (PE), Brazil, 2018.

Ingredient in g per 100g of diet AIN 93G High fat diet Omega 3 high fat diet with flaxseed oil 3.5%
Corn starch 39.7000 15 15
Dextrinized starch 13.2000

Wheat flour - 12 12
Cornmeal cookie - 7 7
Soy flour - 6 6
Lard - 2 2
Butter - 8 8
Casein (>85%) 20 20 20
Guar gum - 0.500 0.500
Sucrose 10 18 18
Flaxseed oil - - 3.500
Soybean oil 7 7 3.500
Fiber (cellulose) 5 0.300 0.300
Vitamins 1 0.700 0.700
Minerals mix 3.5000 2.500 2.500
DL-Methionine 0.3000 0.250 0.250
Choline Bitartrate 0.2500 0.250 0.250
Butylated hydroxytoluene 0.0014 0.014 0.014
Monosodium glutamate (12.3%) - 0.200 0.200
Sodium Chloride - 0.300 0.300
Total (g) 100 100 100

Note: The AIN-93G diet was adapted as recommended by Reeves et al. [6,7]. The high-fat diet was adapted from the Cavalcante et al. study [16].
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Table 2. Centesimal and nutritional composition of formulated experimental diets. Vitéria de Santo Antéo (PE), Brazil, 2018.

Nutrient AIN 93G High fat diet Omega 3 high fat diet with flaxseed oil 3.5%
Moisture (g/100g) 3.50 4.00 3.8

Proteins (g/100g) 18.60 22.30 21

Lipids (g/100g) 6.10 17 16.20

Carbohydrates (g/100g) 68.60 53.20 55.90

Ash (g/100g) 3.30 3.50 3.10

Kcal/g 3.69 4.52 4.51

Total fat (%TEV) 18,60 33.60 32.30

Proteins (%TEV) 20.20 19.60 18.20

Carbohydrates (%TEV) 61 46.80 49.40

Note: The omega 3 high fat diet was made with 3.5% flaxseed oil in the composition of ingredients. The analysis of centesimal composition
was performed at the Bromatology Laboratory of the Academic Center of Vitdria de Santo Antdo of the Federal University of Pernambuco,
following the Association of Official Analytical Chemists determination methodology of moisture, proteins, lipids and ashes [17]. The amount
of carbohydrate present in the sample was obtained by difference. TEV: Total Energy Value; The nutritional composition regarding the amount
of calories and caloric percentage of fats, proteins and carbohydrates was determined from the centesimal analysis of diets performed at the
Bromatology laboratory of the Academic Center of Vitdria de Santo Antéo of the Federal University of Pernambuco.

monounsaturated and saturated fatty acids; the HF diet had a higher amount of saturated fatty acids,
followed by polyunsaturated and monounsaturated; HFw3 presented higher monounsaturated fatty
acids content, followed by saturated and polyunsaturated fatty acids.

There was a 100% increase in saturated fatty acids in high fat diets compared to the AIN
93G control diet (Table 3). Palmitic acid was 90.0% and 81.5% higher in the HF and HFw3 diets,
respectively. The percentage of monounsaturated fatty acids was similar between the AIN 93G and
HF diets, and the HFw3 diet had a 33.0% increase in monounsaturated fats. The HF and HFw3
diets had a lower content of polyunsaturated fatty acids, namely 37.0% and 53.0%, respectively.
Although the AIN 93G diet had a higher percentage of omega 3, the HFw3 diet presented a 50.0%
higher content in 100g of the sample when compared to the other diets, which contained similar
amounts of this nutrient. The HFw3 diet also had lower omega 6:3 ratio. The omega 6 content was
higher in the HF diet, which also presented higher omega 6:3 ratio, being 1.7 times higher than the
AIN 93G diet.

In the evaluation of consumption by pregnant rats, shown in Table 4, there was no significant
difference between the amount of diet consumed by the rats receiving the AIN 93G diet and the ones
receiving the high fat diets (AIN 93G=14.3+2.3g; HF=13.1£1.9g; HFw3=10.2+1.8g, p=0.0697). Table
4 also shows that there were no significant differences in total protein, albumin and serum glucose
values. However, the cholesterol of pregnant rats that received the HFw3 diet was significantly lower
when compared to those receiving the HF diet alone, but these had values significantly higher than
the control.

In the murinometric evaluation of offspring, higher body mass was observed on the first day
of life in offspring receiving the HF diet, without significant difference between the offspring whose
mothers received the control diet and HFw3. However, at 21 days of life, HFw3 offspring presented
higher body mass in relation to control and HF offspring. At 30 days of life, there was no difference
between the groups, as shown in Table 5. The measurement of abdominal circumference showed
that at the end of the lactation period (21 day) there was no difference between the groups, but
after this period (on the 30" day of life), the offspring which maternal diet during pregnancy and
lactation was HF presented increased abdominal circumference when compared to the offspring of
maternal control diet and HFw3.
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Table 3. Fatty acid composition in diets regarding the presence of double bond in the carbon chain. Vitéria de Santo Antéo (PE), Brasil,

2018.
Fatty acid percentage composition Diets
Fatty acid
AIN 93G High fat diet Omega 3 high fat diet with flaxseed oil 3.5%
Saturated
Octanoic acid (C8:0) 0 0 0
Decanoic acid (C:10) 0 0.85 0.74
Lauric acid (C12:0) 0 1.16 1.15
Myristic acid (C14: 0) 0 4.22 4.37
Pentadecanoate Acid (C15:0) 0 0.47 0
Palmitic acid (C16:0) 11.97 22.78 21.73
Heptadecanoate Acid (C17:0) 0 0 0
Stearic acid (C18:0) 4.62 7.53 8.07
Arachidic acid (C20:0) 0.36 0 0
Behenic acid (C22:0) 0.37 0 0
Total 17.32 37.01 36.06
Monounsaturated
Myristoleic acid (C14:1) 0 0.46 0
Palmitoleic acid (C16:1) 0 0.95 0.87
Heptadecanoic acid (C17:1) 0 0 0
Oleic acid (C18:1) 29.93 28.32 38.47
Total 29.93 29.73 39.34
Polyunsaturated
Linolenic acid (C18:3) 3.89 1.64 2.32
Linoleic acid (C18:2) 48.87 31.63 22.28
Total 52.76 33.27 24.60
Omega 3 (g/100g diet) 0.27 0.27 0.40
Omega 6 (g/100g diet) 3.42 5.73 3.78
Omega 6:3 ratio 12.60 21.20 9.40

DISCUSSION

Note: Fatty acids were identified according to external standard (FAME Supelco™ mix C4-C24, Bellefonte, PA, United States and the percentage
(%) calculated according to peak area normalization by the gas chromatography method at the Phytochemical Laboratory and processes of the
Northeast Center for Technologies and Strategies. From the percentage determination of linolenic (omega 3) and linoleic (omega 6) acids, the
amounts (g/100g of diet) of these fatty acids were calculated and the omega ratio was obtained. 6/3.

In the formulation of the high fat diet, the amount of ingredients was modified to obtain a diet
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rich in saturated fatty acids, with butter as the main source. The fatty acid profile of butter is 73.5%
saturated fatty acids, 19.8% monounsaturated and 3.9% polyunsaturated, differing from margarine
that contains 21.2% saturated fat, 23.8%. monounsaturated and 49.0% polyunsaturated fatty acids
[14]. Lard was kept in the formulation of the high-fat diet, since it is an ingredient that is frequently
found in the composition of high-fat diets in other studies [3,4,18]. Monosodium glutamate has
been added as it is a substance used in the development of experimental models of neuroendocrine
obesity [19].
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Table 4. Average food intake and serum levels of biochemical parameters at 19 days of gestation of Wistar rats fed with AIN 93G, high
fat diet and high fat diet supplemented with omega 3. Vitéria de Santo Antéo (PE), Brazil (2018).

Group

Variables AIN 93G HF HFw3 p

M + SEM M + SEM M + SEM
Food consumption
g/day 14.2 + 1.4 13.1 + 1.1 10.1 + 0.9 0.0697
kcal/day 52.7 + 5.0 59.3 + 49 459 + 4.0 0.1784
Carbohydrates/day 84  x 0.82 6.9 e 0.62 5.6 £ 04d 00424
Protein/day 2.5 + 0.24 29 + 0.24 2.1 + 0.2 0.0944
Lipids/day 0.9 + 0.12 2.2 + 0.2b 1.6 + 0.1 0.0022**
g/kg 48.6 + 6.3 45.4 + 2.2 345 + 2.2 0.0648
kcal/kg 180.0 + 231 205.3 + 10.2 156.0 +  10.1 0.1210
Biochemical Parameters
Total protein (g/dL) 6.6 =+ 0.3 6.3 + 0.1 6.0 + 0.1 0.1138
Albumin (g/dL) 4.8 + 0.1 4.8 + 0.1 46 + 0.2 0.5708
Glucose (mg/dL) 120.8 + 4.1 129.4 + 6.80 109.0 + 106 0.1943
Total cholesterol (mg/dL) 73.3 + 1.72 90.0 + 3.3b 64.3 + 472 0.0005**

Note: *PValues with equal letters in the same line do not differ after statistical analysis; Pregnant rats received 18% lipid control diet (AIN-
93G), 33% lipid high fat diet (HF) or omega 3 supplemented high fat diet (HFw3) with 33% lipids with 3,5% flaxseed oil, according to the
experimental group, during pregnancy. Values were expressed as mean + SEM. Values with equal letters in the same line do not differ after
statistical analysis ("p<0.05 and **p<0.01, One-Way ANOVA and Bonferroni post test: control [N=3], HF [N=3], HFw3 [N=3] in the food intake
assessment and control [N=5], HF [N=9], HFw3 [N=5-6] for biochemical assessment).

Table 5. Body mass and abdominal circumference of offspring of Wistar rats fed AIN 93G diets, high fat diet and high fat diet
supplemented with omega 3 during pregnancy and lactation. Vitoria de Santo Antao (PE), Brazil (2018).

Group

Age/Variables AIN 93G HF HFw3 p

M + SEM M + SEM M + SEM
15t day
Body mass (g) 65 £ 02° 74 = 02b 68 £ 012 0.0029""
21 day
Body mass (g) 539 = 072 544 = 08 576 = 07 0.0023™
Abdominal circumference (cm) 10.2 + 0.1 10.2 + 0.1 10.1 + 0.1 0.9707
30" day
Body mass (g) 93.3 + 23 97.0 + 23 100.2 + 26 0.1316
Abdominal circumference (cm) 12.0 + 0.12 12.7 +  02° 1.8 = 0.22 0.0046™

Note: >PValues with equal letters in the same line do not differ after statistical analysis; Pregnant rat received a 18% lipid control diet, a 33%
lipid high-fat (HF) diet, or an omega 3 supplemented high-fat diet (HFw3) with 33% lipids added with 3.5% flaxseed oil, according to the
experimental group during pregnancy. Values were expressed as mean = SEM. Values with equal letters in the same line do not differ after
statistical analysis (‘p<0.05 and **p<0.01, One-Way ANOVA and Bonferroni post test: control [N=31-35], HF [N=25-27], HFw3 [N=23-27]).

The HFw3 diet was developed by partially replacing the fat source so as not to compromise the
omega 6 supply or cause its deficiency. Deficiency of essential fatty acids and particularly of omega
6 is associated with low weight and decreased adipose tissue and a change of both plasma lipid and
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plasma membrane of the adipocytes, with an increase in omega 9:6 ratio and alteration. of lipolytic
and lipogenic response in the adipose tissue [20]. The composition of the HFw3 diet provides the
amount of omega 6 as recommended by AIN 93G [6] with the aim of offering a higher omega 3 diet
but ensuring adequate amounts of other essential fatty acids.

Alpha-Linolenic Acid (ALA) from the omega 3 series is found mainly in flaxseed (Linun
usitatissimum L.), both in the seed and in the oil obtained by processing the seeds. Flaxseed oil
(Linun usitatissimum L.) contains 55 to 57% of ALA and 15 to 18% of alpha-linoleic (omega
6) acid [21], with no difference between golden and brown flaxseed oil [22] and is a low-cost
product. and easily found. The use of golden flaxseed oil is justified by the fact that such
flaxseed is grown without pesticides; therefore, it is organic. Studies show the beneficial effects
of using flaxseed oil in high fat experimental diets in the critical period of development [3,4]. In
young animals exposed to the high-fat diet, omega 3 supplementation from flaxseed decreased
hepatic inflammation and prevented steatosis [23]. Data published by our research group show that
the omega-3 high-fat diet was associated with lower triglycerides values at 21 days of life in the
offspring, and the high-fat diet was associated with elevated Alanine Aminotransferase levels during
the same period [24].

Studies using high fat diets to evaluate the effect of metabolic programming must meet the
nutritional requirements for rodents, ruling out possible biases due to misinterpretation of results.
According to some authors, studies to better evaluate the efficacy of a particular compound are
well developed when using a high fat diet over a very high fat diet [5,25]. High fat diets, about
60% TEV, exceed nutritional recommendations, both for rodents and humans, making it difficult to
extrapolate data beyond experimental research [25]. Given the macronutrient recommendations for
the reproduction and growth phase [6,7], very high fat diets should not be used in studies of fetal
programming and phenotypic plasticity, as this type of diet jeopardizes the necessary nutritional
intake, especially protein, and may cause perinatal malnutrition and potential results misinterpretation.
Control and high fat diets should ensure availability of the essential nutrients for development so that
the difference between them is only in terms of lipid content [25].

In the assessment of food intake, there was no significant difference between the groups,
although lower food intake was observed in pregnant rats of the HF and HFw3 groups. It is reported
that animals receiving high fat diet during pregnancy exhibit lower food intake compared to those
receiving normolipidic diet. Carvalho et al. [26] found a 30% reduction in the consumption of high
fat diet with higher saturated fat content when compared to the standard diet. Increasing the caloric
density of the diet reduces food intake, because in the ad libitum regime animals consume a constant
amount of energy [14]. The composition of high fat diets includes lower carbohydrate content and
higher lipid content in relation to AIN 93G, which contributed to the reduction in carbohydrate
consumption in dams fed with the HFw3 diet and higher lipid consumption between the two groups
in relation to the control group. Cavalcante et al. [16] also showed a higher lipid consumption in
detriment of lower carbohydrate consumption in pregnant animals that were on Western diet in the
last week of gestation.

In the present study, no difference was observed in serum total proteins and albumin was
observed. This fact is considered a biomarker of nutritional status and low levels are associated with
energy-protein malnutrition [27]. Animals submitted to perinatal malnutrition with a low protein diet
show lower levels of albumin [28]. Normal albumin values may infer adequate dietary intake without
nutritional impairment.
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Dams on HF diet had high cholesterol levels, which was not observed in those on the HFw3
diet. Omega 3 fatty acids can improve lipid profile by lowering triglycerides, total cholesterol, and
LDL cholesterol fraction levels. even in animals consuming the high-fat diet [29]. Some mechanisms
are proposed by which omega 3 decreases lipid levels such as: reduction of hepatic lipogenesis by
inhibiting Sterol Regulatory Element-Binding Proteins and expression of enzymes responsible for the
synthesis of cholesterol, fatty acids and triglycerides; inhibition of key enzymes for hepatic triglyceride
synthesis such as the phosphatidic acid phosphatase and diacylglycerol acyltransferase, and increased
lipoprotein lipase expression for uptake of triglycerides by circulating lipoproteins, such as very low
density lipoprotein and chylomicrons [30].

The HF offspring presented higher body mass on the 1t day of life and larger abdominal
circumference at 30 days of life. Consumption during pregnancy of a saturated fatty acid-rich high
fat diet has effects on offspring’s body composition, such as weight gain, increased visceral fat, and
long-term adipocyte hypertrophy [13].

A meta-analysis concluded that consumption of a high-fat diet during pregnancy is associated
with increased body fat, hyperleptinemia, hyperglycemia, hyperinsulinemia, dyslipidemia, and arterial
hypertension in the offspring, with risk of developing metabolic syndrome [31]. In addition, HFw3
offspring also exhibited increased body mass at weaning, which demonstrates the overwhelming
effect of a high fat diet early in life, even with omega 3 supplementation. Up to 42 days of life,
considered as early adolescence in animals, there may be changes in body composition deriving from
the nutritional environment, with repercussions on health in adulthood [32].

CONCLUSION

The formulated high fat diet may be indicated for experimental studies which objective is to
evaluate the effect of diets rich in saturated fatty acids when manipulated during pregnancy and
lactation, but that meet the recommended nutritional recommendations for rodents. Protein intake
remained ideal for the growth and reproduction phase, as well as carbohydrates, which represent the
main energy source, similar to the control diet, although in a lower percentage. Monounsaturated
fats were in the same proportions of the control diet. In contrast, the percentage of saturated fatty
acids was high, without impairing the supply of omega 3 and omega 6. The high fat diet with
omega 3 ensures the essential nutrients for growth and development of rodents from commercial
flaxseed oil as a source of alpha-linolenic acid, considering the feasibility, but with lower omega 6
content. The adequate supply of nutrients with modification only in the lipidic component allows
the reduction of biases by other types of nutritional imbalances. It was observed that there was no
statistical difference in the consumption analysis between diets, suggesting that the high-fat diet
and the high fat diet with omega 3 may be well accepted, so that the nutritional requirements are
met. The high-fat diet changed the dams’ cholesterol levels, which was not observed with omega 3
supplementation. In addition, the offspring which dams received this diet exhibited higher body mass
on the first day of life and increased abdominal circumference after weaning, which demonstrates
that the high-fat diet has short- and long-term effects on the mother and offspring, and omega 3
supplementation can mitigate these changes.

ACKNOWLEDGMENT

We are grateful to the team of the Laboratdrio de Experimentacéo e Anélises de Alimentos (LEAAL, Food
Experimentation and Analysis Laboratory) of the Federal University of Pernambuco, represented by the chemist
Sebastiao Camilo de Melo Filho.

Rev. Nutr. 2019;32:€180292 Revista de Nutricao



12 | LML SILVA et al.

http://dx.doi.org/10.1590/1678-9865201932e180292

CONTRIBUTORS

LML SILVA and JH COSTA-SILVA contributed to study conception and design, data analysis and

interpretation, manuscript preparation and writing, and approval of the final version. AMNLG BLOISE, DAF
FONTES, KS ARAUJO, and MO BARBOSA contributed to data analysis and interpretation, article review and
approval of the final version.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Revista de Nutricao

Kereliuk SM, Brawerman GM, Dolinsky VW. Maternal macronutrient consumption and the developmental
origins of metabolic disease in the offspring. Int J Mol Sci. 2017;18(7):1-27. http://dx.doi.org/10.3390/ijms
18071451

Desai M, Jellyman JK, Han G, Beall M, Lane RH, Ross MG. Maternal obesity and high-fat diet program offspring
metabolic syndrome. Am J Obstet Gynecol. 2014;211(3):237.e1-237.e13. http://dx.doi.org/10.1016/j.
ajog.2014.03.025

Correia-Santos AM, Suzuki A, Vicente GC, Anjos JS, Pereira AD, Lenzi-Almeida KC, et al. Effect of maternal
use of flaxseed oil during pregnancy and lactation on glucose metabolism and pancreas histomorphometry of
male offspring from diabetic rats. Diabetes Res Clin Pract. 2014;106(3):634-42. http://dx.doi.org/10.1016/j.
diabres.2014.09.022

Correia-Santos AM, Vicente GC, Suzuki A, Pereira AD, Anjos JC, Lenzi-Almeida KC, et al. Maternal use
of flaxseed oil during pregnancy and lactation prevents morphological alterations in pancreas of female
offspring from rat dams with experimental diabetes. Int J Exp Pathol. 2015;96(2):94-102. http://dx.doi.
org/10.1111/iep.12126.

Gajda AM, Pellizzon MA, Ricci MR, Ulman EA. Diet-induced metabolic syndrome in rodent models. Animal
Lab News. 2007;74:775-93.

Reeves PG, Nielsen FH, Fabey GC. AIN-93 purified diets for laboratory rodents: Final report of The American
Institute of Nutrition ad hoc writing committee on the reformulation of the AIN-76A rodent diet. J Nutr.
1993;123(11):1939-51.

Reeves PG. Components of the AIN-93 diets as improvements in the AIN-76A diet. J Nutr. 1997;127(5):838-41.
http://dx.doi.org/10.1093/jn/127.5.838S

Wierzejska R, Jarosz M, Wodja B, Siuba-Strzelinska M. Dietary intake of DHA during pregnancy: A
significant gap between the actual intake and current nutritional recommendations. Rocz Panstw Zakl Hig.
2018;69(4):381-6. http://dx.doi.org/10.32394/rpzh.2018.0044

Almeida CAN, Ribas Filho D, Mello ED, Bertolucci PHF, Falcdo MC. | Consenso da Associacdo Brasileira de
Nutrologia sobre recomendacées de DHA durante a gestacao, lactacdo e infancia. Int J Nutri. 2014;7(3):4-13.

Akerele OA, Cheema SK. A balance of omega 3 and omega 6 polyunsaturated fatty acids is important in
pregnancy. J Nutr Intermed Metab. 2016;30:1-11. http://dx.doi.org/10.1016/j.jnim.2016.04.008

Leikin-Frenkel A, Shomonov-Wagner L, Juknat A, Pasmanik-Chor M. Maternal diet enriched with a-Linolenic
or saturated fatty acids differentially regulates gene expression in the liver of mouse offspring. J Nutrigenet
Nutrigenomics. 2015;8(4-6):185-94. http://dx.doi.org/10.1159/000442945

Pereira-da-Silva L, Cabo C, Moreira AC, Papoila AL, Virella D, Neves R, et al. The effect of long-chain
polyunsaturated fatty acids intake during pregnancy on adiposity of healthy full-term offspring at birth
during pregnancy on adiposity of healthy full-term offspring at birth. J Perinatol. 2015;35(3):177-80. http://
dx.doi.org/10.1038/jp.2014.188

Mennitti LV, Oliveira JL, Morais CA, Estadella D, Oyama LM, Nascimento CMO, et al. Type of fatty acids
in maternal diets during pregnancy and/or lactation and metabolic consequences of the offspring. J Nutr
Biochem. 2015;26(2):99-111. http://dx.doi.org/10.1016/j.jnutbio.2014.10.001

Llopis M, Sanchez J, Priego T, Palou A, Picod C. Maternal fat supplementation during late pregnancy and
lactation influences the development of hepatic steatosis in offspring depending on the fat source. J Agric
Food Chem. 2014;62(7):1590-601. http://dx.doi.org/10.1021/jf405161e

Farias HG. Consideracoes sobre dietas experimentais para animais de laboratério: formulacées, aplicacoes,
fornecimento e efeitos experimentais. | Simposio de Bioterismo da Fiocruz; 2010; Out. 29; Recife. Recife:
Fiocruz; 2011.

Rev. Nutr. 2019;32:€180292



http://dx.doi.org/10.1590/1678-9865201932e180292 COMPOSITION OF MATERNAL HIGH FAT DIET | 13

16. Cavalcante TCF, Silva JML, Silva AAM, Muniz GS, Luz Neto LM, Souza SL, et al. Effects of a westernized
diet on the reflexes and physical maturation of male rat offspring during the perinatal period. Lipids.
2013;48(11):1157-68. http://dx.doi.org//10.1007/s11745-013-3833-z

17. Association of Official Analytical Chemists. Official methods of analysis of the Association of the Analytical
Chemists. 16" ed. Washington: The Association; 1995.

18. Kai M, Miyoshi M, Fujiwara M, Nishiyama Y, Inoue T, Maeshige N, et al. A lard-rich high-fat diet increases
hepatic peroxisome proliferator-activated receptors in endotoxemic rats. J Surg Res. 2017;15(212):22-32.
http://dx.doi.org/10.1016/.js5.2016.11.048

19. Bautista RJH, Mahmoud AM, Koénigsberg M, Guerrero NELD. Obesity: Pathophysiology, monosodium
glutamate-induced model and antiobesity medicinal plants. Biomed Pharmacother. 2019;111:503-16. http://
dx.doi.org/10.1016/j.biopha.2018.12.108

20. Harant-Farrugia |, Garcia J, Iglesias-Osma MC, Garcia-Barrado MJ, Carpéné C. Is there an optimal dose for
dietary linoleic acid? Lessons from essential fatty acid deficiency supplementation and adipocyte functions in
rats. J Physiol Biochem. 2014,70(2):615-27. http://dx.doi.org/10.1007/513105-014-0315-6

21. Parikh M, Netticadan T, Pierce GN. Flaxseed: Its bioactive components and their cardiovascular benefits. Am
J Physiol Heart Circ Physiol. 2018;314(2):146-59. http://dx.doi.org/10.1152/ajpheart.00400.2017

22.Barroso AKM, Torres AG, Castelo-Branco VN, Ferreira A, Finotelli PV, Freitas SP, et al. Linhaca marrom e
dourada: propriedades quimicas e funcionais das sementes e dos 6leos prensados a frio. Ciénc Rural.
2014;44(1):181-7. http://dx.doi.org/10.1590/50103-84782014000100029

23. Gongalves NB, Bannitz RF, Silva BR, Becari DD, Poloni C, Gomes PM, et al. a-Linolenic acid prevents hepatic
steatosis and improves glucose tolerance in mice fed a high-fat diet. Clinics. 2018;73:e150.1-9. http://dx.doi.
org/10.6061/clinics/2018/e150

24.Bloise AMNLG, Alves DS, Silva LML, Rocha Junior RL, Silva JHC. Avaliacdo dos parametros bioquimicos da
prole de maes submetidas a dieta hiperlipidica suplementada com 6émega 3 durante gestacdo e lactacao.
Anais do lll Congresso Brasileiro de Ciéncias da Saude; 2018 Jun; Campina Grande. Campina Grande: Editora
Realize; 2018(1):1-9.

25. Kakimoto PA, Kowaltowski AJ. Effects of high fat diets on rodent liver bioenergetics and oxidative imbalance.
Redox Biol. 2016;8:216-25. http://dx.doi.org/10.1016/j.redox.2016.01.009

26. Carvalho MF, Costa MKME, Muniz GS, Castro RM, Nascimento E. Experimental diet based on the foods listed
in the family budget survey is more detrimental to growth than to the reflex development of rats. Rev Nutr.
2013;26(2):177-93. http://dx.doi.org/10.1590/51415-52732013000200006

27.Dias TMS, Carvalho JAS, Freitas TEC, Aguiar JRS, Silva MCM, Sales ALCC, et al. Angulo de fase e sua relacio
com albumina e risco nutricional em pacientes hospitalizados. Braspen J. 2018 [citado 6 Out 2019];33(2):188-93.
Disponivel em: https://pesquisa.bvsalud.org/portal/resource/pt/biblio-910158

28. Alves JLB, Nogueira VO, Oliveira GB, Silva GS, Wanderley AG, Leandro CG, et al. Short and long-term effects
of a maternal low-protein diet on ventilation, 02/C0O2 chemoreception and arterial blood pressure in male
rat offspring. Br J Nutr. 2014;111(4):606-15. http://dx.doi.org/10.1017/S0007114513002833

29. Zulkafli IS, Waddell BJ, Mark PJ. Postnatal dietary omega-3 fatty acid supplementation rescues glucocorticoid-
programmed adiposity, hypertension, and hyperlipidemia in male rat offspring raised on a high-fat diet.
Endocrinology. 2013;154(9):3110-7. http://dx.doi.org/10.1210/en.2013-1153

30. Backes J, Anzalone D, Hilleman D, Catini J. The clinical relevance of omega 3 fatty acids in the management
of hypertriglyceridemia. Lipids Health Dis. 2016;15(1):118:1-12. http:/dx.doi.org/10.1186/512944-016-0286-4

31. Tellechea ML, Mensegue MF, Pirola CJ. The association between high fat diet around gestation and metabolic
syndrome-related phenotypes in rats: A systematic review and meta-analysis. Sci Rep. 2017;7(1):5086:1-8.
http://dx.doi.org/10.1038/541598-017-05344-7

32.Oosting A, Kegler D, Van der Heijning BJ, Verkade HJ, Van der Beek EM. Reduced linoleic acid intake in early
postnatal life improves metabolic outcomes in adult rodents following a Western-style diet challenge. Nutr
Res. 2015;35(9):800-11. http://dx.doi.org:10.1016/j.nutres.2015.06.010

Received: March 14, 2019
Final Version: September 12, 2019
Approved: October 11, 2019

Rev. Nutr. 2019;32:€180292 Revista de Nutricao



