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Abstract

Literature describes breast milk as the best food for the newborn, recommending exclusive
breastfeeding for up to 6 months of age. However, it is not available for more than 40% of chil-
dren worldwide. Pharmacological and non-pharmacological models of 3-day early weaning
were developed in rodents to investigate later outcomes related solely to this nutritional insult.
Thus, the present work aimed to describe biometric, nutritional, biochemical, and cardio-
vascular outcomes in adult male rats submitted to 3-day early weaning achieved by maternal
deprivation. This experimental model comprises not only nutritional insult but also emotional
stress, simulating mother abandoning. Male offspring were physically separated from their
mothers at 21st (control) or 18th (early weaning) postnatal day, receiving water/food
ad libitum. Analysis performed at postnatal days 30, 90, 150, and 365 encompassed body mass
and food intake monitoring and serum biochemistry determination. Further assessments
included hemodynamic, echocardiographic, and cardiorespiratory evaluation. Early-weaned
males presented higher body weight when compared to control as well as dyslipidemia, higher
blood pressure, diastolic dysfunction, and cardiac hypertrophy in adult life. Animals early
deprived of their mothers have also presented a worse performance on the maximal effort
ergometer test. This work shows that 3-day early maternal deprivation favors the development
of cardiovascular disease in male rats.

Introduction

The research field named “Developmental Origins of Health and Disease” (DOHaD) aims to
provide a clear perspective on how different life experiences modulate health and disease risks
over a lifetime. This research field’s history reached a milestone with David Barker’s theory
about the fetal origins of disease. After this, several studies, including animal research, con-
firmed the principle that early life affect cardiometabolic function in adulthood and elucidated
some important underlying programming mechanisms.1

Literature describes breast milk as the best food for the newborn. It potentially reduces infant
mortality and protects against infection and diseases.2 As per several authors, such as Kramer
and Kakuma, the World Health Organization (WHO) and the United Nations Children’s Fund
(UNICEF) recommend exclusive breastfeeding up to 6 months of age. Exclusive breastfeeding
excludes the consumption of any other food or drink besides breast milk, even water, through-
out this period.3 Despite this, it is estimated that exclusively breastfeeding is not available for no
more than 40% of children worldwide along the first semester of life.4 Literature also reports that
many women cannot breastfeed their children during this time, mainly those from lower social
classes.5 Importantly, a growing body of evidence suggests that breastfeeding has a protective
role against obesity, hypertension, dyslipidemia, and type 2 diabetes mellitus during adulthood.6

Different animal models of early weaning have already been developed in rodents. For exam-
ple, there are pharmacological and non-pharmacological models that aim to suppress lactation
3 days earlier, considering standard weaning on postnatal day 21.7 Bromocriptine administra-
tion in lactating female rats inhibits milk secretion, while bandages restrain the offspring’s access
to the dams’ tits. As shared findings, these two experimental models have led to higher body
mass and serum triglyceride (TG), as well as hyperleptinemia and central resistance to leptin
in adulthood.8–12 According to Quinn,13 early weaning at postnatal day 18 mimics a child
weaned at the age of 5 months.

However, unlike bromocriptine administration or breast bandages placement, early weaning
achievement by maternal deprivation involves maternal milk restriction and maternal care
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restriction, simulating mother abandoning.7 In this scenario, it is
crucial to evaluate the offspring outcomes upon the introduction of
emotional stress besides nutritional insult. Thus, the present work
aimed to describe biometric, nutritional, biochemical, and cardio-
vascular outcomes in male Wistar rats submitted to maternal dep-
rivation at postnatal day 18. We hypothesize that the combination
of nutritional insult and emotional stress raises cardiovascular risk
and programs cardiovascular disease.

Materials and methods

Experimental design

The procedures have followed the National Research Council (US)
Institute for Laboratory Animal Research. Ethics Committee of
Fluminense Federal University (Niteroi, Brazil) approved the
use of animals (CEUA UFF812/2016) following the Guide for
the Care and Use of Laboratory Animals (NIH Publication
No. 8023, revised 1978). All rats received standard chow
(Nuvilab®) and tap water ad libitum at controlled conditions
(22 °C, 55–65% humidity, 12/12 h light/dark cycle).

The breeding laboratory of the university has provided Wistar
rats used for mating (F0 generation). Male (n= 8) and female
rats (n= 16) about 3 months of age and no kinship were mated
(2 females for 1 male) for 5 days. Afterward, pregnant female rats
placed in individual cages have spontaneously given birth to 10–12
puppies after 21 days of gestation, as expected (postnatal day 0).
Litters mixing/adjustment (preferably six males/mother) and stan-
dard weaning occurred at postnatal days 1 and 21, respectively.14

Accordingly to previous animal models of early weaning described
by literature,8-12 the dams (F0 generation) and consequently their
respective offspring (F1 generation) were divided into two groups
at postnatal day 18 by simple randomization:

Control – offspring weaned at postnatal day 21.
Early weaning – offspring weaned at postnatal day 18.

Standard and early weaning encompassed offspring–mother
physical separation (two animals/cage). There was a total of 96 rats
from the F1 generation:

Control – 34 males housed in 17 cages (14 females discarded) –
8 litters.
Early weaning – 38 males housed in 19 cages (10 females
discarded) – 8 litters.

Offspring analysis occurred at postnatal days 30, 90, 150 and
365. Excepting for biochemical analysis, whenever possible, data
were collected precisely from the same rats at different ages
(eight males/group). The animals from each group were randomly
distributed between biochemical and the other assays.

Biometrical and nutritional analysis

Bodyweight wasmonitored twice a week until the end of the exper-
imental period, always at the same hour. Nose-to-anus, abdominal,
and thoracic length were measured using a measuring tape,
allowing calculation of body mass index (BMI) and abdominal
and thoracic lengths ratio. Daily food intake (g) was determined
by subtracting the remaining chow by the total put in the cage
the day before, dividing by the number of rats (two) per box.
The summation of daily food intake throughout the interlude of
interest gave the amount of food consumed in a given period.15

It was possible to record data from all animals euthanized at
postnatal day 365 (16 animals/group).

Echocardiographic and hemodynamic evaluation

Transthoracic echocardiography took place with anesthetized
rats (ketamine 50 mg/kg plus xylazine 5 mg/kg intraperitoneally).
The parameters recorded using a portable ultrasound (Siemens
Accusion Cypress, Siemens AG, Munich, Germany) and a
10-MHz transducer to evaluate cardiac structure were inter-
ventricular septum (IVS) thickness, left ventricular posterior wall
(LVPW) thickness, and left ventricular internal diameter (LVID)
measured in diastole, as well as relative wall thickness (RWT), left
ventricular mass (LVM), and left atrium to aorta ratio (LA/Ao).
The parameters recorded to evaluate systolic and diastolic function
were left ventricular ejection fraction and mitral deceleration time
(MDT), respectively.16

Hemodynamic assessment occurred after 7 days of acclimation
(10 min/day) in the morning. The animals submitted to the non-
invasive tail-cuff method were awake (Insight, São Paulo, Brasil).
Final values of systolic blood pressure (SBP) and diastolic blood
pressure (DBP) represent the average of six measurements success-
fully acquired and gave mean arterial pressure (MAP) through the
formula: MAP = SBPþ 2(DBP/3).17,18 Because of the assay’s stress
bias, it was not always possible to record all available animals’
hemodynamic parameters. It was possible to achieve complete
hemodynamic data from at least five animals per group.

Maximum effort ergometer test

After 4 days of acclimation, animals were individually submitted to
a maximum effort test using a treadmill (Imbrasport®, Brasília,
Brasil). Initial speed was 0.9 km/h being followed by progressive
increments of 0.3 km/h every 3 min. The end of the test was deter-
mined when animals remained still for at least 10 s is considered
exhausted. Distance, time spent, and maximum speed developed
were recorded and posteriorly analyzed.19,20

Biochemical analysis

Serum samples were obtained by cardiac puncture after euthanasia
using thiopental (100 mg/kg i.p) in fasting conditions and after
15 min of centrifugation at 1300×g (storage at −80 °C). Lipid pro-
file was determined using a commercially available Labtest Brasil
kit.21 Friedewald equation22 was applied to calculate low-density
lipoproteins cholesterol (LDL-c) and very low-density lipoproteins
cholesterol (VLDL-c) concentrations. The ratio of total cholesterol
and high-density lipoproteins cholesterol (HDL-c) levels gave the
Castelli I index. The ratio between LDL-c and HDL-c levels pro-
vided the Castelli II index.23 As another atherogenic index, the ratio
between TGs and HDL-c concentrations was also evaluated.24

Serum leptin levels were also determined using a commercially
available kit of Enzyme-Linked Immunoabsorbent Assay (Rat
Leptin ELISA, Millipore, Billerica, MA, USA).25

Due to hemolysis, it was impossible to analyze all serum samples,
allowing assays with at least five samples from each group.

Statistical analysis

Data were analyzed using GraphPad Prism software version 7.0.
Values are expressed as mean ± standard error of the mean.
The Shapiro–Wilk test evaluated normality. Normally distributed
data were analyzed applying Student’s unpaired t-test comparing
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control and early weaning groups within the same postnatal day.
Significance was accepted when the p-value was< 0.05.

Results

Biometrical and nutritional analysis

Table 1 shows that early-weaned rats at postnatal day 30 presented
a lower body weight than their respective controls. In contrast,
older animals presented a higher body weight, reflecting lower
BMI in youth and a greater abdominal and thoracic circumferences
ratio in the elderly. Food intake increased from postnatal day 90
upward (Fig. 1).

Echocardiographic and hemodynamic evaluation

Table 2 shows data from echocardiographic studies and hemo-
dynamic evaluation. There were differences between early-weaned
rats and their respective controls at postnatal days 90, 150, and 365.
IVS thickness and LVPW thickness, both measured in diastole, as
well as LVM, were founded increased in early-weaned rats upward
postnatal day 90. However, there were distinguished parameters in
specific moments. Animals at postnatal day 90 presented higher
left ventricular RWT, LA/Ao ratio, and DBP/mean blood pressure.
Rats at postnatal day 365 also exhibited an increased LA/Ao ratio
but accompanied by a superior SBP and reduced LVID and MDT.
Animals at postnatal day 150 have presented higher values of SBP,
DBP, and mean blood pressure. It was also observed higher values

of DBP and mean blood pressure at postnatal day 90, while only
SBP was increased at postnatal day 365.

Maximum effort ergometer test

There were differences in exercise tolerance between groups only
in elderly animals. Early-weaned rats at postnatal day 365 have pre-
sented a less lasting test, traveling a shorter distance and reaching
an inferior maximum speed compared to respective controls
(Table 3).

Biochemical analysis

Serum levels of TGs and VLDL-c, as well as TG/HDL-c ratio, were
found higher in early-weaned rats since postnatal day 30. Besides,
the Castelli I index was increased in these animals compared to
respective controls since postnatal day 150, while HDL concentra-
tion was decreased only at postnatal day 365 (Table 4).

There were also differences in leptin serum levels (Table 4). Its
concentration was higher in early-weaned rats since postnatal 150.

Discussion

The present study has shown an early weaning model achieved by
maternal deprivation that combines nutritional insult and emo-
tional stress. It was capable of raising cardiometabolic risk since
youth, allowing cardiovascular disease development in adult-
hood/elderly. We found that early-weaned male rats presented
higher body mass, SBP, and impaired serum lipid profile than con-
trols. Besides, diastolic dysfunction associated with a suggestive
pattern of cardiac hypertrophy, as well as exercise intolerance,
was also observed in these animals.

Soon after early weaning, 30-day-old rats have presented lower
body weight and BMI than controls, as reported in previous studies
involving mother–offspring separation26, bromocriptine adminis-
tration,9 and bandages.12 Thus, these data validate the proposed
experimental model of malnutrition during lactation.

Upward postnatal day 150, early-weaned rats have presented a
slightly higher body weight than controls, accompanied by hyper-
phagia, since postnatal day 90. This observation may be due to
‘catch-up growth’ defined by Wit and Boersma27 as an accelerated
growth after a period of its inhibition determined by early under-
nutrition. In elderly animals, there was an increased abdominal/
thoracic circumferences ratio. According to literature, this profile
is related to a higher cardiometabolic risk.28

Dyslipidemic profile corroborates the increase in cardio-
vascular disease risk, worsened with aging. There were higher
plasma levels of TG and VLDL-c, as well as increased TG/HDL-c
ratio since postnatal day 30, followed by the rise of the Castelli
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Fig. 1. Nutritional parameter. Food intake (g). Data are represented as mean ± SEM.
*p < 0.05 between control and early weaning groups at the same period (Student’s
t-test). n= 16/group.

Table 1. Biometric parameters

Parameters

Postnatal day 30 Postnatal day 90 Postnatal day 150 Postnatal day 365

Control Early weaning Control Early weaning Control Control Early weaning Control

n= 16 n= 16 n= 16 n= 16 n= 16 n= 16 n = 16 n= 16

Body weight (g) 92.5 ± 1.8 84.4 ± 0.7* 367.5 ± 4.3 377.9 ± 3.5 440.4 ± 4.7 454.7 ± 5.0* 525.1 ± 7.7 562.6 ± 562.6*

Abdominal/thoracic circumferences 1.16 ± 0.03 1.13 ± 0.02 1.21 ± 0.01 1.21 ± 0.02 1.16 ± 0.02 1.17 ± 0.01 1.16 ± 0.02 1.21 ± 0.01*

Body mass index (g/cm2) 0.43 ± 0.01 0.39* ± 0.01 0.61 ± 0.01 0.63 ± 0.01 0.69 ± 0.01 0.68 ± 0.01 0.83 ± 0.02 0.86 ± 0.02

Data are represented as mean ± SEM.
*p< 0.05 between control and early weaning groups at the same postnatal day (Student’s t-test).
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Table 2. Echocardiographic and hemodynamic parameters

Parameters

Postnatal day 30 Postnatal day 90 Postnatal day 150 Postnatal day 365

Control Early weaning Control Early weaning Control Early weaning Control Early weaning

Echocardiography n= 8 n= 8 n= 8 n= 8 n = 8 n= 8 n= 8 n= 8

LVEF (%) 93.139 ± 0.769 93.999 ± 1.077 86.291 ± 1.536 89.708 ± 0.805 84.834 ± 3.278 84.709 ± 2.409 87.800 ± 2.035 88.500 ± 1.936

LA/Ao 0.937 ± 0.023 0.863 ± 0.035 1.094 ± 0.034 1.320 ± 0.041* 1.317 ± 0.083 1.179 ± 0.051 0.898 ± 0.011 1.230 ± 0.098*

IVSd (cm) 0.126 ± 0.003 0.127 ± 0.004 0.149 ± 0.005 0.189 ± 0.007* 0.138 ± 0.005 0.160 ± 0.006* 0.158 ± 0.006 0.185 ± 0.006*

LVPWd (cm) 0.133 ± 0.003 0.135 ± 0.006 0.151 ± 0.005 0.188 ± 0.007* 0.286 ± 0.011 0.311 ± 0.006* 0.180 ± 0.003 0.195 ± 0.016*

LVIDd (cm) 0.197 ± 0.025 0.513 ± 0.028 0.725 ± 0.031 0.719 ± 0.016 0.798 ± 0.026 0.808 ± 0.024 0.732 ± 0.006 0.695 ± 0.013*

RWT (cm) 0.552 ± 0.027 0.553 ± 0.055 0.421 ± 0.025 0.530 ± 0.027* 0.377 ± 0.019 0.422 ± 0.017 0.498 ± 0.016 0.548 ± 0.028

LVM (g) 0.872 ± 0.025 0.877 ± 0.015 1.168 ± 0.032 1.413 ± 0.043* 1.23 ± 0.036 1.403 ± 0.073* 1.308 ± 0.036 1.490 ± 0.065*

MDT (ms) 70.50 ± 2.797 81.00 ± 4.573 70.50 ± 2.612 77.50 ± 2.228 78.50 ± 4.110 76.63 ± 3.775 89.60 ± 2.227 82.00 ± 2.160*

Hemodynamic evaluation n= 5 n= 5 n= 6 n= 6 n = 6 n= 6 n= 5 n= 5

SBP (mmHg) 149.1 ± 1.5 153.0 ± 1.0 144.7 ± 2.9 152.2 ± 3.0 131.8 ± 2.2 143.8 ± 2.3* 152.6 ± 3.1 170.2 ± 3.7*

DBP (mmHg) 99.0 ± 1.1 100.0 ± 2.1 109.2 ± 1.1 115.2 ± 1.5* 89.7 ± 1.7 98.8 ± 1.9* 109.6 ± 3.9 107.6 ± 2.4

MAP (mmHg) 116.0 ± 0.9 109.7 ± 5.1 121.2 ± 0.7 127.4 ± 1.0* 93.2 ± 4.2 110.2 ± 4.8* 123.8 ± 3.5 128.6 ± 2.9

LVEF, left ventricular ejection fraction; LA/Ao, left atrium to aorta ratio; IVSd, intraventricular septum thickness in diastole; LVPWd, left ventricular posterior wall thickness in diastole; LVIDd, left
ventricular internal diameter in diastole; RWT, relative wall thickness; LVM, left ventricular mass; MDT, mitral deceleration time; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP,
mean arterial pressure.
Data are represented as mean ± SEM.
*p< 0.05 between control and early weaning groups at the same postnatal day (Student’s t-test).

Table 3. Data from maximum effort ergometer test

Parameters

Postnatal day 30 Postnatal day 90 Postnatal day 150 Postnatal day 365

Control Early weaning Control Early weaning Control Early weaning Control Early weaning

n= 8 n= 8 n= 8 n= 8 n = 8 n= 8 n= 8 n = 8

Maximum speed (km/h) 2.53 ± 0.15 2.40 ± 0.06 2.03 ± 0.12 1.95 ± 0.08 1.99 ± 0.08 1.84 ± 0.07 1.93 ± 0.06 1.70 ± 0.05*

Distance (km) 0.55 ± 0.06 0.51 ± 0.02 0.34 ± 0.04 0.32 ± 0.02 0.34 ± 0.02 0.29 ± 0.02 0.32 ± 0.02 0.25 ± 0.01*

Test duration (h) 0.39 ± 0.02 0.38 ± 0.01 0.31 ± 0.02 0.30 ± 0.01 0.30 ± 0.01 0.29 ± 0.02 0.29 ± 0.01 0.25 ± 0.01*

Data are represented as mean ± SEM.
*p< 0.05 between control and early weaning groups at the same postnatal day (Student’s t-test).

Table 4. Biochemical parameters

Parameters

Postnatal day 30 Postnatal day 90 Postnatal day 150 Postnatal day 365

Control Early weaning Control Early weaning Control Early weaning Control Early weaning

n= 6 n = 6 n= 5 n= 5 n= 6 n= 6 n= 8 n= 8

TG (mg/dL) 43.6 ± 5.1 77.0 ± 12.5* 29.5 ± 6.9 64.8 ± 6.7* 36.7 ± 6.6 56.8 ± 5.9* 73.7 ± 6.9 125.6 ± 6.1*

LDL-c (mg/dL) 27.1 ± 3.2 22.5 ± 8.1 1.8 ± 6.6 11.0 ± 10.2 5.37 ± 2.2 12.5 ± 3.6 11.9 ± 4.1 12.9 ± 4.4

VLDL-c (mg/dL) 8.7 ± 1.0 15.4 ± 2.5* 5.9 ± 1.4 12.9 ± 1.3* 7.4 ± 1.3 11.4 ± 1.2* 14.8 ± 1.4 25.1 ± 1.2*

HDL-c (mg/dL) 26.0 ± 2.1 22.5 ± 1.3 45.2 ± 4.1 36.0 ± 2.2 43.7 ± 4.2 35.4 ± 0.8 61.3 ± 5.2 45.3 ± 2.8*

Castelli I 2.4 ± 0.1 2.5 ± 0.4 1.2 ± 0.2 1.6 ± 0.3 1.3 ± 0.1 1.7 ± 0.1* 1.5 ± 0.1 1.9 ± 0.1*

Castelli II 1.1 ± 0.1 0.9 ± 0.4 0.1 ± 0.2 0.4 ± 0.3 0.1 ± 0.1 0.4 ± 0.1 0.2 ± 0.1 0.3 ± 0.1

TG/HDL-c 1.7 ± 0.2 3.1 ± 0.5* 0.5 ± 0.2 1.3 ± 0.2** 0.8 ± 0.1 1.6 ± 0.2** 1.2 ± 0.1 2.8 ± 0.2*

Leptin (ng/mL) 3.35 ± 0.73 4.65 ± 0.46 9.28 ± 2.04 7.55 ± 0.88 9.49 ± 0.98 15.54 ± 1.92* 17.11 ± 1.82 24.43 ± 1.02*

TG, triglyceride; LDL-c, low density lipoproteins cholesterol; VLDL-c, very low-density lipoproteins cholesterol; HDL-c, high density lipoproteins cholesterol.
Data are represented as mean ± SEM.
*p< 0.05 and **p< 0.01 between control and early weaning groups at the same postnatal day (Student’s t-test).
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index and the decrease in HDL-c levels. Dyslipidemic profile was
also observed in different models of early weaning.10,12,29

Experimental studies have shown that hypertriglyceridemia is a
risk factor for coronary heart disease, regardless of overweight.
TG-rich lipoproteins, particularly VLDLs, have a direct athero-
genic effect.30-32 VLDLs are hydrolyzed in the liver by lipase and
converted to LDL particles, a crucial trigger of atherosclerosis
genesis that favors lipid deposition in vessels.33-35 Besides, HDL-c
has a protective role partly due to its ability to remove intracellular
cholesterol and perform reverse transport, allowing its redistribution
in the body and biliary excretion.36 HDL-c presents antioxidant
and anti-inflammatory properties, inactivating or preventing
oxidation of phospholipids from LDL-c.37,38 HDL-c also inhibits
apoptosis of endothelial cells and is associated with a relevant anti-
atherogenic action.35-37. According to literature, the Castelli I index
and TG/HDL ratio are atherogenic markers. They are useful
instruments to predict coronary artery disease risk in daily prac-
tice, especially in people with other risk factors.21,24,39

Leptin serum levels have also increased in early-weaned male
rats upward postnatal day 150. Usually, leptin increases the expres-
sion of neuropeptides associated with food intake inhibition.
Proopimelanocortin, as well as cocaine and amphetamine-
regulated transcripts, stimulates total energy expenditure via
sympathetic activation. Besides, it decreases the expression of
neuropeptide Y and agouti-related protein, associated with
increased food intake and reduced energy expenditure.39 Leptin
plays an essential role in regulating energy homeostasis, decreasing
appetite and increasing energy expenditure. Thus, the hyperphagia
and the higher body weight suggest leptin hypothalamic resistance.
Hyperphagia, higher bodymass, and TG/leptin serum levels as well
as leptin resistance outcomes were also observed in previous stud-
ies encompassing other animal models of early weaning.10,11,29,41,42

Early-weaned rats presented higher LVM, IVS thickness and
LVPW thickness, both in diastole, compared to respective adult
and elderly controls. RWT was higher in this group at postnatal
day 90 but not 150 or 365. These data point to concentric remod-
eling that evolved into eccentric patterns commonly observed in
patients with diastolic heart failure.43 The observed increase in
LA/Ao diameter ratio suggests pressure raise in LA and conse-
quently dilatation of its cavity, possibly due to ventricular relaxa-
tion impairment during diastole.44,45 MDT, intimately related to
left ventricular compliance, was shorter in early-weaned animals
characterizing diastolic dysfunction and left atrial dilatation does.43

The maximal effort ergometer test infers the cardiorespiratory
capacity.15 There is a linear relationship between maximum speed
developed by the animal and its oxygen uptake rate.46 Thus, a less
lasting test accompanied by a shorter distance traveled and an
inferior maximum speed described to elderly early-weaned rats
suggest a diminished tolerance to exercise compared to respective
controls. Diastolic dysfunction favors exercise intolerance.47 It is
noteworthy that maximum cardiac output during exercise is
dependent on diastolic filling. If relaxation abnormalities accom-
pany diastole, lower ventricular filling rates are achieved and
become insufficient to supply cardiac output required during
exercise sessions. Consequently, filling pressure increases and
maximum capacity decreases; thus, as diastolic dysfunction pro-
gresses, the lower will become exercise capacity.48,49

Early-life stress is also a relevant factor involved in metabolic
programming.7 Despite this, biometric, nutritional, and biochemi-
cal outcomes here described are similar to those observed in studies
using pharmacological and non-pharmacological models of early
weaning that avoid emotional stress.8-12,29,41,42

According to Tractenberg et al.,50 maternal deprivation proto-
cols present methodological pitfalls due to different degrees of
stress exposure in maternal separation-reared pups. Nevertheless,
here we took care of important methodological issues to avoid bias,
such as housing/husbandry conditions, animal/standard facility rear-
ing, and litter controls.

Kikusui, Ichikawa, and Mori51 observed that mice weaned on
postnatal day 14 showed a prolonged increase in corticosterone
compared to the littermates stayed with dam until postnatal day
21. The last ones have presented a transient increase. Moura et al.10

also reported hypercorticosteronaemia and higher total catechol-
amine levels later in life. According to Huang et al.,52 hypercorti-
costeronemia could explain the higher blood pressure seen because
glucocorticoids increase blood pressure. For instance, hyperten-
sion is often associated with left ventricular hypertrophy and heart
failure with preserved ejection fraction, that impair exercise toler-
ance, outcomes described in this study.48,49,53,54

Literature report that adaptation mechanisms may be different
between sexes in early weaning models.7 Nevertheless, our main
objective was to describe outcomes inmale rats submitted to an early
weaning model encompassing an emotional stress, as widely per-
formed with pharmacological and non-pharmacological models.

The measurement of corticosterone level would contribute to a
better understanding of this model, although not compromise the
relevance of our findings. Along with corticosterone measurement,
sexual dimorphism also encompasses a perspective for future
studies in this experimental model.

In conclusion, the present work demonstrates, for the first time,
cardiovascular disease development in later life due to maternal
deprivation at postnatal day 18. This early weaning model simu-
lates mother abandoning, a social health challenge. As cardio-
vascular diseases are the leading death causes worldwide, public
policies favoring exclusive breastfeeding until 6 months of age
may constitute an important strategy to reduce their incidence,
reducing direct and indirect health expenditures.
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