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Introduction

During the period of gestation and lactation, the developing
organism is more vulnerable to external stimuli, being able
to adapt to those stimuli to survive. Although these adapta-
tions are evolutionarily beneficial to the organism, they are
the main factor for the emergence of diseases in adult life as
well, if the environment in adult life is different from the
perinatal environment.1

The cardiovascular system is the first system to develop
during the embryonic period. However, the cardiomyocytes
continue to proliferate for a while in the postnatal period.2

Several elements are important to maintain the integrity of
this system, such as zinc, which is necessary for the cardiac

development,3 and tryptophan, which is important for the
development of the cardiorespiratory center in the medulla
oblongata.4 Thus, a balanced diet is essential for pregnant
women to promote a healthy development of the fetus.

In experimental models with the number of offspring of
Wistar rats adjusted to 3 pups per female, there was an
induction of obesity in the offspring, promoting several con-
sequences in the cardiovascular system. Among those altera-
tions, it is possible to identify an increase in the myocardial
sympathetic tone,5 left ventricular hypertrophy,6 cardiac
hypertrophy, and an increased risk of developing ischemia.7

At the molecular levels, hypernutrition during the lactation
period is still capable of promoting damage to the insulin
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Abstract The present study is a systematic review of the literature that aimed to characterize the
profile in animal models used to study perinatal protein malnutrition correlating with
the cardiovascular system and the implications of malnutrition to the heart. Therefore,
an extensive search was conducted in the PubMed, BVS, and SciELO databases, using
combinations of the descriptors protein malnutrition, pregnancy, heart, lactation, and
cardiovascular system. A total of 247 articles were found, but after excluding duplicities
and applying the inclusion/exclusion criteria, only 12 papers remained. The analysis of
the results shows that the diet used in the studies has a protein content of between 17
and 22% for the control animals, and of between 0 and 9% for the animals submitted to
perinatal protein malnutrition. The main morphofunctional changes observed in the
cardiovascular system are related to high blood pressure, increased apoptosis of
cardiomyocytes, and reduction in the absolute size of the heart, among other
ultrastructural and molecular changes.
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signalingpathway, aswell asan increasedexpressionofglucose
transporter 1 (GLUT-1),8 an increased expressionof insulin and
leptin receptors in the myocardium, and translocation of
glucose transporter 4 (GLUT-4) to the plasma membrane.9

On the other hand, protein malnutrition during the
perinatal period is also capable of promoting morphologi-
cal and functional damage to the cardiovascular sys-
tem.10–12 Experimental models that restrict the amount
of casein in the food of rats and mice are quite widespread
in the scientific literature. However, the protein content
used in the diet of pregnant female rats and the gender of
their offspring vary considerably. Starting from this point,
the objectives of the present study were to characterize the
animal models used in studies that relate perinatal protein
malnutrition and the cardiovascular system, identifying the
gender of the animals and the casein content of their diets;
and to analyze the morphofunctional implications caused
by perinatal protein malnutrition on the heart of rats.

Materials and Methods

The present study is a systematic review of the literature
performed individually by two researchers in a double-blind
procedure between June 22 and 25 2017. The literature
search was performed in the PubMed, BVS, and SciELO
databases, using combinations of the descriptors protein
malnutrition, pregnancy, heart, lactation, and cardiovascular
system, all present in the list of Health Sciences Descriptors
(DeCS, in the Portuguese acronym).

All of the articles were placed in a Microsoft Excel (Micro-
soft Corp, Redmond,WA, USA) spreadsheet.13 Afterwards, the
titles and summaries of each article were analyzed. Therefore,
to characterize the model of animal submitted to perinatal
protein malnutrition associated with changes in the cardio-
vascular system, the following inclusion criteria were used: a)
original articles that used exclusively perinatal protein mal-
nutrition in rats; and b) articles that approachedmorphofunc-
tional alterations of the cardiovascular system. The use of the
first criteria allowed characterizing the animal model used in
the studies that correlated perinatal proteinmalnutritionwith
the cardiovascular system, corresponding to thefirst objective
of the present study. On the other hand, the second criteria
enabled the analysis of the morphofunctional changes in the
heart, specifically in rats, which corresponds to the second
objective of the present study.

Results

In total, 247 articles were found in the 3 analyzed databases.
The numbers of articles found in each database, according to
the respective combination of the descriptors, are shown in
►Table 1. However, after excluding duplicities and applying
the inclusion/exclusion criteria, just 12 articles remained.

The protein content of the diets of the animals in the
control groups varied between 17 and 22%, while the protein
content of the diets of the malnourished animals ranged
from 0 to 9%. Among all the articles found, 8 used only male
rats (66%), 1 (8.5%) used both genders, 1 (8.5%) used only

Table 1 Number of articles found in each database according to the combination of the descriptors

COMBINATION OF DESCRIPTRS PUBMED BVS SCIELO

protein malnutrition AND pregnancy AND heart 62 62 1

protein malnutrition AND lactation AND heart 17 19 1

protein malnutrition AND lactation AND cardiovascular System 14 8 0

protein malnutrition AND pregnancy AND cardiovascular System 46 17 0

Table 2 Summary of themain results found in the selected articles related to perinatal proteinmalnutrition and the cardiovascular
system of offspring of rats

AUHTORS DIET SEX MAIN RESULTS

Tappia et al.16 NP: 18%; LP 9% Male Perinatal protein malnutrition stimulated an increase in the ventricular
wall in rats from the fourth week of life. Furthermore, the internal
diameter of the left ventricle is greater in malnourished animals as well.
These findings were associated with increased gene expression that
decodes proteins involved in glucose transport and metabolism.

Gama et al.14 NP: 18.7%; LP: 5% Untold In the 21st day of life, the hearts of animals submitted to perinatal
malnutrition were smaller than the control animals. Moreover, it was
observed the presence of polymorphic cardiomyocytes, numerous
vacuoles, irregular microfilaments, polymorphic mitochondria with dis-
organized cristae, and it has been verified that even the heart size being
reduced by about 50%, the number of granules of atrial natriuretic
peptide did not reduce.

Brawley et al.21 NP: 18%; LP: 9% Male The animals submitted to perinatal protein malnutrition showed an
increase in blood pressure during the 130th day of life and reduced
vasodilatory activity (Between the 87th and 164th day of life) when
compared to the control group.
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female rats, and the remaining 2 (17%) did not report the
gender of the animals. The summary of the main results
obtained are described in ►Table 2.5,13–23

Conclusions

Through the analysis of the results observed in all articles, it
was possible to identify that the casein content used in most
studies was 18% for the control group and 9% for the under-
nourished group. In general, although perinatal protein
malnutrition promotes a reduction in the body weight of
animals and an absolute reduction of the size of the heart,14

the relative size of the heart (heart weight/body weight) is
higher in animals submitted to protein deficiency in the
perinatal period, in both genders.15 The comparison between
the absolute thicknesses of the left ventricle of animals

whose mothers received a normoproteic and a hypoproteic
diet indicates that malnutrition reduces the ventricular
thickness in the animals during the period between the first
24 hours of life until the 8th week, when there is a significant
increase in the thickness of the ventricular wall in malnour-
ished offspring.16 The observed hypertrophy of the ventricle
was correlated with the increased expression of proteins
related to the glucose metabolism, which suggests that the
cardiac remodeling observed in those animals may be due to
an increase in the myocardial glucose uptake.16

On the other hand, the internal diameter of the left
ventricle in malnourished animals was wider since the first
24 hours of postnatal life, remaining in this state up to the
8th week.16During thefirst 2weeks of life, a reduced ejection
fraction was observed, occurring in the same period that
there was a higher degree of cardiomyocyte apoptosis.17

Table 2 (Continued)

AUHTORS DIET SEX MAIN RESULTS

Holness et al.13 NP: 20%; LP: 8% Untold Animals subjected to perinatal protein malnutrition and remained with
poor protein diet in adulthood did not present significant differences in
glucose utilization compared to the control group. On the other hand,
rats that were submitted to perinatal protein malnutrition and then
receive a normoproteic diet exhibited reduced glucose utilization.

Akamatsu et al.20 NP: 20%; LP: 5% Male Animals that have been subjected to protein malnutrition during preg-
nancy and up to the 21st day postnatal life and then receive a normo-
proteic diet for another 21 days showed an increase in ribosome density
on the endoplasmic reticulum in comparison with animals that remained
on a hypoproteic diet. However, the number of ribosomes in the
endoplasmic reticulum was lower in animals that always received a
normoproteic diet. In addition, the animals that changed the diet of hypo
to normoproteic on the 21st day of life showed intermediate density of
chromatin and mitochondria with oblique cristae, while in the animals
that maintained the malnutrition and in the animals that always received
normal diet these cristae were irregular and transverse, respectively.

Moura et al.15 NP: 22%; LP: 0% Both
sexes

Perinatal protein malnutrition promoted the relative increase of the heart
in both sexes (heart/body) on the 8th day of life. Furthermore, in the same
period, the heart of females showed a larger growth when compared to
the heart of males, but in the secondmonth of life there are no significant
differences between these groups.

Akamatsu et al.18 NP: 20; LP: 5% Male Perinatal protein malnutrition decreased the number of neurons in the
subepicardial ganglia of male rats.

Barros et al.5 NP: 17%; LP: 8% Male Perinatal protein malnutrition elevates the level of sympathetic tone in
the heart of Wistar rats and contributes to the increase in blood pressure.

Cheema et al.17 NP: 18%; LP: 9% Male The fraction of blood ejection is lower in the animals that were submitted
to perinatal protein malnutrition when compared to the control group. In
addition, it was verified that this reduction in blood ejection is a result of
cardiomyocyte loss due to increased apoptosis.

Augustyniak et
al.23

NP: 18%; LP: 6% Male Animals submitted to perinatal protein malnutrition showed an increase
in blood pressure when compared to control group after feeding for five
weeks on a high-salt diet (4%).

Torrens et al.22 NP: 18%; LP: 9% Female Female rats that were submitted to perinatal protein malnutrition
presented vasodilator dysfunction in the arteries during gestation.

Akamatsu et al.19 NP: 20; LP: 5% Male The rough endoplasmic reticulum of animals submitted to perinatal
protein malnutrition exhibited a lower density of ribosomes. Moreover,
the chromatin density in malnourished animals was lower than in the
control group as well. Themitochondrial cristae folds were irregular, while
in the control group these cristae were transversal.

Abbreviations: NP, Normal Protein; LP, Low Protein.
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In addition to the ventricular changes, alterations in the
atria were also verified. The atrial wall is responsible for the
release of atrial natriuretic peptide. This hormone is involved
in the control of the balance of electrolytes and body fluids,
which is involved in the development of hypertension.24–26

The atrial cardiomyocytes of animals submitted to protein
malnutrition during pregnancy did not present a reduction
in the number of granules of atrial natriuretic peptide, even
when the heart size was reduced by � 50%.14 In the ultra-
structural analysis of these cells, it can be verified that
perinatal protein malnutrition promotes the appearance of
numerous cytoplasmic vacuoles, associated with irregular
microfilaments, polymorphism at the cardiomyocytes, and
polymorphic mitochondria containing disorganized mito-
chondrial cristae.14

The morphological changes in the heart of malnourished
ratswerenot restricted to the cardiomyocytes. Itwasobserved
that perinatalproteinmalnutrition furtherdamages thedevel-
opment of subepicardial neurons.18–20 In these neurons, a
reduction in the number of ribosomes in the rough endoplas-
mic reticulumwas verified, reducing the distribution of chro-
matin and altering the morphology of the mitochondrial
cristae, from transverse to irregular.

All of the morphological alterations in the heart asso-
ciated with increased sympathetic tone5 and with vascular
changes21,22 also lead to an increase in blood pressure in the
animals submitted to perinatal protein malnutrition.
Furthermore, the offspring subjected to perinatal malnutri-
tion are more vulnerable to increased blood pressure after
the intake of a high-sodium diet for a given period.23

The results show that most of the protein malnutri-
tion models used to verify morphological changes in the
cardiovascular system use a normoproteic diet with a
protein content of 18% and a hypoproteic diet of 5 or
9%. Furthermore, it was possible to verify that perinatal
protein malnutrition provokes an increase in blood
pressure due to both morphological and ultrastructural
alterations of the cardiomyocytes and of the subendocardial
neurons.
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