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ABSTRACT. Malnutrition is responsible for a number of alterations that occur in the organism,
including alterations in the cardiovascular system. We hypothesize that long periods of malnutrition
occurring after weaning may also be responsible for alterations in the cardiovascular system. Wistar rats
were separated into the two following experimental groups: a labina® diet-fed control group (CG) and a
malnourished group (MG), fed a multi-deficient diet. Results showed that the mg presented significantly
lower body weight (p < 0.001) in rats of all ages, higher heart rate (HR) (p < 0.05) when rats were 3, 4 and
5 months old and lower HR in rats from 6 to 9 months of age, in relation to the CG. Spectral analysis
showed a significant increase in the low frequencies (LF) components in the MG compared to the CG
from the third month onwards (p < 0.05), showing evidence of sympathetic predominance greater cardiac
autonomic balance in the MG versus that of CG indicated that, although aging influences autonomic
behavior, it may also be altered by nutrition. Morphologically, an increase in the ventricle weight/body
weight ratio was seen in the MG. These results show that the hearts of rats in the MG were not spared
from malnutrition age-related detrimental cardiac effects associated with malnutrition.

Keywords: aging, multi-deficient diet, eletrocardiography, spectral analysis, morphology of the ventricles.

Pressao arterial, frequéncia cardiaca e sua modulagao autonémica em ratos malnutridos
de diferentes idades

Introduction

RESUMO. A mi nutrigio € responsivel por virias alteragdes que ocorrem no organismo, incluindo o
sistema cardiovascular. Nossa hipdtese é que longos perfodos de desnutrigio podem ser responsiveis por
alteragoes no cardiovasculares. Ratos wistar foram separados em dois grupos experimentais: grupo controle
(GC), alimentados com dieta labina® e um grupo malnutrido (GM), alimentados com dieta
multideficiente. Resultados mostraram que GM apresentou menor peso corporal (p < 0,001) em todas as
idades, maior frequéncia cardfaca (FC) (p < 0,05) nos ratos de trés, quatro e cinco meses de idade e menor
FC em ratos de seis a nove meses de idade, em relagio ao GC. A anilise espectral mostrou aumento nos
componentes de baixas frequéncias (BF) no GM em relagio a0 GC a partir do terceiro més (p < 0,05),
mostrando evidéncias de predominincia do simpético. Maior balango autondmico cardfaco no GM em
relagio ao GC indicou que, embora o envelhecimento influencie o comportamento autondmico, pode
também ser alterado pela nutrigdo. Morfologicamente, o aumento da proporgao de peso de ventriculos/peso
corporal do ventriculo foi visto no GM. Esses resultados mostram que os cora¢cées do GM nio foram
poupados pela ma nutrigio associada com a idade. Em detrimento dos efeitos cardiacos associados com a
ma nutrigio.

Palavras-chave: envelhecimento, dieta multideficiente, eletrocardiograma, anilise espectral, morfologia dos ventriculos.

cardiovascular diseases in adult life in humans

Malnutrition is a complex phenomenon caused
by various etiologies (OLIVARES et al., 2005) and is
responsible for a number of alterations that occur in
the organism, including alterations in the
cardiovascular  system. Various authors have
reported an association between malnutrition
during the pre-natal period and the appearance of

(BARKER, 1998; BARKER, 2004; VIJAYAKUMAR
et al., 1995); and experimental animals (LANGLEY-
EVANS et al., 1994; MONTEIRO et al.,, 2001;
PAIXAO et al., 2001; SILVA et al., 2011; TONKISS
et al., 1998; VIEIRA FILHO et al., 2014). Diverse
studies have shown that malnutrition, not only
during the fetal period, but even during other
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periods of development, may be responsible for
alterations in the cardiovascular system, such as the
following: increase in blood pressure (MURCA
et al., 2012; OLIVEIRA et al., 2004) and heart rate
(OLIVEIRA et al, 2004), -electrophysiological
alterations (OLIVARES et al., 2005; PISSAIA
et al., 1980; SARAIVA et al., 1992), morphological
and histological modifications of the heart (PISSAIA
et al.,, 1980), change in the contractile function of
the myocardium (NUTTER et al., 1979; PINOTTI
et al., 2010) and maybe even alterations in the
regulatory mechanisms of the cardiovascular system
as, for example, in the autonomic nervous system
(ANS) (PENITENTE et al, 2007; TROPIA
et al., 2001).The principal cause of chronic
malnutrition is the socioeconomic status of an
individual; however, it may also arise when adequate
nutrition is available in qualitative terms, if
associated with diseases like cystic fibrosis, chronic
kidney disease, Aids and alcoholism, among others
(OLIVEIRA et al., 2004), or even due to voluntary
dietary restriction for various reasons, including
psychological reasons such as anorexia nervosa
(SHETTY, 2006). Few studies have investigated
malnutrition using a protocol of undernourishment
for prolonged periods. We believe that malnutrition
occurring after weaning, especially for long periods,
can also be responsible for changes in the
cardiovascular system. Thus, the aim of this study
was to examine heart rate (HR), systolic blood
pressure (SBP), and spectral analysis of the HR of
rats subjected to malnutrition from 21 days to
9 months of age, secking to compare the effects of
malnutrition on the process of aging and the
mechanism of cardiovascular disease.

Material and methods

Animals

Male Wistar rats were maintained in cages in a
room with an ambient temperature of +21°C
under  adequate  experimental  conditions,
including a controlled climate, an adequate air
circulation system and a photoperiod that
provided 12 of light and 12 hours of darkness.
Previously, female breeding rats were mated with
male rats and monitored daily throughout
gestation and suckling phase. During these
phases, the female breeding rats were fed with a
standard Labina® diet. Offspring were weaned at
21 days of life, and only males were chosen for
further research. Male rats were separated into
two experimental groups: a control group
(CG, n = 32) with rats fed the standard Labina®
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diet, and another group, malnourished (MG,
n = 31), with rats fed a multi-deficient diet, from
21 days (weaning) up until 9 months of age,. Both
groups received their diet and water ad libitum.
Body weight and SBP (recorded indirectly)
were measured and electrocardiograms (ECG)
performed weekly in rats from both groups, in
accordance with the procedures described below.
SBP behavior, spectral analysis of HR variability
and changes in heart morphology were examined.

Ethical considerations

All experimental procedures involving animals
in this study were approved by the Ethics
Committee for Animal Experimentation of the
Center of Biological Sciences of the Federal
University of Pernambuco and were carried out
in accordance with the Committee’s guidelines.
Diet

Malnutrition was induced through a deficient
diet as previously described (TEODOSIO
et al., 1990). The diet (g g% ') was comprised of
beans  —Phaseolus  vulgaris  (18.34),  manioc
flour-Manihot esculenta (64.81), beet jerky (3.74) and
sweet potato-Ipomea batatas (12,76). They were
cooked, then dehydrated at 60°C and, finally,
pulverized. All components were mixed with water.
Meat fat (0.35) was added and the mixture was
shaped into pellets that were dehydrated at 60°C for
24 hours. The contents of the main nutrients
(g g%™), as determined by the Pernambuco Federal
University’s Laboratory for Food Experimentation
and Analysis, are shown in Table 1.

Table 1. Diet composition (g g%™).

LABINA' Multideficient’
Protein 20.5 8.59
Carbohydrates 56.35 81.52
Lipids 6.18 1.72
Vitamin suplement Yes No
Sodium 0.110 0.109
Ashes 7.09 1.68
Kcal 363.02 375.00

'As indicated by the manufacturer (Purina Agriband, Paulinia, Sio Paulo State, Brazil).
*According to the Laboratory for Food Experimentation and Analysis of the Nutrition
Department at the Federal University of Pernambuco.

Measurement of systolic blood pressure

SBP was measured by the indirect method and
measurements were taken weekly by means of a
tail-cuft  plethysmograph  (Model IITC 31,
Woodland Hills, CA - USA) using software supplied
by the manufacturer. For this purpose, the animals
were confined and simultaneously acclimated by
warming them for 3 to 5 min. to a temperature of
37°C (through a 100 W bulb placed in the upper
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part of a plastic box in which the animals were kept).
A previously calibrated sensor was placed in the
region near the tail to obtain SBP values. The
instantaneous values of this parameter
recorded in files and later analyzed. On average,
3 measurements were performed on each animal per
week, taken 5 after heating and at 3 min. intervals,
for a total of 3 measurements per animal. The
individual values for each animal were calculated
through the mathematical average of the
measurements made. In our study, animals from both
groups were evaluated at 3, 5, 7, and 9 months of age.

were

Electrocardiogram and heart rate

ECG recordings were obtained wusing a
non-invasive method in accordance with a
methodology  adapted by our laboratory

(COLUGNATT et al., 2005). In this procedure,
non-anesthetized placed
polyethylene box in a resting position supporting
their paws on electrodes (silver rods) located on
the floor of the box in which the animals were
kept. The ECG signal was picked up, amplified
and recorded in a computer using BioMed® data
acquisition software system (Jodo Pessoa, Paraiba
State Brazil). After placement of the animal into

animals were in a

the box, there was a period of approx. 5 min. to
allow the animal to adapt to its surroundings.
Then 3 ECG recordings of 1 min. each were
taken per animal, in the DI derivation, at intervals
of 2 min., for approximately 10 min. total.
Records of at least 20 consecutive cycles were
considered for the analysis. HR was quantified
through analysis of the RR interval (RRi). In our
study, animals from both groups were evaluated
from 3 to 9 months of age. In order to assess HR
responses (relatives values), the difference of each
HR measurement was calculated in reference to
the baseline, i.e. that of the third month.

Spectral analysis of the heart rate

The good signal quality obtained from the
ECG made it possible for us to study HR
variability in the animals, to evaluate the role of
the autonomic nervous system (ANS) in the
modulation of the cardiac autonomic tonus.

To undertake spectral analysis, we used the
software developed in the Pre-Clinical Science
Department, University of Milan - Italy, which
uses the autoregressive model for analysis in the
frequency domain of the spectral components.
Each heart beat was identified through the use of
an algorithm implemented in the BioMed®
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system, which automatically detected the RRi of
the ECG. After the automatic reading, the
recording was visually inspected to identify and/or
correct any incorrect markings. Then, the
temporal series of the cardiac interval (tachogram)
was created. When necessary, we used an
interpolation of the tachogram series to remove
undesired distortions. The data were stored in
files and used later for determination of the
spectral analysis. The band for the frequency of
interest for spectral analysis in rats is found in the
interval from 0 to 3 Hz.

The  spectral integrated
into3frequency bands of interest: high frequencies
(HF) between 0.8 and 3 Hz, low frequencies (LF)
between 0.2 and 0.8 Hz, and very low frequencies
(VLF), less than 0.2 Hz. The sympathetic-vagal or
autonomic calculated by
determination of the ratio between the components
of LF and HF (PAGANI et al., 1986). In our study,
animals from both groups were evaluated at 3, 5, 7
and 9 months of age.

power  was

balance was also

Morphology

Animals were anesthetized with 60 mg kg
sodium pentobarbital (Cristilia Produtos Quimicos
Farmacéuticos, Itapira, Sio Paulo State, Brazil) by
intraperitoneal (IP) injection. The right femoral vein
was dissected and animals perfused with saline
solution (0.9%) and subsequently killed by overdose
of anesthetic. The heart was removed, washed with
saline solution, dried on filter paper and weighed for
calculation of wet Weight (wW) using a digital scale
(model AL204, METTLER-TOLEDO GmbH,
Greifensee, Switzerland) with precision of 0.1mg.
For measurement of dry weight (dW), the ventricles
(v) were dehydrated in a laboratory drying and
sterilizing oven (FANEM- Model 315SE, Sio Paulo
State, Brazil), which was maintained at 70°C for 48
hours. The wW coefficient of the ventricle (g) body™”
weight (g) x 100 (WW bW x 100) was calculated in
all cases. The water content of the tissues was
evaluated by the dW wW' ratio of the ventricles.
Three animals from each group (CG and MG) were
used for each reading.

Statistical analysis

Statistical analysis of weight gain in rats from
both experimental groups (CG and MG) at all ages
studied and comparative analysis of the
cardiovascular parameters examined were performed
using one-way ANOVA followed by Dunnett test
and two-way ANOVA followed by the Bonferroni
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test. The results are expressed in mean = SEM and
relatives values. Values of p < 0.05 were considered
statistically significant.

Results

Weight gain

Analysis of changes in weight gain (Figure 1) in
our study showed that, with the exception of rats at
weaning (CG: 46 = 1 gvs. MG: 44 * 1 g), rats from
the MG weighed significantly less at all ages when
compared to rats from the CG (two-way ANOVA
p < 0.001).

500- # #
y# # 7

400 #
= #
": 3004 = CG
_'51 -+ MG
@ 2004
= 2

100

c L L L) L] T L L L)

w12 3 4256 7 8 9
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Figure 1. Evolution of weight of Control Group (CG) and
Malnourished Group (MG) with age. The values are mean = SEM

Statistical analyses were performed by two-way ANOVA followed by
Bonferroni test. “p < 0.001 compared with CG, w = weaning,

Systolic blood pressure

SBP levels did not present any statistically-
significant difference between the groups at any age
two-way ANOVA; p > 0.05). The values for rats from
the CG and MG at 3, 5, 7, and 9 months were:
128.6 = 1.89 (n = 32) and 1295 = 2.17 mm Hg
(n = 32); 1240 = 135 (n = 24) and 1272 +
1.6 mm Hg (n = 24); 122.5 = 1.96 (n = 16) and 118.5
+ 0.95 mm Hg (n = 16); 125.0 = 4.54 (n = 8) and
116.7 = 1.1 mm Hg (n = 8), respectively. However,
the MG presented a significant reduction in SBP at
advanced age (one-way ANOVA, p < 0.05).

Heart rate

HR levels and their responses are shown in Figures
2 and 3, respectively. HR was significantly higher in
the MG compared to the CG for rats at 3, 4, and 5
months of age (two-way ANOVA, p < 0.05). Similar
to what was observed for SBP, the MG presented a
significant reduction of HR with advanced age
(one-way ANOVA, p < 0.05).

HR responses were significantly decreased in the
MG compared to the CG for 5-, 6-, 7-, 8-, and
9-month-old rats (4 = 2 bpm vs. 3 = 2 bpm, -3 * 2
bpm vs. 3 £ 2 bpm and -6 * 2 bpm vs. 3 * 2 bpm,
respectively; p = 0.01 for all comparisons).
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Figure 2. Evolution of Heart Rate (HR) with age in Control
Group (n = 32) and Malnourished Group (n = 32). The values
are mean = SEM. p < 0.05. Statistical analyses were performed
by two-way ANOVA followed by Bonferroni test and by one-way
ANOVA followed by Dunnett test. “p < 0.05 compared with
control group. ™p < 0.01 compared with malnourished group
3months. *p < 0.05 compared with malnourished group at 3 months.
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Figure 3. HR responses at different ages in Control Group (CG)
and Malnourished Group (MG) in relation to HR at 3 months.
The values are mean * SEM. Statistical analysis was performed
by two-way ANOVA followed by Bonferroni test. *p < 0.05
compared with control group.

Spectral analysis

Values of components of the spectral analysis
are shown in Table 2. The normalized LF
component (nu) was significantly greater
(p < 0.05) in the MG when rats were 3, 5, and
7 months old. In addition, for both the CG and
the MG, the normalized LF components
increased with advanced age, although a
significant difference was not observed in rats
between the ages of 7 and 9 months. The
normalized HF component was significantly less
in the MG (p < 0.05) in 3-, 5-, and 7-month-old
rats. The normalized HF component was reduced
in both the CG and the MG with advanced age
(one-way ANOVA, p < 0.05).

The cardiac autonomic balance (LF HF™) was
significantly greater in the MG compared to the
CG when rats were 3, 5, and 7 months old, but
not in 9-month-old rats (two-way ANOVA,
p < 0.05), showing predominance of sympathetic
tonus.
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Table 2. Spectral Analysis of the Heart Rate at different ages in
Control Group (CG) and Malnourished Group (MG).

Groups
Ranges CG MG
LF, znu
AGE (months)
3 18.7£25 (n = 4) 32802 (n=4)"
5 28.1%x1.5 (n = 5) 41.4%15 (n = 8)*
7 39.9%2.0 (n = 5)'t 52.8+1.2 (n = 7)"1
9 59.7+2.15 (n = 5)'1 ¢ 53.5%3.6 (n = 6)'
HF, ;nu
AGE (months)
3 81.3+25 67.2+0.2*
5 71.9+15 58.6+1.5"
7 60.1£2.0"1 472+12%1
9 40.3+2.15" 1+ 46.5+3.6" 1+
LF HF"'
AGE (months)
3 0.23 +£0.04 0.49 +0.00*
5 0.38+0.03 0.71+0.04*
7 0.67+0.06" 1.13+0.05"1
9 1.5+0.13"F ¢ 1.15+0.19'1

LF: Low Frequency; HF: High Frequency; R-R: Cardiac Interval; nu: normalized unit;
ms”: millisecond squared. *vs. 3 months, T vs. 5 months, t vs. 7 months; * vs. 3rd, 5th,
7th, and 9th months (p < 0.05).

Morphological analysis of the heart

The vwW bW ratio was significantly greater in
the MG at all ages examined (Table 3, two-way
ANOVA, p < 0.05). In the ventricles, the dW wW!
ratio was not statistically different between the
groups at any of the ages studied.

Table 3. Ratio between ventricle wet weight/body weight (vwW
bW-') and ventricle dry weight/ventricle wet weight (vdW vwW-')
in the Control Group (CG) and Malnourished Group (MG).

CG (n=3) MG (n = 3)
Age L vWWbW'x100  vdW vwW'  vwW bW 'x100 vdW vwW'
(months)
3 0.244 + 0.0247 0.228 = 0.0038 0.318 = 0.0053" 0.227 =+ 0.0045
5 0.202 + 0.0127 0.212 = 0.0034 0.387 = 0.0345" 0.198 =+ 0.0042
7 0.202 = 0.0070 0.212 = 0.0024 0.347 = 0.0047% 0.204 = 0.0032
9 0.243 + 0.0167 0.2141 % 0.006 0.327 = 0.0093" 0.200 + 0.0071

Statistical analysis was performed by two-way ANOVA followed by Bonferroni test.
#p < 0.05 compared with control group.

Discussion

Literature relating malnutrition induced by a
multideficient diet to cardiovascular alterations in
rats of different ages is scarce. In addition to
malnutrition, aging also produces structural and
functional changes in the cardiovascular system,
such as loss of elasticity of the arteries and increased
blood pressure. The use of a multideficient diet as
an experimental model of malnutrition aids in the
study of some biological aspects of nutrition in the
population  of  Northeastern  Brazil.  The
experimental model used in this paper is based on a
previousl described multideficient diet
(TEODOSIO et al., 1990). The diet presently used
is deficient in several important nutrients, different
from other undernourishment models, such as
reduction of protein content (OLIVEIRA
et al.,, 2004; PENITENTE et al., 2007, TROPIA
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et al, 2001) or quantitative restriction using
balanced diets (OKOSHI et al., 2001; SUGIZAKI
et al., 2005). In the present study, the results show
that an extended period of malnutrition (9 months)
in rats does not cause hypertension, but
physiological and morphological aspects of the heart
do suffer adverse effects. In the MG, HR differed in
two ways. It was elevated in relation to the CG
when rats were 3, 4, and 5 months old, and it was
significantly reduced in the MG as the
malnourished rats grew older (at 6, 7 and 8 months
of age).

A great deal of epidemiological and experimental
evidence exists regarding the involvement of fetal
malnutrition as the origin of various cardiovascular
diseases, such as hypertension, in adult life
(BARKER, 1990; LANGLEY-EVANS et al., 1994;
SUGIZAKI et al., 2005; TONKISS et al.,, 1998),
suggesting that the alterations found in the
cardiovascular system may be related to the stage of
development in which undernourishment occurs.
Clinical and experimental studies that have
investigated the effects of post-natal malnutrition on
hemodynamic variables are controversial. Rats
submitted to malnutrition after weaning did not
show difterences in SBP and HR compared to
normally nourished rats (BARKER, 1992; BENABE
et al, 1993; FIORETTO et al, 2002; TROPIA
et al., 2001). Similar results were also seen in studies
with humans (OLIVARES et al., 2005). In these
studies, nevertheless, chronic = malnutrition,
represented by the clinical state of Kwashiokor and
marasmus, led to hypotension and bradycardia
(OKOSHI et al., 2004; TALNER, 1990). Thus, in
our malnutrition model, in which malnutrition
occurred throughout the life of the animal
(9 months), it is likely the chronic nature of the
malnutrition is responsible for modifications in SBP
and HR due to age in the MG compared to the CG.
Although the age-dependent decrease in SBP and
HR we observed may not be characterized as a
hypotensive and bradycardic state, as seen in cases of
Kwashiokor and marasmus, it showed a trend in the
same direction, i.e., reduction in SBP and HR.
Thus, because these parameters reflect cardiac
function, in all probability, this diet significantly
influences performance of the heart. In the CG,
however, no age-related difference in HR and SBP
was observed. These results are in agreement with
those of a previous study (GROVER; EE, 2009),
which did not observe differences between the levels
of mean arterial pressure (MAP) and HR between
young rats (70 days) and old rats (24 months).

Modifications
important influence on the central nervous system

in nutrient intake have an

(CNS), which in turn exerts an important influence
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on regulation of the cardiovascular system
(TROPIA et al., 2001), as the latter is modulated by
both the nervous system and hormonal regulation
(PENITENTE et al., 2007). Studies on rats fed a
low-protein diet (7%) showed an increase in
sympathetic nervous system (SNS) activity in these
animals (IRIGOYEN et al., 2000). Another study
showed that undernourishment in Fisher rats,
induced by a low-protein diet (6% of
protein),resulted in greater variability of HR and
MAP when compared to rats fed a normal diet
(OLIVEIRA et al., 2004), suggesting an increase in
sympathetic tone.

The high quality of the ECG signals obtained in
our study permitted us to examine HR variability in
these animals. In our spectral analysis of the HR, we
found an increase in the LF component and an
increase in autonomic balance in the MG, indicating
greater sympathetic activity in rats at 3, 5 and
7 months of age. According to Kaufman
et al. (1986), it is accepted by many authors that an
increase in the LF band occurs along with, and is
considered a marker for, an increase in SNS activity.
According to these findings and reports in the
literature, we suggest that the increase in the LF
component in the MG maybe related to changes in
the SNS.

Based on these results, we expected that an
increase in sympathetic activity would lead to
elevated SBP and HR in the MG when compared to
the CG. However, because HR only increased in
rats between 3 and 5 months of age, and decreased
after wards along with the SBP, a response of the
adrenergic receptors to increased sympathetic
activity may have occurred in the 3™ to the
5" month. Evidence of adrenergic receptor
involvement comes from studies showing preserved
(OKOSHI et al, 2001) or increased (DROTT
et al.,, 1986; YOUNG et al., 1985) beta-adrenergic
responsiveness. In general, this information provides
evidence that SBP and HR levels may not be
influenced by autonomic regulation as consequence
of modifications either in the expression or in the
sensitivity of the adrenergic receptors resulting from
the nutritional state. These findings suggest that in
the MG, in addition to modifications arising from
aging, malnutrition also influences cardiac
autonomic behavior.

According to Notarius and Floras (2001), the
predominance of the LF component in the spectral
analysis of the HR has been observed in patients
with class II Congestive Heart Failure (CHF)
(NYHA), but it diminishes or becomes absent in
classes III and IV. This reduction, however, does

Sant’Helena et al.

not necessarily represent a reduction in sympathetic
activity in advanced CHF which is accompanied by
sympathetic hyperactivity, as observed by Negrio
et al. (2001), by means of the microneurography of
the peroneal nerve, and high levels of circulating
catecholamines found in these patients as observed
by La Rovere et al. (2003). A state of CHF in
malnourished animals is not strange, since some
studies on the effects of malnutrition in humans
reported CHF and  cardiomyopathies  in
malnourished children (MAISCH et al., 2002;
TALNER, 1990). Thus, the behavior of the
sympathetic activity, through the spectral analysis of
the HR in malnourished animals in the present study,
is similar to the autonomic state found in CHF.

Modifications in the autonomic modulation of
rats from the CG were also observed. An increase in
the LF component was observed as a function of
age; however, these modifications are similar to
those seen in response to aging, as previously
described (KLEBANOWV et al., 1997). However, the
increase in the LF component is often not
accompanied by alterations in the SBP and HR, as it
has been shown that responsiveness to
beta-adrenergic stimuli in the heart decreases with
age (NARKIEWICZ et al, 2005). Another
interesting finding was that SBP values were
maintained in the MG even with oscillations in HR
present (Figures 1 and 2), suggesting that peripheral
vascular resistance may influence cardiac behavior
and the possible involvement of other systems like
the renin-angiotensin system (RAS).

Data in the literature in relation to the
preservation of the cardiac muscle in malnutrition
are conflicting. According to Fioretto et al. (2002),
the heart weight/body weight ratio may vary in
accordance with the duration and model of
undernourishment adopted. Thus, for a normal
individual submitted to a period of food privation
for a short time, the heart may be spared, relatively
speaking, from undernourishment due to the
catabolism which occurs in other tissues, such as the
adipose tissue and the glycogen reserves; whereas in
chronic caloric-proteinic undernourishment, due to
the inhibited growth of the animal, the heart will
never reach its normal size.

For other authors, the heart weight/body weight
ratio reflects a cardiac function; for Talner (1990), if
the demand is increased, as occurs in severe anemia
or in the overloading of volume, the size of the heart
might increase and, according to Nutter
et al. (1979), the cardiac atrophy observed in
undernourishment probably occurs as a result of the
decrease in the work of the heart.

In our study, the ventricle weight/body weight
ratio was greater in the MG compared to the CG,

Acta Scientiarum. Biological Sciences

Maringd, v. 36, n. 4, p. 467-475, Oct.-Dec., 2014



Heart rate and malnourished

indicating a greater reduction in body weight in
relation to ventricle weight in the MG. Other
authors have obtained similar results in studies on
rats. (OKOSHI et al, 2001) and humans
(KAWAMURA et al., 2007; SARAIVA et al., 1992),
even when both ventricles (right and left) were
weighed separately (OKOSHI et al., 2001).

On the other hand, the relative preservation of
ventricle weight found in our study can be explained
by edema in the myocardium, for there were no
significant differences in the dry weight/wet weight
ratio of the ventricles in either of the groups
(CG and MG) nor at any specific age. In contrast to
Nutter et al. (1979), who investigated, through the
dry weight/wet weight ratio of the heart, the eftects
of caloric/proteinic undernourishment after weaning
in rats. They found reduced heart weight in
undernourished animals and, in the histological
study, they did not observe pathological alterations,
nor edema, in the left ventricle.

The aging processes, which in our study was
from 21 days to 9 months of age, appeared to affect
the autonomic behavior of the heart in both groups,
as indicated by the increase in the sympathetic-vagal
balance (Table 3); however, aging did not give rise
to worsening or modifications of morphological
characteristics of the heart in the animals fromthe
MG.

Our studies were concluded when rats reached
9 months of age due to the high incidence of
mortality in malnourished animals past this age.
Also, malnourished animals older than 9 months
were very fragile and many would not survive when
subjected to invasive procedures such as autonomic
blockade with drugs and anesthetics.

Conclusion

In conclusion, our data confirms that blood
pressure parameters are maintained in the MG
similar to the CG; however, the HR in the MG was
increased compared to the CG, but showed a
decrease with age. An increase in the sympathetic
component was found in the MG suggesting a
cardiac autonomic dysfunction. Further studies are
necessary to elucidate the molecular mechanisms
that are involved and modified in the cardiac eftects
seen in malnourished rats.

Acknowledgements

This research was supported by grants from
the Brazilian Rescarch Council
(MCT/CNPq/474429/2007-5) and the Fundagio
de Amparo 3 Ciéncia e Tecnologia do Estado de
Pernambuco (Facepe).

473

References

BARKER, D. J. The fetal and infant origins of adult
disease. British Medical Journal, v. 301, n. 6761,
p. 1111, 1990.

BARKER, D. J. The fetal origins of adult hypertension.
Journal of Hypertension, v. 10, n. 7, p. 39-44, 1992.
BARKER, D. J. In utero programming of chronic disease.
Clinical Science, v. 95, n. 2, p. 115-128, 1998.

BARKER, D. J. The developmental origins of chronic
adult disease. Acta Paediatrica, v. 93, n. 446, p. 26-33,
2004.

BENABE, J. E.;; FERNANDEZ-REPOLLET, E.; TAPIA,
E: LUO, C.. MARTINEZ-MALDONADO, M.
Angiotensin II and catecholamines interaction in short-
term low protein feeding. Kidney International, v. 44,
n. 2, p. 285-293, 1993.

COLUGNATI, D. B.; GOMES, P. A. P.; ARIDA, R. M.;
ALBUQUERQUE, M.; CYSNEIROS, R. M;
CAVALHEIRO, E. A.; SCORZA, F. A. Avaliacio de
parimetros cardfacos em animais com epilepsia: possivel
causa de morte stibita? Arquivos de Neuro-Psiquiatria,
v. 63, n. 4, p. 1031-1041, 2005.

DROTT, (O EKMAN, L. HOLM, S
WALDENSTROM, A.; LUNDHOLM, K. Effects of
tumor-load and malnutrition on myocardial function in
the isolated working rat heart. Journal of Molecular and
Cellular Cardiology, v. 18, n. 11, p. 1165-1176, 1986.
FIORETTO, J. R;; QUERIOZ, S. S.; PADOVANI, C.
R.; MATSUBARA, L. S.; OKOSHI, K.; MATSUBARA,
B. B. Ventricular remodeling and diastolic myocardial
dysfunction in rats submitted to
malnutrition. American Journal Physiology-Heartand
Circulation Physiology, v. 282, n. 4, p. 1327-1333,
2002.

GROVER, Z.; EE, L. C. Protein energy malnutrition.
Pediatric Clinics of North America, v. 56, n. 5,
p- 1055-1068, 2009.

IRIGOYEN, M. C.; MOREIRA, E. D.; WERNER, A
IDA, F.; PIRES, M. D.; CESTARI, I. A.; KRIEGER, E.
M. Aging and baroreflex control of RSNA and heart rate
in rats. American Journal Physiology-Regulatory,
Integrative and Comparative Physiology, v. 279, n. 5,
p. 1865-1871, 2000.

KAUFMAN, Y.; YOUNG, ]J. B; LANDSBERG, L.
Sympathetic effect of protein nervous system activity in
the rat. The Journal of Clinical Investigation, v. 77,
n. 2, p.551-558, 1986.

KAWAMURA, M,; ITOH, H.; YURA, S.; MOGAMI,
H.; SUGA, S.; MAKINO, H.,; MIYAMOTO, Y.
YOSHIMASA, Y.; SAGAWA, N, FUJI, S.
Undernutrition in utero augments systolic blood pressure
and cardiac remodeling in adult mouse offspring: possible
involvement of local cardiac angiotensin system in

developmental  origins of  cardiovascular  disease.
Endocrinology, v. 148, n. 3, p. 1218-1225, 2007.

KLEBANOV, S.; HERLIHY, J. T.; FREEMAN, G. L. Effect

of long-term food restriction on cardiac mechanics.

protein-calorie

Acta Scientiarum. Biological Sciences

Maringd, v. 36, n. 4, p. 467-475, Oct.-Dec., 2014



474

American Journal of Physiology, v. 273, n. 5,
p- 2333-2342, 1997.

LA ROVERE, M. T.; PINNA, G. D.; MAESTRI, R
MORTARA, A; CAPOMOLLA, S.; FEBO, O
FERRARI, R.; FRANCHINI, M.; GNEMMI, M,
OPASICH, C.; RICCARDI, P. G.; TRAVERS] E;
COBELLI, F. Short-term heart rate variability strongly
predicts sudden cardiac death in chronic heart failure
patients. Circulation, v. 107, n. 4, p. 565-570, 2003.

LANGLEY-EVANS, S. C.; PHILLIPS, G. J.; JACKSON,
A. A. In utero exposure to maternal low protein diets
induces hypertension in weanling rats, independently of
maternal blood pressure changes. Clinical Nutrition,
v. 13, n. 5, p. 319-324, 1994.

MAISCH, B.; RISTIC, A. D, HUFNAGEL, G
FUNCK, R.; ALTER, P.; TONTSCH, D.; PAKUWEIT,
S. Dilated cardiomyopathies as a cause of congestive heart
failure. Herz, v. 27, n. 2, p. 113-134, 2002.

MONTEIRO, F. M,; LAHLOU, S.; ALBUQUERQUIE,
J. A;; CABRAL, A. M. Influence of a multideficient diet
from northeastern Brazil on resting blood pressure and
baroreflex sensitivity in conscious, freely moving rats.
Brazilian Journal of Medical and Biological
Research, v. 34, n. 2, p. 271-280, 2001.

MURCA, T. M;; MAGNO, T. S. R;; MARIA, M. L. A;;
CAPURUCU, C. A. B;; CHIANCA JR., D.; FERREIRA,
A. J. Cardiac responses of rats submitted to postnatal
protein restriction. Applied Physiology, Nutrition and
Metabolism, v. 37, n. 3, p. 455-462, 2012.

NARKIEWICZ, K. PHILLIPS, B. G.; KATO, M.
HERING, D.; BIENIASZEWSKI, L.; SOMERS, V. K.
Gender-selective  interaction between aging, blood
pressure, and sympathetic nerve activity. Hypertension,
v. 45, n. 4, p. 522-525, 2005.

NEGRAO, C. E;; RONDON, M. U. P. B.; TINUCC]I,
T.; ALVES, M. ]J. N.; ROVEDA, F.; BRAGA, A. M. W.;
REIS, S. F; NASTARI, L; BARRETO, A. C. P
KRIEGER, E. M.; MIDDLEKAUFF, H. R. Abnormal
neurovascular control during exercise is linked to heart
failure severity. American Journal Physiology-Heart
and Circulation Physiology, v. 280, n. 3,
p. H1286-H1292, 2001.

NOTARIUS, C. F.; FLORAS, ]J. S. Limitations of the use
of spectral analysis of heart rate variability for the
estimation of cardiac sympathetic activity in heart failure.
Europace, v. 3, n. 1, p. 29-38, 2001.

NUTTER, D. O.; MURRAY, T. G.; HEYMSFIELD, S.
B.; FULLER, E. O. The effect of chronic protein-calorie
undernutrition in the rat on myocardial function and
cardiac function. Circulation Research, v. 45, n. 1,
p. 144-152, 1979.

OKOSHI, M. P.; OKOSHI, K.; PAI, V. D.; SILVA PAI,
M. D.; MATSUBARA, L. S.; CICOGNA, A. C.
Mechanical, biochemical, and morphological changes in
the heart from chronic food-restricted rats. Canadian
Journal of Physiology and Pharmacology, v. 79, n. 9,
p- 754-760, 2001.

OKOSHI, K.; FIORETTO, J. R; OKOSHI, M. P;
CICOGNA, A. C.; ARAGON, F. F.; MATSUBARA, L.

Sant’Helena et al.

S.; MATSUBARA, B. B. Food restriction induces in vivo
ventricular dysfunction in spontaneously hypertensive rats
without impairment of in vitro myocardial contractility.
Brazilian Journal of  Medical and Biological
Research, v. 37, n. 4, p. 607-613, 2004.

OLIVARES, J. L; VAZQUEZ, M.; RODRIGUES, G.;
SAMPER, P.; JESUS, F.
echocardiographic findings in malnourished children.
Journal of American College of Nutrition, v. 24, n. 1,
p- 38-43, 2005.

OLIVEIRA, E. L.; CARDOSO, L. M.; PEDROSA, M. L,;
SILVA, M. E; DUN, N. J;, COLOMBARI, E;
MORAES, M. F.; CHIANCA ]JR., D. A. A low protein
diet causes an increase in the basal levels and variability of
mean arterial pressure and heart rate in Fisher rats.
Nutrition Neuroscience, v. 7, n. 4, p. 201-205, 2004.
PAGANI, M., LOMBARDI, F., GUZZETI, S
RIMOLDI, O.; FURLAN, R, PIZZINELLI, P
SANDRONE, G.; MALFATTO, G.; DELL’ORTO, S.;
PICCALUGA, E.; TURIEL, M., BASELLI, G
CERUTT]I, S.; MALLIANTI, A. Power spectral analysis of
heart rate and arterial pressure variabilities as a marker of
sympatho-vagal interaction in man and conscious dog.
Circulation Research, v. 59, n. 2, p. 178-193, 1986.

PAIXAO, A. D; MACIEL, C. R; TELES, M. B;
FIGUEIREDO-SILVA, J. Reginal Brazilian diet-induced
low birth weight is correlated with changes in renal

eletrocardiographic  and

hemodynamics and glomerular morphometry in adult age.
Biology of the Neonate, v. 80, n. 3, p. 239-246, 2001.
PENITENTE, A. R.; FERNANDES, L. G.; CARDOSO,
L. M; SILVA, M. E.; PEDROSA, M. L.; SILVA, A. L,
HAIBARA, A. S.; MORAES, M. F. D.; CHIANCA JR.,
D. A. Malnutrition enhances cardiovascular responses to
chemoreflex activation in awake rats. Life Sciences, v. 81,
n. 7, p. 609-614, 2007.

PINOTTI, M. F.; LEOPOLDO, A. S.; SILVA, M. D
SUGIZAKI, M. M. NASCIMENTO, A. F,;
LEOPOLDO, A. P. L; ARAGON, F. F.; PADOVANI,
C. R; CICOGNA, A. C. A comparative study of
myocardial  function  and during
fasting/refeeding and  food  restriction in  rats.
Cardiovascular Pathology, v. 19, n. 5, p. E175-E182,
2010.

PISSAIA, O.; ROSSI, M. A;; OLIVEIRA, J. S. M. The
hearth in  protein-calorie
Morphological, eletrophysiological and biochemical
changes. Journal of Nutrition, v. 110, n. 10,
p- 2035-2044, 1980.

SARAIVA, L. R;; BRINDEIRO FILHO, D.; NORA, A.
D. O coragio na crianga portadora de desnutri¢io
caldrico-proteica. Arquivos. Brasileiro de Cardiologia,
v. 58, n. 5, p. 345-351, 1992.

SHETTY, P. Malnutrition and
Medicine, v. 12, n. 34, p. 524-529, 2006.
SILVA, L. A. C.; VIEIRA FILHO, L. D.; BARRETO, 1. S. S;
CABRAL, E. V; VIEYRA, A; PAIXAO, A. D. O. Prenatal

morphology

malnutrition in  rats:

undernutrition.

Acta Scientiarum. Biological Sciences

Maringd, v. 36, n. 4, p. 467-475, Oct.-Dec., 2014



Heart rate and malnourished

undernutrition changes renovascular responses of nimesulide
in rat kidneys. Basic and Clinical Pharmacology and
Toxicology, v. 108, n. 2, p. 115-121, 2011.

SUGIZAKI, M. M.; CARVALHO, R. F.; ARAGON, F.
F.; PADOVANI, C. R.; OKOSHI, K.; OKOSHI, M. P;
ZANATIL S. G.; SILVA PAIL, M. D.; NOVELLL E. L. B;
CICOGNA, A. C. Myocardial dysfunction induced by
food restriction is related to morphological damage in
normotensive middle-aged rats. Journal of Biomedical
Science, v. 12, n. 4, p. 641-649, 2005.

TALNER, N. S. Cardiac changes in the malnourished
child. Nestlé Nutrition, v. 10, p. 229-244, 1990.
TEODOSIO, N. R; LAGO, E. S;; ROMANI, A. S
GUEDES, R. C. A regional basic diet from northeast
Brazil as dietary model of experimental malnutrition.
Archivos Latinoamericanos de Nutrition, v. 40, n. 4,
p- 533-547, 1990.

TONKISS, J.; TRZCINSKA, M.; GALLER, J. R.; RUIZ-
OPAZO, N.; HERRERA, V. L. M. Prenatal malnutrition-
induced changes in blood pressure: dissociation of stress

and  nonstress responses using radiotelemetry.
Hypertension, v. 32, n. 1, p. 108-114, 1998.

TROPIA, E. C.; CARDOSO, M. L.; PEDROSA, M. E;;
SILVA, A. S.; HAIBARA, M. F.; MORAES, M. F. D
CHIANCA JR., D. A. Effects of low-protein diet on the

475

baroreflex and bezold-jarisch reflex in conscious rats.
Nutrition Neuroscience, v. 4, n. 2, p. 99-107, 2001.
VIEIRA FILHO, L. D.; CABRAL, E. V.; FARIAS, J. S.;
SILVA, P. A.; MUZI FILHO, H.; VIEYRA, A.; PAIXAO,
A. D. Renal molecular mechanisms underlying altered
Na+ handling and genesis of hypertension during
adulthood in prenatally undernourished rats. British
Journal of Nutrition, v. 111, n. 11, p. 1932-1944, 2014.

VIJAYAKUMAR, M.; FALL, C. H. D.; OSMOND, C;
BARKER, D. J. P. Birth weight, weight at one year, and
left ventricular mass in adult life. British Heart Journal,
v.73,n. 4, p. 363-367, 1995.

YOUNG, J. B.; KAUFMAN, L. N.; SAVILLE, M. E;
LANDSBERG, L. Increased sympathetic nervous system
activity in rats fed a low-protein diet. American Journal
of Physiology, v. 248, n. 5, p. 627-637, 1985.

Received on July 28, 2013.
Accepted on_July 11, 2014.

License information: This is an open-access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited

Acta Scientiarum. Biological Sciences

Maringd, v. 36, n. 4, p. 467-475, Oct.-Dec., 2014



