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Abstract

Several studies have focused on the heart rate variability (HRV) of murine species, while studies discussing HRV in murine
neonates and infants remain scarce, since recording hemodynamic signals through invasive methods in small animals has been
found to be quite challenging. Thus, this study aimed at describing and validating a novel method to assess HRV in newborn
rats. An electrocardiogram (ECG) system was used to determine RR intervals in awake newborns and evaluate HRV in
normotensive (Wistar) and hypertensive (SHR) neonate rats. After birth, ECG was recorded in the awake newborns, and they
were allowed to rest on a heated surface, restricted only by the weight of the adhesive ECG electrodes. The electrodes were cut
and adapted to provide more comfort to the animal, and gently placed on the newborn’s skin. RR intervals were recorded over a
30-min period using an ECG system together with LabChart software (4 KHz). Three sequences of 5 min each from the ECG
recording period were analyzed in time and frequency domains, using CardioSeries software. ECG data resulted in a clearly
interpretable signal that was used to generate an RR interval sequence through time for the analysis of HRV. SHR neonates
presented increased cardiac sympathovagal balance compared to Wistar neonates (low frequency/high frequency: 3.85+ 0.71
vs 0.90 £ 0.09). In conclusion, the ECG setup here described may be used to record RR intervals to assess HRV in neonate

rats, thus detecting early impairment of HRV in hypertensive newborns.
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Introduction

When observed on a beat-to-beat- basis, cardiovas-
cular variables exhibit rhythmical fluctuations in their mean
values even in the absence of any external stimulus (1).
These beat-to-beat variations are the result of autonomic
modulation, operating to guarantee a rapid adaptation to
environmental or physiological stress (1,2). In this sense,
heart rate variability (HRV) is a quantitative marker of
autonomic activity in the heart (3).

A number of studies have been devoted to HRV in
murine animals, although HRV in neonate and infant rats
remains rather understudied. The quality of the signal, the
R-to-R intervals (RR) gathered from the electrocardiogram
(ECG), and the pulse interval obtained from direct arterial
pressure recording are critical components for HRV
analysis. In this sense, the acquisition of biological signals
in small animals, particularly by invasive arterial pressure
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procedures, is quite challenging due to the need of
specialized surgical skills and expensive recording equip-
ment (4). For this reason, the use of an ECG platform is a
viable alternative methodology to obtain RR interval in
neonates and assess cardiac autonomic modulation. In
this study, we described the use of an ECG setup for the
acquisition of RR interval to assess HRV in neonate rats.

Decreased HRV has been found to be a predictor
of increased morbimortality in a range of populations,
including hypertensives (2,5). Studies with human normo-
tensive offspring of hypertensive parents have demon-
strated decreased HRV, characterized by higher cardiac
low frequency (LF) band and lower cardiac high frequency
(HF) band, together with increased LF/HF ratio (6). This
reflects an autonomic nervous system dysfunction, which
may be described as a loss of homeostasis between
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HRV assessment in neonates

sympathetic and parasympathetic functions (7). Moreover,
increased sympathetic activity has been largely observed
in SHR rats, at least in the early stage of hypertension (8),
and the hypertension is often detected in their 3rd—6th
week of life (9,10). The animal also presents reduced
parasympathetic activity in adult life (11). Given these
findings on HRV impairment in young and adult hyperten-
sives, we may speculate that these unfavorable changes
may be manifested in neonate SHRs. Thus, the aim of the
present study was to describe and validate a method to
assess HRV in awake neonates, comparing normotensive
and hypertensive newborns rats.

Material and Methods

Animals

Eight-week-old Wistar and SHR rats (3 females and
1 male/each line) were obtained from the Universidade
Nove de Julho (UNINOVE) for mating. The procedures
and protocols used in this study followed the guidelines of
Ethics in Care of Experimental Animals, approved by the
Institutional Animal Care and Use Committee, and by
UNINOVE’s CEUA (AN0011/2017).

After the gestation period, the mothers were isolated in
individual boxes and checked daily for birth control. One
newborn at a time was separated from the mother during
the first 24 h after birth, classified according to sex, and
had adhesive electrodes placed on the skin for electro-
cardiogram (ECG) recording. Ano-genital distance was
used for sex identification of neonates. Two to three male
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neonates of each litter were randomly selected to compose
a group (n=8/each group): newborn Wistar control rats (WC
neonates) and newborn SHR rats (SHR neonates).

Setup for RR interval acquisition in neonates:
electrodes and ECG system

On the day of birth, neonates were briefly separated
from the mother to record the 30-min period at rest,
and then they were euthanized. The animals were kept
unsedated and allowed to rest on a heated surface (V831,
SonoBel, Brazil), restricted only by the weight of ECG
electrodes. Adhesive disposable ECG electrodes (ML02
MedLevensohn, Shanghai INTCO Electrode Manufactur-
ing Co., Ltd., China) were cut to reduce their sizes, remov-
ing excess sponge, and were adapted to provide more
comfort to the animal, while the part with the silver sensor
(Ag/AgCl) was gently placed on the skin of the newborn
(Figure 1A). Three Micro-Hook electrodes (1.5 mm Socket,
ADInstruments Ltd., New Zealand) were connected to the
sensors of the electrodes placed on the right and left limbs
of the newborn, as negative and positive poles, respec-
tively, as well as on the back of the animal, as a neutral
wire. RR intervals were recorded over a 30-min period
using an ECG system (BioAmp FE231, ADInstruments
Ltd.) and LabChart software (version 8, ADInstruments
Ltd.). The sampling rate was 4000 Hz.

RR interval detection and HRV analysis
LabChart software detects RR intervals and creates
a time-series file containing all RR intervals (tachogram).
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Figure 1. A, Electrocardiographic (ECG) data acquisition in a neonate rat. B, ECG wave signals. C, Tachogram obtained by cardiac

interval recording.
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The software processed the ECG data for beat-to-beat RR
detection, using the detection of typical QRS through the
specific settings for rat analysis of the LabChart ECG
analysis mode.

The entire tachogram was visualized by plotting the
RR interval over time through an Excel graphic, and the
three most stable sequences of 5 uninterrupted min from
the total period were chosen. We chose one sequence at
the beginning, one sequence in the middle, and one
sequence at the end of the 30 min of ECG recording. The
sequences were individually analyzed for HRV and the
mean value of the 3 sequences was calculated for each
animal. The HRV was analyzed in time and frequency
domains (spectral analysis was used for frequency
domain parameters) with the CardioSeries (version 2.4,
CardioSeries Software, Universidade de Sao Paulo,
Brazil) software, using 512 Fast Fourier Transformation
(FFT), interpolation rate of 10 Hz, and the standard
frequency-domain for rats: very low frequency band (VLF:
0.00-0.20 Hz), low frequency band (LF: 0.20-0.75 Hz),
and high frequency band (HF: 0.75-3.00 Hz). The LF
band of RR interval (LF-RR) and the HF band of RR
interval (HF-RR) are reported as absolute value and as
normalized units (nu).

Statistical analysis

Data are reported as means = SE. The Kolmogorov-
Smirnov test was used to evaluate data normality and
t-test was used to compare groups. The statistical signif-
icance level was established at P<0.05.

Results

Figure 1B shows the ECG signal recording on the day
of birth from a newborn offspring of a normotensive rat,
using the protocol described above. This recording showed
clearly interpretable ECG waves, generating an RR
interval sequence through time (tachogram, Figure 1C)
and making it possible to assess HRV using a specialized
software (CardioSeries). This demonstrates the ease of
accurately recording RR intervals for HRV assessment in
neonates using the protocol proposed in this study.

On the day of birth, SHR neonates presented reduced
body mass compared to WC (SHR: 4.25+0.10 vs WC:
6.58 £ 0.11 g). The SHR group showed increased cardiac
interval compared to WC (SHR: 382+ 17 ms vs WC:
278+ 5 ms).

Moreover, we validated a method for HRV assessment
in neonates, which was demonstrated to be accurate in
detecting differences in HRV parameters between normo-
tensive and hypertensive neonate rats. Figure 2A displays
the spectrum from a Wistar normotensive neonate and
from a hypertensive neonate and shows an increased
power in the LF band of the SHR neonate compared to the
WC neonate.
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There were no differences in total RR variance, standard
deviation of RR interval, and root mean square of the
successive differences (RMSSD) between groups (Table 1).

The LF band and VLF band of RR interval were
increased in absolute value in SHR neonates compared
to WC neonates, although no significant difference was
found regarding the HF band in absolute value (Table 1).
There was an increase in the LF band and a decrease
in the HF band of RR intervals in normalized units in
SHR neonates (71.38+4.49 and 28.61+4.49%) com-
pared to WC neonates (43.58 +2.25 and 56.41 +2.25%)
(Figure 2B and C). These alterations in cardiac autonomic
balance were clearly demonstrated by the LF/HF ratio,
which was significantly higher in the SHR group (WC
neonates: 0.90+0.09 and SHR neonates: 3.85%0.71)
(Figure 2D).

Discussion

The aim of this study was to describe and validate a
method to assess HRV in newborn rats and for that we
had to obtain accurate and reliable ECG setup for the
acquisition of RR interval in awake newborns, thus making
it possible to evaluate HRV in both normotensive and SHR
neonate rats. A significant advantage of this approach is
to obtain the RR interval using ECG recordings, a non-
invasive approach that was able to analyze the HRV in
small rodents (4). Another advantage lies in the quality of
the RR interval signal from the ECG, a crucial component
for HRV analysis. The ECG platform is considered the
“gold standard” for monitoring heart rate (HR) (2), and at
a sample rate of 4000 Hz, it provides a clear and easily
interpretable signal. Data obtained in this fashion must be
viewed with caution, since restraining and anesthesia may
affect physiological parameters (4). However, unlike mice
with rapid HR (2), neonate rats remain calm and do not
need to be sedated or restrained for recordings.

We should bear in mind that the beat-to-beat HR
variability assessment reflects the ability of the animal to
respond to environmental and physiologic stress, such
as changes in volume status, arterial pressure, and auto-
nomic tone (2). The main mechanism underlying HR
fluctuations, in short-term cardiovascular control, seems to
be the sympathetic and parasympathetic efferent activities
modulating the sinus node pacemaker activity (12). This
indicates that HRV is dependent on cardiac autonomic
regulation (13). In this sense, a decrease in HRV is
associated with a decreased ability of an individual to
adapt to stress and has been linked to increased mortality
in many populations such as myocardial infarcted,
hypertensives, and the elderly (2,5). The power spectral
analysis of HRV is able to assess sympathetic excitation
and concomitant vagal withdrawal, and as such, detect
any shift in sympathovagal balance (12). Short recordings
of HRV show two primary patterns of oscillation, LF and
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Figure 2. A, Power spectrums of Wistar control (WC) and spontaneously hypertensive rat (SHR) neonates. B, Low frequency (LF) band
of RR interval in normalized units (nu). C, High frequency (HF) band of RR interval in nu, D, LF/HF ratio. VLF: very low frequency band.
Data are reported as means + SE. *P <0.05 vs WC neonates (Student’s t-test).

Table 1. Heart rate variability parameters in time and frequency domains of normotensive Wistar neonates

and spontaneously hypertensive (SHR) neonates.

Wistar neonates SHR neonates

RR interval total variance (ms?)
RR interval standard deviation (ms)
RMSSD (ms)

VLF abs (ms?)

LF abs (ms?)

HF abs (ms?)

24,64 +3.45 30.24 £10.77
4.27+0.37 7.19+1.67
2.02+£0.48 2.98+0.59
1.17+£0.44 4.35+0.93"
0.67£0.34 3.16£0.92*
0.73+0.44 0.91+£0.28

Data are reported as means + SE (n=8/group). RMSSD: root mean square of the successive differences;
VLF: very low frequency band; LF: low frequency band; HF: high frequency band; ms: milliseconds; abs:
absolute value. *P <0.05 vs Wistar neonates (Student’s t-test).

HF bands (13). Sympathetic modulation may be seen by
LF nu or by the LF/HF ratio calculations (12,13). However,
the LF and HF absolute values seem to have a major
impact on parasympathetic activity, and a large number of
studies have found that total vagal blockade is capable of
eliminating HF oscillations and reducing the power in the
LF absolute value (14). Moreover, since LF nu and HF nu
are equal to 100% power, HF nu cannot be seen as an
actual representative of parasympathetic activity, as this
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would require reciprocal changes in sympathetic and
parasympathetic modulation, in a very strict complemen-
tary interaction (15).

In the literature, SHR rats have been found to present
augmented sympathetic activity in the kidney at around
4-5 months old (16) and in the spleen at around 13-20
weeks old (8). In the heart, 45-50-week male SHR rats
present higher sympathetic effect and sympathovagal index,
followed by reduced parasympathetic effect, compared to
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control rats (17). However, when the cardiac sympathetic
tone of 4—6-month-old SHR rats was evaluated by spectral
analysis, no difference was found compared to Wistar rats,
while the cardiac parasympathetic tone was reduced in
SHR (18). These authors suggest that SHR animals may
have an increased sympathetic tone to the heart, leading to
hypertension, together with greater parasympathetic control
early in life, which may diminish throughout their life span
(18). Another study that involved SHR males (11-week-old)
reported reduced HRV probably due to intermittent sympa-
thetic or vagal activations or to reduced vagal tone
discharge (11).

In the present study, using the described method
for HRV assessment in newborn rats, we demonstrated
an increase in the index related to cardiac sympathetic
modulation in the SHR neonates, as observed by the
LF band absolute value and nu, along with LF/HF ratio
increase compared to control neonates. Moreover, although
RMSSD and HF band in absolute value remained un-
changed, the normalized HF band was significantly
reduced, while VLF absolute value was increased in SHR
compared to control. Recently, associations between VLF
and high sympathetic activity have been discussed (19).
It has been pointed out that the sympathetic nervous
system may play a greater role in the initial and early
stages of elevated arterial pressure in both rats and
humans with genetic hypertension, with high sympathetic
nerve activity present in at least some stages of the

References

1. Porta A, Zebrowski J. Inferring cardiovascular control from
spontaneous variability. Auton Neurosci 2013; 178: 1-3, doi:
10.1016/j.autneu.2013.05.006.

2. Ho D, Zhao X, Gao S, Hong C, Vatner DE, Vatner SF. Heart
rate and electrocardiography monitoring in mice. Curr Protoc
Mouse Biol 2011; 1: 123-39, doi: 10.1002/9780470942390.
mo100159.

3. Heart rate variability: standards of measurement, physiolo-
gical interpretation and clinical use. Task Force of the
European Society of Cardiology and the North American
Society of Pacing and Electrophysiology. Circulation 1996;
93: 1043-1065, doi: 10.1161/01.CIR.93.5.1043.

4. Stoyell-Conti FF, Santos F, Machi JF, Hernandez DR,
Barboza CA, Irigoyen MC, et al. Measurement of mouse
heart rate variability using echocardiographic system. J
Cardiovasc Echogr 2018; 28: 90-94, doi: 10.4103/jcecho.
jcecho_51_17.

5. Huikuri HV, Yilitalo A, Pikkujamsa SM, lkéheimo MJ,
Airaksinen KE, Rantala AO, et al. Heart rate variability in
systemic hypertension. Am J Cardiol 1996; 77: 1073—-1077,
doi: 10.1016/S0002-9149(96)00135-X.

6. Chinagudi S, Herur A, Patil S, Shashikala GV, Ankad R.
Comparative study of heart rate variability in normotensive
offsprings of hypertensive parents. Biomed Res 2013; 24:
123-126.

7. De Angelis K, Irigoyen MC, Morris M. Diabetes and
cardiovascular autonomic dysfunction: application of animal

Braz J Med Biol Res | doi: 10.1590/1414-431X20209493

5/6

diseases (10). A study has found greater levels of
catecholamines in the adrenals in SHR pups and higher
sympathetic control of the heart through induction of
ornithine decarboxylase activity, at 2 days of age (20).
Tucker and Johnson (21) have shown that 4-day-old SHR
rats implanted with a subcutaneous silver wire electrode
present an increased adrenergic contribution to heart rate.
In fact, the SHR offspring are normotensive at birth (8,9),
similarly to normotensive offspring of hypertensive humans
(6), but they inherit impaired autonomic heart modulation,
as demonstrated in the present study. They were born with
higher cardiac sympathetic modulation and increased LF/
HF ratio compared to control neonates.

In conclusion, our findings demonstrated the viability
to record RR interval and analyze HRV in newborns
using the described ECG setup. Moreover, using this
method we were able to demonstrate impaired cardiac
autonomic modulation in the SHR neonates since the day
they were born, as shown by the higher cardiac sympa-
thetic modulation.

Acknowledgments

This study was funded by the Coordination for the
Improvement of Higher Education Personnel (CAPES),
Universidade Nove de Julho (UNINOVE, Brazil), and the
Sao Paulo Research Foundation (FAPESP 2018/17183-4;
2018/19006-2).

models. Auton Neurosci 2009; 145: 3-10, doi: 10.1016/
j-autneu.2008.10.013.

8. lIriuchijima J. Sympathetic discharge rate in spontaneously
hypertensive rats. Jpn Heart J 1973; 14: 350-356, doi:
10.1536/ihj.14.350.

9. Anishchenko AM, Aliev Ol, Sidekhmenova AV, Shama-
naev AY, Plotnikov MB. Dynamics of blood pressure
elevation and endothelial dysfunction in SHR rats dur-
ing the development of arterial hypertension. Bull Exp
Biol Med 2015; 159: 591-593, doi: 10.1007/s10517-015-
3020-8.

10. Trippodo NC, Frohlich ED. Similarities of genetic (sponta-
neous) hypertension. Man and rat. Circ Res 1981; 48: 309-
319, doi: 10.1161/01.RES.48.3.309.

11. Friberg P, Karlsson B, Nordlander M. Sympathetic and
parasympathetic influence on blood pressure and heart rate
variability in Wistar-Kyoto and spontaneously hypertensive
rats. J Hypertens Suppl 1988; 6: S58-S60, doi: 10.1097/
00004872-198812040-00014.

12. Montano N, Ruscone TG, Porta A, Lombardi F, Pagani M,
Malliani A. Power spectrum analysis of heart rate variability
to assess the changes in sympathovagal balance during
graded orthostatic tilt. Circulation 1994; 90: 1826—-1831, doi:
10.1161/01.CIR.90.4.1826.

13. Heathers JAJ. Everything Hertz: methodological issues in
short-term frequency-domain HRV. Front Physiol 2014; 5:
177, doi: 10.3389/fphys.2014.00177.


http://dx.doi.org/10.1016/j.autneu.2013.05.006
http://dx.doi.org/10.1002/9780470942390.mo100159
http://dx.doi.org/10.1002/9780470942390.mo100159
http://dx.doi.org/10.1161/01.CIR.93.5.1043
http://dx.doi.org/10.4103/jcecho.jcecho_51_17
http://dx.doi.org/10.4103/jcecho.jcecho_51_17
http://dx.doi.org/10.1016/S0002-9149(96)00135-X
http://dx.doi.org/10.1016/j.autneu.2008.10.013
http://dx.doi.org/10.1016/j.autneu.2008.10.013
http://dx.doi.org/10.1536/ihj.14.350
http://dx.doi.org/10.1007/s10517-015-3020-8
http://dx.doi.org/10.1007/s10517-015-3020-8
http://dx.doi.org/10.1161/01.RES.48.3.309
http://dx.doi.org/10.1097/00004872-198812040-00014
http://dx.doi.org/10.1097/00004872-198812040-00014
http://dx.doi.org/10.1161/01.CIR.90.4.1826
http://dx.doi.org/10.3389/fphys.2014.00177
http://dx.doi.org/10.1590/1414-431X20209493

HRV assessment in neonates

14.

15.

16.

17.

Shaffer F, McCraty R, Zerr CL. A healthy heart is not a
metronome: an integrative review of the heart’s anatomy
and heart rate variability. Front Psychol 2014; 5: 1040, doi:
10.3389/fpsyg.2014.01040.

Silva LEV, Geraldini VR, de Oliveira BP, Silva CAA, Porta A,
Fazan R. Comparison between spectral analysis and
symbolic dynamics for heart rate variability analysis in
the rat. Sci Rep 2017; 7: 8428, doi: 10.1038/s41598-017-
08888-w.

Lundin S, Ricksten SE, Thorén P. Renal sympathetic activity
in spontaneously hypertensive rats and normotensive con-
trols, as studied by three different methods. Acta Physiol
Scand 1984; 120: 265-272, doi: 10.1111/j.1748-1716.1984.
tb00133.x.

Lemos MP, Mota GRD, Marocolo M, Sordi CC, Chriguer RS,
Barbosa Neto O, et al. Exercise training attenuates
sympathetic activity and improves morphometry of splenic

Braz J Med Biol Res | doi: 10.1590/1414-431X20209493

18.

19.

20.

21.

6/6

arterioles in spontaneously hypertensive rats. Arq Bras
Cardiol 2018; 110: 263-269, doi: 10.5935/abc.20180053.
Murphy CA, Sloan RP, Myers MM. Pharmacologic responses
and spectral analyses of spontaneous fluctuations in heart
rate and blood pressure in SHR rats. J Auton Nerv Syst 1991;
36: 237-250, doi: 10.1016/0165-1838(91)90047-7.

Shaffer F, Ginsberg JP. An overview of heart rate variability
metrics and norms. Front Public Health 2017; 5: 258, doi:
10.3389/fpubh.2017.00258.

McCarty R, Kirby RF, Cierpial MA, Jenal TJ. Accelerated
development of cardiac sympathetic responses in sponta-
neously hypertensive (SHR) rats. Behav Neural Biol 1987;
48: 321-333, doi: 10.1016/S0163-1047(87)90879-X.
Tucker DC, Johnson AK. Development of autonomic control
of heart rate in genetically hypertensive and normotensive
rats. Am J Physiol 1984; 246: R570-R577, doi: 10.1152/
ajpregu.1984.246.4.R570.


http://dx.doi.org/10.3389/fpsyg.2014.01040
http://dx.doi.org/10.1038/s41598-017-08888-w
http://dx.doi.org/10.1038/s41598-017-08888-w
http://dx.doi.org/10.1111/j.1748-1716.1984.tb00133.x
http://dx.doi.org/10.1111/j.1748-1716.1984.tb00133.x
http://dx.doi.org/10.5935/abc.20180053 
http://dx.doi.org/10.1016/0165-1838(91)90047-7
http://dx.doi.org/10.3389/fpubh.2017.00258
http://dx.doi.org/10.1016/S0163-1047(87)90879-X
http://dx.doi.org/10.1152/ajpregu.1984.246.4.R570
http://dx.doi.org/10.1152/ajpregu.1984.246.4.R570
http://dx.doi.org/10.1590/1414-431X20209493

	title_link
	Introduction
	Material and Methods
	Animals
	Setup for RR interval acquisition in neonatescolon electrodes and ECG system
	RR interval detection and HRV analysis

	Figure 1.
	Statistical analysis

	Results
	Discussion
	Figure 2.
	Table  Table 1. Heart rate variability parameters in time and frequency domains of normotensive Wistar neonates and spontaneously hypertensive lparSHRrpar neonates
	Acknowledgments

	REFERENCES
	References


