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ABSTRACT

PURPOSE: The current study investigated role of nitric oxide (NO), produced by neuronal nitric oxide
synthase (nNOS) on heart rate variability (HRV) in spontaneously hypertensive rats (SHR).

METODS: The selective neuronal nitric oxide synthase (nNOS) inhibition was performed by
application of 7-Nitroindazole (7NI) in conscious normotensive Wistar rats (n=10) and in SHR
(n=10), intravenously in a dose 2mg/kg/h. Blood pressure wave was registered directly through a
femoral artery catheter in a control period and during nNOS inhibition. In spectrograms of heart rate,
derived by FFT algorithm, spectral power (P) in the low (LF), mid (MF) and high (HF) frequency band
were studied. Throughout relation, Pye/Pyr the sympatho-vagal balance was determined.

RESULTS: The nNOS derivate NO in Wistar rats decreased Py from 1.39+0.34 to 0.43+0.03 ms?,
p<0.05 and altered Pye/Pyr ratio from 0.80+0.1 to 0.44+0.03, (p<0.05). In SHR, nNOS inhibition did
not affect HRV.

CONCLUSIONS: The absence of inhibiting action of nNOS-derived NO on sympathetic
neurotransmission in normotensive rats led to a decrease of sympathetically mediated oscillations in
heart rate and to displacement of sympatho-vagal balance. The lack of effect of nNOS-derived NO
inhibition in SHR on the HRV may be a result of the impaired nNOS signaling pathway in SHR.
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INTRODUCTION

Heart rate variability (HRV) is a reliable
criterion  for  evaluation of  various
physiological factors modulating the normal
rhythm of the heart. The spectral analysis of
HRYV is widely applied to assess the state of
the autonomic nervous system, responsible for
the heart regulation, as well as the balance
between the sympathetic and parasympathetic
activity in the heart rate control (1).

Nitric oxide (NO) is a diffusible signal
molecule, synthesized by a number of cell
types throughout the body. NO biosynthesis
from the substrate L-arginine is performed by
three distinct isoforms of nitric oxide synthase
(NOS), found in a variety of tissues (liver,
brain, heart) and cell types (macrophage,
endothelial, microglial) (2). The endothelial
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(eNOS) and neuronal, (nNOS) nitric oxide
synthase isoforms constitutively expressed.
The third, inducible (iNOS) NOS isoform is
triggered by an inflammatory immune
response. The role of nitric oxide signaling in
cardiovascular system has been defined in
processes such as neural transmission, blood
vessels dilation and regulation of cardiac
function (3). However, the exact site and
specific action of NO in regulation of cardiac
functions have remained elusive. Although NO
is a highly diffusible, it has been established,
signaling via eNOS and nNOS is
compartmentalized and eNOS and nNOS
modulate differently the cardiac function (4,
5). Recent data have demonstrated, nNOS is
present in the Ca °* storage of cardiac
myocytes (6, 7), in the peripheral vagal and
sympathetic nerves (8, 9) and in the autonomic
control regions of the central nervous system
(10), suggesting this isoform may play a
significant role in the control of cardiac
function and his excitability. The available
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experimental data established nNOS-derived
NO affects the cardiac excitability through its
action as a neuromodulator of the
postganglionic sympathovagal transmission
(11-13).

In hypertension, cardiac autonomic impairment
is an important contributor to the
pathophysiological phenotype of the disease. A
lot of evidence support the observation that the
activity of the sympathetic nervous system is
dramatically increased both in hypertensive
patients (14, 15) and in the spontaneously
hypertensive rats (SHR), (16, 17). The
mechanism causing enhanced neurohumoral
activation, established in SHR is unknown, but
may be directly related to the nitric oxide NO—
cGMP disruption, modulating norepinephrine
release in central autonomic nuclei (18) and
peripheral varicosities (11).

The aim of the current study was to determine
the role of nitric oxide, produced by neuronal
nitric oxide synthase in heart rate variability
modulation in spontaneously hypertensive rats.

MATERIALS AND METHODS
Experiments were carried out on conscious,
male normotensive Wistar rats (n=10) and
spontaneously hypertensive rats SHR, (n=10)
at the same age: 12-14 weeks. The experiments
were conducted in accordance with guidelines
for the care and use of laboratory animals of
the ethical commission at the Medical
University - Sofia based on the Convention on
Animal Protection. The animals were housed
under standard conditions: constant
temperature 22 °C; 12/12 h light /dark cycle;
free access to standard rat chow and tap water.
SHR were selected by systolic arterial pressure
over 170 mmHg, measured noninvasively by
tail cuff method (Ugo-Basile). For drug
application and for  blood  pressure
measurement the femoral vein and the femoral
artery were catheterized. 24 hours before the
experiments  under  general  anesthesia
(Nembutal- Sigma) applied i.p, in a dose 35
mg/kg b.w. The catheters were tunneled
subcutaneously and exteriorized at the back of
the neck of the rats. To avoid blood clotting,
the catheters were flushed by 200 1U/ml
heparin in 0.9% sterile saline. In the next day,
after recovery of the animals from the surgical
intervention, experiments were performed on
conscious freely moving animals. Arterial
blood pressure wave was registered in control
and experimental periods directly in the
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femoral artery by blood pressure transducer
Gould Statham P23ID, connected to data
acquisition system Biopac MP100WS. During
a control period (40 min), sterile saline was
infused in a rate 25upl/min, throughout
previously implanted venous catheter. The
selective neuronal nitric oxide synthase
(nNQS) inhibition was performed by infusion
of 7-Nitroindazole in dose 2 mg/kg/h. The
effect of nNOS inhibition was studied 20 min
after the start of the infusion (25ul/min) in
course of 40 minutes. The heart rate (HR) was
calculated from the inter-pulse interval (IPI),
determined from the arterial blood pressure
wave, by peak and rate detectors of the
AcgKnowledge 3.8 software in terms of time
between diastolic minimums of each heart
beat. The obtained row data were resampled at
10 Hz. The spectrograms were derived from
512 successive values through virtual
instrument developed in graphic programming
environment Lab VIEW 3.1.1., by Fast Fourier
Transform algorithm. The spectral power (P)
in the low (LF), mid (MF) and high (HF)
frequency band typical of rats (20-195; 195-
605; 605-3000 mHz, respectively) in msec’
were studied (19). Sympatho-vagal balance
was determined by relation of power of mid to
high frequency band Puye/Pye  in the
spectrograms.

Statistical analysis was performed by Student’s
t-test. The results are presented as mean+SEM.
Differences less than p<0.05 were considered
statistically significant.

RESULTS

The systolic arterial blood pressure in SHR
was higher in comparison to Wistar rat:
185.1+3.5 vs. 133.8+1.6 mmHg, (p<0.01). In
the control period, mean values of heart rate
(HR) did not differ between normotensive and
spontaneously hypertensive rats: 344.316.6
and 338.3£7.2 b.p.m. Selective nNOS ihibition
by 7NI did not change HR neither in Wistar
(345.1+£5.7 b.p.m.), nor in SHR (342.7 8.9
b.p.m.).

The spectral power P ¢ and Pye did not differ
between Wistar rats and SHR. The Pye in SHR
was reduced compared to Wistar rats:
0.42+0.06 ms® vs. 1.39+0.34 msec?, (p<0.01).
As a results of the decreased mid frequency
oscillations in SHR the relation Puye/Pue
displaced to low level. In SHR, Pye/PyE ratio
was 0.38+0.01 vs. 0.80+0.10 in Wistar rats,
(p<0.01).
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In normotensive Wistar rats, the application of
7NI did not change the low frequency spectral
power: 3.90+0.59 and 3.88+0.42 ms? as well
as the high frequency spectral power:
1.1240.15 and 1.23+0.08 ms”. However, the
selective nNOS inhibition provoked a decrease
of Pye from 1.39+0.34 to 0.43+0.03 ms?,
p<0.01. The Pwe/Pue ratio in normotensive
Wistar rats altered from 0.80+0.1 to 0.44+0.03,
(p<0.01) during the selective nNOS inhibition.
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In contrast to Wistar rats, nNOS inhibition in
SHR did not change power distribution in
spectrograms. The P g, Pyr and Py in control
period and during nNOS inhibition in SHR
were: 4.30+0.18 ms® and 4.03+0.33 ms?;
0.42+0.06 ms® and 0.48+0.06 ms?; 1.24+0.14
ms? and 1.1740.11 ms®. The sympatho-vagal
balance in SHR was not affected by the 7NI
application. During nNOS inhibition, Pye/Pue
ratio was 0.37£0.04. (Fig. 1)
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Fig.1. Spectral power distribution in low (P.g), mid (Pwg), high (Pyg) frequency band and sympatho-
vagal balance (Pue/Pre) in normotensive Wistar rats and in spontaneously hypertensive rats (SHR) in
control period (Control) and during selective nNOS inhibition by intravenous application of

7Nitroindazole (7NI) in a dose 2 mg/kg/h.

## (p<0.01) show statistically significant differences between Wistar rats and SHR
** (p<0.01) show statistically significant effects as a result of selective nNOS inhibition

DISCISSION

In our study, we have found different response
of heart rate variability to nNOS inhibition
between normotensive Wistar rats and
spontaneously hypertensive rats (SHR). The
differences between Wistar and SHR in control
conditions in the HRV established in the
current study are in correspondence to our (20)
and other results discussed in detail previously
(21, 22). The SHR strain, a frequently used
genetic  animal model of  essential
hypertension, is associated with autonomic

imbalance in the central and peripheral nervous
system (23). It has been established,
bradycardic response and acetylcholine release
of the vagal nerve stimulation are reduced in
the SHR at the level of the -cardiac
postganglionic neurons (24). On the other
hand, it has been observed, the norepinephrine
release from the right atria in response to field
stimulation in SHR is higher compared to
normotensive rats (25). This gives direct
evidence that the sympathetic nervous system
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is hyper-reactive in the SHR at cardiac level.
In SHR reduced mid frequency variations,
related mainly to the cardiac sympathetic
modulation, indicate decreased heart rate
ability to respond to deviations of increased
sympathetic nerve activity. The displaced
sympatho-vagal balance, determined by HR
spectral characteristics is in agreement with the
established autonomic imbalance in SHR.

Defective NOS signaling via eNOS has been
widely implicated in the vascular aspect of
hypertension. Cumulative evidences now
suggest neuronally synthesized NO may also
play a role in pathophysiology of hypertension
(26). The signaling pathway responsible for the
NNOS-derived NO inhibiting sympathetic
neurotransmission is currently not completely
elucidated. Awvailable experimental data
indicate soluble guanylate cyclase (sGC), the
main target protein of NO, is markedly
desensitized/downregulated in hypertension
(26, 27). The increase of norepinephrine
release in the normotensive rats and lack of
effect in the SHR during guanylate cyclase
inhibition suggested functional uncoupling of
NO to its second messenger cGMP (22). We
suppose that the absence of the inhibiting
action of nNOS-derived NO on sympathetic
neurotransmission in normotensive Wistar rats
led to a decrease of sympathetically mediated
mid frequency oscillations in heart rate and to
displacement of sympatho-vagal balance. In
SHR, nNOS inhibition did not affect HRV
heart rate variability. This may be a result of
the impaired nNOS signaling pathway in SHR
accepted as a contributing factor to the cardiac
autonomic dysfunction.
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