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Abstract

Objective. To evaluate the dynamics of arterial blood pressure and sympathetic activity in the male
Wistar rats within 8 weeks after renal artery clamping (model «2 kidneys — 1 clamp»). Design and
methods. The sympathetic activity was examined by spectral analysis of the heart rate variability in
the non-anaesthesized rats. The sympathetic vasomotor activity was examined by the registration of
electric activity of the cervical spine cord in anaesthesized animals. Results. We found that sympathetic
activity to the heart and blood vessels is comparable. Two weeks after renal artery clamping the activity
of the sympathetic nervous system increases, and 4 weeks later it comes close to the reference values in
the developed hypertension and then increases to maximum values by the end of the experiment.
Conclusions. Based on our results, the mechanism of hypertension after renal artery clipping, is fairly
complex, but, in the end, it appears to be associated with the increased activity of vasomotor spinal
cord neurons.
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Pe3rome

Heab HACTOALIETO MCCAEAOBAHMS 3aKIIOYAIAcCh B U3yYEHUS] JUHAMHUKHU apTEPHAIBHOIO J1aBlIe-
HUS M aKTUBHOCTH CHMITaTHUECKOM HEPBHOM cucTeMbl y KpbIc TMHUM Wistar Ha IPOTSKEHUU TePBBIX
8 Henmenp pa3BUTHS Ba30PEHAIBHOW TMIIEPTEH3MM B MOJENH «2 Mouku — | 3axxum». MarepuaJbl
U MeToabl. CUMITaTUYECKYI0 aKTUBHOCTb K CEp/IIly OLIEHMBAJIU Ha OOJPCTBYIOMIMX KUBOTHBIX METO-
JIOM CHEKTPaJIbHOTO aHajlIu3a BapuabeIbHOCTU cepeuHoro purmMa. CUMIAaTHYECKyI0 Ba30MOTOPHYIO
AKTUBHOCTb OLICHUBAJIMU ITyTEM PErUCTPALIMHU NIEKTPUUECKONW AKTUBHOCTHU IIEWHOIO CUMIIATHYECKOTO
CTBOJIA IO HAPKO30M Y TeX k€ KpbIC. Pe3ysbTrarsl. Okazanock, 4TO JUHAMHKA CUMITATUYECKON aKTHB-
HOCTH K CEpJILly U cocyAaM MPUHIMITUAIILHO He paznuydaercd. [Ipu aTom 0OHapy eHO, YTO ecliu yepes
2 Hezlenu IMOoCie HAJIOXKEHUS 3aKMMa Ha IOYEYHYH apTepUI0 aKTUBHOCTh CUMIIATHYECKOW HEPBHOM
CUCTEMBI YBEIMUMBAETCS, TO Uepes 4 HeJleIM OHa MPUOIMKAeTCs K KOHTPOJIBHBIM 3HAYSHUSIM IIPU pa3-
BUTOH TMIEPTEH3UH U 3aTEM CHOBA BO3PACTAET JO MAKCUMAJIbHBIX 3HAYEHUI K KOHILY SKCIIEPUMEHTA.
BobiBoabl. TakuM 00pa3oM, MEXaHU3M apTepHAJIbHOM TMIIEpTEH3UH, BO3HUKAIOLIEH MOCIe KIUIHPOBa-
HUS [TIOYE€YHOU apTepHUH, UMEET JOCTATOYHO CIOKHBIN XapakTep, OAHAKO B KOHEYHOM CUETE€ OCHOBHOE
3HaY€HUE, NO-BUMMOMY, UIMEET YCHIIEHNE aKTUBHOCTH Ba30MOTOPHBIX HEMPOHOB CIIMHHOI'O MO3ra.

KuroueBsble ci10Ba: Ba30peHAIbHAS TUIIEPTEH3US, CUMIIaTHYECKasi aKTUBHOCTD, YaCTOTA CEPJICYHBIX
COKpAIeHUH, CIIEKTPAJIbHBINA aHAJIN3

Jlna yumuposanus: Kysvmenxo H. B., Uepoun IO. 1., Ilnucc M. I, Hviprun B. A. Xapaxmep uzmenenus CUMnamuyeckoul
AKMUBHOCIU K cepoyy U CoCyOam npu pazeumui SIKCNEPUMEHMAIbHOU 8430PeHAbHOU cunepmensuu (2 nouku — I 3axcum).
Apmepuanvras eunepmensus. 2014,20 (6):515-521.
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Introduction

Increased activity of the renin-angiotensin
system is one of the reasons for renovascular
hypertension [1, 2]. Enhanced sympathetic
activity is another contributing factor [3—10].
Efferent renal nerve activity influences the
sodium excretion in the renal tubules and thus
participates in the long-term regulation of blood
pressure (BP) [11, 12]. Changes in the afferent
stimulation from the kidney with stenotic artery
play an essential role in high BP maintenance in
renal ischemic disease [13, 14].

However, the evidence regarding the role of
sympathetic activity in renovascular hypertension
development are controversial. Thus, in rabbits
with hypertension 3 and 6 weeks after renal artery
clipping, sympathetic activity was decreased in
the non-ischemic kidney (model “two kidney —
one clip”) [15]. Only few studies reported in-
creased sympathetic activity assessed by muscle
neurography and norepinephrine spillover in the
whole body in patients with renovascular hyper-
tension [16].

Thus, although the increase in sympathetic
activity in the clamped renal artery was proven in
multiple studies, its pathogenetic role for the
development and maintenance of renovascular
hypertension in a model “two kidney — one
clip” remains disputable. There is no agreement
whether all sympathetic neurons are excited by
renal ischemia, or multi-directional changes in the
activity of these neurons occur. The correlations
between neuron activity of the sympathetic
nervous system regulating different functional
elements of the cardiovascular system and BP
with the course of renovascular hypertension are
understudied.

The aim of our work is to study the dynamics
of the sympathetic nerve activity to the heart
and blood vessels in the model of renovascular
hypertension “two kidneys — one clip”.

Design and methods

Terms and experimental protocol

Altogether 42 male Wistar rats weighing
200-240 g were included. They were kept
under free access to food and water. Terms and
conditions of the study were consistent with the
Ethics Committee of the Center; the protocol was
approved (Ne 77, 21.06.2010).

The animals were divided into 2 groups —
an experimental (32 rats with hypertension
developed in the model “two kidneys — one
clip”), and a control one consisted of 10 animals.
Before clipping the renal artery systolic BP,
intersystolic interval and the instantaneous values
of'the intersystolic interval were recorded in rats in
awake state by a non-invasive method. Heart
rate variability was evaluated by fast Fourier
transformation. Then, the clipping of renal artery
was performed in order to model renovascular
hypertension. Then, 2, 4, 6 and 8 weeks later
8 animals from each group were selected for
the repeated measurements of systolic BP,
intersystolic interval and the instantaneous values
of the intersystolic interval, In addition, electrical
activity of the sympathetic nerve was measured in
anesthetized animals. In the control group, systolic BP,
intersystolic interval and the instantaneous values
of the intersystolic interval were also recorded 2,
4, 6 and 8 weeks later in awake state, but electrical
activity of the sympathetic nerve was measured
only after 8 weeks in anesthetized animals.

A model of hypertension

To create the model of renovascular hyperten-
sion, a hard tantalum clamp with 0.3 mm lumen
(Kent Scientific Corporation) was fixed on the
left renal artery of anesthetized rats (combination
anesthesia: inhalation of ether and a solution of
sodium oxybutyrate intraperitoneally 1-1.5 g/kg).
Afterwards, the wound was sutured. In control
(10 rats) animals the same operations were per-
formed under general anesthesia, but the renal
artery was not clipped.

Experiments in the awake state

During all the experiment, the rats had free
access to food and water, the ratio day/night was
12/12 hours. For 8 weeks, every 2 weeks after renal
artery clipping the examinations for the control
of renovascular hypertension were performed
by non-invasive measurements of systolic BP
and intersystolic interval between the tail in awake
rats (device ADInstruments Pty Ltd, which includes
a tail-clamping cuff and a pulse sensor MLT125R).
Spectral analysis of heart rate variability was
performed to evaluate the autonomic regulation
of cardiac activity. For this, 60-second recording
episodes were selected. Spectral analysis of heart
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rate variability was performed with the use of the
program Chart 4.1.2 (ADInstruments). According
to the methods approved by the North American
Society of Pacing and Electrophysiology [17, 18],
calculations were carried out in ms?*/Hz in low-
frequency (LF: 0.15-0.80 Hz), used as a marker of
sympathetic activity, and high-frequency spectrum
(HF: 0.8-2.5 Hz), which characterizes the vagal
(parasympathetic) activity of the heart. The ratio
LF/HF served as a marker of the sympathetic-vagal
balance in the regulation of the heart.

Experiments in anesthetized animals

At baseline, with the introductory ether
anesthesia, a catheter was inserted into the left
femoral vein and 1 % solution of chloralose (40—
50 mg/kg) was administered. Every 30 minutes
chloralose (Aldrich) injection 10 mg/kg was
repeated. Ventilation was provided through
tracheostomy, and hypercuronium bromide
(Arduan 1 mg/h) was administered through the
right femoral vein. Ventilation was performed
by the device TOPO (Kent Scientific Corp)
with room air at a frequency of 50—60 breaths
per minute. The inspiratory air pressure was
continuously monitored. BP was recorded in
the left femoral artery by the sensor Siemens-
Elema (model 746). Mean blood pressure was
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calculated by integrating the on-line BP signal
with the time constant of 3 seconds. The animal
was fixed on a heated surface with a thermal
stabilizer, rectal temperature was maintained at
the level of 37-38 °C. Left cervical sympathetic
trunk was isolated from the ventral surface with
the use of microscope MBS-2 (gain of 25),
and it was cut at the level of the upper cervical
sympathetic ganglion. Electrical nerve activity
was registered by bipolar platinum electrodes
with bioamplifier with a bandpass of 10-2000 Hz.
The output signal was rectified and integrated
on-line with the time constant of 0.1 seconds.
The resulting activity was measured as pVxs.
Tonic electrical nerve activity (after amplification
and integration), mean and pulse blood pressure
were in a digital format (Pentium-S) after the
analog-to-digital conversion with a sampling
rate of 100 Hz for 300 seconds. At calibration, a
zero integrated activity was considered the value
registered in the end of the experiment, 15—
20 minutes after cardiac arrest and animal death.
In each experiment, at least 45 recordings were
registered. Each recording included calculation
of the mean (300 seconds) integrated activity,
average systolic BP and intersystolic interval.
The obtained values were averaged for all the
experimental recordings.

Table 1
THE CHANGES IN SYSTOLIC BLOOD PRESSURE, INTERSYSTOLIC INTERVAL,
AND HEART RATE VARIABILITY AFTER LEFT RENAL ARTERY CLIPPING (M + m)
IN AWAKE RATS (NON-INVASIVE MEASUREMENTS ON THE CAUDAL ARTERY)
Weeks
Parameters 2 | 4 | 6 | 3
Experimental group
BP, mm Hg 162.0 £ 6.9%* 156.4 £ 6.9* 152.4 £ 8.9* 153.1 £7.5*
ISI, ms 151.5+4.7 161.0+£2.5 152.6 £4.0 1524 +2.1
LF, ms*Hz 30.0 + 5.6* 22.0+2.6 36.0+5.0 43.9+£6.7*
HF, ms*Hz 99.1 +9.1 100.0+3.4 106.1 £9.2%* 108.6 = 9.0*
LF/HF 0.31 £0.05* 0.23 +£0.03 0.30 £ 0.04 0.43 £0.05 **
Control group

BP, mm Hg 127.2+£2.6 126.4+3.2 123.3+2.5 129.5+2.4
ISI, ms 145.7+3.0 152.0+3.6 165.4+4.2 1662 +3.4
LF, ms*Hz 143+1.6 28.6+5.3 36.6+5.9 28.6 +3.3
HF, ms*/Hz 82.6+59 118.9+104 144.1+9.2 135.5+£6.3
LF/HF 0.17+0.01 0.23 +0.03 0.25+0.03 0.21 £0.02

Note: BP —systolic blood pressure; ISI — intersystolic interval; LF — low frequency component of heart rate variability;
HF — high frequency component of heart rate variability; LF/HF — sympatho-vagal balance; ** —p <0.01; * —p <0.05 —

significance level for the differences between the groups.
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Table 2
THE CHANGES IN MEAN BLOOD PRESSURE, INTERSYSTOLIC INTERVAL,
AND BIOELECTRIC ACTIVITY OF SYMPATHETIC NERVE AFTER LEFT RENAL
ARTERY CLIPPING (M + m) IN ANESTHETIZED RATS (INVASIVE MEASUREMENTS)
k after clippi
Parameters Week after clipping
2 4 6 8
Mean BP, mm Hg 124 + 5%* 129 £ 6** 130 £ 7** 134 £ 5%*
ISI, ms 141 £2 149 + 4% 142 £ 2%* 136 £ 2 **
EASN, mVxs 163.6 £17.1%* 119.1 £ 11.6 151.1 £ 27.5%%* 157.5 £ 29.7*%*
Note: BP — blood pressure; ISI — intersystolic interval; EASN — electrical activity of the sympathetic nerve;

** _—p<0.01; * —p <0.05 — significance level for the differences between the groups.

Statistical analysis

The results were processed with the use of
STATISTICA 6.0 software and presented as “mean
+ SEM”. Comparative analysis was performed with
the use of Student t-test.

Results

Before renal artery clipping, awake systolic
BP was 128 + 1 mm Hg, intersystolic interval —
152 + 2 ms, the low-frequency component of heart
rate variability (LF) — 29.4 + 2.7 ms?/Hz, the
high frequency component of heart rate variability
(RF) — 95.8 + 3.1 ms?/Hz, and LF/HF —
0.30 +£0.02.

In the control group, the parameters were the
following: initial systolic BP was 131 = 1 mm Hg,
the intersystolic interval — 145.0 £ 3 ms, LF —
20.8 £2.6 ms?>/Hz, RF — 84.4 + 5.4 ms?/Hz, and
LF/HF — 0.23 + 0.02. Two weeks after renal
artery clipping rats from the experimental group
showed elevated BP throughout the observation
period (Table 1). Simultaneously LF component
of heart rate variability and the sympathetic-vagal
balance increased (Table 1).

In anesthetized control rats, the average BP
was 95 £ 3 mm Hg, intersystolic interval —
160 + 4 ms, integrated electrical activity of the
sympathetic nerve — 93.4 =+ 7.8 uV x s. Two
weeks after clipping the renal artery experimental
rats (n = 8) demonstrated an increase in the mean
BP, heart rate, and sympathetic nerve activity.
The dynamics of the sympathetic nerve electrical
activity differed from the dynamics of mean BP
(Table 2). Four weeks after renal artery clipping
sympathetic nerve activity decreased, remaining
above the reference level. Eight weeks of
hypertension were associated with an increase in

sympathetic nerve electrical activity up to almost
maximal level (Table 2).

The association between the LF component
of heart rate variability and the sympathetic nerve
electrical activity had a consistent pattern. Four
weeks after renal artery clipping sympathetic
nerve activity was lower than 2, 6, and 8 weeks
after artery clamping (Tables 1 and 2). BP level
remained above baseline values in both chronic
and acute experiments. At the same time, the
dynamics of the parasympathetic activity remained
unchanged during the whole observation period.

Discussion

At present, increased sympathetic activity is
shown in most studies of renovascular hyperten-
sion. Animals with renovascular hypertension
demonstrate elevated plasma norepinephrine
levels [19, 20] and enhanced sympathetic nerve
electrical activity [21]. It is considered one of the
main mechanisms of hypertension development in
both spontaneously hypertensive rats, rats kept
on a high-salt diet, and animals with renal injury
or ischemia. The enhancement of the sympathetic
activity plays a significant role in the pathogen-
esis of essential hypertension [22]. The shift in
the development of hypertension after renal nerve
transection in spontaneously hypertensive rats and
rats with renal damage confirms this hypothesis
[23, 24]. Catheter radiofrequency renal ablation is
a treatment approach in refractory hypertension
[25-27].

Although an increase in sympathetic activity in
renovascular hypertension is unquestionable, it is
unclear whether the activity of preganglionic
nerves is enhanced at all segments of the spinal
cord, and how the change in sympathetic nerve
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electrical activity correlates with BP elevation after
renal artery clipping.

According to our results, renal artery clamping
leads to an increase in BP associated by changes in
the cervical sympathetic nerve electrical activity and
enhanced sympathetic outputs to the heart, which
suggests an uniform amplification of the activity
of spinal preganglionic neurons in renovascular
hypertension. Both heart rate variability, and
bioelectrical sympathetic nerve activity decreased
4 weeks after renal artery clipping. We suggest
the following assumption. The increase in
angiotensin II level occurring immediately after
renal artery clipping plays a significant role in the
development of renovascular hypertension [20].
A gradual increase in angiotensin II level leads
to the enhancement of sympathetic activity and
the electrical activity of the sympathetic nerves.
However, Yoshimoto et al (2010) demonstrated
that bioelectric activity can be depressed in some
sympathetic neurons (in case of concomitant
hypertension) [28]. We can hypothesize that
elevated angiotensin II levels lead to the inhibition
of sympathetic neurons in the upper segments of
the spinal cord (the level of heart innervation and
of cervical sympathetic nerves formation) 4 weeks
after renal artery clamping.

Thus, the mechanism of hypertension occurring
after renal artery clipping, is rather complex,
and increased vasomotor activity of spinal neurons
appears to play the key role.
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