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Introduction

Recordings of multifiber nerve activity in spontaneously hypertensive rats
(SHR) show increased central sympathetic discharge to various organs (4, 5, 8), the
extent of which is related to blood pressure (6). The cause of the hyperactivity is till
not clear. It is possible that a general increase in excitability of elements within the
central nervous system (CNS) of SHR that regulate sympathetic activity is a main
cause of the hyperactivity.

It is knownthat & last two neural mechanisms ae responsible for maintance
of sympathetic drive to heart and vessels. sympathoexitatory bulbospinal neurons
located within the rostral ventrolateral medulla (15) and reflex es involving cranial and
spinal afferent pathways (2). Specifically, the medullar neurons are excited by the
posterior hypothalamus and brainstem neurons that originate from the activation of
peripheral receptors (9). A hyperresponsiveness in the defense response system is
suggested by the findings (3, 7) that environmental stress produces larger increases in
blood pressure, heart rate, plasma catecholamine levels, and sympathetic nervous



activity in SHR than in the Wistar-Kuoto (WKY) rats, a normotensive genetic control
strain. The hypothesis that somatosympathetic reflexes might be enhanced in SHR
versus WKY rats is based upon indirect experimental observations. For example,
electrophysiological properties of rostral ventrolateral medulla neurons in SHR differ
from those found in normotensive rats and may contribute to the increased
sympathetic outflow from rostral ventrolateral medulla in this strain (1). A recent
study demonstrated that sciatic nerve stimulation elicited significantly greater
increases in mean arterial pressure and in heart rate in SHR than in WKY rats (10).
Sympathetic electrical activity was not recorded in this study. There are little data to
establish a contribution of spinal systems in cardiovascular control and to the effect of
sympathetic hyperresponsiveness in SHR in particular (13).

Therefore, the purpose of this study is to compare the reflex responses in
preganglionic sympathetic nerves evoked by somatic afferent stimulation in SHR and
in WKY rats and to investigate the relative importance of the spinal cord compared to
the medullary brain in mediating the somatosympathetic reflex in hypertensive rats..

Methods

The experiments were performed using 5 adult male normotensive WKY rats
and 5 adult male spontaneously hypertensive SHR rats, aged between 16 and 19
weeks. Anesthesia was initialy induced with ether pro narcos. Both femora veins
and one femoral artery were cannulated. The left veinose catheter was used for the
administration of an initial dose of a-chloradose (70 mg/kg, Aldrich) and for
maintenance doses (20-30 mg/kg/h) throughout the surgical preparation and
experiment. The right veinose catheter was used for administration of drugs. Pipecurii
bromidum (0.3 mg/kdh, Gedeon Richter) was infused to avoid animal movements
that might disturb stable recording of sympathetic nerve activity during stimulation of
a somatic nerve. The rats were artificially ventilated with room air via tracheostomy.
Femoral arterial pressure and heart rate were recorded using standard procedures.
Core body temperature was measured with a thermistor probe insered into the colon
and was kept between 37.538.0°C by atemperature controlled surgical table.

Sympathetic tonic multifiber electrical activity and somatosympathetic reflexes
were recorded biphasicaly with a platinum hook bipolar electrode after capacity-
coupled preamplification (band pass 10-3,000 Hz) from the central end of cut cervical
sympathetic trunk. After amplification, the signals were monitored on an oscilloscope
and recorded on a polygraph. The evoked somatosympathetic responses were
averaged by a poststimulus dgna-averaging program. The left cervical sympathetic
trunk was isolated from a ventral approach 11.5 cm caudal to its enter in superior
sympathetic ganglion. The median nerve was isolated from the surrounding tissue of
the left forelimb and the central of the crushed nerve was placed on platinum bipolar
hook electrode for stimulation and then covered with warm mineral oil. Electrical
stimuli (510 V with 0.5 ms duration) were applied via an isolation unit.

Spinal transection in four spontaneously hypertensive rats was done following
control recording of somatosympathetic reflexes. The sympathetic and somatic nerves
were removed from electrodes. Monitoring of blood pressure and heart rate was
continued. The rat was turned on its back. Thefirst cervical vertebra and the occipital
bone were exposed via a midline dorsal incision. The spinal cord between them was
completely transected with a scalpel blade. Then an animal was returned in the initial
position, and the nerves were replaced on the electrodes. Electrical stimulation was



applied every the thirtieth minute during 2 hours after the spinal transection. Quality
of the transection was examined after the death of rat.

Results

The basal vaue of mean arterial pressure in the SHR rats (166£7.6 mmHg)
was significantly (p<0.01) higher that the basal value of mean arteria pressure in the
WKY rats (122+3.4 mmHg). The heart rate in the SHR (153£6.0 ms) did not differ
from the heart rate in WKY rats (146+3.4 ms).

The single shock to somatic myelinated afferent fibres in normotensive rats
elicited a response in sympathetic nerves that consisted of four discharges (fig. 1).
Their characteristics are shown in table 1. Discharges Il and |1l were the largest
amplitude and sometimes they merged into one discharge. Discharges I, |11 and IV
were evoked by threshold stimulation. Discharge | was of smallest amplitude and was
elicited by the more intense stimulation. Our study showed that the discharge | is of
spina origin and the discharges 11, IV were of supraspinal origin (14). Discharge |1
consisted of spinal and supraspinal reflex components.
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Fig. 1. Somatosympathetic reflex in the cervica sympathetic trunk in WKY rat and SHR.

Reflexes illustrated have been signa-averaged from 40 responses to single-pulse stimulation
of median nerve. Notethe difference in scales between WKY and SHR.

In spontaneously hypertensive rats, single shock stimulation of A afferent
fibres elicited a response in the cervical sympathetic trunk (fig. 1). Its shape was
similar to that of somatosympathetic reflex in the Wistar-Kyoto rats. However, the
amplitude of every discharge was higher and the latent period of every discharge was



shorter than the amplitude and latent period of the reflex discharge in the Wistar-
Kyoto rats (table 1). Threshold stimulation of somatic nerve elicited discharge IlI.
Electrical stimulation at two thresholds elicited the discharges Il and I1l. The fourth
discharge was evoked by a stimulation of 25 thresholds.
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Fig. 2. Dynamics of heart rate, mean blood pressure in spontaneously hypertensive rat
spindized at the 1st cervical level. The arrow indicates the transection of the spinal cord.

In three hypertensive rats, the spinal transection resulted in a disturbance in
control of circulation. Mean blood pressure and heart rate decreased to 70-80 mmHg
and 190-220 ms, respectively. In 25-30 min after spinalization, mean blood pressure
and heart rate stabilized at 90- 115 mmHg and 178- 195 ms, respectively (fig. 2). Tonic
sympathetic activity was suppressed and 50-60 min later reagppeared. For next 60-70
min, sympathetic activity increased to a level that was below the control level. The
initial elevation of blood pressure was caused by mechanical stimulation of
descending sympatho-exciting pathways in spinal cord during the spinal transection.
A reflex response evoked by the same somatic nerve stimulation was not observed
after spinalization (fig. 3) for some time. Nintey minutes after spinal transection we
again recorded reflex discharges, the latent period and duration of which conformed to
discharge Il in spontaneously hypertensive rats with anintact central nervous system.
The amplitude of this spinal discharge was decreased, however. In 120 min after
spinalization discharge 1 had reappeared. (fig. 3).
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Fig. 3. Somatosympathetic reflex in spontaneoudly hypertensive rat spinalized at the 1st

cervica level.



In one experience, the spinal transection resulted in the decrease of mean
arterial pressure to 45 mmHg. The arteria pressure stabilized at 70-80 mmHg. Tonic
and evoked sympathetic activity were suppressed for all the entire study.

Table 1. The characteristics of the somatosympathetic reflex in normotensive Wistar-
Kyoto rats (WKY) and spontaneously hypertensive rats (SHR).

Characteris| Strain Reflex discharge
tic

| I 11 1V
Latent pe- | WKY 27.4+3.78 63.0£2.96 84.8+4.03 116.4+4.93
riod (ms) |[SHR 32.9+1.48 44.9+2.68 73.2+3.33 112.1+4.03
Duration |WKY 6.3+0.68 15.7+2.08 12.1+2.64 41.6+6.64
(ms) SHR 3.9+0.86 20.7+£3.22 18.7+4.32 29.3+2.78
Amplitude | WK'Y 1.9+0.43 12.3+3.16 11.743.29 7.4£3.42
(mceV) SHR 3.9+0.84 25.4+3.42 15.945.30 8.3£2.47
Discussion

We limited specifically the intensity of electrical stimulation to subthreshold
levels for nonmyelynated afferent fibres (C fibres) because it was difficult to record
the C-reflex in a preganglionic nerve. In SHR in comparison with normotensive rats,
discharge | was of higher amplitude but was of shorter duration. Recording of
multifiber nerve response may show an increased burst if neurons are aroused more
synchronously, for reduced time. Consequently, there was no reason to believe that
discharge | in SHR was enhanced. Discharge IV was similar in both strains. In the
SHR, the duration of the two biggest discharges was longer than that in the WKY rats.
Therefore, we concluded that the somatosympathetic reflex in CNSintact,
spontaneously hypertensive rats was more powerful than the somatosympathetic
reflex in the normotensive rats.

Reflex power is a characteristic of reflex discharge (11). It is defined as the
area under a discharge curve. A contribution of spinal cord sympathetic neurons inthe
reflex response was determined by a ratio of reflex power in spinalized rats to reflex
power in CNS-intact rats. In spontaneously hypertensive rats this ratio was 24.6 %. In
our preliminary investigation on Wistar rats, the power of spinal somatosympathetic
reflex was 13.8 % (14). Thus, the responsineness of sympathetic preganglionic
neurons in spontaneously hypertensive rats is increased in comparison with
normotensive Wistar rats.

The hyperactivity and hyperreactivity seen in the sympathetic nervous system
of the SHR indicate a difference between strains in those pathways responsible for the
background activity in sympathetic nerves and for the phasic increases in a&tivity
consequent to somatic afferent stimulation. This difference could arise from
alterations in the number or activity of presynaptic elements in such pathways or from
changes in the responsiveness of postsynaptic elements to these inputs. On the other
hand, the hyperactivity and hyperreactivity in SHR may be caused by diminished
inhibitory influences to medullospinal and spinal nuerons (12).

In conclusion, our results provide new information on sympathetic nervous
responsiveness to somatic afferent stimulation in SHR. It is suggested that the
enhancement of sympathetic responses to peripheral stimuli may play an important
role in the pathogenesis of hypertension.
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