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Compared to sham-operated controls 5 weeks after surgery neurogenic hypertensive rats with sino-aortic baroreceptor deafferentation had higher blood pressure, higher plasma noradrenaline and adrenaline levels, lower heart
noradrenaline concentrations, higher adrenomedullary adrenaline levels and increased cardiac intraventricular pressure
(dp/dt m~,).
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1. Introduction

Neurogenic hypertension is produced by total
surgical sino-aortic deafferentation (Krieger, 1964).
In the rat, neurogenic hypertension develops immediately and persists chronically (Krieger, 1964;
Alexander et al., 1976; Chalmers, 1975). Both the
peripheral (Alexander et al., 1976) and central
(Chalmers, 1975) sympathetic systems have been
proposed to be involved in the development of this
model (Alexander et al., 1976). There is increasing
evidence that, in addition to sympathetic nerves,
the adrenal medulla has a role in neurogenic as
well as in other animal models of hypertension
and in selected cases of human essential hypertension (Grobecker et al., 1982; Dominiak and
Grobecker, 1982). We undertook the study of
plasma, adrenal and heart catecholamine levels in
conscious, unrestrained rats with chronic neurogenic hypertension and their sham-operated controis. We compared these levels with basic
haemodynamic parameters (systolic and diastolic
blood pressure, heart rate and intraventricular
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Adrenomedullary catecholamines

pressure (dp/dtm~x). Our results suggest that peripheral sympathetic nerves and adrenal medulla
are involved in the development of neurogenic
hypertension in the rat.

2. Materials and methods

Total sino-aortic deafferentation was performed
in atropinized (1.4 m g / k g i.p.), ether-anaesthetized rats by section of the sympathetic trunk,
stripping and painting the carotid sinus (10% phenol in 95% ethanol) and resection of 1 cm of the
cervical sympathetic trunk and superior laryngeal
nerves (Krieger, 1964). Sham operation was performed by isolating the sympathetic trunk and the
carotid sinus on both sides without resection. We
used male Sprague-Dawley rats (S~V 50) from Dr.
Ivanovas, Kisslegg, Germany, weighing about 250
g and housed individually in plastic cages
(Makrolon*) in an air-conditioned, light-darkcycled (12 h) room, with lights on from 6 a.m. to 6
p.m. Food (Altromin * standard diet) and tap water
were available ad libitum.
Four and a half weeks after sino-aortic deaf-
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ferentation, an indwelling catheter (PE-50, Clay
Adams, Parsippany, N J, U.S.A.) was placed into
the thoracic aorta through the right carotid artery,
and heparin (125 I.U.) injected twice daily. Three
days after catheter implantation, the blood pressure, increase in intraventricular pressure ( d p /
dtmax, paper speed: 100 m m / s ) and heart rate
were recorded in conscious rats for 5 to 10 min
with a Statham pressure transducer (P 23 Db), 5
min after connecting the pressure transducer twice
daily (8 a.m., 5 p.m.) over a period of 6 days. The
blood pressure of the rats was measured throughout
the experiments in a quiet room, without handling.
At the end of the 5th week and immediately after
blood pressure measurement blood samples (0.3-0.5
ml) were taken from the catheters in conscious
rats, without handling, for determination of the
plasma catecholamine concentrations. The animals
were then killed by decapitation under ether
anaesthesia and the adrenal glands and hearts
were removed and placed immediately in liquid
nitrogen. Plasma and organs were kept frozen at
- 7 0 ° C until they were assayed.
Plasma catecholamines were assayed according
to Da Prada and Zbrcher (1976). Tissue catecholamines were determined by high performance
liquid chromatography (HPLC) (Kissinger et al.,
1981).
The data were evaluated statistically using the
unpaired Student's t-test and standard linear regression analysis. The results are expressed as
means _+ S.E.M.
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3. Results

Fig. 1. Haemodynamic parameters (upper panel) in sham-operated normotensive (white columns) and neurogenic hypertensive rats (hatched columns) 5 weeks after total sino-aortic
deafferentation (for details see Methods). Circulating plasma
catecholamines and tissue catecholamines (lower panel) under
the same conditions as described for the upper panel. NA =
noradrenaline, A = adrenaline. Significance levels: * P < 0.05,
• * P < 0.01, *** P < 0.001; groups of 6-14 rats.

Blood pressure and d p / d t m ~ were significantly
increased in neurogenic hypertensive rats when
compared with sham-operated controls. However,
no significant changes in heart rate between both
groups of rats investigated could be observed (fig.
1).
Plasma noradrenaline and adrenaline concentrations were raised significantly (fig. 1). There
was no difference in circulating dopamine between
the two groups of rats.
The heart weight of neurogenic hypertensive
rats was significantly higher than that of sham-op-

erated rats. In addition there was a significant
difference (P < 0.05) between the h e a r t / b o d y
weight ratio of neurogenic hypertensive rats (302
× 10 5) and control rats (273 × 10-5).
The noradrenaline content of the heart in neurogenic hypertensive rats was significantly (P <
0.05) decreased when compared with sham-operated control animals (fig. 1). There was no difference in adrenaline and dopamine contents between the two groups of rats.
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The adrenal glands of rats with sino-aortic
deafferentation had a significantly increased
adrenaline content (P < 0.01; fig. 1). However, no
changes in dopamine and noradrenaline contents
between the two groups of rats could be observed.
The wet weight of adrenal glands (55.2 + 3.7 mg,
hypertensive animals and 61.9 + 4.3 mg, sham-operated animals) was similar.
Rats with neurogenic hypertension showed a
positive linear correlation between circulating
plasma noradrenaline concentrations and d p /
dtm~ (r = 0.91, P < 0.05). We did not find a similar correlation in sham-operated rats.

4. Discussion
Our results confirm that chronic neurogenic
hypertension occurs in rats 5 weeks after total
sino-aortic deafferentation (Krieger, 1964). A significant elevation of blood pressure and an increase in d p / d t m ~ were demonstrated 5 weeks
after baroreceptor deafferentation. An increase in
h e a r t / b o d y weight ratio as an index for hypertrophy was also observed as had been reported for
genetic hypertensive rats by Bi~rger and Strauer
(1981). We observed a positive correlation between
plasma noradrenaline concentration and d p / d t max"
The noradrenaline content in heart was significantly diminished probably as a result of an increased release elicited by stimulation of presynaptic fl2-receptors through high circulating adrenaline concentrations (Rand et al., 1983).
Elevated circulating plasma noradrenaline and
adrenaline concentrations (fig. 1), as well as the
increased adrenaline content in the adrenal medulla
(fig. 1), indicate that enhanced peripheral sympathetic activity probably in addition to increased
heart work contributed to elevated blood pressure.
The results are in agreement with observations of
Alexander et al. (1980) and Chalmers et al. (1979).
In contrast to our results, Alexander et al. (1980)
reported that rats showed no change in circulating
noradrenaline and adrenaline 3 and 6 weeks after
baroreceptor deafferentation when compared to
the controls. However, their basal values for
noradrenaline and adrenaline in the controls were
much too high (approximately 400 pg/ml). This

may have been due to inadequate blood sampling
(noise, handling etc.). Enhanced formation of
catecholamines by the adrenal medulla during the
development of hypertension in genetic and experimental (DOCA-salt) hypertensive rats has been
reported recently (Grobecker et al., 1982). High
circulating adrenaline levels can contribute to the
maintenance of high blood pressure in rats (Rand
et al., 1983). An increased level of circulating
adrenaline has also been observed in young patients with essential hypertension (Dominiak and
Grobecker, 1982).
From our results we conclude that deafferentation of baroreceptors resulted in enhanced sympathoadrenal activity/reactivity, leading to increased cardiac work and possibly vasoconstriction, thereby elevating blood pressure.
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