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The importance of the hemodynamic parameters in the hypertensive rats by sub
total nephrectomy and the role of the neurogenic tone in the maintenance of high
blood pressure were studied. The baroreceptor sensitivity is significantly diminished
in the hypertensive rats with respect to normal ones. The resistance of the hindquarters
to perfusion with constant flows was decreased in the hypertensive animals. No dif
ferences were observed in the arterial pressure, cardiac output, heart rate, stroke
volume and peripheral resistance between both groups of anesthetized animals. The
pressure response to the phenylephrine injection was higher in the conscious hyper
tensive animals than in the normotensive rats but it was the same after the anesthesia
and the blocking of ganglionic transmission. These results suggest that an increment
of the neurogenic tone exists in the chronic phase of hypertension in this experimental
model and it could be responsible for the elevated blood pressure.

Removal of about 70 % of the total
renal mass of the rat produces a signifi
cative increase in the blood pressure. The
severity of the hypertension does not reach
the levels obtained after clamping the re
nal artery. The purpose of this study was
to study the contribution of cardiac out
put, heart rate, stroke volume and periph-
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eral resistance to this model of hyper
tensive animal and to evaluate the role of
the neurogenic tone in the maintenance
of the high blood pressure.

Materials and Methods

General procedure. Male Wistar rats
weighing approximately 200 g were used.
The subtotal nephrectomy was done under
ether anesthesia. One kidney was removed 
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and both poles of the remaining kidney
were excised. This amounted to about
70-75 % of the total renal mass. Bleed
ing was stopped by electrocoagulation (3).
Blood pressure determinations were made,
in unanesthetized rats, by an indirect tail
cuff method and the animals were con
sidered hypertensive when the arterial
pressure was higher than 140 mmHg. Some
studies were performed in unancsthetized
rats which were catheterized 24 h earlier
under ether anesthesia. A catheter, filled
with saline containing heparin (30 U/ml),
was inserted, through the common carotid
artery, into the aortic arch. The right jugu
lar vein was also cannulated and the cath
eter tip positioned just above the right
atrium. After cannulas were fixed, the
free ends were passed subcutaneously to
the back of the neck and brought through
the skin. Direct arterial pressure determi
nations were recorded on a poligraph via
a Statham P23AA pressure transducer
All the experiments were performed four
weeks after the subtotal nephrectomy.

Determination of baroreceptor system
sensitivity. Baroreceptor activity was
studied in unanesthetized rats according
to S.myth et al. (10). A quick intravenous
injection of phenylephrine (6 /.ig/kg) pro
duced an increase of the arterial pressure
that was accompanied by cardiac slowing.
There is a linear relationship between
systolic blood pressure and pulse interval
during the transient pressure changes pro
duced by the phenylephrine injection. The
reflex sensitivy was expressed as the slope
of the regression line. At least twelve
points were plotted to obtain these curves.

Perfusion of the hindquarters. The pos
sibility of the existence of vascular alter
ations was tested by the perfusion of the
hindquarters with different constant flows.
The method used were previously di
scribed (6). Briefly, the rats were anesthe
tized with 1 g/kg urethane and kept with
controlled breathing by means of a Har

vard breathing pump. Through a midline
incision the aorta was exposed and can
nulated, below the renal arteries, in a peri
pheral direction. The common carotid was
also cannulated in a central direction and
blood was pumped from the carotid can
nula to the hindquarters by a peristaltic
pump, 25 cycles by minute, with different
flows (0.48 to 1.9 ml/min). Perfusion pres
sure was recorded from a T tube and
these values were considered representa
tive of the peripheral resistance.

Hemodynamic parameters. Cardiac out
put was measured by the Fick method in
anesthetized rats following the Blood et al.
procedures (1) with slight modifications.
The oxygen consumption was determined
during a 30 minute period. After that,
samples of blood were obtained from the
carotid artery and the right atrium to de
termine the oxygen concentration. These
determinations were carried out with an
automatic analyzer (Radiometer). Heart
rate was determined by recording pulsa
tile arterial pressure at a fast paper speed.
Total peripheral resistance and stroke vol
ume were calculated from the data ob
tained.

Response to the phenylephrine before
and after anesthesia and hexamethonium.
In both groups of animals the magnitude
of the pressure increase in response to
phenylephrine, 6 //g/kg, was evaluated
before and after anesthesia and hexame-
thonium, 10 mg/kg. The values of arterial
pressure and heart rate were also record
ed in the different situations above men
tioned.

Statistical evaluation. All data are ex
pressed as the mean + standard error and
were compared by means of Student’s
t-test. To determine the baroreceptor re
flex sensitivity, linear regression analysis
was used correlating systolic blood pres
sure and pulse intervals. The 5 % proba
bility level was used as a criterion for sig
nificance.
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Results

Baroreceptor system sensitivity. The
slope of the curve describing the magnitude
of the reflex bradycardia obtained in res
ponse to the elevation of arterial pressure
produced by phenylephrine was higher in
control rats than in the hypertensive ones
(fig. 1). This difference is statistically sig
nificant (p < 0.005). The magnitude of
the increase of the mean arterial pressure
was higher in the hypertensive rats, 54 + 3
mmHg, than in the control animals, 44 + 3
mmHg (p < 0.05).

Fig. 1. Comparison of the baroreceptor reflex
response curves in unanesthetized normoten-

sive and hypertensive rats.
Each curve represents the average of the group.

S = slope, n = number of experiments.

Fig. 2. Perfusion pressures obtained when
the hindquarters of the rat were perfused

with different flows.
Open circles: normotensive animals (n = 9).
Filled circles: hypertensive animals (n = 8).

Values were means + SEM.

Peripheral resistance in the hindquar
ters. The values of the perfusion pres
sure when the hindquarters were perfused
with different flows arc showed in fig
ure 2. The perfusion pressure was lower
in the hypertensive animals than in the
normal ones at all flows used (p < 0.05).

Hemodynamic parameters. In anesthe
tized animals no significative differences
were observed in the arterial pressure, car
diac output, cardiac rate, stroke volume
and peripheral resistance in both groups
(fig. 3). The drop in arterial pressure pro
duced by the anesthesia was greater in
the hypertensive animals than in the nor
mal ones. The anesthesia also annulled the
difference in cardiac rate observed in both
groups of conscious animals (fig. 4).

Effects of the abolition of ganglionic
transmission on blood pressure, heart rate
and response to phenylephrine.

The ganglionic blocking agent hexame-
thonium, administered to anesthetized ani
mals, produced a decrease in the blood
pressure (fig. 4). The magnitude of the
decrease was greater in the hypertensive
animals than in the normal ones. Similar
results were observed in the heart rate.
The difference in the response to phen
ylephrine observed in conscious animals
between normotensive and hypertensive

Fig. 3. Hemodynamic parameters of the anes
thetized normotensive and hypertensive rats.
Open bars: normotensive animals (n = 7). Cross-
hatched bars: hypertensive animals (n = 7).
MBP: mean blood pressure. CO: cardiac out
put. HR: heart rate. SV: stroke volume.
TPR: total peripheral resistance. TPR unit:

MBP/CO. Values are means ± SEM.
5
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Fig. 4. Changes in mean arterial pressure
and heart rate in normotensive (open circles,
n = 8) and hypertensive rats (filled circles,
n = 8} produced by the anesthesia and the

hexamethonium.
C: conscious animals. A: anesthetized animals.
H: hexamethonium treated animals. Values are

means ± SEM. * p < 0.001; ” p < 0.05.

animals disappeared after the anesthesia
and the abolition of ganglionic transmis
sion; the increase of the arterial pressure
was 62 + 3 mmHg in control rats and
67+4 in hypertensive animals.

Discussion

The baroreceptor sensitivity, expressed
as the slope of the regression line, is sig
nificantly less in the rat than in man (10).
It was also observed that this reflex is
abolished by anesthesia (unpublished ob
servations). This would suggest that the
baroreceptor system of the rat does not
play a role of great importance. Our re
sults in the normal rats were similar to
those reported by Snyter et al. (11). Since
the studies of McCubbin et al. (8) that
demonstrated that the baroreceptor reflex 

is reset in arterial hypertension, several
studies have confirmed, in diverse species
and by different methodology, that this re
flex is altered in the hypertensive state.
The data obtained demonstrated that in
this model of hypertensive rats, at the
fourth week, the baroreceptor system is
reset and this fact can contribute to main
tain the elevated blood pressure.

The magnitude of pressure rise in re
sponse to phenylephrine was higher in the
hypertensive conscious animals than in nor
mal ones. These results could be explained
by structural changes in the arterioles that
can alter the wall/lumen ratio. The results
obtained with the perfusion of the hind
quarters do not support this hypothesis.
The lower values in the perfusion pres
sure observed in the hypertensive animals
are difficult to explain. They could be due
to a defect in the contraction process of
the vascular smooth muscle produced by
the decrease in the renal function. Pre
viously, we have observed the existence
of an alteration in the hydroelectrolylic
composition of the aorta in this kind of
hypertensive animals but without any re
lation to the development of maintenance
of the arterial hypertension (7). The ab
sence of increase in the peripheral resis
tance in the hindlimbs and the increased
cardiac rate observed in conscious hyper
tensive rats support the hypothesis that
the high arterial pressure was due to an
increment of the cardiac output. It was
measured in anesthetized animals since we
could not obtain good reproductible re
sults of the oxygen consumption in the
conscious animal. The results obtained are
comparable to those reported utilizing dye
(4), thermo (5) or radioisotope dilution (2).
The results of the cardiac output did not
show differences between the control and
hypertensive animals and the other param
eters studied were also similar. On the
other side, the total peripheral resistance
was slightly decreased in the hypertensive
animals and this is in concordance with
the decrease in the peripheral resistance 
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observed when the hindquarters were per
fused.

Only in the conscious animals differen
ces were observed between both groups
thus it is not unreasonable to suppose
that the anesthesia annulled some neuro
genic factors that play an important role
in this model of hypertension. The first
clear evidence of the participation of neu
rogenic mechanisms in the maintenance
of high blood pressure in renal hyperten
sion was provided by Reed et al. (9).
They observed that pentobarbital and yo
himbine lowered the pressure of chronic
hypertensive rats. A lot of evidences, that
postulate an increase of the neurogenic
tone in hypertension, have been described
(12). The lower level of the arterial pres
sure reached in the hypertensive animals
compared to normal ones after hexame-
thonium, supports this hypothesis. The
absence of differences in response to phe
nylephrine between both groups of rats,
after the abolition of ganglionic transmis
sion, could be explained by a similar ra
dius of the resistance vessels when the
neurogenic tone is abolished.

In conclusion, the results observed make
it possible to think that an increment of
neurogenic tone exists in the chronic phase
of hypertension in this experimental mod
el, and this alteration could be responsible
for the elevated blood pressure.

Resumen

Se estud ia la importancia de los partimetros
hemodintimicos en la rata hipertensa por ne-
frectomia subtotal y el papel del tono neuro-
gdnico en el mantenimiento de la presi6n arte
rial elevada. La sensibilidad del sistema pre-
sorreceptor estti significativamente disminuido
en los animates hipertensos. No se observaron
diferencias en la presi6n arterial, volumen mi-
nuto, frecuencia cardlaca, volumen sistdlico y 

resistencia perifdrica cuando los animales esta-
ban anestesiados. La respuesta presora a la fe-
nilefrina, en los animales despiertos, era mayor
en los animales hipertensos, anulandose esta
diferencia despuds de la anestesia y del blo-
queo ganglionar. Estos resultados sugieren un
incremento del tono neurogdnico en este mo-
delo experimental que podria ser el responsa-
ble de la elevacidn de la presion arterial.
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