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The effects of changes in arterial pressure and in circulating volume on Plasma
Renin Activity (PRA) in the intact rat were compared by two experimental procedures.
Gradual volume depletion was induced by intraperitoneal injection of a hyperoncotic
polyethylenglycol solution (PEG) in absence of acute changes in Systolic Arterial Pres
sure (SAP). SAP was measured in the conscious state by the tail cuff technique.
Plasma Protein Concentration (PPC) and Hematocrit (Het) increases after PEG injec
tion were compared as the index for measuring the Plasma Volume Reduction (PVR).
PRA showed a significant (p < 0.001) linear relationship with PPC, suggesting a direct
dependence of renin secretion on volume depletion.

Acute changes in the circulating volume were induced by controlled hemorrhages
of 5.0, 10.0, 15.0 and 20.0 ml of blood/kg body weight. The increase in PRA showed
a significant relationship with the changes in circulating volume, but it did not show
any dependence on the changes in Mean Arterial Pressure (MAP). Our results suggest
that, in the intact and conscious rat, renin secretion responds to the information from
the cardiopulmonary volume receptors rather than to that from the high pressure
receptors.
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Evidence that carotid, aortic and car
diopulmonary receptors participate in the
control of renin release comes from sev
eral studies. Most of these studies have
investigated the influence of each Re
ceptor System (RS) separately, using dif
ferent experimental procedures that im
ply deactivation or blockade of some of
the three RS (3-5, 10, 11, 14, 21, 23).

However, the complexity of the report
ed results have suggested to several au
thors that the renin release could be me
diated by the interaction of the three RS,
and the interpretation of the results could
be conditioned by the experimental pro
cedure used (20, 22).

Moreover, deafferentation of any RS
seems to involve a change in the basal 
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information that the remaining systems
could perceive (4, 14, 16, 17, 23) and,
probably, in the renin secretory respon
siveness induced by additional changes
on basal information (1, 12, 21). Fur
thermore, other receptors could be impli
cated in the central blood pressure regu
lation and the renin secretion, since re
nal denervation can alter the central
mechanism governing sympathetic out
flow (12).

Therefore, the available information
appears fragmentary and inadequate to
provide a satisfactory model about the
contribution of the three RS, and its in
tegration, on the renin release in the
whole animal.

On this basis we have designed the
present work in an attempt to study the
interaction of the high pressure receptors
and the volume receptors on renin secre
tion, trying to avoid the alterations pro
duced by the suppression of any of the
RS on the remaining ones. The experi
mental procedures used, gradual volume
depletion by intraperitoneal injection of
hyperoncotic solutions and controlled hem
orrhages, allow the analysis of the re
nin secretory response to simultaneous
changes on arterial pressure and circulat
ing volume in the intact and conscious
rat with the three RS in normally work
ing state.

Materials and Methods

Experimental Procedures. Male Wis-
tar rats, weighing between 180 and 300 g,
were maintained on ad libitum food and
water intake in a constant temperature
and humidity controlled room, illuminat
ed between 8:00 a.m. and 8:00 p.m.
Rats were handled several times prior
experimental testing in order to minimize
any stress.

Experiment 1. Fifty-four rats were
made hypovolemic by injcctig intraper
itoneally 20 ml/kg body weight of a

20 % polyethyleneglycol 4000 (Doesder)
in 0.9 % NaCl solution (PEG), and di
vided into five subgroups, that were bled
under nembutal anaesthesia (40 mg/kg
body weight, Serva) at 30, 60, 90, 120
or 240 min after PEG injection. Con
trol group was injected i.p. with same
amounts of isotonic saline vehicle and
bled 60 min after the injection. Water
intake was restricted after PEG or saline
injection.

Systolic Arterial Pressure (SAP) was
measured in the conscious rats before
PEG or saline injection, and at 30 min
intervals after the injection until the end
of the experiment, by the tail-cuff tech
nique with a sphygmomanometer pneu
matic sensor unit (Technical Instruments
Inc.) switched on a two channel recorder
(Devices MX2). Individual SAP values
were determined by averaging five con
secutive readings. Each rat underwent at
least two preliminary series of SAP deter
minations to minimize any stress.

Experiment 2. Twenty-six rats were
anesthetized with nembutal (40 mg/kg)
and a polyethylene catheter (PE 1), con
taining 1000 units/ml of a heparine iso
tonic NaCl solution, was inserted in the
right carotid artery, placed subcutaneous
ly and exteriorized on the dorsum of the
neck. The rats were then allowed to re
cover for 48 hours before the experiment.
The catheters were washed with isotonic
saline and refilled with heparine solution
24 hours after implantation. Rats were
restrained several times in a small Lucite
cage (21 X 8 X 8 cm) before Mean Ar
terial Pressure (MAP) determination. The
arterial catheter was attached to a pres
sure transducer (Bell and Howell 4-442)
switched to the recorder. MAP was con
tinuously monitored during 30 min until
stabilization. Then, rats were divided into
five subgroups, one of each underwent
a controlled hemorrhage of 5, 10, 15
or 20 ml of blood per kg of body weight.
The hemorrhage period was always shorter 
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than 90 seconds. Arterial pressure was
again continuously monitored after the
hemorrhage during 30 min, after which
the last blood extraction was rapidly
performed and the rats were finally killed
with nembutal.

Blood samples and determinations.
Blood samples were drained in experi
ment 1 by abdominal aortic puncture
with siliconed syringes and needles. In
experiment 2 initial and final samples
were drained out throughout the arterial
catheter. In all cases, blood samples were
collected into two series of plastic chilled
tubes containing 0.2 ml of 6 % Na2
EDTA solution or 0.2 ml of 5,000 u.i./
ml heparine solution. The tubes were
gently shaked and small aliquots of hep
arinized blood were drawn immediately
into WINTROBE tubes. All tubes were
centrifuged at 400 g and 4 °C for 30 min
and plasmas were carefully removed.
Plasma containing Na2 EDTA were kept
frozen at — 18 °C until later PRA de
termination.

Post-centrifugation WINTROBE val
ues were multiplied by the plasma trapped
factor (0.96) for Hematocrit (Het) deter
mination. Plasma Na* and K* concentra
tions and osmolarity were on the day
measured by flame photometry (Corning
Instruments Ltd.) and freezing point
depression (Automatic Osmette, Precision
Systems Inc.) respectively. Plasma Pro
tein Concentration (PPC) was measured
by the biuret technique. Plasma Volume
Reduction (PVR) was calculated by the
following equation:

PVR = 100 X (1—P0/Pj),

using PPC values from PEG injected
rats (Pi) and from control saline inject
ed rats (Po), and expressed as percent
age (18).

Plasma Renin Activity (PRA) was
measured using a radioimmunoassay for
Angiotensin I (Al, Cea-Sorin), accord
ing to the method of Haber et al. (8).

PRA was calculated as the amount of
Al generated from the endogenous renin
substrate per ml of plasma during the
incubation of the samples for 60 min at
36 °C and pH 6. Plasma Al blanks
were deducted from the total generated
amount of Al. Within-assay variation in
duplicated samples averaged 7.1 %.

Statistics. Analysis of variance or poly-
nomic regression analysis were used to
assess statistical significance.

Analysis of variance (Anova). In ex
periment 1 plasma Na* concentration was
tested by one-way Anova and the New
man and Keuls method of comparison,
and plasma K* concentration and plasma
osmolarity were tested by one-way anal
ysis for unequal variances. In experi
ment 2 plasma Na* and K* concentra
tions and plasma osmolarity were tested
by one-way Anova, and MAP values
were tested by two-way analysis (blocks)
and Dunnet test.

Regression analysis. PPC/time and
PRA/PPC in experiment 1, and APRA/
AMAP in experiment 2 were tested by
polynomic regression analysis. In experi
ment 1 Hct/time was tested by polynomic
regression with repeated observations on
y at each x, PRA/time was tested by the
linearity test with repeated observations
on y at each x, and SAP/time was tested
by regression of the two-way classification
(blocks) with observations in the cells.
In experiment 2 APRA/Avolume was
tested by weighed polynomic regression,
and Avoiume/Apressure/APRA was tested
by the backward elimination procedure
for selection of the best regression equa
tion (6).

Results

Experiment 1. The average weight at
the time of injection (PEG or isotonic
saline) was not significantly different for
any group. There was no significant 
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change in SAP after isotonic saline injec
tion (control group), but a significant lin
ear decrease of — 0.0265 mmHg for
each minute was observed in the experi
mental groups. Extrapolation of this slope
means a maximal average decrease of
6.38 mmHg at 240 min after PEG injec
tion, whereas the mean PVR was 29.7 %
at this time (table I).

Regression analysis shows that PPC
increased linearly with time following
the PEG injection (fig. 1). In contrast,
hematocrit showed a marked rise during
the first 90 min, followed by a stable in
crease phase (fig. 1). Comparison be
tween PPC and hematocrit showed a
greater curvilinear hematocrit increase
than the plasma volume reduction could
explain. PRA increased linearly during
the first 90 min after PEG treatment
(y = 0.5898 t + 7.936; r = 0.8834); but
a transient fall at 120 min and a new
increase toward the end of the experiment
were observed (table I). Fig. 2 shows a
significant relationship between PRA and
PPC. Since PVR is estimated as the in
verse function of the PPC (see methods),
the relationship between renin secretion
and plasma volume reduction, subsequent
to PEG injection, could be established
as a hyperbolic function.

Experiment 2. No significant differ
ences between the four experimental
groups were observed in weight, initial
blood parameters and MAP values be
fore hemorrhages (table II).

Changes in MAP after initial hemor
rhages are given in fig. 3. The extrac
tion of 5 ml/kg body weight of arterial
blood did not induce any significant
change in MAP from the pre-hemorrhage
values. Extractions of both, 10 ml/kg
and 15 ml/kg, induced immediately falls
of MAP (—12.4 ±6.1 mmHg, and
— 43.8 ± 6.3 mmHg, respectively) after
which the initial pressures were reached
again within 6 min for the 5 ml/kg hem
orrhage and within 27 min for the

min
Fig. 1. Plasma Protein Concentration (PPC)
and Hematocrit (Het) after the intraperitoneal

injection of the hyperoncotic PEG solution.
Time 0 expresses the initial value of the con
trol group injected with isotonic saline. PPC
increase is given by the equation y = 0.0084 x
+ 5.028; r = 0.8925; p < 0.001. Het increase
is given by y = 40.89 + 0.1711 x — 1.164
10-5 x2 + 2.711 10-° x’; r (global) = 0.8517;

p < 0.001.

latter. The fall of MAP was higher
after the extraction of 20 ml/kg
(— 57.5 ± 5.3 mmHg), but the initial
pressure was not reached again during
the 30 min experiment period.

After the hemorrhage, PRA had signif
icantly risen in all the four groups (ta
ble II). Fig. 2 shows a high significant
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Fig. 2. Changes in PRA after gradual (a) and acute (b) volume-depletion.
a) The relationship between PRA and PPC after PEG injection is given by y = 36.36 x
—163.68; r = 0.8693; p< 0.001. b) PRA increase between pre- and post-hemorrhage values

after extraction of 5, 10, 15 and 20 ml/kg body weight; r (global) = 0.9119; p < 0.001.

curvilinear relationship between the PRA
increase, expressed as the difference
among final and initial levels (APRA),
and the blood volume reduction, expressed
as ml/kg body weight of extracted blood
(Av). This relationship is given by the
following polynome:

APRA =—6.96+2.72 Av—0.0266 Av2—
0.0177 Av3 + 8.61 10-“ Av4; r=0.9119.

To assess the dependence of PRA from
both the blood volume reduction (Av)
and the maximal decrease in MAP (Ap),
a multiple regression adjustment was
performed by the backward elimination
procedure of APRA with Av and Ap vari
ables, their powers (Av2, Ap2, Ap:‘) and
products (Av X Ap). The analysis showed
that all variables which include the Ap
factor must be suppressed from the re
gression (in this order: Av X Ap, Ap3,
Ap and Ap2), since all the information
on APRA is found in the Av and Av2
variables. Moreover, Av and Av2 vari
ables contain all the information given by

Ap and the other variables that include
the Ap factor.

Discussion

Experiment 1. Extravascular adminis
tration of PEG hyperoncotic colloidal
solutions, which induce protein-free fluid
withdrawal from the intravascular to the
interstitial space, has been a classical
procedure for depleting the circulating
volume in the absence of anemia or hy
potensive shock (7, 13, 18). Most authors
have indirectly measured the intravascu
lar volume deficit as a function of the non
diffusible blood components increase,
since direct methods, based on the dilu
tion principle, are difficult to perform in
the rat and could interfere with radio
immunoassay techniques. We consider
that the blood formed elements increase
(7) does not seem the best procedure
since, as our results show (fig. 1), the
hematocrit increased non-linearly after
the PEG administration. This increase is
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Fig. 3. Evolution of the Mean Arterial Pres
sure (MAP) after controlled hemorrhages.

Time 0 expresses the pre-hemorrhage MAP.
Values are expressed as the mean ± S.E.M.
(* = p<0.05. *♦ = p<0.01. ♦** =p<0.001).

higher than the one of the PPC (fig. 1),
suggesting that the hematocrit increase is
a reflex response to the cardiopulmonary
receptors inhibition, since there were no
important changes in SAP simultaneous
ly. In this sense, previous works have
reported that cervical vagotomy in
creased MAP, PRA and packed cell vol
ume in dogs maintained at a high sodium
diet. Cervical vagotomy also induced 

additional increases in these three param
eters when previously stimulated by sino-
aortic denervation (22, 23).

PPC increase seems to be a more ade
quate method to measure the intravascu
lar volume deficit. Our results show a
linear increase in PPC as a function of
the time after the PEG injection (fig. 1).
Furthermore, we have found a linear re
lationship between PRA and PPC in ab
solute values (fig. 2), suggesting that the
renin secretion is also a function of the
intravascular volume deficit when the ar
terial pressure is being buffered.

There is a lot of evidence that proves
that the cardiopulmonary receptors have
a reflex control on the renal activity:
Vagal cooling increases renin release in
dogs after aortic denervation even when
the carotid sinus is perfused at a constant
pressure (14, 15). Non-hypotensive hem
orrhage of 4 ml/kg in the dog increased
renin release before, but not after vagot
omy (20). In another report, a 10 %
hemorrhage in rabbits with sinoaortic de
nervation was associated with a signifi
cant increase in renal nerve activity (2).
Inversely, an increase in left atrial pres
sure produced by balloon inflation sup-
presed renin release in dogs maintained
on a low-sodium diet, but this suppression
was prevented by prior cervical vagoto
my or renal denervation (24).

These pieces of evidence could sup
port the conclusion that the linear ratio
between PRA and PPC could have orig
inated from the buffering activity in the
cardiopulmonary receptors in response
to gradual volume depletion.

Experiment 2. Hemorrhage has been
another classical procedure for studying
the renin secretory response in hypovo
lemia. Dosage of blood withdrawal ac
cording to body weight allows for grad
ual depletion of the circulatory volume
between non-hypotensive hemorrhages
and those which induce deep changes in
MAP (fig. 3). Statistical treatment of our
results could establish significant correla
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tions between the PRA increase and MAP
decrease on one hand, and the PRA in
crease and the volume reduction on the
other. However, the study of these three
variables as a whole, by the backward
elimination procedure for selection of the
best regression equation (6), is the most
adequate treatment for the analysis of
the data, since it allows the removal of
any of these variables that do not show
dependence on the PRA increase. In
this sense, the analytical procedure shows
that the PRA increase responds to the
information given by volume changes,
and all information given by changes in
MAP on the PRA increase seems to be
superfluous since this latter is completely
included in the information given by the
volume changes.

These results are in agreement with
previous reports by Hall and Hodge (9),
who investigated the influence of the ex
traction rats on the hormonal and pres
sor responses to the hemorrhage in the
dog. Likewise, these are in line with the
hypothesis advanced by Thames (19),
who suggests the possibility that cardio
pulmonary receptors mediate a specifical
neural release of renin that is indepen
dent of vasomotor effects, but is effected
through sympathetic neurons under the
exclusive control of cardiopulmonary re
ceptors. Our findings clearly seem to in
dicate that, when the rat is in an intact,
conscious and hypovolemic state, renin
secretion responds more to the infor
mation given by the cardiopulmonary
volume receptors than the originated in
the high pressure receptors.

Resumen

Se estudian los efectos do los cambios en la
presidn arterial y en el volumen circulantc
sobre la Actividad Plasmitica de Renina (PRA)
en la rata intacta, mediante dos procedimien-
tos experimentales: Inducci6n de una deple-
cidn gradual del volumen circulantc por inyec-
cidn intraperitoneal de una solucidn hiperoned- 

tica de polietilenglicol (PEG), en ausencia de
cambios agudos en la Presidn Arterial Sistd-
lica (PAS). Esta fue medida en el animal cons-
ciente mediante pletismografia en el rabo. Los
incrementos en la Concentracidn de Proteinas
Plasm&ticas (CPP) y en el hematocrito se com-
paran como indices de la reduccidn del volu
men plasm&tico. La APR muestra una relacidn
lineal (p < 0,001) con la CPP, mostrando una
dependencia directa de la reduccidn del volu
men plasmAtico sobre la secrecidn de renina.
Induccidn de cambios agudos en el volumen
circulante realizada mediante hemorragias con-
troladas de 5, 10, 15 y 20 ml/kg peso. El in-
cremento en la APR muestra una relacidn sig-
nificativa (p < 0,001) con los cambios en el
volumen circulante, pero no muestra depen
dencia de los cambios en la presidn arterial
media. Los resultados sugieren que, en la rata
intacta y consciente, la secrecidn de renina res-
ponde a la informacidn proporcionada a los
receptores cardiopulmonares de volumen m&s
que a la proporcionada a los receptores de alta
presidn.
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