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Abstract. Infusion of norepinephrine (NE) into humans and experimental animals induces
diuresis by mechanisms that are not completely understood. Two series of experiments
were performed to determine whether changes in plasma levels of vasopressin or
changes in mean arterial pressure (MAP) are important factors in NE-induced diuresis
in conscious dogs. First, plasma vasopressin (PAVP) levels were measured in normal
and cardiac-denervated conscious dogs during a 30-min intravenous infusion of NE (0.5
©g-kg™'-min~"), When NE was administered to normal dogs, urine flow increased from
0.3 = 0.1 to 0.9 = 0.4 ml/min. PAVP did not decrease, in spite of increases in mean
arterial pressure (from 103 = 4 to 123 * 6 mm Hg) and left atrial pressure (from 5.2 *
0.9 to 8.6 = 1.4 mm Hg). The same dose of NE infused into cardiac-denervated dogs
significantly increased urine flow (from 0.2 * 0.1 to 0.8 * 0.3 mi/min) and MAP (from
107 % 5 to 147 * 10 mm Hg), and decreased PAVP (from 1.8 * 0.3 pg/mi to 1.2 £ 0.3
pg/ml). In the second series of experiments, NE was infused into cardiac-denervated
dogs for 40 min. During the final 20 min of NE infusion, nitroprusside was infused to
offset the pressor effect of NE by returning MAP to the initial control level. Urine flow
increased during the first 20 min in which NE alone was given; however, when MAP was
returned to the control level by nitroprusside infusion, urine flow also returned to the
control level. PAVP increased from a control value of 3.6 * 0.6 to 18.9 * 3.8 pg/ml 15
min after the NP infusion had begun. We conclude that a decrease in PAVP is not
required to elicit diuresis during NE infusion in normal conscious dogs and that the

pressor effect of NE appears to play a major role in NE-induced diuresis.

[P.S.E.B.M. 1993, Vol 202]

amines on renal water excretion indicated that
pressor doses of intravenously infused norepi-
nephrine (NE) increase the renal excretion of solute-
free water (see Ref. 1 for review). Subsequent observa-
tions indicated that the diuretic response did not occur

Earlier studies examining the effects of catechol-
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in anesthetized dogs after a combination of acute ca-
rotid sinus denervation and acute vagotomy (2) and
that the diuretic response was absent in hypophysecto-
mized dogs (3). Based on these results, in addition to
the well-known inhibitory effects of left atrial and ar-
terial baroreceptor stimulation on vasopressin secretion
(see Ref. 4 for review), it was suggested that NE in-
creases free water clearance indirectly by eliciting a
reflex reduction in vasopressin secretion (1). Unfortu-
nately, this theory could not be confirmed conclusively
because quantitative techniques for measuring vaso-
pressin were not available when these studies were
performed.

More recently, plasma vasopressin has been meas-
ured during the intravenous infusion of NE, but the
results have not been consistent. For example, an in-
fusion of NE decreased plasma vasopressin in normally
hydrated, anesthetized dogs (5) and in young people
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after overnight dehydration (6). However, infusion of
NE into human subjects in another study did not alter
plasma vasopressin (7). Furthermore, when the a--
adrenergic receptor agonist BHT-933 was infused into
conscious rats whose basal plasma vasopressin levels
had been elevated, plasma vasopressin levels were un-
changed (8). The first purpose of this study, then, was
to determine whether infusion of NE into conscious,
normally hydrated dogs causes changes in plasma va-
sopressin levels that may be responsible for the NE-
induced diuresis. To eliminate the possible effect of
cardiac receptor activation on vasopressin release (9,
10), NE was also infused into dogs with chronically
denervated hearts.

Although the changes in plasma vasopressin levels
were not consistent in the previously mentioned studies
(5-8), mean arterial blood pressure increased signifi-
cantly in each of these studies, which suggests that the
pressor effect of NE might be the major factor in NE-
induced diuresis. Consequently, the second purpose of
this study was to examine the contribution of changes
in mean arterial pressure to the diuresis induced by NE.

Materials and Methods

Surgical Preparation. Female mongrel dogs (16—
24 kg) were assigned randomly to one of two groups,
sham-operated (normal) or cardiac-denervated, before
undergoing surgery. The dogs were anesthetized with
pentobarbital sodium (25-30 mg/kg iv), and supple-
ments were given .as needed. The chest was entered
aseptically through the fourth intercostal space on the
left side. Catheters were placed in the descending aorta
and left atria as described previously (11). An ultrasonic
transit-time flow probe (Transonic Systems, Inc., Ith-
aca, NY) was placed around the ascending aorta.

The heart of each animal in the cardiac-denervated
group was surgically denervated by the intrapericardial
method of Randall er al. (12) as modified by Fater et
al. (11). The chest was then closed and the catheters
and the flow probe cable were tunneled subcutaneously
to the back and exteriorized. A chest tube was placed
in the pleural cavity to allow removal of residual fluid
and air postoperatively. Similar surgical procedures
were performed on sham-operated dogs; the pericar-
dium was opened and catheters were inserted, but the
heart was not denervated. Tests for cardiac denervation
were performed during the surgery and 1 week post-
operatively, as described previously (11). Morphine sul-
fate (15 mg im) was given to relieve postoperative pain.

Penicillin (300,000 units im daily) was given for 3
days after surgery. Catheters were flushed every other
day with saline and filled with sodium heparin (1,000
units/ml) to prevent clotting. The dogs were allowed at
least 2 weeks to recover before experiments were per-
formed. They were fed a diet that provided 65 mEq
sodium/day and were allowed water ad libitum.
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Experimental Protocols. On the day of the exper-
iment a Foley catheter was inserted in the dog’s bladder
and the dog was placed in a Pavlov-type stand. Cardi-
ovascular catheters were connected to pressure trans-
ducers (Statham P23xL). Cardiac output was measured
with an ultrasonic transit-time flow meter (T101; Tran-
sonic Systems). Hemodynamic variables were moni-
tored continuously on an oscillographic recorder and
digitized by a PDP 11/34 computer (Digital Equipment
Corp., Maynard, MA) at a rate of 100 samples/sec.
Minute averages of each hemodynamic variable were
displayed on a video terminal during the experiment
and stored for later analysis.

In the first series of experiments, the effects of
intravenous NE on plasma vasopressin levels and renal
function were examined in normal dogs (n = 6). After
a 30-min control period, NE was infused through a
temporary leg vein catheter at a rate of 0.5 ug-kg™'-
min~! for 30 min; a 30-min recovery period followed.
Similar experiments were performed using cardiac-de-
nervated dogs (n = 6).

Blood samples were collected 5 min before the end
of the control period, 15 and 28 min after the start of
the NE infusion, and 5 min before the end of the
recovery period. Blood samples were replaced with an
equal volume (18 ml) of iso-oncotic dextran in isotonic
saline. Urine samples were collected at 10-min intervals
throughout the experiment.

In the second series of experiments, the possible
contribution of the pressor effects of NE to the NE-
induced diuresis was evaluated by returning arterial
blood pressure to control levels during the latter half of
a NE infusion period. The same cardiac-denervated
dogs as those used in the first series of experiments were
used in these experiments. The interval between exper-
iments on each dog was at least 2 days.

After a 30-min control period, NE was infused into
cardiac-denervated dogs at 0.5 ug-kg™'-min~! for 40
min. During the last 20 min of the infusion, nitroprus-
side was administered intravenously at a rate of 0.3-
0.4 ug-kg™'-min~! to return arterial blood pressure to
the control level and maintain it at this level throughout
the remainder of the infusion. A 20-min recovery
period followed. Blood samples were collected 5 min
before the end of the control period, 18 and 38 min
after the infusion of NE had started, and 5 min before
the end of the recovery period. Time control experi-
ments were conducted using an identical protocol, ex-
cept that the dextrose vehicle alone was infused.

Chemical Analyses. Aliquots of fresh urine and
plasma were used to measure osmolality and electro-
lytes. The remaining plasma was stored at —70°C for
subsequent analysis of vasopressin and NE. Arginine
vasopressin was extracted from plasma with Sep-Pak
C18 cartridges (Waters Chromatography Division, Mil-
lipore Corp., Milford, MA) and measured by radio-



immunoassay as described by Goetz et al. (13) and
modified by Wang et al. (9). Plasma NE concentration
was measured by the single radioenzymatic method
(Cat-A-Kit; Amersham Corp., Arlington Heights, IL).
Plasma sodium and urinary sodium and potassium
concentrations were measured by flame photometry
(model 943; Instrumentation Laboratory, Lexington,
MA). Plasma and urine osmolality were measured by
freezing point depression (model 3MOQO; Advanced In-
struments, Needham Heights, MA).

Statistical Analyses. Hemodynamic variables
from each dog were averaged over consecutive 10-min
periods. Control data were obtained during the 10-min
period immediately preceding NE infusion. Results
shown in the tables represent data obtained in the final
10 min of the corresponding experimental period. All
data are expressed as mean * SE. Data were analyzed
by two-way analysis of variance for repeated measure-
ments. Within each group, Dunnet’s test was used to
determine which means differed statistically from con-
trol means. A series of completely randomized F tests
were used to determine which means differed signifi-
cantly between groups (14). A value of P < 0.05 was
considered to be statistically significant.

Results

Infusion of NE into Normal Conscious Dogs. The
infusion of NE into normal dogs (n = 5) increased
circulating levels of NE greater than 10-fold from the
control level of 188 + 32 pg/ml (Fig. 1). Urine flow
increased from 0.3 £ 0.1 to 0.9 = 0.4 ml/min (Fig. 1
and Table I). Nonsignificant increases in sodium excre-
tion and osmolar and free water clearance, and de-
creases in potassium excretion and urine osmolality are
shown in Table 1. Plasma vasopressin levels did not
change significantly during the NE infusion period (Fig.
1), in spite of increases in mean arterial blood pressure
(from 103 £+ 4 to 123 £ 6 mm Hg) and left atrial
pressure (from 5.2 = 0.9 to 8.6 £ 1.4 mm Hg; Table
II). Total peripheral resistance, cardiac output, heart
rate, and stroke volume remained relatively constant
throughout the experiment (Table II). One animal had
an unusually high urine flow; thus, the results obtained
using this animal were excluded from the statistical
analyses. It is interesting to note, however, that this
dog’s urine flow increased from 0.8 to 6.9 ml/min in
response to NE infusion. As with the other dogs, the
plasma vasopressin level did not change substantially
in response to NE infusion (0.5 to 0.6 pg/ml).

Infusion of NE into Cardiac-Denervated Con-
scious Dogs. The infusion of NE into cardiac-denerv-
ated dogs (n = 6) also increased circulating levels of NE
greater than 10-fold (Fig. 1). Urine flow increased from
0.2 +0.1 t0 0.8 = 0.3 ml/min (Fig. 1 and Table I). Like
the normal dogs, sodium excretion and osmolar and
free water clearance increased, and potassium and urine
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Figure 1. Renal and hormonal response to norepinephrine infusion
in normal and cardiac-denervated conscious dogs. NE was infused
at 0.5 ug-kg™'-min™" for 30 min in normal (n = 5) and cardiac-
denervated (n = 5) conscious dogs. UV, urine flow; PAVP, plasma
vasopressin. *P < 0.05 vs data collected between 20 and 30 min
(within groups).

osmolality decreased; however, only the changes in
osmolar clearance and urine osmolality were significant
(Table I). Unlike the normal dogs though, plasma va-
sopressin levels decreased significantly (from 1.8 + 0.3
pg/ml to 1.2 £ 0.3 pg/ml) in the cardiac-denervated
dogs during NE infusion (Fig. 1). Also, mean arterial
blood pressure, cardiac output, and heart rate increased
significantly more when NE was infused into cardiac-
denervated dogs than when it was infused into the
normal dogs (Table II). Left atrial pressure and stroke
volume decreased significantly when NE was given to
the cardiac-denervated dogs. Total peripheral resistance
did not change significantly.

Infusion of NE and Nitroprusside into Cardiac-
Denervated Dogs. Plasma levels of NE increased
greater than 10-fold during the first 20 min of the 40-
min period of NE infusion (from 220 * 40 to 2200 *
130 pg/ml). During the initial 20 min of the infusion
period, when only NE was given, mean arterial pres-
sure, total peripheral resistance, cardiac output, and
heart rate increased significantly, and left atrial pressure
and stroke volume decreased significantly (Fig. 2 and
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Table I. Renal and Electrolyte Effects of Norepinephrine Infusion in Normal and Cardiac-Denervated Conscious

Dogs®
Control Norepinephrine Recovery

UV (ml/min)

Normal 0.3 +0.1 09 +04° 0.3+0.1

CD 02+0.1 0.8 +£0.3° 02=+0.1
Cosm (ml/min)

Normal 1.3+0.2 1604 1.4 +£0.2

CD 09+0.1 1.3+0.2° 0.8+0.1
Ch,0 (ml/min)

Normal —-1.0x0.2 -07+04 -1.1+0.2

CcD -0.7 £ 0.1 -05+x0.2 -06+0.1
UnaV (1Eq/min)

Normal 46 + 11 79 + 39 70+ 19

CD 23+9 55 + 29 19+5
UkV (Eqg/min)

Normal 29+ 4 215 25+ 6

CD 20+ 4 175 18+ 3
Uosm (MOsm/kg H-0)

Normal 1317 + 212 1050 + 309 1628 + 229

CD 1350 = 170 670 + 130° 1340 = 200
Posm (MOsm/kg H-0)

Normal 300+ 3 300+ 3 3003

CD 298 + 2 297 £ 1 297 + 1
Pra (EQ/ml)

Normal 146 £ 1 146 £ 1 146 = 1

CD 145 + 1 145 + 1 146 + 1

@ Norepinephrine was infused at 0.5 pg-kg™'-min~" for 30 min into normal (» = 5) and cardiac-denervated ([CD] n = 6) conscious dogs.
Abbreviations used in table: UV, urine flow; Cosm, Osmolar clearance; Cu,o, free water clearance; UnaV, sodium excretion; UxV, potassium
excretion; Uosm, urine osmolality; Posm, plasma osmolality; Pna, plasma sodium.

b p < 0.05 vs control.

Table III). During the latter half of the infusion period,
when nitroprusside was added, mean arterial pressure
decreased promptly (within 3 min) to control levels.
Plasma levels of NE remained elevated (2840 + 340
pg/ml) during the period in which both NE and nitro-
prusside were infused.

The renal response to NE infusion during the first
20-min period (Table 1V) was similar to that observed
in the cardiac-denervated dogs during the 30-min NE
infusion described in the previous section (Table I).
However, when nitroprusside was given to return arte-
rial pressure to control values during the final 20 min
of the NE infusion, urine flow and the other renal
parameters also returned to control or, as with osmolar
clearance, below control values. There was no signifi-
cant change in plasma vasopressin levels during the
initial 20 min of the NE infusion (Fig. 2). However,
during the latter half of the infusion, when blood pres-
sure was returned to the control value with nitroprus-
side, plasma vasopressin increased to 18.9 = 3.8 pg/ml.
This change was reversed during the recovery period,
when plasma vasopressin level declined to a value not
significantly different from control. In the time control
experiments, in which dextrose vehicle only was in-
fused, there were no significant changes in any variable
measured (Fig. 2 and Tables III and IV).
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Discussion

In this study, intravenously administered NE
caused an increase in urine flow in normal conscious
dogs without altering plasma vasopressin levels. Con-
sequently, the diuresis was not dependent upon a de-
cline in plasma vasopressin in these experiments. Con-
sistent with these results is the finding of Goldsmith et
al. (7), who observed no change in plasma vasopressin
levels when a smaller dose of NE was infused into
humans.

Our results, however, are not consistent with the
hypothesis of Berl et al. (2), who proposed that NE
increases urine flow and free water excretion by arterial
baroreflex-mediated inhibition of vasopressin secretion.
Although vasopressin concentration was not measured
by Berl et al., later experiments by Kimura et al. (5)
demonstrated that NE infusion reduces plasma vaso-
pressin levels in anesthetized dogs. We were able to
detect significant decreases in plasma vasopressin only
when NE was given to cardiac-denervated dogs, not
when it was given to normal dogs. The difference
between our results from normal conscious dogs and
those of Kimura et al.’s may be due to the confounding
effects of acute surgical stress (15) or anesthesia (16).

Plasma vasopressin did not decline during NE in-



Table Il. Hemodynamic Effects of Norepinephrine
Infusion in Normal and Cardiac-Denervated Conscious

Dogs?
. Control  Norepinephrine Recovery

MAP (mm Hg)

Normal 103+ 4 123 £ 6° 99+3

CcD 1075 147 £ 10°° 1016
LAP (mm Hg)

Normal 52+09 86+1.4° 43+07

CD 55+1.1 20+0.7°¢ 56+09
TPR (PRU)

Normal 2708 29+03 25+0.2

CcD 2103 22+04 20x03
CO (liter/min)

Normal 23+03 25+04 25+03

CD 30+£03 44+06°° 30x04
HR (bpm)

Normal 84 +10 87 £ 14 93 + 12

CD 1137 210+ 15°° 123+6
SV (ml)

Normal 26+ 2 28+3 26+ 2

CD 28+5 21+ 3° 25+5

2 Norepinephrine was infused at 0.5 ug-kg™'-min~" for 30 min into
normal (n = 5) and cardiac-denervated ([CD] n = 6) conscious dogs.
Abbreviations used in table: MAP, mean arterial pressure; LAP, left
atrial pressure; TPR, total peripheral resistance; PRU, peripheral
resistance unit; CO, cardiac output; HR, heart rate; SV, stroke
volume.

4 p < 0.05 vs control.

¢ P < 0.05 vs normal.

fusion in normal conscious dogs, in spite of large in-
creases in arterial pressure and left atrial pressure, which
would be expected to inhibit vasopressin secretion re-
flexly via arterial and atrial baroreceptors, respectively.
This suggests that the reflex inhibitory effect on vaso-
pressin release is counteracted by a direct stimulatory
effect of NE on vasopressin release (see below). On the
other hand, infusion of NE increased arterial blood
pressure significantly more in the cardiac-denervated
dogs than in the normal dogs. The enhanced increase
in arterial blood pressure in the cardiac-denervated dogs
was attributable to the marked increase in heart rate
because total peripheral resistance did not change. The
greater increase in arterial blood pressure observed in
the cardiac-denervated dogs conceivably provided a
greater reflex inhibition of vasopressin secretion via
sinoaortic baroreceptors. Consequently, plasma vaso-
pressin levels decreased significantly during NE infu-
sion in the cardiac-denervated dogs.

Likewise, the significant increase in plasma vaso-
pressin level 25 min after the NE infusion was stopped
(Fig. 1) may also be attributable to influences originat-
ing from arterial baroreflexes. For example, elevation
of arterial pressure for 30 min may have caused a
resetting of baroreceptor input to a higher set point.
Once the NE infusion was terminated, the decline in
pressure decreased baroreceptor input to a greater ex-
tent than normal for the given level of pressure. It is
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Figure 2. Pressor, renal, and vasopressin response to NE and com-
bined NE-nitroprusside infusion in cardiac-denervated dogs. NE was
infused intravenously at 0.5 ug-kg™"-min™" for 40 min into cardiac-
denervated dogs. After 20 min into the NE infusion period, nitroprus-
side (0.3-0.4 ug-kg™'-min~" for 20 min) was administered to return
blood pressure to control levels. MAP, mean arterial pressure; UV,
urine flow; PAVP, plasma vasopressin. *P < 0.05 vs data collected
between 20 and 30 min (within groups). 1P < 0.05 vs vehicle infusion.

possible that this unloading of arterial baroreceptors
reflexly increased vasopressin release.

The relatively large increase in plasma vasopressin
concentration that was measured during combined NE
and nitroprusside infusion in cardiac-denervated dogs
may be explained in a similar fashion (Fig. 2). In this
case, however, the decrease in blood pressure was more
abrupt, thus providing a more rapid decrease in arterial
baroreceptor input and, conceivably, a more potent
reflex-mediated stimulus for vasopressin release. It is
also possible that the decrease in stroke volume during
combined NE and nitroprusside infusion may have
decreased sinoaortic baroreceptor activity. That is, al-
though nitroprusside infusion returned blood pressure
to control levels, stroke volume remained below control
levels, probably due to nitroprusside-induced venodi-
lation and venous pooling. It is possible, then, that the
nitroprusside-induced decrease in stroke volume (Table
III), and probably pulse pressure, may have stimulated
vasopressin release reflexly by decreasing sinoaortic
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Table lll. Hemodynamic Effects of Norepinephrine
and Norepinephrine Plus Nitroprusside Infusion in
Cardiac-Denervated Conscious Dogs*®

Control NE NE + NP Recovery

MAP (mm Hg)

Vehicle 9+5 1015 98+5 94+5

NE/NP 104+4 148+4> 98+3 91x4
LAP (mm Hg)

Vehicle 53+£1551+14 42+11 39=x11

NE/NP 54+15 31+15 16+11° 49+16
TPR (PRU)

Vehicle 32+£1040+15 3308 3.7x11

NE/NP 25+03 27+03°24+03 25+0.3
CO (liter/min)

Vehicle 22+03 22+04 22+03 20+0.3

NE/NP 26+02 36+03"26+02 23+02
HR (bpm)

Vehicle 116 +4 122+4 122+4 119%5

NE/NP 122+4 223 +10° 216 +10° 136+ 6
SV (ml)

Vehicle 19+3 18%3 18+3 17 £ 3

NE/NP 212 161 12+1° 17+x2°

¢ Norepinephrine was infused intravenously at 0.5 pg-kg™'-min~' for
40 min into cardiac-denervated (n = 6) conscious dogs. After 20 min
into the NE infusion period, nitroprusside ([NP] 0.3-0.4 ug-kg™'-
min~, iv, for 20 min) was administered to return blood pressure to
control levels. Abbreviations used in table: MAP, mean arterial pres-
sure; LAP, left atrial pressure; TPR, total peripheral resistance; PRU,
peripheral resistance unit; CO, cardiac output; HR, heart rate; SV,
stroke volume.

b p < 0.05 vs. control.

baroreceptor activity. Alternatively, it is possible that
the difference in vasopressin levels in cardiac-denerv-
ated dogs during the recovery period in the first series
of experiments (2.6 £ 0.6 pg/ml; Fig. 1) and the levels
obtained during combined NE and nitroprusside infu-
sion (18.9 + 3.8 pg/ml; Fig. 2) may have been due to
the difference in blood sampling times between the two
protocols. For example, in the cardiac-denervated dogs
given both NE and nitroprusside, the blood sample for
vasopressin was taken only 18 min after blood pressure
was abruptly returned to the control level by nitroprus-
side. In the dogs receiving NE only, the blood samples
were obtained 25 min after the infusion of NE had been
terminated. The half-life of vasopressin in dogs is ap-
proximately 1-4 min (17). Consequently, the difference
in plasma vasopressin in these two situations may be
attributable to the greater time allowed for metabolic
clearance of vasopressin in the first series of experi-
ments.

Another possible explanation for the relatively
large increase in plasma vasopressin level when nitro-
prusside was infused along with NE (Fig. 2) is that NE
may have a direct stimulatory effect on vasopressin
release. In the normal dogs, this stimulatory effect may
have been masked by inhibitory influences originating
from arterial and atrial baroreceptors in response to the
pressor effects of NE. Evidence supporting the direct
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effect of NE on vasopressin release includes the local-
ization of ay-adrenoreceptors in the area postrema and
in the subfornical organ (18, 19), areas with neural
projections to the vasopressin-secreting neuroendocrine
cells of the hypothalamus (see Ref. 4 for review). Cen-
tral administration of NE has also been shown to stim-
ulate vasopressin release by activating «;-adrenoceptors
in the anterior hypothalamus (20).

It is highly unlikely that nitroprusside exerted a
direct effect on vasopressin release. Earlier studies by
Brooks et al. (21) demonstrated that an infusion of
nitroprusside does not alter plasma vasopressin in dogs
with cardiac and arterial baroreceptor denervation. Fur-
thermore, Zucker and his colleagues (22) demonstrated
that intracarotid administration of nitroprusside into
conscious dogs does not evoke changes in plasma va-
sopressin or arterial pressure.

Likewise, osmotic influences played no role in
altering plasma vasopressin in this study. Intravenous
infusion of NE did not alter plasma osmolality; plasma
sodium and plasma osmolality were constant through-
out these experiments (Tables I and IV). It is also
unlikely that NE-induced changes in clearance would
have been responsible for the changes in plasma vaso-
pressin levels in these experiments. Although vasopres-
sin secretion was not directly measured in this study, it
is doubtful that NE-induced changes in clearance of
this peptide would have increased plasma vasopressin
concentration in one set of experiments and reduced it
in another.

It is tempting to argue that the decrease in urine
flow during combined NE and nitroprusside infusion
may be due to the relatively large increase in plasma
vasopressin concentration (Fig. 2). However, urine
flow, urine osmolality, and free water clearance (Table
1V) were not significantly different from control values
during this experimental period. Moreover, in all ex-
perimental groups, the changes in urine flow paralleled
the changes in osmolar clearance, indicating that the
increase in urine flow was due to a solute diuresis.
Taken together, these data indicate that changes in
plasma vasopressin concentration are relatively unim-
portant in regulating urine flow in this situation.

Although some evidence suggests that NE is capa-
ble of inhibiting the hydro-osmotic effects of vasopres-
sin intrarenally (23-27), results from the present study
do not support the concept that an intrarenal mecha-
nism is the major factor responsible for NE-induced
diuresis in conscious dogs. For example, if NE inhibited
vasopressin-induced renal water reabsorption in con-
scious dogs, urine flow should have increased during
NE infusion, regardless of the prevailing arterial blood
pressure. However, when mean arterial pressure was
returned to the control level by nitroprusside during
NE infusion, urine flow also returned to the control
level (Fig. 2). In addition, infusion of NE into the renal



Table IV. Renal and Electrolyte Effects of Norepinephrine and Norepinephrine Plus Nitroprusside Infusion in
Cardiac-Denervated Conscious Dogs®

Controt NE NE + NP Recovery

UV (ml/min)

Vehicle 03=+0.1 0.3+0.1 03+0.1 0.3+01

NE/NP 0301 0.6 +0.2° 02+03 0.2+ 0.1
Cosm (Ml/min)

Vehicle 1.1+03 11+£02 11+£02 1.2+0.2

NE/NP 1.1+0.1 1.4+0.2° 0.6 +0.1° 09+01
CHZO (ml/mln)

Vehicle 0 8+02 -09=+0.2 -09+0.2 -09+0.2

NE/NP 0.8+0.1 -0.8=+0.2 -05+0.2 —-0.7+0.1
UnaV (2Eg/min)

Vehicle 24+8 28+ 8 36+6 44 + 4°

NE/NP 43 + 16 68 + 14 21+7 215
UkV (vEqg/min)

Vehicle 42 + 11 40+ 8 42+ 9 37 = 11

NE/NP 255 25+7 24 +4 23+3
Uosm (MOsm/kg H20)

Vehicle 1220 + 50 1570 + 390 1560 + 290 1470 £ 270

NE/NP 1400 + 280 890 + 150° 1220 + 260 1360 + 160
Posm (MOsm/kg H20)

Vehicle 208 = 1 297 £ 2 298 + 1 298 + 1

NE/NP 296 =1 296 + 1 296 + 1 297 =1
Pra (EG/m)

Vehicle 146 + 1 146 £ 1 145 + 1 146 £ 1

NE/NP 146 + 1 146 + 1 146 =1 146 £ 1

@ Norepinephrine was infused intravenously at 0.5 ug-kg™-min~" for 40 min into cardiac-denervated (n = 6) conscious dogs. After 20 min into
the NE infusion period, nitroprusside ([NP] 0.3-0.4 ug-kg™'-min™", iv, for 20 min) was administered to return blood pressure to control levels.
Abbreviations used in table: UV, urine flow; Cosm, OSmolar clearance; Cu,o, free water clearance; UnaV, sodium excretion; UcV, potassium
excretion; Uosm, urine osmolality; Posm, plasma osmolality; Pna, plasma sodium.

b p < 0.05 vs control.

arteries of anesthetized dogs does not produce a diuresis
(2). Furthermore, recent evidence indicates that the
inhibition of the tubular action of vasopressin by a-
adrenoceptor agonists is species specific (28). Specifi-
cally, NE did not reverse the decrease in urine flow and
increase in urinary osmolality caused by the infusion
of vasopressin in conscious dogs (28). These results
imply that the NE-induced diuresis observed in the
present study was elicited primarily by the elevation in
arterial blood pressure, a finding that is consistent with
the well-known phenomenon of pressure diuresis (29).

In conclusion, these results demonstrate that a
decrease in plasma vasopressin is not responsible for
the diuretic response to NE infusion in normal con-
scious dogs. In addition, when the pressor effects of NE
were abolished by the infusion of nitroprusside, NE did
not increase urine flow, indicating that the pressor effect
of NE appears to play a major role in NE-induced
diuresis in conscious dogs.
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