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Acute Pressor Actions of Ouabain Do Not Enhance the Actions
of Phenylephrine or Norepinephrine in Anesthetized Rats
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Summary: The inhibition of high-affinity isoforms of the Na*,K*-ATPase by
nanomolar levels of ouabain has been proposed to enhance the actions of
vasoconstrictor agents that act via a Ca*>-dependent mechanism. The present
study tested this hypothesis by evaluating the effects of ouabain (6 and 18
pg/kg, i.v.) on the vasopressor actions of phenylephrine and norepinephrine in
anesthetized, reflex-blocked rats. In separate groups of animals, dose-response
curves for increases in diastolic pressure produced by phenylephrine were
generated after the administration of saline (control), ouabain (18 wg/kg),
L-omega-N-nitro arginine methyl ester (L-NAME, 3 pumol/kg) and angiotensin
IT (15 ng/kg per min). Treatment with ouabain (18 wg/kg) produced an in-
crease in diastolic pressure of 19 + 3 mm Hg but did not significantly alter the
potency or maximal response produced by phenylephrine. In contrast, treat-
ment with angiotensin II and L-NAME, agents known to enhance the actions
of a-adrenoceptor agonists, increased the potency of phenylephrine. In ani-
mals in which the pressor actions of norepinephrine were evaluated before and
after the administration of ouabain (6 pg/kg), ouabain did not alter the pressor
response to norepinephrine. Blockade of a-adrenoceptors with phentolamine
was found to attenuate as well as partially reverse the increase in diastolic
pressure produced by ouabain. These observations suggest that ouabain pro-
duces a pressor response by actions on sympathetic nerve endings as well as
on vascular smooth muscle and that these actions do not alter the sensitivity
to phenylephrine or norepinephrine. Key Words: Ouabain—Phenylephrine—
Norepinephrine—L-NAME—Angiotensin II.

Endogenous ouabain (ouabain or a closely related iso-
mer) is thought to play a role in some forms of hyper-
tension (1,2). Short-term and long-term administration of
ouabain produces an increase in systemic arterial blood

pressure (3—7). In normal human volunteers (6) and rats
(7) the short-term administration of ouabain in the range
of 10-30 nmol/kg, i.v., produces a pressor response that
is peripheral in origin. Long-term treatment with ouabain
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in rats produces a hypertension that appears to be mainly
of central origin (8). The primary site of action of oua-
bain is generally assumed to be the a-subunit of Na*,K*-
ATPase, which is a heterotrimer composed of a-, B-and
v-subunits that exist in isoforms (9—11). In the rat, but
not other species, the a subunit isoforms show marked
differences in affinity for ouabain. The a;, a,, and a4
isoforms show low, high and very high affinities for
ouabain that are in the ranges of 50-100 wM, 30 nM, and
1 nM, respectively (12—14).

Rat vascular tissue contains o, a,, and o5 subunits
(15). The o, and a5 isoforms of the sodium pump appear
to be preferentially localized on the plasma membranes
in regions that are in anatomic communication with the
sarcoplasmic and endoplasmic reticulum (16,17). The in-
hibition of the high-affinity isoforms of the sodium pump
by nanomolar concentrations of ouabain at these sites
(18) can produce an increase in the intracellular store of
Ca*? that is proposed to be readily available for release
on stimulation (19) and to result in an amplification
of the effect of agonists that cause a Ca**-dependent
contraction (1,19). Ouabain alone produces a peri-
pheral vasoconstriction in humans at doses between
10-30 nmol/kg, i.v. (6). A subpressor dose of ouabain,
0.1 mg/m?, i.v., was shown to enhance the ability of a
single dose of norepinephrine to increase mean arterial
pressure (20). In vitro, nanomolar concentrations of oua-
bain have been shown to enhance caffeine-induced con-
tractures and to increase phenylephrine’s ability to po-
tentiate caffeine-induced contractions of rat isolated
vascular preparations (21). Collectively, these observa-
tions support the hypothesis that nanomolar concentra-
tions of ouabain, which should selectively interact with
the high-affinity o, and a5 isoforms of Na*,K*-ATPase,
enhance the actions of vasoconstrictor agents. However,
the effects of nanomolar doses of ouabain on a full-dose
response curve for a pressor agent have not been re-
ported. This type of analysis allows an evaluation of
potential effects of ouabain on potency (EDs, dose pro-
ducing one-half maximal response) and the maximal re-
sponse.

The present studies were undertaken to evaluate the
hypothesis that relatively low doses of ouabain (6 and 18
pg/kg, which correspond to approximately 10 and 30
nmol/kg) produce an enhancement of the vasoconstrictor
actions of a-adrenoceptor agonists. Our results show that
in the reflex-blocked anesthetized rat, ouabain increases
diastolic pressure by phentolamine-sensitive and -insen-
sitive mechanisms. At the doses used, ouabain induced
increases in diastolic pressure but did not alter the dose-
response curve for phenylephrine or the responsiveness
to submaximal doses of norepinephrine.
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METHODS

Animals, experimental groups, and
experimental protocols

Male Wistar rats, 250-325 g, were used. All experi-
ments were conducted in compliance with the guidelines
for biomedical research as stated by the Brazilian Soci-
eties of Experimental Biology. On the day of the experi-
ment, the animals were anesthetized with urethane, 1.2
g/kg, i.p. After the onset of anesthesia, cannulae were
placed in the left common carotid and right and/or left
femoral veins for recording blood pressure and pulse rate
and drug administration, respectively. A 10-min stabili-
zation period was observed before administration of any
drugs. Before any treatments, all animals received hexa-
methonium, 10 mg/kg; propranolol, 1 mg/kg; and atro-
pine, 1 mg/kg, in that order, to block autonomic reflexes.
Five to 10 min after the administration of atropine, a
short-term treatment or saline was administered. The fol-
lowing treatment groups were employed: control (saline,
0.1 ml/kg), ouabain (18 wg/kg, which is 31 nmol/kg),
L-NAME (3 pmol/kg), and angiotensin II (15 ng/kg per
min, infused at a rate of 22 wl/min). Dose-response
curves to phenylephrine (0.1-100 pg/kg) were initiated
10—15 min after the administration of saline, 30 min after
pretreatment with L-NAME, 15 min after angiotensin, or
60 min after pretreatment with ouabain, times at which
the effects of the treatment agents on blood pressure
were in a plateau. Studies on L-NAME and angiotensin II
were included as positive controls because it is known
that these agents can enhance the actions of a-adreno-
ceptor agonists (22-24). To permit an evaluation of the
effectiveness of the reflex blockade, dose-response
curves to phenylephrine were generated in anesthetized
rats in the absence of the blocking drugs and the changes
in diastolic pressure and heart rate were measured.

In a separate group of animals, the effects of ouabain,
6 wg/kg, on the pressor effects of submaximal doses of
norepinephrine (01, 0.3, and 1 pg/kg) were evaluated.
These doses of norepinephrine roughly correspond to
doses of phenylephrine that produce from 10% to 50% of
the maximal response. In these animals the effects of
norepinephrine on diastolic pressure before the adminis-
tration of ouabain and at 60-75 min after the adminis-
tration of ouabain were measured. This experimental de-
sign and dose of ouabain were used to more closely
mimic human studies on the effect of ouabain on nor-
epinephrine (20).

In other experiments the effects of the nonselective
a-adrenoceptor antagonist phentolamine, 3 mg/kg, on
the pressor response to ouabain (18 wg/kg) were deter-
mined. In three pilot experiments it was determined that
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this dose of phentolamine produced a 30-fold rightward
shift in the dose-response curve for phenylephrine at 30—
60 min after administration, which reversed to an ap-
proximately 20-fold dextral shift by 90 min after admin-
istration. The ability of phentolamine to prevent as well
as reverse the pressor response to ouabain was evaluated.
In the former experiments, phentolamine was adminis-
tered 5—-10 min after atropine and 10 min before ouabain,
at a time when the depressor effects of phentolamine had
stabilized. The diastolic pressure at 60 min after the ad-
ministration of ouabain was used as the measure of the
response to ouabain. In the reversal experiments, phen-
tolamine was administered 60 min after ouabain, at a
time when the pressor effects of ouabain had reached a
plateau. Except as noted above, all drugs were adminis-
tered by the intravenous route in saline at a volume of 0.1
ml/kg, followed by a 0.1 ml flush.

Blood pressure and pulse rate recording

Blood pressure was measured using a pressure trans-
ducer (model 1050BR, UFI, Inc., Morro Bay, CA,
U.S.A)) and recorded using an interface and software for
computer data acquisition (model MP100A, BIOPAC
Systems, Inc., Santa Barbara, CA, U.S.A.). Pulse rates
were determined from the intra-beat intervals.

Dose-response curves

Phenylephrine was administered in doses of 0.1-100
pg/kg at approximately half-log intervals sequentially in
an ascending order. The logarithm of the dose and the
increase in the diastolic pressure produced by phenyl-
ephrine were used as the dose and response metameters
(25). The increment was measured from the base-line
diastolic pressure before the dose of phenylephrine to the
peak of the increase caused by phenylephrine.

Statistical analysis

The metameters for dose and response data were used
in iterative nonlinear regression analyses to estimate the
unknown parameters, E_ .., log EDs,, and the slope fac-
tor that define the dose-response curve as given by the
following equation:

Emax
(14 (10*/10%)")
where E is the observed change in diastolic pressure;
E, . 18 the estimated maximal change in diastolic pres-
sure; X is the logarithm of the dose of phenylephrine; B,
the index of potency, is the logarithm of the dose pro-
ducing one half E_ ., (log EDs); and n is a curve-fitting

max

parameter that defines the steepness of the dose-response
curve.

Data are presented as mean + SEM. One-way
ANOVA was carried out on the individual dose-response
parameters (E, .., log EDs,, and n) to determine if treat-
ments had an effect. Significance was determined by
Dunnet’s post hoc test for multiple comparisons to the
respective control values. The effects of phentolamine on
the pressor actions of ouabain and the effects of ouabain
on the pressor effects of norepinephrine were evaluated
by a repeated measures one-way ANOVA and Tukey’s
post hoc test for multiple comparisons was used to de-
termine significance. In some cases, Student ¢ tests were
used. A p value of < 0.05 was considered significant.
Dose-response and statistical analyses were performed
using the program Prism3 (GraphPad Software, San
Diego, CA, U.S.A)).

Drugs

Angiotensin II, diacetate tetrahydrate, atropine sulfate,
hexamethonium dichloride, L-NAME hydrochloride,
norepinephrine bitartrate, ouabain octahydrate, phenyl-
ephrine hydrochloride, phentolamine hydrochloride,
D,L-propranolol hydrochloride, and urethane were ob-
tained from Sigma Chemical Co. (St. Louis, MO,
U.S.A.) All drugs except norepinephrine were dissolved
in 0.9% saline and doses refer to the salt form used.
Norepinephrine was dissolved in 0.1% sodium metabi-
sulfate in saline and fresh solutions were prepared for
each experiment.

RESULTS
Table 1 shows the values for diastolic pressure of the

experimental groups before and after reflex blockade and

TABLE 1.
Diastolic pressure before and after reflex blockade (RB) and
after treatment”

Treatment Diastolic pressure After

group Before RB®  after RB (mmHg) treatment No.
Control 60+4 482 50+3 6
Ouabain 649 52£2 71+ 3b¢ 6
L-NAME 3.0 606 512 87+ 10" 5
Angiotensin II 57+5 51+4 53+4 6

“Values are mean + SEM for number of animals. Values are rounded
to nearest whole number. Treatment refers to the drug administered
after reflex blockade.

*Within column, significantly different from control value, p < 0.05,
one-way ANOVA followed by a Dunnet’s post hoc test.

“Significantly different from respective post-RB value, p < 0.05,
paired ¢ test.
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after treatments. There were no significant differences
among the groups for diastolic pressures before or after
reflex blockade. Relative to their values after reflex
blockade, both ouabain and L-NAME produced signifi-
cant increases in diastolic pressure (p < 0.05, paired ¢
test). The sustained pressor effect of ouabain was slow in
onset. Immediately after the injection of ouabain there
was a small increase in pressure that returned to baseline
values within 5 min. Approximately 40 min after ouabain
injection, the diastolic pressure slowly increased to a
plateau value by 60 min that was sustained for at least an
additional hour (Rossoni LV and Vassallo DV, unpub-
lished observations). All observations on the pressor ac-
tions of phenylephrine and norepinephrine were made
within this time period. Saline treatment and angiotensin
IT at 15 ng/kg per min had no significant effects on
diastolic blood pressure (p > 0.05, paired ¢ tests).
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Figure 1 shows dose-response curves for phenyleph-
rine-induced changes in diastolic pressure and pulse rate
in the control animals with and without reflex blockade
and in ouabain-treated rats with reflex blockade. These
results show that the reflex blockade produced an inhi-
bition of 87%—-100% of the baroreceptor reflex—induced
decrease in pulse rate evoked by the pressor actions of
phenylephrine. In the presence of reflex blockade there
were no significant differences in the dose-response
curves for changes in pulse rate for the control and oua-
bain reflex—blocked groups. Similarly, there also were no
changes in pulse rate after norepinephrine administration
to reflex-blocked animals before and after the adminis-
tration of ouabain (data not shown). Figure 2 shows the
absolute diastolic pressures before and after the admin-
istration of phenylephrine in control and ouabain-treated
animals. Here it is seen that ouabain at 18 pg/kg, i.v.,

-1

0 1 2

Log Phenylephrine (1g/kg)

FIG. 1.

Dose-response curve for the effects of phenylephrine on changes in diastolic pressure (DP) and pulse rate (PR) in control rats

with reflexes intact (RI) and with reflexes blocked (RB) and in rats treated with ouabain (18 pg/kg) after reflex blockade. The open symbols
depict changes in diastolic pressure and the corresponding closed symbols depict changes in pulse rate. Symbols and bars show mean
+ SEM (n = 6 per group). Where no bars are seen, the value of the SEM is within the area covered by the symbol. The basal values for
pulse rates were control Rl, 315 + 19; control RB, 298 + 10; and ouabain RB, 284 + 3 beats/min.
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FIG. 2. Comparison of the pressor effects in control reflex—blocked and ouabain-treated (18 pg/kg, i.v.) animals. Data show the basal
diastolic pressure (Basal DP) before administration of phenylephrine (open symbols) and the peak diastolic pressure obtained after the
administration of phenylephrine (closed symbols) and are the mean + SEM for six animals in each group.

caused a significant (p < 0.005, paired ¢ test) increase in
the “basal” diastolic pressure of 18.8 + 3.2 mm Hg.
However, as shown in Table 2, short-term administration
of ouabain had no effect on either the sensitivity (log
ED,,) or the responsiveness (E_,,,) for phenylephrine.
Table 2 shows the dose-response parameters, log
ED,,, maximal change in diastolic pressure, and slope
parameter, for phenylephrine in the various experimental
groups. The log EDs,, values for phenylephrine in the
L-NAME and angiotensin II groups were significantly

TABLE 2.
Dose-response parameters for vasopressor actions
of phenylephrine®

Parameter

Maximum change

Treatment in diastolic

group log EDs,  pressure (mm Hg) Slope factor No.
Control 0.94 +0.08 871 1.15+0.06 6
Ouabain 0.80 +0.12 83+2 096+0.04 6
L-NAME 3.0  0.10 +0.04” 62 + 5% 0.83+0.06 5
Angiotensin II  0.51 +0.10° 82+4 1.13£0.10 6

“Values are mean + SEM for number of animals. Values for maximal
response have been rounded to nearest whole number.

bSignificantly different from the control value, p < 0.05, one-way
ANOVA followed by a Dunnet’s post hoc test.

less than that of the control group (corresponding ED5,
values are 1.3 + 1.0 and 3.2 + 1.2 pg/kg vs. 8.7 £ 1.2
ng/kg, respectively), showing an increase in the potency
of phenylephrine. The log EDs, of phenylephrine in the
ouabain group (the ED5, value was 6.3 + 1.3 pg/kg) was
not significantly different from that of the control group.
The maximal change in diastolic pressure produced by
phenylephrine was decreased in the L-NAME group. Al-
though L-NAME, at this dose, reduced the maximal
change in diastolic pressure produced by phenylephrine,
there were no significant differences in the values for the
actual diastolic pressures produced by phenylephrine
among any of the experimental groups. None of the drug
treatments altered the slope factor for the dose-response
curves.

Ouabain at 6 pg/kg, i.v., produced an 8 + 2 mm Hg (p
<0.05, paired ¢ test) increase in the diastolic pressure.
Figure 3 shows the increases in diastolic pressure pro-
duced by norepinephrine before and at 60—75 min after
ouabain administration. After administration of ouabain,
there were no significant effects on the responses to nor-
epinephrine.

Figure 4 shows the effect of phentolamine on the pres-
sor actions of ouabain. Panel A shows the effects of
phentolamine on the established pressor response to of
ouabain, panel B shows the effect of pretreatment with
phentolamine, and panel C shows the increase in diastol-

J Cardiovasc Pharmacol™, Vol. 37, No. 3, 2001
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FIG. 3. Effect of ouabain on the pressor response to norepinephrine (NE). Data are the mean + SEM for four animals. Responses were
obtained to norepinephrine before and at 6075 min after the administration of ouabain (6 pg/kg). The diastolic pressure before and after
the administration of ouabain was 60 + 3 and 68 + 5 mm Hg. The increase was significant (p < 0.05, paired t test). Ouabain did not alter

the responses to submaximal doses of norepinephrine.

ic pressures produced by ouabain in the absence of phen-
tolamine and in the presence of phentolamine. Pretreat-
ment with phentolamine produced a small but significant
decrease in diastolic pressure of 7.5 + 3 mm Hg (p <
0.05, repeated measures one-way ANOVA followed by
Tukey’s post hoc test, n = 6). At 60 min after the sub-
sequent administration of ouabain (70 min after phentol-
amine) there was a significant increase (p < 0.01), 11 +
4 mm Hg, in the diastolic pressure relative to that fol-
lowing phentolamine administration. The resultant dia-
stolic pressure was not significantly different from the
control diastolic pressure before phentolamine adminis-
tration (p > 0.05). When phentolamine was administered
at the plateau of the pressor effect of ouabain, the change
in diastolic pressure was reversed from an increase of 20
+ 2 mm Hg to an increase of 8§ + 3 mm Hg above the
pre-ouabain control diastolic pressure of 57 + 3 mm Hg.
The increase in diastolic pressure produced by ouabain in
absence of phentolamine, 20 + 2 mm Hg, was signifi-
cantly different from that produced in the presence of
phentolamine, 11 + 4 mm Hg (p < 0.05). These results
show that the pressor response to ouabain was both par-
tially prevented and partially reversed by phentolamine.

Collectively, the results of the experiments with oua-
bain at 18 pwg/kg show that it produced very similar
increases in diastolic pressure of 18.8 + 3.2 and 20.0 +

J Cardiovasc Pharmacol™, Vol. 37, No. 3, 2001

2.2 mm Hg. At a dose of 6 pg/kg, the increase in dia-
stolic pressure produced by ouabain, 8 + 2 mm Hg, was
less than that produced by 18 pg/kg, showing a dose-
related effect of short-term administration of ouabain on
blood pressure.

DISCUSSION

The results of the present study show that relatively
low doses of ouabain, 6 and 18 pg/kg, i.v., (approxi-
mately 10-30 nmol/kg) cause dose-related increases in
diastolic blood pressure in the anesthetized, reflex-
blocked rat. In rats, the latter dose and route of admin-
istration of ouabain has been shown to produce a peak
plasma level of 40 nM within 10 min that returns to
preinjection levels by 2 h, with increased urinary excre-
tion of ouabain for 6 h after administration (26). The
results of studies from this laboratory (Rossoni LV, Vas-
sallo DV, unpublished observations) showed that this
dose of ouabain produces an increase in mean arterial
pressure that reaches a plateau in 1 h and is maintained
for at least 1 h. All of the observations made on the
pressor responses to phenylephrine and norepinephrine
were carried out during this time when the pressor re-
sponse to ouabain was constant and under conditions of
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FIG. 4. Phentolamine partially reverses and partially prevents
the pressor response produced by ouabain. Panel A shows the
control diastolic pressure, the pressure 60 min after the admin-
istration of ouabain (18 pg/kg), and the pressure 10 min after the
subsequent administration of phentolamine (3 mg/kg, i.v.). Panel
B shows the control diastolic pressure, the pressure 10 min after
the administration of phentolamine and the pressure 60 min after
the subsequent administration of ouabain. Panel C shows the
increase in diastolic pressure produced by ouabain (Oua) relative
to control diastolic pressure (from panel A) and the increase rela-
tive to the diastolic pressure after phentolamine (from panel B).
Data are the mean + SEM for six animals per group.

reflex blockade. Under these conditions, changes in di-
astolic pressure should reflect direct actions on the vas-
culature that are not modulated by autonomic reflexes.
Importantly, we observed that in reflex-blocked rats,
baroreceptor-mediated decreases in pulse rate were
largely abolished to the same extent—100%-87% de-
pending on the dose of phenylephrine—in control and
ouabain-treated rats. This observation shows that the
blockade was effective and that reflexes did not unduly
influence the dose-response curves for the pressor ac-
tions of phenylephrine. Because we wished to avoid po-
tential effects of ouabain on baroceptor reflexes (27-29)
that might interfere with the short-term pressor effects of
phenylephrine, we did not study the effects of ouabain on
phenylephrine in animals with intact reflexes.

Because reflexes were blocked, we conclude that the
short-term pressor effects of ouabain were peripheral in
origin and not related to its direct central nervous system
actions (8,27) or its actions at sensory afferent nerve
endings (28-30). The results of our experiments with
phentolamine suggest that in the present study the pres-
sor actions of ouabain were mediated indirectly by nor-
epinephrine released from sympathetic nerves as well as
by a direct action on vascular smooth muscle cells. Pre-
sumably, both actions were due to the inhibition of
Nat K*-ATPase. Indirect and direct contractile actions of
ouabain have been reported (6,31-33). Low micromolar
concentrations of ouabain and acetylstrophanthidin po-
tentiated the vasomotor response to adrenergic nerve
stimulation in canine isolated arteries and veins under
conditions in which the direct contractile actions of nor-
epinephrine were unaltered and those of a selective o,-
agonist only slightly enhanced (32,33). In human volun-
teers, the short-term in vivo vasoconstrictor responses to
doses of ouabain similar to those used in the present
study were not altered by pretreatment with guanethidine
(6). In the rat, both mechanisms appear to be operative.

The potency, EDs,, of phenylephrine to increase dia-
stolic pressure found in the present study, 8.7 ng/kg,
agrees fairly well with values of 6-7 pg/kg reported in
the literature (34,35). Also in agreement with the litera-
ture, we find that L-NAME and angiotensin II can in-
crease the potency of phenylephrine (22,23). Because
there were no significant differences among the maximal
diastolic pressure produced by phenylephrine in any of
the treatment groups, the effects of the higher doses of
L-NAME on the maximal change in diastolic pressure
produced by phenylephrine were most likely caused by
the pressor effect of L-NAME, which imposed a lower
limit on the maximal change that could be obtained. In
contrast to the results obtained with L-NAME and angio-
tensin II, ouabain elevated the base-line diastolic pres-
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sure but did not alter the ability of phenylephrine to
produce an increase in diastolic pressure. Because the
baseline was elevated, the resultant diastolic pressure
was higher, but the increment above baseline produced
by phenylephrine was not altered. Relative to the control
group, neither the potency nor the maximal response of
phenylephrine was altered in the group treated short term
with this dose of ouabain. Similarly, we found that oua-
bain did not alter the responsiveness to norepinephrine.
We evaluated the effects of a lower dose of ouabain on
the pressor actions of three submaximal doses of norepi-
nephrine in the same animals before and after the admin-
istration of ouabain and found no changes in the re-
sponse. Under the conditions used here, ouabain did not
sensitize the vasculature to the actions of phenylephrine
or norepinephrine. Instead, our results show that the
pressor effects of ouabain and these a-adrenoceptor ago-
nists were simply additive.

In view of the previous reports that cardiac glycosides
enhance the actions of pressor agents (20,36), the present
observations were unexpected. However, in many of the
these studies, full dose-response curves for vasoconstric-
tors, norepinephrine and angiotensin or phenylephrine,
were not generated, so it is difficult to determine if the
treatments produced an increase in responsiveness or an
increase in the potency of the agonist, or both. In one
study in which several doses of norepinephrine and an-
giotensin II were used, it was observed that short-term
treatment with digoxin increased the ability of these
agents to increase mean arterial pressure (36). Interest-
ingly, these data show that this was due to increases in
systolic pressure responses and not diastolic pressure re-
sponses.

In studies that showed that nanomolar concentrations
of ouabain produced a slight enhancement of caffeine-
evoked contraction of isolated vascular preparations and
that ouabain enhanced the ability of phenylephrine to
enhance the actions of caffeine (21), no results were
reported on the direct interactions between ouabain and
phenylephrine. The results of other studies using rat iso-
lated thoracic aorta preparations show that ouabain at
concentrations of less than 10 wM had no contractile
actions and no effect on concentration-response curves
for phenylephrine (37,38). Ouabain at 100 M increased
the maximal response to phenylephrine without altering
the potency of phenylephrine in aorta from one-kidney,
one-clip renal hypertensive rats and had no effect on the
actions of phenylephrine on aorta from one-kidney non-
hypertensive rats (38). Previous studies from this labo-
ratory showed that 100 wM ouabain enhanced the actions
of phenylephrine in the rat isolated tail vascular bed
preparation (39) and suggested that 10 nM ouabain also
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increased the responsiveness to phenylephrine (7). In the
latter studies, only a limited dose range that corresponds
to the lower portion of a dose-response curve for phen-
ylephrine was used. The results of more recent studies
(40) with the rat perfused isolated tail vascular bed
preparation in which full dose-response curves for the
change in perfusion pressure produced by phenylephrine
showed that 10 nM ouabain had no effect on the potency
of phenylephrine and produced a small increase in the
estimated maximal response.

In contrast, the enhancing effects of ouabain and ace-
tylstrophanthidin on the vascular response to adrenergic
nerve stimulation are readily seen at concentrations of
less than 10 wM (32,33). It is also of interest to note that
low micromolar concentrations of ouabain and dihydro-
ouabain have been shown to enhance the actions of se-
rotonin on rabbit isolated ear arteries by a Na*,K*-
ATPase-independent mechanism (41,42).

It could be argued that the use of anesthetized animals
precluded the demonstration of an ouabain-enhanced
sensitivity and responsiveness to phenylephrine and nor-
epinephrine. However, the results of the experiments
with the short-term administration of L-NAME and an-
giotensin II clearly show that the measuring system used
can be manipulated to cause an increase in the potency of
phenylephrine and that this can occur in the absence of
any measurable changes in diastolic pressure. Addition-
ally, the effects of ouabain on afferent baroreceptor nerve
activity are readily demonstrable in rats anesthetized
with urethane (29,30). Although it does seem likely that
there was an interference with the anesthetic, experi-
ments in wake animals are required to fully evaluate this
possibility.

The results of the present study do not support the
notion that nanomolar concentrations of ouabain enhance
the actions of vasoconstrictor agents in anesthetized rats.
Although the present study has the limitation of only
addressing the short-term actions of ouabain in anesthe-
tized animals, the results of recently published experi-
ments on the effects of long-term administration of oua-
bain show that the potency and maximal response of
phenylephrine is reduced in some isolated vascular
preparations (5,43). It would seem that the role of en-
dogenous ouabain in hypertension is not that of simply
amplifying contractile actions.
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