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Interaction of prazosin with alpha-adrenergic receptors—In vitro binding and in vive
antagonism

(Received 20 February 1978; accepted 15 January 1979).

Prazosin hydrochloride (MINIPRESS) has been shown to
reduce blood pressure in both experimental animals | I, 2] and
in man | 3]. The mechanism(s) of its antihypertensive action
reportedly involve peripheral vasodilation resulting from both
direct vascular smooth muscle relaxation (possibly through
inhibition of phosphodiesterase activity) and interference
with peripheral sympathetic function [4,5]. There is an
accumulating body of evidence suggesting that prazosin pos-
sesses alpha-adrenergic blocking properties [6—11]. In a pre-
liminary study, we reported that prazosin interacts with
peripheral alpha-adrenergic receptor sites [ 12]. More recent
biochemical studies suggest that the drug binds to central
alpha adrenergic receptors [ 13, 14]. In this communication,
we provide direct biochemical evidence that prazosin com-
petes with [*H-|dihydroergocryptine for specific alpha-adre-
nergic binding sites in rabbit uterine membrane preparations.
In addition, we have extended these in vitro findings to
evaluate in vivo alpha-adrenergic blocking potency of the
drug.

Alpha-adrenergic receptor assays. All procedures were
conducted at 5°, according to the method of Williams et al.
[ 15). Frozen type II mature rabbit uteri were purchased from
Pel-Freeze Biologicals, Rogers, AR. After thawing, fat was
removed and endometrial cells were scraped free with a
scalpel. Six uteri were sliced and finely minced with scissors in
a solution containing 0.25 M sucrose 5 mM Tris—-HC! (pH
7.4), and 1 mM MgCl,. The minced tissue was homogenized
4 times for 5sec intervals using a Tekmar model SDT
tissuemizer at maximum setting. After filtration through
cheese cloth. the homogenate was centrifuged at 400 g for
10 min, and the supernatant fraction was collected with a
Pasteur pipette. The supernatant liquid was then centrifuged
for 10 min at 39,000 g. The resulting pellet was homogenized
using a Teflon—glass tissue homogenizer in 50 mM Tris—HC!
(pH 7.4) and 10 mM MgCl,. The resuspended pellet was
centrifuged for 10 min at 39,000 g , and the pellet washed
twice more in the same buffer. The final pellet was homoge-
nized in 20 ml of the same buffer.

In the binding assay, the radioligand used was dihydroer-
gocryptine-19, 10 3H-(N)]. purchased from New England
Nuclear, Boston, MA with a specific activity of 24 Ci/m-
mole. Non-labeled drugs were dissolved or suspended in 10%
dimethylsulfoxide (DMSO) in water. Ascorbic acid (0.1%)
was added when catecholamines were studied. The incuba-
tion consisted of 25ul of [*H]-dihydroergocryptine
(~ 40,000 cpm; ~ 2 pmoles) 50 ul of the test drug and 100 ul
of the uterine membrane. The incubation was conducted for
15 min at 25° in 12 x 75 mm plastic test tubes (Falcon
2052). The binding reaction was terminated by the addition
of 5 ml of room temperature 50 mM Tris—HCI (pH 7.5) and
10 mM MgCl,. The membranes were then washed with five
additional 5-ml aliquots of the same buffer.

Specific binding of | “H |dihydroergocryptine to alpha-adre-
nergic binding sites was calculated by subtracting the radioac-
tivity bound to uterine membranes in the presence of
1.5 x 10™ M phentolamine from that bound in the absence of
phentolamine. Standard non-labeled alpha-adrenergic agonist
and antagonists were consistent with previous work which
|°Hdihydroergocryptine binding to this level. Specific bind-
ing averaged 53 + 2 per cent. Binding of the ligand to the filter
disc was approximately 20 per cent. Specific binding to

uterine receptor sites was saturable; Scatchard analysis of
saturation experiments revealed a K, for
| *H |dihydroergocryptine of 5.3nM and 0.1 pmole/mg of
protein binding sites. Titration experiments indicated that
specific binding was linear within the range of the membrane
protein concentration (2—4 mg protein/ml) used in the assays.
The relative affinities of selected standard adrenergic agonists
and antagonists were consistent with previous work which
characterized alpha-adrenergic receptors (Table 1).

Phosphodiesterase inhibition assays. Phosphodiesterase
inhibition assays were conducted in duplicate by methods
described previously | 16]. The enzyme sources were rat brain
and cynomolgas monkey thoracic and abdominal aorta, and
the substrate was adenosine 3’, 5’-cyclic monophosphate,
ammonium salt [*H(C)] (sp. act. approximately 40 Ci/m-
mole), purchased from New England Nuclear.

Alpha-adrenergic blocking potency in vivo. Nine adult
mongrel dogs of either sex were anesthetized with pentobarbi-
tal sodium (35 mg/kg, i.v.). The dogs were bilaterally vago-
tomized and a femoral artery and vein were cannulated to
monitor arterial blood pressure (Statham P23AA) and to
administer drugs respectively. Recordings were made on a
Beckman Dynograph. Alpha-adrenergic blocking potency
was determined against phenylephrine-induced increases in
diastolic blood pressure. Dose ratios (DR, dose of antagonist
to cause an agonist dose ratio of 10) were calculated accord-
ing to the method of Arunlakshana and Schild [17] by
determining complete dose—response curves of phenylephrine
before and after cumulative doses of prazosin or phentolam-
ine. Dose—response curves were estimated by regression lines
and one agonist dose ratio was extrapolated for each antago-
nist dose at the 50 per cent agonist response level. Data were
then analyzed by a Schild plot { 17]. Only one drug (prazosin
or phentolamine) was tested in each dog. Data are expressed
as DR,, and 95 per cent confidence limits.

Binding to alpha-adrenergic binding sites. The competition
of prazosin and phentolamine with [*H ldihydroergocryptine
for specific alpha-adrenergic binding sites on rabbit uterine
membranes is compared in Fig. 1. While phentolamine exhib-
ited a sigmoidal binding-inhibition curve characteristic of
standard alpha-adrenergic agonists and antagonists reported
previously [15], prazosin had a biphasic inhibition curve,
with an apparent IC, for all binding sites of 1 uM. However.
prazosin bound with high affinity to one population of sites
titrated with [*H |dihydroergocryptine. which it appeared to

Table 1. Competition of adrenergic agents for binding of
[*H ldihydroergocryptine to specific binding sites in rabbit
uterine membranes

Compounds 1C<, (uM)

Phentolamine hydrochloride 0.04
Indoramine hydrochloride 1.5

Tolazoline hydrochloride 2.0
Propranolol hydrochloride 100.0
[-Epinephrine bitartrate 2.0
I-Norepinephrine bitartrate 3.5
I-Isoproterenol bitartrate >150.0
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Fig. 1. Inhibition of binding of {*H|dihydroergocryptine to specific alpha-adrenergic sites on rabbit uterine
membranes by phentolamine (open circles; X + S.E.M. of eight determinations) and prazosin (closed circles;
X + S.E.M. of twelve determinations).

saturate at a concentration of approximately I uM. Higher
concentrations of the drug bound to additional sites. Com-
plete displacement of the ligand was accomplished only
at a concentration of 1000 uM. Assuming that the higher
affinity population of binding sites ‘labeled with
[*H1dihydroergocryptine was saturated by prazosin at ap-
proximately 1uM, the half-displacement concentration of
prazosin for those sites can-be estimated at 0.015 uM. The
Ic,, for phentolamine was 0.04 uM.

Inhibition of phosphodiesterase activity. Prazosin was
found to inhibit phosphodiesterase from rat brain and monkey
aorta. Double reciprocal plots revealed prazosin to be a
competitive inhibitor of the enzyme from brain, while the
compound was a mixed inhibitor of the enzyme from aorta.
Prazosin was intermediate in brain phosphodiesterase inhibi-
tory potency (ICy, = 45 uM) between the potent inhibitor
SQ20009 (ic,, = 3.7 uM) and theophylline (1c 5, = 240 uM).
Its relative potency against aorta phosphodiestrase was essen-
tially the same.

In vivo alpha-adrenergic antagonism. Phenylephrine
dose—response curves show a dose-related shift to the right

with increasing doses of phentolamine or-prazosin (Figs. 2
and 3 respectively). The DR, of phentolamine (1.47 mg/kg)
is in agreement with its DR, previously reported’in a similar
experimental design (1.2 mg/kg) by Brittain and Levy [ 18]
Prazosin (0.37 mg/kg) was found in our studies to be four
times more potent as a blocker of alpha-adrenergic receptors
than phentolamine.

Our data indicate that prazosin interacts with both the
active site of the enzyme phosphodiesterase and with periph-
eral alpha-adrénergic receptors. Prazosin “competes with
[3H)d1hydroe:gocrypt1ne for specific alpha-adrenergic bind-
ing sites on rabbit uterine membranes. Prazosin exhibited a
biphasic binding inhibition curve. which suggests that the
compound binds to two. different -populations with different
relative binding affinities for the drug.” In - this regard
U’Prichard ef al. | 13] demonstrated recently that prazosin
has significantly greater affinity for alpha-receptors labeled
[*HIWB4101 (an alpha-antagonist) than. for [*Hlclonidine
(an agonist). Because {>H ldihydroergocryptine is a partial
agonist, -it 1abels both populations of receptors { 13}, 1t is
reasonable to hypothesize that the competition of prazosin

Phentolamine antagonism of phenylephrine :nduced vasopressor responses
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Fig. 2. Phenylephrine dose-response curves in vagotomized dogs before-(control) and after cumulative doses
of phentolamine. The DRr,, (mg/kg, i.v.} and 95 per cent confidence intervals were calculated to be 1.47 (1.28,
1.73).
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Prazosin antagonism of phenylephrine induced vasopressor responses
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Fig. 3. Phenylephrine dose-response curves in vagotomized dogs before (control) and after cumulative doses
of prazosin. The DR, (mg/kg, i.v.) and 95 per cent confidence intervals were calculated to be 0.37 (0.36,
0.80).

with [°H | dihydroergocryptine at the high affinity population
of binding sites represents the greater affinity of the drug for
selective antagonist-like sites.

Consistent with the in vifro binding data demonstrating the
existence of at least two populations of alpha-adrenergic
receptors are the pharmacological data of Berthelsen and
Pettinger [ 19]. They hypothesized two distinct post-synaptic
alpha-adrenergic receptors. one with properties associated
with classical post-synaptic receptors (z,), the other with
properties similar to pre-synaptic autoreceptors (z,). There is,
in fact, evidence that alpha-adrenergic binding sites labeled
with alpha antagonists may correspond to post-synaptic («,)
receptors, while sites labeled with alpha-agonists correspond
to pre-synaptic («,) receptors [20]. If prazosin binds with
higher affinity to antagonist-like sites, we would speculate that
it acts preferentially at «,-receptors.

In our vivo alpha-blocking potency comparison, we found
prazosin to be four times more potent than phentolamine. A
number of studies previously conducted in vivo and in vitro
[7, 8, 13] consistently indicate that prazosin is a more potent
antagonist (2.5-13 times, depending on the experimental
preparation) of alpha-adrenergic receptors than is
phentolamine.

Data derived from our studies, although confirming that
inhibition of phosphodiesterase is a biochemical effect of
prazosin, provide direct evidence that it interacts with alpha-
receptors and that blockade of these receptors is a major
pharmacological property of the drug.
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