
Br. J. Pharmac. (1980), 70, 395-402

THE EFFECT OF PRAZOSIN ON THE GUINEA-PIG ILEUM

S.O. FAGBEMI & L.A. SALAKO
Department of Pharmacology & Therapeutics, University of Ibadan, Ibadan, Nigeria

1 The a-adrenoceptor blocking activity of prazosin was compared with that of phentolamine,
yohimbine and phenoxybenzamine in the guinea-pig isolated ileum.
2 Phentolamine (2.56 x 10-8 to 2.56 x 10-6 M) and yohimbine (5.12 x 10-8 to 5.12 x 10-6 M)
antagonized the sympathetic inhibition of twitches induced by transmural stimulation, whereas prazo-
sin (5.28 x 10-8 to 5.28 x 10-6 M) and phenoxybenzamine (4.2 x 10-9 to 4.2 x 10' M) had no
effect.
3 Phentolamine, yohimbine, prazosin and phenoxybenzamine antagonized the relaxant response of
the ileum to periarterial nerve stimulation and to exogenous noradrenaline in the absence of trans-
mural stimulation.
4 The pA2 value for phentolamine against noradrenaline in the transmurally-stimulated gut (presyn-
aptic a-adrenoceptor site; 8.17 ± 0.04) was significantly different from that in the non-stimulated gut
(postsynaptic a-adrenoceptor site; 6.88 + 0.12).
5 Phentolamine and prazosin probably block noradrenaline responses at the same a-adrenoceptor
site on the postsynaptic membrane.

Introduction

The antihypertensive drug, prazosin, brings about a
blockade of a-adrenoceptors which is thought to be
different from that caused by conventional a-adreno-
ceptor blocking agents (Constantine, 1974). Similarly,
unlike conventional a-adrenoceptor blocking agents,
prazosin does not cause tachycardia or renin release
in dogs (Constantine, McShane, Scriabine & Hess,
1973; Massingham & Hayden, 1975).

In the light of the knowledge that a-adrenoceptors
are located on the cholinergic nerve terminals in the
guinea-pig ileum and that activation of these a-adre-
noceptors reduces acetylcholine released from the
cholinergic nerve terminals (Vizi, 1968; Paton & Vizi,
1969; Knoll & Vizi, 1971; Kosterlitz & Lees, 1972),
we decided to compare the effects of prazosin with
those of phentolamine, yohimbine and phenoxyben-
zamine on the pre- and postsynaptic a-adrenoceptors
in the guinea-pig ileum.

Methods

Guinea-pigs of either sex weighing 400 to 600 g and
bred locally in the departmental animal house were
used. They were killed by a blow to the head followed
by exsanguination and 3 cm lengths of the proximal
ileum were removed 6 to 20 cm from the duodeno-
jejunal junction.
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Each segment was mounted vertically in a 70 ml
organ bath under a tension of 1 g and changes in
tension were recorded with a Devices strain gauge
transducer connected to a Devices F- 132 physiopoly-
graph. The bath fluid was aerated Tyrode solution
maintained at 37°C and having the following compo-
sition (mM): NaCl 138, KCl 5.7, CaCl2 1.8, MgCl2
1.1, NaHCO3 1.5, NaH2PO4 0.36 and glucose 5.0.
Added to the Tyrode solution were cocaine (3 x 10-I
M), corticosterone (1 x 10-5 M) and propranolol
(4 x 10-6 M). Agonist drugs were diluted in saline
(0.9% w/v NaCl solution) and added to the bath fluid
in volumes of 0.1 or 0.2 ml. In experiments involving
antagonists, the antagonist drugs were added to the
bath fluid reservoir to obtain the desired concen-
trations. There was a contact time of 30 min for an-
tagonists before starting experimental tests and the
antagonist remained in contact with the tissue during
the test periods.

Simultaneous transmural and periarterial stimulation

Twitches of the guinea-pig ileum were obtained by
transmural stimulation as described by Paton (1955)
using supramaximal square pulses of 30 V, 0.125 Hz
and 1 ms duration. After the amplitude of the twitches
had become steady, the effect on them of simul-
taneous stimulation of the periarterial sympathetic
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nerves (10 V, 0.3 ms) was determined at intervals.
Three frequencies of sympathetic stimulation were
used (10, 30 and 50 Hz) and a total of 750 pulses was
delivered at each frequency. In a series of experiments,
the sympathetic stimulation was performed before
and after the addition of various concentrations of
phentolamine, yohimbine, prazosin and phenoxyben-
zamine.

Interaction of noradrenaline with c-adrentoceptor antag-
onists in the transmurally stimulated ileum

Transmurally evoked contractions of the guinea-pig
ileum were inhibited by adding cumulative doses of
noradrenaline to the bath. Each dose was allowed to
act until a steady level of inhibition was established,
before the addition of the next dose. Maximum re-
sponse was assumed to be reached when three suc-
cessive doses failed to produce further inhibition. This
procedure was repeated in the presence of various
concentrations of prazosin, phentolamine, yohimbine
and phenoxybenzamine.

Perarterial stimulation without transmural stimulation

The periarterial nerves of pieces of ileum suspended in
Tyrode solution were stimulated with square pulses
(10 V, 0.3 ms) at 5, 10, 20, 30 and 50 Hz for 150, 75,
37.5, 25 and 15 s respectively. After obtaining the
frequency-response curve, the experiment was
repeated in the presence of various concentrations of
prazosin, phentolamine, yohimbine and phenoxyben-
zamine.

Interaction of noradrenaline with phentolamine, yohim-
bine, prazosin and phenoxybenzamine in the non-
stimulated ileum

Cumulative doses of noradrenaline were added to the
bath fluid containing proximal ileum until maximum
relaxation was attained. This procedure was repeated
in the presence of various concentrations of phentol-
amine, prazosin, yohimbine, phenoxybenzamine and a
combination of phentolamine and prazosin. In all ex-
periments, the agonist was added for a period suffi-
cient to ensure that the response to the administered
concentration of the drug reached its maximum. A
contact time of 1 min was found to be adequate for
noradrenaline. In experiments in which the combined
effect of phentolamine and prazosin was studied, the
two antagonists were added to the bath fluid reservoir
to obtain the required individual concentrations.

Dose-ratio determinations

Dose-ratios were obtained by estimating the concen-
trations of agonist producing 50% maximum relaxant

responses in the absence and presence of the antagon-
ists; 100% response was the maximum response
attained by the tissue in the absence of antagonist.
The pA2 and pA1o of the antagonist were estimated
from the regression line drawn for each experiment.

Statistical analysis of results

Results are given in the text and Tables as
means + s.e. means. The significance of differences
between sets of data was assessed by Student's t test
and probability levels less than 0.05 were taken to
indicate significant differences between group means.

Drugs

Drugs used were: (--noradrenaline bitartrate
(Sigma), phentolamine mesylate (CIBA), cocaine hy-
drochloride (B.P.), corticosterone (Sigma), phenoxy-
benzamine hydrochloride (SK&F), yohimbine hydro-
chloride (Sigma), (±)propranolol (ICI) and prazosin
hydrochloride (Pfizer).

Results

Twitches of the guinea-pig ileum induced by trans-
mural stimulation were inhibited by simultaneous
stimulation of the periarterial sympathetic nerves.
This inhibition by periarterial nerve stimulation was
frequency-dependent (Figure 1). In the presence of
phentolamine (2.56 x 108 to 2.56 x 106 M) and
yohimbine (5.12 x 10- 8 to 5.12 x 10-6 M), the height
of the transmurally evoked twitches was unchanged
but the inhibition of the twitches by sympathetic
stimulation was antagonized (Figure 1, a and b). Phe-
noxybenzamine (4.2 x 10-9 to 4.2 x 10-8 M) and
prazosin (5.28 x 10-8 to 5.28 x 10-6 M) similarly
had no effect on the transmurally evoked twitches,
but at these concentrations these drugs also failed to
antagonize the sympathetically induced inhibition of
the twitches (Figure 1, c and d). Phenoxybenzamine,
4.2 x 10-7 M, depressed the transmurally induced
twitches of the ileum by 10 to 15% but failed to anta-
gonize the sympathetically-induced inhibition of the
twitches.

Like sympathetic stimulation, noradrenaline also
inhibited the twitches of the guinea-pig ileum induced
by transmural stimulation. The effect of noradrenaline
was dose-dependent and was antagonized by phentol-
amine (2.56 x 10- 8 to 2.56 x 10- 7 M) and yohimbine
(5.12 x 10-8 to 5.12 x 10-6 M) but not by prazosin
(5.28 x 10-8 to 5.28 x 10-6 M) and phenoxyben-
zamine (4.2 x 10-9 to 4.2 x 10' M) (Figure 2).
Analysis of the antagonism of noradrenaline by phen-
tolamine and yohimbine by the method of Arunlak-
shana & Schild (1959) gave the pA2 values and slopes
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Figure 1 Inhibition of transmurally evoked twitches of the guinea-pig ileum by periarterial sympathetic stimu-
lation at 10, 30 and 50 Hz in the presence and absence of (a) phentolamine, (b) yohimbine, (c) phenoxybenzamine
and (d) prazosin. (0) No antagonist; (0) phentolamine (2.56 x 0-8 M) or yohimbine (5.12 x 10-8 M) or phenoxy-
benzamine (4.2 x 10-' M) or prazosin (5.28 x 10-8 M); (O) phentolamine (2.56 x 10' M) or yohimbine
(5.12 x 10 7 M) or phenoxybenzamine (4.2 x 108-M) or prazosin (5.28 x 10- 7 M); (A) phentolamine (2.56 x 10-6
M) or yohimbine (5.12 x 10-6 M) or phenoxybenzamine (4.2 x 10-7 M) or prazosin (5.28 x 10-6 M). Values are
mean of 6 experiments. Vertical bars show s.e. mean.

Table 1 The pA2 and slope of phentolamine and
yohimbine on noradrenaline-induced inhibition of
neurally evoked contractions of the guinea-pig ileum

Antagonist Phentolamine

pA2
Slope

8.17 + 0.04
0.96 + 0.04

Yohimbine

8.15 ± 0.05
0.95 + 0.05

Values are mean + s.e. mean; n = 6.

shown in Table 1, suggestive of a competitive antag-
onism.

Stimulation of the periarterial nerve without
simultaneous transmural stimulation produced a
frequency-dependent relaxation of the ileum. The
relaxation was preceded by contraction in the case of
stimulation at 5 and 10 Hz. This sympathetically-
induced relaxation of the ileum was partially inhibited
by prior treatment with phentolamine (7.16 x 10-8
to 7.16 x 10-6 M), yohimbine (5.12 x 10-8 to
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Figure 2 Inhibition transmurally evoked twitches of the guinea-pig ileum by noradrenaline in the presence and
absence of (a) phentolamine, (b) prazosin, (c) yohimbine and (d) phenoxybenzamine. (0) No antagonist; (0)
phentolamine (2.56 x 10-8 M) or prazosin (5.28 x 10-8 M) or yohimbine (5.12 x 10'8 M) or phenoxybenzamine
(4.2 x 10' M); (E) phentolamine (5.12 x 10-8 M) or prazosin (5.28 x 10' M) or yohimbine (5.12 x 10'7M) or

phenoxybenzamine (4.2 x 108 M); (A) phentolamine (2.56 x 10-7 M) or prazosin (5.28 x 10-6 M) or yohimbine
(5.12 x 10-6 M) or phenoxybenzamine (4.2 x 10-7 M). Values are mean of 6 experiments. Vertical bars show s.e.
mean.

5.12 x 106 m), prazosin (5.28 x 108 to 5.28 x 10-6
M) and phenoxybenzamine (5.88 x 10- to
5.88 x 10'7M) (Figure 3).

Noradrenaline added to the bath fluid produced
graded relaxation of the ileum which was antagonized
by phentolamine (3.58 x 10' to 3.58 x 10-6 M), pra-
zosin (3.77 x 10'7 to 3.77 x 10-6 M), yohimbine
(2.56 x 10- to 2.56 x 10-6 M) and phenoxyben-
zamine (2.94 x 10- to 2.94 x 10-i M) (Figure 4).
Plots of the noradrenaline log (dose-ratio - 1) against
the negative log molar concentrations of phentol-
amine, prazosin and yohimbine (Arunlakshana &
Schild, 1959) gave regression lines with slopes and
horizontal intercepts (pA2) shown in Table 2. The
pD' (the negative logarithm of the antagonist concen-
tration required to produce one-half maximum block-
ade, Ariens & Van Rossum, 1957; Nickerson, 1957)
for phenoxybenzamine was 7.12 + 0.42 (n = 6).

In order to test whether the observed pA2- pA1o
values were significantly different from the theoretical
value of 0.95 (Arunlakshana & Schild, 1959) necessary

to support a competitive antagonism, the method of
Marshall (1955) was used: the theoretical value of
pA2- pA10 (0.95) was added to each of the pAI0
values and then using Student's t test, it was deter-
mined whether the sums differed from the observed
pA2 values. The difference between the pA2 values for
phentolamine, yohimbine and prazosin and the sums
were not statistically significant (P > 0.05, Table 2).
From the observed similarity between the pA2

values for phentolamine and prazosin, the question
arose as to whether these two antagonists were acting
at the same site on the receptor or at different sites as
previously suggested by Constantine (1974). If prazo-
sin and phentolamine were acting at the same locus to
produce their effect, then the antagonism produced in

I a
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Figure 3 Relaxation of the guinea-pig ileum induced by stimulating the periarterial sympathetic nerves at 5, 10,
20, 30 and 50 Hz in the presence and absence of (a) phentolamine, (b) yohimbine, (c) prazosin and (d) phenoxyben-
zamine. (o) No antagonist; (0) phentolamine (7.16 x 10-8 M) or yohimbine (5.12 x 10-8 M) or prazosin
(5.28 x 10-8 M) or phenoxybenzamine (5.88 x 10-9 M); (0) phentolamine (7.16 x 10-7 M) or yohimbine
(5.12 x 10-7 M) or prazosin (5.28 x 10-7 M) or phenoxybenzamine (5.88 x 10-8 M); (i) phentolamine
(7.16 x 10-6 M) or yohimbine (5.12 x 10-6 M) or prazosin (5.28 x 10-6 M) or phenoxybenzamine (5.88 x 10-7 M).
Values are mean of 6 experiments. Vertical bars show s.e. mean.

the presence of both antagonists should be approxi-
mately additive.
The equilibrium dose ratio, DRAB, when two com-

petitive antagonists (A and B) are used together is
equal to DRA + DRB - 1 where DRA and DRB are

the dose-ratios obtained for antagonists A and B re-

spectively, when the same concentrations of the an-

tagonists are given separately (Paton & Rang, 1965).
If however, one acts at either a point more distal to
the receptor than the other or at a different site on the

Table 2 The pA2 of prazosin, yohimbine and phentolamine against noradrenaline in the guinea-pig ileum

Antagonist pA2 Slope pA,,, pA2 - pA,I) pA,,, + 0.95

Prazosin 6.26 + 0.08 1.12 + 0.06 5.44 + 0.14 0.82 0.04 6.39 + 0.13
Phentolamine 6.88 + 0.12 0.96 + 0.04 5.78 + 0.16 1.10 + 0.02 6.73 + 0.15
Yohimbine 6.51 + 0.12 0.92 + 0.05 5.49 + 0.12 1.02 0.02 6.44 + 0.13

Values are mean s.e. mean; n = 6.
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Figure 4 Guinea-pig isolated ileum. Response to exogenously administered noradrenaline in the presence and
absence of (a) phentolamine, (b) yohimbine. (c) prazosin and (d) phenoxybenzamine. (0) No antagonist; (0)
phentolamine (3.58 x 10-7 M) or yohimbine (2.56 x 1o-7 M) or prazosin (3.77 x 1o-7 M) or phenoxybenzamine
(2.94 x 10-9 M); (O) phentolamine (7.1 x 1o-7 M) or yohimbine (1.28 x 106 M) or prazosin (1.81 x 10-6 M) or
phenoxybenzamine (5.88 x 10-9 M); (A) phentolamine (3.58 x 10-6 M) or yohimbine (2.56 x 10-6 M) or prazosin
(3.77 x 10-6 M) or phenoxybenzamine (2.94 x 10-8 M). Values are mean of 6 experiments. Vertical bars show s.e.
mean.

receptor, then the antagonism produced by the two
antagonists combined should be equal to the product
of the dose-ratios of the same concentrations tested
separately, that is DRAB= DRA x DRB (Paton &
Rang, 1965). Figure 5 shows the effect of a combina-
tion of phentolamine and prazosin on the noradrena-
line dose-response curve. The experimentally obtained
dose-ratios for the two antagonists acting together
approximated closely to the theoretical value,
DRA + DRB - 1, and differed substantially from the
theoretical value, DRA x DRB (Table 3).

Discussion

The guinea-pig ileum contains both a- and fl-adreno-
ceptors (Furchgott, 1960) situated on the smooth

muscle. Stimulation of either type of receptors pro-
duces a relaxant response. In the transmurally stimu-
lated gut, stimulation of the periarterial nerves causes
release of noradrenaline which acts on the presynaptic
a-adrenoceptors situated on the cholinergic nerve ter-
minals to inhibit the release of acetylcholine and thus
reduce the amplitude of the transmural twitches (Vizi,
1968; Paton & Vizi, 1969).
Blockade of these a-adrenoceptors by a-adrenocep-

.tor blocking drugs prevents the inhibition of the
transmural twitches by both periarterial nerve stimu-
lation and exogenous noradrenaline. The inability of
prazosin, in contrast to yohimbine and phentolamine,
to antagonize the inhibitory response to periarterial
nerve stimulation and exogenous noradrenaline in the
transmurally stimulated ileum suggests that prazosin
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Table 3 The dose-ratios of phentolamine and prazosin (singly and in combination) against noradrenaline in the
guinea-pig ileum

Experimental dose-ratios Predicted dose-ratios
Prazosin + Prazosin + Prazosin x

Antagonist Prazosin Phentolamine Phentolamine Phentolamine - I Phentolamine
concentrations (A) (B) (A + B) (A + B - 1) (A x B)

*Al, B' 1.52 + 0.67 2.73 + 0.73 2.93 + 0.65 3.25 4.15
A2. B2 7.47 + 0.93 4.92 + 1.27 11.99 + 1.23 11.39 36.75
A3, B3 12.99 + 1.24 10.92 + 1.27 20.45 + 1.04 22.91 141.85

*A', A2, A3 = 3.77 x 10-7, 1.81 ± 10-6, 3.77 + 10-6 M Prazosin concentrations respectively.
B1', B2, B3 = 3.58 x 10-, 7.1 ± 10-, 3.58 x 106 M Phentolamine concentrations respectively.
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Figure 5 Guinea-pig isolated ileum. Response to ex-
ogenously administered noradrenaline in the presence
and absence of phentolamine and prazosin. (0) No an-
tagonist; (0) phentolamine (3.58 x 10-7 M) plus prazo-
sin (3.77 x 10- 7 M); (O) phentolamine (7.1 x 10- 7 M)
plus prazosin (1.81 x 10-6 M); (A) phentolamine
(3.58 x 10-6 M) plus prazosin (3.77 x 106 M). Values
are mean of 6 experiments. Vertical bars show s.e.
mean.

has no effect on presynaptic a-adrenoceptors on the
cholinergic nerves of this tissue.

Studies by Dubocovich & Langer (1974), Starke,
Borowski & Endo (1975) and Drew (1976) have indi-

cated that the postsynaptic cx-adrenoceptors that
mediate the responses of the effector organ may not
be identical with the presynaptic cx-adrenoceptors that
regulate the release of the trasmitter, noradrenaline,
during nerve stimulation. This conclusion is based in
part on the different sensitivities of the two receptors
to a variety of a-adrenoceptor agonists and antagon-
ists. In the present study, prazosin and phenoxyben-
zamine, in concentrations that have no effect on pre-
synaptic a-adrenoceptors located on cholinergic
nerves, antagonize the effect of noradrenaline post-
synaptically. This finding suggests that the a-adreno-
ceptors located on the membrane of the cholinergic
nerve endings in the guinea-pig ileum similarly differ
from those located on the postsynaptic membrane.
Unlike prazosin and phenoxybenzamine, phentol-
amine and yohimbine block both the a-adrenoceptors
located presynaptically on the cholinergic nerve end-
ings and those on the postsynaptic cell membrane at
all the concentrations tested. However, the pA2 values
for phentolamine and yohimbine at the postsynaptic
site are significantly less than the values at the pre-
synaptic site, suggesting that these drugs are more
active presynaptically than postsynaptically. Starke et
al. (1975) and Borowski, Ehrl & Starke (1976) simi-
larly found phentolamine to be more potent at the
presynaptic a-adrenoceptors located on the sympathe-
tic nerve endings than at the postsynaptic a-adreno-
ceptors.

Finally, the result obtained with a combination of
phentolamine and prazosin at the postsynaptic
a-adrenoceptor indicates that the two antagonists act
at the same site on the receptor and not at different
sites as previously suggested by Constantine (1974).
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