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Abstract

The effects of i.v. infusion of the «,-adrenoceptor antagonists doxazosin and terazosin (2 mg kg~! h~') on spontaneous
hypogastric, renal and inferior cardiac nerve activity, spontaneous bladder contractions, blood pressure, heart rate and femoral
arterial flow were investigated separately in a-chloralose-anaesthetized cats. Both drugs caused a reduction in hypogastric nerve
activity associated with no overt changes in spontaneous bladder contractions. Doxazosin was more potent than terazosin, in that
there was a significant reduction in hypogastric nerve activity after 20 min (0.67 mg kg™ ') of infusion, while for terazosin this
occurred after 40 min (1.33 mg kg~ '). Both drugs also caused significant falls in blood pressure of 34 + 3 mm Hg and 33 4+ 4 mm
Hg after 60 min. This was associated with no change in heart rate for doxazosin while terazosin caused an initial and significant
increase in heart rate of 20+ 3 beats min~! by 5 min, declining by 30 min to 1+ 5 beats min~!. This terazosin-induced
tachycardia was associated with a significant increase in cardiac nerve activity of 128 + 22%. Both drugs caused increases in renal
nerve activity however only for doxazosin was this increase significant. Femoral arterial conductance was also increased by both
drugs, however, for doxazosin this increase was immediate and larger over the infusion period. These results demonstrate that
a;-adrenoceptor antagonists can reduce sympathetic drive to the bladder and related organs.
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1. Introduction tone) and in this respect drugs which block a,-adreno-
ceptors have been shown to improve urinary flow rates
(Caine et al., 1976; Lepor et al., 1991; Christensen et
al., 1993) in patients with benign prostatic hyperplasia.
This has been suggested to be also due to a reduction
in tone to the prostatic capsule and bladder base as
well as proximal urethal smooth muscle which would
overcome the effects of mechanical compression of the
urethra by an enlarged prostate. An additional possibil-
ity is that these drugs also interfere with central sympa-
thetic drive to these organs and in this respect changes
in sympathetic drive to bladder have been implicated
in urinary storage as well as facilitation of voiding (see
De Groat et al., 1993); during micturition this reflex
pathway is inhibited (De Groat and Lalley, 1972). It is
therefore possible that mechanical compression of the
urethra activates afferents which increase sympathetic
" Corresponding author. Tel.: 00 44 171 794 0500 ext. 4323; fax: 00 tone to the bladder and thereby contribute to bladder
44 171 794 6854. instability. It has been demonstrated that «;-adreno-

Benign prostatic hyperplasia is a hormone-depen-
dent, non-cancerous enlargement of the prostate gland.
The disease process leading to the development of
symptoms has three components: histological prostatic
hyperplasia, an increase in urethal outflow resistance
and an adaptive response of the bladder (detrusor)
muscle to the obstruction. Symptomatic benign pro-
static hyperplasia is usually associated with obstructive
symptoms related to prostatic mass-induced changes in
urethral resistance and irritative symptoms to the asso-
ciated bladder hypertrophy. A number of functional
studies indicate that the «;-adrenoceptors (Hieble et
al., 1985; Chapple et al., 1989) are involved in the
control of urethral resistance (peri-urethral stromal

0014-2999 /95 /$09.50 © 1995 Elsevier Science B.V. All rights reserved
S$SDI 0014-2999(95)00599-4



646 A.G. Ramage, M.G. Wyllie / European Journal of Pharmacology 294 (1995) 645-650

ceptor antagonists can cause a reduction in central
sympathetic tone involved in cardiovascular regulation
(McCall and Humphrey, 1981; Persson et al., 1981;
Ramage, 1984a; McCall and Schutte, 1984; Ramage,
1986a, b) by a central mechanism. Further central
sudo-motor sympathetic tone (Rybarczyk and Walland,
1985; Ito et al., 1988), a non-baroreceptor-modulated
sympathetic pathway, is also attenuated by a central
action of «;-adrenoceptor antagonists. It is therefore
possible that these drugs are also having their effect by
reducing central sympathetic tone to the bladder. Thus
the purpose of the present study was to determine if
central sympathetic drive to the bladder, hypogastric
nerve activity (this nerve supplies the sympathetic in-
nervation to the bladder and associated structures, see
De Groat et al., 1993) is reduced by the «;-adrenocep-
tor antagonists, doxazosin and terazosin. In addition,
sympathetic outflow to the heart (inferior cardiac nerve
activity) and to the kidneys (renal nerve activity) were
recorded for comparison along with blood pressure,
heart rate, femoral arterial flow and bladder pressure.
A preliminary report of some of these observations has
been made (Ramage and Wyllie, 1994).

2. Materials and methods

Experiments were performed on 15 male adult cats
(2.5-3.5 kg) anaesthetized with a mixture of a-chlo-
ralose (70 mg kg~ ') and pentobarbitone sodium (6 mg
kg™ ') iv.; supplementary doses of a-chloralose (10-15
mg kg™ ') were given as assessed by the cardiovascular
responses to paw pinch and the state of the pupil.
Following a tracheotomy low in the neck, the animals
were intubated and artificially ventilated (rate 30 per
min, tidal volume 17-20 ml) with oxygen-enriched room
air using a positive pressure ventilator (Harvard 665A)
after neuromuscular blockade with vecuronium bro-
mide (200 pg kg™ !). Arterial blood pressure, heart
rate, right femoral arterial flow (from which conduc-
tance was calculated) were also recorded as previously
described (Ramage, 1984a). A constant infusion of a
solution comprising 500 ml H,O, 500 ml Gelofusine,
8.4 g NaHCO, and 2 g of glucose was given at a rate of
6 ml kg~! h~! into the brachial vein to maintain biood
volume and counteract the development of non-re-
spiratory acidosis. Arterial blood gases and pH were
kept within the following ranges, Py, 41-48 mm Hg;
P,, 112-130 mm Hg and pH 7.24-7.35, by varying the
rate and tidal volume of the ventilator or by a slow
infusion, i.v., of NaHCO, (1 M) during the experiment.

Simultaneous recordings were made of left inferior
cardiac, renal and hypogastric nerve activities. The left
inferior cardiac nerve was exposed by deflecting the
scapula and removing the second rib retropleurally.
The renal and hypogastric nerves were exposed by a
retroperitoneal approach through the left flank. The

left hypogastric nerve was identified as the major
branch leaving the inferior mesenteric ganglia. Whole
nerve activity was recorded from the nerves using bipo-
lar silver hook electrodes as previously described
(Ramage and Wilkinson, 1989). In all experiments sym-
pathetic nerve activity was tested to see if it was under
baroreceptor modulation by checking that activity in
the nerves decreased during a rise in blood pressure
induced by noradrenaline (0.25 ug per animal, iv.).
Spontaneous activity in the cardiac and renal nerves
was found to be consistently inhibited by the increase
in blood pressure evoked by i.v. noradrenaline while
spontaneous nerve activity in the hypogastric nerve was
hardly effected. Changes in bladder smooth muscle
tension were assessed by measuring changes in the
pressure of a fluid-filled (15 ml) balloon placed inside
the bladder and connected to a pressure transducer.
The bladder was also cannulated to allow the free flow
of urine. In all experiments an initial infusion of vehi-
cle (0.04 M lactic acid) was carried out 20 min before
infusion of the test solution. The test solutions were
vehicle alone, doxazosin or terazosin. These solutions
were infused over 1 h. The volume of the infusion was
the same for each test solution; 3 ml.

2.1. Analysis of data

Baseline values from which changes were measured
were taken just prior to beginning the test infusion. All
sympathetic nerve activities were quantified by rectify-
ing and integrating the signals above background noise
over 10 s periods using solid state electronic integra-
tors. The outputs were then displayed on a Grass
polygraph recorder and were calibrated in arbitrary
units. The validity of the threshold settings used to
quantify the nerve activities was verified at the end of
each experiment after administration of pentobarbi-
tone sodium (60 mg per animal) or by crushing the
nerves centrally to block all activity. All nerve activity is
reported as the mean level over 1 min in arbitrary
units. All results are expressed as changes from base-
line values. In order to normalise the data, changes in
integrated nerve activity are given as percentage
changes from baseline. The changes in all other vari-
ables are presented as actual changes. Changes (means
+ S.E.) in variables evoked by either doxazosin or
terazosin were compared with the changes caused by
the vehicle infusion by two way analysis of variance and
the least significant difference test for comparisons
between the means (Sokal and Rohlf, 1969). Differ-
ences were considered significant when P <0.05. As
no obvious changes in bladder contractions were ob-
served these data were not further analysed.

2.2. Drugs and solutions

The following drugs were used: a-chloralose (Sigma
Chemical Co., Poole, Dorset, UK); Gelofusine (Con-
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solidated Chem., Wrexham, Clwyd, UK); pentobarbi-
tone sodium (May and Baker, UK); vecuronium bro-
mide (Organon Teknika, Cambridge, UK); doxazosin
meyslate and terazosin HCI (supplied by Pfizer Central
Research. UK). All drugs were dissolved in 0.9% w /v
saline except doxazosin and terazosin which were dis-
solved in 0.04 M lactic acid and infused at a rate of 2
mg kg™! h™! (3 ml h™1). All doses refer to the salts of
the compounds.

3. Results
3.1. Baseline values

The mean baseline values for vehicle, doxazosin and
terazosin for mean arterial blood pressure were 124 +
12, 139 + 7 and 131 + 6 mm Hg, for heart rate 238 + 5,
197 + 11 and 2124 6 beats min~! and for femoral
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Fig. 1. Anaesthetized cats: comparison of the effects of infusions
(dotted line) of doxazosin (#) 2 mg kg~ h~' with those of vehicle
(0.04 M lactic acid; 3 ml h™!; ®) on changes (4) in hypogastric nerve
activity (HPNA; %), cardiac nerve activity (CNA; %), heart rate
(HR; beats min~'), mean blood pressure (BP; mm Hg), femoral
arterial conductance (FAC; ml min~! mm Hg~! x 10~3) and renal
nerve activity (RNA; %). Each point represents the mean value
(n = 5) with S.E. Comparison of changes caused by doxazosin with
those produced by vehicle were made by two way analysis of variance
and the least significant difference test to compare the means;
*P<0.05 " P<0.0L
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Fig. 2. Anaesthetized cats: comparison of the effects of infusions
(dotted line) of terazosin (a) 2 mg kg~! h™! with those of vehicle
(0.04 M lactic acid; 3 ml h~—1; @) on changes (4) in hypogastric nerve
activity (HPNA; %), cardiac nerve activity (CNA; %), heart rate
(HR; beats min~!), mean blood pressure (BP; mm Hg), femoral
arterial conductance (FAC; ml min~! mm Hg™ ! x 10™3) and renal
nerve activity (RNA; %). Each point represents the mean value
(n=15) with S.E. Comparisons of changes caused by terazosin with
those produced by vehicle were made by two way analysis of variance
and the least significant difference test to compare the means;
*P<0.05 "T P<001

arterial conductance 51+ 12, 69+7 and 52+ 5 ml
min ' mm Hg~! X 103 respectively.

3.2. Infusion of vehicle 0.04 M lactic acid over 1 h

Vehicle infusion (3 ml h™!; n=35) had very little
effect on blood pressure, heart rate and femoral arte-
rial conductance. Cardiac nerve activity tended to in-
crease over the period of infusion reaching 77 + 27%
while renal nerve activity tended to decrease reaching
—15 + 30% after 60 min. Changes in hypogastric nerve
activity were very variable, however overall nerve activ-
ity tended to increase reaching 42 +42% by 60 min
(Fig. 1).

3.3. Infusion of doxazosin and terazosin over 1 h

Both doxazosin (n =5) and terazosin (n = 5) infu-
sion (2 mg kg~! h™!) caused a slow reduction in
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hypogastric nerve activity which was significantly differ-
ent from vehicle after 20 min (—39 + 5%) for doxa-
zosin and after 40 min (—39 + 19%) for terazosin
(Figs. 1 and 2). Doxazosin had little effect on cardiac
nerve activity only causing small but significant sympa-
thoinhibition after 50 min of —10+ 12% compared
with vehicle. This was associated with a small but
significant bradycardia of 7 + 6 beats min~! compared
with vehicle. However, terazosin caused, after 5 min, a
significant increase in cardiac nerve activity and heart
rate of 128 + 22% and 20 + 3 beats min~!, respec-
tively, both changes declining by 20 min to non-signifi-
cant levels and by 50 min terazosin had caused a
significant fall in heart rate of 7 + 4 beats min~! com-
pared with vehicle. Both drugs tended to increase renal
nerve activity. These increases were only significantly
different from vehicle for doxazosin at 10, 20 and 60
min of infusion (Fig. 1).

Both doxazosin and terazosin infusion ( Figs. 1 and
2) also caused a significant fall in blood pressure after
5 min of 9 + 2 and 10 + 2 mm Hg respectively but only
for doxazosin was this associated with a significant
increase in femoral arterial conductance of 30 + 11 ml
min~! mm Hg~!x 1073 when compared with the ve-
hicle infusion (Fig. 1). However, by 20 min terazosin
had also caused a significant increase in femoral arte-
rial conductance reaching a maximum after 40 min of
36 +4 ml min~! mm Hg !x 1073 as did doxazosin,
73 + 20 ml min~! mm Hg ™! x 103, From 30 min until
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Fig. 3. Traces showing recordings of bladder balloon pressure (Blad
Bal P), integrated hyogastric nerve activity (HPNA), femoral arterial
flow (FAF), integrated renal (RNA), cardiac (CNA) nerve activities
and blood pressure (BP) in the anaesthetized cat. The first panel
shows the effect of the beginning at the doxazosin infusion while the
second panel shows the effect of 60 min of this infusion on these
recordings.

the end of the infusions the changes in femoral arterial
conductance caused by doxazosin were significantly
greater than those caused by terazosin (data not illus-
trated). Doxazosin also caused a maximum fall in blood
pressure after 40 min of 34 + 3 mm Hg while terazosin
caused a similar fall in blood pressure by the end of the
infusion of 33 + 4 mm Hg.

Neither drug caused any obvious effect on sponta-
neous changes in bladder balloon pressure or resting
tone. A trace showing the effect of doxazosin infusion
on all variables that were recorded is shown in Fig. 3.

4. Discussion

Intravenous infusions of the a;-adrenoceptor antag-
onists doxazosin and terazosin into anaesthetized neu-
romuscular blocked cats caused a reduction in sympa-
thetic nerve activity i.e., hypogastric nerve activity to
the bladder and related tissues. Doxazosin was found
to have a more potent sympathoinhibitory action on
hypogastric nerve activity than terazosin, in that there
was a significant reduction in hypogastric nerve activity
after 20 min (0.67 mg kg™!) of infusion while for
terazosin this occurred after 40 min (1.33 mg kg™ 1!).
The contribution of this indirect action to the overall
clinical profile of «;-adrenoceptor antagonists on blad-
der function has yet to be established, although the
present data suggest that resting bladder tone is unaf-
fected by these drugs. However, this sympathoin-
hibitory action, additional to a direct action on stromal
smooth muscle, would be entirely consistent with the
overall clinical profile of doxazosin; which has been
shown to have a greater effect on irritative symptoms
than could be expected from a drug acting exclusively
on the prostate (Chapple et al., 1994).

Doxazosin and terazosin had no apparent sympa-
thoinhibitory action on cardiac or renal nerve activity,
except for the small sympathoinhibitory effect near the
end of the doxazosin infusion. However both drugs
caused significant falls in blood pressure and since
these sympathetic outflows are under baroreceptor
modulation (i.e. activity was inhibited in these nerves,
but not in the hypogastric nerve, by the rise in blood
pressure induced by iv. noradrenaline) a baro-
receptor-mediated reflex rise in nerve activity should
be observed in both these nerves. Indeed, terazosin did
initially cause increases in cardiac nerve activity and
heart rate. However, no significant increases in cardiac
nerve activity or heart rate were observed for doxa-
zosin. Further, these initial increases caused by tera-
zosin returned to near baseline values after 20 min of
infusion although the fall in blood pressure remained
fairly constant. It is possible that the effects of tera-
zosin are due to baroreceptor unloading but, as a
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maintained fall in blood pressure caused by a periph-
eral acting vasodilator, such as nitroprusside, over this
period causes maintained sympathoexcitation in sym-
pathetic nerve activity under baroreceptor modulation
(Ramage, 1984b), this is unlikely. Therefore a certain
level of sympathoinhibition must have occurred in the
cardiac nerve as the fall in blood pressure failed to
cause any sympathoexcitation in the case of doxazosin
and failed to cause maintained sympathoexcitation in
the case of terazosin. However, neither drug inhibited
renal nerve activity. In fact, doxazosin caused signifi-
cant increases at various time points during the infu-
sion. A similar observation in anaesthetized dogs led
Laubie and Schmitt (1988) to conclude, at least in this
species, that there is no evidence for a central action of
a,-adrenoceptor antagonists, although previous data in
dogs had shown that prazosin caused a fall in blood
pressure without causing a reflex tachycardia (Mas-
singham and Hayden, 1975). This latter observation
would support a central action for «,-adrenoceptor
antagonists in the dog, at least at the level of cardiac
sympathetic outflow. Another interpretation of these
data on renal sympathetic nerve activity is that renal
sympathetic outflow can be modulated by other physio-
logical factors which can override the central sympa-
thoinhibitory effect of «;-adrenoceptor antagonists,
such as autoregulatory mechanisms involved in the
control of renal blood flow. These mechanisms would
try to compensate for the vasodilator action of doxa-
zosin and terazosin; the present data on femoral arte-
rial conductance suggest that this is greater for doxa-
zosin. This latter explanation would also explain why
the effects of doxazosin on renal nerve activity were
more variable and at various time points caused a
significant increase in renal nerve activity compared
with vehicle, whereas terazosin only tended to cause an
initial non-significant increase in renal nerve activity.
Overall the present observations are consistent with
the view that «,-adrenoceptor antagonists have a cen-
tral sympathoinhibitory action (see Introduction). Fur-
ther the initial sympathoexcitation in the cardiac nerve
observed with terazosin and the delayed sympathoin-
hibitory effect on hypogastric nerve activity, may reflect
a difference in CNS penetration between these drugs
as both drugs have similar «;-adrenoceptor potency
and selectivity (Kenny et al., 1994).

A possible site at which doxazosin and terazosin are
having this sympathoinhibitory action is the inter-
mediolateral nucleus in which the preganglionic sym-
pathetic motoneurones are located. These neurones
are densely innervated by catecholamine-containing
nerve terminals originating from neurones in the CI,
C2 and C3 group and the A5,A6 and A7 cell groups
(see Dampney, 1994). Further, ionophoretic studies, in
vivo (Marks et al., 1990) and in vitro (Yoshimura et al.,
1987), microinjection (Sundaram et al., 1991; Marks

and Gilbey, 1992) and intrathecal studies (Gradin et
al., 1992) have shown that preganglionic sympathetic
motoneurones can be excited by activation of «;-
adrenoceptors. However, it is possible that doxazosin
and terazosin are also acting at other sites within the
CNS, such as nucleus tractus solitarii where activation
of «,-adrenoceptors can cause sympathoexcitation
(Kubo et al., 1987) and /or by inhibiting the a,-adreno-
ceptor-mediated excitatory drive to the dorsal raphe
(Menkes et al., 1981) which, when stimulated evokes a
pressor response (Kuhn et al., 1990).

In conclusion the present data demonstrate that the
a,-adrenoceptor antagonists, doxazosin and terazosin,
can reduce the sympathetic nerve activity to the blad-
der and related organs which may contribute to their
ability to improve urinary flow rates in patients with
benign prostatic hyperplasia. The present data also
suggest that doxazosin would cause fewer untoward
cardiovascular effects than terazosin.
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