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Effects of indoramin in rat vas deferens and aorta: concomitant
op-adrenoceptor and neuronal uptake blockade
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1 The actions of the o;-adrenoceptor antagonist indoramin have been examined against the
contractions induced by noradrenaline in the rat vas deferens and aorta taking into account a
putative neuronal uptake blocking activity of this antagonist which could result in self-cancelling
actions.

2 Indoramin behaved as a simple competitive antagonist of the contractions induced by
noradrenaline in the vas deferens and aorta yielding pA, values of 7.38 +0.05 (slope=0.98+0.03)
and 6.78 +0.14 (slope =1.08 +0.06), respectively.

3 When the experiments were repeated in the presence of cocaine (6 uM) the potency (pA,) of
indoramin in antagonizing the contractions of the vas deferens to noradrenaline was increased to
8.724+0.07 (slope=1.10+0.05) while its potency remained unchanged in the aorta (pA,=6.69+0.12;
slope=1.04 +0.05).

4 In denervated vas deferens, indoramin antagonized the contractions to noradrenaline with a
potency similar to that found in the presence of cocaine (8.79+0.07; slope=1.09 +0.06).

5 It is suggested that indoramin blocks o;-adrenoceptors and neuronal uptake in rat vas deferens
resulting in Schild plots with slopes not different from unity even in the absence of selective
inhibition of neuronal uptake. As a major consequence of this double mechanism of action, the pA,
values for this antagonist are underestimated when calculated in situations where the neuronal
uptake is active, yielding spurious pKjy values.
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Introduction

Indoramin is an antihypertensive drug which act as a
competitive antagonist at o;-adrenoceptors (Cubeddu, 1988).
Recent studies with both native and cloned «,-adrenoceptors
showed that indoramin has higher affinity for o;s-adrenocep-
tors than o, or o;p subtypes (Forray et al., 1994; Eltze, 1996;
Ford et al., 1996; 1997) suggesting that it could be used as a
useful tool for the characterization of «;-adrenoceptors.

In addition to its ability to block a;-adrenoceptors, it was
shown that indoramin blocks H,-histaminergic and serotoner-
gic receptors (Alps et al., 1972; Black & Mylecharane, 1984;
Nedergaard, 1986) and also noradrenaline neuronal uptake
(Sugden, 1974; Nedergaard, 1986). This latter activity,
inhibition of neuronal uptake, could lead to a self-cancelling
mechanism of action because the increases in the concentra-
tions of noradrenaline in the receptor compartment could
counteract the antagonism of o;-adrenoceptors induced by
indoramin.

Therefore, the potency of indoramin in antagonizing an o,-
adrenoceptor subtype in a tissue with intense neuronal uptake
activity could be lower than its potency against this same
subtype in a tissue without, or at least, with weak neuronal
uptake activity because the counteraction or self-cancellation
will be effective in the former but not in the latter tissue.
Additionally, it could be expected that the antagonism showed
by a drug which blocks simultaneously the receptor and an
agonist removal process yield a regression line in the Schild
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plot with slope not different from the theoretical unity even in
the absence of selective inhibition of the agonist removal
process, but resulting in spurious pKpy values (Kenakin &
Beek, 1985; Kenakin, 1997).

To test these hypotheses we compared the actions of
indoramin against noradrenaline contractions in the rat vas
deferens, a tissue with intense neuronal uptake activity, with
that obtained in a surgically-denervated vas deferens and rat
aorta, tissues where neuronal uptake is absent or at least not so
effective in reducing the concentrations of noradrenaline in the
receptor compartment. The effects of neuronal uptake
blockade with cocaine were also studied on the antagonism
showed by indoramin in the vas deferens and aorta.

Methods

Isolated vas deferens and aorta

Male Wistar rats weighing between 280—-360 g (16—20 weeks
old) were killed by ether inhalation. The thoracic aorta and
both vasa deferentia were removed. For the recording of
isometric contractions, the whole vasa deferentia were
mounted under 9.80 mN (N, Newton) of tension in 10 ml
organ baths containing a nutrient solution of the following
composition (mM): NaCl 138; KCl 5.7, CaCl, 1.8, NaH,PO,
0.36, NaHCO; 15, dextrose 5.5, prepared in glass-distilled, de-
ionized water and maintained at 30°C, pH 7.4. Denervated vas
deferens was obtained as described by Kasuya ez al. (1969).
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The rats were anaesthetized by ether inhalation, after a 2 cm
suprapubic incision the deferential artery and vein were
exposed and gently separated from the prostatic portion of
the vas deferens. After this procedure the incision was sutured
and the rat was killed 7—10 days later. The effectiveness of the
denervation was checked by the absence of contractile
response to the indirect sympathomimetic agent tyramine
(100 um).

Rings of thoracic aorta were denuded of endothelium by
gentle rubbing and mounted under 9.80 mN of tension for
isometric registration of the contractions in 10 ml organ baths
containing a nutrient solution of the following composition
(mM): NaCl 119, KC1 4.7, CaCl, 2.5, KH,PO, 1.2, MgSO, 1.2,
NaHCO; 25, dextrose 5.5, prepared in glass-distilled, de-
ionized water and maintained at 37°C, pH 7.4.

Experimental protocols

Vasa deferentia from control or denervated rats were
equilibrated for 30 min before the start of the experiments.
After this period, two or three cumulative concentration-
response curves for noradrenaline were obtained, and then
corticosterone (10 uM) and propranolol (0.1 uM) were in-
cubated in order to block extraneuronal uptake and f-
adrenoceptors, respectively (Pupo, 1998). The interval between
each concentration-response curve was 45 min. When speci-
fied, cocaine (6 uM) was added in order to block neuronal
uptake.

Aorta were equilibrated for 45 min before the start of the
experiments. After this period, the organs were challenged with
noradrenaline (I M) and at peak response, carbachol (10 uM)
was added to check for the absence of endothelium-dependent
relaxations. Corticosterone (10 uM) and propranolol (0.1 um)
were included to block extraneuronal uptake and f-

adrenoceptors, respectively. When specified, cocaine (6 uM)
was added to block neuronal uptake.

Indoramin was incubated for 45 min before and during the
contractile responses of the vas deferens and aorta to
noradrenaline.

Calculation of pA, values

The pA, values (the negative logarithim to base 10 of the
antagonist concentration that makes it necessary to double the
agonist concentration needed to elicit half-maximal response)
for indoramin were calculated by Schild regression analysis
(Arunlakshana & Schild, 1959). The ratios between the half-
maximal concentrations of noradrenaline (concentration-
ratios, r) were calculated only when the maximal amplitude
of the concentration-response curve in the presence of
indoramin was similar to that obtained in its absence. Data
were plotted as log antagonist concentrations (M) vs log (r—1).
For calculation purposes the slope parameter was constrained
to 1.0 when statistically not different from unity.

Statistical analysis

All values are shown as means+standard error of mean
(s.e.mean) of n experiments. Differences between mean values
were tested for statistical significance (P <0.05) using Student’s
paired or unpaired z-tests.

Drugs

Drugs were obtained from the following sources: cocaine
(Cocainum Hydrochloricum puriss., C.H. Boehringer, Ger-
many); corticosterone, noradrenaline [(+)-arterenol HCI];
from Sigma Chemical Co, U.S.A. Indoramin hydrochloride
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Figure 1 Concentration-response curves for noradrenaline in the absence and presence of increasing concentrations of indoramin in
vas deferens without cocaine (a), plus cocaine (b) and in denervated vas deferens (c). In (d) are shown the respective Schild plots
obtained for indoramin. Each symbol represents the mean and the vertical line, when larger than the symbol, the s.e.mean of 5—8

experiments.
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was a gift from Wyeth-Fontoura (Brazil). Drugs were
dissolved in distilled water or dimethyl sulphoxide (1 mMm),
kept frozen and discarded after 20 days. Noradrenaline

Table 1 pA, and slope values* obtained for indoramin
against noradrenaline in vas deferens and aorta

pA> slope
Vas deferens without cocaine 7.384+0.05 0.98+0.03
Vas deferens plus cocaine 8.7240.07** 1.104+0.05
Denervated vas deferens 8.794+0.07** 1.094+0.06
Aorta without cocaine 6.784+0.14 1.08+0.06
Aorta plus cocaine 6.69+0.12 1.04+0.05

*Each value represents the mean+s.e.mean of 5—8 experi-
ments. **P<0.05 compared with the value found in the
respective tissue without cocaine.
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Figure 2 Concentration-response curves for noradrenaline in the
absence and presence of increasing concentrations of indoramin in
aorta without cocaine (a) and aorta plus cocaine (b). In (c) are shown
the respective Schild plots for indoramin. Each symbol represents the
mean and the vertical line, when larger than the symbol, the s.e.mean
of six experiments.

solutions were dissolved in 0.01 N HCIl each day shortly
before the experiments.

Results

Indoramin antagonized the contractions induced by nora-
drenaline in the rat vas deferens showing simple competitive
antagonism characterized by the slope of the line in the Schild
plot not different from the theoretical unity and by the absence
of changes in the maximal response to noradrenaline (Figure
la and d, Table 1). Indoramin also behaved as a competitive
antagonist against noradrenaline in the rat aorta resulting in a
PA, value similar to that found in the vas deferens (Figure 2a
and c, Table 1). The incubation of cocaine (6 uM) in the rat vas
deferens induced a leftward shift in the concentration-response
curve to noradrenaline (Table 2). In the presence of cocaine,
the potency of indoramin in antagonizing the contractions of
the vas deferens to noradrenaline was higher than its potency
in the absence of cocaine as showed by the pA, values found
(Figure 1b and d, Table 1). On the other hand, the incubation
of cocaine (6 uM) had not shifted the noradrenaline
concentration-response curve in the aorta (Table 2) nor
changed the potency of indoramin in inhibiting these
contractions, as expressed by its pA, value (Figure 2b, Table
D).

In a denervated vas deferens, indoramin antagonized
noradrenaline contractions with a potency similar to that
found in a control vas deferens in the presence of cocaine
(Figure Ic and d, Table 1). Note that the extent of the change
of the potency of indoramin in the absence of cocaine and
presence of cocaine or in a denervated vas deferens (1.4 log
units) is similar to the extent of the leftward shift that cocaine
or denervation induced in the noradrenaline concentration-
response curve (~ 1.5 log units).

Discussion

In the present study the effects of indoramin against the
contractions induced by noradrenaline in the rat vas deferens
and aorta were investigated taking into account a putative
neuronal uptake blocking activity showed by indoramin. Our
results suggest that indoramin, besides its competitive
antagonism at «;-adrenoceptors, is also an effective neuronal
uptake blocker in the rat vas deferens. Two main results
indicate that indoramin blocks neuronal uptake of noradrena-
line in the rat vas deferens: (1) the slope in the Schild plot is not
different from 1.0 in the absence of cocaine; this is in contrast
to what is observed with other antagonists in the rat vas
deferens such as phentolamine or piperoxan where it is
necessary to use a neuronal uptake blocker to obtain a slope

Table 2 pD, values* for noradrenaline in rat vas deferens
and aorta

D,
Vas deferens without cocaine 5.8440.04
Vas deferens plus cocaine 7.3140.07**
Denervated vas deferens 7.3440.09**
Aorta without cocaine 7.654+0.09
Aorta plus cocaine 7.80+0.10

*Each value represents the mean+s.e.mean of 5—8 experi-
ments. ¥**¥*P<0.05 compared with the value found in the
respective tissue without cocaine.
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not different from unity (Jurkiewicz & Jurkiewicz, 1976); and
(2) the very similar pA, values found in presence of cocaine
and in denervated vas deferens.

In the absence of cocaine, the pA, values found for
indoramin against noradrenaline in the rat aorta and vas
deferens were similar and derived from Schild plots with slopes
not different from unity. Apparently, these results fulfil the
criteria for simple competitive antagonism and allow the
assumption that these pA, values are good estimates of the
antagonist dissociation constant (pKjg). Furthermore, these
results could suggest that indoramin does not differentiate
between the o;-adrenoceptors in the vas deferens and aorta.
This is in disagreement with the proposals that indoramin has
substantially higher affinity at o,5-adrenoceptors than a,;p and
op subtypes (Forray et al., 1994; Eltze, 1996; Ford et al., 1996;
1997) or, moreover, that the rat vas deferens is a suitable
preparation for the study of o;s-adrenoceptor-mediated
contractions (Burt et al., 1995; Pupo et al., 1997; Docherty;
1998; Pupo, 1998) and the rat aorta for o,p-adrenoceptors
(Kenny et al., 1995; Fagura et al., 1997, Hussain & Marshall,
1997). However, these conclusions are not supported when the
results obtained in the presence of cocaine or in the denervated
vas deferens are compared. There was a 25 fold increase (~ 1.4
log units) in the potency of indoramin against the contractions
induced by noradrenaline in the rat vas deferens in the
presence of cocaine or in denervated vas while in the aorta the
potency of indoramin remained unchanged in presence of
cocaine. The pA, value found for indoramin in vas deferens in
presence of cocaine or in denervated organs is in agreement
with the affinity of this drug at o;5-adrenoceptors as well as the
values found in rat aorta for o;p-adrenoceptors (Forray ez al.,
1994; Eltze, 1996; Ford et al., 1996; 1997). This increase in the
potency of indoramin in vas deferens can be explained by the
fact that the control concentration-response curve obtained in
the absence of cocaine was done under non-equilibrium
conditions caused by noradrenaline neuronal uptake resulting
in a gradient between the concentrations of agonist in the
bathing solution and that in the receptor compartment
(biophase). On the other hand, the control concentration-
response curves obtained in presence of cocaine or in
denervated vas were determined in a situation in which
equilibrium steady state was approximated and the concentra-
tion gradient was minimized. As expected according to this
interpretation, the increase in the potency of indoramin (~ 1.4
log units) is similar to the leftward displacement that cocaine
or denervation (& 1.5 log units) induced in the noradrenaline
concentration-response curve. There was no difference between
the potencies of indoramin in the rat aorta in absence or
presence of cocaine because in this organ neuronal uptake is
not so active in removing noradrenaline from the receptor
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