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Differential effects of calcium antagonists and Bay K 8644 on

contractile responses to exogenous noradrenaline and adrenergic
nerve stimulation in the rabbit ear artery

Tor V. Ch. Skarby & 'Edward D. Hogestaitt

Department of Clinical Pharmacology, University Hospital, Lund University, S-221 85 Lund, Sweden

1 The effects of three calcium antagonists (nifedipine, verapamil, diltiazem) and the calcium agonist Bay
K 8644 were compared on contractile responses of similar amplitude elicited by noradrenaline (NA) and
electrical nerve stimulation (ENS) in the rabbit isolated ear artery.
2 Contractions induced by both NA (3 x 10-7M) and ENS (1OHz, 10s) were almost exclusively medi-
ated by oel-adrenoceptors, since 10- 7M prazosin abolished (NA) or almost abolished (ENS) the responses,

and prazosin was more than three orders of magnitude more potent than rauwolscine on both types of
response.

3 ENS-induced contractions were considerably less inhibited by nifedipine, verapamil and diltiazem
than were those elicited by NA. Bay K 8644 enhanced responses to NA more than those to ENS.
4 The inhibitory effect of nifedipine and Ca2+ deprivation on NA-induced contractions decreased with
increasing NA concentration. Reduction of the NA response by prazosin or phenoxybenzamine increased
the nifedipine inhibition.
5 Reduction of the ENS-induced contractions by prazosin or phenoxybenzamine, or by use of a lower
stimulation frequency did not increase the inhibitory effect of nifedipine.
6 In conclusion, the differential effects of the calcium antagonists on NA- and ENS-induced contractions
were not related to differences in ax-adrenoceptor subtype (x1/x2), receptor reserve or response amplitude,
but may rather reflect temporal and spatial differences in a-adrenoceptor activation between the
responses.

Introduction

Organic calcium antagonists and x-adrenoceptor blockers
(non-selective and a,-subtype selective) are effective anti-
hypertensive agents. Orthostatic side effects are, however,
more frequently encountered with a-adrenoceptor blockers
than with calcium antagonists. A conceivable explanation may
be that reflex sympathetic vasoconstriction is better preserved
during treatment with the latter than with the former group of
drugs.

In line with this notion, experimental studies on pithed rats
have shown that calcium antagonists more effectively antago-
nize vasopressor responses to exogenous noradrenaline (NA)
than those to sympathetic nerve stimulation (Pedrinelli &
Tarazi, 1984). However, in studies on perfused tissues, calcium
antagonists seem to affect vasoconstrictor responses to NA
and electrical nerve stimulation (ENS) to a similar degree
(Armstead et al., 1987; Lippton et al., 1987; Kadowitz et al.,
1988). In the rabbit isolated ear artery (REA), supplied with a
dense adrenergic innervation, contractions elicited by ENS
were even more sensitive to calcium antagonists than were
those induced by NA (Kajiwara & Casteels, 1983). However,
inhibitory effects were observed only at high calcium antago-
nist concentrations, and the relative amplitudes of the
responses to NA and ENS were not defined.
A body of information suggests that intracellular Ca2 +

release, in contrast to Ca2+ influx, contributes comparatively
more to cal- than OC2-adrenoceptor-mediated vasoconstriction
in arteries (see Van Meel, 1982). It is also known that the
a-adrenoceptor subtype located intra- and extrajunctionally
vary considerably between different vascular preparations
(Langer et al., 1980; 1981; Yamaguchi & Kopin, 1980; Starke

' Author for correspondence.

& Docherty, 1982; McGrath, 1982; Gardiner & Peters, 1982;
Elsner et al., 1984; Hicks et al., 1984).

In the present study, the effects of three calcium antagonists
(nifedipine, verapamil, diltiazem) and the calcium agonist Bay
K 8644 were examined on responses elicited by NA and ENS
in the isolated REA. The Lx-adrenoceptors stimulated by exog-
enous NA and neuronally released NA were characterized
pharmacologically by use of selective al- and a2-adrenoceptor
agonists and antagonists. Since the inhibitory effects of CAs
generally decrease with increasing NA concentration and con-
sequently with the contraction amplitude (cf. van Breemen et
al., 1982b), drug effects were evaluated on contractions of
similar amplitude induced by NA and ENS in the present
study.

Methods

Female albino rabbits of the Danish Land strain were killed
by air injection into an auricular vein. The middle third of the
central ear artery with an inner diameter of 0.4-0.5mm was
rapidly dissected out under microscope. All dissections were
performed in cold (8-100C) Krebs solution of the following
composition (in mM): NaCl 119, KCl 4.6, CaCl2 1.5, MgCl2
1.2, NaHCO3 15, NaH2PO4 1.2, (+)-glucose 6.0. The arteries
were divided into 2mm long segments. Each segment was
mounted on two L-shaped metal holders (0.2mm diameter) in
a temperature-controlled (37°C) organ bath containing 5 ml
Krebs solution. The solution was continuously bubbled with
95% 02 and 5% CO2, resulting in a pH of approximately 7.4.
One of the metal holders was fixed to a movable unit for
adjustments of resting tension and the other was attached to a
tension transducer (Grass FT03C). Detailed information on
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the experimental method has been given previously (Hogestatt
et al., 1983; Skarby et al., 1983).

During an equilibration period of 1 h, the resting tension
was gradually increased to approximately 4mN. Each prep-
aration was then contracted by 10-4M NA (giving a
maximum response, see Figure 3) and the response was used
as an internal reference. Agonist concentration-response
relationships were obtained by exposure to increasing drug
concentrations in a cumulative manner (i.e. the next drug con-
centration was introduced when the effect of the former
reached a plateau). The effects of a-adrenoceptor antagonists,
calcium antagonists and Bay K 8644 on NA-induced contrac-
tions were evaluated according to the following protocol. The
preparations were repeatedly contracted by 3 x 10-7M or
10-M NA with 30min intervals, each NA exposure lasting
for 5-10 min. When two reproducible contractions were
obtained (difference <10%), the lowest drug concentration
was introduced 15-20min prior to the next NA application.
This sequence was repeated with increasing drug concentra-
tions. As shown in parallel control experiments with NA
alone, the NA-induced contractions remained reproducible
throughout the experimental period.

Electrical nerve stimulation was produced by a Grass S48
stimulator connected to two platinum wire electrodes placed
immediately below and above each vessel segment. Square
wave pulses with a duration of 0.3 ms were delivered with a
frequency of 5 or 1OHz in lOs trains at 2.5 min intervals. The
electrode polarity was changed after each pulse. The voltage
was adjusted to give a maximum response in each experiment.
When 6-10 reproducible contractions were obtained
(difference <10%), the various drugs were added into the
organ bath in a cumulative manner. Control experiments were
always run in parallel. In a few experiments, preparations
were stimulated continuously for several minutes with a pulse
frequency of 10Hz.

Drugs

(±)-Noradrenaline HCl, (-)-phenylephrine HCI (Sigma), rau-
wolscine HCI (Roth) and clonidine (Boehringer Ingelheim)
were dissolved in 0.9% NaCl containing 1.0mm ascorbic acid.
Prazosin (Pfizer) was dissolved in 1% methanol and 1mm
HCI, whereas Bay K 8644 (methyl 1,4-dihydro-2,6-dimethyl-
3 - nitro - 4 - (2 - trifluoromethylphenyl) - pyridine - 5 - carboxylate)
(Bayer) and phenoxybenzamine were dissolved in ethanol,
giving stock solutions of 1 mm. Verapamil HCI (Knoll) and
diltiazem HCI (Tanabe) were dissolved in water. Stock solu-
tions were stored at - 70°C. Nifedipine (Bayer) was provided
in ampoules containing 0.1 mg ml -' nifedipine in 150mg ml -1
ethanol, 150mg ml-' polyethylene glycol and water. Bay K
8644 and nifedipine were kept in the dark until use to avoid
light-induced degradation. Drug dilutions were made with
0.9% NaCl containing 1 mm ascorbic acid.

Calculation and statistics

The maximum drug effect (Emax) and the drug concentration
producing 50% of Emax (EC50) were calculated for each drug
when possible. pEC50 denotes the negative logarithm of
EC50. Results given in the text, tables and figures are
expressed as mean + s.e., followed by the number of experi-
ments performed (n). Student's t test was used to determine
differences between groups of data. Analysis of variance was
performed when multiple comparisons were made. A prob-
ability level < 0.05 was accepted as significant.

reaching a maximum within 5-10min. When related to the
tonic component, the initial rapid response, where distinguish-
able, was considerably smaller at a concentration of
3 x 10-7M NA than at 10-5M or 10-4M NA (Figure la). The
maximum response to 3 x 10-7M NA was 51 + 3% (n = 38)
of that to 10-4M NA. Incubation in Ca2+-depleted medium
(with 10-4M EGTA) for 10min reduced the contractile
responses to 3 x 10-7M and 10-5M NA by 87 + 4% (n = 9)
and 72 + 6% (n = 8), respectively, leaving only a transient
response. The difference in reduction between the two NA
concentrations was statistically significant.

Responses to electrical nerve stimulation

Continuous ENS (1OHz) also elicited a biphasic contraction
similar to the exogenous NA response, although the second
component gradually declined with time (Figure lb). The
initial rapid component was generally fully developed within
lOs. The second component reached a maximum after 1-
3 min.

Electrical nerve stimulation (1OHz) for lOs periods every
2.5min elicited reproducible phasic contractions (Figure 2).
The contractions amounted to 37 + 2% (n = 42) of the 10-4 M
NA response. Tetrodotoxin (3 x 10O7M) reduced the ENS-
induced responses by 96 + 1% (n = 27), and a few min incu-
bation in Ca2"-free medium (with 10-4M EGTA) abolished
them (n = 5).

Effects of ca-adrenoceptor agonists

Noradrenaline, phenylephrine and clonidine elicited
concentration-dependent contractions in the REA with pEC50
values of 6.26 + 0.17 (n = 4), 6.54 + 0.17 (n = 5) and
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Results ENS

Responses to noradrenaline

The NA-induced contraction was generally biphasic with an
initial rapid component and an ensuing tonic component,

Figure 1 Contractile responses to noradrenaline (NA) and electrical
nerve stimulation (ENS). (a) Superimposed tracings of contractions
elicited by two NA concentrations in the same arterial segment; (b)
shows the response to continuous ENS.



CALCIUM ANTAGONISTS AND VASCULAR a-ADRENERGIC RESPONSES

4 mN

2 min

, ,-+ ,1 * I *4 C

20 s Nif TTX
3x10-7 10-6M

C
0Figure 2 Tension tracing showing the effects of nifedipine (Nif) and c

tetrodotoxin (TTX) on responses induced by repeated electrical nerve
stimulation (10Hz, 10s). Bars below tracings indicate the stimulation
periods. The time scale was expanded during the third contraction to
illustrate the time course of the response.

-8 -7 -6
log concentration (M)

6.61 + 0.11 (n = 6), respectively. The potencies of the agonists
did not differ significantly. Emax for phenylephrine and cloni-
dine were 108 + 2.5% (n = 5) and 64 + 10% (n = 6) of the
10- M NA-induced contraction, respectively (Figure 3).

Effects ofa-adrenoceptor antagonists

Prazosin (10-6M) reduced the contractile responses to re-
peated 10s ENS (IOHz) by 95 ± 1% (n = 6) and abolished
those to 3 x 10-7M NA. The ENS responses were enhanced
by 10- 8_10- 6M rauwolscine, resulting in a biphasic
concentration-response curve with an enhancement at low
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Figure 3 Concentration-response curves to noradrenaline (NA) (V),
clonidine (0) and phenylephrine (0). Contractions are expressed as a
percentage of those induced by 10-'M NA. Each point represents
mean of 4-6 experiments; s.e.mean shown by vertical bars.

Figure 4 Concentration-inhibition curves showing the effects of pra-
zosin (-, El) and rauwolscine (-, 0) on contractions elicited by
3 x 107rm noradrenaline (filled symbols) and 10Hz electrical nerve
stimulation (open symbols). Contractile responses are expressed as a
percentage of those obtained before drug administration. Each point
represents mean of 4-7 experiments; s.e.mean shown by vertical bars.

and inhibition at high (>10- M) concentrations (Figure 4).
Prazosin was 3300 and 4500 times more potent than rauwol-
scine in inhibiting contractions elicited by NA and ENS,
respectively (Figure 4, Table 1).

Effects ofBay K 8644 and calcium antagonists

None of the calcium antagonists nor Bay K 8644 per se
affected the baseline tension of unstimulated preparations.
However, during repeated 10s ENS (10 Hz), Bay K 8644
induced a small but concentration-dependent tonic contrac-
tion, amounting to 13 + 3% (n = 8) of the 10-4M NA
response. Bay K 8644 enhanced and nifedipine inhibited con-
tractions induced by NA (3 x 10-7M) significantly more than
those induced by ENS (1OHz, lOs). The effects of nifedipine
and Bay K 8644 on the ENS responses were too small to
allow calculation of pEC50 (Figure 5a, Table 1).

Verapamil was 46 times and diltiazem 60 times more potent
in inhibiting responses induced by NA than those elicited by
ENS. At a concentration of 10-4M, both verapamil and diltia-
zem abolished the ENS responses (Figure 5b and c, Table 1).
Approximately 30% of the NA-induced contraction remained
in the presence of 10-4M diltiazem or 3 x 10-6M nifedipine,
whereas 10-4M verapamil almost abolished the response.

Nifedipine (3 x 10-7 M) reduced the response to 3 x 10-7 M
NA (64 + 4%, n = 6) significantly more than that to 10- 5M
NA (21 + 4%, n = 5). The NA-induced contractions were sus-
tained in the presence of nifedipine, whereas they were tran-
sient in Ca2 +-free medium (see above). Reduction of the

Table 1 Effects of a-adrenoceptor blockers, calcium antagonists and Bay K 8644 on contractile responses evoked by 3 x IO -M nor-
adrenaline and electrical nerve stimulation (1OHz, 10 s)

Noradrenaline
pEC50 EmaX

8.96 + 0.15
5.44 + 0.13
6.51 + 0.25
6.45 + 0.22
8.23 + 0.13
8.71 + 0.28

-100+ 1
-97 ± 1
-93 + 1
-72 ± 7b
-67 + 3
+66 + 24

Electrical
nerve stimulation

n pEC50 Emax

6
7
6
5

6
6

8.50 + 0.09
4.85 + 0.1 la
4.85 + 0.12
4.67 + 0.04

-95 + 1

-100+ 1
-99 + 1

-10+ 3
+11 + 4

The sign preceding each E..X value indicates inhibition (-) or enhancement (+) of contraction.
a Calculations based on a presumed Em.x of 100%.
b The inhibition produced by 10-4M diltiazem was accepted as Em, although the concentration-response curve did not reach a clear
plateau.

Prazosin
Rauwolscine
Verapamil
Diltiazem
Nifedipine
Bay K 8644

n

6
4
5
5
7
8

963



964 T.V.Ch. SKARBY & E.D. HOGESTATT

5

I

5
Praz Pbz

b 6

ENS: 10 Hz 5 Hz 10 Hz 10 Hz
+ +

Praz Pbz

-1

100

0

0

U

50

0

100

50

-9 -8 -7 -6 -5

bI

-8 -7 -6 -5 -4
C

-8 -7 -6 -5 -4
log concentration (M)

Figure 5 Effects of (a) nifedipine (V. V) and Bay K 8644 (*, K), (b)
verapamil (0, 0) and (c) diltiazem (U, El) on contractions elicited by
3 x 10-7M noradrenaline (filled symbols) and 1OHz electrical nerve

stimulation (open symbols). Contractile responses are expressed as a

percentage of those obtained prior to drug administration. Each point
represents mean of 4-8 experiments; s.e.mean shown by vertical bars.

10-5M NA response by prazosin (1 x 10-7-3 x 10-7M) or

phenoxybenzamine (Pbz) (1 x 10-8-3 x 10-8M, 5min
pretreatment) to a level similar to the 3 x 10 -7M NA
response, significantly augmented the inhibitory effect of
nifedipine (Figure 6). Furthermore, the inhibition produced by
3 x 10-7M nifedipine did not differ between contractions
induced by 3 x 10-7M NA and those elicited by 10-5M NA
after a-adrenoceptor blockade by prazosin or Pbz. The con-

traction elicited by 5 Hz ENS was, however, not more affected
by nifedipine than was that induced by 10Hz, despite the fact
that the response to 5 Hz was only 38 + 4% (n = 5) of that to
10Hz. Reduction of the 10Hz ENS response to a level similar
to the 5Hz ENS response by prazosin (3 x 1I08-10-7M) or

phenoxybenzamine (3 x 10 -8-10- M, 5 min pretreatment) did
not enhance the effect of nifedipine. The results from these
experiments are summarized in Figure 6.

Discussion

The REA is endowed with a dense adrenergic innervation and
promptly constricts in response to perivascular nerve stimu-
lation (Waterson & Smale, 1967; Steinsland et al., 1973; 1985).

Figure 6 Effects of 3 x 10- 7M nifedipine (hatched columns) on con-

tractions elicited by noradrenaline (NA) or repeated electrical nerve

stimulation (ENS) in the presence and absence of partial a-

adrenoceptor blockade by prazosin (Praz) or phenoxybenzamine
(Pbz). Contractile responses are expressed as a percentage of those
obtained by 10- .sM noradrenaline (a) or 10Hz ENS (b) in the absence
of inhibitors. Open columns, controls. Each column represents mean

with s.e. shown by vertical bars. The numbers of experiments are

given above each pair of columns. Asterisks indicate significant inhibi-
tion by nifedipine (* P < 0.05, ** P < 0.01, *** P < 0.001). For further
explanation, see Results.

The contractile response was markedly reduced or abolished
by superior cervical ganglionectomy or guanethidine (De la
Lande & Rand, 1965). A significant phentolamine-resistant
neurogenic contraction has, however, been demonstrated in
small branches of the REA (Owen et al., 1985). The ENS-
induced contractions in the present study were Ca2 +-

dependent and almost abolished by tetrodotoxin or

a-adrenoceptor blockade, indicating their adrenergic origin.
Whether activated by exogenous NA or neuronally released

NA, the a-adrenoceptor mediating the contractile response

appeared to be mainly of the a1-type. This conclusion, which
agrees well with the results reported by others (Manzini et al.,
1983; Hieble & Woodward, 1984), was based on the following
findings. Prazosin was more than three orders of magnitude
more potent than rauwolscine in inhibiting contractions elic-
ited by both NA and ENS. Prazosin at a concentration of
10-7M, which in radioligand binding studies has virtually no

effect on a2-adrenoceptors (Hoffman & Lefkowitz, 1980;
Andersson et al., 1984), abolished (NA) or almost abolished
(ENS) the responses. Inhibitory effects of rauwolscine were

observed only at high concentrations (> 10- 6 M) lacking
a2-adrenoceptor selectivity. The enhancement of the ENS-
induced contractions by 10-810-6 M rauwolscine rather
reflects antagonism of prejunctional a2-adrenoceptors (see
Skarby & Larsson, 1987). The relative potencies of phenyleph-
rine and clonidine are also consistent with an a1-adrenoceptor
(see Starke, 1981).
As clearly shown in the present study, contractile responses

to exogenous NA were significantly more sensitive to
nifedipine, verapamil and diltiazem than were those induced
by ENS. Bay K 8644, which promotes Ca2+ influx by inter-
acting with dihydropyridine receptors on the Ca2+ channels
(Spedding, 1985), substantially augmented the NA-induced
contraction, whereas those elicited by ENS were less affected.
Obviously, these differential effects cannot be attributed to a

heterogeneous distribution of a,- and a2-adrenoceptors on the
vascular smooth muscle cells. It has, however, been suggested
that the receptor reserve, rather than the a-adrenoceptor
subtype, is a major determinant of intracellular Ca2+ release
(see Ruffolo & Nichols, 1988). This concept is gaining wide
support, and results obtained in several studies have shown
that responses to al-adrenoceptor stimulation become sensi-
tive to calcium antagonists only after reduction of the receptor
reserve or by using partial agonists (Ruffolo et al., 1984; Ped-
rinelli & Tarazi, 1985; Jim et al., 1986; Wanstall & O'Donnell,
1988; Bognar & Enero, 1988). The REA contains a large a-

adrenoceptor reserve, and half-maximum contraction is
achieved at 1% receptor occupancy (Purdy et al., 1983). As
shown in the present study, reduction of the a-adrenoceptor
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number by the irreversible receptor blocker Pbz did not
increase the inhibitory effect of nifedipine on the ENS-induced
contraction, whereas this pretreatment enhanced the inhibi-
tion of the 10- 5M NA-induced response. Thus, the differential
effects of the calcium antagonists on contractions induced by
exogenous and endogenous NA do not appear to be related to
differences in receptor reserve. Interestingly, the response to
10-5M NA after Pbz pretreatment was not more inhibited by
nifedipine than was that obtained in the presence of prazosin,
although the two x-adrenoceptor blockers reduced the NA
response to the same extent (see Figure 6). This finding does
not favour the view that the x-adrenoceptor reserve is of
crucial importance for the calcium antagonist sensitivity in
this preparation.

Nifedipine and Ca2 + depletion reduced the contractile
response to 3 x 10-7M NA significantly more than that to
10- 5M NA. This correlates well with previous studies showing
that contractions induced by high NA concentrations are
more dependent on intracellular Ca2+ release than are those
elicited by low NA concentrations (Casteels et al., 1977) and
consequently less inhibited by calcium antagonists (van
Breemen et al., 1982b). Indeed, NA-induced intracellular Ca2+
release was shown to have a 10 fold higher threshold than
stimulation of Ca2 + influx in the rabbit aorta (van Breemen et
al., 1982a). In the present study, reduction of the 10- 5M NA
response by 50%, with prazosin or Pbz, considerably
increased the inhibitory effect of nifedipine. Thus, it appears
that the larger the NA-induced contraction, the smaller the
calcium antagonist sensitivity. The ENS-induced contraction,
however, turned out to be slightly smaller than the response
to 3 x 10- 7M NA; still it was considerably less affected by the
calcium antagonists.

Prazosin was approximately three times less potent in inhi-
biting contractions induced by ENS than those elicited by
3 x 10- 7M NA. Assuming equilibrium at the receptor level,
this would predict an intrajunctional NA concentration of
about 10-6M according to receptor theory. However, since
equilibrium conditions for NA are probably not obtained
during a short period of ENS, leading to an overestimation of
the prazosin-induced inhibition, the intrajunctional NA con-
centration may be even higher than 10-6 M (cf. Neild &
Zelcer, 1982; Bevan, 1984). In contrast to the response to
exogenous NA, a 70% reduction of the ENS-induced contrac-
tion by prazosin or Pbz, or by use of a lower stimulation fre-
quency (5 Hz) did not enhance the inhibitory effect of
nifedipine. This may indicate that contractions evoked by
endogenous NA rely almost entirely on intracellular Ca2+
release irrespective of the response magnitude, although Ca2 +
influx through calcium antagonist-insensitive membrane chan-
nels cannot be excluded.
As shown in a previous study on the perfused REA

(Steinsland et al., 1973), the contractile responses to NA and
continuous ENS were found to be distinctly biphasic, com-
posed of an initial rapid component, reaching a maximum
within 10-15 s, and a second tonic component developing over
several minutes. This largely agrees with the results obtained
in the present study. Furthermore, the initial component of
the NA response was rendered unaffected by several pro-
cedures interfering with Ca2 + influx in contrast to the tonic
component (Steinsland et al., 1973). Similar findings have been
reported for several other arteries, suggesting that the initial
rapid and the ensuing tonic component are due to intracellu-
lar Ca2+ release and Ca2+ influx, respectively (Bolton 1979;
van Breemen et al., 1982b; Skarby et al., 1984). In a more
recent study, the initial rapid response to ENS (3Hz) was
shown to be relatively resistant to verapamil and especially
nitrendipine, whereas the tonic component was highly sensi-
tive to these agents (Steinsland et al., 1985). Since in the
present study the preparations were stimulated for only lOs,
the effects of the calcium antagonists on the tonic ENS
response were not evaluated. It would thus appear that the
initial rapid component of the ENS response was compared
with the tonic component of the NA response in the present

study. The relevance of these components for a-adrenoceptor
activation in vivo is, however, unclear. Based on microelec-
trode recordings from human sympathetic nerves in vivo, it
was suggested that the sympathetic outflow to muscles is
important for buffering temporary changes in blood pressure.
The sympathetic impulses mostly appeared in high frequency
bursts during 1-3 s with silent intervals of several seconds (see
Wallin, 1981). In an attempt to reproduce this discharge
pattern, the REA was stimulated with trains (2 s long) of
pulses (25 Hz) every 5s. This resulted in a sustained contrac-
tion, which was not appreciably affected by nifedipine
(unpublished observations). It is conceivable that this type of
intermittent ENS as well as short period ENS lead to a rapid
and intense a-adrenoceptor stimulation restricted to mem-
brane patches adjacent to the nerve terminals, and hence
intracellular Ca2 + release, whereas exposure to exogenous NA
activates a-adrenoceptors over almost the entire cell surface
during a longer period of time, thus favouring Ca2+ influx.
However, other possibilities such as, e.g., al-adrenoceptor
subtype heterogeneity and release of other neurotransmitters
along with NA (e.g. adenosine triphosphate, neuropeptide Y),
influencing calcium antagonist sensitivity, cannot be ruled out
at present.
The sensitivity of the 3 x 10-7M NA-induced response to

the calcium antagonists, Bay K 8644 and Ca2+ deprivation
indicates that it was highly dependent on Ca2 + influx. In con-
junction with the present study, we also examined the inhibi-
tory effects of the calcium antagonists on the tonic component
of the 124mm K+-induced contraction (unpublished
observations). The mean amplitude of the tonic K+ com-
ponent and the 3 x 10- 7M NA response were almost identical
(52% versus 51% of the 10-4M NA response). Interestingly,
neither pEC50 for nifedipine nor those for diltiazem and vera-
pamil differed significantly between the two types of contrac-
tion. Although early electrophysiological studies on the REA
were unable to record membrane potential changes in
response to NA application (Droogmans et al., 1977), later
investigations have shown a close correlation between NA-
induced contraction and depolarization in this artery (Trapani
et al., 1981; Suzuki & Kou, 1983). In the light of these findings
it is tempting to suggest that NA, in concentrations that
release only small amounts of intracellular Ca2 , can promote
Ca2 + influx through potential-operated channels.

In agreement with the present study, contractions induced
by endogenous NA were fairly insensitive to calcium antago-
nists in the canine saphenous vein (Takata & Kato, 1984;
1987), rabbit pulmonary artery (Zelis et al., 1985), rabbit ear
artery (Kajiwara & Casteels, 1983) and rat vas deferens
(Brown et al., 1983; Amobi & Smith, 1985). Exposure to vera-
pamil and diltiazem concentrations below 10-6M had vir-
tually no effect on the response to endogenous NA (present
study; Kajiwara & Casteels, 1983; Takata & Kato, 1984;
Amobi & Smith, 1985; Zelis et al., 1985). When diltiazem con-
centrations above 10-6M were used, a parallel inhibition of
contraction and transmitter release was observed (Takata &
Kato, 1984; Zelis et al., 1985). Thus, a prejunctional action
may well explain the complete inhibition of the ENS response
produced by 10-4M diltiazem in the present study. The ENS-
induced contraction was also abolished by 10-4M verapamil.
Several studies have shown an enhancement of adrenergic
transmitter release by verapamil concentrations above 10-6M
(Larsson et al., 1984; Takata & Kato, 1984). In the nerve-
stimulated canine saphenous vein, 10- 5M verapamil produced
a 50% increase of NA release but still reduced the contractile
responses by 30% (Takata & Kato, 1984). These findings
agree with a simultaneous pre- and postjunctional a-

adrenoceptor blocking effect of verapamil. Indeed, in radioli-
gand binding studies, verapamil has been shown to interact
with both al- and oc2-adrenoceptors in smooth muscle with
dissociation constants ranging between 0.1 and 6.8pM
(Motulsky et al., 1983; Larsson et al., 1984; Descombes &
Stoclet, 1985; Nishimura et al., 1986). Bay K 8644, on the
other hand, affected neither contraction nor NA release
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evoked by ENS in the canine saphenous vein (Takata & Kato,
1987). Nifedipine appears also to have only minimal effects on
adrenergic transmitter release (Hbgestatt et al., 1982; Larsson
et al., 1984).

It is concluded that nifedipine, verapamil and diltiazem in
concentrations < 10-6 M affected only marginally ENS-
induced contractions in the REA, whereas those elicited by
exogenous NA were effectively reduced. In contrast, prazosin

was an effective inhibitor of contractions elicited by both
exogenous and endogenous NA. The differential effects of the
calcium antagonists were not related to differences in a-
adrenoceptor subtype (a/xC2), receptor reserve or response
amplitude, but may rather reflect temporal and spatial differ-
ences in x-adrenoceptor activation between the two types of
response.
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