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1 Previous investigations into the vascular actions of biogenic amines implicated in migraine have
shown that the contractile effects of both 5-hydroxytryptamine (5-HT) and noradrenaline (NA) in
the rabbit ear artery are mediated by a direct sympathomimetic action at a-adrenoceptors, while in
the rabbit aorta, 5-HT and NA act on pharmacologically distinct receptors. The purpose of the
present investigation was to determine whether the absence of 5-HT receptors in rabbit ear arteries
is characteristic of distributing arteries in general, or is confined to particular regional circulations.
2 Agonist-antagonist interactions were studied in various rabbit vascular preparations (common
carotid, external carotid and femoral arterial strips, and perfused ear arteries) by determining pA2
values for pizotifen and phentolamine against 5-HT- and NA-induced contractile responses.
3 In common carotid and femoral arteries, pizotifen was a potent competitive antagonist of 5-HT,
but weak against NA. The converse applied to phentolamine. In external carotid and ear arteries,
pizotifen was a weak competitive antagonist of both 5-HT and NA, whereas phentolamine was a
potent competitive antagonist of both. Cocaine did not influence pA2 values against NA.
4 5-HT and NA were of similar potency in common carotid and femoral arteries, but 5-HT was
much less potent than NA in external carotid and ear arteries.
5 The results indicate that rabbit common carotid and femoral arteries contain both D-type 5-HT
receptors and a-adrenoceptors, as does the aorta. However, external carotid arteries, like ear
arteries, do not contain specific 5-HT receptors. The action of 5-HT in the external carotid artery is
mediated by a-adrenoceptors; this is a direct sympathomimetic action since it was not inhibited by
cocaine or reserpine-pretreatment.
6 The absence of 5-HT receptors in the rabbit extracranial circulation may limit the usefulness of
this species as a model for research relating to migraine.

Introduction

The receptor mechanisms involved in the vasocon-
strictor actions of 5-hydroxytryptamine (5-HT) have
been examined by Apperley, Humphrey & Levy
(1976). These authors conducted quantitative anal-
yses of functional receptor interactions between
agonists and antagonists in rabbit ear artery and aorta
preparations, to characterize the receptors involved.
Fozard (1976) described similar investigations in
rabbit ear artery preparations. In the aorta, both
D-type 5-HT receptors (Gyermek, 1966) and a-
adrenoceptors were shown to be present. In the ear
artery, these authors demonstrated that there are no
specific 5-HT receptors, and that the constrictor
action of 5-HT is mediated by a direct action at
a-adrenoceptors.
A question therefore arises as to whether in the

rabbit, the absence of 5-HT receptors is a peculiarity
of distributing arteries in general, or is a property of
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particular regions of the circulation. Thus the present
investigations are concerned with examining 5-HT
vascular mechanisms in other rabbit vessels, namely
common carotid, external carotid and femoral ar-
teries, as well as rabbit ear arteries. The study was
conducted using similar techniques to those used by
Apperley et aL (1976) and Fozard (1976). Some of
the results have been described at a meeting of the
Australian Physiological & Pharmacological Society
(Mylecharane, French & Black, 1979).

Findings in studies of this kind may be of particular
relevance to migraine, in that 5-HT has been impli-
cated in the cranial vascular disturbances of this
disease (see Spira, Mylecharane & Lance, 1976), and
many of the 5-HT antagonists used in such receptor
mechanism studies (e.g. methysergide, pizotifen and
cyproheptadine) are used in its therapy (see Fozard,
1975).
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Methods

Common carotid, external carotid andfemoral arterial
strip experiments

Preparations New Zealand white rabbits of either sex
weighing 1.5 to 3 kg were killed by a blow to the back
of the head. Segments of common carotid artery (15
to 20mm in length), external carotid artery (8 to
12 mm) and femoral artery (15 to 20 mm) were ex-
cised. Close spiral strips were cut as described by
Furchgott & Bhadrakom (1953). Common carotid
and femoral artery segments yielded strips of approx-
imately 15 to 25 mm in length and 1.5 to 2 mm in
width, while external carotid artery strips were ap-
proximately 10 to 15 mm long and 1 to 1.5 mm wide.
Two pairs of arteries (yielding 4 preparations) were
usually removed from one rabbit.
The arterial strips were suspended in 10 ml organ

baths containing Krebs-Henseleit solution (composi-
tion, mmol/l: Na+ 143.4, K+ 5.9, Ca2+ 2.5, Mg2+ 1.2,
Cl- 128.1, S042- 1.2, H2PO4- 1.2, HC03- 25.0 and
(+)-glucose 11.1) maintained at 37°C and aerated
with a mixture of 95% 02 and 5% CO2. A load of
0.5 g was applied to each strip, as this loading was
shown to be optimal in preliminary experiments.
Changes in length of the strip were measured with a
Harvard isotonic transducer (model 386) connected
to a Heathkit potentiometric chart recorder (model
IR-18M). During the initial equilibration period,
contractile responses to a submaximal concentration
of the agonist to be tested in that experiment were
elicited at intervals of 20 to 30 min. An equilibration
period of 2 to 3 h was necessary for the responses to
become reproducible.

Agonist-antagonist interactions In this series of ex-
periments, following equilibration, initial cumulative
concentration-response relationships to one of the
agonists, 5-HT or noradrenaline (NA), were ob-
tained in parallel experiments on paired preparations
from the same animal. When a maximal response was
reached, the tissue was washed at 5 min intervals until,
baseline tension was re-established, usually within 45
to 90 min. In one of the paired arterial strip prepara-
tions, the concentration-response relationships for
the agonist were then re-obtained in the presence of
two successively increasing concentrations of an an-
tagonist (pizotifen or phentolamine). In the other
paired preparation which served as a control, the
agonist concentration-response relationships were
repeated at corresponding times, but in the absence
of antagonist. Preliminary experiments in the ab-
sence of antagonist showed that there were small
spontaneous changes in agonist sensitivity during the
course of an experiment. However, the changes with-
in paired arterial strip preparations from the same

animal were highly consistent. An antagonist contact
time of 30 min was allowed before re-testing the
effects of agonist, since it was shown in initial experi-
ments that the blocking effects of phentolamine and
pizotifen reached equilibrium within this time.

In each preparation, all responses to agonist were
expressed as percentages of the initial maximal re-
sponse, and were used to plot log concentration-
response curves. The concentrations of agonist pro-
ducing 50% of the maximal response were deter-
mined in the initial curves and were used to calculate
agonist pD2 values. To assess the activity of the
antagonists, agonist dose-ratios were determined
from the agonist concentrations producing 50% of
the maximal response in each curve. Correction was
made for any spontaneous changes in agonist sen-
sitivity by dividing dose-ratios obtained in the prep-
arations exposed to antagonist by the equivalent
dose-ratios obtained in the paired control prepara-
tions. In each experiment, using the corrected dose-
ratio values, log (dose-ratio - 1) was plotted against
log antagonist concentration (mol/l), and a pA2 and
slope were determined, as described by Arunlaksha-
na & Schild (1959). Each agonist-antagonist interac-
tion was studied in at least 4 experiments. In some of
the experiments in which NA was the agonist, the
effect of blockade of its neuronal uptake was assessed
by including cocaine (10-5 mol/l) in the Krebs-
Henseleit solution used throughout the experiment.

Assessment of indirect sympathomimetic activity In a
further series of experiments, after equilibration,
cumulative concentration-response curves for 5-HT
and NA, and responses to a bolus dose of tyramine
(10-4 mol/l) were obtained in each preparation. The
order in which these agonists were administered var-
ied. In some of these experiments, the responses were
elicited in the presence of cocaine (10-5 mol/l) or in
arteries removed from rabbits treated 18 to 24 h
beforehand with reserpine (1 mg/kg i.p.). In each
preparation, all responses were expressed as percen-
tages of the maximal response to NA, and log
concentration-response curves for 5-HT and NA
were plotted.

Perfused ear artery experiments

The experimental method used was similar to that
described by de la Lande & Rand (1965).

In rabbits killed as described for the arterial strip
experiments, the central ear arteries were cleared of
connective tissue, cannulated proximally and ex-
cised. Each singly cannulated artery (20 to 30mm in
length) was suspended in an organ bath and perfused
with Krebs-Henseleit solution (maintained at 37°C
and aerated with a mixture of 95% 02 and 5% C02)
by means of a Rotaline peristaltic pump at a constant
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flow rate of 8 ml/min. Intraluminal pressure was re-
corded by means of a pressure transducer (Statham
P23 Db) connected just proximal to the artery. The
pressure transducer was attached to a Grass poly-
graph recorder (Model P79). Solutions of drugs
(0.025 to 0.2 ml) were injected as bolus doses
through rubber tubing into the perfusing fluid just
before its passage through the artery. Any resultant
vasoconstriction produced a rise in perfusion pres-
sure which could be readily distinguished from the
small, transient injection artefact caused by rapid
addition of small volumes of fluid to the perfusing
solution. Initially, arteries were perfused with Krebs-
Henseleit solution for a period of not less than
30 min, during which time pressure stabilized to ap-
proximately 30 mmHg. Then, using a submaximal
dose of one of the agonists, 5-HT or NA, contractile
responses were obtained repeatedly at regular inter-
vals of not less than 3 min. Perfusion pressure was
always allowed to return to baseline values between
injections. Responses to NA became reproducible
within 15 min. Responses to 5-HT were more vari-
able, reproducible responses being obtained only
after 30 to 60 min. After responses to the test dose of
agonist had stabilized, bolus doses of the agonist were
administered so that dose-response relationships
could be established.
As in the arterial strip preparation experiments,

paired experiments were always used, with one artery
being tested with antagonist (pizotifen or phen-
tolamine) and the other serving as a control, so that
spontaneous changes in sensitivity could be taken
into account. It was found that a stable degree of
blockade occurred within 30 min, thus an antagonist
contact time of 30 min was always used. Agonist
dose-response relationships in the absence or pres-
ence of antagonist were established in replicate two
to four times. In each experiment, two or three
concentrations of antagonist were tested.
Data from each preparation were plotted as log

dose of agonist (mol) against mean replicate response
(mmHg). To assess the activity of the antagonists,
agonist dose-ratios were determined from the agonist
doses producing an arbitrarily determined response
for each preparation which was on the linear, parallel
portion of the log dose-response curves, since maxi-
mal responses are difficult to obtain. In each experi-
ment, dose-ratios were corrected for spontaneous
changes in sensitivity, and pA2 values and slopes of
the relationship between log (dose-ratio - 1) and log
antagonist concentration (mol/l) were determined, as
described for the arterial strip preparation experi-
ments.

Statistical analysis

Results were tested for significance using Student's t

test (2-tailed) for correlated or non-correlated data
as appropriate. In the latter case, when the distribu-
tions of the test samples were shown to be different
using the variance ratio (F) test, the method of Coc-
hran & Cox (1957) was used in the evaluation.
Results were considered significant when P< 0.05.

Drugs

The following drugs were used: 5-hydroxytrypta-
mine creatinine sulphate monohydrate, mol. wt.
405.4 (Sigma); (-)-noradrenaline hydrogen tart-
rate monohydrate, mol. wt. 337.3 (Sigma); tyramine
hydrochloride, mol. wt. 173.6 (Sigma); cocaine
hydrochloride, mol. wt. 339.8 (D.H.A.); pizoti-
fen malate, mol. wt. 429.5 (Sandoz); phentola-
mine mesylate, mol. wt. 377.5 (Ciba); and reserpine
hydrochloride (Sigma).

Solutions of 5-HT and NA were freshly prepared
for each experiment by dissolving the salts in Krebs-
Henseleit solution. Stable stock solutions of
tyramine, cocaine, pizotifen and phentolamine in
0.9% w/v NaCl solution were freshly diluted for each
experiment with Krebs-Henseleit solution. When
NA was used, ascorbic acid (0.02 mg/ml) was always
included in the Krebs-Henseleit solution and theNA
solutions were stored in ice during the experiment.
Concentrations are expressed as mol/l of the active
moieties. Reserpine was dissolved in a vehicle com-
prising 10% w/v ascorbic acid in water.

Results

Agonist-antagonist interactions in arterial strip
preparations

Common carotid and femoral arteries Cumulative
concentration-response relationships in the absence
of antagonist were obtained over the concentration
ranges 2 x 10-8 to 10-4mol/l of 5-HT and 10-7 to
104 mol/l of NA. Responses to each cumulative
addition of agonist reached a plateau in 2 to 8 min in
the case of 5-HT, and 2 to 5 min in the case of NA.
The total times required to reach the maximal re-
sponse ranged from 30 to 60 min for both 5-HT and
NA. Figure 1 shows a trace of a typical cumulative
concentration-response relationship for 5-HT in a
common carotid artery preparation. Similar traces
were obtained for 5-HT in femoral arteries. A trace
of a cumulative concentration-response relationship
for NA in a femoral artery preparation is illustrated
in Figure 2, and is typical of those obtained in both
femoral and common carotid arteries. Table 1 con-
tains the means of the pD2 values for 5-HT and NA
determined from the initial log concentration-
response curves for each agonist. The presence of
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FIue 1 Trace of a cumulative concentration-
response relationship for 5-hydroxytryptamine (5-HT)
in a rabbit common carotid arterial strip preparation.
5-HT was added at 0; the concentrations shown repres-
ent the cumulative total concentration. The vertical
scale represents an isotonic contraction equivalent to a
standard change in load of 200 mg. The horizontal scale
represents 5 min.

cocaine did not produce any significant change in the
NA pD2 values in either artery. 5-HT was equipotent
in the common carotid and femoral arteries, as was
NA. It can also be seen that 5-HT and NA were of
similar potency.

Pizotifen was used over a concentration range of
10-9 to 3 x 10-8mol/l to antagonize 5-HT, and 10-6
to 10-5 mol/l against NA. Phentolamine was used at
concentration ranges of 3 x 10-6 to 3 x 10-5 mol/l
against 5-HT, and 10-7 to 10-6 mol/l against NA.
Figure 3 illustrates log concentration-response
curves obtained in a typical experiment. In the pres-
ence of antagonist, curves were shifted to the right in
a parallel fashion, and there were no significant
changes in maximal responses. In the paired control
preparations, spontaneous changes in sensitivity oc-
curred, resulting in shifts of curves to the left or right.
The mean shifts were 0.3 and 0.2 log units to the left
and right respectively in the case of 5-HT, and 0.1
and 0.3 log units to the left and right respectively in
the case of NA. Slopes of the Arunlakshana & Schild
(1959) plots of log (dose-ratio - 1) against log an-
tagonist concentration did not differ significantly
from unity. The means of the antagonist pA2 values
are given in Table 2. Cocaine did not produce any
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Figure 2 Trace of a cumulative concentration-
response relationship for noradrenaline (NA) in a rabbit
femoral arterial strip preparation, as in Figure 1.

significant changes in the pA2 values against NA. The
pA2 value for pizotifen against 5-HT was significant-
ly different from those against NA, in both the com-
mon carotid and the femoral arterial strip prepara-
tions. Likewise, the pA2 value for phentolamine
against 5-HT differed significantly from those against
NA in both of these arteries. Thus in the common
carotid and femoral arteries, pizotifen was a potent
antagonist of 5-HT, but weak as a NA antagonist.
The converse was true for phentolamine.

External carotid arteries Responses to NA were simi-
lar to those obtained in common carotid and femoral
arterial strip preparations. Mean pD2 values are in-
cluded in Table 1. As in the other arteries, cocaine
did not alter pD2 values for NA significantly. The
external carotid artery pD2 values for NA did not
differ significantly from those in the common carotid
or femoral arteries.

Table 1 pD2 values for 5-hydroxytryptamine (5-HT) and noradrenaline (NA) in arterial strip preparations from
rabbits

Artery

Common carotid
Femoral
External carotid

5-HT

5.98 ± 0.12(32)
6.16± 0.14(29)
4.08 ± 0.05 (26)*

NA

5.84 ± 0.08(31)
5.90± 0.11(36)
5.79 ± 0.08 (34)

NA (with cocaine
10- 5mol/l)

5.79 ± 0.07 (36)
5.87 ± 0.10(34)
5.72 ± 0.08 (34)

Each value is the mean ± s.e.mean (n) ofpD2 values determined from the initial concentration-response curves from
all experiments.
Approximate pD2 value, since maximal response could not be elicited (see text); this value is significantly different

from the 5-HT pD2 values in the common carotid and femoral arteries (P< 0.05).
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I Figure 4 Trace of a cumulative concentration-
lo-4 lo-3 response relationship for 5-hydroxytryptamine (5-HT)

in a rabbit external carotid arterial strip preparation, as
in Figure 1. The response to a supramaximal concentra-

e curves for tion of noradrenaline (NA) in the same strip is shown for
experiment in comparison. Vertical and horizontal scale as in Figure 1.
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Because of the small magnitude of the 5-HT re-
sponses in external carotid arteries, a maximal re-

different from sponse to NA was also obtained, and the 5-HT
d and femoral responses were expressed as percentages of the NA
-licited at con- maximal response. The response to the highest con-
icentrations of centration of 5-HT used in the initial curve,
concentration- S x 10-4 mol/l, was 13 ± 1% of the NA maximal re-
,olubility limits sponse (mean ± s.e.mean, n= 27). From the concent-

Tabk 2 pA2 values for antagonism of 5-hydroxytryptamine (5-HT) and noradrenaline (NA) by pizotifen and
phentolamine in arterial strip preparations from rabbits

Agonist

Artery Antagonist 5-HT NA

NA (with
cocaine

10-5mo1/l)

Common carotid

Femoral

External carotid

Pizotifen 9.20 ± 0.20 (5)*
Phentolamine 5.85 ± 0.20 (5)*
Pizotifen 8.84 ± 0.28 (4)*
Phentolamine 5.79 ± 0.11 (4)*
Pizotifen
Phentolamine

7.3 (3)t
7.8 (4)t

Each value is the mean ± s.e.mean (n).
*Significantly different from the pA2 values against NA (P< 0.05).
t Approximate pA2 value (see text).
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6.35 ± 0.19(5)
7.55 ± 0.12(5)

6.63 ± 0.35 (5)
7.32 ± 0.20(5)
6.91 ±0.17(4)
7.96 ± 0.29(4)

6.36 ± 0.14(7)
7.68 ± 0.17(7)
6.64 ± 0.12(7)
7.58± 0.18(7)
6.61 ±0.13(7)
7.95 ± 0.09(6)
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rations of 5-HT producing 50% of the response to
5 x 10-4mol/l (the highest concentration used), ap-
proximate pD2 values for 5-HT were determined.
The mean value is given in Table 1; it was significant-
ly different from the common carotid and femoral
artery pD2 values for 5-HT.

It is therefore apparent that 5-HT was far less
potent an agonist in the external carotid artery than
in either common carotid or femoral arteries, in
which it was equipotent. NA was of similar potency in
all three artery types.
Antagonism of NA was assessed using the same

concentration ranges of pizotifen and phentolamine
that were used in the common carotid and femoral
artery experiments; findings in the external carotid
arteries were similar in all respects to those in the
common carotid and femoral arteries. The means of
the pA2 values are included in Table 2.

Since log concentration-response curves for 5-HT
in external carotid arteries could only be obtained
over the concentration range 10-5 to 5 x 10-4 mol/l,
without yielding maximal responses, it was not poss-
ible to determine accurate pA2 values. Measurement
of antagonistic activity of phentolamine and pizotifen
against 5-HT had to be restricted to determination of
shifts in log concentration-response curves produced
by single concentrations of each antagonist. In each
experiment, an agonist dose-ratio was calculated
from the agonist concentrations producing an arbit-
rarily determined response for each preparation
which was on the linear, parallel portion of the
curves. Correction was made for spontaneous
changes in sensitivity using the paired control prep-
aration. Pizotifen (1 0-6 mol/l) produced a mean shift
to the right of 1.3 ± 0.3 log units (mean ± s.e.mean,
n= 3), and phentolamine (10-7mol/l) produced a
mean shift to the right of 0.9 ± 0.4 log units (n= 4).
Approximate pA2 values were calculated from these
results, using the theoretical equations employed by
Arunlakshana & Schild (1959), with the assumption
that blockade is competitive. These values against
5-HT are shown in Table 2; they are clearly very
similar to those against NA in the same preparation.
Thus in the external carotid artery, pizotifen was a
weak antagonist of both 5-HT and NA, whereas
phentolamine was a potent antagonist of both.

Assessment ofindirectsympathomimetic activity in
arterial strip preparations

Tyramine (I0-4 mol/l) produced contractile re-
sponses which were 28±3% of the NA maximal
response (mean ± s.e.mean, n= 12) in common
carotid arteries. This response was almost abolished
in the presence of cocaine (10-5 mol/l), and in com-
mon carotid arteries removed from reserpine-
pretreated rabbits. In femoral and external carotid

arteries, tyramine responses were small (4± 1% and
11± 3% of the NA maximal response respectively;
means ± s.e.mean, n= 16), and were unaffected by
cocaine or reserpine-pretreatment.

In the external carotid arteries, there was no sig-
nificant reduction in the response to 5 x 104mol/l
of 5-HT in the presence of cocaine (10-5mol/l) or
in preparations obtained from reserpine-pretreated
rabbits.

Agonist-antagonist interactions in perfused ear artery
preparations

The results from these experiments simply confirmed
the findings of Apperley et al. (1976) and Fozard
(1976); each agonist-antagonist interaction was
therefore studied in only 2 experiments. NA was
1000 times more potent than 5-HT. Pizotifen was a
weak antagonist against both 5-HT and NA, whereas
phentolamine was a potent antagonist of both. The
pA2 values from the individual experiments are
shown in Table 3. Slopes of the Arunlakshana &
Schild (1959) plots were close to unity in each experi-
ment. All of these values were within the 95% confi-
dence limits given by Apperley et aL (1976) or
Fozard (1976).

Table 3 Individual pA2 values for antagonism of
5-hydroxytryptamine (5-HT) and noradrenaline
(NA) by pizotifen and phentolamine in perfused
ear artery preparations from rabbits

Agonist
Antagonist

Pizotifen
Phentolamine

5-HT NA

6.10,6.40 6.38,6.79
7.20, 7.30 7.58, 7.71

Discussion

The results of the present study indicate that in the
rabbit, specific 5-HT receptors are absent from cer-
tain extracranial arteries. Moreover, in these arteries,
the effects of 5-HT are mediated by an action at
a-adrenoceptors, which is direct and not indirect. In
other arteries, namely the common carotid and the
femoral, there are pharmacologically distinct recep-
tors for 5-HT and NA.

In the common carotid and femoral arterial strip
preparations, pizotifen and phentolamine antagon-
ized the contractile effects of 5-HT and NA. The
antagonism was competitive, according to the slopes
of the Arunlakshana & Schild (1959) plots, enabling
determination of pA2 values, which can be regarded
as indicative of antagonist affinity constants
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(Furchgott, 1972). Functional studies aimed at
characterization of receptors by this means require
that pA2 values be determined as accurately as poss-
ible. In the studies described by Apperley et aL
(1976) and Fozard (1976), the possibility that varia-
tions in neuronal uptake of NA could influence an-
tagonist pA2 values (Furchgott, 1972) was not inves-
tigated. Humphrey (1978a), for example, found that
in dog saphenous vein preparations, neuronal uptake
influenced pA2 values against NA by as much as 1.5
units. In the present experiments, pA2 values against
NA were therefore obtained both in the presence and
absence of cocaine. The concentration of cocaine
used, 10-5 mol/l, was in the range accepted as block-
ing neuronal uptake (Iversen, 1967), and accounts
for our finding that cocaine blocked the action of the
indirect sympathomimetic amine tyramine, in the
common carotid arterial strip preparations. It was
found that cocaine did not influence pD2 or pA2
values in the rabbit common carotid or femoral ar-
teries. This apparent lack of influence of neuronal
uptake mechanisms may be species related, as Furch-
gott (1967) and Brandao (1976) also found little
effect with cocaine in rabbit vasculature. Thus in both
common carotid and femoral arteries, the pA2 values
for each antagonist against 5-HT are different from
those against NA, irrespective of any influence of
neuronal uptake. Hence, 5-HT and NA are activat-
ing pharmacologically different receptors.
The pizotifen and phentolamine pA2 values that

we obtained in the common carotid and femoral
arteries agree with those obtained by Apperley et al.
(1976) in the rabbit aorta. These authors concluded
that the rabbit aorta contained both D-type 5-HT
receptors (Gyermek, 1966) and a-adrenoceptors, on
the basis of comparisons between the pA2 values
determined in their experiments and those in the
literature for various other tissues. Thus it is reasona-
ble to conclude that the rabbit common carotid and
femoral arteries, like the aorta, contain both D-type
5-HT receptors and a-adrenoceptors.

In the external carotid artery, accurate pA2 values
against NA could be determined. This was not the
case with 5-HT, since 5-HT had such a weak agonist
potency in this tissue. However, it proved possible to
make an approximate assessment of the 5-HT block-
ing activity of pizotifen and phentolamine in the
external carotid artery, assuming that the blockade
was competitive. The pA2 values for each antagonist
against 5-HT were almost the same as those against
NA. As in the common carotid and femoral arteries,
cocaine did not influence pD2 or pA2 values. Thus the
contractile effects of 5-HT and NA in the external
carotid artery are mediated by an action at the same
receptor, namely an a-adrenoceptor according to the
actual pA2 values. This parallels the situation in the
rabbit ear artery, as shown in the investigations by

Apperley et aL (1976) and Fozard (1976), and con-
firmed in our experiments.
The agonist potencies of 5-HT and NA in various

rabbit arterial preparations are consistent with the
above conclusions. 5-HT and NA were of similar
potency in the common carotid and femoral arteries,
as was the case in the rabbit aorta (Apperley et al.,
1976). In the external carotid and the ear arteries,
5-HT was much less potent than NA, reflecting the
absence of specific receptors for 5-HT in these tis-
sues. Although the responses to 5-HT relative toNA
in the external carotid arterial strip preparations
were poor in comparison with those obtained in
perfused ear arteries, this apparent difference in
efficacy may simply reflect inherent differences in the
mechanical properties of the two types of prepara-
tion, and the mode of administration of agonist.
Although there was no indirect component to the

oc-adrenoceptor mediated effect of 5-HT in the rabbit
ear artery (Apperley et aL, 1976; Fozard, 1976), an
indirect sympathomimetic component has been
found in other tissues such as cat spleen (Innes,
1962), dog heart (Fillion, Lluch & Uvnas, 1971),
rabbit heart (Fozard & Mwaluko, 1976), and dog
saphenous vein (Humphrey, 1978b). The fact that
tyramine had no indirect effect in the external carotid
artery, and that the response to 5-HT was not altered
by cocaine or reserpine-pretreatment, indicated that
there was no indirect sympathomimetic component
to the action of 5-HT in this tissue.
The results of these studies lead to speculation as to

whether the distribution of 5-HT vascular receptors
in rabbits is related to vessel size, function or loca-
tion. It may be that the absence of 5-HT receptors in
the rabbit extracranial circulation is peculiar to this
species, since some recent studies suggest that in dog,
cat and human extracranial vasculature, specific re-
ceptors for 5-HT are present (Edvinsson, Hardebo &
Owman, 1978; Apperley, Feniuk, Humphrey &
Levy, 1980; Lamar & Edvinsson, 1980). Thus in
studies aimed at elucidating the mechanisms involved
in the pathophysiology and treatment of cranial vas-
cular diseases such as migraine, the use of rabbit
vascular preparations as a model may be of limited
value. There is an obvious need for quantitative
analysis of functional receptor interactions between
agonists and antagonists in human vessels.
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