








The low frequency, monophasic responses were slightly increased on switching from
95% O3 to 16% O,. The 4Hz response (measured isometrically) increased from 30mg
weight to 80mg weight, while the 8Hz response increased from 150mg weight to 250mg

weight (data not shown).

Many technical difficulties limited the scope of this line of research (see discussion) and
these probably contributed to the contradictory nature of these data. Nevertheless there

appears to be an a-adrenoceptor mediated component of the nerve induced response which

is more resistant to prazosin in the more physiological conditions of 16% O3 / 5% CO».

Effect of All in the saphenous vein and in the absence of uptakej-blockade and [-
blockade.

AII (0.03uM) caused a transient monophasic response which returned to baseline

within 2 minutes.

After treatment with rauwolscine (1pM), which itself caused no significant effect on
responses, All caused a slight decrease in responses which was variable and non-significant

(Figure 29a).

In the presence of prazosin (0.1uM) Al caused a potentiation of the responses at all
frequencies, except the 4Hz / 1 sec. response. However, the potentiation was variable and

non-significant (Figure 29b).

After a-blockade with a combination of prazosin and rauwolscine, AIl caused a
potentiation of the responses at the higher frequencies. However, the potentiation was

variable and non-significant (Figure 29c).
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re 29. The effect of angiotensin II (0.03uM) on responses to EFS in the isolated

Fi

saphenous vein, in the absence of cocaine. Light hatched bars represent control

responses to EFS. Dark hatched bars represent responses to EFS after a) rauwolscine

(1pM), b) prazosin (0.1uM) and c) prazosin and rauwolscine together. Stippled bars

represent responses to EFS after addition of AII and in the presence of the a-blockers.

Values are given as mean * s.e.m (n=4). Statistical significance was tested using

paired t-test; column 2 vs column 1; column 3 vs column 2; p<0.05 (*); p<0.01(**).
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Effect of All in the saphenous vein and in the presence of uptakej-blockade and -
blockade.

AII (0.03uM) caused a transient monophasic response which returned to baseline

within 2 minutes.

Rauwolscine caused no significant change in responses and these were unaffected by

further addition of AIl (Figure 30a).

Prazosin caused an inhibition of responses at all frequencies. This inhibition was
partially reversed by addition of AIl. The AIl induced potentiation was significant at 16, 32
& 64 Hz (Figure 30b).

AlII was more effective after prazosin alone than after a-blockade with a combination of

prazosin and rauwolscine since the only significant effect was at 16 Hz (Figure 30b&c).

While the results were variable, they do point to AII potentiating responses only after
blockade of o1-adrenoceptors. This suggests that AIIl may have a selective facilitatory effect

on responses mediated by postjunctional a2-adrenoceptors.

The saphenous vein may not be the ideal tissue to examine this because of the possible
interaction between the postjunctional a1- and a2-adrenoceptors. A similar set of
experiments was therefore performed on the isolated plantaris vein which is apparently
devoid of such an interaction but possesses a population of postjunctional ®2-

adrenoceptors.
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Figure 30. The effect of angiotensin II (0.03uM) on responses to EFS in the isolated

saphenous vein, in the presence of cocaine (10uM). Light hatched bars represent control
responses to EFS. Dark hatched bars represent responses to EFS after a) rauwolscine
(1uM), b) prazosin (0.1uM) and c) prazosin and rauwolscine together. Stippled bars
represent responses to EFS after addition of AIl and in the presence of the a-blockers.
Values are given as mean * s.e.m (n=4). Statistical significance was tested using a paired
t-test; column 2 vs column 1; column 3 vs column 2; p<0.05 (*); p<0.01(**);
p<0.001(***).
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Effect of AIl on responses to E.F.S. in the isolated plantaris vein in the presence and

absence of cocaine and propranolol.

ATl (0.03uM) caused a transient monophasic response which returned to baseline

within 2 minutes.

In the absence of cocaine and propranolol, AIl caused a significant potentiation of the
responses elicited by E.F.S. at 4, 16, 32 & 64 Hz (Figure 31a). In the presence of cocaine
and propranolol, AII still caused a potentiation of responses in some experiments.

However, this effect was not as marked and was not statistically significant (Figure 31b).

After blockade of a1-adrenoceptors with prazosin (0.1uM) and in the presence of
cocaine, AIl caused a significant potentiation of responses at all frequencies except 4Hz / 1
sec. (Figure 32b). In the absence of cocaine and propranolol, AIl caused a potentiation

resulting in responses which greatly exceeded the size of the control responses (Figure 32a).

Blockade of a2-adrenoceptors was more effective with than without cocaine and
propranolol (Figure 33a&b). Addition of AII caused a potentiation of all responses, with
the exception of the 4Hz responses, in the tissues treated with cocaine and propranolol. The
potentiations were not great as those following a1-adrenoceptor blockade and only the
lower frequency (4, 8 & 16 Hz) responses in the absence of cocaine were potentiated

beyond control levels (Figure 33a).

Combined a-blockade was less effective in tissues with an intact uptake; mechanism
(Figure 34a). AIl caused potentiation of responses at all frequencies both in the presence
and absence of cocaine and propranolol although in the presence of cocaine the potentiation
was less reliable. AII was unable to potentiate responses above control levels in this

experiment (Figure 34a&b).
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Figure 31. The effect of angiotensin II (0.03uM) on responses to EFS in the isolated
plantaris vein in either the absence (a) or presence (b) of cocaine (10uM). Light hatched
bars represent the responses to the first frequency response curve (FRC 1). Dark hatched
bars represent the responses to FRC 2. Dark stippled bars represent the responses to FRC
3 in the presence of AIl. FRCs were taken at 30 minute intervals. Values are given as
mean * s.e.m. (n=5, a; n=7 b). Statistical significance was tested using a paired t-test;

column 2 vs column 1; column 3 vs column 2; p<0.05 (*); p<0.01(**); p<0.001(***).
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Figure 32. The effect of angiotensin II (0.03uM) on responses to EFS in the isolated
plantaris vein, after oj-blockade, in either the absence (a) or presence (b) of cocaine
(10puM). Light hatched bars represent the responses to the first frequency response curve
(FRC 1). Dark hatched bars represent the responses to FRC 2, in the presence of
prazosin (0.1uM). Dark stippled bars represent the responses to FRC 3 in the presence
of AII and prazosin. Values are given as mean * s.e.m. (n=5, a; n=6 b). Statistical
significance was tested using a paired t-test; column 2 vs column 1; column 3 vs column

2; p<0.05 (*); p<0.01(**); p<0.001(***).
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Figure 33. The effect of angiotensin II (0.03ptM) on responses to EFS in the isolated
plantaris vein, after otp-blockade, in either the absence (a) or presence (b) of cocaine
(10uM). Light hatched bars represent the responses to the first frequency response curve
(FRC 1). Dark hatched bars represent the responses to FRC 2, in the presence of
rauwolscine (1uM). Dark stippled bars represent the responses to FRC 3 in the presence
of AII and rauwolscine. Values are given as mean * s.e.m. (n=5, a; n=6 b). Statistical
significance was tested using a paired t-test; column 2 vs column 1; column 3 vs column

2; p<0.05 (*); p<0.01(**); p<0.001(***).
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Figure 34. The effect of angiotensin II (0.03uM) on responses to EFS in the isolated
plantaris vein, after o1- & a2-blockade, in either the absence (a) or presence (b) of
cocaine (10uM). Light hatched bars represent the responses to the first frequency
response curve (FRC 1). Dark hatched bars represent the responses to FRC 2, in the
presence of prazosin (0.1pM) & rauwolscine (1uM). Dark stippled bars represent the
responses to FRC 3 in the presence of AIl and both antagonists. Values are given as
mean * s.e.m. (n=5, a; n=6 b). Statistical significance was tested using a paired t-test;

column 2 vs column 1; column 3 vs column 2; p<0.05 (*); p<0.01(**); p<0.001(***).
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The results with the plantaris vein strengthen the observation from the saphenous vein

that All-induced facilitation of nerve-mediated responses is selective for a2-adrenoceptors.

A possible prejunctional action of AIl however cannot be ruled out altogether.

Effect of the endothelium on responses to agonist- and nerve-mediated
responses in the isolated saphenous vein in the presence of cocaine and

propranolol.

After removal of the endothelium, by gently rubbing the intimal surface with fine
forceps, acetylcholine-mediated (1uM) relaxation of NA-induced (3uM) tone was
abolished; relaxations mediated by sodium nitroprusside were unaffected. In endothelium-
denuded segments of saphenous vein, the sensitivity to the non-selective a-adrenoceptor
agonist NA was unchanged (Figure 35a). The sensitivities to amidephrine (selective o1-
adrenoceptor agonist) and xylazine (selective a2-adrenoceptor agonist) were similarly
unaffected by endothelial rubbing (Figure 35b&c). Removal of the endothlium does not

therefore alter the sensitivity of the saphenous vein to a-adrenoceptor agonists.

When the responses were expressed in terms of absolute size of contraction, it was
found that the absence of endothelium caused no increase in the maximum response to
xylazine (Figure 36a). In contrast, with amidephrine and NA there was an increase in the

maximum response in the absence of the endothelium (Figure 36b&c).

This suggests that the endothelium is capable of releasing an inhibitory factor (possibly

nitric oxide, NO) which inhibits the function of postjunctional a1-adrenoceptors.

Recently, the development of nitric oxide synthetase inhibitors such as L-NMMA and
L-NAME have made it possible to inhibit the release of this particular EDRF without having

to disrupt the endothelium and underlying smooth muscle.
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Figure 35. The effect of endothelium removal on the response to various a-adrenoceptor
agonists in the isolated saphenous vein. Responses are expressed as a percentage of the
maximum response to the agonist. Unfilled symbols represent control preparations, filled
symbols represent endothelium denuded preparations. a) noradrenaline (non-selective), b)
amidephrine (ot1-selective) and c¢) xylazine (x2-selective). Vertical lines represent s.e.m.
n=4.
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Effect of L-NAME on Responses to E.F.S. in the Isolated Saphenous Vein.

Experiments were performed to establish whether inhibition of NO production would
selectively enhance the a1-adreneceptor mediated (first phase) component of the nerve

mediated response in the saphenous vein.
L-NAME (0.1mM) alone caused no alteration in basal tone.

L-NAME (0.1mM) caused a marked potentiation of both phases of the response to
32Hz stimulation (Figure 37, upper and lower panels). The first phase of the responses to
16, 32 and 64Hz was potentiated by around 300% while the second phase was potentiated
by up to 600% (Figure 38a).

In the presence of L-NAME, rauwolscine caused a slight contraction. Earlier
experiments (in the absence of L-NAME) found that rauwolscine caused contraction only in
30% of the preparations. Rauwolscine alone caused a potentiation of the first phase and an
inhibition of the second phase. L-NAME in the presence of rauwolscine caused a

potentiation of both phases (Figure 38b).

Prazosin alone inhibited both phases of the response to E.F.S. L-NAME in the

presence of prazosin potentiated only the second phase of the responses (Figure 38c).

These results suggest that L-NAME does not selectively potentiate a particular sub-type

of a-adrenoceptor.

The maximum response to exogenously applied NA was potentiated by 40% in the

presence of L-NAME (Figure 39).
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Figure 37. Representative tracings of the effect of L-NAME (0.1mM) on responses
to 32 Hz stimulation in the rabbit isolated saphenous vein. Top and bottom panels
show responses from different segments of the same vein. Control responses are
shown on the left of both tracings, responses on the right are after addition of L-

NAME.
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Figure 38. The effect of L-NAME (0.1mM) alone (a); after rauwolscine 1uM (b); and
after prazosin 0.1uM (c), on responses to EFS in the isolated saphenous vein. Light

hatched bars show first phase (/) and dark hatched bars the second phase (/]) of response

to EFS after L-NAME (a) or a-adrenoceptor antagonists rauwolscine (b) & prazosin (c).
Light stippled bars show (/), dark stippled bars show (/]) in the presence of L-NAME

and adrenoceptor antagonists. Vertical lines show s.e.m. (a, n=6; b&c, n=4).
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Discussion
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The aim of this project was to establish the conditions required for the
expression of post-junctional oiz-adrenoceptor mediated responses to electrical field
stimulation in the rabbit isolated saphenous and plantaris veins. It is necessary therefore
to first establish the presence of ap-adrenoceptors on both of these vessels before
attempting to study their participation in sympathetic neuroeffector transmission. This
was achieved by determining the potency of selective and non-selective a-adrenoceptor

agonists and antagonists.

UK-14304 is a selective az-adrenoceptor agonist (Cambridge, 1981),
phenylephrine is a selective aj-adrenoceptor agonist (McGrath, 1982) and
noradrenaline (NA) is a non-selective a-adrenoceptor agonist. The relative potency of
these three agonists, on any given tissue, provides an indication of the dominant -
adrenoceptor population. It is not sufficient to rely on agonist potency alone and
therefore the potency of selective antagonists must also be considered. In this study the
antagonists chosen for this purpose were: corynanthine (selective for oj-
adrenoceptors); prazosin (selective for aj-adrenoceptors), and; rauwolscine (selective
for ap-adrenoceptors). Particular attention has been paid to the relative potencies of the
di-stereoisomers, corynanthine and rauwolscine. The antagonist potencies were judged

against contractions to the endogenous ligand NA.

a-adrenoceptor profile of the rabbit isolated saphenous vein

Published reports have provided conflicting evidence for the existence of
postjunctional az-adrenoceptors on this vessel (Purdy ez. al., 1980; Schiiman & Lues,
1983; Alabaster et.al., 1985; Daly et.al., 1988a,b). The conflict has arisen mainly
through the use of prazosin (and its observed potency) in combination with synthetic

'selective’ a-adrenoceptor agonists i.e. (BHT-920 & UK 14304). To try to resolve the

differences in observed prazosin sensitivity, experiments were carried out with the
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endogenous (naturally ocurring) agonist noradrenaline as well as other selective
agonists and antagonists.

Based on the estimated pD; values, the order of agonist potency indicated the
presence of a population of post-junctional a-adrenoceptors: UK 14304 > NA >>
phenylephrine (Figure 1). The results obtained with the antagonists, however, were not
as clear cut: the order of potency (based on pA3 values) being rauwolscine = prazosin
>> corynanthine. Although the potency of rauwolscine compared with corynanthine
confirms the presence of az-adrenoceptors, the potency of prazosin (pAj 8.44)
indicates the presence of postjunctional aj-adrenoceptors since its pA2 value against
NA, in the rabbit saphenous vein, lies within the lower limit of the expected range for
prazosin at oj-adrenoceptors (McGrath et.al., 1991). Alternatively, the rabbit
saphenous vein may contain a population of op-adrenoceptors which are similar to
those found on the rat kidney which bind 3{H]-rauwolscine with high affinity but are

also sensitive to prazosin (Neylon & Summers, 1985).

Schild analysis showed that only corynanthine could be considered competitive,
since the confidence limits for the slope of the line overlapped with unity. The
selectivity of corynanthine (0.5uM-50uM) at a;-adrenoceptors in this preparation may
be questionable however since its pAj value (6.36) is intermediate between values
expected at oj-adrenoceptors (6.5 - 7.8) and ap-adrenoceptors (4 -6.4) (McGrath
etal., 1991). The more selective aj-adrenoceptor antagonist prazosin, produced a line
of slope 0.58. Rauwolscine produced a line closer to unity. However, it still could not
be considered competitive. Comparisons of agonist and antagonist potencies in this
tissue do not in themselves provide a clear picture of the adrenoceptor profile although

they do indicate the presence of both o1- and ap-adrenoceptors.

The shape of the concentration response curve (CRC) for NA in the presence of
rauwolscine provides a clue to the paradoxical nature of the drug potency orders. Low

concentrations of NA were found to be resistant to rauwolscine (0.05 - 2.5uM, Figure
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2c) and this caused the CRC to be biphasic. Similar results were obtained when the
selective op-adrenoceptor antagonists CH-38083 and apo-yohimbine were tested
agaiﬁst NA (Daly, et.al., 1988b). Earlier studies found comparable results when
phenylephrine was used as the agonist (Schiiman & Lues, 1983; Alabaster et. al.,
1985). However the authors chose not to discuss the biphasic nature of the
phenylephrine curve. In the present study, subsequent addition of prazosin (0.1pM)
eliminated the resistant component and produced a parallel shift of the CRC (Figure 3).
Using a combination of rauwolscine and phenoxybenzamine, a protocol was devised to
irreversably block o1-adrenoceptors. Under these conditions rauwolscine (0.05uM -
2.5uM) produced a parallel displacement of the CRC to NA, producing a Schild slope
which was not significantly different from unity and a pAj (8.33) which falls within the
expected range for an action at aip-adrenocepiors (Daly et.al., 1988c; McGrath et.al.,
1991). Taken together with the results of this study it is suggested that NA is activating
both a1- & az-adrenoceptors. The existence of a heterogeneous population of o-
adrenoceptors, which displayss a functional interaction would explain the high potency

of prazosin. A similar heterogeneous a-adrenoceptor system has been described in the

dog saphenous vein (Hicks ez.al., 1991).

a-adrenoceptor profile of the rabbit isolated plantaris vein

Examination of the agonist pD values alone indicates the presence of a
population of post-junctional oz-adrenoceptors: UK14304 > NA >>phenylephrine.
Comparison of the antagonist pAj values against NA also confirmed the presence of
post-junctional oz-adrenoceptors: rauwolscine > corynanthine > prazosin. Careful
analysis of the pAz values supports the presence of a population of o-adrenoceptors.
Once again, like in the saphenous vein experiments, the selectivity of corynanthine
(0.5pM - 50uM) is questionable since its pAy value (6.32) is on the border line for
activity at o1- and op-adrenoceptors (McGrath et.al., 1991). Furthermore,

corynanthine has a pAj of 6.22 against NA in the rabbit ear vein, a vessel known to
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contain an almost homogeneous population of &z-adrenoceptors (Daly et.al., 1988a).
This result coupled with the fact that prazosin was virtually ineffective (no pAj could be
derived) in the plantaris vein points to the absence of functional oj-adrenoceptors. The
pAj for rauwolscine (7.56) lies at the high end of the expected range of activity at o(2-
adrenoceptors. However, reported values for its activity at oj-adrenoceptors in the
rabbit ear artery (Hieble & Woodward, 1984), rabbit aorta and pulmonary artery
(Wietzell er.al., 1979) are in the 5-6 range.

It is interesting that, although UK 14304 was the most potent agonist, its
intrinsic efficacy was less than that of either NA or phenylephrine which were both full
agonists. It is possible that the lack of clear-cut evidence for o.j-adrenoceptors (a pA2
value for prazosin could not be obtained) in some way corellates with the partial
agonism observed with UK 14304; if oz-adrenoceptors are indeed dependent on the
functional oj-adrenoceptors. In the saphenous vein UK 14304 had a higher intrinsic
efficacy, relative to NA, than it did in the plantaris vein but in the saphenous vein
prazosin was equipotent with rauwolscine against the NA CRC, i.e aj-adrenoceptors
are present and functional. While it may simply be that the receptor reserve for UK
14304 of the saphenous vein is greater, allowing more scope for partial agonist activity
(Stephenson, 1956), it may also be that the lack of functional oj-adrenoceptors in the

plantaris vein diminishes the efficacy of the ap-adrenoceptor agonist.

Overall, the data obtained for both veins using the various agonists and

antagonists strongly suggests the presence of post-junctional oz-adrenoceptors. On the

saphenous vein the population is heterogeneous while, on the plantaris vein, the
population is more homogeneous with respect to the ap-subtype. It is conceivable
therefore, that these az-adrenoceptors could contribute to neuroeffector transmission

under certain circumstances.
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a-adrenoceptor subtypes involved in the response to electrical field stimulation

in the isolated saphenous vein

Electrical Field Stimulation (EFS) is routinely used to assess the effect and type
of neurotransmitters liberated from sympathetic varicosities within the wall of blood
vessels in-vitro. The saphenous vein of the rabbit (Harker & Vanhoutte, 1989), dog
(Flavahan et.al., 1987) and human (Docherty & Hyland, 1985) have all been used in
this way to determine the adrenoceptor contribution to neuroeffector transmission.
There appears though to be no general consensus on what is the optimal (i.e. most

physiological) stimulus to deliver to in-vitro preparations of isolated blood vessels.

The activity of sympathetic nerves in-vivo is highly irregular in both humans
and animals (Adrian et.al., 1932; Delius et. al., 1972). In-vitro experiments however
are generally performed with very regular pulse patterns for reasons of simplicity and

reproducibility.

Recordings of sympathetic nerve activity, which in some cases can be greater
than 30 Hz (Burnstock & Costa, 1975), can be delivered to in-vitro preparations via a
computer driven electrical stimulator. Using this technique to deliver 281 pulses at
irregular intervals over a period of 154 seconds (85mA, 2 ms pulse width) Sjoblom-
Widfeldt & Nilsson (1990) found the rat mesenteric artery to be 80% resistant to
prazosin. These authors tested frequencies up to 32Hz and found that the greatest non-
adrenergic responses were found at frequencies below 1.8Hz. In the rabbit ear artery
(Kennedy et.al., 1986) and illeocolic artery (Bulloch & Starke, 1990) co-transmision of

ATP can also be demonstrated at low frequency stimulation.

It was assumed therefore that high frequency (>2Hz) stimuli would be more

appropriate for for the study of o-adrenoceptor contribution to neuroeffector

transmission since NA should be preferentially released at higher frequencies (Stjarne,
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1989; see introduction). It was decided that, for saphenous and plantaris vein, a
stimulus protocol would be followed which was identical to that used in the rabbit
saphenous artery by Burnstock & Warland (1987) to differentiate between adrenergic

and non-adrenergic transmission.

Electrical field stimulation (EFS) of segments of rabbit isolated saphenous vein,
for a one second duration, caused transient responses which were generally
monophasic. The responses were frequency dependent and were maximal at between
32Hz and 64Hz (Figure 6). In some cases the 64Hz stimulus produced a response
which was biphasic. However this was not a reliable feature. The response to 4Hz
stimulation was very small and in some tissues was not measurable. A low frequency
(4Hz), long duration (10 seconds) stimulus was tested on some preparations and was
found to cause a slow response which was maintained only for the duration of the train

of pulses.

The inclusion of rauwoiscine (1uM) had very little effect on responses to EFS.
The response to 4Hz / 1 second was potentiated in individual experiments, but this was
not statistically significant. The potentiation is probably due to the inhibition of
prejunctional o-adrenoceptors, which inhibit transmitter release and have been shown
to be present on this vessel (Levitt & Hieble, 1986). It is possible that the prejunctional
action of rauwolscine is masking any postjunctional blockade and therefore analysis of

the effect of rauwolscine based on overall size of the response may be complicated.

Prazosin (0.1uM) produced a significant inhibition of the responses at 16, 32
and 64Hz as well as of the 4Hz/10 seconds response. This indicates that o -
adrenoceptors play a major role in the response to sympathetic neurotransmission. The
further inclusion of rauwolscine in the presence of prazosin caused no further inhibition

and actually reduced the statistical significance of the inhibition caused by prazosin
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alone. This is probably due to the simultaneous pre- and postjunctional actions of

rauwolscine, thus causing greater variability.

This set of experiments suggests that aj-adrenoceptors play a major role in the
neuroeffector response. However under these conditions the involvement of -

adrenoceptors cannot be assessed.

The effect of cocaine, propanolol and corticosterone on responses to EFS in the

rabbit isolated saphenous vein.

The agonist studies of the first section employed cocaine and propranolol to
inhibit uptake; and B-adrenoceptors respectively. Studies using normetanephrine
suggested that extraneuronal uptake was not an important site for the removal of NA in
saphenous and plantaris veins (Daly et. al., 1988a,b). For a proper comparison
therefore, the effect of adrenoceptor antagonists on responses to EFS should also be
conducted in the presence of cocaine and propranolol. The effect of corticosterone was
tested, in place of normetanephrine, to assess the importance of extraneuronal uptake

since this compound is a more highly selective inhibitor of uptake; (Muscholl, 1961).

Propanolol (1uM) and corticosterone (30uM) which block B-adrenoceptors and
extraneuronal uptake respectively had no effect , individually (Figure 9b,9¢) or in
combination (not shown), on the responses to EFS in the isolated saphenous vein.
Cocaine (10uM) however, increased both the height and duration of the responses to
EFS. This increase in duration was characterised by the emergence of a slow secondary
phase of the response (Figure 10). In the presence of cocaine therefore, the time course
of the responses to EFS were radically altered. The height of the second phase of the
response varied and could exceed the size of the initial fast phase. The absolute size of

the response to EFS was always enhanced in the presence of cocaine. This was
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characterised by an increase in either the first or second or both phases of the response
(Figure 11a). It does not follow though that responses in the presence of cocaine will
always be larger than responses, of different segments, in its absence. A set of
unpaired experiments showed that while cocaine potentiated each response judged by
the height of one or more component or duration, these responses will not always be

greater in size than those from tissues in the absence of cocaine (Figure 11b).

The biphasic nature of the response in the presence of cocaine clearly required
detailed analysis of the adrenoceptor contribution (if any) to each phase. The resulting

analysis is discussed in a later section.

While cocaine has a marked potentiating effect, inhibition of uptake; per se
does not produce responses which are extraordinary. The next experiments were
performed in the presence of cocaine. Propranolol was also included in the bathing

medium to eliminate the participation of pre- or postjunctional B-adrenoceptors.

a-adrenoceptor contribution to EFS in the presence of cocaine and propoanolol

in the rabbit isolated saphenous vein.

Rauwolscine had little effect in the absence or presence of cocaine and
propranolol. Responses were slightly enhanced at all except the 64Hz response. The
increase was statistically significant at the low frequency, long duration 4Hz / 10
seconds stimulus (Figure 13a). Interestingly, the response to 4Hz/10 seconds, in the
presence of cocaine, was smaller relative to the maximum than the response in the
absence of cocaine (Figure 8a). This difference was found to be statistically significant
(p = 0.013, Student's unpaired t-test). During uptake; blockade, the increase in
junctional NA concentration may result in increased autoinhibition (via pre-junctional
o2) and therefore a reduction in response. Cocaine has been shown to reduce

purinergic responses in the rabbit illeocolic artery via an increase in autoinhibition
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(MacDonald et. al., 1992). Increased autoinhibition might also explain the greater effect

of rauwolscine in the presence of cocaine.

Prazosin produced a powerful inhibition of responses at all frequencies and
abolished the 4Hz / 1 second response. The combination of prazosin and rauwolscine
caused a greater inhibition than prazosin alone. Responses to 8Hz and 16Hz were more
susceptible to prazosin and rauwolscine in the presence of cocaine than in its absence
(analysis of variance, p<0.05) The fact that a-blockade was more effective in the
presence of cocaine suggests that the adrenergic component of the response is enhanced
during uptake; blockade. This supports an earlier finding in the immature rat vas
deferens, where cocaine was found to reveal an adrenergic component in an otherwise
non-adrenergic response (MacDonald & McGrath, 1984). The finding in the present
study that subsequent addition of rauwolscine, in the presence of prazosin, causes a
reduction in responses, indicates a small post-junctional o- contribution in the presence
of cocaine. In the rat tail artery blockade of uptake; enhances oz-adrenoceptor nerve

mediated vasoconstriction (Papanicolou & Medgett, 1986).

a-adrenoceptor subtypes involved in the response to electrical field stimulation

in the isolated plantaris vein

Using exactly the same parameters of stimulation tested on the saphenous vein,
EFS was found to produce frequency-dependent, transient, monophasic responses in
the plantaris vein (Figure 14). Unlike the saphenous vein there was never any

indication of a reliable or dominant secondary phase to the response.

Rauwolscine (1pM) had no significant effect versus any of the frequencies
tested. Apart from the response to 4Hz/1 second, which was very slightly potentiated,
all other responses were slightly inhibited. Once again prejunctional o- activation may

be counter-balancing the effect of postjunctional oz blockade.
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Prazosin (0.1pM) caused a significant inhibition of the 16, 32 and 64 Hz
responses. Subsequent addition of rauwolscine, however, failed to cause a further
reduction suggesting that only oj-adrenoceptors contribute to the response. It is
possible that the a-blocker resistant (non-adrenergic) response may be mediated by a
co-transmitter (possibly ATP) whose transmission has been enhanced by inhibiting
auto-feedback with rauwolscine and whose contribution becomes more significant, by
blocking the adrenergic response with prazosin. Further investigations of this are

discussed later.

a-adrenoceptor contribution to EFS in the presence of cocaine and propranolol

in the rabbit isolated plantaris vein.

Cocaine (10uM) itself caused the appearance of a secondary phase in the
response to EFS, which tended to lengthen the duration of the response. This
secondary phase, however, never dominated as was often the case in the saphenous

vein.

Rauwolscine (1uM) caused a significant inhibition of the EFS induced response
at all frequencies and abolished the 4Hz / 1 second response. A comparison (analysis
of variance) of the effects of rauwolscine in both the absence and presence of cocaine
gave significant differences (p<0.05) at each frequency (compare Figure 16a & 19a).
This greater effect in the presence of cocaine strongly suggests that uptake;-blockade
can cause the recruitment of postjunctional az-adrenoceptors to the neuroeffector
response. A similar conclusion was drawn by Papanicolaou & Medgett (1986) for the

rat tail artery.

The effect of prazosin (0.1uM) in the presence and absence of cocaine was not

markedly different although the data tended to be statistically more significant with
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cocaine, perhaps due to the exaggerated adrenergic component which may result. This
enhanced adrenergic component would account for the considerably greater action of
prazosin and rauwolscine together, which occured in the presence of cocaine (compare

Figure 16¢c & 19c).

It appears that, similar to the saphenous vein, cocaine augments the participation

of agp-adrenoceptors during EFS and increases the degree of adrenergic transmission.

Since there appeared to be a sizeable 'non-adrenergic' component in the absence
of cocaine, experiments were performed to determine the nature of the a-blocker

resistant component.

It is now widely accepted that many blood vessels exhibit responses to nerve
stimulation which are the result of cotransmission of NA and ATP (see introduction).
Proof of the existence of ATP as a cotransmitter is generally assessed through the

actions of the Pox-purinoceptor desensitising agent and stable analogue of ATP, «, B-
methylene ATP. While the specificity of this compound may be questioned, it still

remains a useful tool for the determination of purinergic transmission.

Effect of o, B-methylene ATP on the adrenergic and non-adrenergic responses

to EFS in the isolated plantaris vein, in both the presence and absence of

cocaine.
Application of 3uM a, B-methylene ATP caused a large transient contraction.

Further addition of o, B-methylene ATP caused no response and therefore it was

assumed that 3uM was sufficient to desensitise the Pyx-purinoceptors.
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Responses to EFS were largely unaffected by 3uM a, B-methylene ATP. If
anything, responses were slightly increased (Figure 20). o, B-methylene ATP has
been shown to cause direct depolarisation of smooth muscle (Ishikawa ez. al., 1985)

and this may account for the slight increase in responsiveness.

A similar a, B-methylene ATP induced potentiation of nerve induced responses
has been reported in the rabbit isolated saphenous artery and guinea-pig vas deferens
(Bulloch et.al., 1990) as well as in the in situ rat vas deferens (Bulloch & McGrath,
1988). Evidence that the potentiation is caused by slight depolarisation was produced
by Neild & Kotecha (1986). These authors observed that the potentiating effect of o,
B-methylene ATP on nerve-induced contraction of the rat tail artery can be mimicked by

causing a slight depolarisation with KCl.

Unpaired experiments were performed in the presence and absence of cocaine in
an attempt to assess the transmitter responsible for mediating the non-adrenergic
response in the absence of cocaine. Unfortunately, the striking difference observed in
the earlier experiments (compare Figure 16 & 19) was not obtained. The degree of a-
blockade was similar in the both the presence and absence of cocaine and both sets of
tissues exhibited non-adrenergic responses. This resistant component was sensitive to
o, B-methylene ATP. However, o, B-methylene ATP was able to abolish responses
only in the absence of cocaine, again suggesting that adrenergic transmission is slightly

enhanced in the presence of uptake; blockade.

The plantaris vein appears to receive a considerable degree of purinergic /
adrenergic cotransmission. The superficial location of this vessel may indicate a role for
cotransmission in thermoregulation. Recent experiments using the more superficial
rabbit isolated dorsal cutaneous arteries have also uncovered responses to EFS which

are resistant to prazosin (0.1uM) and sensitive to o, B-methylene ATP (Daly et. al.,
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1992). It would be of interest to study the effect of cooling on cotransmission in these

vessels.

Investigation of the biphasic responses obtained after uptakej-blockade in the

isolated saphenous vein.

After blockade of the uptake; mechanism, with cocaine (10uM), a secondary
component developed in response to EFS of 16Hz and above in both the saphenous and
plantaris veins. This secondary component wés far more pronounced and reliably
obtained in the saphenous vein. It was decided, therefore, to determine what receptor

type was responsible for mediating this secondary 'slow' phase of contraction.

Since blockade of uptake; will increase the concentration of NA in and around
the synaptic cleft, it is possible that this may cause stimulation of receptors which are
located outside or on the periphery of the cleft. Alternatively, receptors which have a
poor coupling mechanism and require persistent activation may be stimulated. It was of
interest to determine whether the postjunctional oz-adrenoceptors, known to be present

from the effect of the agonists (Figure 1), were involved in this 'uncovered' response.

Addition of rauwolscine (1uM) caused a significant inhibition of the secondary
component of the biphasic response, while potentiating the first phase. This can be

explained by the simultaneous pre- and postjunctional inhibition of «p-adrenoceptors.

CH-38083, which is a highly selective a-adrenoceptor antagonist (Vizi et.al.,
1986), also caused a marked reduction of the secondary component in the presence of
cocaine. Interestingly, CH-38083 had very little apparent prejunctional activity and this
may suggest a difference in the pre- and postjunctional oz-adrenoceptors. A similar

postjunctional selectivity has been recently described for SK&F 104856 in-vivo, which

appears to have virtually no prejunctional op-activity (Hieble et.al., 1992). The fore-
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runner of this compound (SK&F 104078) was also reported to possess postjunctional
ap-selectivity (Ruffolo et. al., 1987). In the rabbit saphenous vein SK&F 104078
caused inhibition of both phases (similar to corynanthine, Figure 24b) which may
confirm its lack of postjunctional selectivity between aj- and az- (Connaughton et. al.,
1988). Alternatively, it may suggest a small contribution from op-adrenoceptors to the
first phase. However, the results with CH 38083 do not support this. Further
development of postjunctional specific adrenoceptor antagonists will be crucial to the
study of neuroeffector interactions where both pre- and postjunctional oz-adrenoceptors

are present.

Prazosin (0.1pM) inhibited both phases of the response. Corynanthine (1uM)

caused a similar qualitative reduction in both phases of the response.

These results suggest that the secondary phase, which emerges in the presence
of cocaine, is mediated via ap-adrenoceptors which may require persistent stimulation
or may be located extrajunctionally. The first phase of contraction is resistant to o2-
adrenoceptor antagonists but is sensitive to otj-adrenoceptor antagonists and is therefore
mediated by oj-adrenoceptors. The fact that aj-blockade can inhibit the op-meditated
component suggests that the az-adrenoceptor is dependent on the function of the o1-
adrenoceptor. Such an interaction would also explain the ability of prazosin to inhibit
responses to UK-14304 in this vessel. It has been proposed that the normally quiesent
postjunctional az-adrenoceptors on the rabbit isolated saphenous artery are depenc;:nt

(for their expression) on the function of another receptor, either ot1- or angiotensin II

(Dunn ez. al., 1991).

Effects of Oz and CO3 on the biphasic response in saphenous vein.

In the pithed rat, the pressor response to o.j-adrenoceptor agonists is attenuated

if the rats are ventilated on a low Oz gas mixture and the response to 02-adrenoceptor
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agonists is increased if the CO; is raised (Grant et. al., 1985). It would thus appear that
the optimum conditions in which to study az-adrenoceptor function would be one of
low O3 and high CO». Since relative to arterial PO and PCO3, the normal environment
of venous smooth muscle would favour aiy-adrenoceptors, it is necessary to establish
the sensitivity to prazosin and rauwolscine under conditions which are more closely

related to the physiological environment.

Firstly, the effect of lowering the O3 from 95% to 16%, while maintaining the
same rate of gassing, was assessed. Tissues were mounted in baths bubbled with 95%
02 / 5% CO3 and responses to EFS were obtained. Cocaine was omited from the
Krebs solution and the responses were found to be monophasic. When the gassing was
rapidly switched from 95% O3 / 5%CO3 to 16% O / 5% CO; responses at 16Hz and
above developed a secondary phase. This second phase emerged within the first 5
minutes of lowering the Op. Switching back to the 95% O mixture rendered responses

monophasic, again within 5 minutes (Figure 26).

This suggests that the vasoconstriction pattern of the saphenous vein is altered in

different O levels and that the pattern can start to change within 5 minutes.

From the previous section it can be proposed that the secondary phase which
emerges in 16% O2 may be mediated by z-adrenoceptors. If the representative traces
of figure 26 are examined closely, it can be seen that the secondary phase which appears
is not at the expense of the first phase. It might have been expected, from the work of
Grant et. al., that the first phase would have been reduced since the aj-adrenoceptors
appear to be dependent on the level of Oj. It is possible that the Oy concentration of
16% (still high by extracellular physiological standards) may not be low enough to
inhibit the ouj-adrenoceptors of venous tissue, which will after all be acclimatised to low

PO;. Unfortunately the baths used in this study were over 1.5 inches wide in order to
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accomodate the electrode assembly. For this reason it was very difficult to maintain a

low (e.g. 4%) O, concentration.

Experiments were performed to assess the sensitivity of the saphenous vein to
prazosin and rauwolscine in Krebs bubbled with 16% O3 / 5% COj;. After initial
inhibition of responses in 95% O3 / 5% CO, with prazosin (0.1uM), switching the gas
to 16% O3 / 5% CO, potentiated the responses, returning them almost to control values
(Figure 27a). If indeed the function of oz-adrenoceptors is greater in high
concentrations of O, this would explain the greater resistance to prazosin of tissues
receiving 16% O;. In a different set of experiments the initial inhibition caused by
prazosin in 16% O3 was found to be less than that obtained in the first set of
experiments where the initial inhibition was obtained in 95% O, (compare light columns
of figure 27a & 27b). Switching to 95% O», in the presence of prazosin, did not

however cause a further reduction.

The effect of rauwolscine was similar in both 95% and 16% O;. This perhaps
points to the non-dependency of the az-adrenoceptors on O7 concentration since CO3
was maintained at 5% throughout the experiments. It has been shown that in the pithed
rat the pressor responses to 0i2-adrenoceptor agonists are more dependant on the level

of CO3 (Grant et. al., 1985).

Although the results obtained after altering PO, did not achieve statistical
significance (perhaps due to low numbers), certain features of the data are worthy of at
least a brief mention. The change in shape of the response and the resistance to
prazosin observed when tissues are aeriated with 16% O, raises the possibility that the
o2-subtype may play a greater role in the saphenous vein in situ, where venous PO; and

PCO3 should favour oz-adrenoceptor expression.
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If PO and PCO3 are important factors in the functional expression of both .-
adrenoceptor subtypes the routine use of 95% O3 / 5% CO3, to provide O saturation,
may tend to exaggerate the importance of the aj-adrenoceptor. In particular, perhaps

experiments on veins should be performed under venous conditions.

The effects of angiotensin Il on responses to EFS in the isolated saphenous vein

in both the presence and absence of cocaine.

PO3 and PCO; are not the only constituents of blood which can influence o-
adrenoceptor function. Angiotensin II (AIl) is a blood borne hormone which has
facilitatory effects on a variety of biological tissues. It is well established that there is a
close interaction of the sympathetic nervous system with the renin-angiotensin system.
Adrenoceptors mediate the release of renin from the renal juxtaglomerular cells (Miller
& Vander, 1965). More recent work has focused on the facilitatory effects of AIl on i)
the release of NA from sympathetic nerve terminals (Maclean & Unger, 1986) and ii)

the activity of postjunctional a-adrenoceptors (Schuman & Lues 1983; Dunn et. al.,

1989; 1991a,b).

The facilitatory effect of AIl on postjunctional a-adrenoceptors has been studied
on a variety of isolated blood vessels which possess different a-adrenoceptor profiles.
Schuman & Lues (1983) have described a postjunctional AIl receptor on the rabbit
saphenous vein which can augment contractions mediated via the az-adrenoceptor
agonist B-HT 920. The potency of prazosin in the rabbit saphenous vein is reduced in
the presence of AII while the potency of rauwolscine is unaffected (Dunn et. al.,
1991a). AIl facilitates responses to NA in the rabbit ear vein, which contains an almost
homogeneous population of postjunctional oz-adrenoceptors (Dunn et. al., 1991a).
Responses to NA in the left renal vein, which has mainly oj-adrenoceptors, are
unaffected by AIl. The facilitatory effect on all the vessels described was blocked by

the AII receptor antagonist saralasin (0.1pM). AII also uncovers responses to
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UK14304 in the rabbit femoral artery. However, a recent report has suggested that NA
can facilitate responses to All in this vessel and that the facilitation is mediated via an
o1-adrenoceptor (Prins et. al., 1992). Consequently, a tissue which contains o(1-
adrenoceptors, 0ip-adrenoceptors and All receptors may rely on an extremely complex

and intimate interaction of all three receptor types.

AII (0.03uM) caused a powerful, transient contraction in the saphenous vein,

confirming the presence of postjunctional AIl receptors.

The presence of All in the bathing medium did not affect the control responses
to EFS. Since responses were not enhanced stimulation of prejunctional AIl receptors

seems unlikely.

In the absence of cocaine and after selective blockade of o;- and / or az-
adrenoceptors, AIl was unable to significantly enhance the responses. However, in the
presence of cocaine and after o1-blockade with prazosin, AIl caused a significant
potentiation of the responses to 16, 32 & 64 Hz . In the presence of cocaine and
rauwolscine responses were unaffected by AIl. In the presence of both prazosin and
rauwolscine only the response to 16Hz was significantly enhanced (compare Figures 29
& 30).

Since AII had a significant effect only in the presence of cocaine and prazosin
this supports the view that AII can potentiate postjunctional az-adrenoceptor function.
Furthermore, AIl can enhance the o2-adrenoceptor contribution to neuroeffector

transmission only under certain conditions (e.g. o1- and uptake; blockade).
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The effect of angiotensin Il on responses to EFS in the isolated plantaris vein in

both the presence and absence of cocaine.

The plantaris vein has a population of az-adrenoceptors, revealed by the action
of agonists, which can participate in the response to EFS, particularly in the presence of
cocaine (Figure 19a). It is possible then that AIl may be able to influence the balance of
a-adrenoceptor subtype contribution to the response to EFS in this tissue under certain

conditions.

AII (0.03uM) caused a transient contraction and subsequently potentiated the
response to EFS. The potentiation was significant at all except the 8Hz and 4Hz/10
second responses. In the presence of cocaine, All itself caused a transient contraction
but failed to potentiate responses to EFS. If AIl was acting at a prejunctional site then it
might be expected to potentiate responses regardless of ‘the presence of cocaine. No
functional evidence (by the use of antagonists) could be found for the existence of

prejunctional a-adrenoceptors in this tissue and so increased NA concentration in the

synaptic cleft cannot be assumed to be concurrently promoting autoinhibition.

If AIl is acting postjunctionally to enhance the oz-adrenoceptor contribution
then the presence of cocaine (which itself enhances oy-contribution) may override the

action of AIl. This would explain the apparent lack of effect in the presence of cocaine

i.e there is a limit to the op-contribution which either AII or cocaine can allow.

After oi1-blockade with prazosin (0.1uM), AII caused a significant potentiation
of all responses with the exception of the 4Hz / 1 second response. The potentiation

was greater in the absence than in the presence of cocaine.

After ap-blockade with rauwolscine (1uM) AIl caused no potentiating effect in

the presence or absence of cocaine.

105



These results parallel the finding in the saphenous vein that AII can enhance 0i3-
adrenoceptor mediated neuroeffector responses, probably via a postjunctional

mechanism.

The influence of the endothelium on the a-adrenoceptor contribution to EFS and

responses mediated via exogenously applied agonists.

The endothelium is known to liberate several factors which modulate the activity
of vascular smooth muscle. Some of the endothelium derived factors are
vasoconstrictor (e.g. endothelin). However many are vasodilators (e.g nitric oxide,
endothelium derived relaxing factor (EDRF), endothelium derived hyperpolarising
factor and prostacyclin). Most vascular scientists have concentrated on the actions of
nitric oxide (NO) and EDRF. It is currently being forwarded by many workers that
EDRF and NO are the same factor.

To determine the modulating role of the endothelium, tissues were gently rubbed
on their intimal surface. This procedure was found to inhibit acetylcholine mediated
relaxation but did not affect relaxations to sodium nitroprusside (data not shown).
Although damage to the inner layers of smooth muscle is inevitable, the responses after
rubbing are commonly larger than without rubbing so much viable tissue evidently

remains.

The sensitivity to amidephrine (tj-agonist), xylazine (0p-agonist) and NA was
unchanged in the absence of the endothelium. The maximum response to both
amidephrine and NA but not xylazine was increased indicating a potentiation of
responses mediated by oj-adrenoceptors in the absence of the endothelium. If basal R

release of a relaxing factor from the endothelium inhibits ctj-adrenoceptors then it might
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be expected that the first phase of contraction to EFS in the saphenous vein should be

enhanced in the absence of the endogenous vasodilator.

Recently, the development of NO synthase inhibitors (L-NAME & L-NMMA)
has made it possible to eliminate the effect of EDRF / NO without removing the

endothelium and thus damaging the inner layers of smooth muscle.

L-NAME has been shown to increase the tone and decrease the cross-sectional
area of large veins in-vivo (Schwarzacher & Raberger, 1992). This work indicates that

endogenous NO plays an important role in normal venous function.

In the isolated saphenous vein L-NAME (0.1mM) itself caused no alteration in
baseline tension. Addition of rauwolscine, in the presence of L-NAME, caused a
variable but reliable contraction. After pre-treatment with rauwolscine L-NAME also
caused a variable but reliable contraction. Rauwolscine has been shown to be a partial
agonist at aj-adrenoceptors (Guan et. al., 1991) and 5-HT}-like receptors (Shimamoto
et. al., 1993) in the dog mesenteric vein. In the rabbit saphenous vein rauwolscine
alone only caused contraction in 30% of tissues. The interplay between NO and o-

adrenoceptors and / or 5-HT receptors requires further study.

The potentiation of nerve mediated responses caused by L-NAME can only be
described as colossal. Both phases were potentiated, the first phase by around 300%
and the second by about 500%. The degree of potentiation suggests that endogenous

NO markedly suppresses the response to neuroeffector transmission.

In the presence of rauwolscine both phases of the response appeared to be
potentiated. It should be noted though that the magnitude of the potentiation raised the
possibility that the first phase may have been so augmented as to mask the secondary

phase. In the presence of prazosin the secondary phase was potentiated to a far greater
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degree than the first, showing a marked enhancement of the az-adrenoceptor mediated
response. Since the maximum response to exogenous NA is only potentiated by around
40% it is possible that the endogenous NO is acting at a prejunctional site. Overflow
studies will be required to confirm this. NO released from the endothelium will degrade
'quickly in the biophase and is unlikely to reach the sympathetic nerve varicosities.
Perhaps the outer layers of smooth muscle can produce NO, the target for which would
be a prejunctional site on the varicosity which inhibits further transmitter release.
Another possibility is that macrophage cells which are present in the adventitia (and are
known to produce NO) may be releasing NO around the synaptic cleft. This would
explain why after endothelial removal, L-NAME is still capable of potentiating the

response to EFS in the saphenous vein (Dr. J.F. Gordon, personal communication).

In summary, both the saphenous and plantaris veins of the rabbit contain
functional populations of postjunctional oy-adrenoceptors. These receptors make a
significant contribution to neuroeffector transmission when neuronal uptake is blocked.
This may indicate an extrajunctional location for these receptors or they may be
intrajunctional but requiring persistent activation. Physiological factors such as O3 /

CO2 concentration, and endothelium derived factors can alter oz-adrenoceptor

contribution to neuroeffector transmission in the saphenous vein. Angiotensin II can
enhance o-adrenoceptor contribution to neuroeffector transmission in both the

saphenous and plantaris veins.
The results of this study emphasise the importance of the physiological

environment in the relative expression of az-adrenoceptors during sympathetic

neuroeffector transmission in the rabbit isolated saphenous and plantaris vein.
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The potency order of selective a-adrenoceptor agonists and antagonists can be used to
assess the receptor profile in a particular tissue. This has confirmed the presence of a
heterogeneous population of o1- and ap-adrenoceptors in the rabbit isolated saphenous vein.
Low concentrations (10 - 300nM) of, the endogenous ligand, noradrenaline act via the o1-
subtype while higher concentrations (>300nM) can recruit the oz-subtype. Further experiments
are required to determine whether it is the location of the receptors within the vessel wall which

varies or whether it is a function of the receptor itself.

The rabbit isolated plantaris vein has a more homogeneous population of op-

adrenoceptors. The pAj value for corynanthine against noradrenaline and the lack of effect of

prazosin suggests the absence of functional oj-adrenoceptors.

Electron microscopy confirmed the presence of adrenergic nerves in both vessels.
Electrical field stimulation was therefore used in both veins to determine whether the o;-
adrenoceptor subtype, known to be present, is involved in sympathetic neuroeffector
transmission. When neuronal uptake is not inhibited, by inclusion of cocaine, the neuroeffector
response is mediated via oj-adrenoceptors in both veins. When cocaine is present ;-
adrenoceptors contribute to the neuroeffector response in both veins. Additional experiments are
required to determine if the op-adrenoceptor requires persistant activation (by the increased
junctional concentration of NA) or if the receptors are simply located outwith the neuroeffector

junction.

In the saphenous vein the contribution of both adrenoceptor subtypes to neuroeffector
transmission, in the presence of cocaine, can be clearly identified from the biphasic nature of the
response to high frequency stimulation. The first phase of the response is sensitive to prazosin
and is mediated via aj-adrenoceptors. The second (more prolonged) phase is sensitive to
rauwolscine or CH 38083 and is mediated via oip-adrenoceptors. Inhibiting the first phase also
has an inhibitory effect on the second phase which suggests that the az-adrenoceptor is in some
way dependent on the aj-adrenoceptor. Further work is required to determine if the interaction

of these receptors is at the level of the second messenger or if it is within the membrane.
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The saphenous vein exhibits a mainly adrenergic response to electrical field stimulation

(i.e. a-blockers can almost abolish the response). The plantaris vein on the other hand has a
significant non-adrenergic (a-blocker resistant) component of the response to electrical field
stimulation. The non-adrenergic component is sensitive to inhibition by o, B-methylene ATP

and is therefore mediated by Pox receptors.

By lowering the Pojy the shape of the response to electical field stimulation in the
saphenous vein is altered. A secondary component appears which resembles the response in the
presence of cocaine. It is not clear if this is the result of az-subtype recruitment since the effect
of the antagonists were variable. There is evidence that the adrenoceptors are sensitive to
changes in Poj and pH (see discussion). A further study is required to examine this during
neuroeffector transmission. Such experiments would require a re-designed bath which would

house the electrode assembly but would also allow accurate maintenance of gas tensions.

Angiotensin II significantly potentiates the response to electrical field stimulation in both
veins when cocaine and prazosin are present. This potentiation is due to facilitation of the o2-
adrenoceptor mediated response. The absence of Angiotensin II, which is present in the blood,
from in-vitro experiments may contribute to the difficulty in demonstration postjunctional -
adrenoceptors in isolated vessels. There are now many reports of interactions between All and
a-adrenoceptors (see discussion). Further experiment are required in both saphenous and

plantaris vein to establish the mechanism of this interaction during neuroeffector transmission.

The biological importance of the vasodilator molecule nitric oxide (NO) has become very
apparent in the past two years. The rabbit saphenous vein has a functional endothelium which
can release NO and modulate the effect of exogenously applied a-agonists. Inhibition of NO
synthetase with L-NAME causes a large increase in the response to electrical field stimulation in
the rabbit saphenous vein. The augmentation of the response is not due to selective facilitation of
either adrenoceptor subtype. It is not certain where the NO which influences the neuroeffector
response is produced. Experiments are required to determine if it is the macrophage cells of the

adventitia, the smooth muscle cells themselves or if it is endothelium derived NO.
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In conclusion, the rabbit isolated saphenous and plantaris veins both contain populations

of functional aiz-adrenoceptors which can contribute to neuroeffector transmission if neuronal
uptake is blocked. The saphenous vein recieves mainly adrenergic transmission while the
plantaris vein recieves adrenergic / purinergic ~(?(;—transmission. Angiotensin II facilitates the op-
adrenoceptor mediated component of the neuroeffector response in both veins. Changes in

oxygen tension can alter the shape of the response in the saphenous vein as can inhibition of NO

synthetase.

These results emphasise the importance of the physiological conditions under which in-
vitro experimentation is performed. If the function of adrenoceptors are to be assesed on any
vascular or non-vascular tissue it is crucial that the in-vivo condition is re-created as accurately

as possible.
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