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MODULATION OF SYMPATHETIC TRANSMISSION BY NEURONALLY-
RELEASED DOPAMINE
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Department of Pharmacology, University of Melbourne, Parkville, Victoria, 3052, Australia

1 When rabbits were pretreated with Fla-63, there was a marked inhibition of dopamine-fl-hydroxy-
lase such that, after incubation of the ear arteries with [3H]-dopamine, 47.2% of the tritium in
the tissue was retained as unchanged dopamine.
2 [3H]-dopamine was released by stimulation of the sympathetic nerves in ear arteries taken from
rabbits pretreated with Fla-63 and incubated with [3H]-dopamine.
3 The dopamine antagonists metoclopramide (1.0 gM) and ergometrine (1.0 tm) enhanced the stimu-
lation-induced efflux of tritium in ear arteries taken from rabbits pretreated with Fla-63 and incu-
bated with [3H]-dopamine, but not when the arteries were incubated with [3H]-noradrenaline.
4 These results suggest that if dopamine is present in the transmitter stores, it can be released
by stimulation of the sympathetic nerves, and if the amount is adequate, it can activate an inhibitory
feedback loop where prejunctional dopamine receptors are present.

Introduction

Exogenous dopamine inhibits the stimulation-induced
efflux of transmitter noradrenaline from sympathetic
nerves of the cat spleen and nictitating membrane
(Langer, 1973; Enero & Langer, 1975) the rabbit ear
artery (Hope, Law, McCulloch, Rand & Story, 1976)
human arteries and veins (Stjarne & Brundin, 1975)
and dog cutaneous blood vessels (Dalemans, Janssens,
Verbeuren & Vanhoutte, 1976). The evidence suggests
that this effect involves prejunctional receptors that
are specific for dopamine. Relatively selective antag-
onists of dopamine block the inhibitory effect of
dopamine on transmitter release without blocking the
inhibitory effect of noradrenaline which involves pre-
junctional a-adrenoceptors: this has been shown for
chlorpromazine and pimozide in cat nictitating mem-
brane (Enero & Langer, 1975) and for ergometrine,
haloperidol, metoclopramide, and pimozide in rabbit
ear arteries (Hope, McCulloch, Story & Rand, 1977;
Hope, McCulloch, Rand & Story, 1978). Further-
more, the specific dopamine agonist M-7 (2-dimethyl-
amino-5,6-dihydroxytetralin) inhibits the release of
transmitter noradrenaline in cat isolated heart (Strait
& Bhatnager, 1975).
Endogenous dopamine is synthesized in the cyto-

plasm of peripheral noradrenergic nerves and taken
up into the transmitter storage vesicles where it is
converted to noradrenaline by dopamine-f-hydroxy-
lase (Rutledge & Weiner, 1967). Normally, dopamine
comprises only a small proportion of the catechol-
amine store in peripheral noradrenergic nerves
(Costa, Green, Koslow, Lefevre, Revuelta & Wang,
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1972; Snider, Almgren & Carlsson, 1973; Waldeck,
Snider, Brown & Carlsson, 1975); it is unlikely, there-
fore, that the quantity of dopamine released by exo-
cytosis of vesicular contents is sufficient to have any
marked effect on prejunctional dopamine receptors
during normal sympathetic transmission. However,
under certain conditions such as prolonged sym-
pathetic nerve stimulation (Snider et al., 1973) and
levodopa therapy (Breese & Prange, 1971) the levels
of dopamine are raised.

It was the aim of this current investigation to estab-
lish a model in which there is a raised level of dopa-
mine in the sympathetic transmitter stores of the rab-
bit isolated ear artery and to determine whether
under these conditions dopamine is released by sym-
pathetic nerve stimulation and whether it would acti-
vate a dopamine-receptor mediated negative feedback
mechanism thereby decreasing transmitter release.
This was accomplished by preventing the conversion
of dopamine to noradrenaline by pretreatment of rab-
bits with the dopamine-fl-hydroxylase inhibitor
Fla-63 (Svensson & Waldeck, 1969) and incubation
of the isolated arteries with [3H]-dopamine.

Methods

Pretreatment of rabbits with Fla-63

Rabbits weighing from 1.5 to 2.5 kg were given doses
of Fla-63 [bis-(4-methyl- l-homopiperazinylthiocar-
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bonyl)disulphide] of 40 mg/kg by intraperitoneal in-
jection. The Fla-63 was prepared as a suspension in
0.3 ml HCI (1.0 M) and approximately 2.5 ml distilled
water, by use of a mortar and pestle. The suspension
was prepared freshly for each experiment just before
administration of the drug.

Tissue levels of [3H]-dopamine and [3H]-noradrena-
line

Untreated rabbits or rabbits treated with Fla-63 were
killed by cervical dislocation. The Fla-63 was, in most
cases, administered 4 h before the animals were killed
but in some preliminary experiments 1, 2 and 3 h
pretreatment times were used. Segments of the central
artery of each ear were cannulated and set up for
perfusion-superfusion at 4 ml/min with Krebs-Hense-
leit solution as described by Allen, Rand & Story
(1973). Perfusion pressure was measured with a
Statham P23Db pressure transducer and recorded on
a Rikadenki potentiometric recorder. The arteries
were incubated in either [3H]-dopamine (10 jCi/ml;
1.3 gM) or [3H]-noradrenaline (10 jCi/ml; 1.1 gM)
for 1 h and then perfused-superfused with catechol-
amine-free Krebs-Henseleit solution for 60 min to
remove loosely bound tritiated catecholamines and
metabolites.
The arteries were then removed from the apparatus,

blotted dry, and placed in a receptacle which con-
tained 0.2 ml HCI (0.1 M), along with ascorbic acid
(5.7 mM) and disodium edetate (1.3 mM) to prevent
oxidation of the compounds to be assayed, then
frozen in liquid nitrogen. They were then quickly pul-
verized with a pre-cooled pneumatic hammer and the
resulting powder was placed in a centrifuge tube con-
taining 0.2 ml ethanol, 0.2 ml acetone and 0.1 ml
HCI (0.1 M) which contained both ascorbic acid (5.7
mM) and disodium edetate (1.3 mM). To facilitate
chromatographic separation, 2 gl of a carrier solution
of dopamine, noradrenaline and their metabolites was
added. The aliquot of carrier solution contained the
following substances, each in an amount of 30 jg:
(- -noradrenaline hydrochloride, dopamine hydro-
chloride, (± )-normetanephrine hydrochloride, 3,4-di-
hydroxyphenylglycol, 3,4-dihydroxymandelic acid,
bis(3-methoxy-4-hydroxyphenylglycol) piperazine, 3,4-
dihydroxyphenylacetic acid, 3-methoxy-4-hydroxy-
phenylethylamine, 3,4-dihydroxyphenylethanol, 3-
methoxy-4-hydroxyphenylacetic acid and 3-methoxy-
4-hydroxyphenylethanol.
The mixture was centrifuged at 1200 g for 10 min

and the supernatant was applied 7.5 cm from the
bottom of a sheet of Whatman No. 1 paper (57 cm
x 3 cm) and dried under a stream of nitrogen at
room temperature. The sheets were chromatographed
as described by Majewski & Story (1977) in the
following solvent: n-butanol-ethylacetate-glacial ace-

tic acid: sulphur dioxide solution (7% w/v): formic
acid (90% w/w): HCI (10 M) in the ratios of
200:170:90:140:5:10, respectively. Ascending chro-
matographs were run at 4°C, until the solvent had
moved about 30 cm from the origin (which took 18
to 24 h). They were then allowed to dry at room
temperature and divided into 3 mm horizontal strips
between the origin and the solvent front. The strips
were placed in liquid scintillation counting vials to
which 0.2 ml HCG (6 M) was added, followed by 1
ml of distilled water. After 30 min, 10 ml of scintilla-
tion fluid was added and the vials were shaken vigor-
ously and left to stand for 1 h at room temperature.
Radioactivity was measured in a Packard 3380 Tri-
Carb Liquid Scintillation counter. The locations of
noradrenaline and dopamine were determined by
comparing the RF values of the peaks of radioactivity
with those of authentic [3H]-noradrenaline and [3H]-
dopamine, respectively.

Stimulation-induced efflux of [3H]-dopamine and
[3H]-noradrenaline

Periarterial stimulation of artery preparations was
delivered through circular bipolar platinum electrodes
to the proximal end of the artery.
The arteries were stimulated with monophasic

square wave pulses of 1 ms duration and 12 V ampli-
tude at 5 Hz for 10 s every 2 min during a 30 min
equilibration period after which they were incubated
in [3H]-dopamine (10 pCi/ml; 1.3 gM) for 60 min,
then perfused-superfused with dopamine-free Krebs-
Henseleit solution for 90 min. The arteries were
stimulated twice for 60 s at 30 min intervals with
monophasic square wave pulses of I ms duration and
12 V amplitude at a frequency of 10 Hz. For each
stimulation, two samples of the perfusion solution
were collected over 4 min periods, one immediately
before and one commencing with stimulation. An ali-
quot of 0.5 ml HCI (0.1 M) containing ascorbic acid
(5.7 mM) and disodium edetate (1.3 mM) was added
to each sample collected for assay to prevent oxi-
dation of catecholamines. From the final solution, a
0.5 ml aliquot was taken for the estimation of total
tritium.
The solvent system described by Majewski & Story

(1977) for the separation of noradrenaline, dopamine
and their metabolites does not allow complete resolu-
tion of dopamine and normetanephrine. Therefore,
the non-catechol metabolites were removed from the
catechol-containing compounds by the alumina
adsorption procedure described by Anton & Sayre
(1962). After adsorption of the catechols onto the alu-
mina and their subsequent elution with acetic acid
(0.2 M), 30 jl of the carrier solution previously de-
scribed was added and then the eluate was quickly
frozen in liquid nitrogen and freeze-dried.
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Tritiated noradrenaline, dopamine and their cat-
echol metabolites were extracted from the freeze-dried
samples in a mixture of acetone: ethanol: HCl (0.1 M)
in the proportion of 4:4:1, respectively. The mixture
also contained ascorbic acid (0.57 mM) and disodium
edetate (0.13 mM). The residue left after freeze-drying
was first suspended in 0.5 ml of this solvent mixture,
shaken vigorously for 5 min and then centrifuged for
5 min at 1200 g at 4°C and the supernatant collected.
Two subsequent extractions of the residue were per-
formed, each with 0.25 ml of the solvent mixture. The
pooled supernatants were applied 7.5 cm from the
bottom of Whatman No. 3 paper (57 cm x 2 cm)
and dried under a stream of nitrogen at room tem-
perature. [3H]-noradrcnaline and [3H]-dopamine
were separated by ascending chromatography as pre-
viously described, and radioactivity was measured by
liquid scintillation counting.
The stimulation-induced efflux of each tritiated cat-

echolamine was calculated by subtracting the amount
of radioactivity corresponding to each catecholamine
in the sample collected before stimulation from that
collected during stimulation. Corrections were made
for efficiency of extraction (approximately 80%).

The effects of dopamine antagonists on the stimulation-
induced release of tritium

Segments of ear arteries from rabbits which had been
pretreated with Fla-63 (40 mg/kg) 4 h previously, and
from untreated rabbits, were set up and incubated
with either [3H]-dopamine (10 pCi/ml; 1.3 gM) or
[3H]-(-)noradrenaline (10 pCi/ml; 1.1 pM) as de-
scribed in the previous section. After the 90 min of
perfusion-superfusion with catecholamine-free Krebs-
Hensleit solution, the arteries were stimulated at a
frequency of 10 Hz for a period of 1 min.

Consecutive samples of the solution perfusing the
artery were collected over 30 s periods, two before,
two during, and six after stimulation. A 1 ml aliquot
of each of the samples was placed in a vial containing
0.2 ml HCI (6.0 M) and 10 ml scintillation solution,
and the radioactivity was measured.
At the end of the collection of the efflux samples,

the arteries were removed from the apparatus, blotted
dry and placed in vials containing 0.5 ml
'Soluene-350' and placed in an oven at 65°C for 10
to 15 min until the arteries had dissolved. Then 10
ml of scintillation fluid was added to the contents,
the vials were shaken vigorously and the radioactivity
determined after the vials were allowed to stand at
4°C in the dark for 12 h. Corrections for counting
efficiency in both the aqueous and tissue samples were
made by automatic external standardization.
The total tritium content of the tissue immediately

before stimulation was calculated by summing the tri-
tium content measured in the arteries after the experi-

ment and the total tritium present in all perfusate-
superfusate samples collected during and after stimu-
lation. Resting efflux of tritium was taken as the mean
of the efflux present in the two samples collected
before stimulation. The stimulation-induced efflux
was calculated by subtracting the resting efflux from
each of the effluxes in the samples collected during
and after stimulation. Stimulation-induced efflux of
radioactivity was expressed as a percentage of the
total radioactivity present in the tissue at the start
of the stimulation procedure. This was defined as the
percentage stimulation-induced efflux.
The effects of dopamine receptor antagonists on the

resting and stimulation-induced effluxes were deter-
mined by infusing solutions of the drugs, starting 15
min before the l min period of stimulation, into the
perfusion just proximal to the artery.

Statistical analysis of results

Except where otherwise indicated, the unpaired 2
tailed Student's t-test was used to test for significant
differences between means of experimental results.
The value of t was calculated using the pooled vari-
ance estimate or the separate variance estimates,
depending on the homogeneity of the variances. Prob-
ability levels less than 0.05 were taken to indicate
statistical significance.

Materials

The Krebs-Henseleit solution had the following com-
position (mM): NaCl 118, KCI 4.7, CaCl2 2.5,
NaHCO3 25.0, MgSO4 0.45, KH2PO4 1.03, E>-(+)
glucose 11.1, disodium edetate 0.067 and ascorbic acid
0.07.
The scintillation solution had the following compo-

sition: 5.5 g of 2,5-diphenyloxazol (PPO), 0.1 g of
1,3-bis-2-(5-phenyloxazolyl) benzene (POPOP) and
333 ml of Triton X-100 made up to 1 litre in toluene.
The following drugs were used: haloperidol

(Searle); metoclopramide monohydrochloride (Bee-
cham Research Laboratories); phentolamine mesylate
(Ciba-Geigy); ergometrine maleate (Burroughs Well-
come) and Fla-63 (Labkemi, Sweden).
The following compounds were obtained from

Sigma, U.S.A.: (-)noradrenaline hydrochloride,
(±+-normetanephrine hydrochloride, 3,4-dihydroxy-
phenylglycol, 3,4-dihydroxymandelic acid, (± )-3-
methoxy-4-hydroxymandelic acid, bis43-methoxy-
4-hydroxyphenylglycol) piperazine, 3,4-dihydroxy-
phenylacetic acid and dopamine hydrochloride. The
3-methoxy-4-hydroxyphenylethanol was obtained
from Calbiochem, U.S.A. and 3-methoxy4hydroxy-
phenylethylamine was obtained from K & K labs,
U.S.A. All reagents used were analytical grade. Tri-
tiated noradrenaline and dopamine were obtained
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from New England Nuclear Corporation, U.S.A.:
(-}[7-3H]-noradrenaline had a specific activity of
9.1 Ci/mmol; [ethyl-2-3H]-dopamine had a specific
activity of 7.5 Ci/mmol. Both were stored at 4°C and
used without further dilution.

show that the dopamine-j-hydroxylase inhibitor
Fla-63 reduced the conversion of [3H]-dopamine into
[3H]-noradrenaline, and that [3H]-dopamine was
retained as such in the tissue.

Stimulation-induced efflux of [AH]-dopamine and
[3H]-noradrenaline after Fla-63 pretreatmentResults

Tissue levels of [3H]-dopamine anid [3 H]-noradrenaline

When ear arteries from normal rabbits were incu-
bated in either [3H]-dopamine or [3H]-noradrena-
line, almost all of the tritium retained was present
as [3H]-noradrenaline (Table 1). [3H]-normetaneph-
rine, as a possible interfering substance in the estima-
tion of [3H]-dopamine, was not detectable when
arteries were incubated in [3H]-noradrenaline and
thus was unlikely to be a source of error.
When arteries from rabbits which had been pre-

treated with Fla-63 were incubated with [3H]-dopa-
mine, considerable amounts of [3H]-dopamine were
retained as such by the tissue. Preliminary experi-
ments in which Fla-63 was administered 1, 2, 3 and
4 h before the animals were killed indicated that
retention of [3H]-dopamine by the arteries increased
with pretreated time up to 2 h and then remained
approximately constant. In each case there was a pro-
portional decrease in the amounts of [3H]-noradrena-
line formed from the [3H]-dopamine. The mean levels
of [3H]-dopamine and [3H]-noradrenaline present in
arteries from rabbits which had been pretreated with
Fla-63 4 h previously and then incubated in [3H]-
dopamine are given in Table 1. In all subsequent ex-
periments where Fla-63 was administered, it was
given 4 h before taking the ear arteries for study.
In arteries from Fla-63 pretreated rabbits incubated
in [3H]-noradrenaline, almost all of the tritium was
retained as [3H]-noradrenaline (Table 1). As in the
untreated rabbits, [3H]-normetanephrine was not de-
tectable in arteries from Fla-63 pretreated rabbits
after [3H]-noradrenaline incubation. These findings

Measurements were made of the amounts of
[3H]-noradrenaline and [3H]-dopamine in samples
of perfusion-superfusion fluid from ear arteries taken
from rabbits treated with Fla-63 (40 mg/kg) and incu-
bated in [3H]-dopamine. No [3H]-dopamine or
[3H]-noradrenaline was detectable in samples col-
lected before stimulation. However, in samples col-
lected during the first period of stimulation, 40.8%
(s.e. mean = 1.7, n = 3) of the tritium present was as
[3H]-noradrenaline and 35.9% (s.e. mean = 1.0,
n = 3) was as [3H]-dopamine. During the second
period of stimulation, 32.2% (s.e. mean = 5.8, n = 3)
of the tritium was identified as [3H]-noradrenaline
and 10.2% (s.e. mean = 9.6, n = 3) was [3H]-dopa-
mine.

Effect of dopamine antagoniists on the stimulation-
induced efflux of tritium

Under the experimental conditions used, there was
no significant difference in the ability of arteries from
Fla-63 pretreated rabbits to accumulate tritium dur-
ing incubation with [3H]-dopamine and [3H]-nor-
adrenaline. Further, the addition of phentolamine (0.5
gM), haloperidol (1.0 gM), ergometrine (1.0 gM) and
metoclopramide (1.0 gM) after incubation of arteries
in [3H]-noradrenaline or [3H]-dopamine did not sig-
nificantly alter the mean tissue tritium accumulation.
Therefore any change in the stimulation-induced
efflux of tritium expressed as a percentage of tissue
tritium content (percentage stimulation-induced
efflux) can be attributed to changes in the stimulation-
induced efflux of tritium.

Table 1 Effect of Fla-63 treatment on the proportions of [3H]-dopamine and [3H]-noradrenaline present in
rabbit ear arteries after incubation with [3H]-dopamine or [3H]-noradrenaline

Incubation medium
Pretreated

n with Fla-63
Proportion (%) of tritium in tissue as:
[3H]-dopamine [3H]-noradrenaline

[3H]-noradrenaline
[3H]-dopamine
[3H]-noradrenaline
[3H]-dopamine

3
3
3
3

No
No
Yes
Yes

Undetectable
4.0 + 0.1%

Undetectable
47.2 + 2.9%

93.0 + 1.2%
94.3 + 0.4%
95.0 + 0.9%
56.2 + 3.9%

The Fla-63 (40 mg/kg) was given 4 h before the tissues were removed for study. The values are means + s.e.
means.
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The percentage stimulation-induced efflux of tri-
tium was the same for control arteries after incuba-
tion with [3H]-dopamine or [3H]-noradrenaline.
Similarly there was no difference in the percentage
stimulation-induced tritium efflux after incubation
with either catecholamine when the arteries were from
rabbits pretreated with Fla-63 although here the
efflux was significantly greater than in the controls
(Table 2).

In arteries from unpretreated rabbits incubated in
[3H]-dopamine, metoclopramide (1.0 gM) did not sig-
nificantly alter the percentage stimulation-induced
efflux of tritium compared to control. The percentage
stimulation-induced efflux of tritium in the presence
of metoclopramide (1.0 giM) was 2.9% (s.e. mean=
0.4, n = 4).

In arteries taken from rabbits treated 4 h previously
with Fla-63 (40 mg/kg) and incubated with [3H]-nor-
adrenaline, the cx-adrenoceptor blocking drug phentol-
amine (0.5 gM) enhanced the percentage stimulation-
induced efflux of tritium. However, the dopamine an-
tagonists metoclopramide (1.0 JIM) and ergometrine
(1.0 gM) were without effect, and haloperidol (1.0 pM)
reduced the percentage stimulation-induced efflux of
tritium. When the arteries taken from pretreated rab-
bits were incubated with [3H]-dopamine instead of
[3H]-noradrenaline, phentolamine (0.5 gM), ergome-
trine (1.0 gM) and metoclopramide (1.0 pM) enhanced
the percentage stimulation-induced efflux of tritium,
whereas haloperidol (1.0 pm) was without effect
(Figure 1). Neither phentolamine nor the dopamine
antagonists altered the resting efflux of tritium from
arteries incubated in either [3H]-dopamine or
[3H]-noradrenaline.

Discussion

This study has shown that [3H]-dopamine is taken
up and almost completely converted to [3H]-nor-
adrenaline in the rabbit ear artery, presumably
by dopamine-f-hydroxylase in transmitter storage

0

4 4 5 4 6 3 7 8

Phentolamine Ergometrine Metoclopramide Haloperidol

(O.50M) (10pM) (10pM) (1.OpM)

Figure The effects of phentolamine, and dopamine

antagonists on the percentage stimulation-induced (S-I)
efflux of tritium from rabbit ear arteries taken from
rabbits pretreated with Fla-63 (40 mg/kg, i.p.) 4 h
previously. Open columns = incubated in [3H]-nor-
adrenaline; solid columns = incubated in [3H]-dopa-
mine. Vertical bars represent s.e. means. Numbers
below the histograms refer to the number of experi-
ments performed. * Significantly different from the
corresponding control.

vesicles. Fla-63, a potent dopamine-f-hydroxylase
inhibitor (Svensson & Waldeck, 1969), was used to
prevent this conversion. Ear arteries from rabbits
pretreated with Fla-63 showed an increase in the pro-

portion of tritium retained as [3H]-dopamine and a

concomitant decrease in the proportion of tritium
retained as [3H]-noradrenaline in the tissue after in-
cubation with [3H]-dopamine. Further, in arteries
from rabbits pretreated with Fla-63 and incubated
with [3H]- dopamine, [3H]-dopamine and [3H]-nor-
adrenaline were released upon intramural sympathe-
tic nerve stimulation. The release of dopamine after
inhibition of dopamine-f-hydroxylase has also been
reported by Thoenen, Haefely, Gey & Huerlimann
(1967) in cat spleen.
The metabolites of [3H]-dopamine or [3H]-nor-

adrenaline were not detected in the ear arteries after
incubation in either [3H]-noradrenaline or [3H]-

Table 2 The percentage stimulation-induced (S-I) efflux of tritium from arteries incubated in either [3H]-dopa-
mine or [3H]-noradrenaline

Incubation medium

[3H]-noradrenaline
[3H]-dopamine
[3H]-noradrenaline
[3H]-dopamine

Pretreated with
n Fla-63

4
4
4
5

No
No
Yes
Yes

% S-I efflux
of tritium

2.2 + 0.4
2.3 + 0.1
3.4 + 0.4*
3.9 + 0.5*

Values are means + s.e. means.
* Pretreatment with Fla-63 significantly increased % S-I efflux (2-way analysis of variance, P < 0.01).

BJ.P. 67/2-c
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dopamine whether they were taken from rabbits pre-
treated with Fla-63 or untreated rabbits. However,
metabolites were detected in the stimulation-induced
tritium effluxes suggesting that the metabolism of
these catecholamines occurred subsequent to release;
thus, stimulation-induced efflux of tritium can be
taken as an index of tritiated dopamine and nor-
adrenaline released from sympathetic nerve terminals.
There were no significant differences in the percent-

age stimulation-induced effluxes of tritium from ear
arteries taken from rabbits pretreated with Fla-63
whether they were incubated with [3H]-dopamine
(when both [3H]-dopamine and [3H]-noradrenaline
are released), or incubated with [3H]-noradrenaline
(when only [3H]-noradrenaline is released), suggest-
ing that both catecholamines were released equally
as well and probably form part of the same transmit-
ter storage pool. Further, there was no significant dif-
ference in the percentage stimulation-induced efflux
of tritium from arteries from untreated rabbits
whether they were incubated in [3H]-dopamine or
[3H]-noradrenaline, suggesting that newly synthe-
sized [3H]-noradrenaline is released equally as well
as [3H]-noradrenaline taken up as such by the tissue,
and is therefore probably part of the same transmitter
storage pool. This is contrary to the findings of
Kopin, Breese, Krauss & Weise (1968) who found that
newly synthesized noradrenaline was preferentially
released in cat spleen. The discrepancy may have
occurred because they used radiolabelled tyrosine as
the precursor which may be subsequently converted
to noradrenaline at different sites within the neurone
from that of exogenously administered [3H]-dopa-
mine.

Transmitter noradrenaline can modulate its own
release from sympathetic nerves by activation of an
inhibitory feedback mechanism mediated by prejunc-
tional a-adrenoceptors (see review by Starke, 1977).
Phentolamine (0.5 pM), an a-adrenoceptor blocking
drug, enhanced the percentage stimulation-induced
efflux of tritium in arteries from rabbits pretreated
with Fla-63 whether they were incubated in [3H]-
dopaniine or [3H]-noradrenaline. Under the condi-
tions of these experiments noradrenaline is released
by stimulation in both cases and phentolamine prob-
ably enhances transmitter release by blockade of nor-
adrenaline activation of the a-adrenoceptor mediated
inhibitory feedback loop.
Dopamine comprises only a small proportion of

catecholamines in peripheral sympathetic nerves
(Costa et al., 1972; Snider et al., 1973; Waldeck et
al., 1975). Enero & Langer (1975) have shown that
pimozide and chlorpromazine, in concentrations that
abolish the inhibitory effects of dopamine on trans-
mitter release, do not by themselves enhance stimula-
tion-induced [3H]-noradrenaline release. These
results suggest that dopamine, released from nerves,

does not normally activate an inhibitory feedback
mechanism through dopamine receptors. This is in
contrast to findings in rabbit ear artery where several
dopamine receptor antagonists (pimozide, metoclo-
pramide, ergometrine and haloperidol) have been
shown to enhance stimulation-induced [3H]-nor-
adrenaline release (Hope et al., 1978). However, the
effect with metoclopramide was only observed in con-
centrations greater than 1.0 gM whereas pimozide and
haloperidol depressed stimulation-induced efflux in
concentrations greater than 0.1 and 1.0 gM respect-
ively. It is possible that the enhancement of stimula-
tion-induced efflux observed by Hope et al. (1978)
may be explained, at least in part, by blockade of
prejunctional a-adrenoceptors or by other non-speci-
fic effects of the drugs which make it difficult to draw
conclusions about the mechanism of action.

In the present experiments metoclopramide, halo-
peridol and ergometrine, each in a concentration of
1.0 gM, did not enhance the percentage stimulation-
induced efflux of tritium from arteries taken from rab-
bits pretreated with Fla-63 and incubated with
[3H]-noradrenaline (Figure 1). Thus, even if the con-
version of dopamine to noradrenaline is inhibited, the
amount of endogenous dopamine released does not
appear to be sufficient to activate the negative feed-
back loop mediated through dopamine receptors. In
these experiments and in others (Enero & Langer,
1975; Hope et al., 1978), the tissues were incubated
in [3H]-noradrenaline and thus the endogenous
transmitter stores may be partly replaced by
[3H]-noradrenaline to the extent that the amount of
endogenous dopamine in the stores and released is
less than that under normal conditions. However, in
the present study when ear arteries from untreated
rabbits were incubated in [3H]-dopamine, although
[3H]-dopamine was largely metabolized to [3H]-nor-
adrenaline, about 4% of the tritium was retained as
[3H]-dopamine. In this situation, the levels of dopa-
mine may more closely resemble a normal state.
Nevertheless, metoclopramide (1.0 gM) failed to
.enhance the percentage stimulation-induced efflux of
tritium, indicating that even under these conditions
dopamine is not released in sufficient amounts to acti-
vate the inhibitory feedback loop mediated through
dopamine receptors.

If arteries from rabbits pretreated withliFla-63 were
incubated in [3H]-dopamine, so that a greater pro-
portion of dopamine was released by sympathetic
nerve stimulation, metoclopramide (1.0 jM) and ergo-
metrine (1.0 gM) enhanced the percentage stimulation-
induced efflux of tritium (Figure 1). This may be due
to blockade of the activation by dopamine of the in-
hibitory feedback mechanism mediated through pre-
juctional dopamine receptors, thus increasing trans-
mitter release. When arteries from pretreated rabbits
were incubated in [3H]-noradrenaline (conditions
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under which no [3H]-dopamine is released), metoclo-
pramide (1.0 gM) and ergometrine (1.0 IM) failed to
enhance release; thus, the facilitatory effects of meto-
clopramide and ergometrine are dependent on trans-
mitter dopamine release. The effects of haloperidol
(1.0 gM) are harder to interpret since its specificity
for dopamine receptors is not marked (Goldberg,
Volkman & Kohli, 1978). When the transmitter stores
in arteries from pretreated rabbits contained [3H]-
noradrenaline, haloperidol (1.0 gM) decreased the
stimulation-induced release of tritium. However, in
arteries from pretreated rabbits which had been incu-
bated in [3H]-dopamine, both [3H]-noradrenaline
and [3H]-dopamine are released by nerve stimulation
and haloperidol (1.0 gM) had no significant effect on
tritium release (Figure 1). It is possible that an in-
crease in tritium release due to blockade by haloperi-
dol of the inhibitory feedback mechanism mediated
through dopamine receptors is balanced by a depres-
sant effect of haloperidol on transmitter release,
resulting in no overall effect.
These results suggest that dopamine released by

sympathetic nerve stimulation can activate an inhibi-
tory feedback loop mediated through specific dopa-
mine receptors if the amount of dopamine in the
nerve terminal is raised. Such conditions may occur

during levodopa therapy when the proportion of
dopamine in sympathetically innervated tissues is
raised (Breese & Prange, 1971). Indeed, orthostatic
hypotension is a common side-effect of levodopa
(Barbeau, 1969; Goldberg, 1972) suggesting impair-
ment of the vascular control exerted by the sympathe-
tic nervous system. Increased levels of dopamine are
also found in the rat salivary gland after prolonged
periods of stimulation (Snider et al., 1973) and in the
rat adrenal gland after neurogenic stimulation (Snider
& Carlsson, 1973). This may occur because of an in-
crease in tyrosine hydroxylase activity during nerve
stimulation which is not matched with a concomitant
increase in dopamine-f-hydroxylase activity, so that
dopamine-,B-hydroxylase becomes rate-limiting and
the levels of dopamine increase (Snider et al., 1973).
Thus, the possibility exists that transmitter dopamine
activation of the inhibitory feedback loop mediated
through dopamine receptors may be important in
conserving transmitter release during prolonged
periods of stimulation, as initially suggested by
McCulloch Rand & Story (1973).
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