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Release of noradrenaline and dopamine by nerve
stimulation in the guinea-pig and rat vas deferens
C. Bell', J.S. Gillespie & I.M. Macrae2

Department of Pharmacology, University of Glasgow, Glasgow G 12 8QQ

1 Spontaneous and nerve stimulated release of noradrenaline and dopamine from rat and
guinea-pig vas deferens have been measured electrochemically after separation by high performance
liquid chromatography (h.p.l.c.).
2 In the absence of nerve stimulation both noradrenaline (NA) and dopamine were released into
the bathing fluid in the rat but in the guinea-pig only noradrenaline could be detected. Drugs which
block neuronal and extraneuronal uptake of catecholamines had little effect on spontaneous
overflow but both tetraethylammonium and phenoxybenzamine increased overflow.
3 Transmural nerve stimulation (5-10 Hz) increased catecholamine overflow in both species and
dopamine release was now measurable from the guinea-pig vas. In the rat, the proportion of
dopamine to NA was unchanged from that released spontaneously. The release of both amines was
little affected by drugs that block neuronal and extraneuronal uptake and a monoamine oxidase
inhibitor, but was inhibited by tetrodotoxin 0.2 jig ml-'.
4 In the guinea-pig tetraethylammonium 10 mm doubled overflow and phenoxybenzamine 1O- M

increased it by five times but the dopamine percentage remained constant and equal to the control.
5 Following nerve stimulation the amount of dopamine released expressed as a percentage of total
catecholamine release was 6% for the rat and 1.3% for the guinea-pig. These values were

considerably higher than the comparable figures for dopamine: NA content of the two tissues (2%
and 0.5 % respectively). Repeated periods of stimulation depleted these tissue stores and the
depletion of dopamine was significantly greater than that of NA.
6 Our interpretation of these results is that both dopamine and NA are released from a common
store during normal noradrenergic transmission. While all or most of the axonal dopamine is
contained in this releasable pool, most of the axonal NA lies in a second, less readily released pool.

Introduction

Most adrenergically innervated tissues contain both
noradrenaline (NA) and dopamine, the proportion
varying with species and tissue (Bell & Gillespie,
1981). The localisation and function of this
dopamine is obscure.Manoeuvres known to increase
activity in peripheral sympathetic nerves increase the
plasma levels of dopamine as well as NA and ad-
renaline (Callingham & Barrand, 1976; Christensen
et al., 1976; Kvetnansky et al., 1978). Both
radiolabelled dopamine and NA taken up by the cat
spleen can subsequently be released by splenic nerve
stimulation (Musacchio et al., 1966). These results
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suggest that dopamine in sympathetic nerves, pre-
sumably as a NA precursor, can be released by nerve
stimulation. Another possibility is that the dopamine
is derived from true peripheral dopaminergic nerves
(Bell, 1982) or, alternatively, from sources other
than terminal axons, such as chromaffin cells or the
small intensely fluorescent cells (SIF cells) that are
often associated with peripheral autonomic ganglia
(Libet, 1979).
We have investigated this problem in the isolated

saline-bathed vas from the rat and guinea-pig,
species with a very different proportion of dopamine
in their tissue stores and in which the biochemical
data on tissue stores of catecholamines indicates the
innervation is purely noradrenergic (Bell & Gilles-
pie, 1981). We first looked to see whether transmural
nerve stimulation can liberate both NA and
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dopamine and whether the proportion of the two
amines in the overflow reflects the difference in the
tissue stores in the two species. Secondly, we have
examined the effects of drugs known to increase the
release of NA to see whether there was a correspond-
ing increase in dopamine release. The results show
that dopamine is released by nerve stimulation to-
gether with NA and suggest that both amines are
stored in a common vesicular pool. However, while
this pool constitutes the bulk of the axonal dopamine,
it represents only a part of the total NA store.

Methods

Adult guinea-pigs and Wistar rats were stunned and
bled and the vasa deferentia removed. Paired tissues
were stripped of their mesentery and mounted verti-
cally in a 2.0 ml Perspex bath through which oxyge-
nated Krebs solution could be pumped from below to
be removed at the upper surface by suction through a
steel cannula in a side channel. The Krebs solution
had the following composition (mM): NaCl 118,
KCl 4.7, CaCl2 2.4, MgSO4 1.2, NaHCO3 25,
KH2PO4 1.2 and dextrose 11 and was bubbled with
95% 02 plus 5% CO2 both in the reservoir and
within the organ bath. Ascorbic acid 20 jig ml-' and
EDTA 10 jg ml-' were added to the Krebs solution
to prevent oxidative destruction of catecholamines.

Intramural nerves were stimulated by passing 1 ms
pulses of supramaximal voltage from a Grass S88
stimulator between a fine silver wire threaded the
whole length of the lumen of the tissue and an
open coil of the same wire surrounding the tissue.
Trains of either 1,800 (rat) or 2,700 (guinea-pig)
pulses were used, separated by rest periods of 30 min.
The frequencies used are indicated in the text.
When the nerves were stimulated, the flow of

saline was stopped for the period of nerve stimulation
plus 1.5 min. For the guinea-pig vas deferens with
2,700 pulses at 10 Hz, this gave a total stop flow
period of 6 min. In the rat vas deferens with a shorter
train of 1,800 stimuli, a similar 6 min stop flow collec-
tion period was used even though this meant included
a longer post-stimulation period. In the rat, stimu-
lated at 5 Hz, the collection period was extended to
7.5 min. At the end of the stop flow period the entire
bath volume was aspirated, the pH of the sample
immediately adjusted to pH 8.6 by adding 0.5 ml of
0.5 M Tris buffer at this pH, and the alkaline mixture
shaken for 10 min with 50 mg of acid washed alumina
to absorb the catecholamines. At the end of this time
the buffer was aspirated and the alumina washed with
a weak 5 mM Tris buffer at pH 8.6 which was in its
turn aspirated. The absorbed catecholamines were
then eluted from the alumina with 100-300 l of
0.1 N perchloric acid containing 4 x 10-4M sodium

metabisulphite. This total volume was injected into
the high performance liquid chromatography
(h.p.l.c.) electrochemical detector system and the
separate catecholamines measured.

Tissue catecholamines and the effect of nerve
stimulation on this were measured in pairs of vasa.
From each pair the left was stored on ice while the
right was set up for transmural stimulation. After
three periods of stimulation at 30 min intervals, the
right vas was removed from the chamber and it, and
the stored left vas, were separately chopped finely
with scissors and then homogenized in a motor-
driven teflon pestle in glass homogenizer with 2 ml of
ice-cold 0.1 N perchloric acid containing 4 mg
100 ml-' of sodium metabisulphite. Homogenization
was carried out at 4°C with two periods of 30 s drive
to the teflon pestle at full power. The homogenates
were centrifuged at 4°C and 3,000 g for 15 min and
the supematant decanted. The catecholamines in
0.5 ml aliquots of supernatant were absorbed on
50 mg of acid-washed alumina and subsequently
treated like samples of bath fluid.
The h.p.l.c. system was modified during the pro-

ject. Originally a 50 cm column of i.d. 0.25 cm packed
with pellicular Corasil CX cation exchange resin was
used to separate the amines and a home-made elec-
trochemical cell with a carbon paste electrode to
detect them. The column was replaced with a 15 cm
Hypersil C18 reverse phase column, i.d. 5 mm and
the carbon paste electrode with a glassy carbon elec-
trode. With ion pairing the reverse phase column
gave better separation of the amines and the glassy
carbon electrode a more stable base line with only a
little loss of sensitivity. The electrochemical detector
was run at + 0.55 V and the mobile phase for ion
exchange chromatography was 63 mM citrate-acetate
buffer pH 5.2 and for ion-pair chromatography
100 mM phosphate buffer pH 3.2 and containing the
appropriate pairing reagent sodium octyl sulphonate
0.2 mM plus 10% methanol. The limit for measure-
ment of NA with this system was 100 pg.
As well as measuring the nerve-stimulated release

of catecholamines, the spontaneous overflow in a
similar 6 min of stop flow, but without nerve stimula-
tion, was also measured. This value, corrected for
recovery, was subtracted from the nerve-stimulated
overflow similarly corrected to give the extra over-
flow as a result of nerve stimulation. Finally, at the
end of each experiment, 1Ong of NA and 1Ong of
dopamine were added to the bath in the presence of
tissue, left for 6 min of stop flow then removed and
the recovery of the two amines measured. The calcu-
lation of NA recovery was complicated by the
measurable spontaneous release of that amine. In
calculating the actual recovery from 6 min exposure
to tissue and subsequent extraction, the recovery of
dopamine which was not subject to this complication
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was used. Dopamine recoveries averaged 38% and
overflows have been corrected for this. The recovery
of the two amines in the absence of tissue was equal
and in all experiments over 70%.

Drugs

Drugs were: L-ascorbic acid (BDH), desmethylimip-
ramine hydrochloride (Geigy), and dopamine hyd-
rochloride (Koch-Light), ethylenediaminetetra-
acetic acid disodium salt (EDTA, Sigma), (-)-
noradrenaline bitartrate (Koch-Light), 17p-
oestradiol (Sigma), phenoxybenzamine hydroch-
loride (SKF), tetraethylammonium bromide (Koch-
Light), tetrodotoxin (TTX, Sigma) and tranylcyp-
romine sulphate (SKF).

Results

Spontaneous and nerve-stimulated overflow from the
rat vas

The first experiments were performed on the rat vas
since the proportion of dopamine in the total
catecholamine tissue stores is greater in this species
than in the guinea-pig. In six experiments transmural

Table 1 Spontaneous and nerve-stimulated over-
flow of noradrenaline (NA) and dopamine (DA) in
pg from paired rat vas deferens

NA
DA
DA/NA

NA
DA
DA/NA

First Rest Second
n stimulation (Spontaneous) stimulation

Cocaine 10-5 M during 2nd stimulation period
6 1343 ± 317 - 1783 442

130+ 88 147± 35
9.7% 8.2%

Cocaine 10-5 M present throughout
11 2524+460 1234±306 1736± 380

144 + 25 84+ 14 137 ± 22
5.7% 6.8% 7.9%

Pbz 10-5 M + cocaine 10-5 M during 2nd stimulation period
NA 5 2760± 621 - 9700± 1616
DA 126 ± 56 - 260+ 63
DA/NA 4.7% 2.7%

stimulation released both NA and dopamine into the
bathing fluid. Cocaine 10-5M added to block neuron-
al reuptake increased slightly the amounts of both
amines but these increases were not statistically sig-
nificant. However, in all subsequent experiments
cocaine was added to the bathing fluid. The second
group of eleven experiments in Table 1 shows a
comparison between spontaneous release in the ab-
sence of nerve stimulation and that caused by trans-
mural electrical stimulation. Both NA and dopamine
were released into the bathing fluid without nerve
stimulation. The amounts were greatest immediately
after setting up the preparations and declined with
time to a lower stable value. In these circumstances
transmural stimulation with 1,800 pulses at 5 Hz
doubled the release of both amines. The proportion
of dopamine to NA which averaged about 6.8%
remained constant with no obvious difference be-
tween nerve stimulated and spontaneous release.

In another five experiments, phenoxybenzamine
10-5M, in addition to cocaine, was added to the
bathing solution. Phenoxybenzamine increased the
overflow of both amines following nerve stimulation
and the increase in NA (three to five fold) was greater
than that of dopamine (two fold) Table 1.

Spontaneous overflow in the guinea-pig vas

In stop flow samples without nerve stimulation, NA,
but not dopamine, could always be detected in the
bathing fluid. If the stop flow sample was taken soon
after setting-up the preparation, values as high as
50 ng were reached in a 6 min period. These values
fell rapidly to a stable figure of 3.0 ± 0.6 ng total or
1.4 ng ml-. The addition of the drugs used to block
uptake or increase catecholamine release by nerve

Table 2 Spontaneous overflow of noradrenaline
(NA) from the guinea-pig vas deferens

Sample

Control
DMI + 17p + Tran
TEA + DMI
Pbz
TEA +DMI+Pbz

Overflow 6min -Rate ofoverflow
n (ng) (pgs-1)

22
8
8
4
5

3.0±0.6
4.4 ± 0.8

10.7 + 1.9*
13.3 ± 4.7*
4.4± 1.0

8.4+ 1.7
12.2± 2.1
29.8+ 5.3*
36.9+ 13.1*
12.4+ 2.9

The first set of six experiments are from tissues
treated with cocaine (10-5 M) between the first and
second periods of stimulation; the second set of
eleven experiments are from tissues treated with
cocaine (10-5 M), before the first stimulation
period and the last set of five experiments the effect
of adding phenoxybenzamine (Pbz 10-5 M) to-
gether with cocaine between the first and second
stimulation periods. Transmural stimulation was
by 1,800 pulses at 5 Hz.

The results are expressed as ng per 6 min collection
period and also as a rate of overflow in pg s- 1 and
the table shows the effect of desmethylimipramine
(DMI) plus 17p-oestradiol (171) and tranylcyp-
romine (Tran) all at 10-5 M, of phenoxybenzamine
(Pbz, 10-5 M) and of tetraethylammonium (TEA,
10 mM). Each value is the mean ± s.e. and
n=number of experiments. Values significantly
different from the control by Student's ttest are
indicated by asterisks: *P< 0.001.
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stimulation also influenced spontaneous release as
Table 2 shows. In this Table both the absolute ac-
cumulation of NA and the rate of accumulation
necessary to reach these values are given. Uptake
blockers plus the monoamine oxidase inhibitor
tranylcypromine (all 10-5 M) increased the spontane-
ous overflow but this increase was not statistically
significant. In contrast both tetraethylammonium
(TEA, 10mM) in the presence of desmethylimip-
ramine (DMI) and phenoxybenzamine (Pbz, 10-5 M)
alone increased the spontaneous overflow by 3.5 and
4.5 times respectively and these increases were sig-
nificant. Surprisingly, the combination of TEA, DMI
and Pbz far from having an additive effect seemed to
cancel one another out so that the spontaneous re-
lease was little different from that with uptake block-
ers alone and, like that value, not significantly differ-
ent from control.

Nerve-stimulation overflow in the guinea-pig vas

The experiments with the rat vas showed both NA
and dopamine were liberated by nerve stimulation.
We wished to compare these results with the guinea-
pig which has a lower fractional content of dopamine
in the tissue and likely, therefore, to release a smaller
fraction. For this reason and because the measure-
ment of dopamine released from the rat vas was
already difficult, we increased the number of stimuli
to 2,700 and where dopamine was to be measured
more exactly we combined samples as described
later.
Transmural stimulation with trains of 2,700 pulses

in the presence of uptake blocking drugs plus tranyl-
cypromine, increased the overflow of NA some 11
times from 3.0 ± 0.6 ng in 6 min to over 33 ng in 6 min
and, in these circumstances, dopamine was also de-
tected but in amounts insufficient for accurate meas-
urement. We, therefore, concentrated first on factors
influencing the release of NA. Table 3 shows the
effect of stimulation frequency, of train length and of
train repetition on the release of NA. With long trains
of 2,700 pulses at 10 Hz, large amounts of NA ap-
peared in the bathing fluid but these progressively
declined in each period of stimulation so that in the
third the overflow was only 65% of the first. When
shorter trains of 200 pulses at this same frequency
were used there was no decline. Furthermore, though
the total NA was greater with the long trains the
average rate of overflow was actually less than with
the short trains, suggesting a decline in transmitter
release towards the end of the longer trains. Advan-
tage was taken of this ability to maintain a constant
overflow in successive stimulation periods with short
trains of 200 pulses to examine the effects of frequen-
cy. Four short periods of stimulation at 2, 5, 10 and
15 Hz were applied in each of six experiments and the
average release at each frequency calculated. The
results are shown in Table 3. At 2 Hz and 5 Hz the
total recovery of NA was similar at just over 4 ng and
a rate of release of 46 and 105 pg s'-. At 10 Hz and
15 Hz the total NA fell progressively but this was
compensated by the shorter duration of nerve stimu-
lation so that the rate of release rose to a plateau of
just under 200 pg s- at 10 Hz and remained constant
at this level.

Table 3 The effect of frequency, of train length and of train repetition on the total overflow and the rate of overflow
of noradrenaline (NA) as a result of transmural stimulation in the guinea-pig vas deferens

Total NA overflow (ng) in each period ofstimulation
n First Second Third Fourth

8
11
6

8
11
6

2700 at 10Hz
200 at 10 Hz
200 at 2 Hz
200 at 5 Hz
200 at 10Hz
200 at 15 Hz

34 + 4.6
4.6 + 0.3
4.6 + 0.7

27.8 + 4.9 23.3 + 3.0
4.5 ± 0.5 4.6± 0.7* 4.6+ 0.12*

4.2±0.8
3.6+0.7

- 2.6+0.6

Rate ofNA overflow (pg s-1)

122.3 + 20
231 +15
46 + 7

102 ± 18
226 + 23

105 + 20

86.5 + 11
230 + 33

180 +33

230 + 62

195 + 43

All experiments were done in the presence of desmethylimipramine, 173-oestradiol and tranylcypromine, all in a

concentration of 10-5 M. Each value is the mean+ s.e. and n = number of experiments. The values marked with an

asterisk are from nine and three experiments respectively.

Conditions

2700 at 10 Hz
200 at 10Hz
200 at 2 Hz
200 at 6 Hz
200 at 10Hz
200 at 15 Hz
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Table 4 Nerve stimulated overflow of norad-
renaline (NA) from the guinea-pig vas showing the
effect of the combined uptake blocking drugs de-
smethylimipramine (DMI, 10-5 M) and 17p-
oestradiol (1 7p, 10-5 M) with the monoamine oxid-
ase inhibitor tranylcypromine (Tran, 10- 5M) of
tetraethylammonium (TEA, 10-5 M) and of
phenoxybenzamine (Pbz, 10-5 M)

Conditions

Control

DMI + 17p + Tran
TEA + DMI
Pbz

Total NA overflow (ng)
Period of Stimulation

n First Second Third

8 32.9 ± 3.4 27.1 + 3.4 22.1 + 3.2

20
31
23

Drug present

27
63
109

19
54
102

The nerves were stimulated by trains of 2700
stimuli at 10Hz. Where drugs were tested they
were present during the second and third periods of
stimulation. The control results are the averages of
eight experiments.

Effect ofdrugs on overflow

The effects of uptake blocking drugs, of TEA and of
Pbz were separately examined on the nerve stimu-
lated overflow of noradrenaline and the results are
shown in Table 4. These experiments were intended
to define which drug or drug combination gave the
biggest increase in transmitter overflow as a prelimi-
nary to measuring their effects on dopamine release.
For this reason single experiments were performed.
As Table 4 shows, the combined uptake blockers and
monoamine oxidase inhibitor produced only a small
increase in noradrenaline overflow. In these experi-
ments DMI was used but the results were similar to
those with cocaine in the rat vas. TEA combined with
DMI approximately doubled the overflow and Pbz
increased overflow by about 5 times. These two
drugs, TEA and Pbz, were, therefore, used to ex-
amine their effect on the overflow of dopamine as
well as NA. Since Pbz itself blocks the neuronal
uptake process for catecholamines, TEA was com-
bined with DMI.

The effects ofdrugs on the nerve-stimulated overflow
ofnoradrenaline and dopamine

To measure dopamine accurately, several bath sam-
ples were combined. In the first set of experiments, to
demonstrate that dopamine release was blocked by

TTX, six pairs of vasa from six animals were used.
Each pair was stimulated with 2,700 pulses at 10 Hz
for three periods at 30 min intervals. After the first
stimulation period, TTX 0.2 jig ml- was added to the
Krebs and the remaining two periods of stimulation
performed in the presence of this drug. All of the first
periods of stimulation from the six tissues were com-
bined to form a 'control' sample. All of the second
and third periods of stimulation from the six tissues
were combined to form a 'TTX sample'. As Table 5
shows, the control sample contained 320 ng of NA
and 2.3 ng of dopamine, whereas the larger TTX
sample contained only 6.1 ng NA and dopamine was
undetectable (less than 200 pg). The release of both
amines, therefore, is by a TTX-sensitive process,
presumably by conducted nerve action potentials.
The effect of TEA, Pbz and their combination was

then examined. In these experiments, because the
drugs increased release, it was possible to use fewer
samples and still measure dopamine accurately. A
different experimental arrangement was, therefore,
used. In each experiment two pairs of vas deferens
were used each stimulated for three periods with
2,700 pulses at 10 Hz and the six samples then com-
bined for a single extraction and assay. Groups of five
or six such experiments were then done in the ab-
sence of drugs, and in the presence of each drug or
drug combination. The results are shown in Table 6.
In the absence of drugs the average overflow of NA
was 260 ng and for dopamine 3.3 ng, giving a
dopamine: NA ratio of 1.3%. TEA increased the
overflow of both amines two fold but with a little
changed dopamine: NA ratio of 1.8%. Pbz increased
the overflow by just over four times but still the
dopamine:NA ratio remained almost the same as
under control conditions. Curiously, just as with
spontaneous overflow, the combination of TEA and
Pbz gave no additive effect. If anything, overflow was
less than with Pbz alone. The dopamine: NA ratio,
however, remained constant at 1.3%. The second

Table 5 The effect of tetrodotoxin (TTX)
0.2 pg ml- on the overflow of noradrenaline (NA)
and dopamine (DA) from the guinea-pig vas defe-
rens in response to transmural stimulation with
2700 pulses at 10 Hz

Control (ng)

NA DA DA/NA%
320 2.3 0.73

7FX (ng)

NA DA DA/NA%
6.1 0

Six preparations were used and the first period of
stimulation from each (six samples) were com-
bined to give the control sample. The second and
third periods of stimulation in the presence of TTX
were combined (twelve samples) as the TTX
sample.

1
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Table 6 The effect of tetraethylammonium (TEA, 10mM), in the presence of desmethylimipramine (DMI,
10-5 M), of phenoxybenzamine (Pbz, 10-5 M) and of the combination of these drugs on the overflow of norad-
renaline (NA) and dopamine (DA) from the guinea-pig vas deferens in response to transmural stimulation with 2700
pulses at 10 Hz

Control
TEA +DMI
Pbz
TEA +DMI +Pbz

Control
TEA + DMI
Pbz
TEA + DMI + Pbz

n
5

5

5

6

5

5

5

6

NA
260+ 10
467+ 40**
1163±162**
984+ 42***

160+ 6
289 + 25
718+ 112
608 + 28

Total overflow (ng)

DA
3.3 + 0.45
8.8+2.0*
15.7+2.6**
13.2+ 2.0**

Rate of overflow (pg s- 1)
2.0+ 0.3
5.4 + 1.3
9.7 + 1.8
8.1 + 1.4

Each individual observation is derived from a sample in which the bath fluid from three successive stimulation
periods from two pairs of tissues was combined (total of six periods), n = number of such observations and the values
in the table are the mean + s.e. of these. Asterisks indicate values statistically different from control at the 0.00 1,0.01
or 0.05 level.

half of Table 6 expresses these values as rates of
overflow. The control values, not surprisingly, are a

little less than those in Table 3, since they are the
average of three periods of stimulation in each prep-

aration during which overflow steadily declined
(Table 3). In the presence of TEA and, especially, of
Pbz, the rate of NA release rises to values much
higher than were ever observed in controls.

The effects ofnerve stimulation on tissue amine stores

The results in the preceding paragraph show that
drugs may greatly increase transmitter release but the
percentage of dopamine remains constant and close
to the 1.3% value for control. This value is higher
than the reported fraction of 0.5% in the tissue stores
(Bell & Gillespie, 1981). Repeated periods of stimu-
lation with 2,700 pulses at 10 Hz results in a steady
decline in NA overflow and even within a single
period of stimulation the average rate of release is
only half that with short trains suggesting a decline in
transmitter release within the train. These results are

consistent with depletion of the stores available to the
nerve impulse. If this is so, then the higher percentage
of dopamine in the overflow might cause a greater
depletion of dopamine. We have compared the levels
of NA and dopamine in unstimulated vasa with those
stimulated for three periods with 2,700 pulses at
10 Hz. In the unstimulated vas the NA content aver-

ages 18.9+ 1.4gg-g1 (n=6) and dopamine
0.15+0.03Agg-1 (n=6) giving a dopamine:NA
ratio of 0.82 + 0.1% (n = 6). After repeated stimula-
tion there was a significant depletion of both amines,
NA to 13.5 ± 1.1 ggg- (n= 6) and dopamine to
0.07± 0.01 uigg'1 (n = 6) giving a dopamine: NA

ratio of 0.5 + 0.09% The difference between these
two ratios is statistically significant at the 0.05 level.

Discussion

The abolition by TTX of both NA and dopamine
release indicates both are dependent on nerve action
potentials and almost certainly both are derived from
nerves. In the vas deferens little or no dopamine
appears to be extraneuronal. The question remains
whether this dopamine exists as a precursor in norad-
renergic nerves or in a small proportion of
dopaminergic nerves. This point was most extensive-
ly investigated in the guinea-pig where two sets of
results bear on this question. First, increasing the
release of noradrenaline by up to 7 times by TEA or

Pbz, drugs known to act on adrenergic nerves but
through quite different mechanisms produced a simi-
lar increase in dopamine release so that the
dopamine: NA remained constant. This suggests,
though it does not prove, that the dopamine comes

from the same adrenergic neurones as the NA. An
alternative but, we believe, less likely explanation, is
that there are dopaminergic nerves and these are

influenced by TEA and Pbz in exactly the same way
and to exactly the same extent as adrenergic nerves.

For Pbz this seems unlikely. The increase in NA
overflow by this drug is usually attributed to block of
presynaptic a-receptors responsible for the negative
feedback regulation and, less importantly, to block-
ing neuronal and extraneuronal uptake of norad-
renaline. In a dopaminergic nerve there would be no

noradrenaline release to activate the cx-feedback sys-

tem and the neuronal uptake of dopamine also differs

DA/NA%
1.3+0.1
1.8+0.3
1.4+0.16
1.3+0.15
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from that of NA. In these circumstances, it is unlikely
Pbz could as successfully increase release from
dopaminergic as from noradrenergic nerves. It has
been suggested that the increase in overflow by Pbz
may be due to some action of the drug other than
block of presynaptic a-receptor (Bell, 1980; Holman
& Suprenant, 1980). If this is so, then this mechanism
also would have to be quantitatively equally impor-
tant in noradrenergic and dopaminergic nerves.
The other observations bearing on the type of

nerve releasing dopamine is the difference in the
proportion of dopamine in the overflow from trans-
mural stimulation and that in the tissue amine stores.
While the proportion of dopamine in the overflow
reflects the difference in the proportion of this amine
in the stores in the two species, it is a distorted
reflection so that for both species the dopamine levels
were higher than expected. For example, the average
dopamine percentage in the rat vas is 2% (Bell &
Gillespie, 1981), whereas the overflow contained
over 6%. Similarly the guinea-pig, whose tissue
stores contain much less dopamine (in the present
experiments about 0.8 %), consistently produced val-
ues of about 1.3% in the nerve stimulated overflow.
It is possible, but unlikely, that the overflow values
are not a true reflection of the proportion of
dopamine in the transmitter released from the nerves
due to selective neuronal or extraneuronal uptake of
NA as it diffused through the tissues to reach the bath
fluid. However, since drugs that block NA uptake
and metabolism made no difference to the ratio of
dopamine to NA overflowing and since Pbz itself
blocks both neuronal uptake, this possibility seems

unlikely. On the assumption that the proportions of
the two amines in the overflow do reflect their re-
lease, then the higher proportion of dopamine might
suggest this amine does, indeed, come from nerves
other than the adrenergic nerves. An alternative is
that the dopamine and total NA in the tissue stores
are not equally available to the nerve impulse. There
is evidence that part of the vesicular NA is present in
a rapidly equilibrating store available to the nerve
impulse and part in a slowly equilibrating store (pos-
sibly the vesicle dense core) which is less available.
Dopamine is present in the rapidly equilibrating store
(Klein & Lagercrantz, 1982). If transmitter is liber-
ated from such a labile pool, then the dopamine
concentration might reflect its proportion in that pool
assuming both amines are equally readily released.
Expressed as a fraction of total tissue NA there would
appear to be a preferential release of dopamine. For
the same reason it would be the labile pool which
would be depleted by repeated trains of stimulation
and again the degree of depletion within that pool
would be equal for the two amines but as a fraction of
the total there would be preferential depletion of
dopamine, which was our finding. Taken together
with the results with TEA and Pbz we believe the
likeliest explanation is that almost all of the
dopamine within the vas deferens and all released by
transmural nerve stimulation comes from the ad-
renergic nerve.

Our thanks are due to the M.R.C. for a Research Student-
ship (I.M.M.) and to the Medical Research Funds of Glas-
gow University for help with apparatus.
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