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1 The effects of 4-(m-chlorophenylcarbamoyloxy)-2-butynyltrimethylammonium chloride
(McN-A-343) and N-benzyl-3-pyrrolidyl acetate methobromide (AHR 602) on cardiac
performance and noradrenaline release from terminal sympathetic fibres were measured in
isolated perfused hearts of rabbits.
2 In the presence of sufficient atropine to block muscarinic receptors, high concentrations of
McN-A-343 and AHR 602 caused no cardiac stimulation and there was no increase in the
resting output of noradrenaline into the perfusates.
3 McN-A-343 and AHR 602 increased both the mechanical responses and the transmitter
overflow evoked by electrical stimulation of the sympathetic nerves (SNS) but inhibited both
parameters during perfusion with 1,l-dimethyl-4-phenylpiperazinium (DMPP). The effects were
atropine-resistant and qualitatively similar to those seen with cocaine. Hexamethonium
inhibited DMPP, but affected neither SNS per se nor the facilitatory effects of McN-A-343 and
AHR 602 on SNS.
4 McN-A-343, cocaine and desipramine (but not AHR 602 or hexamethonium) blocked the
net cardiac noradrenaline uptake and increased the positive chronotropic effect of noradrena-
line.
5 Prior perfusion with concentrations of cocaine and desipramine sufficient to block uptake
reduced or abolished the facilitatory effects of both McN-A-343 and AHR 602 on SNS.
6 Cocaine, McN-A-343 and AHR 602 displayed local anaesthetic properties on the guinea-pig
wheal and frog nerve plexus tests, and their relative potencies in this respect were similar to
those for inhibition of DMPP-evoked transmitter overflow. Hexamethonium did not produce
local anaesthesia.
7 The results indicate that the facilitated release of noradrenaline after SNS and the inhibition
of release after DMPP produced by McN-A-343 and AHR 602 are the result of their combined
local anaesthetic action and inhibition of amine uptake.

Introduction

4- (m - Chlorophenylcarbamoyloxy) -2- butynyltri Jones, Gomez Alonso de la Sierra & Trendelen-
methylammonium chloride (McN-A-343) and burg, 1963; Murayama & Unna, 1963; Smith,
N-benzyl-3-pyrrolidyl acetate methobromide a 1966; Jaramillo & Volle, 1967a and b; Aiken &
(AHR 602) are powerful stimulants of the mus- Reit, 1969; Green, 1969; Hancock & Volle, 1970;
carinic receptors present in mammalian sympa- Watson, 1970). They are selective in that they
thetic ganglia which mediate depolarization and activate classical peripheral muscarinic receptor
ganglionic stimulation when activated (Rosz- sites only at relatively high concentrations
kowski, 1961; Franko, Ward & Alphin, 1963; (Roszkowski, 1961; Franko et aL, 1963; Levy &
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Ahlquist, 1962; Smith, 1966; Hobbiger, Mitchel-
son & Rand, 1969; Pappano & Rembish, 1971;
Fozard & Muscholl, 1972a).

In recent experiments to determine whether the
selectivity for the ganglionic sites extended to the
muscarinic inhibitory receptors of the terminal
sympathetic fibres of the rabbit heart (Fozard &
Muscholl, 1972a), McN-A-343 and AHR 602 were
found to increase the transmitter release evoked
by electrical nerve stimulation and to decrease the
release evoked by perfusion of 1, 1-dimethyl-4-
phenylpiperazinium. These effects were often seen
at concentrations below those necessary to elicit
myocardial muscarinic responses, and were un-
affected by atropine at a concentration which
fully abolished the inhibitory responses to acetyl-
choline.

The object of the present paper is to describe in
detail the effects of McN-A-343 and AHR 602 on
transmitter release from cardiac sympathetic
nerves, and to present the results from experi-
ments to clarify the mechanisms of their actions.
A preliminary account of some of these find-

ings has already appeared (Fozard & Muscholl,
1972b).

Methods

Perfusion of the heart

Rabbits of either sex weighing 1.6 to 2.4 kg were
stunned by a blow to the head, and then bled.
Hearts were rapidly removed, some with the right
sympathetic nerves attached (Hukovic & Muscholl,
1962), and perfused according to the Langendorff
technique as previously described (Fozard &
Muscholl, 1972a). Right ventricular tension and
rate, and right atrial tension, were recorded as
described by Beckett (1970) and Fozard &
Muscholl (1971).

Experimental procedures

Noradrenaline release from the heart was evoked
either by electrical nerve stimulation of the right
sympathetic nerves leaving the stellate ganglion
(600 rectangular pulses, 1 ms, 10 Hz, supra-
maximal voltage: SNS), or by a 3 min infusion of
1,1-dimethyl-4-phenylpiperazinium (DMPP, 9.6 x
10-5 M). The experimental design adopted to
measure the effects of modifying drugs on trans-
mitter release is illustrated in Figure 2. In control
experiments, three periods of SNS (SNS 1 to 3)
separated by intervals of 10 min were followed
after 30 min by two periods of DMPP (DMPP 1
and 2) separated by 15 min (Figure 2a). The
procedure' in the test experiments was similar
except that modifying drugs were perfused 1 min
before and during SNS 2 and DMPP 2 (Figure 2b).

In some experiments the effects of combinations
of drugs were measured. For SNS, one drug was
perfused from 8 min before SNS 1 until the end of
SNS 3, with a second drug being added 1 min
before and during SNS 2. For DMPP, one drug was
perfused from 8 min before, and a second drug
from 1 min before, DMPP 2, until the end of the
experiment. The increases in myocardial tension
and rate, and noradrenaline overflow, arising from
the second periods of either SNS or DMPP, were
expressed as proportions of the equivalent first
period responses, and compared with the corre-
sponding changes occurring in the control experi-
ments. Three minute samples of the perfusates
were collected for assay of noradrenaline, starting
with the onset of SNS or perfusion with DMPP.

In separate experiments the effects of drugs on
the removal of noradrenaline from the perfusion
medium were studied. The hearts were perfused
with 5.9 x 10-8 M (-)-noradrenaline, and four
consecutive 4 min samples of the venous effluent
were collected starting 4 min after the onset of
noradrenaline perfusion. Arterial samples were
taken from the inflow cannula just before and
immediately after the perfusion period and the
chemical recoveries of noradrenaline measured.
The amounts of noradrenaline estimated in the
four perfusates of the same experiment were
adjusted using the mean of the two recovery
figures. Since approximately equal amounts of
noradrenaline were found in the four samples,
they were averaged to calculate the percentage of
noradrenaline removed during passage through the
heart. Modifying drugs were perfused 1 min before
and during the noradrenaline perfusion. In these
experiments heart rate was counted by inspection
immediately before and repeatedly during perfu-
sion with noradrenaline.

Local anaesthesia was measured by the frog
nerve plexus and guinea-pig wheal methods des-
cribed by Biulbring & Wajda (1945).

Estimation of noradrenaline

All perfusion samples were immediately acidified
with 1 N H2 SO4 to pH 3. Noradrenaline was
measured fluorimetrically by a modification of the
trihydroxyindole method after absorption on and
elution from alumina (Lindmar & Muscholl,
1964). The recovery of 0.2 and 0.5,ug of nor-
adrenaline added to 50 ml Tyrode solution was
repeatedly tested. It ranged from 60% to 84% with
a mean value of 72.2% obtained in 39 experi-
ments. The amounts of endogenous noradrenaline
in the perfusates were not corrected for this
recovery. None of the drugs either individually or
in combination interfered with the estimation of
noradrenaline.
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Statistical analysis

All measures of variations of means quoted are
standard errors. Student's t test was used to assess
the significance of a difference between mean
values. The number of observations is indicated by
n.

Drugs used

These were acetylcholine chloride (Deutsche
Hoffmann-La Roche A.G. Grenzach); atropine
sulphate (Boehringer Sohn, Ingelheim); (-)-
cocaine hydrochloride (E. Merck, Darmstadt);
1,1-dimethyl-4-phenylpiperazinium iodide (Fluka,
Buchs, Switzerland); hexamethonium iodide
(Cassella, Frankfurt); 4-(m-chlorophenylcarba-
moyloxy)-2-butynyltrimethylammonium chloride
(McNeil-A-343, McNeil Labs. Inc., Pittsburg, Pa.,
U.S.A.); N-benzyl-3-pyrrolidyl acetate metho-
bromide (AHR 602, A.H. Robins, Co., Richmond,
Va., U.S.A.).

Concentrations are expressed as molarities.

Results

Effects of McN-A-343 and AHR 602 alone and in
the presence of atropine on the perfused rabbit
heart

Infusions of McN-A-343 (1.25 x 10-6 to 1.5 x
10-4 M) and AHR 602 (8.0 x 10-7 to 5.0 x
10-4 M) produce concentration-dependent inhibi-
tion of atrial tension and ventricular rate with
little effect on ventricular tension (Fozard &
Muscholl, 1972a; Figure 1). In the presence of
atropine (1.4 x 10-6 M) a further perfusion with
the highest concentration of either McN-A-343 or
AHR 602 failed to evoke a response (Figure 1).

The resting release of noradrenaline from the
untreated rabbit heart averaged 1.9 ± 1.2 ng/min
(n = 6). This level was not significantly changed
during perfusion with McN-A-343 (2.0 x 10-5 M)
or AHR 602 (2.0 x 10-4 M) either alone (in both
cases, n = 2) or in the presence of atropine (1.4 x
10-6 M) (n = 3 and n = 2 respectively).

Effects of McN-A -343 and AHR 602 on the
mechanical responses and noradrenaline output
evoked by stimulation of the cardiac sympathetic
nerves

The results are summarized in Fig. 2 and Table 1.
In control experiments the increase in right ven-
tricular tension and rate, and atrial tension, in
response to repeated periods of SNS and DMPP
stimulation were reproducible (Fig. 2a), although
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Fig. 1 Effects of McN-A-343 and AHR 602 on the
rabbit isolated heart. VT, ventricular tension in g; AT,
atrial tension in g; VR, ventricular rate in beats per
minute. Time, 1 minute. After a 1 min control period,
hearts were perfused for a further 1 min with (a)
McN-A-343 (4.9 x 10-4 M) or (b) AHR 602 (5.0 x
10-4 M). Left panels before, and right panels 10 min
after, perfusion with atropine (1.4 x 10-6 M).

in each case the noradrenaline output declined
with re peated stimulation (Table 1). Atropine (1.4
x 10- M) or hexamethonium (2.7 x 10-6 M)
perfused from 8 min before SNS 1 until the end of
SNS 3 affected neither the output of noradrena-
line arising from SNS 1, nor the decline in output
from the first to each subsequent stimulation
period (Table 1). Atropine (1.4 x 10-6 M), per-
fused in the present experiments from 8 min
before until the end of DMPP 2, has previously
been shown not to affect the output of noradrena-
line evoked by perfusion with DMPP (Lindmar,
Loffelholz & Muscholl, 1968).

McN-A-343 (2.0 x 10-5 M) or AHR 602 (2.0 x
10-4 M) added to the perfusion fluid 1 min before
and for the duration of SNS 2 caused a small
inhibition of atrial tension and ventricular rate.
However, the mechanical responses evoked by SNS
were usually slightly greater (Fig. 2b), and the
outputs of noradrenaline were consistently
increased (Table 1) compared to the equivalent
observations during control experiments. In the
presence of atropine (1.4 x 1 0-6 M) or hexametho-
nium (2.7 x 1 0-6 M ), McN-A-343 and AHR 602
could still facilitate both the output of noradrena-
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Fig. 2 Effects of McN-A-343 on the mechanical responses evoked by stimulation of the sympathetic nerves of
the rabbit isolated heart. SNS = electrical stimulation of the fibres leaving the stellate ganglion (600 pulses,
1 ms, 10 Hz, supramaximal voltage). DMPP, 3 min perfusion with 1,1-dimethyl-4-phenylpiperazinium
(9.6 x 10-5 M). The scale along the base shows the time course of the experiments in minutes. (a) Control
experiments; (b) test experiments in which McN-A-343 (2.0 x 10-' M) was perfused 1 min before and during the
second periods of SNS and DMPP. Noradrenaline outputs into the perfusates during each period of SNS and
DMPP were assayed and compared as described in the text. Other details as Figure 1.

line (Table 1) and the mechanical responses
evoked by SNS.

In contrast to their effects on SNS, both
McN-A-343 (2.0 x 10-5 M) and AHR 602 (2.0 x
10-4 M) inhibited the mechanical response of the
heart (Fig. 2b), and the output of noradrenaline
(Table 1) evoked by perfusion with DMPP. Perfu-
sion with atropine (1.4 x 1o-6 M) did not prevent
these effects.

Comparison of the effects ofMcN-A -343 and AHR
602 with those of cocaine, acetylcholine and
hexamethonium

All drugs were perfused from 1 min before, and
during SNS 2 or DMPP 2. The results are presented
in Figure 3. With concentrations of McN-A-343
from 0.39 to 2.0 x 10-5 M, both the increases in
noradrenaline output after SNS and the decreases
after DMPP, were concentration-dependent. AHR
602 (0.2 to 2.0 x 10-4 M) also inhibited the release

of noradrenaline by DMPP. At the higher doses
(1.0 to 2.0 x 10-4 M) the release of noradrenaline
after SNS was facilitated, although the maximum
output observed was less than that attained with
McN-A-343. These observations were similar to
those obtained with cocaine, but differed from
those observed with classical muscarinic receptor
agonist drugs (Fozard & Muscholl, 1972a),
exemplified here by acetylcholine. Thus, cocaine
at a concentration of 1.8 x 10-5 M, increased both
the cardiac stimulant effects and the output of
noradrenaline as a result of SNS, yet inhibited
both during perfusion with DMPP. Acetylcholine
(0.28 to 6.9 x 10-6 M), in contrast, caused a
concentration-dependent inhibition of transmitter
output evoked either by SNS or DMPP. Hexa-
methonium (2.7 x 10-6 M) caused inhibition of
the noradrenaline output after perfusion with
DMPP, yet had no significant effect on either the
noradrenaline output or the mechanical response
to SNS.
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Fig. 3 Comparison of the concentration-dependent effects of McN-A-343, AHR 602, acetylcholine, cocaine
and hexamethonium on noradrenaline output evoked by stimulation of the sympathetic nerves of the isolated
rabbit heart. S2/S1, ratio of outputs between second and first stimulation periods for SNS (i) and DMPP (e).
The points represent the means of from two (unnumbered) to six experimental determinations. The vertical bars
represent the standard errors of the mean values. The horizontal lines represent the mean S2/SI ratios of
noradrenaline output (with standard errors) in 15 SNS (upper two lines) and 19 DMPP (lower two lines) control
experiments in which no modifying drugs were present.

Effects of McN-A-343, AHR 602, cocaine, desi-
pramine and hexamethonium on the removal of
noradrenaline from the perfusion medium of
rabbit isolated perfused hearts

The results are given in Table 2. In control
experiments, 51.3 ± 3.0% of the noradrenaline was
removed during perfusion with a 5.9 x 10-8 M

solution. There was a slight positive chronotropic
effect of 12.4 ± 5.5 beats per minute. After
cocaine (1.8 x 10-5 M), desipramine (5.2 x
10-6 M) and McN-A-343 (2.0 x 10-5 M) the
removal was significantly reduced to 8.8, 6.5 and
28.2% respectively. The positive chronotropic
effects from the infusion were increased in each
case, and the increases were proportional to the

Table 2 The effects of drugs on the removal of noradrenaline (59 nM) from the perfusion medium by rabbit isolated
hearts

Concentration Number
(Mi of hearts*

Mean increase in
% Noradrenaline Mean pre-infusion heart rate due to

eliminated heart rate (beats/mini noradrenaline (beats/mini

8 51.3 ± 3.0
1.8x 10-5

5.2 x 10-6

2.0 x 10-5
2.0 x 10-4

Hexamethonium 2.7 x 106

3

4

8.8 + 3.3tt

6.5 ± 5.2tt

3 28.2 ± 1.8tt

4 50.9± 2.6

3 51.3 ± 2.0

* Four separate noradrenaline determinations were made for each heart and the results averaged.
t and tt indicates a significant difference from the equivalent drug-free mean value (P < 0.05 and P < 0.001 respectively).

1.6r

1.4 -

121-

1.01-

SYl QL8 -.
0S 6

0.6 I.

04 .

02 _

O L

Drug

Drug free

Cocaine

Desipramine
McN-A-343
AHR 602

122.5 ± 5.2

116.0+ 2.3

137.5 ± 18.5

128.0 ± 16.2

130.0 ± 8.7

106.7 ± 2.7t

12.4± 5.5

73.0 ± 21.4t

61.9 ± 5.6tt

19.7 ± 4.9

3.0 ± 4.0
12.2 ± 6.7

a_______________
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degree of uptake inhibition. After AHR 602 (2.0 x
10-4 M) and hexamethonium (2.7 x 10-6 M),
neither the elimination of noradrenaline nor the
chronotropic effects were significantly different
from the drug-free control values (Table 2).

Effects of McN-A-343, AHR 602, cocaine and
desipramine on noradrenaline output evoked by
electrical stimulation of the sympathetic nerves

Cocaine (1.8 x 10-5 M) and McN-A-343 (2.0 x
l0-5 M) or AHR 602 (2.0 x 10-4 M) were perfused
together from 1 min before and during SNS 2, and
the output of noradrenaline obtained was com-
pared with that obtained during perfusion with
each drug separately. The results are presented in
Figure 4. The output in the presence of both
cocaine and McN-A-343 although increased, was
not significantly different from that seen after
either drug used alone, and less than the output
which would have arisen had summation of the
two effects occurred. When cocaine and AHR 602
were combined, the resultant output almost
exactly equalled the sum of the increases arising
from each drug used alone.

In separate experiments, cocaine (1.8 x 10-5 M)
or desipramine (5.2 x 10-6 M) was perfused from
8 min before SNS 1 until the end of SNS 3.
McN-A-343 (2.0 x 10-5 M) or AHR 602 (2.0 x
10-4 M) was perfused concurrently from 1 min
before and during SNS 2. The results are presented
in Table 3. After pretreatment with cocaine or
desipramine, the overflow of noradrenaline after
SNS I was greater than that obtained in untreated

S/so1 AHR 602

Drug-
freei :o

QL5-

Fig. 4 Effects of McN-A-343 and AHR 602 both
alone and in combination with cocaine on noradrena-
line output evoked by electrical stimulation of the
sympathetic nerves of the rabbit isolated heart. S2 /SI,
ratio of outputs between second and first SNS
stimulation periods. Cocaine (1.8 x 105 M), McN-
A-343 (2.0 x 105 M) and AHR 602 (2.0 x 10-4 M)
were perfused either alone, or in combination, from
1 min before and during SNS 2. The number of
individual experimental observations comprising each
mean value is shown within the histograms. The
vertical lines indicate the standard errors of the mean
values. Details of significance can be inferred from the
text.

hearts. Thus, the mean output of noradrenaline
from SNS 1 obtained by combining values from
the control groups given in Table 3 was

Table 3 Effects of McN-A-343 and AHR 602 both alone and in combination with cocaine or desipramine on
noradrenaline output evoked by electrical stimulation of the sympathetic nerves of the rabbit isolated heart

Drug

None

Concentration
(M)

SI (ng) S2/S1 S3/SI

176 ± 31 0.62 ± 0.03 15 0.33 ± 0.04 14

McN-A-343** 2.0 x 10-5 147 ± 39 1.30 ± 0.10tt 10 0.47 ± 0.08

2.0 x 10-4 191 ± 33 0.88 ± 0.11 t

1.8 x 10-5

1.8 x 10-5
2.0 x 10-'
1.8 x 10-5
2.0 x 10-4

290 ± 87 0.66 ± 0.04

7 0.29 ± 0.06

4 0.41 ± 0.10

8

7

3

478 ± 171 0.96 ± 0.03tt 4 0.56 ± 0.04 4

378 ± 142 0.66 ± 0.05 4 0.36 ± 0.08 4

Desipramine* 5.2 x 10-6 450 ± 74 0.67 ± 0.04

Desipramine* 5.2 x 10-6
McN-A-343** 2.0 x 10-5

4 0.48 ± 0.05 4

202 ± 52 0.62 ± 0.08 4 0.44 ± 0.10 4

Drugs marked * were perfused from 8 min before SNS 1 until the end of SNS 3. Those marked ** were perfused
from 1 min before SNS 2 until the end of the collection period. t and tt indicate a significant difference from
the relevant control mean value (P < 0.05 and P < 0.001 respectively). Details of the significances of the effects
of cocaine and desipramine on the overflow of noradrenaline after SNS 1 are given in the text.

AHR 602**
Cocaine*

Cocaine*
McN-A-343* *

Cocaine*
AHR 602**

537
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no longer increased the output of noradrenaline as
a result of SNS (Table 3).

o I

-v.---

Effects of McN-A-343, AHR 602, cocaine and
hexamethonium on the guinea-pig wheal and frog
nerve plexus tests for local anaesthesia

The results are presented in Figure 5. Cocaine,
McN-A-343 and AHR 602 displayed significant
local anaesthetic activity on each of the tests, and
the concentration-effect curves were paraflel.
McN-A-343 was 2.2 and 5.2 times, and AHR 602
48.4 and 69.0 times less potent than cocaine on
guinea-pig wheal and frog nerve plexus respec-
tively. Hexamethonium, in concentrations up to
15 times the ED50 concentration of cocaine,
displayed no activity on either test.

Discussion
a a A

3 2 1 C

Negative log10molar concentration

Fig. 5 Effects of cocaine (a and b); McN-A-343 (c);
hexamethonium (d); and AHR 602 (e) on the frog
nerve plexus and guinea-pig wheal tests for local
anaesthesia. Regression lines relating reduction in time
for non-withdrawal of the feet (frog test, upper graph)
and increase in pricks producing no reaction
(guinea-pig test, lower graph) to concentration were
calculated by the method of least squares. The
horizontal lines represent for each test, the mean
values obtained (with standard errors) when the
vehicle solution (0.7% sodium chloride) was used
alone. Each point represents the mean of from three
to six (frog test) or six to 12 (guinea-pig test)
individual determinations. The vertical lines indicate
the standard errors of the mean values. In the frog
test, the cocaine (a) curve was obtained with Rana
temporaria and relates only to the results with
McN-A-343. Cocaine (b) was obtained five months
later, with Rana pipiens and relates to AHR 602.

170 ± 19 ng (n = 32). After cocaine or desi-
pramine, the equivalent values were significantly
higher than this at 382 ±76ng(n= 12,P<0.01)
and 330 ± 63 ng (n = 8, P < 0.05) respectively.
The decline in output from SNS 1 to SNS 3 was in
each case, however, similar to that observed in
control experiments.

In the presence of cocaine, AHR 602 failed to
increase the output of noradrenaline evoked by
SNS 2. In contrast, McN-A-343 retained significant
facilitatory activity (P < 0.001) but its effects
were reduced to about half those seen in untreated
hearts. In the presence of desipramine, McN-A-343

Although classed as muscarinic agonists, both
McN-A-343 and AHR 602 show selectivity for the
depolarizing receptors of sympathetic ganglia and
have little action at classical peripheral muscarinic
receptor sites (see Introduction). The present
results with atropine (Fig. 1 and Table 1) clearly
indicate that with the exception of inhibition of
cardiac performance, the effects of McN-A-343
and AHR 602 described in this study do not
involve activation of muscarinic receptor sites. It is
also unlikely that nicotinic receptor sites are
playing any significant role in the facilitation of
noradrenaline output from SNS observed after
McN-A-343 and AHR 602, since perfusion with
hexamethonium, which strongly inhibited nor-

adrenaline overflow due to DMPP (Fig. 3), not
only failed to modify noradrenaline output after
SNS per se, but also left unaltered the facilitatory
effects of McN-A-343 and AHR 602 (Table 1).

There are a number of theoretical means by
which compounds added to the fluid perfusing the
rabbit heart might increase the overflow of nor-
adrenaline arising from stimulation of the sym-
pathetic nerves. The possibility that facilitation
could arise from an increased resting release can be
dismissed since neither McN-A-343 nor AHR 602
caused any increase in the resting release of
noradrenaline into the perfusates at concentrations
producing facilitation of SNS. Furthermore, when
the perfusion concentration of each compound
was increased 25-fold and the myocardial inhibi-
tory effects eliminated by atropine, no indication
was seen of the sympathomimetic activity which
would have been expected had significant release
of noradrenaline occurred (Figure 1).

If the compounds possessed a-adrenoceptor
antagonist activity, then they might increase the

-E

.e

I

en

CO

co

0z

32
28

24
20
16
12

8
4

4

8

12

16

20
24

28
32
36

al

I -1



McN-A-343 AND AHR 602 ON SYMPATHETIC TRANSMITTER RELEASE 539

overflow of noradrenaline by interrupting the
feedback inhibitory effects of the stimulation-
evoked release of noradrenaline (Starke, Montel &
Schulmann, 1971a; Wennmalm, 1971; Starke,
1972). However, there is no evidence in the
literature for McN-A-343 or AHR 602 having
a-adrenoceptor antagonist activity (Roszkowski,
1961; Franko et al., 1963; Rand & Varma, 1971).
Further, whereas the facilitatory effects of ot-
adrenoceptor antagonist drugs are additive with
those produced by cocaine or desipramine (Starke
et al., 1971a; Starke, Montel & Wagner, 1971b;
Wennmalm, 1971; Starke, 1972), those of McN-A-
343 and AHR 602 were greatly reduced or
abolished (Fig. 4, Table 3) under similar experi-
mental circumstances. It therefore seems unlikely
that blockade of ci-adrenoceptor can explain the
facilitated response to SNS after McN-A-343 and
AHR 602.

The most likely explanation for the increased
noradrenaline overflow is that these compounds
inhibit transmitter re-uptake into the terminal
sympathetic neurones. Certainly, typical blockers
of noradrenaline uptake, such as cocaine and
desipramine, not only inhibit net neuronal uptake
of exogenous noradrenaline (Lindmar & Muscholl,
1964; Schilmann, Starke, Werner & Hellerforth,
1970b; Schilmann, Starke & Werner, 1970a) but
also, in similar concentrations, enhance the over-
flow of noradrenaline (Hukovic & Muscholl, 1962;
Loffelholz & Muscholl, 1970; Schilmann et al.,
1970a; Wennmalm, 1971) arising from stimulation
of the sympathetic nerves to the rabbit heart. The
results from Fig. 3 and Tables 2 and 3 of the
present study confirm these observations. In addi-
tion, they show that McN-A-343 displays a similar
spectrum of activity in reducing the net neuronal
uptake of noradrenaline (Table 2) at a concentra-
tion which enhances both the mechanical effects
(Fig. 2) and the output of noradrenaline (Fig. 3
and Table 1) during SNS. AHR 602 on the other
hand, although capable, of enhancing the overflow
of noradrenaline resulting from SNS (Table 1),
could not be shown to inhibit the removal of
noradrenaline from the perfusion fluid (Table 2).
A similar effect of McN-A-343 on noradrenaline
tissue uptake was reported recently by Allen,
Rand & Story (1972), who demonstrated inhibi-
tion of the accumulation of tritium from a
solution of (±)_[3 HI -noradrenaline into guinea-pig
atria. The effects of AHR 602 on noradrenaline
uptake appear not to have been investigated
previously.

Any drug which has as the basis of its SNS
facilitatory actions interference with transmitter
re-uptake, should be less effective in the presence
of partial uptake inhibition by another drug, and
devoid of activity if uptake is completely

35

abolished. Figure 4 shows that when McN-A-343
and AHR 602 were administered together with
cocaine (at a concentration giving 83% inhibition
of noradrenaline uptake, Table 2), the net facilita-
tion caused by McN-A-343 was markedly reduced,
although the much weaker effects of AHR 602
were probably additive with those of cocaine.
Using a different experimental approach (cocaine
or desipramine [87% uptake inhibition] present
throughout the experiment, McN-A-343 or AHR
602 added 1 min before and during SNS 2), the
facilitatory effects of AHR 602 were abolished,
whilst those of McN-A-343 were reduced by half
in the presence of cocaine and fully inhibited after
desipramine (Table 3). These results would
support the suggestion that both McN-A-343 and
AHR 602 produce facilitation of SNS by
inhibiting transmitter re-uptake.

Although the mechanism whereby DMPP
releases noradrenaline from its storage sites within
the sympathetic nerves is not established, it is
assumed that combination with specific receptor
sites-nicotinic-induces membrane depolarization
to which transmitter release is coupled. There are a
number of mechanisms by which McN-A-343 and
AHR 602 might produce inhibition of the
DMPP-evoked release of noradrenaline from the
sympathetic nerves.

They might, like hexamethonium, prevent
depolarization 'by blocking the nicotinic receptor
sites. However, in experiments on the frog rectus
abdominis preparation, no effects attributable to
nicotinic receptor blockade could be demonstrated
with either McN-A-343 (Roszkowski, 1961) or
AHR 602 (Franko et al., 1963). Further, although
both compounds were shown to block nervous
transmission through isolated cat superior cervical
ganglia, the nicotinic receptor was specifically
excluded as the site of the blockade (Jaramillo &
Volle, 1967a and b). Finally, cocaine, which is not
an antagonist at nicotinic receptors (Jones et al.,
1963; Palmer, 1972), is an effective inhibitor of
the stimulant effects of DMPP, which implies the
existence of an alternative mechanism of action.

This is most likely to be a local anaesthetic
action, which would oppose the depolarizing
effects of nicotinic receptor stimulation by non-
specific stabilization of the neuronal cell mem-
brane. Experimental evidence supporting such a
mechanism has been provided by Lindmar &
Muscholl (1961) and Westfall & Brasted (1972),
who demonstrated inhibitory effects of local
anaesthetic agents on the nicotine-evoked release
of noradrenaline from cardiac sympathetic nerves.
In the present study, cocaine, McN-A-343 and
AHR 602 have all been shown to have local
anaesthetic properties (Fig. 5), and significantly,
there was good agreement with respect to their
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relative potencies in producing local anaesthesia
and in inhibiting DMPP-evoked transmitter release.

In addition to being a local anaesthetic, cocaine
is a potent inhibitor of neuronal noradrenaline
uptake. This is a potentially important site of
blockade, in view of the recent suggestion that
nicotinic drugs require to be transported intra-
neuronally by the noradrenaline uptake mecha-
nism, as a prerequisite to effecting transmitter
release (Su & Bevan, 1970; Bevan & Su, 1972;
Allen et al., 1972). If such a mechanism were
operating for DMPP in the rabbit heart, then it
could be argued that cocaine, McN-A-343 and
AHR 602 were inhibiting its effect by blocking its
intraneuronal access. However, in concentrations
giving similar and marked inhibition of DMPP-
evoked transmitter release (Fig. 3), blockade of
exogenous noradrenaline uptake varied from 83%

(cocaine), through 45% (McN-A-343), to no detec-
table activity (AHR 602) (Table 2). This suggests
that in the rabbit heart (as in guinea-pig heart,
Westfall & Brasted, 1972) the sympathomimetic
effects of DMPP are not dependent on an intact
noradrenaline uptake pathway. Consequently, it
seeems likely that non-specific membrane stabiliza-
tion is the mechanism whereby cocaine, McN-
A-343 and AHR 602 exert their inhibitory effects,
and that uptake inhibition represents merely an
incidental non-causal event.
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