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EFFECT OF MUSCARINE ON RELEASE OF CATECHOLAMINES
FROM THE PERFUSED ADRENAL GLAND OF THE CAT

S.M. KIRPEKAR, J.C. PRAT & M.T. SCHIAVONE

Department of Pharmacology, Downstate Medical Center, State University of New York, 450 Clarkson Avenue, Brooklyn,

New York 11203, U.S.A.

1 The secretory effect of muscarine was studied in the perfused adrenal gland of the cat. During
perfusion of the adrenal gland with Krebs-bicarbonate solution containing muscarine 480 uM, the
rate of catecholamine (CA) secretion was 2.02 +0.43 ug/2 min in the first 2 min; thereafter, CA
output declined only moderately, to reach about 70% of the initial value after 10 min. Secretory
responses to brief infusions of muscarine remained reproducible for at least the first 3 infusions.

2 When the adrenal gland was perfused with muscarine (480 uM), infusions of high K*, nicotine, or
veratridine produced their usual responses. A 100 fold lower dose of muscarine also failed to modify
these responses.

3 During perfusion with high K*, muscarine evoked a secretory response that was only slightly
smaller than the response to muscarine alone.

4 It is concluded that muscarine and nicotine activate CA secretion in the cat adrenal gland by
independent mechanisms and that the muscarinic response, unlike the nicotinic response, is not

readily desensitized.

Introduction

Although the predominant action of acetylcholine as
a secretagogue in the adrenal medulla is nicotinic
(Dale, 1914), the chromaffin cells additionally con-
tain cholinoceptors of the muscarinic type. Feldberg,
Minz & Tsudzimura (1934) showed that muscarine
evoked medullary secretion by activating a receptor
which is not desensitized by nicotine. More recently,
it has been shown that nicotine releases nearly equal
amounts of adrenaline and noradrenaline, whereas
muscarine and pilocarpine preferentially release ad-
renaline from the rat adrenal medulla (Douglas &
Poisner, 1965). The secretory response to muscarine
is Ca®*-dependent (Poisner & Douglas, 1966). How-
ever, in the bovine adrenal medulla muscarine does
not promote catecholamine (CA) secretion, and di-
minishes secretory responses evoked by nicotine,
possibly by promoting the formation of cyclic
guanosine 3’,5'-monophosphate (cyclic GMP,
Derome, Tseng, Mercier, Lemaire & Lemaire,
1981).

Nicotinic and muscarinic receptors are both func-
tionally identifiable at the sympathetic nerve termi-
nal, but activation of the muscarinic receptor inhibits
adrenergic transmission. Thus, Muscholl and his col-
leagues have shown that activation of muscarinic
receptors reduces the release of noradrenaline from
sympathetic nerves by either electrical stimulation or
high potassium (Loffelholz & Muscholl, 1969,
Dubey, Muscholl & Pfeiffer, 1975).
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In the present study, the effect of muscarine on
secretion from the cat adrenal medulla was re-
examined in the light of its known inhibitory actions
in the bovine adrenal medulla, and at the adrenergic
nerve terminal. We have shown that in the cat adren-
al medulla muscarine does not decrease the secretory
responses evoked by high K*, nicotine, or verat-
ridine.

Methods

Perfusion of isolated adrenal gland

Left and right adrenal glands were isolated and pre-
pared for retrograde perfusion at room temperature,
as described by Garcia, Hernandez, Horga &
Sanchez-Garcia (1980). The perfusion rate was ap-
prox. 1 ml/min. Glands were perfused for approxi-
mately 30 min before the start of each experiment.

Perfusion media

Krebs-bicarbonate buffer consisted of (mM): NaCl
118,KCl1 4.7, CaCl;2.5,MgSO,7 H0 1.2, KH,PO,
1.2, NaHCOj; 24, and glucose 10. When excess K*
(as K;SO4) was added, an osmotic equivalent of NaCl
was concomitantly removed. The perfusion media
were equilibrated with a mixture of 95% O, and
5% CO,. The pH was adjusted to 7.4.
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Catecholamine assays

The catecholamine content of the perfusate was de-
termined fluorometrically according to the method of
Anton & Sayre (1962) without the intermediate
alumina-adsorption procedure. Catecholamine val-
ues are given as noradrenaline (NA) equivalents.

Analysis of data

Each type of experiment was repeated 3 to 5 times. In
Figure 1, the standard error of the mean secretory
response is indicated by standard-error bars; stan-
dard errors of less than 5% are not indicated. In
Figure 2, because the adrenal secretory response to
high K* tends to decline with repeated applications
of the stimulus, the response to high K* in the
presence of muscarine is compared to a control value
estimated as the mean of 2 bracketing responses to
high K* alone; the bracketing responses were meas-
ured approximately 30 min before and 30 min after
the response to high K* in the presence of muscarine.
Control responses for nicotine alone and muscarine
alone in Figures 3 and 4, respectively, were similarly
estimated.

Material

Acetylcholine and nicotine were obtained from
Aldrich Chemical Company (Milwaukee, WI).
Muscarine was obtained from Sigma Chemical
Company (St. Louis, MO).

Results
The secretory response to muscarine

Muscarine is a relatively weak agonist of CA release
in the cat adrenal gland. The output of
2.02+0.43 pg/2 min evoked by muscarine 480 uM in
the first 2 min (Figure 1) was 15 to 30% of the initial
response evoked by nicotine 60 uM or K* 140 mM
(Schiavone & Kirpekar, 1982). However, the secre-
tory response evoked by muscarine was much
better maintained, and after 10 min the response
was dimished by only 25 to 30%; in contrast, re-
sponses to high K* or nicotine declined by 80% or
more after 10 min (Schiavone & Kirpekar, unpub-
lished results). The response upon repeated 2-min
infusions of muscarine was also well maintained.

Effect of muscarine on responses induced by high K +,
nicotine and veratridine

Acetylcholine inhibits release of NA from adrenergic
nerve terminals, and this inhibition has been attri-
buted to an activation of inhibitory muscarinic recep-

Catecholamine output (;tg/2 min)
T

o= 28 48 min
Figure 1 The time course of catecholamine release
from cat adrenal glands during continuous perfusion
with muscarine 480 uM. The open columns represent
2-min control samples in normal Krebs solution, and the
hatched columns depict outputs for 2 min samples when
muscarine was present in the Krebs solution. The results
are the mean of 5 separate experiments; vertical lines
show s.e.mean.

tors on the sympathetic nerve terminals (L6ffelholz
& Muscholl, 1969). It was of interest, then, to ex-
amine the effect of muscarine in the cat adrenal gland
on secretory responses to various agonists. Figure 2
shows that muscarine 480 uM did not diminish the
secretory response to K* 140 mM. In 4 experiments,
when 140mMK* was added during the 10th to
12thmin of muscarine treatment, CA output was
greater than the mean of the bracketing control
responses to high K* alone; after subtracting the
basal secretion due to muscarine alone, the response
to high K* in the presence of muscarine was
132 +12% of the estimated control response to high
K*.

Inasmuch as muscarine (480 uM) released substan-
tial amounts of CA, it seemed possible that this
excitatory effect could mask the inhibitory actions of
muscarine on secretion evoked by high K*. The fact
that 4.8 uM muscarine also failed to diminish the
secretory response to high K* argues agairist this
possibility; however, even this low concentration of
muscarine demonstrated some secretory effect.

Figure 3 shows that muscarine also does not ap-
preciably modify nicotine-evoked secretion. The sec-
ond response to nicotine 60 uM, in the presence of
muscarine (480 uM), was about 90% of the mean of
the bracketing control responses. In 4 experiments,
the net second response evoked by nicotine in the
presence of muscarine was 43.6 £ 6.4% of the first
response; in another series of 4 experiments with
nicotine alone, the second response was
51.1%12.2% of the first response. Thus it appears
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Figure 2 The stimulant effect of high K* during perfusion of cat adrenal glands with muscarine. In the first and
third trials, the gland was perfused for 2 min with a modified Krebs solution containing K* 140 mm (8). In the second
trial, the gland was exposed to muscarine 480 uM (&) for 18 min, and K* 140 mM was added during the 10th to
12th min of muscarine treatment. A typical result from 1 of 4 experiments is shown.

that muscarine does not significantly dimish the re-
sponse to nicotine.

The effect of muscarine on the secretory response
to veratridine was also examined. When the gland
was exposed to veratridine 30 uM for 2 min, the rate
of CA secretion was not only increased during the
2-min perfusion of the drug, but remained high for at
least an additional 8 min during subsequent perfusion
with normal Krebs solution (Kirpekar & Prat, 1979).
Muscarine affected neither the initial response nor
the delayed response to veratridine.

Effect of high K* on the secretory response to
muscarine

When acetylcholine is introduced several min after
the start of high K* treatment, CA output evoked by
acetylcholine is diminished to approximately 10% of
the normal response. Sensitivity to nicotine, how-
ever, is completely obliterated in the presence of high
K* (Schiavone & Kirpekar, unpublished results). To
examine the interaction between depolarization and
the muscarinic component of acetylcholine stimula-
tion, the effect of muscarine on the late phase of
K*-evoked secretion was examined. Figure 4 shows a
typical experiment in which muscarine (480 uM) was
introduced at the tenth min of infusion with K*
140mM. At this time, the response to high K* al-
ready had been markedly reduced, but addition of
muscarine enhanced the late response. In 3 experi-

ments, the response to muscarine in the presence of
high K* was 75.2+7.5% of the estimated control
response to muscarine alone in the same glands.
Thus, the secretory response to muscarine in high K*
solution appears to be much better maintained than
that of nicotine or acetylcholine.

Discussion

The stimulant action of muscarine on adrenomedul-
lary secretion and its blockade by atropine has been
known for some time (Feldberg et al., 1934). Douglas
& Poisner extended these observations, showing that
pilocarpine and muscarine preferentially release ad-
renaline from the perfused adrenal medulla of the cat
(Douglas & Poisner, 1965), and that the secretory
response to muscarine, pilocarpine, or methacholine
is Ca?*-dependent (Poisner & Douglas, 1966).

In the present results we have shown that the
enhancement of secretion by muscarine is main-
tained at a fairly constant level for at least 10 min, in
contrast to nicotine, the response to which, at high
doses is initially 2 to 4 times greater but then falls by
more than 80% after 10 min. Secretion during the
8th to 10th min of muscarine infusion is nearly 70%
of the initial response. Moreover, on repeated brief
infusions the secretory response to muscarine is not
appreciably diminished. Thus, although muscarine
appears to be a weaker secretagogue than nicotine,
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Figure 3 The stimulant effect of nicotine during perfusion of cat adrenal glands with muscarine. In the first and
third trials, the gland was perfused for 2 min with a normal Krebs solution containing nicotine 60 uM (stippled
columns). In the second trial, the gland was exposed to muscarine 480 uM for 18 min (hatched columns) and nicotine
was added during the tenth to twelfth min of muscarine treatment. A typical result from 1 of 4 experiments is shown.

the muscarine response, unlike the nicotinic re-
sponse, does not appear to be limited by receptor
desensitization.

We have also shown that muscarine does not in-
hibit the secretory response induced by high K*,
nicotine, or veratridine. Each agent enhances Ca?*
permeability as a consequence of depolarization:
high K* depolarizes the cell by lowering the ratio
[K]¥/[K]o, and nicotine activates a receptor which
opens a nondiscriminating cation channel (Douglas,
1975), while veratridine depolarizes the cell by ac-
tivating tetrodotoxin-sensitive Na* channels (Kir-
pekar & Prat, 1979). Thus, the present observations
suggest that muscarine does not reduce Ca?* availa-
bility in the adrenal chromaffin cell, as it appears to
act at postganglionic sympathetic nerve terminals
(Dubey et al., 1975). In the present study, however,
the inhibitory action of muscarine may have been
obscured by the measurement of ‘total
catecholamines’ rather than separate determinations

of adrenaline and noradrenaline. Inasmuch as mus-
carinic agonists selectively enhance secretion from
adrenaline-containing chromaffin cells (Douglas &
Poisner, 1965), the possibility that muscarine selec-
tivity depresses secretory responses to high K<,
nicotine, or veratridine in noradrenaline-containing
cells must also be examined before we can rule out an
inhibitory effect for muscarine in the cat adrenal
medulla.

Muscarine may activate voltage-dependent Ca?*
permeability to promote secretion. In the isolated
chromaffin cells of the gerbil, the depolarizing effect
of pilocarpine is blocked by atropine alone; depolar-
ization by acetylcholine is only partially blocked
when hexamethonium is added alone, but completely
blocked when atropine and hexamethonium are
added together (Douglas, Kanno & Sampson, 1967).
Atropine also blocks the depolarizing effect of
acetylcholine in rat adrenal chromaffin cells (Brandt,
Hagiwara, Kidokoro & Miyazaki, 1976). It is not
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Figure 4 The stimulant effect of muscarine during perfusion of cat adrenal glands with high K*. In the first and third
trials, the gland was perfused for 2 min with a normal solution containing muscarine 480 uM (). In the second trial,
the gland was exposed to K* 140 mM for 18 min (§), and muscarine was added during the tenth to twelfth min of high
K* treatment. A typical result from 1 of 5 experiments is shown.

known whether muscarinic stimulation likewise de-
polarizes chromaffin cells of the cat adrenal medulla.
However, most of the secretory response to mus-
carine in the cat adrenal medulla is probably not
associated with voltage-dependent Ca?* permeabili-
ty, since the secretory effect of muscarine is only
reduced by 20 to 30% in the presence of K* 140 mMm.
This suggests that muscarinic stimulation in the cat
adrenal medulla activates a Ca®* permeability which
is distinct from voltage-sensitive Ca?* permeability.
In isolated chromaffin cells of the bovine adrenal
gland, nicotinic and muscarinic cholinoceptors have
also been functionally distinguished; however, in
these cells, as at the sympathetic nerve terminals,
muscarinic agonists inhibit the secretory response to
nicotine (Derome et al., 1981). It also has been
shown that nicotine or high K* increase CA secretion
without altering the level of cyclic GMP, whereas

muscarinic agonists cause a 4 to 5 fold increase in
cyclic GMP (Schneider, Cline & Lemaire, 1979;
Yanagihara, Isosaki, Ohuchi & Oka, 1979; Derome
etal., 1981). These studies demonstrate that stimula-
tion of muscarinic receptors can cause different types
of responses in chromaffin cells obtained from differ-
ent species of animals. It would be interesting to
determine whether the secretory response to mus-
carine in the cat adrenal medulla is accompanied by
changes in the levels of cyclic AMP or cyclic GMP.

This work was supported by USPHS grant HL.22170 and
Training Grant 5T32GM07615.
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