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The Effect of Ca™ Omission on the Secretion of Catecholamines
and the Incorporation of Orthophosphate-32P into
Nucleotides and Phospholipids of Bovine
Adrenal Medulla during Acetylcholine
Stimulation
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SUMMARY

Bovine adrenal medullary slices were incubated at 30° in Locke’s solution containing
orthophosphate-32P (50 uCi/ml) with and without Cat+, and were stimulated with acetyl-
choline (10-% M) in the presence of eserine (10~ m).

The omission of Catt, as expected, abolished the increment in catecholamine secretion

due to acetylcholine stimulation.

Acetylcholine stimulation increased the incorporation of P into phospholipids, par-
ticularly into phosphatidic acid and into phosphatidylinositol, in both the presence and
absence of Catt. Thus, a lack of correlation between catecholamine release and *P in-
corporation into phospholipids upon acetylcholine stimulation was observed.

It has been demonstrated that acetyl-
choline stimulation increases the incorpo-
ration of *2P into the phospholipids of the
adrenal medulla (1, 2), particularly phos-
phatidic acid and phosphatidylinositol.
This effect of acetylcholine was due to an
increase in the turnover of phosphorus in
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these two phosphatides, rather than to
secondary changes in the specific activ-
ity of precursors (2). Since 32P incorpo-
ration into phospholipids is also increased
in other tissues where acetylcholine seems
to be the naturally occurring transmitter
(3-6), it was postulated that phospholipids
may play an active role in the secretory
process (1, 3, 6). The results published in
a previous paper (2), showing that follow-
ing acetylcholine stimulation the 3P
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incorporation into phosphatidic acid and
phosphatidylinositol became apparent after
catecholamine release reached its maximum,
prompted questioning of the relation be-
tween this metabolic effect of acetylcholine
and the acetylcholine-evoked catecholamine
secretion. It was decided then to examine
this relationship further by comparing the
effects of Ca** on the two acetylcholine-
dependent responses of the adrenal medulla.

Adult bovine adrenal glands were used
within 40 min after their removal. Medul-
lary slices were prepared and incubated,
and their catecholamine, orthophosphate,
nucleotide, and lipid contents were assayed
as previously described (2).

It is known that Ca* omission abolishes
the increase in catecholamine secretion
from perfused adrenal glands in response
to acetylcholine stimulation (7). Under the
present experimental conditions, when the
adrenal medullary slices were incubated
in the absence of Ca*, acetylcholine
(10-® M) stimulation, as expected, did not
produce any increase in catecholamine
secretion (catecholamine release, in micro-
moles per 100 mg per minute: Ca**—Locke’s,
448 + 1.4; Ca*-Locke’s 4 acetylcholine,
158.7 == 1.6; Ca*-free Locke’s, 44.3 = 1.4;
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Ca+-free 43 +
1.4).

32P was incorporated into the individual
phospholipids of the adrenal medulla at
the same rate in both Ca**-containing and
Cat*-free solutions (Table 1). As in the
presence of Ca*, acetylcholine stimulation
in Ca*-free Locke’s solution produced an
increase in the incorporation of 2P mainly
into phosphatidic acid (192%) and phos-
phatidylinositol (178%), and minor in-
corporation  into  phosphatidylcholine
(40%), with 44% incorporation into the
phosphorus-containing spot that remained
at the origin of the chromatograms. When
net specific activities were determined, it
was found that acetylcholine stimulation
increased the specific activities of these
same phosphatides (see Table 1).

No differences were found in the content
of individual phospholipids under any of
the experimental conditions.

Experiments were also carried out to
see whether the increased labeling found
in the phospholipids incubated in Ca**-free
medium after acetylcholine stimulation was
due to changes in permeability to 3?P or
to changes in the specific activity of nucleo-
tides as a result of Ca** omission. Table 2

Locke’s 4 acetylcholine,

TABLE 2
Effect of Ca** omission on levels and specific activities of tissue orthophosphate and
nucleotide phosphorus in the presence and absence of acetylcholine plus eserine
Adrenal medullary slices were incubated with orthophosphate-3P (50 uCi/ml) for 60 min before the addi-
tion to the incubation medium of acetylcholine (10~* M) plus eserine (10~* M), and for 20 min after this
addition. Half the slices were incubated in a Ca**-free medium.

Level Specific activity
Tissue
Nucleotide Tissue nucleotide
Incubation medium Orthophosphate phosphorus orthophosphate  phosphorus
umoles P /g fresh medulla (cpm X 107%) /umole P

Cat*-Locke’s solution
with acetylcholine +

eserine 15.90 + 1.45° (12)* 4.74 + 0.70 (13) 322 +6.8(4) 152 +3.0(5)
Cat+-free Locke’s solution

Control 16.39 £+ 1.12 (6) 4.77 +£ 0.87 (6) 316 £+ 8.0(4) 153 + 5.4 (4)

Acetylcholine + eserine 15.35 + 2.54 (6) 4.61 £ 1.03 (6) 332+ 9.8(4) 150 + 9.5 (4)

@ Mean + standard error.

® The number of experiments is indicated in parentheses.

Mol. Pharmacol. 5, 420-431 (1969)
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shows that there were no changes either in
the tissue orthophosphate and nucleotide
contents or in their specific activities under
any of the experimental conditions.

In a previous paper it was suggested that
a small pool of phosphatidic acid (about
1% of the total phosphatidic acid fraction)
should be activated in response to acetyl-
choline stimulation (2). This suggestion
and the fact that a lag period exists be-
tween the two responses to acetylcholine
stimulation—catecholamine secretion and
32P jncorporation into phospholipids (2)—
make it unlikely that these two phenomena
are causally related. But the most striking
feature of the present results, which provide
further support for the preceding state-
ment, is that the increased P incorpo-
ration into phospholipids in response to
acetylcholine stimulation was also observed
in the absence of Ca**, i.e., under conditions
in which, as demonstrated by Douglas and
Rubin (7), catecholamine extrusion does
not occur.

The increase in 3?P incorporation into
phospholipids in response to acetylcholine
stimulation was of the same magnitude
whether or not Ca** was present in the
incubation medium. These results disagree
with findings in other tissues, in which the
observed increases in 2P labeling of phos-
pholipids due to acetylcholine stimulation
in Ca*-free medium were 32% and 25%
less for phosphatidic acid and phos-
phatidylinositol, respectively, than in the
presence of the cation (8).

The finding that stimulation by acetyl-
choline, in either the presence or absence of
Ca**, did not modify the content of the
individual phospholipids of adrenal medul-
lary slices agrees with previous observa-
tions on perfused adrenal glands, in which
no changes were observed in the lipid
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content of the adrenal medullae or their
different subcellular fractions after stimu-
lation (9-11).

There is no doubt that the effect of
acetylcholine increases the turnover of
phosphatidic acid in the adrenal medulla,
and that phosphatidic acid is an inter-
mediate in the synthesis of phosphatidyl-
inositol in this tissue (2). The experiments
described in this paper also clearly demon-
strate that there is no correlation between
this metabolic effect of acetylcholine and
the acetylcholine-evoked catecholamine
extrusion.
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