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This work was prompted by the sugges-
tion that the hyperglycemia produced by
the beta adrenergic blocker, sotalol, is due
to adrenal catecholamine release (1). This
suggestion was tested directly in isolated
bovine adrenals.

Materials and Methods. Bovine adrenals
were obtained at a local slaughterhouse,
placed on ice during transport, and used
about 1 hr post mortem. The glands were
perfused through the adrenal vein at a
rate of 5 ml/min with aerated, tris-buffered,
Lockes solution (2) at 24° or 31°C. Cate-
cholamine release was measured colori-
metrically (3).

Three concentration-response curves to
acetylcholine or potassium were obtained
at 15 min intervals to evaluate the effect
of sotalol. Sotalol was included in the
middle of the 3 concentration-response
series. This was done because the response
to acetylcholine (4) or potassium decreases
on repeated stimulation probably due to
depletion of catecholamine stores. Thus, in-
hibition was indicated when the second con-
centration-response series (which included
sotalol) was below the third or recovery
concentration-response series. Enhancement
was indicated when catecholamine release
in the presence of sotalol was elevated
above the initial control level.

All P values given were obtained by
comparison of paired differences.

Results. Sotalol (102 M, 10 ml) is a
weak agonist in isolated bovine adrenals.
Only 13 of 44 adrenals so treated increased
their output of amines above resting secre-
tion at 31°C, and no change in catechol-

amine release was detected in the remain-
ing glands. The glands that responded to
sotalol increased their amine output an
average of about 1 ug/min. A slight re-
sponse was also obtained in 2 of 12 glands
treated similarly with 10 M sotalol, but
no response was noted in 4 glands exposed
to 10 M sotalol. A slight response was
also noted in 1 of 4 glands infused at 24°C
with 10 ml of 10-* M sotalol.

Table I shows that 10 M sotalol en-
hanced the response of adrenals to acetyl-
choline at 24°C by about 20% (P < .05).
However, when the same experiments were
done at 31°C, an inhibition of 27% was
seen (P < .02). Thus an inhibitory effect
of sotalol is more evident when the tem-
perature is elevated.

Figure 1 shows the effect of sotalol,
10~ M, on the concentration-response curve
to acetylcholine. At the lowest concen-
tration of acetylcholine (6.7 X 10° M),
adrenal catecholamine release is enhanced
by sotalol (P < .05). The response to the
higher concentrations of acetylcholine, how-
ever, are depressed by sotalol (P < .02 at
2.0 mM acetylcholine).

In contrast to the results with acetyl-
choline, the concentration-response curve
to potassium (Fig. 2) is not affected by
103 M sotalol. The tachyphylaxis of the
adrenal response to potassium is no greater
in the presence than in the absence of
102 M sotalol. Sotalol, 102 M, depressed
the response to potassium (Fig. 2) but did
not alter the shape of the curve.

Figure 3 shows a depression of acetyl-
choline-induced adrenal catecholamine re-
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TABLE 1. Effect of Sotalol on Adrenal Catecholamine Release by Acetylcholine.®

Catecholamine Release, ug/min

24°C 31°C
Mean of Mean of
control & recovery Sotalol control & recovery Sotalol
225 30.6 222 130
25.6 275 156 129
43.1 65.6 130 101
48.1 55.6 142 115
130.6 184.4 150 101
122.5 121.3 123 94
81.3 96.9 106 83
76.9 85 109 80
53.1 65.6
59.4 594
194 30.6
244 225
Ave. 58.9 704 142 104

¢ Glands were exposed to acetylcholine (6.7 X 10 M, 10 ml) at 24°C or 31°C before, during
and after treatment with 10 ml of 10-* M sotalol. Results of individual experiments are shown
so that the response in the presence of sotalol can be compared to control responses in the same
gland. An interval of 15 min was allowed between each stimulus. The differences are signifi-
cant both at 24°C (P < .05) and 31°C (P < .02) . When these experiments were done without
sotalol, no significant differences were seen.

lease by 102M sotalol. The degree of to alter the shape of the recovery concen-
inhibition is greater than that seen when po- tration-response curve to acetylcholine.

tassium was used as the stimulus. Also note Discussion. The interaction between the
that the residual effects of sotalol appear weak agonist sotalol and acetylcholine in
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Fic. 1. Effect of 10° M sotalol on the concentration-response curve of adrenal medulla to
acetylcholine. The response to 6.7 X 10~ M acetylcholine was significantly enhanced by sotalol
(P < .05). The response to 2 X 10° M acetylcholine was significantly less than the corre-
sponding point in the recovery curve (P < .01). The experiments were done at 31°C,
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Fic. 2. Effect of sotalol on the concentration-
response curve of adrenal medulla to potassium.
Potassium concentrations were infused successively
at 31°C. Either 10~ or 10 M sotalol was used in
each experiment. Control and recovery curves
were combined for the experiments with 10-* and
10 M sotalol.

adrenal medulla is similar to the competi-
tive dualism described by Ariens (1964)
(5). Accordingly low concentrations of
sotalol enhance, and high concentrations of
sotalol inhibit the effect of acetylcholine.
Thus, a weak agonist effect in adrenal
medulla probably explains. the hypergly-
cemic action of sotalol in mice (1).

Sotalol’s agonist effect in isolated bovine
adrenal medulla was undetectable in many
glands under the conditions of these experi-
ments. When catecholamine release was
detected it amounted to about 1 wg/min.
Yet, sotalol enhanced the action of 6.7 X
10~* M acetylcholine by about 10 ug/min.
Binding of sotalol to silent cholinergic re-
ceptors may explain this potentiation of
acetylcholine.

Sotalol is known to have weak local
anesthetic properties (6), and may be simi-
lar to other local anesthetics (procaine,
dimethyl-procaine, and amethocaine) which
have weak agonist effects in adrenal medulla
(7). It has been reported that procaine,
dimethyl-procaine and amethocaine interact
with the acetylcholine receptor in adrenal
medulla since their action is blocked by
atropine and hexamethonium (7).

Sotalol, 102 M, inhibited adrenal cate-

SOTALOL ON ADRENAL MEDULLA

Iy
(=]
T

e Control

o Sotalot, 1072 M

a Recovery
n=4

N
=]
T

80

60—

4q0l-

20—

CATECHOLAMINE RELEASE , ug /min. ABOVE RESTING SECRETION

?—1”‘?_""?/7/1

0 -y -3
10 10
ACETYLCHOLINE CONCENTRATION (MOLAR)

FiG. 3. Effect of 10 M sotalol on the concen-
tration-response curve of adrenal medulla to
acetylcholine. Conditions were the same as for
Fig. 1, except for the concentration of sotalol.

cholamine release by acetylcholine better
than potassium induced release. This indi-
cates a preferential block of the cholinergic
receptors in adrenal medulla relative to the
receptors mediating the potassium induced
response. Sotalol resembles procaine in this
regard since procaine is more effective
against acetylcholine than against a high
potassium medium to which calcium is
added (7). By contrast propranolol, a
strong local anesthetic, is equally effective
against acetylcholine or against calcium in
a high potassium medium. It appears that
propranolol exerts only a local anesthetic
effect which blocks both types of stimuli
equally well. Sotalol and procaine appar-
ently have ganglionic blocking effects in
addition to their local anesthetic actions.

Ganglionic effects of sotalol may be re-
sponsible not only for the hyperglycemia
but also in part for the antianxiety actions
of this agent especially when it is used in
high doses (e.g., 800 mg/day in the human)
(8).

Summary. Sotalol (MJ-1999) appears to
act as a weak agonist in releasing cate-
cholamines from isolated perfused bovine
adrenals. Low concentrations of sotalol en-
hance and high concentrations inhibit
acetylcholine-induced adrenal catecholamine
release. Adrenal catecholamine release by
high potassium media is decreased by
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sotalol only at high concentrations. Thus
ganglionic actions of sotalol are seen at
lower concentrations than are the local
anesthetic actions. This study supports the
suggestion that the effect of sotalol on blood
sugar is due to enhanced adrenal catechol-
amine release and suggests that ganglionic
blockade can be produced by sotalol in
concentrations below those required for
local anesthetic action.
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