MOLECULAR PHARMACOLOGY, 8, 780-785

SHORT COMMUNICATION
Adrenal Corticosteroids and the Response to Epinephrine or
Electrical Stimulation of the Enzymes of Glycogen Metabolism in
Rat Skeletal Muscle
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SUMMARY

Previous studies have shown that epinephrine administration to adrenalectomized rats
does not elicit conversion from the b to the a form of skeletal muscle glycogen phosphorylase
(a-1,4-glucan:orthophosphate glucosyltransferase, EC 2.4.1.1) to the same extent as in
normal animals. Extension of these results has shown that while conversion from the I to
the D form of glycogen synthetase (UDP-glucose:glycogen a-4-glucosyltransferase, EC
2.4.1.11) is also impaired in adrenalectomized rats, conversion of phosphorylase b kinase
(ATP:phosphorylase phosphotransferase, EC 2.7.1.37) from the nonactivated to the ac-
tivated form (pH 6.8:8.2 ratio of activities) is unaffected by the deficiency of adrenal
corticoid hormones. Administration of hydrocortisone or deoxycorticosterone restores the
normal response of both glycogen phosphorylase and synthetase to epinephrine. Tetanic
electrical stimulation in vive brings about conversion of phosphorylase b to a and of synthe-
tase I to D, even in adrenalectomized rats. These findings suggest that the defect due to
adrenalectomy does not lie in a decreased amount of one of the converting enzymes, but
rather in some factor(s) governing the activity of one (or more) of them.

The sequence of events in the pathway
leading to glycogenolysis and inhibition of
glycogen synthesis in response to epineph-
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rine are relatively well understood (see ref. 1
for a recent review). A specific site for the
permissive action of adrenal corticoids on
the response of glycogen phosphorylase to
epinephrine has been suggested on the basis
of investigations on liver (2) and cardiac
muscle (3), but not for sekeletal muscle.
Schaeffer et al. (4) did find that the response
of muscle glycogen phosphorylase to epi-
nephrin injection (b to a conversion) was
impaired in adrenalectomized rats. The de-
ficient epinephrine response was found not
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to occur at the adenylate cyclase level.
Therefore the adrenalectomy-induced de-
fect(s) may lie somewhere in the “cascade”
(5) between the site of cyclic AMP action
and glycogen phosphorylase activation.

We previously showed that 4 min after
tetanic stimulation (10 sec) of rat skeletal
muscle #n situ, glycogen synthetase was
mainly in the glucose-6-P-independent form,
and glycogen phosphorylase in the b form
(6). This condition is suited to the detection
of epinephrine-induced conversion of glyco-
gen synthetase from the I to the D form,
and of phosphorylase from the b to the a
form. We have therefore investigated the
degrees of conversion of phosphorylase b
kinase, glycogen phosphorylase, and glyco-
gen synthetase, produced either by epi-
nephrine or by electrical stimulation in
normal and adrenalectomized rats. Epi-
nephrine and electrical stimulation act at
different levels in the glycogenolytic path-
way (7). Their effect on these enzymes
should give additional information char-
acterizing the site(s) of corticoid action in
skeletal muscle. A preliminary report of
these findings has been presented (8).

The results obtained by epinephrine in-
jection to normal and adrenalectomized rats,
without treatment or after administration
of hydrocortisone or deoxycorticosterone ace-
tate, are shown in Table 1. In normal intact
rats glycogen synthetase I activity decreased
appreciably upon epinephrine injection. In
contrast, in adrenalectomized rats the change
after epinephrine injection was only one-
third of that observed in normal animals.
Control muscles from normal and adrenalec-
tomized rats had a similar glycogen syn-
thetase I:D ratio (0.45-0.49). Removal of
the muscle from one leg (control) did not
affect the basal enzymatic activities or re-
sponses to epinephrine of the second leg;
glycogen synthetase activity was constant
during the sampling period for control and
epinephrine-stimulated muscles (65 sec). The
synthetase response to tetanic stimulation
was identical in normal and adrenalecto-
mized rats, at least during the 1-min period
used in the present study (Table 2). Ad-
ministration of hydrocortisone (a gluco-
corticoid) or deoxycorticosterone acetate (a
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mineralcorticoid) restored the normal re-
sponse to epinephrine. This restoration could
not be achieved by acute treatment (1-2 hr),
but required administration of the corti-
costeroids for at least 2-3 days. Total
glycogen synthetase activity remained con-
stant throughout (0.9 umole of glucose in-
corporated into glycogen per minute per
gram of muscle).

Epinephrine injection to normal, adre-
nalectomized, and hydrocortisone-treated
adrenalectomized rats produced changes in
the phosphorylase a content similar to those
reported by Schaeffer et al. (4). Deoxycorti-
costerone acetate or hydrocortisone restored
the response to epinephrine of adrenalecto-
mized rats. Phosphorylase b kinase, how-
ever, showed similar changes in the pH
6.8:8.2 ratios in all four groups, indicating
that adrenalectomy did not affect the re-
sponse of this enzyme to epinephrine stimu-
lation. In addition, the phosphorylase b
kinase activity of adrenalectomized rats at
pH 8.2 was similar to that of control animals
(13,000 units/of muscle). The relatively high
pH 6.8:8.2 ratios observed in control muscles
were not due to the previous tetanic stimu-
lation, since similar ratios were obtained with
unstimulated muscles. Moreover, these
values are of the same order as those found
by Posner et al. (11) in a similar system.

The results of tetanic electrical stimula-
tion are shown in Table 2. Electrical stimu-
lation produced similar changes in the three
groups for both glycogen synthetase and
glycogen phosphorylase. No effects of ad-
enalectomy or adrenal steroids were ob-
served.

The activity at pH 6.8 attained by phos-
phorylase b kinase upon epinephrine stimula-
tion is similar in normal and adrenalecto-
mized rats (Table 1), indicating that the im-
pairment present in muscles from adrenalec-
tomized animals does not occur at the level
of protein kinase (acting as phosphorylase b
kinase kinase) but rather involves some
factor(s) necessary for the normal catalysis
of the conversion of phosphorylase b to a.
Namm et al. (12) have shown that Ca?* is
necessary for the epinephrine-induced con-
version of heart phosphorylase b to a. On the
other hand, Miller ef al. (3) found that per-
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fusion of hearts from adrenalectomized rats
with Ringer’s solution containing elevated
levels of Ca?t could restore the normal re-
sponse of phosphorylase to epinephrine.
These results in vivo agree with the observa-
tions n vitro of Brostrom et al. (13), who
have shown that both activated and non-
activated phosphorylase b kinases require
Ca?t for activity, the latter at a somewhat
higher concentration. Therefore it is plau-
sible to ascribe the impairment in skeletal
muscles of adrenalectomized rats to a de-
ficiency of Ca?t at the site of enzymatic
conversions. In this regard Stull and Mayer
(14) have recently hypothesized that cate-
cholamines affect Ca?* translocation in skele-
tal muscle, thus explaining the stimulation
by isoproterenol they observed for phos-
phorylase a formation, without changes in
phosphorylase b kinase pH 6.8:8.2 activity
ratios. If catecholamines indeed act through
this mechanism, one can further speculate
that corticosteroid hormones play a ‘“per-
missive” role in the catecholamine-promoted
translocation of Ca?*t, either across the
plasma membrane or within the muscular
fiber. Whether through this mechanism, by
directly maintaining the proper Ca?t levels,
or some other means, corticosteroids do play
a role in allowing certain enzymatic con-
versions to take place, at least under con-
ditions of limiting Ca?t concentration.® In
fact, both a glucocorticoid (hydrocortisone)
and a mineralcorticoid (deoxycorticosterone
acetate) reversed the effect of adrenalectomy
on the epinephrine-induced conversions of
glycogen synthetase and glycogen phos-
phorylase. On the other hand, the deficient
conversions of these enzymes found in the
absence of corticoid hormones were over-
come by the rather energetic stimulus of
tetanic contraction. In this situation intra-
cellular Ca?t rises to 1-10 um (15, 16),
thereby perhaps overcoming any ionic defect
that might be present in the muscles of
adrenalectomized rats. The possibility has
to be considered, however, that with more

s Intracellular free Ca** of resting muscles
(15, 16) is already in the lower range for phospho-
rylase b kinase activity (13), and therefore any
further decrease would seriously impair the ac-
tivity of this enzyme.
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moderate electrical stimulation the enzy-
matic response might be attenuated in
adrenalectomized animals.

The responses of glycogen synthetase and
phosphorylase to both electrical stimulation
and epinephrine are reciprocal, regardless of
the experimental condition of the animals

used. This indicates that the two systems -

/

are interlocked at a common site and/or by.

a common factor. The first possibility fol-
lows from the finding of Soderling and co-
workers (17) that protein kinase has the ac-
tivities of both synthetase I kinase as well as
of phosphorylase b Kinase kinase. However,
conversion of phosphorylase b kinase to the
activated state is normal in adrenalectomized
animals (Table 1), indicating that protein
kinase activity is not affected. The question
then arises why conversion of synthetase I
to D is impaired in adrenalectomized rats.
Perhaps phosphorylase b kinase kinase and
glycogen synthetase kinase are not the
same enzyme, or the requirements for action
of protein kinase as phosphorylase b kinase
kinase and as glycogen synthetase kinase
are not identical.

Present evidence seems to be rather
heavily against the first possibility (17-19).
On the other hand, protein kinase does not
seem to require Ca?*+ (20), but conversion of
glycogen synthetase by electrical stimulation
is as rapid as that of phosphorylase (6)
(Table 2), suggesting that Ca?*t might also
play a role in the synthetase I to D conver-
sion. These observations, together with the
dissociated response of phosphorylase b
kinase and glycogen synthetase found in this
study, indicate that more work is necessary
to understand the nature of the interaction,
under various physiological conditions, be-
tween the enzymes involved in the synthesis
and degradation of glycogen.
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