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SUMMARY

We studied the effects of oral administration of RU38486, a potent and
selective glucocorticoid antagonist, on muscle weight, non-collagen protein
content, and selected enzyme activities (choline acetyltransferase, glucose 6-
phosphate dehydrogenase, and g1utamine-sbnthetase) following denervation of
rat skeletal muscle. Neither decreases in muscle weight, protein cbntent, and
choline acetyltransferase activity, nor increases in the activities of glucose
6-phosphate dehydrogenase and glutamine synthetase were affected by RU38486.
These data do not support the hypothesis .that denervation atrophy results from

enhanced sensitivity of muscle to endogenous glucocorticoids.
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INTRODUCTION

The mechanism by which denervation causes atrophy of skeletal muscle is
not known. DuBois and Almon (1980, 1981) proposed an intriguing hypothesis,
according to which enhanced sensitivity of muscle to endogenous
glucocorticoids might play a role in the promotion of denervation atrophy.
This hypothesis was based upon the demonstration of strikingly increased
cytoplasmic glucocorticoid receptor binding after denervation (reviewed in
Karpati, 1984). Indeed, DuBois and Almon noted enhanced cytoplasmic
glucocorticoid receptor binding in a number of other causes of atrophy
including disuse (1980), murine (1984b) and avian (1982) dystrophies, and
atrophy of the levator ani muscle following orchiectomy (1984a); they
suggested that atrophy, irrespactive of cause, is related to glucocerticoid
actions. It is well-established that exogenéus glucocorticoids can cause
prpnounced muscle atrophy (Koski et al., 1974; Kelly et al., 1986; Konagaya et
al., 1986a). The hypothesis of DuBois.and Slmon is therefore of interest and
" warrants investigation, espacially because. of the possibility of treating
_denervated ‘muscles wifh :glucqcorticoid antagonists;A We (Konagaya et al.,
._]986a)uwefe_ab1e,tQ,prevent, to'a.significantvextent,-g]ucocorticofd<mediated :
muscle atrophy in the rat using RU38486 (Philibert, 1984), a potent and
selective g]ucocorticoid antagonist. Support for the hypothesfs of DuBois and
Almon was provided by the ability of RU38486 to prevent, to a significént
extent, gonadectomy-mediated atrophy of the levator ani muscle (Konagaya and
Max, 1986). We have now used RU38486 to assess whether chronic blockade of
glucocorticoid receptors can influence the course of muscle atrophy following
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al., 1982). We studied glutamine synthetase because 1) its activity is
enhanced following denervation (Konagaya et al., 1986b), 2) it is involved in
mobilization of amino acids from muscle proteins (Goldberg and Chang, 1979),
and 3) it may be an important index of muscle wasting (Max et al., 1986; Max
and Silbergeld, 1986). Further, glutamine synthetase is induced in muscle by
g]ucocorticoids (Smith et al., 1984; King et al., 1983; Max et al., 1986).
MATERIALS AND METHODS

Adult, male rats (Cr1:CD (SD) BR Strain, Charles River Breeding
Laboratories, Wilmington, MA) weighing 200-9 were used in all experiments.
They were given Purfna Rodent Laboratory Chow (#5001, Ralston-Purina, St.
Louis, MO) and water ad 1libitum, and they were maintained on a lighting
schedule of 12 h of 1ight and 12 h of darkness. Denervation was accompiishad
under ether anesthesia by unilateral section of the sciatic nerve at the
hip. RU38486 (]]B-(4—dimethylamin0pheny1)178—hydroxy—17c-(pr0p-]-yny1)estra-
4, 9-dien-3jone; Roussel - UCLAF - Paris, France) was given P.o. at 50 mg/kg
.Beéfhningu.the day before denervation and .every day théreafter until the
| térﬁinatfbn'of thé:éxperiment; This‘regimehfhas beeh shown to cause blockade
~-of muscle .glucocorticoid receptorsi(Konagéya et al., 1986). At 2 and 7 days
fo]]owing denervatioﬂ, rats were decapﬁtated and denervated and contralateral
control extensor digitorum longus and .p1antaris muscles were removed and
weighed. The extensor digitorum longus muscle was assayed for choline
acetyltransferase (Max et al., 1982; Fonnum, 1975) and glucose 6-phosphate
dzhydrogenase activities (Max et al., 1981; Schaerf g;_;gl:, 1882) as
described. Plantaris muscles were used for determination of glutamine
cynthetase activity as described (Rowe, 1985, Smith et al., 1984), using 5 mi

m2tz a2s substrete. Both muscles were used to provide sufficient material
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Non-collagen protein was assayed as described (Rifenberick et al.,
1974). Protein in supernatant fractions was determined by the method of Lowry
et al. (1951).

- Statistical analyses were made with a paired t-test.
RESULTS

As expectea, denervated muscles lost weight. Seven days after neurotomy,
-denervated extensor digitorum longus muscles weighed 70% of the contralateral
control muscle, while denervated plantaris muscles weighed 75% of the
contralateral control musc]e'(Tab1e_1). Losses of muscle wet weight were
reflected in corresponding losses of non-collagen protein, (Table 1). Glucose
6- phosphate dehydrogenase activity increased 2-fold in denervated extensor
digitorum longus muscles, as expected {Wagner and Max, 1972) {Table 2).
Choline acetyltransferase activity in extensor digitorum longus rwuscles

declined to about 25% of control (Table 2). Glutamine synthetase activity in

plantaris muscles increased 5.5-fold 8 days after denervation (Table 1). MNone
of these changes was altered by administration of RU38486 {Tables 1 and-2).
DISCUSS TON | |

-.,..Ihe,_.rles._ults .described above .reveal no effect, of chronic, .bi ockade of = .
Q]ucocorticoid receptors on fdun dénerVation-mediated events; Choline
acetj]transferasé, a marker ‘of presynaptic integrity (Max et al

., 1981)

decreased, glucose 6-phosphate dehydrogenase (Max et al., 1981) and glutamine

synthetase (Konagaya et al., 1986b), biochemical markers of post-synaptic
(i.e., muscle) integrity increased, and muscle waight and protein content
decreased. Concurrent treatment with RU38486 had no effect on the progression

of thesz azlterations following denervation. These data do not support the

~ty

hypothasis that denervation-madiated muscular atrophy results from receptor-

mediated glucocorticoid action (Karpati, 1984). Trembiay et al. (1985)
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compared denervation atrophy in adrenalectomized rats with controls; they
found no effect of adrenalectomy in denervation atrophy. - Thus, we have
confirmed and extended the conclusions of Tremblay et al. (1986) by using a
potent glucocorticoid receptor blocker, RU38486, and by measuring the
biochemical indices noted above.

We consider glutamine synthetase to be a valuable marker in the present
work becadse its activity 1is enhanced in muscle following denervation
(Konagaya et al., 1986b) or administration of glucocorticoids (Smith et al.,
1984; King et al., 1983; HMax fg;jﬂ:; 1986). That the denervation effect is
not blocked by RU38436 (Table 1), whereas that of glucocorticoids is blocked
by this compound (Max et al., 1986; Max et al. - 1987) suggests two different
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following denervation. Thus, glucocorticoid- and denervation-mediated muscle
atrophy may be subserved via distinct mechanisms. However, glucocorticoid
" hormones may be involved in enhanced glutamine synthetase activity in soleus

muscles frdm.tai]-caéied{ hind-1imb suspended rats (Jaspers»et'al., 1986),

ﬁpep§u§e:,agrgnaiectqmyn‘qholisheq.,diﬁferences: in, muscle. glutamine synthetase . ..

between_nohna] and sqspenaed rats. 'Jaépers,and Tischler (1986) concluded that
e1evatioh‘of ciréﬁ1atiﬁg §1uco§ort1§oid§ is unlikely to be solely responsible
for muscle atrophy secondary to reduced activity, but that catabolic levels of
glucocorticoids could alter the response of mﬁsc]e to unloading. RU38486 has
been shown to be effective in treating a patient with Cushing's syndrome
(Nieman et al., 1985). Unfortunately, it seems not to be effective in

praventing denervation-mediated ¢
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s on muscle. The significance of the
interesting increase in glucocorticoid receptor binding in denervated and
disused muscles (DuBois and Almon, 1980, 1981) warrants further exploration.
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TABLE 1
EFFECT OF DENERVATION AND RU38486 ON MUSCLE WETGHT AND NON-COLLAGEN PROTEIN CONTENT.

Treatment ' - Muscle Weight - | Non-Collagen Proteiﬂ
| | (mg) A 4 T (mg/muscle) |
Extensor Digi%érum P1ant5ris 'v Extensor Diéitorum' Ri;ntaris
‘ Longu§'” L Loné;s' “
Control 135.0 + 31,5 230.0 + 25.8° 24.41 + 2.92 47.61 + 4.35
Denervated : 9.8 + 5.4 172.9 + 21.4* 16.26 + 2.10% 29.63 £ 2.45"
Control + RU38486 132.9 £ 125 242.9 +19.8 ©22.71 ¢ 2.05 43.97 + 4.39
| - | A + 437"

"Denervated + RU38486 - 100.0 + 5.8** 181.4 + 15.7* 15.54 ¢ 1.44™% 27.00 -

Data are means + SD, n =.-7. Rats were decapitated.and muscles removed 8 days post-denervation. RU38486 was given
orally at 50 mg/kg.
*Significant1y different from untreated contralateral control, p < 0.01.
**Significant1y different from contralateral control + RU38486, p < 0.01.
There were no significant differences between untreated and RU38486-treated - groups. Exﬁerimental procedures are

A described in the text.



TABLE 2.
EFFECT OF DENERVATION AND RU38486 ON GLUCOSE 6-PHOSPHATE DEHYDROGENASE, GLUTAMINE SYNTHETASE, AND CHOLINE
ACETYLTRANS FERASE ACTIVITIES.

.Glucose 6-Phosphate Glutamine ' Choline

Dehydrogenase Synthetase Acetyltransferase
(nho1/min/mg profein)‘ (nmol/h/mg-protein) (pmol/min/mg non-collagen protein)
Control . ‘ ©1.50 = 0.13 . 5.4t 0.8 ' S 11.99 + 1.1
Denervated = '3.27 + 0.50" . 29.8 £ 11.57 2.97 + 1.25"
Control + RU38486 o 1.68 £ 0.22 ‘ 5.8 + 1.6 : 11,31 £ 1.25
Denervated + RU3B486 3.30 + 0.38™" ©29.0 £ 9.1% 2.99 + 1.25™"

Data are means & SD, n = 7, Rats were decapitated and muscles removed 8 days post-&gnervation. G]ucoée 6-phosphate
dehydrogenase and choline acetyltransferase activities were assayed in extensor digitorﬁm muscles, G]utaméne synthetase

activity was assayed in plantaris muscles. RU38486 was given orally at 50 mg/kg. T |
*Significantly different from untreated contralateral control, p < 0.01;

**Significantly differént from contralateral éontro] + RU38486, p < 0.01.

There were no significant differences between untreated and RU38486-treated groups.

e

~ Experimental procedures are described in the text.
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