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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 activit ies (choline acetyltransferase, glucose 6-

phosphate dehydrogenase, and glutamine synthetase) following denervation of

rat skeletal muscle. Neither decreases in muscle weight, protein content, and

choline acetyl transferase activity, nor increases in the activit ies 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.



INTRODUCTION

The mechanism by wh ich denervat ion causes atrophy of skeletal muscle is

not known. DuBois and Almon (1980, 1981) proposed an i n t r i g u i n g hypothesis ,

according to w h i c h enhanced sens i t iv i ty of musc le to endogenous

glucocorticoids might play a role in the promotion of denervat ion atrophy.

This hypothesis was based upon the demons t ra t ion of s t r i k i n g l y increased

cytoplasmic gl ucocor t icoid receptor b i n d i n g after denerva t ion ( rev iewed in

Karpa t i , 1984). Indeed, D u B o i s and Almon noted enhanced cytoplasmic

g lucocor t i co id receptor b i n d i n g in a number of other causes of atrophy

i n c l u d i n g d isuse (1980), m u r i n e (1984b) and a v i a n (1982) dyst rophies , and

atrophy of the l eva to r ani m u s c l e f o l l o w i n g orchiec tomy ( 1 9 S 4 a ) ; they

suggested that a t rophy , i r r e s p e c t i v e of c a u s e , is r e l a t e d to gl u c o c o r t i c o i d

a c t i o n s . I t i s w e l l - e s t a b l i s h e d tha t exogenous g l u c o c o r t i c o i d s can cause

pronounced m u s c l e a trophy ( K o s k i et al ., 1974; K e l l y et al ., 1986; Kona.gaya et

al... 1986a). The hypothesis of DuBois and A l m o n is therefore of in terest and

warrants i n v e s t i g a t i o n , e s p e c i a l l y because of the p o s s i b i l i t y of t r e a t i n g

d e n e r v a t e d . m u s . c l e s w i th gl ucocorticoid an t agon i s t s^ We (Konagaya et a l . ,

. . - ; . . . . . , . 1986a.)..were, .able, to prevent , to a s i g n i f i c a n t extent, glucocorticoid-.mediated

musc le atrophy in the rat u s ing RU38486 ( P h i l i b e r t , 1984), a potent and

se lec t ive gl ucocor t i co id a n t a g o n i s t . Support for the hypothes i s of D u B o i s and

Almon was provided by the a b i l i t y of RU38486 to prevent, to a s i g n i f i c a n t

extent, gonadectomy-mediated a t rophy of the l eva tor ani m u s c l e (Konagaya and

M a x , 1986). We have now used RU38485 to assess whe ther ch ron ic b lockade of

gl ucocorticoid receptors can i n f l u e n c e the course of musc le atrophy f o l l o w i n g

^ e n e r v a t i o n . V.'e assessed c h o l i n e acetyl t r a n s f erase and g lucose 6 -phospha te

dehydrooenase a c t i v i t i e s because they a re ore- and pos t - synap t i c b i o c h e m i c a l

i n d i e - ' - : f ry.-scle d e n e r v a t i o n ( W a g n e r and M a x , 1979; Max e t a l . , 1931; Max 'e t
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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 ami no acids from muscle proteins (Goldberg and Chang, 1979),

and 3) it may be an important index of muscle wast ing (Max et al., 1986; Max

and Silbergeld, 1986). Further, glutamine synthetase is induced in muscle by

glucocorticoids (Smith et al., 1984; King et al., 1983; Max et al., 1986).

MATERIALS AND METHODS

Adult, male rats (Crl :CD (SD) BR Strain, Charles River Breeding

Laboratories, Wi lmington, MA) weighing 200 g were used in all experiments.

They were given Purina Rodent Laboratory Chow (#5001, Ralston-Purina, St.

Louis, MO) and water ad libitum, and they were maintained on a lighting

schedule of 12 h of right and 12 h of darkness. Denervation was accomplished

under ether anesthesia by uni lateral sect ion of the sciat ic nerve at the

hi p. RU38486 (113 -(4-dimethyl ami nophenyl )"l 73-hydroxy-l 7c-(prop-l-ynyl )estra-

4, 9-dien-3-one; Roussel - UCLAF - Paris, France) was given p.o. at 50 mg/kg

beginning the day before denervation and .every day thereafter until the

'•' termination -of the experiment; This regimen-has been shown to cause blockade.

of muscle .glucocorti.coid. receptors., (Konagaya et_aj_., 19.86), . A t . 2 and 7 days

following denervation, rats were decapitated and denervated and contra!ateral

control extensor digitorum longus and plantaris muscles were removed and

weighed. The extensor digitorum longus muscle was assayed for choline

acetyltransf erase (Max et al_., 1982; Fonnum, 1975) and glucose 5-phosphate

dehydrogenase activi t ies (Max _et al_. , 1931; Schaerf _et aj_., 1982) as

described. Plantaris muscles were used for determination of glutamine

synthetase act iv i ty as described (Rowe, 1985; Smith et al.. 1984), using 5 roM

-" - " - - r te -:s substrate. Both musc les were used to provide sufficient material

for the assays.
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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 expected, denervated muscles lost weight. Seven days after neurotomy,

denervated extensor digitorum longus muscles weighed 70% of the contra! ateral

control muscle, while denervated plantaris muscles weighed 75% of the

central ateral control muscle (Table 1). Losses of muscle wet weight were

reflected in corresponding losses of non'-coll agen protein, (Table 1). Glucose

5-phosphate dehydrogenase act ivi ty increased 2- fo ld in denervated extensor

digitoruni longus musc les , as expected (V.'agner and Max, 1979 } (Tab le 2).

Choline acetyl transferase activity in extensor digitorum longus muscles

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

plantaris muscles increased 5.5-fold 8 days after denervation (Table 1). None

of these changes was altered by administration'of RU38486 (Tables 1 and 2).

• DISCUSSION . , ' . . . ' . , . ' . . . . " . . ' . - ' . . . . . '

. . . . . . . . The results ..described above ..reveal no .effect, .of chronic blockade of

gl ucocorticoid receptors on four, denervation-mediated events. Choline

acetyl transf erase, a marker of presynaptic integrity (Max et al ., 1981)

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

synthetase (Konagaya et aj_., 1986b), biochemical markers of post-synaptic

( i .e . , musc le ) integri ty increased, and muscle weight and protein content

decreased. Concurrent treatment with RU38485 had no effect on the progression

of these a l terat ions fo l lowing denervat ion. These data do not support the

hypothesis that denervat ion-mediated muscular atrophy results from receptor-

mediated gl ucocort icoid action (Karpat i , 1984). Tremblay 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 because its activity is enhanced in muscle following denervation

(Konagaya et al., 1986b) or administration of gl ucocorticoids (Smith et a! .,

1984; King et al.. 1983; Max et al.. 1986). That the denervation effect is

not blocked by RU38436 (Table 1), whereas that of gl ucocorticoids is blocked

by this compound (Max et aj_., 1986; Max et al. - 1987) suggests two different

itiechani sms for the increases. The present results suggest that endogenous

gl ucocorticoids do not cause the increase in glutamine synthetase act iv i ty

fol lowing 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 from ..tail-c.asted, hind-limb suspended rats (Jaspers et al_., 1986),

.. ... . b e c a u s e , adrenal ectomy. abolished .differences, in. muscle, .glutamine, .synthetase..

between normal and suspended rats. Jaspers and Tischler (1986) concluded that

elevation of circulating gl ucocorti coi ds is unlikely to be solely responsible

for muscle atrophy secondary to reduced activity, but that catabolic levels of

gl ucocorticoids could alter the response of muscle to unloading. RU38486 has

been shown to be e f fec t i ve in t reat ing a patient with Cushing 's syndrome

(Nieman et al_., 1985). Unfortunately, it seems not to be effective in

preventing denarvat i on-n?edi ated ef fects on muscle. The s igni f icance of the

interesting increase in g lucocort ico id 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 WEIGHT AND NON-COLLAGEN PROTEIN CONTENT.

Treatment Muscle Weight

(mg)

Extensor Digi'torum

Longus

Plantaris

Non-Collagen Protein

(mg/muscle)
• i : , i

Extensor Digitorum Plantaris

Longus

Control

Denervated

Control + RU38486

Denervated + RU38486 '

135.0

94.8

132.9

loo.'o

±

±

±

±

i i ' '' i i
31.5
:r /i*5.4

12.5

5.8**

230.0

172.9

242.9

181.4

± 25.

± 21.

± 19.

± 15.

8 %

4*

8

7**

24.41

16.26

22.71

. 15.54

± 2

± 2

± 2

± 1

.92

.10*

.05

. .** ..44

47.61

29.63

43.97

27.00

± 4.35

± 2.45*

± 4.39

± 4 . 3 7 * *

Data are means ± SD, n = 7. Rats were decapitated and muscles removed 8 days post-denervation. RU38486 was given

orally at 50 mg/kg.

Significantly different from untreated contra!ateral control, p < 0.01. ;

**Significantly different from central ateral control + RU38486, p < 0.01.

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

described in the text. ..



TABLE 2.

EFFECT OF DENERVATION AND RU38486 ON GLUCOSE 6-PHOSPHATE DEHYDROGENASE, GLUTAMINE SYNTHETASE, AND CHOLINE

ACETYLTRANSFERASE ACTIVITIES.

Denervated + RU38486

Glucose 6-Phosphate

Dehydrogenase

(nmol/min/mg protein)

Glutamine Choline

Synthetase Acetyltransferase

(nmol/h/mg protein) (pmol/min/mg non-collagen protein)

Control

Denervated

Control + RU38486

•' 1.50 ± 0.13

3.27 ± 0.50*

' .. 1.64 ± 0.22

5.4 ± 0.8

. 29.8 ± 11.5*

5.8 ± 1.6

11.99 ± 1.11

2.97 ± 1.25*

11.31 ± 1.25

3.30 ± 0.38** 29.0 ± 9.1** 2.99 ± 1.25**

Data are means ± $D,' n = 7. Rats were decapitated and muscles removed 8 days post-denervation. Glucose 6-phosphate

dehydrogenase and choline acetyltransferase activit ies were assayed in extensor digitorum muscles. Glutamine synthetase

activity was assayed in plantaris muscles. RU38486 was given orally at 50 mg/kg. ';:
i.

Significantly different from untreated contra! ateral control, p < 0.01; :

**Significantly different from contralateral control + RU38486, p < 0.01.

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

Experimental procedures are described in the text.




