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Prolonged adminis t ra t ion  of cor t i sone  causes  a m a r k e d  dec r ea se  in a r e a  of c r o s s  sect ion 
of the musc le  f i be r s  and r educes  the intensi ty of incorpora t ion  of methionine-H 3 into mus -  
cle pro te ins .  A dis turbance of different ia t ion of the myof ib r i l l a ry  appara tus  of the musc le  
f ibe r s  is observed  in r abb i t s  on the 15th day of cor t i sone  adminis t ra t ion .  

React ive  changes in musc l e s  and, in pa r t i cu la r ,  in somat ic  musc le s ,  when the balance  of the gluco- 
cor t icoid  ho rmones  in the body is d is turbed have not yet  been adequately studied. Few invest igat ions have 
been made and, as a rule ,  they have been confined to a descr ip t ion  of individual h is topathological  phenom- 
ena [5, 7]. 

The object of the presen t  invest igat ion was to study ce r t a in  r eac t ive  changes in skeletal  musc le  t i s -  
sue induced by admin is t ra t ion  of cor t i sone  and to compare  them with the intensity of prote in  synthes is .  
The r e su l t s  could be in teres t ing in connection with the cl inical  appl icat ions of co r t i cos t e ro id  therapy .  

EXPERIMENTAL M E T H O D  

The tes t  object  cons is ted  of the t ibial is  an te r io r  musc le  of 16 sexually imma tu re  ma le  rabb i t s  weigh- 
ing 1100-1200 g and 8 Wis ta r  r a t s  weighing 95-100 g. The exper imenta l  an imals  (8 rabbi t s  and 4 rats) r e -  
ceived cor t i sone  by in t r amuscu la r  injection (into the t r i c eps  braeh i i  muscle) every  day. The dose of co r -  
t isone was calculated on the ba s i s  of the daily therapeut ic  dose (0.1 g) employed in cl inical  p rac t ice ,  by 
the fo rmula  

p A 
~=~0(E-o)3' 

where  a 0 is the dose for  man,  P0 the weight of a man,  and P the weight of the animal .  

The control  an imals  r ece ived  inject ions of physiological  sal ine.  The an imals  were  sacr i f iced  at 
d i f ferent  t imes .  The t ib ia l is  an te r io r  musc le  was  weighed. Mater ia l  was  fixed in Ca rnoy ' s  mix ture ,  and 
longitudinal and t r a n s v e r s e  sec t ions  were  cut and stained with C a r a z z i ' s  hematoxyl in  and Heidenhain ' s  
i ron-hematoxylin. :  The number  of musc le  nuclei per  segment  of rayon measu r ing  0.2 m m  was counted (in 
300 musc le  f ibe r s  f r o m  each muscle) in the longitudinal sect ions .  The a r ea  of c r o s s  section of the musc le  
f i be r s  was de te rmined  in the t r a n s v e r s e  sect ions of the musc le  (100 f ibe r s  f r o m  each muscle) .  For  this 
purpose ,  outlines of the t r a n s v e r s e  sect ions of the musc le  f ibers  were  drawn by means  of a projec t ion  
drawing appara tus ,  cut out, and weighed. 
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Fig. 1. Tibialis an ter ior  muscle of control  rabbits  (C) and ex- 
per imental  rabbi ts  (E) 7 days (a) and 15 days (b) after beginning 
of cor t isone administrat ion.  Muscle f ibers  of t ibialis anter ior  
in control  (c) and experimental  (d) 15 days after  beginning of 
cor t isone administrat ion.  C a r a z z i ' s  hematoxylin, 280• 
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Fig. 2. Weight of tibialis 
anter ior  muscle (a), a rea  
of c ro s s  section of muscle  
f ibers  (b), and number of 
muscle  nuclei (c) of experi-  
mental animals  expressed  
as percentages  of c o r r e -  
sponding control  values.  

To study the effect of cort isone on the intensity of protein synthesis 
in muscle  t issue,  the experimental  ra t s  rece ived  an injection of methionine- 
H 3 in a dose of 3.5 ~Ci/g (specific activity of methionine-H 3 90 mCi/g). The 
ra t s  were  decapitated on the 10th day after  the beginning of cor t isone ad- 
minis t ra t ion and 16 h after  the injection of methionine-~I 3. Transver se  sec-  
tions through the tibialis anter ior  muscle were coated with type "R" emul-  
sion. The autoradiographs were exposed for 40 days. The intensity of in- 
corpora t ion  of methionine-H 3 was determined by counting the number of 
t r acks  in the section of each individual fiber. From the numbers  obtained 
by counting the mean number  of t racks  per 100 ~2 a rea  of muscle fiber was 
calculated.  The numerica l  resu l t s  were analyzed by stat ist ical  methods.  

EXPERIMENTAL RESULTS 

In the experimental rabbits the tibialis anterior muscle on the 7th and, 
in par t icular ,  on the 15th day of the experiment differed significantly in its 
appearance to the eye f rom muscles  of the control animals (Fig. la,  b). The 
decrease  in weight of the muscle was c lear ly  re la ted to the decrease  in 
mean a rea  of c ro s s  sections of the muscle f ibers  and the increase  in num- 
ber  of muscle nuclei and the t imes  of injection of the hormone (Fig. 2). 

The distribution of the muscle  f ibers  by c lasses ,  depending on their  a rea  of c ro s s  section, showed 
that in the rabbi ts  receiving cort isone for 7 and, in par t icular ,  for 15 days thin muscle f ibers  were visibly 
predominant  in the t ibialis  an ter ior  musc le  (compared with the control) and muscle f ibers  with a large 
a rea  of c ro s s  section, charac te r i s t i c  of the tibialis anter ior  muscle  of the control  rabbits,  were  absent. 

Examination of the s t ructure  of the muscle f ibers  7 days after  the beginning of cort isone adminis t ra -  
tion revea led  no significant dif ferences  in the myof ibr i l la ry  apparatus compared  with the muscle  t issue of 
the control  animals .  On the 15th day, changes in the s t ruc ture  of the muscle f ibers  were  regular ly  found. 
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Fig. 3. Number of muscle f ibers and 
number of tracks above cytoplasm of 
f ibers  as functions of their  a rea  of 
c r o s s  section: a, c) number of f ibers  
in experimental  and control ser ies ,  
respect ively;  b, c~ number of t racks  
in experimental  and control  ser ies ,  
respect ive ly .  Ordinate, number of 
f ibers  or  t racks ;  absc issa ,  c l a s ses  
of muscle f ibers  based on mean area  
of c r o s s  section. 

In some muscle  f ibers ,  for instance, par t ia l  or complete dedif- 
ferentiat ion of the myofibr i l lary  apparatus was observed in local-  
ized a reas  or over a wide extent of the fiber.  In some dediffer-  
entiated a reas  c i rcu la r  c lus ters  of muscle nuclei could some- 
t imes  be seen. In individual, very  narrow fibers ,  a se r ies  of con- 
tiguous muscle  nuclei occupied a central  position. In some rab-  
bits a reas  of Zenker ' s  nec ros i s  were visible in individual muscle 
f ibers ,  and were  accompanied by evidence of reparat ive  r egener -  
ation: deposits of basophilic cytoplasm with round nuclei and 
thin myosyncyt ia .  

The focal cha rac te r  of the changes in the muscle f ibers was 
conspicuous.  Side by side with muscle f ibers  which were  vir tu-  
ally indistinguishable f rom those of the control  animals,  a group 
of f ibers  with substantial changes could be seen (Fig. lc ,  d). 

Administrat ion of cor t isone to the ra t s  for 10 days, just as 
in the case of the rabbits ,  led to a decrease  in weight of the t ib- 
ialis anter ior  muscle  and a decrease  in mean area  of c r o s s  sec-  
tion of the muscle f ibers ,  although the number of muscle nuclei 
in them was substantially unchanged compared with the control.  
No appreciable s t ructural  changes likewise were observed in the 
myofibr i l lary  apparatus of the muscle f ibers .  As the graph 
(Fig. 3a, c) shows, in ra t s  just as in rabbits ,  the number of mus-  
cle f ibers  with a small  a rea  of c ross  section was increased.  

Autoradiographic investigation of the intensity of incorpora-  
tion of methionine-H 3 into the skeletal muscle of the ra t s  on the 

10th day after  the beginning of cort isone administrat ion revealed a stat ist ically significant decrease  in in- 
corpora t ion of the radioact ive label (Fig. 3b, c~, confirming the previously observed antianabolic effect of 
the hormone [2-4], although the possibili ty of a catabolic action of cor t isone on the muscle  t issue evidently 
cannot be ruled out [6]. 

It is interest ing to analyze the curves  of distribution of the muscle f ibers by the specific density of 
distr ibution of the t racks  in the control  and experimental  se r ies  as functions of their  a rea  of c r o s s  section 
(Fig. 3b, d). The g rea te r  the a rea  of c r o s s  section of the muscle  fiber,  the less  intensive the incorporat ion 
of methionine-H 3. It may be supposed that rayons with a large a rea  of c ro s s  section are  what are  known as 
white tetanie muscle f ibers ,  and in that case they must  differ in their  level  of protein synthesis f rom the 
narrow "red" tonic muscle  f ibers .  The fact  will be noted that under the influence of cor t isone the intensity 
of incorporat ion of methionine-H 3 was reduced equally in both the wide and the narrow muscle f ibers .  

Compar ison of the resu l t s  of the autoradiographic investigation with those of the b iometr ic  study of 
the a reas  of c r o s s  section of the muscle  f ibers  demonst ra ted  the marked degree of inhibition of muscle 
protein synthesis .  The possibil i ty cannot be ruled out that in this case synthesis  of s t ructura l  muscle p ro -  
teins may be inhibited. Changes in differentiation of the myofibr i l lary  apparatus in some muscle  f ibers of 
the rabbits ,  expressed  as disturbance of the c lear ly  defined s t ructure  of the disks or as their  total disap- 
pearance,  can be assumed to be the resul t  of the absence of synthesis  of par t icular  contract i le  proteins.  
There is evidently a definite connection between the disturbance of differentiation of the myofibr i l lary  ap- 
paratus  of the muscle f ibers  and the increased reproduct ion of muscle nuclei observed under these condi- 
t ions during cort isone administrat ion.  
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