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INTRODUCTION 

Glucocorticoids produce glycopexis in the liver and in stri- 
ated muscle (Long, '42 ; Russell and Wilhemi, '50 ; Leonard, 
' 5 3 ) .  The increased glycogen in liver and myocardium is 
easily demonstrated by liistochemical methods (U7illiams, 
Davis and Ilowe, '56). Failure of the same technics to  demon- 
strate significant amounts of glycogen in voluntary muscles 
of normal mice and of those injected with large amounts of 
cortisone has been discussed previously (Swigart and Will- 
iams, '52, '54 ; Williams, Davis and Lowe, '56). Subsequently 
large amounts of glycogen were demonstrated (PAS-di- 
astase technic) in the masseter and perineal muscles of normal 
mice. As a result of these preliminary findings the study re- 
ported here was designed to survey the amounts of glycogen 
in specific muscles of normal mice and of those injected with 
large amounts of cortisone. I n  addition the glycogenolytic 
actions of epinephrine were studied in these muscles. 
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MATERIALS A N D  METHODS 

Forty mice (22-24 g m  in weight) were injected subcutane- 
ously with cortisone acetate in a dose of 2.5 mg daily for  7 
days and were killed on the 8th day. I n  addition 20 mice were 
similarly injected with cortisone daily for 7 days and 24 hours 
later were injected with epinephrine (0.5 mg in saline, intra- 
peritoiically). These mice were killed one or two hours after 
receiving epinephrine (10 a t  one hour and 10 at two hours). 
Tissues from 20 normal animals (no hormones administered) 
were used as controls fo r  the following experiments. 

TABLE 1 

Staining reacttons of muscles 
~~ 

CORTISOXE + 
E P I I \ E P H X I \ E ~  MUSCLE _____ 

P A S  PAS-D P A S  PAS-D P A S  PAS-1) 

CONTROLS ( ‘ORTIGONE ’ 

Masseter 2+ 0 4 f  0 4+ 0 
Perineal 3 f  0 4 f  0 3+ 0 
Anterior abdominal I+ 0 2+ 0 2+ 0 
Thigh 1+ 0 2+ 0 2+ 0 
Pectoralis nia jor  I+ 0 2+ 0 2+ 0 
Deltoid If 0 2+ 0 2+ 0 
Trapezius If 0 2 f  0 2+ 0 

PAS = Stained by Periodic Acid-Schiff’s reagent technic. 
PAS-D = Hydrolysis (30 minutes) in 1% aqueous solution of malt diastase piior 

to staining by PAS. 
2.5 rng of cortisone daily for  ‘7 days. 
0.5 iiig of epinephrine 1 - 2 hours before death. 

Food (Purina Fox Chow) and water were available until 
the time of death. The mice were killed (between 8 and 
10 A.M.)  by digital compression of the cervical spinal column. 

The muscles studied are  listed in table 1. The mice were 
skinned and the whole carcasses were fixed in Lavdowsky’s 
solution (TVilliams and Frantz, ’48) for 48 hours or more. 
Approximately one-half of the carcasses were then placed in 
5.0% aqueous nitric acid for  36 hours for decalcification. De- 
calcification permitted a complete “block” dissection of cer- 

through the courtesy of Dr. Edward Henderson. 
The cortisone acetate was generously supplied by the Schering Corporation 
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tain muscles, particularly the masseter and perineals. Rela- 
atively large pieces of muscle were dissected from the car- 
casses that were not decalcified. These specimens and those 
from the decalcified carcasses were dehydrated, cleared, em- 
bedded in paraffin, and sectioned in the usual fashion. No 
significant alterations in PAS reaction were noted in the 
glycogen-containing tissues subjected to nitric acid. The per- 
hea l  muscles were studied only in males. The muscles de- 
scribed as perineal included the ischio- and bulbocavernosi, 
levator ani and transverse perineals (as classified in the 
human). The sections of this muscle mass usually included 
portions of the rectum and of the penis. 

The PAS technic, with o r  without diastase digestion (1% 
malt diastase in distilled water for 30 minutes), was applied 
as previously described (Williams, Lowe and Thomas, ’53 ; 
Lowe and Williams, ’53; Williams, Davis and Lowe, ’56). 
Relative quantitation of the amount of glycogen was accom- 
plished by grading the amount of PAS staining as seen with a 
comparison ocular attached to  two identical microscopes with 
a single source of illumination (MWiams, Davis and 
Lowe, ’56). 

OBSERVATIOKS 

A summary of data appears in table 1. 

Colztrols 

Skeletal muscle. All of the muscles contained stainable 
glycogen. In  a majority of the muscles this PAS-positive 
material appeared in the sarcoplasm adjacent to the sacro- 
lemma, usually at one side of the muscle fiber (figs. 3, 6, 7 ,  9).  
In  adjacent sections exposed to the action of diastase there 
was no PAS reaction in muscle fibers. By grading the amount 
of PAS positivity for comparison, it was found that the gly- 
cogen content of most muscles of normal mice ranged between 
a “trace” and 1+ (table 1). I n  the normal animals the peri- 
neals showed the greatest PAS reaction (fig. l). The glycogen 
content of the masseter was slightly less (fig. 3). All of the 
other muscles were less PAS positive. These included the an- 
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terior abdominal (rectus and obliques), thigh, pectoral, del- 
toid, and trapezius muscles. In  normal mice the PAS reactions 
varied in intensity throughout sections of a given muscle. The 
most uniform distribution was in the masseter and perineals. 
This uniformity was demonstrated in a majority of the fibers 
seen in sections of these two muscles and also by the amount 
and distribution of PAS-positive material within individual 
fibers of masseter and perineal muscles of normal and corti- 
sone-injected mice. 

Mice injected with cortisolze 

Skeletal  muscle.  All the muscles surveyed showed a definite 
increase in the amount of PAS-positive-diastase-hydrolyzable 
material (table 1). Uniformity of distribution was also in- 
creased. The masseter and perineals exceeded all of the 
other muscles in PAS positivity (figs. 1-5). The masseter 
showed a greater relative increment in deposition of stain- 
able glycogen than did the perineals (table 1). In  the anterior 
abdominal and appendicular muscles an increase was also 
demonstrated (figs. 6-10). Diastase digestion removed the 
PAS-positive material from fibers of the several muscles. 

Liver and myocnrdizcm. The increase in glycogen corres- 
ponded with those previously described (Williams, Davis and 
Lowe, '56). 

Mice iwjected with cortisone amd epiizephrine 

Skeletal  muscle.  In  mice previously injected with cortisone 
( f o r  7 days) injection with epinephrine produced no change in 
the PAS positivity of muscles except that in the perineals 
the glycogen was slightly more depleted than in mice injected 
with cortisone alone (table 1). 

Liver a d  myocardium.  Epinephrine decreased the amount 
of stainable glycogen in hepatic parenchymal cells, but did 
not alter that within myocardial fibers (Williams, Davis and 
Lowe, '56). 
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Other effects o f  cortisone 
Body weight decreased approximately 11% in the animals 

receiving 2.5 mg of cortisone daily for 7 days. This amount of 
weight loss corresponded with previously reported data (Will- 
iams, '54). Lymphoid organs were depleted. Pneumonia and 
a moderately high incidence of pericarditis were common in 
the mice receiving cortisone. 

DISCUSSION 

Glycostasis or glycopexis represents a major activity of 
compounds classified as glucocorticoids (Long, '42 ; Ingle, 
'50). I n  the present study a localization-staining technic 
(PAS) was used to  show glycogen in skeletal muscle of mice. 
The cortisone-induced increment in glycogen of skeletal mus- 
cles is in agreement with an earlier demonstration of an iden- 
tical reaction in liver and myocardium of mice (Williams, 
Davis and Lowe, '56). I n  normal mice more glycogen was 
demonstrated (by staining) in certain muscles than in others. 
Previous chemical analyses of rat  muscles predict such varia- 
tions (Leonard, '55 ; Saunders and Leonard, '55 ; Leonard and 
Ringler, '54). The appendicular muscles of mice showed low 
positivity (staining) for glycogen, anterior abdominals 
slightly more, and the masseter and perineal muscles the 
greatest amounts. The perineal muscles' abundant content 
of glycogen and the control of this carbohydrate within mus- 
cle by certain hormones has been well demonstrated in rats 
(Leonard, '53). Apparently the masseter has received little 
if any attention as an entity for the study of chemical composi- 
tion of muscle. The present study demonstrates that this mus- 
cle is an optimal site for the study of glycogen by staining 
methods in normal and cortisone-injected mice. 

Epinephrine had no significant effect on the glycogen of 
skeletal muscles of mice, but did mobilize that of the liver. 
The lack of response to epinephrine of skeletal muscle of mice 
agrees with the earlier finding in myocardium of this species 
(Williams, Davis and Lowe, '56). The demonstrated decrease 
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in muscle glycogen (gastrocnemius) produced by epinephrine 
in rats may reflect the greater accuracy of chemical analyses 
as used by Evans ( '34). 

The endocrine control of muscle glycogen is subject to (or  
displays) considerable variation if the quantity of this carbo- 
hydrate within individual (single) muscle is considered. In  
normal or adrenalectomized rats injected with growth hor- 
mone and fed glucose very little change is noted in the gly- 
cogen content of the gastrocnemius, but under the same con- 
ditions the diaphragm shows an increased amount (Russell 
and Bloom, '56). In  normal rats injected with cortisone gly- 
cogen increased significantly in the rectus femoris, but not in 
the diaphragm (Leonard, '55). In  castrated rats injections of 
estradiol benzoate increased the glycogen content of the rectus 
femoris approximately one-half as much as did cortisone (Kos- 
tyo and Leonard, '55). Testosterone propionate increased the 
glycogen content of the perineal muscles in normal rats (Leon- 
ard, '52). 

The studies cited above show that muscles display an indi- 
vidual (or local) response to pituitary, gonadal and adrenal 
hormones in relation to their glycogen content. I t  should be 
noted that none of this work has been done on the masseter. In 
the present study this muscle was the most satisfactory f o r  
demonstrating glycogen by a staining-localization technic. 

SUMMARY 

1. Stainable glycogen ( P A S  technic) was increased in vol- 
untary muscles of mice injected ( fo r  7 days) with large 
amounts of cortisone. The masseter showed the most uniform 
increase of glycogen. The perineals contained the greatest 
quantity of stainable glycogen in normal mice, but the incre- 
ment produced by cortisone was not as great as in the masseter. 

Epinephrine did not significantly decrease the amount of 
stainable glycogen in muscles of normal or of cortisone-in- 
jected mice. 

2. 
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PLATE 1 

EXPLANATION OF FIGURES 

All figures ( x  300) in this plate and in plate 2 were stained by the periodic 
acid-Schiff 's reagent (PAS) technic. 

Figure 5 (below) shows seetion tha t  was diastase-digested prior to  application 
of the PAS technic. 
1 
2 
3 
4 
5 

Longitudinal section of perineal muscle of normal mouse. 
Longitudinal section of periiieal muscle of cortisone-injected mouse. 
Transverse section of masseter muscle of normal mouse. 
Transverse section of masseter muscle of cortisone-injected mouse. 
Longitudinal section of masseter muscle of cortisone-injected mouse (section 

digested in diastase solution). 
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I’IIATE 2 

EXPLANATIOS OF FIOUBES 

6-7 Transvcmo (fig. 6 j mid loiigitutliiinl (fig. i )  xwtioiis of iiiiterior aldoiiiiiiiil 
iiiuscles of normal mouse. 

Trausvervc mid loiigitudiiial sections of anterior abdominal niuxclcs of corti- 
sone-injected mouse. 

Triiiivverse section of thigh niuscle of iiorinal niouw. 

Trniisvcrvo section of tliigli iiiuvcle of eortiaonoiiijectcvl niousp. 

8 

9 

I 0  
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