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phosphorylase t cannot be either ignored or 
explained. 

Although others have shown that epine- 
phrine increases rate of recovery oi phos- 
phorylase activity ratios in normal rat 
muscles ( 11,12 ) , this was not observed in de- 
nervated muscle under these conditions. Per- 
haps if the denervated muscle had been 
stimulated to exhaustion, the effect of epine- 
phrine on increasing the rate of recovery 
would have appeared as it did in normal 
muscle( 11,12). 

Summary. Following denervation of the 
rat rectus femoris muscle, phosphorylase a 
and t activity and the a / t  ratio were main- 
tained for 5 days, decreased by 10 days and 
remained low for 60 days. In muscles de- 
nervated for 15 days epinephrine increased 
the activity of phosphorylase a and t and the 
a/t  ratio, and markedly inhibited the ex- 
pected decrease in enzyme activity which fol- 
lows tetanic contraction. Following electrical 
stimulation, the recovery of activity ratios in 
both intact and denervated muscles occurred 
at  the same time. In denervated muscle the 
return of phosphorylase a and t was delayed 
as compared to that in normal muscle. Epine- 
phrine showed no effect on the recovery of 

enzyme activity in the denervated muscle. 
Changes in muscle phosphorylase activity 
after denervation atrophy differ fram those 
incurred from other causes. 
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Hypercalcemia has been reported in Addi- 
sonian crisis ( 1-3), following adrenalectomy 
in patients with Cushing’s disease(4), and in 
adrenalectomized animals ( 5-8). In many of 
these instances the elevated serum calcium 
returned to normal levels following cortisone 
administration. Hypercalcemia accompany- 
ing sarcoidosis and hypervitaminosis D, and 
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idiopathic hypercalcemia in children may be 
similarly reduced with cortisone( 9-1 1). 

Elevated serum phosphorus values have 
been observed in adrenalectomized rats ( 12 ) 
and monkeys( 13), and in patients with Ad- 
dison’s disease ( 2 ) .  On the other hand, ACTH 
has been found to decrease serum phosphorus 
in the rat( 14), and marked hypophosphate- 
mlia has been seen in patients following car- 
tisone treatment ( 15). 

Either a lack of such effects on serum Ca 
and P concentrations or conflicting results 
have been reported by other workers( 11,14, 
16). While these phenomena indicate effects 
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Olf adrenal hormones on serum Ca and P 
levels, the mechanisms underlying these ef- 
fects are unknown. 

In  recent studies in dogs(8) hypercalcemia 
following adrenalectomy was reversed to nor- 
mocalcemia ' with cortisone. A balance study 
during the hypercalcemic phase revealed no 
change in the consistently negative Ca and 
P balance, suggesting that the effects on se- 
rum calcium were not mediated through 
changes in balance. It was therefore sug- 
gested that cortisone, in addition to its well- 
known effects on calcium balance, may also 
influence the equilibrium distribution of Ca 
between bone and extracellular fluid in a di- 
rection opposite to that of parathyroid hor- 
mone and vit D. A study of the possible in- 
fluence af adrenalectomy and cortisone treat- 
ment on this equilibrium using mouse bone 
in vitro is here reported. 

Methods. The experimental animals used 
were 7-8-week-old, male Swiss white mice 
weighing 40-45 g each. Adrenalectomy was 
performed one week before sacrifice. 2.5 mg 
cortisone acetate Merck was injected sub- 
cutaneously as described in Table 11. On the 
day after the last dose was given,$ animals 
were killed by cervical fracture and the cal- 
varia removed and prepared as in other ex- 
periments ( 18). Two calvaria, pooled to give 
about 80 mg wet weight of bone in each 
flask, were incubated for 6 hours in a Dub- 
noff metabolic incubator at 37.8OC in 2 ml 
af modified Krebs-Ringer medial1 buffered to 
pH 7.4 with HC03- and 5% CO,. Penicillin 
at a final concentration of 5 U per ml and 
streptomycin 0.01 mg/ml were added. Glu- 
cose was used as a substrate at a concentra- 
tion of 2 mg/ml. Incubations were carried 
out in an atmosphere of 95% oxygen with 5% 
COz. In such a system at the end of 6 hours 
incubation Ca and P measured in the me- 

§ This dose of cortisone is comparable to that used 
in experiments on rats by others(l7). It was chosen 
for these experiments because preliminary experience 
indicated that it was effective in changing P distribu- 
tion in the system employed and yet did not ap- 
pear to affect the well-being of the animals nor 
cause them to lose weight. 

11 The media contained no Ca. P was present at a 
concentration of .40 mMol/l. 

TABLE I. Effects of Adrenalectomy. 

Ca P C a X P  
(--mMol/l-= 

Coiitrols 1 .64 .94 .60 
2 .68 .95 .65 
3 .66 .92 .61 
4 .65 .91 .59 
5 .65 .90 .59 

Mean .66 .92 .61 
Adrenalectomized 6 .58 .93 .54 

7 .65 .89 .58 
8 .62 .89 .55 
9 .65 .93 .60 
10 .65 .93 .60 
11 .71 .97 .69 

.64 .92 .59 Mean 

dium can be considered to be in steady-state 
equilibrium with the bone mineral and thus 
simulate the situation in vivo discussed else- 
where( 18). For each experiment normal and 
experimental bone samples were incubated at 
the m e  time. All analyses were done by 
methods currently in use in this laboratory 
( 18) 

Results. Neither adrenalectomy nor treat- 
ment with cortisone (or hydrocortisone) in 
the dosage used appeared to affect the well- 
being of the animals. They were active, con- 
sumed normal amounts of food and water, 
fur remained sleek, and they did not lme 
weight. Data from 2 typical experiments are 
shown in Tables I and 11. Ca and P con- 
centrations maintained in the media sur- 
rounding bones from adrenalectomized ani- 
mals were the same as controls (Table I). 

In the cortisone-treated groups (Table 11) , 
while Ca concentrations remained unchanged, 
P concentrations were consistently lower 
than controls. The decrease in P concentra- 
tion was marked after only 2 days of corti- 
sone and k a m e  more pronounced with 
longer treatment. The Ca X P products were 
similarly reduced. Similar results were found 
with comparable doses of hydrocortisone. 

Discussion. The fact that cortisone treat- 
ment induced a fall in P concentration, while 
adrenalectomy had no effect, suggests that 
the cortisone effect observed may have been 
the result of an excessive dose. However, al- 
though no significant effect on Ca concentra- 
tion was noted, the changes in P which took 
place were in a direction which might have 
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TABLE 11. Effects of Cortisone. 

C a. P C a x P  
-d~l~I/l- 

Controls 1 
2 
3 

Mean 
Cortisone, 2.5 ing/d;iy 

For 2 ilnys 4 

ci 
JI cl:tll 

8 
SI(Jal1 

10 
11 

Meall 

For 5 days 7 

For 8 days 9 

.64 .90 .58 

.64 .91 .58 

.60 .94 .50 

.A3 .92 .57 

.ci2 .82 ..? 1 

.(i j . P l  5 4  
.4!1 si3 . I  1 

.&I .80 5 1  

.(jO .74 .44 

. ( i B  .so .an 
.47 .GI . I  I 

.64 .79 .51 

.ti3 .73  .46 
.49 .(is . / a  

.64 .70 .49 

r -  

-- 

- -  

been expected on the basis of observations 
from some laboratories of serum P concentra- 
tions in patients and experimental animals 
under the influence of adrenal steroids( 14. 
15). Our results sugpest that one of the 
mechanisms by which cortisone decreases se- 
rum P levels is by changing the equilibrium 
for this ion between bone mineral and the 
extracellular fluid. This mechanism would 
serve to enhance the hypophosphatemic ef- 
fects of increased glycogen deposition in 
muscle suggested by Fenn and confirmed by 
Nichols ( 19). 

The details of the mechanisms involved in 
distribution of P between bone sample and 
medium which are influenced by cortisone 
cannot be determined from available data. 
Whether they are related to changes in citrate 
metabolism or changes in permeability or 
synthesis of the organic matrix requires fur- 
ther investigation. 

Why changes in Ca distribution could not 
be shown to accompany the changes in P is 
equally unclear. Species differences may have 
been responsible, or changes in Ca distribu- 
tion previously n80ted( 1-8) may have been 
largely the result of phenomena remote from 
the bone itself such as absorption, excretion, 
etc. 

It is of interest to compare the present re- 
sults with those obtained previously using 
exactly the same system( 18). It was shown 

that Ca concentrations were significantly 
higher when active cellular metabolism was 
present and following prior treatment With 
parathyroid hormone. P concentrations, how- 
ever, were unchanged. In  the present study 
changes were seen in P concentrations, while 
Ca concentrations were not affected. These 
findings suggest that cortisone may modify 
the steady state Ca X P concentration prod- 
uct by a different mechanism than parathy- 
roid hormone. 

Summary. Bones from cortisone-treated 
and adrenalectomized mice were incubated 
in vitm and Ca and P in the medium meas- 
ured after a steady state was reached. Com- 
pared to controls, no significant changes were 
seen in the adrenalectomized group. In the 
cortisone-treated group, while Ca concentra- 
tions were unchanged, P concentrations were 
depressed. It is therefore suggested that the 
depression of serum P levels with cortisone 
observed in rats and man may be in part a 
result of a change in distribution of P be- 
tween bone mineral and extracellular fluid. 
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Blood Volume Parameters of a Poikilothermal Animal in Hypo- and 
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With the current interest in blood volume 
changes in warm-blooded animals produced 
by alteration in body temperature (particu- 
larly hypothermia) i t  appears l og id  that 
these phenomena be investigated in a poikilo- 
thermal animal as a possible source of in- 
sight into the nature of physiologic adjust- 
ment of b l d  volume to changes in body 
temperatures. Several common cold-blooded 
laboratory animals were considered for this 
study but due to ease of maintenance, size, 
and phylogenetic “highness” the alligator is 
the animal of choice. 

Methods. Animals used in this study were 
66 American Alligators, Alligator mississip- 
piensis, weighing 615-1300 g and measuring 
66.5-82.0 cm in length. The animals were 
obtained from Louisiana, kept in a shallow 
tank without food, and used within 2 weeks 
of the time they arrived but not during the 
first 3 days. Approximately an equal num- 
ber of males and females were used, and no 
significant difference between sexes was noted 
with regard to the parameters studied. 

The alligators were anesthetized using 30 
mg/kg sodium pentobarbital injected intra- 
peritoneally ; anesthesia administered ap- 
proximately 1% hours before the experiments 
were begun proved to be most satisfactory. 
Crjl tagged red cells were used to determine 
cell volumes, and 1131 tagged serum albumin 

* This investigation was supported in part by Re- 
search Grant from Nat. Inst. Health. 

(RISA) was used to measure plasma vol- 
umes. The red cells to be tagged were ob- 
tained from donor alligators early in the day 
and tagged according to the technic of 
Gray & Sterling( 1).  Donor alligators were 
used only once although some recovered from 
this relatively massive bleeding (approxi- 
mately 18 cc). A suspension of 5 cc of washed, 
tagged red cells suspended in enough 0.9% 
saline to approximate the normal hematocrit 
was given to each animal in the C F  series 
immediately after removal of a like volume 
of their own blood. The tagged blood-cell 
suspension was washed in with 1 cc of saline 
and an additional 1 cc of saline was injected 
slowly during the experimental period (about 
one hour). 

Both withdrawal and injection, as well as 
subsequent bleeding, were done through an 
indwelling cardiac needle introduced by punc- 
ture. An initial hematocrit determination 
was made for a c h  animal using the first 
blood drawn from the heart; for this deter- 
mination micro-technics were used. Hema- 
tocrits were also measured dor donor alliga- 
tors. These hematocrits are subsequently 
called venous hematocrits although they may 
represent mixed venous and arterial blood. 

In  the 1131 series one cc cnf a solution of 
RISA appropriately diluted in 0.9% saline 
was injected after blood had been withdrawn 
for hematocrit determinations. The same 
washing-in technic was used as in the case 




