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Discussion. Results of DOC treatlment in- 
dicate a clear separation between life main- 
tenance and restoration of ovarian-compensa- 
tory-hypertropihy : 30 pg is almost completely 
effective in supporting life, whereas 4 or more 
times that amount is required to restore the 
ovarian growth effect. We have recently sug- 
gested( 2 )  that the failure of adrenalectomized 
rats to respond to hemicastration resulted 
from the abnormal salt and water metabolism 
that follows adrenal removal. The present 
study may not be entirely commensurate with 
this hypothesis since a much lower dose is 
adequate to maintain life than is necessary to 
restore the ovarian response. Corticosterone 
administration also restores the ovanian re- 
sponse, although the data suggest only a 
partial restoration of the ovarian compensa- 
tory hyperthrophy. 

Summary. Desoxycorticosterone will retoire 
the ability of adrenalectodzed rats to1 respond 
to hremicastration with ovarian colmpensatory 
hypertrophy ; however complete restoration 
of the response was only obtained at doses 3-4 
times those necessary to preserve life. Corti- 
cost erone- t r ea t ed , ad renalec tomized rats show 
a recovery of the ovarian response toward 
normal, but only at doses exceeding thme 
necessary far life maintenance. 
_____ ~~ 
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Hypothyroidism in rats has been shown to 
increase the content of glycogen in the heart, 
but the mechanism responsible for this 
altwation has not been elucidated ( 1) .  From 
other studies i t  is known that cardiac glycogen 
is increased under circumstances of sustained 
fat mobiliz&ion(2,3) and is depleted by 
catecholamines( 4). The present studies were 
designed to explore the effect of fasting and of 
catecholamiines on the cardiac glycogen of 
normal and thyroidectomized rats. 

Methods and materials. Male Holtzman mts 
were maintained on tap water and Purim 
L a k n a  Chow for at least 4 weeks before 
study. Thyroidectomy was performed on 130 
g rats as previously described(5) and hy- 
pothyroidism was assessed by failure of gain 
in weight (6).  Any animal weighing m m  than 
2 0 0  g 4 to 6 weeks after Ithyoidectomy was 

*This study was supported in part by Grants 
2A-5166, A-612, and AM-091897 from Nat. Inst. 
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discarded; normal controls weighed between 
250 and 400 g after the same length of time. 

ExperimentaZ procedure. In  experiments on 
fasting rats animals were deprived of food 
for 18 to 24 hours. The animals were ma- 
thetized with pmtobarbital and in same ex- 
periments blood was drawn from the ab- 
dominal aorta, following which the h a r t  was 
promptly removed, weighed and dropped in 
30y0 potassium hydroxide in a boiling water 
bath. Hearts were digested for a t  least one 
houlr m d  analyzed for glycogen as prwiolmly 
desoribed(7). Cardiac glycogen by th is  pro- 
cedure was 5.8 & .3 pg/mg and compared 
favorably with glycogen values of 5.0 t_ .7 
pgJmg detmnined on hearts frozen im- 
mediately after tharacotomy and before 
weighing. Free fatty acids were datermined 
by the method of Dole(8) on 0.5 ml aliquolts 
of plasma. Isopraterenol was given in a dose 
of 50 pgj'kg subcutaneously at vaxioius in- 
tervals before death or in vwious doses by the 
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TABLE T. Effect of Thyroidectomy and Fasting 
on Cardiac Glycogen and F F A  Concentrations. 

Thyroidecto- 
Normal mized P" 

~~ ~ ~~ ~~ 

Cardiac glycogen (,ug/mg) 
Fed  3.32 +_ .17 (17) t  5.66 & .37 (15) < . O O l  
Fasting 5.12 k .22 (16) 6.09 2 .23 (16) <.Ol 
PS < . O O l  N.S. 

Plasma F F A  (pEq/l) 
Fed 677 k 66 (6) 632 f. 28 (7) N.S. 
Fasting 1095 f. 47 (6) 936 k 66 (6) N.S. 
PS < . O O l  < . O O l  

* Normal vs thyroidectomized. 
t Maan & S.E.; the number of observations is  

$ Fed vs fasting. 
indicated in  parentheses. 

inbraperitoneal route 5 minutes before 
sacrifice. 

ResuZts. The effect of fasiting on the cardiw 
glycogen od noIrma1 and thyaidectolmhed rats 
is shown in Table I. Fasting significantly in- 
creased cardiac glycogen in nlolrmal bat nolt 
in hypothyroid rats altholugh both groups 
showed an increase in plasma free faitty acids 
(FFA) (Table I ) .  To test further whether an 
increase in plasma FFA could rake clardiac 
glycogen, 15 thyroidectomized rats were 
deprived of food and 7 af than given 1.5 ml of 
okic acid by stomach tube at the bleginning 
of an 18-hour fast; five of 10 normal rats also 
received ol&c acid. The plasma FFA wme 
higher in the animals fed oleic acid (Table 
II), but the cardiac glycogen was unchanged 
in the thyroidectomized rats and increased in 
the normal rats. 

Studies on the changes in! cardiac glycogen 

TABLE 11. Effect of Oleic Acid on Cardiac Gly- 
cogen and Plasma Free Fa t ty  Acids of Fasted 

Normal and Fastod Thyroidectomized Rats. 

Cardiac Plasma 
No. glycogen, free f a t ty  acids, 

animals pg/mg mEq/l 

Normal 
Control 5 5.4 f. .34* 590 +_ 69 
Oleic acidt 5 6.9 k .33 810 k134$  

Control 8 7.4 +_ .30 729 f. 54 
Oleic acidt 7 8.2 k .61 916 k 54 

Thyroidecto.mized 

* Mean 2 S.E.M. 
t 1.5 ml of oleic acid by stomach tube at begin- 

ning of an 18-hr fast. 
$ 3 values. 

and plasm FFA after the administration of 
isoprotermol are shown in Fig. 1 and 2 and 
Tables I11 and IV. In fed normal rats 50 g/ 
kg of isoprotarenol given siubcutaneously pro- 
duced a prompt fall in cardiac glycogen (Fig. 
1 and Table 111), but in the fed hypothyroid 
animals cardiac glycogen remained unchanged 
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@ TIME AFTER ISOPROTERENOL (MIN.)  

FIG. 1. Effect of isoproterenol on cardiac glyco- 
gen of normal and hypothyroid rats. 50 pg/kg of 
isoproterenol was injected subcutaneously and the 
animals sacrificed after exsanguination at  various 
times. Each point represents the mean of 8 animals 
and vertical bar 'through each point represents the 
standard error of th'e mean. 

FIG. 2. Effect of isoproternol on plasm,a free fatty 
acids of normal and hypothyroid rats. 50 pg/kg of 
isoproterenol was injected subcutaneously and blood 
drawn at  times indicated. Each point in this Figure 
represents the same animals depicted in Fig. 1. 

for at least 30 minutes after the drug was ad- 
ministered. Plasma FFA were significantly 
inscreased in 5 minutes in both normal and 
thyroidectomized rats (Fig. 2 and Table 111) 
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TABLE 111. Effects of Isoproterenol on Cardiac 
Glycogen and Plasma F F A  of Normal and Thy- 

roidectomized, Fasting Rats. 

Cardiac Plasma 
glY cogen, FFA,  
pg/mg p mEq/l p 

Normal 
Control 6.5 k .11* 913 +119 
Isoproter- 1.9 +_ .39 < . O O l  1527 4 21 < . O O l  

enolt 

Thyroidectomized 
Control 8.4 f .54 1075 2 99 
Isoproter- 8.9 2 .80 N.S.t 1490 4 91 <.02 

enol 

* Mean f S.E.M.; 5 rats/group. 
t Not statistically significant, P >.05. 
t 50 pg/kg administered subcutaneously 10 min 

previously. 

and had returned to control values by 15 
minutes. To show that the lack of response 
in hypothyroid rats was not due to inadequate 
absorption, isoproterenol was given intra- 
peritoneally in increasing doses to a group of 
fed mrmal and thyroidectomized rats 5 
minutes before sacrifice (Table IV). In the 
normal a n i d s  there was a 50% reduction in 
cardiac glycogen with a dose of isoprotwenol 
as low as 5 pg,kg and a progressively gekiter 
depletion with each inmming dose. In the 
thyroidectomized animals thare was a 20% 
reduction in each of the treated groups, but 
there was no further decrease even when the 
dose of isoproterenol was raised to 5000 pg/ 
kg, loo0 times the lowest effective dose in 
normal rats. In fact, the cardiac glycogen of 
the hypothyroid rats after the hlighest dose 
was still significantly above [that of the un- 
treated n m n d  rats. 

Discussion. Increasing the concentration of 
plasma FFA by feeding olleic acid(3), or by 

TABLE IV. Effect of Increasing Doses of Isopro- 
terenol on Cardiac Glycogen of Normal and Thy- 

roidectomized Rats. 

Cardiac glycogen, pg/mg Dose isopro- 
terenol, pg/kg t Normal Thyroidectomized 

0 3.1 & .24* 5.5 -e .29 
5 1.8 2 .19 - 

50 1.3 2 .55 4.3 & .35 
50 0 .5 t .06 3.6 2 .46 

5000 - 4.1 f .25 

* Meail k S.E.M.; 5 rats/group. 
t Isoproterenol given by intraperitonead route. 

fasting( 2 ) ,  increases cardiac glycogen. In the 
present experiments on thyrolidectomimd rats, 
neither feeding oleic acid nor fasting had any 
effect on the cardiac glycogen, although both 
procedures increased the plasma FFA. I t  has 
been shown that the concentration olf FFA 
in the plasma is reduced in hypothyroidism 
(9) and that adipose tissue from thyraidec- 
tomized animals has a reduced response to 
liplytic hormones ( 1,lO). Tke elevation of 
cardiac glycogen in thyroidectomized rats is 
theyefore not attributable to increased cir- 
culating levels of FFA. 

Catecholamines can decrease(4) and sym 
pathectmy increase( 11) the cardiac glycogen. 
Treatment with thyroxine also decreases( 12) 
while hypothyroidism increases the concen- 
tration of glycogen in the h a r t  ( 1 ) . Depletion 
of the cardiac glycogen is preceded by an 
increase in the ratio of active to inactive phos- 
phorylase( 13). Catecholamines and thyoxine 
increase the fraction of phosphorylase present 
in the active form, while hypothyroidism re- 
duces it ( 12). The sensitivity of phospholrylase 
to activation by norepinephrine is increased 
by pretreatment with thyroxine( 12), and as 
shown in the present experiments, glyccgen- 
olysis in response to isoproterend is reduced 
by thyroidectomy. These obwrvations, taken 
as a whole, suggest that the increased con- 
centration of glycogen in the har t s  of thy- 
roidectolmized rats may result from decreased 
semi tivi ty to wtecholamjines. 
These observations apparently are at 

variance with t h m  of Hornbrook et aZ(12) 
w h ~  reported that intravenous injectiolns of 
norepinephrine can deplete glycogen !ad ac- 
tivate phospholrylase in hypothyroid rats. The 
reasons for thtis discrepancy are not readily 
apparent but may reside in the intrinsic dif- 
faem between isoprotmenol and norepi- 
nephrine or in the routes by which ithe drugs 
were administered. That isoproterenol is ab- 
sorbed from subcutaneous sites is sholwn by 
the fact that a d m  of 50 pg/kg given by this 
route raised FFA within 5 minutes in bath 
normal and hypothyroid rats. However, this 
dose of isoproterenol given subcutaneously, or 
doses up to 1100 times grater. given by the 
intraperitoneal route did nat deplete cardiac 
glycogen in hypothyroid rats. Further evidence 
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that improterend is aholrbted from the slub- 
cutaneous site is provided by the fact that 
salivary glands of normal and hypothyroid 
rats hypertrophy to the same extent after 
treatment with improterenol( 14). 

Our data and those of others( 1 2 )  implicate 
the thyraid sttatus as olne factor in regulating 
the level of cardiac glycogen and the slensi- 
tivity of phospholryl'ase to activatioln by cate- 
cholaminies. Recenlt reports from several lablob 
ratolries have failed to diemonstrate any ef- 
fect of changes in the thyroid status on the 
chlrolnotropic or inotrqic respolnses od the 
hearts to catecholamines ( 15,16). However, 
M a p - ,  Cotten and Maran( 17)  showed that 
low doses of nlorepinephrine produced an in- 
otropic response without activatinig phos- 
phorylase in the heart. Williamson and Jamie- 
sm(l8) studyilng the iscdatd, perfused rat 
heart similarly found that the inotrop' lic r e  
spame tol norepinephrine could be dissociated 
from glycogenoIysis. Thus, the rnetabollic and 
mechanical responses to cateichollaminm can 
be dissociated under appropriate colnditions 
and provide precedent for the sluggestion that 
thie thyroid status may alter only the sen- 
sihivity of the metlabdk and not the m e c h -  
icd responses of th'e heart to) catecholamines. 

Summary. The prasent experiments sholw 
that the conlcentratioin of cardiac glycogen in 
thyroidectomized rats is consistently higher 
than in fasted or fed normal rats and that 
fasting or feeding oleic acid has no significant 
effects on the cardiac glycogen of hypothyroid 
animals. In addition, we have shown thiat isor 
proterenol produces a dlose-depeadent decrease 
in glycogen content in h a r t s  from norm1 
rats, but that i t  has little effect on the cardiac 

glycogen of hearts frolm thyroidectomiued 
rats. 
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