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Influence of Digilanid on Creatine Reserve of Normal, Thyrotoxic and 
Hypothyroid Rat Ventricle.* (18410) 

ALBERT SJOERDSMX.~ (Introduced by E. 31, K. Geiling.) 
Frniii tlcc Drpnrtnieizt  of Phuriitaco!ogy, Thu I-nizlersity of Chicago. 

Onlj- ;I relatively few reports have appeared 
concerning the action of digitalis substances 
on the metabolism of hearts in failure. Since 
doses of digitalis which are toxic to normal 
hearts niay actually improve the competency 
of insufficient hearts, it is likely that the 
chemical changes induced are different in each 
case. Clinicall>-. it is not unusual to find 
heart failure in the presence of hyperthyroid- 
ism and hypothj-roidism. Thyroxin injections 
and thyroparathyroidectomy offer easy means 
wherebJ. these clinical states may be simulated 
in  rats. 

Several investigators (1-7) have established 
the fact that low cardiac creatine levels usu- 
all>- accompany myocardial failure in humans. 
Beltranietti(8) showed that during heart fail- 
ure there is a iiiarked creatinuria which gradu- 
all>- disappears as circulatory function is re- 
stored toward normal. Experimentally, 
Cowan ( 9  ) , Bodansky ( 10) and Bodansky and 
Pilcher( 1 1 )  succeeded in effecting a loss of 
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creatine from rat heart by producing hyper- 
thyroidism in their animals, Cowan( 9) also 
reported that thyroparathyroidectomy pro- 
duced a small but significant decrease in the 
creatine content of rat heart, Decherd, Herr- 
man c t  aZ.(12>13) measured the effects of 
cardiac glycosides on the creatine reserve of 
hypertrophied rabbit hearts with sectioned 
aortic cusps. They found that digitalization 
alone had a tendency to increase the creatine 
content and seemed to offset the decrease in 
creatine percentage of great hypertrophy. 
These findings indicated that it might be of 
interest to measure the creatine reserves fol- 
lowing the administration of Digilanid to rats 
in which an altered thyroid state had been 
induced. 

X c f  hods .  The animals used were Sprague- 
Dawle!. rats ranging in weight from 230 to 
300 g. For injection, synthetic thyroxin 
(Hoffman LaRoche) was dissolved to a con- 
centration of 1 mg per cc in water made 
slightly alkaline with sodium hydroxide. The  
Digilanid solution contained 0.2 mg of Dig- 
ilanid per cc, plus 7.5% alcohol and 15% 
glycerine by weight. Groups of 4 to 6 animals 
were injected intraperitoneally with one or 
both drugs given daily in 1 cc doses. Thyro- 
tosicosis was produced in all cases by injection 
of thyroxin for 21 days. Two sets of experi- 
ments were carried out on thyrotoxic animals. 
I n  the first set Digilanid was administered 
for 10 days to rats which had been pre-treated 
with thyrosin for 11 days. In  the second set 
Digilanid was given for a total of 28 days, 
the animals to be thyroxinized being pre- 
treated with Digilanid for 7 days. Thyro- 
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TSBLE I. Creatine Reserve of Digitalized Normal, II~1~ertl iyroid and Hypothyroid Rat Ventricle. 

Initialt Final$ 
Initialt FiiialS creatine creatine 

X o .  of Creatine, T li rent. writ. Stand. V W/BWQ content, content, 
Esp. Trcatnient" animals mg yo values wt, nig wt, 111g dev. final mg ing 

I Sormal 13 
I>-10 6 
1'-31 4 
D-10, T-21 4 

I1 11-28 5 
T - 2 1  5 
D-28, T-21 5 

I11 Xcrmal 6 
D-28 4 
TP-21 4 
D-28, TP-21 5 

- 

188 
153 
114 
114 
203 
136 
133 
190 
19 1 
213 
232 

- 
9 . i  

1725 
12.9 

2.3 
16.2 
10.3 
I 

0.08 
3.04 
8.88 

6 5 3  
__ 
- _  
- 

630 
642 
631 
ti89 
i I4 
i l 7  
i14 

890 35 
- I 
- - 
- - 

940 30 
1100 40 
1000 56 

T46 13  
759 49 
(i50 15 
378 21 

2.61 
I 

- 
- 

2.78 
4.20 
4.21 
2.79 
2.83 
2.34 
2.21 

1.23 
- 
I 

- 

1.18 
1.21 
1.19 
1.31 
1.36 
1.36 
1.36 

- 
1.67 
- 
- 
- 

1.91 
1.50 
1.33 
1.42 
1.45 
1.52 
1.28 

D. T, and TP refer t o  Digilanid (0.2 mg/day), Thj-roxin (1 mg/day), and Thyroparathyroidec- 
Numerals represent number of days induced state was continued bcf ore animals toniy, respectively. 

n-ere sacrificed. 
t Calculated by use of the normal VW/BW. 

4 VW/BW equals mg of ventricular wt per g body v t .  
I Significance [of differences between means ; less than 3 is not eonsidered statistically significant( 15). 

Observed values. 

M,--M2 
T =  ____ (E =I mean error, M = mean). 

E1L'-EZ'2 

parathyroidectomies were done on normal 
rats and rats pre-treated with Digilanid for 
7 days. In  the latter case, Digilanid injec- 
tions were continued for an additional 2 1  days 
before the animals were sacrificed. Analyses 
were always carried out 2 1  days post-oper- 
atively. Litter mates served as controls. The 
animals were fasted for 24 hours before being 
sacrificed by decapitation. The thorax was 
opened at once and the ventricles were pre- 
cisely separated from the auricles, divided 
into 2 approximately equal portions, blotted 
dry and weighed on a torsion balance. No 
attempt was made to distinguish right from 
left ventricle. One sample was used for 
creatine determination, the other for dry 
weight measurement or other analyses. The 
method of Rose, Helmer and Chanutin( 14) 
as modified by Myers(7) was used for the 
estimation of total creatine in rat ventricle. 

Results. The results of the creatine deter- 
minations are given in Table I. The normal 
controls for experimental Groups I and 11 
showed an average creatine concentration of 
188 mg %. In  Exp. I it will be noted that 
- ____________ ~ ~ 
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J .  Biol. Chem., 1927, v75, 543. 

Oxford University Press, London, p. 29. 

injections of thyroxin (1 rnglday for 2 1 days) 
and Digilanid (0.2 mg/day for 10 days) ef- 
fected a decrease in the creatine concentra- 
tion of rat ventricle. Thyroxin produced the 
greatest decrease, amounting to about 3970 
below the normal value. Treatment of thy- 
roxinized animals with Digilanid for 10 days 
had no effect whatsoever on the already low- 
ered creatine percentage. 

I n  Exp. I1 Digilanid was administered for 
28 days to ascertain whether a longer period 
of digitalization would alter the percentage 
decrease of creatine in the hyperthyroid rat 
heart. The animals were weighed at  the be- 
ginning and end of the experimental period in 
order to estimate changes in ventricular 
weight and total creatine content during the 
experimental period. Digilanid alone seemed 
to raise the creatine percentage slightly but  
this difference was found not to be statistically 
significant (T value less than 3.0). Other 
findings were essentially the same as in the 
previous experiment ; thyroxin caused a drop 
of about 28% and this change was not af- 
fected by Digilanid. The theoretical average 
initial ventricular weight was calculated by 
multiplying the initial body weight by the 
ventricular weight/body weight ratio of nor- 
mals. I t  was then possible to calculate the 
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theoretical initial creatine content of each 
heart, using the normal value of 188 mg 5;/o 
as the creatine concentration. Final ventricu- 
lar u-eight was measured directly and final 
content of creatine could be calculated from 
the creatine percentage as determined. Final 
\-.I\-. B.\\-. ratios were measured directly. 
The animals receiving thyroxin lost weight 
during the experimental period and exhibited 
cardiac hypertrophy which was apparent 
xrosslj- and in the final V.M-. B.ll-. ratio: 
which was 4.20 as compared to the normal of 
2.6 1. Digilanid decreased this hypertrophy 
somewhat but a final ratio of 4.21 showed 
that there was no relative change. The actual 
increase in total creatine content of thyroxin- 
ized ventricle during the experimental period 
was about h5Yi  of the normal increase, and 
in the case of animals receiving Iligilanid as 
well. only 35%. Thus. the effect of thyroxin 
in  causing a relative loss of creatine from the 
hearts was increased by Iligilanid. Jn spite 
of the diminished concentration of creatine 
in  hyperthyroid ventricle the cardiac hyper- 
troph!- more than compensated for the differ- 
ence to keep the total amount from decreasing. 

In Exp. I11 similar studies were done with 
thyroparathyroidectomized rats. -1gain. Digi- 
lanid for 28 days did not significantly alter 
the  c r ea t i ne per cer, t age. Thy  r o par a t h y r oid - 
ectomy was followed by an increase of ques- 
Lionable significance. while the operated ani- 
mals which were given Digilanid for 28 days 
showed a definite increase in creatine con- 
centration. There was a clear cut loss of 
ventricular mass in those animals which were 
thyroparathyroidectomized. and this cardiac 
atrophy was increased by Iligilanid. These 
changes are reflected in the lowered V.W.,; 
I3.11.. ratios, 2.34 and 2 .21  as compared to 
the normal of 2.79. Uigilanid produced an  
actual loss of creatine in operated animals 
but had no detectable effect on normal ani- 
mals in this regard. 

Measurements of dry weight of ventricles 
f rom drug-treated animals agreed closely with 
the normal values. Thus, where atrophy or 
hypertrophy occurred i t  was real and not due 
to changes in water content. 

Discussa’on. The  purpose of trhese experi- 

ments was to measure the action of Digilanid 
on the creatine reserve of normal rat  hearts 
and to compare these results with any effects 
which might be produced in animals with an  
altered thyroid state. Digilanid administered 
to normal rats for 10 days effected a decrease 
in creatine concentration of about 18%. Fol- 
lowing 28 days of Digilanid treatment, the 
creatine concentration. ventricular weight and 
total creatine content were found to be within 
normal limits. Digilanid had no influence on 
the percentage decrease in creatine produced 
by thyroxin injections, but did diminish the 
hypertrophy of the thyrotoxic ventricle and 
as a consequence increased the relative loss 
of total creatine. .4lthough thyroparathyroid- 
ectomy elevated the creatine concentration 
slightly, concomitant cardiac atrophy ac- 
counted for an essentially normal total cre- 
atine content. The  only statistically significant 
effect of Iligilanid in the operated animals 
was to enhance the cardiac atrophy, thus lead- 
ing to an actual loss of creatine from the 
hearts. 

I t  is apparent then that Digilanid did not 
change appreciably the cardiac creatine con- 
centration of normal. thyroxinized and thyro- 
parathyroidectomized rats. Alterations in to- 
tal creatine content were a direct consequence 
of diminished heart muscle mass. It is not 
1;nown whether the cardiodynamic state of 
the animals used was affected by Digilanid 
but presumably the changes in heart size in- 
dicate that such was the case. Nonetheless, 
no correlation of such effects with the creatine 
concentration of the heart muscle can be made 
a t  this time. 

Summury. Under the conditions of these 
experiments Uigilanid (0.2 mg per day for 
28 days) exerted no direct effect on the 
concentration of creatine in rat  ventricle. 
However, in the animals with altered thyroid 
states, Digilanid brought about an actual de- 
crease in ventricular mass which was reflected 
in a relative or absolute fall in the total crea- 
tine content. 
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