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The values reported in the literature for
phosphocreatine in mammalian cardiac muscle
vary widely. For the intact rat heart the
published figures, expressed in terms of phos-

phocreatine-P, vary from 5.7 to 12 mg %

(1-4). For the intact guinea pig heart and
cat heart, the figures are 5.2 and 6.0 mg %,
respectively(5,6). For the intact dog heart,
the figures vary from 4.2 to 9.0 mg % (6-8).
For the isolated dog heart (heart-lung prep-
aration) the published values range from 6.2
to 21.5 mg %, depending on the experimental
conditions(8-10). Wollenberger(8) and Pol-
lack et al.(9) state that the phosphocreatine
content of the heart in the intact animal is
considerably below that of the normal heart-
lung preparation. Mommaerts(11) states,
without citing references, that cardiac muscle
may contain one-tenth as much phosphocrea-
tine as striated muscle, and he gives the value
2 x 10 mole per g for cardiac muscle, viz.
6.2 mg % phosphocreatine-P.

In connection with our studies on the effect
of drugs on the metabolism and performance
of the isolated dog heart (heart-lung prepara-
tion), we found it necessary to redetermine
the “resting” values of phosphocreatine in
mammalian heart muscle. At the same time
we have made determinations of the corres-
ponding values for the labile “nucleotide”
phosphorus.

Methods. Pentobarbital anesthesia was
used in all animals including those designated
for heart-lung preparations. Artificial res-
piration was applied before opening the chest.
Heart-lung preparations were performed by
the conventional procedure except that the
blood donors were anesthetized with chloro-
form. A sample of heart muscle was cut from
the left ventricle and quickly immersed in
liquid air or in a mixture of COy-snow and
ether (temp. —60°C). When liquid air was
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used the frozen tissue was ground into a fine
powder in a mortar chilled by adding suc-
cessive portions of liquid air to make sure
that the tissue did not thaw. The powdered
material was then transferred to a previously
weighed Erlenmeyer flask containing 5% tri-
chloracetic acid using a spoon and a wide-
necked funnel that had been dipped in liquid
air. The flask was shaken to mix the contents
and then reweighed. The volume of 5% tri-
chloracetic acid employed was adjusted to
give a dilution of 1:10, reckoning the water
content of the tissue as 80%. Not more than
10 minutes was allowed to elapse between the
fixing of the powder with acid and the time
when the protein-free filtrate was neutralized.
During this period of time all operations were
carried out at a temperature which did not
exceed 2°C. Inorganic phosphate and phos-
phocreatine were determined by the method
of Fiske and Subbarow(12) and the labile
“nucleotide” phosphorus was calculated by
subtracting the sum of the phosphocreatine
and inorganic phosphorus from the value for
the total inorganic phosphorus obtained after
hydrolysis for 10 minutes in 1 N HCI at
100°C. 1In a subsequent publication we are
discussing the extent to which labile “nucleo-
tide” phosphorus represents adenosine tri-
phosphate. Equally satisfactory results were
obtained by the use of the more available
COg-snow. After the tissue was fixed in a
COg-snow-ether mixture it was dried with
filter paper and weighed quickly in a closed
weighing bottle. It was then ground in a
mortar with sufficient COs-snow to prevent

- thawing. Towards the end of the grinding, a

small amount of coarsely ground glass was
added to ensure fine pulverization. The pow-
der was then transferred quantitatively into
an Erlenmeyer flask containing the calculated
amount of cold 5% trichloracetic acid.
Results. It can be seen from Table I that
the 'phosphocreatine values for intact dog
hearts obtained with the CO.-snow procedure



278

PHOSPHOCREATINE CONTENT OF CARDIAC MUSCLE

TABLE I. High-Energy Phosphate Content of Intact Mammalian Hearts. Heart tissue re-
moved under pentobarbital anesthesia with artificial respiration. All values are expressed as
mg phosphorus per 100 g fresh tissue.

Labile
No. of Method of Phosphocreatine-P, Inorganic-P, ‘‘nucleotide’’-P,

Species animals freezing mean + S.E. mean + S.E. mean + S.E.
Dog 19 CO,-snow 18.2 + .88 19.64 + .68 371+ .7

” 18 Liquid air 19.9 + .84 20.14 + .72 39.5 + .98
Cat 6 ” 15.04 + 1.45 18.13 + 1.34 343 + .62
Rabbit 5 7 14.23 + 1.66 19.32 =+ 1.17 33.9+12
Rat 6 ” 9.0 + .0 23.6 + .33 29.9 + .97

TABLE II. High-Energy Phosphate Values on Same Sample of Frozen Dog Ventricle Obtained
by Two Methods: One involves grinding the frozen tissue with liquid air or CO.-snow prior to
treatment with trichloracetic acid, the other omits the grinding with liquid air or CO,-snow.

Labile
No. of Phosphocreatine-P, Inorganic-P, ‘“nucleotide’’-P,
Method animals mean + S.E. mean + S.E. mean + S.E.
Intact hearts
Liquid air 11 18.14 +- 1.3 19.62 + .97 37.37 + .68
Trichloracetic acid " 10.26 + .89 27.88 = .79 38.6 =+ .65
Failing isolated hearts
Liquid air 6 25.23 + 2.13 160 + .11 37.81 + .82
Trichloracetic acid ” 15.56 + 1.78 25.68 + 1.21 38.0 +.14

are not significantly lower, as might possibly
be expected, when compared with those ob-
tained by using liquid air. It will also be
noted that these values are higher than those
reported by previous authors, being over 3
times as high as those of Cruickshank et al.
(6) and twice as high as those of Pollack et al.
(7) and of Wollenberger(8). Although the
procedures used by these 2 latter authors in-
cluded artificial respiration and also ensured
quick freezing of the heart tissue, Pollack
et al. put the frozen tissue through a meat
grinder before extracting with acid, and Wol-
lenberger ground the frozen tissue in ice-cold
acid. It is quite possible that in both pro-
cedures the tissues were permitted to thaw
before the trichloracetic acid had had time to
diffuse thoroughly through the tissue and stop
the enzymatic hydrolysis of the labile phos-
phocreatine. To test this type of procedure
we carried out the experiment indicated in
Table II. In this experiment a piece of frozen
tissue was broken in two, one was powdered
with liquid air or COg-snow as described above
and the other was ground in ice-cold trichlor-
acetic acid. The average phosphocreatine
value of the 11 intact hearts was 18.1 mg %,
as determined by our standard technic as com-

pared with the value 10.3 mg % obtained
when the frozen tissue was ground directly
with ice-cold trichloracetic acid (Table II).
Equally sharp differences were obtained with
failing hearts: 25.2 mg % as compared with
15.6 mg %. It is thus clear that in dealing
with labile compounds like phosphocreatine,
the tissues should be powdered in the frozen
state before extraction with acid.

Table III shows that the phosphocreatine
content of the non-failing isolated dog heart
is not higher than that of the normal heart in
the intact animal. The lower results obtained
by Pollack et l.(7) and Wollenberger(8) for
the normal intact hearts as compared with
the values they obtained for the isolated
hearts cannot be explained by suggesting that
the phosphocreatine in the intact heart is en-
zymatically more labile than in the isolated
heart. It is seen from Table II that the phos-
phocreatine value of the failing isolated heart
obtained by using their procedure (15.6 mg
%) is significantly lower (Table II) than
those obtained by using the standard proce-
dure (25.2 mg %). 1t is possible, however, that
in Wollenberger’s experiments, the isolated
hearts may have undergone some degree of
failure because of the longer period of 82
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TABLE III. High-Energy Phosphate Content of Normal and Failing Isolated Dog Hearts (Heart-Lung
Preparations). Values are expressed as mg phosphorus per 100 g fresh tissue.

Time of Systemic output : .
survival ,—Heart rate— in ml/min, Serum glu- Phospho- Labile
inmin. Initial Final TInitial Final cose, mg % creatine Inorganic-P  ‘‘nucleotide’’-P

Normal hearts

30 192 192 744 708 20 14.6 20.1 35.5
” 168 164 684 624 74 21.6 18.3 35.1
” 144 140 792 888 41 18.2 13.1 33.2
» 156 140 804 708 66 20.9 13.1 38.8
” 176 164 552 552 27 20.5 20.4 30.1
” 144 144 780 732 223 24.5 13.7 33.2
» 156 120 720 792 50 13.7 19.3 31.8
Mean + S.E. 19.15 +1.47 16.86 + 1.29 33.9 + 1.07
Failing hearts (pentobarbital)
75 156 128 456 300 — 20.4 21.4 e
53 180 124 912 180 44 20.5 15.9 30.2
65 220 148 708 276 75 30.9 12.2 38.8
40 120 128 660 324 67 23.6 15.5 38.4
52 120 124 720 216 60 27.4 16.3 374
50 164 128 828 240 106 23.0 16.9 38.5
30 140 116 792 84 111 29.8 17.2 36.9
80 160 124 528 228 70 16.7 17.8 36.9
26 140 104 —_ 10 — 24.3 11.9 37.0
Mean + S.E. 23.5 + 1.58 16.9 = .99 37.8 + 1.05

minutes which elapsed in his experiments
after the heart was isolated. An indication
of this is given by the fact that the average
systemic output in his experiments was 413
ml, whereas in ours it was 711 ml, although
the temperature of the blood, the venous in-
flow level, and the artificial resistance were
not significantly different in both sets of ex-
periments. However, the resistance of the
venous inflow tube may have been different:
in our case the tube was 8 cm long with an
inner diameter of 0.6 cm.

Table III also shows that in barbiturate-
induced failure the phosphocreatine content
of the heart-lung preparation is higher than
that of the intact heart. This finding is in
harmony with that of Wollenberger, although
the difference is not as striking as in his re-
sults. This constitutes further evidence that
in barbiturate failure which is known to re-
spond to digitalis, there is probably an inter-
ference with energy utilization rather than
with energy production(13). It should be
mentioned, however, that Greiner(14), using
a different preparation, obtained results which
indicate that the oxygenated, severely hypo-
dynamic papillary muscle of the cat is charac-
terized by a decrease in adenosine triphosphate
content, and that digitalis treatment not only

corrects the muscle failure but also restores
the adenosine triphosphate level to normal.

Summary. 1. “Resting” values for the
phosphocreatine content of the ventricles of
several mammalian species are reported and
an explanation is offered for some of the low
values recorded in the literature. The neces-
sary precautions are noted if maximal values
are to be obtained. 2. The isolated dog heart
(heart-lung preparation) does not contain
more phosphocreatine or adenosine triphos-
phate than the intact heart provided that
heart failure has not set in. If, on the other
hand, failure is induced by barbiturates the
level of phosphocreatine increases without a
change in the labile ‘“nucleotide” phosphorus.
This constitutes further evidence that this
kind of heart failure is not due to the lack
of production of high-energy phosphate bonds.
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In previous reports, Wyman, Fulton, and
Shulman have described the circulatory
changes in the transillumined cheek pouch of
the hamster, (Mesocricetus auratus) after
adrenalectomy and during treatment of the
normal animal with cortisone(1). Vasocon-
striction occurred consistently during corti-
sone administration. Furthermore, occasional
vasomotion, frequent vasoconstriction, brady-
cardia, and slow blood flow occurred prior to
death from adrenalectomy. Zweifach and
Chambers, however, described a loss of vascu-
lar tone and absence of vasomotion in the
mesoappendix of the adrenalectomized rat(2).
In view of the evidence that hyperpotassemia
may stimulate smooth muscle(3,4), a possible
explanation for the discrepancy might be sig-
nificant differences in serum potassium levels
in the 2 species after adrenalectomy. Snyder
and Wyman(5) reported a rise in the serum
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potassium of over 100% in the adrenalec-
tomized hamster as compared with reported
elevations of less than 509% in the adrenal-
ectomized rat. In order to test the possible
relationship between vasoconstriction, cardiac
changes, and serum electrolyte levels, sodium
and potassium determinations were made and
electrocardiograms taken for each day follow-
ing adrenalectomy and every other day during
cortisone administration.

Materials and methods. Twenty-four male
hamsters, 80 to 100 g in weight, were adrenal-
ectomized using a dorsolateral approach in a
single operation. Purina Laboratory Chow
and tap water were given ad libitum and the
hamsters received the usual postoperative care.
The 24 hamsters were divided into 3 groups of
8 animals each, and on every third day an
electrocardiogram was taken and blood was
drawn by heart puncture for electrolyte de-
terminations on each group so as to provide
data for each postoperative day for their
period of survival. Three groups of 8 intact
hamsters were similarly used for cortisone
studies except the electrocardiograms and
heart punctures were made every other day
throughout the entire period. Each animal
was given a daily injection of 5 mg cortisone
acetate (Cortone, Merck)t. Electrocardio-
grams were obtained by means of hypodermic

{ Kindly supplied by Dr. Elmer Alpert, Merck
and Co.



