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Cardiac Phosphorylase in Different Species and after Reserpine
Administration.* (30399)
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Department of Pharmacology, School of Medicine, University of Pennsylvania, Philadelphia, Pa.

Several species of animals have been used
in studies of cardiac phosphorylase activity
(1), and there appears to be some difference
in enzyme activity from one species to an-
other. In addition, differences in activity of
phosphorylase within the various layers of the
heart have been demonstrated. For example,
Jedeikin(2) has shown that phosphorylase
activity increased progressively from the epi-
cardium to the endocardium in dog and rab-
bit hearts.

The present investigation is concerned with
the phosphorylase activity in hearts from 3
species, i.e., rabbit, rat and frog. The studies
also include measurements of the enzyme in
the ventricles and atria from the 3 species as
well as studies of the effect of reserpine ad-
ministration on ventricular and atrial phos-
phorylase.

Methods. The animals were male New Zea-
land white rabbits (1.8-2.0 kg), male albino
rats of the Wistar strain (200-250 g) and
male and female frogs (Rana pipiens, 30-50
g).

Rats and rabbits were killed by a blow on
the head and frogs were pithed. After open-
ing the thorax, the heart was quickly re-
moved, cooled in an empty beaker kept in
crushed ice. Portions of tissue were dissected

* Supported by grants from Am. Heart Assn. and
Nat. Heart Inst. (HE-01813).

t The data presented in this paper are taken from
a thesis submitted by N. S. Dhalla in partial fulfill-
ment of the requirements for the degree of Master
of Science in Pharmacology.

} This work was done during the tenure of an
Established Investigatorship of Am. Heart Assn.

as described below, weighed on a torsion bal-
ance and extracts prepared immediately by
grinding the tissue in ice-cold mortars con-
taining a solution of 0.001 M EDTANa,-0.02
M NaF (3 ml/100 mg tissue wet weight). In
the experiments with rabbit hearts and with
some of the rat hearts, the left and right atria
and the middle portions of the left and right
ventricles were used for phosphorylase assay;
in other experiments with rat hearts (Table
III), enzyme. activity was determined in the
whole atria and the apical portions of the
ventricle. When frog hearts were used, the
atrium was separated from the ventricles and
each of these portions extracted for enzyme
assay. When reserpine was administered, the
drug was given in a single intraperitoneal in-
jection, unless otherwise indicated, at doses
of 2.5 or 5.0 mg/kg. The animals were sacri-
ficed at stated intervals following drug ad-
ministration.

Phosphorylase determination. Heart ex-
tracts were centrifuged in the cold room and
the supernatant fluid was further diluted 3
times with EDTA-NaF solution so that the
final concentration of tissue was 6.54 mg/ml,
The extracts were kept in an ice bath and
analyzed for enzyme activity within 4 hours
of their preparation.

Phosphorylase activity was determined in
the direction of glycogen synthesis (glucose-
1-P + glycogen,, = Pi + glycogeny.1))
according to the method of Cori and Illing-
worth(3) as follows: 0.5 ml extract (3.27 pg
tissue) was incubated at 30° for 5 minutes
with 0.5 ml substrate mixture and the forma-
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TABLE I. Phosphorylase Activity in Ventricles and Atria of Frog Heart.

Significance
Ventricles Atria of difference
Phosphorylase a, units/g + SEM 584 + 32 169 +19 P <.001
Total phosphorylase, units/g + SEM 655 =+ 40 230 +23 P <.001
% Phosphorylase a 89.2 + 1.7 735+ 2.5

The results are the means of 12 experiments.

TABLE II. Phosphorylase Activity in Different Areas of Rat and Rabbit Heart.

Left ventricle

Significance

Left atrium of difference

RAT HEART (N = 8)

Phosphorylase a, units/g + SEM 723 =+ 38 459 + 34 P <.001

Total phosphorylase, units/g += SEM 1051 =+ 107 840 453 P <.050

% Phosphorylase a 688+ 25 54.6 +~ 1.7 P <.001
RABBIT HEART (N = 6)

Phosphorylase a, units/g + SEM 517 =+ 43 245 + 22 P <.001

Total phosphorylase, units/g + SEM 920 + 51 573 +44 P <.001

% Phosphorylase a 56.2 + 3.0 42.8 + 3.6 P <.025

tion of inorganic phosphate determined(4).
The substrate used for measuring total phos-
photylase (¢ + &) consisted of 0.032 M glu-
cose-1-phosphate, 2% glycogen and 0.002 M
S’-adenylic acid (AMP). In the determination
of phosphorylase ¢, AMP was omitted from
the substrate. The results were calculated as
units of phosphorylase activity per assay
as described by Cori et al(5) and converted
to units per mg of tissue. To obtain the
activity per gram of tissue, the unit of activ-
ity per ml was divided by the weight of tissue
(6.54 mg) and multiplied by 1000. Phos-
phorylase @ was expressed as percent of total
phosphorylase.

Drugs. 1-Epinephrine bitartrate was gen-
erously supplied by - Sterling-Winthrop Re-
search Institute, Rensselear, N. Y.; reserpine
by Smith Kline and French Laboratories,
Philadelphia, Pa.

Results. Phosphorylase activity in poikilo-
thermic and homothermic animals. Results of
experiments in which phosphorylase was
measured in frog hearts are presented in
Table I. In these hearts from poikilothermic
animals, both total phosphorylase and phos-
phorylase ¢ were markedly lower in atria
than in ventricles. The major portion of the
phosphorylase was in the a form, probably
the result of the sympathetic stimulation
caused by pithing of the frogs.

Table II contains results of experiments

-

with hearts from homothermic animals, rats
and rabbits. The levels of phosphorylase in
myocardial tissue from rats or rabbits were
higher than the corresponding values in frog
heart. In addition, total phosphorylase activ-
ity per gram of tissue was generally higher in
rat than in rabbit myocardium. As with frog
hearts, total phosphorylase and phosphoryl-
ase ¢ in ventricles were considerably higher
in atria. Because there were no significant
differences between the enzyme levels in the
right and left sides of the heart, only data
obtained from left ventricles and atria are
presented. Most of the enzyme was present
in the ¢ form with the consistent finding that
phosphorylase a in % of total phosphorylase
was higher in ventricles than in atria.

Effect of reserpine on phosphorylase activ-
ity in rat and rabbit keart. It has been dem-
onstrated previously that in rats chronic ad-
ministration of reserpine prevented the pro-
nounced rise in cardiac phosphorylase a ac-
tivity caused by decapitation (Hess et al(6);
Lacroix et al(7)). However, there is little in-
formation concerning the time course of the
effects of reserpine on heart phosphorylase.

Following administration of reserpine to
rats or rabbits, the animals were killed by a
blow on the head at various time intervals
and phosphorylase determinations were made
on extracts of ventricle and atria. The re-
sults of these experiments are recorded in
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TABLE III. Activity of Cardiac Phosphorylase a Following Administration of Reserpine,

——————————% Phosphorylase ¢—————

Animal Time after reserpine* N Ventricle Pt Atrium Pt
Rat Control 19 72,5 + 2.07 69.0 = 3.15

15-30 min 12 80.1 + 3.08 <.05 88.5 + 1.86 <.001

1-2 hr 12 74.7 + 2.56 N.S. 70.7 4 3.15 N.S.
3” 6 77.2 + 3.31 N.8S. 73.0 + 5.06 N.S.
24 9 54.8 + 1.23 <.001 60.3 + 2.69 N.S.

Rabbit Control 9 51.4 + 1,18 374 + .72

30 min 6 59.9 + 2.26 <.005 62.0 += .52 <.001

48 hr 7 30.9 + 2.65 <.001 24.5 + 2.70 <.001

* Rats were given a single i.p. injection of reserpine, 5 mg/kg. With rabbits the initial dose
was 2.5 mg/kg. In the 48-hr group 2 additional injections of 1.25 mg/kg were given at 24 and

46 hr.

t Significance of difference from control. N.S.—= not significant.

Table III. Since there was no significant ef-
fect of reserpine on total phosphorylase, en-
zyme activity in this Table is expressed as
phosphorylase a in % of total phosphorylase.
In agreement with earlier experiments with
decapitated rats(6,7), the major proportion
of phosphorylase was present in the ¢ form,
and the % phosphorylase ¢ was considerably
higher than that found normally in vive(1).
This is probably a consequence of the sym-
pathetic stimulation associated with the sac-
rifice of the animals. Anoxia of the myo-
cardium has been shown to lead to conver-
sion of phosphorylase & to phosphorylase a
(8,9), and this factor may also have played
a role in causing the high activity in phos-
phorylase ¢ seen in the control animals. As
in the experiments in Table II, phosphorylase
a in % of total phosphorylase was consider-
ably lower in rabbit than in rat heart.
Shortly after injection of reserpine (15-30
minutes), there was a significant increase
over the control in phosphorylase a activity
in ventricles and atria of both species of ani-
mals. In the rat, there was a decline to con-
trol values one to 3 hours after drug admin-
istration and by 24 hours there was a signifi-
cant decrease in phosphorylase a activity in
the ventricles. The activity of the enzyme in
the rat atrium tended to diminish, although
the decrease from the control after 24 hours
was not statistically significant. The values
for phosphorylase e in ventricles and atria
were markedly depressed in rabbits which
had received an initial injection of reserpine
of 2.5 mg/kg 48 hours before the experiment
followed by two injections of 1.25 mg/kg 24

and 2 hours prior to sacrifice.

Discussion. The results of these experi-
ments show that there is an appreciable dif-
ference in the level of activity of the phos-
phorylase enzymes in hearts from poikilother-
mic and homothermic animals. This is con-
sistent with the low metabolic rate of cold-
blooded animals. When cardiac phosphoryl-
ase of the 2 warm-blooded animals is com-
pared, it is seen that the rabbit has a lower
enzyme activity per gram of tissue. One
would expect this from other studies indicat-
ing that metabolism per weight of tissue is
inversely proportional to the size of the ani-
mals.

Total phosphorylase activity in atria was
markedly lower than in ventricles in all 3
species. A biochemical difference between
ventricles and atria in several animals, in-
cluding frog and rabbit, was also reported by
Davies et al(10). These investigators found
that the total adenine nucleotide concentra-
tion in ventricles was appreciably higher than
in atria. Since both the adenine nucleotides
and the phosphorylase enzymes are impor-
tant in the reactions involved in muscle con-
traction, their presence in larger amounts in
ventricles than in atria is probably related to
the greater work performed by the ventricles.

Paasonen and Krayer(11) injected 5 mg/
kg of reserpine intraperitoneally into rats and
measured the norepinephrine content of the
rat heart at different intervals after drug ad-
ministration. It was found that after 30 min-
utes norepinephrine concentration in the
heart had decreased to half of the control
value. After 2 or 4 hours, norepinephrine
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content was extremely low but still measur-
able. At the end of 24 hours no norepineph-
rine could be determined in the heart. The
alterations in cardiac phosphorylase @ activ-
ity reported here show some correlation with
the changes in norepinephrine concentration
described by Paasonen and Krayer(11). Dur-
ing the period immediately following reser-
pine administration, when the heart is being
depleted of norepinephrine, a stimulation of
phosphorylase ¢ occurs. This is followed by
a return of enzyme activity to control values
after one or 3 hours, and after 24 hours,
when the heart is depleted of norepinephrine,
there is a significant decrease in phosphoryl-
ase a activity. These results suggest that the
norepinephrine stored in the heart plays a
role in the regulation of the activity of car-
diac phosphorylase a.

Summary. Total phosphorylase was higher
in rat and rabbit hearts than in frog hearts
and greater in ventricles than in atria of all
3 species. Reserpine administration caused
an initial increase in cardiac phosphorylase e

HEx0SE ANALOGUES AND ERYTHROPOIETIN FORMATION

followed by a marked diminution.

1. Haugaard, N., Hess, M. E., Pharmacol. Rev.,
1965, v17, 27.

2. Jedeikin, L. A., Circulation Res., 1964, v14, 202.

3. Cori, G. T, Illingworth, B., Biochim. Biophys.
Acta, 1956, v21, 105.

4. Fiske, C. H., Subbarow, Y., J. Biol. Chem.,
1925, v66, 375.

5. Cori, C. F, Cori, G. T., Green, A. A, ibid,,
1943, v151, 39.

6. Hess, M. E., Shanfeld, J., Haugaard, N, J.
Pharmacol.,, 1961, v131, 143,

7. Lacroix, E., Vanhoutte, P., Leusen, 1., Arch.
Int. Pharmacodyn., 1962, v138, 329.

8. Klarwein, M., Lamprecht, W., Lohmann, E.,
Hoppe-Seyl. Z., 1962, v328, 41.

9. Wollenberger, A., Krause, E. G., Biochim. Bio-
phys. Acta, 1963, v67, 337.

10. Davies, F., Francis, E. T. B, Stoner, H. B,,
J. Physiol., 1947, v106, 154.

11. Paasonen, M. K., Krayer, O, J. Pharmacol,
1958, v123, 153.

Received May 10, 1965. PSE.BM, 1965, v119.
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Hypoxemia or anemia are known to stimu-
late erythropoietin formation whereas hyper-
baric oxygen(l) and hypertransfusion poly-
cythemia(2) depress erythropoiesis, probably
through a depression of erythropoietin for-
mation. The latter thus appears to be in-
versely proportional to the oxygen tension in
erythropoietin producing tissue. Metabolic
pathways and the mechanism which acceler-
ates synthesis of the active hormone in re-
sponse to low pO. have remained obscure.
The present study examines the role of gly-
colysis in erythropoietin formation. It was
prompted by reports on erythropoietin for-
mation in several types of tumors(3). More-
over, the kidney, which produces most of the
body’s erythropoietin, exhibits in its medulla

* Supported by USPH Grant AM7239.

a high glycolytic metabolism. The exact site
of erythropoietin formation in the kidney is
unknown, but it seemed worthwhile to ex-
plore whether glycolysis perhaps represents
the common link in erythropoietin formation
in these diverse tissues. Erythropoietin serum
levels were measured in hypoxic rats with or
without administration of D-glucosamine
(GA) or 2-desoxy-D-glucose (2-DG). These
hexose analogues depress the rate of glyco-
lysis through competitive inhibition of hexo-
kinase(4). They reportedly do not affect cel-
lular respiration, and their administration
should thus curtail glycolysis without induc-
ing alterations in the pO. of erythropoietin
producing tissue.

Methods. Female Sprague-Dawley rats
(200 to 225 g) in groups of 7 were fasted for
16 hours before experiments. Group (1) re-



