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Abstract—The sympathomimetic amines, epinephrine, norepinephrine and isoproterenol, were admini-
stered in large doses to rats and the effects on the rates of protein synthesis in isolated perfused
hearts of these animals were determined. Protein synthesis was found to be significantly elevated after
cach drug. Since it had been reported that the hydrazine monoamine oxidase inhibitors reduced or
prevented the cardiac lesions caused by the administration of large doses of isoproterenol to experimen-
tal animals, the effects of two such agents on the epinephrine-induced increase in cardiac protein
synthesis were investigated. Iproniazid had no effect and phenelzine reduced the elevation in protein
synthesis to a small degree only. The possible mechanisms by which high concentrations of sympathomi-
metic amines promote cardiac protein synthesis are discussed.

The administration of large doses of sympathomime-
tic amines has been found to produce cardiac hyper-
trophy [1-4] and/or cardiac necrosis[5-10] in a
number of different species of experimental animals.
The clinical counterparts of these laboratory pheno-
mena occur in some patients with high endogenous
levels of epinephrine and norepinephrine due to the
presence of pheochromocytomas[11-15] and in a
number of patients treated for shock by the intra-
venous infusion of norepinephrine [11-16].

In an initial study of the mechanism of catechola-
mine-induced cardiac hypertrophy, we found that in-
cubated thin sections of left ventricle from hearts of
rats that had been injected subcutaneously one or
more times with large doses of suspensions of
epinephrine, norepinephrine or isoproterenol in oil
manifested significantly higher rates of protein syn-
thesis than did similar sections from hearts of appro-
priate controls [17]. The direct addition of catechola-
mines to the incubation medium did not, however,
alter the rate of protein synthesis in the sections. We
therefore suggested that the increased cardiac protein
synthesis in the animals treated with catecholamines
was not due to a direct effect of these agents on pro-
tein synthetic processes but to (a) an indirect effect
on the latter provoked by increased cardiac rate, con-
tractile force or work, or to (b) an adaptive or repara-
tive response of the heart to cardiac injury produced
by the drugs. The tissue slice was used as a simple
model for the evaluation of the effect of drugs on
protein synthesis in the heart that permitted the main-
tenance of arbitrary constant levels of protein precur-
sor amino acids in the environment as well as the
avoidance of complicating effects of nervous and hor-
monal stimuli at the time the rates of protein syn-
thesis were measured. However, since results obtained
with tissue slices may not necessarily reflect the situa-
tion in intact animals, an additional model has been
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chosen for the study—the isolated perfused heart. We
report here the qualitatively similar results obtained
with this preparation.

Various monoamine oxidase (MAQ) inhibitors,
particularly those that are derivatives of hydrazine,
have been reported to decrease the severity and fre-
quency of the necroses produced in the hearts of ex-
perimental animals by the administration of large
doses of isoproterenol [ 18-207] or by coronary artery
ligation [21, 22]. Clinically, these agents have been
found to reduce the frequency and severity of attacks
of angina pectoris [23-26] and to increase subjective
exercise tolerance [27]. We therefore thought that, if
our observed catecholamine-induced increases in car-
diac protein synthesis were consequences of cardiac
injury, MAO inhibitors might act to inhibit such in-
creases. The results of a study of the effects of two
representative . MAO inhibitor compounds on
epinephrine-induced elevation of protein synthesis in
rat hearts are presented.

MATERIALS AND METHODS

Animals. Male Sprague-Dawley rats, 350400 ¢ in
weight, purchased from Holtzman Farms, Madison,
Wis., and maintained on a diet of Agway rat and
mouse diet pellets ad lib. except when otherwise
noted, were used in all experiments.

Materials. L-Epinephrine bitartrate, L-norepineph-
rine (Arterenol) bitartrate, L-isoproterenol bitartrate,
heparin, and nonradioactive amino acids were pur-
chased from the Sigma Chemical Co., St. Louis,
Mo. ['*C-U]Jr-phenylalanine, [4, 5-*H]L-leucine
and [*H-Glinulin were obtained from the New Eng-
land Nuclear Co., Boston, Mass. Iproniazid phos-
phate was purchased from the Aldrich Chemical Co..
Inc., Milwaukee, Wis., and phenelzine sulfate was
kindly supplied to us by the Warner—Lambert
Research Institute, Morris Plains, N.J.
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Administration of drugs in vivo. Suspensions of the
bitartrate salts of L-epinephrine, L-norepinephrine or
L-isoproterenol in oil were prepared by grinding
weighed quantities of the salts in measured volumes
of cottonseed oil by means of a mortar and pestle
at the times of injection. Doses of either 2.75 or
5.50 umoles/kg of the amines (5.5 umoles of epineph-
rine is equal to | mg of epinephrine base) were in-
Jected s.c. into the experimental rats three times dur-
ing a 24-hr period (at 9am., Sp.m. and 9am. the
following morning), while equal volumes of oil vehicle
alone were injected at the same times into control
animals. Food and water were permitted ad lib.

In some experiments, rats. injected with epineph-
rine on the above schedule, were also injected s.c.
with a monoamine oxidase inhibitor—either phenel-
zine sulfate or iproniazid phosphate—in aqueous
solution, in doses of 25 mg/kg, three times, once at
5 p.m. on the day prior to the start of the catechola-
mine injections and also at the same times as the
first and third catecholamine injections. Controls
were injected with equal volumes of saline. The rats
in these experiments were fasted during the entire
period of drug administration.

All animals were killed 5 hr after the last injection.

Heart perfusions. The rats were injected i.p. with
5mg heparin in 0.2ml saline solution 0.5 to 1hr
before they were killed. At the latter time they were
anesthetized by the i.p. injection of sodium pentobar-
bital, after which their hearts were quickly removed
and placed into Petri dishes containing ice-cold per-
fusion medium. causing immediate cessation of beat-
ing. The hearts were then dissected free of extraneous
tissues, and after the three large arterial branches of
the aortic arch were ligated, attached via the aortic
stumps to glass cannulas of the perfusion apparatus.
Perfusions were begun immediately at a temperature
of 37° and the hearts promptly resumed beating. The
first 15-20ml of perfusion fluid expelled from each
heart was discarded as washout fluid, and the heart
was then placed into its appropriate chamber in the
perfusion apparatus without interruption of perfusion.
Recirculating perfusion was then carried out for
1-2hr via the aorta through the coronary arteries.
These Langendorff preparations performed no or neg-
ligible external work and were capable of beating
vigorously for 4 hr. Heart rates ranged from 200 to
over 300 beats/min throughout the perfusion periods.
Any heart with an initial rate blow 200 beats/min
was discarded. The perfusion apparatus employed
was a modification of that of Neeley et al. [28].

Each heart was perfused with 100 ml of Krebs—
Ringer bicarbonate buffer solution at pH 7.4 through
which was continuously bubbled a mixture of 959
O, plus 5% CO,. and which contained glucose
(10 mM), 20 non-radioactive amino acids (in concen-
trations approximately equal to those in normal rat
plasma and previously reported [19]), and either
['*C]-L-phenylalanine (5 uCi) or [4,5-3H]L-leucine
(50 or 100 uCi) and sometimes [*HJinulin (50 uCi).
The radioactive inulin was added in those exper-
iments in which intracellular specific activities of free
['*CTphenylalanine were to be determined and tissue
extracellular space had to be assessed. In some exper-
iments with hearts from untreated rats, L-epinephrine
bitartrate was added directly to the perfusion medium
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at the start, in 1-hr perfusions, to give a concentration
in the medium of 0.11 ug (base)/ml (6 x 1077 M), and
again, in the same quantity, at the beginning of the
second hr, in 2-hr perfusion experiments. Greater
concentrations tended to produce arrhythmias and
therefore were not employed. In these experiments,
ascorbic acid was also added to the perfusion fluid
(5mg/100 ml) to inhibit oxidation of the added
epinephrine.

The perfusion flow rate through all hearts was
maintained at exactly 10.2 ml/min. Initial experiments
indicated that the rate of protein synthesis in the per-
fused hearts increased to a maximum value as the
flow rate was raised. The flow rate chosen permitted
maximum protein synthesis yet did not cause deterior-
ation of the hearts. At higher flow rates it was
observed that a number of hearts became distended
with fluid and beat weakly toward the end of the
perfusion period. probably as a result of leakage of
perfusion fluid through the aortic valves. At the fixed
flow rate employed, perfusion pressures varied from
50 to 70 mm Hg in different hearts. [t was established,
however, that as long as the flow rate was kept con-
stant, these variations in pressure did not significantly
affect the rates of protein synthesis. Thus, in an exper-
iment in which pressures were deliberately varied but
the flow rate was maintained at 10.2 ml/min, the
radioactivities of the cardiac proteins after 2 hr of
perfusion with radioactive phenylalanine were 2036,
2249, 2168 and 1996 dis./min/mg of protein at flow
rates of 52, 61, 65 and 70 mm Hg respectively.

In each experiment, two to four hearts werc per-
fused simultaneously. A fresh batch of perfusion fluid
was made up for each experiment, and equal volumes
were distributed to the chambers to contain the per-
fused hearts; therefore, although the specific radio:ic-
tivities of the radioactive amino acids in the perfusion
fluid varied slightly in different experiments, they were
exactly the same for all hearts perfused in any given
experiment. The results obtained with hearts from
drug-treated rats were then compared with those from
the simultaneously perfused hearts of control animals.

Protein radioactivity. After perfusion, the hearts
were removed from the apparatus and the left ventri-
cles plus intraventricular septa were quickly dissected
out, rinsed in ice-cold saline solution, blotted well
with filter paper, and divided into sections for the
determination of protein radioactivity, water content
and intracellular specific activity of free radioactive
amino acid. Each section of heart used for protein
isolation was placed into 5 ml of 5% trichloroacetic
acid (TCA) (w/v), homogenized by means of a Poly-
tron homogenizer (Brinkmann Instrument Co.), and
centrifuged. The sediment was washed with cold TCA,
then TCA at 95° containing 1 mg/ml of unlabeled
phenylalanine or leucine, dissolved in 0.4 M NaOH
and re-precipitated with 509 TCA, washed with 3:1
ethanol-ether, then ether alone, and finally dried un-
der a stream of nitrogen. Two 5- to 6-mg samples
of the dried protein from each heart were weighed
on an analytical balance, solubilized in 0.2 ml of NCS
tissue solubilizer (Amersham/Searle Co.) and counted
in the presence of a toluene fluor containing
2,5-diphenyloxazole and 1.,4-bis-[2-(5-phenyloxazo-
1yl)] benzene (Spectrafluor. Nuclear Chicago) in a
Nuclear Chicago Mark 1 scintillation counter. Cor-
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rections of counts for quenching were made with the
use of external standards and radioactivities were cal-
culated as dis./min/mg of dry protein.

Intracellular specific radioactivities. Intracellular
specific radioactivities of [!*Clphenylalanine were
calculated as follows, from determined values of total
tissue and extracellular phenylalanine  specific
radioactivities, extracellular spaces and intracellular
spaces, according to the procedure of Scharff and
Wool [297:

Intracellular specific activity = (specific activity

in total tissue water) — (specific activity in extra-

cellular water) x (fraction of cell water that is
extracellular)

{fraction of cell water that is intracellular)

It was assumed that labeled and unlabeled phenyl-
alanine and inulin in the perfusion fluid were in equi-
librium with the same substances in the tissue extra-
cellular fluid. All determinations were made at the
end of the perfusion periods. To determine total tissue
water, small sections of left ventricle were blotted,
weighed. placed in an oven at 100° for 48 hr, cooled
in a desiccator, and weighed again. Sections of left
ventricle were subjected to the procedure of Scharff
and Wool [29] for extraction of total tissue phenyl-
alanine and inulin. This involved placement of the
tissues in boiling water for 5 min, precipitation of the
proteins with sulfosalicylic acid, and filtration. Extrac-
tion was found to be maximum when the tissue was
minced before being immersed in the boiling water,
and a water-clear filtrate could be obtained if the tis-
sues in sulfosalicylic acid solution were put in the
freezer overnight and thawed on the following day
before being filtered through Whatman No. 2 filter
paper. Aliquots of the filtrates were removed for
counting [ '*C]phenylalanine and [ *H]-inulin (double
labeling) in a scintillation counter and for determina-
tion of total phenylalanine concentrations with the
wid ol an amino acid analyzer. Samples of perfusion
fluid were also obtained after perfusion of the hearts.
One ml of 20% (w/v) sulfosalicylic acid was added
to 3 ml fluid to precipitate any protein present. After
filtration. aliquots of the clear filtrates were removed
for the counting of ['*C]phenylalanine and [*H]-inu-
lin, and the determination of phenylalanine concen-
tration. Because of the time involved in determination
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Table 2. Effect of sympathomimetic amines in vitro or in
vivo on intracellular specific activities of ['*C]phenyla-
lanine in isolated perfused rat hearts

Specific activities of ['*C]phenylalanine
{¢Ci/umole)

Hearts exposed

Fxperiments Perfusion fluids

Control hearts to amine
6 R, Table | 0.490 + 0.051% 0448 = 0.036 (489 + 0042
4.5 7.9.10 0.502 £+ 0.043 0.499 + 0.02% 0486 + 0.023
Table 3
1.3 7. Tablc 4 0.475 + 0.026 0.496 + 0.034 0445 £ 0.0Si
I 9. Table 5 0.492 + 0.021 0.453 + 0.031 0477 £ 0.028

* Mean + standard error of mean. Specific activities
were determined as described in Methods.

of amino acids with the amino acid analyzer, intracel-
lular specific activities of the labeled amino acids were
not determined in all experiments. When they were,
the rate of incorporation of amino acid precursors
into heart protein was expressed not only as dis./
min/mg of protein but also as umoles of amino acid
incorporated into 1g of cardiac protein/perfusion
period.

RESULTS

Epinephrine in vitro. The activity of epinephrine
added in vitro was immediately manifested by an in-
crease in heart rate. In every experiment, it was found
that the addition of epinephrine to the perfusion fluid
caused a small decrease in the rate of protein syn-
thesis (Table 1). This was true whether radioactive
leucine or phenylalanine was used as protein precur-
sor and whether perfusion was carried out for 1 or
2 hr. The decrease in rate of protein labeling in hearts
exposed to epinephrine in vitro was not due to an
effect of the drug on intracellular specific actactivitics
of the radioactive amino acid, since such activities
were not significantly different in epinephrine-treated
and control hearts in those experiments in which they
were determined (Table 2). A decreased rate of incor-
poration of amino acid into the protein of hearts
exposed to epinephrine was manifested in the exper-
iments in which intracellular specific activities were
included in the calculations and the results expressed
as umoles phenylalanine/g of protein as well as dis./
min/mg of protein (experiments 6-8. Table 1).

Table 1. Effect of epinephrine in vitro on rate of protein synthesis in isolated perfused rat hearts*

Radioactivity of
cardiac protein

Incorporation of labeled amino acid
into cardiac protein

Pcrfusion
Labeled time Control Epincphrine* Change Control Epinephrine* Change
Expt. amino acid {hr) {dis./min/mg) (dis.;min/mg) {%) (umoles/g) (moles/g) )
! [*H]leu 1 11.202 9.926 —-11.4
2 [*H]leu i 12.009 11,669 28
3 [*H]teu ! 13212 12.803 -31
4 [*H7leu | 14995 11.214 ~252
5 [*H]leu 1 12,431 10,937 —12.0
6 ['*C]phe 1 1.322 990 —25.1 1.49 1.05 —-295
7 ["*C]phe 2 1.965 1.499 237 270 0.98 ~637
8 ['*CTphe 2 2172 1.885 -132 230 218 -2
Mean —-14.6 — 32N
+ SEM. +3.26 +1697

* The same quantity of L-epinephrine bitartrate was added to the perfusion fluid at the start of each hr of perfusion.

The concentration of epinephrine in the perfusion medium after the first addition was 0.11 ug (base)/ml (6 x 10

AV

Hecarts werc perfused in the presence of a radioactive amino acid, unlabeled amino acids and glucose.
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Table 3. Effect of administration of epinephrine in vivo on rate of protein synthesis in isolated perfused rat hearts

Incorporation of labeled amino acid
into cardiac protein

Radioactivity of
cardiac protein

Labeled Perfusion Control Epinephrine* Change Control Epinephrine* Change
Expt. amino acid time (hr} (dis./min/mg) {dis./min/mg) (%) {umoles;g) (umoles/g) (%0
1 [*H]leu | 13,869 17.776 +282
2 [*H]lea 2 21.149 34,352 +633
3 ['*C)phe | 1.093 1373 +25.6
4 ['*Clphe ] 1161 1,540 +326 118 143 +213
5 [**C]phe 1 1,002 1.128 +126 1.08 1.44 +32.
6 [*Clphe 1 975 1,250 4282
7 [**Cphe 2 2324 3.200 +37.7 1.81 236 +30.3
8 ['*Clphe 2 2.428 4788 +972
9 ['*CIphe 2 2930 3907 +333 210 272 +29.6
10 ['4Clphe 2 1,954 3,228 +65.2 1.96 5.07 +158.6
1 ["*Clphe 2 2226 2673 +20.1
12 [*#CIphe 2 1.939 2915 +50.3
Mean +41.2 +544
+ SEM +6.90 +26.11

* Epinephrine, in suspension in oil, was injected s.c. in a dose of 5.5 umoles/kg (1 mg base/kg) three times during
a period of 24 hr into the experimental rats while controls were injected with equal volumes of oil vehicle alone.
Hearts were removed S hr after the third injection and perfused in the presence of a radioactive amino acid, unlabeled

amino acids and glucose.

Epinephrine in vivo. In contrast to the depression
of cardiac protein synthesis caused by the presence
of epinephrine in vitro, a consistently higher rate of
protein synthesis occurred in perfused hearts from
rats that had been injected with epinephrine than in
the corresponding hearts from vehicle-treated con-
trols (Table 3). The mean increase was 41 per cent.
Again the result was the same whether radioactive
plicnylalanine or leucine was used as protein precur-
sor and whether the hearts were perfused for 1 or
2 hr. When intracellular specific activities were taken
into consideration (Table 2), similar increases in pro-
tein synthesis were manifested (mean = 54 per cent).

Norepinephrine and isoproterenol in vivo. Because
of the unacceptable mortality occurring when isopro-
terenol was administered in a dose equal to that of
epinephrine or norepinephrine (5.50 umoles/kg), the
dose of the former was reduced to half that of the
latter agents. The administration of norepinephrine
or of isoproterenol to rats led to increases in rates
of protein synthesis in the perfused hearts of these

animals that were similar to the increases produced
by epinephrine administration (Table 4).

Phenelzine or iproniazid plus epinephrine in vivo. To
determine whether the MAO inhibitors phenelzine
and iproniazid would prevent the increase in cardiac
protein synthesis provoked by the administration of
epinephrine, either one or the other of these drugs
was administered once per day prior to as well as
during the administration of epinephrine to rats. All
rats, experimental and control, were fasted from the
time of first injection with a drug to the time they
were killed. The MAO inhibitors were administered
at 5 p.m. on the day before epinephine administration
was begun and also on the following two mornings.
In the experiments with iproniazid, the usual dose
of epinephrine was cut in half to 2.75 pmoles/kg
because the mortality of rats given iproniazid plus
the full dose of epinephrine was too high. Phenelzine
inhibited the rise in protein synthesis induced by
epinephrine significantly, but to a small degree (31
per cent), while iproniazid had no such effect. Either

Table 4. Effect of administration of norepinephrine or isoproterenol in vivo on rate of protein synthesis in isolated
perfused hearts

Radioactivity of
cardiac protein

Incorporation of labeled amino acid
into cardiac protein

Labeled Perfusion Control Drug Change Control Drug Change
Expt. amino acid time (hr) (dis./min/mg) {dis./min/mg) (%) (pmoles/g) {umoles/g) (%)
Norepinephrine*
1 [*“C]phe 1.00 1064 2137 +100.8 133 1.85 +389
2 ['*Cphe 1.25 1,381 1,768 +280
3 [**Clphe 1.50 1.597 2108 +320 147 2.69 +831
4 ['*Clphe 2.00 2577 3,733 +449 1.67 272 +61.6
Mean +51.4 +61.2
+ SEM. 11685 +12.76
Tsoproterenol*
5 ['“Clphe 2.0 2117 3175 +50.0 1.89 281 +48.7
6 ['4C]phe .0 2532 3.596 +42.0 233 309 +326
7 [**C]phe 20 2,249 2,591 +15.2 178 243 +36.5
¥ [*H]leu 20 10,889 14212 +30.5
Mean +344 +39.3
+ SEM. +7.56 +4.85

* Norepinephrine or isoproterenol, in suspension in oil, in a dose of 5.5 and 2.7 umoles/kg, respectively, was injected
s.c. three times during a period of 24 hr into experimental rats while controls were injected with oil vehicle alone.
Hearts were removed from the animals 5 hr after the third injection and were perfused in the presence of a radioactive

amino acid, unlabeled amino acids, and glucose.
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MAO inhibitor alone did not affect the rate of protein
synthesis significantly (Table 5).

DISCUSSION

The isolated perfused heart has been employed as
a suitable preparation for the study of the cffects of
cardiac overload. oxygenation, and composition of
the perfusion medium on the rate of cardiac protein
synthesis [29-32]. Radioactive leucine and phenyl-
alanine, which we used, have been reported to be par-
ticularly satisfactory as protein precursor markers in
this preparation [30]. There is a rapid equilibration
of these amino acids across heart cell membranes.
Phenylalanine not only equilibrates very rapidly with
an intracellular pool of stable size, but is not pro-
duced or converted to other amino acids during heart
perfusion [30]. Furthermore. there is minimal reutili-
zation of phenylalanine released from the heart pro-
tein [337.

We previously reported that the subcutaneous in-
Jjection of one or more large doses (5.46 umoles/kg)
of epincphrine, norepinephrine or isoproterenol
(L-isomers) in oil suspension, into rats, increased the
rate of cardiac protein significantly in vitro in slices
of heart left ventricle obtained from these animals,
a significant rise occurring as early as 5 hr after a
single injection of epinephrine. We have now found
that such an enhancement of cardiac protein synthesis
is also seen in isolated perfused hearts of rats treated
with the same doses of these agents. The increases
were somewhat smaller in our perfused hearts than
they had been in heart slices, for reasons that are
not apparent to us. We have observed, in a few pre-
liminary experiments not vet reported, that injection
of high doses of sympathomimetic amines into rats
also increased the rate of cardiac protein synthesis
when the latter was determined in vivo. This lends
support to the assumption that the changes in rates
we have observed in vitro truly reflect a phenomenon
occurring in the intact animal.

The increased rate of protein labeling in the iso-
lated perfused hearts after the administration in vivo
of sympathomimetic amines was not due to increased
intracellular specific acitivities of the labeled amino
acids in these hearts: there were no significant differ-
ences in intracellular specific activities of radioactive
amino acid precursor between control and drug-
treated rat hearts. and increased rates of protein label-
ing were manifested when intracellular specific acitivi-
ties were taken into consideration and the rates of
incorporation expressed as umoles of precursor
amino acid/g of cardiac protein/perfusion period.

The observed increase in cardiac protein synthcesis
could involve a number of different mechanisms.
Thus, it could be caused by a direct stimulation of
intracellular processes of protein synthesis by the
sympathomimetic amines, by an indirect stimulation
of such processes resulting from catecholamine-pro-
voked enhancement of cardiac function, or it could
be part of an adaptive and/or reparative response of
the heart to the damage caused by high levels of the
drugs. Our observations that addition of these agents
in vitro to incubating heart slices{17] or to, isolated
perfused hearts did not produce an increase of protein
synthesis argue against a direct effect. In the case of
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perfused hearts, addition of epinephrine actually
caused small but persistent decreases in the rates of
incorporation of the labeled amino acids into protein.
This had not been the case with incubated slices of
heart. We have no ready explanation for this differ-
ence. Our results with isolated perfused hearts, how-
ever, are more consistent with the findings of other
investigators that the addition of epinephring in vitro
reduced the rate of incorporation of amino acids into
the protein of sections of diaphragm and liver as well
as of epididymal fat pads of rats [34-36].

The increased rate of protein synthesis provoked
by the administration of sympathomimetic amines in
vivo may be a consequence of increased cardiac func-
tion such as rate. contractile force or work produced
by the drugs. Such an indirect stimulatory effect
would have to more than compensate for any direct
small inhibitory effect, if the latter also occurs in the
intact animal. The fact that addition of cpinephrine
in vitro to the isolated perfused nonworking hearts
caused increases in heart rates but not in protein syn-
thesis argues against increased heart rate per se as
being an adequate stimulus for augmentation of pro-
tein synthesis. It is well known, however. that cardiac
overload results in enhanced cardiac protein synthesis
[31.37,38] and ultimately in cardiac hypertrophy. If
the sympathomimetic amines act in this manner, then
they may increases protein synthesis and heart size
by mechanisms no different from those responsible
for these effects when the latter are provoked by aor-
tic constriction or cxperimental hypertension.

Since large doses of sympathomimetic amines cause
cardiac necrosis as well as hypertrophy. it is possible
that the observed enhancement of cardiac protein
synthesis is associated with cardiac damage rather
than with increased cardiac function. Thus, an in-
crease in protein synthesis may occur as an adaptive
response of reversibly injured cells[39] to their in-
jury. It may even be due to the activity of non-myo-
cardial cells infiltrating necrotic areas during the in-
flammatory response to injury. Polymorphonuclear
leucocytes, large monocytes and histiocytes accumu-
late in the injured zones [ 1, 10.40]. The macrophages
actively synthesize proteins. including lysosomal
enzymes [41]. At the same time and subsequently.
there is a reparative response which includes infilt-
ration with fibroblasts which proliferate, are active
in protein synthesis. and secrete collagen [10.40, 41].

We thought that the administration of MAO in-
hibitors might prevent or reduce the increase in car-
diac protein synthesis provoked by sympathomimetic
amines if the increase was a consequence of cardiac
damage. since the MAQ inhibitors have been found
to decrease such damage [18-20]. Our data show that
the inhibition of the epinephrine-induced increase in
protein synthesis was small (about 30 per cent with
phenclzine) or did not occur at all (with iproniazid).
Stanton and Schwartz [20] reported that the cardio-
megaly (as well as necrosis), caused in rats by the
subcutaneous injection of isoprotercnol in aqueous
solution on 2 consecutive days, could be diminished
by administration of phenelzine (15-50 mg/kg) to
these animals on the 2 preceding days as well as on
the days of isoproterenol trcatment. However, the
early increases in heart weights caused by isoproter-
cnol were found by the above authors to be mainly
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due to increases in cardiac water content and there-
fore may not have reflected increases in rates of car-
diac protein synthesis. If the two MAO inhibitors we
tested may be considered representative, then these
agents are not potent inhibitors of the elevations in
rates of cardiac protein synthesis produced by large
doses of sympathomimetic amines. Since the former
drugs have been found capable of diminishing iso-
proterenol-induced cardiac necrosis considerably, our
results may support the view that the effect of sym-
pathomimetic amines on cardiac protein synthesis is
not a consequence of or dependent upon the produc-
tion of cardiac necrosis.
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