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Mechanisms of an increase in protein synthesis in pressure-loaded heart were 
studied by measuring rates of 3H-lysine incorporation into cardiac myosin B in a 
perfused rabbit heart. When a pressure load had been applied to the right ventricle, 
a significant increase in the incorporation was found not only in the right but also 
in the left ventricle where pressure load was not applied. Rates of the incorporation 
in hearts without pressure load increased significantly in both ventricles when they 
were co-perfused with a heart with a pressure load on the right ventricle. 
These results suggest that humoral factor(s) is released from the pressure-loaded 
ventricle which accelerate amino acid incorporation in unloaded ventricles. 

INTRODUCTION 

Cardiac hypertrophy is a compensatory mechanism in hearts faced with long 

lasting pressure or volume overload(1, 2) and results from enhancement in the 

cardiac protein synthesis(3, 4, 5, 6). At present, an increase in cardiac work is 

thought to be the primary factor accounting for the cardiac hypertrophy, but the 

precise mechanism of the genesis is still unresolved. Schreiber et al(7) and 

Zelis et al(8) showed an increase in cardiac protein synthesis in the left 

ventricle of the hearts where a pressure load was applied only to the right 

ventricle. We have also reported that the protein synthesis in right ventricle 

of the hearts with aortic coarctation increased significantly(b). 

In an attempt to test the involvement of a humoral factor(s) released from 

the pressure-loaded ventricle in the genesis of hypertrophy, rates of 3H-lysine 

incorporation into cardiac structural proteins were examined in isolated rabbit 

hearts co-perfused with either a pressure-loaded or unloaded heart. Results of 

the present studies support the role of a humoral factor(s) as a mediator of 

the effects of pressure overload. 

MATERIALS AND METHODS 

Perfusion Method: 
Young(1 kg in weight and about 5 weeks after weaning) female rabbits were 

employed. They were fed conventional laboratory rabbi t chow and supplied tap water 
ad lib. Under ether anesthesia, tracheal intubation was perfoumed for respiratory 
maintenance. The chest was opened and the rabbit was injected with heparin(300 u/kg) 
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Figure 1. Perfusion apparatus for rabbit heart. Perfusion 
pressure was maintained at 100 cm H20. Pulmonary pressure 
was at 0 cm H20 in the control group or 20 cm H20 in the 
pressure-loaded group. Hearts were perfused as described 
in methods. 

and curare(O.3 mg/kg) by the ear vein. The heart was removed after ligation of the 
superior and inferior vena cava. The heart was placed in cold saline to arrest the 
contraction. The aorta and pulmonary artery were cannulated with a polyethylene 
tubing(2.5 mm in diameter) followed by the ligation of the pulmonary veins. Blood 
in the heart chambers was promptly expressed while the aorta was flushed with cold 
saline. The pericardium was resected. Perfusion was performed by the Langendorff 
methoc! with minor modifications(Fig. 1). Perfusion pressure was maintained at 100 
cm H20. The right ventricle was not subjected to any volume load other than that 
from c'oronary flow. Pulmonary pressure was maintained at 0 cm H20 in the control 
group or 20 cm H20 in the pressure-loaded group. Imposition of the pressure load 
was achieved by elevation of the orifice of the pulmonary cannula. Pressure develop 
ment :.n the left ventricle was prevented by insertion of an 18 gauge teflon tube 
through the apex of the ventricle. The heart and cannule assembly were placed in 

Figure 2. Co-perfusion apparatus for paired young rabbit 
hearts. The conditions were same as in Fig. 1. The right 
ventricular load was applied to only one of the two hearts 
as described in methods. 
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a temperature-controlled chamber. The heart was perfused at 37 and the heart rate 
was adjusted at 250/ min by atria1 pacing with an electrical stimulator(DPS-100, 
DIAMEDICAL SYSTEM Co.). Coronary flow rate was assessed by measuring the outflow 
from the pulmonary artery with a flow meter. After 20 to 30 minutes of perfusion, 
3H-lysine(100 pCi, 1.35 pmol) was added to perfusate(250 ml) and perfusion was 
continued for another 150 minutes. The rate of incorporation of lysine into cardiac 
structural protein was compared between the right and left ventricles by isolation 
of cardiac myosin B. To examine wheather a humoral factor is involved in the 
regulation of amino acid incorporation in hearts under pressure load, two young rabbit 
hearts were co-perfused with 500 ml of a perfusate(Fig. 2). The pressure load was 
applied to only one of the two hearts. 

Perfusate: 
In an attempt to secure an adequate supply to the organ, a blood substitute, 

Fluosol DA(Green Cross Company, Osaka, Japan), was employed. The contents were as 
follows: 14 g perfluorodecalin/lOO ml, 6.0 g perfluorotripropylamine/lOO ml, 3.0 g 
hydroxyethylstarch/lOO ml, 0.6 g NaCl/lOO ml, 0.034 g KCl/lOO ml, 0.02 g MgC12/100 ml, 
0.028 g CaC12/100 ml, 0.21 g NaHC03/100 ml, 2.7 g pluronic F-68/100 ml, 0.4 g yolk 
phospholipid/lOO ml, 0.8 g glycerol/100 ml and 12.5 mM glucose. A mixture of amino 
acids was added to make the final concentration basically the same as in the paper(g) 
with slight modifications. 

Measurement of Lysine Incorporation into Structural Protein: 
Perfused hearts were cut into two portions, the right ventricular wall and the 

left ventricular wall with septum. Myosin B was extracted by the method of Sugita 
et al(10) with slight modifications. Briefly, heart wall was minced and homogenized 
with polytron(PT 10/35m KINEMATIKA) for 30 seconds in a solution containing 0.1 M 
NaCl and 5 mM NaOH. The homogenate was centrifuged at 15,000 x g for 10 minutes. 
The supernatant was decanted and the residue was rehomogenized with a teflon homoge- 
nizer in a solution containing 0.1 M NaCl and 2 mM NaHC03. The homogenate was centri- 
fuged at 15,000 x g for 10 minutes. The same procedure was repeated 5 times. 
The final residue was dissolved in a solution of 1.0 M NaCl and 2 mM NaHC03 and 
centrifuged at 15,000 x g for 30 minutes. The supernatants were dialysed exhaustively 
against 2 mM NaHC03 and used for estimation of lysine incorporation into myosin B. 

Radioactivity Measurements: 
Radioactivity was measured using a liquid scintillation counter(TRI-CARB 460 

CD, PACKARD). The-scintillation fluid was composed of 6 g 2,5-diphenyloxazole, 0.4 g 
of p-bis(2-(5-phenyloxazolyl)-benzene, and 167 ml of Isolab Scintisol-GP solubilizer 
per liter of toluene. The rate of 3H-lysine incorporation was calculated and ex- 
pressed as cpm/mg protein. L-(4, 5-3H)lysine monohyd-rochloride(74.3 Ci/mmol) was 
purchased from New England Nuclear. 

Determination of Protein Concentration: 
Protein concentration was determined by Lowry's method using bovine serum 

albumin as the standard. 

RESULTS 

Incorporation of 3H-lysine into Ventricular Myosin B: 

In the young rabbit hearts, the rate of 3H-lysine incorporation into ventricular 

myosin B increased linearly during 150 minutes of perfusion(data not shown). 

The specific activity of lysine in the perfusate was constant during 150 minutes 

of perfusion. When the coronary perfusion pressure was maintained at 100 cm H20, 

coronary flow rates varied from 15 to 29 ml/min depending on the coronary vascular 

resistance. Incorporation of 3H-lysine was relatively constant over this range of 

coronary flow(Fig. 3). 
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Coronary Flow Rate (m!J/mm) 

Figure 3. Correlation between incorporation of 3%lysine 
into myosin B and coronary flow rate in hearts with no 
right ventricular pressure load. There was no correlation 
between the rates of 3H-lysine incorporation and the 
coronary flow rate over this range(r=0.43 in right 
ventricle(o) and r=0.31 in left ventricle(e)) 

Effect:; of Right Ventricular Load on 3H-lysine Incorporation into Ventricular 

B: Myosin 

Incorporation of 3H-lysine into right and left ventricular myosin B were 

12623+3083 and 13299+2522(mean+S.D., - - n=5) cpm/mg protein respectively in hearts 

withou: a right ventricular pressure load. The ratio of lysine incorporation between 

right .ind left ventricle was 0.94+0.11. When the pressure load was applied to the 

right Jentricle, the incorporation rates in both right and left ventricle increased 

significantly to 28892+7216(p iO.001) and 23539+5914(p cO.005) cpm/mg protein - 
respectively. The relative incorporation ratio between right and left ventricles 

increased to 1.23+0.085, significantly different(p ~0.005) from unloaded hearts 

(Fig. i). Under these conditions, enhancement of 3H-lysine incorporation in the 

right Jentricle might be a consequence of the increase in the right ventricular 

wall tension. However, the increase in lysine incorporation found in left ventricle, 

that wss free from pressure load, may have involved another mechanism, perhaps 

a humocal factor(s), for the mediation of pressure load information from right 

ventricle to the left ventricle. To provide evidence for a humoral factor(s), 

the effect oE a heart with pressure load on its right ventricle on lysine in- 

corporation in another heart without any pressure load was examined in a co-per- 

fusion system(Fig. 2). 

3H-lysine Incorporation in Co-perfused Hearts: 

3H-lysine incorporation in a heart without a pressure load on its right 

ventricle significantly increased(p <O.OOl) in both the right and left ventricles 

when co-perfused with another heart with a load on its right ventricle(Fig. 5, (a)). 
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Figure ft. Rate of 3H-lysine incorporation into myosin B 
in perfused youne rabbit hearts with or without a pressure 

ia) (b) 

load on the righ; ventricle. The incorporation rates were 
increased significantly in (a) the right(**p<O.OOl) and 
(b) the left ventricle(*p ~0.005) in hearts with a 
pressure load on the right ventricle. Dotted column; heart 
without pressure load on the right ventricle. Black column; 
heart with pressure load on the right ventricle. 

Meanwhile, an heart without pressure load on its right ventricle showed no increase 

in 3H-lysine incorporation rate when co-perfused with another heart with no 

pressure load on its right ventricle(Fig. 5, (b)). These results suggest the 

existence of a humoral factor(s) which may accelerate lysine incorporation in 

cardiac muscle. 

(cpm/mg protein) 

Incorporation Rate in Right Ventricle 
(a) with or (b) without Pressure Load 
to the Right Ventricle 

Figure 5. Rate of 3H-lysine incorporation into myosin B 
in co-perfused hearts. 3H-lysine incorporation was measured 
in hearts without a pressure load on the right ventricle 
(vertical axis) when co-perfused with another heart either 

with a 20 cm Hz0 load on the right ventricle(a) or with 
no pressure load on its right ventricle(b). Horizontal 
axis shows the 3H-lysine incorporation rate of a right 
ventricle of a heart either with the pressure load(a) or 
with no pressure load(b). o; right ventricle or .; left 
ventricle in hearts without a pressure load on the 
right ventricle. 
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DISCUSSION 

In the present study, control of 3H-lysine incorporation into proteins by 

a pressure load was examined in perfused rabbit hearts. For the perfusate, we 

employed a perfluorochemical blood substitute. This enabled us to supply an 

adequate amount of oxygen to the perfused heart. The substitute has a capacity 

to release 5 volume % oxygen when the pO2 drops from 550 to 50 mmHg at pH 7.4 

and 37 (ll), while water and blood have the capacity to release 1.6 and 5.9 

volume %, respectively. In our experimental conditions, the arterial perfusate 

had a ~02 of 450 mmHg, and the coronary effluent had a pO2 of 200 mmHg. 

Therefcre, it appears that tissue oxygenation was adequate. We used 3H-lysine 

as marker substrate for the overall process of amino acid uptake, protein 

synthesis and release of nonradioactive lysine from protein. Incorporation of 

3H-lysine into myosin B increased linearly for at least 150 minutes(data not shown, 

and Ref.(4)). Under these conditions the specific activity of intracellular 

lysine reached only 70 % of the specific activity of extracellular lysine after 

3 hours of perfusion(l2, 13). However, changes in coronary flow between 15 and 

29 ml/nin did not affect lysine incorporation indicating not only that oxygen 

supply was not rate-determing but also that the specific activity of 3H-lysine 

at the loci of protein synthesis was relatively constant. Similar observation 

were reported by Schreiber et al(7). Therefore, it seems reasonable to use this 

system for comparison of incorporation rates. 

Tke effects of right ventricular pressure load on protein synthesis in 

the left ventricle are still controvertial. Zelis et al(8) and Schreiber et al(7) 

showed a coincidental increase in the left ventricular protein synthesis in 

hearts with a right ventricular pressure load, while Everret et al(14) could 

not fird any increase. Our results agree well with the former authors who 

suggested that mechanical effects on the left ventricular myocardium by loading 

the right ventricle increased the rate of left ventricular protein synthesis. 

However, as recognized by Taylor et a1(15), the effect of right ventricular 

pressure on the left ventricular myocardium could be negligible when the left 

ventricle was empty as in our heart perfusion system. Therefore, it seemed 

appropriate to invoke another factor to account for the development of increased 

lysine incorporation in the left ventricle. As shown in the co-perfusion ex- 

periments(Fig,. 5), 3H-lysine incorporation in both ventricles of heart without 

pressure load on the right ventricle increased when it was co-perfused with 

another heart with a load on the right ventricle. This result suggests the 

presence of a factor(s) in the perfusate which was released from the heart subjected 

to pressure load and was able to accelerate lysine incorporation. Recent reports 

(16, 1;) indicate that mechanical load, such as pressure development might not 

be the sole factor for cardiac hypertrophy. Actually, humoral factors such as 

norepinephrine(l8), prostaglandins(l9), angiotensin(20), and aldosterone(21) were 
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proposed as stimulators of protein synthesis in heart. Thus it is possible that 

the concomitant increase in 3H-lysine incorporation in the left ventricle of 

hearts with right ventricular pressure load was induced by a humoral factor 

rather than by a pressure load via the systemic circulation. Recently the existence 

of a digitalis-like substance was reported in the plasma of an animal with a 

pressure-loaded heart. Similarly, preliminary study from our laboratory found 

the perfusate of a heart with a right ventricular pressure load to have the ability 

to increase tension development of the cardiac muscle from another heart. 

Further delineation of the humoral factor is currently under investigation. 

In any event, the present study provides evidence supporting the concept that a 

humoral factor may be involved in the genesis of myocardial hypertrophy that occurs 

in response to pressure load. 
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