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The hormonal regulation of myocardial function and metabolism is mediated through 
cyclic nucleotides. As a rule an increase in the cAMP concentration is accompanied by the 
development of positive inotropic and chronotropic effects on the myocardium. When hormonal 
regulation of the heart muscle is disturbed changes arise both in the cAMP concentration and 
in activity of enzymes of cAMP synthesis and breakdown: adenylate cyclase and phosphodies- 
terase, whereas if hormones are present in excess, the sensitivity of the adenylate cyclase 
system to hormonal action is reduced ("desensitization"). These disturbances may result 
from or lie at the basis of several cardiovascular diseases [2, 3, i0, Ii, 13]. 

There are data in the literature on desensitization of the adenylate cyclase system 
not only of heart tissue, but also of tissues of other organs, to hormonal action [9, 12, 14]. 
It has been suggested that important participants in the development of desensitization and 
resensitization of the adenylate cyclase system are guanine nucleotides, which are involved 
in signal transmission from hormone receptors to enzyme. 

The writers showed previously that changes in the cAMP concentration, basal adenylate 
cyclase activity, and desensitization of adenylate cyclase to adrenalin take place in aller- 
gic myocarditis [I] and compensatory hypertrophy of the myocardium [5]. Partial normaliza- 
tion of the disturbed balance of the system for cAMP metabolism has been obtained in myo- 
cardial hypertrophy by means of hyperbaric oxygenation (HBO), a mode of treatment which can 
cause modifications to the neurohormonal regulation of myocardial function and metabolism 
[4-6]. 

The object of this investigation was to study the role of guanine nucleotides and of 
HBO in desensitization and resensitization of adenylate cyclase in the heart of rabbits with 
myocardial hypertrophy. 

EXPERIMENTAL METHOD 

The model of compensatory myocardial hypertrophy in rabbits used in the experiments and 
the method of HBO were described previously [5]. Methods of isolation of partially puri- 
fied membrane preparations and of determining adenylate cyclase activity also were described 
in [I]. The ATP concentration in the incubation medium was 0.i mM and concentrations of GTP 
and guanylyl-5'-imidodiphosphate (GIDP) were 10 -5 M. The results of five to six similar 
experiments are given in Figs. 1 and 2. 

EXPERIMENTAL RESULTS 

The study of the effect of guanine nucleotides on adenylate cyclase activity in the pres- 
ence and absence of adrenalin and under normal and pathological conditions showed (Fig. i) 
that GTP virtually does not activate adenylate cyclase without adrenalin, whereas its un- 
hydrolyzed analog GIDP activates the enzyme many times over. In the presence of adrenalin 
guanine nucleotides activate adenylate cyclase much more strongly, especially GIDP, 
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Effect of guanine nucleotides on myo- 
cardial adenylate cyclase activity. Ordinate, 
adenylate cyclase activity (in moles cAMP/mg 
protein/min). A) Normal state, B) hypertrophy. 
I) Without adrenalin, II) adrenalin added. 
Unshaded columns -- basal activity, vertically 
shaded -- in presence of GTP, black columns -- 
in presence of GIDP. 

whereas without them the hormone alone has virtually no effect on the activity of this en- 
zyme. 

In myocardial hypertrophy levels of both basal adenylate cyclase activity and of ac- 
tivity activated by guanine nucleotides were considerably below normal. Meanwhile desensi- 
tization of adenylate cyclase to adrenalin was observed. Absence of activation of the en- 
zyme by adrenalin under pathological conditions within the concentration range from 10 -7 to 
10 -4 M confirms desensitization of adenylate cyclase to the hormone. 

Data on the effect of HBO and guanine nucleotides on adenylate cyclase activity in myo- 
cardial hypertrophy are shown in Fig. 2. Under the influence of HBO both basal activity 
of the enzyme and its activation by guanine nucleotides were increased and the sensitivity 
of the enzyme to adrenalin also was restored. Under these conditions, in the presence of 
guanine nucleotides adrenalin, by activating adenylate cyclase, brought the activity of the 
enzyme up to the normal level. 

It is nowadays considered that the adenylate cyclase system consists of a hormone recep- 
tor, located on the outer side of the membrane, of regulatory GTP-dependent proteins which 
possess hormone-dependent GTPase activity (so-called G proteins), and the catalytic elements 
of adenylate cyclase proper [8, 15, 16]. To convert adenylate cyclase into a state with high 
catalytic activity, the simultaneous presence of the hormone and of guanine nucleotides is 
necessary in order to permit interaction of the enzyme with the hormonal receptors and GTP- 
binding protein. The role of the hormone-- receptor complex in adenylate cyclase activation 
consists of facilitating substitution of GDP, bound with G-protein, for GTP. It has been 
shown that on binding GTP or its analog, G-protein forms a complex with the catalytic subunit 
of adenylate cyclase and thereby converts the enzyme into the active state. Since the G- 
protein possesses GTPase activity, it is suggested that hydrolysis of GTP to GDP leads to 
disintegration of the catalytically active complex [15]. 

Desensitization of the adenylate cyclase system to hormonal action is due to desensi- 
tization of the membrane receptors in the presence of an excess of hormone and to the change 
in functional state of proteins forming the adenylate cyclase complex that takes place under 
these circumstances. An important role in this process is played by the G-protein and, cor- 
respondingly, by guanine nucleotides [16]. 

The results of this investigation confirm the role of G-protein in activation of cardiac 
adenylate cyclase under both normal and pathological conditions, for guanine nucleotides in- 
crease activity of the enzyme (Figs. i and 2). In all cases activation by GTP was lower than 
by GIDP, due to hydrolysis of the GTP in the regulatory center of adenylate cyclase [7, 8, 
15, 16]. Under normal conditions in the presence of adrenalin activation of the enzyme by 
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Fig. 2. Effect of guanine nucleotides on 
adenylate cyclase activity of hypertrophied 
myocardium under the influence of HBO. 
Legend as to Fig. i. 

guanine nucleotides reaches its highest level on account of conversion of adenylate cyclase 
into a state with high catalytic activity. 

During hypertrophy of the heart muscle sensitivity of the enzyme to adrenalin was con- 
siderably reduced. Meanwhile a considerable decrease in the activating effect of GTP and 
GIDP also was found (Fig. I), evidence of a change in the functional state of the regulatory 
G-protein. This change may be due both to an increase in hydrolase activity of the G-pro- 
tein and to disturbance of its ability to bind guanine nucleotides. As a result the activat- 
ing effect of GTP and GIDP on adenylate cyclase is reduced. 

Normalization of adenylate cyclase activity by HBO under pathological conditions indi- 
cates resensitization of the adenylate cyclase system to hormonal action. 

Disturbances of functions of the G-protein in pathology are thus abolished by HBO. This 
may be the result of restoration of the ability of G-protein to bind guanine nucleotides, as 
well as possible oxidation of its sulfhydryl groups, leading to a decrease in GTPase activity 
and, consequently, a return toward normal adenylate cyclase activity. 

The results are evidence that in myocardial hypertrophy guanine nucleotides participate 
both in the desensitization of adenylate cyclase to hormonal action and in its resensitiza- 
tion during HBO therapy. 

LITERATURE CITED 

i. M. D. Grozdova, Yu. A. Grigorovich, et al., Vopr. Med. Khim., No. 3, 415 (1980). 
2. G. I. Dorofeev, L. A. Kozhemyakin, and V. T. Ivashkin, Cyclic Nucleotides and Adapta- 

tion of the Organism [in Russian], Leningrad (1978). 
3. I. S. Zavodskaya, E. A. Migas, and V. A. Kovaleva, Patol. Fiziol., No. 5, 80 (1976). 
4. S. N. Efuni, E. A. Demurov, et ai., Byull. Eksp. Biol. Med., No. 7, 19 (1977). 
5. V. P. Miroshnichenko, A. M. Zubovskaya, et al., Vopr. Med. Khim., No. I, 112 (1981). 
6. B. V. Petrovskii and S. N. Efuni, Principles of Hyperbaric Oxygenation [in Russian], 

Moscow (1976). 
7. V. A. Tkachuk and S. E. Severin, in: Metabolism of the Myocardium [in Russian], Moscow 

(1981), pp. 176-186. 
8. D. Cassel and Z. Selinger, Proc. Natl. Acad. Sci. USA, 75, 4155 (1978). 
9. E. Ezra and Y. Solomon, J. Biol. Chem., 255, 653 (1980). 

i0. J. A. Harrow, J. N. Singh, G. Jasmin, et al., Can. J. Biochem., 53, 1122 (1975). 
ii. V. Kenorova, I. Albrecht, and S. Hynie, Pharmacol. Res. Commun., ~, 453 (1975). 
12. M. A. Lesniak, P. Gordon, I. Roth, et al., J. Biol. Chem., 249, 1661 (1974). 
13. R. I. Lefkowitz, L. E. Limbird, et al., Biochim. Biophys. Acta, 457, i (1976). 
14. I. Mickey, R. Tate, and R. I. Lefkowitz, J. Biol. Chem., 252, 5727 (1975). 
15. T. Pfeuffer, FEBS Lett., i01 , 85 (1979). 
16. V. A. Tkachuk and M. Wolleman, Biochem. Pharmacol., 28, 2097 (1976). 

181 


