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Data in the literature on the effect of catecholamines on proliferative processes are 
contradictory [8, 9] and ambiguous. Besides the inhibitory action of adrenalin and isoproter- 
enol on cell multiplication [i, 6, 8], their stimulating effect on proliferative processes in 
some epithelial tissues also has been demonstrated [9]. The stimulating effect of L-3,4-dioxy- 
phenylalanine (dopa) on repair processes in neurogenic dystrophy has been established experi- 
mentally [2]. However, the question of through which adrenoreceptors catecholamines exert 
their action on cell proliferation has received little study [i0, ii]. 

Adrenalin, isoproterenol, and also dopa, under similar conditions, are known to inhibit 
cell proliferation in culture [3, 7, 12]. Accordingly, in the investigation described below 
the effect of catecholamines and dopa on cell proliferation in culture was studied with the 
use of adrenoreceptor blockers. 

EXPERIMENTAL METHOD 

Experiments were carried out on a monolayer transplantable culture of mouse fibroblasts 
of the L line. Catecholamines and dopa in a dose of 10 -6 M were added to the nutrient medium 
24 h after seeding of the culture. The ~-adrenoblocker phenoxybenzamine and the B-adreno- 
blocker propranolol were added to the nutrient medium 10-20 min before the adrenergic sub- 
stances, since they bind rapidly with adrenoreceptors [4], in a dose of 10 -5 M. The adreno- 
blockers themselves, in the dose chosen, did not affect cell proliferation in these experi- 
ments. Proliferative processes were studied by calculation the mitotic index (in % o), and 
also autoradiographically with the aid of labeled precursors of DNA and protein synthesis, 
namely [3H]thymidine (3.7 • 104 Bq/ml) and [3H]leucine (7.4 • 104 Bq/ml), respectively. Auto- 
radiographs for microscopic study were prepared by the standard method [5]. For quantitative 
analysis of the autoradiographs the number of grains of silver above labeled cells or nuclei 
was counted. The experimental results were subjected to statistical analysis by the Fisher-- 
Student test. 

EXPERIMENTAL RESULTS 

The results showed (Fig. i) that preliminary treatment of the culture with the a-adreno- 
blocker phenoxybenzamine did not change the inhibitory action of catecholamines on cell pro- 
liferation. Meanwhile addition of the B-adrenoblocker propranolol prevented the inhibition 
of mitotic activity by isoproterenol and, to a rather lesser degree, by adrenalin. The inhib- 
itory action of adrenalin was completely prevented by combined addition of propranolol and 
phenoxybenzamine. The decrease in the mitotic index of the culture as a result of the action 
of dopa was independent of preliminary addition of the adrenoblockers, and accordingly dopa 
was not used in the subsequent experiments. 

The writers showed previously that the inhibitory action of catecholamines on cell pro- 
liferation in culture is connected with their influence on macromolecular synthesis, on which 
proliferation is based [3]. Accordingly, in the present investigation the intensity of incor- 
poration of labeled precursors into DNA and protein of the cells under the influence of cate- 
cholamines was studied after preliminary addition of adrenoblockers to the culture. 
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Fig. i. Effect of adrenalin, iso- 
proterenol, and dopa on mitotic in- 
dex of culture of L cells 6 h after 
beginning of exposure against the 
background of adrenoreceptor block- 
ade (in % of control). Unshaded 
columns -- control; obliquely shaded 
columns -- adrenalin, cross-hatched-- 
isoproterenol, black columns--dopa. 
i) Without adrenoblockers; 2) com- 
bined addition with phenoxyhenz- 
amine; 3) combined addition with 
propranolol; 4) combined addition 
with phenoxybenzamine and proprano- 
Ioi. 

TABLE i. Effect of Catecholamines on In- 
tensity of Incorporation of Labeled Pre- 
cursors into Cell DNA and Proteins after 
Combined Addition with Phenoxybenzamine 
and Propranolol (M • m) 

Experimental conditions 

Mean number [Mean num- 
of grains of bet of grains 

Isilver above Iof silver 
nucleus after, above cell 
pulse labehng after pulse 
with [SH]t.hy- labeling with 

[ midine ' [[SH]leucine 

Control 
P2 
P~ 

Phenoxybenza mine 
P, 

Pr~ranolol 

Adrenalin 
Pl 

Adrenalin + phenoxybenzamim 

P~ 
Adrenalin + propranolol 

PI 
P~ 

Adrenalin + phenoxybenz- 
amine + propranolol 
P1 
P~ 

Isoproterenol 
P1 

Isoproterenol + phenoxybenz- 
ainine 
PI 
P3 

Isoproterenol + propranolol 
Pl 
P.~ 

Isoproterenol + phenoxybenz- 
amine + propranotof 
P1 
Pa 

43,6_+2,48 
<0,01 
<o,ol 

40,4+-2,36 
<0,5 

39,2+-2,14 
<0,5 

22,8+-1,83 
0,01 

20,6+-1,37 
dO,O{ 
<0,5 

36,5+_1,54 
<o,1 
<0,01 

40,2_+2,72 
<0,5 
<0,01 

28,3+_1,74 
<o,ol 

25,2+-1,84 
<0,01 
d0,5 

42,7_+2,30 
<0,5 
<O,Ol 

42,0+_2,43 
<0,5 
<0,01 

67,2• 
<0,01 
<0,01 

62,6+_3,47 
<0,5 

63,8_+3,26 
<0,5 

38,4++_2,57 
<0,01 

48,8+_2,39 
<0,05 
<0,05 

54,6+_3,18 
<0,1 
<O,Ol 

64,5+_3,49 
<0,5 
<0,01 

42,3_+2,86 
<0,01 

39,6+-2,38 
<o,ol 
<0,5 

58,6+-3,42 
<0,2 
<0,ot 

64,7+--3,72 
<0,5 
<0,01 

Legend. PI) Significance of differences 
compared with control; P2) compared with 
adrenalin; Ps) compared with isoprotere- 
nol. 

The results of investigation of macromolecular synthesis under the influence of catechol- 
amines in experiments with addition of adrenoblockers showed (Table i) that preliminary addition 
of phenoxybenzamine did not prevent the decrease in incorporation of labeled precursors into 
cell DNA and proteins under the influence of catecholamines, as shown by counting the number 
of grains of silver above the nuclei and cells, respectively. Addition of propranolol pre- 
vented the fall in the level of incorporation of labeled precursors into the cells under the 
influence of isoproterenol and also prevented manifestation of the inhibitory action of adren- 
alin, but by a rather lesser degree. The inhibitory effect of adrenalin on incorporation of 
labeled precursors of DNA and protein was more completely prevented by the combined addition 
of phenoxybenzamine and propranolol. 

The results thus indicate the leading role of 8-adrenoreceptors in the mechanism of action 
of catecholamines on proliferative processes. Meanwhile the action of adrenalin, which unlike 
the 8-adrenomimetic isoproterenol, is a stimulator of both a- andB-adrenoreceptors, can evi- 
dently be exerted not only through 8-adrenoreceptors. Considering data in the literature show- 
ing that binding of catecholamines with 8-adrenoreceptors is accompanied by activation of the 
adenylate cyclase system and subsequent cAMP formation [4], it can be tentatively suggested 
that the effect of catecholamines on proliferation is mediatedthrough the cAMP system. How- 
ever, the results do not rule out other possible pathways of the action of catecholamines on 
intracellular processes. This is a problem for further study. 
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Dopa, the precursor for catecholamine synthesis, like catecholamines themselw~s, has an 
inhibitory action on cell proliferation, but it is evidently not connected with adrenoreceptor 
activation. This hypothesis is confirmed by data in the literature indicating that dopa does 
not interact with binding sites of plasma membranes of turkey erythrocytes, with ~ich either 
8-agonists or 8-antagonists can interact [4]. Our own data for the effect of dopa on cell 
proliferation show that the precursor of catecholamine synthesis can exert an independent ac- 
tion on tissue metabolism, and not only through catecholamine formation; this is a problem 
which requires further study in connection with the use of dopa for the correction of trophic 
disorders [2]. 
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The problem of the existence of a factor limiting growth of an organ or maintaining the 
state of equilibrium in constantly renewed populations has engaged the attention of embryolo- 
gists, endocrinologists, and clinicians for a long time. We know that during the prenatal pe- 
riod of mammalian ontogeny active processes of proliferation of the genocytes take place with 
preparation for meiosis. However, in some species at the end of pregnancy, and in others dur- 
ing the first days after parturition, proliferation of the primary sex cells is inhibited, as 
also is their entry into meiosis, until the period of puberty. The discussion on which factors 
affect this process still continues and opinions of investigators are extremely contradictory. 
An inhibin-like substance, concerned in the regulation of spermatogenesis and also in matura- 
tion of follicles in adult humans and mammals has been isolated [2, 5, 6, 8, 9, ii]. The au- 
thors cited state that there is more inhibin in the testes and ovaries of sterile men and wom- 
en than in subjects with normal fertility. However, the question of the existence of an in- 
hibin-like factor in prenatal and early postnatal periods of human and mammalian ontogeny, 
which could exert its action on the gonocytes, remains debatable. 
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