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Exper iments  on ra t s  showed that theophylline, theobromine,  and caffeine in a dose equimolar 
to 50 m g / k g  of theophylltne base,  increase  the catecholamine concentrat ion in the r a t  myo-  
card ium 1 h af ter  intraperi toneal  injection. These compounds, except caffeine, had a s imi-  
lar  effect in a dose of 125 mg/kg.  Theophylline reduced the degree of lowering of the cat-  
echolamine level in the myocard ium after  adminis t ra t ion of ty ramine  and strophanthin. El-  
evation of the catecholamine level after  adminis t ra t ion of caffeine was accompanied by an in- 
c r e a s e  in the ATP and ADP content and a decrease  in the AMP content, as well as by the 
format ion of inosine monophosphate,  adenosine, and inosine. 
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The hemodynamic effects of theophylline and the closely s imi lar  compounds a re  analogous with the 
action of f i -adrenomimet ies  [12, 13]: by blocking phosphodies terase  and inhibiting the breakdown of cyclic 
3 ' , 5 ' -AMP in the cel ls  [11], methylxanthlnes potentiate the effect of catecholamines  [14]. Data on their  ef- 
fect  on the metabol ism of biogenic amines have also been published [4, 8, 10]. 

TABLE 1. Effect of Methylxanthines on CA Content in Myocardium 
of Rats  (in /zg noradrenal in  ba se /g  wet weight of tissue) 

G r o u p  
of e x -  
l ~ i  - 
m e n t s  

1 
2 
3 
4 
5 
6 

7 
8 

9 
I0 
I1 
12 
13 
14 
15 

Experimental eonditiom 

Control 
Theophylllne 

Tyramine 
TheophyIline + 
Tyramine 
Str opha nthin 
TheophylKne + 
Strophanthin 
Control 
Theobromine 

Control 
caffeine 

Dose [No. of 
(in ~xperi- 
mg/k~ents 

- -  i9 
25 10 
50 10 

125 10 
I0 10 
50 10 
10 

1 6 
5O 8 

1 
- -  9 
25 8 
50 9 

125 9 
~,7 11 

8 
134,2 12 

Totalcontent of 
catecholamines 

i n  rnyocardium 
(M ~m) 

1,41~0,08 
1,86+---0,2 
1,85--0,067 
1,88+0,052 
0,8720,05 
1,24-~0A4 

0,9620,1 
1,2520,14 

1,372---0,057 
1,66+--0,082 
1,95+0,08 
2,0420,097 
1,62~0,13 
2,3~0,067 

1,672+-0,14 

P1- 2 ~O,05 
P1 - 3 G 0,00 l 
P1- ~ G0,001 
P1- s G0,001 
P~-~ ~jO,05 

Pi-7 G0,02 
PT- s ~0,05 

m 

P2-10 ~0,02 
P2-n G0,001 
P 9--12 G 0 ,  001 

P13-~ G0,00t 
P~3_~ ~0,05 
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The object of this investigation was to study the effect of methyl- 
xanthines on the catecholamine (CA) content in the ra t  heart.  Con- 
sidering that the liberation and storage of CA are  brought about through 
the energy of ATP, the concentration of adenosine phosphate in the 
myocardium also was studied. 

E X P E R I M E N T A L  M E T H O D  

Experiments were car r ied  out on 180 rats  weighing 180-240 g. 
The total CA content in the myocardium was determined by fluores- 
cence analysis [5, 7] and expressed in # g noradranelin base /g  wet 
weight of t issue. The content of adenosine phosphates (ATP, ADP, 
and AMP) was determined by electrophoresis  on paper [15] followed 
by spectrophotometry at wavelengths of 260 and 290 nm. Inorganic 
phosphorus also was determined [2]. 

During investigation of the CA level, theophylline, theobromine, 
and caffeine were injected intraperitoneaUy in doses equimolar with 
25, 50, and 125 mg/kg respectively of theophyHine base, equivalent to 
5, 10, and 257O of 1 LDs0 theophylline for albino mice when administered 
in this way [6]. Before determination of the adenosine phosphates, the 
drugs were injected intraperitoneally in a dose equimolar with 50 
mg/kg theophylline. This dose effectively influence sthe various as-  
pects of myocardial metabolism [10, 16, 17]. The animals were de- 
capitated 1 h after  injection of the preparations.  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

In doses of 50 and 125 mg/kg theophylltne increased the eatechol- 
amine content in the heart  by 31.2 and 33.37o respectively.  Thee- 
bromine had a similar action, but it significantly increased the CA 
level when given in a dose of 25 mg/kg also. As regards  caffeine, in 
a dose equimolar with 50 mg/kg theophyUine it ra ised the myocardial 
CA level by 41.9% above its initial value; increase in the dose, how- 
ever,  abolished this effect (Table 1). 

The effect of theophyUine on the myocardial  CA depots was 
studied with the aid of tyramine, a sympathomtmetic with an indirect 
type of action, and the cardiac glycoside strophanthin, which facilitates 
the liberation of CA from the depots [9]. Injection of theophylline 1 h 
before tyramine (10 mg/kg) or strophanthin (1 mg/kg) reduced the 
liberation of CA under the influence of these compounds. These r e -  
suits suggest that methylxanthines inhibit the re lease  of CA from the 
labile depot. 

The study of the level of adenosine phosphates (Table 2) showed 
that whereas theophylline and theobromine increased the content of 
ATP, AMP, and ADP in the heart  only very slightly, caffeine modified 
their metabolism very definitely: the ATP and ADP levels rose  by 
47.5 and 2670 respect ively,  but the AMP level fell to 44.2% of its ini- 
tial value. Such a sharp decrease in the AMP content under the in- 
fluence of caffeine can hardly be connected with inhibition of phos- 
phodiesterase, an enzyme hydrolyzing cyclic 3',5'-AMP with the for-  
mation of 5-AMP, for aH methylxanthines have the ability to block 
phosphodlesterase and theophylline is more  effective in this respect  
than caffeine [11]. The fall in the AMP level, together with the r i s e  
in the ADP and ATP levels are  more likely to indicate the more  rapid 
renewal of the phosphorus compounds. For example, caffeine has 
been shown to increase the intensity of uptake and subsequent elimina- 
tion of radioactive phosphorus by heart  muscle [3]. The decrease 
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in the AMP level under the influence of caffeine was accompanied by the appearance of its dephosphorylation 
product~ adenosine. The level of inorganic phosphorus was substantially unchanged in all series of experi- 
ments. 

The combination of elevation of the CA level in the heart with a tendency for the level of adenosine 
phosphates to rise accords with the view that the methylxanthines not only inhibit the liberation of CA from 
the labile depot, but also stimulate their accumulation in the stable depot. This latter process is known to 
be due to the formation of a complex of CA with adenosine phosphates in the ratio of 1 : 4 or 1 : 5 [1]o 
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