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By record ing  the r e t rog rade  blood flow and p r e sence  in the zone of distr ibution of the l igated 
an te r io r  descending branch of the left  co rona ry  a r t e r y  in acute exper iments  on dogs, it was 
shown that  caffeine, in a dose of 10 mg/kg,  i n c r e a s e s  the co l la te ra l  blood flow without p r o -  
ducing significant  changes in the sys t emic  a r t e r i a l  p r e s s u r e  or  p r e s s u r e  in the ligated v e s -  
sel.  The intensi ty  of the pos i t ive  effect  of caffeine was reduced against  the background of 
action of oetadine and atropine.  In exper imen t s  on isolated ca t s '  hea r t s  with a l igated co ro -  
na ry  a r t e r y  caffeine c l ea r ly  dilated the co rona ry  anas tomoses .  Simultaneous adminis t ra t ion  
of s trophanthin (0.2 cat  unit/kg) reduced the intensi ty of the posi t ive  action of  caffeine on the 
inflow of blood into the i schemic  myoeard ium.  

The object  of this invest igat ion was to study the effect  of caffeine and strophanthin,  which are  com-  
monly used for  the cl inical  t r e a t m e n t  of acute co rona ry  fai lure  [2], on the co l la te ra l  co rona ry  blood flow. 

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

Exper imen t s  were  ca r r i ed  out on mongrel  dogs weighing 7-24 kg anesthet ized with nembutal  (40 
mg/kg ,  in t raper i toneal ly) .  The s ta te  of the co l la te ra l  c i rcula t ion in the hea r t  was a s se s sed  f rom the r e t r o -  
g rade  blood flow and the p r e s s u r e  in the pe r iphe ra l  segment  of the l igated an te r io r  descending branch  of 
the left  co rona ry  a r t e r y  [8]. The sys t emic  a r t e r i a l  p r e s s u r e  was recorded  in the left carot id  a r t e r y  by a 
m e r c u r y  manomete r .  The e l e c t r o c a r d i o g r a m  was taken in chest  (GP-4) and epicardia l  (boundary zone of 
ischemia)  leads.  Hepar in  (1500 uni ts /kg,  intravenously) was injected to p revent  clotting of the blood. 

The effect  of caffeine on the inflow of blood into the i schemic  myocard ium was invest igated a f t e r  ex-  
haustion of the ca techolamine r e s e r v e s  with octadine [9], blocking of musca r ine - l i ke  cholinergic s t ruc tu re s  
with a t ropine,  and pi tui t r in  s p a s m  of the co r ona ry  v e s s e l s  [7]. The drugs were  injected intravenously:  
octadine in a dose of 5 mg/kg  12-16 h before  the exper iment  (8 exper iments) ,  a tropine in a dose of 0.05 
mg/kg  10 min before  injection of caffeine (8 exper iments ) ,  and pi tui t r in  in a dose of 0.5 uni t /kg 1 min be -  
fore  inject ion of caffeine (8 exper iments) .  The myot ropic  action of caffeine was studied on isola ted ca t s '  
hea r t s  with s imultaneous m e a s u r e m e n t  of the total  co rona ry  outflow and the outflow of perfus ion fluid f rom 
the a r e a  supplied by the l igated an t e r io r  descending branch of the left  co rona ry  a r t e r y  [3]. 

Caffeine was injected in t ravenous ly  in s ingle  doses  of 10 mg/kg  (8 exper imen t s )and  20 mg/kg  (9 ex-  
per iments ) .  The effect  of a combinat ion of caffeine (10 mg/kg) and strophanthin (0.2 cat  unit/kg) also was 
invest igated.  The compounds were  injected s imul taneous ly  at a constant  speed f rom 2 syr inges .  The r e -  
sul ts  were  analyzed by s ta t i s t i ca I  methods [6]. 
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EXPERIMENTAL RESULTS AND DISCUSSION 

Caffeine, in a dose of i0 mg/kg, produced a steady increase (by 45.2 • 3.6%; P < 0.001} in the retro- 
grade blood flow (during the first 25 rain) against the background of a very small (by 4 ~:l.9~0)and transient 
elevation of the arterial pressure. 

Injection of caffeine in a dose of 20 mg/kg in 4 of 9 experiments eaused an increase in the collateral 
blood flow with simultaneous elevation of the arterial pressure. In the remaining experiments these indices 
were reduced, so that no general statistically significant tendency could be discovered. The heart rate was 
slightly increased, just as in the preceding series of experiments. 

Preliminary injection of octadine sharply reduced the effect of caffeine (I0 mg/kg) on the inflow of 
blood into the ischemic myocardium (increase in inflow of blood only 16.9 :~ 2.5%}, although the duration of 
this effect was the same as in the main experiments. The general arterial pressure was virtually un- 
changed, but the pressure in the peripheral end of the coronary artery rose by 10.1• (P < 0.05) in the 
space of 35 min. Changes in the heart rate were inconsistent in direction and not statistically significant. 

The increase in retrograde blood flow following administration of caffeine against the background o[ 
the action of atropine was smaller still (11.2 ~4.3%; P < 0.05) and shorter in duration (i0 rain). The arterial 
pressure fell gradually during the experiments. Similar changes affected the peripheral coronary pressure. 
The heart rate rose very slightly. 

The writer's earlier experiments [7] showed that pituitrin (0.5 unit/kg) sharply reduces the retrograde 
coronary blood flow and significantly increases the pressure in the ligated vessel 20-30 see after its injec- 
tion. Slowing of the heart rate and even an initial fall in the arterial pressure were observed at the same 
time. Caffeine, in a dose of I0 mg/kg, either prevented or reduced the degree of the fall in the retrograde 

blood flow produced by pituitrin. 

In experiments  on the isolated heart ,  injection of caffeine into the perfusion fluid (in concentrations 
of 1:50,000 and 1 : 10,000) increased  the total outflow of fluid by 24.0 ~= 10.7% (P < 0.05} and the outflow of 
perfusion fluid from the a rea  supplied by the ligated a r t e ry  by 14.6 ~2.2% (P< 0.001). 

Injection of caffeine with strophanthin was followed by a t ransient  (15-20 rain) increase  (by 27.3 ~6.2%; 
P< 0.01) in the col la teral  blood flow in only 8 of the 13 experiments  against the background of elevation of 
the ar ter ia l  p r e s su re  but a simultaneous fall in p r e s su re  in the ligated vessel .  In the remaining 5 experi-  
ments both these indices fell progress ive ly .  In most experiments  the hear t  rate increased ve ry  slightly. 

Ligation of the coronary  a r t e ry  was reflected on the EKG by a sharp displacement of the S-T segment 
above the isoelect r ic  line, by an increase  in amplitude of the Q and T waves, and by arrhythmia.  Injection 
of caffeine did not prevent  the changes in the EKG produced by myocardial  ischemia.  Against the back-  
ground of the action of atropine and oetadine, a r rhythmia  was observed less  commonly after  injection of 
caffeine. Conversely,  injection of caffeine in combination with strophanthin was accompanied by the appear-  
ance of grouped vent r icular  ext rasys toles .  

The ability of caffeine, in a dose of 10 mg/kg,  to increase  the re t rograde  coronary  blood flow without 
significant changes in the a r te r ia l  p r e s su re  and in the p re s su re  in the per ipheral  segment of the coronary  
a r t e ry  can be interpreted as the resul t  of its dilator effect on in terar te r ia l  anastomoses,  as was confirmed 
by experiments with pituitrin spasm of the coronary  vesse ls  and on isolated cats '  hearts .  Meanwhile the 
myotropic action of caffeine on the coronary  anastomoses obviously made a comparat ively  unimportant  con- 
tribution to the development of its coronary-d i la to r  effect, as shown by experiments with pre l iminary  injec-  
tion of octadine and atropine. There are  reports  in the l i terature  that the stimulant effect of caffeine on the 
hear t  is associated with the l iberation of endogenous eatecholamines [10, 12-14]. Possibly  the exhaustion 
of their  r e se rves  by octadine reduces the dilator effect of caffeine on in terar te r ia l  anastomoses.  The pos -  
sibility is not ruled out that this action is effected through fi - adrenerg ic  s t ruc tures  of the hear t  [5]. It must 
be emphasized that caffeine, against the background of the action of oetadine, caused an inc rease  in the 
p re s su re  in the ligated vessel ,  and this probably prevented the inflow of blood into the ischemic m y o c a r -  
dium. Evidently blocking of the musear ine- l ike  cholinergic s t ruc tures  of the hear t  by atropine creates  con- 
ditions favoring the inhibitory action of caffeine on the coronary  anastomoses and the heart ,  as manifested 
by a smal le r  increase  in re t rograde  blood flow, accompanied by a p rogress ive  decrease  in the a r te r ia l  
p ressure .  
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Earlier investigations [1] showed that strophanthin, in a dose of 0.2 cat unit/kg, increases the retro- 
grade coronary blood flow against the background of the pressor reaction of the arterial pressure, but when 
the arterial pressure was stabilized, it produced slight constriction of the anastomoses. Caffeine evidently 
potentiates the constrictor action of strophanthin, as revealed by the relatively smaller increase, or even 
a decrease in the retrograde blood flow produced by it. At the same time, marked disturbances of the car- 
diac rhythm were observed, and after an initial increase, the arterial pressure showed a progressive de- 
crease, probably resulting from the toxic action of the combination of these drugs [2]. Depression of the 
coronary-dilator effect of methylxanthines when combined with strophanthin, with an increase in toxicity, 
has also been observed by other investigators [Ii]. 
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