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A currenlt theory of regulation of coronary 
blood flow is that of adenosine-induced mm- 
nary vasodilation ( 1 ) .  In particular, the hy- 
pothesis that a local increase in the extracel- 
lular concentration of adenosine is responsible 
for the reactive hyperemia of temporary c ~ m -  
nary occlusion has gained support from the 
recent work of several investigators (2 ,  3 ) .  
Although there is evidence that adenosine is 
formed through the degradation of the ade- 
nine nucleotides in response to myocardial 
hypoxia ( 3 ) ,  tihe mechanisms by wh5ch coro- 
nary vasoldilation is produlced is unknown. A 
recently reported study in isolated guinea pig 
and rat hearts suggested that adenosine 
causes coronary vasodilation by inh5bition of 
alpha adrenergic activity in the coronary re- 
sistance vessels and that the eff& can be 
competitively blocked by alpha adrenergic 
blockade (4). Since myocardial reactive hy- 
peremia has been shown to be unaffeoted by 
alpha adrenergic blockade ( 5 )  , confirmation 
of inhibition of adenosine induced coronary 
vasodiliation by alpha adrenergic blocking 
agents would negate its proposed role in the 
reactive hyperemia respnse. The present 
study was designed to investigate the effect 
of alpha adrenergic block on the coronary 
vasodilatory response to infused adenosine 
and to its nuclmtide precursor, ATP. 

Methods. Mongrel dogs weighing between 
18 and 2 2  kg were anesthetized wilth mor- 
phine (1 mg/kg sc) and pentotbarbital (20 
mg/kg iv) and positive pressure breathing 
was established through an occlusive intra- 
tracheal tube. After the left chest was opened 

1Suppo~-ted by U. S. Publilc Health Service Gmnt 
SPOlHE06304 and the American Heart Assooiation, 
Wortheast Ohio Chapter. 

and the pericardium incised, heparin (10 mg/ 
kg) was given anld the left jugular vein and 
right common carotid artery were cannulated. 
Where possible the common left coronary ar- 
ltery was cannulated through its aortic ostium 
via the left subclavian artery; when this was 
not feasible the left circumflex branch was 
directly cannulated just below the origin of 
the left anterior atrial artery. The cannulated 
artery was then perfused from an air-pres- 
surized reservoir whioh was kept filled with 
blood pumped from the left carotid artery. 
Coromry perfusion pressure was held con- 
stant at a mean pressure of 100 mm Hg by 
appropriate setting of the air pressure in the 
chamber. Coronary flow rates were measured 
by an electromagnetic flow meter probe in 
series with the cannula tulbiing. Tlhe thoracic 
aorta was ligated and its proximal portion 
cannulated and bled into another air-pres- 
surized reserv~r ;  a mean aortiic pressure of 
100 mm Hg was held constant by the pres- 
surized bliood level in this cham0er. Wath 
these arrangements left ventricular afterload 
was held constant and the preload consisted 
primarily of coronary venous blood recircu- 
lating to the left heart through the lungs. 

Mean aortic pressure and mean coronary 
perfusion pressure were continuously moni- 
tored by pressure transducers and recorded 
together with the coronary flow curve on a 
physiological recorder. 

Metzbolic conditions were held as close to 
normal as possible by appropriate setting of 
the respirator and by a continuous slow in- 
fusion of 0.2 M sodium bicarbonate solution. 
During each study, a minimum of four coro- 
nary ar'terial blood samples were obtdned 
for determination of pOz, pC02, pH and 
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hematocri t . 
Solutions of adenosine from commercial 

sources were made up in physiological saline 
buffered to pH 7.40 in concentlrations of 10, 
000 moles/ml, and constant rate infusions 
of from 116 nmoles/min (0.116 ml/min) to 
1 1,600 nrnoles/min ( 1.1 6 ml/mh) were made 
directly into the coronary cannula tubing. 
Similarly, solutions of ATP were made up 
and buffered to pH 7.40 in concentrations of 
lo00 nrnoles/ml, and infused at  similar con- 
stant rates. Control infusions of saline were 
made in each animal a t  these rates. 

Coronary flow responses to graded infusion 
doses of adenosine and ATP were measured 
before and after alpha adrenergic block. Al- 
pha adrenergic block was produced by phen- 
oxybenzamine, 10 mg/kg, infused iv over a 
per id  of 1-2 hr; this regimen was estab- 
lihed in other animals with intact peripheral 
vascular beds where completion of alpha 
block over this period of time was verified by 
failure of an arterial pressure response to 50 
pg of noradrenaline iv. 

Dose calculations were made in terms of 
+he coronary arterial concentrations of adeno- 
sine or ATP produced by the different infu- 
sion doses by the relationship 
Concentration (n;moIes/100 ml of coronary arterial 
blood) = Infused dose (nmoIes)/Coronary flow 

during; infusion (mI/min) X 100. 

Coronary flow responses to the infusions 
were measured as the ratio of the peak flow 
rates obtained during infusion to the peak 
coronary flow rates obtained after 20 sec of 
coronary occlusion; the latter was produced 
by clamping the inflow tubing. These reac- 
tive hyperemia flow responses were obtained 
before, during and after each set of infusion 
studies with an appropriate waiting period to 
allow return to control flow. The flow re- 
sponse to the graded doses of adenosine and 
ATP was calculated by the relationship 
Comnary Flow Response = 

Peak ooronary flow rate during infusion 
Peak coronary flow rate during reactive 

hyper& 

Statistical evaluation of the effect of adre- 
nergic block on the semilogarithmic dose re- 
sponse curves of increasing concentrations of 

x loo. 

adenosine and ATP was made in a standard 
fashion. Regression lines for each set of ob- 
servations were calculated by the method of 
leaslt squares, and differences in potency af- 
ter adrenergic block were tested by a statisti- 
cal parallel line bioassay of the data obtained 
from the regression lines of dose responses 
before and after block (6). 

In those anlimals in which the common left 
coronary artery was cannulated the weight of 
the area perfused was obtained by excision 
of the left ventricle. In left circumflex can- 
nulations the area perfused was estimated as 
37% of total heart weight (7). 

Resutts. Table I presents the peak coro- 
nary flow rates after 20 sec of coronary oc- 
clusion, and the maximal coronary flow rates 
produced by adenosine and ATP infusion in 
each animal before and after adrenergic 
block. These maximal flow rates were pro- 
duced by the arterial concentrations of adeno- 
sine and ATP indicated in Table I which 
were those beyond which no further increase 
in flow occurred. Although the percent in- 
crease from control of coronary flow in reac- 
tive hypermia, and with adenosine and ATP 
infusions, was reduced after alpha block, this 
was due to the increase in the level of the 
control coronary flow rates induced by the 
blocking agent rabher than a decrease in peak 
flow. In fact, as shown in Table I, the peak 
flow rates of both reactive hyperemia and 
the infusions increased after alpha blockade. 

Figures 1 and 2 illustrate the semilogarith- 
mic dose response data for each animal be- 
fore and after alpha adrenergic block. The 
average metabolic data during the course of 
the study is also indicated for each animal. 

The four animals illustrated in Fig. 1 
s’howed no consistent change in responsive- 
ness to adenosine after alpha block as calcu- 
lated from the regression lines and potency 
ratios. Although one animal (No. 3) showed 
a reduction in response to adenosine after 
alpha adrenergic block, the three 0the.r ani- 
mals showed either no change or an enhanced 
response. 

Similarly, in Fig. 2 the dose response re- 
gression lines show variation in potency of 
the ATP infusion before and after alpha adre- 
nergic block among the animals studied; 
however, only one animal (No. 1) showed a 
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ADENOSINE, ALPHA BLOCK. 
e- BEFORE, * - - -  AFTER 

01 

a i f 
pn 7.39 
p02 163 
pc02 2 0  
ncr 37 

. pH 7.41 

. pCO2 4 6  
PO2 75 

Hct 33 

0 3  

CONCENTRATION 
(IILLIIICIKMOLES K I  100 ML Of III)IERIK &OOOl 

I 0 2  

0 4  

I‘O I 
pn 7.42 
p02 155 

ncr 4 3  
4,‘ - 
I 

FIG. 1. Effect of alpha adrcnergic block on coronary flow ,response to adenosine. The abscissa 
(concentration) is logarithm.ic, tthe ordinate (response) is linear. 

decrease in responsiveness. 
Discussion. As expeoted, blockade of alpha. 

adrenergic receptor sites in the coronary vas- 
culature decreased coronary vascular resist- 
ance so bhat control coron’ary flow rates fol- 
lowing the blockade were consistently higher 
than before. Thlus, the change from control 
flow induced either by temporary coronary 
occlusion or by infusions of adenosine or 
ATP after alpha blockade could not fairly be 
compared with percentage change from con- 
trol as a result of similar interventions be- 
fore the blockade, since the percent increase 
from control flow would necessarily always 
be less than before the blockade. Consequent- 
ly, we compared the vasodilatory potency of 
adenosine and ATP before and after alpha 
adrenergic blockade in relation to the maxi- 
mal vasodilatory capaci#ty of the coronary 
resistance vessels as reflected by the peak 
flow rates of reactive hyperemia after tempo- 

rary coronary occlusion. These reactive hy- 
peremia responses served as the reference 
flow rates fur calculation of responses to 
adenosine and ATP infusions rather than the 
resting control flow rates; this method of 
dose response measurement was used in an 
earlier study of the coronary vascular effects 
of adenosine and the nucleotides (8). 

The results of the present study fail to 
confirm the inhibiting effect of alpha adre- 
nergic block on adenosine induced coronary 
vasodilation as reported by Nayler et at. (4) 
in isolated rat and guinea pig hearts. In  ad- 
dition, the coronary vasodilatory effect of 
ATP was not consistently decreased by alpha 
adrenergic block, and the lack of a signifi- 
cant inhitbiting effect of dpha adrenergic 
block on the myocardial reactive hyperemia 
response to temporary coronwy occlusion 
was confirmed ( 5 ) .  Although the “adenosine 
hypothesis” as related to myocardial reactive 
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ATP, ALPHA BLOCK 
e- BEFORE, - - - AFTER 

I 
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FIG. 2 .  Effeat of alpha adrenergic block on coronlary flow resiponse to ATP. hbscissa and or- 
dinate as in Fig. 1. 

hyperemia is, therefore, supported to the ex- 
tent that adenosine (and ATP) induced 
coronary vasodilation is not effected through 
inhibition of an alpha adrenergic mechanism, 
no further information regarding its mode of 
action was gained from this study. The al- 
ternative possilbility that adenosine might in- 
crease coronary flow by stimulation of beta 
adrenergic receptor sites in the coronary re- 
sistance bed has been excluded by the study 
of Buckley (9) which showed no inhibition 
of the adenosine coronary vasodilator effect 
in beta adrenergic blocked hearts. 

As shown in Table I, adenosine infusions 
resulting in coronlary arterial concentrations 
greatly in excess of those reported by Rzllbio 
et al. ( 2 )  generally failed to cause an in- 
crease in coronary flow rates equivalent to 
those of the peak reactive hyperemia re- 
sponses to 20 sec of coronary ooclusion. In 
this regard, the results of the present study 
are similar to those previously reported by 
us in a comparative study of the coronary 

cleotides; possible reasons for the dose re- 
sponse discrepancy for adenosine between the 
two studies have been discussed (8). 

On the other hand, increases in coronary 
flow rates similar to those of reactive hy- 
peremia were obtained a t  arterial concentra- 
tions of ATP in the range of those reported 
as giving m[aximal coronary vasodilation by 
Wolf and Berne. As previously shown by US 
(8) and by otlhers (10-12) ATP is consider- 
ably more potent as a coronary vasodilator 
than adenosine. As indicated by the results 
of this study (Table I ) ,  maximal coronary 
flow responses as judged by increases in coro- 
nary flow rates equivalent to that of reactive 
hyperemia were olbttained at  low ar'terial con- 
centrations of ATP, and it is tempting to 
consider a direct role of this nucleotide in 
the coronary vasodilatory response to tempo- 
rary coronary occlusion. Forrester and Lind 
have reponted the presence of ATP in the 
venous blood from human forearms and dem- 
onstrated an increase in its conicentration 

vasodilatory effects of adenosine and the nu- with sustained contnacture of the forearm 
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musculature (13) .  Additionally, ATP may Cardiowc. Res. 1, a (195.7). 
cross intact cell membranes under other con- 5. Pitt, Be, KhOUri ,  and Greg& D. E.9 
ditions (14-16). Most recently, Chen et al. 

concentrations in coronary sinus plasma col- 
lected during myocardial hyperemia induced 
by stellate ganglion stirnulation; however, 
there was no significant change in Coronbry 
venous plasma ATP levels during the reac- 

The Physbl@t 8, 251 

Assay,” p. 99. Griffin, London (1952). ( 17) have documented an increase in ATP 6. FimeY, D. J*, ‘‘%atiStiCd Methods in Biological 

7. Eicbt4.n) R. W., Circ. Res. 5, 230 (1957). 
8. Moir, T. and DOWm, T. D., Amer. ,. 
9. Buckley, N. M., h e r .  J. Physiol. 218, 1399 

Physiol. =, 1386 (1972). 
(1970). 

t h e  hyperemia response after temporary 
coronary occluslion. The suurce of the ATP 
and its role as a possible factor in the coro- 
nary vasodilatory response to the increase in 
myocardial oxygen demand induced by sym- 
pathetic nerve stimulation remains to be 
e b b r a  ted . 
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