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A current theory of regulation of coronary
blood flow is that of adenosine-induced coro-
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 coro-
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), the mechanisms by which coro-
nary vasodilation is produced is unknown. A
recently reported study in isolated guinea pig
and rat hearts suggested that adenosine
causes coronary vasodilation by inhibition of
alpha adrenergic activity in the coronary re-
sistance vessels and that the effect can be
competitively blocked by alpha adrenergic
blockade (4). Since myocardial reactive hy-
peremia has been shown to be unaffected by
alpha adrenergic blockade (5), confirmation
of inhibition of adenosine induced coronary
vasodilation by alpha adrenergic blocking
agents would negate its proposed role in the
reactive hyperemia response. The present
study was designed to investigate the effect
of alpha adrenergic block on the coronary
vasodilatory response to infused adenosine
and to its nucleotide precursor, ATP.

Methods. Mongrel dogs weighing between
18 and 22 kg were anesthetized with mor-
phine (1 mg/kg sc) and pentobarbital (20
mg/kg iv) and positive pressure breathing
was established through an occlusive intra-
tracheal tube. After the left chest was opened

1 Supported by U. S. Public Health Service Grant
SPO1HE06304 ard the American Heart Association,
Northeast Ohio Chapter.

317

and the pericardium incised, heparin (10 mg/
kg) was given and the left jugular vein and
right common carotid artery were cannulated.
Where possible the common left coronary ar-
tery 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 which was kept filled with
blood pumped from the left carotid artery.
Coronary 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 tubing. The thoracic
aorta was ligated and its proximal portion
cannulated and bled into another air-pres-
surized reservoir; a mean aortic pressure of
100 mm Hg was held constant by the pres-
surized blood level in this chamber. With
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.

Metabolic 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 arterial blood samples were obtained
for determination of pOs, pCO., pH and
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hematocrit.

Solutions of adenosine from commercial
sources were made up in physiological saline
buffered to pH 7.40 in concentrations of 10,
000 nmoles/ml, and constant rate infusions
of from 116 nmoles/min (0.116 ml/min) to
11,600 nmoles/min (1.16 ml/min) were made
directly into the coronary cannula tubing.
Similarly, solutions of ATP were made up
and buffered to pH 7.40 in concentrations of
1000 nmoles/ml, and infused at similar con-
stant rates. Control infusions of saline were
made in each animal at 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
period of 1-2 hr; this regimen was estab-
lished 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
the coronary arterial concentrations of adeno-
sine or ATP produced by the different infu-
sion doses by the relationship

Concentration (nmoles/100 ml of coronary arterial
blood) = Infused dose (nmoles)/Coronary flow
during infusion (ml/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

Coronary Flow Response — .
Peak coronary flow rate during infusion
Peak coronary flow rate during reactive
hyperemia

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

ADENOSINE AND ATP CORONARY VASODILATION

adenosine and ATP was made in a standard
fashion. Regression lines for each set of ob-
servations were calculated by the method of
least 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 animals 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).

Results. 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 hyperemia, 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 rather 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
showed 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 other 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



519

ADENOSINE AND ATP CORONARY VASODILATION

‘UOTSN[O90 LIRTWOI0D JO 908 (7 1938 MO erworddAy eArjorax yeod sojeotpur HY .
*(0a10) A10708 XOWINAITD Aq posnyrod €ore 10 (UOWO9) S[ITIJUOA 3JOT 8101 IOYIW SOJEITPUL IM »

793 39 0TT 89 T G631l €L IV
ger 8.8 98 8T T9¢ €8 8T s103ed eg IO ¥ 'ON
163 Ly 931 98 Ly 181 06 IV
3%3 798 03T €8 ¥18 g1t 9¢ orozod €9 IO € 'ON
1€3 1€ 393 €61 84 (e 3LT IV
SPT S1T 003 €6 13T 03 06 sroyeod L6 TOWUI0D 3'ON
673 L3 LIT 4] T¢ 93T 96 WIFV
G938 298 0TI Ly 1520 90T 44 or039g 89 211D T'ON
dLV
0%9¢ 8¢ 03¢ 363 9¢ 03¢ Ge3 INFV
081¢ 12 €8T Go0T 09T G938 60T aI0Jg 90T TOUWTI0D ¥ 'ON
0%8¢ 874 36T 80T %9 3LT 80T #3V
88G¥ 1%3 96T 0¥ 0€3 3T 0y olroged €9 2172 €'ON
099% 18 86 g9 9g 90T 89 PV
0008 10T 8¢ 83 9¢T 38 34 erojed g9 oI 3 'ON
0.8¢ g3 00€ 0%3 £¢ 863 i44 WIFV
043y 0 3.3 09T 0. 3.3 09T eroy9dg 0%T TOUWH0D T'ON
QUISOUIPY
(Tm gOT/s9owmu) osBAIIUT wotsnyul  [0I3U0D aseaIou] JHY 1013100 WoTITPUOD (3) IM L1y rewmy
TWOTYBIJUSOUOD % % ,
[ere%Ie L18U0I0)) : (urw/[ur) mory (uru/[u) moyg
*MOT,

erworodL oATovoYy YBOJ 01 poredwro) sworsngul [BLILNY LI1BU0s0) JIV PUB oUBOUIDY £ pourejqQ s03ey Mof[q rewxely jo uoswedwo) ‘T AIIVL



520

ADENOSINE AND ATP CORONARY VASODILATION

ADENOSINE, ALPHA BLOCK-:

e BEFORE, ¢——— AFTER
3 M0} a, "ot a2
<
g L] SN 108w 7.26
g pOp 163 p02 19
€ 10} pco, 20 100} pCcO, 23
wi Het 37 Het 39
LG?-' 80 L
o
as
[P sof
L‘"u
v .
g w0 %0 4
o
3
5w of
&
S
M —it5— 0% By 1%
3 190 - a3 1o} a,
-4
-
S w74 180} pH  7.42 .
K POz 75 PO, 155 L
S 100f pCO, 46 ____0____,,)._9——@— w0} PCOz 3 /
g; Het 33 Het 43 4
Zy et 80
E§ T o
8'5 60 Pt s}
%] e
& v "0
$
H
5 20 ¢ oot
‘e \
g
T %% T —T050 * o5 1] 00— —
CONCENTRATION

(MILLINICROROLES PCR 100 M. OF ARTERIAL GLOOO)

(IILLIHIEIOCMIDLylcnglgRﬂB z’ mull 8L000)

Fic. 1. Effect of alpha adrenergic block on coronary flow response to adenosine. The abscissa
(concentration) is logarithmic, the ordinate (response) is linear.

decrease in responsiveness.

Discussion. As expeocted, blockade of alpha
adrenergic receptor sites in the coronary vas-
culature decreased coronary vascular resist-
ance so that control coronary flow rates fol-
lowing the blockade were consistently higher
than before. Thus, 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 capacity 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 for 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 e al. (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 inhibiting effect of alpha adrenergic
block on the myocardial reactive hyperemia
response to temporary coronary occlusion
was confirmed (5). Although the “adenosine
hypothesis” as related to myocardial reactive
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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 possibility 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 coronary arterial concentrations
greatly in excess of those reported by Rubio
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 occlusion. In
this regard, the results of the present study
are similar to those previously reported by
us in a comparative study of the coronary
vasodilatory effects of adenosine and the nu-

of alpha adrenergic block on coronary flow response to ATP. Abscissa and or-

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 at arterial concentra-
tions of ATP in the range of those reported
as giving maximal coronary vasodilation by
Wolf and Berne. As previously shown by us
(8) and by others (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 obtained at low arterial 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 concentration
with sustained contracture of the forearm
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musculature (13). Additionally, ATP may
cross intact cell membranes under other con-
ditions (14-16). Most recently, Chen et al.
(17) have documented an increase in ATP
concentrations in coronary sinus plasma col-
lected during myocardial hyperemia induced
by stellate ganglion stimulation; however,
there was no significant change in coronary
venous plasma ATP levels during the reac-
tive hyperemia response after temporary
coronary occlusion. The source 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
elaborated.

The authors wish to thank Mrs. Jacqueline Rut-
kowski, Mr. John Dattilo, and Mr. Richard Wil-
liams for their assistance in the completion of these
studies.
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