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Introduction and objective. To study the action of
adenosine in experimental ventricular tachycardia.

Material and method. We studied 173 mongrel dogs
weighing 13-17 kg anesthetized with 30 mg/kg sodium
pentobarbital given intravenously. Myocardial lesions
were provoked with the injection of 1-1.5 mL phenol in the
free wall of the left ventricle. Ventricular arrhythmia was
induced 30 min later with aconitine crystals inserted into
the periphery of the damaged area. The potential early
and delayed antiarrhythmic action of adenosine was sys-
tematically investigated in 85 animals. Leads DII, aVR
and aVL, unipolar right and left intraventricular leads, and
one unipolar lead on the wall of the superior vena cava
were used to record control tracings and tracings in the
presence of myocardial damage during ventricular tachy-
cardia and after injection of the drug.

Results. Sinus rhythm did not reappear in 72 control
animals that did not receive adenosine. In the 63 animals
with aconitine-induced ventricular tachycardia associated
to myocardial damage, the optimal response to 6 mg
adenosine–early and fleeting sinus rhythm–was seen in
45% of the dogs; delayed sinus rhythm was seen in 5%.
In 67% of the 18 animals with ventricular tachycardia due
only to myocardial damage, early and late sinus rhythm
appeared with doses of 6 and 12 mg, and late sinus
rhythm was seen with a dose of 12 mg.

Conclusions. The antiarrhythmic action of adenosine
was seen not only in ventricular tachycardia due to aconi-
tine (triggered activity), but also in tachycardia induced by
the myocardial damage (microreentries).

Key words: Experimental ventricular tachycardia. An-
tiarrhythmic action. Proarrhythmic actionadenosine.

INTRODUCTION

Adenosine is an endogenous nucleotide composed
of adenine and a pentose sugar. It is the product of
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Efectos tempranos y tardíos de la adenosina 

en taquicardias ventriculares experimentales

Introducción y objetivo. Estudiar la acción de la
adenosina en taquicardias ventriculares (TV) experimen-
tales.

Material y método. Se estudió a 173 perros de 13-17
kg, anestesiados con 30 mg/kg de pentobarbital sódico
por vía intravenosa. En éstos, se produjo daño miocárdi-
co por inyección intramural de 1-1,5 ml de fenol en la
pared libre del ventrículo izquierdo. La introducción de
cristales de aconitina en la periferia del área dañada
causó la arritmia ventricular 30 min más tarde. La posible
acción antiarrítmica temprana y tardía de la adenosina se
investigó de forma programada en 85 animales. Se regis-
traron las derivaciones DII, aVR o aVL, intraventriculares
derecha e izquierda y de la pared de la vena cava superi-
or, como control, tras causar daño miocárdico, con la TV
y terminada la inyección del fármaco.

Resultados. En 72 animales controles no apareció rit-
mo sinusal (RS). En los que desarrollaron TV por aconiti-
na asociada a daño miocárdico (63), se observó, como
respuesta óptima, el paso a RS temprano y fugaz en el
45%, y RS tardío en el 5% con dosis de 6 mg. El RS fue
temprano y fugaz en el 67% y tardío en el 42%, con la
dosis de 12 mg. En el 67% de los 18 perros con TV debi-
da a sólo a daño miocárdico apareció RS temprano y
tardío con las dosis de 6 y 12 mg y RS tardío con la de
12 mg.

Conclusiones. La acción antiarrítmica de la adenosina
puede ejercerse no sólo en TV por actividad disparada,
sino también en las debidas a microrreentradas.

Palabras clave: Taquicardias ventriculares experimen-
tales. Acción antiarrítmica de la adenosina. Acción arrit-
mogénica de la adenosina.SEE EDITORIAL ON PAGES 119-20



several metabolic pathways. Many of its actions have
been known for years. These include cardiovascular
effects such as negative inotropism and chronotro-
pism, vasodilation, and modification of conduction,
as well as extra-cardiovascular effects such as the re-
lease of neurotransmitters, central nervous system ac-
tivity, and the modification of platelet and leukocyte
functions, lipolysis, and glucose metabolism. Not all
the effects of adenosine are known, however, since
the molecule also acts at the intracellular level. In
cardiac cells, adenosine acts via four different G pro-
tein-coupled sarcolemmal receptors: A1, A2A, A2B, and
A3.

1 G proteins, which differ in their amino acid se-
quence and molecular weight, regulate the effects
caused by the stimulation of these receptors, and ac-
tivate both K+ and Ca2+ channels. They may also acti-
vate phospholipase C-β.2 G protein-coupled receptor
A1 reduces cyclic adenosine monophosphate (cAMP)
concentrations by antagonizing the activity of adenyl
cyclase.2 A number of other cardiac cell adenosine
receptors are known, some of which influence mus-
carinic potassium channels (KACh, KADO). These
receptors mediate the chronotropic and dromotropic
effects of adenosine in the atria, but not in the ventri-
cles. When adenosine accumulates in the extracellu-
lar spaces, the outflow of K+ increases, provoking a
reduction in the conduction velocity of the atrioven-
tricular cells.3,4

In ventricular myocardial cells, receptor A1 appears
to be associated only with the inhibition of adenyl cy-
clase (via inhibitory G proteins), which explains why
adenosine attenuates the stimulatory effects of cate-
cholamines on beta-adrenergic receptors.5 The drug re-
presses the automatism of sinoatrial cells as a result of
cellular hyperpolarization, and therefore reduces the
discharge frequency of the sinus node. Thus, adeno-
sine provokes the blockage of impulses from this
node, and reduces the automatism and conduction ve-
locity of the atrial cells and the atrioventricular node.3,4

At the ventricular level its action is indirect, and there-
fore can be effective in problems related to the in-
crease of catecholamine concentrations.6-8

The clinical use of adenosine in the treatment of
supraventricular arrhythmias has been a great success
and is widely accepted. It has also been used for the
differential diagnosis of tachyarrhythmias with aber-
rant QRS complexes (this has to be done carefully,
however, since adenosine can facilitate conduction via
the anomalous route if there is pre-excitation, leading
to ventricular fibrillation [VF]).9,10 The rapid onset of
action of adenosine plus its short half life have made
its use common in these areas. 

The effectiveness of adenosine in the treatment of
supraventricular arrhythmias is similar to that of ve-
rapamil and is associated with fewer secondary ef-
fects.11 However little has been published on its use
in the treatment of ventricular tachyarrhythmias. Ani-
mal and human studies performed to date have
shown that adenosine has no direct electrophysiolog-
ical effect on the ventricular myocardial fibers nor on
the His-Purkinje system.7 Its indirect effect is related
to its antagonizing increases in cAMP concentra-
tions, mediated by the inhibition of adenyl cyclase.12

Adenosine is not considered useful in the treatment
of ventricular arrhythmias of ischemic origin since it
does not directly affect transmembrane action poten-
tials.13 However, it is effective in idiopathic ventricu-
lar tachycardia, and in tachycardia in structurally
normal hearts-problems that appear to be related to
triggered potentials14 only when the adrenergic sys-
tem is involved and late post-potentials are generated
(phase 4 of the transmembrane action potential). Fi-
nally, intravenously administered adenosine can in-
duce a sympathetic reflex leading to sinus tachycar-
dia, atrial or ventricular extrasystole, non-sustained
ventricular tachycardia, and atrial fibrillation
(AF).11,15,16

We have previously reported on the favorable effects
of adenosine in some cases of ventricular tachycardia
(VT) probably induced by triggered potentials.17 The
present paper reports the effects of this agent on experi-
mental VT due to triggered potentials induced by aconi-
tine.18 The action of adenosine is also described in VT
probably maintained by micro-reentries formed at the
periphery of small areas of myocardial damage. In the
present work, this damage was induced by concentrated
phenol in order to obtain well defined lesions—such
limited damage cannot be achieved by coronary artery
ligature. Both early and delayed anti-arrhythmic effects
were recorded. It is proposed that these early effects are
due to adenosine itself (it should be remembered that
the half life of this agent is short), and that the delayed
effects are due to a catabolite of adenosine, perhaps ino-
sine, previously considered inactive.19

METHODS AND MATERIALS 

The anti-arrhythmic action of adenosine (the flee-
ting or transitory restoration of sinus rhythm [SR])
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ABBREVIATIONS 

cAMP: cyclic adenosine monophosphate.
ATP: adenosine triphosphate.
AF: atrial fibrillation.
AT: atrial tachycardia.
VT: ventricular tachycardia.
VF: ventricular fibrillation.
SR: sinus rhythm.



was studied in 173 mongrel dogs weighing between 13
and 17 kg. Sixteen animals were also used in prelimi-
nary studies. 

All animals were anesthetized with 30 mg/kg in-
travenous sodium pentobarbital, connected to an ar-
tificial respiration system, and received continuous
infusion of Hartmann solution. After opening the
thorax to expose the heart (open pericardium), 1
mL-1.5 mL of 70% phenol (depending on the weight
of the animal) were injected into the myocardium
close to the apex of the left ventricle. This produced
a circumscript, well defined myocardial lesion.
Some 15 to 30 minutes later, VT (generally left) was
induced by introducing small crystals of aconitine
(Sigma) into the myocardium next to the damaged
area. Some 15 to 30 minutes later, an adenosine bo-
lus (see below) was injected into the superior vena
cava. Sixteen dogs were previously tested to confirm
that adenosine had an anti-arrhythmic effect on VT.
A control group of 72 dogs underwent the above
procedure but received no adenosine bolus. In the
remaining 85 animals, the early and delayed effects
of 6 mg and 12 mg of adenosine sulfate (Sigma)
were recorded. VT was induced by aconitine in 63
dogs. Of these, 20 received a single injection of 6
mg (group A), 21 received the same dose again 60
min later (group B), 12 received 12 mg of adenosine
as a single dose (group C), and the remaining 10 re-
ceived this dose twice (group D). The same doses
were also given to other 18 dogs (6 mg to 6 and 12
mg to 12 animals) whose ventricular arrhythmia
were due exclusively to the myocardial damage in-
duced (i.e., no aconitine was administered). Only in
6 of the 12 animals that received the 12 mg dose was
it possible to inject a second, equal dose. This same
dose (2×12 mg) was also administered to four ani-
mals who showed spontaneous VT, i.e., before ad-
ministering the phenol and aconitine.

In all experiments, readings were taken from leads
DII, aVR or aVL, from the unipolar right and left in-
traventricular leads, and from one unipolar lead on
the wall of the superior vena cava. Photographic
records were made with a VR-6 polygraph (Elec-
tronics for Medicine) at a paper speed of 100 mm/s.
Traces were recorded under control and VT condi-
tions, and after adenosine injection (immediately af-
ter its injection and then every 5 min for the first 15
min, and then every 30 min for the next hour or
more). Traces were continuously followed on the
polygraph screen. Systolic blood pressure was mea-
sured at the same time using a U-shaped mercury
manometer attached to the right femoral artery (the
variation in blood pressure was of more interest than
the absolute values).

The recovery of SR within 15 min of the adenosine
injection was considered an early effect. If the same
occurred between 30 min and 60 min it was consi-

dered a delayed effect. Recovery was considered flee-
ting if it lasted only a few seconds, and transitory
when it lasted a few minutes. 

At the end of each experiment, the weight of the
heart was recorded to determine the approximate re-
ceived dose of adenosine in mg/g myocardium. The
volumes of liquid administered to each animal and re-
leased in the urine were recorded. 

Statistical Analysis

The results were assigned to the corresponding sec-
tions of a binary distribution table. Contrasts were
made using the χ2 test (95% confidence level). To de-
termine the degree of association between variables,
contingency coefficient C and the �2 indicator were
calculated. All calculations were performed using ei-
ther GB-STAT V 6.5 software for Windows or Wynks
software (TexaSoft).

RESULTS

Control Group

Control animals showed neither fleeting nor transi-
tory recovery of SR after the onset of VT. Thirty nine
developed early VF while in 33 animals this devel-
oped 15 to 45 minutes after VT commencement,
which accelerated progressively.

Anti-Arrhythmic Effect of Adenosine

In the preliminary study in 16 dogs with induced
myocardial damage and VT produced by aconitine, SR
was restored in 6 animals (37.5%). This was early but
fleeting in 3, and delayed in the other 3 (data not
shown in Tables).

Tables 1 and 2 show the results for experiments in
which adenosine was administered independent of
the origin of VT. The behavior of the course of VT
in the animals treated with adenosine was signifi-
cantly different to that seen in the control animals
(no adenosine administered) (Table 1). Sinus rhythm
was restored in 65% of those that received the agent,
whereas none of the controls recovered SR. The
heart rate in the SR restored by adenosine was equal
to or less than that seen in control traces. In 35% of
the adenosine-treated animals, no anti-arrhythmic ef-
fect was seen; VT persisted or even accelerated to
VF.

Table 1 shows the contingency table for the 2
nominal variables: the horizontal referring to the ad-
ministration (or not) of adenosine, and the vertical to
its positive or negative effect in terms of SR reco-
very. The cells show the number of observations
made. The statistical results reflected are those of
the χ2 test, the Yates correction, significance (95%)

De Micheli A, et al. Adenosine in Experimental Ventricular Tachycardia

83 Rev Esp Cardiol. 2005;58(2):159-66 161



and the contingency coefficients �2 and C. The ef-
fect of adenosine on the recovery of SR is doubtless,
although a possible random effect cannot be ruled
out, as shown by the association that approaches 1
(scale 0-1).

Table 2 shows that the 12 mg dose of adenosine led
to a significantly more consistent delayed recovery of
SR than did the 6 mg dose. It also demonstrates the
cause-effect relationship of both doses (6 and 12 mg)
with respect to early and delayed conversion. The re-
sults of the statistical tests demonstrate the more effec-
tive action of the high doses of adenosine on delayed
reestablishment of SR. The results of the χ2 test, the
Fishers exact test, the Yates correction, significance
(95%) and the contingency coefficients χ2 and C are
shown. The association between the higher dose and
delayed conversion to SR is noticeable; the low dose
restored SR early in 38% of animals, whereas the
higher dose brought about delayed conversion in 52%.
No significant difference was seen between the 2 do-
ses in terms of early conversion to SR. Similar results
were obtained when repeat doses were administered.

Figure 1 shows an example of the anti-arrhythmic
effect of 6 mg of adenosine in an animal with induced
myocardial damage and VT (240 beats/min) produced
by aconitine with retrograde ventriculoatrial conduc-
tion (upper section). After receiving the adenosine bo-
lus, VT was reduced to 154 beats/min. After a com-
pensatory pause, a sinus complex and left ventricular
extrasystole developed. Fleeting SR was recovered at
133 beats/min, lower than that seen for control SR
(187 beats/min; middle section). In the lower section,

at the right, the return to left VT (154 beats/min) can
be seen. This and all other traces were recorded at a
paper speed of 100 mm/s.

In the 21 experiments performed with group B ani-
mals, in which two 6 mg doses of adenosine were in-
jected, the first dose reestablished early, fleeting SR in
5 animals (24%). Delayed SR was reestablished in the
same number. With the second dose, early, fleeting SR
was reestablished in 5 animals (24%), and delayed SR
was obtained in 2 (10%). The amount of adenosine
administered was calculated as being between 0.04
mg/g and 0.06 mg/g of myocardium.

Of the 12 group C animals (which received a single
12 mg dose of adenosine), early, fleeting SR was res-
tored in 8 (67%), and delayed, transitory SR obtained
in 5 (41%). The amount of adenosine administered
was calculated as between 0.05 mg/g and 0.16 mg/g of
myocardium. Figure 2 shows an example of the anti-
arrhythmic effect of the 12 mg dose of adenosine. The
upper left section shows VT (300 beats/min) of homo-
lateral origin induced by aconitine in a phenol-da-
maged heart. Five minutes after injection, SR was
recovered (187 beats/min). Five minutes later 
(lower section), however, left VT reappeared (200
beats/min—lower than the first episode). The trace
was made at a paper speed of 100 mm/s.

In the 18 dogs with VT induced by myocardial da-
mage, the first 12 mg dose of adenosine had an effect
similar to that of the 6 mg dose; SR was restored early
in 66.67% of animals. However, delayed SR was
restored in a larger number of animals by the 12 mg
dose (66.67%) than by the 6 mg dose (50% of ani-
mals).
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TABLE 2. Effect of Adenosine: Dose and Time Elapsed Until Sinus Rhythm Restored

Response Number of Observations Statistical Results

Conversion to
Dose 6 mg Dose 12 mg

Yates Contingency Fishers

Sinus Rhythm Yes No Yes No �2 Correction �2 Coefficient :C Test

1st dose

Early effect 18 29 20 18 1.746 1.215 0.143 0.142 0.198

(P=.187) (P=.271)

Delayed effect 6 21 41 17 17.508 15.602 0.454 0.413 <.000

(P<.000) (P<.000)

TABLE 1. Sinus Rhythm in Treated and Control Animals 

Response Number of Observations Statistical Results

Conversion to Yates Contingency

Sinus Rhythm Yes No �2 Correction �2 Coefficient: C

With adenosine 68 17 101.609 98.377 0.804 0.627

Without adenosine 0 72 P<.000 P<.000



With respect to the four animals with spontaneous
VT, the first 12 mg dose led to early, fleeting
reestablishment of SR in 1 (25%), and delayed
reestablishment in the remaining 3 (75%). With the
second dose, early, fleeting SR was restored in 2 ani-
mals (50%) and delayed SR was restored in 3 (75%).
The amount of adenosine administered was calcula-
ted as between 0.01 mg/g and 0.12 mg/g of myo-
cardium. 

Pro-Arrhythmic Effects

Supraventricular arrhythmias were seen in 5 of the
animals that received two 12 mg doses of adenosine
for VT induced by aconitine in a lesioned heart. In 1
animal, in which the drug had a delayed effect, low
level atrial tachycardia developed (207 beats/min). In
another, which had right VT, atrial flutter (461
beats/min) occurred immediately after the second 12
mg injection (Figure 3). This eventually provoked AF.
The trace was recorded at a paper speed of 100 mm/s.
Extrasystoles and Wolff-type tachycardia were also
seen, as reported by other authors.20 One animal that
weighed 14 kg, and which had a VT rate of 316
beats/min, suffered second degree ventriculoatrial
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Figure 1.Anti-arrhythmic effect of the 6 mg dose of adenosine sulfate
in ventricular tachycardia induced by aconitine in the damaged dog
heart. Paper speed: 100 mm/s.
RIC indicates right intraventricular complex; LIC, left intraventricular
complex; AT, atrial tachycardia; SVC, superior vena cava.

Figure 2. Anti-arrhythmic effect of the 12 mg dose of adenosine sul-
fate in ventricular tachycardia induced by aconitine in the damaged
dog heart. Paper speed: 100 mm/s.
SR indicates sinus rhythm; VT, ventricular tachycardia; RIC, right intra-
ventricular complex; LIC, left intraventricular complex; SVC, superior
vena cava.

Figure 3. Atrial flutter (461 beats/min) and 2:1 atrioventricular block in
traces taken immediately after the second 12 mg dose of adenosine
was administered. The animal in question weighed 14 kg, its my-
ocardium had been experimentally damaged, and VT had been in-
duced by aconitine. Paper speed: 100 mm/s. BL.AV indicates BL atri-
oventricular block; ATFL atrial flutter.



block (type 2:1) after the second 12 mg injection. Six-
ty minutes after this second injection, when the VT
was 240 beats/min, second degree ventriculoatrial
block occurred again with progressively longer Lu-
ciani-Wenckenbah-type periods. These unexpected
findings were sporadic. 

DISCUSSION

Anti-Arrhythmic Effects of Adenosine

Aconitine is known to induce ventricular arrhyth-
mias via the discharge of triggered potentials,
against which adenosine is rightly considered an ef-
fective agent.21 The anti-arrhythmic action of adeno-
sine, clearly seen in 68 (80%) of the 85 animals
treated with this agent, may be associated with an
automatism-depressing effect that leads to the start-
up of the reentry mechanism. However, some au-
thors22 believe that adenosine overcomes VT in-
duced by triggered potentials via its
electrophysiological effects on the ventricular my-
ocardium, which are related to the inhibition of the
cAMP/adenyl cyclase system. This anti-adrenergic
action of the drug appears to be the best explanation
for its ability to eliminate catecholamine-induced
VT in human hearts.23 The fact that adenosine is un-
able to overcome VT due to reentry or ectopic au-
tomatism might be explained by its lack of any di-
rect effect on the ventricular myocardium.24

However, in the present work, the fact that SR was
restored early (both with the 6 mg and 12 mg dose)
in 67% of the tachycardias due only to myocardial
damage suggests that it is of benefit in ventricular
arrhythmias probably due to reentries at the periph-
ery of such damaged areas. Other authors, such as
Dr. Josep Brugada of Maastricht, have reported the
existence of such micro-reentries.

As an anti-arrhythmic agent, adenosine has many
unusual properties. It is an intermediate metabolite
with powerful negative chronotropic and dromotrop-
ic effects on the sinoatrial and atrioventricular
nodes. It is also quick-acting and short-lived. These
effects, as well as its anti-adrenergic action, form the
basis of its anti-arrhythmic properties.24,25 Recently,
the activating action of this agent on ATP-dependent
potassium channels (K-ATP channels) has also been
recognized. Ischemia/reperfusion studies on the dog
heart have shown adenosine to have a protective ef-
fect related to the opening of these channels. This
action is dependent on the activation of type A1

adenosine receptors and is antagonized by blockers
of these such as glibenclamide, 8-cyclopentyl-1,3-
dipropylxantine, and hydroxydecanoate.24,25 These
studies have renewed interest in the ionic processes
behind the electrophysiological actions of adenosine
in the heart.26 Such actions are important in the

analysis of the anti- and pro-arrhythmic properties of
adenosine.

Although the action of adenosine on cardiac tis-
sues is short-lived (the mean half life of the agent is
between 1 and 6 s),27 its phosphorylation to AMP
takes 2 h or more. Therefore, the early, fleeting anti-
arrhythmic effect of adenosine, observed just after its
injection, is probably due to the drug itself. The re-
duction in systolic blood pressure is probably similar,
which in general is immediate and transitory.28 How-
ever, the delayed anti-arrhythmic effect (30 to 60
minutes after administration of the drug) could be
due to some derivative or catabolite with a more pro-
longed action than the original compound. Future
work should include investigations into whether the
catabolic products of adenosine have the same kind
of anti-arrhythmic action against experimental VT.
Some authors believe one such product, inosine, to
be inactive.19

The χ2 test was believed appropriate for evaluating
the effect of adenosine in the restoration of SR.29,30 The
difference in SR reestablishment between animals that
received adenosine and those that did not was very
significant (Table 1). The aim of the �2 indicator
(Pearson, 1900)31,32 and the C contingency coefficient
(Pearson, 1904) is to determine the degree of the asso-
ciation between variables. The calculation of these va-
lues is a basic step in attributing cause-effect relation-
ships.

The anti-arrhythmic action of adenosine in VT due
only to myocardial damage suggests the same action
may be possible with certain reentries. 

Pro-Arrhythmic and Negative Dromotropic
Action of Adenosine

The atrial tachycardias sometimes observed were
probably due to sympathetic reflexes caused by the
adenosine.16 Patch-clamp techniques have shown
that adenosine activates K+ channels in a fashion
similar to acetylcholine.33 Such increases in potas-
sium conductance shorten the duration of the action
potentials in atrial myocardial cells,34 cause their hy-
perpolarization, and induce atrial automatism. The
shortening of the refractory period of these cells ex-
plains the appearance of atrial flutter and later fibril-
lation. These effects of adenosine on K+ channels
also occur in the cells of the sinoatrial and atrioven-
tricular nodes. Atrioventricular conduction is greatly
reduced because adenosine reduces the amplitude
and duration of the action potentials.35 This is accen-
tuated in the cells of the central region of the atrio-
ventricular node36 and are thought to be due to the
direct action of adenosine on K+ conductance. The
indirect action of adenosine on the calcium inflow
current may also be important in certain situations.
Anterograde (atrioventricular)37 and sometimes re-
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trograde (ventriculoatrial)38 blocks are therefore
seen. The action of adenosine on the tissues situated
under the node is more variable.

Limitations of the Study

The number of high dose (12 mg) experiments per-
formed was small. A larger number might confirm the
observations made and support the hypothesis that the
derivative of adenosine has greater anti-arrhythmic ac-
tion than adenosine itself, as suggested by the greater
number of delayed restorations of SR with this dose
(Table 2) and their longer duration.

CONCLUSIONS

In conclusion, adenosine exerts an anti-arrhythmic
effect on VT induced by triggered potentials (due to
aconitine) and may do so on those maintained by mi-
cro-reentries at the periphery of damaged areas of the
myocardium (when VT is caused exclusively by
these lesions). The latter is an inference based on the
results seen when no aconitine was administered to
induce triggered potentials. This requires direct con-
firmation. 

Adenosine has a biphasic anti-arrhythmic effect:
one early and short-lasting, the other delayed and sus-
tained. Since adenosine has a very short half-life, it is
proposed that the first is due to the action of the agent
itself, and the second to a derivative or catabolite of
adenosine.
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