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CLINICAL RESEARCH

Angina pectoris-like pain provoked by intravenous adenosine in
healthy volunteers

CHRISTER SYLVEN, BJORN BEERMANN, BROR JONZON, RAGNAR BRANDT

Abstract

In a study to characterise the chest pain induced by adenosine
this agent was given as a bolus into a peripheral vein to six healthy
volunteers (five men) aged 30-44. On the first day the maximum
tolerable dose was determined in each case. On the second day
three doses of adenosine (one third, two thirds, and the full
maximum tolerable dose) and three doses of saline were given
single blind in randomised order. Thereafter aminophylline
5 mg/kg was given and the procedure repeated in a different
randomised order. On the third day between two thirds and the
full maximum tolerable dose was given followed by 10 mg
dipyridamole intravenously and a second injection of the same
dose of adenosine. Heart rate and atrioventricular blocks were
recorded by electrocardiography. One minute after each dose of
adenosine the chest pain was scored.
The maximum tolerable dose of adenosine ranged from 10-6 to

37-1 mg. All subjects experienced uneasy central chest
pain provoking anxiety. The pain radiated to the shoulders, ulnar
aspect ofthe arms, epigastric area, back, and into the throat. The
pain began about 20 seconds after the injection and lasted
10-15 seconds. Increasing the dose of adenosine increased the
intensity of the pain. Administration of aminophylline reduced
the pain significantly. Second degree heart block was recorded in
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five of the six subjects during the time that the pain was
experienced. After aminophylline no block was observed.
Dipyridamole increased the intensity of pain. The duration of
second degree heart block increased in four of the subjects, and
in two of these third degree heart block occurred.
These findings suggest that adenosine released from the

myocardium during ischaemia induces angina pectoris by
stimulating theophylline sensitive receptors.

Introduction

Angina pectoris was first described by Heberden in 1772.' Since
then many attempts have been made to define its relation to
ischaemia in the coronary vascular bed. The exact mechanism of
angina pectoris in ischaemia, however, is unknown.
During ischaemia adenosine is formed from adenosine tri-

phosphate and monophosphate within the ischaemic cell, from
where it is released into the vascular bed.2 Within the bloodstream
adenosine is cleared by vascular elements and has a half life of
10 seconds.3 Increased concentrations have been measured in blood
from the coronary sinus during ischaemia.45 Adenosine exhibits
several cardioprotective effects during ischaemia mediated by cell
surface receptors.6 Theophylline in therapeutic concentrations acts
as an antagonist at some subtypes of adenosine receptors.78
Adenosine has vasodilatory properties within the coronary vascular
bed90 and inhibits platelet aggregation." In addition, adenosine
inhibits calcium flow through the sarcolemma,'2 so decreasing
myocardial contractility and oxygen consumption. 13 The nucleoside
may also depress sinus node automaticity and atrioventricular
conduction. 1415

In addition to these protective effects against ischaemia, we
report a study examining the hypothesis that adenosine causes
angina pectoris as a further protection against myocardial ischaemia.

Subjects and methods
The study group comprised six healthy volunteers (five men) aged 30-44.

None had a history of symptoms suggestive of heart disease.
On day 1 increasing doses of adenosine were injected rapidly into an
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antebrachial vein to find the maximum tolerable dose. Tolerability was
judged from the subject's discomfort, as described below. A sterile solution
of 5-3 mg adenosine (Jansens Chemicals, Belgium) per ml saline was
prepared by the hospital pharmacy. The initial dose was 2-65 mg adenosine
(0 5 ml), increasing in steps of 0-5 ml. After each dose the vein was
flushed with 5 ml saline. The effects of adenosine disappeared within one
minute and the subjects then rested for one to two minutes. Before being
given the next dose they were asked whether any symptoms remained, and if
not permission was obtained to continue with the experiment. If the subject
did not wish to proceed further the last dose given was taken as the maximum
tolerable.

For the experiments on day 2 the subjects abstained from xanthine
containing food and drinks from 8 pm the evening before. The subjects were
given three doses of adenosine and three doses of placebo (saline) single blind
and in randomised order. The doses were one third, two thirds, and the full
maximum tolerable dose of adenosine. Aminophylline (Teofyllamin
23 mg/ml, ACO, Sweden) 5 mg/kg was then given intravenously (23 mg/
min). Five minutes after the injection venous blood was drawn for
determination of the serum theophylline concentration. This was followed
immediately by a new test with the three doses of adenosine and three doses
of placebo given single blind and in randomised order.
On day 3 five of the subjects received an injection of between two thirds

and the maximum tolerable dose of adenosine followed by 10 mg dipyrida-
mole (Persantin 5 mg/ml, Boeringer Ingelheim, West Germany) intra-
venously over two to five minutes and then a further dose of adenosine.
One minute after each dose of adenosine or placebo central chest pain was

quantified using the 0-9 point scale of Borg. 16 The location and quality of the
pain was documented on a whole body figure.

In all experiments a continuous electrocardiogram (Mingograf 61 ink jet
recorder, Siemens Elema, Sweden) was recorded at 25 mm/s. The subjects
were lying down during all experiments.

Analysis of electrocardiograms-Ten to 20 seconds after the injection of
adenosine there was a slowing of the P-P wave interval. This was followed
by a period of faster activity with maximal frequency of the interval
20-40 seconds after injection. The longest and shortest P-P wave intervals
were identified and recorded. The longest P-P interval was defined as the
point of maximal adenosine effect with respect to chest pain and atrio-
ventricular block.

Statistics-Data are expressed as means and standard deviation (SD).
Paired Student's t test was used to test the rejection of the null hypothesis
between different measurements.
Ethics-The study was approved by the local ethical committee. All

experiments were performed in a fully equipped coronary care unit. The
volunteers were all doctors of internal medicine, and the background and
procedure of the study were thoroughly explained beforehand. All the
volunteers tested completed the protocol.

Results
Table I gives the clinical characteristics of the volunteers, the maximum

tolerable doses of adenosine, and the serum theophylline concentrations
recorded. All subjects experienced deep central chest pain with increasing

TABLE I-Characteristics of volunteers, maximum tolerable doses of adenosine, and
concentrations of theophylline in serum

Maximum Serum
tolerable theophylline

Subject Age Weight dose of adenosine concentration
No (years) Sex (kg) (mg) (prnol/l)

1 44 M 73 15 9 63
2 40 M 75 15 9 44
3 30 M 75 13-3 62
4 41 M 65 37-1 58
5 35 M 75 10-6 40
6 35 F 50 13-3 32

Conversion: SI to traditional units-Theophylline: 1 Itmol/10 17 Rg/ml.

doses of adenosine. The pain began about 20 seconds after the injection and
lasted 10-15 seconds. Table II shows the quality and location of the pain.
None of the subjects had had a similar pain before. It was associated with
feelings ofanxiety and unease and was located deep in the centre ofthe chest,
radiating in different directions-up into the throat, to the shoulders, and
along the ulnar aspect of the upper and lower arms. The maximum tolerable
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doses varied widely among the subjects (table I). Figure 1 shows the relation
between dose and the severity of the chest pain rated using the Borg scale in
the six subjects receiving increasing doses of adenosine single blind. Before
administration of aminophylline a positive linear relation was observed in
four subjects. For the whole group the score was significantly higher
(p<005) after the maximum dose of adenosine as compared with the lowest
dose. After aminophylline a positive linear dose response relation was found
in all subjects (p<00l). Administration of aminophylline resulted

TABLE ii-Quality and location ofchest pain in volunteers

Subject No Quality ald location of pain

1 Central, uneasy chest pain radiating to ulnar aspect of both arms and into throat
2 Central, uneasy chest pain radiating to ulnar aspect of both arms below elbows,

to epigastric area, up to chin, and towards ears
3 Central chest pain, "like pressure"; subject very anxious; pain radiating to

shoulders, throat, and back
4 Substernal pain, similar to oesophagitis but with different quality, without

radiation
5 Central chest pain radiating towards ears; subject very anxious
6 Deep, uneasy central chest pain burning and radiating to shoulders

C

Fraction of maximum tolerable adenosine dose

FIG 1-Rating of central chest pain according to Borg scale (0-9) after three
intravenous doses of adenosine in subjects 1 to 6 before (a-_) and after
(O --- 0) aminophylline. Adenosine given as rapid bolus injection of one third,
two thirds, and full maximum tolerable dose.

TABLE III-P-P Wave intervals (s) after increasing doses ofadenosine before and after
aminophylline administration at start ofadenosine injection and at maximal adenosine
effects. Figures are means (SD)

Fraction ofmaximum Maximal adenosine effect
tolerated adenosine

dose Start of injection Long P-P interval Short P-P interval

Before aminophylline
One third 0-86(0-17)*ff 1-04(0-22)** 0-66(0-11)
Twothirds 0-89(0-12)tj 1-00(0o26)** 0-66(0-13)
Full maximum 0-86 (0-10)-t 0-98 (0 23)** 0-56 (0-08)

After aminophylline
One third 0-87 (0-15)*-t 1-03 (0-12)** 0-72 (0-15)
Two thirds 0-86 (0- 14)*t# 1-01 (0-07)*** 0-64(0-13)
Full maximum 0-88 (0-16)**jj 1-01 (0-14)*** 0-66 (0 09)

Difference between successive measurements: *p<005; **p<0-01; ***p<0-001.
Difference between start of injection and shortest P-P interval: tp<0-05; ttp<0-01;
I1-tp<0001.
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Fraction of maximum tolerable adenosine dose
FIG 2-Duration of second degree heart block or sinus arrest in subjects 1 to 6
before (@-*) and after (O --- 0) aminophylline.

Had the subjects not known how quickly the discomfort would pass
they would have refused further injections of adenosine. The pain
provoked by an intravenous injection of adenosine had all the
characteristics ofangina pectoris. All but one of the subjects showed
a dose response relation. The exception tolerated more than twice
the dose of adenosine compared with the other subjects, suggesting
differences in sensitivity to adenosine. The angina pectoris-like pain
lasted 10-15 seconds, during which adenosine also provoked second
degree atrioventricular block.'4

In a few subjects blood pressure was measured by cuff. No change
was observed during the period ofmaximal pain. Owing to the short
duration of the adenosine effect, however, more reliable blood
pressure measurements may require intra-arterial recording. This
was not considered necessary in our study.
The discomfort and pain reported here were provoked by bolus

doses of adenosine. The dose range has been used by others in
studies of the atrioventricular blocking effect of adenosine'4 and of
its stimulatory action on respiration.' In the latter investigation,
however, Watt and Routledge reported a feeling of suffocation or of
chest, abdominal, or neck discomfort as a side effect of adenosine.
This unpleasant feeling in the chest or in the vicinity of the chest
with elements ofanxiety were similar to the findings in our subjects.
Watt and Routledge, however, did not regard the finding as having
any pathophysiological importance.

Theophylline blocks adenosine receptors.6 After administration
of aminophylline resulting in therapeutic theophylline serum
concentrations all subjects experienced less severe angina pectoris-

~ ~ ~ ~ ~ ~ ~ 4 t. t" ~ ~ *:*:~~~~~ttnH4P
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FIG 3-Tracing ofsecond degree atrioventricular block after intravenous bolus injection of adenosine.

in therapeutic serum concentrations of theophylline (mean (SD) 50
(13) pmol/l; 8-3 (2-2) [ug/ml) and caused a decreased response to the three
doses of adenosine-at the lowest dose 35 (24)% (p<0-05); at the medium
dose 41 (22)% (p<0-01); at the highest dose 82 (26)% (p<0-01).

Table III shows the variations in P-P wave intervals. A slight prolongation
(10-20%) of the P-P interval occurred 10-20 seconds after the injection of
adenosine. This was followed by a shortening of the P-P interval (30-40%)
with maximal effect 20-40 seconds after injection. Variations in the P-P
interval were unchanged after aminophylline. Adenosine induced second
degree atrioventricular heart block in all except subject 3 (figs 2, 3). In
addition, subject 2 developed sinus arrest. After aminophylline no conduc-
tion disturbances were observed.

Dipyridamole increased the chest pain in all five subjects tested (fig 4) and
enhanced the effect of adenosine on atrioventricular conduction. Third
degree heart block was observed for 4-3 and 6-0 seconds respectively in
subjects 2 and 4. In addition, these two subjects had second degree block for
9-3 and 9-8 seconds. Subject 3 did not develop heart block. The remaining
two subjects had second degree heart block lasting about three times longer
than before dipyridamole (10-4 and 15-7 seconds). Variations in P-P interval
did not differ before and after dipyridamole.
No changes in the ST-T segment of the electrocardiogram were observed

in any instance.

Discussion

All subjects tested experienced deep central chest pain radiating
in different directions-towards the ears, shoulders, ulnar aspect of
the upper and lower arms, back, and upper abdomen. The character
ofthe pain was similar to that ofother types ofpain-for example, of
oesophagitis-but there were also elements of pressure, unease, and
anxiety not previously experienced by any of the subjects tested.

8-
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Before After
FIG 4-Rating of central chest pain according to Borg scale (0-9)
after single intravenous dose of adenosine before and after 10 mg
dipyridamole given intravenously. Adenosine given as two thirds
to full maximum tolerable dose.
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like pain, suggestingthat the pain induced by adenosine is at legstto
some degree dependent on activation of theophylline sensitive
receptors. The effect of adenosine on atrioventricular nodal con-
duction, however, was completely antagonised by theophylline.
Thus the angina pectoris-like effect of adenosine is less sensitive to
theophylline than the effect of adenosine on atrioventricular
conduction. This observation might well be explained by-pharma-
cokinetic differences, but differences at the receptor level are also
possible. Generally adenosine receptors exert depressant effects on
different physiological functons. McQueen and Ribeiro, however,
reported finding theophylline resistant chemoreceptors within the
carotid sinus, where -adenosine acts as a stimulator.' Hypo-
thetically the induction of angina pectoris-like pain by adenosine
may partly be-mediated by similr receptors. hI this context we note
that adenosine has an established role as a neiromodiulator.2"

In view of these findigs the role of theophhyline derivates in
the treatment of coronary insufficiency must be questioned.2'
Theophylline most probably counteracts different cardioprotective
effects of adenosine such as coronary vasodilatation. Moreover, if
adenosine induces angina pectons this warbing signal probaby
appears only at more severe degrees of ischaemia if the adenosine
receptors are blocked by theophylline.

Dipyridamole inhibits-the cellular uptake of adenosine.2 After
receiving dipyridamole all subjects experienced increased angina
pectoris-like pain and showed- increased duration and degree of
heart block.23 This finding further supports the-hypothesis that the
observed effects of adenosine are mediated by adenosine receptors
and not by intracellular effects of adenosine.

In this study angina pectoris-like pain provoked by intravenous
adenosine was shown to be dependent on the concentration of
adenosine. Moreover, it was antagonised by theophylline and
enhanced by dipyridamole. Hence angina pectoris-like pain
induced by adenosine may be mediated by-adenosine receptors.

We thank Barbara Kosovsky, department of clinical physiology,
Sabbatsberg Hospital, for expert technical help. The study was supported
by grants from the Swedish Association Against Heart and Lung Diseases
and from the Egon Andersson Memorial.
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100 YEARS AGO

As civilisation advances,.and as intellectual requirements increase, the share
of suffering which falls to the lot of individuals seems to be doomed to
augmentation. The psalmist tells us that "in much wisdom is much grief,
and he that increaseth knowledge increaseth sorrow," and this is true in
more ways than one. Apart from thenumber, each year more formidable, of
those whose nervous organisation succumbs to the extra demands of an
exacting age, it would appear that the pai,is of child-birth are directly in
proportion to the cerebral development of the foetus. Such, at least, is the
ingenious theory advanced by a modern writer on obstetrics, in America,
who expliins thus the comparative immunity from pain of the females of
savage races. It is difficult to know, for certain, how far this alleged
immunity from pain on the part of savage females may be reprded as
proved; but the suggestion is rather enticing at first sight. Not, indeed, that
the amount ofpain during a given labour could ever be accepted as a criterion
of the cerebral development oftheforthcoming infant; for the estimation of
pain is difficult, as matters stand at present, and would become infinitely
more so if the idea obtained general acceptation that the intelligence of the
child could be guaged, to some extent, by the evidence of pain afforded by
the mother. This increase of grief was, probably, not that foretold in the
above quotation, but it may possibly, in reality, constitute the female share-
of the malediction. On this hypothesis, one shudders to think of the throes
that must have accompanied the birth of a Milton or a Shakespeare, and
mothers have every reason to be thankful that geniuses of their calibre are
rare indeed. The statistics, necessary to prove or disprove this theory, would
unfortunately be ceedingly difficult to obtain, particularly if the object of
the inquiries became known to the mothers. Women are not, as a rule, prone
to underrate the sufferings through which they have gone, norwuld they be
likely to do so if they thought any importance were to be attached to their

amount. Those women whose abnegation does not'extend to an increase of
pain, in view of a child possessing more than ordinary intellectual
endowments, will probably seek to avoid such "unearned increment," by
marriage with men more remarkable for their physical vigour, than for their
mental acumen, and whose heads, accordingly, had never inflicted un-
necessary pain on a suffering mother. Such a 'policy, however, is, from a
physiological point of view, simply suicidal; it would be far preferable to
marry a poet, whose son has so many chazices of being an idiot, according to
popular belief. (British MedicalJournal 1886;i:837.)

We have, often expressed ihe opinion that underfeeding, rather than
overpresspre lay at the root'of those symptoms experienced by some of the
children of our Board Schools,*which have been so'readily ascribed to this
latter cause. It is, therefore, with great satisfaction that we see that' a
movement for providing free dinners is again about to be taken up in
Southwark to meet the exigencies of the coming winter. The recipients of
this benevolence included not only the poor children attending the Board
Schools, but other children ofthe neighbourhood who required sustenance,
and who were unable to pay any sum, however small, for even the common
necessaries of life. As a preliminary step in the efforts towards meeting the
anticipated distes, the Secretary of the Farm House Committee (Mr.
Thomas Hunter) had paid visits throughout the locality, and.has, in several
instances, received report-s.of a most distressing character. Itjs intended to
inaugurate the "free dinner" season early in the Srst week ofNovember, the
Committee (who have made no public appeal for aid) being desirous to
render'timely succour to the poverty-stricken children before the cold winter
overikesthem. (BritishMedicalournal 1886;iu:831.)
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