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Abstract
Background-In animal models of cir-

culatory shock and heart failure concen-

trations of the endogenous opioid peptide
# endorphin are raised and opioid recep-

tor blockade improves haemodynamic
variables and survival. This study was

performed to identify whether acute
myocardial ischaemia provokes the
release of # endorphin in humans.
Methods-Observational study in a

university cardiology centre. Serial
measurements of endorphin made by
specific radioimmunoassay were corre-

lated with other clinical and neuro-

endocrine variables that were measured
prospectively. Fifty five patients with
acute myocardial ischaemia and 26
patients undergoing elective coronary

angioplasty of the left anterior descend-
ing coronary artery were studied.
Result&-# endorphin concentrations were

raised above the upper limit ofnormal in
31/42 (74%) patients with confirmed
myocardial infarction, 3/13 (23%)
patients with unstable angina, and 10/24
(42%) patients after coronary angio-
plasty. There was no evidence of myocar-
dial release of endorphin. There were

significant positive correlations between
# endorphin and the concentrations of
adrenocorticotrophic hormone, cortisol,
and arginine vasopressin. In patients with
acute myocardial ischaemia there was a

significant positive correlation between
the peak concentrations ofcreatine kinase
and # endorphin but no correlation with
visual analogue scores of the intensity of
chest pain. The highest # endorphin con-

centrations were seen in patients whose
clinical course was complicated by the
development of heart failure.

Conclusions--- endorphin release is
a component of the neuroendocrine
activation associated with myocardial
ischaemia/infarction.

Guillemin et al showed in 1977 that rats release
endorphin concomitantly with adrenocor-

ticotrophic hormone (ACTH) from the
pituitary into the circulation in response to a

range of stressful stimuli.' Shortly after this,
co-release was confirmed in humans.23 It has
been known for over half a century that the
cardiovascular system is extremely sensitive to

exogenous opioids' and thus it was postulated
that ,B endorphin release might be a pathogen-

etic factor in the haemodynamic derangements
present in shock states. Animal models of
circulatory shock have since been used to
confirm ,B endorphin release after canine
haemorrhagic56 and endotoxic shock78 and
after both in primates.9 Plasma ,B endorphin
concentrations were' much higher in dogs with
experimental chronic heart failure than in con-
trol animals.'0 In humans, plasma # endorphin
concentrations rise in response to insulin-
induced hypoglycaemia," intense physical
exercise,'2 and surgery,'3 and they are raised in
some patients with heart failure.'4 There are no
published data on the response to myocardial
ischaemia or infarction.

Patients
METHODS
To allow some clarification of the relation
between the duration and severity of myocar-
dial ischaemia and the release of, endorphin
we studied two groups of patients.

Study 1
Fifty five consecutive patients admitted to the
coronary care unit of Glasgow Royal Infirmary
with a clinical diagnosis of acute myocardial
ischaemia were studied. Myocardial infarction
was confirmed by the presence of at least two of
the three standard criteria: a compatible history
ofchest pain, typical evolving electrocardiogra-
phic changes, and an increase in the concentra-
tion of creatine kinase to above twice the upper
limit of normal. Patients without these features
but with evidence of ischaemia were considered
to have unstable angina. Daily clinical examin-
ations were performed and when there was
evidence of pulmonary congestion radiological
confirmation was sought. Cross sectional
echocardiography was performed on day three,
and where image quality allowed, we calculated
the ejection fraction using apical two and four
chamber views and a modified Simpson's
formula.'5 Serial blood samples were taken
from the time of admission to six weeks after
discharge. Patients were asked to quantify the
intensity of their chest pain on a 100 mm non-
calibrated linear visual analogue scale cued
with "very mild" and "very severe".

Study 2
Twenty six consecutive patients undergoing
percutaneous transluminal angioplasty of the
left anterior descending coronary artery were

studied. Simultaneous aortic and coronary
venous blood samples were taken for /3 endor-
phin and lactate estimation immediately before
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the first balloon dilatation (To) and at 2 (T2) and
10 (T10) minutes after the end of the procedure.
Electrocardiographic leads I, II, III, aVR,
aVL, and aVF were recorded continuously
during each -dilatation.

Assays
/ Endorphin was measured by "in-house"
radioimmunoassay after extraction from
plasma by C,8 Sep-Pak cartridges. The assay
uses an '25I-tracer and double antibody separa-
tion. The primary antiserum showed only 2%
cross reactivity with humnan ,B lipotrophin
(Peninsula Laboratories) during formal testing
and <0-01% with a endorphin, y endorphin,
[leu]enkephalin, [met]enkephalin, ACTH, and
dynorphin. The within batch- coefficient of
variation is 13-7% at a mean concentration of
3-2 pmol/l, improving to 2-3% at 42 5 pmol/l.
Between batch precision is 5-8%, 5 3% and
4-9% at concentrations of 5 7, 10-2, and
43 7 pmol/l respectively. The normal range
(mean (2SD)) of this assay in 60 volunteers
sampled at 0900 hours is 2-5-7-2 pmol/l. The
standard deviation of repeated measurements
calculated by the method of Bland and Alt-
man"6 is 0-5 pmol/l.
ACTH was measured by radioimmunoassay

in unextracted plasma according to the method
ofNicholson et al'7: normal range at 0700-0900
hours < 17 pmol/l. Cortisol was measured in a
direct, solid-phase radioimmunoassay sys-
tem 8: normal range at 0700-0900 hours 280-
720 nmol/l. Arginine vasopressin was extrac-
ted from plasma by C,8 Sep-Pak cartridges and
measured by radioimmunoassay."9 Lactate was
measured by a commercially available
enzymatic assay (Boehringer Diagnostica). All
samples for peptide assay were taken into
chilled lithium heparin tubes with trasylol
(1000 units/ml) added as a peptidase inhibitor
for the /3 endorphin samples. After immediate
separation in a refrigerated centrifuge 2 ml
volumes of plasma for /3 endorphin assay were
acidified with 0*5 ml 2M hydrochloric acid and
flash frozen in either a dry ice/methanol bath or
liquid nitrogen. All samples from individual
patients were assayed in the same batch.

STATISTICAL ANALYSIS
The distribution of the data derived from this
study were assessed by calculating the stan-
dardised coefficients of skewness and kurtosis.
All of the variables were significantly skewed
and so group values were expressed as medians
with inter-quartile ranges. Groups were com-
pared by Wilcoxon signed rank and Mann-
Whitney U tests as appropriate. Univariate
linear regression analysis between variables
was performed by calculating Spearman rank
correlation coefficients. For calculations we
used a version of Statgraphics (STSC Inc) on a
personal computer.

Results
STUDY 1

Fifty five consecutive patients (37 male, aged
37-75) admitted to the coronary care unit with
acutc myocardial ischaemia were studied.

Raised plasma concentrations of # endorphin
were detected in 31/42 (74%) patients with
confirmed myocardial infarction (peak 12-0
(6-9-26 0) pmol/l) and in 3/13 (23%) patients
with unstable angina (peak 4.5 (2 7-7 0) pmol/
1) (fig 1). The highest concentration recorded
was 98-8 pmol/l and occurred in a patient who
subsequently developed cardiogenic shock and
died. Figure 2 shows the time course of the
change in /3 endorphin concentration for all 55
patients. There were no significant differences
in /3 endorphin concentrations at any time point
between patients who had and had not received
thrombolytic therapy. The 12 patients with
myocardial infarction who developed cardiac
failure in hospital had a higher peak # endor-
phin concentration that those with an uncom-
plicated course (29-2 (9 9-51 5) v 9-6 (3-8-22 4)
pmol/l (fig 1).
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Figure 1 Peak concentrations of (I endorphin,
adrenocorticotrophic hormone, and cortisol in 55 patients
with acute spontaneous myocardial ischaemia. Individual
values are given with respective medizans and interquartile
range bars. MI, myocardial infarction.
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Figure 2 Serial median (interquartile range) ,B
endorphin concentrations in 55 patients with acute
spontaneous myocardial ischaemia. *p < 0 001 v all
other time points.

Correlation between ft endorphin and other
neuroendocrine and clinical variables
Simultaneous measurements of other compon-
ents of the hypothalamo-pituitary-adrenal axis
provided a similar pattern of results to f
endorphin. Thus peak ACTH and cortisol
concentrations were 24-2 (6 6-47 0) v 2-5 (1 0-
4 8) pmol/l and 1088 (824-1516) v 654 (323-
742) nmol/l respectively for patients with
myocardial infarction and without (fig 1). The
highest concentrations ofboth ft endorphin and
ACTH were usually seen on admission and
both returned to normal within 24 hours of
admission in most patients (fig 2). Overall there
was a good correlation between peak f endor-
phin and ACTH (r = 0-58, p = 0-00001),
cortisol (r = 0-68, p = 0-00001) and glucose
(r = 0 50, p = 0-001). Roughly equimolar
concentrations of f endorphin andACTH were
seen, usually simultaneously, in 38/55 (69%)
subjects. In 15 of these both were within the
normal ranges (five with myocardial infarction)
and in 23 one or both were raised. Several
patients, however, showed a considerable
difference between the concentrations of these
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two related hormones. In 12 (22%) peak
ACTH was higher than normal and was 2-18
fold higher than the peak ft endorphin concen-
tration. In five the opposite pattern was seen,
with peak f endorphin being 2-8 fold higher
than peak ACTH. Figure 3 shows individual
examples of these patterns.
The peak concentration of arginine

vasopressin in patients with myocardial infarc-
tion was significantly higher than in patients
with unstable angina (9 0 (3-3-17-8) v 1-0 (0-8-
2 9) pg/ml (p = 0 0002)) and considering
all patients peak arginine vasopressin
correlated well with peak ft endorphin
(r = 0-59, p = 0-001).
Peak concentrations of ft endorphin and

creatine kinase were positively correlated
(fig 4) and there was a negative correlation
between the time from onset of symptoms to
peak ft endorphin concentrations (r = - 0-38, p
= 0-005). Though pain is a stimulus to #
endorphin release, there was no significant
correlation with pain scores. These were vir-
tually identical in the patients with and without
myocardial infarction (78 (65-86) v 76 (63-86)
and those with and without cardiac failure (79
(57-84) v 78 (67-86)).
No significant correlations were seen with

age, Norris score, ejection fraction on day
three, and systolic or diastolic blood presure or
heart rate on admission.

STUDY 2
All 26 patients had a technically successful
angioplasty. In three patients concentrations of
ft endorphin in the great cardiac vein were
> 1 0 pmol/l (2SD of the measurement error)
higher than those in the aorta. But overall
concentrations in the aorta and great cardiac
vein were similar at both time points. There
was thus no consistent evidence ofany myocar-
dial release and accordingly only the concentra-
tions in the great cardiac vein are reported. At
To only two patients had # endorphin concen-
trations > 7-2 pmol/l (upper limit of normal):
one of these had an episode of severe angina
during transfer to the catheter laboratory and
the other had a difficult arterial cannulation.
Both of these patients were excluded from
further analysis.

Before angioplasty the # endorphin concen-
tration was 3-2 (2 4-4 9) pmol/l rising to 4-5
(3A4-13-8) pmol/l at T1o, p = 0-002. The
concentrations changed by > 1-0 pmol/l in 16
patients: in 14 (58%) concentrations rose and
in two (8%) they fell. At TIo 10/24 (42%)
patients had concentrations > 7-2 pmol/l. The
percentage change for all 24 patients was 62
(14-193)%. In the 14 patients showing
increases in # endorphin the percentage change
was 158 (73-248)%. The peak concentration of
# endorphin after angioplasty was 4 6 (3-4
16-0) pmol/l, significantly lower than after
myocardial infarction (p = 0 02).

1 Correlation between # endorphin and other
neuroendocrine and clinical variables
As in the patients with spontaneous myocardial
ischaemia, significant positive correlations
were found between concentrations of ft endor-
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Figure 3 Individual patterns of / endorphin and adrenocorticotrophic hormone
(ACTH) release infour patients with acutc myocardial infarction. CK, creatine kinase
(lu/l).
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Figure 4 Correlation between peak concentration of P
endorphin and creatine kinase in 55 patients with acute
myocardial ischaemia. x, myocardial infarction; 0, no

myocardial infarction.

phin in the great cardiac vein and concentra-
tions of ACTH (r = 0-85, p = 00001) and
cortisol (r = 0 72, p = 0-001). No correlation
was apparent between simultaneous
measurements of # endorphin and lactate con-

centrations in the great cardiac vein (r = 0-06,
p = 0-76) but there was a weak positive
correlation with lactate extraction (r = 0-43,
p = 0 047). There was a significant negative
correlation between # endorphin concentration
and the total duration of balloon occlusions (r
=-0-69, p = 0 0009) but no correlation with
the maximum ST segment deviation recorded
during angioplasty (r = 0-002, p = 0 99).

Discussion
# Endorphin andACTH have a common origin
for pituitary pro-opiomelanocortin. They are

stored together in the secretory granules of the
pituitary corticotrophs and are co-released in
response to stressful stimuli.20 The unexpected
dichotomy seen in some of our patients has,
however, been described in other disease
states.21 22 This absence of molar unity may be
related to the different plasma half-lives of
endorphin, lipotrophin, and ACTH2324 and
also to inter-individual variation in the post-
translational processing of the precursori526
which follows the application of a stressful
stimulus.
Which component(s) of the stimulus of

myocardial ischaemia provoke(s) endorphin
release and which if any are important in

determining the pattern of the neuroendocrine
response? In the patients with acute myocardial
infarction and therefore prolonged periods of
coronary artery occlusion there was a weak
correlation between endorphin concentra-
tions and creatine kinase, a marker ofischaemic
damage. There was a negative correlation bet-
ween the duration of ischaemia (assessed from
patient symptoms) and endorphin concentra-
tions. This latter finding suggests that endor-
phin is released as a single pulse at the onset of
myocardial ischaemia with the highest concen-

trations being found the earlier the patient is
seen. In the angioplasty patients, in whom the
period of coronary artery occlusion was much
shorter, there was again only a weak correlation
between ft endorphin and a biochemical marker

of ischaemia and no correlation at all with the
electrical evidence of ischaemia. The persis-
tence of a negative correlation with the dura-
tion ofischaemia (balloon inflation time) in this
second patient group is consistent with the
release of a single pulse of f endorphin-in this
case within minutes of the ischaemic stress
being applied. In the patients with unstable
angina, myocardial ischaemia was present but
there was virtually no ft endorphin release.
Thus overall there is no convincing evidence
that the fi endorphin release is primarily deter-
mined by either the duration or the objective
severity of the ischaemic insult.
What of the patient's perception of the

ischaemic insult? Despite widely differing #
endorphin concentrations, pain scores in the
patients with myocardial infarction and unsta-
ble angina were virtually identical and overall
there was no correlation between these scores
and # endorphin concentrations. Visual
analogue scales are a relatively crude method of
assessing pain perception and it is possible that
more complex techniques might have revealed
a closer relation between perceived pain and ft
endorphin release. However, alternative
stimuli such as nausea, transient blood pressure
fluctuations, or the degree of activation of the
autonomic nervous system might be involved.
There is good evidence that ft endorphin

release has a pathophysiological role in certain
disease states and is not just an epiphen-
omenon. In various animal models of cir-
culatory collapse including anaphylaxis,27
hypovolaemia (haemorrhage),28 29 and septi-
caemia,30 31 naloxone and a range ofother opioid
receptor antagonists produce improved
haemodynamic performance and substantial
improvements in survival. A predominantly
central mode ofaction is suggested by the lesser
effects of analogues unable to cross the blood-
brain barrier. Peripheral effects, however, may
be important. Thus direct intracoronary
infusion of naloxone in normal dogs results in
dose-dependent increases in developed ten-
sion, left ventricular dP/dt, cardiac output, and
blood pressure that are not reproducible with
the inactive (+ )-isomer.32 3 The critical depen-
dence of the response to naloxone on the
presence of pituitary derived endorphins has
been confirmed by Holaday et al who gave
intracerebroventricular injections of naloxone
to rats subjected to hypovolaemia. The
dramatic recovery of blood pressure seen was
completely abolished by prior hypophy-
sectomy.34
There are relatively few studies of the effects

of opioid receptor blockade in primary cardiac
disease. In a canine model of chronic cardiac
failure plasma concentrations of ft endorphin
were much higher than in control animals and
the intravenous administration of nalmafene, a
potent opioid receptor antagonist,35 resulted in
a further rise in f endorphin as well as increases
in ACTH; catecholamines; mean arterial pres-
sure; cardiac output; left ventricular dP/dt; and
regional blood flow to the myocardium, skeletal
muscle (quadriceps), and kidney. Sympathetic
blockade abolished these effects, suggesting
that the beneficial effects of opioid antagonists
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in this model are mediated via the sympathetic
nervous system.'0 In subsequent studies this
group showed that the action of naloxone was
preserved in anaesthetised animals, indicating
that the effects were not related to removal of
the antinociceptive action of the endogenous
opioids."6 Physiological concentrations of #
endorphin selectively stimulate aldosterone
secretion in dogs and could have a role in the
modulation of sodium balance after myocardial
infarction and in heart failure.37 Also in a canine
model it has been shown that the systemic and
coronary vasoconstriction which follows the
intracerebral administration ofthe opiate agon-
ist fentanyl is mediated via the release of
arginine vasopressin.38 Our data showing a
correlation between ,B endorphin and arginine
vasopressin concentrations are consistent with
this finding.
There are several anecdotal reports of

improvements in blood pressure in patients
with septicaemic39 and cardiogenic shock'4'
after the administration of intravenous nalox-
one. A recent double blind controlled study
showed some benefit of naloxone in sep-
ticaemic shock.42 Naloxone and some other
opioid receptor ligands have another property
that might be of relevance in cardiovascular
disease. They showed antiarrhythmic activity
in rats subjected to coronary artery ligation.43
Interestingly, / endorphin at concentrations in
the pmol/l range provokes a range of arrhyth-
mias, mainly atrial, in isolated perfused rat
hearts." The arrhythmogenic action of #
endorphin in this model is naloxone-reversible,
but in most animals the concentrations of
naloxone required to show cardiac electro-
physiological and/or antiarrhythmic effects
greatly exceeds the concentrations at which
complete opioid receptor blockade would be
expected. Thus it is likely that these effects are
non-specific and unrelated to opioid receptor
antagonism.45"
We have shown, for the first time, that ,B

endorphin release is a component of the
neuroendocrine activation associated with
myocardial ischaemia/infarction. The demon-
stration of a pathophysiological role in these
particular clinical syndromes must await the
results of further studies.

KGO is a British Heart Foundation junior research fellow.
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PLANTS IN CARDIOLOGY

Senecio jacobaea L. Flora Danicae Hafnia: M6llerus, 1787: volume 6;
plate 944.

Dietary pulmonary hypertension
The idea that certain plants could produce pulmonary
hypertension seemed so unlikely that I began to wonder

just how this discovery had been made. The story began in

Iowa in 1884 when a new disease of horses with hepatic

cirrhosis was traced to the ingestion of Crotalaria sagittalis
(Leguminosae) the native species of the rattlebox plant
which was grown as green manure to improve the sandy
soil. In1921 C spectabilis was introduced from India and it
caused many outbreaks of disease among farm animals in
the southern United States. Lesions in cows, pigs, goats,
chickens, and horses included subendocardial haemorr-
hage, thickened pulmonary alveoli, pulmonary oedema,
anaemia, and renal and hepatic disease. Senecio (Com-
positae) also caused equine cirrhosis in South Africa in
1920, while in North America the tar weed Atalaya
(Sapindaceae), alsike clover Trifolium (Leguminosae), and
Amsinckia (Boraginaceae) caused it too. A recent human
epidemic of cirrhosis in India followed the accidental
ingestion ofHeliotropium (Boraginaceae). All these different
genera and families contain pyrrolizidine alkaloids.
But none of these studies of natural or induced disease

reported cardiac hypertrophy or pulmonary arterial dis-
ease. However, in 1955 Schoental and Head produced
pulmonary infarction in rats with Crotalaria. Then in 1961
the breakthrough came when J J Lalich in Madison
showed that rats fed Crotalaria seed or its alkaloid mono-
crotaline developed acute pulmonary arteritis. He went on
to pioneer the crucial long term study. The rats developed
intimal and muscular thickening of the pulmonary
arterioles, dilated pulmonary arteries and right ventricu-
lar hypertrophy. In 1967 Kay, Harris, and Heath in
Birmingham were the first to measure the right heart
pressure in treated rats and confirm pulmonary hyperten-
sion. Later it was shown that the British plant, ragwort,
Seneciojacobaea, sold in health stores for coughs and colds,
produced pulmonary hypertension in rats. Meanwhile Bras
and his colleagues had discovered that cirrhosis in
Jamaican children was caused by hepatic veno-occlusive
disease and they showed that the histology of their patients
was identical with that of animals with Crotalaria and
Senecio poisoning. Jamaican children often drank "bush-
tea" made from these plants. But pulmonary hypertension
has never been found in patients with veno-occlusive
cirrhosis. Maybe only rats are susceptible. Donald Heath
has recently looked back over his 25 years work on dietary
pulmonary hypertension (Circulation Research 1991;25:
973-74).

Again, as with sweet clover disease of cattle (British
Heart Journal 1991;66:181), a leguminous plant introduced
from abroad for farming purposes has led via veterinary
medicine to an important cardiovascular discovery.

A HOLLMAN
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