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Coronary Arteries of Cardiac Patients Are Hyperreactive and 
Contain Stores of Amines: A Mechanism for Coronary Spasm 

Abstract. Coronary arteries from hearts of cardiac patients contain sign$cantly 
higher concentrations of histamine than do those from noncardiac patients. The 
coronary vessels of cardiac patients are also hyperresponsive to histamine and 
serotonin. These differences between groups of patients suggest an explanation for 
coronary artery spasm in heart disease. 

Coronary artery spasm is now recog- 
nized as  a clinical entity implicated in 
heart disease (I). A number of reports 
point to  a sudden sustained contraction 
of a large surface artery feeding the heart 
muscle in the initiation of some cases of 
myocardial infarction, angina pectoris, 
and sudden death (2). Coronary spasm 
has been observed repeatedly during an- 
giographic examination of the hearts of 
subsets of cardiac patients, but no satis- 
factory explanation of the vascular de- 
rangement that might induce sudden and 
protracted tone changes and the ensuing 
myocardial hypoxia and cardiac damage 
is yet available. 

In the study reported here we  found 
that coronary arteries obtained postmor- 
tem from patients with a history of coro- 
nary artery disease and pathological evi- 
dence of myocardial damage respond to 
biogenic amines with contractions that 
are significantly larger than those of ves- 
sels from patients with no history of 
cardiac disease. In addition, we found 
that the coronary vascular tissue from 
cardiac patients contains stores of these 
amines, and one of them, namely hista- 
mine, is substantially elevated above 

control values from the arteries of non- 
cardiac patients. We studied the coro- 
nary arteries of ten patients whose cause 
of death was attributed to  coronary heart 
disease. Sudden cardiac death (less than 
1 hour) was considered to have occurred 
in two of these patients. In eight of the 
ten patients autopsy revealed old or re- 
cent infarct damage (scarring or necro- 
sis). In a control group of 18 patients 
death was attributed to accident (two 
cases), suicide (one case), carcinomato- 
sis (six cases), hemorrhagic pancreatitis 
(one case), Hodgkins lymphoma (one 
case), c e r e b r d o r  brain stem hemorrhage 
(three cases), hepatic or renal failure 
(two cases), atypical pneumonia (one 
case), and idiopathic aplastic anemia 
(one case). In only one of the 18 control 
patients did the postmortem reveal evi- 
dence of an old (unreported) infarct. 

For  biochemical studies portions of 
the right, left, and circumflex coronary 
arteries were removed within 10 hours of 
death (average 6.3 2 0.5 hours in 20 
patients) and immediately placed in 
chilled (4°C) and previously oxygenated 
Krebs-Henseleit solution. The tissues 
were transported to  the laboratory in 

vacuum bottles and carefully placed in 
fresh, oxygenated and chilled Krebs so- 
lution. They were trimmed of all adher- 
ent fat and connective tissue, then 
minced and homogenized in either 5 per- 
cent trichloroacetic acid (TCA) (for 5- 
hydroxytryptamine and histamine) o r  n- 
butanol (catecholamines) by means of a 
Kinematica Polytron (full speed for 30 
seconds at 0°C). The samples were al- 
lowed to stand for a t  least 10 minutes and 
then were centrifuged at 10,000g for 15 
to 20 minutes at  O°C, and the superna- 
tants were stored at  -20°C. 

5-Hydroxytryptamine (serotonin) was 
analyzed by the method of Somerville 
and Hinterberger (3),  which is based on 
the development of fluorescence with 
orthophthaldialdehyde. Total catechol- 
amines were determined by the ethylene- 
diamine condensation method essential- 
ly as described by Ogasahara et al. (4). 
Histamine was analyzed by a slightly 
modified version of the method de- 
scribed by Hikanson and Ronnberg (5, 
6). 

All values were corrected for dilution 
during the extraction procedures and are 
expressed as  nanograms of amine per 
gram of wet tissue. The chemical analy- 
ses were performed on numbered sam- 
ples without knowledge of the patient's 
medical history. At least two coronary 
vessel segments were assayed from each 
patient (between 800 and 1000 mg each), 
and the results were pooled to obtain a 
single mean value for each patient unless 
indicated otherwise. 

The coronary arteries contained sur- 
prisingly high concentrations of seroto- 
nin and histamine but a low concentra- 
tion of catecholamines, the latter proba- 
bly reflecting a paucity of sympathetic 
innervation (Table 1). N o  significant dif- 
ferences between the two groups of pa- 
tients in the concentrations of serotonin 
or of noradrenaline plus adrenaline (cate- 
cholamines) were detected, but the con- 
centration of histamine was nearly dou- 
bled in the arteries of cardiac patients 
(Table 1). If the data are described on the 
basis of individual vessel segments, rath- 
er than by patients, the level of histamine 
in 18 vessels from cardiac patients was 
clearly elevated above that of 27 vessels 
from noncardiac cases (Table 1). The 
concentration of serotonin was slightly 
diminished in the arteries of cardiac pa- 
tients if values are expressed in terms of 
individual vessel segments. The values 
for noradrenaline did not differ between 
the vessels of the two patient groups. 

The differences in the histamine con- 
tent between cardiac and noncardiac pa- 
tients was not attributable to  postmor- 
tem times which averaged 6.4 t 0.8 
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Table 1. Concentrations of histamine, serotonin, and catecholamines in the coronary arteries of 
cardiac and noncardiac patients. Values shown are means * standard error of the mean; N 
indicates number of patients, or number of vessels, as appropriate. Probabilities were 
determined by Student's two-tailed t-test. N.S., not significant. 

Histamine Serotonin Total catecholamines 
Vessel 

analysis Concen- Concen- Concen- 
tration (nglg) tration (nglg) tration (nglg) 

Noncardiac patients 
Patients 4544 * 754 11 5 3 1 3 2 6 3 5  12 146.7 * 21.8 6 
Vessels 4457 * 483 27 5194 * 524 32 149.7 * 22.8 14 

Cardiac patients 
Patients 8619 * 1274 7 < 0.01 3845 * 848 8 N.S. 131.8 2 9.1 4 N.S. 
Vessels 8225 ? 1147 18 < 0.01 3455 * 532 24 < 0.05 129.2 2 10.2 10 N.S. 

hours in the noncardiac and 7.0 ? 0.8 
hours in the cardiac patients. Additional- 
ly, the histamine concentration of arter- 
ies removed as  promptly as possible af- 
ter death (2 to  4 hours) averaged 
7048 t 2226 ngig and those removed 8 to 
10 hours after death averaged 6042 t 739 
ngig. These values were not significantly 
different from each other. The reliability 
of the histamine data was also confirmed 
in other experiments with cattle hearts. 
The hearts were transported promptly 
from the slaughterhouse, to the labora- 
tory (20 minutes) and two left coronary 
vessel segments were removed from 
each of two hearts at 30 minutes and 2 , 4 ,  
and 8 hours after death of the animals 
and assayed for histamine. N o  signifi- 
cant differences in the concentrations of 
histamine were apparent. The values of 
16821 ngig at  30 minutes and 19200 ngig 
at  2 hours did not differ significantly 
from the value of 17690 ngig recorded at 
8 hours. 

The ages of the patients in the cardiac 
and noncardiac groups assayed for hista- 
mine did not differ significantly, being 
66.1 ? 4.2 years and 57.7 * 4.4 years. 
The concentrations of coronary hista- 
mine in males and females, regardless of 
the cause of death, did not differ, being 
5551 t 644 for ten males and 6529 
? 1133 ngig in eight females. 

The vessel segments, used for the 
analyses of amines, were assessed as  
atherosclerotic or nonatherosclerotic on 
the basis of the presence, in the former, 
of lesions, calcification, and gruel. This 
assessment was done by visual and tac- 
tile inspection at  the time the samples 
were weighed and coded, essentially as 
outlined by Guzman et a[ .  (7). Although 
this procedure is not entirely objective, 
two investigators agreed on the assess- 
ments, which in almost all cases were 
easily made. The concentrations of sero- 
tonin and catecholamines did not differ 
significantly between the atherosclerotic 
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and nonatherosclerotic groups, but the 
concentration of histamine was signifi- 
cantly elevated (P < 0.01; Student's t- 
test) in the vessel segments assessed as 
atherosclerotic; the mean values were 
7232 t 742 ngig (15 tissues) and 4889 
i- 439 ngig (30 tissues), respectively. 

Other experiments were done specifi- 
cally to  determine if coronary artery 
segments from cardiac and noncardiac 
patients respond differently to histamine, 
serotonin, and noradrenaline. For this 
study, ring preparations (6 mm wide) of 
circumflex and right or left anterior de- 
scending arteries, or proximal regions of 
their major branches, were prepared by 
trimming off adherent fat and connective 
tissue and placing two 28- to 30-gauge 
wire supports through the lumen of the 
rings, as described (8) .  The lower wire 
attached the arterial segment to  an aera- 
tion rod in the muscle chamber and the 
upper supporting wire was connected by 
thread to a force-displacement transduc- 
er,  under 2 g of tension, for isometric 
recording with a Grass polygraph. The 
muscle baths were of 15-ml volume and 
contained Krebs-Henseleit solution at 
37°C which was continuously oxygenat- 
ed (95 percent 0 2  and 5 percent C02) ,  
and the tissues were permitted to equili- 
brate for a minimum of 90 minutes before 
agonist testing. 

Spontaneous phasic activity and vary- 
ing degrees of spontaneous tone were 
observed in a number of preparations 
from cardiac and noncardiac patients. 
Usually two or three ring segments from 
each patient were exposed to each of the 
test agonists, over a broad concentra- 
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Fig. I .  The response of coronary arteries from cardiac and noncardiac patients to cumulative additions of (A) histamine, (B) serotonin, and (C) 
noradrenaline. Values in parentheses show, first, numbers of patients and second, numbers of vessel segments, which comprise the mean curve. 
In each case, the mean concentration-response curve for each patient was obtained by averaging the responses of at least two segments to a given 
agonist. These, in turn, were averaged to obtain the mean values for the cardiac and noncardiac groups. Values are shown with their standard er- 
ror bars. 



tion-response range, and the results av- 
eraged to obtain a single concentration- 
response curve for each agonist from 
each patient. These values were then 
averaged to obtain the mean concentra- 
tion-response curves for the cardiac and 
noncardiac groups. 

Histamine was administered in cumu- 
latively increasing concentrations from 
1 x to 3 x 1 0 - ' ~  to 19 ring seg- 
ments from seven noncardiac and 17 ring 
segments from six cardiac patients. As 
shown in Fig. 1 the vessels from cardiac 
patients responded with markedly great- 
er contractions to histamine than did 
those from noncardiac patients. The 
maximal response of 0.53 ? 0.19 g was 
over 1000-fold greater than that of the 
noncardiac group. Contractions in re- 
sponse to serotonin were also substan- 
tially increased in vessels from cardiac 
patients (Fig 1): the mean maximal re- 
sponse was 458 percent greater than in 
the noncardiac group. Responses to nor- 
adrenaline also appeared to be increased 
in vessels from cardiac patients (Fig. 1). 
The functional form of these curves is 
not known so that one cannot define the 
correct statistical test for comparing the 
two curves. Statistically significant dif- 
ferences can, of course, be shown for 
approximations to the curves. The maxi- 
mal responses of the two groups of prep- 
arations to noradrenaline were 0.29 * 
0.12 g and 0.07 k 0.04 g (P < 0.05). 

The differences between cardiac and 
noncardiac patients in their coronary 
vascular responses to agonists could not 
be attributed to differences in the times 
between death and postmortem because 
they were comparable in the two catego- 
ries (for example, 5.4 * 0.5 hours and 
4.9 ? 1.1 hours in the tissues used for 
histamine). The ages of the patients in 
the cardiac and noncardiac groups did 
differ significantly, and this reflected the 
high frequency of cardiac disease in the 
population of older patients sampled dur- 
ing the period of this study. Ages of the 
cardiac and noncardiac groups averaged 
69.5 * 4.4 years and 45.1 ? 6.6 years, 
respectively, for the histamine-treated 
and 69.5 * 4.4 years and 44.1 ? 5.2 
years for the serotonin-treated groups. 

Three of the cardiac patients had been 
treated with digoxin and six of them with 
a combination of drugs for acute myocar- 
dial infarct (for example, morphine, lido- 
caine, diuretics). Three of the patients 
were under long-term hypertensive drug 
therapy (for example, diuretics, a-meth- 
yldopa) prior to admission. Although the 
involvement of the drug therapy in the 
outcome of the experiments described 
here cannot be entirely ruled out, it is 
unlikely. One would expect that, since 
most such drugs interact primarily with 

adrenergic mechanisms, the tissues 
would have shown altered catechol- 
amine concentrations and their respon- 
sivity changes to noradrenaline would 
have been most evident, and such was 
not the case. 

The contractile status of the large sur- 
face arteries of the heart has assumed 
rapid clinical importance in the definition 
and therapy of several major forms of 
heart disease (9, 10). Spasm of a conduit 
coronary artery with its resultant inter- 
ference with myocardial blood flow, up- 
stream from the potent compensatory 
dilator forces of anoxic metabolism in 
myocardial tissue, may have disastrous 
consequences for cardiac function and 
hence the individual. The present results 
revealed remarkable differences in the 
responses of the epicardial coronary ar- 
teries from cardiac and noncardiac pa- 
tients to vasoactive substances. The en- 
hanced reactivity of the epicardial arter- 
ies of cardiac and older patients ob- 
served here appears to provide a 
background against which a number of 
vasoactive agents might induce spasm. 

Angiographically demonstrable coro- 
nary artery spasm was recently induced 
in miniature swine with experimentally 
induced atherosclerotic lesions, but not 
in control pigs, by the intravenous or  
intracoronary administration of hista- 
mine (11). Such data support the present 
findings with human vessels. Also, there 
is a suggestion that coronary vessel tone, 
in response to the cold-pressor test, in- 
creases more readily in patients with 
ischemic heart disease than in normals 
(12). Other workers have noted that the 
cold-pressor test, which evokes systemic 
vasoconstriction, elicited spasm during 
arteriography, at the site of an atheroma- 
tous plaque, in several patients with di- 
verse chest pain syndromes (13), point- 
ing to an increased reactivity of vascular 
tissue in these patients. 

Our finding that coronary tissue from 
cardiac patients contains stores of hista- 
mine that are substantially increased 
above values in noncardiac patients, and 
that the vascular tissue also contains 
serotonin, suggests that a sudden release 
of vasoactive material, due to injury or 
an "allergic" response as occurs in an 
antigen-antibody type reaction (14), 
could induce a powerful contraction or 
spasm of a coronary vessel segment and 
precipitate a cardiac crisis such as  angina 
or rhythm disruption. 

In this regard, the location of hista- 
mine in the vascular wall of several spe- 
cies (for example, dog limb, renal, and 
splenic arteries), except the cow, is un- 
clear and appears to involve primarily 
nonmast cell storage (15, 16). However, 
mast cells have been observed by histo- 

logical techniques in human coronary 
artery specimens and they appear to  
increase "proportionately with the de- 
gree of atheroma" (1 7). Pollak (18) noted 
that "adventitial cells [mast] were more 
numerous around atheromatous vessels 
than around normal ones." Attempts 
were made in the present study to re- 
lease histamine from storage depots in 
the human coronary vessels with com- 
pound 48180 (Sigma) at concentrations of 
30 to 100 kglml, but this was unsuccess- 
ful as assessed by the unaltered contrac- 
tile status of the vessels. However, epi- 
cardial coronary vessels from cattle re- 
sponded with slow progressive contrac- 
tions to compound 48180, suggesting the 
release of stored mediators (19). Al- 
though postmortem measurements of 
amine concentrations in human brain 
have been described (20), to our knowl- 
edge this is the first such report on the 
coronary vessels of the human heart. 
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