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Vane blood-bathed technique reveals the

significance of adrenergic reaction in myocardial

infarction

Krystyna Herbaczyñska-Cedro, Leszek Ceremu¿yñski
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Abstract:

Using the blood-bathed technique of Vane we induced acute coronary occlusion in the dog and subsequently detected adrenaline re-

lease into the circulatory system, determined the rate of release and documented its significance for induction of cardiac arrhythmias.

In the intact anesthetized dog, adrenaline excess of the magnitude released after coronary occlusion was sufficient to injure the

healthy myocardium and to induce unfavorable metabolic systemic alterations. Subsequently, clinical research has documented that

a serious clinical course of acute myocardial infarction is associated not only with enhanced excretion of catecholamines but also

with augmentation of plasma renin activity and aldosterone levels. The positive therapeutic effect of aldosterone antagonists in acute

myocardial infarction has been documented. The clinical value of our results, which were obtained in experimental and clinical stud-

ies, was later confirmed in multi-center trials.
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During the fifties and sixties of the last century, it was

discovered that patients with acute myocardial infarc-

tion (AMI) showed increased excretion of catechola-

mines in the urine, detected mainly in those with a se-

rious clinical course [1, 11, 13].

The significance of this phenomenon could have

been attributed to positive inotropic effects of cate-

cholamines, which were expected to improve contrac-

tion and compensate for decreased ventricular func-

tion of acutely ischemic myocardium. This effect,

however, is accompanied by an increased oxygen de-

mand, which has to be met with an increased oxygen

supply. Failure to do so results in increasing ischemia.

Therefore, extreme caution was required in accepting

the view that the adrenergic reaction in AMI was

beneficial. This also seemed unlikely considering the

well-known arrhythmogenic properties of catechola-

mines, especially in ischemic myocardium.

The blood-bathed technique of Vane [14] provided

a unique opportunity to continuously determine cate-

cholamine levels in the bloodstream, thus enabling

the tracking of the sequence of events in AMI.

Our experimental model was an anesthetized open-

chest dog. Dogs blood was used to superfuse two iso-

lated tissues, rat stomach strips (RSS) and chick rec-

tum (CR). Both tissue types relaxed in response to

adrenaline but only one (RSS) responded to nora-

drenaline. Such a differential sensitivity of isolated
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tissues gave a unique pattern for each catecholamine de-

tected in the superfused blood. Acute myocardial ische-

mia was produced by ligation of the coronary artery.

Catecholamines, mainly adrenaline, were released

into the circulation within the first 2–15 min follow-

ing coronary occlusion without any change in arterial

blood pressure. The rate of adrenaline secretion varied

from 2 to 8 µg/min, and that of noradrenaline did not

exceed 3 µg/min. Adrenaline release was abolished

by bilateral adrenalectomy [12].

The rise in blood adrenaline concentration pre-

ceded the development of serious ventricular arrhyth-

mias by 5 to 10 min [5].

The dogs, which failed to secrete detectable

amounts of catecholamines and showed no ectopic ac-

tivity after coronary ligation, were given an infusion

of adrenaline at a rate similar to spontaneous adrena-

line secretion induced by acute coronary occlusion

(up to 8 µg/min). These infusions were given before

coronary occlusion and produced no cardiac rhythm dis-

turbances. After coronary ligation, however, adrenaline

provoked ventricular arrhythmias in almost all ani-

mals [5].

To investigate the role of catecholamines in dis-

turbing cardiac rhythm after acute coronary occlusion,

we used a specific � receptor-blocking agent to an-
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tagonize the effect of catecholamines upon the myo-

cardium, especially with regard to the induction of ar-

rhythmias. The dogs in which acute coronary ligation

were followed by increased blood adrenaline levels

and severe ventricular arrhythmias were given propra-

nolol. This intervention was effective in suppressing

ventricular arrhythmias within 30 min of propranolol

administration [5].

Occlusion of the coronary artery results in myocar-

dial lesions, however, the influence of adrenaline se-

cretion on the degree of myocardial lesion formation

was unknown. It has been found that adrenaline re-

lease into the blood after coronary ligation aggravates

histoenzymatic changes in the ventricular myocar-

dium manifested by decrease of lactic and succinic

dehydrogenases activity [6].

Therefore, using the blood-bathed technique of

Vane (BBT) in experimental AMI, we were able to

detect adrenaline release into the circulation after the

onset of ischemia, to determine the rate of release and

to document that adrenaline is important in inducing

ventricular arrhythmias. This formed the basis for fur-

ther research, which aimed to investigate other possi-

ble consequences of adrenaline excess.

In the intact anesthetized dogs, adrenaline was in-

fused for several hours in doses similar to those de-
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tected in previous experiments with AMI. This re-

vealed evidence of the detrimental effects of this dose

of adrenaline on the heart muscle. The activity of

myocardial enzymes (sucinnic dehydrogenase and

ATPase) assessed histochemically was lower in

adrenaline-infused dogs as compared to saline-

infused controls. Hexokinase activity measured in the

mitochondrial fraction of myocardial homogenate

was also lower in adrenaline-infused than in control

dogs. The ultrastructure was normal in controls,

whereas adrenaline-infused animals showed altera-

tions in mitochondrial shape and structure [3].

Moreover, adrenaline-infused dogs showed an in-

crease in blood free fatty acid levels, a decrease of

blood insulin levels in spite of hyperglycemia and

blood acidosis. These biochemical changes are known

to occur in the course of AMI in humans, and their de-

gree is usually associated with the severity of the

clinical course.

Summing up, we obtained evidence that in AMI,

the adrenergic reaction is detrimental, producing both

myocardial and systemic alterations. Exposure to the

levels of adrenaline of the magnitude detected in AMI

is sufficient to injure healthy myocardium and to in-

duce a chain of unfavorable metabolic systemic events.

In the same experimental setting of adrenaline-

infused intact dogs, we subsequently showed that the

development of myocardial and systemic biochemical

alterations was prevented by concurrent infusion with

practolol [7], metipranolol [8] or insulin-glucose [4].

Clinical validation of these experimental findings

were obtained a few years later in the ISIS – 1 study

[9], definitively documenting that intravenous � blocker

administration reduced mortality associated with

AMI. In contrast, intervention with insulin-glucose in

the clinical studies did not receive unanimous support

so far.

The follow-up clinical research was based on the

following premises:

– Increased adrenergic activity is detrimental for the

course of AMI, as documented by our studies;

– Increased adrenergic activity is known to stimulate

the renin – angiotensin – aldosterone (RAA) system.

Therefore, the question of an association between

serious clinical course of AMI and increased RAA ac-

tivity arose. Our study provided a positive answer to

this question. As shown by Michorowski & Cere-

mu¿yñski in an original study [10], in patients with

major clinical events of AMI (ventricular arrhyth-

mias, serious conduction disturbances, pulmonary

edema or shock), plasma renin activity and aldoster-

one were greatly augmented. A correlation has also

been shown between the activity of both these hor-

mones and the excretion of catecholamines [10].

Subsequently, a blockade of RAA activity appeared

to be of considerable clinical value. A single dose of

aldosterone antagonist given to patients with diuretic-

resistant severe congestive heart failure produced

a dramatic positive response [2]. This was one of the

first studies dealing with this clinical approach, and it

was later definitely confirmed in multicenter trials

with ACE inhibitors and aldosterone antagonists.

In summary, BBT of Vane was the starting point of

our investigation. It enabled us to document adrena-

line release after the onset of AMI, to reproduce en-

dogenous release and to document its deleterious

myocardial and systemic consequences. This initiated

studies on the anti-arrhythmic effects of � blockers,

a concept picked up by other investigators in small

clinical studies and later confirmed in multicenter tri-

als. Investigations on the connection between RAA

and AMI led to the introduction of an effective thera-

peutic intervention. Early evidence of positive clinical

effects of RAA blockade was later reinforced in large

clinical trials.
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