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Important developments in medicine and other 
scientific disciplines are always reported in scien
tific journals in a matter of fact way. One needs a 
double helix[i] or Lucy12] to learn more about the 
rea I problem that haunted the investigators before 
they were able to trust their results to a journal. 
Although the scientific importance of the calcium 
paradox (probably) cannot compete with the dou
ble helix, or the discovery of beta blockers(3], a 
symposium devoted to this truly paradoxical phe
nomenon justifies a story in a more anecdotal form 
than a communication in Lanced4] or Naturd5]. 

In the late nineteen fifties and early sixties we 
worked on the improvement of the set-up for the 
Langendorff perfusion of isolated mammalian 
hearts. An important goal was the revived isolated 
human heart on which we reported in 1970[61. The 
isolated perfused rat heart, small but beautiful was 
used for other studies at that time as we\H7,8]. 
Dr Zimmerman worked as a medical student in 
the laboratory and really wanted to contribute 
with ideas and long hours. He had a friend Dr 
Hülsmann, physician and biochemist who was 
regularly consulted on the best organic substrate for 
the perfusion Huid. 

We had already substantially altered the original 
Tyrode solution[9] and obtained good results as far 
as longevity and contractile function of the heart 
were concerned. If left alone, our isolated rat hearts 
carried on beating for close to eight hours. But Dr 
Zimmerman wanted to do better and came up with 
the idea as suggested by Dr Hülsmann to use aceto
acetate in stead of glucose, or at least in addition 
to glucose, as the organic substrate. The experiment 
was done, but instead of an improvement in the 
performance of the preparation we observed a 
mechanical arrest, combined with an intact left 
ventricular electrogram. We had observed our first 
electro-mechanical dissociation[4]. Although many 
experiments with isolated rat hearts were per
formed in those days by biochemists using aceto
acetate and other substances from the Krebs cycle, 
nobody had observed the excitation-contraction 
decoupling, because biochemists in those days 
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usually did not register the cardiac electrograms. 
So, there we we re with the opposite effect of 

acetoacetate than what we had expected. It soon 
turned out that we had used acetoacetate in far too 
high concentrations. Hülsmann developed a theory 
that acetoacetate, being a precursor of active 
acetate, might increase intracellular citrate and 
hence lower free Ca2+. 

The logical step to follow was to compare the 
acetoacetate results[4] with those to be obtained by 
a calcium-free perfusion Huid. And then happened 

what evidently nobody had reported on before. 
When calcium was re-introduced into the perfu
sate, after a calcium-free perfusion period which 
also resulted in an electro-mechanical dissociation, 
the heart muscIe cells lost their constituents and 
were completely destroyed. 

After a few very forceful contractions that occur 
directly at the beginning of reperfusion with cal
cium all contractile and electrical function of the 
heart ceased, because or- the aforementioned de

struction of ultra- and micro-structure of the myo
cardium. The calcium paradox was discovered(5], 
The name calcium paradox was in a sense a plagiar
ism, being derived from the so-called potassium 
paradox by Zwaardemakerl10] on which one of us 
had reported ten years earlierl11 ]. 

It is now 100 years since Ringerl12] discovered 
th at calcium is a prerequisite for the contractile 
functioning of the myocardial cel I. Nearly twenty 
years ago Zimmerman and Hülsmann discovered[5] 
that calcium is a prerequisite for the morphological 
integrity ofthe myocardial cell as weil, thus adding 
an additionallife conserving item to the long list of 
fundamental biological conditions of the calcium 
ion. In those past twenty years our knowledge of 
calcium ion physiology and pathophysiology has 
increased considerably(13]. Probably one ofthe most 
important spin-offs ofthe study ofthe effect of cal
cium on living tissue has been the discovery by 
Fleckenstein[14] ofthe calcium antagonists. The full 
story has recently been told in his beautiful mono
graph[15]. The calcium paradox is only one aspect 
of the multi-faceted behaviour of the calcium ion 
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in all living material, but together with its role in 
the myocardial excitation-contraction coupling a 
very important one. 

At the time of its discovery it was difficult to 
envisage its significanee for electron microscopy, 
physiology, pharmacology and surgery ofthe heart. 
This symposium summarizes the state ofthe art of 
the calcium paradox. We con si der it an especial 
privilege that all those scientists that brought our 
knowledge of calcium ion beha viour in the myocar
dium to an all-time height have co me to Utrecht to 
establish where we are and to speculate where we 
may go. 

The future ofthe calcium paradox will probably 
rest in its significanee as a model for myocardial 
damage also by other causes, for instanee ischaemie 
damage. The notion that the calcium paradox and 
ischaemie or rather reperfusion damage are related 
phenomena, is generally accepted[16]. Therefore the 
calcium paradox may be a valuable tooi for the 
study and development of those compounds that 
may proteet the myocardium against reperfusion 
damage. Some of those drugs may ultimately also 
proteet the myocardium against ischaemie damage 
due to coronary insufficiency and thus become of 
great value for clinical cardiology, since they may 
proteet patients with coronary heart disease 
against the sequela of coronary occlusion. We 
expect that the application of 31 P nuclear magnetic 
resonance[i 7.18] for the study ofthe calcium paradox 
will reveal the role of the high energy phosphates 
played in this phenomenon while also wider appli
cation of NMR[i9] may teach us more about the 
actual destruction of the membrane due to either 
calcium depletion and the calcium depletion and 
the calcium paradox or ischaemia and reperfusion. 

The development of insights in the significanee 
of calcium ion movements for the function and 
integrity of myocardial tissue demonstrates (again) 
that fundamental research without any seemingly 
significanee for clinical medicine at the time of its 
performance may turn into one ofthe pillars of cur
rent day by day patient care. Both calcium paradox 
and calcium antagonism we re regarded as esoterie 
hobbiesof the researchers of that time. lust as the 
present is an extrapolation of the past teaching us 
that (clinical) relevanee can be neither excluded nor 
predicted, the future ofmankind will rest on funda
mental research undertaken today[20,2!J. 
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