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This paper summarizes existing evidence regard-
ing the actions of calcium and other cations on 
secretory systems. The nature of calcium's role in 
the secretory process is also considered, and par-
allelisms are drawn between stimulus-secretion 
coupling and excitation-contraction coupling in 
muscle. [The SCI® indicates that this paper has 
been cited in over 735 publications since 1970.] 
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"In 1960, I began working as a graduate 
student in the laboratory of William Doug-
las in the department of pharmacology at 
the Albert Einstein College of Medicine in 
New York City. The project on which I em-
barked concerned the role of calcium and 
other cations in the mechanism of catechol-
amine release from the isolated perfused cat 
adrenal gland. 

"We found that calcium, but not sodium 
or potassium, was the crucial cation re-
quired for eliciting catecholamine secretion 
with the physiological neurotransmitter ace-
tylcholine or with excess potassium. Calci-
um was not only a necessary but also a suffi-
cient factor for supporting secretion. The 
close correlation between the concentration 
of extracellular calcium and evoked secre-
tion, taken together with the demonstrated 
increase in radiocalcium uptake into chro-
maffin cells with acetylcholine,1 supported 
the concept that 'acetylcholine stimulation 
enhances the entry of calcium into the 
medullary chromaffin cells.' 

"The role of calcium in synaptic transmis-
sion had been defined in the 1950s and 
1960s by Sir Bernard Katz and his colleagues 
during their analysis of acetylcholine re-
lease from the frog neuromuscular junction. 
So, the work emanating from the laborato-
ries of Katz2 and Douglas3 provided the im-
petus for others to investigate the role of 

calcium in secretory phenomena. Confirma-
tion of calcium-regulated secretion was ob-
tained first in adrenergic synapses and then 
in a number of other secretory systems. The 
1970 paper in Pharmacological Reviews re-
views these findings. I believe that the rea-
son this review has been cited so frequently 
reflects the prodigious interest generated by 
the original work of Douglas and myself4,5 

and the extension of these findings consum-
mated in Douglas's laboratory. Today, the 
pivotal role of calcium in stimulus-secretion 
coupling is even more entrenched in scien-
tific thought than it was in 1970. A book that 
presents a timely account of advances in this 
ever-expanding field has recently been 
published.6 

"But the nature of calcium's role is much 
more complex than that envisioned in 1970. 
Activation of secretory cells was then 
viewed from a narrow perspective, involving 
the influx of extracellular calcium caused by 
an increase in membrane permeability. Our 
present view must encompass multiple cel-
lular pools of calcium participating in the 
secretory response of many cells —a con-
cept that was only briefly alluded to in the 
1970 review. 

"We are still permitted to draw parallels 
between stimulus-secretion coupling and ex-
citation-contraction coupling in muscle, and 
to consider the molecular mechanism of cal-
cium's action as being somehow linked to 
exocytosis, as we did in 1970. Calcium is still 
viewed as the progenitor of intracellular 
signals, but cyclic nucleotides, prostaglan-
dins, and other arachidonic acid metabolites 
must now be portrayed as putative messen-
gers that mediate the actions of calcium in 
secretory cells. Paradoxically perhaps, we 
have even progressed to the point where one 
may acknowledge the possible existence of 
noncalcium-dependent mechanisms, possi-
bly acting synergistically with calcium, to 
activate the secretory process.7 But as in 
1970, a clear picture of the fundamental ac-
tion of calcium on the arcane machinery 
that controls the secretory apparatus still re-
mains elusive." 
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