INTRODUCTION




CALCIUM ANTAGONISTS

Historically, the development ef slew-chammel blo-
ckers dates back }e the early 1960s, at whioch time seme
German soientists observed that Prenylamine, a newly
developed coronary dilator, and verapamil, another
phenyialkyiamina with coronary dilating properties, ex-
erted negativexinbtropic effeocte on 1solated cat and
rabbit myocardium and also depressed cardiac performancge
in the canine heart lung preparation. They differ frem
oclasslic vasodilators, because drugs such as nitreglyce-
rine and pspaverine with potent smoeth-mmscle relaxing
ﬁroperties depress cardiac muscle enly at high cencen-
tratien (Saini, 1984).

Prenylamine and verapamil were shown experimentally
to act in the same way as Ringer's caloium free infusion
i.e. they mimicked the cardiac effects of calcium defi-
clency. Subsequenily, it was shown that the pharmseole-
glcal basis of action of verapamil and nifedipine was to
inhibit caloium entery inte cardiamc cells ind smooth
muscles. The term caleium antagoniafs was introduced in

1969 for. agents that prevemted the entery of caleium




from the extracellular fluid inte the cell yia postula=-
ted pores or channels. Hence these drugs ';re also
oalled caloium entery blockers or caloium channel blo-
ckers (Lewis, 1982).

Within the last several years the list of agents
which have been clasaified as "esloium ohannel blockers™
has grewn from essentially three-nifedipine, verapamil
and diltiaszem -~ to well over a hundered, including a
number of nifedipine analegues, as well as careverine,
lideflazine, ¥R f534 and ocinnarisine (Weishaar, 1984).

It is probedly a historiec acoident that the ocalolum
channel blockers were developed az eardiovasonlar drugs
(Katﬂ et QJ.C, 1984).

Jones (1985) reported that caleium net enly have
an important role in muscle contractien, dut it also
mediates endooytosis and execytosis, cellular mebility,
movement of chromosomes prier to cell division and
possibly the division process itaself. It also has an
influence on the metabolism of glycegen, blood coagula-

tion and haemostasis and the release of neurotranamitter.



CLASSIPICATION OF CALCIUM CHANNEL BLOCKERS

Fleckenatein (1970) originally classed some of the
snbstances listed in Table (1) as "calclum antagonists"™

on the beais of two requirements:

a) The predominent characteristic of these substances is

their ability of inhibit the slow catt current; and

b) This inhibition could be oversome by adding ca**.

The oontinned unqualified use of the term "calecium
antagonists® requires reappraisal because of its lack
of specificity with respect to the exaet site and pre-
cise mode of drug action; as "calecium antagoniem®™ can
be expressed at a variety of sites, including the cell
membrane, the myofibrills, the sarcoplasmic retieulum
and the mitochondria. When nsed in therapeutic concen-
tration, however, the drugs expressed their "“ocalcimm
antagonistic™ properties at only one site, the cell
membrane. Even ét the cgll membrane there are other
ways in which substances can interfere with transmembrane
Ca** movements - apart from the entery of catt through

the voltage-activated "channels".



Possibly, therefore, there is some merit in consi-
dering drugs of the type shown in Table (1) as being a
subgroup of a much larger group of drugs which, may be
better called "Ca*t entery blockers" or cat* entery
antagonists". This group of drugs - "The ca*t entery
blockers" or "Ca'’ entery antagonists® would lnclude
any drug which impedes the inward movement of c;**, irre-

speoctive of the route of entery.

Nayler (1982) reported that the known routes of
catt entery into cardiac and smooth muscle cells include
by passive diffusion, in exchange for Na*, in excheange
for K+, and through the voltage-activated, lon seleoctive
channels (Fig. 1). Therefore, a8 far as cardiac and
smooth muscle cells are concerned, it is possible that
fonr different sub-groups of cat?t entery blockers (or
antagonists) wili ultimately become avallable. However,
the drugs which are currently available are specific only
for the sub-group that antagonizes the influx of cat?t
through the voltége-activeted, ion selective channels.

Subelassification:

Substances which inhibit slow chahnel'traﬁaport can

be conveniently snbdivided into two major subgroups, on



B

the basis of their chemistry. Thus, there are the
inorganic (cobalt & lanthanum) and the organie inhibi-
tors. The organic inhibitors can be further subdivided
into three maln classes, on the baaia of their tissue
specifieity. According to this scheme drugs whioch pre-
dominantly affect slow channel activity in the myocar-
dium (e.g. verapamil), can be olassed as having strong
class I agtivity. Class II could include those drugs
which are most effective in blocking slow channel
transport in vaséular smooth muscle (e.g. Nifedipine).
Class III would include slew chanﬁel transport in pace~
magker, nodal and conducting tissue of the heart (e.g.
ierapamil). These relative activities are summarized
in Table (2).

Class II drugs can be further subdivided into at
least three subgroups (Png 2). For example, the effect
of diltiazem on the slow channels is more marked in the
smooth muscle cells of the coromary than peripheral
vasculature. Nimodipine aocts preferentially on slow
channel transport in the cerebral vesselas. By contrast
lidoflazine is more potent on the peripheral blood
vessels (Nayler, 1982). '



MoFaden (1981) proposed a classification of catt
antagonists into two groups: those that block centery of
calcium ions into the cell, and these that affeot the
intracellnlar sites of caleium actions. que examples
of the first are nifedipine, verapamil, diltiszem, per-
hexiline ,methoxyverapamil, benzyclgne and phenyamine.
The aminoindenenes and meohinarene seem to have their
primary action at intracellular sites.

During the last several years, however, this group
of agents has been classified into several subgreups,
including the caleium channel blockers and the so-called
"intracellular Ca’? antagonists®. This latter subgroup
is believed to include the "calmodulin inhibiters™ such
- as W=7 and R 24571, as well as several other ill-defined
agents (Weishaar, 1984).



Table (1): Substances classed as Catt antagonists

Verapamil.
Methoxyverapamil (D600).
Prenylamine.
Nifedipine.
Lidoflazine.
Nimodipiﬁe.
Diltiazem.
Depridil.
| Caroverine.
Niludipine.
Fendiline.
(After Nayler, 1982).
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Pig. (1): Schematic representation of possible routes of
catt entry into a myocardial cell {(After Nayler,
1982).
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Table (2): Subdivision of slow channel inhibitors.

Siow channel inhibitor
Verapamil Nifedipine Diltiazem Lidoflazine

Class

I Strong Weak Weak Absent
11 Weak Strong Strong Strong
III Strong Abgent Weak Absent

(After Nayler, 1982).



