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- PHYSIOLOGICAL CONSIDERATIONS .

Calcium is an important cation and is involved in many physiological
and biochemical processes. Consequently drugs affecting the function

of calcium can have muitiple and complicated effects.

‘One of the important functions of calcium is to act as an ionic
messenger’ which triggers events such as muscle contraction. It can
do this because of the existence of concentration gradients betweén
intracellular and extracellular fluid as weill as within the cell (figure
1). The  extracellular calcium concentration is high relative to the
intracellular concentration. Inside the cell calcium pools. are present
and subsequently the calcium distribution within the cells is not uniform.
To simplify the physiology the cellular membrane and the cytosol will

be considered separately.

i. The cell membrane

It is thought that the primitive sea in which the first life forms
appeared. had a low calcium. concentration. and that these cells had a
similar intracellular calcium content. As the calcium content of the
primitive sea.increased, the organisms developed protective mechanisms
to assure constancy of the internal environment in the face of a changing

external milieu. (1)
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Figure 1 Schematic representation of factors governing calcium
movemant

The relatively low intracellular calcium content is maintained
by a poor membrane permeability for calcium, energy-requiring pump
and exchange mechanisms, as well as the presence of inactive calcium

channels at rest.

Inward calcium movement through channels can be triggered by
a change in voltage or by the effects of agonists on certain receptors.
We thus differentiate between voltage operated channels (VOC's). and
receptor operated channels (ROC's). It also seems that these channels
are in some way linked and that activation of ROC's might result in the

activation of V()C's.(z)

2. Intracellular calcium distribution

Intraceliular - calcium gradients exist because of calcium pools
maintained by energy-requiring processes (figure 1). The sarcoplasmic
reticulum is an important example of such a calcium pool. Entry of
calcium. via VOC's or ROC's trigger the release of intracellular calcium.

which then produces effects such as muscle contraction.(2)
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Figure 2 Role of calcium in the cardiac action potential -

. Apart from eliciting intraceliular effects, calcium movement
also plays an important role in the generation of the cardiac action
potential. {figure 2). Whersas phase G (the rapid upstroke) is due to the

fast:inward movement of sodium, the plateau phase (phase 2) is due to

a- balarnice- between slow inward calcium movement and the outward
movement of peotassium. A change in calcium movement can therafore
affect the configuration of the action potential, particularly its duration
and consequently the duration of the refractory pefriod. 3 a change
in calcium movement can therefore induce changes in automaticity and
conduction. As the role of caleium is much more important in
supraventricular tissues, the effect of calcium blockers on supraventricular
automaticity and conduction is pronounced, whereas the effect on

ventricular action potentials is relatively smail.
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EFFECTS ON THE RESPIRATORY TRACT

The effect of calcium channel blockers on smooth muscle is not
limited to blood vessels. This follows as calcium ié also involved in
the contraction of smooth muscle at other sites such as the gastrointestinal
and respiratory tracts,

We have investigated the effects of these substances on respiratory

smooth muscle as potential bronchodilators in the manégément of asthma.
Furthermore, because -beta-adrenergic blockers are contraindicated in
patients with bronchospasm, it is important to ascertain whether for
appropriate indications 'th__e calcium channel blockers would be safe

alternatives to the beta-adrenergic blockers.

‘Both n.i.fe.dipi.ne. and V_e[f..‘__ipamil_. are_physiological antagdnists of
spasm of guinea pig .traéhe.al. muscle iﬁduced via cholinergic receptors
(metacholine) and the Hj-receptor (histamine).{13) Both drugs potentiate
the relaxant effect of theophylline {14}, but differ in terms of their
interaction with isoprenaline. Whereas verapamil potentiates the relaxant
“effect - of ~ isoprenaline, - this "effect is antagonized by nifedipine.
Biochemically nifedipine blocks the increase in cyclic AMP induced by
isoprenaline (15), whereas it is not affected by verapamil. This effect
of nifedipine is even more apparent when a dose-response curve is-obtained
from tracheal muscle in the presence of the spasmogen and isoprenaline.
Undér these circumstances increasing concentrations of nifedipine produce
increasing spasm due to the progressive removal of isoprenaline-induced
‘relaxation. Only at high concentrations of nifedipine does relaxation
‘oceur, resulting in a biphasic bell-shaped dose-response curve (figure
4). ' ' '

Our work has shown that :
(i) Nifedipine (EDgg = 5 x 107'M) and verapamil (ED5p = 5 x 10-4M)

both —antagonise histamine. and metacholine induced spasm.

Nifedipine appears to.be more potent in this regard and the ED5g

suggests that this effect might be seen with systemic therapeutic
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Figure 4 Biphasic nifedipine dose response curve in the presence

of methacholine and isoprenaline

concentrations. The EDsg of verapam11 suggests ‘that this effect

is unhkely to occur with systemlc therapeutm concentrations.

(ii). _Both drugs have a potentially beneflclal .m_teract:on= with

theophylline.

(iii) Verapamil has a potentially beneficial and nifedipine a potentially

harmful interaction with isoprenaline.

It therefore seems that in relation to the spec‘trum of effects

.already discussed (figure 3), dlfferences between nifedipine and verapam11

are also mamfest in the resplratory tract There is some evidence that
calcium channel blockers can relieve exerc;se induced bronchospasm
(lﬁvl'?), but it is not clear whether this is an effect on histamine release
or whether it is a bronchodilatory effect. Our work suggests that neither
verapamil, because of its low potency, nor nifedipine, because of its
potentially harmful interaction with beta-stimulants, have potential
as. systemic .bronchodilatorsq In the context of pre-existing asthma,
verapamil appears. to be the safer alternative, but clearly work in humans

is. mandatory before firm conclusions can be made,
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CONCLUSIONS

The major problem with calcium charnnel blockers is that they
affect so many different physiological processes at so many different
sites. A better understanding of mechanisms of action would help us
to understand why these drugs have differential effects and might lead
to the development of greater site-specificity and ultimately more rational

therapeutic use,
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