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- ABSTRACT

The phérmacolog?cal activities cof 76 ;bvel.d?ﬁydropy}j_

s i ‘ .

dine analogs of-ﬁifedip&;e wére'evaluatgd on smogoth and/or
:cardiac ‘md§cle, in an étgempt to further‘inv35tigate the
structure.activipy relationships (SAR) of this group ©f
calcium ﬁhaanl. antagonists. .Thé 76 novel dihydropyridine
analogs. were divided into 5 series, épd SAR weré derived for
ea¢h group oflcompounds. With respect to t;e 1,4-dihydropys
ridine riﬁg of nifedipine and Bay KB8644, the 5 series of co-
mpounds were: ‘(f) C4—pfridihyl énalogs of nifedipine witp'
~ substituent variations at ﬁhé C3 and (5 positiohs- (2)
*C4-dihydropyridinyl derivétives of nifédipine with substitu-*®
ent variations at the C3 and C5 positions (3) Cd4-tetrahydro-
pyridinyl \anélogs éf nifediﬁine ;ith substituent variations’

at the C3 and C5 positions (4) Analogs of nifedipine with

= . » . 4 N
.dine (5) Cs*pyridinyl analogs ¢f Bay Ksos4. in general, the
novel'éaléidm,channel blockers showed the fo}lbwing SAR: (a)

-

Reblacément'df.the C4-o-hitrophenyl ring of nifedipine by

pyxridinyl, dihyaroﬁyfidinyl and tetrahydropyridinyl reduced

actéviiy (b)hAt the- C4 position, the relative order of
activity was 2'-'> 3'- > g'—pyridihyl and 3'- -~ 4'jdjhxdro-
pyridiny@t(c) Activity was enhanced when ‘'the size of the
alkoxyéarbohyl éubstﬁéueﬁ;s atitheﬁt3 and C5 positioﬁshwere

increased (d) Non-identical substituents at the (3 and C5

_po;ftiohs v’produced . compounds . of, better activity than

identical ones (e) -Introduction‘ Cof CN or

the ‘1,4—dihydrqpyridine ring replaced bv a 1,2-dihydropyri--.

|



N,N dimetnylaminoethoxycarbonyl at either C3 ard/or CS

positions decreased activity. {f) SAR 'derived for the
1,2-dihydropyridine series of-compognds we;e significantly
different from those obtained in the f,4-dihydropyridine
series (g) Methylation at the N1 of the 1,4—éihydropyridine
ring of nifed%ﬁine reduced activity (h) Planarity of the
C4-ring substituent was important for activity (i) Perpen-
dicuiar orientation of the C4-ring substituent ’to -the
1)4-dihydrqpyridine ring of nifedipine appeared to represent
the ideal conformation for good calcium antagonist activity.
The novél calcium chanﬁel blockers had activities 1in the’
range of 10 *M to 10" *M, as compared to nif;dipihe which was
active at 10" *M. One of the novel calcium channel blockers
was shown to. possess antihyper:ensi;e action on conséious'
SHR rats. In addition, C4—dihydropYridinyi analogs wifh
bulky ester sgbstizuents at both C3 aﬁd €5 positions
" appeared to have a longer duration of actiﬁn. The C4-3'$ and

C4-4¢'-pyridinyl . derivatives of Béy K8644 ekhibited calcium

~.agonist properties whdrea& the 2'-pyridinyl -analog had

calcium antagonist tivity. Correlations of the ﬁhafma-

cological acti fes of the novel calcium channél_ blockers

dropyridine receptors.

vi
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1. LITERATURE SURVEY

1.1 C~LCIUM AND MUSCLE CONTRACTION
.
1;1.1 kegulatory Role o} Intracellular: Calcium

In the last three decades there has been a steadily
increasing awareness of the importance of calcium (Ca?") as
a mediator of many physiological processes. As published in
numerous books (Anghileri and Anghileri 1982; Campbell.
1983), cytoégiic, free Ca*" 1s now known to be one of the
messengers responsible for initiating cellular events such
as: excitatié;—contraction coupling of skeletal, smoo{h'and
éardiac muscle; éction potential and impulse conduction in
gpe~ myocardium; stimulus-secretion coupling ard many
" metabolic enzyme systems.

Although extracellular Ca?° concentration Iis in the
millimolar rangé, intracellular free Ca?" is maintalned at a
low level at rest (50"M) by various pumps and s;stems. An
incréaSe to about*10°*M initiates the cellular activation
which ceases to function when the_cytoso}fc~free calcium
falls Below the critical level. )
& It 1is now esﬁablished that contraction in skeletal
muscle can be described by the ' "Sliding Filament -Theory"
(Huxley, 1957). This same mechanism is believed to ‘happen in
smooth and cardiac muscle. In general, the basic unit of the

contractile apparatus consists of thin (actin) and thick

(myosih) filaments aligned in parallel with a region of



’

, :

overlap and cross;pridging between them. During contraction,
neither of the two filaments shorten, they however move past
each other forming new sites of cross-bridges for tension
development. The cross-bridges are the enzymatically active
portion of the thick fiiaments which protrude from 1t to
bind tc the thin filaments.

How the iﬁcrease in cytosolic free Ca‘’ ultimately
leads to the formatioﬁ of these new cross-bridge sites
during contraction has not been fully elucidated yet .
However, basically the first step 1n the intracellular;
calcium' dependent, regulatory process in;olves Ca’" binding
to the calcium-binding proteins whic; then activate- the
 enzymes responsible for new cross-bridge formation sites. ‘

Calcium binding proteins that have been 1solated are
roponin C 1in striatéd muscle (Ebashi, 1974), calmodulin
gi et al., 1978) and leitonin (Mikawa et al., 1978) 1in

. smooth muscle, and calmodulin and tropo%in C 1n cardiac

muscle. _ 4

.1.1.2 Excitation Contraction ,Coupling
Excitation contraction coupling is the process by which

excitation +of the muscle fibres initiates contraction. in
;keletal muscle,- release ‘of ‘acetylcholine at the
neuromuscular junction depolarises tﬁe membrane by
increasing its permeability to Na* and this sets off an

action potential that gropagates into the T tubules to the

Sarcoplasmic reticulum, triggering the release of Ca?' from



the sarcoplasmic reticulum so that contrgctlon ensues.

Smooth muscle can also be activapkd through

i

depolarization by electical stimull and t&iough/ stimulation

/
/

of pharmacological receptors. Based on W at was known from
skeletal muscle, electrgmechanical coupling (i.e. mechgnical
activity caused by membrane depolarization or action
potential, as mimicked by high K°) was assumed to be the
only factor leading to contraction in smooth muscle. However
it was later found that contraction in vascular smooth
muscle céﬁld also be induced with or withogt small changes
of membrane potential by such agonists as acetylcholine ané
norepinephrine (Evans and Schild, 1957) . The term
pharmacomechanical coupling was thus coined to descsjbe this

phenomenon of contraction with no accompanying

.depolarization (Somlyo and Somlyo, 1968).

1.1.3 Ca?" Pools in Smooth Muscle

Unlike skeletal muscle where all the éa" required for
triggering contraction comes f'rom ,the -well devéloped
sarcoplasmic reticulum, in smooth muscle the activating Ca?*®
can be derived either from intracellular or extracellular
sourc¢§ (Bose and Innes, 1975; Deth and van Breemen, 13977).
This concep! began with the observation, made by Bohr (1963)
that in rabbit  aorta, norepinephrine (NE) induced
conkraction is combosed of two phases, an initial fast ﬁhase
(phasic) and a slower sustained phase (tonic). While the.

phasic response was augmented in Ca®® free solutions, the

1\\\' .
, ,
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tonic response was proportional to the external Ca‘"’
Subsequently Hinke et al. (1964) noted that high K

« depolarization contractions were more dependent on

extracellular Ca’" than NE induced contractions. Through the

use of lanthanum, which displaces extracellularly bound’ ’
caiﬁﬁum and inhibits transmembrane calcium transport, van
Breemen et al. €1972) showed that lanthanum abolished the

high K° contractions, and the ‘tonic but not the phasik
componént of .the NE induced contractions. It was thereforé‘
concluded that high K° depolarization causes Ca‘’" influ#
into the cells throuq4 calcium channels and that NE
initially releases Ca*®" from intracellular storeg and then
increases permeability to sustain‘ the tonic phase of
contraction. Also, sincé only one phasic NE contraction
could be elicited in the presence of lanthanum, 1t was
proposed that the NE mediated Ca'" releaée was from a
limited store which had to be replenished by external
célcium. It must howeQer be stressed that the relative
dependence of the phasic or tonic comébnent‘of contraction

pn extracellulér and/or intracellular sources, not only
Tdepenas_ on the mode of activation but also on the smooth
,Mmuscle involved (van Breemen et al., 1980a; Wolgwyk et al.,
1985), one example beihg.the rat aorta where NE cpntractions
can be repeatedly induced in the absence of extracellular
calcium (Heaslip and Rahwan,.1§82). Hence it is clear that

the terms phasic and tonic should only be wused as a

descriptive designation of the components of agonist induced



contractions.

1.1.4 Extracellular Sources of Ca‘;

‘Both K* and receptor 1nduced contractions 1nvolve Ca’"
influx into cells. It is believed that two sets of channels
through which Ca?" can enter cells exlst:

1. Potential operated channels (POC), activated by membrane

depolarisation.
2. Receptor operated channels (ROC), activated by agonist

receptor occupation with no acgompanying depolarization.
The main evidence for these two populations of channels
stems from the work of van Breemen et al. (1980a) whb showea
that in rabbit aorta when maximal Ca®*® influx (which depends
on depolarization) was obtained by high concentration of K-,
addition of NE caused an additional Ca?*" 1influx. Thus,
depending on the~ tissue, an agonist drug may have the
ability to activate Ca®’" by .utilising different relative
proportions of these two channels; on the other hand K-
depolarization may induce reiease of neurotransmitters from
the autonomic nerves present in the smooth muscle
(Golenhofen et al., 1975) therefore also affecting the ROC.
So far there has been no concrete evidence to show whether
the ROC or POC are different channels or perhaps just a
different conformation of one system (there may also be
different subgroups among the Réc and POC themselves).

In addition té Ca:‘ entry throﬁgh the ROC and POC?,a

-

resting passive Ca?' entry and Na'/Ca?*' exchange mechanisms

®
e



also exist (Lang and Blaustein, 1980), however they are not
believed to contribute significantly to the contractiie

event.,

1.1.5 Intracellular Sources of Ca’"
Although’it is now well established that intracellular
Ca’" release by some agopists contrib&te to contraction, the
sourees of these in?racellular stores are not exactly.known.
It 1s howeveé "believed that the sé;coplaﬁ&ic’repéculum:is
the major source because it has been shown th%g~ﬂa?
correlation exists between the volume of §arcop1asmiq
reticulum in different smooth muscles and théir abiliéy tg'
contract in Ca®' free solutions (Basar and Weiss, 1981), and
also caffeine (which is known to release Ca’" from the
sarcoplasmic reticulum of striated muscle) can release Ca’’
in normal and saponin-skinned smooth muscles (Daniel, 1984).
Mitochondria are not elieved to <contribute to the
bphysiological regulation o c?toplasmic Ca?!" because their
affinity for Ca?' is relptively low. (Somlyo ét al., 1974),
~they do however represent a calcium store of a wvery 'high
%capacity. Another possible source of intracellular Ca?® 1s
membrane bound Ca?* (Sugi and Daim®n, 1977}, 'however this 1s

-

still at a hypothetical stage.’

1.1.6 Relaxation
After contraction, relaxation = follows when"yhe

increased cytosolic free Ca?* is removed. Two . different,



~J

hypotheses on the mechanism of calcium extrusion have been
proposed.

It has beep postulated 1n analogy with the observations
made in sguid giant axon (Baker, 1972) and on the basis of
experimental work on vascular smooth muscle, that Ca®*" is

o

extruded from the cytoplasm by a Na"/Ca?®’' exchange mechanism

where the energy 1s derived from the (inward directed)
“jféénémsggfane Na*® gradient (Blaustein, 1977). The other
-~ proposed mechanism involves the Ca®‘'-ATPase system, as first
described in red blood cells (Schatzm;nn, 1966) where
hydrolysis of ATP is:used to fuel Ca’" extrusion. In fact
Grover et al. (1980) have succeeded 1n showing that purified,
membranes from various smooth muscles posses a Ca"-ATPaée

transport system.
In some smooth muscles, such as the dog coronary
artery, guinea pig taenia coli and the rabbit aorta, it was

observed that relaxation was not preceeded by any cellular

Ca?* loss- (van Breemen et al., 1977; Mueller® and van
Breemen, 1979). Coupled with the fact that Ca*" is
sequestered into the -sarcoplasmic reticulum during

relaxation (Popescu and Diculescu, 19755 and that in rabbit
aorta the sequestered calcium cannot be released égain by
aéonisgg, it is believed that during melaxation galcium is
first sequestered into \fhi sarcoplasmic ‘ieﬁiculqm_ and
subsequently extruded into the extracellular space. However
it has, also been suggested that in other smooth muscle

’(rabbit ear artery), a recycliné of released Ca?* betwéen_

L -
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the gytoplasm and the intracellular storage sites exl1sts
since repeated contractions 1in Ca‘’ free solutions can be

elicited in such muscle (Droogmans and Casteels, 1981).

Mitochondrial sequestration of Ca’" during relaxation

is thought to be wunlikely wunder normal physioclogical
conditions, but during Ca®" overload (cell damagg)
mitochondria have been éhOwn to accumulate Ca‘'" (Somlyo é?f
al., 1979) thus acting as a buffer system. f?

Fhe various mechanisms of cellular Ca®" regulétion are
summarised .in Fig. 1.1, ‘

1.1.7 Ca*" in Heaft Tissue

w

Heart tissue is conigpiled by sympathetic and
parasympathetic nerve (grminals of the. autonomic system

through secretion

e
i

of hormones directly to the heart or 1into
the blood. As in:?bgher muscles, Ca‘’" h;s an important
regulqgéfy. gole in.ﬂcardiac cellula? activities such as
spon?%gééus activity, impulse conduction in the sinoatrial
and a£rioventricular nodes, and in the contractile process
of cardiac cells..In particular the voltage dependent slow
calcium influx is believed to be responsible for these
events.’

- The regulgtion of calcium in cardiac cells has recently
been reviewed (Shamoo and Ambudkar, 1984). I summary,
du:ing depolarization Ca?‘ enters through the potential

dependent calcium channels which brings about the release of

Ca?* from the sarcoﬁiasmic reticulum (Fabiato and Fabiato,
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-1979). When the «cytosolic Ca‘" reaches about 10 *M, the
troponin inhibition of contraction 1S removed angd
contraction ensues. Relaxation follows wgen the 1ncreased
cytosolic Ca’" 1s removed thréugh Sequestratibn“lnto the
1
sarcoplasmic reticulum (Solaro and Briggs, 1974) or extruded
from the cell possibly by the, sarcolemmal Ca‘’-ATPase and
Na’/Caf' exchange systems (Langer, 1982). The mitochondria!
Na'/Ca® " exchange system 1s believed to be only a minor

contributor to the regulation *of intracellular calcium

except during calcium overload.

1.2 CALCIUM CHANNEL ANTAGONISTS
1.2.1 Definition and Cl;ssification
In recent years, considerable attention has been’
directed to a group of compounds known as the Calcium
Antagonists. This term was first coined by Fleckensteln
(1969) to describe compounds that mimicked the «cardiac
effects of célc?um removal and these effects could be
reversed by the addition of Ca?". Today it 1s accepted that
the main mechanism of action of these compounds is to
prevent calcium entry through calcium channels. A variety of
structurally dissimilar compounds as exemplified ,by
Diltiazem, Nifedipine and Verapamil 1n Fig. 1.2 now form
part of this group of compounds.
From a pharmacological point of “ view, the calcium

/ . C oy e .
antagonists do not actually inhibit the effects of calcium

-

¢
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ions  but  rather 1nhibit calcium passage through calcium
channels 1n ce.i. membranes, these compounds are also known

as ca.cium entry blockers {(Vanhoutte and Bohr, '987), slow

channel inhibitors and siow channel blockers (Nayler and

Poole~Wilson, 1981). Lanthanum (La’") which binds more
»

readily to Ca‘’’ binding sites .than Ca‘’’ :tselft <can Dbe

considered as a true calcium antagonist. La’ " can 1nhibi:t

both passive calcium leak /and Ca*" entry caused by the

calcium ionophore A23187 whereas the <calcium channel

blockers have\no effe-t on these two modes of calcium entry.

Other t.aan diltiazem, nifedipine and verapamil,
numerous compounds such as prenylamine, perhexiline,
fendiline, cinnarizine and flunarizine (fig. 1.2) have alsc

been identified as calcium channel blockers. .Other compounds
like lidocaine and quinidine which effectively block fast
sodium channels are also known to yeakly impair the slow
calcium channels. \

the heterogeneity of the calcium channel

blocker attempts have been made to define and'classify
these ‘ pounds (Table 1.1). The  original definition as
proposed by Fleckenstein in'ﬁ969 is now generally accepted,
however, according to van Zwieten (1985), the term calcium
channel blockers should. be limited to those drugs which
selectively inhibit the calcium channels such as nifedibine,
verapamil and diltiazem. On} the other hand, Fleckenstein
(1983) suggested that two groups "A" and "B" are required to

v

classify the calcium antagonists; thus group A should



" Table 1.1 .

Classifica;ion of calcium channel blocker -
IS S« (Groups 1, 11

. e
( Nifedipine Verapamil D?ltiazem Diphé&lal
" ky;amines
van Zwiet%n. . 1 ., 1 “ 1 —
Fleckenstein I 1 % 1 1 Il ]
Glbssmanﬁ © o Ia 11 ©p®Irtg Ib
Spedding o I 11 I1 . ;;I

r

include the selective calcium channel blockers (nifedipine,

verapam:il and diltiazem), while group B gonsist of drugg
PO , n

such as prenylamine and perhexiline whiciﬂ less potent

. % |
anc less specific (at a concentration that-Wwill imhibit 50%
of the calcium dependent processes, these drugs will
concom:ztantly :mpa:ir the fast socdium channels).
‘ Y

Another classification that has been proposed 1s that

" of Glossmann et al. (1982). Based on ligand bindihg

" experiments, four different binding sites are .believed to

exist and . these Have‘been sugges:ed to represent different
receptdé*sites and hence four subgroups. of tﬁe caicium
ch;nne;: blocgers. However Spedding (1985%) has proposed that
tﬁggﬁ subcléése§ possibly exist based on their lipophilicity

gnd functional properties.
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It therefore appéars at:. this moment that although 1t 1s
agreed subgroups of calcium channel blcckers exist, no
single basis of classifying them is totally satisfactory.
1.2.2 Pherapeutic Use of .Calcium Channel Blockers

Nifedipine, verapamil and diltiazem have selective

cardiovascular effects. Nifedipine is principally indicated

tor vasospastic angina and hypertension due to 1ts selective

. . . * . . .
vasodilating actions whereas verapamil 1s wused in the
treatment of supraventricular tachycardias (Talbert and

.
Bussey, .. 1983; Frohlich, 1985); at & ‘therapeutic dose,

nifedipine has less effect on cardiac conauc{ion. Nifedipine
has a higher incidgnce of side effects as opgosed to
veYapamil and diltiazem (overall incidence of side ‘effects
reported for nifedipine is 17%, as compared to 9% for
verapamil and 4% for diltiazem). Furthermore 1t 1s
photosensitive and has to. be protected from light.

N Because some diseases. are thought to be due to
excessive sﬁooth_ muscle contraction, which is dependent on

L 4 . .
calcium, thete has been interest in assessjng the clinical.

use of'thewcalcium channel blockers (in particu}ar the 1,4~
dihydropyridines) in these conditions. Some of the illnesses
for whi?h calcium antagonists might be indicated are
cerébral arterial spasm, Rajnauds' syndrome, bronchial

, .
asthma, esophageal spasm and myometrial hyperactivity (Zelis

1983).
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In addition, the potential use of the «calcium channel
blockers to prevent platelet aggregation has been reported.
(Brauer et al., 1983). Calcium antagonists have been found
10,‘cause reveral of anticancer drug resistance in mice,
however the mechanism of this phenomenon is still uncertain
(Helson, 1984). They are alsc being tried clinically in the
treatment of mania (Caillard, 1985).

Hence the clinical applications of the calcium channel
blockers {s potentially vast and wifh tﬁe discovery of new
compounds and more clinical studies, one éan speculate that
the 1mportance of- thts group of compounds will grow 1n the

future.

1.2.3 Mechanism of Action of Calcium Channel BloEkeré

Research in the field of calcium channel blockers has
been directed in the following areas:

1. Standard Pharmacological Exberiments, involving both in
vivo and in vitro methods. ’ |

2. ﬁadioligand Binding Studies.

3..0 **Ca Flux Studies.

4, Electfophysiolbgical Studies.

Although considerable work has been dohe, the'molecular
mechanism of action of these drugs is still unknown, that is
how such-a diverse group of dissimilan drugs would poésess
the same end result of prevenfing calcium influx into the

‘cells. However their high potency, stereoselectivity {(Towart

et . al., 1981a; Echizen et al., 1985) and structure activity
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relationships suggest that these compounds bind to specitic
recognition sites or receptors to mediate their acsion of
channel blockade. The inability of D600 (methokyverapam:!l)
to exert its action in skinned_cardiac and smooth muscles
suggests a membrane site of action as @&pposed to an
intracellular action of these compounds (Fleckenstein,
1977).

In general, it is now accepted that all calcium channel
blockers preferentially prevent calcium entry through the
POC over the ROC. This concept developed from studles "which

showed that in many vascular tissues such as the rubbit

aorta {(van Breemen et al., 1980a), rabb:it saphenous avrtery
(Towart, 1981b) and the canine”coronary artery (van Breemen
and .Siegel, 1980b), K° ‘induced contractions were more

sensitive to the calcium_gntagonists than agonist induced
(5-HT, NE and histamine) contractions. Furthermore Farley
and Miles .(1578) found that in canine trachea, contractions
produced by 1low concentrations of acetylcholine were
accompanied by depolarizations and sensitive to verapamil
whereas contractions produced by higher' concentrations of
acetylcholine, without further depolarization, _induced a
component of the response which was verapamil resistant.

, "In other smooth muscles such as the guinea pig’ ileal
longitudinal smooth muscle (Rosenberger et al., 1979) and
Ehé ;ébbit basilar artery (Towart, 1981bd, both agonist
induced and k‘ induced contractions were equally sensitive

to the actions of the calcium channel blockers. This suggest



a similarity of action of the K- and agonist 1induced
activation 1n these tissues. Hence the extent of inhibition
by calcium channel blockers againét agonist 1nduced
contractions would be expected to depend on the wvarying
degrees of Ca‘’ mobilization through POC, ROC and as well as
zﬁtracellular stores.

However exceptions to this concept of preferential
blockade of the POC by the <calcium antagonists have been
tound. Walus et al. (1981) have shown that K° induced
activation of strips of canine mesenteric arteries are less
susceptible to nifedipine tﬁan are NE contracted strips.
Also in the rabbit mesenteric resistance vessels, NE
contractions  are more sensitive than the K contractures to
the inhibitory effect of diltiazem (Cauvin et al., 1982).

Since parallel electrothsiologicql studies are not
available for these isolated smooth muscle experiments, the
questién of POC selective blockade cannot be fully
understood until we know to wﬁat extent the agonists 1induce
membrane depolarization in these tissues and also to what
degree POC, ROC and intracellular stores are involved.

Other than the principal action of preventing calcium
entry into.thelcells; seQeral "non calcium anpagonistic"‘
actions of the calcium channel blockers have been reported.
Saida and van Breemen (1983) found that «concentrations >
10" ‘M diltiazem may prevent intracellular Ca®°' release.
Verapamil and D600 have been reported to 1inhibit the fast

Na°® current .in cardiac and neuroblastoma cells (Bayer et
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al., 1975). D60C has been shown to inhibit specific rﬁieptor
»ligand binding of alpha adrenergic, muscarinic (Jim et Nal .,
1981) and opiate receptors (Fairhurst et g/., 1980). ¢ '

In general these pharmacological effects are only
observed at a much higher concentration of these arugs, and
tﬁerefore the contribution of these effects to the total
pharmacological profile of these drugs 1s probably

insignificant (also when a high concentration of a drug 15

used, non specific actions can be produced).

1.2.4 Sites of Action of Calcium Channel Blockers

As mentioned earlier, Conéiderablé evidence has been
accumulated to suggest that the calcium channel Dblockers
bind to specific membrane receptors to produce their
pharmacological effects. There 1s now much 1nterest 1n
isolating anq 1dentifying theie binding sites by using
bjochemical techniques. Three peptides (60,000, 5&,0"0 and
30,000 daltons) from chick heart membranes (Rengasamy, 198%)
and a 278,000 dalton complex from intestinal smooth™ muscle
(Ventef ‘et al;,‘1983) have been found to copurify with the
radio labelled dihydropyridine 1ligand. 1If these 1isolated
entities are indeed associated with the pharmacological
receptors, then these findings appear to indiré@}ly support
the concept that. verapamil, diltiazem and n;fedipine
interact - with distinct receptor sites which are

'allosterically modulated (such allosteric receptors would

involve a complex organisation of subunits which are



inter-linked).

The - allosteric mechanism of calcium antagonist
interaction as proposed by Murphy et al. (1983) 1is based on
radioligand binding studlies. The radioligand
{°’H]-nitrendipine, a l,4idihydropyridine analog of
nifedipine was used in competition experiments to

characterize>the binding of 1,4-dihydropyridines to
. their receptor sites. Verag;;?j and D600 - were found to
reduce whereas diltiazem enhanced [’H]—nitrendipine binding;
also diltiazem was able to reverse the 1nhibition caused by
D600. Hence it is believed that nifedipine, diltiazem and
verapamil bind to distinct separate sités which are linked
allosterically to the calcium channel.

Attempts to produce these allosterﬁ: actions
pharmacologicall? using in vitro isolated tissues have also
been made: Recently Yousif and Triggle (1985) found that
nifedipine plus diltiazem yielded synergistic antagonism of
Ca?* responses in K' depolarized gqguinea pig teania coli and
rat mesenteric artery preparations, in parallel to ligand
binding experimental results; whereas nifedipine plus D600
produced an additive response. Similarly diltiazem has been
shown-" to poténtiate the negative inotropic activity of
'ﬁimoéipine (DePover et al., 1983). In contrast, only an
additive éhtivity was found between verapamil and nifedipine
by Humphrey and Robertson (1983) -in— the éaenia coli and
coronary artery prepératiohs; also Spedding (1983) observed

additive .effects of diltiazem plus nimodipine 1in taenia

YO



1.2.5 SAR of 1,4-Dihydropyraidine (Calcium Channel Blockers
The calcium antagonists  for which the structure
activity relatronships (SAF) have beern most studied 15 the
1,4-drhydropyridine group of compounds, to which nifedipine
belongs. Figure 1.3 shows the gemeral structure of this
group of compounds. Work i1n this field has been carried our
vy Rodenkirchen et al. (1878), Loev ot al. (1974) and

Iwanamy et al. (1979).

A

Figure 1.3 Chemical structure of the 1,4jdihydropyridine
ring of nifedipine showing the various positions for changes
and substitutions. '

The general structural reguirements for activity can be
summarised as fo.lows (Janis and Triggle, 1983):

1. Oxidation of the 1,3-dihvdropyridine ring to pyricine
abolishes activity. ‘ .

v

2.. The NH group of the 1,4-dihydropyridine ring must be

unsubstituted for optimal activity. !

3. The 2,6 5%ubstituents of _the 1,4-dihydropyridine ring

»
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should be lower alkyl.

Replacement of the ester substituents at the 3- and 5-

positions by COMe or CN greatly reduces activity.

Ester substituents larger than COOMe generally maintain

or even increase activity, suggesting a region of bulk

tolerance at the site of *,4-drhydropyridine

interaction.

The position of the substituent in the C4-phenyl ring 1s

critical, para substitution decreases activity whereas
—

ortho or meta substituents generally increases activity.

Activity 1s generally independent‘of the electronega-

tivity of the substituent since compounds with electron

withdrawing and electron donating groups are active.

when the ter substituents at C3 and C5 positions of

the dihyfir¢pyridine ring are different, the C4 position

becomes a chiral centre and stereoselectivity 1is
observed.
Perpendic¢ular orientation of the phenyl ring to the 1,4

dihydropyridine ring 1is probably important for optimum
activity.

47
Activity increases with increased ring planarity of the

»

1,4-dihydropyridine ring.

-
N

1.2.6 Calcium Agonists

A recent finding by Schramm et al. in 1983 has added

tremendous excitément to the study dJf the dihydropyridine

compounds. One novel dihydropyridine analog, Bay K8644 (Figqg.



1.4) was observed to produce pos:itive 1notroplic action and
vasoconstrictor effects, that are totally opposite to  those
of niéegipine. Due to the structural similar:ity ot
nifedipine and Bay K8644, 1t was believed that they both
bina to the same sites to mediate their actions.

in fact, considerable evidence now exists to suggest
that Bay KB8644 produces 1ts effects by promoting calcium
influx into cells whereas nifedipine and analogs prevent it.
Thus Bay KB8644 1s known as a "calcium'agonist". It has been
shown to be pharmacologically dependent on extraceliula:
Ca‘", to antagonise competitively the action of nifedipine
and non competitively against verapamil and diltiazem (Su et
al ., 1984). In ligand binding experimeu.ts, Bay K8644
inhibited [’H]nitrendipine bindﬁng in a competitive fashion,
and its effective concentration in binding studles was found
to correlate with its inotropic®action 1n the canine cardiac
muscle (Vaghy et al., 1984). It does not seem to have any
intracellular calcium release action (Thomas et al.,1985),
and is belie%ed to promote calcium 1influx through the POC
(vyamamoto et al., 1984; Sahquinetti and Kass, 1984). Through
electrophysiological studies, Hess eg al. (1984) suggested
that Bay K8644 promotes a mode of gating where the channels
exhibit very long openings while with nitrendipine, the
channels are unavailable for opening.

The term "calcium agonist" was coined by Schramm et al.
(1983) to descyibe Bay £8644 which produced positive

inotropic, positive chronotropic and vasoconstrictor

v
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eatures were ccmmen  for  the drggs to bind to  thel:
receptors. However, what 1S obser&ed;in the crystai state of
these compounds might not reflect their conformational state
when they interac: with their relevant receptors.
Furthermore Lang and Triggle believed that the 3- and 5
substituen®s of the 1,4 dihydropyridine ring might dictate
*he agonist or antagonist property of the drug since the (-)
and {+) enantiomers of a novel dihydropyridine compound
(isopropyl 4-(2,1,3,benzoxadiazol-4-yl)-1,4-dihydro 2,6ydl
methyl-5S-nitro-3-pyridine <aboxylate) exhibited antégonlst
and agonist properties respectively (Hof et al., 1985).

The fact that we now have a series of agonist and
antagonist 1,4-dihydropyridines which seem to bind to ..the

-

same ~ sites, supports the concept that such 1,4-dihydropyri-
dine receptors exist. If so, some endogenous ligands which
bind to these receptors may exlst as well, however evidence

for their existence 1s still to be found.

1.2.7 Selectivity of the Calcium Channel Blockers:

An intriguing property of the calcium channel blockers
1s their tiss;e and organ specificity, and theréfore
conéiderable attention has been given to‘fhis aspect (Cauvin
et al., 1984; Triggle and Janis, 1984; Hof, 1984).

Verapamil is principally indicated for arrhythmias due

to its selective action on the cardiac conducting system

(frequency dependent), while nifedipine is wused in angina



and hypertens.on because 0of 1ts  specific vascdilating
effects. More interesting.ly, spec.fi.city 15 cobserved among
the ' ,4-dihydropyridine group o¢f{ compounds. Figure 1.5
displays some 1,4-dihydropyridine anaiogs <of nifedipine
which have been reported to posses selective effects. Thus

niludipine 1s reported to show enhanced smooth muscle
selectivity relative to nifediping (Hashimoto, 1979), and
nisoldipine 1s also more potent than nifedipine as a
vasodilator but has the same cardiac activity (Kazda, 1980).
In addition specificity appears to exlst among other smooth
muscles or vascular beds since nimodipine has been shawn to
be more selective for the cerebral vasculature (Towart,
1981b), and nisoldipine 1s more potent 1i1n rabbit portal vein
than in aorta {(Kazda, 1980). )

In the rat aorta, contraction ‘produced through a,
receptors (clonidine) and K° are completely sensitive to
D600 while a, receptor responses are not (Nghiem et al.,
1982a). In canine trachea, contractions to low concentrati-
ons of acetylcholine are sensitive whereas high concentrati-
on responses are insensitive to the action of calcium
an;agonists (Farlpy and Miles, 1978).

From what 1is known today, it appears that specificity
is a property of tissue, stimulus or the calcium - antagonist
and ‘therefore the end result could be a mixture of these
three factors.

As mentioned earlier, the main mechanism of action of

calcium channel blockers 1is to prevent calcium influx
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-through the POC, hence it l1s clear that tissues whose

activation are more POC dependent would be more susceptible

to tte action of calcirum channel blockers , while  tissues

that depend on ROC or intracellular Ca’ " would be resistant.
On the other hand the extent of the inhibitory effect of a
calcium antagonist 1in a particular tissue will depend on the
type of stimulus, tﬁat is whether the stimulus will activate
POC, ROC or intracellular Ca’" release. e
. ~
’ Another basis for selectivity could be the existence af
diiferent subgro%ps or subtypes of,;OC and/or ROC channelg\
with different susceptibi}ity to the calcium channel
blockers. Thus the ROC in different tissues are believed to
vary 1n sensitivity whilé‘ the POC are generally" eqﬁally‘
sensitivé“”tg the -action of the ;alcium channel blockers
(Cayvin et al.,;1983), except that many K- depola(gz ion-
events in stimulus-secretion coupling are resistani‘to &he
calcium antagonists (Triggle and Swamy, 1983)!
. ’
The fact;that many individual calcium channel blockers
also have an additional "non Ca?’" blockade" .action, might
contribute to . the selecti&ity obse%&ed. For example,

.

nimod?ﬁine and nitrendipine have been reported to stimulate
= . # .
the Na',K® ATPase of smooth muscle membranes whereas

nifedipine was without effect (Pan and Janis, ﬁ§84).

Specﬁficity in-vivo may also depend on factors such as

pharmacokinetic differences, éhysico—chemical properties .of

the';étug, physiolégical reflexes (e.g. increased heart rate

in response to decreased arterial blood pressure) ' and
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. !

differences in innervation of the specific organ.
]

) . .
‘As reflected 1n this literature survey, considerabtle

,
i

progress has been made in the ffeld of calcium ®hannel

blockers in the last decade, and 1t 1s anticipated that with

Tmore work, it should be possible to understand the

regulation of the calciumn channels and it may also be

5
possible to design specific calcium channel Dblockers ftor:

14

specific diseases. -



2. OBJECTIVE
The main objective of this ptoject concerns the
pharmacological evaluation of novel reduced pyridines that
are Atructurally related to nifedipine, 1n an attempt to
further 1investigate the structure activity relationships of

this group of calcium channel blockers.

In addition to SAR results, structural manipulation of

the parent compound nifedipine could lead to a better drug

with ,desirabae properties such as _improved chemical
stability, less side effects, high potency and more
selectivity for specific disorders. SAR studies may also

provide a better understanding of the receptor binding sites

and the calcium channel 1tse]lf.

The novel compounds to be evaluat e W GVt NG T
by Dr. Knaus' medicinal chemistoy 2o o0 combosed of Dok
Knaus, L. Dagnino, D. SOOCL—onhi arno: Dr Won

The structural chanaoes i1nvestiaai-: tnclazed:

- ‘\\
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1. Replacement of the C4-ortho ni1trophenyl ring of
4
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nifedipine by other ring Systems: 2" - 5T,

’

4'-pyridinyl, and 3'-, 4'-(1'-substituted-dihydropyrid: -
nyl), and 5'-, 2'-, &4'-(1",2",3",6'-tetrahydropyr:da
nyl). ‘

2. Substitution of the methoxycarbonyl groups at either i

both C3 and C5 positions by other alkoxy este:
substituents, CN and N,N—diméthylaminoethoxycarbonyl.

3. 1,2-dihydropyridine ring 1in place of the lt4—d1hydr0py*
ridine ring of nifedipine.

4, Furthermore the effect of replacing the Cd4-ortho tra-
fluoromethylphenyl ring of the calcium agonist Bay K8044
by 2'-, 3'- and 4':pyridiny1 will be determined.

All novel compounds would be evaluated on the GPILSM.

The GPILSM preparation wés chosen as the principal test

system because it ‘has previously been shown that . in this

preparation, the muscarinie agonist and the KCl-depolariza-
tion induced contractions are dependent on extracellular
calcium entry which "are very sehsitive to nifedipine and
related analogs (Rosenberger et ,al., 1979). Also the
pharmacological actions of these analogs in the GPILSM are
believed to be mediateé through a common binding or receptor
site (Bolger et al., 1983),.Furthermore, the fact that six
to eight GPILSM‘prepé;ations could be used from each animal
and since the time course of r%sponse as well as the dose
cycle‘used was short compared to other isolated tissues,

" made this preparation most efficient.



317

In the GPILSM, the dose of the novel calcium channel
biockers that inhibits 50% of the maximal muscarinic and/or
KCl induced calcium dependent tonic contractions will be
determined, (1.e. their IDso). For the novel calcium
agonists, the dose that produces 50% of the maximal fesponse
will be obtained, (i1.e. their EDso),

Some novel «calcium channel blockers will also be
evaluated for their cardiac effects on the isolated atria
preparations of the guinea plg. This will be carried out to
see whether a diffefential SAR exists between the cardiac
effect and the GPILSM relaxant effect. Such Studieé codld
lead to the design and synthesis ¢of a drug with selective
vasodilating action and higher therapeutic 1ndex. Also
information obtained from the negative chronotropic SAR may
be useful for the design of antiarrhythmic agents.

Novel calcium agonists 'will also be evaluated on
cardiac preparations. SAR for the positive 1notropic
activity of the calcium agonists could be useful in
designing drugs which wculd improvebcardiac contractility
and efficiency 1in conditions 's\ch as congestive heart

failure.



3. METHODS

3.1 Guinea Pig Ileal Longitudinal Smooth Muscle (GPILSM)

Male guinea pigs (Charles River, Quebec) _weighing
between 400-600g were killed by a blow on the head and then
deéapitated. The abdomen was opened longitudinally and the
caecum was lifted and placed on the left hand side of the.
animal. The ileum was cut at the 1leo-caecal junction and 20
cm of ileum was removed and placed in Hepes buffered physjio-
logical saline solution (HPSS) at 37°C. The HPSS had the
follouwing composition (mM/L): NaCl 137.0, CaCl; 2., KCIl
5.9, MgCl., 1.2, Glucose 11.9, Hepes-NaOH (pH 7.4) 9.0.

The iongitudinal smooth muscle which 1s the outer
smoSth muscle layer of the ileum was separated by a similar
method previously described by Rang (1964). A 15 cm length
of the ileum was drawn and gently stretched over a glass rod
and the mesentery waé removed if necessary. Using a blunt
scalpel two incisions were made; one on each side of and
parallel to the line of the mesentery attachment. The blunt
incisions were made only through the longitudinal muscle
layer down to the circular one. With a cotton swab, the
ileum was brushed tangentially away from the mesentery
attachment from one incision line to the other. The longizul
dinal muscle could be seen to detach from the underlyﬁng
layer. It was then .lifted at one end and by géntle tension
was isolated as an intact sheet. Care was exercised not to

stretch the muscle at any stage as this could result in a

32
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poor preparation.
Two cm muscle portions, tied at both ends by threads

were suspended and fixed at the bottom end 1in jacketed glass

organ baths of 10 ml capacity containing oxygenated HPSS
(aerated by 100% 0.) at 37°C as shown 1n Fig. 3.1. The
temperature was maintained by a constant temperature

circulator (Haake Model E52). The uypper end of the muscle
was connected to a Force transducer (Grass FT03) under a
resting tension of approximately 300 mg. Isometric tension
was then recorded on a Grass polygraph (Model 7D). After an
equillibration eFriod of about 45 mins during which the
physiological medium was changed every 15 mins, the desired

. o
experiments were carriled out.

3.2 Isolated Atria Preparations

A guinea pig (GP), mouse (DBF1) or rabbit (New Zealand
White 1.5-2.0 ﬁg) was sacrificed by the method described
previously. The chest wall was cut open and the heart
removed and placed as quickly as possible in HPSS at 37°C.
The atria were carefully dissected and suspended:in a 10 ml
capacity organ bath to record isometric tension.

In other experiments the two atria were separated and
suspended 1in separatgﬁorgan baths. The starting length/ten-
sion relationship for the atrjals preparations were
determined aéd are shown 1in Fig. 3.2, 3.3 and 3.4. These

experiments were carried out by varying the preset tension

and measuring the developed force. The tension that was used

*
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Force transducer

e

Water jacket Tresue
LY
37°C
C Dramage
Figure 3.1 Schematic representation of the GPILSM

preparation set up.
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for the subseguent exper.ments was chosen such that it
corresponds to about 85-95 per cent of the maximum elfect n
the Tenrsion Response curve. Thus the chosen tensions were
1.0 ‘G for the GP atria, 0.5 G for the mcuse atria and 3.7 G
for the rabbit atria.

. - . S .
The isolated left er'rium was electrically stimulated ot

-

'a constant rate by square pulses of 1.5 msec duration and an
intensity approximately twice thressold (threshold = 2.0
volts). The pulses were delilvered by an electronic

stimulator (Grass S44) through an 1solation unit (Grass
SI1US) at a stimulatlion rate of 2 Hz; this Jalue was der:ived
from experiments where the effect of stimulation rate on the
inotropic activity of the left 1solated atrium was
determined. Figure 3.5 and Fig 3.6 illiustrate the results of
such experiments in the GP and rabbit resp3ctively; 2 Hz
corresponds to about 85-95 per cent of the maximal activity.

After ‘an equilibration period of about 45 to 60 mins,
the experimental procedure was started. The test drug
(agonist or antagonist) was added cummulativeiy and the
inotropic effect measured. The spontaneously beatfng right
'atrium or the paired atria were used in a simllar Eashion to
record both inotropic and chronotropic effects.

Results wefz calculated as % increase or decrease of

the starting inotropic contractility or chronotropic rate of

the*atria.
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3.3 Dose Response curves to CD, CA and K° 1n GPILSM

Cummulat:ive CQoUse resionse curves were oObtained to  the
muscarinic agon:.:sts il -methyi-dimethylaminomethy.l-1, -
3-dioxolane methiodide (CD), carbachol (CA), and high K° 1n
GPILSM, using the method described by van Rossum (1963).
Doses of the agonists were added 1n a geometrical fashion 1n
steps of one half log 10. The next dose was not added until
the response to the previous dose had reached a plateau. The
total wvelume of solution added to the tissue bath during
such an experiment d:d not exceed more than 4% of thé total
bath volume.

From the dose response curves obtained (Fig. 3.7, 3.8
and 319) the max:imal dose wa determined for each ognnist.
Thus *he max.mal coses were L0 M for CD, SXP0 7M  for  UA

and 80 mM for KCl. These mar»:ma. doses were hosen as the

control doses for subseguent w.Le: iments where the 1D, ot
t 4t ar { . oy v . B . PR | @) 5 de ¢ Yoo doo g
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Since 1t 1s believed that calcium channel‘bldckers are
less active in hyperosmolar solution (Hof -and Vuorela,
i983), 1sotonic B0 mM RCI HPSSH ~a. prop&reu Dy substituting
NaCli by KC.. The 80 mM KC. »hve:clin:ica. solution.had the
following pomposit:on (mM/L): Narl ¢£5.06, CaCl;, 2.6, KCi

80.0, MgCl, ~.2, Giucose 1.9, Hepes-Nadu  pH 7.4) 9.0.
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3.4 Pharmacological Evaluation of Novel Calcium Channel

Blockers

All novel calcium channel blockers were assesed on the

GPILSM, 1in addition some test drugs were also evaluated on

R 4
the GP 1solated atraa. -

Novel calcium channel blockers were evaluatqh on the
QPILSM by determining thelr 1IDso using the] fPllowing
pro-eédure. Constant maximal responses were obtajned to the
cantrol agonist at 15 mins intervals. Thevaverage of at
least two tonic cdhtroi respo?ses' was taken as the 100%
response. The test drug (1i.e antagonist) was then added to
thé'tissue bath and incubated for 10 min before the control

a

dose» was repeated. This paft of thie experiment was ca;ried
out in a darkened room (see follow ng‘ paragraph). The ¥%
inhibition of the maximal response then calculated and
the .IDs, was derived graphically ‘Py linear regression
analysis of 3 points on the linear portion (20 to 80%
inhibition) of the dqseiresponse curve ofhghe antagonist.
Nifedipine is fkhowp to undergo spontaneous aﬁd photo-
degradation (Antman et al., 1983). Since no report ‘on the
effect of light on the IDso determination of nifedipine, has
beeﬁ réportéd, experiments were undertaken to compare the
effects :of various .incubation conditions (10 min in light,
10 min‘ and 30 min in dafkened room) on the 1D,
determination of nifeéipine. The results are displayed in

Table 3.1. No statis;icaliy- significant differences were

‘found between thevvaiues obtained from the three methods of

Yo

’



incubation.' However to avoil1d the possibility of photo-
degradation, a U min dark incgbation condition was adopted
in this study. | ¢

As exemplified by nifedipine, Figs. 3.10 and 3.11 show
the effect of a calcium channel blocker on the mechanical
response and dose response curve respectively of an agonist
(CD). The IDso of nifed&pine wes derived graphicélly from
its dose response curve shown in Fig. 3.12.

A typilcal response to CD aé depicted 1n Fi1g. 3.10
consists of what 1s ‘described as the phasic and tonic
response. AS the tonic response 1s assoclated yith extra-
cellular Ca}cium entry, -only this component was considered
in this stdéy. Blockade of‘the‘tonic response is observed 1in
the presence ofvnifedipine, and gfter washing out, maximal
.doses of the control agonist were fepeated every 15 min
until the original contractions were regalned. The t1me
taken to achieve recovery was noted.

Some test drugs were also added cummu{atively to atrial
preparations to determine their negative inotropic and

g
chronotropic effects. 1IDso or ID.s were calculated

graphically by lindar regression analysis.

3.5 Pharmacological Evaluation of Novel Calcium Agonists
Novel calcium agonists were assesed on the GPILSM and

the GP atrial preparations. Cummulative doses of the test

drugs were added as mentioned earlier, to a resting GPILSM

or to an atrial preparation. EDs, for the positive inotropic



43

Table 3.1

Effect of 3 different incubation protocols: 10 min light, 10

min dark and 30 min dartfk

on the IDy, determinations of

nifedipine. No statistical significance was obtained between

IDso, values using the 3 protocols at the 5% probability

“the
level. (GPILSM)
INCUBATION PROTOCOLS
10 MIN 10 MIN 30 MIN
LIGHT DARK DARK
~— Mean (IDgo) [1.19X10°*M [1.16X10°*M [8.61X10" "M
SEM + 0.25 + 0.22 + 1.60
No. of Exp. 5 ) 5 )
Phasc
\ Tonic .
o, e
M ///~— ) ﬁ\ T
jlv T
| 1 1 I
» €O NIF co . .co
Figure 3.10 Effect of nifedipine on the CD mechanical

responses in GPILSM
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and positive chronotropic effect, and the EDso, for the

contractile activity in the GPILSM were then obtained.

3.6 Indirect Blood Pressure Measurement

Spontaneously hypertensive male rats (SHR) developed by
Okamato and Aoki (1963) from Japanese Wistar rats and the
corresponding Kyoto normotensive controls {WKY) were
suppli1ed by Charles River. They were then bred and
maintained at the Animal Care Unit, University of Alberta.

A conscious rat (> 14 weeks) was restrained 1n a cage
and prewarmed on a heated plate (32°-35°C) and with an
overhead lamp. The rat was kept thils way during the whole
experiment. Systolic blood pressure was indirectly measured
by the tail-cuff method employing a pulse transducer and an
electrosphygmomanometer (Grass Model 7P8H) on a Grass
polygraph. Each blood presshre determination was the mean of
at least three recordings. B.P measurements were made
predose and after the  B.P had stabilised. After 1i.p
injection of nifedipine or the test drug the B.P was
fpllowed for the next three hours. Results were calculated

as % decrease or increase of the predose systolic B.P.

3.7 Materials

All chemicals were purchased from Sigma, exéept CD" (a
gift from Dr. C. Triggle, Memorial 'University of
Newfoundland, St. thnfs) and the novel - dihydropyridines

including nifedipine were synthesized at the Faculty of
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Pharmacy, University of Alberta by DQr< Knaus' medicinal

group. The novel compounds were first dissolved in DMSO or

95% ethanol to produce 10 ‘M solutions and thereafter
diluted in distilled water if possible. At concentrati1»ns
used in this study, DMSC and ethanol were shown not tc¢

affect the control responses. Test solutions were f:reshly
prepared prior to the experiment5 and the contalners were
wrapped with tin foil to protect the test solutions from

li1ght.

3.8 Statistical Analysis

Results are reported as arithmetic means (t SEM, unless
otherwise iﬁdicated). Comparisons of mean values were3 made
by use of the student' s unpaired t-test. A statistically

significant difference was considered to exist for p values

less than 0.08%.



4. RESULTS AND DISCUSSION

4.1 Comparative Effects of Nifedipine on the Isolated Atria
of GP, Mouse and Rabbit

Since one of the goals of this project was to evaluate
the cardiac effects of novel «calcium channel blockers,
experiments were first carried out to compare the cardiac
effects of the classical calcium antagonist nifedipine on
the 1isolated atria of the GP, mouse and rabbit, 1in e&n
attempt to find a most economical and sensitive test
preparation.

_Purely from a cost point of view GP were most expensive
and mice were the cheapest. The cost of purchase of the
animals was $20 for each GP, $12 for egch rabbit and $1.50
for each 'mouse; while-the maintenance cost for the animals
per day was 32 cents for each GP, 65 cents for each rabbit -
and 17 cé;ts for a cage of 5 mlce. However, the relative
effectiveness of these prepara;ions had to be considered
before choosing the least costly.

Isolatea atrial preparations Qere used as the test
model bgcause they allowed both inotropic and chronotropic
effects to be recorded. In the rabbit, the right and left
atria wereh separated fo record chronotropic and inotropic
actions respectively. However the small size of the mouse
atria only permited the use of paired atria ih monitoring

both inotropic and chronotropic effects together. With

respect to the guinea pig, both the paired and unpaired

47



atria preparat:ions could Dbpe used. As a result, the GP
cardiac preparations served as the comparative control
between the three species. (1.e, comparison of the mouse
palred atria*vs. the GP paired atria and the rabbit unpaired
atria vs. the GP unpalred atria).

Table 4.1 lists the resting heart rate and the resting
developed tension, obtained for the different test systems
investigated. Thus the 1solated paired atria of the mouse
was observed to have the fastest resting heart rate of 291
beats per min, 1n contrast this preparation also had the
lowest resting developed tension of 0.028 G. The rabbit
atria preparation was found to posses a resting heart rate
of 110 beats per min and a resting developed tension of 0.30
G, both these values were lower than those obtained for the
GP atria preparations.

Table 4.2 displays the negative inotropic and negative
chronotropic actions of nifedipine in the 1isolated atria
preparations of G.P, mouse and rabbit. It 1s interesting to
note that in the guinea pig the negative inotropic effect of
nifedipine was more pronounced in the isolated unpaired
atria than the paired atria.

Since it was established in section 3.2 that inotropic
activitytdepends on stimulation frequency, the electrically
driven left atrium was used to assess the negativelinotropic
effect in all subsequent.expegiments. This was done to avoid
the complication . of interpretating altered 1inotropic

L 2
responses with concomitant changes in chronotropic activity.

"
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Table 4.1

Resting heart ‘rate and resting developed tension in the
various atria preparations. Data are given as mean + SEM.
Number 1n parentheses represents number of experiments.

T
System Developed Tension Heart Rate
G Beats/mim
Guinea pig 0.44 + 0.07 176 + 1
Paired atria (g) ( {4)
Mouse ool o L0063 291 + 20
Palrred atrio (&) \ (8)
Guinea Pig D.41 + 0.04 134 ¢+ 6
Unpaired atria (6) (5)

Rabbit 0.30 = .
Unpaired atr:a (4) (4)



wn
(o)

Table 4.2

Comparative effect of nifedipine on the 1solated atria of
GP, mouse and rabbit. ID;,- concentration required to 1nduce
25% :nhibition of the contractile activity or heart rate.
iDso- concentration reguired to induce 50% 1nhibition of the
contractile activity 1n the left 1solated atria. Data are
given as mean * SEM. Number 1n parenthese¢s represents number

of experiments.

)
} \ . “‘
System Inotropic Effect Chronotropic Effect
(C.F) (H.R)
Guinea piq ID; 6= ID;s=
Pairred atria G.30X10 *M B8.4X10 *M
0.3 (4) s1.6 14)
Mouse ;.- 10
Parred atroia F.30X10 M $.70X710 M
£ 3.2 (8) <105 ()
Guinea Pig [D,; = D
Unpalred atriea 5.0X10 *M 2.52X1) M
+0.4 (6) 0.4 (9)
IDgo=
3.42X10°'M
+0.5 (6)
Rabblt IDzsz ID;s:
Unpaired atria 3.16X10° "M $.01X10° "M
1.1 (4) +1.4 X4)
IDgo= o
1.50X10 " *M



As shown :n Table &.2, .t can be seen +that while the
!D.s wvaiues <cbtained for nifedipine 1n the GP were [ the
") *M range, those cobtained .n the mouse and rabbit were In
the '0 'M range. Hence this 1nd:cates that GP lsolated atris

are more sensitive to the caicium antagonistic action of

e

n.fedipine than mouse or rabbit artia. This may also suggest
]

that the pacemaker function of the sinus node ’and the

contractile activity of the cardiac cells in the guinea p:ig

are more dependent on extracellular calcium than 1n mouse or

rabbit .

In spite of the cost, 1t was therefore concluded from
the results reported that the GP left atria (to monitor
inotropic activity) and the spontaneously beating ri;ht
atria (to monitor chronotropic activity) would be most

appropriate for the testing c¢f novel calcium channel

blockers. -



4.2 Effect of Nifedipine 1in Conscious Exper:imental
Hypertensive and Normotensive Rats
The spontaneously hypertens:ve rat “SHR! was deve. e
rox the Japanese wistar Kyoto stra:n (WHRY) by OUkamots  onc
AOK: (1863). it is widely used as an  experimenta,
hypertensive animal model in an attempt to understand the
development, progression and maintenance of increased L. oood

pressure. The present study was undertaken tc  establ.sh

whether the SHR could be used as a hypertensive anima. mode!l
for the in vivo screening f(antirhypertensive etfests) ol
novel caicilum channel blockers. In particular the

diffterential effects, 1f any, of nifedipine on the systolic
blood pressure and heart rate 1n the conscious SHR and WKY
animals was investigated.

The starting blood pressure of the SHR (18327 mmHg,
n=12) was significantly more elevated than the WKY (126 22
mmHg, n=12). Figure 4.1 _and 4.2 depict the effect of an 1.p.
injection of vehicle and of 2, 4 and 8 mg/Kq‘ nifedipine on
the resting blood pressure of WKY and SHR rats respectively.
Nifedipine produced a dose dependent decrease 1n blood
pressuré in both the SHR and WKY animals. However the
réspOnse was more significant in the SHR. As exemplified in
‘Table 4.3, after 20 min of a 4 mg/Kg i.p. injection of
nifedipine the systolic blood preésure was lowered from
187+14 mmHg to 114+11 mmHg (39.0% decrease) 1n the SHR

whereas in the WKY it decreased from 128+5 mmHg to 101#2

mmHg (21.1% decrease). A higher dose of 8 mg/Kg nifedipine



)
W ~

) .

‘ ydeid jo A3jtiero 10}
P3331wodle sIeq W3S 'SIUsw::iodxa Y 3O  Jpsw a9yl sijuassiday
jutod yoeqy "3utdipajIN () Sy, bwg pue . By /buy ‘() by /buy
“(x) 31o1yaa jo uotleazstutipe *dr 1a3;0 sieq AMM 3yl ur
SWT3  JO uotIduUNy e se 9INSS9id pootg Ui sbueyy g (e 31nbr 4
(NIW] Iwil ,
0oct 09 Q

081 + + —+—+ 0%
O
I
. o\o/o W
o] 8
o\llsllo\kao\ 0/ log o
1\\\0\ \ \\‘ .// . .-d

I B L .-
r . s .
ollllll!oMHMHI
-:flnwhg e A\

X/Y[[x /AI/X \X .AvooF

o \\

o



'ydeib jo Ajraero 103
pelltwo 3i1e  s18q WIS ‘SIuawiiadxad p ;0 ueaw ayl s3juasaidai
iuted yoeg rautdipajIN (e) By, bwg pue () by/buy ‘(s) Ey/bug
T 3T21Yda jo uctieadstutape drt 133je S3el ¥HS Ayl ut
W

1 =

T JO UO13IdUN; B SP 9iINSSaid pootg cﬂdmcmcpﬁw 2't @#anbrg
[NIW) 3WIL .
081 0ci 09 0

+ + —T ++0Ov
o0 I8 e
4 0
S .ﬁoo H
0\ >
— Z
o« e @
.\ \ m

° e ll‘\\\\\ + \..\Il-..

A\
\




animals.

produced a more sustainec «ct:icn in both tvpes of

Table ¢33

atministration of nitedipine on the
=XY and SHE rats. -Decrease in b.p
WEY at corresponding time

Effect of d4mg/Rg 1:.p.
resting Blood Pressure of
significantly different Trom
AP<0.05).

ELUO0 CRESSURE (mm Mg)
x ¢ SEM (n o= 4

@

TIME (min.) WK Y : SHR
0 5 187 + 14
- 5 + 2 109 = 7+
10 . ) IRREERT N
20 101 - [REEEEREE
30 101 < ¢ 121+ 17 .
40 104+ « 1314 9
60 - ¥13 s HERERE ¢
80 N6 .t G
100 117+ 6 C1SD 20
130 21 L < 1h9 .7
AS  shown  in Ficure 4.5 anc 4.4, nifedipine produced

1ncreases 1n the heart rate of both SHR and WKY rats, this

“increase was not significantly different between the two

n . ;
types of animals. This effect is alsp observed in ' patirents

treated with nifedipine and has been attributed to a

sympathetic reflex action in response to decreased arterial

b -

pressure. ) B )

The above results show that the hypertensive SHR model-

1s more sensitive than the normotensive WKY rat to the
. . //f .
antihypertensive action of the 'calcium channel antagonist

nifedipine. For future im vivo antihypertensive scree‘ing of

"novel calcium channel blockers, testing on the SHR animals

alone would be preferqble.‘

z
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These results appear to be compatible with —reports that

vascular smooth muscle responses to the physiological Ca’”

[
’

ion are more sensitive in SHR than WKY (Harris et .:/.
1983) . However in vitro studies have resulted 1in conflicting
observations about the differential effects of calcium
channel blockers on 1isolated vascular tissues (Lederballe

Pederson et al.,1978; Nghiem et al., 1982b; Pang and .utter,

1881).
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4.3 C4-Pyridinyl Nifedipine Analogs: Pharmacological Evalua-

tion 1n GPILSM

As mentioned 1n section 3.4, the antagonist test drugs
were incubated for 10 min priog to addition of the control
agonist. A 10 min 1ncubation time was arbitrarily chosen
because 1t was previously found that the ID¢, values of
nifedipine determined by the protocol of 10 min and 30 mié
contact time were statistically not sianificant from each
other. The experimental method wused to ascertain the
preincubation time course for the test drug' s activity to
teach ‘eézilibrium, involved challenging the resting GPILSM
by a.dose of the control agonist. When the tonic phas= was
régghed and maintained, the antagonist test drug was then
added; the tonic response was observed to decrease as the
muscle relaxed. Equilibrium was indicated by the levelling
off of the tonic response. Eight test drugs, independently
chosen from each series of”the compounds investigated in
this present study were subjecfed to such an experimental
protocol. They were observed to produce fheir equlibrium
relaxant effect within 7 min. All compounds were therefore
pneincubatgd for 10 min wusing the experimental procedure
described in the Methods section. Furthérmore» Hof and
Vuorela (1983) after assessing 3 different methods of-
evaluating calcium antagonism activities, concluded that the
method as adopted in this present study was preferable.

Table 4.4 shows the IDso, of a group of compounds in

wvhich the C4-o-nitro phenyl ring of nifedipine was replaced

€



by a 2'-, 3'- and 4 '-pyridinyl ring, and the methyl ester

substituents at the C3 and/or C5 positions replaced by other

alkoxycarbonyl, N,N-dimethylaminoethyoxycarbonyl or CN
groups.
Compounds 2, 6, 11 and 24 were evaluated for their

inhibitory actions on both the muscarinic and KCl 1nduced

calcium dependent contractions. No statistical significant

difference was observed between the 1Ds, values obtained

through these two modes of agonist activatioﬁ. This suggests

that ID,, values obtained through muscarinic and KC1
'activation may be interchangeably compared.

Compdunds 1, 9 and 19 are.structurally different from
nifedipiné, in that the C4-o-nitro phenyl ring of nifedipine
wés replaced by a 2'-, 3'- and 4'-pyridinyl ring. This sub-
stitution provided compounds of significantly (p<0.05)
lesser potency (10 *M range activity as compared to 10 *M
for nifedipine). N

Among these pyridinyl compounds, analogs 1 to 6 with a
ZJprridinyl ring were more acfive than the respective
3'-pyridinyl compounds 9 to 14, which in turn were more
potent than the 4'-pyridinyl derivatives 19 to 23.

The size of the ester substituents at " the €3 and C5,
positions were increased from methoxy- to ethoxy-, 1s0-pro-
poxy- and iso-butoxycarbonyl in each pyridinyl series. Such
modification proved to be favourable for activity. As
exemplified by the 2'-pyridinyl series, the order of

°activity‘\' was as follows: iso-butoxy analog 4 > isOo-propoxyg
4



61

Table 4.4

Calcium channel antagonist activity of Cé4-pyridinyl analogs
in GPILSM. 1ID¢o- concentration required to induce 50%
inhibition of tonic muscaripic contration. Number in
parentheses represents number of experiments. =* indicates
IDy;, values obtained with KCl as control agonist instead of

CD or CA.

X
NO,
R, R, H,COOC ©_ COOCH,
| ]
H,C : CH, H,C N cH,
NIFEDIPINE '
ID,,=1.15X10"*M *0.1(28)
X R, R IDyo *SEM Cpd
"COOMe COUM . 2.32%x30 *M #0.13(3) i
. COOEt COOE 1.77K10°'M +0.03(3) 2
Pyridinyl , , 2.64X10° WM $0.7(3%)
COOiPr CO0:Pr 1.25X10° "M +0.2(3) 3
= l COOiBu™  COO. 3. ' 9.36X10°*M +1.3(4) ;.
N coome Coo:in: 9.56X10°*M +1.3(3) 5
COOMe CO0: 5. 4.10K10°*M +0.17(3) o

3.56X10° M £0.5(3s)

COOMe COOCH!KTH),  4.36X10°*M +0.5(ax) 7
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Table 4.4 (cont’)

X R, R, IDyo *SEM Cpd

CN CN 3.57X10° *M +0.72(3) 8

COOMe COOMe 3.8€§Ro--m +0.83(3) 9

. COOEt COOEt 3.40X10° "M 21.2(3) 10
Pyridinyl  COOiPr COOiPr 2.é7x1o-’M :6 6(3) 11

‘ | 2.50X10° "M £1.2(3%)

Xy~ COOiBu CO0iBu 1.40X10"'M +0.6(3) 12

_ COOMe COO1Pr 9.70X10 *M 24.67(4) 13
COOMe COO1Bu S.60X10-*M +0.6(3) 14
C.OOMe COOC"H‘MTH)‘: 3.34X10°*M +0.5(4%) 15
COOC{H‘.‘{HJ)I COOC;H‘}J(H’)A 1.79X10° *M +0.2(4+) 16
CN CN / 1.30X10° M £0.2(2) 17
COOMe CN 8.77X10 °M 0503 e
Pyrgd;nyl COOMe COOMe 5.00X10°*M *1.1(2) 19
CO0iPr CO0i Pr 2.31X10° "M +0.67(4) 20
/N COO1Bu COO;BU 5.80X10° "M #2.1(3) 21
NN COOMe Co0iPr S.60X10°'M +1.6(3) 22
COOMe COOiBu 2.20X10° "M £0.7(3) 23
COOMe COOC)P})CH)? 5.05X10°*M £0.8(3) 24

5.13X]O;’M +0.4(4%)
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analog 3 > ~-ethoxy analcg 2 > methoxy anaiog‘T. The same
trend of results was also observed 1n the 3'- (9 to 12) and
4 - (19 to 21) pyridinyl series.

Compounds 3, 4, 1, 12, 6, 20 and 21 possessed

identical esters at the C3 and C5 posivlions. Replacing cone
of these esters by a methoxyvcarbonyl resulted 1n compounds
5, 6, 13, 14, 15, 22 and 23 respectively. With the exception
of 5 and 22, these latter compoundsAwere found to be signi-
ficantly (p<0.05) more active than their corresponding
1dentical ester analogs. o

Substitution of one or both of the methoxy groups at
the C3 and C5 positions of compounds 1, 9 and 19 by N,N-di-
methylfminoethoxy yielded the significantly (p<0.05) less
aé}ivé‘analogs 7, 15, 16 and 24.

Introduction of CN at either C3 and/or C5 positions of
analogs 9 and 19 also produced compounds (8, 17 and 18) of
significantly (p<0.05) less potency. Analog 17 which had
both methoxycarbonyls replaced by CN was less active than

!
compound 18 where only one ester was substituted.

AThe following 'summarizes the structure activity

cofrelations-of'the C4-pyridinyl series of compounds:

1. Replacement  of the o-nitrc phenyl ring of nifedipine by
a pyridinyl decreased activityl

2. In terms ?f activity, 2'- > 3'- > 4'—pyridiny} analogs/

3. Increasing the size of the ester groups at the C3 and C5

positions enhanced activity.

4. Non-identical ester analogs were 'more potent than” the

»
(4



identicalresters.

-

5. Substituting one or both
methylaminoethyl carboxy
activity.

6. Introduction of . CN at
decreased activity.

The 3-dimensioral conf

lated analogs) 1n the crysta

4

Trrggle et al.,

X-rav diffraction

1980)

and

dropyridine ring 1S Seen to
with the C4 substituted phenyl
axlal orientation. Due to the
phenyl substituent and the C3

rotation is restricted so that

positidned towards the 1,4-dihydropyridine ring .in

symmetry plane. This

for good calcium blockade acti
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expected to adopt a similar
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conformation toO

Structurally both the ,‘4-o‘itro phenyl ring of nifedipine
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an o-nitro substituent‘whereas
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'ﬁstem. The decrease in ac

-bhenyl ring of nifédipine was

attributed Xto
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therefore be

are

planar. However nifedipine has
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tivity seen when the o-nitro

replaced by a pyridfnyi could

the fact aat the lone pair of

nifedipine.
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Figure 4.5 Comparison of the 3-Cimensional our
representation of nifedipine and C4-2  pyracdiny. aneicy.

steric  effects  than the o nitro suLolituen: O S N ST T
This would cgecrease the non bonded interact:ons hetween  the
C3, C4 and (C5 substituents ancd also allow mere free rotation
of the Cé4-ring system. In fact Loev ot al. ("973) also
concluded that w@activity probably depended ;on the steric
effect of the substituent on the C4 phenyl ring and that the
electronic character was not important..

It 1s interesting to note that 1n parallel to the
established SAR.that the order of activity is ortho » meta >
para substituted phenyl, 1t is observed here that 2'- > 3'-
> ¢'-pyridinyl, suggesting that the'position of the nitrogen

and' lone pair of electrons in the pyridinyl ring is

important for activity and that the pyridinyl ring is
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pecrent, showing perhaps the 1opoertance Ut Ster:c factore

and/or iipophiliic:ty properties < these c(ompounds.

Increasing the Ster;' effects of the ester suybstituent.

would increase }Ae non bonded 1nteractions between the

C4 and CS SubStx{Qents, which 1s consistent with the ‘tu-
/

that in the C4>ﬁyridinyl series, non bonded i1nteractions (a

iictated by t?é distance between the lone pair of ele trons

/
arx_the CB/Eﬁd C5 ester substituents) and activity l1ncreases
in the same corder of 2'- - 3'- ~» 4 -pyridinyl. It 15 also

possible that the <calcium channel blockers’ receptor site

consists of hydrophobi pockets to which t he qlkoxy

5ub§tituent5 iAteract, and optimum activity 1s achieved
through int;rac ion of bulky ester substituenrts with these
hydrophobic pdckets. Qﬁg @

The finding that activity 1increases with bigger esﬁer
groupé is in total agreement with that of Loev and
co~worker§j!’974) and Towar; (1981a) but opposite to Roden-
kirchen' s .(1979) observations., However Rodenkirchen
measured the negative  inotropic effect of  the
dihydropyridines on papillary muscles while Loev lookedrat
their hypotensive action on anaesthiesized animals and Towart
at relaxation of the GPILSM as\used in this presént study.

Replacement of iso-butoxy at either €3 and/or C5

positions by dimethylaminoethoxy was expected.to enhance

steric effects and hence 1increase activity, however such
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- N . - oy . < . r > * e - N RV ‘ + e T
substitutionn provec T e cCcetrimTenta.. A nypothetica.

explanation for  this cou.d be that the receptcr site o
which the ester substituent :(nteracts with for f:ts on) .s a
"cavity” s:ite; the size of such cavity peing 1dea. for the

-
D

-+
RS

[}

C ast nicardip:ine (2-(N-ben-

O

150 butoxy group.

zyl-N-methylamino)ethyl methyl-2,6-dimethyl,-4-(m-nitro phe-

nyl)-1,4 dihydreopyridine-3,5-dicarboxyliate), which possess
ap even bulkier C3 ester substituent with a tertiary N, has
been reported to possess good cerebral vasodilating effwcts
and hence such substitution could be(important for Selecﬁgve
activity 1n the cerebrél vascular tissués.

, Compounds with non-i1dentical substituents at the C3 and
C5 positions were observ;d to be more active. This result
confirms the finding reported by Iwanami and co-workers
(1978). In these non-identical ester analogs, the carbon
atom ét the C4 position becomes a chiral center. In fact it
1s now known that such analogs exhibit stereoselectivity

suggesting that dihydrbpyridine compounds bind te stereo-

selec?ive sites to mediate their pharmacological effects

Al

.

)_(Towart, 1981a; Shibanuma et agl., 1980)

-

o The decrease in activity seen when CN was substituted

\ for the ester group could be attributed to the . lesser steric
effect of the CN substituent, and this would result 1in a
decrease 'in non bonded interactions between the C3; C4 and

~
C5 substirtuents, and alwo lead to freer rotation of "the
Cé4-ring systemQ The same SAR has previously been'reported by

Loev et al. (1974).
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4.4 C4-Pyridinyl Nifedipine Analogs: Pharmacological Evalua-

ti1on 1n GP Isolated Atria

AS an extens:ion i the study 0 tohe GPILSM which showed

that ncreasing *the size of the ester subst:ituents ate(C3 una
-~ ) x

C5 posiuP™®s increased activity, as opposed o the  SAR

reported by Rodenkirchen (1979) who found  that inovat

vaps.a.ary uscles, activity decreases w.th more Lulky

esters, 1t was of nterest TG see w}:a@ effect @5t e
substitution of the Cé-pyridinyl compocunds, had on  the
contractile force (inotropic eftect) and hear®s ruze

(chronctropic effect) ¢i the GP 1smlated artria.
’ 4 i

-

w

Table §. Shows the results of iixf 4-2" pyridiny.
derivatives, with ester substitutioui a* the C3 and €5
positions. Chronotropic lactivify 15 seen to 1ncrease th%
3 .
larger ester groups (4-3-1). The ?%fluence on the inotropic
effect was not the same, compounda! had greater a~tivity
than compound 3, however they were both much less pétent
than 4. Reﬁggcing one 1so-butoxy substituent of compound 4§
by methoxyv(i.e, the non-ideﬁtical ester anaiog 6), did not
appear to affect the cardiac activity significantly.

In parallel to what was observed in the GPILSM, di-
methylaminoethoxy %ubstitution of methoxy at the C3 position
significantly (p<«0.05) reduced activity (7 vs. 1).

It is therefore concluded that SAR  for relaxant
activity in GPILSM and chronotropic éctivit} in GP isoiéted

atria generally appears to be similar and thus increasing

the size of +the ester substituents tends to produce -



>

Calcium channel antagonist activity of C4-pyridin
in G.P isolated atria.

IDgo-

Table 4.5

induce S50% inhibition of the: contractile

left atria. ID;s- concentration
rate of the right
in parentheses represents number of
ral- details of compou-

inhibitiorn of the, heart
beating atria. Number

experiments. See Table 4.4 for structu

nds. L

»

A,

eoncentration
activity
required

analogs
required to
of
induce 25%

spontaneously

Left atria
Inotropic E!
IDso

Right atria
Chronotropic E.
ID;s '

cpd

»1.67X10°*M
20,6 (4) .

9.37X10" ‘M
8 :0:2 (3) ¢
cl /6.72x10'*é .
1.3 (4 -

7 cgonc. of .

T1.0RIQ ‘M to 5
» . 5.0X710°* pro-

ducedfho effect

(RN

3.82K70-" 0
1005 (61.) -

- cm

3513810 M
1.3 0(4)

o °

BN

5.51x10;’M
+2.2 (3)
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.

compounds of higher activity 1n GP 1solated atria. These
results are contrary to those of Rodenkirchen (1979) who
found the opposite relationships on the inotropic activity
in cat papillary muscle, and therefore deserve further
consideration. These ?results may 1indicate a fundamental
species difference in the naturé of the  receptors which
inflﬁence inotropic activity in cat papillary muscle and the
réceptors whicg influence chronotropic activity 1A GP atria.

Overall, more data are required to draw any  cléar

correlation about the inotropic activity rn the GP 1solated

atria. '

“
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4.5 C4-Dihydropyridinyl Nifedipine Analogs: Pharmacological
evaluation i1n GPILSM
Compounds with a C4-(3' or 4')‘[T'“SUbStituted'ﬁihydro~

pyridinyl] ring and ester group variations at (3 and C5

AN

positions were also screened and the smooth muscle
activities are reported in Table 4.6. The 1'-substituents
‘were * methoxy-, tert-butoxy- and phenoxycarbonyl. Compounds

25 to 44 consisted of *a mixture of the 4-(3'-(1",2'-dihydro-
' !
1
pyridinyl)] and 4-[{3'-(1',6'-dihydropyridinyl)] regio-
isomers. The separate activity of each regioisomer 1s not

known. ; .

Replacement of the Cé-o-nitro phenyl ring of nifedipine
by a 3'4.)or 4'-d€oydropyridinyl riog produced analogs 27,
33, 39 and 46 which had activity in the 10°* to 10" "M range
as comparedf to’ nifedipine which wé; “active at 10" °*M
Compounds 27 to 30 with a C4°3'—dihydropyridinyl,were signi-

«

ficantly .(p<0.05) more potent ‘thad‘ the}r corresponding
| d1hydropyr1d1nyl analogs 46 to 49, i

Am thoxycarbonyl substltuent -at the 1'-position of the
C4-dihydropyridinyl rlng, generally produced the mast active
o codpounds .(27‘ to 32), whereas derivatives with tert4butoxx

4

(33‘ to ~38) and phenoxy (39 \to 44) could not be
dxfferentlated in terms of the1r activities. ' |
-7 Compounds 25, 26 and 45 with a CN group at - the C3
and/or C5 p051g10ns vere found to‘be 51gn1f1cantly (p<0 05)
less active than compounds with a methoxycarbony; substitu-
ent (277and 46). |
,,ﬁ‘:‘ S -
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Table 4.6

Calcium channel antagonist activity of C4-dihydropyridinyl
(dp) analogs in GPILSM. 1IDso,- concentration required to
induce 50X inhibition of tonic muscarinic contraction. For
comparison the IDso of nifedipine = 1.15X10°*M. Number 1n
parentheses represents number of experiments. & indicates
IDso, values obtained with KCl as control agonist, instead of

CD or CA. .

: N
L
\ -
R, R,
H,C N CH,
H
c4-{3'-(1',6'-dp)] ‘c4-{3'-(1',2'-dp)])
analog ‘ analog
X R, "R IDs, *+SEM €pd
COOMe CN CN |/ 3.39Z10 M 30.25(4) 25
Codre N COOMe  5.1GE10° M x1.2(3) 26.
. 3.70K10°*M '+0,64(3%)
COOMe  COOMe - COOMe .  5.89K10° M £2.2.(%) 27
° - ) N ’ ‘\' -
N : 9.60X10° "M $2.2(4%)
' COOMe COOEt™ . - COOEt 1.BX10° "M +0.5(3), 28
COOMe COOiPr , COOiPr 1.31%10° "M +0.2(42) 29
COOMe ~  €OOiBu  COO:Bu 7, 7K107 K £1.743) 30
| B.14X10° "M £1.53(49)
COOMe - COOMe CO0i Pr 1.5BX10 M £4.3(3) . 31
. . ¢ . . . ’ ’ ) : ’
- ~ ‘ C B.54X10°*M £1.6(4%)

COOMe™ . - .COQMe . CO0OiBu ‘3.1XJQ“M':0.7(4) . 32 .
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. Table 4.6 (cont')

X R, R, IDs, *SEM Cpd
COOPh COOMe COOMe 3.69X10"°*M +0.5(4) 33
4.20X10°*M +1.3(3%)
COOPh COOEt COOEt 8.65%X10°'M +0.3(4) 34
7.40K10° "M 20.7(4%)
COOPh CO0iPr COOiPr 1 67E10- *M +0.2(3) 35
1.33X10°*M 20.2(4%)
COOPh - COOiBu COOiBU  6.46X10 *Mge0.9(3) 36
' 6.93%£10 *M :6i82(4t)
CoOPh COOMe . COO1Pr d S.0%10 ‘M +1.7(4) 37
¥ | M | Q.:;x1o"M +1.4(4%)
 CooPh . COOMe, CO0i Bu 5.573107'M £1.5(3) 38
| ‘ \3.37:-:‘-0%"}4 £0.28(3%)
cootsu cooﬁee CooMe” - S FETRRTY +0.3(4)° 32
4..77x10""M 10;6(4*)
COOtBu . COOEt COOEt ! 6:72x10"M £0.9(4%) 40
A CJO:BU . fLooier CO0vpr w PLIEN DT M £0.344) | ’%1
B coouBL COOiBu CO01 Bu 5032500 M £0.4(3) Y
v 3.72510 *M :o.agé:d
i CO0zBu cooMe " cooipr 2.37xxo-’muzo.3f4){ 43
}3c00t5u - . COOMe })/goopr. 4;28316;’M 10.1(4)ﬂ‘2' 44

-
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X R, R, 1Dy, *SEM Cpd
X
|
N
S
R1
CH, '
ca-l4'-(1",2'-dp)].
analog
COOMe CN CH 6.75K10°*M £2.5(2) 44
COOMe COOMe Coom PSTEI0 M £0.5(3) 4t
= C.87X10 *M +0.4(3+)
COOMe CODE:, SHADID ’ ?43K10° M £0.2(3) 5
: TL97X10 M £0.2(3%)
* ;
COOMe- cooipr COOiPr 1.01X10°*M %0.2(4) . 48
.COOMe CODiBu  ~ CODiBu 1.72%X10° ‘M £0.2(4) 49
.BINI0T M 0.5(4%)
COOMe CoOMe Cooizy LT6K107 M £0.5(4) &0
‘cobpen COOMe CODiBL £.10X10°°M £3.5(3) 51
. ®* - N . N
COOPh COO1i3u COOiB SLU10%10° M £1.6(3) 52
COOtBu CO0iBu COJiBy 2.03X10° ‘M *0.5(4) ~ 53
- . . : . . “ ¢ ’
COOMe CO0iBy L18X10°*M £0.2(4) 54, -

COOtBu.

»r
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In the 35~ , 4'-[1'-methoxyca®bonyl dihydropyridinyl]
and 3'-[1'-tert-butcxycarbanyl dihydropyridinyl] groups of
combounds, lncreasing the size of both the C3 and (5 esters
from methoxy (27, 39 and 46) to ethoxy (28, 40 and 47)
lncreased activity; a &urthef increase to the corresponding
1S0-propoxy analogs 29, 41 and 48 further increased
activity. However analogs 30, 42 and 49 which had i1so-butoxy
é§£ers showed a decreaée in’;ctivity with respect to analogs
29, 41 and 48 respect}vely.

In- the 3'-[1'-phenoxycarbonyl dihydropyridinyl] group
of compounds, derivative 33, with met;oxy esgefs at the (C3

and C5 positions was, K more active than the ethoxy ester

analogs 34. However an increase of the size of the esters to

» "iso-propoxy resulted in the less active compound 35; and any

activity,

further increase to siso-butoxy =~ (36) further reduced

activity.

' In contrast to the above case where both ester groups
were increased, increasing the size of only one of the ester

-

substituents (while M}hef other™ one remained” a methoxy-
* ' i )

- carbonyl) from methoxy (27T 33 and 33) to iso-propoxy (31,

~

B

-4

~37 and 43) and to iso-butoxy (32, 38 and 44) increased

a

] ) >

. 0 . ’ R . E :
s Compounds 30, 35, 36, 41 and 42 - had identical 1iso-pro;

poxy = or iso-butoxy ester groups at ‘the C3 and C5 positidns.

These compounds wére significantly (p<«0.05) less active ‘than

their corresponding non—iQentical'esﬁer analogsA32,-37, 38,

43 and 44. 1In other cases, the identical ester .derivatives

,.‘n _ . Y
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29, 49 and 53 were about egulipotent as compared to ‘thelr
corresponding non-identical analogs 31!, 50 and 54.
The following summarizes the determined SAR for this
series of compounds:
1. Replacement of the 4-o-nitrophenyl ring of hifedipine by
a 3" or 4'-dihydropyridinyl reduced activity. .
2. analogs with a 3'-dihydropyridinyl at 'the C4 position
A,were more active than those with a 4" -dihydropyridinyl.
3. The order of activity for the substituent on’ "the
&'~position of the C4-dihydropyridinyl was methoxy- -

. tert-butoxy- and phenoxycarbonyl. ‘

4. Introduction of CN groups at eithér C3 or/and C5
positions reduced activity. . i

5. In the identical ester analogs, initial 1ncrease in the

~ size of the esters increased activity, however any
fgréher increase 1in Size reduced activity. .

6. -In the non-identical ester analogs, increase 1in the size
of one of the ester while the other one wés methoxy-

, .. * .
carbonyl, increased activity. - H“

¢

L - N . 2
7. Compoundsg witﬁ nonp-identical ester ‘groups at the C3 and

C5 positions were generally more potent than those with
4 ) '

identical ones.

‘

¢

Figure 1.6 illistrates 3-dimensional represéntationg;of,
C4-meta-substituted phenyl and C4;(3"-[f'—substitutgd-dihy-'

dropyridinyll) anﬁlogs}' The decrease in activity which is

‘ s : . - . .
observed when' thé o-pitrophenyl ,ing ‘of nifedipine is
v . : {y . N . . .

replaced " by a dihydropyriﬂiﬁyl, could be attributed to the

’



C4-dihydropyridinyl

C4-phenyl

]
Figure 3.6 Comparison of the 3-dimensional structural
representation of C4-phenyl and C4-dihydropyridinyl analogs.

more puckerec Tonlormation of the latter rinc  system, as -
compared -to the planar phenyl .ring of niledipine. This

- . . ,“ N -
suglests <ha: pilanarity of thg C4-ring substituent 15

¢ ocd calcirum gntagonist activity.

. k.
important for
»

Compounds w:th elther | methoxy-, tert-DutoxXy- or

N8

phen&xycdrbonyl substituents on the 1"-position of the |
. C4-dihyéropyridinyl ring were tested to assess the steric
. . h ,

effect of these substituents on activity. In terms of steric

. L '
properties, fert-butoxy and phenoxy substitq..ts arg bulkier

) than methoxy. Since the smaller methoxy substituent ylelded
compounds of better acivity than the tert-butoxy anc phenoxy

1iﬁat’substituents o¢ smaller size orn the

s -

analogs, it appear

R A _
calcium channel .

"CGfdiﬁydropyrdd}nyl ring afé‘ Optimal, for
- ’ B

: blocﬁing activi;y;.

.
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Structure activity correlations #2, 4, 6 and 7 are
consistent with those obtainedfin the Cé-pyridinyl series.
However it 1s very 1nteresting to note that when both the
ester Substitueﬁts at C3 and C5 positions were increased 1n
size, highest activity was obtained with an Toptimum” size
of ester ‘substituent. ;Any further i1ncrease 1n size had a
detrimental effect @n activity.

Interestingly, the above selationship was not present
when only one ester group was increased (the éther one being
methoxycarbonyl) and also was absent 1in the-Cg~pyridinyl
series. _Siqce pyridinyl and dihydropyriainyl rings are
conformatienally different, this could mean that binding of
that part of-the ring system to the receptor site may
difter, 'and this could 1i1ndirectly affect (e.g. through
steric hindrance) the iﬁteractioq of the. ester substituent
with 1its binding site a;d .hence a different SAR for the‘
ester groups Qf the dihydropyridiny!l series of compounds.

Also non-identical ester analogs possess a chiral center
- - S - .
which may well- \be important. for the increased activity
- . ,

= ..

observed., - : o -

As mentioned .in the'M;thoas section, \after inhibition
by _.the test drugs is obtained, the- original- control
responses were usually regained within about’ 30 miﬁ;.prevér
seven 'compounds in this series of G4-dihydropyridinyl
analogs (30,35;36,42,49,52,53) were observed. to have "a
longer duration of. qction, as judged,By'the longer time

required for the recove;y"bf\cohtrol responses. Figure 4.7

¢



shows a typlcal experiment where agonist control doses were
repeated after inhibition by the antagon.st test drug was
.

obtainea. As exempiified by nifedipine and compound 44, ‘the

N hd . "
oriqiqal control feéponses. were regained within about 3C
mins. However for ~ompound 42, after three and a half hours
the response was only 53% of the original ccntrol regponse.'

Compound 42 possesses identical i1so-butoxycarbonyl esters at.

the (€3 “and C5 positions, while compound. 44 has isc-butoxy-

: »>
and a methoxycarbonyl substituents. Ipn fact _one common

property shared by these compounds 1s that ihey possess

bulky 1identical ester substituents at the <C3 and C5
R ! » Y

positfons, which may ailow them to bind more strongly to the

channel protein.

‘In  this series, 15 of the 30 novel dihy&ropyridinyl

‘analogs_were evaluated on the GPILSM for their ‘inhibitorf
effect on both thg muécarfnic and KCl-depolarization calciuh
dependent contractiéns.iFor gach analog, an unpaired t-test
was performed betweénlthe 1Dso values_&btained through the 2
msaes of activatipn, i.e muscarinic éna KCl;depolarizationi.
In all cases, no statistical ‘significangey‘Jas obseryed;.
(p 0.5}. Hence in thq‘GPiLSM, muscarinic and 551 induced
contractions are equally sensitive to the action of dihydrq;
prridine qalcigm cﬁannel blockers.” This 5u9gé§ts‘> ﬁhat
muscarinic “agonists and KCl induce calcium entry phgbugh
>similar mecpanismé. This’may also suggests that m;scarihigfm‘
agonists on binding to their ré&ceptors produce depolariza-

Y

tion and therefore induce calcium entry fhrough”POC similar
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to KCl-depolarization. However, since electrophysicicgical

data are not available for the GPILSM, the above results may

also indicate

!

the action of dihydropyridine calcium channel blockers
~ .

-

that ROC and POC are egually susceptible to
1N

v

the GPILSM. ‘ .

-

The spontaneously hypertensive, rat (SHR) which was

be a good animal model for the screening of anti-
%

(sectaon

shown "to

hypertensive action -of calcium channel blockErs

-

4.2), was used to further evaluate‘compound 32. Figure 4.8

illustrates an experiment where an i1.p.. injection  (4mg/Kg)

¢

of the novel dihydropyridinyl analog 32 was administered to

conscious SHR rats.

100 _

— ‘ i
& | | ¢ ,

: . Q =
A v ¢ T
@ ; I - *"‘y)/
O g0 . /‘? I .
5| S
O . - i
— . Y !
7] T f
> i -
v . ,
_Z_ . "
W 8
O 60 1

*z
« N K
I
(&) »
i . :
40 g T Y ” .
[o] 30 60 90 120
TIME (MIN)

Ficure &.3 Comyarison of the antihypertensive action of an
i.1. adminis:retion @f 4mg/Kg compound 32 (e) and nifedipine
(o) on cewsc:olLs SHR rats. Each point represents the mean of
3 (e) and 4 10) experiments * SEM. ' |

-



Ccmpound 32 1S seen tc .ower the 5,003 pressure 2y
* »

f e ) 1 I3 I . %
a.Ler 30 min (O e T I0n,
- B

x

e

»

s antihyper.ens:ve effect was .ess pronounced,
ﬂo?etheless sign:fsicany. This was a.s» ~omparablie to
%el«axant action in GPILSM, where the (D, of analog 32

3.'X'0 °*M as compa

I'S

o)
1O,
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4.6 Ch—Dihydropyridinyl Nifediéine Analogs: Pharmacological
evaluation in GP iéola;ed atria
Table 4.7 displdays the cardiac. activities of seven
C4-dihydropyridinyl analogs. The insolubility  df " some
analogs at higher concentration did not allow- the

determination of the neéative inotropic effect (IDso, values)

' of these compounds in the left atrium. |

r

Similar to the SAR observed in the GPILSM, -compounds
wigh a methoxy subsrituénﬁ at the 1'- position of the dihyJ
dropyridine were more poteﬁt than those with phenoxy or
tert-butoxy -on the'chronotropic effet (27>33,39). Hence for
chronotropic activity in the GP isolatéd atrfa, a smaller
substituent on the 1'-position of the dihydropyridine ring
1s optimal. S:ch a relationship may also exist for the
inotropic effect s}nce compound 27 was more potent than com-
pound 39,

Increasing fhe size of the ester groups_at the C3 and

CSvpdsitions from methoxy- to iso-butoxycarbonyl did not
Al .

affect the chronotropic activity significantly, and this is

thefefore equivalent to the relaxant effect in GPILSM (27,39
vs, 30,42). Furthermore compound 44 which had non-identical
esters at the C3 and C5 positions was significan;ly more
active than compound 421and 39 which had_idenfical onés.
Compound‘46 with a C4e4i—dihyd:opyridinyl ring was less
potent than the isomeric 3'-dihydropyridinyl analog 27, in

reducing chronotropic as well as inotropic activity. These

two compounds were less active than nifedipine. These
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Table 4.7

Calcium channel antagonist activity of C4-dihydropyridinyl
(dp) analogs in G.P isolated atria. IDso- concentration
required to induce 50% inhibition of the contractile
activity of the left atria. ID;s- concentration required to
induce. 25% ‘inhibition of the heart rate of the right
spontaneously beating atria. Number in parentheses
represents number of experiments.

] , <
Left atria ( Right- atria Cpd
Inotropic E. Chronotropic E.
ID;Q ID;s
3.87X10° *M 9.87X10" *M N 27
1.7 (a) 12.5 (5) - \
insoluble 3 10K10° *M 30
N +0.4 (3)
insoluble L,6E3X10° M 33
. +0.6 (4)
-
1.55X10" *M 1.24X10° *M 39
+0.4 (5), ‘ +0.4 (5)
insoluble : 1.10X10° M 42
+0.9 (3) )
4.08X10""* ©2.25%X10°° 44
1.6 (3) ’ +1.4 (3) '
! o
Conc. of } 46
1.0X10" "M to i 1.28BX10°"*M .

5.0X10°*M pro- . 0.2 (4)
duced no effect’ _ -

3.42X10° "M 2.52X10°*'M Nifedipine
$0.5 (6) . +0.4 (5) ) . .
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findings ére eguivalent to the relaxant activity 1n GPILSM,
Henge 1n the dihydropyridinxl series of compounds,

similar éAR were obtained in both the GP i1solated artia and

in the GPILSM, -suggesting that the receptors 1n these two

N . - - - .
preparations possess some identical properties. -
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4.7 C4-Tetrahydropyridinyl Nifedipine Analogs: Pharma-
cglogical evaluation in GPILSM ‘ : o
Table 4.8 showg fhe ID¢o of compounds with a 5', 2' or
4'-(1'-methyl-1',2",3",6"'-tetrahydropyridinyl) at the C4
position of nifedipine, and the ester substituents at the C3
and C5 positions being either methoxy- or ethoxycarbonyl.

Replacéméﬁt of the C4-o-nitro phenyl ;ing of nifedipine
by a tetrahyarépyridipyl yielded the sign}ficantly (p 0.05)
less active compounds 55, 57 and 59. Further modification of
these compounds led to a significant (p 0.05) increase in
activity, this was achieved by substituting the methoxy-
carbenyl at thg.C3-and C5 positions by etﬁéxyca;bonyl (56,
58 ‘and 60). ‘ -

In the methoxycarbonyl series, the 5'-tet:ahydropyrid{-
nyl analog,SSiqu more potent than the 2'—tetrahydropyrid;t
nyl analog 57, which in turn was more potent than tEe 4'-te-
trahydropyridinyl analog 59. Amongw the ethoxycarbonyl
derivatives, the 5'-tetrahydropyridinyl cbmngEd 56 was more
active than the %'-tetrahydropyridihyl analog 58, howevér
the ‘latter was le;s active than the 4'-tetrahydropyridinyl
analog-60. .

The SAR of the C4?tétrahydropyridinyl analogs are
summarized as follows: : N ‘ “
1."$ubstitu£ion of ihe o-nitrophenyl ring of nigedipine by

a tetrahydropyridinyl ignificantly reduced activify. '
2. Activity was enhanced when the methoxycarbonx},substitu-

ents at the €3 and C5 positions were replaced by



Table 4.8

Calcium channel antagonist activity of C4-tetrahydropyridi-
nyl (tp) analogs in GPILSM. IDs,- concentration required "to
-.induce S50% inhibition of tonic muscarinic contraction. For .
comparison the IDgo, of nifedipine = 1.15X10°*M. Number in
parentheses represents number of experiments. ®* indicates
IDs, values obtained with KCl ab control agonist, instead of
CD or CA. ‘ ‘

X
s 2 R
H)C N CHJ - LI
X R ‘ IDso +SEM cpd
- J
/5"—tp -
. COOMe 3.43X107*M. +0.5(3) 55
N- Me ’ * ‘
COOEt : 1.10X10°*M +0.7(3) 56
\ .
2'-tp
~ COOMe . 6.47X10-°M £0.24(3) 57
N= Me COOEt 1.30X10°°M £0.05(3) 58
~ | 5..15X|O"’M 10.7‘()(3‘)
LB .
COOMe 1.81K10° *M £0.5(3). 59

COOEt - 4.96X10°*M +1.33(3) 60
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,ethoiycarbonyl. ¢
3. 1n the methoxycarhonyl series, the order Qf activity Qas
~~  §5'- > 2'- > 4'~-tetrahydropyridinyl, while in the éthoxy—

_carbonyl 5'- > 4'- > 2'-tetrahydropyridinyi«

<

As depicted in Fig. 4.9, the tetrahydropyridinyl ’is a
very d%storted'puckered ;ing as compared to a planar phenyl
or‘pyridimyl ring. The fact that pyridinyl and substituted
pheny14 analogs are significantiy‘more active thén tetrahy~.
droéyridinyl combéunds may imply that conformat;on (planér
ring systeﬁ being ideal) and/or degree of unsaturation of
-the C4-;ing substituent 1is essential for good calcium ’
antagoﬁistic activity in GPILSM. This hypothesis}ds gubstan-
tiated by'the.ﬁabt that -dihydropyridinyﬁ ,aéalogs Possess

¢

betfer activitf than tetrahydropyridinyl ones, since a dihy-
dté;yridinyl ring is less puckered and less saturated than a
tetrahyd%dpyridiny{. \ |
At tgg C4 pasition, t?: order of activity was ortho >
meta > para-substituted phenyl analogs, similarly 2'- > 3'-
> 4'-pyridinyl and 3'- > 4'-dihydropyridinyl. However the
tetrahydroﬁyridinyl series ,of compounds di@]not follow‘this
—same order of activity (see SAR #3 aﬁove). Thié may
_partially be explained by Fig. 4.9 which illustrates and
comﬁares Ehe @ossible orientation of the 5'-, 2'- and 4'-te-
trahydropyridinyl ring to the boat shaped 1,}-dihydropyri— o
dine ring, The 1,4—dihydrqpyridine ring of the .4'- and
5'-tetrahydropyridinyl analogs is linked to thé?ﬁétrahydro—

pyridinyl ring through an sp? hybridised carbon and

a « ;g
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Figure =~ 4.9 Comparison of the 3-dimeAsional structural
representation of C4-phenyl - and C4-tetrahydropyridinyl
analogs. : : S
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LY

therefore~ may be expected to adoptr a perpendicular
&rientation as seen in nifedipine and C4-pyridinyl analogs.
on the other hand, the 1,4—dihydropy(idiné riﬁg of the
2’~tetrahyaropyridin¥i analogé is attached to an sp’
.hybridiééd carbon and fhus-may possibly exist-in a co-planar
orientatien >to the‘tetrahydropyridinyi ring. If this is so,

the resﬁlt that the order of activity 1is. 56 .> 60 > 58
suggest " that pé}pendicular orientation of the §4'ring subs-
titugnf to the 1,4-dihydropyridine riﬁg ig Aecessary for
"good calcium éhannel blockade activity. However .this does
nét explain why compound 57.yas’a56utrtwice as potent as co-

| mpound 59.
Similar to’the‘C4-pyridiny1'and and C4-dihydropyridinyl
series, in this series gf C4-tetYahydropyridinyl compounds,

ethoxycarbonyl substituents at the C3 and C5 positions in

-place of a methoxycarbonfl enhanced activity.

)
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4.8 Substitution of the 1,4-Dihydropyridine Ring of

Nifedipine by 1,2-Dihydropyridine: 'Pharmaco}pgical
Eva}/ GPILSM

Compounds with the 1,4-dihydropyridine ring of

nifedipi;; replaced by 1,2-dihydropyridine, were also

screened and the results are listed in Table 4.9. Up wuntil
now, nfo work on the pharmacological screening of sych compo-
unds has bgen reported. Hence from the tést»results, 1t was
possiblé to assess in this series of compgunds, the effect
of ortho, meta and péra substitution on the C4-phenyl ring
by NO, and CF; groups, as well as the effect of other ester
groups at the C3 ana C5 positions. - |
Sincerall the 1,2-dihydropyridine'compounds tested were
NLmethyiated, the N;methylated derivative of nifedipine
(1,2,3:5,6-pgntamethyl—4-(2—nitro phenyl)-1,4-dihydropyri-
dinei3,5;dicarngylates) as pictured in Fig. 4.10, was also

screened 1in the GPILSM and was found to be less potent. This

is in agreement with what has been reported previously

(Iwanami et al., 1978),

ﬁith respect to éompound 73, analog 67 possess
1,2-éihydropyridine instead of the classical 1,4-dihydropy-
ridine ring. Tgis substitution resulted ~in_a 100 fold
decrease 1n fpfﬁvity. .

Compod%ds 68 and 69 have an unsubstituted phéhyl ring
at the ca4 position. In most cases, substitﬁtion on the
phenyl ring significantly (p «0.05) feduced attivity'(ﬁl, 63,
65, 66 and'67). In other cases the resulting compounds (62

A
'



Ve
Table 4.9 (/
Calcium channel antagonist activity of I,Z—dihydropyyidine
analogs in GPILSM. 1IDs,- concentration requlred'to induce
50%x inhibition of tonic muscarinic contraction. For
comparison the IDs, of nifedipine = 1.15X10"° *M. ﬁumpet in
parentheses represents number of experiments. & _1nd1cates
IDyo, values obtained with KCl as control agonist, instead of
CD/or CA.
/—/
X
R, AN R,
H
- H,C T CH,
- CH3 °
X R, R IDso *+SEM : Cpd
+
p-CF, COOMe COOMe 8.92X10 ‘M +1.06(4) 61
m-CF COOMe COOMe 3.50%10° *M +0.8(3) 62
0-CF, COOMe COOMe 1.20%107°M £0.1(3) 63
. .
p-NO,; COOE® COOE¢ T 5.71X10°*M +£0.84(3) 464
p~-NO, COOMe COOMe 2.35%10-*M +0.68(4) 65
: < : ,
©2.05X10°*M +£0.01(3=%)
m-NO, COOMe COOMe 7.90X10"*M £1.60(2) 66
~ S
0-NO, _COOMe COOMe . 2.52X310-*M +0.23(4) 67 .
H COOMe " COOMe 2.15X10°*M +0.5(2), 68
L3 - v -
° H COOEt COOEt 6.84X10° M +0.16(3) 69
0-NO, COOiPr  COOiPTr 5.73X107*M £0.30(7) 70
0-NO, . ™ COOMe COOiPr 2.00XK10°°M £0.14(7) 71

0-NO, COOiPr ' COOMe - 1.05X10°°M 0. 11(7) 72
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and 64% were about{equipofent to their respective unsubsti-
tuted pﬂenyl analogs.

The meta-substituted phenyl analogs 62 and 66 were more
potent than the para-substituted ones (61 and 65). These
latter compounds were in turn more‘ active than the

ortho-substituted phenyl analogs 63 and 67.

£33

NO .
COOCH 3

Cpda 73 .
IDSO=2.41X1O"M _*_0.13(4)

CH, ,

Figqure 4.10 Structure and activity of < he N‘methzlﬁésd
derivative of nifedipine. Data are ngsn as meqn._‘)uoi
1D..- concentration required to  1nduce 50% 1n?1b1txon~
mus~arinic contraction. n is number of experiments.

’ a

-

The CF,-substituted phenyl analogs 61, 62 and 63 were

]

¢

s:zo:frcantly (¢0.0%) more act:ive © than  ne COrresnor 107
.

NO.oaunatituted  ones (65, €5 and ¢ ). Cominund 70 wiiJ! has

an Sl o roso-propoxy esters at 5ot T3 oand H nositiont. was

signifrcantly  (D«.05) more active than the non-iarn’ . 7al

ester analogs 77 and 72. 7S

~The following summarizes the SAR of the 1,2~dihydr»py-

ridine analogs: N



&
1. Substitution by a 1,2 dihydropyridine ring resulted in
compounds of significantly reduced activity.
2. The presence of a substituent on the C4 phenyl ring

either decreased or did not affect activity.

(€]

The order of activity was meta > para > ortho-substitu-
\

ted phenyl analogs.

4. CF, substituted phenyl analogs had better activity than
NO, substituted ones,. |

5. Compounds with non-identical ester substituents were
less potent than those with the same ester groups.

s

SAR #2, 3 and 5 as described above, do not ceonform to
the previously #stablished structure activity correlations
which show that C4fsubstituted' phenyl analogs are more
active -‘than unsubstituted ones; the order of activity is
ortho > meta > para—SUbstituted phenyl analogs;” compounds
with non-identical estgr groups are more potent than those
with identical ones. Hence the requirements -for optimum
activity differs significantly Eetween the 1,2- 'and

1,4-dihydropyridine calcium channel blockers.

This change .An  activity requirem%nté' is probably
\

E

. . C o . Lt ; .
bréﬁqhtwapout by éne “significant difference thHat exists

between the conformatlon g&f these”tho groups of compounds

s
¥

(Fig. 4.11). Thus the 1,2- dlhydropxgﬁdlnyl ring does not-

exist in a boat shaped conformatlont_It-is linked to the

C4-phenyl ring by an sp? hybridized C4 carbon which
v / _
therefore should make the 1,2—dihydnopj@idine ring co-planar
e

with the C4-phenyl ring (as opposed}f?B"b perpendicular



95

X
1,4-dp ( 1,2-dp ) . R
- —~ N
Figure 4.11 3-dimensional stuctural representation of 1,4-
and 1,2-dihydropyridine analogs.
- *
orientaticer f{n 1,4-dirhyvdrfopyricéine ahélogs). Anothefr factor

R aad
1s that <he C2 carbon i the 1,2 -dihydropyridine comp-unds

i

is a «cpiral denter, whereas in  the 1,4-dihydropyricine

anaiogs the C§ ' ~arh-n 5 chiral 1§ the ester  cubstitents

are difierenz. Tne seporate activity of the 1,2-dlhydrcpyri-
Q_“ - .
b . . .

dine enantiomers are not known since they were not

separated. . &

Due oo} Thens Confzrmatloﬁil differences, *he -

. . L L .

orientation 0: the (3 T4 and C5-€0bstituents of the ', 2-

-
e

8]

and 1,4-cirhyvdrervricine analogs with th centor si1tes  may

[t

o

. . . Py LY - .-
well be different; tois could :herefonefizad to differs~ieg

in the way that these two groups of compounds fit and

interact with <the receptor(s) and0¥ﬂme they may’ poss:bly
s . . &

have some different activity requirements. ]

.
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-

SAR #4 was also observed by Rodenkirchen et al. (1979)
in the l,4—di:>dropyridine series of compounds. As a matter
of fact, of &11 the SAR derived for the '1,2-dihydropyridine

series of analogs, SAR #4 was the-only one that was common

to both the 1,4- %nd. 1,2-dihydropyridine series.

47 .

i
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4.9 C4-Pyridinyl Analogs of Bay K8644: Pharmacological
Evaluation in GPILSM and GP lsolated Atria

Bay KB644 and CGP 28392 are two nifedipine analogs that

have been reported to‘be calcium agonists, ;.e they exhibiu

positive inotropic and positive chronotropic effects and

induce smodth muscle contraection. Table 4.10 shows the phar-
s ' , ‘ '
macological profile of three analogs of B4y K8644 where the

Ca-trifluoromethylphenyl ring was replaced by 2'-, 3'- or
) , :
4'-pyridine ring (2,6-dimethyl-5-nitro-(2'-, 3'-, 4'-dihy-

~

dropyridine-3-carboxylate).

The three test compounds were screened in bcth the

GPILSM and the GP 1solated atria preparations. The
2'-pyridinyl analog caused relaxation of the GPILSM with an
IDs, of 2.12X10-*M, it had -ve chronotropic effect (as shown

by an ID.,s of 2.62X10°° on the right spontaneouslygbeating

. - ’ o -

heart), but in cumulative doseés from 1.0X10 "M up  to
. . ; 4

8.0X10 *M failed to produce any significant change in the

inotropic activity of the isolated left atria.

L

As opposed to . the 2'-pyridinyl analog, the 3'- and

4'-pyridinyl anaiogs of Bay KB644 showed calcium agonist
: y
properties; they produced +ve inotropic and +ve chronotropic

‘

effects on the Psolated atria preparations, and also induced

'contraction in the GPILSM (Fig 4.12a ard b). In addition,

compound 76 was observed on -.all occasions, to produce

.

cardiac disturbances (éctopic beats) on isolated left atria

at higher concentrations (Fig 4.12c). ' -
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Table 4.10

of ~ C4-2"-, 3'-

98

and '4'—pyridinyl

analogs of Bay KB644. IDs,- concentration required to induce p
50% inhibition of tonic muscarinic contraction 1in GPILSM.
ID-5s- concentration required to induce 25% inhibition of the
heart rate of the right spontaneously beating atria. EDso-
concentration reguired produce 50% the maximal
response, i.e contractile activity 1in GPILSM, contractile
activity in left atrium and heart rate in right atrium.
ol X
N
CH300C N02
c
Hg : _ CH3
o '
¢ GPILSM Left atria Right atria
, Inotropic E. Chronotropic E.
IDso= Conc. of ID, =
2.12X10°*M 1.0X10°"'M to 2.6X10" M
+0.7 (3) 8.0X10" *M pro- +0.5 (4)
duced no effect
Cpd 75 : ’
/ » EDSO'-' EDS(): ED50=
N 6.72X10" *M 7.0X10°*M 1.09X10" *M ’
| 1.1 (5) +1.4 (4) +0.3 (5)
Cpd 76
N EDg o= EDso= EDso=
< 2.67X10° M 4.85X10"*M 1.12X10°*M
. 0.7 (6) +0.3 (4) +0.2 (4)
NS ' ‘ :
Bay K8644 :
Not done EDgo= ED¢o =
2.28X10°" "M 1.89X10° *M
CFy +0.5 (4) ©+10.5 (4)
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Figure 4.12 Tracing showing typical responses to the novel
calcium agonists: (a) contractile activity of cpd 75 in the
GPILSM (b) +ve inotropic and +ve chronotropic effects of cpd
" 76 in the spontaneously beating right atrium (c) cardiac

distukbance caused by cpd 76 in the electrically driven left
atrium.> —— _ ;
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Contractions to compounds 76 and 75 were\accom%anied by
minute rythmical tontractile activity whi}e\ those to CD
usually did not. The maxgmal contractions to compounds 7@
and 75 ranged between 20 and 60 per ceﬁt‘ of the maximal
fesﬁonse of CD, suggesting perhaps that thése comp&unds had
a much‘weakér intrihsic‘activity than CD, and were acting as
partial agonists at these concentrations, since supramaximal
doses were observed to produce antagonistic effects.

Schramm and co-workers (1983) reported that the
contractile activity of Bay K 8644 could only be 1nduced 1in
the rabbit Jbrta; 1f a priming dose of KCl was presenaf As
depicted_in Figure 4.13, dose response curves of compound 75
obtained 1in both the absence and presence of a’priming dose
of 10 hM KC1l were identical. In fact it has also beeq
reported that in other 1isolated preparations such as the
bladder, no priming dose of KCl was necessary for the
contractile activity of Bay K 8644 (Su et al., 1984).

‘Fiqure 4.14 illustrates an experimen} where the Ca?®°
\aependence of the responses to compound- 75 QereA
invéstigatgﬁ.—Thus no activity was recorded when a maximal
dose of compound . 75 was added to the calcium free HPSS.
Cumulative addition of calcium then produced dose dependent
contracéions, suggesting_ that the contractile activity of
compound 75 in 'the GPILSM is extfacellulsr calcium
~dependent.

As reflected 'by the results in Tablga 4.10, the

4'-pyridinyl analog was about twice as potent as the 3'-
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analog 1n contracting the GPILSM as well as in increasing
the contractile force of left atria; however both compounds
were equieffective in producing +ve chronotropic responses
on right atria. On the other hand, the 2'-pyridinyl analog
had -ve chronotropic effect on right .étria while it was
vﬁrtually without effect on left atria. These results
suggest that the calcium antagonist binding sites . for
igotropic activity 1in Ieft.atria and ghronotropic activity
in the right atria, are not similar and therefore possess
different activity reqguirements.

Recent{y Léng and Triggle (1985) examined the crystal
and molecular sttuctures of Bay K8644, CGP 28392 and other
dihydropyridine compounds by X-ray diffraction analysis.
They reported that thé calcium agonists also adopted a
similar conformation to the «calcium channel antagonists
where the C4-substituted phenyl is perpendicularly
positioned above thé boat shaped 1,4-dihydropyridine ring.
They, went on to suggest that differences in hydrogen bonding
activity at the amine group and ester substityent
orientation might dictate agdnist/antagonist activiéy of
these compounds.

‘In the antagonist series of compounds, it.was seen that
the ortho-substituted phenyl ring of nifedipéne '~ was
partially bioisosteric with a'pyridinyl ring, such that the
order of activity was 2:* > 3'- > 4'-pyridinyl analogs which
is in paraylel with'ortho— > meta- > para-SUBstituted phenyl

compounds. However replacing the ortho?trifluoromethyiphenyl
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ring of Bay K8644 produced the 2'-pyridinyl calcium
antagonist analog, whereas the 3'- and 4'-pyridi%y1
de:ivatives showed calcium agonist properties. Therefore 1t
appears that the presence of a NO, substituent at the C3
position does not solely dictate agonist Sctivity., However
since Hof and cq—workers (1985) had shown that thé (-) and
(+) enantiomers of anovel dihydropyridine ana¥og possess
antagonist and agonist property respectively, 1t mafvbs."
possible that the activities of compounds 74, 75 and 76
reported in this.present investigation répresent”the sum of

the diametrical actions of the enantiomers. Hence the

separate activities of the enantiomers should be evaluated.



5. CONCLUSION

5.1 General Discussion

In the present study, 76 novel dihydropyridine analogs
of nifedipine were screened on the GPILSM, and 15 of these
were ;Crt‘ r tested on the GP 1solated atria. Fromtthe test
yégﬁits obtained, 74 of thése compounds were found to
possess calcium channel antagonistic properties while the
other two compounds had. calcium agonist activity. 21 of
these 74 novel calcium channel blagkers were evaluated on
the GPILSM for" their inhibitory effect on both the
muscarinic and KCl-depolarization calcium dependent
contractions.

The SAR derived- in this study are of particular
interest since this may provide further 1insight on the
nature of the receptors to which thé dihydropyridine calgium
channel blockers inggracg. Although some of the test drugs
had major structural differences-as éomparéd to nifedipine,
all possessed activity. The GPILSM relgxant activity of
these compounds ranged from 10 *M to 10°-*M. If all these
drugs mediagg their observed pharmacologicgl actions t?rough
the same receptor system, 't it appears that these

- .
receptors are quite flexible since they can tolerate such
varied str?ctural changes. In ¥ome cases, whefe high
concentrations were required ,such as 10°*'M to 10°°M, a non

-

spééific action may also be possible. Overall it appears

that the dihydropyridine receptors can make conformational

104
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adjustments to interact with structurally different dihydro-
pyridine test drugs (in parallel with conformational changes
of calmodulin 1nduced py Ca’?" binding), so that a "best fit”
is obtained for each drug. .
In the present study, the test compounds were divided

into five series of analogs and their SAR were derived fbr
each series. On considering the SAR information obtaihed,
! . .
structural activity requirements for the dihyaropyridiné

~analogs as a whole could be generalised. Thus at the C4

position of the dihydrbpyridine ring of nifedipine, a flat

substituted ring system was obseéggﬁ' to be optimal as
opposed to a more puckered‘d{;ydropyridihyl or an even more
twisted tetrahydropyr1d1nyl ring. Tﬁis C4-ring system.shéuld
preferably be perpendxcularly positioned to the plane of the
, 4= dlhydropytldlne 1&ng, as opposed to the co-planar
orlentatlaﬂ Aithat ex1sts in the L}Z—dih?drop?ridine or
C4‘2’—Letrahydropyr1d1nyl series of compounds. K
‘In the C4—d1hydropyr1d1nyl series, it was seen that a
small supstituent such as COOMe on the C4-ring yielded more
actlve compounds than COOPh or COOtBu substltuents. It
_however also appears that this substituent should possess a
certain optlmal degree of steric influence since the smaller
lone pair of electrons in the pyridinyl series of compounds”
was not as good as the NO; substltuent on the phenyl ring of
nifedipine. R
In some cases, it was observed that the SAR obtained

from one series of compounds was different from that of




another series. Thus while it was established that 1n the
C4-pyridinyl and Cé4-dihydropyridinyl series, an increasiné‘
order of activity was achieved through the sequence of ortho
> meta > paré-substituted ring; in the 1,2-dihydropyridine
series the following activity seguence was obtained, para -~

v

meta - ortho. Also while in the pyridinyl series, 1ncreasing
y

the size of the ester substituents at both C3 and C5
positions enﬂanceg activity, the éctivity in the dihydropy-
ridinyl series was only increased up to an 6ptima1 s;ze of
the ester groups and any further increase had a detrimental
effect. A possible explanation of this phenomenon 1is that a
change in one part of the drug molecule could indirectly
affect the interaction of other functional groups of that
molecule to the receptor. For example in the iatter case
mentioned, it 1is possible thag the t4—p1anar pyridinyl ring
interacts with a compligentary flat binding site of the
receptdr, and in this position the ester substityents at the
C3 and C5 positions are in a favourable place to interact
with their binding sites. Replacing the ;deal planar ring by
a more puckered dihydropyridinyl ring wouldj offer less
interaction or "fit" to that flat binding site, and through
steric hindrance this could therefore affect the C3 and C5
ester substituents' orientation towards the receptor; hence
a different SAR with rega;d to the ester substituents.

All the pharmacological evaluations of the novel compo-

A S
unds tested in this thesis have been presented as inhibitory

eéffects (IDs, on muscarinic or KCl induced contractions). In

<\\ ‘
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.
order to confirm that this data reasonably geflected an
interaction with receptor Specich sites on the célcmum
channel, selected samples within éach series were indepen -
dently assessed for their ability to displace [’H]-nitren-
dipine from the dihydropyridine binding sites in GPILSM.

. .

The ligand binding work was undertaken by Dr. C. R.

Triggle' s research group in the Depantment of Pharmacoclogyy,

Memorial University, St. John' s, Newfoundland, using the
methods described by Bolger et al. (1983). Bolger and
co-workers (1983) have characterised the ['H]-nitrendipine

binding in the GPILSM and have shown that the binding site
identified; represented ; specific site to which the
1,4-dihydropyridine class of calclum channel blockers
interact to mediaté their pharmacological action.

Table 5.1 presents the results of the binding studies’
and compares the previously determined IDs, values withlthe
respective K values obtained. In the majority of cases
there appeared to be a good cofrelation (1:1) between the
GPILSM relaxant actiQity and the corresponding radioligand .
dissociation constants. However a large discrepancy was
observed for compound 66 whose pharmacological activity was
65.8 fold more sensitive than its binding capacity. This
discrepancy is interesting since it suggests that this com-
pound probably mediates its inhibitory(effect by a difterent.
mechanism which is less dependent — on the dihydropyridine

]

binding site.
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Table 5.1

relaxant activity IDg, with its
obtained from radioligand binding

studies.
cpd IDgo , K, Ratio
—r’
4 9.36 X 10-°*M 8.0 X 10°*M 0.85
6 4.10 X 10-*M 2.5 X'10°*M 0.61
12 1.40 X 10-'M 8.5 X 10-*M ‘0.6
21 5.80 X 10" 'M 1.0 X 10 "M 0.17
27 5.89 X 10" "M 2.6 X 10 *M 4.4
33 3.69 X 10 ‘M 5.2 X 10 °M 14
35 1.67 X 10°*M 2.5 X 10" *M 1.5
39 5.80 X 10" *M 1.8 X 10 *M 3.1
¢ L -
55 3.43 X 10° "M 5.1 X 10 °M 3.8
56 1.10 X 10°*M 3.1 X 10 *M 2.8
57 6.47 X 10-*M 4.4 X 10°°M 0.68
59 1.81 X 10" *M > 10 M °
60 4.96 X 10-*M 8.2 X 107°M 16.. 5
y
CE 1.20 X 10°°*M 3.0 X 10" *M 2.5
06 7.90 X 10°‘M ' 5.2.X 10 *M 5.8
5 2 X 10-*M 1.5 X 10° M 6

.52
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Therefore the above results :1ndicate that these novel dihy-
droupyridine compounds medlate their act.on through a common
(*H]-nityendipine binding site and have a ~ommon mechanism

o 0®
of action.

5.2 Future Considerations [

Several aspects discussed 1n this thesis merit tolne
further investiga\fd. SAR of these novel calcium channel
blockers were fonnd to be similar for both the GPILSM
relaxant activity and the GP 1solated atria’' s chronolroplc
activity ‘(however the novel calcium channel blockers wére
less potent 1in the cardiac preparations). Such SAR
comparison cculd also be undertaken for other organ systems,
in particular the vascular system. Information gathered from
these studies could help 1n the understanding of how
structural changes of the drug molecule relate to
specificity for certain tissues (e.g cerebral blood
~vessels). It might: also be possible to distinguish between
the structural requirements for increasing a particular
activity and for achieving specificity for a particular
tissue.

-

In general, it was observed in this project that the
phasic component of the Kél tnduced response was usuélly
larger than that of the muscarinic one, whereas the
muscarinic tonic response was slightly larger or equal to

that of KCl. However only the calcium dependent tonic

contractions were monitored in this present study. This work
AN
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could - be extended to include an assessment of the effect of
. ™~

3

these novel calcium Egannel blockers on the phasic response
of both KC1 'énd muscarinic agonists. Such «ork may shed
light on the na?vre of the similarities and differences of

Lo «

the KCl and muscayinig induced contractions. The possibility_(
" . S
existsithat some of the novel éaiqium'ghannel blockers  may

e

/ . . -
be more specific .for a certain type of response.

» i . -] Ll
v

As mentioned in the Litérature Survey section, Spedding®
(1985) SUbgrouped the calcxum antagonists according tO‘%helr
lipophilicities, And dihydropyridine analogs as a whole were
classified as Group I. It would therefore be interesting to
determine th; lipOphilicity properties of these novel

calcium ;channel blockers to see if they conform tp’Spedding

's hypothesis. A comparison of the 1 Philicity
I - L .
characteristics of these compounds with their
- “pharmacological effects would be reguired. Information
\ W

dgrived'from such a study®may indicate to what degree lipo-
pﬁilicjty plays-a role in the determination of the dihydro--
py}jdine calcium aﬁtagbnists' SAR.

/' In the C4- d1hydropyr1d1nyl series of compounds, it was

/

//fbund that an optlmum size of ester substituents ‘at the Q3

~

and C5 posxtlons appear to exist, since any further increase

"in size reduced act1v1ty These compounds with bulky iso-bu-

.:*%

toxycarbéhyl substltuents were also found to have a longer

"duﬁatlon of action” However no such observations were

P

'recofﬂed in the pyr1d1ny1 series. Pyridinyl analogs with

-:J !

egter _substltuents bulkier than iéo-butogycarbonyl could be



-

tested to _see whether the same trend exists in this series

er

or whether 41t is only restricted to the dihydropyridinyl

- ‘<

series.

LN

It would also be worthwhile to further characterise the
actionn-ég tﬁe long act;;g compounds. The nature of their
»interaétioniwgch the dihydropyridine binding site  in

" competition with {*H]-nitrendipine would® be useful. I
radiolabelled compounds could be designed to igreversibly
interact with the calcium\\channel, further i;blation and

biochemical <characterization of the cbannel> would be
feasible. If the interactions could be specific an?
selective such compounds may also be clinically useful for

o

diagnostic 1maging.

SAR of the calcium agonist series certainly deser&es
further investigation. One Question that“should be addressed
is wh?}feplacement Qf the o-CFz-pﬁenyl ring of Bay KB8644 by
2'—pyr§dinyl resulted 'in an_ analog which had calkciun
antagon;stic properties while the 3'- andz_;\'-—gy'ridi.nyl~
derivatives ﬂad* calcium agonist 'charactériézTésk\wgy/
obtaining a ‘clear understanding of the structural- features
%hich are uniquely agonist éé opposed %o antagonist
propertieé, would provide the attractive possibility for
predictive designing of specific aQonist/antagoniSt compou—’ '
nds. \ |

Finally th; search and identificavion of specificl
‘natu%alv ljgands‘,with‘ agonist and antagonist activities

remains to be done.
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