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ABSTR2CT

The effect of P}32, PGF?& and PGIZ on Sovuns sriction
induced by different mechanisms was studied in the isolated

rat mesenteric artery as described by Hesregor (1965) P AL Pk

Vasoconstriction was induced by mechanism.s involving di.
modes of calcium utilization viz: (i) Pharmaccmechanical pathyay
by low doses of the adxjenergic neurotransmitter, noradrenaline
acting at e{- receptor; (ii) electromechanical npathway v 77 1
potassium and/(n,';.) agents which facilitate ca®t influx €.
Az318T. ’..

. The prostaglandins potentﬁ.“ated the vasoconstrictor effect
of NA. Potentiation factors ca}.culated from differé;t doéé;

‘of the prostaglandins vshowed the effects of the prostaslandins

‘.to be aose - dependent and Pﬁz to be sisnificantly more votent
(P>0.005) than PGF,, and PGI,. The prostaglandins failed to
‘potentiate hizh potassium - induced vascconstriction. GZ, also
failed to potentiate Ni if the vasoconstrictor effects were
evoked in Ca.2+ - free Krebs solution; but the degree -of potentia-
tion increased with increase in the concentration of ‘332+ ions

in the perfusion fluid. This result sursgested strongzly that the
potentiation was associated with external calcium. Zvidence is
presented to show that protentiation was not prejunctional since
cocaine, bretylium and reserpine pretreatment did not materially
alter the effect of PC-E‘Z. It was concluded that prostaglandins
“votentiated T vasoconstriction by facilitating Ca.2+ influx.

—
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The mechanisu ‘of this facilitation is discussed.

NA vasoconstriction was competitively antagonised by
adrenoceptor antagc;nists-phentolamine, to;lazoline, yohimb* - and
phenoxybenzamine (in low concentrations). The blockade caused
by these antagonists was reversed by P@,. By compgring VA
dose-ratios in the presence of antagonist with dose-ratios in
the presmce'of gz/ztagonists plus different doses of P’!Ea, I
showed that the dkgme of reversal was related to the dose of
PGE. For exan:ple., tl.xe NA doée_— ratio for yohirmbine (1.28 x 10-6)1)
was reduced from 26.6 + 0.9 to \'1\.7 + 0.1 when PGZ, (2.8 x 1070%)
was included in the perfusion fluid with the antagonist. The
revers.' of antagonism was not due to a change in the binding
characteristics of the =~ adrenoceptor since pi, values for the
antagonist were not siemificantly different (P £0.05) when PGE was
included with the antagonists. ZEvidence is presented which suggests
that reversal of antagonisz invelved utilization of internally
bound calcium since reversal of antagonism occured even after
the omission of Ca2+ from the. external medium. In this sense,

.the mechanisn 6f reversal was different from that of potentiation.
Purthermore, *the degree of reversal (meamived as.reversal factor)

was guantitatively greater than would be the ~-:z if reversa2l was
simply a reflection of the enh=- o= L»:sponsiveneés of the vascular

mscle tec NA.
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In contrast to the "competitive" & - wureno:eptor
antagoni_sts, P’:E?_ did not reverse the block of NA vasecons ‘.:ictic;.v
caused by phenoxybenzamine (high doses); verapazil, ciunarizine
or prazosin. All these agents caused blockade of N4 that was
not competitive in'nature. Since noneof the conpetitive
A~ adrenoceptor antasonists prevent pmstaglandin formation;
the voint 15/ /ma_d,e. that a prostaglandin can reverse NA blockade

even if the bloq’kade did not involve inhibition of prostaglandin
W )






VASCU'L\& SI00TH MUSCLES

The mechaniczl events responsible for the contraction
of vascular smooth nmuscle are asso_ci::te.d with its contractile
proteinc, These proteins not only devélbp the mechanieal force
2 contraction but clso a.ct" as the/ enzyne that
catalises the release of enersy by which this foree is developed,
The proteins thus. function both .;:.s the spark pluz and the piston
-of the con:;ac ,,Ll nachine (3ohr, 1973). -

The contr“ ctile proteins of wascular suocoth muscle are
arranzed in 1:311 osganized i:.'mici: and, thin filoments (Bumstoc}:,
1970; Devine & Soalyo, 1971; Sealyo, 1972). The
thick filamentic, premzmnblv bwiidles of myoscin molacul.s, average
15.&; 1l in dicmeoter and have lateral projections suzjestive of
eross-bridzes exiefding tovards adjacent thin filanents, The

thin filamonts) Sresunably fibrous actin, average 5-8m: in

5.

ioneter apye:zr to be attached to dense bodies th:t are usually

comnecsad %o thoe cell mexnbrzne. ‘The nozi easily interpretable
studibeg of the functions of the contractile protsins are those
perfo:zmed in igolation with the deteruinants of the enzyr.i:.tic

ahd physicol responses tizhily coantrolled, rThere is a qualitative
sinilarity bestween the actonyosin of voscular swoo hh. nuscles and
the act::"y"'_n 0f skelotal nascle as evidenced by the obsarv:tion:

that 2 hybrid 2ctonysin ean be prepored by combininz nyosin from
v & - .

onz of these types of musolas with zetin from the other; this




- D -

hybrid provides a functionally active enzyme. Although, the
adenosine triphosphatase (ATPase) activity of skeletal muscle
actomyosin is many times faster than the activity of wascular
smooth muscle actomyosin, the speed of activity of ithe hybrid
proparation is determined by the source of the myosin.J This
observation corrclates with the extensive Shtudies by Barany (1967)
showinz that a direct parallel exists between the maximum velocity
of shortening of a muscle and the ATPase activity of its actin-
activated myosin., These observations bgar the important
?mPI%FQQ}EF that the shortening.velocity of vascular smooth
muscle has the actomyosin ATPase activity as its rate-limiting
factor. This slow release of chemical energy is reflected in

the slow physical changes in the actomyosin molecule observed

in super-precipitation studies (Murphy, Behr & Newmsn, 1969) or
in studies of contraction velocity of glycerinated fibres (Filo,

Bohr & Ruegz, 1965).

Execitation - contraction coupling

|
A lot of evidence supports the view that Ca2+ ions are

#nvolved in the coupling of the excitation of the cell membrane
with activation of the contractile apparatus in striated, cardiac
and smooth muscles (Shane & Wasserman, 1963; Daniel, 1964; Frank,
1964). 1In the vascular smooth muscle, the functional activity

of the actomyosin is measured in terms of its (a) ATPase activity,
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(b) eability to superprecipitate, and (c) ability to contract
glycerinated fibres., All these indéces have the same low .
requirements for activator calcium, Half-maximal activity of
any of these processes occur at &n ionic calcium concentration
of about 10'6r~z (Sparrow, Maxwell, Ruegg & Bohr, 1970). The
parallel between the Ca“' requirement for the enzymatic activity
and that for the physical change is directly dependent on the
enzymatic activity which releases energy from ATP. This calcium
concentration is also the concentration required for the
activation of the native actomyosin of skeletal muscle.

However, the cellular Ca2+ metabclism seems to display
marced differences in the various types of muscles. In skeletal
muscie, only about 207 of the cellular Ca2+ content exchanges with

45

the extracellular\ ’Ca’’ at equilibrium (isolated rat diaphragm)

(Lahrtz, Lullman & Reis, 1967) whereas, under identical experimental

2+

conditions, 50-707% of the €a“ of the guinea-pig heart muscle

exchanges (Xlaus, & Lullman, 1964; Hoditz & Iullman, 1964). On

2+ of the intestinal smooth

the other hard, all the cellular Ca
muscle exchanges rather quickly with the extracellular Ca2+ under
comparable circumstances. In skeletal muscle, due to larger size
of the cells (surface/volume ratio about 1:15) and the higher
speed of shortening, the contractile proteins have to be activated

2+

by an intracellular Ca“ release mechanism. On the other hand,



in smooth ruscle, (surface/volume ratio almost 1:1) the
actomyosin may be activated sufficiently fast by a simple
penetration of Caz+ through the cell membrane, or by a iransfer

of membrane bound Ca2+ towards the contractile proteins.

Evidence for the involvement of Céff in the E-C coupling,

One line of evidence supporting the importance of Ca2+

in smooth ruscle contractility is the need . for the caticn in

the solution bathing the muscle for maintenance of contractility
(Daniel, Schder & Rotinson, 1962).  Immersion of smooth mscle

in Ca2+ free solution can cause progressive loss of contfactllity.
The lost contractility is rapidly regained when Caz+ is added fack
to the environment. Robertson, (1960) observed that 10-12 minutes
were required for a major reduction of resvonsiveness of the
rabbit ileum, whereas, significant recovery occurred in 15 seconds
after the return to Caz+. This suggested that Ca2+ ions are
active at the membrane and that acetyicholine, the stimulant
-used,  increases the permeability of the membrzne to Ca2+ icns.
Burks,Whitacre & Lonz (1967) observed a nou-specific loss of
vascular reactivity when isolated mesenteric arteries and small
resistance vessels of the dog were perfused with Ca2+-free

krebs solution. The responses to noradrenaline, adrenaline,
sympathetic nerve stimulation, angiotensin and §-hydroxytryptamine

(5-HT) were all depressed during Ca2+ - frec perfusion but were
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rapidly restored after reversion to control krebs solution

containing 2.5 mil Ca2+. Perfusion of the arteries with a solution

containing 1.25 mM Ca2+ did not result in reduced vascular
reactivity. This could be evidence that external Ca2+ does

not actually partake directly in the overall effect but replenishes

the store from which Ca?' is utilized for comtradtion.

Seocondly, in many studies involving measurement ol the Ca?*

I
ion fluxes that accompany smooth muscle contraction, it has
consistently been observed that there is zreater entry of

2% jnto the cell, while Ca®f bound intracellularly or in

Ca
the membrane is released, Severalisotope studies have demonstrated
that Ca2+ influx increases during contraction of smooth muscle
@ﬁ%,w&;&ug&mhm,wm;uuw&xdmm,w&;
Robertson, 1960; Sperelakis, 1962). The influx of Ca2+ ions

during contraction is not dependent on membrane potentials.

This is evident from the followings: (a) it is as prominent

in the devolarized muscle as it is in intect muscle (Sperelakis,
1962); (b) the dependence of the megnitude of the response on the
external Ca2+ concentration is equivalent in the normal and
depolarized muscle (Durbin, & Jenkinson, 1961; RBdman & Schild,
1962; Waugh, 1962), infact, the devolarized muscle is more

" . : 24 :
responsive to elevations in Ca  concentration.
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Stimulating agents, in addition to increasing Ca2+ infiux,
2 . 24 .
are also capable of activating or releasing bound ca? from its

bound sites. The free Ca2+

ion thus released is capable of
trigzering the contractile process. This observation is supported
by the finding that the response to stimlating agents persists

. 8 . . . 2+
for a period after the smooth muscle is (rangferred to a Ca

free medium and secondly that repeated stimalaticn in a Ca?"lL
free solution accelerates the decline of the response (Barr &
Alpern, 1963; Bdman & Schild, 1962; Okpako & Oladitan, 1979);

each stimulus seems to add to the exhaustion of the Ca2+ complex.

Portzehl, Caldwell & Ruegg (1964), using perfused crab muscle
fibre demonstrated that an intracellular concentration of 1vH Ca2+
would induce contraction. By isotopic labelling of the fibre
Ca2+ using intracellular perfusion, subsequent immersion of the
fibre in high K" saline produced a marked increase in 450a2+
efflux (Caldwell, 1964) - which strongly supports the view that
stimulants release Ca', Schatzmann (1961) found that nearly
half-of the Ca2+ in the intestinal smooth muscle is present in
an electrochenically inactive form. The amount of this cation
in a bound form, and its changes frem a bound to a free form
constitute a most important aspect of contraction and relaxation

of smooth muscle. Bound Ca2+ in the smooth muscle cell membrane

acts to alter cell membrane permeability to Ha" and hence to
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influence cellular excitability (Bulbring & Kuriyama, 1963;
Burnstock, Holman, & Prosser, 1963).

Foms of activator Ca2+

The manner in which the excitat;er' éct-ion of different
agents dependsupon cellular C.':J.Z+ has been found to differ in
longitudinal smooth muscle from guinea-pig ileum (VWeiss &
mewwitz 1963); in rat ventral tail artery (Hinke, 1965); and
in uterine smuc ,““ muscle (Van Breemen & Daniel, 1966). In
studies of the effects of gthanol and ca2+ ions on smooth m{xscle,
Weiss & Hurwitz, (1963) postulated~thfee different Ca>' ionm Sites:
(i) Ca2+ ions bound to sites ;‘.nvolved in acetylcholine~induced
increase in ¥ efflux - accessible to attack by ethanol and

" also 'EDTA; (ii) Ca2+ ions bound to tissue sites which restrict
the outward movement of K+ ions from the muscle - only partly
accessible to inhibitory effects of ethanol and (iii) ca?t ions
bound to sites which activate or enhance K~ - induced increase
in X* efflux. This Cat site equilibratesslowly with Ca>" in
the'extelmal medium and it is inseﬁsitive to the inhibitory
effect of ethanol. Hudgins & Weiss (1968) studied the manner in
which noradrepaline, histamine and < depend upon Ca2+ ions to
elicit contractile responses in rabbit aorticstrips. They used
Ringer containinz 1.5m: Calt (normal Ringer), Ringer with no added

2

2
Ca“" and Ringer with no Ca®' but with 0.17}f IDTA. From the

——experiments_the authors concluded that K*, histamine and NA
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differed in the degree to wnhich their action was depeﬁdent

upon extracellular Ca2+, Ca.2+ in loose association with the

cell membrane, and Ca2+ which is firmlj bound (or sequestered).
k* ions seem to initiate contractile response by inducing the
influx of extracellular Ca>' (Brisgs, 1962) and depolarization
of the cell merbrane (5u & Bevan, 1965). This view is supported
by the facf”%hai K" induced permeability changes is rapidly
108t * pemovall of extracellular Caz (Weiss & Hurwitz, 1963;
Hudgin & Weiss, 1..~). Histamine utilizes extracellular cat
since it affects permeability\changes and produces depolarization
(Su & Bevan, 1965) and in addition interacts with loosely

bound Ca2+. This is evident from the observation that responses
of vascular smooth muscle perfused with Ca2+- free solution
althouzh reduced was not abolished until additional fraction of
C82+ bound to membrane was removed by EDTA. Responses to NA

on the other hand were sustained.-fhough reduced by removél of
extracellular Ca’' orinclusionof ZDTA in the bathing. medium
sugzesting that NA - induced contractions are at least partially
dependent upon sequestered Caz+ stores. Recent experimental
evidence have however shcwn that alpha-adrenergic stimulation
uses Ca2+ from both the intracellular and extra-cellular sources.

Accordins to Sitrin & Bohr, (1971); Steinsland, Furchgott &
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Kirpekar, (1973); and van Breemen, Farinas, Custeels, Cerba, Wuytack

& Beth, (1973); the initinl fast response following A administration

5
appears to be crused by ca" of intrcellular orizin, and a

s : 2+
naintained slow response appears 0 be cauged by Ca”™ from the

Y e T O | e Py S > s [ Sl o= TR . PR T NPTV b W e
;.,__‘.-C,_..lw_ 31 Ad _Oul. v DESAUNLLVOT e y3dvis VISRl RF2 y SUC

.

hs presence of yMadequate

. . — . 2+ Vo 24
concentration of ionizod intracellular Ca™ 4 This ionized Ca

in some mammer deprend:nt upon &

is derived fron the tiszue bound sites whidch, is maintained by
2
the extracellular Ca“',

2+
Sites of cellular Ca

There are three possible storage zites for cellular calciun—

sarcoplasnic reticulum, mitochondria, and plasma membrane with

~

its surfzce vesicles,| In recent years three types of siudies

hava furnished evidence about these possible sources of activator

24

Ca“": (1) electron nicroscope studies, (2) cell fragment studies,

2 : : -
e blocking agents. Devine, Somlyo

and (3) sitdies employing Ca
and Somlyo (1972), have denonstrated, by eleciron microscopde
studies, that the sarcoplasmic reticulum occupies an appreciable

part’of the vascular smooth muscle cell, ranging from over ¢ of

the volume in the asrta and the main pulmonary artery to approximately

Z» in the portal, anterior mesenteric vein and the mesenteric artery.

These authors made the intferssting corollary observation thak
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snooth museles contrining the lirvger anownts of screoplosnic reticulun

maintain their contractions better in a Cn2+ ~ free erviron-

ment than do mscles with relatively 1little intracellular
sarcoplasmic reticulum, They showed that the extracellular
markers, ferritin and lanthanum, do not enter the sarcoplasmic
reticulum but that the sarcoplasmic reticulum does daccumulate

the bivalent cation marker, strentium., These authors also
observed that the mitochondria of the vascular.smooth muscle cell
accumilate barium and strontium, and, therefcre, are possible
sequostration sites for the B}valent cation calcium. Both the °
sarcoplasmic reticulum and the mitochondria make close contact
with the plasma mevbrane and the surface vesicles, The latter
are differentiated from the sarcoplasmic reticulum by the fact
that they are open to. the extra-cellular markers. The mitochondria
and the microsomal.fractions frem the vascular smooth muscle have
been shown to be capable of energzy dependent sequestration of
ca®* (Fitzpafrick, Landon, Debbas & Hurwitz, 1972; Baudouin,
lieyer,. Permandjian & Morgat, 1972). Although, details of the
control of activator Ca2+ is still obscure nevertheless, the
studies of the uptake end the release of Caz* from cell fragments
promises valuable insight, since, for instance, angiotengin in
physiologzically active concentrations accelerates ‘the release

of bound Ca2+ from the microsomal fraction (Baudouin et al, 1972)’
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Agents which effectively decrease membrane permeability

gt have been valuable tools for studying the source of

2+

to Ca
activator Ca™ . At least four such acents have been-extensively
studied: cinnarizine (GCodfraird& Kaba, 1969), 3KF 5254 (Kalsner,
Nickerson & Boyd, 1970), veraparil (Hagusler, 1972; Peiper,
Griz* - 2 Yende, 1971; Golenhofen & Lammel, 1972); and lanthanum
(van Breemen et al, 1972). .- ~:lar smooth muscle incubated

in a Ca2+,:_free potassium sulphate depolar.=iaz solution can be

caused to cont;act by the addition of low calcium concentrations
to the muscle bath. This.regponse presumably occurs because the
added Caz+ passes through thé‘membrane which has been made highly
permeable by the potassium sulphate - induced depolarization.
Various Ca2+ blocking agents eliminate or greatly reduce this
contra¢tile response. These agents are ruch less effective in
eliminatin~ the resvonse produced by agonists such as adrenaline,.
noradrenaline and angiotensin, succesting that the contractile
responses initiated by these agonists are less dependent on the
passage of extracellular Cq2+ through the plasma membrane than

is the contrgctile response initiated by potassium sulphate -
induced depolarization. . Van Breemen et al (1972) demonstrated that

lanthamum blocks the passage of Ca2+ across the cell membrane of vascu=

lar smooth muscle and that it replaces all Ca2+ bound to extracellular
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structures. By measuring the Ca.?'+ remaining in segments of
rabbit aorta, these researchers estimated intracellulec. Uazt
content. Using this technique, they otserved that there were
parallel rates of increase in tension and in intracellular
Ca2+ content in response to activation by potassium sulphate -
induced depolarization or by lithium substitution for sodium.
However, N%¢K1OTSH) caused a maximum increase in tension with
no increase in}&ntracallular 332+ concentration, which again

indicates that the activafor Ca2+

involved in contraction in
response to alpha-adreﬁergic;etimulation mﬁst have its origin
primarily in an intracellular pool. 'hen this pool is discharged
by NA, adrenaline or angiotensin after the rmscle has been in

a Ca2+ - free lgnthanum containins medium for 30 minutes, a
single contraction occurs, but the muscle will not respond
subsequently to stimulation with any of the three a~onists.
Therefore, each of the three azents appearstc use the sa:ne.Ca2+
pool. However, in spite of the -normous biochemical, histological
and pharmacological evidence about the three candidatés for the
site of the éellular calcium pool, their relative sismificance

as sources of Ca.2+ for the physiological response of adrenaline,
angiotensin and NA remains unclear,

Blectrical and non-electrical sctivation

In memmalian fast striated muscle fibres, the initiation of

contraction by a chemical stimulus (acetylcholine) is mediated
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by the action potential which triggers the release of Ca2+
from the sarcoplasmic reticulum raising free myoplasmic Ca2+
to a critical level required for activation of the actomyosin
system (Davies, 1963; Sandow, 1965). In smooth muscle systems,
the mechanism by which various stimulatory agents initiate
contractile responses appear to be diverse. Bozler.(1946);
Burnstock et al (1963), using intestinal smooth mugcle for their
studies have established a compelling case for a primary spike -
mediated mechanism of excitation - contraction coupling, which
differ only in minor details from that of striated muscle.
Harshall (1962) demopstrated a aimilgr behaviour for uterine
smooth muscle, However, the case for the action potential being
the solé E-C couplinz process of visceral smooth muscle was
weakened by the demonstration by Evans, Schild & Thesleff (1958)
that drugs can produce contraction of depolarized smooth muscle,
The contraction of the vascular smooth muscle may be
initiated by either electrical or non-electrical activation.
The classical model used for study of electrical activation is
the portal vein. Smooth muscle in this vessel has spontaneous
action potentials which cause the delivery of activator Caz+
into the myoplasm, and, hence, cause contraction of the muscle.
However, this muscle and other vascular smooth muscles can be

made to contract in response to NA and other agonists when the
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cell membrane has been completely depdlarized by isotonic
potassium sulphate (Somlyoé& Somlyo, 1968). Under these
conditions, the response to_the constrictor asonist occur in
the absence of a change in membrane potential,and therefore,
is reasonably called non-electrical activation - also termed
phammacomechanical coupling (Soulyo £ Sonlyo,1968). Conversely,
physiologigi} r?sponses that involves depolarization of the cell
membrane or brfngs about chanses in membrane potential are
defined as Electriéal act{vation (or electromechanical coupling

Somlyo & 3omlyo, 1968). Michelectrode studies support the

' possibility that NA usually causes constriction of smcoth muscle

in large arteries without the occurrence of action potentials,
Haeusler (1972) reported that in over 200 microelectrode penetra-
tions of.at least 10 seconds e-ch in the smooth muscle cells of
the rabbit pulmonary artery contractinz in response to NA (10-6M),
he observed no action potentials. He did f€ind that NA reduced
membrane potential from a mean of 58.4 mV to 43.5mV. MNekata &
Niu, (1972), usin~ lower concentrations of adrenaline on the
common carotid artery of the rabbit, observed cont;actbn of this

vascular smooth muscle without action potentials or a change in

membrane potential. These studies agree with the earlier

‘observations by Somlyo &30mlyo (1968) that the same pattern of

inequality of maximal responses to adrenaline, angiotensin and
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vagopressin is obtained whether the smooth muscle is polarized
or depolarized. This observation indiicates that the inequality
in response in the polarized state 1S not due to differences
in the electrical phenomena of'the membrane and that factors
which determine the magnifude of non-electrical activation are
important when the cell is polarized.

Blectrical and non electrical modes of activation have been
explained in t;rms of differential pathways of Caa+ leakage into
the contractile proteins; In their review article Rasmussen &
Goodman, (1977) noted that thedéulation of the free CaZ® jon
concentration in the cell cytosol is gchieved by pump-leak
systems at both the plasma membrane and at the inner mitochondrial
membrane. It is the view of these authors that there is an
inward leak of Caz+ down its concentration gradient and an outward
pump in the plasma membrane. At least, two separate channels
by which Ca’' leak into the cell has been described. The first
is a relatively specific Ca2+ channel that is 7independent of the
mermbrane potential and that may_well be altered when certain
hormones interact with their receptors but do not lead to
@embr&ne depolarization (pharmaccmochanical pathway). The second
is a potentizl -dependent Ca2+ permeability channel (electrome-
chanical pathway). This process is also referred to as the

"late C82+ channel". In addition to these two pathways, some
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Ca2+ may also enter the cell after membrane depolarization, via
the sodium channel and is called "early Ce12+ channel" in nerve.
£

The relative importance of these two (or three) different processes

2+

by which the entry of Ca“™ into the cell is regulated varies from

one cell to another, and different ones are of major importance
in the éctivation of particular cells by extracellular messangers.

Evaluation of the relative importance of the channels can be
i ’I

obtained by the ube of agents that block specifiic ion channels.

The early Ca2+ entry Qia the Na* channel can be blocked by

24
ca

tetrodotoxin and the late, potehtial—dependent entry of Ca n
A

be blocked by verapamil, D600 (a methoxy derivative of verapamil)
or anf.
ATRACONTLLS 0 NORDRIALING - LIDUCED 2 - € COUPLINZ

2 - substituted imidazolines

The 2 - substituted imidazolines have a wide range of
pharnacological actions including adrenergic blocking, antihyper-
tensive, sympathomimetic, antihistaminic, histamine-like, and
cholinomimétic; slight changes in structure may make one or
another of these properties dominant. At the presenﬁ'time,
members of the series are ﬁarketed for each of the first four
properties listed. The structural formulas of tolazoline
(2-benzyl-2-iridazoline) and phentolamine are shown in fig. 1a and b'

respectively.



FIGURE 1

Struchural forrulas of tolazoline (A);
phentolanine (B) and phienoxybenzamine (C) 28 redrawm
from the vharmacelofical basis of therapsntics. (2ds)

L.S. Goodmansand A, Gilman pps 550 and 550.
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Tolazoline and phentolamine produce a moderately effective

competitive alpha-adrenergic blockade that is relatively transient.
That is, the reaction of the antagonist with specific receptors
usually exhibit mass-action characteristics, and the blockade produced
is a measure of competition between the agonist and antagonist for
receptor occupancy. Thus, both phentolamine and tolazoline can
correctly be referred to as classical competitive antagonistis
(Wickerson, 1959)., Apart from the receptor blocking effect, both
phentolamine and tglazoline have important direct actions on cardiac
and smooth rmuscle that may be diYided into three classes: (1)

~ "sympathomimetic" including cardi\ac stimulation, (2) parasympathomi-
metic, including gastrointestinal tract stimulation that is blocked
by atropine; and (3) histamine-like, including stimulation of gastric
secretion and peripheral vasodilatation (Ahlquist, Buggin & Woodbury,
19?7; Nickerson, 1949). Both phentolamine and tolazoline were

found to be ineffective against the metabolic effects of adrenaline.

Yohimbine

Yohimbine is an alkaloid obtained from a West African tree,
yohimbzhe. It is €losely related chemically to the rauwolfia
alkaloidé. Despite the fa;t that yohimbine's adrenergic blocking
actién has been knovm since 1925 (Raymond-Hamet), it has had only
limited use as a lavoratory tool and has not been employed

therapeutically as a blocking agent. However, followins about
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a decade o0ld postulate that the adrenergic neurotransmitter, NA,

in the peripheral nervous system, regulates its own release throush

a negative feedback mecheanism mediated by ﬁrejunctional ®-adrenoceptors
(Lanser, Enero and Stefano, 1971; McCulloch, Rand and Story, 1972;
Rand! Story, Allen, Glover and McCulloch, 1973), yohimbine has been
recognised as a predominant presymaptic &-adrenoceptor antagonist.

The evidence for tﬁis is based on selective antagonism of presynap-
tically actingcl-egonists like clonidine, naphazoline and oxymetazoline
by yohimbine (Drew, 1976, 1977).. Post synaptically acting
®-adrenoceptor aconists like phesylephrine and methoxamine were

not antagonized by yohimbine or any other relatively selective
presynavtic @G-antagonist. ~Thus, yohimbine, will cause an overflow

of neurotransmitter substance by shutting up the auto-regulatory
pathway of release mediated by presynaptic @-zdrenoceptors.

Yohimbine is a classical competitive antagonist of the presynaptic

8-adrenoceptor site, However, it is not devoid of posi-synaptic
antiadrenersic’activity.

Phenoxybenzamine (Pr2)

Phenoxybenzamine is a member of the B-haloalkylamine blocking
agents., It differs from dibenamine (an older member of the group)
only in the replacement of cne benzyl group by a phenoxyisopropyl
moiety. ?ig.1(c) represents its structural formula. The haloalky-
lamine adrenergic tlocking agents are closely related chemically

to the nitrosen mustards; like the latter, the tertiary amine
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cyclizes to form a reactive ethylenimonium intermediate. The
molecular configuration directly responsible for blockade is
probably a hizhly reactive carbonium ion formed when the three-
membered ring breaks (Belleau & Trigsgle, ;962). The relatively

slow onset of action, even after intravenous injection, is probably
due to the time required for the formaticn of these reactive
intermediates, which then act as alkylatinsagent (Harvey & Nickerson,
1954). It has been shown (Nickerson, 1956) that PBZ (its reactive

intermediate) combineswith the same receptors as the agonist, as in

classical competitive antagonisﬁ, but then reacts with the receptor
or some adjacent group(s) to for; a relatively stable chermical
bond. Such a reaction precludes further mass-action "ccmpetition”
and efféctively reduces the number of available receptors. PBZ '
has thus begn described as a NONEQUILIBRIUM antagonist. This type
of blockade has also been referred to as "irreversible competitive"
(Furchgott, 1955) and "unsurmountable" (Gaddum, Hameed, Eathway &
Stephens, 1955). The exact nature of the groupings on or near
o-adrenerzic receptors with which the haloalkylamine react has not
been determined. It was anticipated that a labelled haloalkylamine
could be used in combinatioﬁ with agonist protection of specific
receptors to identify and characterize the ®-adrenersic receptors.
However, experinénts of this type have been beset by numercus

complications, and the only valid conclusion that has been drawn



to date appears to be that these receptors are protein in nature
(Lewis & Ifiller, 1966; Yong & Marks, 1969). This is in acresment
with the experimental observation that trypsin can reverse the
blockade of Q-adrenergic receptors by dibenamine (Graham & Al Katib,
1966).

In addition to producing &-adrenergic blockade, PB4 is also
thourht to exert important effects on catecholamine metabolisnm.
Dibenamine and PBZ increase the amount of ‘NA released in the venous
effluent per stimulus delivered to the'splenic nerves at low but
not at high frequencies. This view was first attributed fto blockade
of o-adrenoceptors and later to inhibition of NA inactivation.
Prevention of access to inactivating enzymes was thought to be the
most important component of this effect but prevention of NA uptake
is also known to be-involved (Brown & CGillespie, 1.957; Kalsner &
Nickerson, 1969).. A more up-to-date explanation has been presented.
This view states-that the increase in NA overflow obtained in the
presence ‘of the ®-blocker PBZ or phentolamine, represents an
actual increase in transmitter release and is not due to blockade
of .sites of loss for the released transmitter. The reason for this
is thet, these effects are obtained with concentrations of the drug
which do not inhibit ncuronal or extraneuronal uptake (Starke,
Montel & Schumann, 1971; Langer, 1974; Alder-Gmsdhinaky & Langer,

1974). Further ovidence in support of the view that at-recepter”
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blocking agents actually increase transmitter release during
nerve stimulation was obtained by Cﬁbeddu, Barnes, Langer & Veiner
(1974). These authors found an increase in the release of
dopamine-B-hydroxylase when the sympathetic nerves of the prerfused
spleen were stimulated in the presence of the Ot-receptor blocking
agent. Farah & Langer, (1974) have concluded that phentolamine

and PBZ increase transmitter release by acting on the same prejunctional

®-adrenoceptors.,
Furthermore, PBZ and other haloalkylamines can inhibit responses
to 5-HT, histamine, and acetylcholine, Blockade of these other

types of agonist has the same general pharmacclosgical characterisfics

as does the adrenergic blockade. Effective blockade of responses

to acetylcholine usually require relatively high dose of haloalky-

lamines. Owing to this non-selectivity in the type of receptor

antagonism by PBZ; the latter has also been thought to act at a
point beyond the receptor level but which is common to all the

agonists. (probably a specific process between receptor activation

2+

and the contractile response). PRZ is though® io inhibit Ca

fluxes across cell membranes. This has been supported by the

observation that PBZ also antogonized the contractile response

induced by potassium chloride. Such contraction is exclusively

said to be due to calcium influx from the extracellular sources

(Bevan & Su, 1965; Hudgin & Weiss, 1968; Kalsner & Nickerson, 1969).



Prazosin

Compounds having the quinazoline ring system have been reported
to have diverse biological activities (Ammarego, 1963). Cne of
these compounds, prazosin, was found to vrossess gignificant antihy-
rertensive effect which was believed to be due to direGt relaxation
of the arteriglar wall and to blockade of &-~adrenoceptors in the .
peripheral vascular wall (Constantine, 1973).

As an _s-antagonist, prazosin éxhibits properties which are not i
typical of conventional o~blocking agents. Thus,it lowers blood
pressure without causing tachycardia, does not cause renin release
and reverses the sustained tachjcard;a induced by hydralazine therapy
in hypertensive dogs (Constantine, Mcshane, Scriabane & Hess, 1973;

Constantine, 1974; Massingham & Hayden, 1975).

Cinnarizine and Verapanmil

Cinnarizins (1-benzhydrxl-4-cinnamyl piperazine dihydrochloride)
(.stuzerond) is an antihistamine (Hi-receptor antagonist) and also
has vasodilating properties. It antagonizes adrenaline, angiotensin
and 5-HT. It is used clinically for the treatment of peripheral
arterial disease and disorders of balance. Cinnarizine inhibits

the contractile response to Ca2+ and induces relaxafion of depolarized

muscle previously contracted by Ca2+. Its antagonism of adrenaline

responses occurs only in polarizing solutionand not in
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Ca2+-free depolarizing solution. Based on these observations, the
two most likely sites for cinnarizine action in arterial smooth
muscle would seem to be the membrane of the muscle fibril (where
the drug would reduce the availability ofan2+ ions to the
contractile mechinery of the depolarized muscle) or the contractile

machinery itself (where it would interfere with the binding of Caz+)

The latter mechanism is unlikely since cinnarizine did not affect

adrenaline induced contractions in Caz+-free depolarizing solution
(Godfraini Kaba;,1969, 1972). Cinnarizine has been shown to be

about four times more potent than chlorpromazine as ca?t antagonist
\

and several times more potent than each of the other Ca2+ antagonists

(procajne, papaverine and manganese ions). FHowever, the potency

% antagonists is usually determined by the

of these acents as Ca

extent to which they antasonise calcium chloride - induced contractions.
Verapanil (iproveratril) is another example of antagonist of

excitation - contraction courling. Its mode of action is similar

to that of cinnarizine and has therefore been used in labcratories

as a Caz"antagonist (Golenhofen & Lammel, 1972; Godfrainia Kaba,

1972). This azent has been shown to exhibit some selectivity in its

mode of Ca2+ antagonism. According to Nasmussen & Goodman (1577)

2 influx induced as a

verapamil antagonises specifically the Ca
result of membrane depolarization (i.e. it blocks the electromechanisal

pathway) .
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Indomethacin and sodium meclofenamate

These two compounds belong to the same group of drug
generally classified as non gteroidal anti-inflammatory drugs
(NSAIDS). They have been most extensively studied and used to
investigate the functional role of the prostaglandins in physio-
logical and pathological systems. Both indomethécin'and sodium
meclofenamate have been shown to reduce or abelish responses to NA
and angiotensin in the rat mesenteric vascular bed (Horrobin,
Menku, Karmali, Nasser & Davies, 1974;-Malik & McGiff, 1974;
Mtabaji, Manku & Horrobin, 1976). The effects of these drugs couldnot be
ascribad specifizally to endozenous prostaglan@in gynthesis inhibition
This idea is widely based on the non-specific nature of the antagonism.
For instance, in the rat mesenteric artery preparation, indomethacin
inhibited the pressor stimuli to adrenaline, calcium chloride and
barium chloride (Worthover, 1968, 1971, 1972); and to vasopressin
and angiotensin (Horrobin et al, 1974; Manku & Horrobin, 1976).
Similarly, contractile responses of the infestinal smooth mscle to
prostaglandins are also inhibited by indomethacin (Sorrentino,
Capasso, & Dirosa, 1972). It has thus been thought that indomethacin
and other NSAIDS may be affecting a common process crucial to the
manner in which a'l the agonists cause contraction (i.e. the
excitation-contraction coupling process). Bvidence in support of
this view is as follows: (a) the observation by Northover,(1968)
that indomethacin was equally effective in blocking .adrenaline

vasoconstriction in arteries perfused with ncrmal salt, against
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vasoconstriction preduced by Ca? or Ba in the artery perfused with

a high & depolarizing solution. This will suggest that the antasonist
(indomethacin) was not preventing ca2* entry; (b) the observation that
indomethacin rapidly relaxed the spasm observed in an artery previoﬁsly
perfused for a long time with Caz+ - depolarizing solution i.e. in

a sitvation in which Ca2+ ion must have alrdady gained entrance to

the vicinity of the contractile proteins (Northover, 1968).

The contractile proteins of vascular smooth imscle are thought to
respond to Ca2+ ions as a result of the activation of an adenosine
triphosphatase enzyme (Somlyo & Somlyo, 1968; 1970) and since indome-
thacin did not reduce creatine phosphate and adenosine triphosphate
(ATP) content of the muscle ( Northover, 1971)) it was concluded that
the contraction inhibiting effect of indomethacin was due to some other
disturbance of the excitation-contraction coupling. Two other suggestions
advanced by Northover (1971) are that NSAIDS could either cause (a)
failure of Ca2+ ions to reach the contractile proteins or (b) failure
of the contractile proteins to respond to Ca * jons. Based on the
observation that indomethacin did not inhibit contraction of glyce-
rinated @mooth (i.e. smooth muscle preserved for 1 week at 0% in a
solufion"of glycerol) elicited by a mixture of ATP, Ca”' ions and T
ions, it was concluded by exclusion, that indomethacin distrurts e - ¢
coupling mainly by reducing the availability of Ca’’ ions within the
Direct evidence in supp;rt of this conclusion was obtained

muscle.

by measuring the Ca2+ content of strips of smooth muscle subjected to

electrical stimulation in vitro. The rise in Ca2+ content is,réﬁuced

by treatment with indomethacin in concentrations similar to those
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regrietd to inkibit inflamation (Newthawn,, (%71, 1972). Tt has also
been showm (?1ower, 1974) that indomethacin in concentrations hisher
than 5 uz/nl can distrupt metabolic processes includinz inhibition of

oxidative phosohorylation. Other effects of indomethacin at high

o A .
i L U C

concentrations include inhibition of proteolytic enmsuws =
ference with various biclogical meubwa=. \samacy, Fontaine & Reusse,1977).

PP 12 320 0] u\'.m .
Sk ASENSITIVITY TO SYMPATHCHIM® tic Y'T.NES_:.
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Ia his review article of 1963, Trendelenburg. owtlined prysiolc,ical —

and phamacolorical procedures that can induce supérsensitivity to
sympathomimetic amines in the cat nictitating membrane «~ follows:-
(i) administration of cocaine
(ii) chronic pretreatment with reserpine
(iii) decentralization and
(iv) denervation.

Procedures (i) and (ii) ere characteristically pharmacological in
nature while (iii) and (iv) are physiological in nature. §
The sensitizing effect of cocaine seems to be restricted to
sympathomimetie amines. Acetycholine is‘for instance#uﬂ;potentiated =
by cocaine, . 5- hydroxytryptamine which has been shown to be potentiated
by cocaine was also shown to stimulate the adrenal medulla (Lecomte,

1955) and the superior cervical ganglion (Trendelenburg, 1956) in
addition to its direct stimulant action on the muscle of the nictita-
ting membrane. Notwithstanding, 5 ~HT is only pctentiated by cocaine

|
when resting tension rises - an observation compatible with the view |
that the endogenous noradrenaline exerts an additive effect. It was !
|
|

thus concluded by Trendelenburg (1963)that the sensitizing action
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of cocaine on ihe nictitating: membrane is hishly selective and
geens to be espeeizlly pronouwnced for all sympathomimetic
amines possessing a phenolic hydroxyl sroup in the meta-position,
The basis for this conclusion was derived from the experinments
of Trendelenburz et al (1962) where they coupared the BD50 of
sixteen different sympathomimetic amines before.and after the
adninistration of cocaine, in acutely reserbinized animnls,

Acute reserpinization eliminated the indisrect component of the
action of these amines,

The effect of pretreatuent with reserpine depends on the
schedule employed for the prétrestment, Short-term pretreat-
nont (24 hours) causes depletion of the NA stores of the cat™hg *
nictitating membrane with no concomitant supersensitivity to NA
(Fleming & Trendelenburs, 1961), Howsver, when a small amount
of reserpine (0.1 mg/kg) was injected daily for 3, 7 and 14 days,
supersensitivity of the nictitating wembrane to A was first
obsarved after 7 days and becomes more pronounced after 14 days.
Fleming (1963) in his own studies extended the pretreatment
period to 28 dzys and found no further increzse in response to
NA after 28 days. These observations indicate that pretreat-
ment with reserpine is able %o cause supersensitivity to NA
but that time ig essential for the developmené of this
supersensitivity, The time factor varies from orzan to organ.
For example, supersensitivit& of the cardiovascular system

develops after 2 days of pretreatment with 2.5 - 5 mg reserpine
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per lilosran per day (Burn & Rand, 1938) =nd also within % days
of long-term pr&trcstnent wherens supersensitivity of the
nictitating membrane developed only after 7 days (Mening &
Trendelenburg, 1961)., Auite different results have“been reported
after acute injections of reserpine inito spinal.ecats. A short
%ime after such an injoction, the responze to NA-was enhanced
and vas observed bto remain so for a few hours (Innes, 1960;
Wakamura & Shimamoto, 1960; Schnitt & Schmitt, 1955). The time
course of the development of this potentiation was found to be
ginilar to the time course of sha/elevation of the plesma level
of catecholamines after intravenous injections of reserpine
(ffuscholl & Vozgt, 1957)s This observation was explained as
being due to an addition of the effects of endogenous Ha
(increased in the proximity of the recepfors because of the
releasing action of reserpins) to the action of injected
sympathonimetic amines = a view that was supported by the finding
that tyrénine is not only effective but actually more effective
than normally, on the nictitating membrane during the first few
hours after the intravenous injections of reserpine, Other
explanations are (1) that the reserpine -~ induced relezse of

NA saturated the non-specific receptor sites (as defined by
Koelle, 1959) and that consequently, a larger'prcportion of

the injected amines reaches their respective sites of action



and (2) that the increased response to tyramine was due to
the summation of tho releasing action of reserpine and that
of tyramine,

Decentralization, otherwise known as chronic preganglionic
denervation, is well known to cause supersengitivity of the
nictitating membrane to various substances, If. causes a
characteristic type of supersensitivity which is (a) of moderate
degree, (b) not accompanied by 2 loss of A stores of the
nictitating membrane, (c) non-gpsecific in that it is as pronminent
with acetylcholine as it is with NA, and (d) not associated
with subsensitivity to any of" the sympathomimetic amines, The
non-specificity is strikinz, since supersensitivity after
decentralization is of similar magnitude for directly and for
indirectly actins amines, and it is of similar magnitude for
m - OH compownds and their p - CH analogues (e.g. phenylephrine
and synephrine). According to the conclusion of Yyendelenburg
& Weirer (1962), the most important factor responsible for the
development of this type of supersensitivity scems to be 2
Prolonged functional interruption of the pathway belwreen the
central nervous system and the nictitating membrane. Thus,
procedures or pharmacolozical agenits which produce this effect
a2lgo produce this type of supersensitivity. fhis view agrees
with the extensive studies of Bmmelin (1961) wvho reached

gimiler conclusions on tha basis of experiments on the salivary
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glunds of the cat, This type of supersensitiviiy ig termed
"pharmacolozical denervation" (2Zmmelin, 1961) or "phamacological
decentralization" (Irendelenburz 1963). Supersensitivity after
decentralization develops s}owly and reaches its maximum about
two weeks after the section of the preganglionic nerve

(Hampel, 1935); this characteristic time course is similar to
that for the development of supersensitivity afier lorg-temm
pretreatmeqt with reserpine., Slow developmegt of supersensitivit&
has also béen observed by Zmmelin and his group (1961) in their
studies of fhe supersens%tivity of the salivary glands of the
cat., In order to obtsin hore information about this time factor,
Trendelenburz & Weiner (1962) determined dose — response curves
on the nictitating membrane of the spinal cat for three test
substances (I7i, tyramine and acetylcholine) in normal preparafions
as vell as after various preireatnent schedules desizmed to
interrupt the norml pathway between the higher centres and the
nictitatins menbranes, These pretreatments were: (2) 7 days

of dencrvation; (b) 7 days of‘decentralization; (e) 7 days

of zanglion block (produced by two daily injections of
ohlorisondzmine); (d) 7 days of vrevention of the release of

NA from its peripheral stores (produced by daily injoctions

of T 10); (e) 7 days of depletion of the NA stores

(produced by daily injections of 2 small amount, 0.1 mz/kg,

of reserpine); (f) 7 days of blockade of the !li receptors




(produced by d2ily injsctions of vhenoxybensor ine). After some
of these prolonzed prefrentnents, the cafecholamine content of
the nictitating menbrane was detewvained fluorimetrically, - Short-
tem pretreatment with chlorisondanine, 110, or reserpine
(azents ¢, d and e above) hed no effect on the seasitivity of
the nictitating membrane to NA and acetylcholing, “but long~term
pretreatnent with thess druzs caused wniformdly’a nmoderate
supersensitivity to both substances similar to that observed
after decentralization, Denexvation,/on the cther hand, caused
the well-kmown pronownced superSengitivity to IiA, but its
sensitizing effect in regard to/acetylcholine was not much
stronger than that of decentralization, It was thus concluded
that there is a correlation between the development of
supersensitivity‘and the t:ime factor, o correlation was found
between the development of supersensitivity to Ll and the ui
content of ‘the nictiiatins membrane; however, the response 1o
tyramine clearly depends on the presence of these stores.

The similarity of the sensitizing effect on the nictitating
neubrane of chronic post ganglionic denervation (i.e., dener-
vation) and of the administration of cocaine is very pronounced
and has besn ovserved by numerous workers, However, this

supersensitivity develops rather slowly after denervation and

reaches its maximuw after about 2 weeks {(Hampell, 1935), whereas
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the sensitizing effect of cocaine is observed within a few
ninutes after the intravenous injection of this substance
(Trendelenbursz, 1959)., The close similarity is convineingly
demonstrated on the nictitating membrane by a quantitative
study of the influence of denervation (#leckenstein & Burn, 1953)
and of cocaine (Fleckensiein & Busa, 19573 FldglSnstein &
Stockde, i955) on the dose - response curves of a larze nunber
of synprtheminetic amines, Fleckenstain' & Bass (1953), concluded
from this study that the administretion of cocaine causes
"pharmacolozical denervation®, ¥leckenstein & Stocicle (19595)
on their own ﬁqrt found the corrvelation between the effects of
cocaine and of denervation to extend to their desensitizing
effects towards amines with indirect actions, Also, the
sensitization of the niclitating menmbrane caused by denexvation
exhibits specificity in the sympathomimetic anines as was found
for cocaina(Trendelenburz gt al, 1962)., However, as closely .
similar ‘as the effects of cocaine and denervation appear to be,
they-have been clagsified as different forms of supersensitivity
based on the substantial differences between the wo types. In
two successive publications, Trendelenburg (1962), and
Trendelenburg et al (1962) come to the conclusion that chronic —
denervation - induced type of supersensitivity is not only

different from cocaine - induced type, but that it is actually



=B

equal to the sum of the sensitization caused by decentraliza=
tion, plué the highly selective supersensitivity similar to that
produced by cocaine, plus the eiffect of depletion of the 1A
stores. The evidence for this includes the fact that (i) admini-
stration of cocaine fails to couse supersensitivity of the
nictitating menbrane %o acetylcholine whereas denervation does
" caiide supersensitivity to this substance; (ii) demervation
shifted the dése = response curves of all of ‘thirisen directly -
!
or indirectly - actins; sympathomimatic anmines more to the left
than by cocaine, This effect was proyed to bz a qualitative
‘ A
‘one since cocaine interaction with indirectly — acting sympa-
thomimetic amine e.z. tyromine or ephedrine is antogonistic
and moreover gince cocaing did'not potentiﬁte the direct
component (obtained by pretreatient with reserpine) of the action
of ephedrine, A plot (on loz - scales) of the shifts of the
dose = fesponse curves of thiricen sympathominmetic amines as

observed after denervation of the nictitating membrane

(3]

(ordinates) ‘az2inst the shifts dve %o the administrztion of
cocaine (abscissa) thouzh zave rezression co-efficient of nearly
unity (1.095) but the ‘regression line was displaced in cuch

a way that at no point on: the line were the values for cocaine
and denervation the same, Tihis finding was taken to be
consistent with the wview that supersensitivity caused.byv
denervation also comprises a moderite and non=-specific type of

supersensitivity similar to that preduced by decentralization,
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In hisz coreludin » remarls, T‘rendelenburs; (1963) iden:ified
4two separate and distinet forms of supersensitivity in
adrenergically innervated stmmciurss denervated post zanglio-
nically, The serms presynaptic and posi synapiic (?rendelenburg,
1966) or prejunctional and postjunctional (Flenming, McPhillips
& Westfall, 1973) have been used o describe the w0 forms of
supsraensitivity, Prejunctional supersensifividy doss not
involve a change in $he ability of the tar_ et cells o respond,
Rather, it is the loss of some procesg;~such as neuronal amine
transport, which normally diverts. sSpecific drugs away freom their
site of action. Such supersengitivity is characteriged by rapid
onset and hish specificitys Sensitization of the same
characteristics as stated’/above w2s classified "type 1 sensiti-
zations® by Kalsnér (1974). In contrast, postjuncticnal
supersensitivify-is a tre chanje in the sensitivity of the
target cells.. It usuzlly comes on slowly (days to weeks,
depending on the type of target cells) and is zenerally quite
non~gpecific, the sensitivity beinz increased te 2 variety of
wnrelated drugs and ions, Kalsner (1974) described supersensitivity
of this nature "type II sensitizations", The characterisiics
of this type II sensitizations are similar to those described
for post junctional supersensitivity, Othser terms used to

denote postjunctional type of supersensitivity include non-



specific supersensitivity {:lemin;, 19563) and disuse
supersensitivity (Shavpless, 1963). ‘Jhese tems have thsir

seb backs, For instance, supersensitivily cannot yet be correcily
classified on the basis of apeciricity since no ons is.bure

that 2ll typss of poatjmxc‘.;ibml supersensitivity hate been
tented for snacificitv, Also, the ~uestion of(thebher "disuse"
(4.e end organ inactivity) or loss of trophic factor released
by nerves is responsible for supersensitivity afier inbterruption
of the innervation has not been adecuately explored in smooth
nuscles, [urthermore, under certain circumstances, extraneuronal
uptake (including uptake inie the effector cells themselves)

and subsequent intraceilular metabolism divert a portion of the
administered doge of a drugz from its site of action, Inhibition
of these processes can produce supersensitivity (Kalsner &
Nickerson, 1969), This phenomenon does not readily fit into

ihe classification of pre- and post - junctionz2l, This is
because, | iv5 location is postjunctionzl (i.e. in the effector
cells) but its mechanism (i,e, an increase in the percent of
adninistered druz that reaches the receptors) is susentially

the same as prejunctional supersensitivity. However, in a
r.cent symposium on supersensitivity in smooth musecle, Fleming,
{1573) described as premoture any effort to choo;e the best

terms by which types of supersensitiviiy may be classaified, /



He classified smooth muscle supersensitivity into two 28
follows:—

I "Deviation® supersensitivity or sensitivity due
to chanzes in uptuake and/or metabolism of the
drug i.e, functionally similar to prejunctional
supersausitivity.

(1) Decreased adrencrzic neurondluptake of
specific gympathomimetics (cocaine, desmabhy-
linmipranine, destruction of .odrenerzic neurones) .
(1) Decreased cholindatarase achivity (super—
sensitivity to cholinesterase sensitive choline
esters, as caused by cholinesterase inhibitors

or desbruction of cholinerzic neurones),

(C) Deerecsed extraneuronal uptake and metabolisn,

II "on=deviation" supersensitivity or enhanced
responsiveness of the target cells, This temm
infers that there is no change in the portion of

an administered dose of a drug that reaches the
receptors, Rather, the responsiveness of the target
cells is increased.

IISCHANTISHS O SUPERSTHSILTIVITY

[ @ ?
Cannon and Rosenblueth (1949) were the first to demonsirate

genuine insizht into the mechanism underlying the phenomenon



of suversensitivity., These authors raised the following
important poinis : (2) that there must be more than one
mechanism underlying supersensitivity, (v) that one of these
mechanisms probably involved changes in the removal, by
netabolism or storage, or normal transmiiters, and (c) that
in view of the non~-specific characteristics of /Some examples
of supersensitivity, anothar nechanism may involve a change
in the physiolozical characteristics of, the fesponding cells,

such as an altered permeability of the membrane to ions,

The potentiation of catecholanmine effects by cocaine is
accoinppnied by raised blood levels of the catecholamines,
(Trendelenburg, 1959; Huscholl, 1961), This is an indication
that cocaine probably inhibited the inactivation of catecholaninzs,
Philpot (1940) provided an experimental evidence that cocaine
inhibits the enzyme monoamine oxidase (140), This enzyme, found
in almost all body tissues (Blaschko, 1952) has been shown in
vitro to oxidise the side ch2in of meny amines, for example
adrenaline, WA, tyramine and 5 - HT. For some time, the enzyme
was thouzht to be mainly responsible for inactivation of
catecholamines in the body. It was sugjested that the enzyme
prlayed a role at the sympathetic nerve endin;é analogous to
that of acetylcholinesterase at cholinerzic nerve endings

(Buarn, 1953)., Burn & Robinson {1953) demonstrated a diminution
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in the amount of amine exidese after denervation and degeneration
of the sympathetic nerve fibres., This observation was later
confirmed by Stromblad (1965) in studies of ths enzyme content

of salivary glands., Burn & Hutcheon and Stromblad (1952)

indeﬁendently found a correlation between the fall in amine oxidase

" content and the development of supersensitivity and sugsested
that the supersensitivity was due to the fall in MAO content.
Burn & Rand (1958, 1959) abandoned this sugzestion on the grounds
that reduction in enzymé lgvel was not sufficient to change the

* response of the membrane s& greatly as denervation does, In 20
out of 25 experiments of Burn & Hutcheon (1952) the amine

oxidase in the denervated nictitatinz membrane was not reduced
below 5% of &he amount in the normal membrane, In addition,
reduction in enzyme activity fails to explain the increased
sensitivity of the denervated structure to agents other than the
chemical mediator, Burn & Rand (1958, 1959) therefore concluded
that the supersensitivity to NA and adrenaline which develops

in sympathetically innervated tissues after degeneiation of these
nerves is attributed to the disappearance of stores of NA in
these tissues., This conclusion was justified by the observation
that there was a simultaneous decline of the NA stores of the
iris and the spleen and increased sensitivity to NA after

degeneration of the sympathetic nerves, Furthermore,

=TT LRI o T
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adninistration of the potent amine oxidase inh‘libitors,
iproniazid to animals failed to cause potentiation of adrenaline,
<
YA, and 5 = H? .(Griesemerg_t_g}_ , 1953; roster, Ing & Veragic,
1955; Corne & 3raham, 1957; Vane, 1939). This finding has been
widely supported by other worlters (Brown & Gillespie, 1957; Hertting
* & Axelrod, 1961; Kopin, 1964), 3Svidence is thefefore lacking
that 1140 p:_l.a.y::., a major role in the inactivation of adrenaline
and lA. Condesuently, inhibition of this enzyme is unlikely to
bz the ma,jor‘co.u.se of supersensitivity.to these anines,
The discovery of deri:a:a.ti':es of adrenaline and ITA

nethylated in thehydroxyl position of the vhenyl ring (irmstrong

t al, 1959) led to a detailed

et al, 1957; Axelrod, 1957; Axalrod
study of the fate of the amines in man and of the nethylating
enzyme., The involvemen: of the enzyme, catechol=-o-nzthyl—
transferase (C0LL), in the catabolim of injected ii led to the
postulate, that” this enzyne terminates the active life of ITA and
that blockzde of its cctivity could explain the zmenome;xon of
supersensitivity, Huscholl (1260, 19561), stromblad & Ilickerson
(1961) have independently demonsirated an apprecinble accumulation
of I'A and adrenaline in the rats heart and salivary zlands by
uvsing fluorinetric :133:::/. techniques., Lavollay (1941) showad

that pyrogallol, quercitin :nd similar compounds, found later

to be COIT inhibitors would potentiate sli htly the biolozical
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effects of adrennline and ilA. Pyrozellol (Wylie, Archer

& Arnold, 1960) and 4 - nethyliropolone (lurnaglan &
Mazurkiewicz, 1963) also prolonjed il precsor effects of
injected catecholamine in the cat only slizhily. But, Lund
(1951); Celander,(1954) sihowed that intravenously administered
adrenaline and I'A disappear very rapidly fron the  plasma and
' this rapid inactivation process was not markedly retarded by
inhibition o.t:' cither 1100 or CUi.l or even .by the sinulizncous
inhibition of %“he two enzymes (Crout, 1961), COkl inhibition
as the sole nechanism of supersensitivity was further turned
down on the followinz additional zrounds : (2) that cocaine
(an agent %that can cause supersensitivity) fails to block
catechol-o-nethyl-transferase (7ylic et a2l, 1960) and (b)that
cocaine produces supersensitivity to amines which are not

substrates of CU<T e,z, phenylerhrine (Axelrod & Tomchick, 1958).

Supersensitivity and IT. content:

Denervation is known to ca.use a considerable fall in the
NA content of the denervated orzan (Burn & Rand, 1959; Cooper,
Gilbart, Bloodwell & Crout, 1951; Kirpekar, Cervioni & 1:‘1u'chgott,
1962; Stromblad, 1960), Fleckenstein & Bass (1953) observed
that cocaine prevented the release of NA fro.m nerve terninals
followinz postzanglionic stimmlation, On the strength of this
observation, these authors postulated that cocaine, by virtue

of its local anaesthetic action can block the postganslionic
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fibres ond thus cause "pharmucolosical denervation" since
cocaine and denervabion caused very siwilur {ypes of
supersensitivity, Macmillan, (1959) likewise postulated that
cocaine interferes with the relesse of WA from the stores,
However, explanation of the phenomenon of supersensitivity
based on this concept is untenable since (a.) there is evidence
that cocaine does not impair th? release of Hison nerve
stimilation (Kirpekar & Cervioni, 1962; Prendelenburg, 1959);
(v) compounds known to block the release of NA from nerve endings
on nerve stimlation (such as T-10vand bretyliw) caused only
a very slight supersensitivity to FA, which is quite different
from that produced by cither denervation or the administration
of cocaine (2xley, 19573 Bowra, Green, McCoubrey, Lawrence,
Moulton & Rosenhein, 1959); 2nd (¢) other compounds vhich are
at least as potent local anaesthetics as cocaine do not cause the
typical cocaine -~ like supersensitivity,

len reserpine bscame available as 2 phammacological tool
for depleting the NA stores, experiments seemed to indicate that
pretreatment with reserpine (like denervation and cocaine)
always led to supersensitivity to 1fA, when depletion of the
stores was achieved. . Therefore, Burn & Rand, (1959) postulated
that the sensitivity of an orgen is inversely.rclated to its NA
content, However, this hypothesis is untenable since the following
experimental observations camnot be explained on its basis:

Ay
Y




(e‘.) deczntzalization, a procscs mown not to deplate the

siores (l:irpe’.::'.r-_c.':__-“‘.;, 1962; .ichn, 1938) cuused supersensitivilby
to ifa; (b) short-tem pretreatment with reserpine cazuses depletion
of the HA stores without concomitant supersensitivity o NA
(Crout et ;g_l,, 1962; Pleming & Trendelenburg, 1961; Krayer,

Alper, Pensonen, 1962; Trendelenbursy, 1961; Krayewr, Alpern,
Peagonen, 1962; Trendelenburz & !/einer, 1962).5 4 ¢c) prolonged
ganglion block causes supersensitivity toJiA without mc’.uc:‘pg the
A content of the tissues (Trendelenbusry & Weiner, 1962);

(d) prolonged treatment with Tl 107or bretyliun causes super—
sensitivity to NA (Zmuelin & 3nzstrom, 1961; Trendelenburg &
Weiner, 1962) with very litile change in the NA confent of the
tissue (Boura et al, 1959); (e) prolonged pretreatment with very
small amount of reserpine causes supersensitivity to M although
the stores of NA-are not completely depleted, as judzed by the
reduced (but by no means abolished) responze of the nictitating
nembrane £0 nerve stimulation (Fleming & Trendelenburg, 1961).
Apparently in favour of this hﬁothesis of an inverse relation-
ship between the sensitivity of an organ and YA content is the
observation that an infusion of A into a reserpine pretrezicd
preparation not only increases its response to lyramine bub zlso
reduces its sensitivity to NA (Bejrablayam, Bu:rn & Walker, 1958;
Burn & Rand, 1958). ‘"his pehnomenon has tsen interprested as a

"mormalization" in so far as the infusion of A refills the



originally depleted stores and reduces to normal the origzinally
inereased sensitivity of the organ. However, repetitive -
atimulation, of the rost ganeglionic fibres of previously
decentralized nictitating membrane 2lso caused a reduction of
the supersensitivity of this organ to injected NA (Wolff &
Cattell, 1937); although decentralization is known not/to affect
the NA content of this organ (Kirpekar et ai 1962)L \iorscver,
observations with the isolated guinea-pig atria likewise do not
support this hypothesis. After short-texm prelreatment with
reserpine the NA content of the atriaqwas.only 1% of nomal, and
they failed to respond to tyraminej but their sensitivity to NA
was normal ; althoush exvosure £o-NA then restored their resnponse
to tyramine to 7q5‘of normal, thair sensitivity to WA remained
unchanged after the "refilling" of the stores (Crout et al, 1962).

Deviation of transmifter substance from its site of loss to
the receptors

The site.of loss of NA, may be taken to include uptake of the

transmitter dinto the NA stores, temporary hinding to proteins
(rsilent receptors"), enzymatic catabolism and diffusion from the
veceptor. By far the most popular hypothesis concerned with the
phenomenon of supersensitivity are those which consider supersensi-
tivity to be the result of a deviation of liberated or injected NA
fron its usval "site of loss™ to the pharmacological receptor. This

concept implies that the superéensitive effector organ is not



= A5 -

chanted at all bui that the effective concentr-tion of the injected
agonist at the receptor is increased by the sensitizing agent or
procedure, According to the uptake theory, the sensitivity of an
effector organ is determined by the rate with vhich uptake into the
nerve teminals removes the NA {from the neighbourhood of“the receptors.
In the prosence of normal uptake, the conc:ntration/of injected ila

at the receptors remoin low, undsr such conditions, the sensitivity

to NA is low, Thus, blockade of the "cite of loss" (uptake system

for adrenergic trancmitter) results in 2 larze number of NA (or

other catecholamine) molecules in the vicinity of adrenergic receptors
to produce the exaggerated and prolonged pharmacolojical responses

of the effector orgin i.e. in/supersensitivity. This mochanisnm

of action was first proposed by Hacmillan (1959). The supporting
experimental evidence includes the demonste:tion thot cocaine delayed
the disappearance of injected /A from the circulation and that the
drug inhibited uptake of NA into'various peripheral tissuss (Whitby,
1960), Denier & Titus (1961) confimed the ability of cocaine to
inhibit ¥A uptake in tissue slices incubated with HB-IIA. The sama
effect’ of cocaine has been demongtrated by Lindmar & Iluscholl

(1962, 1964) in perfused rabbit and rat heart where the drug more

than doubled the overflow of I/A followins sympathetic nerve
stimulation. In addition, Muscholl (1961) found a guantitative

correlation between tlie chanzes in uptake and in sensitivity,
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fhis author determined (i) the resvonze of +the bloed prescure

to a small dose of L=liL bhaofore aand after the intravenous injection
of 10-20 mg/Xz of cocaine; (ii) the i content of the heart after
an i.v. infusion of 20 uz of NA oand found an inverse linear
correlation between the A content of the heart and the sensitivity
of ths blood pressure to this amine, In other words, the more
pronounced tha im-paiment of the uptake of 1A, the)more pronounced
was the increase in sensitivity of the blood poessure o A -~ a
correlation that is consistent with fthe upbalke theory., Furthermore,
adninistration of cocaine (or denervation) was observed to sensitive
an effector orzan much more to anamine that is taken up rapidly
than to an amine that is taken/up slowly. For exeaple, the rslative
rates of uptake of the d - “iSomers of NA and adrenaline are :

1l ~NA 1 - adrenaline d = isomers (Iversen, 1963; Haickel,
Beaven, & Brodie, 1963) 2nd cocaine was found to increase the
sensitivity of the nictitating membr:me. of the spinal cat to these
anines by factors of 25, 5 and 2.5 respectively (Trendelenturg,
1965) .. Also, the amine, isoprenaline is not uptaken by the heort
of the rat (Hertting, 1964) and neither cocaine nor denervation
caused supersensitivity to its effects on blood pressure (tiaxwell,
.Daniel, Sheppard & Zimmernan, 1962); and nictitzting membrone

{Snith, 1963).
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Supearsensitivity due to neurovnal uptake blockade has been
substantiated yet in arother way. It was recently postulated that
the release of NA by nerve stimulation is resulated through a
negative feedblack control mechanism mediated by presynaptic
a - adfenoceptors (Langer, Alder, Fnero & Stefano, 1971; Starke,
1972; Melnlloch, Nand & Story, 1972: Tnem & Lanser, 1073, 1074).
9ince cocaine increases the concentration oi NA.at the neuroeffector
Juncticn, it was suggested to enhance the pragynaptic inhibition
of the transmitter releaged by nerve stirmlation (Lanser, 1974;
Dubocovich & Langer, 1974). Compatibleé with this view is the
observation that cocaine 10-8 - 10_6H increased moderately the
overflow of NA while it reduces\the overflow of dopamine - B -
hydroxylase elicited by merve stinulation in the perfused cat spleen
(Cubeddu et al, 1974). The conclusion of Langer & Enero (1974)
still supported and maintained the hypothesis that supersensitivity
by cocaine is /@ue-predominantly to inhibition of neuronal uptake
of the transhitter (WA).

As\ Pascinating as the uptake blockade concept of explaining
supersensitivity is, it is not devoid of setbacks. Firstly, the
available evidence concerning the supersensitivity observed after
decentralization does not fit into the concept. There is no
known reason why chronic section cf the preganglionic axon

should impair the uptake mechanism in the postiganglicnic nerve
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tominal, since decentralization dees not lead to any loss of

I'aA from the tissue (2nd, therefore, presumedly does not danage

the stores). The alternative hypothesis, that decentralization
and the consequent abaence of tonic impulses from the central
nervous system leave the relevent compartment of the nerve teminal
80 full of transmitter substance that it cannot takeé up anymore,

is inconsistent with the finding that short-term pPrgtreatment with
reserpine (which depletes the stores of the decentralized nictitating-
nembrane (Kirpekar et al, 1962) does not abolish the phenomenon

of decentralization supersensitivity {2rendelenburs et al 1962),
Secondly, although the uptalne coneept wowld account for the
imnediate sensitizing effect ofilcocaine, it completely fails %o
explain the phenomenon of gloiwr development of supersensitivity
after prolonged pretreatment x:'ith reserpine, Thirdly, neither
demervation nor the adminisiration of cocaine causes pronounced
supersensitivity to the p~ O compounds (2.z. tyrasine)

althouzh they.induce supersensitivity to their m = OH (e.g metaraminel)
analegues, ) It is hard to imagine the possibility that the p - OH
analozues are not tallen up into the neurones, lany of the p - OH
analogues have a sirong indirect action, thus the prossibility

of not being taken up would run counter o the available evidence
that indirectly acting substances are takeﬁ up in.to the stores,

Furthemmore, in a study of the effect of cocaine on the magnitude
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of responses to several bioloically active amines and on their

rates of inactivation in strips of rabbit thoracic aorta in

vitro, Kaloner & lickerson (1969) presented results which were
incompatible with neuronal uptoke inhibition as the sole explanation
for cocaine = induced supersensitivity. The authors made 2
important conclusions :(i) that supersensitivity and inhibition

of amine inactivation reflect two largely independent actions of
cocaine in vasculgr smooth muscle and probably other orgzans, =2nd
'(ii) that supersensitivity is a generally unreliable criferion of
the blockade of processes inactivatinz Sympathomimetic  amines.
These conclusions were on the fbllowing grounds : (2) althousgh
cocaine both potentiited responses to ifA, adrenaline and pheny-
lephrine and slowed their innctivotion, the correlation betireen
these two parameters under experimental conditions was poor, and
in 211 cnSes, the delay in intrinsic inactivation was found to

- be inadequate to account for the observed potentiation; (b)
potentiation of responses to IIA by cocaine was found to be little
decreased in strips stored at 6°C fo? 10 doys althouzh responses
to low doses of tyramine was abolished, Cocaine was also observed
to potentiate responses to lA for at least 28 hrs at 3700, at which
time, responses to NA alons were markedly decreased; (c¢) cocaine
was also observed to potentiate responses to phenylephrine after
60 min, as well as after 10 min, exposure to the amine in strips

in vhich all intraneuronal disposition of this amine had been



elininated by Lreatment with rescrpine and ipronianzid;

(d) cocaine which was never found to alter the tissue inaciivation
of histamine tui that of 5 - HT, potentizted the former and had

a slight variable effect on responses %0 5 = HT and (e)~procaine,
observed to slow amine inactivation in the same waycand. to the same
extent as did cocaine, did not potentiate responses or affect

potentiation produced by cocaine added in its presence,

Mechanisms involvinz the post synaptic sgites:

Maxwell, Plwmer, Povalski, Schmider & Coombs (1959) ohserved
that cocaine reverssd the blocking detion of summountable antagonists
of adrenaline and A (phentolamineg) but did not affect the blocking
action of an wnswmountable and irreversible antagzonist
(Dibenamine), Mrom these experimental observations, which were
nade on the blood pressure of the dog, it was concluded that the
site of action of .cocaine was postsymaptic, probably at the a =
adrenoceptors, It was thousht thzt cocaine might produce its action
by a change in the configuration of the receptor i.e. "defomm"
the receptor. The above mentioned results do not prove such a
postsynaptic site of action zs pofruycd. It is possible that cocaine,
by delaying the inactivation of injected NA would inerease the
local concentration of the injected drug at the receptor. Then,
one would expect what actunlly has becn observed : a reduction

of the surmowntable (compstitive) type of antagonism (phentolomine),
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and ne chanze of the wnsurcouniable (irreversibla) tymwe of
receptor block, Another explanation for postjunctional supersensi-
tivity is that cocaine (or any other arent that can induce this types
of supersensitivity) act to increase the mumber of receptors or to
alter, by an allosteric conformational chanse, either the intrinsic
activity of the receptor, the receptor - agonist affinity or binding
(Carrier & Folland, 1965, lMaxwell, et al, 1966; Nakatsu & Reiffenstein,
1968; Innes & Karr, 1971). This hypothesis has been questioned by
Green & Fleminz (1968) who reasoned that if cocainé altered the
sensitivity of receptors, then & change in affinity of NA for the
receptor should be detectable by determination of the pAx values
for agenist - antagonist interaction. “No such changes in the affinity
of adrenoceptors for phentolamine /were observed in the supersensifive
cat nictitating membrane (Gréen & Fleming, 1967); cat spleen (Creen &
Fleming,.1968; Innes & Mailhot, 1973) or aortic strips (Taylor &
Creen , 1971). )

Post junctional supersensitivity has further been explained
on electrophysiological grounds. Increased responsiveness to NA
has been said to be a result of facilitated synchronisation of
contraction i.e. enhancement of cell to cell comaunication (Festfall,
HcClure & Fleming, 1962). Consistent with this hypothesis is the
observation that denervation increases the number of cell to cell
contacts in rat vas deferens (Vestfall et al, 1975). The increase in
the number of cell to cell contacts may develop in parallel with mem~

2+
brane devolarization, since reduction in membrane bound Ca™ has been



shown to cruge depolurization and initinte nonbrane fusion

(Poste & Allison, 1973). This idea has been cuestioned on
histolozical grounds (Paton, Buckland, Wicks & Johns, 1976) and
instead, it has been sugzesbted that spontancous activity is
associated with membrone depolarization arising from a deercase

in C:’~.21~ bowmd o the c2ll nzmbrana (Plomins & WestfoiN, 1975)

or to change in tissue content of ATP since these @re increased by
procedures which produce postjunctionnl supepsensitivity (Westfall
et al, 1975).

In siudies on the rabbit aortic Styips, Haxwell et al (1966)
observed cocaine to produce & coneentration dependent reduction in
total uptake, binding rate and in diffusible NA. They noled that
in the range of 30 - 7075 reduction in binding rate, the response
to WA is an increasing fimction of the percent reduction in
binding produced by these drugs. However, since these authors
2180 observed tha’% cocaine and gucnethidine can produce considerable
additional dncrease in response without additionzl reduciion in
binding rate, it was concluded thaf decrense in the binding rate
of NA may not be an important doterminant of the supersensitivity
produced by 6ocaine, suanethidine and méthyphenidate in rabbit
cortic strips. An action in the smecoth muscle cells was guggested
to be responsible for the supersentivity, Xasuya & Goto (1968)
in their studies of the mechanism of supersensitivity to NA induced

by cocaine in rat isolated vas deferens concluded that this agent
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potentiates NA by a postsynaptic direet action which is non-
specific and related to imvrovement of intracellular 032"'
in addition to its presynaptic inhibition .of NA uptake. This

conclusion was based on th2 observation that cocaine potentiqted
responses to predoninantly vostsynaptically acting agonists such

as k¥ ’ Baz+

s acetylcholine and angiotensin, Cocaine has also

been reported to ‘,'potentiate the contractile response of artery
‘Segments to isoprenalins and histamine (Gay, Rand & Wilson, 1967).
However, I{+ ’ angi&tensin, acetylcholine have been shown to release
catecholamines from the ten:im.\l nerve endings of adrenergic
"nerves (Douzlas & Rubin, 1964; Kiran & Khairallah, 1969). Therefore,
cocaine - induced potentiation of the maximum responses to KC1°

and angiotensin could be a result of enhancement of the component
" of the responce to these agonists medinted by the neurotransmitter
whose reuptake back into the neurone has bzen bdlocked. This
observation ‘is well buttressed by the observed inability of cocaine
to facilitate the responses to il, anjiotensin and ACH in vas deferens
depleted of their catecholamines stores by reserpine (lreenberz &
Lonz, 1971). Conversely, these latier authors observed the
ability of cocaine to enhance responses of the vas deferens to

2+ 2+ 5 3 2 A
and Ba“" when the anins content of this tissue has been

Ca
depleted by reserpine, These authors hypothesized that cocaine
“enhanced” thé permeability of tha smooth muscle menbrane Ho

extracellular C£12+ ions as a result of the ability.of cocainc to
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wealken the binding batuwsen Ca + ond iss tisoue binding sites.

Recently, Swmer & Tillnen (1979) provosed & more specific exrlana-
tion for cocaine = induced supersensitivity, It is these authors!
view that cocaine enhances the influx of Ca.2+ across the cell
menbrane diring responses of agonists that utilize the extracellular

2+ and that this effect is responsible for a large part

pool. of Ca
of the observed supersensitivity, They could not explain
supersensitivity to WA after cocaine in the cat spleen strips by

a presynaptic mechanism for the following reasons : (a) that cocaine
produced an increase in maxinmum response as well as a shifi to the
left of the dose - response curve to HA, According to Kalsner (1974),
an increase in maximum response is not associated with inhibition

of uptake but suggests a post junctional action; (b) cocaine
potentiates responses to oxymetazoline, This a = adrenoceptor
agonist is not a substrate for neuronal uptake (Birmingham,

Paterson & Wojcicki, 1970); (c) desmethylimipramine and
chlorpheniramine known to be potent neuron2l uptake inhibitors

did not cause supersensitivity of cat spleen strips to NA, Evidence
in support of the post = synuptic nmode of action of cocaine is

as follows : firstly, that cocaine had no effects in the cat spleen
strips, on responses to m@.otenéin indicating no effecct on &

24

intracellular Ca“" metabolism. Angiotensin had been shown to

initiate contraction almost exclusively by metabolizing the Cazb

firmly bound to the intracellular nembrane (Kalsner et al, 1970;
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van Breemen, ¢t 2l, 1972). Secondly, &I 3251 prevented the

enhancenent of the responce to I\ by coecnine, his is supported

by the findinzs of Shibata, Hatiori, Sakurai, Hori & Fujiwara (1971)

who showed in rabbit aortic strips that NA is not potentiated
by coc2aine in Ca2+ - free media or in the presence of Mna"or Coa+
24

which are thouzht to inhibit specifically Ca” dinflux (Ragivera

& Nakajina, 1966; Geduldig & Junze, 1968; shibata, 1969). Be that
as it may, the effect of cocaine on influx of ca®* as an :
explanation for supersensitivity to NA is by no means generally
accepted (Barnett, Greenhouse & Taber, 1968; Kasuya & Goto, 1968;
Greenberg & Imnes, 1968; 1976; Pennefather, 1976) . In particular,
in cat spleen strips, it has been sugzested that cocaine potentiates
the response to NA by maldny the tizhtly bound intracellular 032+
store aveilable for contraction (Greenberg & Innes, 1976). Svidence
for this suggestion is that coccine potentiates the response to

FA in a Caa‘ free medium and in strips which have been previously
depleted of Ca2+ by treatment with the chelating agent disodium
edetate (EDTA). Similarly, since the work of Burn and Rand in 1938,
in which they reported the potentiation of smooth muscle

(vascular, splenic, nictitating menbrane) responses to catecholamines
in reserpinized cats, much research has been done to uncover the
mechanism of supersensitivity in reserpinized anix;.mls. Apart from

the proposal thai reserpinization results in increzsed receptor



affinity and 2lso population, a more jeneral mechanism is
; ; 2+ L : 5
aspociated with Ca”™ fluxes that is, that reserpine causes
2
el ; e 3o . 2
supersensitivity by enhancing Ca“ influx (Green & Fleming, 1968;
Taylor & Green, 1971; Carrier (Jnr.) 1975; Carrier (Jnr.) &

Hester 1976).
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favowr of prejunctional site of action in supersensitivity induced
by cocaine and reserpine; more recent studies sugzest at least «

contribution for postjunctional site dnvolving Caz+ movement,

DIVALENT CATION IONOPHORE A23187:

A23187 is produced by the fermentation of Streptomyces
chartnensis, It haé&ﬁolecular formula 029 H37 n3 O6 with the
structure shown in Fig, 2¢ It is an ionophore in the sense that
it has the ability to carry ions across lipid barriers including
artificial and biolozical membranes, The ionophore catalyses
transport by the following processes : (a) enveloping an ion at
a menmbrane interphase with a conseguent dehydration of the ion;

(b) diffusion across the membrane as a cation complex; {¢) releasing
the ion which undergoes conconitant rehydration at the opposite
interphase and diffusing back uncomplexed, to the original interphase
to complete the catalytic cycle. Ionorhores enfold their complexed
cation in a three dimensional cage, The relationship between the
conformationzl constraints of the ionophore cage and the size of

the captured cation, together with the f#%e onergy of ion
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desolvation ond ion=-dipole interaction during complex formation,

combine to produce & remarkable degree of ion selectivity., The
affinity series for A23187 has been reported by Reed (1972) to

be Caz+> I-Ig2+> Sr2+> Ba?*, The ionophore 423187 has thus
proved to be a valuable tool in the study of tha role of Ca2+ in
physiological processes, In the pregence <')I 3:.2+, it causes the
release of histamine from most cells (Foreman, Mongar & Gomperts,
1973), stimlates fluid secretion from fly salivary gland (Prince,
Rasnussen & Berridge, 1973), and causes =n increased release of
serotomin from platelets, It is able to facilitabe the movement
of divalent cations across the membrines of mitochondria and
sarcoplasmic reticulum via a process that is said to be prinmarily

electroneutrel (Case, Vanderkooi & Scarpa, 1975) .«
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FROSTAGLAIIDIGS 3 Foxmation

Prostaglandins (PGs) are a fanily of unsaturated fatty
acids first detected by von Euler in the seminal fluid, Although,
they were thought originally to be secreted by the prostate gland
(hence the name), these biologically active substances have néw
been found in aimouss every anincl tissae sind orgwiy/ ahd even in
plants,

PGs are not stored in tissues but formed in response to a
‘variety of stimuli including entigen-antibody reactions, irritants,
tissue damage, nerve stimulation, and streteh, The initial step
in the formation of Pas is the cledvage of arachidonic acid fron
phospholipid by the action of the enzyme phospholipase A2.
Arachidonic acid is then rapidly converted to PGs in a cascade
of enzyme reactions and intemmediate products. The rate limiting
step appears to be the action of cyclo-oxyzonase. (Fig. 3 shows
the biosynthetic pathway of prostaglandins 82, Fp, and 12).
Cyclooxysenase is responsible for catalyzinz the conversion of
arachidonic acid to PaGp (the hydroperoxy analogue of PGH2),
Cyclooxysenase can be inhibited by a group of drugs called

prostaglandin synthetase inhibivors such as aspirin and indomethacin,

Site and mode of release:

Prostaglandins are released from sympathetically imnervated

organs as a result of both nerve stimulation and administration of



FIGURE 3

Prostaglandin biosynthetic\pathuay. Redrawm

*
fron prostazlandins 14 (6) w4058,

*SW, F.F.; CHARMI:, J.P, & MCOUIRR, J.C. (1977)
letaboligh of prostaglandin endoparoxides in
aninal.tiscues

Prostaglondins 14: 1055 - 1074,
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vagsoactive substances, Ferreirz & Vane (1967) identified PGs
in dog splenic venous blood when the spleen contracted. Gilmore,
Vane & Wyllie (1968) and Davies, Horton & Witarington (1968)
independently detected P3s in the effluent bhlood from the dog spleen
after splenic nerve stimulation; and alco during adrenaline =
indueced c:\"trf’.c‘.':ior". P"'l“‘__L and PI8, were ifentified(in the
rerfusate by thin layer chromatosraphy ond bioagsay techniques,
The PGs =0 released were not of nervous origin. because :
(2) adrenaline also induced release, (b) - adrenocephor
antagonists prevented splenic contraction and adrenaline - induced
prostaglandin release, and (c) the quantities of PGEp and PGFo,
released during adrenaline stimulation of denervated and innervated
preparations were not significantly different (Gilmore ef 2l, 1968).
Release of prostaglandins have also been reported from many
other tissues of various animal species, Shaw & Ramrell (1968)
reported prostaglandin release from rat epididymal fat pad on
nervous and humoral (Ni) stimulations; Durham & Zimmerman (1970),
Mcgiff, Crowshaw, Teiragno, Malik & Lonisro (1972) demonstrated
2 basal release of material identified as PGE from the dog kidney.
It was observed that the release was markedly enhanced during
periods of renal vascular constrictions induced by either nerve
stimulation or noradrenaline (WA) infusion, In 1972, Davis &
Horton, reporfed the nass spectronetric identification of PG32 and

PGF,, in rabbit renal venous blood. This basal output was greatly



increaged by renal merve stimulvtion.,  Indonmsthocin (10 mg/kg)
injected intravenously reduced the basal PG output into renal
venous blood and also prevented the increase in outpui (z.n renal
nerve stimulation,

in the generation of PG detected in the outflow from organs treated
with vasoconstrictor substances has stimuleted much interest

in recent years, Hedgvist (1972) observed P& in the venous
effluent of blood perfused hindlimb of the caf after A infusion
and sympathetic nerve stimulation and proposed a possibility.

of an intramural generation of prostaglandins by contracting

blood vessels, Aikens (1974) made a similar observation,
Gryglewski & Korbut (1975) reported that the vasoconstriction
induced by WA in the perfused rabbit ecar is accompanied by a release |
of prostaglandin-like substance, Since exogenous prostaglandin i) .
entagonized the vasoconstriction action of NA, the authors
concluded that the peripheral function of %the PG was to atienuate
WA, In preparations pretreated with indomethacin (3 ug/ml), NA
infusion did not release any substance capable of contracting
biolegical assay tissues, Also, - receptor blocking drug
(phenoxybenzamine) completely blocked the pressor response to

NA and also the release of prostaglandin like subsiance into the

effleunt,
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Grodzinslka, Panczenko & Gryzlewski (1976) demonstrated
simultaneous increzse in perfusion pressure and release of
PGE - like material after infusing "A into the mesenteric
vascular preparation of rabbit. Indomethacin prevented, whereas
arachidonic acid (0.2 uz/ml) suemented the A = évoled Pr
release, The authors noted no prostuzlandin output from perfused
or superfused rabbit arteries unless the srald distal vessels
were left in the vascular preparation. and therefore proposed
the arteriolar wall or precapillary vessels as the site of
prostaglandin gengration., Other site at which PG - like substances
are released in response to nerve stimulation or humoral substances
include rat diaphragm (Ramwell, Shaw & Kucharski, 1965; Laity, 1969);
frog slkin (Remwell & Shaw, 1970); guinea-piz was deferens
(ambocke & Zar, 1970) and cat spleen (Hedqvist, Sjarme &
Wennmaln, 1971), The ubiquity of prostozlandin is thorofore
not in doubts Despite this ubiguitous nature however, PGs
have.not been proved to be transmitiers at nerve endings althoush
they are kmown to modify synaptic functions, Their release,
especially from muscles, is thought to be transynaptic in
mechanisn i,e, as a secondary but simulianecous action of the

humoral substances,

Prostacrelin (PGI 2)

Prostacyclin is formed by nmicrosomes of several organs

such as pig and rabbit aorta (Gryglewski, Bwnting, lMoncada,



Flower & Vane, 1976); rat stomach fundus, pis mesenieric arteries,

and venous tisoues incubated with PG endoperoxides. The FG

endoperoxides are then enzymically converted to an unstable product

(Pax) which relaxes arterial strips and prevents platelet-aggregation,

lierogconas from »ak stornch coryun, rat liver, vrobbit Mimes, rabbit
spleen, brain, kidney medulla, ram seminal vesicleas well as
particulate fractions of rat skin homogsnerate transfom PG
endoperoxides to PUE and PGF rether than Pax (Gryglewski et al,
1976), Prostacyclin is the prinary metabolite of arachidonic

acid in blood vegsels of all species so- far tested including man
(Bunting, Grygl wski, Moncada & Vane, 1976). This prostaglandin,
originally called PGX, was later identified as 5Z = 5, 6 =
didehydro~9«deoxy-6-9 - epoxyprostaglandin 7, and repamed

Prostacyclin by Johnson, lMorton, Kimmer, CGorman, llcCuire, Sun,

Whitacre, Bunting, Salmon, Moncada & Vana (1976) or simnly PGIp.

Smooth muscle actions of Pa®'s =nd PGIo,

Prostaglanding are known to produce two kinds of effects
on smooth muscle, First, the direct effect which may manifest
as contraction or relaxation (Hall & Pickles, 1963; Sirong &
Bohr, 1967; Mark, Schmid, Bckstein & Wendhing,1971), Secondly,
, they may indirectly inhibit or enhance responses to other agonists,

For instance, PGZy and PGEp can induce 2 persistent non-specific




~ 6% -

inerease in sensitivity to agonisis such as adrenaline, NA,
tyremine, acetylcholine and serotonin in rat and guinea-piz seninal
vesicles (Blliason & Risley, 1966), in rat uterus and suinea-pig
ileun (Clegg, Hall & Pickles, 1966; Hall & Pickles, 1953). |Also,
PGE1 enhances the responses of the rat stomach fundus fo
acetylcholine (Coceani & Jolie, 1955), ¥rosinslandins dqoand bp
have been shown to enhance contractile responses io merve
stimulation and catecholamines in the guinea-pigwas deferens vhile
having no effect on responses in the cat and actually depressing
responses to both nerve stimulation and eatecholomines in the
rabbit vas deferens (Crcham & Al Katih, 1967; Naimzada, 1969 a, b).
Buler & Hedqvist, (1969)4 Hedgvist & Buler, (1972) reported that
low and hizh doses of PGZ dnhibited and potentiated respectively
the contractile response of the guinea-nig vas deferens to post-
genglionic nerve stimulation. BExogenous NA was also shown to be
consistently potentiated by high dose of the PGEs. They
concluded that the potentiation by high doses of PSE1 was post-
Junctional since it was greatly or completely antagonized by
conpound SC 19220 (a PG receptor antagonist), The inhibitory
effect, on the other hand has been shown to be a prejunctional
effect wiere the pustaglandin modulates the relecse of the \

adrenergic transmitter (Hedqvist, 1972, 1974).
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The effect of postaglandins -on the isolated vascuiar snooth
muscle in vitro varies according to the animal species, the
vascular tissue under study, the existing tone of the tissue and
the concentration of pmstaglandins used in the stﬁdy. FG3y
potentiates vasoconsirictor responses to exogenous I'A in the rabbit
aorta and mesenteric artery in vitro (Stronz & Chandler, 1972;
Tobian & Viet, 1970), PIZ, on the other hand has baen shown to
facilitote the vaso-constriction induced by nerve stimulation
without affecting ﬁhc responsés to MA in the dog mesenteric arteries
and veins (Kadowitz, Sweet & Broady, 1976). However, in the
anaesthesized rat, P3Eg and P;‘-I2 are hypotensive in vivo, According
to Amstrong, Letiiner, Moncada & Vane (19&8), intravenous PCI,
produced hypotension which is 4 = 8 tines and about 128 tines nore

than that produced by PGE, and 6—oxo--P}E‘1a respectively in rats.

2
Also, the potency of P'}I2 neasured by its hypotensive effect
was 2 tiics ‘that of i, and about 250 tinss rore potent then
6~oxo-PGF1a in rabbit,

It h2s beon hypothesized (orton, 1979) %hat PGs act on reczptors
that can be distinguished from those for other azonists by actions
of selective antagonists, In support of this is the fact that the
actions of PGs on smooth muscle are not blocked by atropine,
nethyserzide, mepyramine, propranolol, phenoxybenzanine or hexame=

thonium, Three groups of PG receptor antagonists have been described

and are represented by (i) polyphloretin phosphate, (ii) the
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divenzoxazepine, SC 19220, and (iii) the 7 - oxaprostaglandins.
None of these antagonists is either very potent or hishly
selective (Z2kins & Samer, 1972). Pickles (1967) had put forward
evidence for thes existence of more th:n o pr.osta.glzmdin receptors.
liany smooth muscle actions of PGs have 2lso besn associated with

a change in tissue levels of one of the cyclic nucleotides (i.c;.
either adenylate cycl?.se‘ or muanylate cycluzse'cystens). Furither—
more, events at thd cellular (including cell membrane) level heve r-coived
some attention, Contraction of smooth muscle by PGs is associated
with depolarization aléne (P 'xlnain pulnonary artery, Kitamura,
Suzuki & Kuriyama, 1976) or witht‘depolariza.tion and with increased
frequency and length of action potential bursts (e.g. rat uterus,
Kuriyama & Suzuki, 1976). Relaxation of smooth muscle on other
hand, has been described as associated with hyperpolarization of
the membmm; (Stomach, ifischim: & Kuriyama, 1975). An increase

in membrans conductance has been found both during excitatory

and during inhibitory smooth muscle responses to prostaglandins,
According to Reiner & llarshall (1976),. it appears there is an action
potential = dependent mechanism of tension zeneration_which can

be triggered by PGs(and by other stimulants) which can be blocked
by Ca2+ antagonist verapomil and a more sustained contractile
component which does not involve action potential and is resistant
to blockade by verapanil, Thu.;l, as elsgborate as the volune of

the liter~fure--on smooth-muscle actions of P3s is, very little



measure of consistence has been attained as to the mechanism of
the various actions,
AN ARD SCOP3 OF PRUSHIT WORK
The present investigation is aimed at finding out how ?:—22,
PGFZa'c-nd PGI2 interact with adrenergic neurotransmitter substance,
NA, and agzents that antagonize its vasoconsirictor action. The
isolated rat mesen‘:'eric artery was chosen for this investigation
because the ain was to study the interactio_n between prostazlandins,
NA and A antagonists in arteriai: snooth muscle in which A produces
a purely ;rusoconstxictor effect, \ The prsporation as it is made
completely excludes thé venous side,
The study was prompted by the finding that prostazlandins of
the E serics' can potentiate zgonist action on smooth muscle by

facilitating Ca®* influx (Pickles, 1966, Zagling, et sk 1072).

Proa.ataglandins are therefore potentially useful agents for
investigating WA supersensitivity mechonisms which occur entirely
postjunctionally since prostaglandins do not appear to influence
uptake or other :i.mctiva'tin; mechanisme of A (Adeagbo & Okpoko,
1980), This kind of study secns worthwhile because it has been
suggested that prostaglandins mediate or amplify the vasoconstrictor

action of A in mesenteric arteries (Horrobin et al, 1974;

Coupar & licLennan, 1978; Couper, 1930),
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The interaction of P’?EZ uith antagonists of IIA was algo
investiznted, For the purpose of the siudy, antagonists of
FA have been clesgified into three ag followsi-
a) oL~ adrenoceptor antagonists — phentoluominey
tolazoline, ychinbine, phenoxybenzanine. and
-
prazosing
b) Non-sieroidal anti-inflammatory druss '~ indomethacin
and sodium meclofenamate,
24

c) antagonists interfering with-Ca™ ions - cinnarizine

and yerapanil,



CHAPTER TVO

MATERIALS AND METHODS
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MATERTALS AND METHODS

Animals
Albino rats (sprague Dawley strain) and guinea-piss(bred from

a strain developed in Vom, Nigeria} were used throushout this

study. All animals were bred locally in the departmental animal
house. The house was adequately ventilated. Rats were fed on
standard livestock cubes (Pfizer Nigeria Ltd.) while guinea-pigs
were fed on standagd livestock pellets supplemented with green grass.
All animals had free access to water.

Physiological solutions used

e 1
The physiological solutions lged and their composition were
as follows:-

(a) Krebs solution (mM per litre):

Sodium chloride, 113.0; potagsium chloride, 4.7; calcium
chloride, 2.5; scdium dihydrogen phosphate, 1.2; masmesiun
chloride, 1.2; sodium bicarbonate, 25.0 and glucose, 11.5.

(b) Calcium - free Krebs solution

This solution has the same compoﬁition as Krebs solution
described above except that calcium chloride was completely
omitted,

(¢) “Depolarizine krebs solution
This solution has the same composition asX:rebs solution
described in (a) above except that sodium chloride and sodium

bicarbonate were replaced by potassium sulphate and potassium
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bicarbonate respectively. Depolarizinz Krebs solution used
in this study is of the following composition (in mifol per
litre):- potassium sulphate, 92; potassium chloride, 10;
sodium dihydrogen phosphate, 1.2; potassium bicarbonate, 10;
magnesium chloride, 1.2 and glucose, 11.5. VWhen calcium
chloride was to be used as agonist, it was omitted in the
preparation of the depolarizing solution.

(d) 1Tyrode solution (mitol/litre).
Sodium chloride, 136.8; potassium chloride, 2.7; calcium
chloride, 1.8; sodium diherogen phosphate, 0.3; sodium
“hydrogen carbonate, 11.9; mégnesium chloride, 0.9 and glucose,

5.6.

Krebs solution was gassed with 5% Co, and 95% 0, mixture and
Tyrode solution gassed with air.

Preparation of mesenteric artery for verfusion

Surgical operations were carried out acéording to the method
of licgregor (1965). Adult male rats.weighine 250z,and above were
anaesthesized by diethyl ether or chloroform. The abdomen was
orened and the pancreatico-duodenal, ileo-colic and colic branches
of the superior mesenteric artery were all tied off. The dorsal
aorta was ligated a few millimeters anteriorly and posteriorly from
its junction with the superior mesenteric artéry. The latter was
then isolated by cutting round the intestinal borders of the mesentery

(Fig. 4). Thereafter, the whole preparation was quickly transferred



The preparation of 'mesenteric.arteries' stained
with sudan black, The preparation cohsists of superior
nesenteric, jejunal, and ileal arteries, (2) adipose
tissue attached, (b) adiposs tissue ond veins removed,

*
(Reproduced from “Blogdvessels" 43 : 279 ~ 292)

#J, WEBI: R,heWANIS & 2.3, DAVILL (1976) Isolation
and characterization of plagma membrane fron rat

mesenteric arteries Blood vessels (1976) 13:279-292,



' it

A? - ,;5 artery

- T }'K\\
- '.,‘,
R s g ,“ s "‘.“4.:*\"5;5;.‘?
iy ;,:" r ka4 : r
- > el © . Q —Z ,I i a
© TEE P
Y e WL

oo W A TRt

Jejunal arteries
v



TR

unto the surface of a conical flask containing water at 37°C.

The artery was .cannulated and perfused with K.rebs solution whose
composition is given above. The solution was bubbled with 5 Co2
and 95 02 mixture and was perfused throush the tissue at a constant
flow raite of 4 ml min-1 with a 7atsonmllarlow constant flow inducer
(type MERE-88). The preparation was carefully arranced on a
blot.ting paper moistened' with krebs solution whick was placed on
the surface of a 250 ml conical flask in which water at 37°C
c.irculated. The p,:reparation was lightly covered with moist cotton
wool which was periodically wetted with warm Krebs solution from

a pipette. An angle poised lemp"‘arranged abov'e the flask ensured
that the whole vnreparation was maintained at 37°C throushout the
experiment. Change_s in perfusion pressure were recorded ty a Bell &
Howell pressure transducer (type 4-327-1 -223) on a devices .19
recorder. All arteries set up were allowed to equilibrate for at

least 30 min. before the commencement of the experiment.

Experimental Procedure

Drugs were injected throurh a pressure tubing placed just before
the constant flow inducer in volumes not exceedins 0.2ml and atf 5 min.
intervals. In order to ensure that the tissue responses are
reasonably constant, two or three 93¢ responses v;ere recorded
following injections of geometrically increasing doses of the agonist.

The time interval between agonist injection was 5 min. and responses
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obtained in this manner are termed 'control resvonses'. In

cases where the artery was perfused with prostaglandin or antagonist
or any other test dwug or vehicle, the Krebs solution was

prepared to contain the desired concentrafions of the drugs. In
such a medium, the artery was allowed to equilibrate for at

least 10 min. before the next addition of the agonist.

Ascertaining the potency of prostacvlin (PGI,)

. The half-1ifé (t}) of PGI, at pH 7.48 is between 3.5 min and

2
10.5 min. at 25°C depending 6n buffer concentration, but with
shorter t} at higher buffer con}:\entration. At pH 12, tF is
‘approximately 6 days at 25°C (Cho & Allen, in the manufacturers
mannual)., The biolozical activity was sustsined at pE 9.37 (0.05M
tris-buffer) for 48 hrs. when stored at o°c. Under our \mrking‘

~conditions, 25 sodium carbonate solution pH 10 was used to dissolve
PGIZ. In view of the intermediate position and owing to the
relative unstable nature of PGIZ, it was important to ascertain
on a daily basis the retention of potency of an aliquot of the
prostacyclin before use. The model used for this purpose was the
inhibition by FGIZ, of the arachidonic acid-induced human platelet
aggregation., Platelets obtained from the 3lood of voluntary
donors in the University Teaching Hospital, Ibadan, agsregated in
fhe presence of low concentrations of arackidonic acid (a4).

‘The aggregometer used was Payton module mafe by Payton Associates,

Scarborough, Canada. Low concentrations of I’GI2 would prevent
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this action, 2nd the ability to do so is taken 2s 2 nmeans of
ascertrining the poiency of various aliquots of the prostacyclin,

A particular P2I, aliquot is assumed to have lost potency when it

2 :
can no lonzer drevent A4 = induced human platelet agsrezation or
when the concentration at which it does Bo has becone considerably
hish,

r

etabolicn of procto-landins
pulnonary vacculahbure

In ordef‘.:o»detemine whether the effects of the infugsed

.prostaglandins was due to the orimary prostaglandins or their

metabolites, the followinz experinants were periormed:
A

rat nesonisric artery

Different concantrations of P}Ez and PGP, were perfused throuzh

20
the rat nesenteric artery, The effluent was collected and iis
_biological activity determined using 2 3-point assay tecimicue

on the rat stomach stripyz (Vanz, 1957) or rat colon (Rozeli & Vane,
1964) superfussd i T;2od2 soluiion contiining a conbination of
antagonists: atropinaz C.1, cypro’nept:.xdine 0.1, propranolol 0,2,

and phenoxybenzauine 0,5 (uy/rl) (Vane; Jilmore gi 21, 1968). The
inclusion of these cntagonists malies the assay system more specific
for prostaglondins, Contriuctiornsof th: tiscues ware remistered
mechanically by auxotonic lavers (Paton, 1957) with a masnification

of 6 and an initi=l load of 15, Percentaze inrctivation was
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caleulated from tha: differance bekreon the concanbtration of

PG in the effluent ~nl tho conezntrition of the parent solutions,

- B 00
Pl\ 41\ ¥ '1_' .
1
P,
S
where PA = physiolo_ical activity of the parentprostaglandin
8, = i L woppodgaslondin in the
A -

elfluent,

(») Incetivetion of nrostn=l~alins dn s Sulhonory voseulap
bed of the muinea-pis lunz

Guinea-pigs of either sex weighing between 300¢ and 500g
were killed by neck fracture andiexginzuincted., The lungs were
igoluated and set up for perfusion throush the pulmonary artery As
described by Okpako (1971)s When the effluent was free of PG - like
activity, different concentrations of PGS, ond PG "o Were perfused
throush the lungzge In the concentrations used (10"8 and 1077 a1y,
the effluent showed no detectable activity on the rat stomach
strips or @at-colon showing that there was near complete inactiva-
tion of th  prostaglonding om passage throush the pulmonary vasculature,
Theveffluent was preaunad to contzin metabolites inactive on the
a3say tissues, The effluent was used to study a possivle effect of
retabolites on NA - in.uced vasoconstriction in the rat mesenteric

artery.
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Investi =tions on 2 voszible influsnce of endo~renous NA on
prosta~landin action

Investigations of this sort are important in the light of
the findinzs by furness & Marshall (1974) that’ the principal and
small arteries and also the terminal arterioles of the rat mesenteric
vascular bed are innervated by a meshwork of adrenergic nerves.
The procedgre involves the pretreatment of rats with a large dose
of reserpine (10 mg/kg) daily for 1 or 2 days) before the mesenteries
were dissected out and prepared as described above. The reserpine
was administered ﬁtraperitonéally. In some cases, smaller dose
of reserpine (5 mz/kg) was injec.%\ed i.p. daily for 4-5 days in order
to {iud out if reserpinization arfects vasoconstrictor action of
NA. In some other experiments, the adresnercic neuron;-': blockinz
drug, bretylium was included in the Krebs solution perfusing the.
nesentery. This also was geared towards finding out the influence
of this drug on NA vasoconstriction and the possible involvement

of endozenous cztecholamine in the prostaglandin.actions with

agonists.

Bffect of prostazlandins on ITA uptake

The effect of PGEZ and’ 3?28 on the vaso constrictor responses
to methoxanine was investizated. This drug is not a substrate
for the uptake vrocess (1versen, 1967; Trendelenburg, Maxwell &

Pluchino, 1970) and thus constitutes a useful probe for the uptake



process, The »rocedurs for the investijition was by constructing

dose = response curves to graded doses of methoxanine during
perfusion with plain krebs solution, after which a calculated dose

of prostaglondin meking the final concentr:fion in the perfusion

medium 10-8 g " was cdded, The tissue was subsequently allowed

TR Tty [ i (O O DSy {8 cnsy e s T A A o o ts
o0 CLLRLLIDILeS I Whl DR0LS L gRGaNAR 5%

before another dose - response curve to methoxemine was constructed,
A similar procziure was followed when A231ET was tested as IA
upteke antagonist,

The effect of prostaglandine om N uptake was studied yet in
another way. This involved the interaction of prostaglendins with
a novel uptaks inhibitor - coczine., The procedure was as follows:-—
(=) obtaininy the maximwa potentinting effect of cocaine by
constructing dose-responsa curves to a wide range of coccine
concenirations (2he concentration at which inersase in cocaine
concentrations produced no further increase in the degree of
potentiation was taken as the moximum potentiating concentration)s
(b) comstructin: dose-response curves to the maximum potentiating
concentration of cocaine, and the submaximal potentiating concen-
tration of prostaglandin zeparately and in combination on the same
preparations,

Messurenent of the degree of potentiation

An estimate of the degree of polentiation was obtained by
nmeasuring the quantity lmown as 'potentiation factor! (P.F.). The

Procedure for measuring this parameter consisted of constructing
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dose-response curves to NA before and in the presence of different
concentrations of progtaslandinor any other potentiating agent.
In the presence of any potentiating agent, the NA dose-response
curve was shifted leftiwards but parallel, The P.F. was the ratio:

Dose of Ni causing 505 apparent maximum
resnonse before the potentiating agent

Dose of NA causing 50% apparent maximm
in the presence of the potentiating agent.

Bxamination of the shift in the dose-response curve at the ED50 level
is :importan"c since according to Trendelenburg (1963), a meaningful
measurement of the sensitizing effeet of druz or procedure can be
obtained only by the determination of the horizontal shift of
the dose~response curve.

Potentiation factors measured in this way can attain any value

greater than unity,

Determination of the degree of antagonism

Degrees of antagonism were determined according to the method
of Arunlakshana & Schild (1959). The method consisted of obtaining dose-
ratios (DR) for different concentrations of competitive antagonists
against NA at the level of 50% of the maximum response pA, was
determined from a plot of the Log1o(dose ratio -1) as ordinate
versus Loglo molar concentration of the antagonist as abcissa. The
point at which the straight line graph cut the "x—.az-cis" corresponded

to the ‘Pi\2 value. pA2 determinations made in this way and in normal
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K:rebs solution were termed "control pAz" values. Other determina-
tions were made in krebs solution containing a particular

concentration of a potentiating agent.

Mesenteric artery prevaration as n model for studies on sources
of Ca<+ used durine vascular ruscle contractions.

Rasmussen & Goodman (1977) have sugzested the occurrence of

at least two distinct channels by which Ca2+ can leak into the
cell, Tirstly, there is a channel that is independent of the

|
.membrane potential and which is altered when hormones interact
with their receptors without leadins to membrane depolarization.
Secondly, there are votential ;‘dependent Ca2+ permeability channels.
These two channels corresvond respectively, to the pharmacomechanical
and the electromechanical vathways of evcking vascular muscle
contractility earlier described by Somlyo & Somlyo (1968). Mesenteric
vascular ruscle centractions evoked by NA represents the former
pathway while K" - induced vasoconstriction represent the latter.
On this basis, a-ents not foun! to antagonize NA competitively
were tested against K*-induced contractions. The procedure
consistéd of: (a) obtainin- 3 or 4 resular resronses to a
rarticular dese of KC1 in.normal Trebs selution (control responses};
(b). changing perfurion redivm to Krebs containing a particular
concentration of the antagonist beinz tested, followed 15 min, later,

by a recori of the responses to K" ag in (a) above. These procedures
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were reveated until about 4 or 5 different concentritions of the
antagonist have been tested. Each test dose is preceeded by a
recording of the cohtrol responses. The following agents were
so tested: cinnarizine, indomethacin, phenoxybenzamine, prazosin

and verapamil.

Drugs used, sources and methods of prepvaration and storace

The drugs used in the study include:- (-)Nozadrenaline base
(sigma & Co. Ltd., London); Methoxamine Hel, (Wellcome & Co.,
London); Potassium.chloride (4n3lar Chem. & Co., London);
Prostaglandins &, Fp, and I, (Upjokns Ltd., Kalamazoo); A23187
(B11i-Lilly, U.X); Reserpine (serpasil, ciba); Cocaine Hel
(E. Coburn Ltd); Bretylium Hel (Wellcome & Co. London); aspirin

Graesser 5alicylates Ltd., U.K.); Indomethacin (Merck, Sharp &
Dohme, U.3.A.); sodium meclofenamate (Parke Davis & Co., Pontypool);
phentolanine Bel (ciba); tolazoline ch,(Cibi Geizy); yohinbine Hel
(si:,n:z & Co, U.K.); vhenoxybenzanine (Snith, Kline, & French Ltd.);
Cinnarizins (Janssen Fharaccenticals Ltd.) and verapamil Hel
(Cordilox ampoulss, Abbot Libor-tories Lid.); atropine sulphate
(BDH Laboratory Chemic '.ls); cypronzptadine Hel (B_DIE biochemicals);
Mepyranine maleate (liny & Baker); propranolol Hel (ILC.I.); and

arachidonic acid (3irma & Co. Ltd., London).
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NA stock solution (10 mg/m1) was prepared in 0.1M Hecl while
stock sclutions of methoxamine and bretylium were made in normal
saline. Arachidonic acid, phentolamine and. reserpine were present
as injectable solutions. Stock solutions'of aspirin, indomethacin,
sodium meclofenamate and I’(}I2 were made in 2% sodium carbonate
solution while those of PGE, and PGFZa(lmg/ml) were made in 95%
ethanol. Cinnarizine was dissolved in 507 methanol and phenoxy-
benzamine in é'c':idi‘fied ethanol according to Benfey & Grillo (1963).
Prazosin was dissélved in 25% methanol. |

All stock solutions were s'i:'ored at -20°C and diluted fresh

kY

in distilled water or physiological salt sclution just before use.

Stock concentrations are expressed per unit base or salt.

Statistical analvsis

Results are expressed as mean I standard error of the mean
.where 'n' represents the number of observations in the sroup.
Where appropriate, comparison between paired group were made usinz
students 't' test or by analysis of variance. The difference

between the groups is taken to be significant when P2>0.05.
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RESULTS

Vasoconstrictor resrvonses of the rat mesenteric artery to

NA in normal Krebs:

Bffective doses of NA caused an increase in perfusion pressure, which

was taken to indicate arterial vasoconstriction. 4s shown by Mcgregor
(1965), the vasoconstrictor effect of NA was élearly dose dependent and
rapidly reversible (Pig. 5). NA threshold dose was about O.lug injected
into the perfusion fluid and the highest recordable response was achieved
with about 1.6ug. In the range of sensitivity used, the maximum response
recorded was 200 I;mﬂg". The maximum pressure output of the arteries was
of the order of 220 mnm Hg recordable at a lower sensitivity range. The
higher sensitivity range was used in these studies so that Ni could be
studied in physiological doses. wh;n first set up, the responses to a
given dose of NA tended to increase with time (Fig. 6). It was therefore
necessary to inject NA repeatedly until the response had become stable.
This required a period of 30-45 min. Thereafter, dose-response curves
were constructed to NA. In each experiment, at least three responses
were recorded for each dose of FA befo;e the introduction of a modifying
drug. "

Interactions of exogenously administered PGBz, PG?Za and JP‘}I2

with I

Control dose-response curves to NA were established by bolus

injections of graded doses. The responses were repeated in Krebs

solution containing a wide range of PGF:Z concentrations (10-9,

8 -7

10, 10 ' and 10-63 m1-1). A similar procedure was adopted

in concentrations which did

for PGF, and PGIZ. PGE, and PGF

2a 2 2a’




Perfused rat mesenterie 2rtery preparation :
vasoconstrictor responses moradrenaline (.r\.);
methogamine (B) and potossiwa chloride (C). The dots

indicate the doses in ug fdr A ond B3 and ng for C,






FIGURE 6

Voriation with tinma, of the paspenses of isolated
rat nesenteriec artery to noradrshclinz, (0); (%) and
(#) represent responses to IAAL 15, 30 and 45 nin
?espactively after settinwp the resenteric artery, Dach

point on the groph fepresents the mezn of 8 -~ 10 experinents,
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not show any direct vasocontrictor or dilator effecis greatly

potentiated the responses to Na.

on the other hand was very small,

The potentiating effect of PGIZ

The extent of potentiation in

each case was measured as potentiation factor (PF.).

The determina-

tion of this parameter has been described under methods.

rewl.ts are summarized in Table 1.

that the maximal potentiation of NA by PG, was obtained at 10°

|

i

Table

The

Tt can be seen from the table

The effect of prostaclandin dose on the decree of

potentiation of NA caused by 73, PGF
<

and FGI
P WS G

2

7
g

Concentration of |

Hean potentiation factors + S.E.M.

prostaglanding ‘
g m1~! PGE, PGF,, PGI,
107 2.2+ 0.1 2.4 + 0.3 | 1.4 + 0.1
107° ¥5.0 £ 0,2 |##2.2 5+ 0u1 | 1.6 + O.1
107 0.2 + 0.7 [**4.0 + 0.1 | 2.2 + 0.2
1076 9.4 + 0.6 5.2 + 0.2 | 2.2 + 0.2

PGE, was sisnificatly more potent in enhancing NA
vasocontrictor responses than P'T-an.

* Statistically significant

*% Statistically significant

p > 0.005
p > 0.005

.

ol

1



FIGULL

Prostaglandin{~ induced potentiation of noradrenaline
vagsoconstrictor responses in relation to .prosiaglandin
dose, in.rot mesenteric artery, (0) prostaglandin EZ
(PGEZ); { O-=~-0) P3F2a and (®) prosiacyclin (P}Iz). Zach
point is a mean of measurements from 8 separate preparations.

Vercicual bars are s.e meunl,
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Anti-aggrezatory action of PGI

2
_Platelet rich human plasma is turbid and almost opaque in

nature, When caliberating the aggre-ometer, the zero margin was
set by slotting a micro tube containing high concentration of
prlatelets while the upper (100%) margin on the aggregométer chart
was set using clear tris buffer solution. Following-addition of
low concentration of arachidonic acid (AA) there was a gentle rise
of the recording.pen towards 100% level - an indication of
aggrezation. This was preceeded by a short latent period. Addition

of PRI, before AA prevented the aggregation (Fig. 8). The enti-

2
aggregatory property was due to the P612 and not the vehicle
(Wa, Co, solution) since the latfer, added before ii did not

prevent platelet agzregation.

Inactivation of vrostaslandins in rat mesenteric vascular bed

It was important to ¥mow whether the effects of the prostaglandin
seen in these-experiments was due to the primary prostaglandins or
their metabolites since it was possible that the potentiatiqg
effectiof the nrostaslandins was caused by metaholites. PGE2 or
PGan at a concentration of 10-8 s ml-1 was therefore perfused
throuszh the preparation and the effluent assayed against the parent
solution as described in methods. Percentage inactivation of the
prostaglanding was calculated as follows:-

(PG concentration infused) - (PG concentration in perfusate)x 100

PG concentration infused 1



FIGURE 8

Bffoct of prostacy clin(I’GI?_) on arachidonic acid
(24) - induced aggresition of hunan platelet - rich
plasna, Flatelets wereldncubated in an azgrezometer
at 37°% with conspant stirrinz for 2 min. with either
tris butfer (g TM) (control) or tris buffer to which
prostacyclin (13,5 mif) hos been added, 7The dose of AA

used to induce platelet azzregation was 0,5 mi.
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The results are summarized in Table 2. It can be seen from the

table that only zabout 20% of PG€2 and PCFZa was insctivated during

perfusion.

Table 2
Inactivation of PGE,. and PGFZa in rat mesenteric
“artery
Cone. of prostaglandin Hean % inactivation of
in perfusion medium added prostaglandin - S,.E.M.
gm” PCE PGF
‘2 “oa
" -8
0
? 20,6 £ 3.1 | 23.0% 3.9
(n = 8) (n =8)
1077 19,0 2.1 | 20.0% 2.5
n=26) (n=6)

This degree of inactivation was considered substantial
enough. It was therefore desirable to establish whether the

metabolites of PGE, and PGF28 had NA potentiating actions in the

2

mesenteric artery. Thus, concentrations of PGE2 and PGFZa causing

NA potentiation were inactivated by passage through the guinea-pig
lung pulmonary vasculature, and the effect of the perfusate effluent

on thelvasoconstrictor responses to NA investigated. ihen 10

= PGE2 and PGFZa were perfused through guinea-pig

lungs, no activity in the effluent was detected on the assay tissues

and 10™7 g ml



=00

(rat stomach strips for PGE, and rat colon for PGFZa)' The

sensitivity of the assay tissues was good enoush to detect 0.5 ng
ml~! (Fig. 9). The effect of the effluent used immedistely after
collection on NA vasoconstrictor responses ;n the rat mesenteric

artery are shown in table 3., Only the effiuent from A0 z w1

showed slight potentiation.

Table 3

The effect of two concentrations of PGE | and PGF,
after passaze tharoush suinea-piy vulmoniry circulation
; on vasoconstrictor responses to Ni in the rat mesenteric

artery
Conc. of prostaglandin in | Vlean P.F. due to lung perfusate
Krebs solution perfusing
the lungs
=1
g ml PGE2 PGF2a
10™° 141 L 0,2 Not done
(n =8)
10-7 1.4 : 0.3 12 : 0.2
(n=6) (n = 8)

Interactions of prostaglandins with cocaine and methoxamine

Cocaine is an established inhibitor of neuronal uptake of the
adrenergic transmitter subs£ance (Iversen, 1967). In order to
find out whether.prostaglandins potentiate NA by inhibition of
uptake, maximal potentiating concentration of cocaine was obtained

as described uniler methods; and was used separately and in combination
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FIGURE

Assay of guinea-piz lung perfusate on rat stomach
strip (RSS) and rat colon (RC). The biolozicsl activities
of PGF2 " and Pf}&‘z were detccted more specifically by RC

and RSS respectively, Doses under the do%s are in ng while

131 in either case represents the guinea=-piz lwng effluent,
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with submaximal potentiating concentration of P332 (found to be
10—8g m1-1) on the same preparations. The principle of this test

is based on the idea that if PGE, is producing potentiation by

2
blocking uptake (as assumed for cocaine), then it should not work

in a situation where uptake is completely blocked e.f. by a dose

of cocaine which preduces naxzimum petentiation., The Tesults are
Tresented in (fig. 10). From the figure, the P.P. value due to

the submaximal potentiating concentration of PGEz(A) was 5.2% 0.1
(n=6) and that due to the maximal potentiating concentration of
cocaine (B) 5.6 + 0.1 (n = 6) while that due to the combination of
the former procadures (C) was 5.9 = 0.1 (n = 6). B and C are
significantly different p / 0.05,

Methoxamine caused vasoconstriction of the rat mesenteric artery
similar to vasoconstrictor response of NA (although less potent than
the latter) (see Fig. 5). Dose - response curves for methoxamine
were obtained ‘in the absence and presence of PGE2 and PGF2a and
results compared (Fig. 11). Methoxamine which is not a substrate
for the uptake process (Iversen, 1967; Trendelenburg et al, 1970)

was-votentiated by both prostaglandins.

Interactions of prostaglandins with NA in reserpinized rats and
in ¥rebs solution containines bretylium

The mesenteric artery is innervated by a meshwork of adrenergic
neurones (Furness & Marshall, 1974). In order to examine whether

Prostaglandin - induced supersensitivity was mediated by release



FIGURE 10

Perfused rat mesenteric artery: effect of cocaine

and PEZ on JJA vasoconstrictor ‘resvonses, Shown in the

figure are the dose = respofise. curves to VA (X) 2lone;

() in the presence of 10.ng/ml P33, (0) in the presence

of 100 nz/ul cocaing; and (A) in the presence of 10 nz/nl

Po3

2 and 100 ng/ml cocaine combined, Standard errors are

small and completely nmasked by the symbols. Toch point

on the graph.represents a mean of 6 - 8 experinents,
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FIGURE 11

Potentization of methoxanine - evolked vasoconstricior
responses by prostazlandin 32 (PGEZ) and P'}E‘Za in rat
nesenteric arterys The first set of responses in each
panel are control responses, PGE, (4) or POF,,, (B), in
the concemirations shown was introduced 2t the arrow,
Methoxamine responses were repeated 5 min, zfter adding a
prostaglandin, The doses of methoxunine under the dots

are in uz. (1) and (B) ore from separate mesenteric artery,



W AT

“FIG 11

PGF 9,
10ng/m

10ng/ml



-9 -

of transmitter substance, from the adrenergic nerve endings, 6 rats
were given a daily dose of reserpine (10 mg/kg) for 3 days before
isolating and setting up the artery as described earlier., The
potentiation factors due to PGZ, and PGF,, (iO-Bg ml“) in each
case on the vasoconstrictor action of NA in control preparations
were 5.0 + 0.9 (n = 6), and 2.2 « 0.1 (n = 6) respectively. In
reserpinized rats, P.F due to PCE, was 9.6 + 1.1 (n = 6), a value
that is significantly higzher than control (analysis of variance
p / 0.005). Fig. 12 shows a comparison of ED , to NA obtained in the
control and reserpinized rats. Ilt can be observed from the fi-ure
that animals pretreated consecuti;‘rely for 3 days with reserpine were
more sensitive to exogenous NA. No such effect was observed in
mesenteries isolated from rats pretreated for 1 or 2 days before
setting up or when reserpine was administered in vitro (i.e. added
to the perfusion medium).

In preparationé perfused with Krebs solution containing

bretylium (10-53 ml_l), the P.F. values for PGS, and PGP, were

2a
3.0 + 0.6 and 1.7 + 0.6 respectively (n = 6) in either case). These
values are significantly lower than the controls (i.s.. the potentia-
tion induced by the two prostaglandins were reduced in the presence

of bretylium).

NA antagonism bv.?)hentolarr,ine, tolazoline, yohimbine and
vhenoXybenzamine (I'B4

As would be expected, vhentolamine (3.2 x 10-8 - 25.2 x 10-8l-§);

tolazoline (2.5 x 1076 _ 4.0 107%) and yohimbine (5.0 x 10 -

12.8 x 10-71{) blocked NA in & compe’itive mamnner; (a) the MNA dose -



FIGURE 12

Comparison of the ED50 of NA in control (A) and.

reserpinized rats. (B). In B, x— %, O-===—=0; and

O—————0 represent responses to NA 24, 48 and 72 hours
respectively after reserpine pretreatment.
EDSO in control rats = 0.38 ug

" after 24 hrs of reserpinization = 0.4 ug

" n 48 hrs " " = 0.36 ug
. L T2 " % = 0,20 ug.
EDSO in control rats were statistically higher than those

obtained in the rats 72 hours after reserpinization

(p [LQ.OOS: ahalysis of variance).
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response curve in the presénce of the antagenist was shifted
rightwards parallel to the control curve; and (b) the slopes of

the A - S plots 0.96 = 0.04 (phentolamine); 1.03 - 0.04 (tolazoline)
end 0.85 £ 0,02 (yohinbine) (n = 8 in each case) were not signifi-

cantly different from 1 (p3»0.05).

Tn the doze van-e (7.4 ¥ 10711 = 2,0 x 1071%), P57 blook of
NA was surmountable by increasing the dose of NA (Fig. 13) and the
block exhibited characteristics of competitive antagonism viz,
parallel rightward shift of the NA dose-response line; the slope
of the A-S line plotted with dose ratios obtained in the presence
of three different concentrations of PBZ was 0.87 1 0.01. This )
value was not significantly different from 1. Furthermore, when

pA, was calculatei from the equation pA, = log (DR-1) = Log(I) where

2
(I) = concentration of FBZ, the values obtained with three different
concentrations of PBZ were not significantly different from one
another as indicated by zero regression of the plot of pA, versus
Log(I) (Fig. 14). This supggests competitive antagonism (Mackay,
1978). At higher concentrations of PBZ, antagonism of NA vasocon-
striction was not competitive. In concentrations higher than

2.9 x 10_1°H, the block of NA could not be overcome by increasing
the dose of NA.

Effects of PGE, on ™.~ adrenocentor blockade

<

Antagonism of NA vasoconstriction caused by phentolamine,

tolazoline and yohimbine were consistently reversed by PGE, (Fim 15 a &
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The block of Ni vasoconatriction by phenozyben.z.amine
in rot mesentery. _l‘he first set-of resronsss in each panel
are the control responses, The second set were obtained
in the presence of the stated doses of PEZ, Doses
indicated by dots dre in ug, (&), (B) and (¢) are from

separate artery preparations,
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FIGURE 14

The figure shows a plot of Pig agrinst antagonist
concentration, The pAz valuzs were caleulated fron the
equation pi, = Loz (DR=-1) .= Loz (I) where (I) = cone.
of PpZ (accordin; to Mackiy, 1978). Each point on the

graph represents the mean of 6 - 8 experiments, Vertical

bars represent.s,e mean,
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RIGURE 152

Reversal of phentolamine antagonicm on ITA
vasoconstrictor responses by 3‘32 in rat mesenteric
artery preparation. Doses of VA indicated by the dots
. are in Uge Responses in the second panel were obtained
in the presence of 3.2 x 10-81-1 phentolamine while those

in’ the third panel were in the presence of phentolanine

and PUE, (2.8 x 10-81-1) combined,
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FIGURE 15b

Reversal of phentolamina (3.2 x 10-821); vheno:y-
benzanine (2.9 x 10’10}1); tolazoline (4 x 10‘5m) and
yohimbine, (12.8 x 10-71.1) antagonism on A vasoconsiricior
regponzes by PGE2 in rat mesenteric artery preparation,
(®) control responses %o WA, (0) responses to NA in the
presence of each of the antagonists and (O—-—=0)
responses to NA in the presence of each of the antagonists
and 2.8 x 10-81-1 PGE2. Bach point is a mean of 10 - 12

experiments and vertical bars represent 5.3.I0.
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the dezree or reversal beins directly prorvortional to the concentra-
tion of the prostaglandin. Antagonism of WA vasoconstriction by

PBZ in the concentration range (7.4 x 107" - 2,9 x 10 %) in whéch
the block was competitive, was also reversed by PGE2 (Fig. 16).
Block by PBZ at higher concentration were not reserved by PGEz.

The degree of reversal by ¥Gi, of the block by leach of the

2

antagonists was estimated by determining dose-ratios with the
antagonist before and in the presence of different concentrations

of PGEZ. The results are shown in Table 4. Concentrations of

PGE, ranging from 2.8 x 1072 - 28% 107k greatly reduced the NA

2
dose ratios obtained with the four antagonists.

The ability to PGE_, to reverse competitive type block of

2
ol - adreneceptor may be taken to suggest that PGE2 interferred

with antagonist - receptor interaction. If this were so, different
binding characteristics for the antagonist might be expected. To

test this possibility, pA_ for each antagonist was determined

2
against NA before and in the presence of 2.8 x 10-8M PGEZ. The
results, presented in Table 5, show that PGE2 does not reduce the
affinity of antagonist for the receptor. Indéed, in the case of
vhentolamine, and tolago]iine, 1“0’:12 significantly increased the PA,
values. PGan was' "c,‘vi'/e‘d against phentolamine block and was found /
not to cause any change;in pA, value of the antagonist althouzh ° f

reversed its blockade of NA effect,



FIGURH 16

Reveral of phenoxybenzamine antogonism on A
vasoconstriction by PGEZ in rat moesenteric artery,
Doses of NA indicated/by the dots are in ug.
Responses in the second panel were obtained in the
presence of 2,9 x 10-1015 PBZ while those in tha third
panel were in the presence of PBZ =nd P3i, (10 ng/ml)

combinied,
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Table 4
Effect of PGR, (2.8 = 10-%1') on T4 blockade eoused by various X = adrenocentor
antoegonists = in isolaited verfused rat mesgnteric artexry,. The meon yolues ore
derived from 6 — 9 exveriments.
Concentration | NA dose-ratio MNA dose - ratio L. dose =
ANTAGONIST of antagonist | in the presence| in the presencc| DRy = DRA.P‘ TLECED. 2R
of antagonist of antagzonist + (np i f" wa o Wereron
: on : eversal factor") o. L i
alone (DRy) pcg, (DR, 5,) f0i)
27D IIHE -S
ETTOLAMINE 3.2x 10 13.9 % 1.0 2.5 & 0.1 11.4 + 0.8
TOLAZOLINE 4.1 2 102 | 22,0 % 1.0 5.9 + 0.4 1641 + 0.9
2 o )QU i'_ OQL
YOHIMBINE 1.28 x 10781 [\26.6 + 0.9 1.7 £ 0.1 24.9 + 0.9
PHENOXYBIZANING |  2,0% 30131 | 17.9 + 1.0 8.4 + 0.8 9.5 + 0.7

P
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- 105 -

Table 5

Effect of RG i < on R~ m._nocvrlo mt'\*c_;m

igsolated rat mes

{ORMAL XREBS DUATI? 3 2.8 x 10K
Pi3, BERFUSION
ANTAGONIST
Pa, SLOPE. OF Pa, SLOP2 OF
A = S“FLOT 4 - 3 PLO.
PHENTOLAMINE 8.58 + 0,11 0.96 + 0,04| * 8,95 & 0.14 ** 0,92 + 0,02
(n=28) (n = 8)
TOLAZOLINE 5.69 + 0,01 1.05 + 0,04| * 6.15 + 0,01 ** 0,97 + 0.05
(n =8) (n = 8)
YOHIHBINZ 7.48 + 0,07 0.85 + 0,02| ** .7,54 + 0,04 ** 0,83 + 0,01
(n =3) (n=8)
PHENOXYBENZAMIITS 10,84 + 0.01 0.87 + 0.01| ** ..10,5; ¥ 1.10 #% 0,83 + (5
(p32) (n =76) n = 6)

* Significantly hisher than controls (¥ £_0,005).

#* N0t gignificantly different from con:rols (P £ 0.05).
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Interactions of indomethacin =nd prazosin with NA and
the effect of PGE, on the NA block produced
-

The inclusion in the perfusion (luid, of indomethacin

7

2.8x107 H-2.8x1077H or prazosin (1.3 x 107K = 5.3 x 107 )

)

greatly inhibited the vasoconstrictor action of NA. The threshold
dose was not appreciably changed in the presence of each of these
antagonists., The mamitnde of block in eithe» case, increased

with time (Fig. 17). Also, the usual characteristics of the
response to NA (i.e. quick contractile and relaxant phases) was

changed by indomethacin and prazosin, The relaxant phase became
Ve i ‘\ /“'/-_,

very | prolonged (FPig. 18). Thus, the drugs increased the duration
of action of each dose administered. The block was rapidly over-

come by washing out the antagonists. PGE, 2.8x 104.31‘1_ reversdd

2
-1

completely the indomethacin block due to low doses 2.8 x 10 'l and

2.BX10-.6f'!.However, with-2.8x 10-%5 indomethacin, reversal by PGE?
was inconsistent, occuring only in 17 out of every 25 experiments
(Figs 19 and 20). Prazosin block of NA on the other hand, was

consistently irreversible by PGE2 (Fig., 20) even up to concentration

- -6
of 2.8 x 10-6M. The block produced by 2.8 x 10 . 2.8 x 10 M

oI-I

indomethacin and 1.3 x 10-1 - 2.6x10-10I-I prazosin, was surmoun-

table by increasing the dose of NA. However, there was little

reduction of the maximal response (to about 80 level) when indome-

5

thacin and prazosin concentrations were increased to 2.8x10 °M and

0

5.3x10-'1 M respectively. The suppression was more severe when the

concentration of the antagonists was further increased. pA2 values



Perfused rat mesenteric artery preparation:
indomethacin (0) and 2.3 x 1071 % prazosin (@), Each

point or the graph is aymeéan of 6 experiments on separate

tissue prepar~tions, Vertical bars are s,2 mesn,
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FIIRS 18

Isolated rot mesanteric artsry preproation:
effect of prazoasinson the nature of II.. Vasoconstrictor
responses, Doges/indicnted by th: dots are in us,

Responses’to ITA in the preconce of indoizethacin are

similapg
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FIZURE 19

The block of A vasoconstyiction by indomethacin
and its reversal by P\:E2 L,The first panel are the control
responses; the secondare responses in the presence of
2.8 x 10-52-1 indométhacin while she third panel represents
responses in the. presence of indomethacin and PC.L (10 nz/nil)

conbined, < Doses of NA indicated by the dots are in ug.
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Interaction of PG, with indonethacin (4) and
prazosin (B). (Z) control responses o iii; (0)
‘responses to NA in the ‘presence of 2.8 = 10_81-1 indo-
methacin in A and 1.3.x 1071% prazosin in B; and (8 )
responses to li-ih the presence of the antagonists and
PGZ,, (2.8 = 10™%1). Bach point on the graph is a mean

of 6 - 8 experinments. Vertical bars represent S.T.M.
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(see chapter 2) were measured at any three concentrations at which
maximum response to NA was not below 80,’5: When such pAZ values were
plotted azainst antagonist concentrations, the resultant line was
not linear indicatins that the block was iu;n-competitive in

nature (fig. 21).

Effect of P.“S.C_on 1A block vroduced by cinnarizine and verapamil

Both cinnarizine and verapamil are potent antagonists of the
excitation - con::ﬁction couprling system in the vascular smooth
muscle (Codfrains " Kaba, 1972). Neither of these two substances
has been shown to vossess -‘-. drenoceptor blocking activity
althourh it has been observed in‘ the course of this study that both
'compounds are potent antagonists of NA -induced vasoconstrictor
zlespons;es of the rat mesentery. NA block by these azents was
always accompanied by severe depression of the maximum response i.e.
‘the block was non-ccmpetitive in nature. Neither PGE2 nor PGE‘Za
interferred with the blockaie (Fiz. 22).

Calcium inncnhore A23187 influence on the basal perfusion
pressure of the rat r=sentery

In concentrations lower than 9.6x10-71'1 427187 did not alter
the basal perfusion pressure of the rat mesenteric artery. But,
all concentrations above 9.6 x1b—7l-i consistently induced a
characteristically slow contraction of the artery. The slow
vaéoconstric*:or response was characteristic because it occurad

only on the first contact of the ionophore with the tissue. The



FIGURY 21

Plot of pA2 valuesiagainst concentrations of
indomethacin (left parcl) and prazosin (rizht panel),
Bach point on the'graph is derived from 6 - 8 experinents,

Vertical bars aré the S.c mean.
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FIG 21

INDOMETHACIN ' PRAZOSIN
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FLGURE 22

Interaction of PG, (10 ng/ml)y with the block
of A by cinnurizine end verapamil, (@) represents
control responses to Na; (0) responses in the presence
of the stated doses of cimnarizine or verapanil,
0-—48 responses in the presence of cinnarizine or
verapanil plus PGEZ combined, Bach point on the zraph

is derived from the mean of 8 ~ 12 experinents. Vertical

bars represent S,.B. mean,
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contraction faded away until base line pressure was again attained,
Subsequent increase in concentration of ionophore in the perfusion
medium did not induce vasoconstriction. However, usins different
tissue preparations for each concentration of ionophore-in the
perfusion medium, the transient vasoconstrictor effect seemed to

increase with increasing dose of A23187 (Fig. 23).

Interaction of 223187 with NA and methoxamine

T,

% - 9.6x10 'M

A23187, in concentrations ranging from 1.9x10
did not evoke any contractile response but greatly votentiated NA -
and methoxamine - induced vasoconstrictor responses in the rat
mesenteric artery. The magnitude of the rotentiation faded with

time (Fiz. 24).

Influence of A23187 on &~ adrenoceptor block by vhentolamine,
tolazoline and yohimbine

Like PGEZ, A23187 potentiated NA vasoconstriction and also

reversed ®{~adrenoceptor blockade over a wide range of doses.

1.9::10‘6

V- 423187 potentiated NA nearly nine-fold. The effect
of this concentration on oX-adrenoceptor blockade by phentolamine,
tolazoline and yohimbine was investigated since one possible way

of overcoming antagonism might be by facilitation of excitation

- contraction coupling. The results are shown in table 6.



FIGURE 2

Vasoconstrictor action of increasinzg doses of
A23187 in rat mesenteric artery preparation, The
doses indicated by dots are in Molar (M). Bach response

is obiained from a separate artery preparation,
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FICURE 24

The relationship of the potentiating effect of A23187
with time. Each point on the-graph is a mean of observations

derived from 8 experiments. Vertical bars represent s.e. mean,
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Effect of 423187 (1.6 x 10-6H) on NA blockade caused by various
k- adrenoceptor antagonists in isolated perfused rat mescnteric
artery. Each mean value is derived from six experiments

NA dose-ratio NA dose ratic in |DR, = DR, , NA dose-ratio
ANTAGONIST | in the presence | the presence of 2 A+125187) 11 the presence
of antagonist antagonist +A23187}(Reversal “actoof 423187 alone
alons: (1H,) PRy +a23187 Pxp
PHENTOLAMINE| 16.1 £ 1.3 6.7 £ 0.6 9.4 + 141
(3.2x 10~)
TOLAZOLINE 22.3 + 1.0 14,3 + 1.4 8.1 + 0.9 8.7 + 1.0
4.1 x 107M)
YOHIMBINE 24.8 + 0.4 17.0 + 0.8 T.8 + 0.5
(1,28 x 10™3)
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It can be seen that A23187 reduced considerably the Ni dose-ratios
ocbtained in the presence of the three antagonists.

Interaction of 423187 with NA in reserpinized rats

In order to determine whether A23187 - induced potentiation
wags due to release of NA from the adrenergic nerve endings, 6 rats
vere injected intraperitoneally with reserpine (s n:ﬁ:c) for two
congecutive days. About 12 hrs after the second injection, the
mesenteric arteries were isolated and set up as described under
methods. Short-term reserpinization has been shown in an earlier
part of this thesis not to sensitize mesenteric artery to NA.
Reserpine pretreatment abolished the potentiating effect of

423187 (Fig. 25).

Effect of of - adrenoceptor antaconists, prostaslandin synthetase
inhibitors (PG5Is), and Ca?+ antacronists on 423187 - induced
contractions of the rat mesentery

The mechanism by which A23187 induced contraction of the
mesenteric vascular bed was investigated. Three different classes
of antagonists were tested., The first were the - adrenoceptor
antapgenists phentolamine and yohimbine; the second were the PGSIs,
indomethacin and sodium meclofenamate; and the third category were

2+ antagonists, cinnarizine and verapamil. Since A23187-

the Ca
induced vasoconstriction was tachyrhylactic, the control and the
test arterieswere from different rats. The height of contraction

due to A23187 was measured in a set of arteries and compared with



FIGURE 25

Intemc"l;ion of 423187 (1.9 x 10_61.2) with 1A
in wireated (left) 2nd reserpine pretreated (rizht)
rats., (X) represents conirol résponses in each of the
ponels while (0) represents/the responses in the presence
of A25187. Bach point on the graph is 2 mean of 8 - 10

experiments,
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the heizht of contraction by the same dose of A23%18”7 in another

set of arteries perfused with Krebs solution containinz a desired

concentration of the.test drug (Pig.26). The % inhibition was
calculated from the relationship HA - HAt 100
By 1
‘where HA = height of 123187 - induced vasoconstriction

'in Krebs solution,

e}
)

"heir:ht of A23187 - induced vasoconstriction

during perfusion with KXrebs solution containinz
\

the test druz!
.\

At

The results are swmmarized in Table 7. It can be seen from the
table that neither phentolanine nor yohimbine up to 1.6 x 10-51-1
and 2.6 x 10-52-2 res'pectively, inhibited A23187 - induced contraction
aprreciably. On the other hanci, indomethacin, sodium meclofenanmate,
cinnarizine and verapamil inhibited and almogt completely abolished

A23187 - evoked contractions.

Vasoconstrictor resvonses of the rat mesenterv to votassium chloride

High concentrations of potessium chloride {KC1) cau;ed an
increase in perfusion pressure - an indication of arterial vasocons-
triction. The vasoconstrictor effect was clearly dose-dependent
and rap;dlymversible (see Fig. 5). Since K- induced contraction
of this tissue is unaffected by short-term reserpinization of the

experimental animels, the responses are not thought to be due to



FIGURE 26

A23187 - induced vasoconstriction in rat nesenteric

artery, I,s Ip, and I axe responses to 423187 in the

1
presence of increaginhj.concentrations of indomethacin,

B, and V, are reSponses in tha preseace of phentolonine

b %
and verapamil| rsspectively,
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TRIE T

-~

Antagonism of A423%187-induced centractions of the
rat mesentery by oA~ adrenocevtor antaronisgis
I;ﬁentolamine and vahinbi;:); PG5Ts (indomothacin
and sodium meclofenamate) and Ca2+ anta~onists
(cinnarizine and verapamil)

d . Py . .
" % inhibition of
Antagonist Concentration (M) 123187-evoked
contraction
3.2x 107/ 0
Phentolamine -6
3.2 x 10 8.0 + 0.5
1.6 x 1072 25.0 + 3.0
2.6 x 1077 0
Yohimbine -6
2.6 x 10 5.0 + 1.0
2.6 x 107 18.0 + 2.5
2.8 X 1077 15.0 + 1.0
Indomethacin 2.8 x 10"6 68.0 + 3.5
2.8 x 107 82.0 + 1.5
2.5 x 1071 20.0 + 2.5
Sodium -6
Meclofenamate 2.5 x 10 80.5 + 3.5
1.2x 1072 90.0 + 5.0
2.7 x 10-7 19.0 t 1.8
Cinnarizine 2.7 x 10‘6 50.5 + 5.0
1.4 x 1072 95.0 + 3.0
2x 10-7 20.0 + 2.0
Verapanil -6 f
1x 107 9.0 + 4.5
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catecholamine release (Fig. 27), rather they could be due to
3 G i
massive Ca2 influx consequent upon the membrane dupolarizing

action of potassium.

Effect of B - ccoupling antamnists on K - - induced vasoconstriction

The pl- adrenoceptor antazonist, vhentolarmine, up to the

5m, did not inhibit K'- induced vaso-

concentration of 3.2 x 10~
constriction of the rat mesentery. Also, prazesin, a very potent
NA antasonist, did not antagonize responses toXC1l even when its

-4

)
concentration in the perfusion medium was as high as 2.6 x 10 M.

%M did not affect K-

Similarly, indomethacin, up to 2.8 x 10°
induced vasoconstriction. On théu other hand, PBZ in doses that

have been shown to block NA non-competitively (i.e. above 2.9

x 10-1015) and low concentrations of cinnarizine and verapamil were
potent antagonists éf the K+- induced vascconstriction. The order
of potency beins cinnarizine = verapanil > PBZ. The results

are summarized in (Fiz. 28). Another fisure, (Fiz. 29) compares
these antagonists against NA and ¥0.." It can be observed from the
latter figure that the potent C_tntagoni'sts of NA-induced vasoconstric-
t.ion, prazosin, phentolamine and indomethacin in that ord;.ar were
inactive against K"~ induced vasoconstriction.

- ot T
Effect of PGE, on K - induced vasoccnstriction
<

It was of interest to determine the effect of PGEZ on K+-induced

vasocons triction. Doses of PGP‘,2 which havé been shown to potentiate

NA were tested against K'- induced vasoconstriction. The results



FIGURE 27

Isolated rat nesenterie.zrtery preparation ; Dose -
response curves to potassium chloride in nomal (X) and
reserpinized_(o) rats,- EBach point on the graph represents
measurenents from 6 - 8 separate artery preparations,

Vertical bars represent s.e. mean,
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FIGURE 28

Anfagonism of potassiwa ehlorils vasoconstrictor
responses by cimarizine (A), verapaail (G); phenoxy—
benzzmine (X) and in&ometh:cin (@) in the isolated rat
mesenteric a}c'tery preparation, 3Zach point on the graph
is 2 nezn of msasurcments from 8 - 10 saparats artery
preparations, 5.5 nean are small and cammot be rapresenteél

due to.2arge symbols used on the zrarh,
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Comparative effect of 94~ receptor anitagonists, Caz+
éntagonists; and indomethacin on jiA - (A) and Kel - (B)
evoked vasoconstricter.resporses in rat mesenteric artery
preparation; Responses in the presence of prazosin (0);
phenoxybenzaiine (X); phontolamine (0); cimnarizine (4);
veraponil (@) and indomethacin (03) are shown on the graphs.
Prazosin/and phento};nine did not antnzonize Kcl -~ evoked
contrictions at all concentrations used, Bach point on the
graphs is a mean of 6 - 9 experiments, S.B nean are small

and oannot be represented,
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are presented in Fig.30. It can be observed from the figure that
PGE, did not potentiate K'- induced vasoconstrictor effect in the
rat mesentery.

ETFICT OF FXTERVAL Ca’’

It is known that NA and kt utilize different sources of
activator Ca2+ for contraction. Therefore, it was important to
know the influence of external Ca2+:

(a) on the vasoconstriction induced by these aronists (i.e. N4 and K+).

Towards this end, experiments were carried out to study the effect

of omitting Ca.2+ from the perfusing K.rebs solution on NA - and XC1 -
. .'\

induced vasoconstrictor effects. After allowing the preparation

a2+ - free ‘Krebs, 0.8 us NA or

to equilibrate for 30 min. in C
16 mg ¥01 was injected at 5 min. interval over a period of 1hr.

It was observed that NA action was substantially sustained over

this period of time while responses to kcl were drastically reduced
within the first 15 rin. (Figs 31a and31b), It was thus evident that

external Ca2+ vlayed a greater role in k¥~ induced contraction than

it did in NA - induced contraction.
2+

(b) on the potentiation of NA by PGEQLAPGFNQ and Ca
ionophore, A23187 - <

A possible involvement of Ca2+ on the potentiation of NA
induced by prostaglandins or A23187 was investigated by eliminating
Ca2+ ions from the krebs solution perfusing the artery. First, the

effect of omitting Ca2+ on dose response cuxves to NA was studied.



FIGURE 30

Effect of prostaglandin E, (Pc-32, 10 nz/ml) on
vasoconstrictor responses of rat messnteric artexry
to potassiun chloride: (0) control responses; @ responses
in the presence of PGEZ. Bach point is a mean of
neaswenents from at least 6 separate preparations,

Vextical bars represent s.e. mean,
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FIGURE 314

Rot mesenteric artery preparation: Zffect of
Ga2+ onigssion from the Krebs solution perfusing the
nesentery on NA yasoeonsirictor responses, The dots
indicate respénses to € ug MA injected at 5 min,

intervals-over a period of {1 hr,
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PICURE 31h e

Responae(s) of the perfused rat mesenteric

*

artery preparation to potassium chloride (16 mg)

in nomal Krebs {solution (4). The responses in By o il

wore induced t0.K61 during Ca®* anission, at § min,

intervals afier allowing tho artery to eguilibrate

o'y 4
e .

for 30@in: in a® _ froo Krsbs,
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Control dose-response curves were first obtained in normal K:rebs,
then the tissues were exposed to Cae*-free Krebs for 30 min,

Dose - response curves to NA constructed within 60 min. of Caz+
removal were not sismificantly different from control curves
constructed in Krecbs containing 2.5 ml ca?*- (Fig. 32). The
effects of rrostaglandins or A23187 on NA vasoconstriction in .

= free Xrebs were studied by constructing dose-response curves

Ca
to NA in the absence and presence of prostaglandins or A23187.

The results are sh,ow“ in Figs 33 and 34 for P.’)’:‘.2 and PGFZa
respectively and Fig. 35 for 423187. TFrom the graphs, it can be
seen that prostaglandin - or A23187 - induced potentiation of NA
was completely abolished in Ca2+:-free Krebs sclution.

In another set of experiments, *he relationship between
pi'ostarrlandin - or 423187 - induced potentiation and concentration
of Caz+ in the perfusion medium was examined. This was done by
obtaining PF values in Kirebs solution containing different concen-
trations of Ca.2+ ions. A separate preparation was used at each
Ca2+ ion concentraticon. It can be seen from Fig. 36 that the PF
values increased with increasing Ca2+ concentration up to (2.5m
for PGEz; 1.25mM for A23187) and decreased on further dncreasing
the ca®t ions inK.rebs solution. ’i‘his results showed that external

2+

Ca™" was crucial for the potentiating effect of P'JEI2 and A23187.

(¢) on NA- blockade by o - adrenoceptor sntazonists and on
reversal by _:»’_"._32

NA caused vasoconstriction by stimulating p{- adrenoceptors




,,,,,

FIGURE 32

Vagoconstrictor reasponses to Ni in normal Krebs
3 2+ . :
(X) and in Ca“" - free Krebs solution (0). Responses
in caleium ~ free Krebs were obtained within 45 nin,
of Ca2+ - free perfusion of the artery. Bach point on
the graph is"a mean of observations from 6 - 8 separate

artery preparations, Vertical bars represent s,e, mean.
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EICGURE 33

Bffect of P(}E2 on NA vasoconstrictor responses in rat
mesenteric artery perfused with normal (left panel) and B
free (right panel) Krebs solution. The curves rerresent dose

response to NA (X) alone, and (0) in the presence of 10 ng/ml

PGEZ. -Bach point on the graph represents the mean 4+ S.E. of

6 - 8 experiments.
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Effect of PGFZa on NA vasoconstrictor responses in rat
mesenteric artery perfused with normal (left panel) and Ca°'-
free (rizht panel) Krebs solution. The curves represent dose
responses to NA (X) alone, and (0) in the presence of 10 ng/ml

PGF’Za. Each roint on the grapvh represents the mean + S.B of

6 experiments.
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FIGURE 35

Bffect of 423187 (1.9.x 10_614) on N4 vasoconstrictor
responses in rat mesenteric artery perfused with norma;
(1eft panel ) and Caz+- free (risht panel) Krebs solution.
The curves represent dose responses to NA (X) alone, and
(0) in the presence of 1.9 x 10~ A23187. EBach point

on the sraph represents the mean +_ S8 of 6 exreriments.,
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FIGURE 36

Effect of increasing caleium chloride concentration
on noradrenaline vasoconstrictor potentiation (PF) caused
by 2.8 x 10" progtaglindin 2, (left panel) and 1.9 X100
423187 (right panel) in rat mesenteric artery, Bach poind
is a mean of.me.asurements made in 7 = 8 preporations,

Vertical b2rs represent S.e. mean,
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of the mesenteric artery.. The responses to NA were potentiated by
prostaglandins in normal Krebs dbut not when Ca2+ was omitted from
the perfusion mediugp. NAi vasoconstriction was blocked by

oA- adrenccentor antagonists phentolamine, tolazoline and yohimbine
in normal K-ebs and the blockade can be reversed by low concentra-
tions of P78,. It was important to know (i) the effect of Gat
omission on the X~ adrenoceptor block by these antagonists, and

(ii) how prostazlandins (if at all) interact with the blockade

. A 2+ Nt . :
duringz Ca® omission. The aim of this experiment was to determine
]
whether the mechanism by which PGE‘.Z votentiated NA vasoconstriction
was the same as that by which it reversed X adrenoceptor hlockade.
\
The &~ adrenoceptor block induted by phentolamine, tolazoline
and yohimbine was unaffected by Ca2+ omission although F"}';‘2
-8 S5 s Y- -
(2.8 x 10°M) which did net potentiate NA in Ca” - freeK.rebs,
reversed the (k-adrenoceptor blockade due to each of the znta-onists

during Caz+ cmission to about the same extent as in normal Krebs,

. A 2 2+ 2
2ffect of variation in evternal Ca” on antaconism by
indomethacin and vrezosin

If an inhibitor of constriction rrevented the entry of Ca2'L

ions into the muscle cell, the concentration of C‘az+ ions in the
perfusine fluid mirhf be expected' to influence the action of the
inhibitor. Indomethacin‘azzd prazosin were tested agai.nst NA in
noi‘mal Erebs solution. Cinnarizine and verapamil were not tested
since both azents have been conclusively shown to antagonize

2+ influx across cell membranes (Godfrainis Kaba, 1972). The

Ca
results summarimel in Table 9 show that variation of the concen—

tration of CaCl, in the external mediunm did not appear to affect

ﬂni iﬁc effect of indomethacin and prazosin in the rat mesentery.
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5440 + 3.0
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2.50 66.2 + 1.7
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The magnitude of antagonism by either of the antagonists on i
vasoconstriction was similar in either normal or Ca2+- free Krebs
solution. On the octher hand, doublins the concentration of Ca012
in the perfusion medium to 5.0 mli ;educed the dose ratios to
indomethacin, but not to prazosin. This result sugsested that

external Caz+ antagonized the inhibitory effect of indomethacin.

Effect of cinnarizine and verapamil on PGE. - induced rnotentiation
of NA | =

Cinnarizine and verapanil are both very potent antagonists cof

K+- induced vasoconstriction of{rat mesentery. 3ince the vasocons-
2 \
trictor action has been shown to be exclusively due to influx of

external Ca2*, it follows Rtat™oth cinnapizine and verapamil are

2+

antagonists of Ca rotentiates NA by causing

2

influx. Thus, if PGE2

ca“t influx, low concentrations of both antagonists will be expected
to inhibit the potentiation. Indeed, concentrations of cinnarizine
and verapamil too low to inhibit NA vasoconstriction, completely
abolished the rotentiating effect of PGE,(Fig. 37). This further
strensthens the view that external Ca2+ is essential for the
prostaglandin - induced potentiation of HNA.

Blockade by indomethacin, of Ca2+- induced vasoconstriction in

the mesenteric artery perfused with Ca’"— free depolarizing
krebs solution

When the mesenteric artery was perfused with Caz*- free
depolarizing solution (see chapter 2 for the composition), bolus

injection of Cacl2 caused a rise in perfusion pressure. The rise



AT
FI‘JU;LJ iz

Antagonism of P33, - induced gotentiation of NA

2
by concentrations of cimmnarizine (1) and verapomil (B)

in rat mesenteric artery. Dose of HA used in 21l panels
is 0.2 ug. The first @et of responses in each panel are
control responses (0.2 uz NA). In the second panel are
the responses in the presence of 10 nz/ml 1’3&:2 while the
third pranel represents responses to 0,2 uz FA in the
presence of P@,, and 2.7 z 1081 cinnarizine (4) combined;

ghd PGR, plus 2,0 x 10-8}1 verapaniil conbined (3).

2
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was immediate, quite brief and measurable. The threshold concentration
of (!a.(!l2 necessary to cause detectable constriction was about 25 ng,
higher concentration producing a greater effect but not strictly graded.
Vasoconstrictor responses were obtained at 9 min. intervals. It is
noteworthy that there was no change in the iaa:se line of the artery when
it was continuously perfused with Ca> - free depolarizing solution.
Indomethacin (2.8 x 10-51-1) completely abolished Caz+ -~ induced constriction
of the artery (Fie. 38). PGE, on the other hend, meither potentiated

nor inhibited Cast induced vasoconstrictor effect of the artery (Fig.39).
This result thus showed clearly that this concentration of indomethacin

acted beyond cell membrane level a:pd points to different sites of action

for PGZ, and indomethacin in Ki - induced vasoconstriction.

2
Effect of Ca " on the mesenteric artery verfused with CQZ+ -
containin~ depolarizin= solution

Continuous perfusion of rat mesenteric artery with Caz+- containing
(0.625m) depolarizing solution ceused a persistent elevation of the
pex;fusion pressure. The artery slowly relaxed back to base line when
perfusing solution was changed to one not containing Caz+. Addition
of indomethacin (2.8 x 10-5)1) to Ca2' - containing depolarizing solution
caused a rapid and comrlete relaxation of the vessel (Fiz. 40). Since
the completion of this experiment, it has been realised that the Krebs
depolarising solution was probably hypertonic. Therefore, the above
results and their interpretations should be read with caution. To
establish this point, future experiments would need to utilize isotonic

Krebs solution.



Blockade by indonethacin, of Ce.2+ -~ induced
vesoconstriction in the mesenteric artery perfused
with Ca2+ - free depolarizinz Krebs solution, The
doses of Ca‘?"" indicated by dots are in mgz, The arrow
indicates when “indomethacin was introduced to the

perfusion medium,
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FIGURE 39

Interaction of PGi5 with calciun chloxide in

. 2
uesenteric artery perfused with Ca‘?+ - free depolarizing
Krebs solutit_m. (0) represents tho control; while (o)
represents responses in the presence of PG, (10 ng/m1).
Bach pointion the ,jr:iph represents nean + 3,12 of six

experinents,
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FIGURE 40

Inhibitory effect of indomethacin on the persistent
fond ke & . Ot 24
vasoconstriction caused by changzeof Ca - free to Ca =
containing depolarizing perfusion nedium. (4): perfusion
iR 2+ <\ ¥ P ;
with Ca”™ =~ free depolarizing solution, (B): perfusion
S 2+ o J6ca ge b ey
‘with Ca~ - containinm.depolarizing Krebs solution and
i ; T PRI b
(¢) shrows perfusion with Ca - containing depolarizing
Krebs solution(to which 2,8 x 10 %& indomethacin has been

added,
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DISCUSSION

‘It is generally cccopied that the contraction of vascular
snooth muscle is initicated by 2 »ise in 'the concentrition of
intracellular free or activator Ca2+ and that the resting membrane
is imparmeable to 012+. Mo types'of excitation = contraction
couplins (correspondiny to ths two pathwnys by.smica Ca2+ lecks
into ths cell) ha:ve baan described, eleciromechinic:l and
-phama.co:nechanic%l (Somlyo & somlyo, 19583 Rasmussen & Goodman,
1977)« These two pethwnys 21'1'»;‘"; been elaborately described in

- \

Chapter 1., The loi doses of !/A used in this work are comparable
with those used by Castools & Droognans (1976) and have been
shown not %o cause depolarizition of the vascular smooth muscle
cell and will thus serve as 2 suitable exampnle for pharmacomechanical

5}
pathway of mobilizinz Ca“’

for contriction., Bolus injections of
hizh doses of potcssium chloride on the other hond, have been shown
to cause vasoconsiriction by o mechanism which utilizes
extracellular C:v.2+ (Bevan, Osher & Su, 1963; Hudzin & Weiss, 1968).
K€l doas not 2et on :).:f/ spacific receptor site but czuses depolari-
z2tion of the cell n'.-:.br;rie thus renderinz the latter perzeable

to extracellular Ca.2+ wvhose influx causes the contraction., Vascular
contraction induced this way represents an "electroucchunical"

pathucy for C.‘.’.2+ a



Mechanism of prostaslandin = induced votentiation of HA.

Exozenously administered prostosglandins had no action on
its own in the isolated mesenteric artery preparation, but greatly
potentiated the vasoconstrictor action of the neurohumoral
trasmitter substance, noradrenaline, . (NA) used as an agonist
in this study. ¥or PGi,, the potentiation is dose = related at
least up to 10—7 @&1-1 whereas‘PGFZa and PGL,, there was no clear Al
cut dose = relationship (Table'1). This result is in agreenent
with results obtained in other vascular smooth muscle preparations
such as rabbit aorta and mesenteric artery in vitro (Strong &
Chendler, 1972; Tobian & Viet, 1970); rabbit mesenteric artery
(Malik et a1, 1972); canine saphenoﬁs veins and hindpaw resistance
vessels (Kadowitz, Sweet & Broody, 1971; Kadowitz, et 21, 1971;
Brody & Kadowitz, 1974) but different from those of Coupar &
McLennan, (1978). The latter authors had observed that PGA and

PGEy but not PGE, potentiated WA in rat mesenteric artery prepara-

2
tion, ‘The failure of these authors to observe potentiation with
PGE2 may be due to the high doses of NA and also of PGEZ used in
their studies, In our experiments, the PGE2 - dose potentiation
curve was bell shaped (See Fig, 7). Prostaglandin - induced

supersensitivity was probably due to the perfused prostaglandins

since according to the results expressed in Table'a; only about
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20% of the PG’:}Z and PJI«‘Za infused into the mesenteric artery was
inactivated., Prostaglandin metabolites possess a variety of
biological activities (Anggard, 1966; Pike, Kupiecld & Weeks, 1967;
Crutchley & Piper, 1975) on . a variety of smooth muscle preparations.
It is furthermore, clear that products of P!}E2 or P(';E‘Za netabolism
did not contribute to eahuuccuent of Ili vacoconssriclion since

the perfusate of the prostaglandin after passage through the guinea-
pig lung pulmonary artery did not display any NA — potentiating

effect, PGE2 and P3P, undergo more than 90% inactivation on

2a
single passage through the guinea~pig pulmonary vasculature (Piper,
Vane & Wyllie, 1970; Crutchley & Piper, 1975).

There is evidence that the innervation of the mesenteric artexy
is adrerergic in nature, The abolition of responses to stimulation
by bretyliuﬁ and by guanethidine, and also the reduction or
abolition of responses to nerve stinmulation by pretreatnent with
reserpine, together with the lack of effect of atropine and
physostigmine, are all evidence supporting the fact that
vasoconstriction ceaused by stimulation was due to excitation of
adrenergic fibres (lMciregor, 1965). Further support is derived
from the observation of Furmess & Marshall (1974) that the
principal and small arteries and terminal arterioles of the
nesenteric vascular bed are all ixmervateé. by a network of

adrenergic fibres and all constrict in response to stimulation
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of paravascular nerves =nd exozenous A, Prostaglandin - induced
supersensitivity may therelfore be pre - or post — symaptically
mediated, Presynaptically, it could be due to release or
facilitation of release of transmiiter substance from the nerve
endings since there is evidence that PGE2 and PG}:‘Ze_ facilitates
A relevse in vascular ticsuc. ror ezwaple, in_gie’ Rindliud of
the dog, PGFZa causes venoconstriction which is abolished after
denervation (Duchame, Veeks & MHontgomexy, 1968). Also, both
PG32 and P(}g;a have been shown to selectively facilitate the
responses to nerve stimulation in the resistance vessels of the
dog hindpaw (Kadowitz et al, 1971; Brody & Kadowitz, 1974). Our
results show that both PSB}Z and PGFéa still potentiated NA even
after the adrenegic neurones had besen depleted of A by reserpine
treatment or blocked with bretylium, The prostaglandin = induced
supersensitivity could not therefore be due to release of NA from
adrenergic nerve endings. Another interesting result was the
observed increase in sensitivity: of the mesenteric artery to NA
following 3 = 4 days consecutive pretreatment with reserpine. In
such arteries, PGEZ ~ induced potentiation of NA responses was
significantly greater than in control arteries., Bretylium on the
other hand, reduced the degree of potentiation, The mechanism

. by which 'prolonged' reserpine pretreatment and bretylium quanti-

tatively affect prostaglandin enhancement of NA vasoconstriction
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is not yet clear, But synergism with reserpine would be expected
if PGEZ was acting in 2 sinilar way %Yo rsserpine., It is noteworthy
that the supersensitivity due to reserpine has been related to an
enhanced ability of the tissue to retain and utilize ga2™\(Carrier
et al, 1970; Carrier & Jurevics, 1973; Carrier & Hester, 1976).
Proastaglandin enhancement of WA action too, scens related to Ca2+
fluxes as will be shown later in this thesis,

Prostaglandin enhancement of A vasoconstriction does not
appear to involve inhibition of HNA uptake, Firstly, in the presence
of maximal potentiating concentration of cocaine, prostazlandins
5%ill caused further enhancement of NA vasoconstriction (Fig. 10).
Secondly, in the present experiments, methoxamine vasoconstrictor

responses were potentiated by PGE, and PGF,, (See Fig. 1)

2
Methoxanmine is a predominantly post-synaptic o{=adrenoceptor
agonist which because of the hydroxyl group on the B - carbon

of the side chain and more importantly because of the methoxyl
substituents in the ring, is almost completely devoid of affinity
for the uptake site, Thus, methoxamine is not a substrate for
the uptake mechanism (Iversen, 1970) and its action was not
potentiated by cocaine (Zrendelenburg et al, 1970). That PGip
does not inhibi{ A uptake is further sgpported by the findigg of
Hedqvist (1970) that the prostaglandin - did not aiter the removal

of tritium - labclled exogenous NA infused into the cat spleen,
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The results of Coupar & McLemnan (1978) are also compatible

with those presented here,

The Role of Bxternal Ca’

The present studies show that elimination of ca2+ ions from

solution perfusing the mesentery completely abolished the
prostaglandin - induced potentiation of NA vasoconstriction. This
2+

4

result sugzests that the potentiation depends on extermal Ca NA

vasoconstriction induced every 5 min, was maintained for up to

60 min, after an initial equilibration in Caa+ - free krebs

medium for 30 min. (Fig.31a )« This result dewonstratecthat, in /
the rat mesenteric artery preparation, NA can induce vaso-
constriction in the absence of external Ca2+. Since it is known
that vascular smooth muscle contraction requires ca2t ( Burks,
¥hitacre & Long, 1967; Bohr, 1973) it would appear that in this
preparation, the Ca2+ required for contraction originated from
an intracellular source, Hinke (1965) also attributed the
persistence of NA vasoconstrictor effect in rat tail artery
after Ca2+ removal from the perfusion medium to utilization of
sequestored ca2+, a suzgestion that was supported by Hudgins

2
& Weiss (1968). Yowever, this sequestered Ca2+ (or bound Ca +)

has been shown to be in equilibrium with the extracellular cat

(Daniel, Sehder & Robinson, 1962; Edmen & Schild, 1962). Omission



of C.:12+ from the external medi}:Qr:-.:s observed in the short run,
not to affect the ITA dose = response ' curve, 1his will suggest
that Ca2+ influx induced by A does not directly influence the
nagnitude of the response. PG-E:2 did not appear to affect the
release of Ca2+ from intracellular stores when NA induced
vagoconstriction in Ca?‘+ free media, since © potentiation was
completely abolished during perfusion with Ca’™Pree krebs,
Moreover, our finding that the prostaglandin potentiation of NA
was minimum in Co.2+ - free krebs, but increased in proportion

to the concentration of c:>.2+ ions in the external medium suggests
strongly that the prostaglandin potentiation was due to increased
availability of 08.2+ from the external source probably by
facilitating Ca®* - influx, This may be so, if the prostaglandins
were acting as a lipid soluble- chelating agent which complex with
free Ca?t ions a8 sugzested by Eaglingz, Lovell & Pickles (1972),
Under this condition, utilizable ca2+ is made more abundant to
the intracellular stores and could thus be released to the
contractile system far more easily and in sufficiently large

2 - free Krebs solution, "PG - Ca2+" complex is

quantity, In Ca
not formed therefore keepinz the agonist action at control level,
Alternatively, prostaglandin - induced potentiation of NA may

be due to a non-specific increase in membrane paru'len'bility since

prostaglandins have been shown to produce vascular permeability




- 152 -

changes in guinea-pizs (Horton, 1973) and rats (Arora, Lahiri &
Sanyal, 1970; Kaley & Weiner, 1971; Crunkhorn & Willis, 1971;

Thomas & West, 1973, 1974).

Bifect of hish KV

High doses of 1l induced vasoconstriction of the ruf
mesenteric artery in a graded manner. Responses to XCl induced

2 _ free Krebs (#i2.315) . his

at 5 min, intervals rapidly faded off in Ca
sugzests and als.o conirms earlier observations by Waugh (1952);
Bevan, Osher & Su, (1963) and “E\{udgins & deiss (1968) that K01 causes
vesoconstriction by utilizing exclusively, the extmcellular Ca’',
If prostaglandins were votentiating NA I.Jy 2 nmechanism which involved

C influx across the cell membrane exclusively, then,

promotion of Ca
- g induced vasoconstriction should also be greatly potentiated,
Interestingly but surprisingly too, neither P:-Ez nor PGTZa
potentiated k' = induced vasoconstriction of the rat mesentery.
This would sugzest that facilitation of external C8.2+ influx was
not the primary event bringing about the potentiating effect.

In addition, in the mesenteric arfery perfused with Co.2+ - free
high pc;tassiun depolarizing solution, bolus injection of large

o caused vasoconstriction, This, according to Bohr,

doses of Ca
(1973) is due to free passaze of Caz+ through the membrane which

has been rendered highly permeable by the Kkt - induced depolarization.
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In the present studies, prostaglandins had no effect on the
; . . . fan ek PUPRTITRL-.. St
responses of such a depolarized preparation to Ca™ , This
sugzests that the prostaglandins have no effect on the contrictile

2 permeability

nachinery itself nor do they have any effect on Ca
or on the subsequent suquesiration or extrusion of Caz"' in at
least a depolarized artery. It thus appears that the integrity
of the vascular smooth muscle membrane is crucial fo-the
potentiating action of the prostaglandins, The potentiating
effect can thus be explained on the grounds that ' prostaglandins
lower the otherwise stable membrane potential of hizhly rectified
cell membrane of the smooth muscle in the isolated artery. As a
result of the lowered membrane ‘potential, N4 which normally
activates the pharmacomechanical pathways, now causes depolari-
zation or may even produce action potentizls, Activator Ca2+ is
thus provided by the electrical as well as the non~clectrical
pathway and therefore the potentiated contractile responses.

Agonist potentiation by PGEy, PGE, and PGPza have been
reported by Khairallah, Page & Turker (1967); Paton & Daniel (1967);
Clegz, Hall & Pickles, (1966); Baglinz, Lovell & Pickles, (1972)
and Greenberz, Kadowitz, Diecke & Long (1974). The mechanism
sugsested by Khaircllah et al (1967) that prostaglendins cause
localized areas of depolarization in smooth muscles thereby increasing
its responsiveness to other spasmogens, has been coniradicted by

the sucrose gap recording of Clegg et 2l (1966) which gave no
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evidence for such decrease in restinz membrane potentizl of
rolarized myometrium, Greenberg et al (1974) observed that
PGI"z:1 increased Ca.2+ uptoke and also enhanced IfA - induced Ca2+
uptake by strips of dog saphenous veins and therefore sugsested
that PGFZa acted at smooth muscle membranes to enhance pemeability
to Ca.2+ ions, In the rat mesenteric artery or &ny other vascular
muscle preparation, no information on the effect of prostazlanding
on menmbrane potential ::.s available, However, since PG;:Z and
PGFZa are potent spasmogens in the visceral smooth muscle, it
seens likely that the prostaglandins can also cause depolarization,
It is very well mown that nembrane permeability to Co.2+ is increased
as the membrane potential is decrcased (Glover, 1978); therefore,
it is possible that the prostaglandins depolarize the cell membrane
to an extent that may or may not be sufficient to produce a
contraction, but which in either case enhances an increase in Ca.z'"
permeability brought about by the pharmacomechanical action of NA.
In conclusion therefore, the prostaglandins seem to have an
effect on the membrane of the vascular smeoth muscle which appears
to mediate the 0a2+ - de;pendent potentiating effect on NA, Whether
or not they act by enabling NA to cause depolarization thereby

facilitating Ca2+ influx, or by altering the resting membrane

potential requires an electrophysiolozical investigation.



llode of action of the Caa+ ionophore A23187

In the course of thiz study, compound A23187 has been chosen
as a valuable tool for probing the location of the site of action
of prostaglanding and other agents studied. Although, this
conpound has been exiensively studied in many isolated smooth
muscle preparations, none of such studies has been carried out
on the isolated mesenteric arteries,

This investigation has revealed two distinet actions of the
compound A23187, These are (i) agonist potentiating (or indirect),
and (ii) contractile (or direct) actioms. A23187 in the dose range
1.9210~9M-9.6x10'7m ‘caused a rapidly fading potentiating effect
of NA and methoxamine., Inhibition of uptake is not 2 probabdble
mechanism of the potentiation since methoxamine was also potentiated,
423187 did not potentiate NA in reserpine pretreated rats suggesting
that the mechanism of the potentiation involves release of
catecholamines from the adrenergic neuronal endings. This
suggestion agrees with the conclusions of Thoa et al (1975)
and Fairhurst et al (1975) that A23187 releases catecholamines
from peripheral adrenergzic neurones, and rat brain synaptosomes
respectively, The techyphylactic nature of the potentiating effect
is also consistent with this view, The observaiion that there

2+

was no potentiation when Ca™ was omitted from thé perfusing Krebs

solution is important and would sugzest that catecholanine release
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by 423187 is dependent upon calcium, Calciun dependence,
according to Wooten, Thoa, Kopin & Axelrod, (1973) is an index
of release by exocytosis.

However, concentrations of 123187 a‘bc;ve 9.6 x 107 B\
induced a chzracteristically slow and prolonged contractile .

responses, The contractions were only slightly reduced by high

concentrations of phentolamine and yohimbine sugjesting that the

responses were m;t largely mediated by stimulition of X~ zdreno-
' ceptors, Well k’no.m Ca.z" antagonists, cinnarizine (Godfraingdd:

Kaba, 1968, 1972) and veli (Rasnussen & Goodnan, 1977) reduced
the ionophore = induced contr::.::tions substantially even though the
contractions were sustained during Caz" omission in the perfusing
Krebs solution. ilso, small doses of indomethacin end sodium -
meclofenamate nearly abolished the 423187 - induced contractions.
These latter azents have 2lso been showvm to antagonize vasoconstrictofs
by preventingz thém fron utilizing cat (orthover, 1968, 1972, 1977).
The results with cinn-rizine and verapamil suzgest that the action
of these agents involved factors other than mere blockade of

ca?* influx, They could be acting further by blocking the
mobilization of sequestered Ca2+ or by meventing the utilization

2+ . . " 3
by the contractile proteins, IFron these results

of mobilized Ca
‘therefore, it is concievable that the mesenteric vascular muscle
contraction induced by compound A25187 resulted from massive release

of Ca?* ions from bound intra cellular sites (probably the
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sarcoplosnic reticulwn and the mitochondria) and the consequent
rise in free Ca2+ in the vicinity of the contractile proteins,
This is supported by the findings of Publicover, Duncan & Smith
(1968) that 423187 release Ca®t from the sarcoplasmic reticulum
in the mouse diaphragm and that of Statham, Duncan & Smith (1976)
that A25187 causes an increase in resting tension and develomment
of contraction in tha cutancous pectoris muscle of the frog. The
divalent cation ionophore A25187 will therefore be a very useful
tool in the studies of antagonists acting beyond receptor or |

nmembrane levels (as it is made use of in this investigations),

rat mesentery

It is an established fact that the measured response to NA
results from its combination with specific receptors on the tissue
nembrane, Consequent upon this primary combination, a chain of
events of undetermined length and nature, which culminates in the
responge is triggersd off. Antagonists which interfere with the
first step (i.2. the combination of the agonist with specific
receptors) appear to be in mass - action equilibrium with the
receptor and the blockade produced is a measure of conpetition
between the agonict and the antagonist for receptor accupancy.
Such agents are termed "classical competitive antagonis ts"

(Wickerson, 1959). In their own submissions, Arunlakshana &
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Schild (1959)_incroduced conditions which an agent must satisfy
before its antagnoism of another could be clasgified as
"competitive", These conditions include (i) that the dose = response
curve in the presence of the azent must be shifted rightwards
parallel to the control curve; (ii) nearly constont magnitude for
the maximal responses in the control and in the presence of
antagonist; and (iii) ﬁhat the slopes of "A = S »lots" (described
in Chapter 2) should not be significantly different from unity.
A forth condition which infact is a further explaration oﬁ (idii
cbove, is that pi2 values (see!Chapter 2) of any competitive
antagonist should be constant ;;gardless of the concentration of
the antagonist (lackay, 1978). Based on these grounds,
phentolanine,tolazoline 2nd yohimbine were all observed in the
present studies to block the action of NA by competinz with it
for the o= 2drenoceptors in the rat mesentery. Low concentrations
of phenoxybenzanine acted by a mechanism siﬁilar to that of the

three antagonists,
Indomethaein(2.8 x 10=11 = 2.8 x 10™%1) irhinited the
* vagsoconstrictor action of 1A, There was a characteristic difference
in the nature of the block produced by indomethacin e.z. the duration
of action of each dose of if4 administered in the presence of
indomethacin was prolonged, However, indomethacin block of A was
overcome by increasing ngonist concentration. In contrast to

conventional competitive receptor antagonism, indomethacin caused
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severe depression of the maximal agzonist responses., Also,

"PAo" values for this agent decreased with increasing concentra-
tion of the antagonist in the perfusion medium, This, according
to Mackay, (1978) shows the an‘cagbnism is not of the competitive
types That indomethacin does not block NA via p{- adrenoceptors
is supported by the observation that its antagonism is unspecific
in nature, Apart from IIi, it blocks histeomine and acetylcholine
in guinea=-pi;iles] muscle (Bennett, Zley & Stockley, 1975;
.Sokunbi, 1979); an;iotensin; vasopressin, barium chloride and
serotonin in rat mesenteric art.:eries, (Worthover, 1968; Horrobin
ot al, 1976). Indomethacin block of NA has been ascribed to its
inhibitory effect on the endozenous prostaglandin synthesis.
This conclusion is based on the finding that low concentrations
of prostaglandins especially of the E series, c:use conplete
reversal of th: blockade (Horrobin st al, 1974; Couper & McLennan,
1978; Coupar, 1920), Aalthough, near complete reversal of -
indomethacin block was observed in about 705 of the experiments
during these studies, it seems thq blocking action cannot solely
be explained in terns of prevention of endogenous prostaglandin
gene_amt:l:on. The evidence for this view is as follows:- (a) the
block develops within 10 = 15 min, of tissue contact with
indomethacin, This period is short for antagonism of an enzyme
system; prostaglandin synthetase inhibition usuzlly reguires up

to 30 min (Flower, 1974). (b) the block is completely overcome
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by washing the tissue withplain Krebs solutions for 15 = 20 nin;
whereas indomethacin binding to cyclooxyzenase is usually
considered irreversible (Flower, 1974); (e) reversal of the
block by PG32 is only about 705 consistent in the rat mesentery
(present studies).

Alternaiively, inuonethacin may act by bloei—:ir&g Ca2+ inilux,
However, the magnitude of indomethacin block was not affected by
alterations in external Ca2+ concentration up to 2.5 mi Ca.2+.
This will suggest that indomethacin wag not actinz by preventing

= influx, This is buttressed by the observotion that indo-

Ca
methacin up to :‘;.8::10"5u did not block wvasoconstrictor responses
induced by K€l, Responses %o Ca.clé2 in Ca?* = free depolarizing
Krebs solution were blocked by indomethacin sugzesting that the
site of indomethacin action was beyond membrane level probably
blocking Ca2+ mobilization from sequestration sites or preventing

utilization of free Caz" by the contractile proteins, But in the

presence of excess Ca2+ in the perfusion medium (5,0 mH Ca2+),
indonmethacin block of NA was drastically reduced. This situation
will be expected if the membrane stabilizing action of high
doses of indomethacin (Northover, 1971, 1972; Flower, 1974;
Famaey, Fontaine & Reusse, 1977) was prevented or reduced by
excess Ca2+. The vasoconsirictor response to 423187, shown

2+

earlier in this thesis to be due to massive release of Ca“ from

bound intracellular sites was almost completely abolished by
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2.8 % 10'-5 I indonstheein (Zable 7)), this observation can be
taken to mean that the site of indomethacin action is intracellular
preventing relexse from the mitochondria or the sarcoplasmic reti-
culun, This suzzestion is compatible with that of Northover,(1977)
vho rerorted thot indomethacin 4id not block responses of
glycerinated siooth muscle strips made to contrzct by the addition
of = nixture of adenosine %riphosphate (ALP), Ca2+ ions and l'ig2+
iong, .

Prazosin (1.3 x 1014 — 5.5 10719 1) potently inhibited
NA vasoconstrictioﬁ in the rat meséntery. Like indomethacin, there
was prolongation of the dur.tion of the agonist action and severe
depression of the maximal responses to the agonist by high
concentrations of the antagonist, Also, its blockade of NA can
be overcome by incréasing agonist concentration, However, prazosin
block of NA in rat mesentery is non-competitive in nature since
the values of "niy" obtained with prazosin vary with varying
concentrations of the antagonist., This conclusion contradicts
earlicr reports by Cavero (1976), Cavero et al (1978) that prazosin
is a compesitive post-synaptic K- adrenoceptor blocking agent
in vascular smooth muscles, The latter conclusion has been based

on receptor characterization experiments in anaesthesized animals
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(rats and dogs). The magnitude of prezosin block was not
affected by changes in external Ca2+ concentration up to 2.5 mM
Ca.z+. Doublinz the external Ca2+ concentz‘ation did not affect

the block. These put together will sugzest that prazosin was

not preventing Caz"' influx across cell membrane, In contras{: to
indomethacin, prazosin block was if anything only partially
reversed by 1—‘332"(.-’15. 20). Prazosin block abppears very selective
0-10

to NA action. At the concentration of 2.6 x 1 I in the

perfusion mediun; A dose mti‘o was 11.2 + 0.4, vhereas up to a
concentration of 1,3 x 1074 x-!,z‘(i.e. one million fold increase

" in concentmtion), prazosin did not show any antagonistic effect

on vasoconstriction induced by ¥¢l. This interesting observation
suggests that prazosin demonstrates some specificity for the
pharmacomechanical pathiay of vaséconstriction. However, since
prazosin is not a competitive A~ adrenoceptor antagonist ( present
work) its inhibitory action is probably on the events folloving

receptor stimulation (i.e. block C.:v.z+

channels mobilized specifically
by pharnacomechanical coupliny), This is consistent with the
conclusions of Qonstantine et 2l (1973) that prazosin caused
functional blockade of vasoconstriction at a point distal to the

K = adrenoceptors,
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Cinnarizine and Verapanmil

Cinnarizine and verapamil antagonised both WA - and K¢l -
induced vasoconstriction in rat nosentery., Both agents were
clearly more potent asinst LC1 = induced vasoconstriction
than A vasoconstriction (#ig. 29), Both cinnarizine and verapamil
blocked NA in a non-conpetitive manner with the magnitude of the
maximal responses to Ni always surpressed, This is expected since
both compounds have been shovm o nrevent Ca2+ influx across
.biolozical membranes (Godfrairds Kaba, 1969, 1972). This
conclusion is supported by ouriobservation that concentrations of
these aéent, lower than requir;h to block A vasoconstriction,
completely aboliched FGi, = induced potentiation of ia (Fig. 37 )
showvmn earlier in the thesis to be dependent on external Ca2+.
Furthermore, cinnzrizine and verapamil were potent antagonisis of
A23187 - induced vasoconsiriction of the rat mesentery; sug:esting
that the site of action of these two compounds may extend beyond
the membrana level., They could be preventing the mobilization of
Caa+ fron bound sites or preventing uiilization of free Ca2+ by
the contractile machine, Godfraindl: Kaba (1969) had ruled
unlikely the probability thot cinncrizine was acting directly
on the contractils proteins baszd on the observation that the

compound did not modifly the contraction of isolated rabbit,

mesenteric artery cvoked by adrenaline in Ca2+ = free depolarizing

solution, It can therefore be suzzested by exclusion, that
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cinnarizine prevents the nobilization of scquestered Ca
required for WA action, Verapamil probably acts by the sanme

nmechanisn, This conclusion is in addition to the fact that both
conpounds prevent$ Ca®t influx, a fact vindicated in this study

e observe ibition o - uced vasoconstriction,
by the ob d inhibiti £ K" - induced tricti

The possibility that prosiaglandins may act by interfering
with the pharmacological receptors was considered, In a study
of the interaction of PG82 with phentolamine, tolazoline, yohimbine
and phenoxybenzonine, it was observed that the blockade by the
latter was consistently and dose = dependently reversed by sz.
The responses were reversed almost to control levels when the
block was of the compatiitive type. PGFZa’ sinilarly reversed the
block by phentolamine, tolazoline and yohimbine, The block by
cinnarizine, verepamil and prozosin were unaffected by doses of
G, as high as 2.8 x 1079¥,. ‘These results ave sfullas to those
of Maxwell, Plummer, Povalski Schneider & Coombs (1959) who showed
that cocaine reversed the blocking action of surmountable antagonists
of WA but did not affech the blocking action of an unsumountable
antagonist, They sugzesied that cocaine czused supersensitivity
by producing a change in the configuration of the receptor

(i.e, "deforming" the receptor). If this were so, a different

binding characteristicd = for the receptor antagonists misht be
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expecied since 2ccording to Green & f'leming, (196"/); Lfaylor

& Green (1971), any chanjes in the nature of the ol adrenoceptor
might be expected to lead to changes in the binding characteristics
of the receptor with its specific antagonist., In the present
exvorinmis, PA3. could not be said Lo reverse DA= adrenoceptor
blockade by clbtering .he receptor in such o way a8 to reduce its
affinity for the antagonist, since DAy valueshdeternined in the
presence of P ‘-12 were, if anything, increased., The reason for
this apparent increase in the affinity of the antagonist for the
receptor in the presence of exogenous PGE2 iz not glear. A
sinilar apparent increase inthe effectiveness of phentolanine
blockade at A= adrenoceptors has been observed in rabbit ear
artery made supersensitive by prior reserpine treatment (Okpzko,
personzl commnication),

As reported earlicr in this thesis, (Fig. 36.), PG3,
potentiates ITA vasoconsiriction in the rat mesenteric artery
preparation by o mechanism which involved utilization of external
Ca2+. Port of the evidence was that potentiation was absent
in Ca2+ - free Krebs and increaged in proportion to Ca.2+ in the
external nmedium, Reveral of antagonism described here appears
to be more complex than cm be accounted for in te;ms of
enhancement of A vasoconstriction czoused by PGEZ. In the first

2+

place, NA potentiation is not observed in Ca™ =~ free Krebs
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(Adeagho & Okpako, 1980 =nd Piz, 33), but A ant-goniem by

> s 2 . 3 Y 2+ o, 1.
phenbolanine, tolazolina ond yohimbine in Ca™ - free Krebs

was reversed by PG::2 to about the same extent as in normal Krebs.

This sugzests that external Cag" may not be involved in.blockade

reversal by PGB Secondly, if enhancement of A vasoconstriction

20
by PGEZ would account for the reversal, then the following

relationship chould hold for a given dose of P{:Ez:

R, (Potentiation factor) = DRy~ DRypn (Reveral factor)
where DRp = NA dose - ratio in the presence of PG32
DRA = NA dose -~ ratio in the presence of antagonist,

DR = NA dose - rotio in the presence of antagonist

APG
+ PGBZ.

For all the antagonists (Table 4) the reversal factors were

significantly highor (p 2 0.005) than the potentiation factor

obtained for ifA with 2.8 x 10-'8 08 PG—EZ. This would suggest that

the reversal of antagonism by PC—E2 camot be accounted for in

terns of simple enhoncenent of NA vasoconstriction.

In contrast, the partial reversal by A23187 of NA antagonism
appeared to be due to its ability to enhance NA vusoconstriction,
since A23187 reversed Ni blockade by the same eoxder of magnitude
as that by vhich it potentiated KA (Table 6)¢  This compound

o+ .

facilitates Ca“" influx(Reed, 1968; Reed & Lardy, 1972; Pressman,

1976) which would account for potentiation of NA vasoconstriction,
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The "sgelectivity" of ’\}32 in its mode of blockade

reversal is noteworthy and interesting, NA antagonisiic actions
g -10 .. ;
of cimmarizine, PBZ (above 2,9 x 10 1 1) ond yerapanil were

unaffected by PGE All these agents have been showm to block

Pe
excitation = contraction (7 - €) convling, For indtpnte, verapamil
has been shown to block & = C coupling in the heaﬂ: - an action
which has been attributed to Ca2+ antagonism (Fleckenstein,
Tritthart, Fleckenstein, Herbst '& Grun, 1969) and/or specific
blocking effect of potential dependent Ca2+ permeability channels
(Rasmussen & Goodnan, 1977). Similarly, cinnarizine (Godfrain

& Kaba, 1968, 1972) and PBZ in high doses (Bevan, Osher & Su, 1963;
Shibata & Carrier, 1967) have been shown to be Caa+ antagonists,

In contrast, non of the so - cazlled competitive antagonists at

the X~ adrenoceptor site have been shown to be a ca?*
antagonist, Catecholamine - & = recepbor interaction has

been shoxm. to initiate the mobilization of a directly proportional
nunber of Ca.2+ ions to generate a proportionate response

(Moxan, Swamny & Trigzle, 1970). Competitive o - adrenoceptor
blockers therefore reduce the amount of bound Caz* mobilized

by the agonis%, Consequently, the response is reduced. It thus

seens, that PG, probably augments the mobilization of internal

2

Caz"' to induce blockade reversal, 432 would therefore not be

expacted to reverse the i antagonistic actions of cinnarizine,
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PBZ (in hizh doses) and verapamil since these agents are

blockers of the mobilizable Ca2+ ions. GEZ is thus a useful

tool for distinzuishing between types of ©A = adrenoceptor

blockade,
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SUMMARY AND CONCI USION

PGE2 causes potentiation orf NA vasoconstriction by a mechanism
which involves utilization of external Ca2+. The evidence for
this includes:-
(a) potentiation is directly related to the concentration
of Ca2+ in the external medium and it is absent when no
Caz+ is present in external medium;

() effects of PGE, is additive with cocaine and reserpine,

2
two agents reported to cause potentiation by their
effects on calcium movement (Summers & Tillman, 1979;
Carrier & Hester, 1976 for cocaine and reserpine
respectively);

(c) potentiation was blocked by bretylium, cinnarizine,
chlorpromazine and verapamil in doses at which these

substances did not affect the responses to NA. These

substances are known to block Ca2+ influx.

High K© vasoconstriction shown in this study to depend solely
on external C8.2+ was not potentiated by P®2' Similarly,
PGE, did not potentiate NA when mesenteric artery was perfused

2
with Ca.2+ - free depolarizing krebs solution.

Ca2+ ionophore, A23187, enhanced NA vasoconstric NA vasoconstric-

tion by a mechanism which involves Caz"' - dependent neuro-

transmitter release from adrenergic nerve endings in the isolated



5

7.
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rat mesentery. This is evident because A23187 induced
enhancement of NA was absent in reserpine pretreated rats,
and also during perfusion of the artery with Ca2+ - free
krebs solution.

Hi~h doses of A23%187 caused vasoconstriction which was not
blocked by - adrenoceptor antagonists but was almost
completely abolished by putative Caz+ antagonists. The

vasoconstriction was sustained in Ca2+ - free krebs solution,

Blockade of NA vasoconstriction caused by "competitive"
&~ adrenoceptor agents such as phentolamine, tolazoline
and yohimbine was reversed by low doses of PGEZ. The reversal

- free krebs where NA potentiation

can be demonstrated in Ca
is absent, and the extent of reversal ("reversal factor") of
the blockade is greater than could be expected from simple
potentiation.

The block produced by the so-called non-competitive antagonists
such as high doses of phenoxybenzamine, cinnarizine, and
verapanil was not reversed by PGEZ. The block caused by these

agents was not of the competitive type and may have involved

C32+ antagonism,

Prazosin block of NA was also non-competitive and not reversed

by PG3,e

S



-7

8. The resplts showed fGEz to be a useful tool for differentia-
ting between types of <{ - adrenoceptor blockade. Furthermore,
the finding that blockade caused by phentolamine, tolazoline
and yohimbine which are not known to be prostazlandin synthetase
inhibitor can be ;eversed by low doses of P032 shows that this
prostaglandin can reverse blockade even if the mechanism of
inhibition did not involve prostaglandin inhibition in the
first place.

The following mechanism of PGEZ- induced potentiation of NA

have therefore been proposed based on the fact that NA causes

vasoconstriction b§ activating the pharmacomechanical pathway

(Somlyo & Somlyo, 1968) - in the dose range used in this study.

The contraction following this pathway does not require external

Ca2+ - a view supported by the finding that NA dose - response

éurves with or without external Ca2+ were superimposable (present

study). Thus, presence of PGE, in perfusion medium enables NA to

2
cause depolarization of the vascular smooth muscle, thereby
activating the electromechanical pathway in addition to the pharmaco-
mechanical pathway. On the other hand, the mechanism by which PGE2
reversed "competitive" X~ adrenoceptor block is not fully clear

but appears to be due to enhanced mobilization of sequestered

Ca2+ by the prostaglandin.
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