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ABSTRACT

The characteristics of the post~junctional Ok—adrenoceptors
in the isolated anccoccygeus muscle and vas deferens were compared
in spontaneously hypertensive rats (SHR) and normotensive rats (NCR).

Responses to (X -adrenoceptor agonists were obtained in the
absence and presence of cocaine and of antagonists, Noradrenaline
(NA) and phenylephrine (PE) produced concentration related contrac—
tions of the preparations which were antagonised by phentolamine,
prazosin and yohimbine in both rat strains, indicating ({ —adrenoceptor
mediations The effects of cocaine revealed the relative efficiency
of the uptake mechanism in each preparation,

in the anococcygeus NA was equipotent in the NCR and SHR in
the absence of cocaine whereas it was less potent in the SHR in the
presence of cocaines PE was less potent in the SHR in the absence
and presence of cocaines

Antagonism was assessed by pA2 and Kdiss determinations,
Potencies were compared only when antagonism was competitive in both
strains, In the anococcygeus low concentrations of prazosin (L-Praz)
non~competitively antagonised NA but antagonised PE equally and . _
competitively in both strains, Higher concentrations (H-Praz)
competitively antagonised NA in both strains, Phentolamine was
competitive against NA in NCR and against PE in both strainss However,
it was non-competitive against NA in SHR, Low concentrations of

yohimbine (L-YOH) competitively antagonised NA and PE in both the NCR
N .
and SHR but the K, . values were significantly different, Higher
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concentretions (H-YOH) was competitive against NA in the NCR and PE
in both strains, In the vas L-Praz competitively antagonised both
NA and PE in the NCR but gave non-competitive antagonism of both
strains in the SHR, Phentolamine antagonised NA competitively in the
NCR but non-competitively in the SHR, It was equigptent and
competitive ageinst PE in both strainse L=YOH non-competitively
antagonised NA and PE in the NCR but in the SHR it was competitive,
H=YOH antagenism was non—competitive against both NA and PE in both
strainse

It is suggested that there might be both the C&1~ and szu
post—junctional adrenoceptor in the NCR anococcygeus muscle, Prazosin
and yohimbine se;m to be able to differentiate between the two
receptor subtypes at low concentrationss It is suggested further that
the Cizreubpopulation might not possess identical characteristics in

the NCR and SHR anococcygeus, Also, there might be an alteration in

NA uptake properties in the SHR, In the NCR vas deferens there seems

to be a predominance of post—junctioral O(‘-adrenoceptor‘S. In the SHR
vas, there might be an increase in the post=junctional Cx'eadrenoceptor
population and/or sensitivitya Furthermore,.it seems that the post-
Juncticonal sz-adrenoceptor characteristics are somewhat different

in the SHR. Uptake1 is suggested to be less efticient in the SHR vas,
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INTRODUCTION

141 GENERALTTIES
V "Hypertension" describes a pathological state thought to exist when

the blood pressure exceeds the "normal" values, Values regarded as
"normal™ in themselves depenq upon the age of the patient and the popula-
tion or community wherein he lives, On the other hand, there occurs some
exceptions wherein the blood pressure lies above or below the average
values yet the individual is quite healthy, For such reasons as these
“the diagnosis of hypertension is based, alongside with the abnormal blood
pressure; upon the findings of abnormalities in preésure—related organ or
tissue characteristics like the renal function, urine and plasma

composition, the electrocardiogram and the retinal blood vessel integritye.

Primary, however, is the presence of a high blood pressure,

1s1s1 The blcod pressure depends upon the cardiac output (volume of
blood pumped by the heart per minute) and on the resistance to blood

flow in the small vessels., This relationship may be expressed as follows:

BePe = Ca0a X PoR,
where B,P, = the mean arterial blood pressure, (40 = 'cardiac output and
PeR in the total peripheral resistance,

Thus, factors that will affect the cardiac output or the total
peripheral resistance (hereafter referred to as peripheral resistance)
will affect the mean arterial blood pressure, A brief consideration of
some of these might be a good way to begin a retrocessive discourse on

the aetiology of hypertension,



1¢ 162 CARDIAC OUTPUT

The two basic variables upon which the cardiac output depends are
(i) the heart rate
(ii) the stroke volume or the extent to which the
ventricles empty ti zmselves during each contraction,
both of which are ig turn affected by some Tactors.

The magnitude of the venous filling (blood returned to the heart)
plays an important role in the determination of the cardiac output;
affecting mainly the strpke volume,. Increased venous return causes a
pressure rise in.the atria, More blood is forced into the ventficles
and the end diastelic stretch of the myoccardial fibres is increased
resulting in greater force of ventricularlcontraction - the Frank =
Starling mechanism (Starling, 1918). Other factors include circulating
substances that will alter the heart rate or force of ventricular
contraction (chronotropic and inotropic responses (respectively) of the
heart) which are mainly the circulé%ing catecholamines (and the
substances that sensitize the heart to their action) acting via
stimulation of Pfedrenergic receptors, Vagal factors will produce a
lowering of the heart rate while the stimulation of the adrenergic

_innervation of the heart will increase the rate and force of cardiap

contraction,

1.1¢3  PERIPHERAL RESISTANCE - ff

if

A lowering of the total peripheral resistance is usugily the main

focus of attention in lowering the blood pressure in almost all forms ‘



of hypertension, This shows how crucial the peripheral resistance is
in hypertension, The greater portion of the total resistance to blood
flow is contributed by the small diameter vessels, which are normally
maintained under a certain tone,” Of these the thicker and more
elastic arterioles provide the major share of this resistance, For this
reason these arterioles are commonly referred to as the resistence
vessels, The,peripheral resistance is ancreased or decreased by a
decrease (vasoconstriction) or an increase (vasodilatation),
respectively, in the luminal diameter (that is an inverse proportiona—
lity)s From the relationship given above (B.P = C.0 x P.R) any agent
which changéé the.luminal diameter of these vessels will cauée an
alteration of the blood pressure, if the cardiac output remains constante.
The extent to which changes in the blood véésel radius affects the blood
pressure can be seen from the Poiseuille formula which deals with the™
flow of fluid through a cylindrical tube, It states that the
magnitude of the forward flow (F) of a fluid is directly proportional
to the product of the pressure gradient, ppP, across the tube and the
fourth power of the radius, r, of the tube and inversely proportional
to the product of the length, 1, of the tube'and the viscosity, v, of
the circulating fluid, It can be represented mathematically as

4

Erre Pr k
loV

where k is a constant. Thus, due to this fourth power amplification,
remarkable increases in the blood pressure values might be brought
about by little excesses in the activities of agents which promote

vasoconstriction or little insufficiencies in the activities of



wvasodilators,’ However, the useful anti-hypertensive agents have been

T=olL L

<hose that attenuate or disanul the excesses of the agents of vaso-—
constriction;; suggesting that excessivé promotion of vasoconstriction

is more important in hypertension than insufficient vasodilation. Factors
»hich promote vasoconstriction include increased adrenergic neural activity
leading to increased neurotransmitter (noradrenaline) release and excessive
levels of circulating plasma cétecholamings, all acting via the stimulation
of oL ~adrenergic receptors on the vascular smooth muscle, Others

include increased levels of other vasoconstrictors like angiotension II,
vasopressin, S-hydroxy-tryptamine; increased plasma concentrations of some
cations (e<ge Calcium) and alkalosise A variety of other vasoconstriction
promoting conditions %ave been classed as 'passively acting! (Ffohlich,1977){
These include oedema formation, intravascular thrombosis or embolism,
haemoconcentration (e.g. in polycythemia) and éontracted plasma volume
leading to increased blood viscosity among others, Most of these "mediators"
of hypertension are products of some tissue or organ malfunction which may
themselves, be the remotest underlyihg causétéj A%M£H§ H;peréeﬁsion or éhe
result of some unknown, primary disorder(s). Thus, hypertension is
classified into two broad types, namely Primary and Secondary hypertension.
Hypertension is termed primery (or Essential or idiopathic) when the remote
cause of the hypertension is unknown, Tt is said to account for up to 80%
of the cases of hypertension (Bowman and Rand, 1980) and seems to be

genetically determined, When the cause of thlo-hypertension is known it

is classed as secondary hypertension,
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FIGURE 1,1 ‘

Schematic representation of tHe fact&rs involﬁéd inﬁr

hypertension. (Adapted from Bowman and Rand, 1980).
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Figure 1 is a schematic representation of some of the factors involved
in hypertensions One or more of these factors will always be present
in any one type of hypertension, Various experimental models (Dr, in
the least, correlates) of the different types of hypertension have been
developed in animals by promoting artificially one or more of the
dysfunctions presented earlier, T&ese‘models havé proved very useful
in the study of the aetioldgy and pathophysiﬁlogy of hypertension. The

present study involves the use of a model of essential hypertension,

1.2 PRINARY HYPERTENSION

The prgsentix available infoertion accumulated from the studies
of various groupé of workers on the physiopathology_of esseﬁtial hyper—
tension have been inconsistent and in many cases coﬁflicting but the
results of the studies of each (part%pular) group seems to be more
consistent, This is most likely due to the fact that the blood pressure
‘related characteristics of patients with essential hypertension are
highly variable and can be dependent bn the age of the individual, the
stage of the hypertension (i.e. whether beginning, developing or stable),
environmental factors (e.g. the degree of stress on the patient or salt
intake) (Frohlich,1977) and also upon the “control" in each study
(clineschmidt, Geller, Govier & Sjoerdsma, 1970),' Another variable
festor might be the "negative disposition" of the patient. EssentiaI.
hypertension has been postulated to be "polygenic" u; “mulfifacﬁorial"
in origin (Folkow & Hallback, 1977; Beyer & Peuler, 1982); inigther

words a number of blood pressure related mechanisms exhibit & genetic

deviation from the "normal", Thus, it can be inferred that if all the
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«=y mechanisms contributing to blood pressure regulation possess a
—=netic (maybe latent) tendency to over—react; the particular one that
-recipitates the hypertensive response will be determined by the
crevalent environmental stimulus (e.gs stressful conditions or salt
intake). On the other hand; one or so of these mechanisms might
exhibit a form of genetic dominance over the rest and is therefore
more likely to generate a hypertensive state, However, it seems that
when essential hypertension has attained a stable state it exhibits
very similar physiopathology irrespective of the aetiology, It might
be said therefore, that within the clinical population with essential
hypertension, there may be sub-sets, each characterised by somewhat
different aetiologye These sub-sets may be correlates of the
presently known models of essential hypertension (Folkow & Hallback,
1977), each of which exhibits some degree of semblance to some variant

of essential hypertension or another,’

121  EXPERIMENTAL MODELS OF GENETIC (PRIMARY) HYPERTENSION

These have been developed by careful in-breeding of animals
possessing higher blood preésure than the population mean which has
resulted in the evolution of a naturally hypertensive strain of rabbits
(Alexander, Hinshaw & Drury, 1954) and severel such strains of rats.

The rat models have been better developed and more extensively studied
maybe because of their small size and relatively low costs These rat
strains include the spontaneously Hypertensive Rats (SHR) developed by
Okamoto and Acki (1963), who also have developed some more differentiated
substraeins; the Genetically Hypértensive Rats (GHR) developed in New

Zealand by Smirk and Hall (1958); the Milan Hypertensive Strain (MHS)



developed by the Bianchi group (Bianchi, Fox, DiFrancesco, Bardi &
Radice, 1973) and the Hypertension Sensitive Rats (HSR) developed by
Dahl, Heine and Tassinari (1962).' More recently is the Sabra strain
developed in Israel by Zamir, Gutman and Ben~Ishay (1978) and the

Lyon strain from France (Renaud, Fourniere; Denoroy; Vincent; Pujol &
Sassard, 1978); The most extensively studied of these is the Japanese
SHR, which was used in the present study, Thus; in this discourse the
SHR constitutes the main focus of attention. Two other. strains aré
briefly discussed in order to portray typical examples of the slight
differences among the different strains in the pathophysiology of their
hypertensione An integration of the information derived from all of
these étrains might produce a picture that is more representative of the

pathophysiology of human essential hypertension than any one model,

1022 NEW ZEALAND GENETICALLY HYPERTENSIVE RATS (GHR)

This was the first of genetically hypertensive rat strains to be
developed and it was based upon systematic in-breeding among the Otago
Stock Colony which itself originated from the Wistar strain., It took
longer to obtain a pure hypertensive strai; than in the breeding of SHR,
suggesting that this strain is not a réplica of the SHR, Within a few
weeks significant difference in blood pressure could be observed between
this strain and the normotensive control. The sympathetic nervous system
seems to play an impoftant role in the maintenance of hypertension in the
GHR, Early immuno- or chemical sympathectomy normalises arterial blood

pressure (Clark, 1971; Wood and Clark, 1974) and the increased heart

oy,



rate is blocked by propranolol {Lee & Simpson, 1973)s Later, along
with the developmerit of hypertension sympathetic activity may become
normalised but there are clear signs of ventricular hypertrophy and
structural changes in the resistance vessels (Phelan, 1970).

Studies in young; prehypertensive and in mature GHR (Gresson,
Bird and Simpson, 1973 a & b) reve 1 a lowered plasma renin level, a
normal or slightly reduced plasma volume and a normal body sodium and
water content thrcughout 1ife, Plasma Sodium (Na™) content is normal
but the potassium (K¥) is slightly increased (in contrast to SHR where
k¥ is slightly decreased)e The renin-angiotensin ~ aldosterone system
is normal or sligﬁtly suppressed, There is no good evidence of Na+
retention or blood volume increase (Simpson, Phelan; Clark; Jones,’
Gresson, Lee & Bird, 1973) except at old age (Gresson & Simpson; 1974)
in association with gradual cardiovescular failure, which are probably

.the result of the hypertension,

a2 DAHL HYPERTENSION SENSITIVE. (HSR) STRAIN

The development of this strain of hypertensive rats stems from the
observation by Dahl and his collaborators that some of their Sprague-
Dawley rats exhibited qualitative differences from some others in their
response to salt (NaCl) loading (Dahl, Heine & Tassinari, 1962a & b).
It,seemea then that genetic factors were playing a great role. Thus;'
they initiated a selective and careful in-breeding that led to the
development of two pure strains of rats; one developing hyperténsion
in response to salt loading (Hypertension Sensitive Hats; HSBj and

the other being resistant to salt loanding (hypertension Resistant



mats, (HAR) (Dahl et al, 1962). They are often referred to as the "Sv
and "R" streins respectively,

Both the HSR and HRR are normotensive animals when on a normal NaCl
diet although the cardiac output is slightly higher in the "S" strain
(Tobian, 1977); However; HSR readily develbp relatively wvery high
systolic blood pressure thén the control HRR, These two strains of rats
also respond differently to artificial disturbénces of some blood
pressure related mechanismse Thus; the HSR is more susceptible tb
pressure increases in response to desoxycorticosterone (DOCA) - NaCl,
to renal artery glamping; to cortisone and to adrenal regeneration
(Dahl et a1.'; 1963, 1965), This model might therefore be a correlate
of some variant of genetically hypertensives who do not exhibit any
sign of hypertension but just remain "prone" until‘an environmental
factor precipitates the hypertension,

The experiments of Dahl et al.point to the kidneys as the major
site for triggering hypertension in the HSR, In cross~transplantations
of kidneys between HSR and HAR, it was observed that HSR with HRR
kidneys had lower pressures than HRR with HSR kidneys (Dahl et al.y1974).
The participation of other extre-renal pre-disposing factors has not
been excludeds Dahl et al, (1972) discussed the possibility of a
change in ionic equilibrium in vascular smooth muscle membranas which;
during salt loading precipitates an incéeg;éd shooth muscle activity,
Accordingly it has been reported that increased peripheral resistance
aﬁcounts for almost half of the total rise in blood pressure observed

in salt loaded HSR (Tobian, 1977)e The sympathetic nervous system seems



to havé a crucial role as well, The increased vasoconstriction during
salt intake is said to possess a neurogenic component since it can
be blocked by sympathetic denervation of the vascular bed under study
(Takeshita & Mark, 1978). Also, after chemical sympathectomy with
E~hydroxydopamine the HSR do not dewvelop the typical salt-induced
hypertension (Takeshita, Mark & 8rody,_1979). Whether this sympathetic
component is due to differences in neuronal discharge rates or to

(o 8 -adrenoceptor population is not yet fully elucidated, HOWever; it
has been reported that there are more 0(1~ and Cié— adrenoceptors in
the kidneys of HSR than in the HAR (Pettinger, Sanshez, Saavedra,
Haywood, Graﬁdler.a Rodes, 1982). This greater number of C(-edrenoceptors
is exaggerated in the HSR by high salt intake and ics said to anticipate

the rise in blood pressure (Pettinger et al,, 1982).

1024 THE JAPANESE SPONTANEOUSLY HYPERTENSIVE RAT (SHR)

1e2e4a PHYSICAL CHARACTERISTICS

The SHR do not exhibit any external physical differences from the
Wistar-Kyoto rats (WKY) or the ordinary Wistar control rats (NCR) except
that they are generally smaller in size i.e, when rats of the same age
are compared, However, on opening up tﬁe animal, it can be observed that
the left ventricle is bigger (Pfeffer; Pfeffer & Frohlich, 19773 Frohlich,
1977)s We have observed (unpublished)that the SHR kidneys (to the neked

eyes) look a lot more crimson than those of the NCR.'



Te2.4D BLOOD PRESSURE DEVELOPMENT

The blood pressure in the SHR develops gradually as in the normo-—
tensive rats and as in man, But at about the age of five weeks the
blood pressure values become signi%icantly highér than in the NCR,.

Trhe blood pressure continues to rise with age but does so at a faster
rate in the SHR than the NCR (Okamoto;‘1972; Trippodo, Walsh & Frohlicﬁ,
1978) until about 10 - 12 weeks of age when the blood pressure seems to
maximise in the NCR but still increases, although at a much slower_rate;
in the SHR (Folkow & Hallback,‘1977). Thus, animals of twelve weeks and
above are taken to have attained relatively stable blood pressure levels
and represent a model of "established hypertension";'younger'ones
represent "labile" or developing hypertension and the very young (less
than five weeks) are termed "pre-hypertensive" (Ckamoto, 1972).

Specific values of blood pressure recorded from SHR differ from
laboratory to laboratory, It depends on the particular SHR colony

studied; on envirenmental factors and on the method of measurements

1¢2s4cC HAEVODYNAMICS

In the adult SHR the cardiac output is normal but there is an increased
total peripheral resistance (Pfeffer & Frohlich,1973; Smith & Hutchins,

1979)s However, in the young (less than {2 weeks old) rats the results

have been inconsistent, Frohlich & Pfeffer (1975) ascribed thi; to the
use of different strains as control,’ They .observed that the cardiac
output in the young SHR is significantly greater than in the NCR but
not different with respect to WKY (Pfeffer & Frohlich,1973; Frohlich &

Pfeffer, 1975; Frohlich,1977), Nevertheless, even if increased, the



cardiac output does not seem to contribute to the high blood pressure
nor is the raised peripheral resistance a cardiovascular response to
the cardiac output (Pfeffer et al., 4574;Frohlich & Pfeffer, 1975).
There is & higher heart rate; however, in the SHR throughout life
(although it seems to decrease at old age) and the left ventricle
undergoes hypertrophy'(thlich, 1977)e The blood volume may either be
normal or slightly reduced both in th'e young (Trippodo et al.; 1978)
and adult (Sen, Hoffmen, Stowe, Smeby & Bumpus, 1972; Ripper, Lundin

& Folkow, 1978)a

1.2.4d,’ RENAL AND HUMORAL F/ ITORS

The kidney might have some role to play in the development of
hypertension in the 8SHR, A delay in the cnset of II'zypertension has been
observed (Liard, 1977, Kline, Kelton & Mercer, 1978) after renal
denervations BRenal blood flow has Eeen reported normal with a normal
- glomerular filtration rate but with increased filtration (Beierwaltes &
Arendshorst, 1978; Steele & Underwoed, 1578, Arendshorst & Beierwaltes;
©79)s Thus, renal vascular resistance is elevated but it seems like it
results Trom a generally overactive nervous system (Arendshorst &
Beierwaltes, 1979).

’Renal handling of water and electrolytes does not appear to be
#ifferent (Norman, Enobakhare, De Clue, Douglas & Guyton, 1978) and ~
both sxtracellular fluid volume and plasma sodium lévels seem normal in
the SHR (Trippodo et al. , 1978; Willis & Bauer; 19'7@).' Kole{‘;ky., Shook
& Rivera \Elez [1972) reported a normal or slightly lower plﬁlsma renin

level. However, Sen et al, (1972), reported a slightly increased plasma



- 4 -

renin activity in the young SHRe Other workers have suggested that the
initial increase in plasma reninllevels may be as a result of a general
overactivity in the adrenergic system since renin release is also
modulated neurogenically via padrenoceptor mechanisms (Folkow &
Hallback, 1977). By this explaration there should be a slight increase
in the angiotensin ~ aldosterone levels too but it does not seem the
adrenal cortex and mineralscorticoids play an important role in the
genesis of SHR hypertension, SHR hypertension is not eliminated by
adrenalectomy brovided a sodium chloride supplement is given (Folkow

and Hallback, 1977).

1e2s4E BARORECEPTOR FUNCTION

v’

The persistently faster heart rate and normal cardiac output in
the presence of an increased periphéral resistance-suggest some
malfunction in the baroreceptor reflexs Nosska & Okamoto (1970) and
Nosaka & Wang (1972) demonstrated t?e occurrence of altered baroreceptor
reflex characteristics in the SHR.:‘PfeFFer & Frohlich (1973) also
showed that the baroceptor reflex was not totally absent but rather
set at higher lewvels of arterial pressure, More recently it has been
shown that baroreceptor sensitivity was essentially the same in very
Xouhg (4 - 6 weeks o0ld) SHR and WKY rats, However, that same level of
sensitivity remain in the SHR while it almost trippled in the WKY by
the time the animals were 20 weeks old (Struyker-Boudier, Everwel,

4

Smits & Van Essen, 1982), This suggests that the differences in the
7

: baroreceptor functions are geneticf



Te2e 4T NEURAL FACTORS

Differences have been observed right from the level of the higher
centres of the brain through to the peripheral network and even as
regards events at the nerve terminal, The hyperfunction of the higher

centres expresses itself in greater aggressiveness and alertness
to environmental stimuli than in NCR (Okamoto;'1972; Hifkin; Silverman:
Chawez & Frenkly 1974) and an exaggerated increase inm blood pressure
to stress (Yamori, Matsumoto; Yamobe & Okamoto;‘1969; Hallback &
Folkow; 1974).' It was recently reported that simple changing from
single unit housing to several SHR in a cage is enough to provoke a
sharp rise'in bléod pressure such as was not observed with WKY rats
(Lloyd & Boyd;‘1981). Other studies have}indicated the involvement of
lower centres of the brain. Posterior hypothalamic spontaneous activity
has been shown to be greater in the young (9 wéeks) EHR tBunag E Takéda;
1979), Hyperactivity in these brein areas express themselyes also in
the peripheral auténomic system and Folkow & Hallback (1977) reported
that they are more intense in theiprehypertensioni or 'labile hyper'tensiohi
age than in the older SHR, This suggests thgt the hyperactivity
precedes the hypertension rather than being a consequence thereof,
Furthermore, they remarked that the central hyperactivity in SHR does
not seem to express itself in all autonomic efferent links but rather
in the sympathetic outflow alone -~ based on some of their earlier
.observations (Hallback, Magunsson & Weiss;'1974). This suggests that
there seems to exist some genetically determined peculiarities in the

~ sympathetic nervous system of the SHR that affects its function and



relation to other blood pressure related functions of the body, It
will be recalled that the sympathetic system was mentioned earlier on
as very crucial in the induction of hypertension by NaCl in Dahl HSR,
in which there is no impressive evidence of any central nervous

system hyperactivity (Dahl et als, 1968)s Hyperactivity in the
sympathetic system of the 8HR has jeen reported from experiments
involving direct recordings of nerve éctivit& (Gkamoto; Nosaka; Yamori
& Matsumoto, 1967; Judy, Watanabe, Henry, Beseh, Murphy & Hockel, 19763
Schramm & Barton, 1979). Leés direct evidence has been reported from
experimental stucdies in the SHR whe e surgical or pharmacological
reduction oé abo?ition of sympathetic influence resulted in greater
reduction of arterial blood pressure in the SHR tha; in the NCR
(Folkow, Hallback, Lundgreen & Waiss; 1972; Numao & Triuchijima, 1974;
and Yamori, 1976)s As in its mainteéance; the sympathetic nervous
‘system seems to be very crucial in the dewvelopment of SHR hypertension
as shown by experimental studies in which immunosympathectomy
(cutilietta, Erinoff, Heller, Low & Upril;‘1977) or chemical sympathe-—
ctomy (Provoost & De Jong, 1978) prevented the development oF‘
hypertension, At the level of the nerve ending;'the prejunctionally
located ng-adrenoceptors have also been implicated in SHR/NCR
comparative studies, Galloway & Westfall (1982) reported that the pre-
Jjunctional C*zradrenoceptor population in the adult SHR kidney in less

!

sensitive than normal, ‘ A s
7



1224800 VASCULAR REACTIVITY

The increased total peripheral resistance and the exaggerated
rise in blood pressure observed in response to experimental stimuli
suggests that there is a difference in the reactivity of the SHR
vascular smoﬁth muscle to vasoactive substances, Folkow and his co-
workers have maintained over the years that the altered blood vessel
design (a h;pertrophy of the vessel wall which increases the wall~to-
Yintin ratio) in the least; contributes to resistance to blood flow and
also to the hyper-responsiveness of the resistance vessels to constrictor
agents (Folkow, Hallback-, Lundgr-een; Silverton & Weiss, 197-24,' 1975;
Collis and Vanhoutte, 1977; Mulvany, Hansen & Aakjaer, 1978; Folkow,
1982). Others who have reported increased reactivity felt it was due
mainly to a functional (rather then structural) alterations in the
vascular smooth muscle (Haeusler & Finch, 1972; Holloway & Bohr, 1973,
Finch & Haeusler;'1974; Bohrs 1974; Lais & Brcdy; 19755 - Hermsmeyer,
1976 )

Experiments in which the effect of the increased wall-to-lumen ratié
of the vessels will be of no conseguence became importante A strip
made from some isolated blood vessel should not exhibit any hyperactivity,
if it is mainly due to geometric alteration, Hallback, Lundgreen & Weiss
(1971) working on such strips could not obtain any differences in
reactivity whereas Ehibata; Kurahashi & Kuéhii (1973) obtained qualitative
differences in the response of SHR arteries to some non—physiologic

cationse, This kind of conflicting reports have been the case in vascular



<trips (Friedman, 1977)s This may be due to variety in the control
strein of animal or possibly due to variations in the particular blood
w=ssel employed in the studye Some have attempted to relate the
~yper-responsiveness to @ltered membrane ion (Na+) fluxes and enzymes
0¥, k* ~ ATPase) (Jones, 1973; Friedman 1977, 1979; Pamani, Clough
& Haddy, 1979) and this is increasingly becoming an area of great

|

interest.

12,5 NON-VASCULAR TISSUES

There is presently very little literature on pharmacological
studies on non-vascular tissues of the SHR, Altman, Da Ponte &

worcel (1976, 1977) studied the reactivity of the SHR stomach fundus

strip to a series of cations (Sr2+; La3+, Ca- g M~ & 832+)‘

They observed that male SHR fundus strips were more reactive to Ba2+ .
and Sr2+ than the normotensive control strips.’ The contractile action
of Ga2+ in depolarised preparations were enhanced in both male and
female SHR strips and the effect of diazoxide (a calcium antagonist)
was more marked in SR than in the control rats, Corbett, Goldberg,
Swamy, Triggle & Triggle (1980) compared between normotensive and SHR;
the sensitivity of vasa deferentia to noradrenaline (NA) k¥, Ba°T,
1a®*, H* and ce®*, Furthermore, Nghiem, Swamy & Triggle (1982) studied
the effect_of a calcium antagonist on NA and KCl induced contractions
of vasa deferentia from normotensive and SHR. Results from these two
studies suggested that there may be alterations in Ca2+ handling in the
SHR, Also, Caufield, Paterson & Wayyes (1977) reported altered

response to NA of vasa deferentia from genetically hypertensive rats,
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In all these studies the aim was to determine if the altered reactivity
observed in vascular tissue was generalised (in smooth muscles) in which
case, it ﬁight suggest that the cellular modifications responsible for

the altered reactivity in the SHR is not an adaptive reaction to high
blood pressure, Their results suggest that there might be a
generalised smooth muscle abnormality'With a genetic background, Thus,
it is possible that there might be some alteration in the functions of
some visceral organs of the body, Further studies in this area might
bring to light some disorders which might acecompany hypertension but

which have hitherto been taken to be present "only incidentally".-

1.3 THE_PRESENT STLDY

The present work attempts to study thé reactivity of two extra-
vascular smooth.muscle'preparations (the agbcoccygeds muscle and the
vas deferens) in response to g( —adrenoceptor agonists and antagonistsa
Like in the studies cited in the preceeding section the presence of
alterations will suggest that there might be a genefal smooth muscle
abnormality that is primary in the SHR, ;

In this study, attention is focused on the post:junctional

Ok-edrenoceptor populations of the smooth muscle preparations studied,
The O( -adrenoceptors mediate vasoconstriction and the use of some

OL-edrenoceptor blockers (prazosin, labetalol and indoremin) in the
treatment of . hypertension shows their importance in the disorder, Thus;
it was considered expedient, in studying smooth muscle reactivity, to
lock at the Of-adrencceptor population, It was also decided that it

\-.\,‘ .:‘
might be wise to choose tissues which (like blood vessel strips) elicit



contractile responses to OX -adrenoceptor stimulation. Thus, the rat

anococcygeus muscle and the vas deferens were chosens

14 SMOOTH MUSCLE d\—ADPENOCEPTDRS: PRESENT STATE OF THE
CONCEPT ‘

In 1948, Ahlquist classified adrenoceptors into Q{~ and P— types
based on his observafion of two different orders of potency among six
sympathomimetic amines all acting on a' number of sympathetic functions
which were subsequently divided into two groups, In suppor’b of this
classification was the inhibition of the Of —adrendceptor mediated
functions by the then known QL —adrenocceptor antagonists without any
effect on the F—r.nediated functions, Selectivé inhibition of the
p—mediated sympathetic functions was first demonstrated by Powell &
Slater in 1958 using dichloro—isoprenaline“(DCI). Other specific agonists
and antagonists of the (X -~ and P—receptors‘have since been developed,
The p-adrenoceptors were later subdivided into two on the basis of a
series of studies similar to that of Ahlguist and carried out by lLands
and his colleagues (1984 — 1967)., They found that the order of potency
among some sympethomimetics acting on P—edr‘enoceptorsvlike in lipolysis
and cardiac function were similar and statistically correlated on one
hand while the relative potencies on others like bronchodilation and
vasodepression were similar and correlated on the other hand but there
was neither similarity nor correlation between the former and the latter
pairs of functions, This subclassitication was verified by the
description (Levy, 1964; 1968) of a selective antagonist for the group

of ﬁ-effectors typified by the rat uterus or peripheral blood vessels

NN
sl



“subsequently named pz-adrenoceptors) and the description by Dunlop
=nd Shanks (1968) of ICI 50172 (practolol) which selectively blocks
<~= other types of P—receptor typified by cardiac function (p.]-
a:':enoceptor). Thus, two phenomena have been used in adrenoceptor
=lassification:

(i) order of potency among drugs’ and

(ii) drug selectivity,
Up to as late as 1972, it could be concluded that the (x-adfenoceptors

w=re of a single type since tr?e agonists and antagonists used did not
exhibit any appreciable discrepancies in the two phenomena described
abové, among the different preparations used (Furchgott, 1972). Soon
=fterwards the existence became evident of d-edmnoceptors that
r.-:ediate-,r by a negative feedback mechanism;, the regulation of noradrenaline
release from sympathetic nerve terminals, They are suggested to be
located somewhere on the nerve endings i.es "pre—junctionally" (Langer;
Alder, Enero & Stefano, 19713 Starke, 1972, Rand,McCulloch & Storey, 1973;
Langer', 1973)s lLanger, 1974 then designated the post—junctional

O\ -adrenoceptor as " fo-" and the pre=junctional as " 0‘.2" to
distinguish between the two receptor subtypes, This classification was
plainly on the basis of the anatomical locations of the receptors until
pharmacological differences between the two receptor populations was
demonstrated = using drug select:lvlty',h orjder of potency and potency
ratios (i.ee between the pre~ and post=junctional receptors), It was

shown in various preparations that “edmnoceptor agonists like
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clonidine, xylazine; guanabenz; B=HT 920 nd antagonists like

yohimbine and rauwolscine are relatively more potent on the Cigfsubtype
while agonists like phenylephrine and methoxamine and antagonists like
prazosin, clozapine and azapetine exhibit preference for the Ciq-subtype.
Noradrenaline and phentolamine typify respectively agonists and
antagonists that do not discriminate between the two adrenoceptor subtypes
(see reviews by Starke; 1977; Langer, .1974, 1977). Thus at present, the
term%no;ogies W 0(1" and (XQ" are used independently of the anatomical
location or physiological function of the O ~adrenoceptors but rather
according to the relative affinity for agonists and antagonistse. Furthev;
more, (Ol -adrenoceptor agonists and antagonists ﬁight as well be taken

to have more or less been classified according to their preference for
the receptor subtypes, -

More recently the.existence of more than one type of post=junctional
O(~adrenoceptor have been reported, These have come from blood pressure
studies in various pithed animal preparations on the interaction with the
post=junctional QR ~adrenoceptor of agonist and antagonists whose
preference for the O(—adrenoceptor subtypes had been established. Al
has been shown that along with the conventional CK.—adrenoceptor there
seems to exist, post-=junctionally, ancther O —adrenoceptor with very
similar pharmacological characteristics to the C(eﬂadrenoceptors in
the vascular smooth muscle (Bentley, Drew_&_Whiting;‘1977; Drew &
Whiting, 1979; Timmermans & Van Zwieten, 1980;' 1981;: Docherty and
McGrath, 1980; Yamaguchi & Kopin, 1980; Van Meel, De Jonge; Timmermans

& Van 2Zwieten, 1981), and the anococcygeus muscle (Docherty, MacDoneld -
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and McGrath,' 1979; Docherty & McGrath; 1980) of the pithed rat, the
vascular smooth muscle of the ansesthesized cat (Drew & Whiting; 1979);
the vascular smooth muscle of the pithed dog (Constantine, Gunnel &
Weeks, 1980) and the vascular smooth muscle of the conscious rabbit
(Hamilton & Reid; 1980)a Others include the isolated rat aorta
(Huffolo, Yaden & Waddell; 1980) fnd human palma-digital artery
Jauvernig, Moulds & Shaw, 1978), Other studies have indicated the
possible existence of some other variants of the (}k—adrencceptcr.
MacDonald & McCGrath (1980) presented evidences that suggest that the
post=junctional lcx~f-adrenoceptor sopulation in the isolated rat vas
deferens mcy nct.be the same as in'the anococcygeus muscle and yet does
not possess Ciz-adrenccepcor characteristics. Hcffolc et al.,(1980)
reported the possible existence in the rat spleen, portal vein and
bladder of a post-junctional CX~-ad;enoceptcr subpcculation with
characteristics that fall somewhat midway between the 0(1— and the
O, Hirst and Neild (1980,a,b) have suggested that some excitatory
effects of noradrenaline in arterioles that they found to be resistant
to phentolamine ( 0(1- and C*Z-adrenoceptcr antagonist) might be
mediated by what they termed (gamma) ‘K —adrenoceptors, However, it
seems some more detailed studies need to be done to ascertain the
existence of these OX~adrenoceptor variants, Thus, McGrath (1982) in
a commentary on the subclassification of post=junctional (X ~adrenoceptors
suggested that great caution be exercised in subclassifying tcese
receptors, The question then arises: 'Is there also a dua%jéxistence of

post=junctional 0(—adrencceptor in the extra vascular smooth muscle



of the SHR??

125 1 THE RAT VAS DEFERENS

The isolated rat vas deferens preparation has been in experimental
use for quite long (see Waddell, 19163 Match, 1917; Martin & Valle,1939).
It is very densely innervated with a dominant proportion of the nerves
containing catecholamines (Lane & Rodin 1964; Norberg & Hmnberger; 19643
Sjostrand, 1965; Swedin, 1971). Sjostrand (1965) reported that the
innervation is very similar to that of the guinea pig except that the
innervation seems denser but more delicate, The guinea pig vas deferens
was said to possess a very dense nerve plexus within both the circular
and longitudinal muscle layers, The nerve terminals run along the
muscle cells chiefly following their direction. Thus;'in the middle
layer; the major part of the varicose terminals run circularly and in
the inner and outer layers run longitudinally, In the peripheral parts
and just outside the vas deferens nerve bundles are found running
parallel to the vas deferens and branching into small fascicles which
penetrated the wall to remify the organ (Sjostrand;:1965). Contractions
of the vas deferens can be elicited either by electrical stimulation of
the pre~ganglionic nerve fibre or by transmural stimulation of the post-
ganglionic nerves (Swedin, 1971).’ _These contractions seem to be due to
the stimulation of noradrenergic nerves and their subsequent release of
noradrenaline (NA) since they are abélished by adrenergic neurone
blocking drugs and pre-treatment with GthdrOXydopamine (Gillespie &

McGreth, 1975),' There are however,’ misgivings about the mediator(s) of



motor transmission in this preparations These arose because the twitch
response to nerve stimulation is resistant to blockade by prazosin
(Docherty, Mac Donald & McGrath, 1979) and some other d\-adrenoceptor
antagonists (Swedin, 1971) or by reserpine treatment (Sﬂedin., 19713
Ambache & Aboo Zar, 1971). A number of hypotheses have been put
forward in an attempt to account for these discrepant observations but
more information seems necessary for greater precision in explaining
thems Thus, the use of the neuronally evcked contractions of the
isolated rat vas deferens in limited to studies on the pre-junctional
feedback mechanism which seem somewhat generally accepted to be mediated
by NA and 'Okg-aarenoceptors (see review by Doxey and Roach, 1980).

Exogenously applied NA and other sympathomimetic amines produce
contractions of the rat vas deferens (Bamett; Symchowicz & Taber, 1968;
Pennefather, 19'73., Jur:kiewicz & Jurkiewicz; 1976; Simon & Van Maanen-,'
1976; Tayo, 1979a, 1980, Mac Donald & McGrath, 1980) which can be
antagonised by O(-adrenoceptor' antagonists like yohimbine,. piperoxan;
phentolamine, tolazoline, prezosin & WB 4101 (Jurkiewicz, Jurkiewicz &
Valle, 1971; Kapur & Mottram., 1978; M:Grath; 19783 Mac Donald and
McGrath, 1980). This indicates post—~junctional X -adrenoceptor
mechanisme Thusv,' post~junctional O —~adrenoceptors can be studied
using drug induced contractions of the vas deferens,

Post junctional pnadrenoceptors have also been shown to be present
in the rat vas deferens, These are inhibitory and can be stimulcted or
blocked by P-:adrenbceptor agonists and antagonists respectively

(sanguly & Battacharya, 1970, Mac Donald & McGrath, 1580),.

NN =S
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2 THE RAT ANOCOCCYGEUS MUSCLE

. =
- -

The anococcygeus muscle preparation was first described about a
“ec=de ago (Gillespie, 1971, 1972). It occurs in the body in a pair,
= two muscles arise in a tendon from the upper coccygeal vertebrae
s=ry close to one another in the midline qf the pelvic cavity. They
lie dorsal to and slightly to each side of the colon, their end portions
Joining together‘to form a bar ventral to and beyond the colon, less
than one centimeter (1 cm,) from the anus, The bar thus lies caudal to
the point of origin (Gillespie, 1972).

The rat anococcygeus muscle consists entirely of parallel bundles
of smooth muscle cells forming a thin sheet, It has a dense autonomic
innervation,‘thé nerves running between the muscle fibres, The nerves
ramify throughout the muscle presenting something similar to the
innervation of the inctitating membraene (Gillespie & thwell;'1971).

A good proportion of the nerves is noradrenergic as shown by many workers
through various methods (Gillespie & Nbxwell;‘1971; Gibson & Gillespie;
19733 Gillespie & Lullmann-Rauch, 1974; McKirdy & Muir; 1978) although
other types of varicosities seem present (Bibbins & Haller; 1979)s The
extrinsic nerve supply is from two main groups of nerve fibres, One
originates from the upper lumbar outflow and the other from the sacral

cord between LS and S3 (Gillespie & mmth; 1973), Stimulation of any

of the two extrinsic nerves produces motor or inhibitory responses
depending on the experimental conditions (Gillespie; 19721 Creed;'Gillespie

& Muir, 1975; Gillespie & Tilmisany, 19765 McKirdy & Muir, 1976, 1978 ),
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Votor responses produced by field or extrinsic nerve stimulation are
reduced or abolished by guanethidine (adrenergic neurone blocker)
‘illespie, 1972) or by O ~adrenoceptor antagonists like phentolamine,
ohenoxybenzamine and yohimbine (Doxey, Smith and Walker, 1977) suggesting
that they are mediated via the release of noradrenaline acting on

QA ~adrenoceptors, These (post-~junctional) & :adrenoceptors have been
suggested to be a mixed population consisting of the 0(1—adrenoceptor
subtype and an O(Erilike subpopulation, both mediating contractions
(Docherty, Mac Donald & McGrath, 19793 Docherty & McGrath, 1980,
McGrath, 1982),' Atropine has no effect on these nerve evoked motor
responses (Gillespie; 1972) suggesting that there is no muscarinic
contribution to the motor responses,’ However; exogenously applied
acetylcholine and carbachol produce contractions antagonised by
atropine suggesting the presence of muscarinic receptors, It also
contracts to O(-adrenoceptor agonists and to S5=hydroxytryptamine
(5-HT), KC1 and BaCl, (see review by Gillespie, 1980). Tsoprenaline
produces no visible effect except in very high doses which produce
propranolol resistant contractions,” This suggests the absence of post—
junctional B-adrenoceptors (GilleSpie; 1972),

The inhibitory response to nerve stimulation is normally masked
and is visible only when the tone of the muscle is sufficiently raised
by an agonist like S5-HT or the excitatory response abolished by
guanethidine or by a combination of the two experimental conditions

(Gillespie,‘1972)._ These respoﬁses are nerve mediated since they are



==olished by low concentrations of tetrodotoxin (Gillespie, 1972).
“owever, the transmitter mediating the inhibitory responses and the

receptor on which it acts are still unknown (see Gillespie, 1980),
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MATERIALS AND METHODS

2e 1 ANIMALS

Male albino rats of above 16 weeks of age were used in this study.
The control (250;850 g) rats (NCR) were of the Wistar strain bred locally
in the Animal House of the University of Ibadan, The spontaneously
Hypertensive rats (SHR) (200-300 g) originated as a hypertensive mutant
of a Wistar strein in Japan (Okamoto and Acki, 1963), brother =~ sister
mating being continued in this departmente The rats were fedlon

standard livestock cubes (Pfizer Nigeria Limited) and were given water

to take at will,

2e2 NMEASUREMENT OF BLOOD PRESSURE

The animals were anaesthetized with 60 mg/kg Sodium Pentobarbitone
given intraperitoneally 30 minutes before the cannulation, The animal was
placed on its back on a sﬁall operating board and its limbs Fastened.‘ The
neck was opened about the mid-line and the trachea exposed, The trachea
was not cannulated in most cases since the experiment was short, The
common carotid lies deep in the neck between the trachea and a'bund;e of
muscle, The carotid artery was exposed and carefully séparated from the
nerve and vein that lie beside it. Three thread segments were placed
around its, The most anterior one was then ligated, The most posterior
.one was used to occlude temporarily the carotid artery by tightening it
around the artery in a reversible way. An incision was made (posterior to
the first ligature) and the artery was cannulated, The third thregd was
used to tie the cannula in place, The cannula had.been connected to a
Bould Statham P 231D pressure transaucer and the whole unit filled with

NN -~
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045 w/v NaCl solution containing heparin (4 units/ml). It was assured

that air bubbles were expelled from the unit and a little saline flushed
in. Blood pressure was recorded using a Grass Polygraph (Model 7D) that
had previously been calibrated, Pulses were recorded and the blood
pressure values were estimated from the latter part of the recording,

after the attaimment of a steady state which usually took about 10 minutes.

23 ORGAN FREPARATIONS

The rats were made unconscious either by a sharp blow to the head or
by anaesthesia and subsequently sacrificed by exsanguination. The

abdomen was cut open in the mid=line and the tissues were isolated as

follows:

2e3s 1 VAS DEFERENS

The urethra was cut and the testes were gently pushed out of the

scrotum thereby exposing the vasa deferentia, The connective tissue

around the vasa were removed and each vas deferens was desheathed as well
as possible, The organ was then isolated by making two ligatures spaced
at a distance of approximately 3.5 cme from each other and about the
central segments Thus, it was ensured that the preparation had about
equal portions of the epididymal and prostatic "halves" of the organ
without necessarily using the whole vas length., The organ was then cut
beyond the ligatures and suspended (with the prostatic end being fixed
to tissue holder) under 0.5 g tension in a 15 ml. organ bath containing
physiological salt solution, .The phyéiological salt solution was

maintained at 36°C (using a thermostat) and gased with air.



Ze3e2 ANOCOCCYGEUS MUSCLE

The testes and the bladder were then removeds The pelvic bone was
split in the midline and tﬁe underlying muscles cleared until the rectum
became well exposed. The colon was then cut at the proximal end and the
rest of the intestines cleared asides The pelvic portion of the colon was
pulled upwards and the delicéte connective tissues behind it cleared until
the-anococcygeus muscles came into view. The connective tissues immediately
around and'between the two muscles were cleared and the two muscles
isolateds The isolation was done by making ligatures at the two ends of
each muscle. The muscle was then carefully cut beyond the ligatures. The
length of the‘muscle was 1 = 1.5 cme It was suspended (with}the
coccygeal end fixed to the tissue holder) under 1.0 g tension in a 10 ml,
organ bath filled with physiological salt solution maiptained at 3600 and

gased with aire

2.4 PHYSIOLOGICAL SALT. SOLUTICN e T

The physiological salt solution used in this study was Tyrode salution
of the following composition (mmol/litre): NaCl, 136.9; KC1, 2.7; CaCl,

148; MgCly, 095 NeHoPO,y 0e3; NaHCO,, 11.9 and D-Glucose, S.6.

2+5 EXPERIMENTAL PROCEDURE

The preparations were allowed an equilibration time of 60 minutes or -~
in cases where thg animals were anaesthetiscd-hefore sacrifice ~ 120
minutes,. Individual contractions to increasing concentrations of the
agonist were recqrded ~ in the absence and presence of increasing concentra-~

tions of an antagonist =~ on smoked paper through an isotonic lever with



\

1]

= tenfold magnification in the case of the anococcygeus muscle and an
sightfold magnification in the case of the vas deferens, Each concentra—
“ion of the agonist introduced into the bath was allowed a contact time
of 90 seconds with the anococcygeus and 60 seconds with the vas deferens,
Each antagonist.concentration was allowed an initiél 15 minutes to

eguilibrate with the muscle before a new concentration-response curve

was constructed in the presence of the antagonist,

24 5o 1 COCATNE EXPERIMENTS

~

In these experiments concentration—response curves were obtained in

the absence and presence of cocaine in order to investigate the effect
of cocaine on the responses. Cocaine was added into the bath‘2 minutes
before the introduction of each dose of the agoniste The main experiment

(described above) was then done in the presence of cccaines .

246 ASSESSVENT OF RECEPTOR CHARACTERISTICS

26,1 RELATIVE AGONIST POTENCY s s A g S

The relative potencies of the agonists and antagonisté were used to
characterise the receptor types or subtypes present in the preparation.
Agonist potency was expressed as the p02 value according to Ariens & Van
Rossum (1957). pD, is the negative logarithm of the molar concentration

2
(ECSO) of the agonist that produces 50°% of the maximum response possibles

2,6,2a,  ANTAGONIST POTENCY (pA5)

\”"s.

e

Antagonists were assessed by pPA> values according to the method of
Arunlakshana & Schild (1959), The PA; value is the negative logarithm of

the molar concentration of the antagonist that renders a certalﬂ median



~==oonse to an agonist reproducible only after the agonist concentration
=s been doubled (Schild, 1947), It is an indirect estimation of the
“issociation constant since they are mathematically related (see
*opendix I)e It is usually estimated by a graphical method which may

=+ times produce a value that is not a very accurate estimate of the
“issociation constaent (See Appendix I), Thus, the antagonism was also

assessed by the values of the dissciiation constant Koo o©btained by

direct calculation,

2,642  ANTAGONIST POTENCY (DISSOGIATION CONSTANT Kgiss)

Kdiss was calculated from the relationship

2 5’ Kdiss = b L
where B is Ehe molar concentration of the antagonist and "x" is the
dose ratio, The dose ratio is the ratio of the agonist concentration
producing a certain magnitude of response in the presence of an
antagonist (of a certain concentraetion) to the agcnist concentration
producing the same respense in the absence of the antagonist (Schild, 1947).
This is more explicitly discussed in A;pendix T. Kyiss Was calculated at
each of the three concentrations of the antagonist employed in each of
"n" observations, The mean Kgjgs value + the standard error at each
antagonist concentration was obtained and the "grand mean" Kyjss for the
antagonist was the mean + standard errcr of all "N" Kyigg values obtaiqed

s

at all three antagonist concentrations, where N is the sum of n, the

¥

number of observations at each antagonist'concentratiqn. Kgiss Values

are expressed in molar,



Zs5e3 NATURE OF ANTAGONTISM

The nature of the antagonism (with respect to the competitive

n=ture or otherwise) was also used to study receptor characteristics.

2,6,3a  ARUNLAKSHANA & SCHTID (A = S) PLOT SLOPE

An antagonism is competitive when the slope of the Arunlakshana and
Schild (A=S) regression line is not significantly different from unity
and the pA, is obtained from the graph.as the absolute value of the
intercept on the abscissa (Arunlakshana & Schild, 1959). In cases where
the slope of the line is different from unity it impiies that the pA2
value will change with the concentration of antagonist used and that is
contrary to the properties of competitive antagonism (Schild, 1947).

246,3b MACKAY PLOT 5

Another method used to test whether the PA; was changing with the
antagonist dose was by the regression of pA2 values on the logarithm
molar concentration of the antagonist (Arunlakshana & Schild, 1959;
Mackay, 1978), The plot should exhibit no significant regression if the
DA2 is constants, pA2 values obtained from plots in which the A=S
slope is significantly different from one or the Meckay plot shows
significant regression are referred to in this report as the "apparent
DA2. A more explicit description of these parameters as well as the

method of determination is given in Appendix T,

2.6.3c  Kgiss ANALYSIS OF VARTANCE
—————

Like the pA,, the mean Kyigq values at the three antagonist doses
Should not be significantly different if the antagonism is competitive

- e e



(schild, 1947)s The values were statistically treated in order to test
for a difference and in cases where all the values are not the same,
the antagonism was regarded as non—-competitive, The grand mean Kdiss in

such cases are denoted in this report as grand mean Kgyjsgs Grand mean

Kdiss values were compared between the NCR and SHR using unpaired t-test.

\

2e7 STATISTICAL ANALYSES : \

Log, molar concentration vs, percentage maximal response plots wére
made for the agonist induced contractions and each point represents a
mean of "n" number of observations, Results were expressed as means +
standard error of the meaﬁ. In the determination of pA2 values the
line of best fit was drawn by regression analysis (See Appendix IT)
and its slope + standard error thus determined, The value of the slope
was then subjected to significance test.

Antagonist ~ Agonist pairs with Qalues not significantly different
from unity were regarded as having a constant pA2 irrespective of the
antagonist concentration in accordance with the theory of competitive
antagonism, With the PA, vs logs (antagonist) plots, referred to in this
report as "Mackay plot" a regression co—efficient significantly different
from zero was taken to mean that the pA2 varied with the antagonist
concentration, The mean Kg4iss values at each antagonist concentration
were compared by Analysis of Variance (ANOVA), The & -level was 6,05
and antagonisms having Kdiss values not all the same were regarded as
non~competitive, Comparison was alsolmada between p02 values, The

significance of differences was calculated using Student's t~tests,



—= accepted level of significance was p € 0,05, See Appendix II for

=ore details on the statistical analyses of results, %

Ze3 DRUGS USED

L -Noradrenaline (British Drug Houses) was prepared by adding an
eguivalent amount of sodium metabisulphite and dissolved in distilled
water, Cocaine hydrochloride (Krakowski Zargad, Poland), yohimbine
hydrochloride (Sigma) and phentolamine methane sulphonate (Ciba-Geigy)
were dissolved in distilled water, Phenylephrine hydrochloride (Sigma)
was obtained as the commercially available eye dropg or as the powder
(Winthrop) and dissolved in distilled water. Prazosin hydrochloride
(Pfizer) stock solution was prepared by dissolving the salt in o=
methanol and subsequently diluting appropriately with distilled water,

Pentobarbitone Sodium (Sagatalt:); May & Baker) and Heparin (Evans Medical).

S
—
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3s 1 Blood Pressure

The mean systolic blood pressure values for the SHR were
180 + 2 mm Hg (n = 10) and for the NCR, 144 + 9 mm Hg (n = 4), The

values were significantly different (p<g 0.05).

3,2,  Agonist Studies

3424 1a Anococcygeus: The two agonists used in this study were

noradrenaline (NA) and phenylephrine (PE). Both of them produced
concentration dependent ‘contractions of the anococcygeus muscle in

the normotensive control rats (NCR) end the spontaneously hypertensive
rats (SHR) (plate 1)s NA (73 x 1077 = 9,5 x 107°M) gave pD, values
of 5,03 + 0405 and 5,17 + 0,07 in the NCR and SHR respectively.
Statistically, these values were not significantly different (p> 0,05)
(Table 1). PE (1.01 x 1077 = 1429 x 10™°) had significantly different
(p € 0.05) pD, values of 6414 # 0.08 and 5,80 i 0,01 in the NCR and

SHR respectively (Table 1),

3. 2. 2¢ \las -

NA and PE produced concentration dependent contractions of the

vas deferens in both rat strains (plate 2)s NA (5.9 x 1077 -

1,5 x 107M) gave pD,, values of 5416 % 0,13 and 5,46 % 0,04 while PE
(4403 x 1077 = 2,58 x 107°M) gave pD, values of 5,47 % 0,05 and

5,32 + 0,06 in NCR and SHR respectively, The NA values were signifi-



PEAIE 1

. Noradrenaline evoked contractions of the

anococcygeus muscle of the NCR and SHR.

Phenylephrine evoked contractions of the

anococcygeus muscle of the NCR and SHR.
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Noradrenaline evoked contractions of the vas

deferens cf the NCR and SHR.
éhenlephrine evoked contractions of the vas

deferens of the NCR and SHRe
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TABLE 1

Agonist potencies on the anococcygeus muscle in the
absence and presence of cocaine and the cocaine potentia-

tion ratiose

Agonist potencies on the vas deferens in the absence
and presence of cocaine and the cocaine potentiation ratios:

Values represent the mean of n observations + S.E, The
figures in the parentheses é}e ny number of observations,

nd not significantly different and

sd = significantly different between the upper
and the lower values, \

DA | dose: retic aftor B.24 % 10 ‘M cooeihcs

N



VValues

PD,
ANOC,
NA NA + COCA. D-R PE PE + COCA. D-R
NCR | 5403 + 0.05(9)| 5.83 + 0.06(18)| 6431 + 0.08| 6414 + 0.08(2)| 6.68 + 0.04(12)] 3.47 + 0,09
nd sd sd sd sd nd
SHR ! 5417 + 0.07(4)| 5.61 + 0.06(18)| 275 + 0,09 f| 5.80 + 0.01(7)| 6.37 + 0.07(13)| 3.72 + 0.12
VAS
L
NA NA + COCA. D-R PE PE + COCA. D-R
NCR | S5.16 + 0.13(4){ 5.42 + 0.03(20)| 1.82 + 0.13} 5.47 + 0.05(8)} 5,72 i—'o.oa(m') 1.78 + 0,06
— sd sd 5d nd nd sd
SHR | 5.46 + 0.04(5)| 5.86 + 0.05(19) | 2.51 + 0.06§ 5.32 + 0.06(8) | 5.80 + 0.05(14)| 3.02 + 0.08
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cantly different (p < 0,05) whilst the PE values were not (p > 0.05)

(Table 1).

3930 Cocaine EXQerimeﬁts

Cocaine (5,24 x 10-7M) shifted the log-concentration -~ response
curves to the lefte (It was found that concentrations higher than this
would raise the tone of the anococcygeus muscle but yet could not
increase the potentiation in the vas deferens). The maximal responses
were not altered by cocaine in the anococcygeus muscle,s However, in
the vas deferens‘'the maximal responses were found to be increased in
some'experiments. Increase in maximal contraction to PE was observed
. in 6% each of the NCR and SHR vasa preparations but with NA, 40%'
exhibited such an increase. in the SHRa No' increase in maximal
contractions to NA were recorded inpany of the 4 cbservations in the
NCRs The dggree of increase was inconsistent but seems greater in
the SHRe Thus, in the presence of cocaine the pD2 values of NA in the
anococcygeus were 5,83 + 0,06 and 5,61 0,06 while those of PE were
6468 + 0,04 and 6,37 + 0.07 in the NCR and SHR respectively (Figs.. 1
& 2, Table 1), Between the NCR and tﬁe €HR the pD, values of each
agonist were significantly different (p < 0.05) (Table 1)s In the
vas deferens the p02 values of NA in the presence of cocaine were
5¢42 + 0,03 and 5¢86 # 0.05 and PE, 5.72 & 0,04 and 5,80 % 0405 in the
' NCR and SHR respectively (Figse 3 & 4, Table 1), The NA values were



FIGURE 1

NA concentration-response curves of the anococcygeus

muscle in the absence and presence of cocaine, Each ppint

represents the mean + S5,E¢ of at least four observations.

O——1{ = NA (A\CR)

B——" - NA + cocaine (M:H') :
O~ - NA (SHR)

@©- ~--@® - NA + cocaine (SHR)

L N, i
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FIGURE 2

PE concentration-response curves of the anococcygeus

muscle in the absence and presence of cocaine.

-O——{1 -~ PE (NCR)
B——3 - PE + cocaine (NCR)
O- - -0 - PE (5R)
@ - ~@ ~ PE + cocaine (SHR)
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FIGURE 3

_ NA cencentration respc.ise curves of the vas deferens
in the absence and presence of cocaine. Eagh point.
represents the mean + SeE of at least 4 observations,

[O————{ =~ NA (NCR) .
B—— ~ NA + cocaine (NCR)
O--O - NA (SR)

@ --@® - NA+ cocaine (SHR)






FIGURE 4

PE goncentration-response curves of the vas deferens

in the absence and

the mean hi” Sk of

O—0 -
B—a

-0
-0 =

presence of cocainee Each point represei

at least eight observations,

PE (NCR) : :
PE + cocaine (NCR)
PE (SHR)

PE + cocaine (SHR)
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significantly different (p <0,05) but the PE values were not

(p > 0.05) (Table 1).

3eds Antagonist Studies

The antagonists used were prazosin, phentolamine andvyohimbine
and all the experiments involving antagonists were done in the presence
of 5,24 x 10"'M cocaines Phentolamine (2.50 x 1072 = 5,0 x 10~"M),

9 8.8 x 1077M or 1,77 x B2

prazosin (1..1 x 10 ~ 7404 x 10’6M) and
yohimbine (5,75 x 10°° = 4,50 x 107'M or 1,84 x 107° = 1,1 x 10~°m)
produced appreciably parallel rightward shifts of the log—~concentration =
response curves of NA and PE in both NCR and SHR (Figse 5 = 10)s The
entagonisms were analysed as indicated in Chapter 2, obtaining the

parameters that were used to assess antagonism which were as follows:

3ede 1 PHENTOL AMINE

A. Anococcygeus (ANOC. ) muscle: Phentolamine {2,50 x 0P

5.0 % 10-7M) produced competitive antagonism of both NA and PE in

the NCR with pA; values of 8411 & 0,09 (slope = 0.82 + 0.26) and

8464 + 0,18 (slope = 0,67 i 0.28) respectively (Fige 11 and Table 2a)
and with corresponding Mackay plot regression co-efficient
0. 18 + 0426 and = 0,06 + 0,19 which were not significantly different
from zero (p > 0.,05) (table 3), Against both agonists the phentolamine

mean K had no significant variation over the three antagonist

diss

concentrations (Table 4) and had grand mean values of 1,23 F 0,22 X

1078 and 100 + 0,16 x 107 for NA and PE respectively (TaBle 4)e In



FIGURE 5
As Phentolamine shifts of the NA concentration-response curve
in the NCR and SHR anococcygeus, Each point represents the
mean + S,E of four observations,

©O-— NA + cocaine

B— after 2,5 x 1078 (NCR) or 6,25 x 10"
(sHR) phentolamine

N\ after 6,25 x 1078 (NCR) or 2.5 x 107w

(SHR) phentolamine

@—O after 1,25 x 10~ (NCR) or 5.0 x 10" M

- (SHR) phentolamines

Be Phentolamine shifts of the PE concentration-response curve
in the NCR and SHR anococcygeuss Each point represénts the mean

1 SE of four observations,

O-——{) PE + cocaine
B after 6.25 x 10"°M phentolamine
Le——iy\ after 2,5 x 10-7M phentolamine

o—7G_ after 5,0 x 10-7M phentolamine
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FIGURE 6

Prazosin shifts of the NA concentration-response curve
in the NCR and SHR anococcygeus. Each point represents the

mean + S.E of four observationse

O———0 NA + cocaine

EE—~—f8 after 1.1 x 10 (NGR) or 2.2 x 10°°M (SHR)
prazosin 3

A——p  after 5,5 x 10~° (NCR) or 1.1 x 10/M (SHR)
prazosin

@——® after 2,2 x 10~ prazosin
[}—{J after 1.8 x 10'6M prazosin
A——4 after 3.5 x 10"6r' prazosin

V—37 after 5.3 x 107 (NCR) or 7.0 x 10™%u (SHR)
' prazosin

Prazosin shifts of the PE cgncentration-response curve
in the NCR and SHR anococcygeus. Each point represents the mean
+ 5,E of four observations,.

H PE + cocaine

B——F] after 5,5 x 10'9M prazosin

DN——A\ after 2,2 x 'ID-BM prazosin

G after 1.1 X 10-7M prazosin
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FIGURE 7

Yohimbine shifts of the NA concentration-response curve
in the NCR and SHR anococcygeus. Each point represe..cs the

mean + S,E of four observations.

O-———0 NA + cocaine
B33 after 5.75 x 10 °M yohimbine

A——p  after 1,15 x 10°'M yohimbine

@@ after 2.30 x 107/ - (NCR) or 4.60 x 4.60 x 10" M
(sHR) yohimbine

=] after 9.2 x 1077 (NCR) or 1,84 x 10~ (sHR)
yohimbine x

As——4) after 3.68 x 10—6M yohimbine
V—/ after 7,36 x 10-6M yohimbine

Yohimbine shifts of the PE concentration-response curve in
NCR and SHR anococcygeus. Each point represents the mean + S,E

of four observations

@Q=—0 PE + cocaine \
B—{3 after 5.75 x 10°° (NCR) or 1.15 x 10~/M (SHR)

\

yohimbine

A=A after 1.15 x 1077 (NCR) or 4.6 x 10~'M (SHR)
yohimbine

@—@ after 2,3 x 1077 (NCR) or 9.2 x 10"m (sHR)
yohimbine

-0 after 2.76 x 107OM yohimbine

A—maA after 5,52 x 107°M yohimbine
VY after 1,10 x 10°M yohimbine
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FIGURE 8

Phentolamine shifts of the NA concentration-response curve

in NCR and SHR vas, FEach point represents the ﬁean +V5,E of

four observations,

0——0
oe

NA + cocaine
after 6,25 X 107N phentolamine
after 2,5 x 10°/M phertolamine

after 5,0 x 10~"M phentolamine

Phentolamine shifts of the PE concentratlon-response curve

in the NCR and SHR vas, Each pmint represents the mean + SE

of four observationss

PE * cocaine
after 6.25 x 107°M phentolamine

after 2,50 x 10~ phentolamine

~7

atter 5,0 x 10 phentolamine
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FIGUFE 9

Prazosin shifts of the NA concentration=response curve
in the NCR and SHR vase Each point represents the mean +

S.E of four observations.

O—0 NA + cocaine
B——— after 2,2 x 10~°M prazosin
A——g\ efter 1.1 x 107’M prazosin

@——9 after 4,4 x 10~/ (NCR) or 2,2 x 10~/M
(SHR) prazosin

1

Prazosin shifts of the NA concentration-response curve
in the NCR and SHR vas, Each point represents the mean 5

S«E of four observations, 3

Q@———L PE + cocaine

B——f after 2.2 x 107° (NCR) or 5.5 x 107M
(SHR) prazosin,

f————r\ after 1.1 X 1077 (NCR) or 2.2 x 1075
(sHR) prazosine '

@~——@ after 2.2 x 10~/ (NCR) or 1.1 x 10~M
(SHR) prazosin :
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FIGURE 10
Ae Yordmbine shifts of the NA concentration-response curve

nc SR vas., Each point represents the mean b

SE of four observations {i‘
O~—— NA + cocaine . a
B——3 after 5,75 x 107°M yohimbine
N——y\ after 2,3 x 10~"M yohimbine
@——@ after 9,2 x 10~/ (NCR) or 4.6 x 10“7M (sHR)

yohimbine
[T after 1,84 x 10 M yohimbine
A——4A after 5,52 x 1070 (NGR) or 3.68 x 10~M
(SHR) yohimbine
V———Y  after 1,10 x 10 (NCR) or 7.36 x 107N
(sHR) yohimbine
t4
Be Yohimbine shifts of the PE concentration-response curve

in the NCR and SHR vas. Each point represents the mean + &E

of four observations,

@— PE + cocaine \

B——f after 575 x 10> (NCR) or 1,15 x 10" M
(sHR) yohlmb:me

A——A  after 2.3 x 107 (NCR) or 4.6 x 10~ M (sm)
yohimbine

@——@ after 4.6 x 107N (NCR) or 9.2 x 10" "M
(SHR) yohimbine

O——{1 after 2,76 x 10~%u yohimbine
&————4 after 5,52 x 10~M yohimbine
V% after 101 x 10°°M yohimbine
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the SHR phentolamine antagonism was non—competitive against NA. The

A = S slope (0,58 + 0.10) was significantly different from unity

(p € 0,05) and the apparent PA, value was 7,90 i 0,07 (Fige11a &

Table 2a), The Mackay plot had significant regression (co-efficient -
=042 + 011 (Table 3)). THe mean K,; ., values over the range of

antagonist concentrations were not all the same (Tzble 4), Grand

mean K. _ was 4,52 + 0,62 x 10°° and was significantly different from

diss
the NCA value (1423 + 0,22 x 107°) (p < 0.05), although the NGR case

was K, _ and not K% ~(see chapter 2), Against PE the antagonism

diss diss
was competitive with a pA2 value 7,66 + 0,07 (slope = 1,36 + 0.25)
(Fige 11b and Table 2a) and a corresponding Mackay plot co~efficient
0.38 + 0,24, not significantly different from zero (Table 3). Ketige
values did not vary with phentolamine concéntration and produced

a grand mean of 1417 4 0,29 x 10“8, not significantly different from

the NCR value (Table 4),

B. VAS: Phentolamine (2,50 x 107° = 5,0 x 10™'M) produced
competitive antagonism of both NA and PE in the NCR with pA2 values of
708 + 0,08 (slope = 1,01 + 0,22) and 8,06 + 0,04 (slope = 0,93 + 0,10)
respectively (Fige 12 & Table 2b) and with corresponding Mackay plot
regression co~efficients 0,01 4 0,22 and = 0,06 + 0s11 which were not
significantly different from zero (p > 0.05)(Table S5), Against both
agonists the phentolamine mean Kdiss had no siéni%icant variation over
its three concentrations (Table 6) and had grand mean values 9,60 +

-8

1,39 x 107 and 1,11 £ 0,10 x 10 for NA and PE respectivelys In the
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FIGURE 11

©

Arunlakshana and Schild (A = S) plot for the antagonism

of NA induced responses of the anococcygeus by phentolamine,

A = S plot for the antagonism of PE induced responses of
the anococcygeus by phentolamine;
"H" = the SHR'line, Line marked 1 where the slope is not
significantly different from 1 and the actual value where

.

different from 1
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FICURE 12

Ae A =~ S plot for the antagonism of NA induced responses

of the vas by phentolamine,

B A = S plot for the antagonism of PE induced responses
of the vas by phentolamine. |
“"H" = the SHR line, Line marked 1 where the slope is
not significantly different from 1 andlfhe actual value where

different from 1.
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TABLE 2

Arunlakshana & Schild (A = S) plot parameters—
slope and pA2 values ~ for agonist: antagonist interactions

in the anococcygeus muscle,

o

A = S plot parameters—slope and pA2 values = for
agonist: antagonist interactions in the vaé deferens,
% = slope not significantly different from unity.
\
By
”
% ~

NN



A -

S PLOT PARAMETERS

ANOC,
L = PRAZ, PHENT. H = PRAZ, L = YOH, v H = YOH,
pAZ slope DA2 slope DA2 slope DAZ slope pA2 slope
: * o, ; » VE.
NA | 8,45 + 0,04 | 0,46 # 0,03 | 8,11 + 0,09 0.82 + 0,26 | 7,58 + 0,11 | 0.93 +0.09 § 7,08 + 0,06 0,74 + 0,19 | 6.27 + 0.06 |0.96 + 0,14
9 . R B BN . ot 0 (I s ol [T AR S i 3
e X * T W
PE | B,93 + 0.04 | 0.85 4. 0.07 | 8,64 10.18 0.67 i 0.28 - - 7.62 + 0,09 ! 0,55 + 0,18 |6.64 + 0,02 | 0.90 + 0,06
" | v
NA | 8,85 + 0.06 ' 0.52 + 0,07 | 7.90 + 0.07? A 0.58 + 0,10 | 7.89 + 0,14 0,65 4+ 0.24 | 6,74 4+ 0,06 | 0,65 + 0,10 | 6,49 + 0.03 |0.61 + 0.07
SR * ¥ MY - o e *T
PE 8,89 + 0.06 l 0,80 ¥ 0,02 766 + 0,07 1.38 L 0.25 - - 7.06 + 0,35 0.65 + 0,60 6.60 + 0,06 |0,96 + 0,19
VAS g
L = PRAZ. PHENT L = YOH. H = YOH,
pA2 slope ph> slope PA> slope pA; slope
*
NA | 8,00 * 0.04 0.96 * 0,08 | 7,08 * 0,08 1.01 * 0.22 || 6,80 * 0,11 0.50 + 0.12 || 6.36 * 0,09 | 0,47 + 0.11
NCR EN
PE | 8435 + 0,08 [ 1,17 4 0,23 | B406 # 0,04 | 0,93 + 0,10 || 7.44 4 0,06 | 0,55 + 0,09 |f 6.7 # 0,03 | 0.58 + 0.06
W
NA | B.55 = 0,04 0.80 + 0,07 | 7.85 + 0.04 0.67 + 0.06 || 6.82 + 0,04 1.10 + 0. 11 6,83 + 0,08 | 0,53 + 0.13
54 2 % .
PE | 8.64 + 0.02 | 0,88 # 0,03 | 8,02 + 0,07 | 0,91 + 0.15 || 6.58 + 0,08 | 1.04 # 0.23 || 7.56 # 0,15 | 0,39 # 0,14




TABLE 3

Nature (competitivé or non-competitive) of antagonism
in the anococcygeus judging by the A = S or Mackay plot slopes

and mean Kdiss variances

dfl = significantly different from one
1 = not significantly different from one
df0 = significantly different from zero

0 == not significantly different fron) zaro

sd = mean K

higs not all the same over antagonist

concentrations,

nd

mean K

abas steady :

Comp = competitive

N-comp = non—competitive



TABLE 3

ANC
Rat R A =5 o™ ‘Mackay ol K dise| Final o
o o o
Stvain 40%5 Slope 0\03 Slope OIQAO rema vkl Remari 4:Aut
foe NA | 0.46 £0,03 | df1 | 0.5 +0,02 | dfD sd | NComp | ¢
Q
= | Pe |oes+0,07| 1 | .14 +0.07]| © nd | Comp =
a
o NA | 0.52 +0,07 | df1 | =0.47 #0.07 | dfO sd | NComp [
) B
n PE | 0.80 + 0,09 1 ~0.2 + 0,09 0 nd | Comp ~
o NA | 0.82 + 0,26 1 =0,18 + 0.26 0 nd Comp
O ?
=z PE | 0.67 + 0,28 1 -0,06 + 0.19 0 nd | Comp e
&
o NA | 0.58 +0,10 | df1 | =0.42 +0.11 | dfO sd | NComp | T
a
% PE | 1.38 +0,25 1 0.38 + 0,24 0 nd | Comp
(0 NA | 0.98 + 0.09 1 ~0.01 + 0,03 0 nd | Comp .
2| = 3
N - - - — - —
a
o NA 0.65 + 0.24 1 -0.37 + 0.24 0 nd Comp \
= =
wn PE - - - - - -
foa NA | 0.74 +0.19 1 ~0.26 + 0.16 0 nd | Comp ;
()
< PE | 0,55 + 0,18 | df1 | =0.,45 # 0.2 dfo nd | Comp %
D>
(0 NA | 0,65 +0.10 | df1 | =0.35 #0.11 [ dfD nd | Comp |
i —
) PE | 0.65 + 0.60 1 ~0.06 + 0.34 0 nd | Comp
o NA | 0.96 £ 0.14 1 =0,03 # 0.13 0 nd | Comp ;
(&)
= PE 0.90 + 0,06 1 -0,07 % 0.07 0] nd Comp %
S
e NA | 0,61 +0.07 | df1 | =0.35 +0.07 | dfD sd | N-Comp |
z 2 P i
N PE | 0.96 +0.19 1 ~0,02 # 0,51 0 nd | Comp




TABLE 4

Analysis of mean Kgiss ' ‘riance and grand mean Ky;oq

values in the anococcygeus muscle.

nd =
sd =

mean Kd steady over antagonist concentrations-

iss

mean K not all the same over antagonist

diss

‘concentrationse

ND =

grand mean K not significantly different betwean

diss
NCR and SHR. 1 ¥

’

grand mean Kd significantly different between

iss
1

NCR and SHR.



IBLE 4

Rot > Mean Ky + S.E.(M) at three antagonist doses | CGrend Mean Kk, i+ o
. & c R
Stroinioos 18t 2nd 3rd g SE. () Aol
| M| 656 10.68 x 107 1,52 40,15 x 1078 3254 0.22x 107° | s | 81 20.35x 00| N
O -9 - 9 | 5| I
z | P | 1.65 +0.36 x 107} 1,83 4 0.26 x 10| 2,86 + 0.25x 10 |nd | 198 +0.18 x 0°| @
2 = . a
o
o | N | 545+ 0,08 x 107 1,21 40,15 x 107°[ 165+ 0.25%x 10 |sd | L3 4016 x 0°| 1
T ND s
o | PE [ 172 0,81 x 107 2.9 + 0067 x 10| 316 £ 0.7 x 10° |nd | 2.52 40,35 x 107
o | NA | 1418 £ 0.71 x 107°| 1.23 £ 0,43 x 107°| 1,28 +0.28 x 10° [nd | 1,23 + 0,22 x 107°
S k
Z | PE | 110 £0.27 x 107°| B.aa 4 386 x 107 1164 0.32x 10° [nd  [t00t0t6x0° | B
v w
@ | M | 2754055 x 10° a,304+0a6x 1078 6504 1.2x 100 |« [amioex0®| T
= x y NO o
n | Pe | ne +0.82x 1070 1.3 1 0.52x 1070 5, + 163% 10° [nd | 1.17 40,20 x 107
@ | NA | 3.6140.36 x 1070 3.68 40,23 x 10| 3,93 +0.36 x 10° |nd |37 40.15x 100 | g
3]
el <
z PE - - - o
3 o
@ | NA | 7.5 4 170 x 107°] 1,05 4 0,32 x 1077| 1,23 + 0,87 x 107 |nd  |9.99 + 1.8 x 10°° |
= : - 3
X | M | 828 4280 x 10| 8,10 + 1,07 x 10| 1,13 + 0,06 x 107 |nd  |9.52 4 0.85 x 108 | |
e
Zz |PE |37 20,55 % 10°[a97 4 138 x 08| w4 2.65x 10° |nd  [s.3s0.22x10° | o
@ | M | 127 40,18 x 107 | 2.17 + 0,50 x 107 | 2,60 + 0,35 x 107 [nd  |2.01 + 0.25 x 1077 | 1
b2 i L ” — D
o | PE | 258 23,90 x 107|317 4 3,18 x 1077 | 2,61 + 2,29 x 1077 |nd [3.11 4 35 % 077 | 7
@ N | 6004 1,96 x 1077 | 5,64 4 1,23 x 107 | 6.23 + 0.88 x 1077 |nd  |s5.92 0.8 x 077 | |
& u o 5| T
Z | PE | 294 40,15 x 1077| 3.05 + 0,28 x 107/| 3.36 £ 0.22 x 1077 [nd |32 20.12x 107 |
>
g
“nm NA | 6,12 % 0,47 x 1077 [ 8.87 4 0,81 x 1077 | 1.01 2 0,08 x 10° [sd |8.37 + 0. x 077 | !
. - v = NO T
| PE | 2.89 + 0,33 x 1077 | 264 4 0,46 x 1077 [ 3,22 + 0,96 x 1077 |nd  |2.92 4 0.29 x 1077
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SHR the antagonism was non-competitive against NA since the slope of
the Schild regression line (0,67 + 0,06) was significantly different
from unity (p € 0.05)(Figei2a) and the Mackay plot regression co-
efficient — 0,33 + 0,05 was significantly different from zero (Table 5),
The apparent pA, was 7.85 + 0,04 (Table 2b) and the grand mean K3ies?

39 D7 + 0634 X ’I[J"6 was significantly different from the NCR valuees The

mean K values were not all the saﬁe over the three antagonist

diss
concentrations (Table 6). Against PE the antagonism was competitive
producing a pA, of 8,02 i 0.07 (slope = 0491 i 0.15) (Fige12b & Table 2b),
The Mackay plot regressiﬁn co~efficient of =0,09 + 0,15 was not
significantly different from zero (Table 5) and likewise the mean Kaiss
did not vary with phentolamine concentration (Table 6), Grand mean

-8

K was 133 + 0,17 x 10 = but was not significantly different from

diss
the NCR value (Table 6),

3ele2s PRAZOSIN , . S iy i et B e
Two ranges of prazosin concentrations (Low (L) and High (H)) were

used against NA in the anococcygeus muscle, This was not possible

with PE because of the very high concentrations of PE required to

surmount the antagonism of the higher concentrations of prazosin (H-Praz),.

On the vas deferens the H-praz produéed an unsurmountable antagonisme

Thus, in experiments involving PE or the vas deferens, only the lower

—

prazosin concentrations (L-Praz) was used,



TABLE S

Nature (competitive or non-~competitive) of antagonist

in the vas judging by the A < S or Mackay plot slopes and

mean KdiSS variance,

dfl
1
dfo

sd

nd

Comp

N=Comp

-
=

significantly different from one

not significantly different from one

. significantly dif "erent from zero

not significantly different from zero

mean K,. . not all the same over antagonist
concentrations

mean Kyjgs Steady

competitive

non—~competitive 3



vAS
Rok o A=S P, Mackay MK Final Y
S & Slope & Slope Fig ** 1 Remark W.Q
Strain ) Qe ole remar ki o~
d NA | 0.96 * 0,08 1 ~0.1 + 0.08 0 nd | Comp N
Q <
= FE 1.17 +0.23 1 0.17 +0.23 0 nd | Comp o
(2
a el NA 0.80 +0.07 df1 -0,19 + 0.06 dfo sd N=Comp I
¥ 3 =3
0N PE | 0.88 +0,01 | df1 | ~<0.12 +0.04 | dfD sd | N~Comp
o NA | 1,01 + 0,22 1 0,01 + 0.22 0 nd | Comp
C .
= PE | 0.93 + 0.10 1 ~0,06 +0.11 0 nd | Comp ..mlu
L
@ NA | 0.67 +0.,06 | dft | =0,33 4 0.05 | df0 sd | NComp | T
il a
) PE | 0,91 +0.15 1 ~0.09 + 0,15 0 nd | Comp
(1 NA | 0.50 +0,12 | df1 | <0.97 +0.10 | dfD sd | N~Comp
Q = T
=z PE | 0,56 +0.09 | df1 | <0.47 +0.11 | dfD sd | NComp | O
>
fad NA | 1.10 + 0. 11 1 0a10 + 0411 a nd | Comp |
o2 2y =
) PE 1.04 + 0.23 1 0,01 + 0.26 0 nd | Comp
o NA | 0.47 + 0,11 | df1 | =0.44 + 0,11 | dfo sd | N-Comp
O s % £
=z PE | 0.58 +0.06 | df1 | 0,40 +0.05 | dfo sd | NComp | &
>
foe NA | 0.53 +0,13 | df1 | <0.46 +0.12 | dfo sd | nComp | !
s 0 &
N PE | 0,39 +0.14 | df1 | <0.67 +0.19 | dfo sd | N~Comp




Analysis of mean K

values in the vas deferens,

nd

sd

ND
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TABLE 6

des vafiance and grand mean Kdiss

R,
PR S

[ 35
=

= mean K. . steady over antagonist concentrations,
= mean Kdiss not all the same over antggonist
concentrations.
= grand mean K. _ not significantly different between
NCR and SHR, i
= grand mean Kyiss Significantly different between
¥
NCR and SHR. ‘ 52
. ' “
e

SRR TR - R 2
AT oW
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vAS

Rak Mean K, + S.E.(M) at three antagonist doses M ©Grand Meen Ky & K
R o
Strain 1st 2nd 3rd & S.Ea (M) \}“’o’
o 1114029 x 10° | .23 +0.25x 100 | 1.2120,22x 10° | nd | 17 20.13x 107° |
O
— 3.80 + 1,36 x 1070 [ 3,72 + 108 x 10 | 2.0 5 116 x 1072 | nd | 202 5 0.5 x 10° |
D o
@ 4,22 40,47 x 10° | 6.48 +0.97 x 10° | 6.31 0,07 x 0° | sd | 5.67 20,06 x 107 |
T ND 1
0 2.73 40,13 x 1070 | 2,68 40,20 x 1077 | 3,92 + 0.35 x 107 3.1 40,21 x 107
ie B.6B + 2,39 x 10°° | 9,43 + 2,37 x 107 | 9,59 4 3,21 x 10° 9.60 + 1,39 x 1070
55 3
=z 9.80 + 0,59 x 107 | 1,17 + 0,23 x 10° | 1,174 0.2a x 10° | nd | 1.11 + 0.0 x 107° =
D
- 2,37 + 0,24 x 10° | 3.62 + 0,36 x 107 | 4.71 + 0,42 x 107° 3.57 40,34 x 1070 %
< 5 ND o
n 1415 + 0.27 x 10°° | 1.52 + 0,40 x 10™° | 1,33 4 0.43 x 107° 1.33 4 0,17 x 1070
o 1,10 + 0,34 x 1,82 + 0,35 x 107 | 4.02 + 0.90 x sd | 2.31 + 0.53 x 1077
O -8 o e
> 4,89 + 1,33 x 8463 + 1,91 x 107° | 1,19 4 0.15 x sd |Bas+ X100 | 5
7 LN
o 1,83 # 0,46 x 1442 4 0,29 x 107 | 1.49 % 0.25 x nd | 1,58 #0.17 x 107 '
I 7 0H | -~
N 3.60 + 1,72 x 4,42 + 1.65 x 107 | 3.06 + 1.02 x nd | 3.69 + 0.73 x 10
o 1,13 + 0,25 x 159 40,23 x 10°° | 2.36 + 0,26 x sd | 1.69 + 0,20 x 107°
O '
= 5.20 + 0,17 x 734 + 0,47 x 1077 | 9.22 4 0,71 x d | 225+0.52x 107 | ©
= >
o 5.83 % 1.39 x 6.92 + 0,97 x 10~ | 9.49 4 0.68 x sd | 2.10 + 0,78 x 107 |
L - o, | T
n 4,77 % 0,97 x 6.92 + 1.45 x 10~ | 1.15 + 0.21 x sd | 7.72 + 1.25 x 10

e —— ——— e — et
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As ANOC, Muscle: The Schild plot for L-Praz and H-Praz against NA

produced two distinct (statistically attested by the method of
Armmitage, 1974) regression liness : ﬁ;

L-Praz (1,1 x 1072 = 8,8 x 10™7M) was non-competitive against NA
in both NCA and SHR. The slopes of the Schild lines were 0,46 + 0,03
and 0,52 4 0.07 respectively with corresponding apparent pA2 valt;les
OF Ba45 + 0,04 and 8,85 + 0,06, Both slope values were significantly
different from one (p < 0,05) Fige 13a and Table 2a), In éddition,
Macka} plot regression co~efficients = 0,54 o 0,02 and =~ 0,47 o 0.07
(f‘or NCR and SHR respectively) were significantly different from zero
(p < 0.05)(Table 3). Also, i{': both NCR and SHR, the mean Kdissﬂ'u\./alues
over the range of prazosin concentrations were not all the same,

o8

The grand mean Ki: . 1s13 % 0,16 x 1072 obtained in the SHR was not

39

significantly different from the wvalue 181 + 035 x’ 10-8 in thei&:NCR
(Table 4), L-Praz produced competitive antagonism of PE - indur;;d
contractions in both NCR and SHR with pA2 values of 8,93 + 0,04 ~
(slope = 0.85 * 0,07) in the NCR and 8489 + 0,06 (slope = 0,80 + 0,09)
in the SHR (Fig. 13b, Table 2a'). The corresponding g;'and mean Kdiss
values of 1,98 + 0618 x ’10-9 and 2,52 + 0435 x 10-8 were not :
significantly different from each other (Table 4), The mean Kdiss
values did not vary with antagonist concentration in both rat strains.
Mackay plot regression co~efficient was = 0,14 I 0,07 in the NCR" and
= 0422 + 0,09 in SHR and in both cases were not significantly diffcrent
from zero (Table 3).

H-Praz (177 x 107° = 2,04 x ’10"6M) produced competitive antagonism

NN
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FIGURE_13

A = S plot for the antage )ism of NA induced contractions

of the anococcygeus by prazosin,

A = S plot for the antagonism of PE induced contractions
of the éncco;&ygeus by prazosine.

WH" = tﬁe SHR 1inee Line marked 1 where tne slope is not
significantly different from 1 and the'actual value where

1

different from 1.

(] A
e CR, A SHR.



TABLE 3

A
Rat R AsS Pt “¥ackay €| K| Final 5
o o o o o
Strain 4ow Slope 0\0% Slops QIQAO remarki Remari duuc
o NA | 0.46 +0,03 | df1 | <0.54 +0,02 | dfD sd | Ngoma | o
©)
= | PE |os+0.07| 1 | 0.8 x0.07| o nd | Comp =
a
o NA | 0.52 +0,07 | dft | —0.47 +0.07 | dfD sd | NComp |
5 5
N PE | 0.80 + 0,09 1 ~0:2 + 0,09 0 nd | Comp ~1
a | NA | 0.82 +0.26 1 0,18 4 0.26 0 nd | Comp
O .
Z PE | 0.67 + 0,28 1 ~0,06 4 0.19 0 nd | Comp =
o
o NA | 0.58 0,10 | df1 | =0,42 £ 0.11 | dfo sd | NComo | T
a
@ | na | 0.98 +0.09 1 ~0,01 + 0.03 0 nd | Comp ,
O N
z PE - - - - - - <
ac
o NA | 0.65 +0.24 1 -0.37 + 0.24 0 nd | Comp nﬂ.
s 2
7)) PE - - - - - -
| NA | 0.7a +0.19 1 ~0.26 + 0,18 0 nd | Comp ;
(&)
Z | PE | 0.55 +0.18 | df1 | =0.45 + 0.2 dfo nd | Comp W
D
| NA [ 0.65+0.10 | dft | =0.35 +0.11 | dfD nd | Comp |
2 % =
v | PE | 0.65 +0.60 1 ~0.06 + 0.34 0 nd | Comp
e a NA | 0.96 % 0,14 1 -0,03 # 0,13 0 nd | Comp y
@)
= | PE | 0.90 %0.06 1 ~0.07 4 0.0? 0 nd | Comp nuw
S>-
fod NA | 0.61 +0.07 | df1 | =0.35 +0.07 | dfo sd | N-Comp !
I 3 £
N PE | 0.96 +0.19 1 0,02 % 0.51 0 nd | Comp
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TABLE 4

Analysis of mean Kdiss \friance and grand mean Kdiss
values in the anococcygeus muscle,

nd = mean K

diss steady over antagonist concentrations

sd = mean K not all the same over antagonist

diss

‘concentrations,

ND = Egrand mean Kdiss not significantly different betwean

" NCR and SHR. % Fed o'

’

significantly different between

L/

D = grand mean Kdiss

NCR and SHR.

X



TABLE 4

Rot 2 Mean K, + S.E.(M) at three antagonist doses | Grend Mean K, * J—QOV.
o o
Stroin ﬂow 18¥ ond ard a\em. S.E, (M) <<
@ | VA | 656 % 0,68 x 100 1,52 40,15 x 1070 3,25 +0.22x 107° | sd | 1811 0.35x 00| N
o~ ) ) -8 ol I
Z | PE | 1.65 + 0,36 x 107°) 1,83 + 0,26 x 107°| 2,46 + 0,25 x 10 |nd | 1.98 +0.18 x 00| @
c - - a
o
o | M | 545+ 0,88 x 10| 1,21 £0.15 x 1070 1,65+ 0.25x 10° |sd | 113+ 0.16x 0°| 1
¥ ND o
n | PE | 172 40,01 x 10| 2.9 40,67 x 107°| 316+ 0.7 x 10° [nd | 2.52 4 0.35 x 10°
@ | NA | 1018 £ 0,71 x 10| 1.23 £ 0,43 x 107°| 1,28 + 0,28 x 10° |nd | 1,23 + 0,22 x 10°°
C -
Z | PE | 1010 £0.27x 107 8,08 1 386 x 107 162 0.32x 10° [na | n00s06x 00| B
0 w
@ | NA | 2.75 4 0.5 x 100 4,30 4 0,46 x 10°| 6,50+ 1.2 x 10° |sd |42 i0.2x 10°| T
L - - - M| o
n | PE | ue +0.82x 107 1,38 10,52 x 1078 5. 4 163 x10° |[nd |11 +0.29x 10
@ [ NA | 3.6140.36 x 1070 3.68 40,23 x 100 93 40.36 x 107° |nd |37 205 x 108 |
Q
<
= PE - - - - - o
S
@ [ NA | 2.5 + 1790 x 107°| 1,05 + 0,32 x 1077| 1,23 + 0,47 x 107 |nd  |o.994 18 x 078 |
=g : 2 a &
| PE ! - i 5 4
€ | M| B8 s o8 x 10| 8,10 + 1.07 x 10| 1,13 + 0,06 x 107 |nd |9.52 4 0.85x 0 | |
=
z |PE |27 s0.55x 100497+ 1.38x 108w s2.65x 10° |nd |sss0.2x 08| o
@ | N | 127 £ 0,18 x 107 | 2.17 + 0,54 x 107/ | 2,60 4 0,35 x 1077 [nd  |2.01 + 0.2 x 1077 | 4
) I B -7 - ) D5 1”4
- o544 3,70 x 107 3,17 4 3,18 x 1077 | 2,61 + 2,29 x 107 |nd  [3.11 4 1.35 x 10
® | NA | 600 4 1,96 x 107 52 ot 7
%, + 1,95 x 5.60 + 1,23 x 107 | 6,23 4 0,88 x 107/ [nd  [5.92 + 0.68 x 107 :
- . o - T
Z | PE | 290 0,15 x 1077| 3.05 + 0.28 x 1077| 3.36 £ 0.22 x 107 |nd |32 20.12x 107 | ©
>
5
04 NA | 6,12 + 0.47 x 1077 | 887 + 0,41 x 107 | 1.01 +0.08 x 10° |sd 8.37 + 0.%9 x 107 !
L j 2 ND °E
0 | PE | 289 +0.33 x 1077 | 2,64 4 0.46 x 1077 | 3,22 + 0,96 x 1077 |nd  |2.92 4 0.29 x 107




- m —

SHR the antagonism was non-competitive against NA since the slope of
the Schild regression line (0.67 =+ 0,06) was significently different
from unity (p € 0.05)(Fige’2a) and the Mackay plot regression co-
efficient — 0,33 + 0,05 was signiéicantly different from zero (Table 5).
The apparent pA2 was 785 i 0,04 (Table 2b) and the grand mean Kéiss’
3,57 + 0,34 x 107" was significantly different from the NCR value, The
mean Kdiss values were not all the saﬁe over the three antagonist
concentrations (Table 6)s Against PE the antagonism was competitive
producing a pA, of 8402 + 0,07 (slope = 0,91 # 0s15) (Fige12b & Table 2b),
The Mackay plot regressiﬁn co-efficient of =0,09 + 0,15 was not
Significant;y different from zero (Table 5) and likewise the mean Kyiss
did not vary with phentolamine concentration (Table 6), Grand mean

K. was 1,33 + 0,17 x 10°° but was not significantly different from

diss
the NCR value (Table 6),

Sele2s PRAZOSIN e o (S = = - —
Two ranges of prazosin concentrations (Low (L) and High (H)) were

used against NA in the anococcygeus muscle, This was not possible

with PE because of the very high concentrations of PE required to

surmount the antagonism of the higher concentrations of prazosin (H-Praz),

On the vas deferens the H-praz produéed an unsurmountable antagonisme

Thus, in experiments involving PE or the vas deferens, only the lower

N e

prazosin concentrations (L—Praz) was used,



i : TABLE 5

Nature (competitive or non—competitive) of antagonist
in the vas judging by the A - S or Mackay plot slopes and

ea >
S KdlSS

variance,
dfl = significantly different from one

1 = not significantly diffepent from one
df0 = significantly dif "erent from zero

0 =' not significantly different from zero

not all the same over éntagonist

sd = mean Kdiss
) concentrations
1 .
nd = mean Kd Tos steady
Comp = competitive

N-comp = non~competitive S
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TABLE 6 éi
e W
Analysis of mean Kdiss variance and grand mean Kdiss :'
values in the vas deferens.. ;j
nd = mean K, . steady over antagonist concénﬁrations-t;
sd = mean Kdiss not all the same over antqgonist
concentrations.

ND_= grand mean Kdissnot significantly different between

NCR and SHR, i

D = grand mean Kdiss significantly different between

NCR and SHR, o £2

o
y



TABLE 6
vAs
Raol .IM Mean Ky + S.E.(M) at three antagonist doses ™ Grand Mean K, *
o b ¢ )
Shrainf oS 1st 2nd 3rd o SeEq (M) 4%.9
o NA | 111 40,29 % 10° | 123 +0.25% 100 | 121 20,22 x 108 | nd [ L7 0.3 % 070 |
O
> | Pe [ 382 4138x10° | 3724100 x10° | 2,04 116x 107 | nd | 3,82 +0.65 x 107° o
D o
ax | ™ | 222 40,67 x 10 | 6.48 +0.97 x 10° | 6.31 40,47 x 10° | sd | 5.67 10,88 x 0 |
T : ND Ly
0N PE | 2,73 40,13 x 10 | 269 £ 0.20 x 10° | 3.2+ 0.35 x 107 | =d | 3,41 + 0,21 x 107°
o | v | Bes+2.39x 10° [ 0,43 4237 x 100 | 9.9 + 3,21 x 10° | e [ 9.60 + 1,39 x 107°
O
= | P | 9.8040.59x10° | 1,17+ 0.23x 10° | 1174020 x 10° | nd | 111 £ 0,10 x 107° E
D
- A | 2,97 4 0,20 x 107 | 2.62 + 0,36 x 1078 | 471 20,08 x 1078 | sd | 357 408 x 1008 | B
I ND o
o | Pl 154029 x 100 | 152 40,00 x 100 | 1334043 x 100 | nd | 13+ 0.17 x 107
a | ™ | 110 +0.38 x 1077 | 1.82 4 0.35 x 1077 | 4.02 + 0,90 x 1077 | sd | 2.31 4 0.53 x 1077
O
> | pe | a894130% 102 | 6634 191 x 100 | 19 0.15x 107 | sd | s x| G
) 7 2 LS
o NA | 1.83 4 0,46 x 107 | 1482 + 0.29 x 107 | 1.49 % 0.25 x 10" nd | 1.58 +0.17 x 10° 1
b i3 0 )
n | Pe | 360+ 172 x 107 | 4,02 + 1,65 x 1077 | 3.06 + 102 x 1677 | nd | 3.69 4 0.73 x 1077
o | v | 113 40.25 % 1070 | 1. +0.23x 10° | 2.36 1 0.26 x 0° | sd | 1.69 4 0,20 x 07
O T
=z | e | 5204+0.17%x 1077 | 2% +0.87x 1077 | .22 40,71 x 107 | =4 | 2B r0.57x 107 | ©
= >
o | M| 583+ 1,39 x 1077 | 692 + 0,97 x 1077 | 9.49 + 0,68 x 1077 | sd | 2,10 + 0,78 x 1077 |
I ND 9
n | e | 472 +0.97 x 1077 | 692 + 1,88 x 1077 | 115 +0.21 x 100 | sd | 7272 + 1,25 x 1077

e ep——— —————
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As ANOC, Muscle: The Schild plot for L-Praz and H-Praz against NA

produced two distinct (statistically attested by the method of
P
Armitage, 1974) regression lines. : gi

-8

L—Praz (1,1 x 10°C = 8,8 x 10°’M) was non-competitive against NA

in both NCA and SHR. The slopes of the Schild lines were 0,46 + 0,03
and 0.52 F 0.07 respectively with corresponding apparent pA‘.2 values

of 8445 + 0,04 and 8,85 + 0,06, Both slope values were significantly

_ different from one (p < C.05) Fige 13a and Table 2a), In additicn,
Mackay plot regression co-efficients = U354 + 0,02 and =~ 0,47 + 0,07

(For NCR and SHR respectively) were significantly different from zero

"

(p.<0.05)(Table 3)s Also, in both NCR and SHR, the mean Kiiss values

over the range of prazosin concentrations were not all the same,

R

1213 + 0,16 X% 10"8 obtained in the SHR was r;xo’c

™8 in the NCR

4
The grand mean Kdiss

significantly different from the value 1481 # 0,35 x' 10

(F,
ot

(Table 4), L-Praz produced competitive antagonism of PE = indudéd
contractions in both NCR and SHA with pA, values of 8,93 # 0,04
(slope = 0,85 % 0,07) in the NCR and 8.89 i 0,06 (slope = 0,80 + 0,09)

in the S4A (Fige 13b, Table 2a), The corresponding grand mean Kiiss
values of 1,98 + 0,18 X 10-9 and 2,52 + 0435 x 10-8 were not :
significantly different from each other (Table 4), The mean Kdiss
values did not vary with antagonist concentration in both rat strains,
Mackay plot regression co-efficient was = 0,14 + 0,07 in the NCR* and
= 0422 + 0,09 in SHR and in both cases were not significantly diffcrent

from zero (Table 3),

HPraz (1,77 x 107° = 7,04 x 107°M) produced competitive antagonism

e 1 N



FIGURE 13

As A = S plot for the antagc11sm of NA induced contractions

of the anococcygeus by prazosin.

Ba A ~ S plot for the antagonism of PE induced contractions
of the anoco,cygeus by prazosine.
THY = the SHR line, Line marked 1 where tne slope is not
significantly different from 1 and the'actual value where

) .

different from 1.

o A
e NCR, A SHR.
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against NA in both NCR and SHR with PA, ;alues 758 + 0a11 (slopé =
0a93 + 0,09) and 7.89 + 0.14\(slope = 0,65 + 0424) respectively (Fige
13a & Table 2a) and corresponding Mackay plot regression co-efficient
=~ 0.01 + 0,03 and =~ 0437 + 0,24, not significantly different froh Zero

(Table 3)¢ 1In both rat strains the mean K had no significant

diss
variation over the range of H-Praz concentrations but the grand mean

K values 3,77 + 0615 x 10-8 and 9,99 +* 1e BB R 10-8 obtained in

diss
the NCR and SHR respectively were significantly different (p < 0,05)

(Table 4).

Be  VAS: L-Praz (1e1 x 107° = 8,8 x 107’M) competitively antagonised
both NA and PE in the NCR with pA2 values of 8,00 + D.04 (slope =

0,96 + 0,08) and 8,35 + 0,08 (slope = 1.17 + 0,23) respectively (Fige
14 & Table 2b), Mackay plot regression co-e¢fficients - 010 + 0,08
and 017 + 0,23 were not significantly different from zero and the

L=Praz mean K values were not different over its concentration

diss
range with NA and PE respectively (Table 5). On the SHR vas, L-Praz
antagonism was non-competitive against both NA and PE, The slopes of
the Schild lines 0,80 + 0,07 and 0.88 + 0.03 respectively were
significantly differenf from unity ﬁ3<:0.05) and they yielded
corresponding apparent pA2 values of 8655 i 0,04 and 8,64 + 0,02 for
NA and PE (Fige 14 & Table 2b). Accordingly, the Meckay plots had
significant regression (co-efficient =~ 0,19 + 0,06 and - 0,12 + 0,04

for NA and PE respectively) and mean Ky values over the range of

iss
antagonist concentrations were not all the same (Table 5), ‘The grand

NN e
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FIGURE 14

A ~ S plot for the antagonism of NA induced contractions

of the vas by prazosins

A = S plot for the antagonism of PE induced contractiﬁns
of the vas by prazosin,

"H" = the SHR line, Line marked 1 where the slope is not
significantly different from 1 and the actual value where

different from 1.
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mean K, __ against NA (5,67 + 0,46 x 107 was significantly different

from the grand Kdiss obtained in the NCR (Table 6) whereas SHR grand

Kdiss (3.11 + 0621 X 10—9) was not significantly different from the
NCR grand K. . in the case of PE (Table 6).
3543, YOHINBINE

Two ranges of yohimbine concentretions (Low & High) were used
in all the experiments and they produced two statistically distinct

lines,

Ao  ANOC Muscle: The lower conce trations of yohimbine (LeYOH)

(5.75 % o 4,5 x 10~?M) produced competitive antagonism against
NA in the NCR with a pA, value of 7,08 + 0,06 (slopey 0s74 + 0419)
(Table 2a & Fig, 15a), The Mackay plot slope —~ 0e26 + 0. 16 was not

significantly different from zero (p > 0.05) and the mean K showed

diss
" no variation over the range of L-YOH concentrations (Table 3), The

grand mean K. ‘was 9.52 + 0,85 x 19> (Table 4), In the SHR, L=YOH
antagonism proved non~competitive as judged by the slope of the A= S
plot 0,65 + 0,10 which was significantly different from one (p < 0,05),
giving an apparent pA, value of 6,74 % 0,06(Fige 15a & Table 2b) and also
by the regression co-efficient of the Mackay plot — 0.35 F 0. 11

(Table 3) which was significantly different from zero, However, the
mean Kdiss values (and the corresponding pA2 values)'were not ,
significantly different over the three entagonlst concentreticne

-7

).
(Table 3)a The grant Ky; . 2,01 % 0,25 x 107’ was significantly

different from that in the NCR (Table 4), Also, in the NCRs L~YOH



FIGURE 15

A =~ S plot for the antagonism of NA induced contractions

of the anococcygeus by yohimbine,

N

A -~ S plot for the antagonism of PE induced contractions
of the anococcygeus by yohimbine,.

"H" = the SHR line, Line marked 1 where the slope is
not significgﬁtly different from 1 and the actual value where

different from 1.
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proved non-competitive against PE, if' judged by the A - S plot and
the Mackey plot slopes but yet the mean Ky o values (and the
corresponding PA; values) did not exhibit any significant variation
over the antagonist concentration rangee 1he A = S slope 0¢55 ik 0,18
was significantly different from unity (pA: 0.05) with an apparent
PA, value of 7,62 % 0,09 (Fige 15b)e The Mackay plot had a co-
efficient of regression ~ 0.45 + 0.26, significantly different from

zero (p € 0.,05) (Table 3). The grand mean K was 5,36 + 0,92 x

diss
10-8 (Table 4), In the SHR L~YOH competitively antagonised PE with a

PA, value 7,08 i 0,35 (slope = 0,65 + 0.60) (Figs 15b & Table 2a) and
Mackay plot slope =~ 0,06 * 034, not significantly different from zero

(Teble 3)s The mean K

s values did not change with increasing

=7

antagonist concentration and the grand mean Kd 3a11 £ 1435 x 10

iss
was significantly different from the NCR value (Table 4).

Higher concentretions of yohimbine (H-YOH) (1.84 z 107°

- 1s1 X
10'5M) were competitive against both NA and PE in the NCR with pA2
values of 6427 # 0,06 (slope = 0,96 + 0,14) and 6464 = 0,02 (slope =
0,90 + 0,06) respectively (Fige 15 and Table 2a) and corresponding
Mackay plot slopes of = 0,03 + 0.13 and - 0,07 % 0,07, both of which
are not significantly different from zero (p » 0,05)(Table 3)s The
mean Kdiss values showed no significant variation over the range of °
H=YOH concentration (Table 3)s Grand mean K, .
~7 against NA and PE respectively, In the

were 5,92 + 0,68 x
1077 and 3,12 + 0.12 x 10
SHR; H=YOH was non-competitive against NA, the slope of the

regression line 0,61 * 0,07 being significantly different from unity

St
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FIGURE 16

A « S plot for the antagonism of NA induced contractions

of the vas by yohimbine,

A = S plot for the antagonism of PE induced contractidns
of the vas by-.yohimbine,.

"H" = the SHR line, Line marked 1 where the slope is
not significantly different from 1 and the actual value where
different from 1.
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(p <0.05)s It preduced an spparent pA, value of 6449 + 0,03
(Fige 15a & Table 2a), Alsoy the Mackay plot co-efficient
~ 0,35 + 0,07 was significantly different from zero (p < 0.05)

(Table 3) and the mean K values obtained at the three antagonist

diss
concentrations were not all the same (Table 4), Grand mean Kalas

was B¢37 S 859 X 10-9 and was significantly different from the NCR

value (Table 4)e Against PE it proved competitive with a pA, value
of 6460 + 0406 (slope = 0.96 + 0,19) (Figs 15b & Table 2a)e
Accordingly the Mackay plot slope (=002 + 0¢51) was not significantly

different from zero (p > 0.05)(Table 3) and the mean K values

diss
did not vary over the three conce trations of H=YOH (Tzble 4)e The

2,92 + 0429 x 107 was not significantly different

grand mean Kdiss =+

(p > 0.05) from the value in the NCR (Table 4).

Be VAS: L~YOH (5475 x 10°° = 4,5 x 107'M) gave a non-competitive

antagonism against both NA and PE in the NCR with apparent pA2 values

Sf 6660 £ UyAIN(slope = 0.50 £:g_ 457 and 7,44 # 0,05 (s1ope = 0,55 +
0.09) respectively, The slopes were significantly different from

one (p < 0,05) (Fig. 16 & Table 2b)s Also, the slopes of the Mackay
plot regression lines were ~0,47 + 0,10 and =-0.47 + 0,11 for NA and
PE respectively, both of them significantly different from zero

\p < 0.05) (Table 5)a The mean K values in the cases of both

diss

agonists exhibited some variations over the range of antagonist

»
"

concentrationses OGrand K values were 2,31 + 0453 X 10-7 ;ind

diss
8s45 *+ 1417 X 10—8 against NA and PE respectively (Table 6)': In the
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SHR the antagonism was competitive against both NA and PE with pA2
values of 6482 + 0,04 (slope = 1c10 * 0e11) and 6,58 + 0,08 (slope =
1404 + 0,23) (Fige 16 & Table 2b)s Mackay plot slopes were 0,10 #
0.11 and 0.01 + 0,26 (for NA and PE respectively) (Table 5)s These
values were not significantly different from zero (p » 0,05) and

accordingly the mean Kdiss

values did not vary with increasing L-=YOH
concentration, The grand K . 1s58 i 0,17 x 1077 obtained against

NA was not significantly different from that obtained in the NCR
whereas the value 3,69 + 0,73 X 10~ obtaifiedwith PE was signifiéantly
different from that in the NCR (p € 0,05)(Table 6).

H=YOH _(1.84} 107 = 1,1 x 10 ) produced non~competitive
entagonism against both NA and PE in both NCR and SHR. The slopes of
the Schild regression lines were significantly different from unity
(p < 0.05), Slopes of the Mackay plot lines were significantly
different from zero (p < 0.05) and the mean K Hias values were not all
the same over the antagonist concentration range in the cases of both
agonists and in both NCR and SHRe. T% the NCR H=YOH produced
apparent pA; values of 6,36 + 0,09 (A = S slope = 0,47 * 0,11 and
Mackay plot slope, —~ 0,44 + d.11) and 6,79 + 0,03 (A = S slope =
0.58 + 0,06 and Mackay plot slope = «0,40 + 0,11) against NA and PE
respectively (Fig. 16, Table S & Table 2b).. It gave apparent pA,
values of 6,83 + 0,08 (A =~ S slope = 0,53 + 0,13 and Mackay plot slope
= 0,46 + 0.12) against NA and 7,56 + 0,15 (A = S Slc’Jpe = 0,39 + 0,14

and plot slope — 0,67 + 0,14) against PE in the SHR (Fig. 16, Table 2b

7
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and Table 5),

The grand Kdiss values of H=YOH against NA were 1.69 = 0,02 x 10—6

and 7,10 + 0,74 x 107/ in the NCR and SHR respectively (Table 6). The

values were significantly different (p < 0.05). Corresponding values
725 + 057 X 10-‘7 and 772 + 1425 X 10—7 obtained against PE in the

two rat strains were not signif'icantly'different (Table 6).

\_,_\‘)‘-::
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NCR ANDC

Noredrenaline (NA) and phenylephrine (PE) produced concentration-
related contractions nf’ the ret anococcygeus muscle with pD > values of
S5e03 + 0,05 and 6,14 # 0,08 respectively in the absence of cocaine.
In the presence of cc':ceine respective pD, values of 5483 + 0,06 and
; 665 + 0,04 were obtfained. These values are similar to the values.
(5.83 and 6,54 respectively) computed from the ECyy values reported
by Brown et al, (1980) for these agonists on the anococcygeus muscle,
The difference in the p02 values ob!:ainad in the assenca and presence
of cocaine reveal 1he influence of neuronal upteke on the potency cof
these ;gcnists. ‘E{le values gave dose ratios of 6,31 for NA and 3,48
for PE showing thet the influence of .Qeuronal uptake is more
pronounced on NA than on PE, Thi;i.a in accordance with the

observation that NA has a greater affinity than PE fior the neuronal
uptake mechanisn»(:»[vers‘e-n, 1967 )e The higher pD, value of PE cannot,
.therefor-e, be due to the influence of neuronal uptake but that PE is
actually more potent than NA in this preparetion, This suggests.that
the post—=junctional q,'—edrenoceptors 1ﬁ the anococcygeus muscle |
might be more sensitive than in some éi:her preparations, For instance
NA was more potent than PE in the rabbit pulmonary artery (Starke et
al,, 1975a) and acrta (Wikberg, 1978) and guinea pig ileum (Wikberg,
1978) even though PE was more selective for 0(1-<3drenoceptors.

| Low ;;oncentrations of prazosin (L—sz.) produced reversible

T :
ar;tagonism of NAes This antagonism was however non~competitive as

TR



indicated by the slopes of the Schlld and Mackay plot regressicn linese

The A -~ S slope was different from one and the Mackay slope different

from zero, It was observed that, as concerns competitive nature or
otherwise the A = S and Mackay analyses will usually give the same

indication, Furthermore, it was observed that, empirically, the

. .regression co-efficient of the A ~ & plot will always add up to the

nagative value of tha co-efficient of .tl'wa Mackay plot to give

approximately one and that the standard errors of the two co-efficients

are very similar (see Table 7). F( this reason the ectual value of
e = ,

the dissociation constant (K, s) was calculated directly from the dose

ratios at each antygonist concentration = as another test for

d
competitive antagdnism, (Hereafter, reference wlll be made to only

‘either of the A 7 S or Mackay analyﬁs apart from the Ky analysis),

The L - Praz. Kd:lss values varied with the antagonist concentrations

indicating non-competitive antagonism, Higher concentrations of the

~antagomist (H = Praz, ) still produced reversible antagonism to NA but

the antagornism was competitive, with a PA, value of 7,58 i.0.1‘|.

‘This difference in the nature of antagonism shown by L ~ Praz, and

H -~ Praz, may be what is reflected on_ the prazosin family of curves
where the H — Praz, curves exhibited better parallelism than the

L = Praz, curves (Figs 6a)s Both low and high concentretions of
yordmbine (L = YOH and H = YOH respectively) competitively antagonised
the NA evoked contractions with two sigrmificantly ‘different (p & 0,05)
PE. values of 7,08 i 0,06 and 6,27 £ 0,06 respectively, These results’

showed that the NA evoked contrections were due to o) -edrenoceptor
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TABLE 7

MOCy

AL}

A = € slope j,’;‘g‘c‘:’i Addition
NA | 0.46 + 0.03 | 0,54 + 0.02 1
PE | 0.85 + 0.07 | 0,14 + 0.07 0.99
NA | 0.52 + 0,07 | 0.47 + 0,07 0.99
PE 0.80 + 0.09 | 0.20 + 0.09 1
NA | 0,82 + 0,26 | 0.1 + C.25 1
PE | 1.38 4 0,25 | ~0.38 + 0.24 %
NA | 0,78 +0.19 | 0,26 + 0.16 1
PE | 0.55 + 0.18 | 0.45 + 0.20 1
NA | (65 + 0,10 | 0435 + 0.11 1
PE | n.90 + 0.06 | 0.07 + 0,07 0.97
NA | 0.61 + 0.07 | 0.35 + 0.07 0.96
PE | 0.95 4+ 0.19 | 0,02 + 0.51 0.8
i
o
5
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stimulation in agreement with previously reported cbseru=tions by
many workers, The results al:z. suggest that there are more then one
q-edmnoceptor subtype located post=junctionally in tre rat
anococcygeus muscle, One receptor subtype might be the comwentional
post=junctional u,‘-adrenoceptor and the cther a sub—oopulation with

similar characteristics to the “d-edmnooeptor as alsc suggested

PR

'

by Docherty & McGreth (1980) from an inivo study on the rat
anococcygeus mus”:;f Based t;n this suggestion, the above presented
results can be explained as follows:
NA produces its contrections by an eguipotent stimulation of the
-two receptor subtypes, L = Praz (a selective K.I-adnenc.ceptor
antagonist, Cavevo et al,, 1977; Timmermans & van Zwietén, 1980) blocked
only the O -mediated component of the NA evoked contrections with
little or no effect on the qz— like population, In such a case =~
where an antagonist sélectively inhibits the involvement of one of two
.. ..ureceptor subtypes stimulated by a norr-selec‘!;ive agonist -~ the agonist:
antagonist fntetadtion will hot PLE i withithe bl-molscular models =
- assumed by Arunlakshana & Schild (195;). This suggestion was made by
Furchgott ( 19‘75) and has b;aen supported by experimenfal results, Thus,
there have been a number of reports in which the slopes of the Schild
plots were significantly less than unity for presumably competitive
antagonists in preparations with both p“. and PZ adrenoceptors present
.. Post=junctionally (0%Oonell & Wanstall, 1980; Taylor, 1982).
Accordingly, L = Praz produced a Schild regression co-efficient of

0.46 + 0,03 against NA in the anococcygeus muscle, H ~ Prez, which

-



produced a cmpetitivr’ antagonism against NA might be acting on both
%- and dz- adrenoceptors -~ because its "selective antegonism"
is a relative term which may not be true at high ¢ .es, In support
of this is the observation by Timmermans, Van Meel & ven Zwieten(1980)
that relative.ly higher concentrations of prazosin produced a blockade
«<#y . of post-junctional @, adrenoceptors with a pA, value of 5,91 in
normotensive pithed rats, ’
The two pA2 values obtained from the yohimbine experiment seem
to be further evidence in support of a dual occurrence of post=—
Junctienal d—-adrenoceptor subtypese, Yohimbine is an o(—edrene;:eptor
antagonist with preference for the mz- subtype (S‘!:arke et al,, 1975b;
Doxey et al,, 1977, Brown et al,, 1980), Thus, L = YOH preferentially
inhibited the 0(2.. mediated component of the NA induced contraction
producing the pA2 of ?.08. At higher concentrations, yohimbine might
not be able to discriminate any more and therefor-e antagonised both the
T, and O~ sub-populetions with the lower PRy of 6427, However
L = YOH did not behave like L-Praz (presented above) in that it
produced compe_titive‘antegonisn, i_ts Schi]td plqt Vslope being not _
significantly different from unity, This can be explained as due to
the fact that yohimbine is less selective for the OLZ' subtype than
prazosin is for the X - subtype (Brown et al,, 1980), Thus, the
L -~ YOH action might involve a small proportion of d.r-edr'enoceptor
subtype, enough to render the antagonism competitive (1.2, make the
A = S plot slope =A= 1), With this explanation it will be expe:ted

that the antagomism by L—Prez of a selective Oj~adrenoceptor agonist
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and that by L —~ YOH of a selective 0(2- agonist should yield A = S
slope values that are not significantly different from unity,
Accordingly, L-Praz, competitively antagonised (A - S slope not
different from 1) contrections evoked by PE, a selective (3Q-adrenoceptor
agonist with a pA2 value of 893, The effect of L —~ YOH on a selective

0(2-, agonist could not be studied because the 0(2- agonists available
were either partial agonists (UK, 14, 304-18, guanfacine) or they
produced erratic response (guanabenz) or could not evoke any contrations
(B=HT 920), The non-availability of an "ideal"™ 0(2~adrenoceptor
agonist has been the main difficulty in in-vitro studies of post-
junctional C(Z-adrenoceptors using end-organ responses (see Drew,

1982 and McGreth, 1982 for commentaries).

The significant regression (= 0,45, Table 3) obtained in the

Mackay plot analysis of the L = YOH: PE interaction indicated
that the antagonism was non-competitive whereas the steady mean

Kg

(Table 4), This paradoxy cannot be easily explained, Neverthe-

iss of the same interaction indibated competitive antagonism

less, a possible explanation may be as follows: The mean Kdiss

values are compared by analysis of variance = a statistical method

by which it is tested whether the means of several (at least three)

sets of observations are the same, In this particular-case it tested
whether the mean Kdiss at different antagonist concentrations are

not different, In other words, if the mean Kdiss is denoted by "y"
analysis of variance (ANOVA) tests whether dy (change in y) is signi-
ficantly different from zero or note Both the A =S and Mackay analyses

are log - log plots (i.ee both the abscissa and ordinate values are in
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logarithm) and the slope of the line is a measure of the ra-tio of‘.the

relative change in ordinates {ys) to the change in abscissae (xs)e In

other words the slope equals %0 Thus, even if dy is very small and
£ judged not to be P Peront Pt Sorc by snalysis of variance a much
smaller dx, for instance, will render the slope dy/dx a big walue which
ma} become signiﬂ.cgntly different from zero in the Mackay plote To
4’# buttress this expla'r;ation the mean pl-\é ‘vaiix;‘obtained at eac:h“;" Y
antagonist concentration were compared .by ANOVA and the values proved
B not to be different even ‘though the pA, regressed significantly on

the log-antagonist concentration in the Meckay plot. This may suggest

“

: é that a comparison of the mean Kiiss may"b’e a more precise way of
'testing for competition in drug antagonism, However? the infomati‘on
obtained from the A = S plot is still useful especially as the NA:
3 L ~ YOH pair yielded a slope thet is not different from one, Tt
shows some differences between NA and PE in their interaction with
L-YOH, PE, unlike NA produces its contrections chiefly via the

FAa

5 «radrenoceptor subtype while L~YOH acts ;raiqu at the “2— ,

&;« m‘ﬂ\:

subpopulation, Thus, the two drugs acé at different loci in the
‘ i

preparation, The competition between such a pair might not be

NG ';- :

"perfect", This may be what was reflected as the low A =~ S slope

value 0,55 + 0,18 (Figs 15b “8'—Tab1; E;)miwhich was significantly

different from unity) and the slope = 0,45 + 0,2 (Table 3) of the

Mackay plot,’ According to the above propounded hypothesis this means
N & change dx in the abscissae (log B8 ) is much bigger than the

corresponding change dy in the ordinates (log x =~ 1) ~on the A= S

)



[ - m —

plot = which is not the case in the ideal competitive antagonisms 1In

a log = log plot like the A = S plot, g

Small change dy = log y, = log y, = y,/yy and likewise dx =

«log X, = log X, = x1/x2. Thus, & change dy or dx on such a logarithmic.

plot represents a ratio of the corresponding numbers (from which the
logarithm was obtained) and is an estimate of the multiplication .

f;actor between two dose-ratios or antagonist ‘doses, whichever the case
is. In the ideal competitive antagonism the multiplication of a certain
antagonist conoentr.'etion by a certain factor results in a corresponding
nultiplicgtiop of the dose ratio by the same factor, maeking thé slope
of thg A = S plot one, But in a case where the Schild slope is less

than one, it implies that a certain multiplication of the antagonist

.concentration does not result in a similar multiplication in the dose

ratio but by some lower factore Practically, this implies that L -~ YOH

is so much "more than a match" for PEy in their competition for -

T fxz-adrenocaptors, that after its first dose there remained little or

no more “2-adrenoceptors to compete for ; as it were, the reaction

has reached saturation, At such a point, large increases in any of
the reactants do not result in any apprec_iable_ c_hahgé in the pi»oducts_.
The Mackay plot also portrays this observation. The ordinates on the
Mackay plot are pAz values, pA> itself is a logarithm value, Log

(x = 1) = log B yields a log value PA,, the a;tilbg of which equals
X=1. That is, pA, is the logarittm of a ratios’ Thus dy in the
Mackay plot = , i

83 -8y

1og y, = log yq = log 5, 302 5,
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(where & end” b represent the numerator end denominator respectively,

of the retio that ylelded y) or

I

g- . o 't{i‘_ g 3 ;;‘,’;J ;T
‘ : S8 - &
: Er bores 4 )
2 2 1 = ‘__
¥ ST i e : -_ dy :
% : . : 3
On the absclissa a = lm x1 — ].Og x2 or 7 e The abscissa values
2

(xs) are the same as the denominator b(antagonist molaer concentration)

i

in the above equations, Thus,

%4 b‘l
= can also be written as =4 T
)(2 % b2 . .

Tha slope of the Mackay plot regression line
_gx = -8—2 3 ﬁ X ?E = a—2 or log 8~ ™ log a
i X b2 a, b a, : 2 1

which is the ratio of the dose ratios. The dose ratio was said (earlier

8¢ e

=

on) not to vary much (compared with the antagonist ccncentrations)

ThUS, o @nd a, will not be very different gnd the ratio fg y the
a
1

slope, will not be too far from one even though dy (dpA2) is not

~significantly different from zero,

VAS: NA and PE produced concentration related contrections of the
~ ret vas deferens (RUD) with pD, values of 5.16 % 0.03 and 5,47 + 0,05
iespec‘.:iuely in the absence of cocaine, In the presence of coccaine

~ respective 002 values of 5,42 + 0,03 and 5,72 i 0,04 werse obtained

. &

=
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(Table 1)es The PD, 5,42 obtained for NA was similar to the value 5,4
obtained by Ariens (1963) and Pratesi & Grana (1965) but they did not
compare with PE, Patil, LePidus, Campbell & Tye (1967) obtained a AD,
value of 5,2 for PE on the RVD which, though low compared with the
value obtained in the present study, produced a PE: NA potency ratio
1,08 similar to 1.06, obtained in this study, These values gave dose
ratios of 1,82 + 0,13 and 1,78 + 0,06 for NA land PE respectively, as
a result of cocaine potentiation, These cocaine potentiation ratios
are much lower than those obtained in the anococcygeus muscle despite
the fact that the vas is also densely innervateds This might be due
to the very close juxtaposition in the vas of nerve terminal and smooth
muscle membranes, The width of the junctional gaps in the rat vas
deferens ranged from 180 A ~ 250 °A (Richardson, 1962) whilst in the
anococcygeus muscle they were never less than 550 °A with a mean value
of 2600 °A (Gillespie & Lullman—~Rauch (1974), that is, about a ten~fold
differences The tightness of the junction in the vas might make the
uptake1 mechanism in the vas deferens an especially efficient one which
exhibits only little sensitivity to cocaine, Furthermore, unlike in
the anococcygeus there is little or no difference between the NA and
PE dose ratios and this is inconsistent with the observation in the
anococcygeus, It may also be due to the high uptake1 efficiency in
the preparation,

Low concentrations of prazosin (L-Prez) produced competitive

antagonism to both NA and PE with pA2 values of 8,00 % 0.04 and 8,35 +

0,08 respectively (Table 2b). ‘These same concentrations of prazosin



0

-were significantly different from one and the mean K
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gave a non-co:npetitlve antagonism of NA in the anococcygeus’ muscles
At higher concentraticons prazosin produced an irreversible blockade
of NA, which séme concentrations gave a competitive antagonism in the
anococcygeus, This suggests that NA does not evoke its anococcygeus
and RVD contractions by identical receptor mechanisms, It seems that
NA, like PE evokes its contractions of the RVD via a predominance of

.qfedrenoceptars. Yohimbine produced two Schild lines corresponding
to its low and higB concentration mnge's (Fig. 16) ageinst both NA and
PE as it did in the anococcyc:xeus muscle, However, unlike in the
anococcygeus muscle the antagonism was not competitive at either YOH.
concentration range as judged by the slopes of the Schild lines which
S1es values which
varied with YOH doses (Table 5) in the cases of both agonists, Tt
seems that YOH at both low and high concentretions could not produce

a perfect competition against the agonists at the receptor sites, This

.

may be -so if the receptor site is (X,l- for which yohimbine exhibits

less preference, This supports the above suggestion that the

contrections of the RVD to exogenously- applied NA and PE are predomi-

nantly 0(1-adrenoceptor mediated, This has also been suggested by
other workers (Docherty et als, 1977; Doggréll & Waldr\on; 1982).
Never'theless; the presence of a small proportion of the O(Z-Gubtype
cannot be ruled out since the double A = S- 1line phenomenon was also
exhibited in the vas deferens, One would expect that high YOH should
produce a competitive antagonism even if only the (X‘-.adrenoceptors
are present, since high YOH does not discriminate, This seems rather

difficult to explain at present, It may be that the d1ddr~enoceptor
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population of the vas deferens 4c not exactly the same as in the
anococcygeus muscle, A similar suggestion to this was made by

MecDonald & McGrath (1960) that the post=junctional & -cdrenoceptor
0—.
population in the isolated RVD may not be the same as in the

anococcygeus muscle and yet does not possess dz-edrenoceptor
characteristics,

5 g Tt should be noted that in many experiments remarkable enhance—
ment in maximal responses (to both NA-and PE) of both NCR end SHR vas
was observed especially in H=YOH experiments (Fié. 10)s This kind of

observation has been reported byd :‘kiewicz G Jurkiewicz (1976) but

it seems some mom detailed experimenta need ba perf‘omed before this

could be satisf‘act;rmily explaineds

4
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ANOC, Muscle: TIn the. SH? NA and PE produced concentration related con—

tractions with pD2 values of S. 17 + 0 07-and 5.80 + 0.01. respactively in

SRS TR LY EXr ] BT [y e U B oA LA W

- the absence of cocaine. The NA value was not significantly different from

- . that obtained in the NCR, This is consistent with the result obtained
.from some similar comparative studies on i:solated blood vessel
preparetions (Webb & Vanhontte, 1979;"Mu1veny, Aalkjaer & Christensen,
1979; Harrls, Swamy, Triggle £ Waters, 1980) in which NA sensitivity
showed no significant difference between S,H.Re 2nd normotensive rats,
However', the PE pD2 value was different in the SHR, In the presence of
cocaine the responses were enhanced and NA and PE .had c)D‘.2 values of

Seci and 6,37 respectively, both values were significantly cifferent



from the NCR values, These values éave dose ratios of 2.75 i 0,09

for NA, significantly different from the 6,31 + 0.08 in the NCR and

372 + 0,12 fcf PE, not significantly different from 3,47 + 0.09
obtained in the NCRy, This seems to indicate sdhme dif‘"erencea in the
uptake mechardsm between the SHR and NCP; to which NA is sensitive and
PE is nots It may not be a general defact in the upteke mechanism since

tha two agonists are not equally affected but rather some change 1n

o g e . "'5'._\" 0!-%*-

?}5 | uptake specificity which became "unfavourable" for NA. NA and PE
& structures are given belows
“F -OH (%** hi , i OH ()}1 }1 Sa
. OH C-C-NH, C- C-NHCH,
H H H

o ursicisiaats PE

The lower af%inity of PE than NA for uptake1 in the NCR was adduced to
the prssence on the nitrogen atom of the methyl (~CH;) group (Iversen,
ﬁf '-1967). A change in the stereo—specificity of the uptake process that
4 Simakes 1t more crucial’that the O load orithe benzane ring be :
4 mirdmal will affect NA more than PE. Tt may well be that it is this
difference in uptaée mechanism that rendered the NA p02 in thé SHR
similar to that in the NCR, It might have been a lower value (than
4n the NCR) as with PE but the lesser effect of uptake, on the
exogenously applied NA makes its concentretion higher in the biophase,
--rendering the observed p02 higher than it should hawve been, Thus, the

values obtained after cocaine has eliminated the influence of the
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uptake mechanism may be more !ggresentative of what obtains,

The lower PD, of both agonists in the SHA suggests that they are
less patent in the SHR than in the NCR in the anococcygeus muscles
This, 4n turn, might imply that the Ol-adrencceptors in the' SR are
less sensitive, Howémr, it should be mentlioned that in some of the
above cited studies oﬁ isolated blood vessel preparations (Mulvany et
-@l,, 1979; Webb & Verhontte, 1979) it was observed that NA was more
potent-i-n the SR aFf& the eiind.natip;t of the uptake, mechanism
(either by cocaine treatment or acute chemical denervetion), They
concluded that the uptaka1 mechani m in SHA 1s more efficient than in
the normotensive and that it is ;i?.‘; effect that masks the greater
San&ltivity of thj SHR preparations to NA in untreated prepamtion;.
This observation (and consequently the inference) is contrary to that

i( A
presented in this report, This may 1ot be easy to explain, Neverthe—

less, it is ;101: ?inlikf:ly that thei‘g'e;dst differences between vascular
and non~vascular tissues in the pathophysiologic altémtions in SHR
't tissues, For instance 'neumnal uptake of NA is seid to be reduced in
the’ heart: afihypirten=ive. reats (BATt & Tversen, 19704 Hoim, Prois’s
Chalmers, 1979) Furthermore, the agonist potency ratios are not the
.Same. PE is 2,04 times and NA 1,66 t'.l_mes less potent in the SHR than
in the NCR, Tt may be that there is an increase in the proportion of
post—~junctional «andrenoceptors in the muscle4, lowering the chances
of PE in evoking a response, since PE was said to produce its contrections
mainly by X ,—adrenoceptor stimulation (Starke et al,, 19752, Brown
$*=1, 1960),

Prazosin antagonism had similar characteristics ‘in Sl-ﬂ-andrm
B - ¥
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L—Praz, was non-competitive against NA but competitive against PE,.
H-Praz, was competitive against NA in both SHR and NCR, The NA versus
H-Praz, curves were also more parallel to the control curve than the
L-Praz curves, The grand mean Kdiss values 1,98 + 0,18 X 10-9 and
2,52 + 0,35 x 107 for the PE: L-Prez pair in the NCR and SHR
respectively were not significantly different (Table 4), Grand mean

K value 3,77 + 0,15 x 10°° for the NA: H-Praz peir in the NCR was

diss
significantly different- from 9,99 I 1,68 X 10"8 obtained in the SHR
(Table 4)., Comparison between SHR and NCR of the lPraz : NA pair
interaction may not be valid because the antagonisms were non—
competitive (mean K . varied with L~Praz concentraetions). The grand
mean K,; g Obtained therefore represents, as it were, a grand mean of
three means obtained from samples drawn from dissimilar "populations",
All such cases where any one of the two rat strains shows a non—
competitive antagonism with any one agonist: antagonist pair had their
comparison disregarded, Phentolamine versus PE had K s values

1600 + 0416 x 'lO"'8 in the NCR and 1417 + 0,29 X ’I[J"8 in the SHR which
were not significantly different, Comparison between the SHR and NCR
of the phentolamine:” .NA pair was disregarded (See Table 4)., L-Praz,
and PE are relatively se}ective_ _.feg;wthe 0(1_admnoceptor while H-Praz,
phentolamine and NA are not, Thus'; it seems that differences only
occur in interactions involving dz-edrenoceptors. This, again,
suggests that there are dif‘f’erences between NCR and SHR in their
(xz-qadrenoceptor populationse Thus', L-pYDH, which is relatively

selective for the dzadrenoceptor gave grand Kyigg Values 9,52 %
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0,85 x 10"A(nna) and 2,01 + 0,25 x 1077 (sHR) against Na, which were
significantly different, It should be noted however, that in the SR,
NA vse L=YOH behaved like PE did in the NCR in that the Schild regression
co-efficient was significantly different Trom one despite the fact that
the mean Kdiss did not vary with antagordist concentratione This may
nof be explained as done for FE above .because NA, unlike PE, doss not
discriminate between 4~ and &~ receptors, L=~YOH was competitive
(A = S slope was not different from 1 end the meen K, . constant)
against PE in the SHR unlike in the NCR where the A -- S slope was
different from unity, This inconsistency caﬁnot be easily explained.
Nevertheless, it may be that the (X _adrenoceptors in the SHR are also
“somewhat qualitatively different, Alternatively it may be explaint;d as
due to the increased uz-edrenoceptor proporticn w;ﬁch increases the
involvement of d.z-edmnoceptors in the PE contractions, The
proportion is now higi:l enough to render the PE vs, L=YOH interaction
competitive (as in the case of NA vse L=YOH in the NCR), Against PE
the L~YOH K, __ were significantly different between the NCR end the

SHR but the H=YOH K,,__ were not (Table 4), H-YOH was suggested to

iss
act on both (X,~ end O_adrenoceptors without preference for any,

so it behaved in a similar way to H<"rez and phentolamine, The different
Kgiss values obtained (between NCR and SHR) with L-:-YOH might be '
disregarded because its action is more on the dz—adrenoceptor subtype
while the agonist PE produces its effect via 0(1—receptors, that 4s

(as mentioned above) the antagonism was not perfect,’ Comparison

between NCR and SHR of the NA: H=YOH pair was disregarded,
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Phentolamine, L=YOH and H-YOH behaved differently (from the .M)R)
against NA in the SHR in terms of the A = S slopes (Table 4), This is
not expected even if the proportion of any or both receptor subtypes is
altered, Thus, it may be that there 1s a qualitative change in the
receptor population apart from the change in proportions, In a general
sense, this discrepancy seems to ocgur less in interections imrolvi?g
éE than in the case of NAe, This may suggest that the alteration
affects some part “;f‘ the receptor molecule that is not so crucial teo

PE in evoking a stimulus, for example dz—adrenoceptorhlike component,

» &3

VAS: In the SR both agonists produced concentraticn—related .
contractions of the RVD with p02 velue of 5,46 + 0,04 for NA and
5,32 + 0,06 for PE in the absence of cocaine, In the presence of cocalne
NA and PE produced respective D02 values of 5,86 + 0,05 and 5,80 + 0,05,
Both NA velues were significantly different from thoss in the NCR
whereas the PE velues were not, This suggests that there might be an
increase in X —adrenoceptor population or sensitivity which influences .
NA but not PE, It was suggested earlier th_at the RVD post—~junctional
adrenoceptor population is predominantly of the 0(1-subtype with the
possibility of a very small cLa.- proportion, It should therefore be
possible, if in spite of the increase the OLZ_ is still relatively of
considerably low proportion, that PE evokes its contrection largely by
(X1-receptor stimulation, The (x,z-subtyna might form a part of the
“spare" receptor population especially if PE evokes its mexdimum
contraction utilising a very small & ,—receptor proportion, NA mey be

L~
M e
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more sénsi’cive to an ;lncmase in (Xz-ed."enoc.eptor-' popu_l-at:lon since
it i1s non-selective f"or- either subtype, However, if it acts in this
preparation as full an agonist as PE it would be expected to produce
its own action also treating the "additional® uz-edrenoceptors as

spare, This does not seem to be the case, NA reflected thse probable

increase in sz-subpopulation in the SHA in its higher pD,e  Would

this suggest that NA produces its effects in the RAVD by utilising

almost all the receptors such that the increased 0(2-subpopulation in
the SHR was useful énd provided for greater responses? The maximum
responses were not compared between SHR and NCR, Responses were

recorded as pe.mentage of maximug, These results are not consistent

with tl::at of Corbett et al, (1980) who observed no significant difference
between SHR and normotensive ret ves deferens in NA ECy, values. However,
they observed a greater maximum tension in the SHRe

The cocaine potentiation factors 2,51 i 0,06 and 3,02 + 0,08 for

, N_A and PE respectively were significantly dj:ff'ex'ent from those obtained

in the NCR, This may indicate that there is a reduction in the

efficiency of the uptake process in the SHR, However, the higher

potentistion factor (than with NA) obtained with PE cannot be easily
explained especially considering the fact that the PE potentiation factor
was not different between NCR and SHR in the anococcygeus muscle,

In the antagonist studies, only in the ca;e of phentolamine vse
PE was the comparison (between SHR and NCR) of the grand mean Kaiss

values regarded, In all cther cases either one or both of the two rat

- 8trains had the agomdst; antagonist interactirn being non~competitive
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and the comparison of all such cases were disregarded for the reasons
given earlier Von._ The phentoclamine: PE pair produced competitive
entagorddsm in both NCR and SHR with respective grant mean Kdiss values
of 1411 # 0,10 x 107° and 1,33 + 0,17 x 1070, the difference between
these was not statistically significant, This single information may
not be strong enough a2 premise upon which to make an adduction (as was
done in the case of the anococcygeus muscle)s However, if & similar
alteration in the receptor population is prasent in the two preparations
(as the agonist studies S show), it can be said that the similar
charecteristics (between the NCR and SHR) of the phentolamine: PE pair
show that there is no change in the 0(1-mediated component of the
contractions. &
L-Praz, was not competitive aegainst NA in the SHA whereas L-YOH

was competitive as opposed to the characteristics of the antagonists in
the NCR (Tab:le 5).. This may be as a result of a probeble increase in

d\z-edrenoceptor :J.;:qulation. L=Praz, now behaved as it did against
NA in the anococcygeus muscle (explained above) and the increased
(s ¢ o~population brought more (xz-rewptors into play in the NA .
contrections, rendering L-YOH antagonism now compaetitive, But also,
L-Praz was non-competitive against PE even though they both act
preferentially on the d,l-admnoceptor subtype, Similarly phentolamine
was norn~competitive against NA despite both of them being non-selective
and yet it was competitive ageinst PE (Table 5), L~YOH also proved
competitive against the predominantly (erediated PE responses
despite L~YOH being 0(2-select1ve.’ These may suggest that there is

some kind of gualitative alteration of the post=junctional
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Ol =adrenoceptors in SHA population apart from the pmbabl;a increace

in Q(,Z-proportim. In tha case of the RVD it is difficult to say

which of the agonists is more sensitive to the altsrations This i:

unlike the case in fhe anococcygeus, However, it should be noted

that these obserations are due to the interactions of the drugs with

the "resultant" receptor (after the alteration). Thus, the slight

‘differences (betwean ANOC and VAS) might be due to different “resultan ',

This may not be wexpected, especially if the alteration is qualitatival.
the same, since the K,'-adrenoceptor in the vas is not exactly the
same as in the anococcygeus muscle (suggested earlier on in this report

and also by MacDonald and McGreth, 19680). The action of H<YOH in tie

' vas deferens might involve some other mechanisms that are yet to be

elucidated, For instance yohimbine has been shown to block dopaminc
(Tayo, 1979b)end $-HT, (Kaumen; 1983) receptors,'

The present results seem to suggest that physio-pathological
alterations in the SHR may not be identical in various tissues or organs,
'ThUS, it may not be possible to axtrapoltetenthie information obtained =

from any one preparation to others, However, if - as suggested for 4le

PO o

'pmpamtions in this study =~ an apparent increase in the post=junctional

Oﬂz-admnoceptors occurs in SHR blood vessels, it may possibly be
responsible for the conflicting reports obtained in initro studie:
of isclated vascular preparetions, In \di;ro studies of the post-—
Junctional O ~adrenoceptors have not ylelded very consistent resul:
although in vivo studies seem more consistent. Thus; McCrath (1961)

opined that the precise conditions are not yet known under which post-

vy .
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Junctional O(Z-admnoceptobs:-.:an be well demonstrated in vitro. He
presented evidence showing that changes in the blood acid/base balance
{due to changss in gas tensions) resulted in changes in vascular post-
Junctional O{ ;—adrenoceptor cherecteristicse Also, Drew (“13982).,.
citing the studies of other workers (Starke et al, 1974, 19753 Ruffolo
et al, 1979) showed that some agonists like tramazoline and clonidine
which are sslective Rz-egonists : e;ct as full agonists in vivo but
as partial agonmists in vitros This shows how crucial the composition
of the physiological environment is to O(E-admnoceptor charecteristics,
It may account for the-diffemncée,_betvleen the observations of
_diff‘ererrt groups of workers who a;'a using sirrrllar‘ preparations but with

~ slight variations in experimental conditions.
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APPENDTX T

The theoretical background of pA, and pD,

v &
i

Ae The interaction between a drug, D, and its receptor, R, can be

expressed as

Drug + PReceptor = Drug-~Receptor Complex,

D + R == D =R eeseee. (B 1.1)
Tt is believed thaf:“ the cbserved z*es.pon,se ocCur'S as o resul.t" of the
formation of the D=-f complexe The magnitude of the response depends
upon the degree of interection between the drug molecules and the
receptors, : '

AR R"gzé D . Ao response,
By the Lew of Mass Action, this (D =~ R complex) itself is a f'unc{':;lon
of concentration of the drug and the receptors availsble for interaction,
Thus, if a concentration A of the drug combines and forms the complex
with a proportiocn, r,.of the total number of receptors present (which
cannot be easily determined), the proportion of receptors remaining

- unoccupied during the action of the drug will be 1 = r ("total

proportion” being unity). : et ot 4 D L S RIS
These concentraticns can be written out in the form of an egquation — —
A + 1=r ?—“ r sevoseessas (BQI 1.2)

The concentration A of the drug is assumed to be in excess so that ths
difference in concentretion after forming the tomplex is negligible, K1

and K2 are the rate constants for the forward and backward reactions

respectively, that is, the formation and dissociation of the complex,

'\

e
T

e -
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raete of associatidn"_ = K.lA (1 - 1").

raete of dissociation = K2r.

At equilibrium, the two rates are equal, -
K r
Thus 1 ; >
LA (5] KB = m sesesernne (ea. "'3)

whera Ka is the Affinity Constant, The affinity constant is a measure
of the readiness with which the drug forms complexes with the receptors,
Thus, differences :.!n. af‘f‘in:.lty constant with the seme agonist (under the
same experimental conditions) on different preparetions will indicate
the presence of a different type of receptor or the same receptor with
different binding charecteristics, “Kg will therefore be useful in
comparative studies on receptorse / !

A Jo Clark (“937) suggested thet the megnitude of the response is
proportional to th2 fraction of receptors occupled end that the maximum
response is obtainsed when there is & ;hundred per cent occupation of
receptors, A SOﬁ occupation will produce half the maximum r;esponse.
From eqe 1.3 : : ‘

r will be % at 50% receptor oﬁcu;;ation. If the.molar concentretion
of the agonist producing half of the maximum response (i.e, S0% receptor
ﬁccupation) is Ag ; , ;

Ky Asg(1=7r) = r

ASO is commonly referred to as the EC

o

i S0
Ky (ECy) (2) = 2

Ka (Ecm) w01

1
B Ka

L /'&

=



- log ECyy = log K,

~ log ECgj, is .what was described in Chapter 2 as the pD,e It 1s thus
an estimate of Ka which can be used in rec.eptor differentiations

The original assumption by Clarke has since been modified (Ariens,
1954; Stephenson, 1956; Nickerson, 1956; Furchgott, 1966) end it is now
known that the maximum response may be obtained without e necessary 100%
receptor occupation, Nevertheless, a requisite fraction of the total
receptor population needs be occupied to obtain a maxdimum responsa,

The "excess" fraction of receptors forms a "receptor reserve" or "spare
receptors" (Nickerson, 1956), Thus, in some tissues, a significant
proportion of the receptor pool could be irreversibly inactivéted, and
yet a maximum response to a strong agonist could still be obtained if
higher concentretions of the agonist were administered.' The maximﬁm
would be depressed only when the total number of receptors was reduced
(by inactivation) below the minimum proportion required (i,e, when the
receptor number becomes the limiting factor in maximum attainable -
i, : .. | TR e :

Thus, the ECg, (molar concentration of drug required for 'hralf
maximal response) of an agonist may not necessarily be the amount of
drug required to occupy 50% of receptor population (which, according to
the Law of Mass Action is the dissociation constant), Therefore ECSO
(end PD,, its negative logarithm) may not be accurete estimates of the
dissociation constant, Furchgott (1966) developed e mcre accurete
method of estimating the dissociation constant of an agonist, This

disharmony between Ecm and the dissociation constants of full agonists

0
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was discussed in detail by Auffolo (1982) in a recent review,

Nevertheless, the EE‘ (or pD,) is still useful especially in
comparative studies like the present one, The E’C50 of an agonist on
a particular preparation is a constant cf;mcteristic of the agonist:
tis_sue interactlon, likewlse the proportion of receptors occupled (at
ECSO) — never mind the actual value, Thus, if from two different
Stmiws of enimal the same pmpamtion yielded different ECSO valuas
for a certain agorast, it suggests the existence of differencesz between
the twec streins in the reactivity of the preparation to the agenist,
A change 1n EC50 indicates a corresponding change in the proportion of
receptors occupied, which in turn indicat’:es a changs in the fotal .
x*eceptgor number, This is evidenced by the fact that ECSO changed as
the total number of "active™ receptors was reduced by an irreversible
antagonist even though there were still more than enough receptors to
reproduce maximal response (Ariens, Van Rossum & Koopman, 19603
Ft.mchgclxtt, 1966), Tt is however admitted that it is largely assumed
that the processes between receptor activation and the observed response .
are the same in the two subjects being compared and that any difference
in reactivity reflects differences at the receptor lewvel, An
alternative theory of drug action was proposed by Paton (1961)e The
Rate Theory, es it is known, believes that the response is a function of
the rete of association of drug molecules e;nd receptors i.e, Stimulation
is seen as a succession of quantal events each corresponding to the
formation of a single drug-receptor complex, In other words the

excitation is not due to occupation but due to the "process of occupation".’

., PN
v dy
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The rate of intemctic;n of drug and receptors however still ciept::nds
on their individual c&;ncentmtions and the Law of Mass Action is there—
fore still applicable, At eguilibrium conditions there is little or no
difference between the two theories, The retes of associaticn and
dissociation become equal, the number or proportion of recentors taking
2 2% _ﬁ_;.gr't in the intarac:tim at any time fiuring the equilibrium baing constant,
' One may then talk of the proportion of receptors belng “utilized"
- dnstead of receptors occupied, The response is therefore still dependent
on K&I as is shown mathematically below,
L SR
A % T 1=r \'? r

rate of combination of drug with receptor i.e. rate of forward reaction

-~

1

= Z = K.‘ (1 - I‘) A ....‘.'.;..‘.‘.!.'(1.4).

By the rete theory “the response depends on Z.

at equilibrium KZI" = s ..ooo-oooo-‘-‘o'o;o 125,
p .. From ege 1.3
’ K1 A (1 g !‘) Eiw : Kzr oclao'o‘.oo‘ao:‘o;‘::. 16 Tl A—-.— A

After mathematical re-—arrangement :

-y

r' = ik . : .o.'oaoooo-oo':”’-:“i'o"?A_
Ky / Ky + A %
From eq, 15

D o = r——— e

z
K K/ Ky + A

F R \.p‘ulo . o‘o'a 'o'-' 1.8

2 -W.;. AO!‘VE——
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Thus Z, which determines the magnitude of the response is directly
proporticnal tc Ké. Accordingly, all responses in these studies were

equilibrium velues,

r KL e B
The equetion KB = a4 r evcenepeasvee (80- 1.3)

| ™~

is general and it assumes that one molecule (or a mole) of the
agonist combines with a molecule (or a mole) of the receptor, “hen
2 molecules of the drug combines with one of the receptor the rate of
association becomes K1A? (1 - T

At equilibrium AR 2
- A (1 s I“)

¥hen *nt® number of drug molecules combine with e receptor molecule

-
-

Ka = A" (1 £ !‘) .‘OCOODOl0.00Qo...‘c...:....‘ (eq. 1.33) -

Be The affinity of a competitive antagonist for a receptor can also

be used in classifying receptors or fo;' assessing differences in
characteristics of the same receptor when pr'esént in different effectors
or in the same effector in different physiological conditions, These
uses are based on two principles:
(i) that a competitive antagonist should-pmduce a constant value
of affinity constant when tested against various egonists if
all the agonists and the antagonist are acting on the same

receptor,’

#
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(11) that a competitive antagonist should produce a constent
value of affinity constant when used against a single
agonist on different effectors, if the receptors on the
different effectors are the same,

The interection between an agonist D and a competitive antagonist

Gy each interacting with receptor A, follow the model

" i ~

D + R T D.° =P response

B + R — N =P No responsa,

g

The affinity constent of the agonist reaction 1s Ke and that of the

antagonist Kb.' Kb cannot be determined as done above for an agonist
because it does not produce a response of; i1ts owne Its ef‘f‘ec".: is §hown
only 1n dts ability to redioe the effelt of an agonist by cometing
with the agonist for the receptors, Thus, if curve (a) of Fige % is

the log, concentration-response curve of an agonist, curve (a + b,)

typically represents -

[

Responses—
Vo

™
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the agonist dose~response curve in the presence of some constant
concentration of the entagonist, Curve (a + b2) represents ’".@ curve
in the presence of a higher concentration of the antagonist, Thq
antagonist shifts the curve further to the right, the higher its
- concentration, The degree of the shift (an indication of the concen-
tretion end therefore the eﬂ;‘cct of the antagonist) is shown by the
" Mdose ratiof A1/A or AZ/A. The dosé retio is the ratio of the new
concentration (A,l or A,) of the agonist required to achieve a certain
level of response R, to the initial dose of the agonist (A) that

achieved R, in the ehsence of the antagonist, The dose ratio is

1
determined in the mid~range (1llnear portion of the curve) of the

responses thereby avoiding errors near the physiologic extremes of
response, The affinity constant of an antagonist can therefore be
determined from a c.xuant:lty like the dose ratio which indicates the
effect (a typ’e of "re.'iponse") of each concentration of an antagonist,

The interaction of an agonist and its entagonist with a receptor

»when they are concurrently present in the system can be shown thus

;ﬁ DA =p response
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In concentrations

A + (1-r1—q) E—:.r1
¥ :

where A is the agonist concentration, B is .the antagonist concentration,
v 45 the proportion of the receptors bound to the agomist, g, the
proportion bound to the entagonist and (1 = rl - q) is the remaining
(unbound) receptor proportion at eguilibrium, All concentrations are
molar values, If the affinity constant of the agonist is K and the
entagonist K G ' SR L 2
- 1

& - r 1SN TIRINA
}h o epssesseccsesess loJ

A(1-—r1-q)

Kb - 3 L 0.0-. '-‘:.‘.'.'; ’.Q.'. .‘0 .. : 1 .- 1 0

B (1—-r1-q)

v

eliminating 1= r1 - q

’

r1 : q B TS
. r = ‘ u-o-'o:cnuooutaao'- 1e 11

KA X
From eg. 110
KB (1=r") = q(1+K8)

1 L
q = KbB (1..1” / SRR R EEEEE 2 R -
1 Kb Paseveroerevenes 1. 12
+ KB

-1
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Substituting into ea, 1,11

-},—r‘-; = B,:b -('r1 :\:) X 'EB_;:' .’.l ‘.“.‘.‘. ;‘. .‘.‘." " ;' ﬂ. 1 3
a’ :

After re-arrangement

1+ KB 1 SRV

+ 1 o) — s LA LA AL L E LR S]] 1.14
A r

which is the reciprocal of .the new proportion of receptors occupied
by the agonist in the presence of the antagoniste, If the agonist

1

concentration is increased to a certain valuse A' sc as to obtain the

same response as concentration A in the absence of the antagonist,

a new value of r' {r'') echieved which 1s equal to re
Thus,
1 + Kba 1 1
2 1 e S— R e—
Ka A1 il r
From eqa 17
1/& + A = 1/r . . #*
A
Therefore
1 + KB 1K, - A
n + 1 =
KaA A \
re~arranging
1 - - T8 L
—A— - 1 = KbB o::ﬁ o‘-’ooaccaon 1«15



The retio A1/A was described as the dose ratio, Schild (1947}
defined and dencted the ratio by "X" and defined a term pl\( as sthe
negaﬁw logrittm of a value of B (moler concentration of antagonist)
which produces a dose ratio of X,
pl& = -log Bx
Teking common logarithms of ege 1415
e dog (X 1), m log ik, & 10g: B2 - erosksbaseaces 11D

B A ]

7T = log K = PA, . esssssscsecces a7
when X = 2, log (x -~ 1) becomes zero
PA, = pA, = log K, 2 cesssssrescens 108
" Thus, the pA, 1s related to K,y the affinity constent of the'

antagonist,’ The r.vl‘-\2 value can therefore be used to lassess the potency

of different antagonists against the same agonist on the same receptor,

or to dif‘f‘enéntiate receptors when a single antagonist is used against
a single agonist on d;.Ffexent receptorsy, An antegonist producing
different pA; values against a single egonist on different effectors

: will suggest the presence of two diff‘erentvmhceptars 'or di‘Ff’erencés 16 '

the sensitivities of similar receptorse

pA2 Petermination

The equation : \
lcg (X e 1) = log Kb + log B o‘:::::c’.'o-.-.o'n‘.' 10‘16
is similar to the general equaticn of a straight line

y = 0 + mX
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where y represents the ordinate vaiues, %, the abscissa-values, m,
the slope and C the intercept on the ordinate, A plot of 103 (%= 1)
against log B will .be a straight 1ine with an intercept log l<b on the
ordinate and a slope of unity, When X 41s 2, log (x = 1) (the y
co-ordinate) is zero and the comsbonding value of log B is tha
intercept on the abscissa, From eqs %¢17, the negative value of the
‘dntercept (log B) on the abscissa gtves the pAe.' Also from eqs. 118
PA, = log Kb; This means the intercept on the ordinate and the
negative value of the intercept on the absciséa should be thé same
if the antagordism is competitive,’ Prectically, this is found to be
true only when the slope is exactly one, Thus, the graphical
estimation of K, _ (= 1/K,) is eccurate only when the A 8 slope = 14

From eq.,' 1,16

log (x~1) = logk, + logB
when 1og‘(x - 1) = zero -

- log Kb = log B ..1.,‘,.:3.1.,...-..:: 10.19

’

From eq,’ 1518 we know that pA; = log K.o' Thus, & plot of pA,
against log B will be a sﬁaight liné witAh. a zero slope if (as with
the ideal) the pA, (and therefore the Ky;..) does not very with

antagonist concentration B, 'ﬁwis is referred to in this report as

the Mackay plot,’

&2
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APPENDIX TT

STATTSTICAL ANALYSIS

1e Measure of location

The measure of location used in this study is the mean,

Sum of observations -

n*ban el or
; : . Number of observations T N PR SRR
X - =X
n

where n denotes the number of observations, %, the mean, X, each

observation and ¥ X, the sun of n observationse P

~

.

2s Measure of variation

The standard error (S,E) was employed as the measure of veriation
and it is given by

.

SeE = 5,0
v

where S,D is the square roct of the mean squared deviatlion from the

<

mean,

lece

&b = (x = X)°

ne 1

3¢ Regression Analysis

The regression line was fitted by calculaticn, The equation of
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this line is defined by
y .= bex + (y=bs X)
where ¥ is the mean SX_ of the x - (abscisca) coordinates and

n

y is the mean ZY . of the y =(ordinate) co-ordinates,
n

b is the slope of the line (otherwise known as the regression

co-efficient) and is given by -84
= S (x=Ry £ xy~(£x)(gy)
€ (x~%)° :
{ .2’(2 i < X)Z

(¥ = be' X) 4is the intercept on the ordinate (d),' Standerd error of

estimate = 5

- -2
§ = (y -¥)
N e 2

where n = 2 = degrees of freedom,

é(y-Y)a = éyz--(-—ﬂ—i 2—-b. é;y_-'-(-g—lm"x

n n

-
-
<
~

T .L:_xq- b.(sxy - (£ (=] )
n n

..o 5 -

n - 2 .

L Wi —
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Standard error of reqgression co-efficient = Sb
. l'
5 - 4
Feg
S =
b 2

Standard error of x ~ intercept (for the determination of standard

error of pl\z) o

. o —_ -

n

4 Test for significance in differences between two(pDz, Kg1sss

slope or mean)

The t test was used,

is the aebsolute value of the diffTerence between the

nA-ﬂB

two wlues and SA -8 the standard error of the difference between the

two values,

-~

- (S (s5)°

—— SIMEe R o L
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B gise
f A R .

The degree of freedom = (”A + nB) - 2 where na and nB" denote

the number of observetlons in samples A and B respactively, When
one M value (say M,) is assumed (i.e, having neither n nor SE),

-8, _g will be 5, and the degree of freedom n, - 24

5, Analysis of \ariance [AnNOvA)

This was used to test for signfficance in the differences between
mean K. _ values in thi:s study,‘ a8 statistieal formulae used in this
qnalysis are presented below, arranged in ths usuai tabular form in
which it is done, '

For equal sample sizes

Source d,f Sum of Squares " Mean Squere F
2 2 :
Among columns K e 1 S0 "'r"“" o . e 1 T
‘ } : - ‘ | SSE
Error (within k(r = 1) SSE = SST = ST ME = pr)
columns : ' :
P
Total 1k = 1 SST = £F X535 = —He 3
Far unequal sample sizes !
Source CeTe oUm 0T Sguares Mean Square F
Y2 24
Among columns kewq SOw EIs Tes ND = 2K N
IR n ke MSE
Error (Within) e I B = SST= 50 NE » 25
£ 2

Total = e 4 SST-i‘éx1§~I'*
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Both among &nd within the columnsy this statistical test measures
the errors,’ Thus SEC means sum of the squares of the errom,'. among the
colunns and SSE means the sum of the squares of the errors within each
colunn, But in practice the word “error" is dropped off, Thus,

530 = Colunn sum of squares

SE = Error (within each column) sum of sgquares

- iy

SSI' = Total sum 01’ squares'
MSC = Column Msan square
MSE = Error mean square

k = number of colurﬁs

r = number of observations in each column
n; = number of observation in the ith column

n = total number of observations

T, = Sm of the values 1n the 1™ coiumn

Tee = Sum of the Tie%s (sum of all the values)

X35 = the jth value in the 1°" column,

deT = degrees of freedoms | _ : __x:__._:‘,“_ et ST

Typical example

LI values against PE on ANOC, at three L = YOH concentrations.

dis
1st 2nd ard
3,16 x 10~ 3,41 x 1072 6.4 x 1078
2,66 2,95 o S T
5453 : 8421 % 511
3,53 5 Se32 o R.B0 #1373



H, = mean K, . not different, H",1 = mean Kyi. different,
Let -level be 0,05,
k=3 , n = 13 *

F (k=1 nek) = F(.05(2, 10) = 4,10 (from F « tables)

Ty - 18,59

T2. = e 19.89

T,3¢' = 3 1:13 L

(P = 69,71

2

T. o = 373' 3 1

e .

££5° T 496,20 _
{ Eiel- g 411,04

n

j
|
¥

SST = 495,20 =~ 373,81 = 422,39

ST = 411,04 ~. 373,81 - o Eigo on
SSE = 422,39 ~ 87,23 “ 85, 16
Table ~
Source de T Sum of Sa, Mean Sae F
e 2 37423 723

! N 18,62
Within 10 85,16 -3-{55-@ A (Be e

2419

Total 12 122,79

%19 & 4,10, refect H,

-

* Mean Ky, valuves, not different,
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