
POST—JUNCTIONAL ALPHA ADRENOCEFTORS IN Th£ ANOCOCCYGEUS 

MUSCLE AND VAS DEFERENS; A COMPARATIVE STUDY IN 

NORMOTENSIVE AND SPONTANEOUSLY HYPERTENSIVE RATS

BY
OLANREWAJU OLUSEGUN ADENEKAN 

BpSq«5 Mb Sc* (ibadan)

A THESIS IN THE

DEPARTMENT OF PHARMACOLOGY AND THERAPEUTICS 

SUBMITTED TO THE

FACULTY OF BASIC MEDICAL SCIENCES

OF THE •

COLLEGE OF MEDICINE

IN PARTIAL FULFILMENT OF THE REQUIREMENTS 
FOR TBE DEGREE OF

«

DOCTOR OF PHILOSOPHY 
OF Ti-E

UNIVERSITY OF IBADAN

JUNE, 1984

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Dedicated to
IFola Tayp‘ f 

*Tunde Orlowo .

Peter Akah

Sachia Khasar *

Lecturers, Colleagues and dear

friends,

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



CERTIFICATION

I certify that this work was carried out by 

Mr« D, 0, Adenekan in the Department of Pharmacology 

and Therapeuticss University of Ibadan, Ibadan5 Nigeria«

F. M. TAYO, Bo Pharm», Ph.D« (Strathclyde) 
M«P« o* j M«P» S«N* 3 M»I«Bxol»,

y
Senior Lecturer in the
Department of Pharmacology & Therapeuticss 
University of Ibadan,
Ibadan, Nigeria«

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



A C K N D W L E D G M E N T

I wish to express my immense gratitude to all the members of 

staff of the Department of Pharmacology and Therapeutics for their 

unparalleled co-operation at all times during the course of this 

study, With all sincerity, I believe that in the history of this 

department no other graduate Student has enjoyed better 

co-operation than I have, Most especially I would like to express 

my gratitude to Dr, F, M, Tayo for the good orientation and 

encouragement he gave me at the beginning of this study, I am 

also thankful for his criticisms and suggestions and the use he 

allowed me of his experimental materials and large volume of 

literature — all obtained at his personal expense — throughout the 

course of this study, That he showed great interest not only in 

this work but generally in my well being makes me believe I have 

enjoyed a rare kind of supervision« Professor L, A, Salako has a 

way of calming down a disturbed mind, My many thanks to him,

Dr, Tunde Oriowo was more of a brother, I lack words to express my 

appreciation of him, Mr, Frank Onwubiko for his help in caring 

for the animals, The excellent secretarial assistance of Mr, *Dosu 

Owoyokun is highly appreciated,
I am grateful to my family, all my brothers and sisters, and 

other friends for their effective prayer and moral support,, 

especially Kenny,

IX

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



iii

Abcn/e all I am most thankful to the Living God who has made 
all things to work out fine through the two most powerful forces in 

the universe: His Word' and the Name of the Lord Jesus ~ the wonder 

of all times J

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



iv

CERTIFICATION 

ACKNOWLEDGMENT ., ..
C O N T E N T S  .. .. ..

A B S T R A C T

CHARTER 1

1. INTRODUCTION

C O N T E N T S

i

ii

iv

vii

P A G E

1.1
1.1.2

1.1.3 

1.2 

1. 2.1

1. 2.2

1.2.3

1.2.4

1.2.4a
1.2.4b

1.2.4c

1.2.4d
1.2.4e

1.2«4f

1.2.4g

1.2.5

Generalities .. .« .. .. .. ..

Cardiac Output .. .. «• •• .. •«
Peripheral Resistance .« .. .« ..

- Primary hypertension •• .. .. .. ..

Experimental models of genetic (primär/) 
hypertension .. .. .. •• ..

New Zealand genetically hypertensive rat ••

Dahl hypertension sensitive (HSR) strain ..
The Japanese spontaneously hypertensive 

rat (SHR) .. ..

Physical characteristics 
Blood pressure development 

Haemodynamics «. .»

Renal and humoral factors 

Baroreceptor function 
Neural factors ». ..

Vascular reactivity .,

Non-vascular tissues ..
H

r

7

.1
2
2
6

7

8
9

11
11

11

12

12

13

14

15

17

18

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



V

C O N T E N T S P A G E

1.3 The present study .. ., . • .. .. 19

1.4 Smooth muscle -adrenoceptors: present
state of the concept .. .. ce .. 20

1.5.1 The rat vas deferens .. 24

1.5.2 The rat anococcygeus muscle .. ., 25

. **■ ■ zi
C H^PTER 2

2. MATERIALS AND METHODS

2.1
2.2
2.3

2.3.1

2.3.2

2.4

2.5

2.5.1

2.6

2.6.1

2.6.2a

2.6, 2b

2.6.3

Animais .. .. .. .. ,. .. ..

Measurement of blood p ̂ essure .. .. ..

Organ preparations .. ., .. .. ..
Vas deferens .. .. .. ..

✓

Anococcygeus muscle .. .. .. .. ..
i, •

Physiological salt solution .. .. ..

Experimental procedure .. .. ,. ..

Cocaine experiments ,, c. ., ...

Assessment of receptor characteristics .. 

Relative agonist potency ., .. ,, ..

Antagonist potency (pA^) .. .. .. ..

Antagonist potency (dissociation constant 
Kdiss)

Nature of antagonism .. .. .. .. ..
I

ft

r
y

29
29

30

30

31 
31

31

32 
32 

32

32

33

34 

342.6.3a Arunlakshana G Schild (A - S) plot slope

2.6.3b Mackay plot .. .. ., .. .. .. 34

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



vi

C O N T E N T S P A G E

2* 6, 3g ^ 1 5 5  analysis of variance

2.7 Statistical analyses »e ..
2.8 Drugs used ,, ,, ,. ,,

»» *9 34

35

36

CHAPTER 3

3. R E S ü L T S j

3,1 Blood pressure ,, .. 37
3,2 Agonist Studies cr .. mm mm « » 0 € 37

3,2,1 Anococcygeus „  ,, 37

3.2.2 VclS « C B B « 0 0 0 mm mm m e m m 37
3,3 Cocaine experiments 41

3,4 Antagonist studies .,
t

46

3.4.1 Pheritolamine «. .. 46

3.4.2 Prazosin .. .. ,. 59
3.4,3 Yohimbine .. ,, .. 66

CHARTER 4

4, D I S C U S S I O N 73

APPENDIX I .. .. .. .. 94

APPENDIX II ............... . .. ., 106

R E F E R E N C E S .. .. ». ,. 112

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



A B S T R A C T

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



VO.1

A B S T R A C T

The characteristics of the post-junctional -aarenoceptors 

in the isolated anococcygeus muscle and vas deferens were compared 

in spontaneously hypertensive rats (SHR) and normotensive rats (NCR), 

Responses to CK —adrenoceptor agonists were obtained in the 

absence and presence of cocaine and of antagonists, NoradrenalineI
(NA) and phenylephrine (PE) produced concentration related contrac— 

tions of the preparations which were antagonised by phentolamine5 

prazosin and yohimbine in both rat strains, indicating ^(-adrenoceptor 

mediation« 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 cocaine, PE was less potent in the SHR in the absence 
and presence of cocaine,

Antagonism was assessed by pAg and Kdiss determinations,

Potencies were compared only when antagonism was competitive in both 

strains» ln 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, Pherrtolamine was 

competitive against NA in NCR and against PE in both strains, However, 

it was non-competitive against NA in SHR, Low concentrations of 

yohimbine (L—YOH) competitively antagonised NA and PE in both the NCR 

and SHR but the Kd^ss values were significantly different. Higher

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



V l l l

concentrations (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 cornpetitively in the 

NCR but non-competitively in the SHR« It was eauipotent and 

competitive against PE in both strains, L—YOH non-competitively 

antagonised NA and PE in the NCR but in the SHR it was competitive, 

H-YOH antagonism was non—competitive against both NA and PE in both 
strains,

It is suggested that there rrdght be both the Ô .j— and

post—junctional adrenoceptor in the NCR anococcygeus muscle, Prazosin

and yohimbine seem to be able to differentiate between the two

receptor subtypes at low concentrations, It is suggested further that

the (X 2~ subpopulation 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-junctional O^-adrenoceptors, In the SHR

vas, there might be an increase in the post-junctional 0(, -adrenoceptor

Population and/or sensitivity, Furthermore, it seems that the post—
0

junctional (X^-adrenoceptor characteristics are somewhat different 

in the SHR, Uptake^ is suggested to be less efficient in the SHR vas.
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1.1

C H A P T E R  O N E  

I N T R O D U C T I O N ✓
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I N T R O D U C T I O N

1.1 GENERAL m E S

"Hyperbension" describes a pathological state thought to exist when 
the blood pressure exceeds the "normal" values, Values regarded as 

"normal" in themselves depend 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 pressure-related organ or 

tissue characteristics like the renal function, urine and plasma 

composition, the electrocardiogram and the retinal blood vessel integrity.

Primary, however, is the presence of a high blood pressure»✓
1«1«1 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:

B.P. — C.O. x P.R.

where B.P, = the mean arterial blood pressure, C«0 = cardiac output and

P»R 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 rnight be a good way to begin a retrocessive discourse on 
the aetiology of hypertension.
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1.1.2 CARDIAC OUTPUT

The two basic variables upon which the cardiac output depends are 

(i) the heart rate
(ii) the stroke vclume or the extent to which the

ventricles empty tl smselves during each contraction, 

both of which are in turn affected by some factors.

The rr.agnitude of the venous filling (blood returned to the heart) 

plays an important role in the determination of the cardiac output, 

affecting mainly the stroke Volume, Tncreased venous return causes a 
pressure rise in the atria. More blood is forced into the ventricles

and the end diastölic stretch of the myocardial fibres is increased
✓

resulting in greater force of ventricular contraction - the Frank — 
Starling mechanism (Sterling, 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 circulating catecholamines (and the 

substances that sensitize the heart to their action) acting via 

Stimulation of p-adrenergic receptors, Vagal factors will produce a 

lewering of the heart rate while the Stimulation of the adrenergic 
.innervation of the heart will increase the rate and force of cardiac 

contraction,

1.1.3 PERIPHERAL RESISTANCE •' //
A lowering of the total peripheral resistance is usuaily the mainV

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

vessels. The,peripheral resistance is increased or decreased by a
decrease (vasoconstriction] or an increase (vasodilatation),

respectively, in the luminal diameter (that i% an inverse proportiona-

lity). From the relationship given above (B.P = C.O x P.R) any agent

which changes the luminal diameter cf these vessels will cause an

alteration of the blood pressure, if the cardiac output remains constant

The extent to which changes in the blood vessal radius affects the blood

pressure can be seen from the Poiseuille formulä which deals with the

flow of fluid through a cylindrical tube, It states that the
magnitude of the forv/ard flow (f ) of a fluid is directly proportional

to the product of the pressure gradient, £P, 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

l.v

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
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.esodilators, However, the useful anti-hypertensive agents have been 

rrcse that attenuate or disanul the excesses of the agents of vaso- 
sc-striction;; suggesting that excessive promotion of vasoeonstriction 
is rr.ore important in hypertension than insufficient vasodilation. Factors 

•‘"dch promote vasoeonstriction include increased adrenergic neural activity 

leading to increased neurotransmitter (noradrenaline) release and excessive 

levels of circulating plasma catecholamines, all acting via the Stimulation 
of OC-adrenergic receptors on the vascular smooth muscle. Others 
include increased levels of other vasoconstrictors like angiotension II, 

Vasopressin, 5—hydroxy-tryptamine; increased plasma concentrations of some 

cations (e.g. Calcium) and alkalosis, A variety of other vasoeonstriction 
promoting conditions have been classed as ’passively acting* (Fröhlich,1977),
These include oedema Formation, intravascular thrombosis or embolism,

/

haemoconcentration (e.g, in polycythemia) and contractea 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 underlying cause(s) of the hypertension or the 

result of some unknown, primary disorder(s). Thus,: hypertension is

classified into two broad types, namely Primary and Secondary hypertension.
«

Hypertension is termed primary (or Essential or Idiopathic) when the remote 

cause of the hypertension is unknown. It 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 tl.o hypertension is known it 

is classed as secondary hypertension.

. V
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FIGURE 1.1

Schematic representation of the factors involved in 

hypertension. (Adapted from Bawman and Rand, 1980).
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rigure 1 is a schematic representation of same of the factors involved 

in hypertension® One or more of these factors will always be present 

in any one type of hypertension® Various experimental models (or, 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® TViese models have proved very useful 

in the study of the aetiology and pathophysiology of hypertension® The 

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

1.2 PRIMARY HYPERTENSION

The presentl;/ available Information accumulated from the studies 
of various groups of workers on the physiopathology of essential hyper­

tension have been inconsistent and in rnany cases conflicting but the 

results of the studies of each (particular) 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 >vbn 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) (Fröhlich,197?) and also upon the "control" in each study 

(ClineSchmidt, Geller, Govier & Sjoerdsma, 1970)®'' Another variable 

fcutor might be the "negative disposition" of the patient. Essential 

hypertension has been postulated to be "poiygenic" dt "multifactorial" 

in origin (Folkaw & Hallback, 1977; Beyer 5 Peuler, 1982); in other
f

words a number of blood pressure related mechanisms exhibit at genetic 

deviation from the "normal", Thus, it can be inferred that if all the
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o y  mechanisms contributing to blood pressure regulation possess a 

r=-etic (maybe latent) tendency to over-react, the particular one that 

rrecipitates the hypertensive response will be determined by the 

rrevalent environmental Stimulus (e.g, stressful conditions or salt 

i-take). On the other hand, one or so of these mechanisms might 

exhibit a form of genetic dominance over the rest and is therefore 

-ore likely to generate a hypertensive state. However, it seems that 

• nen essential hypertension has attained a stable state it exhibits 

very similar physiopathology irrespective of the aetiology, It might 

oe said therefore, that within the clinical population with essential 

-ypertension, there may be sub-sets, each characterised by somewhat 

different aetiology. These sub-sets may be correlates of the 

oresently known models of essential hypertension (Folkow & Hallback,

1977), each of which exhibits some degree of semblance to some variant 

of essential hypertension or another,’

1.2.1 EXPERIMENTAL MODELS OF GENETIC fPRIMARY) HYPERTENSION 
These have been developed by careful in-breeding of animals 

possessing higher blood pressure than the population mean which has 

resulted in the evolution of a naturally hypertensive strain of rabbits v 

(Alexander, Hinshaw & Drury, 1954) and several such strains of rats.

The rat models have been better developed and more extensively studied 

maybe because of their small size and relatively low cost. These rat 

strains include the spontaneously Hypertensive Rats (SHR) developed by 

Okamoto and Aoki (1963), who also have developed some more differentiated 

substrains; the Genetically Hypertensive Rats (GHR) developed in New 
Zealand by 9nirk and Hall (1958); the Milan Hypertensive Strain (MHS)
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-eveloped 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 

SKR, which was used in the present study* Thus, in this discourse the 

9RR constitutes the main focus of attention», Two other. strains are 

briefly discussed in order to portray typical examples of the slight 

differences among the different strains in the pathophysiology of their 

hypertension. An integration of the information derived from all of 

these strains might produce a picture that is more representative of the 

pathophysiology of human essential hypertension than any one model,

1.2.2 NEW ZEALAND GENETTCALLY 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 strain than in the breeding of SHR, 

suggesting that this strain is not a replica of the SHR. Within a few 
weeks significant' difference in blood pressure could be observed between 

this strain and the nomiotensive control. The sympathetic nervous System 

seems to play an important role in the maintenance of hyperfcension in the 

GHR» Early iromuno— or Chemical sympathectomy normalises arterial blood 

pressure (Clark, 1971; Wood and Clark, 1974) and the increased heart
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rate is blocked by propranolol (Lee G Simpson, 1973)» Later, along 
with the development of hypertension sympathetic activity may become 

normalised but there are ciear signs of ventricular hypertrophy and 

structural changes in the resistance vessels (Phelan, 1970%
Studies in young, prehypertensive and in rnature GHR (Gresson,

Bird and Simpson, 1973 a G b) reve il a lowered plasma renin level, a 

normal or slightly reduced plasma volume and a normal body sodium and 
water content thrcughout life, Plasma Sodium (Nar) content is normal 
but the potassium (K+) is slightly increased (in contrast to SHR where

is slightly riecreased)* The renin-angiotensin — aldosterone System
. * 4-is normal or slightly suppressed» There is no good evidence of Na

retention or blood volume increase (Simpson, Phelan, Clark, Jones,' 

Gresson, Lee G Bird, 1973) except at old age (Gresson G Simpson, 1974) 

in association with gradual cardiovascular failure, which are probably 

.the result of the hypertension,

1,2,3 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 G Tassinari, 1962a G b),

It seemed 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 hypertension 
in response to salt loading (Hypertension Sensitive Rats, HSR) and 

the other being resistant to salt loanding (hypertension Resistant
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Rats, (HRR) (Dahl et al, 1962), They are often referred to as the "S" 

and "R" strains 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 develop relatively very high 

systolic blood pressure than the cont^ol HRR. These two strains of rats 
also respond* differently to artificial disturbances of some blood 

pressure related mechanisms. Thus, the HSR is more susceptible to 

pressure increases in response to desoxycorticosterone (DGCA) — NaCl, 

to renal artery clamping, to cortisone and to adrenal regeneration 
(Dahl et al«, 1963, 1955), 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 

Gf kidneys between HSR and HRR, it was observed that HSR with HRR 

kidneys had lower pressures than HRR with HSP kidneys (Dahl et al.,1974), 

The participation of other extra-renal pre-disposing factors has not 

been excluded. Dahl et al, (1972) discussed the possibility of a 

change in ionic equilibrium in vascular smooth muscle membranas which, 

during salt loading precipitates an increased smooth muscle activity» 

Accordingly it has been reported that increased peripheral resistance 

accounts for almost half of the total rise in blood pressure observed 

in salt loaded HSR (Tobian, 1977), The sympathetic nervous System seems
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to have a crucial role as well« The increased vasoconstricticn durlng 
salt intake is said to possess a neurogenlc component since it can 

be blocked by sympathetic denervation of the vascular bed under study 

(Takeshita & Marie, 1978). Also, after Chemical sympathectomy with 

6-hydroxydopamine the HSR do not develop the typical salt—induced 

hypertension (Takeshita, Mark 5 Brody, 1979). Whether this sympathetic 

component is due to differences in neuronal discharga rates or to 

C* -adrenoceptor population is not yet fully elucidated.' However, it 

has been reported that there are more <X/]~ and (Xadrenoceptors in 
the kidneys of HSR than in the HRR (pettinger, Sanshez, Saavedra,

Haywood, Grandler & Rodes, 1982). This greater number of ( X —adrenoceptors 

is exaggerated in the HSR by high salt intake and is said to anticipate 

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

1.2.4 THE JAPANESE SPONTANEOUSLY HYPERTENSIVE RAT (SHR)

1«2,4a 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 the animal, it can be observed that 

the left ventricle is bigger (Pfeffer, Pfeffer & Fröhlich,1977; Fröhlich,
1977), We have observed (unpublished)that the SHR kidneys (to the naked 

eyes) look a lot more crimson than those of the NCR«’
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1.2.4b 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 significantly higher than in the NCR«

The blood pressure continues to rise with age but does so at a Taster 

rate in the SHR than the NCR (Okamoto, 1972; Trippodo, Walsh & Fröhlich,
1978) until about 10 — 12 weeks of age when the blood pressure seems to 

naximise 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 "establis'ned hypertension", younger ones 

represent "labile" or developing hypertension and the very young (less 

than five weeks) are termed "pre-hypertensive" (Okamoto, 1972).

Specific values of blood pressure recorded from SHR differ from 

laboratory to laboratory. It depends on the particular SHR colony 

studied, on environmental factors and on the method of measurement«

1.2.4c HAEMDDYNAMTC S

In the adult SHR the cardiac output is normal but there is an increased 

total peripheral resistance (Pfeffer & Fröhlich, 1973; Smith & Hutchins,

1979) . However, in the young (less than 12 weeks old) rats the results 
have been inconsistent. Fröhlich & Pfeffer (1975) ascribed this to the 

use of different strains as control» They pbserved that the cardiac 

output in the young SHR is significantly greater than In the NCR but 

not different with respect to WKY (Pfeffer & Fröhlich,1973; Fröhlich & 
Pfeffer, 1975; Fröhlich,1977). Nevertheiess, even if Increased, the
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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., 1974; Fröhlich & Pfeffer, 1975).

There is a higher heart rate, however, in the SHR throughout life 

(although it seems to decrease at old age) and the left ventricle 

undergoes hypertrophy ’ (Fröhlich, |S77), The blood volume may either be 

normal or slightly reduced both in the young (Trippodo et al,, 1978) 

and adult (Sen, Hoffman, Stowe, Erneby 5 Bumpus, 1972; Ripper, Lundin 
& Folkow, 1978),

1.2*4d.' RENAL AMD HUMOR .AL Fi TTORS

The kidney might have some role to play in the development of 

hypertension iri the SHR. A delay in the onset of hypertension has been 

observed (Liard, 1977, Kline, Kelton G »jfercer, 1978) after renal 

Öenervation. Renal blood flow has been reported normal with a normal 

glomerular filtration rate but with increased filtration (Beierwaltes & 

Arendshorst, 1978; Steele G Underwopd, 1978, Arendshorst & Beierwaltes, 

1979), Thus, renal vascular resistance is elevated but it seems like it 

results from a generally overactive nervous System (Arendshorst & 
Beierwaltes, 1979).

Bern! handling of water and electrolytes does not appear to be 

^i'fferent (Norman, Enobakhare, De Clue, Douglas & Guyton, 1978) and 

both extracellular fluid volume and plasma sodium levels seem normal in

the 5HR (Trippodo et al., 1978; Willis & Bauer, 1978).’ Koletsky, Shook
I

& Bivera V&lez (1972) reported a normal or slightly lower pjasma renin 

level. fbwever, Sfen et al. (1972), reported a slightly increased plasma
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renin activity in the young SHR, Dther workers have suggested that the 

initial increase in plasma renin levels may be as a result of a general 
overactivity in the adrenergic System since renin release is also 

modulated neurogenically via p—adrenoceptor mechanisms (Folkow & 

Hallback, 1S77). By this explarstion there should be a slight increase 
in the arigiotensin —  aldosterone levels too but it does not seem the 

adrenal cortex and rrdneralocorticoids play an important role in the 

genesis of SHR hypertension» SHR hypertension is not eliminated by 

adrenalectomy provided a sodiurn Chloride Supplement is given (Folkow 
and Hallback, 1977).

1.2.4e BARORECEPTOR FUNCTION
✓

The persistently faster heart rate and normal cardiac output in 

the presence of an increased peripheral resistance suggest some 

malfunction in the baroreceptor reflex. Nosaka & (Jkamoto (1970) and 
Nosaka & Wang (1972) demonstrated the occurrence of altered baroreceptor 

reflex characterlstics in the SHR.: Pfeffer & Fröhlich (1973) also 

showed that the baroceotor reflex was not totally absent but rather 

set at higher levels of arterial pressure, More recently it has been 

shown that baroreceptor sensitivity was essentially the same in very 

young (4 - 6 weeks old) 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 2D weeks old (Struyker—Bcudier, Evenwel,

V
Emits & Van Essen, 1982), This suggests that the differences in the

7baroreceptor functions are genetic*
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1,2#4f NEURAL FACTORS
Differences have been abserved 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; Rifkin, Silverman, 

Chawez & Frankl, 1974) and an exaggeräted increase in blood pressure 

to stress (Yamori, Matsumoto, Yamobe & Okamoto,' 19S9; Hallback 5 

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 blood 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 weeks) SKR (Bunag & Takeda, 
1979), Hyperactivity in these brain areas express themselves also in 
the peripheral autonomic System and Folkow & Hallback (1977) reported 

that they are more intense in the*prehypertension* or ,labile hypertension*

age than in the older SHR, This suggests that 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
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relation to ather 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 HSR5 

in which there is no impressive evidence of any central nervous 

System hyperactivity (Dahl et al,5 1968), Hyperactivity in the 

sympathetic System of the SHR has jeen reported from experiments 

involving direct recordings of nerve activity (Okamoto, Nosaka, Yamori 

& Matsumoto, 1967; Judy, Watanabe, Henry, Beseh, Murphy & Höckel, 1976; 
Schramm & Barton3 1979), Less direct evidence has been reported from 

experimental studies in the SHR whe e surgical or pharmacological 

reduction or abolition of sympathetic influence resulted in greater 
reduction of arterial blood pressure in the SHR than in the NCR

(Folkow, Hallbackj Lundgreen & Weiss, 1972; Numao 5 Iriuchijima, 1974;
1 . . .  *

and Yamori, 1976), As in its maintenance, the sympathetic nervous 

System seems to be very crucial in the development of SHR hypertension 
as shown by experimental studies in which irnmunosympathectomy 

(Cutilletta, Erinoff, Hellerj Low & Opril,' 1977) or Chemical sympathe— 

ctomy (Provoost & De Jong, 1978) prevented the development of 

hypertension, At the level of the nerve ending, the prejunctionally 

located ß(2“,adrenoceP'tors have also been implicated in OdR/NCR 
comparative studies, Galloway 6 Westfall (1982) reported that the pre— 

junctional CCg—adrenoceptor population in the adult SHR kidney in less

ß
r

V

sensitive than normal
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',2.4g. VA5CULAR REACTIVITY
The increased total peripheral resistanoe 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 smooth muscle to vasoactive substances. Folkow and his co-

workers have maintained over the years that the altered blood vessel 
*

design (a hypertrophy of the vessel wall which increases the wall—to— 

luman ratio) in the least, contrlbutes to resistanoe to blood flow and 
also to the hyper—responsiveness of the resistanoe vessels to constrictor 

agents (Folkow, Hallback, Lundgreen, Silverton & Weiss, 1972, 1975;

Collis and Vanhoutte, 1977; Mulvany, Hansen & Aakjaer, 1978; Folkow, 

1982), Others who have reported increased reactivity feit it was due 

mainly to a functional (rather than structural) alterations in the 

vascular smooth muscle (Haeusler & Finch, 1972, Holloway & Bohr, 1973, 

Finch & Haeusler, 1974; Bohr, 1974; Lais & Brody, 1975;- Hermsmeyer,

1976).

Experiments in which the effect of the increased wall—to~lumen ratio 

of the vessels will be of no consequence became important, 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 Shibata, Kurahashi & Kuchii (1973) obtained qualitative 

differences in the response of SHR arteries to some non—Physiologie 
cations. This kind of conflicting reports have been the case in vascular
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rrrips (Friedman, 1977). This may be due to variety in the control 

sbrain of animal or possibly due to variations in the particular blood 
.*essel employed in the study« Some have attempted to relate the

J..~/per~responsiveness to altered membrane ion (Na ) fluxas and enzymes 

: K+ — ATFhse) (Jones, 1973; Friedman 1977, 1979; Pamani, Clough

3 Haddy, 1979) and this is increasingly becoming an area of great 

Interest. ’ i

1.2»5 NQN-VASCL’LAR TISSUE5
There is presently very little literature on pharmacological 

studies on non—vascular tissues of the SHR» Altman, Da Ponte &

V/orcel (1976, 1977) studied the reactivity of the SHR stomach fundus 

strip to a series of cations (Sr2*1-, La3+, Ca2+,’ Mn2+ 5 Ba2'^"
2+They observed that male SHR fundus strips.were more reactive to Ba 

2+and Sr than the normotensive control strips»’ The contractile action
2*rof Ca in depolarised preparations were enhanced in both male and 

female SHR strips and the effect of diazoxide (a calcium antagonist) 

was more marked in SHR than in the control rats. Corbett, Goldberg, 

Svamy, Triggle G Triggle (1980) compared between normotensive and SHR,
» n 1the sensitivity of vasa deferentia to noradrenaline (NA) K , Ba ,

O » • n »
La 9 H and Ca . Furthermore, Nghiem, Sv/amy G 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 Ca handling in the 

SHR, Also, Caufield, Paterson G Wayyes (1977) reported alte*red 

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 might suggest that the cellular modifications responsible for 

the altered reactivity in the SHR is not an adaptive reaction to high 

blood pressure, Their resuits 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 accompany hypertension but 

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

1.3 THE PRESENT STUDY
/

The present work attempts to study the reactivity of two extra— 

vascular smooth muscle preparations (the anococcygeus muscle and the 
vas rieferens) in response to <X —adrenoceptor agonists and antagonists, 

Like in the studies cited in the preceeding section the presence of 

alterations will suggest that there might be a general smooth muscle 
abnormality that is primary in the SHR,

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

(X—adrenoceptor populations of the smooth muscle preparations studied, 

The (K -adrenoceptors mediate vasoconstriction and the use of some 
( X —adrenoceptor blockers (prazosin, labetalol and indoramin) in the

Itreatment of.hypertension shows their importance in the disorder, Thus, 

it was considered experiient, in stuaying smooth muscle reactivity, to 

lock at the <X-adrenoceptor population, It was also decided that it 
might be wise to choose tissues which (like blood vessel strips) elicit
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contractile responses to o t  -adrenoceptor Stimulation* Thus, the rat 

anococcygeus muscle and the vas deferens were chosen*

1.4 SM00TH MUSCLE C^-ADRENOCEPTDRS: PRESENT STATE ÜF THE
CONCEPT

In 1948, Ahlquist classified adrenoceptors into and p- types

based on his Observation 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 support of this 

Classification was the Inhibition of the —adrenoceptor mediated 

functions by the then known -adrenoceptor antagonists without any 

effect on the p—mediated functions. Selective inhibition of the 

p-mediated sympathetic functions was first demonstrated by Powell 5
j

Slater in 1958 using dichloro-isoprenaiine (DCl). Dther specific agonists 

and antagonists of the (X — and p—receptors have sincs been developed.
The p—adrenoceptors were later subdivided into two on the basis of a 

series of studies similar to that of Ahlquist and carried out by Lands 

and his colieagues [1964 —  1967), They found that the order of potency 
among some sympathomimetics acting on p—adrenoceptors like 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 subclassification was verified by the 

description [Levy, 1964, 1966) of a selective antagonist for the group 

of j3-effectors typified by the rat uterus or peripheral blood vessels
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' subsequently named p2-«drenoceptors) and the description by Dunlop 

=-d Shanks (1968) of ICI 50172 (practolol) which selectively blocks 

~~e other types of p-receptor typified by cardiac function (p,|- 
adrenoceptor). Thus, two phenomena have been used in adrenoceptor 

Classification:

(i) order of potency among drugs'and 

(ii) drug selectivity.

Up to as late as 1972, it could be concluded that the C^-adrenoceptors 

*=re of a single type since the agonists and antagonists used did noti
sxhibit any appreciable discrepancies in the two phenomena described 

above, among the different preparations used (Furchgott, 1972). Soon 

afterwards the existence became evident of (X. -adrenoceptors that 
rediate, 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.e. "pre—junctionally" (Langer, 

Alder, Enero & Stefano, 1971; Starke, 1972, Rand, IfcCulloch & Sfcorey,1973; 

Langer, 1973). Langer, 1974 then designated the post—junctional 

-adrenoceptor as —" and the pre—junctional as " O^" 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 selectivity, order of potency and potency 

ratios (i.e. between the pre— and post-junctional receptors), It was 

shown in various preparations that 0^-adrenoceptor agonists like
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clonidine, xylazine, guanabenz, B—HT 920 id antagonists like 

yohimbine and rauwolscine are relatively more potent on the O ^ —subtype 
while agonists like phenylephrine and methoxamine and antagonists like 

prazosin, clozapine and azapetine exhibit preference for the 0 ^ —subtype« 

Noradrenaline and phentolarrdne 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 

terminologies " CC/j" and 0C-," are used independently of the anatomical 
location or physiological function of the (X. -adrenoceptors but rather 

according to the relative affinity for agonists and antagonists. Further- 

more, (X -adrenoceptor agonists and antagonists might 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 

0(-adrenoceptor have been reported. These have come from blood pressure 

studies in various pithed animal preparations on the interaction with the 
post—junctional (X -adrenoceptor of agonist and antagonists whose 

preference for the -adrenoceptor subtypes had been established. It 

has been shown that along with the conventional <X,—adrenoceptor there 

seems to exist, post—junctionally, another 0( —adrenoceptor with very 

similar pharmacological characteristics to the °<2 -adrenoceptors in 
the vascular smooth muscle (ßentley, Drew & Whiting, 1977; Drew &

Whiting, 1979; Timmermans & Van Zwieten, 1980,' 1981,' Docherty and 

McGrath, 1980; Yamaguchi & Kopin, 1980; Van Meel, De Jonge, Timmermans 

G Vbn Zv/ieten, 1 9 8 1 and the anococcygeus muscle (Docherty, MacDonald
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and McGrath, 1979; Dochsrty 5 McGrath, I960) of the pithed rat, the 
vascular smooth muscle of the anaesthesized 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 & Reld, 1980), Others include the isolated rat aorta 

(Ruffolo, Yaden & Waddell, 1980) and human palma digital artery

Jauernig, Moulds & Shaw, 1978), Other studies have indicated the 

possible existence of some other variants of the 0^-adrenoceptor, 

MacConald & McGrath (i960) presented evidences that suggest that the 

post—j unctional (X yj-adrenoceptor nopulation in the isolated rat vas 
deferens may net be the same as in the anococcygeus muscle and yet does 

not possess ÖC^-^drenoceptor characteristics, Ruffolo et al,,(1980)

reported the possible existence in the rat spieen, portal vein and
■*, *

bladder of a post—junctional (X. -adrenoceptor subpopulation with 

characteristics that fall somewhat midway between the X  yj— and the 

£X2. Hirst and Neild (l98Q,a,b) hqve suggested that some excitatory 
effects of noradrenaline in arterioles that they found to be resistant 

to phentalamine ( ö̂ yj— and CCr-adrenoceptor antagonist) might be 
mediated by what they termed (gamma) —adrenoceptors. However, it
seems some more detailed studies need to be done to ascertain the 

pxistence of these <X—adrenoceptor variants, Thus, McGrath (1982) in 

a commentary on the subclassification of post—junctional(X. -adrenoceptors 

suggested that great caution be exercised in subclassifying these 

receptors, The question then arises: *Ts there also a dual(̂ existence of 
post—junctional 0^ —adrenoceptor in the extra vascular smooth muscle
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of the SHR?»

1.5.1 THE RAT VAS DEFERENS
The isolated rat vas deferens preparation has been in experimental 

use for quite long (see Waddell, 1916; Match, 1917; Martin & Valle,1939), 

It is very densely innervated with a dominant Proportion of the nerves 

containing catecholamines (Lane & Rodin 1964; Norberg & Hamberger, 1964; 

Sjostrand, 1965; 8/i/edin, 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 ramify 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 abolished by adrenergic neurone 

blocking drugs and pre-^treatment with 6-hydroxydopamine (Gillespie & 

McGrath, 1975). There are however/ misgivings about the mediator(s) of
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notor transmission in this preparation, These arose because the twitch 

response td nerve Stimulation is resistant to blockade by prazosin 

(Docherty, Mac Donald 5 McGrath, 1979) and some other Q^-adrenoceptor 

antagonists (Swedin, 1971) or by reserpine treatment (Eto/edin, 1971; 
Ambache 5 Aboo Zar, 1971)e A number of hypotheses have been put 

forward in an attempt to account for these discrepant observations but 

more infcrmation seems necessary for greater precision in explaining 
them, Thus, the use of the neuronally evoked 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 G^-adrenoceptors fsee review by Doxey and Roach, 1980).

Exogenously applied NA and other sympathomimetic amines produce 

contractions of the rat vas deferens (Barnett, Symchowicz & Taber, 1958; 

Pennefather, 1973, Jurkiewicz & Jurkiewicz, 1976; Simon & Van Maanen, 

1976; Tayo, 1979a, 1980, Mac Donald & McGrath, 1980) which can be 

antagonised by (X -adrenoceptor antagonists like yohimbine, piperoxan, 

phentolamine, tolazoline, prazosin & WB 4101 (Jurkiewicz, Jurkiewicz & 

Valle, 1971; Kapur & Mottram, 1978, McGrath, 1978; Mac Donald and 
McGrath, 1980),' This indicates post—junctional 0(.-adrenoceptor 

mechanism, Thus,' post—junctional OC,-adrenoceptors can be studied 

using drug induced contractions of the vas deferens.'

Post junctional p—adrenoceptors have also been shown to be present 

in the rat vas deferens, These are inhibitory and can be stimulcted or 

blocked by p-adrenoceptor agonists and antagonists respectively 

(Ganguly 5 Battacharya, 1970, Mac Donald 5 McGrath, 1980),
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•„5.2 THE RAT ANOCOCCYGEUS MUSCLE

The anococcygeus muscle preparation was first described about a 

rscade ago (Gillespie, 1971, 1972}« It occurs in the body in a pair,

--e two muscles arise in a tendon from the upper coccygeal vertebrae 

•zzy close to one another in the midiine of 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/ the nerves running between the muscle fibres, The nerves 

ramify throughout the muscle presenting something similar to the 

innervation of the inctitating membrane [Gillespie & Maxwell, 1971},

A good Proportion of the nerves is noradrenergic as shown by many workers 
through various methods [Gillespie G Maxwell, 1971; Gibson & Gillespie, 

1973; Gillespie G Lüllmann—Rauch, 1974; McKirdy & Muir, 1978} although 

other types of varicosities seem present (Gibbins & Beller, 1979}, 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 & McGrath, 1973},' Stimulation of any 

of the two extrinsic nerves produces motor or inhibitory responses 

depending on the experimental conditions (Gillespie, 1972; Creed, Gillespie 

& Muir, 1975; Gillespie & Tilmisany, 1976; McKirdy G Muir, 1976, 1978},
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rior responses produced by field or extrinsic nerve Stimulation are 
reriuced or abolished by guanethidine (adrenergic neurone blocker) 

[Gillespie, 1972) or by öC -adrenoceptor antagonists like phentolamine, 

chenoxybenzamine and yohimbine (Doxey, Smith and Walker,' 1977) suggesting 

that they are mediated via the release of noradrenaline acting on 

(X-adrenoceptors, These (post-junctional) Ö( -ädrenoceptors have been 

suggested to be a mixed population consisting of the ü(^-adrenoceptor 

subtype and an OC^,- ü^e subpopulation, both mediating contractions 

(Docherty, Mac Donald & McGrath, 1979; 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 CX̂ ,—adrenoceptor agonists and to 5-hydroxytryptamine 

(5-l-rr), KCl and BaCl2 ( see review by Gillespie, 1980). Isoprenaline 

produces no visible effect except in very high doses which produce 

propranolol resistant contractions." This suggests the absence of post— 

junctional p-ddrenoceptors (Gillespiej 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 5—HT or the excitatory response abolished by 

guanethidine or by a combination of the two experimental conditions 

[Gillespie, 1972). These responses are nerve mediated since they are
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irclished by low concentrations of tetrodotoxin (Gillespie, 1972)» 
-owever, the tränEmitter mediating the inhibitory responses and the 

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

JL
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MATERIALS AND NETHOPS

2.1 ANIMALS
Male albino rats of above 16 weeks of age were used in this study«

The control [250-650 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 strain in Japan (Okamoto andAoki, 1963), brother — sister
i

mating being continued in this department« The rats were fed on 

Standard livestock cubes (Pfizer Nigeria Limited) and were given water 
to take at will.

2.2 MEASUREMENT 0F BL00D PRES9JRE
Tne 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 small 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 bündle of 
muscle. The carotid artery was exposed and carefully separated from the 
nerve and vein that lie beside it. Three thread Segments were placed 
around it. 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 thread was 
used to tie the cannula in place« The cannula had been connected to a 
Gould Statham P 231D pressure transducer and the whole unit filled with
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0«9°/o 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 attainment of a steady state which usually took about 10 minutes.

2.3 ORGAN PREPARATIONS

The rats were made unconscious either by a Sharp blow to the head or 

by anaesthesia and subsequently sacrificed by exsanguination. The
i /

abdomen was cut open in the mid—line and the tissues were isolated as 
follows:

2.3.1 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 cm. from each other and about the 
central Segment. 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 physiological salt solution was 

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

The testes and the bladder were then removed« The pelvic bene was 

split in the midiine and the 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 aside» The pelvic portion of the colon was 

pulled upwards and the delicate connective tissues behind it cleared until 

the anococcygecis muscles came into view. The connective tissues immediately 

around and!between the two muscles were cleared and the two muscles 
isolated. The isolation was done by making ligatures at the two ends of 

each-muscle. The muscle was then carefully cut beyond the ligatures. Ihe 

length of the muscle was 1 — 1.5 cm. It was suspended (with the 

coccygeal end fixed to the tissue holder] under 1.0 g Pension in a 10 ml. 

organ bath filled with physiological salt soiution maintained at 36°C and 

gased with air.

2.4 PHYSIOLOGICAL SALT SOLUTION - -  -  - _ — ------ -

The physiological salt soiution used in this study was Tyrode soiution

of the following composition (mmol/litre): NaCl, 136.5; KCl, 2.7; CaCl^

1.8; MgCl2, 0.9; NaH2P04, 0.3; NaHCOg, 11.9 and D-Glucoss, 5.6.

2.5 EXPERIMENTAL PROCEDURE

The preparations were allowed an equilibration time of 60 minutes or — 
in cases where the animals were anaesthetisucL-before sacrifice - 120 

minutes,. Individual contractions to increasing concentrations of the 

agonisu were recorded — in the absence and presance of increasing concentra— 
tions of an antagonist — on smoked paper through an Isotonic lever with
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= tenfold magnification in the case of the anococcygeus muscle and an 

eightfold magnification in the case of the vas deferens. Each concentra— 
tion of the agonist introduced into the bath was allowed a contact time 
crf 90 seconds with the anococcygeus and 60 seconds with the vas deferens« 

tach antagonist•concentration was allowed an initial 15 minutes to 

equilibrate with the muscle betöre a new concentration—response curve 

was constructed in the presence of the antagonist,

2.5,1 COCAINE 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 Yesponses, Cocaine was added into the bath 2 minutes 

before the introduction of each dose of the agonist« The main experiment 

(described above) was then done in the presence of cocaine,,

2,6 ASSESSMENT OF RECEPTOR CHARACTERISTTCS

2.6,1 RELATIVE AGONIST POTENCY

The relative potencies of the agonists and antagonists were used to 
characterise the receptor types or subtypes present in the preparation. 

Agonist potency was expressed as the pD^ value according to Ariens & Van 

Rossum (1957), pD^ is the negative logarithm of the molar concentration 

(EC ) of the agonist that produces 50$ of the maximum response possible.

2.6,2a. ANTAGONIST POTENCY (pAg)

Antagonists were assessed by pA2 values according to the method of 

Arunlakshana & Schild (1959), The pAg value is the negative logarithm ofV ^
the molar concentration of the antagonist that renders a certain median
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response to an agonist reproducible only after the agonist concentration 

-es been doubled (Schild, 1947), It is an indirect estimation of the 
oissociation constant since they are mathematically related (see 
-coendix i), It is usually estimated by a graphical method which may 

at times produce a value that is not a very accurate estimate of the 

dissociation constant (See Appendix l)„ Thus, the antagonism was also 
assessed by the values of the dissc ;iation constant K ^ g g  obtained by 

direct calculation,

2.6,2b ANTAGONIST POTENCY (DISSOCIATION CONSTANT KHjss)

Kdiss was calculated from the relationship

Kdiss - • x"^T

where B is the 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 resptfnse in the presence of an 

antagonist (of a certain concentration) to the agGnist concentration 

producing the same response in the absence of the antagonist (Schild,1947) 

This is more explicitly discussed in Appendix I, K^gg was calculated at 

each of the three concentrations of the antagonist employed in eacb of 

"n" observations, The mean Kdiss value + the Standard error at each 
antagonist concentration was obtained and the "grand mean" Kdiss ^or ^he 

antagonist was the mean + Standard error of all "N" K^iss values obtained 
at all three antagonist concentrations, where N is the sum of n, the 

number of observations at each antagonist concentration, ^diss values
X ,  i :

are expressed in molar.
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1 ,5 .3  NATURE OF ANTAGONISM

The nature of the antagonism (with respect to the competitive 
_ature or otherwise) was also used to study receptor characteristics.

2.6,3a ARIJNLAKSt-IANA & SCHILD (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 implies that the pA^ 

value will change with the concentration of antagonist used and that is

contrary to the properties of competitive antagonism (Schild, 1947).
| - ' - >• '

2,6.3b MACKAY PLOT

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 

pAjp is constant, . pA2 values obtained from plots in which the /V-S 

slope is significantly different from one or the Mackay plot shows 

significant regression are referred to in this report as the "apparent 

pA,-,. A more explicit description of these parameters as well as the 
method of determination is given in Appendix I,

2.6.3c Krfisa ANALYSIS OF VARTANCE—— wnfl ' ~ — —
Like the pAjp, the mean values at the three antagonist doses

Should not be significantly different if the antagonism is competitive

v -  -
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(Schild, 1947). 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 K,-jj_ss in

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

Log, molar concentration vs. percentage maximal response plots were 

made for the agonist induced contractions and each point represents a 

mean of "n" number of observations, Results were expressed as means +

and its slope + Standard error thus determined, The value of the slope 

was then subjected to significance test.

Antagonist — Agonist pairs with values not significantly different 

from unity were regarded as having a constant pA^ irrespective of the 
antagonist concentration in accordance with the theory of competitive 

antagonism. With the pA^ vs log, (antagonist) plots, referred to in this 

report as "Mackay plot" a regression co-efficient significantly different 

from zero was taken to mean that the pAr, varied with the antagonist 

concentration, The mean K^iss values at each antagonist concentration 

were compared by Analysis of Variance (ANOVA), The -level was 0,05 

and antagonisms having K^iss values not all the same were regarded as 
non-competitive, Comparison was also made between pÖ£ values. The 

significance of differences was calculated using Student1s t—tests.

such cases are denoted in this report as grand mean K(jiss Grand mean

2.7 STATIgTICAL ANALYSE5

Standard error of the mean. In the determination of pAr, values the 

line of best fit was drawn by regression analysis (See Appendix II)
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~~e accepted level of significance was p <0.05, See Appendix II for 
-cre details on the Statistical analyses of results.

2.3 DRUG5 USED
L—Noradrenaline (British Drug Houses) was prepared by adding an 

äquivalent amount of sodium metabisulphite and dissolved in distilled 

.•.3tere 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 drops or as the powder 
(Winthrop) and dissolved in distilled water« Prazosin hydrochloride 

(Pfizer) stock solution was prepared by dissolving the salt in 25°fo 

methanol and subsequently diluting appropriately with distilled water. 

Pentobarbitone Sodium (Sagatal©; May & Baker) and Heparin (Evans Medical).

.4
\
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R E 5 U L T 5 

3,1» 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<. 0.05).

3,2. Monist Studies
3.2.1, 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) and the spontaneously hypertensive 

rats (SHR) (plate 1). NA (7.3 x 10*"7 — 9,5 x 10~^M) gave pD2 values 

of 5,03 + 0,05 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 10~7 — 1.29 x 10™^) had significantly different 

(p <0.05) pD2 values of 6.14 + 0.0B and 5,80 + 0.01 in the NCR and 

SHR respectively (Table 1),

3.2.2. Vas;

NA and PE produced concentration dependent contractions of the 
vas deferens in both rat strains (plate 2). NA (5.9 x 10 —

1,5 x lO^M) gave pD,., values of 5.16 + 0,13 and 5.46 + 0.04 while PE 

(4.03 x 10"7 — 2.58 x 10“"̂ M) gave pD^ values of 5.47 + 0.05 and 

5,32 + 0.06 in NCR and SHR respectively. The NA values were signifi-
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PLATE 1

A« . Noradrenaline evoked contractions of the

anococcygeus muscie of the NCR and SHR.

B. Phenylephrine evoked contractions of the

anococcygeus muscie of the NCR and SHR8
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PLATE 2

A» _ Noradrenaline evoked contractions of the vas 
deferens cf the NCR and SHR.

B. Phenlephrine evoked contractions of the vas

deferens of the NCR and SHR*

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



UNIV
ERSITY

 O
F I

BADAN LI
BRARY



TABLE 1

Agonist potencies on the anococcygeus muscle in the. 

absence and presence of cocaine and the cocaine potentia— 

tion ratios.

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 are n, number of observations,

nd = not significantly different and

sd = significantly different between the upper

and the lower values, \
-7D-R = dose ratio after 5,24 x 1G M cocaine.UNIV

ERSITY
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F I
BADAN LI

BRARY



ANOC.

pD^ Values

NA NA + COCA. D-R PE PE + COCA. D-R

NCR 5.03 + 0.05(9) 5.83 + 0.06(18) 6.31 + 0.08 6.14 + 0.08(2) 6.68 + 0.04(12) 3.47 + 0.09
nd sd sd sd sd nd

SHR 5.17 + 0.07(4) 5.61 + 0.06(18) 2.75 + 0.09 5.80 + 0.01(7) 6.37 + 0.07(13) 3.72 + 0.12

VAS
________ i

NA NA + COCA. D-R PE PE + COCA. D—R
NCR 5.16 + 0.13(4) 5.42 + 0.03(20) 1.82 + 0.13 5.47 + 0.05(8) ' 5.72 +0.04(16) 1.78 + 0,06

sd sd sd 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

-TPPT i^ r r v n ^ n t iF , "T
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cantly different (p <. 0,05) whilst the PE values were not (p >• 0,05) 

(Table 1),

3,3, Cocaine Experiments
—•7Cocaine (5,24 x 10 M) shifted the log-concentration - response 

curves to the left, (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, 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 60°/o each of the NCR and SHR vasa preparations but with NA, 40°/i 

exhibited such an increase in the SHR, No*increase in maximal 

contractions to NA were recorded in any of the 4 observations in the 

NCR, The degree of increase was inconsistent but seems greater in 

the SHR, Thus, in the presence of cocaine the pD,_, values of NA in the 

anococcygeus were 5,83 + 0,06 and 5,61 + 0,06 while those of PE were 

6,68 + 0,04 and 6,37 + 0,07 in the NCR and SHR respectively (Figg,. 1 
& 2, Table 1), Between the NCR and the EHR the pD^ values of each 
agonist were significantly different (p <  0,05) (Table 1). In the 

vas deferens the pD^ 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 + 0,05 ?n the 
NCR and SHR respectively (Figs. 3 & 4, Table 1). The NA values were
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NA concentration—response curvss of the anococcygeus 
muscle in the absence and presence of cocaine, Each point 

represents the mean + S.E« of at least four observations,

□ ---- Q  - NA (NCR)

0 — i-- g  - NA + cocaine (NCR)

© * ---©  - NA (SHR)

©~ — - NA + cocaine (SHR)

\

FIGURE 1
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FIGURE 2

PE concentration—response curves of the anococcygeus
muscle in the absence and presence of cocaine.

□ ---- □  - PE (NCR)
H§... — PE + cocaine (NCR)

- PE (SHR)
©- — — PE + cocaine (EHR)
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FIGURE 3

„ NA concentration response curves of the vas deferens 
in the absence and presence of cocaine. Eaph point 

represents the mean + S.E of at least 4 observations, 

Q — — □  - NA (NCR)

m ---- a  — NA + cocaine (NCR)

Q -  - --Q - NA (SHR)

- “0  — NA + cocaine (SHR)
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FIGURE 4

PE qoncentration—response curves of the vas deferens 

in the absence and presence of cocaine, Each point represer 

the mean + S,E of at least eight observations.

D - ----□ - PE (NCR) t

W r— m — 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).

3,4* Antagonist Studies

The antagonists used were prazosin, phentolamine and yohimbine 

and all the experiments involving antagonists were done in the presence 

of 5*24 x 10*"’7M cocaine» Phentolamine (2.50 x 10*”8 — 5.0 x 10'"’7M), 

prazosin (1 ,1  x 10~9 - 8.8 x 1CT7M or 1.77 x 1CT6 - 7.04 x IO*"6!«) and 

yohimbine (5.75 x IO“8 - 4,50 x 10~7M or 1.e4 x 10*"5 - 1.1 x 10"’5M] 

produced appreciably parallel rightward shifts of the log~concentration — 

response curves ©f NA and PE in both NCR and SHR (Figs. 5 —  10). The 

antagonisms were analysed as indicated in Chapter 2, obtaining the 

Parameters that were used to assess antagonism which were as follows;

3.4,1 PHENTOLAMINE

A. Anococcygeus (aNGC.) muscle; Phentolamine (2.50 x 10 8 - 
**•75,0 x 10 M) produced competitive antagonism of both NA and PE in 

the NCR with pA^ values of 8,11 + 0.09 (slope = 0.82 + 0.26) and 

8,64 -f 0.18 (slope = 0,67 + 0,28) respectively (Fig, 11 and Table 2a) 

and with corresponding Mackay plot regression co-efficient 

-0.18 + 0.26 and — 0.06 + 0,19 which were not significantly different 
from zero (p >  0,05) (table 3). Against both agonists the phentolamine 

mean. had no significant Variation over the three antagonist
concentrations (Table 4) and had grand mean values of 1.23 + 0,22 x 

IO"8 and 1.00 + 0.16 x 10”"8 for NA and PE respectively (fable 4). In
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FIGURE 5
Phentolamine shifts of the NA concentration—response curve 

in the NCR and SHR anococcygeus, Each point represents the 

mean + S,E of four obseryations.

Q — — Q NA + cocaine

II----fl after 2,5 x IO"“8 (NCR) or 6.25 x 10*™8 M
(SHR) phentolamine

A — after 6,25 x IO"8 (NCR) or 2.5 x 10~7M
(SHR) phentolamine

© — - 0 after 1,25 x 10 7 (NCR) or 5,0 x 10~?M
. . • (SHR) phentolamine.

Phentolamine shifts of the PE concentration—response curve 

in the NCR and SHR anococcygeus. Each point represents the mean 

+ S.E of four observations.

— © PE + c3ocaine
rgT. ■T _ rrs after 6.25 x lO^M phentolamine

after 2,5 x 10~7M phentolamine* * £-i

— O after 5,0 x 10~7M phentolamine
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FIGURE 6

A. Prazosin shifts of the NA concentration—response curve

ln the NCR and SHR anococcygeus, Each point represents the 

mean + S.E of four observations.

© ---- ©  NA + cocaine
B — □  after 1.1 x 1cT (NCR) or 2.2 x 10~8M [SHR)

-,—8 r„nn1 __ „ . .. „0-?t
prazosin

A — after 5.5 x 10“°  (NCR) or 1. 1 x 10W M (SHR) 
prazosin

@  1 ©  after 2.2 x 10 M prazosin
Q ---- Q  after 1,8 x 10 M prazosin
A ---- A. after 3.5 x 10 V prazosin

Pter 5.3 > 
prazosin

V '.' - •* V  after 5.3 x 10”^ [NCR) or 7.0 x 10*~̂ M (SHR)

B. Prazosin shifts of the PE concentration—response curve
in the NCR and SHR anococcygeus. Each point represents the mean 

+ S.E of four observations.

Q ---- ©  PE + cocaine

Ü l•' * * ’ O  after 5.5 x 10~^M prazosin

A ---- A  after 2.2 x lO^M prazosin

® —  —  o  after 1.1 x 10~^M prazosin ;
f f
l
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FIGURE 7

Yohimbine shifts of the NA concentration—response curve 

in the NCR and SHR anococcygeus. Each point represe,. j s  the

mean + S.E of four observations.

G>— — <D
c — o
A — A

*— Q

o

ä r~ ~ °-&  

V ~ V

NA + cocaine
-8after 5.75 x 10 M yohimbine 
-7after 1,15 x 10 M yohimbine

after 2,3D x 10 7 • (NCR) or 4«SO x 4.60 x 10 7M 
(SHR) yohimbine

r-\ g
after 9.2 x 10 (NCR) or 1.84 x 10 M (SHR) 

yohimbine
-6after 3.68 x 10 M yohimbine 
-6after 7.36 x 10 M yohimbine

J

'
-  .  *

Yohimbine shifts of the PE concentration—response curve in 

NCR and SHR anococcygeus. Each point represents the mean + S.E 

of four observations

o ~ — o

y — -C3 

A — A  

© ■— —  0  

□ — o
A - — ■ "A 
V --- V

PE + cocaine
after 5.75 x 1O-0 (NCR) or 1.15 x 10~7M (SHR) 

yohimbine
after 1.15 x 10~7 (NCR) or 4.6 x 10~7WI (SHR) 

yohimbine
after 2,3 x 10~7 (NCR) or 9.2 x 10*"7|VI (SHR) 
yohimbine

•«6after 2.76 x 10 M yohimbine
after 5,52 x 10~^M yohimbine 

—5after 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, Each point represents the mean + S.E of 

four observations.

— © NA + cjocaine

Q — — fl after 6.25 x /10~8M phentolamine

A — — A after 2.5 x 1tT7M phentolamine

(§*-— — 0 after 5,0 x 10~7M phentolamine

Phentolamine shifts of the RE concentration-response curve 

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

of four observations.

<3— — © PE + cocaine
■ . rni after 6.25 x 10“8M phentolaminefcU' litJ

A. . r - A after 2.50 x 10~7 phentolamineZA A
0 — ~ G after 5.0 x 10“*7 phentolamineUNIV
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FTGURE 9

Prazosin shifts of the NA concentration—response curve 

in the NCR and SHR vas„ Each point represents the mean + 

S.E of four observations.

0 — — © NA + cocainf-

ES-“"' *3 after 2.2 x ICT8!

A——A after 1.1 x 10~7I

•— 0 after 4.4 x 10~7
(SHR) prazosin

Prazosin shifts of the NA concentration—response curve 
in the NCR and SHR vas« Each point represents the mean + 

S.E of four observations,

O — — 0 PE + cocaine

after 2.2 x 1CT0 (NCR) or 5.5 x 1CT9M 
(SHR) prazosin.

& T— &  after 1.1 x 10~7 (NCR) or 2.2 x lO^M 
(SHR) prazosin.

after 2.2 x 10~7 (NCR) or 1.1 x 10~?M 
(SHR) prazosin
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FTGUFE 10

Yohirabirie shifts of the NA concentration—response curve
in the '.CP. and STR vas» Each point represents the mean +
5.- of four observations

Q ----- O NA + cocaine
S ----- ^ after 5.75 x 10 M yohimbine
A ---- A after 2.3 x 10 M yohimbine
©  ■ • «-•" ® after 9.2 x 10*“7(l\CR) or 4.6 x  10~7M (SHR]

/ yohimbine ,
O ----CI after 1.84 x 10 M yohimbine
A -  • — A after 5.52 x 10*“6 (NCR) or 3.68 x lO^M

(SHR) yohimbine
after 1.10 x 1Q~5 (NCR) or 7.36 x 10^1

(SHR) yohimbine

J
✓
*

Yohimbins shifts of the PE concentration—response curve 

in the NCR and SHR vas. Each point represents the mean + S.E 
of four observations.

0 --- — 0 PE -r cocaine
’ •• ■ ■■ H after 5.75 x 10-8 (NCR) or 1.15 x 10~7M

(SHR) yohimbine
A — ~ A after 2.3 x 10~7 (NCR) or 4,6 x  10~7M (SHR]

yohimbine
#■ -»■ ■ m9 after 4.6 x 10"?M (NCR) or 9.2 x 10"?M

(SHR) yohimbine
□ — ~ a

p
after 2.76 x 10 M yohimbine

— A after 5.52 x 10”™^M yohimbine
V — — V

^5after 1.1 x 10 M yohimbine
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the SHR phentolamine antagordsm was non—competitive against NA. The

A — S slope (0.58 + 0.10) was significantly different from unity

(p <0,05) and the apparent pAp value was 7,90 + 0.07 (Fig«11a &

Table 2a). The Mackay plot had significant regression (co-efficient —

-0*,42 +0,11 (Table 3)). The mean Kd^ss values over the ränge of

antagonist concentrations were not all the same (Table 4), Grand
—8mean K^n-sc was 4,52 + 0.62 x 10 and was significantly different from 

the NCR value (1.23 + 0S22 x 10**̂ ) (p <  0.05), although the NCR case 

was and not K*^ss —(see chapter 2), Against PE the antagonism

was competitive with a pAt-, value 7,66 + 0.07 (slope = 1,38 + 0,25) 

(Fig. 11b and Table 2a) and a corresponding Mackay plot co-efficient 

0,38 + 0,24, not significantly different from zero (fable 3). 

values did not vary with phentolamine concentration and produced' c-*8a grand mean of 1,17 + 0.29 x 10 , not significantly different from
the NCR value (fable 4),

B. VAS: Phentolamine (2,50 x 10*“® — 5,0 x 10**̂ M) produced

competitive antagonism of both NA and PE in the NCR with pA^ values of

7.08 + 0,08 (slope = 1.01 + 0,22) and 8,06 + 0,04 (slope = 0.93 + 0. 10)"' 
respectiveiy (Fig, 12 & Table 2b) and with corresponding Mackay plot 

regression co-efficients 0.01 + 0.22 and - 0.06 + 0.11 which were not 
significantly different from zero (p >  0.05)(Table 5), Against both 

agonists the phentolamine mean Kdis3 had no significant Variation over 
its three concentrations (Table 6) and had grand mean values^ 9.60 +

1,39 x 10~® and 1.11 +0.10 x 10*“® for NA and PE respectiveiy. In the
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FIGURE 11

A» Arunlakshana and Schild (A - S) plot for the antagonism
of NA induced responses of the anococcygeus by phentolamine.

B. 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.

@  NCR ^  — SHR«
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FTGURE 12

A, A ~ S plot for the antagonism of NA inducad 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 and the actual value where 

different from 1.

t  ~ NCR»- A
A  ~ SHR
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TABLE 2

Arunlakshana & Schild (A — S) plot Parameters— 

slape and pA^ values — for agonist: antagonist interactions 
in the anococcygeus muscle,

✓
A — S plot parameters-slope and pA^ values — for 

agonist: antagonist interactions in the vas deferens,

-  slope not significantly different from unity.
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TABLE 3

Nature (ccmpetitive or non-competitive) of antagonism

in the anococcygeus judging by the A — S or Mackay plot slopes

and mean K variance, diss

dfl = significantly different from one

1 = not significantly different from ohe

dfü = significantly different from zero 

0 =  not significantly different from zero 

sd = mean K_^ss not all the same over antagonist 

concentration s, 

nd = mean Kj^ss steady
Comp = competitive

N«comp - non-competitive
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TABLE 4

Analysis of niean Kdiss ' ir;iance and grand mean Kdiss 
values in the anococcygeus muscle.

v nd = mean Kdiss steady over antagonist conoentrations 

sd = mean Kd;j_ss not all the same over antagonist 
conoentrations.

ND = .grand mean Kd^ss not significantly different between 

NCR and SHR.

D = grand mean Kd^ss significantly different between 

NCR and SHR.
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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)(Fig,12a) 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 (fable 2b) and the grand mean
—83,57 + 0,34 x 10 • was significantly different from the NCR value, The 

mean K_ĵ ss values were not all the same over the three antagonist 
concentrations (Table 6), Against PE the antagonism was competitive 

producing a pA£ of 8,02 + 0,07 (slope = 0,91 + 0,15) (Fig,12b & Table 2b)t 

The Mackay plot regression co-efficient of -0,09 + 0,15 was not 

significantly different from zero (Table 5) and likewise the mean K,. 

did not vary v;ith phentolamine concentration (Table 6), Grand mean
Q

^diss was ,̂33 + 0,17 x 10 but was not significantly different from 
the NCR value (Table 6),

3.4.2, PRAZOSIN

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 (B-Praz), 

On the vas deferens the B-praz produced an unsurmountable antagonism,

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

prazosin concentrations (L-^raz) was used.
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TABLE 5

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

mean Kd. s variance,

dfl = significantly different from one 

1 =» not significantly different from one 
dfO = significantly dif"erent from zero 

0 =; not significantly different from zero

sd = mean Kd^ss not all the same over antagonist
concentrations

i, •

nd = mean Kdiss steady
Comp = competitive

N-comp = non—competitive
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TABLE 6 | |fei
'

Analysis of mean K ^ ss variance and grand mean
values in the vas deferens»

nd = mean K ^ ss steady over antagonist concentrations,

sd = mean not all the same over antagonist
‘

concentrations«
■

ND = grand mean K_ĵ ssnot significantly different between 
NCR and SHR.

Kf
M
I I

D « grand mean ss significantly different between
NCR and SHR®
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A. ANOC. Muscle: The Schild plot for L-Praz and H~Praz against NA

produced two distinct (statistically attested by the method of 

Anmitage., 1974] regression lines.
■ M ■mi§

n | o
L-Praz (1,1 x 10 - 8,8 x 10 M) was non-competitive against NA

in both NCR and SHR. The slopes of the Schild lines were 0,46 + 0,03 

and 0,52 + 0,07 respectively with corr;esponding apparent pA^ values 

of 8,45 +0,04 and 8,85 + 0,06, Both slope values were significantly 
different from one (p <  0,05) Fig« 13a and Table 2a), In addition, 

Mackay plot regression co—efficients — 0,54 + 0,02 and - 0,47 + 0,07 

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

(p <0.05)(Table 3), Also,, in both NCR and SHR, the mean K ^ ss valuesV
over the ränge of prazosin concentrations were not all the same.

-3 m  ' -
The grand mean Kl- 1,13 + 0,16 x 10 obtained in the SHR was notUlLSS •** o m
significantly different from the value 1,81 +0,35 x'10 in the NCR
(Table 4), L-Praz produced competitive antagonism of PE — induced

H§
contractions in both NCR and SHR with pA^ values of 8,93 +0,04

(slope = 0,85 + 0.07) in the NCR and 8,89 + 0,06 (slope = 0.80 + 0,09)

in the SHR (Fig, 13b, Table 2a), The corresponding grand mean K ^ ss
-9values of 1,98 + 0.18 x 10 and 2.52 + 0,35 x 10 were not

significantly different from each other (Table 4), The mean K ^ sc 
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 

— 0,22 + 0.09 in SHR and in both cases were not significantly different 
from zero (Table 3).

£2 C2 *B-Praz (1.77 x 10”°  — 7.04 x 10“°M) produced competitive antagonism
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< iSSbî -'äZäaŜ i

FIGURE 13

A — S plot for the antagc. lism of NA induced contractions 
of the anococcygeus by prazosin.

A —■ S plot for the antagonism of PE induced contractions

of the anococcygeus by prazosin.

"H" o the SHR line» Line marked 1 where the slope is not 
‘ / 

significantly different from 1 and the actual value where

different from 1.

©©  NCR, AA  SHR.
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TABLE 4

Analysis of niean Kcjiss \ iriance and grand mean Kdiss 
values in the anococcygeus muscle.
v. nd ss mean K_|̂ ss steady ovsr antagonist concentrations 

sd =s mean K ^ ss not all the same over antagonist 
concentrations»

= . grand mean K_ĵ ss not significantly different betwean 
NCR and SHR.

ND

D « grand mean K_ßss significantly different between 
NCR and SHR»

$
r

//
r
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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 

frcrn unity (p <.0.05)(Fig, 12a) and the Mackay plot regression co— 

efficient — 0,33 + 0,05 was significantly different from zero (Table 5j, 

The apparent pA^ was 7,85 + 0,04 (fable 2b) and the grand mean
—83,57 + 0.34 x 10 ■ was significantly different from the NCR value, The 

mean K ^ S3 values were not all the same over the three antagonist 
concentrations (Table 6), Against PE the antagonism was competitive 

producing a of 8,02 + 0,07 (slope = 0,91 + 0,15) (Fig.12b & Table 2b), 
The Mackay plot regression co-efficient of -0,09 + 0,15 was not 

significantly different from zero (Table 5) and likewise the mean Kd£SS 
did not vary with phentolamine concentration (Table 6), Grand mean

Q
^diss was + 0,17 x 10 but was not significantly different from
the NCR value (fable 6),

3,4.2. PRAZOSIN

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), 

0n the vas deferens the Ff-praz produced an unsurmountable antagonism,

Thus, in experiments involving PE or the vas defei’ensj only the lower 

prazosin concentrations (L-Praz) was used.
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TABLE 5

Nature (competitive or non-«competitive ) of antagonist 
in the vas judglng by the Ä - S or Mackay plot slopes and 

mean K ^ ss variance.

dfl ss significantly different from one 

1 = not significantly different from one
dfO = significantly dif"erent from zero 

0 =: not significantly different from zero

sd = mean K ^ ss not all the same over antagonist
concentrations

i. «

nd — mean steady
Comp = competitive

N-comp ss non—competitive
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Analysis of mean K ^ ss variance and grand mean K ^ ss 
values in the vas deferens*

|;j
nd ss mean ss steady over antagonist concentrations, 

sd = mean Kj^ss not all the same over antagonist 
concentrations.

ND ss grand mean K ^ ssnot significantly different between 
NCR and SHR.

I £%
D = grand mean Kjj^ss significantly different between

■
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A. ANOC« Muscle; The Schild plot for L-Praz and H-Praz against NA 

produced two distinct (statistically attested by the method of 
Armitagej 1974] regression lines,

L-Praz (1,1 x 10 — 8,8 x 10*” M) was non—competitive against NA

in both NCR and SHR, The slopes of the Schild lines were 0,46 + 0,03
! ' :y ;|

and 0,52 + 0,07 respectively with corresponding apparent pA£ values 

of 8,45 +0,04 and 8,85 + 0,06, Both slope values were significantly 

different from one (p <  0,05) Fig, 13a and Table 2a), In aaditionj 

Mackay plot regression co-efficients - 0,54 + 0,02 and - 0,47 + 0,07

(for NCR and SHR respectively) were significantly different from zero
g§

(p <0,05)(Table 3), Also, in both NCR and SHR, the mean K_^ss valuesV
over the ränge of prazosin concentrations were not all the same»

—8The grand nnean K^iss 1, 13 + 0,16 x 10 obtained in the SHR was not
• . osignificantly different from the value 1,81 + 0,35 x'10 in the NCR 

(Table 4), L-Praz produced competitive antagonism of PE — induced

contractions in both NCR and SHR with pA^ values of 8,93 +0.04

(slope « 0,85 + 0,07) in the NCR and 8,89 + 0,06 (slope = 0.80 + 0,09)

in the SHR (Fig, 13b, Table 2a), The corresponding grand mean K^.
-9 -9values of 1,98 + 0,18 x 10 and 2.52 + 0,35 x 10 were not 

significantly different from each other (Table 4), The mean 
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 

— 0,22 + 0,09 in SHR and in both cases were not significantly different 
from zero (Table 3).

H-Praz (1.77 x 10"*̂  — 7,04 x 10*“̂ M) produced competitive antagonism
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FIGURE 13

A -< S plot for the antagc lism of NA induced contractions 
of the anococcygeus by prazosin*

A — S plot for the antagonism of PE induced contractions 

of the anococcygeus by prazosin.

»Hn » 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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against NA in both NCR and SHR with pA^ values 7,58 + 0,11 (slope = 

0,93 + 0,09] and 7,89 + 0,14 (slope = 0,65 + 0,24) respectively (Fig, 

13a & Table 2a] and corresponding Mackay plot regression co-efficient
i

— 0,01 + 0,03 and - 0,37 + 0,24, not significantly different from zero 

(Table 3), Ln both rat strains the mean K .̂ ss had no significant 
Variation over the ränge of H-Praz concentrations but the grand mean 

KdiSP values 3,77 + 0,15 x 10*"*8 and 9,99 + 1,68 x 10*“8 obtained in 
the NCR and SHR respectively were significantly different (p <  0,05) 

(fable 4),

B, VAS: L-Praz (1,1 x 10*-"8 — 8,8 x 10'“’̂ M) competitively antagonised 

both NA and PE in the NCR with pAg values of 8,00 + 0,04 (slope =

0,96 + 0,08) and 8,35 + 0,08 (slope = 1,17 + 0,23) respectively (Fig,

14 & Table 2b), Mackay plot regression co~officients ~ 0,10 + 0,08 

and 0,17 + 0,23 were not significantly different from zero and the 

L-Praz mean K-jj_ss values were not different over its concentration 
ränge 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 different from unity (p <C 0,05) and they yielded 

corresponding apparent pA£ values of 8,55 +0,04 and 8,54 + 0,02 for 
NA and PE (Fig, 14 6 Table 2b), Accordingly, the Mackay plots had 

significant regression (co-efficient — 0,19 + 0,06 and — O,12 + 0,04 

for NA and PE respectively) and mean K-^ss values over the ränge of 
antagonist concentrations were not all the same (fable 5), *The grand
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FIGURE 14

A# A — S plot for the antagonism of NA induced contractions
of the vas by prazosin*

B, A — S pl*ot for the antagonism of PE induced contractions

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.

O  NCR,
A

A  SHR, \
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r  ~ 0mean K ^ ss against NA (5«,67 + 0,46 x 10 was significantly different 

from the grand K,. obtained in the NCR (fable 6) whereas SHR granddiss rD
K,. (3,11 + 0,21 x 10 ) was not significantly different from thediss
NCR grand K ^ ss in the case of PE (fable 6).

3,4,3, YOHIMBINE
fwo ranges of yohimbine concentrations (Low & High) were used 

in all the experiments and they produced two statistically distinct 

Ünes,

A, ANOC Muscle: fhe lower conce trations of yohimbine (L—YOH)
(5,75 x 10 — 4,5 x 10 M) produced competitive antagonism against

NA in the NCR with a value of 7,08 + 0,06 (slope, 0,74 + 0,19)
(fable 2a & Fig, 15a), fhe Mackay plot slope — 0,26 + 0,16 was not

i , *

significantly different from zero (p >  0,05) and the mean K_j.. ss showed 

no Variation over the ränge of L—Y0H concentrations (fable 3)0 fhe 

grand mean Kdiss was 9,52 + 0,85 x IR*”8 (fable 4), In the SHR, L-Y0H 

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 value of 6,74 + 0.06(Fig„ 15a & fable 2b) and also 
by the regression co-efficient of the Mackay plot — 0,35 + 0,11 
(Table 3) which was significantly different from zero, However, the 

mean K_ßss values (and the corresponding PA2 values) were not 
significantly different over the three antagonist concentratirns 

(fable 3), fhe grant Kdiss 2,01 + 0,25 x 10~7 was significaptly 
different from that in the NCR (fable 4), Also, in the NCR, L-Y0H
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FIGURE 15

A« A — S plot for the antagonism of NA induced contractions
□f the anococcygeus by yohimbine.

B» A — S plot for the antagonism of PE induced contractions

of the anococcygeus by yohimbine»

"H" = the Sh'R line* Line marked 1 where the slope is 

not significantly different from 1 and the actual value where 

different from 1,

©  A© NCR A SHR
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proved non-competitive against PE, if judged by the A — S plot and 

the Mackay plot slopes but yet the mean values (and the

corresponding pA^ values) did not exhibit any significant Variation 

over the antagonist concentration ränge. The A — S slope 0.55 + 0.18 

was significantly different from unity ( p 0.05) with an apparent 

pAj-, value of 7.62 + 0,09 (Fig. 15b). The Mackay plot had a co— 

efficient of regression -* 0.45 + 0,20, significantly different from 
zero (p •< 0.05) (Table 3). The grand mean K ^ ss was 5. 36 + 0.92 x 

10~® (Table 4), In the SHR L-*Y0H competitively antagonised PE with a 

pAj-, value 7.06 + 0,35 (slope = 0.65 + 0.60) (Fig, 15b & Table 2a) and 

Mackay plot slope — 0.06 + 0,34, not significantly different from zero 

(Table 3). The mean K_^ss values did not change with increasing
—7antagonist concentration and the grand mean K ^ ss 3,11 + 1.35 x 10 

was significantly different from the NCR value (Table 4),

Higher concentrations of yohimbine (H-’YOH) (1,84 z  10 — 1.1 x
—5 -v10 M) were competitive against both NA and PE in the NCR with 

values of 6.27 + 0.06 (slope = 0,96 + 0.14) and 6,64 + 0,02 (slope = 

0.90 + 0.06) respectively (Fig, 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). The 

mean K ^ sg values showed no significant Variation over the ränge of 
H-Y0H concentration (Table 3). Grand mean K ^ gg were 5,92+0.68 x 

10~7 and 3,12 + 0.12 x 10*'7 against NA and PE respectively. In the 

SHR, H-Y0H was non-competitive against NA, the slope of the

regression line 0,61 + 0.07 being significantly different *from unity
-v.-.'v'--'
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FTGURE 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 contractions 

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). It prcduced an apparent pA^ value of 6.49 + 0,03 

(Fig. 15a G Table 2a). Also, the Mackay plot co-efficient 

— 0.35 + 0.07 was significantly different from zero (p <  0.05)

(Table 3) and the mean K_^ss values obtained at the three antagonist 

concentrations were not all the same (fable 4). Grand mean Kdiss
,-9was 8.37 +0,59 x 10 and was significantly different from the NCR

value (Table 4). Against PE it proved competitive with a pA^ value

of 6.60 + 0,06 (slope = 0.96 + 0,19) (Fig, 15b G Table 2a).

Accordingly the Mackay plot slope (-0.02 + 0.51) was not significantly

different from zero (p _> 0,05)(Table 3) and the mean K^. ̂  values

did not vary over the three conce .trations of H-Y0H (fable 4). The
—7grand mean K ^ (.s 2.92 + 0.29 x 10 was not significantly different 

(p >  0.05) from the value in the NCR (fable 4),

B. VAS: L—Y0H (5.75 x 10~° — 4.5 x 1Q*"*̂ M) gave a non-competitive 

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

of 6,80 + 0.11 (slope = 0.50 + Q-12*j and 7-44 + 0>Q6 (slope = 0<55 +

0.09) respectively, The slopes were significantly different from

one (p <  0,05) (Fig, 16 G Table 2b). Also, the slopes of the Mackay

plot regression lines were -0.47 + 0.10 and -0.47 +0.11 for NA and
PE respectively, bot'n of them significantly different from zero

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

agonists exhibited some variations over the ränge of antagonist
—7 'concentrations. Grand K,. values were 2.31 +0.53 x 10 And

u lo S  /

8,45 + 1.17 x IO”3 against NA and PE respectively (fable 6]{ In the
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SHR the antagonism was competitive against both NA and PE with pA^

values of 6.82 + 0.04 (slope = 1*10.+ 0.11) and 6.58 + 0.08 (slope ~

1.04 + 0.23) (Fig. 15 & Table 2b). Mackay plot slopes were 0.10 +

0.11 and 0.01 + 0.26 (for NA and PE respectively) (Table 5), These

values were not significantly different frorn zero (p >  0.05) and

accordingly the mean K ^ ss values did not vary with increasing L—Y0H
—7concentration. The grand K_ĵ sr, 1..58 + 0,17 x 10 obtained against

NA was not significantly different from that obtained in the NCR
—7whereas the value 3.69 +0.73 x 10 obtained with PE was significantly 

different from that in the NCR (p < . 0.05)(Table 6).

H-YDH (1.84 ^  1Q“6 — 1,1 x 1C )̂ produced non-competitive 
antagonism 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 values were not all

the same over the antagonist concentration ränge in the cases of both 

agonists and in both NCR and SHR. TI the NCR rr-Y0H produced 

apparent pA^ values of 6.36 + 0,09 (A - S slope = 0.47 + 0.11 and 
Mackay plot slope, - 0.44 + 0.11) 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 5 & 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 slope = 0,39 + 0.14

and plot slope — 0,67 + 0.14) against PE in the SHR (Fig, 16, Table 2b
I

7
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The grand KcJiss values of H-YOH against NA were 1,69 + 0,02 x 10 

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

values were significantly different (p <  0,05), Corresponding values 

7,25 +0,57 x 10 and 7,72 + 1,25 x 10 obtained against PE in the 

two rat strains were not significantly different (Table 6),

and Table 5),
—6
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D  I  b  L ' U  5  b  I  o  N

Noradrenaline (NA) ancf phenylephrine (PE) produced concentratiorv- 
relatad contractions of the rat anococcygeus muscle with pD0 values of 

5*03 + 0,05 and 6,14 + 0,08 respectively in the absence of cocaine.
In the presence of cccaine respective pD2 values of 5,33 + 0,06 and 

6*69 + 0,04 were obtuined, These v*alues are similar to the values 
(5,03 and 6,54 respectively) computed from the EC,.„ values repcrted 
by Brown et al, (19£!0) for these aponists on tha anococcygeus muscle.
The difference in the pD„ values obtained in the absence and presence

■ |
of cocaine reveal the influence of neuronal uotake on the potency of
these agonists, Tie values gave dose ratios of 6,31 for NA and 3,40
for PE showing th<,t the influence of neuronal uptake is more

p
pronounced on NA than on PE, This ij in accordance with the

I? . •;
Observation that NA has a greater affinity than PE for the neuronal

therefore, be due to the influence of neuronal uptake but that PE is 
actually more potent than NA in this preparation, This suggests that

might be more sensitive than in some other preparations, For instance
NA was more potent than PE in the rabbit pulmonary artery (Starke et
al,, 1975a) and aorta (wikberg, 1978) and guinea pig ileum (wikberg,
1978) even though PE was more selective for 0(^-ödrenoceptors,

Low concentrations of prazosin (L-Praz,) produced reversible 
4#-

arrtagonism of NA, This antagonism was however non-competitive as

’

uptake mechanism (iversen, 1967), The higher pD^ velue of PE cannot,
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indicated by the slopes of the Schild and Mackay plc.t regressicr. lines. 
The A — S slope was different from one and the Mackay slope different 
from zero, It was observed that, as concerns competitive natjre or 
otherwise the A — S arid Mackay analyses will usually give the seme 
indication. Furthermore^ it was observed that, empirically, the 
regression co-efficient of the A — S plot will always add up to the 
negative value of the co-efficient of the Mackay plot to give 
approximately one and that the Standard errors of the two co-efficients
are very similar fsee Table 7], Ft ' this reason the ectual value of 
the dissociation constant (K^^) was calculated directly from the dose
ratios at each arrtrgonist concentration - as another test for

icompetitive antagonism, (Hereafter, reference will be made to only 
either of the A —fs or Mackay analypns apart from the analysis).
The L — Praz, K ^ ss values varied with the antagonist concentrations

i «f

indicating non-ccxnpetitive antagonism, Higher concentrations of the 
arrtagonist (H — Praz,) still produced reversible antagonism to NA but 
the antagonism was competitive, with a pA^ value of 7.58 + 0,11.
This difference in the nature of antagonism shown by L ~ Praz, and 
H -• Praz, may be what is reflected on,£he prazosin family of curves 
where the H — Praz, curves exhibited better parallelism than the 
L — Praz, curves (Fig. Sa). Both low and high concentrations of 
yohimbine (L — YOH and H — YOH respectively) competitively antagonised 
the NA evoked corrtractions with two significarrtly'different (p <  0.05) 

p£h values of 7.08 + 0.06 and 6.27 + 0.05 respectively, These results" 
showed that the NA evoked contractlons wäre due to o^-adrenoceptor

h
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TAßLE 7 

ANPC.

A — S slope 1 Mackayi 
[SloCQ ) Addition

NA 0.45 + 0.03 0.54 + 0.02 i

PE 0.85 + 0.07 0.14 + 0.07 0.99

NA 0.52 + 0.07 0.47 + 0.07 0.99

PE 0.8(3 + 0.09 0.20 + 0.09 1
NA 0.82 + 0.26 0.1£ + C.26 1
PE 1.38 + 0.25

mm
-0.38 + 0.24 1

NA 0,74 + 0.19 0.25 + 0. 16 1
PE 0.55 + 0. 18 0.45 + 0.20 1

NA 5.65 + 0.10 0.35 + 0.11 1
PE 0.90 + 0.05 0.07 + 0.07 0.97

NA 0.61 + 0.07 0.35 + 0.07 0.96

PE 0.96 + 0.19 0.02 + 0.51 0.98

4* * ■
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Stimulation iri agreement with previously repcrted ccser“. rtions by 

many workers, The results alsl suggest that t^ere er? -cre t^n cne

anococcygeus muscle, One receptor subtype migr.t »  T e  corverrtional

anococcygeus muscle, Based on this Suggestion, the at-ove presented 
results can be explained as follows;

NA produces its contractions by an equipotent Stimulation of the

antagonist, Cavevo et al,, 1977; Timmermans & van Zwieten, 1^30) blocked

where an antagonist selectively inhibits the involvement of one of two 
receptor subtypes stimulated by a nor>-selective agordLst — the agonist:

assumed by Arunlakshana & Schild (1959), This Suggestion was made by 
Furchgott (1975) and has been supported by experimental 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 
antagordsts in preparations with both and adrenoceptors present 
post-junctionally (O'Donell £ Wanstall, I960; Taylor, 1982),

two receptor subtypes, L ** Praz (a selective OC^^drenoceptor

only the cornponent of the NA evoked contractions with
little or no effect on the Population, In such a case -

antagonist interaction will not fit in-with the bi-molecular model

Accordingly, L — Praz produced a Schild regression co-efficierrt cf 
0,45 + 0,03 against NA in the anococcygeus muscle, H — Praz, w*~icr
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produced a competitive antagonism against NA might be acting on both
s . %'j!.

and adrenoceptors — because its "selective antagonism"
is a relative term which may not be true at high c .es, In Support 
of this is the Observation by Timmermans, Van f.teel & ».«an Zwieten(l980) 
that relatively higher concentrations of prazosin produced a blockade 
of post-junctional PC2 adrenoceptors with a pAg value of 5,91 in 
normotensive pithed rats,

The two pA^ values obtained from the yohimbine experiment seem 
to be further evidence in Support of a dual occurrence of post- 
junctional ö(~edrenoceptor subtypes, Yohimbine is an C^-adrenoceptor 
antagonist with preference for the < v  subtype (Starke et al,, 1975b; 
Doxey et al,, 1977, Brown et al,, 1980), Thus, L — YDH preferentially 
inhibited the OC,— mediated component of the NA induced contraction 
producing the pA^ of 7,08, At higher concentrations, yohimbine might 
not be able to discriminate any more and therefore antagonised both the 

0 ( 1 and 0 (2- sub-populations with the lower PA2 of 6,27, However
. ....   v . * ___■  ,_u .. __

L — YOH did not behave like L-Praz (presented above) in that it 
produced competitive antagonism, its Schild plot slope being not 
significantly different from unity, This can be explained as due to 
the fact that yohimbine is less selective for the ° ^ r  subtype than 
prazosin is for the 0C,— subtype (Brown et al#, 1980), Thus, the 
L — YOH action might involve a small Proportion of öC<-adrenoceptor 
subtype, enough to render the antagonism competitive (i.e, make the 
A — S plot slope l), With this explanation it will be expe ;ted 
that the antagonism by L-Praz of a selective GCj-edrenoceptor agonist
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and that by L — YOH of a selective 0(2- a9onist 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) contractions evoked by PE, a selective OCj—adrenoceptor 
agonist with a pA^ value of 8,93, The effect of L ̂  YOH an a selective 

0 (2« agonist could not be studied because the 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 (X2*-ödrenoceptors using end-organ responses (see Drew,
1982 and McGrath, 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 
Kdiss of the same interaction indicated competitive antagonism 
(Table 4), This paradoxy cannot be easily explained^i Neverthe- 
less, a possible explanation may be as follows: The mean 
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 at different antagonist concentrations are
not different. In other words, if the mean K,-jj_ss denoted by "y" 
analysis of variance (ANOVA) tests whether dy (change in y) is signi­
ficantly different from zero or not, Both the A — S and Mackay analyses 
are log - log plots (i,e, both the abscissa and Ordinate values are in
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m

logarithm) and ths slope of the lina is a measure of the ratio of tha 
relative change in ordinates (ys) to the changa in abscissae (xs), In 
other words the slope equals Thus, even if dy is very small and
judged not to be different from zero by analysis of variance a much 
smaller <&, for instance, will render the slope dy/cfc< a big value which 
may become significantly different from zero in the fteckay plot, To 
buttress this explanation the mean pA^ value obtained et each 
antagonist concentretion were compared by ANOVA and the values proved 
not to be different even though the pA^ regressed significantly on 
the log-antagonist concentretion In the Meckay plot, This may suggest 
that a comparison of the mean K ^ ss may ke a more precise way of 
testing for competition in drug antagonism. However, the information 
obtained from the A — S plot is still useful especially as the NA:
L — YOH pair yielded a slope that Is not different from one, It 
shows some differences between NA and PE in their interaction with 
L—YOH, PE, unlike NA produces its contractions chiefly via the 

O^-adrenoceptor subtype while L-YOH acts mainly at,the
Subpopulation, Thus, the two drugs act at different loci in the

i
preparation, The competition between such a pair might not be 
"perfect", This may be what was reflected as the low A — S slope 
value 0,55 + 0,18 (Fig, 15b & Table 2a) (which 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 
a change dx in the abscissae (log B ) is much bigger than the 
corresponding changa dy in the ordinates (log x — 1) — on the A — S
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plot - which is not the case in the ideal competitive antagonism, In
a ...3* ’ ■

a log — log plot like the A — S plotj
Small change dy « log - log y 1 *» yp/y-j ancl likewise dx **

log - log Xg ■ x^/x^« Thus, a 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
factor between two dose—ratios or antagonist doses, whichever the case
is. In the ideal competitive antagonism the multiplication of a certain
antagonist concentration by a certain factor results in a corresponding
multiplication of the dose ratio by the same factor, making the slope ♦
of the A — S plot one, But in a case where the Schild slope is less

v

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 factor, Practically, this implies that L — YOH 
Is so much "more than a match" for PE, in their competition for 

OC2—adrenoceptors, that after its first dose there remained little or 
no more OC^-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 appreciable change in the products, 
The Mackay plot also portrays this Observation, The ordinates on the 

Mackay plot are pA^ values, pAg Itself is a logarithm value. Log 
(x - 1) - log B yields a log value pA^ the antilog of which equals
V „ ^— -g—  , That iSj pAg is the logarithm of a ratio« Thus dy in the

,f; ? v
log y2 - log y, - log 5 - - leg 5 -

2 1

Mackay plot
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(where a and b represent tha nunerator and denominator respectivaly, 
of the ratlo that yielded y) or

£>i tha abscissa « log x. - log o r — - • Tha abscissa valuesi *= x2
fxs) are the same as the denominator b(antagonist molar concentration) 
ln the above equations. Thus,

X1 b1——  can also be written as -rr- •
X2 °2

The slope of the Mackay plot regrsssion line
’1

a. or log &2 - log a 1

which is the ratio of the dose ratlos. The dose ratio was said (earlier 
on) not to vary much (compared with the antagonist ccncentrations),

Q

Thus, and a,j will not be very different ^nd the ratio f the
a 1

slope, will not be too far from one even though dy [ d p i s  not 
significantly different from zero.

VAS: NA and PE produced concentratlon related contractions of the 
rat vas deferens (rV0) with pD2  values of 5.16 + 0.03 and 5.47 + 0.05 
respectively in the absence of cocaine. Xn the presence of cocaine 

respective pD2  values of 5,42 + 0,03 and 5.72 £  0.04 wäre obtained
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(Table 1), The pDg 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, LaPidus, Campbell & Tye (1967) obtained a pD^ 
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 innervated. 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 
difference. The tightness of the junction in the vas might make the 
uptake^ 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 uptake^ efficiency in 
the preparation.

Low concentrations of prazosin (L-Praz) produced competitive 
antagonism to both NA and PE with values of 8.00 + 0.04 and 8,35 + 
0,08 respectively (fable 2b), These same concentrations of prazosin
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gave a non-competitive antagonism of NA in the anococcygeus' muscle.
At higher concentrations prazosin produced an irreversible blockade 
of NA, which samc concentrations gave a corcpetitive antagonism in the 
anococcygeus. This suggests that NA does. not evoke its anococcygeus 

and RVD contractions by idenfcical receptor mechanisms. It seems that 
NA, like RE evokes its contractions of the FM) via a prodominance of 

ö^-edrenoceptors. Yohimbine produced two Schild lines corresponding 
to its low and high concentration ranges (Fig, 16) against both NA and 
PE as it did in the anococcygeus muscle, However, unlike in the 
anococcygeus muscle the antagonism was not competitive at either YDH. 
concentration ränge as judged by the slopes of the Schild lines which 

' were significantly different from one and the mean Kq,̂ ss values which 
varied with YOH doses (Table 5) in the cases of both agonists, It 
seems that YOH at both low and high concentrations could not produce 
a perfect competition against the agonists at the receptor sites. This

V  - r

may be so if the receptor site is GL— for which yohimbine exhibits* ✓
less preference. This supports the above Suggestion that the

t

contractions of ths RVD to exogenously-applied NA and PE are predcxni- 

nantly O^-adrenoceptor mediated, This has also been suggested by 
other workers (Docherty et al., 1977; Doggrell & Waldron, 1982). 
Nevertheless, the presence of a small Proportion of the O^-subtype 
canncrt be ruled out since the double A — S - line phenomenon was also 
exhibited in the vas deferens, One would expect that high YOH should 

produce a competitive antagonism even if only the OC^-adrenoceptors 
are present, since high YOH does not discriminate. This seems rather 
düfficult to explain at present. It may be that the C^-adrenoceptor
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populaiion of the vas deferens 4s not exactly the same as in the 

anococcygeus muscle« A similar Suggestion to this was made by 
McDonald G f/cGrath (i960) that the post~juncticnal ß(,~adrenoceptor 

Population in the Isolated RVD may not be the same as in the 

anococcygeus muscle and yet does not possess Ot^adrenoceptor 

characteristics,

It should be ncrl;ed that in marty experiments reroarkable enhance- 

ment ln maximal responses (to both NA and PE) of both NCR and Sf-R vas 

was observed especially in H-YOH experiments (Fig, 10), This kind of 

Observation has been reported by Jirkiewicz & Jurkiewicz (1976) but

ANQC, Muscle: In the, SHR NA and PE produced concentration related ccn— 

tractions with pD^ values of 5,17 + 0,07 and 5,80 + 0,01-respectively in 

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 isolated blood vessel 

preparations (Webb & Vanhontte, 1979; 'ilulvany, Aalkjaer & Christensen, 

1973; Harris, Swamy, Triggle G Waters, 1980) in which NA sensitiv!ty 

showed no significant difference between S.H.R, and normotensive rats, 

However, the PE pÜ2 value was different in the ERfl, In the presence of 

cocaine the responses were enhancsd and NA and PE had PO2 values of 
S.'Ci and 6,37 respectively, both values were significantly different

-1

it seems some more detailed experiments need be performed before this

could be satisfactprily explained.

SHR

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



85
from the NCR values. These values gsve dose ratlos of 2,75 + 0.09

• «■*

for NA, significantly different from the 6.31 + 0.08 in the NCR and 

3,72 + 0.12 for PE, not significantly different from 3,47 + 0.09 
obtained in the NCR. This seens to indicate sdtoa differenca3 in the 
uptake mechanism between the tJ-iR and NCR, to which NA is sensitive and 

PE is not. It may not be a general defect in the uptake mechanism since 

the two agonists are not equally affected but rather some change in 

uptake specificity whicn became "unfavourable" for NA. NA and PE 

structures are giWn below;

The lowar affinity of PE than NA for uptake^ in the NCR was adduced to 

the prssence on the nitrogen atom of the methyl (-CHg) group (iversen,
1967). A change in the stereo-specificity of the uptake process that

*
makes it more crucial that the Ohf* load on the benzene ring be 

minimal will affect NA more than PE. It may well be that it is this 

difference in uptake mechanism that rendered the NA pD^ in the SHR 

similar to that in the NCR. It might have been a lower value (than 

in the NCR) as with PE but the lesser effect of uptake^ on the 

exogenously applied NA makes its concentration higher in the biophase, 

rendering the observed pO^ higher than it should have been. Thus, the 

values obtained after cocaine has eliminated the influence of the

. '*&***■-
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upfcake mechanlsm may be more repräsentative of what obtains#

The lower pOg of both agonists in the SHR suggests that they are 
less potent in the SHR than in the NCR in the anococcygeud’ musclv#
This, in tum, might 5„mply tbat the OC-adrenoceptors in the°SHR are 
less sensitive# However, it should be mentioned that in soroe of the 
above cited studies on isolated blood vessel preparations (Mulvany et 
ol#, 1979; Webb & \tenhontte, 1979) it was observed that NA was more 
potent in the SHR after the elimination of the uptake^ mechanism 
(either by cocaine treatment or acute Chemical denervstion)# They 
concluded that the uptake, mecharrirm in SHR is more efficient than in 
th8 normotensive and that it is this effect that nrsjsks the greater 
sensitivity of the. SHR preparations to NA in untreated preparations,

- i  '

This Observation fand consequently the inference) is contrary to that
1/presented in this report, This may iot be easy to explain. Neverthe- ■ •

less, it is not unlikely that there exist differences between vascular
i- ..

and norv-vascular tissues in the pathophysiologic alterations in SHR 
tissues. For instance neuronal uptake of NA is seid to be reduced in

c. #

the heart of hypertensive rats (Salt G Iversen, 1973; Howe, Provis G 
Chalmers, 1979)# Furthermore, the agordst potency ratios are not the 
same# PE is 2#04 times and NA 1,66 times less patent in the StB than 
in the NCR# Tt may be that there is an increase in the proportion of 

post—junctional OCg-adrenoceptors in the muscle, lowering the chances 
of PE in evoking a response, since PE was seid to produce its contractions 

mainly by 0^ ,-adrenoceptor Stimulation (Starke et al#!, 1975a, Brown
et^l, 1980 )#

Prazosin antagonism had similar characteristics in SHR and NCR#
.i- di
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L-fraz, 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

-9L-+’raz curves, The grand mean values 1,98 +0,18 x 10 and

2,52 + 0,35 x 10**9 for the PE: L—Praz pair in the NCR and SHR

respectively were not significantly different (Table 4), Grand mean

Kdiss value 3,77 + 0,15 x IO”8 for the NA: H-Praz pair in the NCR was
-̂ 8significantly different' from 9,99 + 1,68 x 10 obtained in the SHR 

(Table 4), Comparison between SHR and NCR of the L—Praz : NA pair 

interaction may not be valid because the antagonisms were non- 

competitive (mean varied with L—Praz concentrations), The grand

mean K_ĵ ss 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_^ss values 

1.00 + 0,16 x IO"8 in the NCR and 1,17 +0,29 x 10"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 selective for the O^-adrerioceptor while H-Praz, 

phentolamine and NA are not, Thus, it seems that differences only 

occur in interactions involving ÖLj-adrenoceptors,' This, again, 

suggests that there are differences between NCR and SHR in their 

(X ̂ -adrenoceptor populations. Thus, L—Y0H, which is relatively 
selective for the öC^-adrenoceptor gave grand K^iss values 9,52 +
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; ■ n

C,85 x ld’"t (fCR) and 2,ui + 0,25 x 10*" (5W) against NA, which were
significantly different, It shouid be noted hcwever, that in the OHR,
NA vs, L—YOH behaved like PF did in the NCR in that the Schild regression 
co-efficient was significantly different ^rom one despite the fact that 

the mean K . „ 5 3 did not vary with antagordst concentration, This may 
not be explained as done for FE above because NA, unlike FE, doas not 
discriminate between OCo- and CC,~ receptors» L-YOH was competitiwe 
(A — S slope was not different fron 1 and the mean K ^ sc constant) 
against PE in the S W  unlike in the NCR where the A — S slope was 
different from urdty, This inconsistency cannot be easily explained, 
Nevertheless, it may be that the CX^-^drenoceptors in tha S W  are also 
somewhat qualitatively different, Altarnativ/ely it may be explained as 
due to the increased OC^-edrenoceptor Proportion which increases the 
involvement of OC^^adrenoceptors in the PE contractions, The
Proportion is now high eneugh to renaer the PE vs, L—YOH interaction*

competitive (as in the case of NA vs, L—YQH in the NCR}, Against PE 

the L—YÜH. were significantly different «between the NCR and the
S W  but the H-YDH K ^ ss were not (Table 4], WYOH was suggested to

W t
act on both 0 Cr  and Ot^-adrenoceptors without preference for anv, 
so it behaved in a similar way to H-Praz and phentolamine. The different

Kdiss values obtained (between NCR and SW) with L—YOH might be 
disregarded because its action is more on the CC^-adrenoceptor subtype

while the agonist PE produces its effect via O^j—receptors, that is 
(as mentioned above) the antagonism was not perfect,' Comparison 
between NCR and S W  of the NA: B-YOH pair was disregarded.
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Phentolamine, L—YOH and H-YOH bchaved different ly (frorn the NCR) 

against NA in the EM3 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 bc that there is a qualitative change in the 

receptor population apart frorn the change ln proportions, In a general 

sense, this cüscrepancy seems to occur less in interactions ir.volving 

PE than in the esse of NA* This may süggest that the alteration 

affects some part of the receptor molecule that is not so crucial to 

PE in evoking a Stimulus, for example OCgr-ödrenocsptor-like component,

». 9  «* Y " " "  *  ■ •A'- j '"

VA5: In the SIR both agonists produced concentraticn—related 
contractions of the RVD with pD^ value of 5,46 + 0,04 for NA and 

5,32 + 0,06 for PE in the absence of cocaine. In the presence of cocaine 

NA and PE produced respective pD^ values of 5,86 + 0,05 and 5.80 + 0,05, 

Both NA values were significantly different from those in the NCR 

whereas the PE values were not, This suggests that thera might öe an 

increase in *  -adrenoceptor population or sensitivity which influences - 

NA but not PE, It was suggested earlier that the RVD post—junctional 

adrenoceptor population is predominantly of the OC^—subtype with the 

possibility of a very small C^g”* Proportion, It should therefore be 

possible, if in spite of the increase the 0 L -  is still relativst/ of 

considerably low Proportion, that PE evokes its cantrection largely by 

<X; -receptor Stimulation, The OC^-subtype might form a part of the
"spare" receptor population especially if PE evokes its maximum 

contraction ptilising a very small QL-receptor Proportion, NA mey be
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more sensitive to an increasa in a  „-^adrenoceptor population since

»

it is non-salective for either subtype, However, if it acts in this

preparation as full an agonist as PE it wouid be expected to prcduce

its own action also treatlng tho "additional" OC0-odrenoceptors as

spare. This does not ^eem to be the case. NA reflected the probable

increase in 04  ̂-subpopulation in the SHR in its higher pD^« Wouid

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

almost all the receptors such that the increased 0(, «subpopulstion in

the SHR was useful and provided for graater responses? The maximum

responses were not compared between EHR and NCR, Responses wers *
recorded as percentage of maximua* These results are not consistent 

with that of Corbett et al, (1980) who observed no significant difference 

between SHR and normotensive rat ves deferens in NA E C ^  values. However, 

they observed a greater maximum tension in the SHR,

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

NA and PE respectively were significantly different 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 

potentiation fector fthan with NA) obtained with PE cannot be easily 

explained especdally considering the fact that the PE potentiation factor 

was not different between NCR and SHR in the anococcygeus muscle.

In the antagonist studiss, cnly in the case of phentolamine vs,

PE was the comparison (between SHR and NCR) of the grand mean 

velues regarded. In all other cases eit her one or both of the two rat 

strains had the agonist; antagonist interacti^n being non-competitive
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and the compariscn of all such cases were disregardad for the reasons 

glven earlier on. The phentolandne: PE palr produced competitive 

antagordsm in both NCR and S!fi with respective grant mean values

of 1*11 + 0,10 x 10*"0 and 1,33 + 0,17 x TO-0» the diffex'ence betwean 

these was net statistically signifioant, This single Information may 

not be streng enough a premise upon which to make an adduction (es was 

done in the case of the anococcygeus muscle), However, if a simllar 

alteratian in the receptor papulation is present in the two preparations 

(es the agonist studies seem to show), it can be said that the sirrdlar 

characteristics (between the NCR and SHR) of the phentolandne: PE pair 

show that there is no change in the ÖCj-mediated component cf the 

- contractions,

L-Pr'az, was not competitive against NA in the SHR whereas L—YÜH 

was competitive as opposed to the characteristics of the antagordsts in 

the NCR (fable 5), This may be as a result of a probable increase in 

oc2- ■adrenoceptor population, L-Praz, now behaved as it did against

NA in the anococcygeus muscle (explained above) and the increased>
0C 2~P°Piilation brought more ÖC2~recsptors into play in the NA 
contractions, rendering L—YOH antagonism now competitive, But also, 
L-^raz was non-competitive against PE even though they both act 

preferentially on the OC^-adrenoceptor subtype, Similarly phentolandne 
was non-competitive against NA despite both of them being non-selective 

and yet it was competitive against PE (Table 5), L—YT3H also proved 

competitive against the predondnantly (X^ediated PE responses 

despite L—YDH being <x 2~selective, These may suggest that there is 
some kind of qualitative alteration of the post—junctional
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(X—udrenoceptors in population apart from the probable increat.1

in C^-proportion, In ths case of the RVD it is difficult to say 
which of the agonists is ntore sensitive to the alteration* This i^  

unlike the case in th8 anococcygeus, Mcw/ever, it should be noted 
that these observations are due to the interactions of the drugs with 

the "resultant" receptor (after the alteration). Thus, the slight 
differences fbetween Ai\DC and VAS) might be due to different "resulte.- 
This may net be uc<expected, especially if the alteration is qualitatively 
the same, since the CK ,-adrenoceptor in the ves is not exactly tho 
same es in the anococcygeus muscle (suggested eerller on in this reuorv 
and also by MacDonald and McGrath, 1900). The action of H-YOH in 1:‘ ■ 
vas deferens might involve seme other mechanisms that are yet to bn 
elucidated, For instance yohimbine has been shown to block dopamim 
(TayOj 1979b)and (Kauman, 1983) receptors,'

The present results seem to suchest that physio-pathological 
alterations in the SHR may not be identical in various tissues or o'rgans, 
Thus, it may not be possible to extrapolete*the Information obtained 
from any one preparation to others, However, if - as suggested for -tt̂e 
preparations in this study — an apparent increase in the post—jur.ctienat 
<* 2-ödrenoceptors occurs in SiR blood vessels, it may possibly be 

responsible for the conflicting reports obtained in in-vitro studier 
of isolated vascular preparations* In vitro studies of the post- 

junctional (X^-^drenoceptors nave not yielded very consistent resul■ 
although in vivo studies seem more consistent. Thus, McGrath [l9gl)
opined that the p re eise condition s are not yet known under wnich pss4-
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junctional ü^-adrenoceptors •>can be well demonstratad ln vitro« He 

presented evidence showing that changes in the blood acid/base balanee

(due to changes in gas t nsions) resulted in changes in- vsscular post-
- .. -> —

junctional £>(-,-adrenoceptor ebaracteristics# /Ü.so, Drcw (19S2), 

citing the studi.es of other workers (Starke et al, 1974, 1975; Buffalo 

et alt 1979) showed that sorne agonists like tnamazolina and Clonidine 

which are selective CC^-^gordsts act as full agonists in vivo but 

es partial agonists in vitro, This shows how crucial the composition 

of the physiologiccil Environment is to OC^—adrenoeeptor cheracteristic 

It may accourrt for the difference-, between the observations of 

different groups of workers who are using similar preparetions but with 

slight variations in experimental conditions«
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APPEMTCX I

The theoretical background of pÂ , and pD̂ ,

A, The interaction between a drug, 0, arid its receptor, fl, can be 
expressed aa

Drug + Peceptor Drug—Peceptor Complex,

D + R q r = ±  D - R ....... (eq. 1.1)

Tt is believed that the observed response occurs as a result of the 
formation of the D-R comolex. The magnitude of the response depends 

upon the degree of interaction between the drug molecules and the 
receptors.

D +’ R D - R -=s=a> response.

By the Law of Mass Action, this (D — R complex) itself is a function 

of concentration of the drug and the receptors availafale for interaction, 

Thus, if a concentration A of the drug combines and fortns the complex 

with a proportion, r, of the total numöer of receptors present (which 

canncrt be easily determined), the proportion of receptors remaining 

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

proportion" being unity).

These concerrtrat^ons can be «vri.LLen out in ths form of an eqi gh 

A + 1 - r r .......... (eq, 1.2)

The concentration A of the drug is assumed to be in excess so that the 

cttfference in concentration after forming the complex is negligible. K.j 

and are the rate constants for the forward and backward reactions 
respectively, that is, the formation and dissociation of the complex.

;4 \
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rate of associatiön 
rata of dissociatica

At equilibriun, the two ratas are equal. 
K. r

B " aT w T .........
Thus, N

*2 "
K

K,,A (1 - r).

K^r,

, (eq. 1.3)

where K0 is the Affinity Constant, Hie affinity constant is a measure 

of the readiness with which the drug forms complexes with the receptors, 

Thus, differences in affinity constant with the st'ma agonist (under the 

same experimental ccnditions) on different preparetions will indicate 

the presance of a different type of receptor or the same receptor with 
different binding charecteristics.’ »K will therefore be useful in

* i-
ccmparative studies on receptors*

A» J, Clark ('937) suggested that the magnitude of the response is 

proportional to the frection of receptors occupied and that the maximum 

response is obtained when there is e ,’nundred per cent occupation of 

receptors, A 50$ occupation will produce half the maximum response,

Fron eq, 1.3

r will be £ at 50$ receptor occupation, If the.molar concentretion 

of the agonist prcducing half of the maximum response (i.e, 50$ receptor 

occupation) is A ^

Ka a50 f1 “ r) " r 
*50 is commonly referred to as the EC^g

Ka ÊC50^ “ ?

Ka (ECgo) -  1

,>■ 1
EC50

•T
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- loff ECg-j » log Kq

~ log ECc.j is what was described in Chapter 2 as the pD^« It is thus

an estlmate of K which can be used in receptor cüfferentiation« a
The original assumptlon by Clarke has slnco been modified fAriens, 

1954; Stephenson, 1956; Nickerson, 1956; Furchgott, 1965) and it is now 

known that the raaximurn response may be obtained without a necassary 1CD̂ > 

receptor occupation« K’evertheless, a requisite fraction of the total 

receptor Population needs be occupied to obtain a maximum response«

The "excess" fraction of receptors forms a "receptor reserve" or "spare 

recepters" (Nickerson, 1956), Thus, in some tissues, a significant 

Proportion of the receptor pool could be irreversibiy insetivated, and 

yet a maximun response to a strong agonist could still be obtained if 

higher concentrations of the agonist were administered, The maximun 

would be depressed bnly 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 
response),

Thus, the ECg-, (molar concentration of drug required for half 
maximal response) of an agonist may not necessarily be the amount of 

drug required to occupy 5Q°4 of receptor pepulation (which, according to 

the Law of Mass Action is the dissociation constant), Therefore ECgy 

(and pD,pa its negative logarithm) may not be eccurate estlmates of the 

dissociation constant« Furchgott (1966) developed a mere accurete 

method of estinating the dissociation constant of an agonist. This 

disharmony between EC^q and the dissociation constants of full agonists
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was discussed in detail by Ruffolo (1982) in a recent review.

Neverthelnss, the (or pD̂ ,) is still usoful especially in
comparative studies like the present one» The EC^q of an agonist on

a particular preparation is a constant characteristic of the ogonist: 
tissua interaction, likewise the proportion of receptors occupied (at 

EC^) - never mind the actuol value. Thus, if fron two different 
strsins of animal the same preparation yielded different EC^g values 

for ö certain agarüst, it suggests the existence of differences between 

the two strains in the reactivity of the preparation to the agonist,

A change in EC^g indicates a corresponding ohange in the Proportion of 

receptors occupied, which in turn indicates a change in the total 

receptor number, This is evidenced by the fset that EC„g changed as 

the total nunber cf "active" receptors was reduced by an irreversible 

antagonist even though there were still more than enough receptors to 

reproduce maximal response (Ariens, Van Rossum 5 Koopman, 1960;

Furchgott, 1966), It 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 levei. An 

alternative theory of drug action was proposed by Paton (1961), The 

Rate Theory, es it is known, beiieves that the response is a function of 

the rate of association of drug molecules and 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 "procsss of occupation".
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The rate of interaction of drug and receptors however still depends 

on their individual concentrations and the Law of f.&ss Actiori is there— 

fore still applicable, At equilibrium conditions there is little or no 

diffenence between the two theories, The rotes of assocdaticn and

dissociaticn become equal, the number or Proportion of receptors taklno 
part in the interaction at any time during the equilibrium baing constant, 

One may then talk of the Proportion of receptors being "utilized" 

instead of receptors occupied, The response is therefore still dependent 

on K_ as is shown mathematically below.

k 1.

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

« Z - K<, (1 - r) A ......,V.V.V(1.4).
•  i:

8y the rate theory the response depends on Z,

at equilibrium ® Z 1*5,
*

From eq, 1,3

K,j A [1 - r) « l^r 1.6“ '
r‘“• ' - • *.'* ir ■ f * ' •"

After mathematical re-Arrangement

T 2 7 + A ............ . 1*

From eq, 1,5
r - _ L _

Z A
*2 " ‘+ A

AK-> AJC,
z A o r w ~ + ...... °
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Thus Z, which deiermines the roagnitude of the response is directly 

proportional tc Ka« Accordingly, all responses in these studies were 
equilibrium veiues*

TT.e equation ^  » A (> „ r) (eq, 1.3)

is general and it assumes that one molecule (or a mole) cf the 
agonist combines with a molecule (or a mole) of the receptor/ Wien 

2 molecules of the drug combines with one of the receptor the rate of 

associstion becorres (1 ~ r).

At equilibriun Kg « —^
f\ (1 -  r)

Wien *n* rsumber of drug rnolecules combine with a receptor molecule

• -- 1 (eq, 1.3a)
An (1 « r)

5» The affinity of a competitlve antagonist for a receptor can also 
be used in classifying receptors or for asses'sing differences in 

characteristics of the same receptor when present in different effectors 

or in the same effector in different physiological conditions, Tnese 

uses are based on two principles:

(i) that a competitive antagonist should produce a constant value 

of affinity constant when tested against various agonists if 

all the agonists and the antagonist are acting on the same

receptor,

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



100
(ii) thet a cpmDetitive antagonist should produce a constent 

vulue of affinity constant v;hen used aguirist o 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 
G, each irrterecting with receptar R^ follaw the mcdel

D + R D»R response

G 4- R G»R no response»

The affinity constent of the agonist reaction is K and that of the 

antagonist K^* cannot be datemdned as done ebove for an agonist 

because it does not produce a response of its own# Its effect is showr. 

only in its ability to reduce the effect of an agonist by competing 

with the agonist for the receptors," Thus, if curve (a) of Fig, 1 is 

the log»1 concentration—response curve of an agonist, curve (a + 

typically represents •-
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the agonist' doss—respcnse curva in the presence öT 'some constänt

cancentration of the antagonist* Curve (a + b.,) represents J‘‘ .0 curve
in the presence of a higher cancentration of the antagonist« The

antagonist shifts the curve further to the right, the higher Its

concentration» The degree of the shift (an indication of the conceo*

tretion and therefore the effect of the antagonist) is shown by the

"dose retio" A./A or A-./A, The dosd ratio is the ratio of the new

concentrotion (A^ or A^) of the agonist required tc echieve a certain

level of response R« to the initial dose of the agonist (a ) that
achieved R„ in the ahsence of the antagonist« The dose ratio is *
detcrrrdned in the mid-rsnge (linear porfcion of the curve) of the

responses thereby avoiding errors near the Physiologie extremes of

response, The affinity constant of an antagonist can therefore be

determined from a quantity like the dose ratio which indicates the
«

effect (a type of "response") of each concentration of an antagonist, 

The interaction of an agonist and its antagonist wlth a receptor 

when they are concurrently present in the System can be shown thus
... ' •_ . . . . . . .  __ __ _  ^ _______ t  _ _  •___ _ ' ______ _ _  .

G

D + R ^  DR response

GR

*no response«

'Cr~:
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In concentrstions

B
+

- 1 . 1 A 4- (1 « r — q J - r
*q

where A is the agonist concentration, B is the entagonist concentration,
4r is the Proportion cf the receptors bound to ths agonist, q, the

Proportion bomd to the entagonist and (l —  — q) is the renssining

(unbound) receptor Proportion at equilibrium, All concentrations are

molar vulues, If the affinity constant of the agonist is K and the• a
entagonist K. '

f<a 1 A (1 — r 1 — q)

V  1 *B (1 « r ' —  q)
1eliminating 1 — r —

r*-v-M 1

«  *  1 1 1 1  f x  *  1 '  «

1-9

1. 10

r q

V

* I r 4 T I ' 11 4 i *4 1-11

From eq, 1,10

( 1 -  r1} - q (1 + KfcB)

q . V  ( 1 -  r1)
1 + KbB

1.12
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Substiturlng Into eq. 1»11 

.1 ' Ol^ (1 ~ r)r
1 + ßKjj

After re-a rrangement

X
ÜKb

** ' ( V* V , 1.13

1 + 1 ^ 0 »■* ♦ % - - 1.14

whicfi is the reciprocal of the new Proportion of receptors occupied 

by ths agonist in the presenca of the antagonist* If the agonist
4concerrtration is increased to a certain value A so as to obtain the 

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

a new value of r [r ] ochieved v.'hich is equal to r,

Thus,

1 + i^B

Fron eq, 1.7

1/Kk +  A 

A
Therefore

1 + KbB

1
1
Tf

1

r

1/r

1 S»

1/K0 +  A

re^arranging

-  1 * 4  % < 1 *• * 1.*15
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The ratio a V a was descrlbed as the dose ratio» Schild (194?) 

defined and rienoted the ratio by "X" and dcfined a term pÂ . as ;the 
negative logrithn of a yeiue of B (molar concsntration of antagonist) 

which produces a dose ratio of X#*

- 104 -

pAy * -log Ex 
Taking common logarithms of eq« 1*15

log ( x ~  1) *« log + log 8 • # • • • • $ • • • « » « • 1.‘16

u. log ~ pA
« o t i  , . > * * 1*17

when X ** 2S log (x ~  1) becomes zero

pAu »  pAp «  log 4  t n i  j t i t ' * * * * 1.16

Thus, the pA^ is related to the affinity consfcant of the 

antagonist« The pA-, value can therefore be used to assess the potency 
of different antagonists against the same agonist on the same receptor,

or to differentiate receptors when a single antagonist is used against
*

a single agonist on different receptors« An antagonist prcducing

different pA^ values against a single agonist on different effectors
. __ * . 

*ill suggest the presence of two different receptors or differences in

the sensitivitiss of similar receptors.'

pA^ Determination

The equation ' •

log (x — 1) - log Kb + log B 1.16

is sirrdlar to the general equation of a straight line

y c + «
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where y represents the Ordinate values, xf the abscissa-values, m, 

ths slops and C the intercept on the erdinats, A plot of lo^ (x — 1) 
egainst log B will be a straight lins with an intercept log on the 

Ordinate and a slopo of unity, When X is 2, log (x — 1) (the y 

co—ordinato) is zero and th.e corresponding volue of log B is the 

intercept on the abscissa, Fron eq, 1,17, the negative value of the 

intercept (log B) on the abscissa gives the p h -J Also from eq, 1,18 

pA^ •» log K^* This means the intercept on the ordinete and the 
negative value of the intercept on the abscissa should be the same 

if the antagordsm is competitive,' Practically, this is found to be 
truc cnly wher> the slope is exactly one, Thus, the graphical 

estimation of Kc,̂ ss(o 1/«^) is accurate only wben the A — S slope « V  

From eq,’ 1,16

log (x - 1) » log Kjj + log B

when log (x — 1) =» zero
t»

— log ■ log B / 1.19
From eq,’ 1,a18 we know that pAg - log K^* Thus, a plot of pA£ 

against log B will be a straight line with a zero slope if (as with 
the ideal) the pA^ (and therefore the ss) does not vary with 
antagonist concentration B. This is referred to in this repert as 

the Mackay plot.’

■ f l *
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APPENDIX TT

STATISTICAL ANALYSIS

1* Measure of location
u n n n M a a  l l  I I M> «

The measure of location used in this study is the meari.

Mean Eum of observations 
Nuniber of observations er

£  X 
n

where n denotes the number of ObservationSj 5?, the mean, X, each

observation and _s£.X, the surn of n observations.*'

2. Measure of Variation

The Standard error (S.fe) was employad as the measure of Variation 

and it is given by
S.E ■* S.D

4

where S«b is tne square root of the roean squared devlation from the
mean*
i*e.

S.T) m

3a Regression Analysis

The regression line was fitted by calculation.' The equation of
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this line is defined by
y .« b,x + (y ~ b. x)

where x is the mesn n cf the x ~ (abscisca) cocrdinates and
y is the inean —  Df the y -»(ordinate j co-ordinatese

n

b is the slope of the line (atherwise knawn as the regressicn 
co-efficient) and is given by

C* %.* 1» #S' j f xy ~  ( : £ . * ) (  & y )
~-\2$  (* - x) n

( £  x)‘
n

(y ~ b« x) is the intercept on the Ordinate ( d V  Standard error of 
estimate «* S

° F  (y  -  vf
* n  ~ 2

where n — 2 o degrees of freedon,:

^  Cy -  y )c .2 - n - b. xy - ( t y )

A.
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Standard error of rcgression co-efficient %

S

Standard error of x — intercept (for the daterndnation of Standard 
error of pAg) -

Sx "

4, Test for significancs in differences between twofpO,-,, Kd^c.sJ 
slope or mean)

The t test was used, 

t - *A  "  ^

A ~  B

b a -  *j| is the absolute value of the difference between the

two values and ^ g- the Standard error of the difference between the 
two values,

S~A -  B JT7.

r
of MAr  + (S.E. of Mg]2

u
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*/>**

The degrea of freedom ** (nA + nB) ~  2 where nA and denote 
the numbar of cbservations in samples A and B respeotivaly, Wien 

one M velue (say is assumed (i*e, hoving neither n nor S»E),

SA __ g will ba SA and the degrea of freedom nA — 2«

5, Analysis of Varia nee f /WV^/A-)
This was used to test for signfficance in the differences between 

mean values in this study* *»*ie Statistical formulae used in this

analysis are presented below, arranged in ths usual tabular form in 

which it is done,

For equal sample slzes

■ ■ ■ — ■■■< .1 ............................................. |  .1 .  ■  ■ ■ .................... ... ' ' " -  I - 1 ■ ■ ■

Source d,f Sun of Squares Mean Square F

Anong cclumns k —  1
.2 2

SSC m € I h . „ !•*.r rK
MSC SSC

iPf
Mai 
MSE

Error fwithin kfr — 1) SSE » SST •* SSC MSE «=» ■)
columns)

? T 2Total rk - 1 SST - Xt j = ~ -

F a r unequsl scmrpZe sZzes

Source d*f, bum or Squares Mean Square F

Anong columns 7 7 r .. t  2—k « i  SSC « ^  -iii. „ I ”ni n MSC = —  k-1
MSC
MSE

Error (Within)
r

n « k SSE « SST *■» SSC
2

* SSE MSE « — - n~k •

Total n -* 1 SST «* ^ x j ; 2 -  Itt
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Both among and v/ithln the columns, this Statistical" testfrneasures 

the errors, Thus SSO means tun of tha squares of tha errort ’ a.r.uny the 
eolumns and SSE means tha nun of the squares of the errors within each 

colunn, But in practice the word '‘error" is dropped off, ThuSj 

SSO «3 Colunn sum of squares

SSE <• Error (within each column) sum of squares 

SST «* Total sum of squares 

. M3C «* Colunn Msan squaro 

MSE « Error -mean squsre 

■ nunber of colunnsk

r

ni
n

Ti.
T „

« nunber of observations in each column 
*» number of observation in the î *"1 column 
*3 total number of observations 
» Sum of the valuas in the ith column 
«* Sum of the Ti,*s (sum of all the values) 
•» the velue in the ith colunn,1
*» degrees of freedom.

Typical example

^diss va L̂ues a9 ainst PE on ANOC* at three L — YOH concentrations.

Is t 2nd 3rd

3,16 x 1CT8 3,41 x 10"8 6,44 x 10“8

2,66 2,95 4.96

5,53 8,21 5.11

3,53 5.32 i4,'60

3.81
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H0 » mean Kt,̂ 33 not different, « mean different#

Let <*C level be 0,05,
k k 0 , n « 13,

F (k -  1, n - k) « F(p.05)(2, 10) - *.10 (from F - tables)

T1* 18.199

v  a 19.89

V 31/13 ,

T*, *» es. 71
2 «*

n o
ij =

373,31

496,20 /

’s £ T i 2  

n j
411.04

SST * 496,20 - 373,81 « 122,39

SSO =
: •

411.04 373,81 « 37,23 *
SSE - 122.39 -  37,23 - es.16

<?

Table
■i

’
Source d.f Sum of Sqji Jfean Sa/ F

Änong 2 37.23 37.23

18,62

Within 1 0 05/16 8 5 .1 6 __.X7' 8.52  

1

Total 1 2 122,09

7
2 , 19

2#‘19 £ 4,10 , reject H1

Mean valuesj not d if fe re n t.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



R E F E R E N C E S

1 $

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



112
R E F E R E N C E  S

AHLQU'IST, R,P, (1948)* A study of the adrenotropic receptor'’,
Am, J, Physiol, 153, 586 ~ 6x30

AUEXANDER, N., HINSKAW, L.B, G DRURY, D.R, (1953): Devolopment of 
a strain of spontaneously hypertensive rabbits. Proc, Soc,
Exp. Biol. Med, 86, 855 - 850

ALTMAN, J., DA PONTE, F. G WORCEL, M. (1976): .Altered reactivity 
of stomach fundus smooth muscle in Okamoto spontaneous hyper*- 

tension. Br. J. Pharmec,, 50: 43a3,
ALTMAN, J., DA PONTE, F. G WORCEL, M. (1977): Evidence for a 

visceral *smooth muscle abnormaiity in Okamoto spontaneous 
hypertension. Br. J, Pharmac. 59 : 621 — 625

AWBACHE, N. G ABOO ZAR, M. (19?1): Evidence against adrenergic
motor transmission in the guinea-pig vas deferens, J. Physiol, 
(Lond.) 216, 359 - 389

ARENDSHORST, W.J. G BEIERWALTES, W.F, (1979): Renal and nephron 
hemodynamics in spontaneously hypertensive rats, Circ. Res.
44: 344 - 349

ARIENS E.J. (1954): Affinity and intrinsic activity in the theory 
of competitive Inhibition. 1« Problems and theory, Arch. 
Internat, Pharmacodyn. Grand, 99, 32 — 49

ARIENS, E.J. G VAN ROSSUM, J.M. (1957): pDx, pAx and pDx values 
in the analysis of pharmacod>'namics, Arch, intemat, 

pharmacodyn., Grand, 110, 257 — 299

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



ASIENS, E.J., VAN ROSSUM, J.M, S KOOPMAN, P.C, (i960): Receptcr 

reserve and threshold phenotnena, I, Theory and experirnents 

with autonomic drugs testeü on isolated organs, Arcfi. Int« 

Pharmacodyn., 1??; 420 — 478

ARIEN8, E.J., (19S3; Steric structure and activity of catecholamines
on alpha ond bota receptors» In: f.todem Concepts in the Relation­
ship Between Structure and Phamacological activity, Vol. 7 
eds, K.J. BRÜNINGS & P. LINDGREN. Proceedings of the First 
International Pharmacological Meeting (Pergama, Oxford) p. 247.

ARMITAGE, P. (1974). Statistical ethods in Medical Research
(Blackwell Scientific, Oxford, London, Edinburgh 5 Melbourne) 
pp* 209 — 301,

ARUNLAKSHANA, 0. 0 SCHILD, H.O. (1959)* Some quantitative uses of 
drug arrtagonists, Br. J. Phan ac. Chemother. , _14, 4 8 - 5 9

BARNETT, A., SYMCHOWICZ, S. STABER, I. (i960): The effects'of
drugs inhibiting catecholamine uptake on tyramine and noradre—

J naline - induced corrtractions of the isolated rat vss deferens,
Br« J. Pharmac«, 3 ^ : 484 — 492

BEItRVVALTES, W. H. S ARENDSHORST, W.J. (1978): Renal function of 
conscious spontaneously hypertensive rats, Circ.' Res, 42:
721 ■*=»

BENTLEY, S.M., DREW, G.M. S WHITTNG, S.B. (1977): Evidence for 
two distinct tvpes of post—synaptic alpha-adrenoceptor. Br,
J. Phaimac, 61̂ : 11GP «• 117P,

.v*s

113

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



114

BEYER, K. H, Jr, G PEULER, J.D. (1932): Hypertension: Perspectives. 

Pharmac. Rev. 34: 287 — 313.

BIANCHI, G., FDX, U., DI FR MC E  ECO, G.F,, BARDI, ü. G RADICE, M.
(1973): The hypertensive role of the kidney in spontaneously 

hypertensive rats. Clin, Sei. Mol. Med. 45, 135s — 139s,

BO'rf!, D.R, (1974). Reactivity of vascular smooth muscle from 

normal and hypertensive rats. Effect of several cations,

Fed. Proc. 33* 127 - 132.

BOWMAN, W.C. G RAND, M.J, (4980): Textbook of Phaimacology. 2nd 

ed.' (Blackwell Scientific — Oxford, London, Edinburgh and 

Melbourne).

BROWN, J. DOXEY, J.C. G HANDLEY, S. (1980). Effects of
ex -adrenoceptor agonists and antagonists and of antidepre­

ssant drugs on pre- and post-synaptic ß^-adrenoceptors. 

Eur. J. Pharmac. 67, 33 — 40
v

BUNAG, R.D. G T.AKEDA, K. (1979): Sympathetic hyperresponsiveness 

of hypothalamic Stimulation in young hypertensive rats.“ - ~ 

Am. J. Physiol, 237: R39 - R44

CAULFIELD, M.P., PATERSON, G. G WAYVES, A.R. (1977): Altered

response to noradrenaline of Vasa deferentia from genetically 

hypertensive rats. J. Physiol, (London). 226 (l) 18P — 19P.

CAtERO, I,, LEFEVRE, F. G ROACH, A.G. (1977): Differential effects 

of prazosin on the pre- and post-synaptic adrenoceptors 

in the rat and dog. Br, J, pharmac. 62, 468 - 469P.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



115

CLARK, A, J, (1937): In Heffters Handbuch der experimentellen

Pharmakologie, 4* (w. Henbner and T. Schüller, eds,). E* ringer 
Berlin,

CLARK, 0,W-J, (1971), Effects of lirsriunasympathectamy on develop-- 

ment of high blaod pressure in genetically hypertensive rats, 

Circ, Re3, 98: 330

CLINESCHMIDT, B.V., GELLER, R.G., COVIEB, W.C. G SJQERDEMA, A,

(1970): Reactivity to norepinephrine and natura of the alpha 

adrenergic receptor in vascular smooth musclo of a genetically 

hypertensive rat, Eur, J, Pharmacol, JJ3: 45

COLLIS, M.G. 5 VANHOUTTE, P.M. (1977), Vascular reactivity of

isolated perfused kidneys from male and female spontaneously 

hypertensive rats, Circ, Res, 4 ü  759 — 767

CONSTANTINE, J.W.,- GUNNELL, D." & WEEKS, R.A. (1980): 0^,- and

0^2" vascular receptors in the dog, Eur« J, Pharmac,, 66; 
201 - 286,

CORBETT, D, A,, GOLDBERG, M.T. , SWAMY, V.C., TRIGGLE,,C.R. &

TRIGGLE D,J, (19S0), Reactivity of vasa deferentia from 

spontaneously hypertensive and nermotensive Wistar rats, Can, 

J. Physiol, Pharmacol, 58: 656 - 665.

CREED, K.E«, GILLE5PIE, J.S. & MUIR, T.C. (1975), The electrical 
basis of excitation and Inhibition in th& rat anococcygeus 

muscle, J, Physiol,, 245, 33 — 47,

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



CUTTLLETTA, A.F., ERINÜFF, L. , !■ ELLER, A. , LOW, J. & OPARILt S, 

(1977): Development of left ventricular hypertrophy i.p’' ' i!v
young spontaneously hypertensive rats after periphere . 

sympathectomy. Circ. Res. £0: 429 — 434.

DAHL, L.K., \EINE, M. & TASSINARI, L. (1952a)* Hole of genetic
factors in susceptibility to experimental hypertension due to 

chronic excess salt Ingestion.“ Nature 1941 480 — 4B2,

DAHL, L.K. , HEBE, M. & TASSINARI, L.(1962b): Effects of chronic 

excess salt Ingestion. Evidence that genetic factors play 

an important role in susceptibility to experimental hyper­

ten sion ,' J, Exp, Med, 115, 1173 -  1190,

DAHL, L. K., HEINE, M. & TASSINARI, L. (1953): Effects of chronic 

salt ing8sticn: Role of genetic factors in both DOCA - salt 
and renal hypertension, J. Exp, Med, 118: 505 

DAHL, L.K., HEBE, M, & TASSINARI, L. (1965): Effects of chronic 

salt Ingestion, Further demonstration that genetic factors 

influence the development of hypertension, Evidence from 

experimental hypertension due to cortisone and to adrenal
regeneration, J. Exp. Med, 122, 533 __

DAHL, L,K«, HEBE, M, & THOMPSON, K.(1974): Genetic influence of 

the kidneys on blood pressure, Evidence from chronic renal 

homografts in rats with opposite predisppsitions to hypera» 

tension. Circ, Res., 34: 94 — 101,

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



11?
DAHL, L.K., KNUDSEN, K.D., HEIKE, M. Ö LEXTL, G,(l9£ö}i Effects of 

chronic excesstsalt Ingestion, Modification of experimental 

hypertension in tha rat by variations in the diet. Circ. Ras,
22 : 11

DAHL, L.K», LEITL, G, G• HEINE, M, (1972); Tnfluence of dietary

potassium and sodium/potassium molar ratlos on the.development 

of seit hypertension, J. Exp, Med. 136; 318 

DOCHERTY, J.R., MacDQNALD, A. & McGRATM, J.C. (1979): Further

Sulxlassification of O^-ödrenoceptors in the cardiovascular 

System, vas deferens dnd anoccccygeus of the rat, Br, J,

Pharmac* 67, <121 — 422P.
DOCHERTY, J.R, & fteGRATH, J.C. (i960): A comparison of pre— and

post— junctional potencies of severel alpha-adrenoceptor 

agonists in the cardiovascular System and anococcygeus muscle 

of the rat» Evidence for two types of post—junctional alpha— 

arirenoceptor, Naunyn — Schmiedeberg,s Arch. Pharmac., 312,

107 - 115,

DOGGRELL, S.A. & WALDRON, J,B. (1982): Effect of cocaine on tone

and contractile responses to acetylcholine in the rat

anococcygeus muscle, J» Pharm, Pharmacol,, 34; 4G8 — 410.

DOXEY, J.C. & ROACH, A.C. (1980); Presynaptic Ö^-adrenoceptors;

In vitro methods and preparations utilised in the evaluation .. »— ■■■■ *
of agonists and antagonists. J» Autan. Pharmac. 1; 73 — 99

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



118
DOXEY, J.C., SMITH, C.F.C, &'WALKER, J.M. (197?): Selectivity of 

blocking agents for pre— and post—synaptic C^-adrenoceptors.

Br« J« Pharmac« 60, 9 1 - 9 6
DREW, G.M. & WH3TING, S.B. (1979): Evidenco for two di st inet types 

of postsynaptic 0 \ -adrsnoceptors in vascular smooth muscle 

in vivo, Br. J« Pharmac«, 6?: 207 - 215 
DfCW, G.M. (1962): Alpha-adrenoceptors on autonomic effector cells;

Is there more than one kind? In: Trends in Autonomie 

Pharmacology 2^ Ed. S. Kalsner (Urban & Schwarzenberg, Baltimore — 

Munich).
DUNLOP, D. G SHANKS, fi.C. (1956): Selective blockade of adrenoceptive 

'beta receptcrs in the heart« Br. J. Pharmac, 32, 201 — 2IQ 

FINCH, L. G HAEU9JER, G. (1974): Vascular resistance and hypere- 

tensive rets, Blood Vössels, 11: 145
i

FOLKDW, B ., HAÜ-B/CK, M,, LUNDGREN, Y. & V O SS, L« (1972). The
1 «r

effects of "immunosympathectomy" on blood pressure and vascular
i

"reactivity” in normal and spontaneously hypertensive rats.
is « ti

Acta, Physiol. Scand. 64, 512

FOLKOW, B., HALLBACK, M., LUNDGREN, Y., SILVERTON, R. & WEISS, L. 

(1975): Importance of adaptive" changes in vascular design 

for establishmant of primary hypertension studied in man and 

in spontaneously hypertensive rats, Circ. Res, 32/33 

(suppl. I): 2-16.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



119

FCLKO'.Y, e, G HALLBACK, M. (1977): Physiopathology of spontaneous 

hypertension in rats. In: Hypertension eds, J« GENEST, E.

KO IW G 0. KL'CHEL (McGravMti.ll, New York) pp. 507 - 526.

FOLKQW, 8. (1982): Physlological aspect's of primary hypertension. 

Physiol» Rev. 62: 347 - 504.

FRIEDMAN, S.M« (1977): Arterial controctility and reactivity, In: 

Hypertension, eds. J. GEFEST, E. KD IW and 0. KÜCHEL McGraw — 

ttt.ll: pp. 470 - 485.

FRIEDMAN, S.M. (1979): Evidence for enhanced sodium transport in 

the tail artery of the spontaneously hypertensive rat.

Hypertension Jk 572 — 582. ‘i

FRÖHLICH, E.D. G PFEFFER, M.A. (1975): Adrenergic mechanisms in

human and SHR hypertension. Clin. Sei. Mol, Med. 48; 225s — 238s.

FRÖHLICH, E.D. (1977): HBmodynamics of hyoertension, in:

Hypertension, eds, J. fönest, E. Koiw G 0, Küchel (McGraw —

Hill) pp. 15 - 49.

FURCHGOTT, R.F. (1955). The use of B-haloalkylamines in the 

(Differentiation of receptors and in the determination of 

receptor-agonist complexes. In: Advances in Drug Research 

eds,, N.J. HARFER G A.B. SBfMQNDS Vbl.3 (Academic Press, London) 

pp, 283 — 335. ,

FURCHGOTT, R.P. (1972). The Classification of adrenergic receptors. 

Evaluation from the standpoint of receptor thsory, in: Cate— 

cholamines, Handb. Exp. Pharmacol., Vol. 33, eds. H. Blaschko 

and E, Muschall (Springer Vterlag, Berlin and Heidelberg) p.283.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



120

¥
>v

FUF€F!G0TT, B,F. (1976); Postsynaptic adrenergic re.jptor mechanisrns 

in vascular 'snooth muscle# In: Vascular Neuro* ■ 'ector 
Mechanisrns, 2nd Int* Symp# Odense, ed. Beven, J#A# (Basel:

Karger) pp# 131 - 142,

GALLGWAY, M.P. & ’äESTFALL, T.C, (1982): Tha roleasa of endogenous 

norepinepnrine fron the coccygeal artery of spcntaneously 

hypertensive and Wistar - Kyoto rats« Circ# Res# 51: 225 — 232,

GAT'.'GULY, D.K# G BHATTACHAFT/'A, 0,0# (1970); Adrenergic beta receptors 

in vas deferens. Archs# Int# Pharmacodyn# Ther,, 135, 405-412.

GIB8INS, I,L# & HALLER, C.J, (1979): Ultra—structural Identification 

of non-edrenergic, non-cholinergic nerves in the rat anococcygeus 

muscle, Cell Tissue Res. 200, 257 - 271

GIBSON, A. & GILLESPIE, J.S, (1973): Effect of inrnunosympathecfcomy

and of 6-hydroxydopamine on the responses of the rat anococcygeus 

to nerve Stimulation and to some drugs, Br# J# Pharmac#, 45,

404 - 416.

RT11 FFPTF, J.S. (1971): The rat anococcygeus; a new densely

innervated smocrth muscle preparation. Br. J, Pharmac# 43 , 430.
< .

GILLES3IE, J.S. (1972): The rat anococcygeus muscle and its 
response to nerve Stimulation and to some drugs. Br# J#

Pharmac#, 45, 404 — 416 v

GILLES3IE, J.S, 5 LULLMAN-RAUCH, R. (1974): 0n the ultrastructure 

of the rat anococcygeus muscle. Cell Tiss. Res., 149, 91 — 104

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



121
GILUESPIE, J.S.-G MAMJELL, J.D. (1971): Adrertergic innervatlorr of 

sphiincterlc and noo-sphincteric smooth wusele in rat i^testlna.

J» Histochem, Cytochem., 19t 676 — 031

GILLETTE, J.S. & McGRATH, J.C. (1973): The spinal origin of the

motor and inhibitory innervatien of the rat anococcygeus muscles. 

J, Phyaiol. (Lond.) 230, 659 - 672.

GILLEtPIE, J.S. & McGRATH, J.C. (1975): The effects of lysergic 

seid diethylamide on the response to field Stimulation of the 

rat vas deforens and-the rat and cat anococcygeus muscles.

Br. J.'pharmacol., 54, 481 — 488,

GILLE5PIE, j;s. & TILMISANY, A.K. (1976): The action of tetramethy- 

'lammonium Chloride on the response of the rat anococcygeus 

muscle to motor and irihibitory nerve Stimulation and to some 

drugs« Br. J. Pharmac« 58, 47 — 55,

GILLESPIE, J.S. (1980): The physiology and pharmacology of the

anococcygeus muscle. Trends in Pharmacol. Sei., J6, 453 - 457

GRESSON, C.R., BIRD, D.L. 5 S3J.PS0N F.O. (1973a): Plasma volume,

extracellular fluid volume and exchangeable sodium concentrations 

in the New Zealand strain of genetically hypertensive rat. _ 

Clin. Sei. Mol. Med. 44, 349

GRESSON, C.R., BIRD, D.L. & SIMPSON, F.O. (1973b): Plasma volume, 

total body sodium and total body water volume in young hyper^- 

tensive rats. Life Sei, 12: 393

GRESSON, C.R. £- S3ÄPS0N, F.O. (1974): Xncreased plasma volume in 

hypertensive rats with polyarteritis. Br. J. Exp, Pathol,
V “T*!* -- -

55; 519; quoted by Folkow and Hallback, 1977.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



122

J

\

HAEUSLER, 6., & FINCH, L. (1972): Vbscular reactivity to ____

5~hydroxytrypt amine and hypentension in the rat« Naunyn- 

Schmißdebergs. Arch* Pharmacol., 272: 101 - 116 
HALLBACK, M, & F0LK0W, B, (1974): Cardiovascular response to acute 

mental "stress” in spontaneously hypertensive rats» Acta 

Physiol. Scand. 90: GB4

HALLBACK, M., MAGNUSSON, G. & VE ISS, L. (1974): Stress-änduced 

ulcer in spontaneously hypertensive rats. Acta Physiol.

Scand. 9^: 64

HALLBACK, M., LLINDGREN, Y. & WEISS, L. (1971): Reactivity to

noradrsnaline of aortic strips and portal veins from spontane-

'Ously hypertensive and normotensive rats. Acta Physiol. Scand. 

81: 176

HAMILTON, C.A. & REID, J.L. (1980): Postsynaptic location of

OC^-edrenoceptors in vascular smooth muscle. Br. J. Pharmac., 
70 : 63P - 64R.

HARRIS, A., SWAMY, V.C., TRIGGLE, D.J. & WATERS, D.H. (1980):
- _  _ _    • ...... _  ;  _ . _     * .... _        _l_ L 

Responses to noradrenaline of portal vein strips from normotan— 

sive and spontaneously hypertensive rats» J» Auton» Pharmac. 3

U  61 - 6 6 .

HERMSMEYER, K. (1976): Electro-genesis of increased norepinephrine 

sensitivity of arterial vascular muscle in hypertension. Circ. 

Res. 38; 352 - 367.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



123
BIRST, G.D.S, G NEILO, T.O. (1980a); Evidence fax’ tv/o populations 

of excitatory receptcrs for noradrenaline on arterlolf'’ smooth 
muscle, Natui'e, 283 ; 767 — 766,

HIRST, G,D,S, & NE3LD, T.O, (1980b); Some propcrties of spontaneous 

excitatory junction Potentials rscorded from arteriolas of 

gulnea-pigs. J. Physiol,, 303, 43 - 60 
H0LL0WAY, E.T., & BOHR, D.R. (1973j: Reactivity of vascular smooth 

säusele in hypertensive rats, Giro, Rss. 33: 578 - 685 

HOWE, P.R.C. , PRO VIS, J.C. , WEST, M.J. & CHALf.ERS, J.P, (1979);

Changes in cardiac noi’epinephrine in spontaneously hypertensive 
and stroke-prone rats. J. Cardio, Pharmac., 1; 115 - 122 

IVERSEN, L.L, (1S67); The uptake and storage of noradrenaline in 
sympathetic nerves, Cambridge University Press.

JAUERNIG, R.A., fvUULDS, R.F.W. & SHAW, J. (1978): The action of 
prazosin in human vascular preparations» Archs, int.

%r

Pharmacodyn. Ther,, 231, 8 1 - 6 9  
JONES, A.W. (1973): Altered io.n transport in vascular smooth

muscle from spontaneously hypertensive rats« Influences of 
aldosterone, norepinephrine and angiotensin, Giro» Res, 33;
563 - 572.

JUDY, W.V., WATANABE, A.M., TENRY, W.R. & HÖCKEL, G.J, (1976): 
Sympathetic nerve activity: Pole in regulatian of blood 
pressure in the spontaneously hypertensive rat. Circ« Res.
38, (Suppl II): 2 1 - 2 9

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



124

JURKIEWICZ, N.H., JURKIEWICZ, A. G VALLE, J.R„ (1971): Contractile

resorve after maximurr, doses af full agcnists on the m t  vas'*r\'
deferens, Pharroacology, S: 129 — 144 

JURKIEWICZ, A. G JURKIEWICZ, N.H, (1976): Dual effect of

QC~<idrenoceptor antagonists in rat Isolated vas deferens,

Br, J, Pharmac«, 56: 159 — 178

KAPUR, H. G MOTTRAM, D.R, (1978): A comparative study on the pre- 

and postsynaptic alpha blccklng activity of a series of 

benzodioxanes. Biochem, Pharmac,, 27, 1879 — 1880 

KAUMANN, A.J« (1903): Yohimbine and rauwlscine inhibit 5~ 

hydroxytryptamine-induced contraction of large coronary 

' arteries of calf through blockade of S-HT^ receptors» Naunyn — 

Schmiedeberg’s Arch, Pharmacol., 323: 149 — 154 

KLINE, R.L,, KELTON, P.M. G f.ERCER, P.F. (197S): Effect of renal

denervation on the development of hypertension in spontaneously 

hypertensive rats, Can, J, Physiol, Pharmacol, 56: 818 — 822, 

KDLETSKY, S., SH00K, P., G RIVERAr-VALEZ, J.(1972): Absence of 

hyperactive renal humoral pressor System in spontaneously 

hypertensive rats. In: Spontaneous Hypertension, ed, K, 

0KAf.10T0: 199 — 202, Igaku Shoin Ltd,, Tokyo,

LAIS, L,T. G BRODY, M.J. (1975): Mechanion of vascular hyper—

responsiveness in the spontaneously hypertensive rat. Circ, 

Res. 36/37 (suppl, i): 216 - 222.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



LANDS, A.M, S BROWN, T.G, Jnr. (1964): A comparison of the cardiac 

stimulating and bronchodilator actions of selected 

sympathomimetic amines, Proc. Soc, Exp. ßiul, & Ved. 11G.

331 - 333.
LANDS, A.M., GROBLEWSKI, G.E., BROWN T.G, Jnr. (19GG); Compyrison 

of the action of isoprenaline and several related compounds 

on blood pressure, heart and bronchiales, Arch, Xnternt. 

Phanrecodyn, 1£1, 68 — 75,

LANDS, A.M.,ARNOLD, A*, HcAULIFF, J.P. , LUDUENA, F.B« & BROWN,

T.G, Jnr, (19S?): Differentiation of receptor Systems 
activated by sympathomimetic amines, Nature (Lcnd,) 214,
997 - £ÖB.

LANt, B.P. & RHODIN, J.A.G. (1964): Cellular intei'-relationship 
and electrical activity in two types of smooth muscle. J.

I Ultrastruc. Res,, _10: 47C - 483,
LANGER, S.Z., ADLER, E., ENERO, M.A. & STEFANO, F.J.E. (1971), 
i . *

The role of the C^-receptor irt regulating noradrenaline
overflow by nerve Stimulation XXVth International Congress
of Physiological Sciences, p. 335, Munich.

4
LANGER, S.Z. (1973): The regulation of transmitter release elicited 

by nerve Stimulation through a presynaptic feedback mechanism. 
In Frontiers in Catecholamine Research, ed. Usdin, E. &

Shyder, S. pp, 543 ~ 549« New York: Pergamon Press.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



126
LANGER S.Z. (1974): Prasynaptic regulation of catecholamine 

release. Biochem, Pharmac,, 23, 1793 - 1800*

LANGER, S.Z. (1977): Pi'esynoptic receptors and their rolc in the 

regulation cf transmitter release. Br, J« Pharmac,, 60,

481 - 497.

LEE, D.R. & SIMP90N, F,0. (1973): Effect of Propranolol on blood 

pressure, heart rate and exchangable sodium in genetically 

hypertensive and normotensive rats, Proc, Univ« Ofcago, Med, 

Sch. 51: 51; quoted by B. FDLKDW G M. HALLS/'CK, 1977,

LEVY, B, (1964), Alterations of adrenergic response by N-15G— 

propylmethexami ne. J, Pharmac, exps Ther« J46, 129 — 138* 

LEVY, B. (1966): Adrenergic blccking activity of N-*tertiary

butylmethoxamine (butoxamine), J. Pharmac* exp. Ther, 151, 

413 - 422.

LIARD, J.F. (1977): Renal denervation delays blood pressure
increase in the spontaneously hypertensive rat, Exparientia.

4

33: 339-340

LLOYD, T. & BOYD, B. (1961): Development and regulation of 

hypertension in the spontaneously hypertensive rat:

Enzymatic and nutritional aspects. In: Regulation of 

Monoamine Enzymes: Basic and Clinical Aspects, eds. E, USDIM,

N. WEINER & M.B.H. YOUDIN; pp. 843 - 854 Macmillan, London.
*

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



127
MacDONALD, A, & McGRATH, J.C. (i960); The distribution of

adrenoceptors and other drug receptors between the tv/o ends
4 * *

of the rat vas deferens as revealed by selctive agordsts and 

antagonists. Br, J, Pharmac«, 74: 445 ~ 450,

UPCKAY, D. (1978): How should values cf p/V, and affinity constants 

for pharmacological competitive antagonists be estiroated?

J« Pharma Pharmac# 30, 312 t  313,

MACHT| Dal, (l917): Action of Opium alkaloids on the ducts of 

ths testis# J, Pharmac, Exp, Thar, 9, 121 - 127,

MARTNSj T, & VALLE, J.R, (1939): Endocrine control of the motility 

of the, male accesory genital organs« Endocrinology, 25, 80-00 

DORATH, J.C. (1978): Adrenergic and ‘ncn-adrenergic* components 
in the ccntractile response of the vas deferens to a single 

indirect Stimulus, J, Physiol, (London), 283; 23 — 39 

McGRATH, J.C. (1982): Commentary: Evidence for more than one type

of post-junctional O^-ödrenoceptor. Biochem, Pharmacol. 31;✓
467 - 484,

- _ r __     ___ _ .    r .» . ■ _ 3  
McKIRDY, H.C. & MÜIR, T.C. (1976): The response of the rat

anococcygeus muscle to Stimulation of the individual extrinsic 

nerves and its modification by drugs, Br. J. Pharmac. j57, 434P. 

McKIRDY, H.C. & MUIR, T.C. (1978): An investigation of the role 

of ganglia in the innervation of the rat anococcygeus muscle:

An electrical and mechanical study. Br. J. Pharmac« 64, 173-184

• • f’)t-

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



120
MULVANY, W. J., AALKJAER, C. G CHRISTEN EEN, J, (1979): Effect

of age an rioradrenaline sensitivity of mosenteric resistancs 

vessels in spontaneously hypertensive and Wistar-Kyato rat . 

Clin. Sei., 59, /13s - 45s,

MULVANY, M.J., HANSEN, P.K., AALKJAER, C, (1970): Direct evider.ee 

that tho greater contractility of resistance vessals in 

spontaneously hypertensive rats is associated with a narrowed 

lumen, a thickened media, and an increased nurnber of smooth 
muscle cell layers. Circ. Res, £3: 053 ~ 663.

NGHIEM, C., SWAMY, V.C. G TRIGGLE, D.J. (1982): Inhibition by 

methoxyverapamil of the responses of smooth muscle frörtt 

spontaneously hypertensive and normotensive rats« J9: 177 — 185,

NICKER50N, M. (1956): Receptor occupancy and tissue response,

Nature, 175j 697 - ©8.

NO RBERG, K.A, G HAf.BERGER, B. (1964): The sympathetic adrenergic 

neuron. Acta Physiol. Scand., Suppl. 238, 1 — 42.

NORMAN, R.A. Jr., ENOBAKHARE, J.A., DeCLUE, J.W., DGUGLAS, B.H,

& GUYTON, A.C. (1978): Arterial pressure—urinary output 

relationship in hypertensive rats. .An. J, Physiol, 234:

R98 - R103.

NOSAKA, S. & QKA?.©T0, K, (197Q): Mcdified cheracteristics of the 

aortic baroreceptor in the spontaneously hypertensive rat.

Jap. Circ. J. 34 : 685,

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



129

NOSARA, S. & WANG,5.C. (1972): Carotid sinus baroreceptor function 

in the spontaneously hypertensive rat, An. J, Physiol, 222,

1079,

MJMAD, Y, & IRHJCHIJIMA, J. (1974): Effects of alpha and beta 

blockers on hemodynamics of EHR« «.Jap, Haart J, J5, 1G6— 172 

quoted by TR3PP0D0 N.C, & FRÖHLICH, E.0.,1981,

O*D0NNELf S,R, & WAN ST ALL, J.C, (1980): Are the pAg values of 

selective |3-adrenoceptor antagonists valid when obtained in 

guinea-pig tracheal preparations contracted with carbachol?

J, Pharm, Pharmacol, 32; 413 — 415,

0KAM0T0, K„ & AOKI, K, (1953): Development of a strein of

- spontaneously hypertensive rats. Jpn, Circ, J, 27, 202 — 293 

0KAMCJT0, K., NOSAKA, S, , YOMORI, Y. & MAT SU MOTO, M, (1967):

Participation of neural factor in the pathogenesis of hyper-
* ...

tension in the spontaneously hypertensive rat. Jap« Heart J«

B: 166 - 180; quoted by TRIPP0D0, N.C. 5 FRÖHLICH, E.D.,1981, 

0KAM0T0, K. (1972): Spontaneous Hypertension (igaku Shioin, Tokyo), 

PAMNANI, M.8., CLOUGH, D.L. & HADDY, F.J. (1979): Na+ - K* punp 

activity in teil arteries of spontaneously hypertensive rats. 

Jap, Heart. J. 20 (suppl, i): 228 — 230; quoted by TRIPP0D0, 

N.C. & FRÖHLICH E.D., 1981.

PATIL, P.N., LaPHXJS, J.B. , CANPBELL, D. & TYE, A. (1967): Steric 

aspects of adrenergic drugs. II. Effects of dl — isomers and 

desoxy derivatives on the reserpine-pretreated vas deferens.

J. Pharmac, Exp. Ther,, 155; 13 — 23. / '

...

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



130
PATON, W . D . (1961): A theory of drug action based on the rate 

of drug-receptor ccrnbination. Proc. Royal Scc* Seriös 8, 
154, 2 1 — 60

PENNEFATHER, J.N. (1973): A comparison of the responses of the 

isolated vas deferens of the rat to field Stimulation and to 

noradrenaline added cumulativaly and non-cumulativoiy» Eur* 

J. Phsrmacol., 23j 245 - 250.
PETTINGER, W.A., SANSHEZ, A., SAAVEDRA, J„, KAYWQQD, J.R.,

CANDUER, T. G RODES T. (1932): Altered renal alpha,,- 

adrenergic receptor regulation in genetically hypex’tensive 

rats. Hypertension 4; (suppl II), 186 - 192. 1

PFEFFER, M.A» & FRÖHLICH, E.D. (1973): Hemodynandc and myocardial 

function in young and old normotensive and spontaneously 

hypertensive rats. Circ. Res. 32/33 (äjppl i): 28 — 38» 

PFEFFER, M.A., FRÖHLICH, E.D., PFEFFER, J.M. G WEISS, K. (1974): 

Patnophysiological implications of the increased cardiac

output of young spontaneously hypertensive rats. Circ. Ras«__*  •

34, 35 (suppl« 1): 234. . .

PFEFFER, M.A., PFEFFER, J.M. & FRÖHLICH E.D,(1976): Pumping abilitv 
of the hypertrophying left ventricle of the spontaneously 

hypertensive rat. Circ. Res. 38: 423 —  429. \

PHELAN, E.L. (I970)i Genetic and autonomic factors in inherited 

hypertension. Circ. Res. 26 & 27 (suppl. 2): 65.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



131
POWELL, C,E. & SLATER, I.H. (1953): Blocklng öf inhiblfcory'

adrenergic receptors by a dichloro analog of isoproteonul.

J. Pharmac, Exp, Ther,, 122, 480 — 488,

PRATE5I, P, & GRANA, E, (1965): Structure and activity at adrenergic 

receptors of catecholarriines and certaln related compounds, In: 

Advancas in Drug Research, eds. N.J, HARPER & A.0« SU,MM)5 

Vol» 2 (Academic, Gew York) “p.127 

PROVOOST, A.P. & DsJCNG, W. (1978): Differential development of

renal, DOCA-salt, and spontaneaus hypertension in the rat after 

neonatal sympatnectomy, Clin, Exp, Hypertension J_: 177 - 189, 

RAND, M.J., 'STORY, D.F., ALLEN, G.S., GLOVER, A.B, & McCULLOCH,

H.W, (1973): Pulse-to-pulse modulation of noradrenaline release 

through a prejunctional öt~receptor auto-inhibitory mechanism. 

In Frorrtiers in Catecholamine Research, cd. Usdin, E, G Ehyder, S, 

pp, 579 ~ 581,,NEW YORK: Pergamon Press,

RENALJD, B., FOURNIERE, S,, DEN0R0Y, L., VINCENT, M., PUJOL, J.F. & 
SASSARD, J, (1978): Early increase in phenylethanolamine-N- 

methyl transferase activity in a new strain of spontaneously 

hypertensive rats, Brain Res, 159; 149 4.59,

RICHARDSGN, K.C. (1962), The fine structure of autonomic nerve 

endinas in smoot'n muscle of the rat vas deferens. J, Anat»,

96; 427,

RIFK2N, R.J., S3LVERMAN, J.M., CHAWE2, F.T, & FRANKL, G, (1974):

Ihtensified mouse killing in the spontaneously hypertensive

rats. Life Sei. 14: 9Ö5 - 992. >

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



132
RIPPE, B., LUNDIN, S., & FOLKÜW, B. (1978): Plasma volume, bluod

volume and ‘transcapillary escape rate (TER) of albumin in young 

spontaneously hypertensive rets (SHR) as ccxnpered with normo- 

tensive Controls (NDR). Clin, Exp, Hypertension 39 — SO 

RUFFOLO, n.n, Jr., RÖSING, E.L. & WADDELL, J.E, (1979): Recsptor 

interaction3 of imidazolines I, Affinity and efficacy for 

alpha-adrenergic receptors in the rat aorta,’ J, Pharmac.

Exp, Ther,, 209: 429 — 436,

RUFFOLO, R.R., YADEN, E.L, & WADDELL, J.E. (1980): Receptor 

interactions of imidazolines. V, Clonidine differentiates 

post-synaptic alpha adrenergic receptor subtypes in tissues 

from the rat, J. Pharmac. Exp. Ther. 213; 557 — 561.

RUFFCLO, R.R. Jr. (1982): Important concepts of receptor theory.

J, Auton. Pharmac. 2; 277 — 295,

SALT, P,J. & IVERSEN, L.L. (1973): Catecholamine uptake sites 

in the reit heart after 6-hydroxydopamine treatment and in a 

genetically hypertensive strain, Naunyn-Schmiedeberg*s 

Archives of Phanmacol,, 279: 381 — 386.

SCHILD H. 0, (1947): pA, a new scale for the measurement of drug 

arrtagonism. Br. J. Pharmac, Chemother», 2, 189 — 206 

SCHRAMM, L.P. & BARTON, G.N. (1979): Diminished sympathetic silent 

period in spontaneously hypertensive rats» Am, J. Physiol.

236: R147 - R152,

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



>
133

SEN, S., HOFFMAN, &.C., STOWE, N.T., SMEBY, R. -G-BUMPUS, 

Erythrocytosis in spontaneously hypertensive rats« 

Invest. 51: 710 - 714,

F.-M« (1972 ): 

J-- Clin«

SHIFJATA, S,, KURAHASHI, K. G KUCHII, M, (1973); A possible etiology 

of contractility impairment of vascular snooth muscle frorr. 

spontaneously hypertensive rats. J. Pharoacol, Exp, Thor. 165:

406.

SIMON, A. & VAN MAANEN, E.F. (1976): Dopamine receptors and

dopamlnertic nerves in the vas deferens of the rat. Arch, 

int» Pharmacodyn., 222: 4 — 15

SBPSuN, F. -0. PI-ELAN, E.L., CLARK, D.W.J., JONES, D.R., GRESSÜN,

' C.R., LEE, D.R. & BIRD, D.L. (1973): ( Studies on the New 

Zealand strain of genetically hypertensive rats. Clin. Sei,

Mol. Med« 40, (suppl 1): 15s,

SJOSTRAND, N.O. (1965): The adrenergic innervatien of the vas

deferens and the accesory male genital glands. Acta Physiol,

Scand. Suppl. 257: 1 — 82»
_ _ _ _ _  _ ___ - __ « _______ _______ _• ___ _ _ • .

SMITH, T.L. & HUTCHINS, P.M. (1979): Central hemodynamics in the

developmental stage of spontaneous hypertension in the _ __

unanesthetized rat. Hypertension Jk 508 — 517»

SMIRK, F.H. & HALL, W.H. (1958). Inherited hypertension in rats.

Nature 182, 727 - 728.

STARKE, K. (1972) : Influence of extracellular noradrenaline on the 

Stimulation evoked secretion of noradrenaline from sympathetic 

nerves; Evidance for an c(.-receptor mediated feed-back inhibition
S ü r '-

of noradrenaline releasa. Naunyr^-Schmiedeberg’s Arch. Pharmac., 275 
11—23.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



134

STARKE, K, (1977): Regulation ot noradrenaline release by

presynaptic receptor Systems» Rav. Physiol, Blochern*. Phurroac. 
77, 1 - 1 3 4

STARKE, hC,, BORO*,'/SKI, E. & ENDO, T. (1975b): Prsfererrtial blockadc 

of presynaptic £)( -adrenoceptors by yohimbino. Eur, J, Pharmac*

34 , 385 - 3B8*

STARKE, K., ENDO, T. & TAUBE, H.D, (1975a); Relative pro- and poct- 

synaptic potencies of C( -^drenoceptar sgonists in the rabbifc

pulmonary artery, r&unyn-Schmiedeberg*s Arch, Pharmac. 391,

55 - 78,

STARLING, E^ H. (1918): Linacre Lecture on the Laws of the Iteart 

(Longmans): quoted by Fröhlich (1977),

STEELE, T,H, & UNDERWOOD, J.L. (1978): Blunted norepinephrine 

natriuresis. in the isolated spontaneously hypertensive rat 

kidney. Am, J, Physiol. 235: F425 — F429

STEPHENSON, R.P. (1955): A modification of receptor theory, Br,

J. Pharmacol, 11, 379 — 393, ^

STRUYKER-BOUDIER, H.A, J,, EtENWELL, R.T, , SMITS, J.F.M. & VAN ESSEN, 

H, (1982): Baroreflex sensitiv!ty during the development of 

spontaneous hypertension in rats« Clin, Sei, 62 : 569 — 594, 

SWEDIN, G, (1971): Studies on neuro-transmission mechanisms in 

the rot and guinea-pig vas deferens. Acta, Physiol, Scand,, 

Suppl, 359. 1 - 34

t - t  m  ■ ... 0

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



135

TAYLOR, S.E. (1982): Pharmacological Isolation of a single 

p-adrenoceptor subtype makes Schild plots which g':.va 

slopes of 1 possiblo for selective p—adrenoceptor antegonists 

ln carbachol-corrtracted gcdnea-oig trachea. J.‘ Pharm« 

Pharrrsaccl«, 34: 506 *•> 509»

TAYO, F.M, (1979a), Occurrence of excitatory dopaminoceptors in 

the rat and guinea-^ig vas deferens. Clin« F.xp« Pharmac. 

Physiol. 6: 275 - 279.
mm»

TAYO, F.M. (1979b): Prejunctional inhibitory 0̂ ,—adrenoceptoi’S 
and dopandnoceptors of the rat vas deferens and the guinea- 

pig iieum in vitro« Eur. J. Pharmacol» 58, 189 — 195.

TAYO, F.M. (1980): Metiamide potentiates the stimulant actions of 

sympathomimetic amines in vitro. Archives intern« Pharmacodyn, 

Ther., 244; 211 - 218,

TAKESHITA, A. 5 MARK, A.L. (1978): Neurogenic contribution to 

hindquarters vascconstriction durlng high sodium intake in 

Dahl strain of genetically hypertensive rat. Circ« Res« 43, 

(suppl. 1) 66 — 91.

TAKESHITA, A.t MARK, A.L. & BR00Y, M.J. (19*79):. Prevention of salt- 

induced hypertension in the Dahl strain by 6-fiydroxydopamine. 

At„ J, Physiol. 236; (suppl. 1) H48 — 52«

TINMERMANS, P.B.M.W.M., VAN REEL, J.C.A., VAN 2W3ETEN, P.A.(195G): 

Evaluation of the selectivity of (X -adrenoceptor blocking 

drugs for postsynaptic 0^-. and 0 ^ -  adrenoceptors in a 

simple animal model, J, Auton. Pharmac, 1, 53 - 50

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



TIMMERMANS, P.B.M.W.M. G ZWtETEN, P.A, VATI (i960): Postsynaptic
C(,~ and OC,— adrenoceptors in the circulatory System of 

the pithed rat; selecfcivo stioulation of the 0C,- type by

EM-ff 933, Eur. J. Pharmac«, 63, 193 - 202,

Tlfcf.ERMANS, P.B.M.W.M. G VAN ZWIETEN, P.A, (1981): The postsynaptic 

CX1~adrenoceptor, J, Autor.. Pharmac. 1, ~ 183.C, ""
T08IAN, L. (1977): Salt and hypertension. In: Hypertension eds,

J, GENEST, E, KO IW G 0. KÜCHEL (McGraw-ttLll, New York) 

pp, 423 — 433,

TRJPPQDO, N,C. , WAL SH, G.M. & FW I.ICH E.D. (1378): Eluid volumes 

during onset of spontaneous hypertension in rats» Am, J, 

'•Physiol. 23% H52 — H55,

VAN MEEL, J.C.A., DE JONGE, A.t TIW.ERMANS, P.B.M.W.M. G VAN

ZWIETEN, P.A. (1981): Select'vity of some (X-^drenoceptor
■ - .t

agonists fpr perpheral and central £)(,,- and < v  adrenoceptors 

in the normotensive rat# J, Pharmac, Exp» Titer, 219 : 760 757,

WADDELL, J.A. (1916): The pharmacology of the vas deferens, J.
i ..

Pharmac, Exp« Ther. 8 : 551 — 599.

WILLIS, L.R. G BAUER, J.H, (1978): Aldosterone in the exaggerated 

natriuresis of spontaneously hypertensive rats. Am« J.

Physiol, 234, P29 — F35,
WEBB, R.C. G VANHOOTTE, P.M. (1979): Sensitivity to noredrenaline 

in isolated tail arterles from spontaneously hypertensive rats.

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



137
WIKBERG, J. (1978): Differentiation between pre- and post—junctional 

C( -receptors in thc guinea-pig ilaum and rabbit acrta, Acta, 

Fhysiol. Scand. T32, 225 - 2a9.
WOOD, A. J. & CLARK, D.W.J. (1974): Effects of chronic sympathectomy 

with 6—Ilydroxydopamina on rasponses of perfused messenteric 

arteriös to noradrenaline and 5-hydroxytrypfcanrine in genetlcally 

hypertensive and normotensive rate, Proc. Univ* Otago Med,

.Sch, 52, 10; qucrted by Falkow t> Hallback, 1977.

YAMAGUCHI, I, & KOPIN, I.J. (1980): Differential Inhibition cf 

alpha~1 and alpha-2 adrenoceptor mediated pressor rasponses 

in pithed rats, J, Pharmac. Exp. Ther,, 214; 275 - 281.

YAVORI, Y., MATSUMOTO, M., YAM06E, H,, & 0KAM0T0, -K. (1960);

Augmentation of spontansous hypertension by caronic stress 

in rats. Jpn. Circ, J. 33 : 399 — 409; quoted by BEYER &
PEULER, 1982. ' j

YAMORI, Y. (1976); Neural and non-neural'mechanisms in sporitaneous 

hypertension, Clin, Sei. Mol, Med. 51; 431s — 434s.

ZAMIR, N., GUT MAN, Y. & BEN-ISHAY, D. (19°S): Hypertension and brain 

catecholarrdne distribution in the Hebrew University Sabra,

H and N rats. Clin, Sei. Mol, Mied, 55, (supply 4): 105s — 107s,UNIV
ERSITY

 O
F I

BADAN LI
BRARY


