
ai-Adrenoceptor subtypes and signal transduction 
mechanisms in the rat thoracic aorta

A thesis submitted by 
Dean Wenham 

for the degree of Doctor of Philosophy 
in the University of London

1994

Department of Pharmacology 
University College London 

Gower Street 
London 

WC1E6BT



ProQuest Number: 10045753

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.

ProQuest 10045753

Published by ProQuest LLC(2016). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States Code.

Microform Edition © ProQuest LLC.

ProQuest LLC 
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106-1346



Abstract
The a i -adrenoceptors are a heterogeneous family of receptors consisting of the 

cloned ttia/d-» otib-, ttic-adrenoceptors and the ‘classical’ tissue aiA- and aie-subtypes. This 

thesis describes a [^H]-prazosin binding study comparing the pharmacological profiles o f the 

cloned mammalian awd-, otib- or aic-adrenoceptors to those of the proposed tissue aiA-, cxib- 

and ttjc-subtypes described in rat and rabbit tissues. On the basis of agonist and antagonist 

binding affinities, the cloned aia/d-subtype did not resemble the tissue aiA-subtype. The 

cloned aib-adrenoceptor closely matched its tissue counterpart and the cloned aic-subtype 

correlated well to the proposed tissue aic-adrenoceptor and also correlated closely with the 

rat tissue aiA-subtype indicating that this cloned receptor may represent the ‘classical’ aiA- 

subtype.

The a  1-adrenoceptor agonist-induced contractions of the rat aorta have been 
suggested to be mediated via either a homogeneous or heterogeneous population of a r  
adrenoceptors. In this thesis, the subtype(s) of ai-adrenoceptor involved in the contraction of 
isolated rat thoracic aortic rings has been investigated by using a range of ai-adrenoceptor 
agonists and selective antagonists. Contractions to noradrenaline were highly sensitive to the 
ttiA/aic-selective antagonists (WB-4101 and 5-methyl-urapidil) and the aie/aic-alkylating 
agent CEC. However, contractions to oxymetazoline were insensitive to CEC but highly 
sensitive to WB-4101. It was concluded that a heterogeneous population of ai-adrenoceptors 
are responsible for the contractile response in the rat thoracic aorta.

The source of Câ "̂  mobilised during ai-adrenoceptor mediated contractions of the rat 
thoracic aorta was also investigated. Noradrenaline- and oxymetazoline-induced contractions 
were differentially affected by the L-type Ca^^-channel blocker, nifedipine or by extracellular 

Ca"^ removal, since the responses to noradrenaline were partially sensitive to these 
treatments and those to oxymetazoline were almost totally abolished. Further, the initial 
phasic component of the noradrenaline-induced contraction was least sensitive to 
extracellular Ca^  ̂ removal compared to the latter tonic component and in addition, IP3 

production only occurred during this early component of the contraction. These results 
suggest that noradrenaline and oxymetazoline may couple differentially to different sources 
of Ca^^ mobilisation and that intracellular Ca^  ̂ mobilisation might be primarily involved in 
the rapid phasic component of the contraction to noradrenaline.

These studies suggest that the pharmacology of the cloned rat aia/d-adrenoceptor does 

not correlate to that of the ‘classical’ aiA-subtype but instead, the cloned aic-subtype may 

represent the recombinant counterpart to this receptor. The a  1-adrenoceptor agonist-induced 

contractions of the rat thoracic aorta appear to be mediated by a heterogeneous population of 

a  I-adrenoceptors and further, both intracellular and extracellular sources of Câ "̂  seem to be 

involved with the contractile response.
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CHAPTER 1

Introduction
In 1906, Dale used the concept of receptors in connection with the sympathetic 

nervous system (Dale, 1906). In this famous paper. Dale described the effects of ergots 

on a number of in vivo responses mediated via either the exogenous application of 

adrenaline or those occurring as a result of impulses from sympathetic nerve-fibres. He 

proposed that the two kinds of motor stimulus evoked their effects via a receptive 

‘substance’ or ‘structure’. It is now known that the receptive ‘substance’ described by 

Dale was an adrenergic receptor and to date, nine subtypes of the adrenergic receptor 

have been isolated by molecular cloning techniques and pharmacological data suggests 

that more subtypes have yet to be identified (Bylund et al., 1994). Owing to a variety of 

discrepancies which have developed between the pharmacology of native adrenoceptors 

and those receptors defined by molecular biology (see below), the recommendations of 

the International Union of Pharmacology Committee for the naming of adrenoceptors 

(Bylund et al., 1994) has been followed in this thesis, in which native receptors (i.e. those 

first described in tissues on the basis of pharmacological data) will be designated by 

upper case subscripts (e.g. Œia) and those of recombinant receptors will be designated by 

lower case subscripts (e.g. ajb).

1.1 Adrenergic receptors
The adrenergic receptors, or adrenoceptors, play an important role in both the 

peripheral and central nervous systems since they mediate the biological effects of the 

hormone adrenaline and the neurotransmitter noradrenaline.

It has been known for nearly half a century that the adrenoceptors are a family of 

related receptors, since Ahlquist in 1948, divided pharmacologically the adrenoceptors 

into a -  and |3-subtypes (Ahlquist, 1948). In this classical paper, Ahlquist showed that 

there were two classes of “adrenotropic” receptor and that the subdivision could not be 

simply made on the basis of those whose actions were excitatory or inhibitory (as was 

originally thought). His subdivision into a -  and p-adrenoceptors was based upon the rank 

order of agonist potency of a series of six sympathomimetic amines on various functional 

responses in isolated tissues. It was proposed that an a-adrenoceptor caused

17



vasoconstriction, contraction of the uterus and nictitating membrane and inhibition of the 

intestine, whilst the (3-adrenoceptor caused vasodilatation, excitation of the myocardium 

and inhibition of the uterus. The p-adrenoceptor mediated responses proposed by 

Ahlquist were consistent with responses described by others to be insensitive to 

antagonism by ergot alkaloids (e.g. ergotamine) or p-haloalkylamines (e.g. dibenamine) 

(Dale, 1906; Nickerson, 1949). Further support for the a -  and p-classification came 

following the synthesis of dichloroisoprenaline (the dichloro analogue of isoprenaline). 

This compound was demonstrated to selectively antagonize the isoprenaline- and 

adrenaline-induced fall in blood pressure of the anaesthetized cat (Powell & Slater, 

1958), as well as block the excitatory effects of adrenergic stimulation of the heart, in 

both the anaesthetized dog and the isolated rabbit heart (Morgan & Perkins, 1958), all of 

these responses being mediated via P-adrenoceptor stimulation.

The p-adrenoceptors were divided into p r  and p2-subtypes by Lands et aL{\961), 

but it was not until some years later that a subdivision of the a-adrenoceptors was 

proposed (Langer, 1974). This division into a r  and az-subtypes was based on 

anatomical location (pre- or post-junctional) since it had previously been shown that a -  

adrenoceptor agonists were able to inhibit the neurogenic release of noradrenaline via a 

mechanism involving pre-junctional a-adrenoceptors showing that noradrenaline could 

inhibit its own release by a negative feedback mechanism (Starke, 1972a; Starke, 1972b). 

Other workers showed that certain agonists (e.g. clonidine) and antagonists (e.g. 

phenoxybenzamine) could discriminate between the pre- and post-junctional a - 

adrenoceptors (Dubocovich & Langer, 1974; Starke et a l,  1975). Thus it was proposed to 

call the pre-junctional auto-inhibitory receptor tt2 and the post-junctional stimulatory 

receptor a ; (Langer, 1974). However, exceptions were demonstrated to this anatomical 

subdivision of the a-adrenoceptors, where for example, it was shown that the a -  

adrenergic receptor inhibitory to melanocyte stimulating hormone (MSH)-induced 

darkening of frog skin was demonstrated to be a post-junctional receptor even though it 

behaved as though it was a a 2-subtype (methylnoradrenaline being the most potent 

agonist studied; this analogue of noradrenaline showing greatest potency at the 

sympathetic neuronal a 2-receptor) (Berthelsen and Pettinger, 1977). Thus it was 

proposed that the a-adrenoceptors should be classified on the basis of function, in that
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a 2-adrenoceptors mediate inhibitory effects but aradrenoceptors couple to excitatory 

processes (Berthelsen and Pettinger, 1977).

The functional subdivision of a-adrenoceptors was later shown not to hold true in 

all cases, similar to that previously described for the anatomical theory. It was 

demonstrated that the vasoconstrictor response to noradrenaline in the rat and cat were 

inhibited by both a r  and ai-adrenoceptor selective antagonists (prazosin and yohimbine 

respectively) (Drew & Whiting, 1979) thus showing that ai-adrenoceptors could be 

involved in a post-junctional stimulatory response. More recently, the subdivision of a -  

adrenoceptors has been made on the basis of their pharmacology, where ai-adrenoceptors 

are activated by methoxamine, cirazoline and phenylephrine but blocked competitively 

by prazosin, WB-4101 and corynanthine and the ai-adrenoceptors are stimulated by a -  

methylnoradrenaline, UK-14,304 and B-HT 920 but are blocked competitively by 

yohimbine, rauwolscine and idazoxan (Ruffolo et a/., 1991). The a r  and a i-  

adrenoceptors have been further subdivided into subtypes and at present, there appears to 

be at least three subtypes of each a-adrenoceptor (Bylund et aL, 1994).

1.2 Pharmacological subdivision of ai-adrenoceptors
1.2.1 Early subdivision of aradrenoceptor

The first proposal for the subclassification of the aradrenoceptor was that by 

McGrath (1982) for the division of post-junctional responses in a number of isolated 

tissues. It was suggested that the aradrenoceptor should be divided into aiA- and aiB- 

subtypes on the basis of the observed differences in potency (as well as time courses) 

between a number of agonists, in particular those of the phenylethanolamine family and 

non-phenylethanolamines (e.g. imidazolines). For example, it was suggested that in the 

rat anococcygeus, the response to low concentrations of phenylethanolamines was 

mediated by the a i A-adrenoceptor, while the response to high concentrations of 

phenylethanolamines was mediated via the a  i e-adrenoceptor at which non- 

phenylethanolamines are poor agonists (McGrath, 1982).

1.2.2 Subdivision of the ai-adrenoceptor based on ligand binding studies

Evidence for pharmacological heterogeneity of the ai-adrenoceptors was reported 

by Battaglia et a i, (1983) and later by Morrow & Creese (1986) based on the complex
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ligand binding characteristics of various agonists and antagonists in rat brain membranes. 

In the former study (Battaglia et aL, 1983), it was shown that the radioligand, [^H]- 

prazosin (a selective ai-adrenoceptor antagonist (Cambridge et aL, 1977; Doxey et aL, 

1977) was displaced from rat prefrontal cortical membranes by the antagonists WB-4101 

and phentolamine with Hill coefficients significantly different to unity. Morrow & Creese 

(1986) reported similar observations in that [^H]-prazosin was displaced biphasically 

from rat cerebral cortical membranes by WB-4101 and phentolamine and by the agonists 

noradrenaline and phenylephrine. The biphasic curves obtained best fitted a model for 

two receptor sites (each site in about equal proportions), one site with high affinity for the 

above ligands, the other site showing lower affinity. These high and low affinity sites 

were defined as aiA- and (Xig-adrenoceptors respectively (Morrow & Creese, 1986). The 

observations of Morrow and Creese were supported by the work from a different 

laboratory, who showed that the site-directed alkylating agent, chlorethylclonidine 

(CEC), inactivated about half of the ai-adrenoceptors labelled with [*^^I]-BE (another 

selective ai-adrenoceptor antagonist (Engel & Hoyer, 1982; Adams & Jarrott, 1982)) 

from membranes prepared from rat cerebral cortex (Johnson & Minneman, 1987). This 

study (Johnson & Minneman, 1987) also showed that the displacement curves for WB- 

4101 best fitted a single site model (unlike the two site fit of Morrow & Creese (1986)), 

but following CEC-pretreatment, the potency of WB-4101 as a displacer increased. In an 

examination of [*^I]-BE binding in different rat tissues (Han et aL, 1987a) it was shown 

that in liver and spleen, binding was strongly inactivated by CEC-pretreatment, while the 

binding to membranes prepared from the hippocampus and vas deferens were relatively 

unaffected. It was later shown that the CEC-insensitive sites correlated with the high 

affinity WB-4101 receptors (Œia) and conversely, the sites sensitive to CEC alkylation 

correlated to the WB-4101 low affinity receptors (ttie) (Minneman et aL, 1988). Thus, 

the initial observation that the potency of WB-4101 for the displacement of [*^^I]-BE 

binding from rat cerebral cortical membranes increases following CEC-pretreatment 

(Johnson & Minneman, 1987) can be interpreted by the fact that the low affinity for this 

antagonist in non-CEC-pretreated membranes is due to its combined affinity for the low 

(aie) and high (Qia) affinity binding sites. Thus, eliminating the low affinity site via 

CEC allows the high affinity site alone to be observed.
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1.2.3 a i -Adrenoceptor subtype selective antagonists

Since the initial demonstrations of aradrenoceptor heterogeneity based on the 

selectivity of WB-4101 and CEC, various other compounds have been described to show 

a  I-adrenoceptor subtype selectivity in binding studies. The antagonist benoxathian was 

one of the earliest compounds to be described as aiA-selective (together with WB-4101) 

(Han et aL, 1987b), where it was shown to biphasically displace ['^^I]-BE binding from 

rat hippocampal and vas deferentia membranes (Kj values similar for WB-4101 high and 

low affinity sites), although only single, low affinity sites were observed for rat liver and 

splenic membranes.

Urapidil and some of its analogues have also been shown to have ai-adrenoceptor 

subtype selectivity. In particular, 5-methyl urapidil, which was demonstrated to exhibit 

selectivity for 5-HTia (Graziadei et aL, 1989; Gross et aL, 1987) was also shown to be 

nearly 100-fold selective for the aiA- over the aie-adrenoceptors of the rat cerebral 

cortex (Gross et al., 1988; Hanft & Gross, 1989) and consistent with that of previous 

reports, the aiA-subtype antagonist 5-methyl-urapidil bound with a single low affinity to 

a  1-adrenoceptors of rat splenic and liver membranes (Hanft & Gross, 1989).

Enantiomers of the 1,4-dihydropyridine, niguldipine, are another class of 

compounds which have been demonstrated to exhibit ai-adrenoceptor subtype selectivity 

as well as a high affinity for Câ "̂  channels (Boer et aL, 1989; Graziadei et aL, 1989). The 

(+)-enantiomer, (+)-niguldipine, was shown in these studies to have a 200 to 600-fold 

selectivity for the high affinity (Oia) binding site in rat cerebral cortical membranes, 

although (-)-niguldipine was about 40-fold less potent at this site; the two enantiomers 

exhibited equal affinities for the low affinity ( a ^ )  site (Boer et aL, 1989). The selectivity 

of (+)-niguldipine for ai-adrenoceptor subtypes has been investigated in various tissues, 

with a variety of Kj values being obtained for both the aiA-and the am-subtypes (Han & 

Minneman, 1991). This variability in Ki values exhibited by this highly lipophilic drug 

has been shown to be dependent on membrane protein concentration and it has been 

suggested that (+)-niguldipine may be partitioned into hydrophobic compartments and 

hence be unavailable for receptor interaction (Han & Minneman, 1991; Graziadei et aL, 

1989).

One of the most recent compounds suggested to exhibit a  i-adrenoceptor subtype 

selectivity is abanoquil (UK-52,046) (Greengrass et aL, 1991). In this binding study, it
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was shown that abanoquil had a 100-fold selectivity for the aiA-subtype (CEC-pretreated 

rat heart membranes) over the aiB-subtype (rat liver membranes).

The aiA-selective compounds discussed so far have all been described to act 

competitively. However, a non-competitive alkylating analogue of prazosin, SZL-49, was 

proposed to selectively inactivate some a i-adrenoceptors (Kusiak et aL, 1989). This 

study showed that SZL-49 reduced the B^ax for [^H]-prazosin binding more greatly in rat 

heart and kidney membranes compared to those of splenic membranes. Further studies 

with this compound in vivo, led to the proposal that SZL-49 was aiA-selective (Piascik et 

al., 1990). However, in a more recent study (Saakwa & Minneman, 1991), it was shown 

that SZL-49 was not a  radrenoceptor subtype selective, since pretreatment of rat 

hippocampal membranes with this alkylating agent did not alter the proportions of ttiA- 

and aiB-subtypes as measured by WB-4101 displacement experiments.

A variety of selective aiA-subtype antagonists (as discussed above) are now 

available, but to date, very few workers have reported aiB-selective compounds (apart 

from CEC). One of the few drugs that has been described as aiB-selective is spiperone, 

which was shown in binding studies to be about 13-fold selective for rat liver aiB- 

adrenoceptors compared to rat submaxillary gland a i A-adrenoceptors (Michel et aL, 

1989). In a recent report, the antipsychotic drug, risperidone, was claimed to demonstrate 

a 120-fold selectivity for aiB-adrenoceptor (Sleight et aL, 1993), in which it was shown 

to biphasically displace [^H]-prazosin binding from rat hippocampal membranes, the high 

affinity site sharing a similar Kj to the aiB-adrenoceptor of rat spleen.

Thus, two distinct ai-adrenoceptor binding sites (aiA- and aiB-subtypes) have 

been described in rat tissues based mainly on the selectivity of various antagonists in 

ligand binding studies. A similar scheme for the subclassification of ai-adrenoceptors 

has also been proposed based on evidence from functional studies using isolated tissues.

1.2.4 Subdivision of the ai-adrenoceptor based on functional studies

Han et aL, (1987a) demonstrated that in binding studies, the aiA- and aiB- 

subtypes could be distinguished on the basis of selective alkylation of the aiB-subtype by 

CEC. It was further demonstrated in this study that the contractions of rat spleen 

(containing predominantly the aiB-binding site) to noradrenaline were sensitive to CEC 

while those of the rat vas deferens (containing predominantly the aiA-binding site) were
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insensitive to CEC. Additional evidence for this functional subdivision was demonstrated 

by the fact that the noradrenaline-induced contractions of the rat vas deferens were 15 to 

20-fold more sensitive to antagonism by the aiA-selective antagonists WB-4101 and 

benoxathian than were those of the rat spleen (Han et a l ,  1987b) and that the 

contractions of right ventricles of the rat heart to electrical stimulation were 7-fold less 

sensitive to antagonism by 5-methyl-urapidil compared to the adrenaline-induced 

contractions of the rat vas deferens (Hanft & Gross, 1989). A large number of tissues 

have now been studied for functional a  i-adrenoceptor subtypes and this will be discussed 

in relation to ai-adrenoceptor subtype tissue distribution (section 1.4) and also in 

subsequent Chapters.

1.2.5 ttiH, cxiL and an alternative nomenclature for ai-adrenoceptor subtypes

An alternative scheme for the subdivision of the ai-adrenoceptors into aiH, oCil 

and ttiN subtypes has recently been proposed (Muramatsu et a l,  1990) and was based 

upon the earlier observations of Flavahan & Vanhoutte (1986). This classification 

scheme was based on functional responses in vascular smooth muscle in which the am - 

and aiL-subtypes exhibit high and low affinities for prazosin respectively and in addition, 

a range of structurally unrelated antagonists shared a similar order of potency for the two 

subtypes (HV723 = WB-4101 > yohimbine (yohimbine showing slight selectivity for the 

aiH-subtype) while the aiN-subtype was shown to exhibit the following antagonist 

profile; HV723 > WB-4101 > prazosin > yohimbine (Muramatsu et a l ,  1990). CEC was 

additionally included in this subclassification system in which both aiL- and aiN- 

subtypes were proposed to be insensitive to this alkylating agent but the am-subtype 

exhibited sensitivity. How exactly this classification scheme coincides with the Œia/cxib 

hypothesis is at present unclear, although Muramatsu et a l ,  (1991) suggested that the 

aiH-subtype can be subdivided again into the aiA- and aie-adrenoceptors. The same 

group have also provided evidence from combined functional/[^H]-prazosin binding 

studies for the coexistence of aiH- and aiL-subtypes, in which the rat vas deferens was 

proposed to possess the aiA- and aiL-subtypes (Ohmura et al., 1992) and the rabbit 

thoracic aorta the a ie - and aiL-subtypes (Oshita et a l,  1993). The am/cxiL/aiN method of 

classification is not yet well accepted and the cloning of these receptors may assist the 

acceptance of this nomenclature system. However, various a  i-adrenoceptor genes have

23



been cloned, and the recombinant proteins correlate to some of the already 

pharmacologically defined ai-adrenoceptors.

1.3 Molecular biology of the ai-adrenoceptors
The molecular cloning of the ai-adrenoceptors has accelerated the acquisition of 

knowledge in the area of ai-adrenoceptor pharmacology/biochemistry. However, the 

recent isolation of multiple cloned ai-adrenoceptor subtypes has led to considerable 

confusion due to inconsistencies between some of these cloned receptors and those which 

have previously been described pharmacologically in tissues.

1.3.1 Cloning of the ai-adrenoceptor

The purification and characterisation of ai-adrenoceptor proteins was an essential 

prerequisite to cloning the ai-adrenoceptor. An ai-adrenoceptor protein was isolated 

using a photoaffinity probe (APDQ (4-amino-6,7-dimethoxy-2-[4[5(4-azido-3-[*^^I]- 

iodophenyl)pentanoyl]-l-piperazinyl]quinazoline) specific for the a  i-adrenoceptor 

(Leeb-Lundberg et al., 1984). The molecular weight of the isolated protein was 78- 

85,000 Da (Leeb-Lundberg et a i, 1984; Shreeve, 1988; Lomasney et at., 1986) and was 

different to that of the purified protein described for the a 2-adrenoceptor (67,000 Da) 

(Regan et at., 1984; Regan et a i,  1986). However, the size of this polypeptide was 

considerably larger than the putative 59,000 Da ai-adrenoceptor protein which had been 

previously solubilized (Graham et al., 1982). Thus, in order to obtain a better 

understanding of the molecular properties of the ai-adrenoceptor, the cloning of this 

receptor was undertaken. A purified ai-adrenoceptor protein from cultured DDTi MF-2 

cells (Cotecchia et a l ,  1988) was cleaved at methionine residues using cyanogen 

bromide, resulting in three peptides. A hamster genomic library was then probed with an 

oligonucleotide based on the amino acid sequence of one of the peptides and resulted in a 

single clone. The clone contained a 1.6-kilobase restriction fragment, but the sequence 

was incomplete since only two of the three peptides derived from the receptor protein 

could be identified. This genomic fragment was then used to probe a cDNA library 

constructed from DDT; MF-2 mRNA resulting in a single 2-kilobase clone encoding for 

the entire ai-adrenoceptor sequence. The amino acid sequence deduced from this clone 

coded for a 515 amino acid protein with a calculated molecular weight of 56,000 Da
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(similar in size to the protein isolated by Graham et a/^(1982)). Ligand binding studies of 

this 2-kilobase cDNA when expressed in COS-7 cells showed a pharmacology similar to 

that described for the a  i e-adrenoceptor with low affinities for WB-4101 and 

phentolamine (Cotecchia et a l, 1988).

1.3.2 Protein structure of the ai-adrenoceptor

The discrepancy between the molecular weight of the cloned hamster «ib- 

adrenoceptor (56,000 Da) calculated on the basis of the cDNA sequence (Cotecchia et 

a l,  1988) and that of the same receptor isolated by affinity chromatography (Lomasney et 

a l,  1986) was due to the fact that the receptor was a glycoprotein and about 30% of the 

total molecular weight corresponded to carbohydrate (Cotecchia et al., 1988). This 

alteration of the protein was suggested to be a result of post-translational modifications 

(Lomasney et a l,  1991a) in which the addition of A-linked oligosaccharides to 

asparagine residues on the extracellular amino-terminus occur (Cotecchia et al., 1988). 

Hydrophobicity analysis (Kyte & Doolittle, 1982) of the aib-adrenoceptor primary 

sequence revealed seven separate stretches of 20 to 25 hydrophobic residues that were 

connected by hydrophilic sequences (Cotecchia et a l,  1988). These hydrophobic regions 

have been proposed to represent putative transmembrane-spanning domains which are a 

common trademark for the large family of G-protein coupled receptors (Kyte & Doolittle, 

1982; Ruffolo gf a/., 1991).

1.3.3 Cloning of additional ai-adrenoceptors

The cloning of the hamster aib-adrenoceptor by Cotecchia et a l ,  (1988) was 

quickly followed by the isolation of various additional ai-adrenoceptor clones. A novel 

a  1-adrenoceptor was cloned from a bovine brain library coding for a 466 amino acid 

protein exhibiting a 72% homology in the membrane-spanning domains compared to that 

of the hamster receptor (Schwinn et a l ,  1990). Pharmacological characterisation of this 

cDNA when expressed in COS 7 cells revealed an aiA-like profile (high affinity site for 

WB-4101, phentolamine and oxymetazoline). However, binding was highly sensitive to 

CEC-pretreatment, thus in view of this unique pharmacological profile, it was proposed 

that this 3.1-kilobase clone coded for a novel ai-subtype and it was designated the aic- 

adrenoceptor (Schwinn et a l,  1990; Schwinn et a l,  1991).
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The rat aib-clone was isolated independently by two groups (Voigt et a l ,  1990; 

Lomasney et al., 1991b) and in both cases, the 2.1 kilobase clone coded for the same 515 

amino acid receptor (98% amino acid sequence homology to the hamster ociy- 

adrenoceptor) which exhibited an aie-pharmacology when expressed in COS 7 cells 

(Lomasney et a i, 1991b). The rat au-adrenoceptor was cloned from the same library as 

the rat aib-adrenoceptor (Lomasney et al., 1991b). This 1.7 kilobase cDNA exhibited a 

73% amino acid sequence homology in the seven putative membrane-spanning domain to 

that of the hamster aib-clone and encoded a 560 amino acid protein. Ligand binding 

analysis of this clone when expressed in COS 7 cells showed a typical a i A-pharmacology 

(high affinity for WB-4101 and phentolamine as well as insensitivity to CEC).

An additional ai-adrenoceptor was isolated from a rat hippocampal library and 

was designated the aid-adrenoceptor even though the sequence of this 3-kilobase clone 

(encoding 560 amino acids) only differed by two codons to the rat aia-clone described by 

Lomasney et a/ (1991b) (Perez et al., 1991). A novel receptor was proposed for this clone 

since upon pharmacological analysis of transfected COS 7 cells, a unique profile was 

observed, exhibiting more than 100-fold lower affinities for the antagonists 5-methyl- 

urapidil and (4-)-niguldipine than would be expected for the aiA-adrenoceptor and in 

addition, the receptor was sensitive to alkylation by CEC.

Human clones for the ai-adrenoceptors have also been described. The human aia- 

adrenoceptor was cloned from a human hippocampal cDNA library (Bruno et al., 1991) 

and the 2.5 kilobase clone encoded a 501 amino acid protein. This human clone exhibited 

a 95% sequence homology to the rat au-clone between the first and seventh 

transmembrane domain and on this basis it was designated the human au-adrenoceptor. 

The human aib-adrenoceptor was cloned from the human Sau3\A  library (Ramarao et 

al., 1992). A 2.5 kilobase fragment was obtained which encoded a 517 amino acid 

polypeptide and when COS 7 cells were transfected with the gene fusion construct, a 

typical aiB-pharmacology was observed which was almost indistinguishable from that of 

the cloned hamster aib-adrenoceptor (Cotecchia et a l,  1988). An aib-homologue has also 

been isolated from a dog cDNA library (Libert et a l,  1989) and again, this clone is very 

similar to that of the original hamster clone.
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1.3.4 Correlations between the cloned and the pharmacologically characterised tissue t t r  

adrenoceptors

Four a  1-adrenoceptor clones have so far been isolated, but their relationship to 

the pharmacologically characterised aiA- and aie-subtypes described in rat tissues 

remains unclear in some cases. The hamster aib-clone as well as the rat, human and dog 

homologues have been shown to represent the aiB-adrenoceptor described in rat tissues. 

Evidence for this close correlation comes from both molecular biological and 

pharmacological studies. Northern analysis of various tissues using a probe based on the 

hamster aib-cDNA showed strong hybridization to RNA from those tissues previously 

described to contain the pharmacological aiB-adrenoceptor (rat liver, cortex and spleen) 

but not to tissues described to contain only the pharmacological aiA-subtype (rat vas 

deferens) (Schwinn et aL, 1990; Lomasney et al., 1991b; Garcia-Sainz et al., 1992a). In 

addition, these studies as well as others (Schwinn & Lomasney, 1992; Kenny et al., 1994) 

have demonstrated that the pharmacology of the hamster aib-clone when expressed in a 

variety of cell lines is very similar to that described for the rat tissue aiB-adrenoceptor.

In the case of the bovine a  ic-adrenoceptor, it has not been as simple to determine 

a tissue counterpart. The bovine aic-adrenoceptor was described initially on the basis of 

the pharmacology of the cloned receptor (Schwinn et al., 1990) and at that time, a 

corresponding tissue receptor sharing the same pharmacological profile (CEC-sensitive 

and high affinity for WB-4101) had not been described. Northern analysis of a large 

range of rat and bovine tissues resulted in the inability to detect any aic-expression 

(Schwinn et al., 1990; Lomasney et al., 1991b). However, northern analysis and ligand 

binding studies of rabbit liver have produced evidence for aic-adrenoceptor expression 

(Schwinn et al., 1991; Garcia-Sainz et al., 1992a; Taddei et al., 1993) and in addition, 

expression has also been detected in human dentate gyrus (Schwinn et al., 1990).

Further, the assignment of the cloned aia-adrenoceptor to that of a 

pharmacologically defined tissue receptor has produced additional controversy. The 

demonstration that the cloned rat aja- (Lomasney et al., 1991b) and aid- (Perez et al.,

1991) adrenoceptors represent the same clone, sharing an identical cDNA sequence and 

pharmacology (Perez et al., 1991 ; Schwinn & Lomasney, 1992) led to the proposal that 

this clone should be known collectively as the aia/d-adrenoceptor (Schwinn & Lomasney,

1992) and will be referred to as such from here on. However, the outcome of these
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studies was that the pharmacology of the cloned a  i a/d-adrenoceptor was different from 

that described for a ‘classical’ aiA-subtype. For example, the cloned receptor exhibited 

lower affinities for the antagonists 5-methyl-urapidil and (+)-niguldipine than would be 

expected for the aiA-adrenoceptor and in addition, was sensitive to alkylation by CEC 

(Perez et al., 1991; Schwinn & Lomasney, 1992). These findings led to the proposal that 

the aiA-subtype as described in rat tissues had not yet been cloned (Schwinn & 

Lomasney, 1992).

Thus, at present, a number of unreconciled problems exist in terms of the 

correspondence of the cloned aradrenoceptors to those described in tissues. It seems that 

the ‘classical’ rat aiA-adrenoceptor may not have been isolated by molecular cloning 

techniques while the aia/d-mRNA (originally thought to represent the ‘classical’ aiA- 

subtype) exhibits a wide rat tissue distribution and yet does not represent a 

pharmacologically defined receptor (Minneman & Esbenshade, 1994). Additionally, the 

cloned aic-adrenoceptor seems to exhibit a limited tissue distribution and a unique 

pharmacology. Recent studies have suggested that some of the pharmacological 

differences described above between certain cloned and tissue receptors may be due to 

species differences (Forray et a i ,  1994a) and that assays exhibiting more sensitivity may 

be required for the detection of certain aradrenoceptor mRNA species (Perez et a l ,  

1994) and these studies will be discussed in subsequent Chapters. However, various 

suggestions have been made as to why the ‘classical’ aiA-adrenoceptor has not been 

cloned. For example, the cloning strategies based on homology may have been 

unsuccessful due to the aiA-subtype not being homologous to existing (%i-adrenoceptors. 

It is also possible that the aiA-adrenoceptor is the product of a post-translational 

modification of one of the cDNAs already isolated. In addition, the possibility that the 

aiA-subtype is a multiple splice variant must be considered. This hypothesis is feasible 

since the ai-adrenoceptors possess introns in their protein coding regions, thus 

alternative splicing of multiple exons could result in a multiple splice variant (Minneman 

& Esbenshade, 1994).

Most of the recent studies which have compared the pharmacology of the cloned 

and tissue a  i-adrenoceptors have been on the basis of antagonist pharmacology. 

However, the use of ai-adrenoceptor agonists in studies comparing the cloned and tissue 

receptors might be useful since some binding studies have indicated subtype selectivity of
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agonists (Lomasney et a l ,  1991b; Michel & Insel, 1994). The greater use of agonists 

might help reconcile some of the pharmacological differences between the cloned and 

pharmacologically defined ai-adrenoceptors (Michel & Insel, 1994).

1.4 ai-Adrenoceptor tissue distribution: atypical tissues
1.4.1 a  I-Adrenoceptor tissue distribution

In the previous sections, ai-adrenoceptor tissue distribution has been discussed in 

terms of either pharmacological data obtained from ligand binding and functional studies 

or from molecular biological studies, in which mRNA distribution in a variety of tissues 

has been discussed. In some instances, the three approaches are in agreement with each 

other, showing that a particular subtype or subtypes are expressed in a given tissue. For 

example, binding studies using membranes prepared from rat spleen have shown the 

predominance of a WB-4101 and 5-methyl-urapidil low affinity/CEC-sensitive site 

corresponding to the a i e-adrenoceptor and in addition, the noradrenaline-induced 

contractions in this tissue exhibited an identical pharmacology (Han et aL, 1987a; Han et 

aL, 1987b; Hanft & Gross, 1989). Northern blot analysis of mRNA prepared from rat 

spleen using ai-adrenoceptor subtype specific cDNA probes showed the existence of 

transcripts corresponding to the aib-subtype (as well as that for the aia/d-subtype) 

(Lomasney et aL, 1991b). Other examples exist in which these different methods of 

determining receptor distribution/expression corroborate e.g. the rat vas deferens (aiA- 

subtype: Han et aL, 1987a; Han et aL, 1987b; Kenny et aL, 1994; Lomasney et aL, 

1991b), rat submaxillary gland (aiA-subtype: Michel et aL, 1989; Rokosh et aL, 1994) 

and human prostate (aic-subtype; Marshall et aL, 1992; Forray et aL, 1994b; Testa et aL, 

1994a). However, it is perhaps difficult to interpret studies which have used cDNA 

probes corresponding to the a  i a/d-adrenoceptor in view the of uncertainty as to whether 

this cloned receptor represents a subtype which has been pharmacologically defined in 

tissues (Schwinn & Lomasney, 1992).

Although it has been demonstrated that in certain tissues an agreement exists 

between both pharmacological and molecular biological evidence for receptor 

classification, in other tissues, agreement cannot be reached even amongst a single 

method for receptor classification.
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1.4.2 The rat aorta: an atypical ai-adrenoceptor tissue

Molecular biological and pharmacological approaches have been employed in 

order to characterise the subtype(s) of ai-adrenoceptor present in the rat aorta. Analysis 

of mRNA extracted from this tissue has demonstrated the existence of transcripts 

corresponding to either only the aia/d-subtype (Lomasney et aL, 1991b), both aia/d- and 

ttib-subtypes (Ping et aL, 1992) or both aia/d- and aic-subtypes (Perez et aL, 1994; 

Rokosh et aL, 1994). Thus, at the rnolecular level, it is not clear which ai-adrenoceptor 

mRNAs are present in the rat aorta.

Pharmacological studies employing in vitro organ bath techniques in order to 

characterise the a,-adrenoceptors involved in the contractions induced by exogenously 

applied ai-adrenoceptor agonists have resulted in a variety of hypotheses. By using the 

antagonists CEC, SZL-49, WB-4101 and a variety of agonists, Piascik et al (1991) 

demonstrated a role for both aiA- and a i  e-subtypes (as well as a third less well defined 

component) in the contraction of the rat thoracic aorta. However, the work of Muramatsu 

et aL, (1991) using a range of antagonists including CEC, WB-4101 and 5-methyl- 

urapidil, suggested that the noradrenaline-induced contraction of the rat thoracic aorta 

was mediated via a single ai-adrenoceptor corresponding to either the aic-subtype or an 

atypical aiA-subtype. A similar hypothesis was proposed by Aboud et aL, (1993) in 

which the contractions of the rat thoracic aorta to noradrenaline were suggested to be 

mediated by a single putative ai-adrenoceptor subtype which shares the pharmacological 

properties of both Qia- and a i e-subtypes. The aie-subtype alone has also been proposed 

to mediate contractions of the rat aorta to noradrenaline (Han et aL, 1990a), although the 

data from this study is difficult to interpret since nifedipine was used as a tool to 

distinguish the (X|A- from the aie-subtype (since the aiA- but not the aie-adrenoceptor is 

thought to couple to extracellular Câ "̂  influx via voltage gated channels (Han et aL, 

1987b)). The classification of receptors on the basis of their signal transduction 

mechanisms is not ideal, since many receptors couple promiscuously to different 

signalling mechanisms and single receptor subtypes may couple to different mechanisms 

in a tissue dependent manner.

Studies using ligand binding techniques to investigate ai-adrenoceptor subtype(s) 

in the rat aorta are limited. An early study (Descombes & Stoclet, 1985) suggested that 

the a  I-adrenoceptors labelled by [^H]-prazosin in membranes prepared from the medial
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layer of the rat thoracic aorta were heterogeneous. In a later study, it was suggested that 

both ttiA- and aie-binding sites were present in rat aortic membranes due to the biphasic 

displacement of [^H]-prazosin by WB-4101 (Piascik et aL, 1991).

Thus at present, it is unclear whether the ai-adrenoceptor population of the rat 

aorta consists of a homogeneous or heterogeneous population of subtypes and this 

question is addressed in Chapter 5 of this thesis. The situation is further complicated if 

ageing is also considered as a variable, since a few studies have demonstrated that the 

potency of phenylephrine as an agonist alters with age (Takayanagi et aL, 1991) and 

further, that the proportion of different ai-adrenoceptor subtypes may also change with 

age (Gurdal et aL, 1994).

1.5 ai-Adrenoceptor signal transduction mechanisms
The a  I-adrenoceptors are a member of a large family of proteins known as 

guanine nucleotide binding protein (G-protein) coupled receptors (see section 1.3.2) 

which share the common structural feature of possessing seven putative transmembrane- 

spanning domains (Kyte & Doolittle, 1982; Ruffolo et aL, 1991). The receptor and G- 

protein form part of a pathway which couple an extracellular signal via the receptor (i.e. 

hormone or neurotransmitter) through the G-protein to an intracellular membrane bound 

effector (often an enzyme or ion channel). A large number of effectors have been 

demonstrated to couple to a  i-adrenoceptors including phospholipase C (PLC), 

phospholipase A% (PLA2), phospholipase D (PLD), adenylate cyclase and extracellular 

Câ "̂  influx. The coupling of a  1-adrenoceptors to G-proteins and some of these effector 

mechanisms will now be discussed.

1.5.1 a  1-Adrenoceptor coupling to G-proteins

G-proteins are heterotrimeric proteins consisting of a characteristic a^y-subunit 

structure and to date 16 a , 4 p and 7 y subunits have been isolated (Robishaw & Hansen, 

1994). The a-subunit of G-proteins are thought to specify the function of the G-protein, 

but the recent demonstration of py-subunit heterogeneity has led to the idea that the py- 

subunits can also contribute to specificity (Robishaw & Hansen, 1994).

The involvement of G-proteins with oti-adrenoceptors was first documented when 

it was observed that GTP or its analogues were able to alter the affinity of agonists for
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a  I-adrenoceptors (Goodhardt et al., 1982; Snaveley & Insel, 1982) (see Chapter 4). A 

number of studies have investigated which G-proteins couple to ai-adrenoceptor 

mediated responses and most studies have focused on the a-subunit. G-protein a - 

subunits are often classified on the basis of their sensitivity to pertussis toxin (a toxin 

which ADP-ribosylates the fourth cysteine residue from the carboxy terminus of the G, 

class of a-subunits (except Gaz; Gilman, 1987)).

The action of pertussis toxin upon ai-adrenoceptor mediated responses is varied 

and is dependent on the response being measured. The a.i-adrenoceptor activation of PLC 

resulting in the hydrolysis of phosphatidylinositol-4,5-bisphosphate (PIP2) to inositol- 

1,4,5-trisphosphate (IP3) and diacylglycerol (DAG) (Berridge & Irvine, 1989) has been 

shown to be. both sensitive and insensitive to pertussis toxin (Minneman, 1988). For 

example, a  1-adrenoceptor stimulated inositol phosphate production in primary brain cell 

cultures was shown to be sensitive to pertussis toxin (Wilson & Minneman, 1990b). 

However, most studies have reported that a  1-adrenoceptor stimulation of PLC occurs via 

a pertussis toxin insensitive pathway (Minneman, 1988; Lomasney et a i ,  1991b). For 

example, the activation of PLC in HeLa cells expressing either the cloned aib- or aic- 

adrenoceptors (Schwinn et al., 1991) or CHO cells expressing the cloned aia/d- or ttib- 

subtypes (Perez et al., 1993) were shown to be pertussis toxin insensitive and the 

noradrenaline stimulated formation of inositol phosphates in FRTL5 rat thyroid cells via 

a  1-adrenoceptors was also pertussis toxin insensitive (Burch et al., 1986). It was also 

shown that the a  1-adrenoceptor mediated stimulation of inositol phosphate formation in 

rabbit papillary muscles was pertussis toxin insensitive (Takeda et al., 1994). In a recent 

study, it was demonstrated that the Gq family of a-subunits are involved in a i-  

adrenoceptor mediated activation of PLC, since when G aq and G a l l  (another member 

of the Gq family) were coexpressed with ai-adrenoceptors in COS 7 cells, a 

noradrenaline dependent inositol phosphate formation was observed (Wu et al., 1992). 

However, in other studies (Beak et al., 1993; Das et al., 1993), the Gh family of a - 

subunits were demonstrated to couple a  1-adrenoceptors to PLC in phospholipid vesicles. 

The reason for the discrepancy between the two studies is not known but it was suggested 

that the differences may lie in the systems used and the densities of receptor and G- 

proteins expressed (Das et a i ,  1993).
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Thus it seems that the ai-adrenoceptor stimulation of PLC occurs via a pertussis 

toxin insensitive pathway. However, the activation of other effectors via a r  

adrenoceptors have been shown to operate via G-proteins sensitive to pertussis toxin 

(Das et al., 1993). For example, pertussis toxin was demonstrated to inhibit 

adrenoceptor mediated PLA2 activation and arachidonic acid release from rat pineal 

gland cultures (Ho & Klein, 1987) and from FRTL5 rat thyroid cells (Burch et al., 1986). 

It was further shown that the aiA-adrenoceptor stimulation of prostaglandin synthesis (via 

PLA2) in vascular smooth muscle was also sensitive to pertussis toxin (Nebigil & Malik, 

1992). The coupling of a  1-adrenoceptors to Ca^^ channels (possibly via the aiA-subtype) 

has also been suggested to be pertussis toxin sensitive since in vivo responses in the 

pithed rat (Nichols et al., 1989) and prostaglandin synthesis in vascular smooth muscle 

(Nebigil & Malik, 1993) were inhibited in an identical manner by both pertussis toxin 

and Ca^^ channel antagonists (e.g. nifedipine).

At present, it seems that a  1-adrenoceptors can couple to a range of G-proteins 

which appears to be dependent on the effector mechanism involved. Thus, tti- 

adrenoceptors which stimulate PLC are coupled to either the Gq or Gh family of a -  

subunits, but those which stimulate PLA2 (and possibly those which regulate Câ "̂  

channels) are linked to a Gi like a-subunit which is sensitive to pertussis toxin.

1.5.2 -Adrenoceptors and the elevation of intracellular Câ "*" levels

Although the a  i-adrenoceptors have been demonstrated to couple to a variety of 

different signalling pathways, in the majority of tissues and cells, the primary effect of 

a  1-adrenoceptor stimulation is to increase intracellular Câ "̂  levels (Minneman & 

Esbenshade, 1994). The source of Ca '̂  ̂ mobilised following a  1-adrenoceptor activation 

has been shown to be derived from both intracellular stores (probably the endoplasmic or 

sarcoplasmic reticulum) and via extracellular Ca '̂  ̂ influx (Minneman, 1988), since a 

number of studies have demonstrated that responses via aradrenoceptors were 

differentially dependent on the presence of extracellular Ca^^. For example, studies of the 

isolated rat aorta have shown that contractions to noradrenaline are dependent on both 

intracellular and extracellular sources of Ca '̂  ̂ (Godfraind et al., 1982; Cauvin & Malik, 

1984; Nishimura et a i ,  1991; Oriowo & Ruffolo, 1992a). arA drenoceptor induced 

responses in other vascular smooth muscle preparations have been shown to be

33



differentially coupled to intracellular and extracellular Câ "̂  mechanisms in which for 

example, the noradrenaline-induced contractions of the rat renal and mesenteric arteries 

and the rat portal vein were all highly (but not totally) sensitive to nifedipine 

(dihydropyridine Câ "̂  channel blocker), but the contractions of the rat aorta to 

noradrenaline were insensitive to nifedipine (Han et a i ,  1990a). It has also been 

demonstrated that in vivo, both intracellular and extracellular sources of Câ "̂  are derived 

in the control of blood pressure following the administration of ai-adrenoceptor agonists 

in the pithed rat (Timmermans et a l ,  1985; Schwietert et a l ,  1992).

The entry of extracellular Câ "̂  into smooth muscle cells during contraction occurs 

predominantly via the high-voltage-activated L-type Ca '̂  ̂channel (Catterall & Striessnig,

1992). L-Type Ca"^ channels are pharmacologically modulated by a number of 

compounds including the phenylalkyamines (e.g. verapamil), benzothiazepines (e.g. 

diltiazem) and dihydropyridines (e.g. nifedipine), the latter group acting to modulate the 

voltage-dependent gating of Câ "̂  channels (Catterall & Striessnig, 1992; Spedding & 

Paoletti, 1992). In addition to those channels which open in response to changes in trans- 

membrane voltage, other channels may gate the entry of Câ "̂  into cells following 

receptor stimulation including receptor operated channels and second messenger operated 

channels (Minneman, 1988). However, the entry of extracellular Câ "̂  into cells following 

a  1-adrenoceptor activation seems to occur via dihydropyridine sensitive L-type Ca^‘*‘ 

channels since most responses which are sensitive to extracellular Câ "̂  removal are also 

sensitive to nifedipine (see Chapter 6 ).

The release of Câ "̂  from intracellular stores following ai-adrenoceptor 

stimulation appears to occur mainly via an inositol phosphate coupled pathway (Fain & 

Garcia-Sainz, 1980) although it should be noted that intracellular Câ "̂  release can also 

occur via the stimulation of intracellular ryanodine receptors (Ehrlich et a l ,  1994).

(XI - Adrenoceptors have been shown by many workers to activate PLC and hence 

the stimulation of inositol phosphate formation in a variety of systems. Kendall et a l ,  

(1985) demonstrated that a prazosin sensitive accumulation of [^H]-inositol phosphate 

occurred following noradrenaline stimulation of rat cerebral cortical slices and similar 

results in rat brain slice and culture preparations were observed by Minneman & 

Atkinson (1991). In a study of dispersed rat renal and hepatocyte cells (Han et a l ,  1990b) 

it was shown that noradrenaline could stimulate inositol phosphate formation in both cell
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types via a i -adrenoceptors and more recent studies from the laboratory of Garcia-Sainz 

have further demonstrated that noradrenaline, via ai-adrenoceptors, can stimulate 

inositol phosphate formation in preparations of hepatocytes from rats, guinea pigs and 

rabbits (Garcia-Sainz et al., 1992a; Garcia-Sainz et a i ,  1992b). Some workers have 

measured actual levels of IP3 following a  1-adrenoceptor stimulation as opposed to the 

measurement of total inositol phosphates (Wilson & Minneman, 1990a; Challiss & 

Nahorski, 1991; Pruijn et a i ,  1991) and these studies are obviously of greater relevance 

to intracellular Câ "̂  release since IP3 has been demonstrated to be the only known 

physiological activator of the IP3 receptor located on the endoplasmic or sarcoplasmic 

reticulum (Ehrlich et a l ,  1994). The cloned a  {-adrenoceptors have also been shown to 

couple to a PLC pathway and the limited number of studies performed with these 

recombinant receptors suggest that the aia/d- and aib-subtypes (Perez et a i ,  1993) as well 

as the cloned aic-subtype (Schwinn et at., 1991) stimulate inositol phosphate production.

Thus, it is clear from the studies discussed above that the activation of a i-  

adrenoceptors can evoke both the stimulation of PLC and the production of IP3 (leading 

to release of Câ "̂  from intracellular stores) as well as the entry of extracellular Ca^^ 

through plasma membrane channels. The opening of plasma membrane Câ "̂  channels 

may also be secondary to inositol phosphate formation (second messenger operated 

channels) or the release of intracellular Câ "̂  (capacitance mechanism) (Putney, 1986; 

Berridge & Irvine, 1989).

It has been suggested that different subtypes o f the a  {-adrenoceptor may couple 

preferentially to a particular Câ "̂  signalling mechanism (Han et a l ,  1987b). This initial 

proposal was based upon both pharmacological and biochemical evidence in which it was 

shown that the noradrenaline-induced contractions o f the rat vas deferens were mediated 

by an a  {-adrenoceptor exhibiting the pharmacology o f an aiA-subtype which were 

additionally highly sensitive to nifedipine. However, the competitive antagonism of 

inositol phosphate production by WB-4101 and benoxathian following noradrenaline 

stimulation of the rat vas deferens was not consistent with that o f an aiA-adrenoceptor. 

Alternatively, the aig-m ediated contraction of the rat spleen was not attenuated by 

nifedipine and the antagonism of inositol phosphate production was consistent with that 

o f an aiB-subtype (Han et a i ,  1987b). Thus on the basis o f this evidence, Han and 

colleagues proposed that the aiA-subtype o f the rat vas deferens was coupled to
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extracellular Câ "̂  influx via voltage gated channels and the aie-subtype of the rat spleen 

induced the stimulation of inositol phosphates and thus the release of intracellular Câ "̂ . 

The hypothesis that different ai-adrenoceptor subtypes are coupled to alternative 

signalling mechanisms has been studied by various workers and has been addressed in 

Chapter 6  of this thesis where these other studies are discussed.

1.5.3 Other signalling pathways activated by ai-adrenoceptors

Although it seems that the activation of PLC is the major signalling pathway 

linked to the ai-adrenoceptors, a large body of evidence also exists to suggest that o tr 

adrenoceptors may couple directly or indirectly to other signalling pathways (Minneman, 

1988) and in addition, that other second messengers (e.g. protein kinase C (PKC)) may 

modulate the PIP2 hydrolysis coupled to a  1-adrenoceptors (Cotecchia et al., 1985; Leeb- 

Lundberg et al., 1985; McMillan et al., 1986; Leeb-Lundberg et al., 1987; Rosenbaum et 

al., 1987; Berta ef a/., 1988; Bazan gf a/., 1993).

a  I-Adrenoceptors have been demonstrated to stimulate both increases in basal 

cAMP levels and also potentiate the cAMP response to other receptors. In rat brain slices, 

it was shown that the noradrenaline-induced increases in inositol phosphate accumulation 

and the noradrenaline stimulated potentiation of adenosine induced cAMP production 

were largely blocked by the chelation of extracellular Câ "̂ , but the noradrenaline 

stimulated increases in basal cAMP levels were unaffected by the Câ "̂  chelation 

(Johnson & Minneman, 1987). It was suggested that different a  1-adrenoceptors may be 

involved with these different signalling mechanisms, and a further study from the same 

laboratory demonstrated that the a  1-adrenoceptor linked to the potentiation of 

isoprenaline or adenosine induced cAMP production was different to the subtype linked 

to the production of inositol phosphates since the latter response was selectively 

antagonized by 5-methyl-urapidil (Minneman & Atkinson, 1991). Other workers have 

also demonstrated that a  1-adrenoceptors can potentiate P-adrenoceptor cAMP 

stimulation where it was shown for example that the P-adrenoceptor stimulation of 

cAMP involved in increases in pineal enzyme activity were potentiated by (X r 

adrenoceptors (Klein et al., 1983; Vanacek et al., 1985).

Other signalling pathways that have been suggested to couple to a  1-adrenoceptors 

include PLA% (Burch et al., 1986; Ho & Klein, 1987) (section 1.5.1) and more recently it
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was demonstrated that a prazosin sensitive noradrenaline stimulation of 

phosphatidylethanol production via PLD occurs in rat cerebral cortical slices (Llahi & 

Fain, 1992).

Thus it seems that ai-adrenoceptors are involved in coupling to a range of 

different signalling pathways and that these different signalling processes may modulate 

those pathways stimulated by other receptors. Further, it seems that the stimulation of 

PKC following a  1-adrenoceptor activation may regulate the function of the a p  

adrenoceptor itself (by desensitization as a result of phosphorylation (Cotecchia et al., 

1985; Leeb-Lundberg et at., 1985; Leeb-Lundberg et al., 1987) in a manner analogous to 

the action of (3-adrenoceptor kinase (P-ARK), which regulates p-adrenoceptor function 

(Benovic et al., 1989).
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1.6 Aims of project
During the course of this introductory chapter a number of questions have been 

raised concerning the current understanding of ai-adrenoceptor pharmacology. The 

controversial subject concerning the correlation between the cloned and ‘classical’ c tr  

adrenoceptors has been addressed in the thesis together with the specific aim of 

identifying whether a homogeneous or heterogeneous population of ai-adrenoceptors 

mediate the contractile response of the rat thoracic aorta. The aims of this project are as 

follows:

• To investigate whether the ‘classical’ ai-adrenoceptor subtypes as described in rat and 

rabbit tissues share the same pharmacology as the corresponding mammalian cloned  

a  I-adrenoceptors expressed in rat 1 fibroblasts by using a [^H]-prazosin binding assay 

to assess the affinities o f a number o f ai-adrenoceptor agonists and antagonists for 

these receptor subtypes. The question of whether the cloned rat aia/d-subtype 

resembles pharmacologically the ‘classical’ aiA-subtype described in rat tissues will 

be addressed in these studies.

• To explore whether a homogeneous or heterogeneous population of ai-adrenoceptor 

subtypes are responsible for the contractile response to ai-adrenoceptor agonists in the 

rat thoracic aorta by utilizing selective ai-adrenoceptor antagonists.

• To examine the hypothesis that Ca '̂  ̂ is derived from both intracellular stores and via 

extracellular influx during ai-adrenoceptor agonist-induced contractions of the 

rat thoracic aorta and further to explore whether different ai-adrenoceptor agonists 

can preferentially stimulate different routes of Câ "̂  mobilisation (possibly via 

different subtypes of the ai-adrenoceptor) within this tissue.

• To develop an assay system to measure levels of IP3 in rat thoracic aortic rings as a 

further guide to the role of intracellular Ca^^ mobilisation during a  1-adrenoceptor 

agonist-induced contractions of this tissue.
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CHAPTER 2

Materials and methods

2.1 Materials
The materials used in this study and their source are listed below.

M ATERIAL SOURCE

\ d w

_dw

Abanoquil (UK-52,046)''''

Acetylcholine chloride'*'"

Bovine serum albumin (Fraction V) 

Chlorethylclonidine (CEC)^'^

Cocaine hydrochloride'^^ 

5’-Guanylylimidodiphosphate (Gpp[NH]p) 

5-Hydroxytryptamine (5-HT)^'^ 

(creatinine-sulphate complex)

[^H]-Inositol 1,4,5-trisphosphate 

(20.0 Ci/mmole)‘̂ '̂

D-Inositol 1,4,5-trisphosphate 

Methoxamine^'^

5-Methyl-urapidil 

Nifedipine^^

(-h)-Niguldipine'

(-)-Noradrenaline bitartrate 

Oxymetazoline hydrochloride^'^^ 

p-oestrodiol^®

Phentolamine hydrochloride^'^ 

L-Phenylephrine hydrochloride^"'^

Prazosin hydrochloride^'"’̂®

[^H]-Prazosin (78.7 Ci/mmol)"’' 

DL-Propranolol hydrochloride^"'

dw

idw

,eth

.dwa

Pfizer, Sandwich, U.K.

Sigma Chemical Co., Poole, U.K.

Sigma Chemical Co., Poole, U.K.

Research Biochemicals Inc., Semat, U.K. 

Sigma Chemical Co., Poole, U.K.

Sigma Chemical Co., Poole, U.K.

Sigma Chemical Co., Poole, U.K.

NEN (Du Pont), Dreiech, W.Germany

Amersham International, Amersham, U.K. 

Sigma Chemical Co., Poole, U.K 

Research Biochemicals Inc., Semat, U.K. 

Sigma Chemical Co., Poole, U.K.

Research Biochemicals Inc., Semat, U.K. 

Sigma Chemical Co., Poole, U.K.

Sigma Chemical Co., Poole, U.K.

Sigma Chemical Co., Poole, U.K. 

Ciba-Geigy, Basle, Switzerland 

Sigma Chemical Co., Poole, U.K.

Pfizer, Sandwich, U.K.

Amersham International, Amersham, U.K. 

Sigma Chemical Co., Poole, U.K.
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WB-4101 hydrochloride^'^ Research Biochemicals Inc., Semat, U.K.

All other substances were of An alar or similar quality.

Key

"̂’̂ °Dissolved in a 50% solution of DMSO

^"'Dissolved or diluted in distilled water

"̂'“Dissolved in distilled water + 0.1% L-ascorbic acid

^^Dissolved in 100% ethanol

'^^Dissolved in Krebs solution

P"®Dissolved in PEG 200

'"'Diluted in Tris-HCl buffer

Stock drug solutions were prepared to a concentration of lOmM and subsequent 

dilutions were made with distilled water unless otherwise indicated in the text. All buffers 

described in this thesis were prepared with distilled water and the pH was adjusted and 

checked at the temperature indicated.

2.2 Radioligand binding studies
2.2.1 Membrane preparation

Membranes were prepared from livers of male New Zealand white rabbits (2-3 kg; 

killed under pentobarbitone anaesthesia) and brains (minus cerebellum) and livers from 

male Sprague Dawley rats (300-450g; stunned and killed by cervical dislocation) as 

follows. The tissues were chopped into small pieces, weighed and homogenised in 10 

volumes of ice-cold 50mM Tris-HCl buffer, pH 7.4 at 4°C (assay buffer) using a Polytron 

homogeniser (PTIO, 2 x 20s on setting 5), followed by filtration twice through double 

layers of gauze. Rat and rabbit liver membrane homogenates were centrifuged at l,000g 

for 20min at 5°C in a Sorvall centrifuge (Sorvall SS-34 rotor), the supernatants being 

retained following centrifugation. Homogenates (both crude rat brain homogenates and liver 

supernatants) were centrifuged at 50,000g for 20min at 5°C. The supernatants were 

discarded and the pellets were reconstituted in 10 volumes of assay buffer (PTIO, 20s on 

setting 5) followed by re-centrifugation (as above). This procedure was repeated and the 

final pellet was resuspended in 1 0  volumes of assay buffer, adjusted to a protein 

concentration of about 1 mg/ml (see section 2.2.3), aliquoted and stored at -70°C.
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Membranes were also prepared from rat 1 fibroblasts expressing either rat aia/d-» 

hamster aib- or bovine ttic-adrenoceptors. Frozen pellets of cells from each cell line 

(provided by the Department of Molecular Genetics, Pfizer Central Research, Sandwich, 

Kent) were thawed and suspended (PTIO, 20s on setting 5) in 10 volumes of assay buffer. 

Membrane homogenates were then prepared as described for rat brain (excluding filtration 

through gauze).

2.2.2 Chlorethylclonidine (CEC)-pretreatments of membrane homogenates

Membranes were thawed and centrifuged for 20min at 50,000g at 5°C. The pellet 

was resuspended (PTIO, 20s on setting 5) in 5 volumes of lOmM Tris-HCl buffer, pH 7.4 at 

37°C containing 10|iM CEC and incubated in a shaking water bath at 37°C for 15min. 

Incubations were terminated by the addition of 15 volumes of ice-cold assay buffer followed 

by centrifugation at 50,000 g for 20min at 5°C. The supernatant was removed and the pellet 

was resuspended in 15 volumes of assay buffer followed by re-centrifugation. This washing 

procedure was repeated twice (total of three washes) and the final pellet was resuspended in 

10 volumes of assay buffer. The CEC-pretreated membranes were stored on ice until 

required (the same day).

2.2.3 Protein concentration determinations

Protein determinations were performed using a DC  Protein Assay kit (Bio-Rad 

Laboratories Ltd., Herts, U.K.) which was based on the well documented colorimetric assay 

described by Lowry et al., (1951). A range of protein standards were prepared for the 

construction of a standard curve by diluting bovine serum albumin in distilled water from a 

stock concentration of 1.36mg/ml to 0.17mg/ml. 100|il of standards or samples (usually 

prediluted in distilled water to be within the assay range), 500|il of solution A (alkaline 

copper tartrate solution) and 4ml of solution B (folin reagent) were added to a polypropylene 

test tube and vortex mixed. After 15min, absorbances were read at 750nm using a Beckman 

Du-50 spectrophotometer (Beckman Instruments, Bucks., U.K.). An example standard curve 

for this assay is shown in Fig 2.1 from which the concentration of protein in the samples 

were estimated by interpolation.
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2.2.4 [‘̂ H]-Prazosin binding assays

[^H]-Prazosin binding assays were performed at room temperature for 30min in a 

final volume of 500)li1. Total binding and non-specific binding were measured in the 

presence of assay buffer or lOmM phentolamine respectively. Saturation assays were 

performed in duplicate over a range of 12 [^H]-prazosin (78.7 Ci/mmol) concentrations 

(0.01 - BnM) in the presence of assay buffer or lOmM phentolamine. Competition assays 

were performed in duplicate in the presence of 0.4nM -prazosin and 10 separate 

concentrations of competing drug. Serial half Log M dilutions of the competing drugs were 

performed using a Tecan robotic sample processor (Tecan U.K. Ltd, Berksire, U.K.), 

dilutions being performed with assay buffer containing 5% DMSO (final assay 

concentration of DMSO=0.5%). DMSO was included in the dilution buffer since it was 

shown to reduce carry-over of drugs between dilutions; the final assay concentration of 

0.5% DMSO was shown in preliminary experiments to not alter -prazosin binding. 

When the competing drug was an agonist, lOOmM 5 '-guanylylimidodiphosphate 

(Gpp[NH]p) and 0.5mM EDTA were also included in the assay (see introduction to Chapter 

4). All incubations were initiated by the addition of 400|il of membrane homogenates to 

give a final protein concentration of about 0.5 and 0.15mg/ml for tissue and rat 1 fibroblast 

membranes respectively. Incubations were terminated by the addition of 500|xl of ice-cold 

assay buffer followed by rapid filtration over Whatmann GF/C filters (pre-soaked in assay 

buffer + 0.5% polyethylenimine, pH 7.4 at 4°C) using a Brandel Cell Harvester (Biomedical 

Research and Development Laboratories Inc., MD, USA). The incubation tubes were filled 

with ice-cold assay buffer and were rapidly aspirated through the harvester and filters. This 

washing step was repeated a total of three times. The filters were punched out into mini

counting vials and 3mls of Ecoscint A scintillation fluid (National Diagnostics, Hull, U.K.) 

was added using a Brandel Add Machine. The vials were capped and counted for ^H in a 

liquid scintillation counter (Beckman LS 1801). The total [^H]-prazosin concentration used 

in the assay was measured by counting a 50|il aliquot of the diluted label.

Data analysis for ligand binding studies are described in Chapter 3 and example 

calculations are shown in Appendix 1.
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Standard curve for protein estimations.
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2.3 Functional studies
2.3.1 Dissection

Three rat tissues have been used for the functional studies described in this thesis; 

the thoracic aorta, spleen and the epididymal portion of the vas deferens. In all cases, male 

Sprague-Dawley rats (300-450g) were stunned and killed by cervical dislocation followed 

by the removal of the tissues. Fat and connective tissue were trimmed away and the tissues 

were placed in Krebs solution of the following composition (mM): Na"̂ , 143; K^, 5.9; Câ "̂ , 

2.5; M g-\ 1.2; Cl', 128; HCO 3 . 23; HPO^', 1.2; S O /'. 1.2 and glucose, 11. The thoracic 

aortae were cut into rings of 3-4mm in length followed by the removal of the endothelium 

by the gentle rotation of the intimai surface of the ring around a narrow serrated file. Spleen 

was cut longitudinally into two strips and the vas deferens was bisected into prostatic and 

epididymal halves followed by the removal of any visible blood vessels.

2.3.2 Isometric recording

The thoracic aortic rings were mounted on tungsten wires (0.125mm diameter; 

Goodfellow, Cambridge, U.K.) and the spleen and epididymal vas deferens were suspended 

under a resting tension of 0.5g in 10ml organ baths containing Krebs solution (as above). 

The temperature of the baths was maintained at 37°C and the tissues were gassed with 

9 5 %0 2 :5 %C0 2 . Tension was measured with Grass FT.03 isometric transducers (Stag 

Instruments Ltd, Oxon, U.K.) and recorded on a Grass model 7D polygraph.

2.3.3 Experimental protocol

All tissues were allowed to equilibrate for 75 min during which time the baths were 

renewed with Krebs solution at regular intervals together with the adjustment of the resting 

tension to 0.5g. The stability of the responses was assessed by the addition of a "sub- 

maximal" (inducing about an 80% maximal response) concentration of noradrenaline 

(lOOnM for aorta; 100|iM for spleen and vas deferens) to the organ bath. In the case of the 

aorta, once the response had stabilised (10-15min#), acetylcholine (l|iM ) was administered 

in order to functionally assess endothelium integrity (Furchgott, 1981). If any relaxation 

occurred it was assumed that endothelium removal was incomplete and the tissue was not 

used. The tissues were washed until the response returned to baseline (resting tension) and 

after 2 0  minutes, cumulative concentration response curves to ai-adrenoceptor agonists
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were performed for aorta and spleen. In the case of the epididymal vas deferens, non- 

cumulative concentration response curves were performed (since contractions in this tissue 

were phasic in nature and not sustained) consisting of a 1 0  min dosing cycle starting at the 

lowest concentration of agonist, with three washes between each drug addition. Tissues 

were washed to baseline and allowed to recover for 2 0 min followed by a treatment (e.g. 

antagonist, Ca^'^-channel blocker etc. (see Chapters 5 & 6 )) or a vehicle control before a 

final concentration response curve. A number of adaptations to this basic experimental 

protocol were performed and are described in Chapters 5 & 6 . The data analysis employed 

in the functional studies is described in Chapter 5.

2.4 Mass measurement of inositol 1,4,5-trisphosphate (IP3) levels in rat 
thoracic aortic rings using a radio-receptor binding assay

The method described is for the mass measurement of IP3 from cell extracts 

(Palmer et a i ,  1989). The principle of the assay is that IP3 from cell extracts competes 

with a fixed quantity of [^H]-I? 3  for specific IP3 binding sites in microsomal bovine 

adrenocortical protein. A standard curve using known quantities of unlabelled IP3 is 

conducted concurrently and by interpolation, the quantity of IP3 in the cell extract is 

determined.

2.4.1 Preparation of cell extracts from rat thoracic aortic rings

After the initial equilibration period and a test for endothelium integrity (see section

2.3.3), rat thoracic aortic rings were constricted with agonists and after predetermined times, 

were rapidly removed from the organ baths into liquid nitrogen. The frozen rings were 

homogenised in 100|il of ice-cold IM trichloroacetic acid (TCA) using a pestle and mortar. 

The homogenate was transferred to a 1.5ml microcentrifuge tube and any remaining 

homogenate in the mortar was transferred to the tube with another lOOp-l of ice-cold TCA. 

The acidified samples were sonicated (2 x 30s bursts on setting 4, Heat Systems Model 

XL2020; Heat Systems Inc., NY, USA) and left to incubate on ice for 20min. Samples were 

centrifuged at 1400g for 20min at 4°C in an Heraeus Biofuge 17RS (Heraeus Septech 

GmbH, Am Kalkberg, W.Germany). The supernatants were transferred into clean tubes and 

the pellets were stored at -20°C for protein determination (see below). Supernatants were 

neutralised by washing with 4 x 3  volumes of water saturated diethyl ether followed by the
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addition of 0.5 volumes of sample buffer (30mM NaHCO], 15mM EDTA). The samples 

were stored at -20°C before they were assayed for IP3 .

The pellets remaining from the cellular extraction of the aortic rings were assayed 

for protein. The pellets were digested overnight in 250}il of IM NaOH and were assayed 

using the method described in section 2.2.3.

2.4.2 Preparation of bovine adrenalcortical binding protein

Frozen bovine adrenal glands (Serotec Ltd., Oxford, U.K.) were thawed, cleaned of 

fat and bisected. The medulla was gently scraped away with a scalpel and then the cortex 

was removed from the fibrous capsule by firm scraping. The cortical tissue was weighed and 

suspended in 2 volumes of ice-cold bicarbonate buffer (20mM NaHCOg, ImM 

dithiothreitol, titrated to pH 8  with 0.0IM HCl at 4 °C). The tissue was homogenised in a 

Potter-Elvehjem glass-Teflon homogeniser ( 6  passes, speed 4) and centrifuged at 5,000g for 

15min at 4°C in a Sorvall centrifuge (Sorvall SS-34 rotor). The supernatant was transferred 

to a fresh tube and centrifuged at 35,000g for 20min at 4°C (Sorvall SS-34 rotor). The pellet 

was resuspended in the original volume of bicarbonate buffer by gently sucking the pellet in 

and out of a pipette and recentrifuged at 35,000g for 20min at 4°C. The washing procedure 

was repeated and the final pellet was resuspended in 0.5 volumes of bicarbonate buffer to 

give a final protein concentration of about 6 mg/ml (protein assay as described in section

2.2.3), aliquoted and stored at -70°C.

2.4.3 [^H]-IP3 Binding assay

A range of 7 standard unlabelled IP3 concentrations were prepared in distilled water 

to give final assay concentrations of 4|iM to 0.3nM IP3 . Incubations were performed in 

1.5ml microcentrifuge tubes where 30|il of standard IP3 or tissue extract, 30p,l of [^H]-IP3 

((21 Ci/mmol) to give a final assay concentration of 3nM) and 30p.l of assay buffer (lOOmM 

Tris-HCl, 4mM EDTA, 4mM EGTA and 4mg/ml bovine serum albumin (Fraction V) 

titrated to pH 9 with conc.HCl) were added. Incubations were initiated by the addition of 

30|il of bovine adrenalcortical binding protein followed by vortex mixing. The tubes were 

incubated on ice for 60min and the incubation was terminated by centrifugation at 8 ,0 0 0 g 

for 20min at 4°C in an Heraeus Biofuge. The supernatants were discarded and the tubes 

were swabbed with cotton buds. The pellets were resuspended in 500p,l of IM NaOH,
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vortex mixed and left to digest in a shaking water bath at 37°C for 60min. 400^,1 of the 

digested samples were transferred to mini-counting vials followed by the addition of 1 .6 ml 

of Ultima Gold scintillation fluid (Canberra Packard Ltd., Berks, U.K.). The tubes were 

vortex mixed and counted for in a Beckman LS 1801 liquid scintillation counter.

An example standard curve is shown in Figure 2.2 from which the concentration of 

fPi in the tissue extracts were estimated by interpolation. The method for calculating the 

1 ? 3  levels in aortic rings is given in the form of an example in Appendix 2.

47



CL
CD

3500

3000

2500

2000

1500

1000

500

-10
Log M

9 “8 “7 “6 ~5
[ I n o s i t ü l - 1 ,  4, 5 - tr i sp h o sp h a te ]

Figure 2.2

Standard curve for the estimation of IP3 levels in rat thoracic aortic rings.
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2.5 Data analysis
Data analysis and statistical evaluation will be dealt with in each chapter. 

However, basic data handling procedures were as follows.

All data were expressed as mean±s.e.mean unless indicated otherwise. Statistical 

evaluations of the data varies between the chapters. However, nonparametric statistics were 

employed where possible in preference to parametric statistics to avoid assuming that the 

data was scattered according to a guassian or ‘normal’ distribution. Both unpaired (Mann- 

Whitney test) and paired (Wilcoxon signed-rank test) tests were used as appropriate. 

Parametric tests in the form of two-way analysis of variance (two-way ANOVA) were 

performed to compare concentration response curves before and after treatments so that 

single points on concentration response curves could be compared (e.g. maximal responses; 

Chapters 5 & 6) by using the Student’s t test for paired data (taking MSerror values from 

the ANOVA analysis). In all statistical tests, a probability value, p, of less than 0.05 was 

considered significant. All statistical analysis were performed using the computer programs 

GraphPad Instat (Graphpad software, San Diego, California, USA) and Minnitab for 

Windows (Minnitab Inc., State College, PA, USA).
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CHAPTER 3

[^H]-Prazosin binding studies of native ai-adrenoceptor 
subtypes using selective antagonists

3.1 Introduction
Subtypes of the ai-adrenoceptor were first described in rat tissues based upon the 

selectivity of various antagonists in radioligand binding studies (Morrow & Creese, 1986) 

(see Chapter 1). In these early studies, two subtypes were proposed based mainly on the 

selectivity of the antagonists WB-4101 and chlorethylclonidine (CEC). It was shown that 

WB-4101 revealed two -prazosin binding sites with different affinities in rat cerebral 

cortical membranes, the high affinity site (Ki=0.62nM) was named the ttiA-adrenoceptor 

and the low affinity site (Kj=23nM) was called the ais-subtype (Morrow & Creese, 

1986). The low affinity site (aie) was shown to be irreversibly alkylated by the clonidine 

derivative, CEC, but the high affinity site (a,A) although having a similar affinity for 

CEC, was resistant to alkylation (Han et a/., 1987a; Johnson & Minneman, 1987). Various 

other antagonists have been shown to be selective for aiA-adrenoceptor binding sites in 

rat tissues and these include benoxathian (Han et a/., 1987b), 5-methyl-urapidil (Gross et 

a /.,1988; Hanft & Gross, 1989), (+)-niguldipine (Boer et aL, 1989; Graziadei et aL, 1989; 

Han & Minneman, 1991) and abanoquil (Greengrass et aL, 1991).

The distribution of ai-adrenoceptor subtypes in various tissues has been 

investigated by using both radioligand binding and functional (isolated tissue) 

experiments. The identification of tissues containing homogeneous populations of a i-  

adrenoceptor subtypes or of known ratios of more than one subtype is particularly 

important for the screening of novel drugs and various tissues have become useful for this 

reason. The rat cerebral cortex was one of the first tissues in which ai-adrenoceptor 

subtypes were described (Morrow & Creese, 1986). The biphasic displacement of [^H]- 

prazosin and [*^^I]BE (see Chapter 1) from the ai-adrenoceptor binding sites in this tissue 

by WB-4101 (Morrow & Creese, 1986; Minneman et aL, 1988) has allowed others to use 

rat cerebral cortical membranes (or whole brain homogenates) to screen ai-adrenoceptor 

antagonists for subtype selectivity (Hanft & Gross, 1989; Han & Minneman, 1991; 

Michel et aL, 1993). In addition, the inactivation of the aiB-binding sites in rat brain
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membranes by CEC-pretreatment, has allowed the selectivity of antagonists at the aiA- 

subtype alone to be evaluated (Johnson & Minneman, 1987; Hanft & Gross, 1989; Han & 

Minneman, 1991; Michel et a i ,  1993; Kenny et a i ,  1994). Other ttiA-containing tissues 

that have been used to assess drug affinities include the rat hippocampus and vas deferens 

(both functional and binding studies) (Han et aL, 1987a; Han et a l ,  1987b; Burt et aL, 

1992; Aboud et aL, 1993), CEC-pretreated rat heart (Greengrass et aL, 1991), rat 

submaxillary gland (Michel et aL, 1989) and guinea pig liver (Garcia-Sainz & Romero- 

Avila, 1993).

Due to the lack of availability of a selective aiA-adrenoceptor alkylating agent, 

tissues containing homogeneous populations of the a  i e-adrenoceptor subtype have been 

used to test the selectivity of drugs for this receptor. The criteria which have been 

employed to select tissues containing homogeneous populations of a i e-adrenoceptors has 

been their sensitivity to alkylation by CEC as well as a low affinity for antagonists such as 

WB-4101 and 5-methyl-urapidil. Various tissues have been found to fit these criteria and 

they include the rat liver and spleen (Han et aL, 1987a; Minneman et al., 1988; Hanft & 

Gross, 1989; Han & Minneman, 1991; Burt et aL, 1992; Veenstra et aL, 1992; Aboud et 

al., 1993) as well as rat white fat cells (Torres-Marquez et aL, 1992).

The recent cloning of the ai-adrenoceptors has allowed the screening of drugs 

against cell lines expressing homogeneous populations of cloned ai-adrenoceptor 

subtypes and in addition has led to the isolation of novel ai-adrenoceptor subtypes. Three 

mammalian ai-adrenoceptor subtypes have been isolated by molecular cloning techniques 

and these correspond to the rat aia/d-subtype (Lomasney et al., 1991b; Perez et aL, 1991), a 

hamster (Cotecchia et aL, 1988) and rat (Voigt et a i,  1990) aib-subtype and a bovine aic- 

subtype (Schwinn era/., 1990).

The correlation between the pharmacology of the tissue and the cloned a p  

adrenoceptors has been the topic of various recent reports. At present there is good 

agreement that the cloned aib- and tissue aie-adrenoceptors (located in rat liver and spleen) 

represent the same receptor (Cotecchia et aL, 1988; Schwinn et aL, 1990; Perez et aL, 1991; 

Kenny et aL, 1994). However, the correlation between the pharmacological profiles of the 

cloned aia/d- and tissue aiA-adrenoceptors is not clear (Perez et aL, 1991; Schwinn & 

Lomasney, 1992; Chapter 1) and also that of the cloned aic-subtype and rabbit liver (%r
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adrenoceptors (described as pharmacologically similar to the cloned aic-adrenoceptor 

(Garcia-Sainz et aL, 1992a; Taddei et aL, 1993)) has not been extensively explored.

The following study has been designed to investigate the antagonist binding profiles 

of the proposed tissue ai-adrenoceptor subtypes located in rat brain (aiA and aie), rat liver 

(aie) and rabbit liver (aic?) using a -prazosin ligand binding assay and to compare the 

findings to the binding affinities which have been reported for these antagonists at the 

cloned ai-adrenoceptors. This study was particularly designed to compare the pharmacology 

of the rat tissue aiA-subtype to the data available for the corresponding cloned aia/d-subtype 

since recent reports have suggested differences between these cloned and tissue receptors 

(Schwinn & Lomasney, 1992).

3.2 Experimental protocol
The tissues used in this study were rat brain (aiA- and aie-subtypes), rat liver («le- 

subtype) and rabbit liver (proposed aic-subtype). The antagonists tested in the competition 

experiments were prazosin, WB-4101, 5-methyl-urapidil and (+)-niguldipine. All methods 

were performed as described in chapter 2  except:

• In some saturation studies, rat brain membranes were treated for 30 min with 10|liM CEC 

(compared to the usual 15 min) in order to evaluate if any further receptor inactivation 

occurred with a longer incubation period.

• In some competition experiments, rat brain membranes were taken through the CEC- 

pretreatment protocol in the absence of CEC in order to evaluate if this protocol altered 

the binding properties of the membranes.

3.2.1 Data analysis

All data shown in this study represent the mean±s.e.mean of n experiments, each 

single experiment being the mean of duplicate values.

In saturation studies, specific binding was calculated by subtracting non-specific 

binding (in the presence of 10p.M phentolamine) from total binding (in the presence of 

buffer). Specific binding was fitted to the equation for a rectangular hyperbola from which 

the dissociation constant (K d )  and density of receptors (Bmax) were obtained:

Y = A . X / B - hX
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This equation is also known as a binding isotherm where Y is initially zero and increases to 

a maximum plateau value A (Bmax), which is expressed in the same units as the Y. B is the 

dissociation constant (Kd) and is expressed in the same units as the concentration of labelled 

ligand (X). Thus when X=B, Y=0.5.A. Non-specific binding was fitted to a straight line by 

linear regression and total binding was fitted to a double rectangular hyperbola. In some 

cases, saturation data has been represented as Scatchard plots (Scatchard, 1949) (more 

correctly known as Rosenthal Plot; Rosenthal, 1967) in which bound ligand per mg of 

membrane protein has been plotted against the ratio of bound to free ligand. The best 

straight line was then fitted to the data by linear regression. Hill plots were also performed 

on saturation data using a logarithmic form of the Hill equation (Hill, 1913):

log B / (Bmax-B) = n log [D] - log Kd 

In this equation B is bound ligand, and D represents the ligand concentration, log B / (Bmax- 

B) is plotted against log [D] and the best straight line is fitted by linear regression. The slope 

represents the Hill coefficient (nn) and when nn is unity, the X intercept represents the Kd- 

The data obtained from the competition studies were fitted to a log scale sigmoid 

curve equation (one-site fit):

Y = A + ( B - A ) / 1  +(10‘̂ /10^)°

X represents the logarithm^ of the concentration of the displacing antagonist. Y, 

represented as a percentage of total specific binding has a bottom plateau (A) at high X and 

a top plateau (B) at low X. 50% specific binding (half way between A and B) is given as C 

in units of X and represents the loglCso value. D represents the slope factor (Hill coefficient) 

and is negative (since Y decreases with increasing X). K, values were then derived using the 

Cheng-Prusoff equation (Cheng & Prusoff, 1973):

Ki = IC 5o/l+ ([L ]/K D ), 

where [L] is the concentration of free radioligand used in the assay and Kd is the 

dissociation constant obtained from the saturation studies.

In some cases, competition data were fitted to an equation describing competitive 

binding when the competing ligand has different affinities for two types of receptors for 

which the radioligand has identical affinities (two-site fit):

Y = A + ((B - A) / 100). [(C / (1 + 10' '̂^)) + (100 - C /  (1 + 10™))], 

where X,Y, A and B are as described above, C is the percentage of high affinity receptors 

and D and E are the IC 5 0  values for the high and low affinity receptors respectively. Two-
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site fits were compared statistically to one-site fits by an F-test. Two site fits were accepted 

when the F-ratio reached significance at p<0.05.

All curve fitting as described above was performed using the computer program 

GraphPad INPLOT version 3.0 (San Diego, California, USA). Example calculations for 

saturation and competition studies are shown in Appendix 1. All comparative statistics used 

in this Chapter were nonparametric and are described in Chapter 2.

3.3 Results
3.3.1 Saturation studies and CEC-pretreatments

Binding isotherms and Scatchard analysis for the [^H]-prazosin saturation studies of

rat brain, rat liver and rabbit liver membranes are shown in Figures 3.1, 3.2 and 3.3

respectively. Scatchard analysis of the saturation isotherm data resulted in straight lines,

indicating that [^H]-prazosin bound to a single class of binding sites in all of the tissues

(Figures 3.1c, 3.2c & 3.3c). However, the Scatchard plots for the rat and rabbit liver

membranes show a large scatter of data points especially at low [^H]-prazosin
ojc

concentrations possibly due to the difficulty in estimating levels of bound at free ligand 

these low [^H]-prazosin concentrations. Therefore, in order to check that [^H]-prazosin was 

binding to a single affinity site using an alternative method. Hill analysis was performed on 

the data to estimate the Hill coefficient (nn) which should be unity when the ligand is 

binding to a single site. The nH values estimated from these Hill analyses (Hill plots not 

shown) were 1.01±0.04 (n=6 ), 1.00±0.03 (n=5) and 0.95+0.02 (n=5) for rat brain, rat liver 

and rabbit liver membranes respectively and all nH values were not significantly different to 

unity. [^H]-Prazosin bound with a similarly high affinity in rat brain and liver membranes 

(Kd values between 0.2 and 0.4nM), although a lower affinity was observed for the rabbit 

liver membranes (Ko=0.9nM) compared to both rat liver and brain (p<0.05) (Table 3.1). 

CEC-pretreatment caused large reductions in the maximum level of specific binding (greater 

than 80% reductions in the Bmax) of [^H]-prazosin to rat and rabbit liver membranes, but a 

lower inactivation of the binding sites (60% reduction in Bmax) were observed in rat brain 

membranes (Table 3.1 & Figures 3.1b, 3.2b & 3.3b).

A comparison between 15nun and 30min CEC-pretreatment incubation times on the 

Bmax value obtained for rat brain membranes is shown in Figure 3.4. As can be seen, there 

was no significant difference in the Bmax value observed between the two incubation times

54



(136.7+16.3 and 126.7+25.4 fmol/mg protein for 15min and 30min incubations 

respectively), indicating that maximal receptor alkylation was achieved with a 15 min CEC- 

pretreatment. In order to assess the effect of the CEC-pretreatment protocol (i.e. incubation 

at 37°C and the washing procedure) upon binding, competition experiments were performed 

for prazosin and WB-4101 on “crude” (standard membrane preparation) rat brain 

membranes and those which had undergone the CEC-pretreatment protocol in the absence 

of CEC (“washed”). The results show that there were no significant differences in the Ki and 

slope values obtained for the “crude” and “washed” membranes (Table 3.2).

3.3.2 Competition studies

Prazosin acted non-selectively and competed with high affinities for [^H]-prazosin 

binding in rat brain (untreated and CEC-pretreated), rat liver and rabbit liver membranes 

with Kj values close to the Kd values obtained in the saturation studies, although a lower 

affinity was exhibited in rabbit liver membranes (similar to the Kd observed in the 

saturation studies) compared to rat brain and liver (p<0.05) (Table 3.3 & Figure 3.5). The 

competition curves for prazosin appeared monophasic, and the slopes were not significantly 

different to unity (except CEC-pretreated rat brain) indicating that prazosin was binding to a 

single high affinity site.

The aiA-subtype selective antagonist, WB-4101 competed for [^H]-prazosin binding 

with different affinities between the various tissues studied (Table 3.3 & Figure 3.6). CEC- 

pretreatment increased the affinity of WB-4101 for rat brain membrane ai-adrenoceptors 

(Kj=0.3nM) compared with the untreated membranes (Kj=1.8nM) (p<0.05), although the 

shallow Hill-slope of the competition curve was not altered following CEC-pretreatment. 

The competition curve for W^-4101 in rabbit liver membranes was monophasic (slope not 

significantly different from unity) exhibiting an affinity (Ki=2.2nM) similar to that of non- 

CEC-pretreated rat brain membranes. The lowest affinity for WB-4101 was observed in rat 

liver membranes (Kj=6.4nM), however, the slope of the curve was significantly less than 

unity. WB-4101 exhibited a 21-fold and 7-fold higher affinity for CEC-pretreated rat brain 

over rat liver and rabbit liver ai-adrenoceptors respectively.

5-Methyl-urapidil produced a similar profile to WB-4101 for the displacement of 

[^H]-prazosin from the ai-adrenoceptors in various tissues studied (Table 3.3 & Figure 3.7). 

The low affinity of 5-methyl-urapidil for [^H]-prazosin binding sites in rat brain membranes
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(Kj=12.7nM) was increased following CEC-pretreatment (Kj=3.2nM) (p<0.05) together 

with a steepening of the Hill-slope. Monophasic competition curves (slopes not significantly 

different from unity) with low affinities were observed for 5-methyl-urapidil in both rat and 

rabbit liver membranes although the K, values were not significantly different from each 

other (Table 3.3 & Figure 3.7). 5-Methyl-urapidil exhibited a 10-fold and 7-fold higher 

affinity for CEC-pretreated rat brain over rat liver and rabbit liver ai-adrenoceptors 

respectively.

(+)-Niguldipine was the least selective of the aiA-selective compounds used in this 

study. The affinity of (+)-niguldipine for -prazosin binding sites on rat brain 

membranes (Kj=33.7nM) was not increased following CEC-pretreatment (K,=29.5nM), 

although a steepening of the Hill-slope was observed (Table 3.3 & Figure 3.8). (4-)- 

Niguldipine exhibited intermediate to low affinities for [^H]-prazosin binding sites in rabbit 

and rat liver membranes respectively with Hill-slopes not significantly different from unity 

(Table 3.3 & Figure 3.8). (+)-Niguldipine exhibited a 7-fold and 3.5-fold higher affinity for 

CEC-pretreated rat brain over rat liver and rabbit liver ai-adrenoceptors respectively.

The data from the displacement experiments using rabbit liver, rat liver and CEC- 

pretreated rat brain membranes fitted better to single site function compared to a two-site fit 

as assessed by the F-test (P>0.05) for all of the compounds tested. However, in rat brain 

membranes (“crude”), 4 of the total of 6 curves for WB-4101 and all 4 curves for 5-methyl- 

urapidil fitted significantly better to a two-site equation and example curves are shown in 

Figure 3.9. This data is summarised in Table 3.4 which shows that 30-45% of the binding 

sites correspond to the high affinity site, a similar value to the 40% of CEC-insensitive sites 

observed in the saturation studies (Table 3.1). The Kj values for the high (Kh) and low (K J 

affinity sites revealed by 5-methyl-urapidil are similar to the Kj values obtained for this 

compound at CEC-pretreated rat brain and rat liver membranes respectively (Table 3.3). In 

the same way, the Kl site for WB-4101 is similar to the Ki value obtained for WB-4101 in 

rat liver membranes, but however, the Kh site in rat brain is 13-fold higher than the Kj value 

observed in CEC-pretreated rat brain membranes (Tables 3.3 & 3.4).
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Figure 3.1a, b and c

Binding isotherms and Scatchard analysis of [^H]-prazosin binding to rat brain membranes.
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The data shown in this figure represent the mean of duplicate observations from a typical saturation experiment. Fig. 3.1a shows total (■) and

non-specific (A ) binding of [^H]-prazosin to rat brain membranes. Fig 3.1b shows specific binding isotherms for membranes which were

untreated ( • )  or preheated (O) with lOpM CEC for I5min (O) and Fig 3.1c shows the same data transformed into a Scatchard plot.
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Figure 3.2a, b and c

Binding isotherms and Scatchard analysis of ['̂ H]-prazosin binding to rat liver membranes.

The data shown in this figure represent the mean of duplicate observations from a typical saturation experiment. Fig. 3.2a shows total (■) and

non-specific (▲) binding of [^H]-prazosin to rat liver membranes. Fig 3.2b shows specific binding isotherms for membranes which were

untreated ( • )  or pretreated (O) with lOpM CEC for 15min (O) and Fig 3.2c shows the same data transformed into a Scatchard plot.
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Figure 3.3a, b and c

Binding isotherms and Scatchard analysis of [^H]-prazosin binding to rabbit liver membranes.

The data shown in this figure represent the mean of duplicate observations from a typical saturation experiment. Fig. 3.3a shows total (■) and

non-specific (A ) binding of [^H]-prazosin to rabbit liver membranes. Fig 3.3b shows specific binding isotherms for membranes which were

untreated ( # )  or pretreated (O) with lOpM CEC for 15min (O) and Fig 3.3c shows the same data transformed into a Scatchard plot.
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Figure 3.4

Comparison of 15 and 30min CEC-pretreatment times on the density of [^H]-prazosin 

binding sites in rat brain membranes.

Rat brain membranes were either untreated (control) or pretreated with lOfiMCEC for 15 

or 30min. Saturation analysis with increasing concentrations of [^H]-prazosin were 

performed and B^ax values were derived from the specific binding isotherms. Data are the 

meants.e.mean of 3-7 experiments, each experiment representing the mean of duplicate 

observations. *- significantly different from control (p<0.05).
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Figure 3.5

Competition by prazosin for [^H]-prazosin binding to ai-adrenoceptors in rat brain, rat 

liver and rabbit liver membranes.

Typical curve fits (one-site) are shown for the inhibition of [^H]-prazosin binding by 

prazosin to membranes prepared from rat brain ( • ) ,  CEC-pretreated rat brain (O), rat liver 

(▲) and rabbit liver (■). Data represent the mean of duplicate observations from single 

experiments.
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Figure 3.6

Competition by WB-4101 for [^H]-prazosin binding to a i -adrenoceptors in rat brain, rat 

liver and rabbit liver membranes.

Typical curve fits (one-site) are shown for the inhibition of [^H]-prazosin binding by WB- 

4101 to membranes prepared from rat brain ( • ) ,  CEC-pretreated rat brain (O), rat liver 

(▲) and rabbit liver (■). Data represent the mean of duplicate observations from single 

experiments.
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Figure 3.7

Competition by 5-methyl-urapidil for [^H]-prazosin binding to a i -adrenoceptors in rat 

brain, rat liver and rabbit liver membranes.

Typical curve fits (one-site) are shown for the inhibition of [^H]-prazosin binding by 5- 

methyl-urapidil to membranes prepared from rat brain ( • ) ,  CEC-pretreated rat brain (O), 

rat liver (▲) and rabbit liver (■). Data represent the mean of duplicate observations from 

single experiments.
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Figure 3.8

Competition by (+)-niguldipine for ['^H]-prazosin binding to a i -adrenoceptors in rat brain, 

rat liver and rabbit liver membranes.

Typical curve fits (one-site) are shown for the inhibition of [^H]-prazosin binding by (+)- 

niguldipine to membranes prepared from rat brain ( • ) ,  CEC-pretreated rat brain (O), rat 

liver (▲) and rabbit liver (■). Data represent the mean of duplicate observations from 

single experiments.
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Figure 3.9

Two-site analysis for the inhibition of [‘̂ H]-prazosin binding by WB-4101 and 5-methyl- 

urapidil from rat brain membranes.

The data from some experiments for the inhibition of [^H]-prazosin binding from rat brain 

membranes by WB-4101 (# )  and 5-methyl-urapidil (A) fitted better statistically (p<0.05) 

to a two-site rather than a one-site equation as assessed by the F-test. Data represent the 

mean of duplicate observations from a typical experiment.
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Tissue CEC + CEC % Reduction 
of Bmax

Kd Bmax Kd Bmax

Rat brain 0.4±0.06 335.2±26.6 0.3±0.07 136.7±16.3 59.2

Rat liver 0.2±0.01 396.8±17.8 1.0±0.05 39.9±3.7 89.9

Rabbit liver 0.9±0.07* 89.5±11.6 0.3±0.06 15.4±5.0 82.8

Table 3.1

Summary of data obtained from saturation studies for untreated and CEC-pretreated 

membranes.

[^H]-prazosin binding data from saturation studies before and after CEC-treatment (lOjiM 

CEC for 15 min followed by 3 washes). All values represent the mean±s.e.mean of between 

3 and 7 experiments in duplicate. K d (nM) and B max (fmol/mg protein) values were 

calculated from the specific binding isotherms (e.g. Figures 3.1b, 3.2b and 3.3b). 

*=Significantly different from rat brain and rat liver Kd (p<0.05).
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Antagonist “Crude” membranes Washed membranes
Prazosin 0.2+0.01 0.2+0.04

(1.0±0.04) (0.9+0.1)
WB-4101 0.6+0.1 0.8±0.1

(0.6+0.05) (0.6+0.1)

Table 3.2

The effect of the CEC-pretreatment procedure (in the absence of CEC) on the inhibition 

of [^H]-prazosin binding by prazosin and WB-4101 from rat brain membranes.

The effect of the CEC-pretreatment protocol on the binding characteristics of rat brain 

membranes was assessed by comparing the Kj values obtained for prazosin and WB-4101 

in “crude” membranes (standard membrane preparation) to those which had undergone 

the CEC-pretreatment protocol in the absence of CEC (washed). Values represent the K, 

(nM) and the Hill-slopes are shown in parenthesis. All data are the mean±s.e.mean of 4 

experiments in duplicate.
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Antagonist Rat brain Rat brain + CEC Rat liver Rabbit liver

Prazosin 0.1 ±0.02 
(0.90±0.03) 

n=10

0.3±0.08
(0.84±0.04)*

n=6

0.10±0.02
(0.87±0.07)

n=6

1.1±0.1#
(1.02±0.06)

n=7

WB-4101 1.8±0.4t
(0.65±0.05)*

n=10

0.3±0.05tt
(0.60±0.03)*

n=6

6.4±0.10ttt
(0.82±0.06)*

n=6

2.2±0.4
(0.94±0.07)

n=8

5-Me-urapidil 12.7±3.6t
(0.6±0.05)*

n=6

3.2±0.5tt
(0.98±0.08)

n=4

31.2±3.3
(0.88±0.11)

n=6

22.5±4.5
(0.87±0.07)

n=4

(+)-Niguldipine 33.7±9.9
(0.7±0.03)*

n=4

29.5±5.5tt
(0.89±0.05)

n=4

204.7±26.6
(0.93±0.06)

n=5

103.3±26.5
(1.22±0.32)

n=3

Table 3.3

Drug affinities for various ai-adrenoceptor antagonists at rat brain, rat liver and rabbit liver 

a  I-adrenoceptors.

Inhibition of [^H]-prazosin binding by various ai-adrenoceptor antagonists at rat brain 

(untreated and pretreated with 10)J,M CEC), rat liver and rabbit liver membranes. Values 

represent the Kj (nM) (Hill-slopes shown in parenthesis) and are the mean±s.e.mean of n 

experiments in duplicate.

* =Hill-slope significantly different from unity (p<0.05),

# =Kj for prazosin significantly different to that in all other tissues (p<0.05), 

t  =Kj significantly different to that in CEC-pretreated rat brain (p<0.05), 

t t  =Kj significantly different to that in rat liver and rabbit liver (p<0.05), 

t t t  =Ki significantly different to that in rabbit liver (p<0.05).
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Antagonist One-site Two-site
Ki Kh Kl % K h

WB-4101 1.5±0.9
(0.5±0.04)*

0.02±0.01 6.0±1.6 32.7±4.1

5-Me-urapidil 12.4±4.2
(0.6±0.04)*

1.2±0.4 66.5±6.1 44.5±3.6

Table 3.4

One-site compared to two-site analysis for the inhibition of -prazosin binding by WB- 

4101 and 5-methyl-urapidil from rat brain membranes.

The results in this table represent competition data for WB-4101 and 5-methyl-urapidil at 

rat brain membranes which fitted better statistically (p<0.05) to a two-site rather than one- 

site equation as assessed by the F-test. Kj, Kh (high affinity site) and Kl (low affinity site) 

(nM) values represent the mean±s.e.mean of 4 duplicate experiments. Values in parenthesis 

represent Hill-slopes.

* =Hill-slope significantly different from unity (p<0.05).
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Antagonist Rat aia/d Hamster

«lb

Bovine

(Xjc
Prazosin 0.32(1) 

0.33 (2) 
0.33 (3) 
0.32 (4)

0.19(1) 
0.41 (2) 
0.56 (3) 
0.25 (4) 
0.11 (5)

0.27(1) 
0.27 (2) 
0.37 (3) 
0.06 (5)

WB-4101 0.67(1) 
2.0 (2) 
2.1 (3) 
1.9 (4)

16.4(1) 
38.0 (2) 
28.6 (3) 
5.9 (4) 
12(5)

0.29(1) 
0.62 (2) 
0.68 (3) 
0.70 (5)

5-Methyl-urapidil 9.8(1)
330 (2) 
15(4) 

630 (6)

57.2(1) 
41 (4) 
340 (5) 
126 (6)

0.60(1) 
(x8(5) 
3.2 (6)

(-i-)-Niguldipine 1100 (2) 
46 (4)

1700(2) 
8 (4)

80 (2)

CEC-sensitivity (% 
inactivation)

15(1) 
15(3) 
72 (4)

95(1) 
75 (3) 
98 (4) 
95(7)

85(1)
68(7)

Table 3.5

Summary of published data for the affinities of various ai-adrenoceptor antagonists at the 

cloned aradrenoceptor subtypes.

A comparison of published data for the pharmacological profiles of the cloned (%i- 

adrenoceptor subtypes obtained using ligand binding studies. Values represent the Ki 

(nM) except for CEC-sensitivity which are given as a percentage reduction in Bmax (% 

inactivation) following CEC-pretreatment. Numbers in parenthesis correspond to the 

following reports:

(1) Kenny et aL, 1994, (2) Schwinn & Lomasney, 1992, (3) Lomasney et aL, 1991b, (4) 

Perez et aL, 1991, (5) Schwinn et aL, 1991, (6) Michel & Insel, 1994 and (7) Schwinn et 

aL, 1990.
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3.4 Discussion
In this study, a [^H]-prazosin binding assay has been used to investigate the 

antagonist pharmacology of the ai-adrenoceptors located in rat brain (aiA and aie), rat liver 

(aie) and rabbit liver (proposed otic) membranes which will now be compared to the 

antagonist profiles of the cloned ai-adrenoceptor subtypes as described by various workers 

(Table 3.5).

The antagonist, prazosin, when used as a radiolabelled ligand or as a displacer, has 

been shown previously to exhibit an equal affinity for each of the ot|-adrenoceptor subtypes, 

both at the cloned receptors (Schwinn et al., 1990; Lomasney et a i, 1991b; Perez et al., 

1991; Kenny et a i, 1994) and at the ‘classical’ tissue receptor subtypes (Hanft & Gross, 

1989; Michel et al., 1993; Kenny et a i, 1994). Thus, in saturation studies, -prazosin 

exhibits linear Scatchard regression in tissues such as rat cerebral cortex (containing aiA- 

and aiB-subtypes) (Hanft & Gross, 1989) and in competition studies, monophasic 

displacement curves are observed in the rat cerebral cortex and other tissues containing 

heterogeneous populations of ai-adrenoceptors (Morrow & Creese, 1986; Hanft & Gross, 

1989). However, various workers have reported that two [^H]-prazosin binding sites exist 

by way of non-linear Scatchard plots in tissues such as rat renal cortex (McPherson & 

Summers, 1986), canine frontal cortex (Mignot et aL, 1989; Nishino et aL, 1993), rat vas 

deferens (Ohmura et aL, 1992), rabbit thoracic aorta (Oshita et aL, 1993) and rat cerebral 

cortex (Oshita et aL, 1991; Tsuchihashi et aL, 1991). In the present study, [^H]-prazosin 

labelled a single population of binding sites in rat brain, rat liver and rabbit liver 

membranes producing linear Scatchard plots and Hill coefficients (nn) not significantly 

different to unity. The dissociation constants (Kd) and Bmax values obtained for [^H]- 

prazosin binding at rat brain and liver membranes which were calculated from saturation 

isotherms are consistent with those which have previously been reported (Kusiak et aL, 

1989; Michel et aL, 1993; Taddei et aL, 1993; Kenny et aL, 1994). However, a higher Kd 

and lower Bmax value was observed in the rabbit liver consistent with that of a previous 

report (Taddei et aL, 1993).

The use of the irreversible alkylating agent, CEC, to inactivate aiB-(as well as aic- 

) adrenoceptors has been shown to be dependent on CEC concentration, duration of 

incubation and the osmolarity of the incubation medium (Minneman et aL, 1988; Perez et 

aL, 1991). Thus, if the correct conditions are chosen, complete inactivation of
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homogenous populations of aie-adrenoceptors can be achieved e.g. when aib- 

adrenoceptors are expressed in COS 7 cells (Schwinn et aL, 1990). In the current study, a 

90% reduction in the Bmax value was observed for rat liver membranes following a 15min 

CEC-pretreatment in a hypotonic buffer. This level of inactivation is consistent with the 

rat liver possessing a near homogenous population of aiB-adrenoceptors (Han et aL, 

1987a; Han et aL, 1988; Hanft & Gross, 1989; Han & Minneman, 1991; Kenny et aL, 

1994) and correlates to the degree of receptor alkylation observed following CEC- 

pretreatment of the cloned aib-adrenoceptor (Schwinn et aL, 1990; Perez et aL, 1991; 

Kenny et aL, 1994) (Table 3.5). Using these same conditions for rat brain membranes, a 

lower level of inactivation was observed following CEC-pretreatment (60% reduction in 

Bmax)- A longer duration of pretreatment (30min) produced no further inactivation of rat 

brain [^H]-prazosin binding sites suggesting that maximal alkylation was achieved with a 

15min incubation. Thus a heterogeneous population of ai-adrenoceptors exists in rat 

brain membranes, consisting of 40% CEC-insensitive sites and 60% CEC-sensitive sites 

and this ratio agrees with that of other reports (Han et aL, 1987a; Minneman et aL, 1988; 

Kenny et aL, 1994). Rabbit liver membranes showed a high sensitivity to CEC with a 

greater than 80% reduction in the Bmax value. This level of inactivation is similar to that 

previously described for this tissue (77% reduction in Bmax; Taddei et aL, 1993) and is 

consistent with that expected for the cloned bovine aic-adrenoceptor which exhibits a 

slightly lower sensitivity to CEC (68-85% reduction in Bmax) compared to the aib-subtype 

(Schwinn et aL, 1990; Kenny et aL, 1994) (Table 3.5).

Thus, the results obtained from the saturation studies in the presence and absence 

of CEC, show that this alkylating agent is able to define near homogeneous populations of 

sensitive ai-adrenoceptors in the rat liver and rabbit liver membranes consistent with that 

expected for a ie - and aic-adrenoceptors respectively, with only a small population of 

CEC-insensitive receptors in each tissue. The incomplete alkylation of the rat brain [^H]- 

prazosin binding sites is consistent so far with a heterogeneous population of a i-  

adrenoceptor made up of CEC-sensitive a i e-adrenoceptors and a population of CEC- 

insensitive receptors which probably correspond to the aiA-subtype.

The recent confusion as to the assignment of some of the cloned ai-adrenoceptors 

to those of the pharmacologically defined tissue receptors has come mainly from binding 

studies in which apparent differences in antagonist affinities were observed between the
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cloned rat aia/d-subtype and the “classical aiA-subtype” as defined in rat tissues (Perez et 

aL, 1991 ; Schwinn & Lomasney, 1992). Some of the binding data of Schwinn & Lomasney 

(1992) are shown in Table 3.5 together with the data published by various other authors on 

the cloned aradrenoceptor subtypes. There is good agreement with the affinities of prazosin 

and WB-4101 at the cloned subtypes showing that prazosin exhibits no selectivity while 

WB-4101 is aic>aia/d>0Cib selective (Table 3.5). 5-Methyl-urapidil exhibited the same 

pattern of selectivity as WB-4101 with the exception of the data of Schwinn & Lomasney 

(1992) and Michel & Insel (1994) in which 5-methyl-urapidil showed a low affinity for the 

ttia/d-subtype. Schwinn & Lomasney (1992) suggested that the “classical” aiA-adrenoceptor 

had not yet been cloned and that the aia/d-clone represented a different receptor since its 

pharmacology (low affinity for 5-methyl-urapidil (Kj=330nM), (+)-niguldipine 

(Kj=l lOOnM), and benoxathian (Ki=7700nM)) did not match that of the “classical” aiA- 

subtype (5-methyl-urapidil (Kj=0.9nM; Gross e ta l ,  1988), (+)-niguldipine (Kj=0.05-0.2nM; 

Boer et aL, 1989) and benoxathian (Kj=1.0nM; Han et aL, 1987b)). Thus, the low affinity 

observed by some authors for 5-methyl-urapidil and (+)-niguldipine at the cloned aia/d- 

adrenoceptor (as well as sensitivity to CEC (Perez et aL, 1991)) has led to a split 

classification of this receptor with it either exhibiting a similar or different pharmacology to 

that of its rat tissue counterpart. A close correlation in the pharmacological profiles has been 

shown to exist between the cloned hamster aib-adrenoceptor and its tissue counterpart 

located in rat liver and spleen membranes (low affinity for WB-4101, 5-methyl-urapidil and 

high sensitivity to CEC) (Cotecchia et aL, 1988; Schwinn et aL, 1990; Perez et aL, 1991; 

Kenny et al., 1994) and the pharmacology of the cloned bovine aic-adrenoceptor has been 

shown to be similar to that of rabbit liver membranes (high affinity for WB-4101, 5-methyl 

urapidil and high sensitivity to CEC) (Garcia-Sainz et aL, 1992a; Taddei et aL, 1993).

The antagonists WB-4101 and 5-methyl-urapidil which have been used in this study, 

were first described to be selective for the “classical” rat tissue aiA-adrenoceptor but 

recently they have been demonstrated to be more selective for the cloned aic-subtype over 

both the cloned aia/d- and aib-adrenoceptors (Table 3.5). However, the separation in 

affinities for these compounds between the cloned aic- and aia/d-subtypes is relatively small 

with for example no greater than a 4-fold difference for WB-4101. The selectivity of 5- 

methyl-urapidil for these two cloned subtypes depends on which data is compared. Only a 

16-fold selectivity for the cloned aic- over aia/d-subtype is observed with the Kenny et al.,
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(1994) data, but if the results of Schwinn & Lomasney (1992) are considered, 5-methyl- 

urapidil exhibits a 44-fold selectivity. Thus the usefulness of these compounds in 

distinguishing the cloned otic- from the cloned aia/d-subtype has its limitations (and is also 

dependent on which data is considered) since both of these subtypes share a similar 

pharmacology for these antagonists although 5-methyl-urapidil does seem to show the 

greatest selectivity. In view of this limited selectivity, especially in the case of WB-4101, 

these compounds will be referred to as aic/aia/d-selective. However, the ability of WB-4101 

and 5-methyl-urapidil to distinguish the aie-adrenoceptor (cloned or tissue) from the other 

subtypes is unquestioned and forms a major part of the current criteria for the sub- 

classification of the a  1-adrenoceptors.

In this study, the non-subtype selective antagonist prazosin displaced [^H]-prazosin 

from all tissues equipotently with similar affinities to the Kd values obtained in the 

saturation studies as well as to the corresponding cloned subtypes, with the exception of the 

rabbit liver in which prazosin exhibited a lower affinity. This lower affinity of prazosin for 

rabbit liver membranes does not match that for the cloned aic-adrenoceptor (or any of the 

other subtypes) and raises the question of whether the ai-adrenoceptor identified in this 

tissue corresponds to the prazosin low affinity sites as has been previously mentioned, in 

which Kd values range between 0.9 and 2.0nM (Oshita et al., 1991; Ohmura et al., 1992; 

Oshita et al., 1993). Although prazosin exhibits a low affinity for the receptors located in 

rabbit liver membranes, they are unlikely to correspond to the aiL-subtype since this 

proposed receptor has been demonstrated to exhibit low sensitivity to CEC (Ohmura et 

a i,  1992; Oshita et al., 1993), whereas in this study, an 80% reduction in the B^ax value 

was observed following CEC-pretreatment, correlating more closely to either the cloned 

aib- or aic-subtypes (Table 3.5). The aic-/o(ia/d-selective antagonists WB-4101 and 5- 

methyl-urapidil (Table 3.5) also exhibited lower affinities for the rabbit liver a i-  

adrenoceptors compared to the cloned aic-adrenoceptor (but similar to that of the aia/d- 

subtype described by Kenny et al (1994) and Perez et <3/(1991)) (Table 3.5) although (+)- 

niguldipine shared a similar affinity to that of the cloned aic-adrenoceptor (Schwinn & 

Lomasney, 1992).

Thus, the correlation between the ai-adrenoceptors identified in rabbit liver 

membranes and the cloned bovine aic-adrenoceptor is inconsistent. The tissue and the 

cloned receptors both shared an equal sensitivity to CEC, but the aic-/cxia/d-subtype
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selective antagonists used in this study tended to show intermediate affinities correlating 

most closely with those of the cloned aia/d-subtype (Table 3.5). In addition, prazosin 

exhibited a lower affinity for these rabbit liver receptors but it is difficult to be certain if 

this small difference in affinity is biologically significant. These results show that the 

pharmacology of the ai-adrenoceptor identified in rabbit liver membranes most closely 

resembles that of the cloned aia/d-adrenoceptor. However, the sensitivity of rabbit liver 

a  1-adrenoceptors to CEC does not correlate to that expected for the aia/d-subtype (with 

the exception of the data of Perez et a/*(1991)) and in addition the degree of otic- over 

aia/d-subtype selectivity of some of the compounds used in this study is unclear. 

Therefore it is proposed that the rabbit liver ai-adrenoceptor might represent a species 

different aic-adrenoceptor exhibiting sensitivity to CEC and an intermediate affinity to 

the aic-/(Xia/d-selective antagonists. However, the possibility that the rabbit liver consists 

of a heterogeneous population of ai-adrenoceptors cannot be dismissed although a lower 

sensitivity to CEC (if the other site was Œia) and ability to detect two sites with the 

selective antagonists might have been expected if this were the case.

A heterogeneous population of ai-adrenoceptors was identified in rat brain 

homogenates agreeing with previous reports that show this tissue contains a mixed 

population of aiA- and aie-subtypes (Morrow & Creese, 1986; Minneman et al., 1988; 

Kenny et al., 1994). The K, values obtained in the rat brain membranes for WB-4101 and 

5-methyl-urapidil were decreased (i.e. increase in affinity) following CEC-pretreatment to 

give values similar to those observed by other workers for the ‘classical’ rat tissue aiA- 

adrenoceptor (Kenny et al., 1994). A corresponding steepening of the Hill-slope was also 

observed following the CEC-pretreatment (except with WB-4101), consistent with the 

selective removal of the a i e-subtype, leaving only the aiA-adrenoceptor available for 

binding interactions. The affinity of (+)-niguldipine for rat brain membranes did not 

increase following CEC-pretreatment although an unexpected steepening of the curve was 

observed. (+)-Niguldipine was the least selective compound used in this study and its 

ineffectiveness may be due to some of the reasons described by Han & Minneman (1991) 

(see Chapter 1).

A majority of the competition curves for WB-4101 and 5-methyl-urapidil in rat 

brain membranes fitted better statistically to a two-site rather than a one-site equation 

(Figure 3.9 & Table 3.4) and following CEC-pretreatment, a one-site fit was better. The
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K| values observed for the high and low affinity binding sites using this two-site fit were 

similar to those obtained using CEC-pretreated rat brain (Œia) and rat liver (am ) 

membranes respectively with the exception of WB-4101, which revealed a 15-fold higher 

high affinity site when using the two-site model (0.02nM; two-site, 0.3nM; one-site). 

Similar affinities have been observed for WB-4101 when two-site models have been 

employed, with high affinity sites of 0.05nM in rat cerebral cortex (Oshita et a i ,  1991) 

and O.OTnM in the rat epididymal vas deferens (Oshita et al., 1993) for WB-4101. These 

higher affinities observed when using the two-site model may be due to the low number 

of data points used to produce the curve (in this case 10) since other authors generally use 

a minimum of fifteen points for such curve fits. Therefore, in this study, CEC-pretreated 

rat brain membranes have been used for estimations of drug affinities at the high affinity 

tissue aiA-adrenoceptor. Thus, upon comparison of the affinities of WB-4101 and 5- 

methyl-urapidil for this tissue aiA-adrenoceptor to the data for the cloned subtypes (Table 

3.5), it can be seen that the pharmacology of this native receptor most closely resembles 

that of the cloned aic-adrenoceptor (high affinity for WB-4101 and 5-methyl-urapidil). 

However, since the cloned aic-adrenoceptor in contrast to the tissue aiA-subtype is 

sensitive to alkylation by CEC and in addition considering some of the uncertainty as to 

the ttic- over aia/d-subtype selectivity of some of the antagonists used (discussed earlier), 

it is proposed that the aiA-adrenoceptor located in rat brain is similar but not identical to 

the cloned bovine aic-adrenoceptor (see Chapter 4 for discussion of the cloned rat aic- 

adrenoceptor). The lack of similarity between the rat tissue aiA-subtype described in this 

study and the cloned aia/d-subtype is further supported when the values for WB-4101 and 

(+)-niguldipine are compared to the extremely low affinity values obtained for the ttia/d- 

subtype by Schwinn and Lomasney (1992).

The agreement between the pharmacology of the cloned hamster aib-adrenoceptor 

and that of the rat tissue a i e-subtype (Perez et at., 1992; Schwinn & Lomasney, 1992; 

Taddei et al., 1993; Kenny et al., 1994) has been confirmed in this study in which low 

affinities to the aic-/aia/d-selective antagonists were observed in rat liver membranes 

correlating to those values obtained for the hamster aiy-clone (Table 3.5). In addition, the 

binding of [^H]-prazosin to rat liver membranes was highly sensitive to CEC- 

pretreatment, which together with the low affinities of the aic-/aia/d-subtype selective 

compounds suggests that the rat liver aig-adrenoceptor represents the same aib-
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adrenoceptor that has been identified by molecular cloning techniques (Cotecchia et al., 

1988).

In summary, this study has demonstrated that on the basis of the affinities of 

various ai-adrenoceptor antagonists, the rat liver aiB-adrenoceptor appears to be 

pharmacologically similar to its cloned counterpart. However, the ‘classical’ aiA" 

adrenoceptor as described in CEC-pretreated rat brain tissue does not share an identical 

pharmacology to the cloned aia/d-subtype and probably represents a different receptor 

(possibly aic). The pharmacology of the rabbit liver ai-adrenoceptor was inconsistent 

with that of the cloned bovine aic-subtype, and it is possible that this tissue receptor 

represents either the cloned aia/d-subtype (which is sensitive to CEC) or a species 

different aic-adrenoceptor.

In conclusion, the correlation between the pharmacologically defined tissue a i-  

adrenoceptor subtypes and the cloned subtypes with the exception for the am - 

adrenoceptor are still not clear. The results from this study are confusing since the rabbit 

liver a  1-adrenoceptor (proposed aic-subtype) shares a similar pharmacology to the cloned 

(Xia/d-subtype except that it is sensitive to CEC, whereas the rat brain aiA-adrenoceptor is 

similar to the cloned bovine aic-adrenoceptor except that it is not sensitive to alkylation 

by CEC. The use of CEC in this study has proved useful in for example, separating the 

WB-4101 low and high affinity binding sites in rat brain membranes. However, the use of 

this alkylating agent in the pharmacological classification of the cloned ai-adrenoceptor 

subtypes has led to some confusion since some authors have shown the cloned aia/d- 

subtype to be either 15% or 72% inactivated by CEC (Table 3.5). The conditions under 

which CEC is used have been shown to be critical to the result obtained (Minneman et al., 

1988; Perez et al., 1991) and differences in experimental protocol may explain the 

different results which have been reported. In view of this, it seems crucial to compare the 

effects of CEC between different tissues/cloned receptors within a single study where the 

conditions can be standardised. Thus, in this study, the direct comparison of the cloned 

and tissue subtypes would have possibly made the correlations between the two groups of 

receptors easier. However, at the time this study was performed, the cloned a r  

adrenoceptor subtypes were not available for use although they later became available and 

have been used in Chapter 4 to compare agonist binding profiles. If more time had been 

available, this study would have benefited from the use of a larger range of antagonists
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including perhaps spiperone, benoxathian and phentolamine which have been used by 

other workers for the characterisation of the cloned subtypes (Schwinn & Lomasney, 

1992; Kenny et al., 1994).
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CHAPTER 4

Agonist binding affinities: A comparison of the cloned 
and tissue ai-adrenoceptor subtypes

4.1 Introduction
The a  1-adrenoceptors are a heterogeneous family of G-protein coupled receptors 

consisting of the cloned ttia/d-, otib-, ttic-adrenoceptors and the “classical” tissue aiA- and 

aiB-subtypes (Chapters 1 & 3). The correlation between the pharmacology of some of the 

cloned ai-adrenoceptors and those described in rat tissues is controversial (Schwinn & 

Lomasney, 1992) and a comparison of the antagonist pharmacology of the cloned with the 

tissue cti-adrenoceptor subtypes has not resolved this problem (chapter 3).

Various a  i-adrenoceptor agonists have been used in the pharmacological 

characterisation of ai-adrenoceptor subtypes (see Table 4.7), but to date, the agonist 

profiles of the cloned and proposed tissue subtypes have not been compared within a 

single study. However, an examination of the agonist binding data which is available 

highlights a number of interesting properties of certain agonists. For example, competitive 

[^H]-prazosin/[‘̂ ^I]BE binding studies of the tissue aradrenoceptor subtypes using the 

agonist oxymetazoline have shown that this imidazoline exhibits an ttiA- over aiB- 

selectivity (Minneman, 1983; Michel et al., 1989; Veenstra et at., 1992; Michel et at., 

1993). Conversely, oxymetazoline has been shown to exhibit an aib- over aia/d-selectivity 

when the cloned subtypes are compared (Lomasney et a i,  1991b; Michel & Insel, 1994) 

(Table 4.7). The endogenous neurotransmitter, (-)-noradrenaline, has been reported to 

exhibit selectivity for the cloned a,a/d- over aib-adrenoceptor (Lomasney et at., 1991b; 

Perez et a i,  1992; Michel & Insel, 1994) although selectivity amongst the tissue subtypes 

is less well defined (Morrow & Creese, 1986; Michel et al., 1989; Michel et al., 1993).

The use of agonists in binding studies of G-protein coupled receptors has been 

complicated by the fact that current ideas indicate that most G-protein coupled receptors 

exhibit two interconvertible states of affinity (high and low) for agonists but not for 

antagonists (De Lean et a i ,  1980). It was proposed that the interconversion between the 

two states is regulated by the interaction with a G-protein and that the high affinity form 

consists of a ternary complex of hormone (H) (agonist), receptor (R) and G-protein (G,
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called X at the time of this paper but termed G (G-protein) in this thesis), HRG- the 

Ternary Complex Model (De Lean et al., 1980, Fig 4.1a). The low affinity state of the 

receptor was described to consist of the complex HR with G dissociated. It was thought 

that the formation of HRG was essential for the activation of the effector mechanism, 

which in this case was adenylate cyclase via the ^-adrenoceptor. This complex model for 

the interaction of agonists with their receptors was based on data from binding studies 

employing agonists as competitors for the binding of radiolabelled antagonist. It was 

shown that when agonist competition curves were constructed, the resulting Hill-slopes 

were shallow (<1) but when antagonists were used as competitors the Hill-slope was 

approximately unity (De Lean et a i,  1980, Kent et a l,  1980, Samama et a i,  1993). It was 

also shown that shallow agonist curves fitted better to an equation describing two-sites of 

high and low affinity. However, when these agonist experiments were performed in the 

presence of GTP or guanine nucleotide analogues (e.g. Gpp[NH]p), the data fitted better 

to a one-site model with steep competition curves (Hill-slopes =1) in which only a single 

low affinity site could be detected. It was suggested that the binding of GTP to the G- 

protein destabilised the HRG complex resulting in HR -f- G-GTP (low affinity state) (Kent 

et al., 1980; Limbird, 1986; Samama et a i ,  1993). It was also shown that the high affinity 

state of the receptor (HRG) was stabilised in the absence of guanine nucleotides by 

magnesium ions (Williams & Lefkowitz, 1977; Bird & Maguire, 1978; Williams et al., 

1978; O’Donnell et al., 1984). Since the original proposal of the Ternary Complex Model, 

further work from the same laboratory has suggested that this model is inadequate to 

explain some of the properties of a mutated p2-adrenoceptor and an extended Ternary 

Complex Model has been proposed (see Samama et al (1993) for a more detailed 

discussion).

As discussed above, it is possible that an agonist may bind to a receptor with 

differing affinity depending on the state of the receptor. Thus, if agonists are used in 

ligand binding studies for receptor classification purposes it is possible that shallow 

slopes of competition curves may result from either the agonist exhibiting different 

affinities for more than one receptor subtype (see chapter 3), or that the agonist is binding 

to a single receptor subtype which is exhibiting high and low affinity states for the agonist 

(as described by the Ternary Complex Model, De Lean et al., 1980). Thus, in ligand 

binding studies using agonists for receptor classification, the conversion of all receptors to
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a single affinity state for the agonist will allow a valid comparison of agonist affinities 

between different tissues or cells.

This study was designed to:

• Investigate whether the homogeneous populations of a  radrenoceptors located in CEC- 

pretreated rat brain (aiA), rat liver (aie) and rabbit liver (proposed a ic ) membranes 

(see Chapter 3) exist in two affinity forms (high and low) for agonists (by exhibiting 

shallow competition curves) which can be converted to a single low affinity state in the 

presence of Gpp[NH]p.

• Compare the affinity of various ai-adrenoceptor agonists (in the presence of 

Gpp[NH]p) for the cloned ai-adrenoceptor subtypes (a;a/d, ocib and ttic) expressed in 

rat 1 fibroblasts to the subtypes which have been described pharmacologically in rat 

and rabbit tissues. This study was particularly designed to compare the agonist 

pharmacology of the rat tissue aiA-subtype with that of the cloned aia/d-subtype since 

recent reports have suggested differences between these cloned and tissue receptors 

(Schwinn & Lomasney, 1992) and the results from Chapter 3 of this thesis based on 

antagonist affinities were inconclusive.

4.2 Experimental protocol
In this study, the binding of four ai-adrenoceptor agonists ((-)-noradrenaline, L- 

phenylephrine, oxymetazoline and methoxamine) to the cloned and tissue a r  

adrenoceptor subtypes has been examined using a [^H]-prazosin binding assay. All 

methods and data analysis are as described in chapters 2 and 3 respectively with the 

exception of:

• lOOjLiM Gpp[NH]p was added to the incubations of some competition studies in order 

to stabilize the low affinity form of the receptors for agonists.

• 0.5mM EDTA was added to the incubations together with the Gpp[NH]p in order to 

remove divalent ions such as Mĝ "̂  (which stabilize the high affinity state of G-protein 

coupled receptors for agonists) thus promoting the formation of the low affinity state of 

the receptors.

Rat 1 fibroblasts expressing homogeneous populations of the rat a,a/d-, hamster 

a  lb- and bovine aic-adrenoceptors were obtained from Pfizer Central Research 

(Sandwich, U.K.). Due to a limited supply of cloned cell line material, saturation binding
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studies could not be performed, therefore, for completeness of this study (and in order to 

calculate Kj values) saturation binding parameters for each of the cloned receptors were 

also provided (Dr. B. Kenny, Pfizer Central Research, U.K., personal communication, 

data now published, Kenny et al., 1994). The use of the saturation parameters provided by 

Pfizer to calculate Kj values for the cloned receptors was believed to be valid since the 

binding methods used by Pfizer were identical (and performed in the same laboratory) to 

those described in this thesis. All other experiments and data shown in this chapter were 

performed and obtained by Dean Wenham.

4.3 Results
4.3.1 Saturation studies

Saturation data for CEC-pretreated rat brain, rat liver and rabbit liver membranes 

are reported in chapter 3. The saturation binding parameters for [^H]-prazosin at the 

cloned ai-adrenoceptor subtypes expressed in rat 1 fibroblasts (Data provided by Dr. B. 

Kenny, Pfizer Central Research, U.K) are shown in Table 4.1. [^H]-Prazosin labelled all 

three of the cloned receptors with a similar high affinity. However, the level of expression 

of the aia/d-subtype as assessed by the B^ax value was lower than that for the other two 

cloned receptors showing that the expression efficiency for all three of the cloned 

receptors in rat 1 fibroblasts is not identical. CEC-pretreatment of the rat 1 fibroblast 

membranes showed that the aib- and aic-subtypes were highly sensitive to this alkylating 

agent but the aia/d-subtype exhibited low sensitivity.

4.3.2 Effect of Gpp[NH]p and EDTA on the binding of agonists to the tissue a \-  

adrenoceptors.

The proposal that G-protein coupled receptors exist in two affinity states for 

agonists which are convertible by GTP or analogues such as Gpp[NH]p to the low affinity 

form was tested for the ai-adrenoceptors located in rat brain (CEC-pretreated), rat liver 

and rabbit liver membranes using ligand binding techniques. [^H]-Prazosin competition 

curves in the absence of Gpp[NH]p and EDTA for CEC-pretreated rat brain membranes 

were shallow for all of the agonists studied with slopes significantly less than unity 

(p<0.05) (except L-phenylephrine) (Table 4.2). Two-site analysis of these shallow 

displacement curves did not produce significantly better fits compared to one-site analysis
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(assessed by the F-test). In the presence of 100 |iM  Gpp[NH]p and 0.5mM EDTA the 

curves steepened producing slopes which were not significantly different from unity 

(except oxymetazoline), but only in the case of (-)-noradrenaline was a decrease in affinity 

(Kj) observed, although this difference did not reach statistical significance (p>0.05) 

(Table 4.2 & Figure 4.2).

In rat liver membranes, [^H]-prazosin displacement curves produced slopes not 

significantly different from unity for all of the agonists investigated (Table 4.2). In the 

presence of Gpp[NH]p and EDTA, these slopes were not significantly altered and the 

affinities of the agonists were generally higher (about 2-fold; (-)-noradrenaline and L- 

phenylephrine reaching statistical significance (p<0.05)) (except methoxamine) compared 

to those in the absence of Gpp[NH]p and EDTA (example curves for (-)-noradrenaline. 

Figure 4.3).

In rabbit liver membranes, all Hill-slopes were not statistically significantly 

different from unity both in the absence and presence of Gpp[NH]p and EDTA, although 

the slopes for the L-phenylephrine curves in this tissue were relatively shallow (Hill- 

slopes 0.79 (-Gpp); 0.78 (+Gpp)) and the curves for (-)-noradrenaline did exhibit some 

steepening in the presence of Gpp[NH]p and EDTA (Table 4.2 & Figure 4.4). A 

comparison of Kj values between the control and Gpp[NH]p/EDTA treated rabbit liver 

membranes yielded no significant differences for any of the agonists tested.

4.3.3 Comparison of the affinities of ai-adrenoceptor agonists for the cloned and tissue 

a  I-adrenoceptor subtypes

Table 4.3 shows the binding affinities obtained from competition studies for 

various a  i-adrenoceptor agonists at the cloned and proposed tissue ai-adrenoceptor 

subtypes. It can be seen that in most cases, the Hill-slopes are not significantly different 

from unity indicating that the presence of Gpp[NH]p and EDTA may be inducing the 

receptors into a single low affinity binding state for the agonists.

A comparison of the agonist affinity profiles of the cloned ai-adrenoceptor 

subtypes to those of the proposed tissue receptors has been performed in three ways in 

this study. Firstly, the Kj values have been compared directly from the cloned subtype to 

that of the proposed tissue receptor (Tables 4.3 & 4.4). Secondly, the order of agonist 

selectivity for either the cloned receptors or tissue receptors has been assessed (Table 4.5)
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and finally, correlations have been performed between each cloned subtype and that of the 

three proposed tissue receptors (Figures 4.8, 4.9 & 4.10).

When the Kj values of the cloned a  i-adrenoceptors are compared to the proposed 

tissue subtypes, a close agreement is seen to exist between the cloned ajb- and rat liver 

( « i b ) and the cloned aic- and rabbit liver (proposed a i c )  subtypes in which a no greater 

than a 3.4-fold difference in affinity exists between the cloned and tissue receptors, 

although it should be noted that statistical differences were detected for a few of the 

comparisons (Tables 4.3 & 4.4). However, considerable differences in agonist affinities 

are observed when CEC-pretreated rat brain (aiA-subtype) and the aia/d-clone are 

compared (all comparisons reaching statistical significance; Tables 4.3 & 4.4) in which (- 

)-noradrenaline exhibited a 216-fold and L-phenylephrine a 42-fold higher affinity for the 

tissue aiA-subtype. Representative competition curves for (-)-noradrenaline and 

oxymetazoline for the cloned versus tissue subtypes are shown in Figures 4.5, 4.6 and 4.7.

A comparison of the order of selectivity of the agonists used in this study at either 

the cloned ai-adrenoceptors or the tissue subtypes (Tables 4.3 and 4.5) shows that none of 

the agonists exhibited the same order of selectivity in the cloned group of receptors 

compared to those which have been proposed as equivalent in the tissue group. (-)- 

Noradrenaline and L-phenylephrine were similar to each other in that they exhibited quite 

different orders of selectivity for the tissue (rabbit liver (proposed aic)-selective) and 

cloned (aia/d-selective) subtypes. Oxymetazoline showed an interesting profile since it 

was both cloned aic- and rabbit liver (proposed aic)-selective but exhibited a CEC- 

pretreated rat brain (aiA) over rat liver (aie) selectivity in the tissue group but an aib- 

over aia/d-selectivity when the clones were considered.

Correlations of agonist affinities (pK, values calculated from Kj values in Table 

4.3) between the cloned and tissue ai-adrenoceptors were performed using linear 

regression analysis. Correlations between the cloned a^ d -, aib- and aic-subtypes and 

each of the proposed tissue subtypes are shown in Figures 4.8, 4.9 & 4.10 respectively. 

The correlations show the slopes and correlation coefficients (r) obtained from the linear 

regression analysis. The cloned aia/d-subtype exhibited a poor correlation with CEC- 

pretreated rat brain and rabbit liver ai-adrenoceptors with the highest correlation 

occurring with the rat liver (aie) a i -adrenoceptor. The data for cloned aib-adrenoceptor 

correlated relatively well with all of the tissue receptors with the highest correlation
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occurring as expected with the rat liver aiB-subtype. The cloned bovine aic-adrenoceptor 

correlated most closely with the rat brain aiA-adrenoceptor as well as with the rabbit liver 

a  I-adrenoceptor (proposed a ic) with the poorest correlation occurring with the rat liver 

aiB-subtype.
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Figure 4.1a & b

The Ternary Complex Model

The classical form of the Ternary Complex Model as described by De Lean et al (1980) is 

shown in (a) and the extended version of this model as suggested by Samama et al (1993) 

is shown in (b). In both models, the equilibrium constants concerned with the 

combinations of hormone (H), receptor (R) and G-protein (G) are shown beside the 

Figures. In the extended model (b), R undergoes an allosteric transition which leads to the 

formation of R*. Both models are reproduced from Samama et al (1993).
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Figure 4.2

Effect of Gpp[NH]p and EDTA on the binding of (-)-noradrenaline to the a r  

adrenoceptors located in CEC-pretreated rat brain membranes

Typical curve fits (one-site) are shown for the inhibition of [^H]-prazosin binding by (-)- 

noradrenaline to CEC-pretreated (lOpM) rat brain membranes in the presence (A ) or 

absence ( • )  of 100|iM Gpp[NH]p and 0.5mM EDTA. Data represent the mean of 

duplicate observations from a single experiment.
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Figure 4.3

Effect of Gpp[NH]p and EDTA on the binding of (-)-noradrenaline to the (%i- 

adrenoceptors located in rat liver membranes

Typical curve fits (one-site) are shown for the inhibition of [^H]-prazosin binding by (-)- 

noradrenaline to rat liver membranes in the presence (A ) or absence (# )  of lOOpM 

Gpp[NH]p and 0.5mM EDTA. Data represent the mean of duplicate observations from a 

single experiment.
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Figure 4.4

Effect of Gpp[NH]p and EDTA on the binding of (-)-noradrenaline to the a p  

adrenoceptors located in rabbit liver membranes

Typical curve fits (one-site) are shown for the inhibition of [^H]-prazosin binding by (-)- 

noradrenaline to rabbit liver membranes in the presence (A ) or absence (# ) of lOOjiM 

Gpp[NH]p and 0.5mM EDTA. Data represent the mean of duplicate observations from a 

single experiment.
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Figure 4.5

Competition by (-)-noradrenaline and oxymetazoline for [^H]-prazosin binding to a p  

adrenoceptors located in membranes prepared from CEC-pretreated rat brain and rat 1 

fibroblasts expressing the cloned rat aia/d-adrenoceptor.

Typical curve fits (one-site) are shown for the inhibition of [^H]-prazosin binding by (-)- 

noradrenaline (NA) and oxymetazoline (OXY) in membranes prepared from CEC- 

pretreated rat brain (# , NA; A , OXY) and rat 1 fibroblasts expressing the cloned aia/d- 

adrenoceptor (O, NA; A, OXY). Data represent the mean of duplicate observations from 

single experiments which were performed in the presence of lOOjiM Gpp[NH]p and 

0.5mM EDTA.

90



100 r
e n

TD

oo

CJ

CJ
OJ
CZL

e n

-8 7 “6 “5 “4
Log M [Agonist]

-3

Figure 4.6

Competition by (-)-noradrenaline and oxymetazoline for [^H]-prazosin binding to « i- 

adrenoceptors located in membranes prepared from rat liver and rat I fibroblasts 

expressing the cloned hamster «ib-adrenoceptor.

Typical curve fits (one-site) are shown for the inhibition of [^H]-prazosin binding by (-)- 

noradrenaline (NA) and oxymetazoline (OXY) in membranes prepared from rat liver (# , 

NA; ▲, OXY) and rat 1 fibroblasts expressing the cloned hamster aib-adrenoceptor (O, 

NA; A, OXY). Data represent the mean of duplicate observations from single experiments 

which were performed in the presence of lOOfiM Gpp[NH]p and 0.5mM EDTA.
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Figure 4.7

Competition by (-)-noradrenaline and oxymetazoline for [^H]-prazosin binding to tti- 

adrenoceptors located in membranes prepared from rabbit liver and rat I fibroblasts 

expressing the cloned bovine aic-adrenoceptor.

Typical curve fits (one-site) are shown for the inhibition of [^H]-prazosin binding by (-)- 

noradrenaline (NA) and oxymetazoline (OXY) in membranes prepared from rabbit liver 

(# , NA; ▲, OXY) and rat 1 fibroblasts expressing the cloned bovine aic-adrenoceptor 

(O, NA; A, OXY). Data represent the mean of duplicate observations from single 

experiments which were performed in the presence of 100p.M Gpp[NH]p and 0.5mM 

EDTA.

92



VOu>

Rat Brain+CEC

s=0.28±0.7
r=0.29

J _ _ _ _ _ _ _ I_ _ _ _ _ _ _ I_ _ _ _ _ _ _ I_ _ _ _ _ _ _ I

Rat Liver

s=0.83±0.5
r=0.76

3 4 5 6 7 8  3 4 5 6 7 8
Cloned (pKj)

Rabbit Liver

s=0.33±0.7
r=0.31

/
/

k _______ I_ _ _ _ _ _ _ I_ _ _ _ _ _ _ I_ _ _ _ _ _ _ I_____ I

3 4 5 6 7 8

Figure 4.8

Correlation between agonist affinities at the cloned rat ttia/d-adrenoceptor and those at the proposed tissue ai-adrenoceptors

Correlations were performed by linear regression analysis using the pKj values (calculated from the Ki values shown in Table 4.3) for the four

agonists used in this study at the cloned rat ttia/d-adrenoceptor to those of the proposed tissue ai-adrenoceptors.

r= correlation coefficient, s= slope and broken line= line of identity.
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Figure 4.9

Correlation between agonist affinities at the cloned hamster aib-adrenoceptor and those at the proposed tissue ai-adrenoceptors

3 4 5 6 7 8

Correlations were performed by linear regression analysis using the pK, values (calculated from the Kj values shown in Table 4.3) for the four

agonists used in this study at the cloned hamster aib-adrenoceptor to those of the proposed tissue ai-adrenoceptors.

r= correlation coefficient, s= slope and broken line= line of identity.
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Figure 4.10

Correlation between agonist affinities at the cloned bovine ttic-adrenoceptor and those at the proposed tissue ai-adrenoceptors

Correlations were performed by linear regression analysis using the pK, values (calculated from the Kj values shown in Table 4.3) for the four

agonists used in this study at the cloned bovine (Xic-adrenoceptor to those of the proposed tissue ai-adrenoceptors.

r= correlation coefficient, s= slope and broken line= line of identity.



Clone Ko(nM) Brnax(fmol/mg protein) % reduction in Bmax 
following CEC

R a ta l a/d 0.13±0.02 838±46 15±2

Hamster ttib 0.10±0.01 4068±342 95±5

Bovine ttic 0.15±0.02 10323±974 85±10

Table 4.1

Saturation parameters and CEC-sensitivity of the cloned ai-adrenoceptors

Values represent results from [^H]-prazosin saturation experiments on membranes 

prepared from rat 1 fibroblasts expressing the cloned ai-adrenoceptors (Data supplied by 

Dr. B. Kenny, Pfizer Central Research, U.K.).
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Agonist Rat brain 
+CEC 
(-Gpp)

Rat brain 
+CEC 
(+Gpp)

Rat liver 
(-Gpp)

Rat liver 
(+Gpp)

Rabbit
liver

(G pp)

Rabbit
liver

(+Gpp)
(-)-

Noradrenaline
6365.6
±1404.7

(0.69±0.07)*

10571.4
±1320.2

(0.86±0.07)

5603.9t
±754.4

(1.07±0.07)

3154.7
±383.3

(1.05±0.03)

1933.3
±29.5

(0.79±0.09)

1713.5
±235.3

(0.86±0.08)
L-Phenylephrine 36170.2

±3556.5
(0.77±0.02)

33342.2
±4613.0

(1.04±0.05)

27556.7t
±3532.2

(1.25±0.15)

12903.7
±1164.9

(0.96±0.03)

7409.8
±1049.8

(0.79±0.03)

12773.7
±2945.1

(0.78±0.09)
Oxymetazoline 311.4

±196.6
(0.56±0.02)*

286.6
±80.4

(0.76±0.06)*

2425.1
±484.1

(1.13±0.18)

1503.2
±217.0

(1.22±0.09)

114.9
±29.6

(1.03±0.13)

50.9
±6.7

(1.06±0.12)
Methoxamine 284904.8

±191476.7
(0.69±0.07)*

138504.8
±16238.3

(0.92±0.06)

866703.8
±53595.1

(1.35±0.10)

934098.3
±18631.7

(1.08±0.06)
ND

28830.2
±4019.2

(1.06±0.11)

Table 4.2

Effect of Gpp[NH]p and EDTA on the binding of ai-adrenoceptor agonists to a i-  

adrenoceptors located in rat brain, rat liver and rabbit liver membranes

Competition experiments using [^H]-prazosin and ai-adrenoceptor agonists were 

performed in the presence or absence of 100|llM Gpp[NH]p and 0.5mM EDTA (Gpp) 

using membranes prepared from rat brain (CEC-pretreated), rat liver and rabbit liver. 

Values are the mean±s.e.mean of between 3 and 8 separate duplicate experiments and 

represent the Kj (nM) (Hill-slopes in parenthesis).

* = Hill-slope significantly different from unity (p<0.05), 

t  = Kj significantly different to that in +Gpp treated tissue (p<0.05),

ND = Not determined.
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Agonist Rat Rat brain Hamster Rat liver Bovine Rabbit liver

Otja/d +CEC ((Xia) «lb (oha) «le (otic?)
(■)•

Noradrenaline
4 9 .0 #

±7.3
(0.73±0.03)*

10571.4#
±1320.2

(0.86±0.07)

5112.60
±668.2

(0.98±0.09)

3154.7##
±383.3

(1.05±0.03)

4213.8
±999.1

(0.85±0.11)

1713.5
±235.3

(0.86±0.08)

L-Phenylephrine 7 8 6 .6 #
±82.5

(0.98±0.03)

33342.2#
±4613.0

(1.04±0.05)

8161.6
±2364.5

(1.03±0.16)

12903.7
±1164.9

(0.96±0.03)

4201.10
±449.6

(0.87±0.06)

12773.7
±2945.1

(0.78±0.09)

Oxymetazoline 1 9 9 2 .7 #
±199.2

(1.05±0.17)

286.6#
±80.4

(0.76±0.06)*

638.20
±72.7

(0.98±0.15)

1503.2##
±217.0

(1.22±0.09)

3 0 .5 t t
±6.7

(0.88±0.13)

50.9
±6.7

(1.06±0.12)

Methoxamine 3 1 0 5 5 .6 t#
±6608.0

(1.06±0.08)

138504.8##
±16238.3

(0.92±0.06)

274936.00
±44238.7

(1.04±0.05)

934098.3
±18631.7

(1.08±0.06)

19057.7tt
±3788

(1.04±0.06)

28830.2
±4019.2

(1.06±0.11)

Table 4.3

a  1-Adrenoceptor agonist binding affinities for the cloned and tissue ai-adrenoceptor 

subtypes

Competition experiments using [^H]-prazosin and ai-adrenoceptor agonists were 

performed in the presence of lOOpM Gpp[NH]p and 0.5mM EDTA using membranes 

prepared from various tissues (rat brain (CEC-pretreated), rat liver and rabbit liver) and 

from rat 1 fibroblasts expressing homogeneous populations of the cloned a i-  

adrenoceptors. Values are the mean±s.e.mean of between 4 and 8 separate duplicate 

experiments and represent the Ki (nM) (Hill-slopes in parenthesis).

* = Hill-slope significantly different from unity (p<0.05),

t  = Ki significantly different to cloned aib and aic (p<0.05), 

t t  = Ki significantly different to cloned aib (p<0.05),

# = Ki significantly different to rat liver and rabbit liver (p<0.05),

## = Ki significantly different to rabbit liver(p<0.05),

H* = Ki of cloned receptor significantly different to proposed tissue equivalent (p<0.05). 

Note: Data represented in this figure on rat and rabbit tissues are identical to the 4-Gpp 

data shown in Table 4.2.
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Agonist RBC:aia/d RL:aib RabLiaic
(-)-Noradrenaline 215.7 0.6 0.4
L-Phenylephrine 42.4 1.5 3.0
Oxymetazoline 0.1 2.3 1.6
Methoxamine 4.5 3.4 1.5

Table 4.4

Agonist affinity ratios for the tissuexloned aradrenoceptor subtypes

Values represent the ratio of affinity of the proposed tissue subtype to the corresponding 

cloned ai-adrenoceptor (i.e. tissue receptor K, divided by cloned receptor Kj). Affinities 

were obtained from Table 4.3 where RBC = rat brain (CEC-pretreated), RL = rat liver and 

RabL = rabbit liver.
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Agonist Tissues Cloned receptors
(-)-Noradrenaline RabL=RL>RBC

Ot I a /d ^ O t 1 c—a  1 b

L-Phenylephrine RabL=RL>RBC Ot 1 a/d^Ot 1 c—a  1 b
Oxymetazoline RabL>RBC>RL

a  1 c^Ot 1 b̂ CC 1 a/d
Methoxamine RabL>RBC=RL

a  1 c—a  1 a/d^Ot I b

Table 4.5

a i -Adrenoceptor agonist selectivity for the cloned and tissue aradrenoceptor subtypes

The order of selectivity of various a;-adrenoceptor agonists for the tissue a r  

adrenoceptors has been compared to that for the cloned subtypes. Selectivity was based on 

the affinities (Kj) shown in Table 4.3. A drug was only considered selective for one 

receptor/tissue over another (designated by >) when the affinity ratio was greater than 3.0 

and in addition when a statistical difference was shown (p<0.05).

RBC = rat brain (CEC-pretreated), RL = rat liver and RabL = rabbit liver.
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Agonist Cloned rat

e t  la/d

Tissue t t i A
Cloned

hamster/rat

« i b

Tissue « i B
Cloned

bovine
Tissue ttic? 

(Rabbit liver)

(■)■
Noradrenaline

40(1)  
100 (2) 
330(3)

257 (7) 
196(8) 

3377 (9) 
3310(10)

1000(1) 
10500 (2) 
1210(3) 
2900 (4) 
3200(5)

6599 (6) 
295 (7) 

9760 (8) 
1862 (9) 

11400(10)

316(1) 
9730 (2) 
17200 (4)

598 (6)

(-)-Adrenaline 546 (2) 
239 (3)

63 (8) 
1150(10)

4690 (2) 
230 (3) 
1800(4) 
2000 (5)

4110(8)
11000(10)

6250 (2) 
6400 (4)

L-Phenylephrine 1440 (2) 239 (8) 
4900(10)

23900 (2) 
13400 (4) 
6500 (5)

30477 (5) 
9690 (8) 

18900(10)

47800 (2) 
12600 (4)

8822 (6)

Oxymetazoline 1259(1) 
2140 (2)

3 (7) 
20 (9) 

168(10)

316(1) 
824 (2) 
190 (4) 
140 (5)

208 (7) 
676 (9) 

426(10)

13(1)
114 (2) 
13(4)

Methoxamine 110000(2) 10100(10) 1610000 (2) 
527000 (4)

259000(10) 203000 (2) 
85300 (4)

Table 4.6

Published data for the binding affinity of various ai-adrenoceptor agonists at the cloned 

and proposed tissue ai-adrenoceptors

The affinities (Kj (nM)) of various a  i-adrenoceptor agonists for the cloned and proposed 

tissue a  I-adrenoceptors have been collated from various published studies. The source of 

the tissue subtypes varies between the studies (except for the proposed aic-adrenoceptor 

located in rabbit liver) but generally correspond to those tissues which are commonly used 

and accepted as models for the particular subtype (i.e. rat cerebral cortex (high affinity 

site), rat submaxillary gland and rat hippocampus for the aiA-subtype and rat liver, rat 

spleen and rat cerebral cortex (low affinity site) for the aie-subtype).

Numbers in parenthesis correspond to the following reports:

(1) Michel & Insel, 1994, (2) Lomasney et aL, 1991b, (3) Perez et al., 1992, (4) Schwinn 

et al., 1991, (5) Cotecchia et al., 1988, (6) Taddei et al., 1993, (7) Michel et al., 1989, (8) 

Morrow & Creese, 1986, (9) Michel et al., 1993, and (10) Veenstra et al., 1992.
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4.4 Discussion
In view of the recent confusion as to the assignment of the cloned a r  

adrenoceptors to the pharmacologically characterised tissue subtypes (Schwinn & 

Lomasney, 1992), the primary aim of this study was to compare the cloned with the tissue 

a  1-adrenoceptors on the basis of their agonist binding affinities since a comparison using 

antagonists (Chapter 3) did not resolve the confusion. However, as discussed above, the 

interpretation of binding data using agonists is difficult due to the fact that G-protein 

coupled receptors exist in two different affinity states for agonists, the conversion 

between which is regulated by OTP. It was therefore decided to compare the cloned with 

the tissue receptors when they were converted to their low affinity states in the presence 

of the GTP analogue, Gpp[NH]p. However, an initial study investigating the existence of 

two affinity states for agonists was performed for the tissue ai-adrenoceptors as well as 

the ability to convert the receptors to the low affinity form using the GTP analogue 

Gpp[NH]p and EOT A (to remove divalent ions such as Mĝ "̂  which promote formation of 

the high affinity state). This part of the study was restricted to the tissue ai-adrenoceptor 

subtypes since only a limited supply of cloned cell material was available.

The observation that the competition of agonists with labelled antagonist for 

adrenoceptors results in shallow Hill-slopes (De Lean et aL, 1980, Kent et aL, 1980, 

Samama et aL, 1993) was supported in this study when the binding of agonists to the rat 

brain aiA-adrenoceptor are considered. However, the shallow slopes observed did not fit a 

two-site model preferentially to the one-site fit as has been previously reported (De Lean 

et aL, 1980; Dasso & Taylor, 1992; Garcia-Sainz & Romero-Avila, 1993; Samama et aL,

1993). This result is surprising in view of the shallowness of some of the slopes (e.g. 

oxymetazoline, slope=0.56) and may reflect the smaller number of points used to generate 

the curves (in this case 10) compared to the larger number (14-17 points; De Lean et aL, 

1980; Garcia-Sainz & Romero-Avila, 1993) used in previous studies. The decrease in 

affinity which usually occurs after Gpp[NH]p (together with a steepening of the slope) 

was only observed for (-)-noradrenaline in rat brain membranes (although the change did 

not reach statistical significance) and was not generally observed for any of the other 

tissues studied. It is not clear why a change in slope from shallow (indicating two sites) to 

steep was not associated with a decrease in affinity. It is possible that the low and high 

affinity states of the receptor share a similar affinity for the agonists, thus the removal of
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the high affinity state did not greatly alter the overall affinity. This theory is unlikely since 

previous [^H]-prazosin/[^H]-5-methyl-urapidil binding studies have shown that adrenaline 

binds to two sites with 12-fold (rat liver membranes, Dasso & Taylor, 1992) and 24-fold 

(guinea pig liver membranes, Garcia-Sainz & Romero-Avila, 1993) differences in affinity 

and in the presence of Gpp[NH]p, a single low affinity site is predominant.

Rat liver a  i-adrenoceptors did not exhibit the same characteristics as observed in 

the rat brain preparation in that the Hill-slopes for the agonists were not different from 

unity and in the presence of Gpp[NH]p and EOT A, these slopes did not change. These 

results indicate that the ai-adrenoceptors located in rat liver membranes exist mostly in a 

single (low) affinity state not agreeing with the results of Dasso & Taylor (1992) as 

described above. Some of the possible reasons why a population of receptors may exist 

predominantly in the low affinity state for an agonist in the absence of exogenously 

applied GTP or analogue could be (1) that a high concentration of endogenous GTP 

exists, (2) the receptors exist mostly in the R and not R* state thus are unable to couple to 

the G-protein regardless of GTP concentration- this idea comes from the extended 

Ternary Complex Model which was proposed in an attempt to explain the properties of a 

mutated p2-adrenoceptor in that it was assumed that the receptor can exist in equilibrium 

between two conformations, R and R* (Samama et al., 1993, Fig 4.1b). It was further 

assumed that only the R* form was able to couple to the G-protein. Thus, in the case of 

this study, if the receptor was predominantly in the R state, then it would be uncoupled 

from the G-protein (as it would be in the presence of GTP) and therefore in the low 

affinity state and (3) the number of receptors are far larger than the number of G-proteins 

resulting predominantly with receptors which are not coupled to G-proteins. The latter 

explanation (3) has been shown to exist experimentally when p2~adrenoceptors were 

expressed in COS-7 cells (Samama et aL, 1993). It was shown that competition curves for 

agonists were monophasic, revealing single low affinity binding sites in the absence of 

GTP. It was proposed that due to the fact that the ratio of the expression of the receptor 

over the G-protein was so large that only a negligible fraction of receptors could form the 

high affinity ternary complex. Other studies have shown that receptors expressed 

endogenously in tissues share a limited pool of G-proteins with other receptors (Dasso & 

Taylor, 1992). It was shown that in a manner similar to the action of GTP on the binding 

of agonists to receptors in rat liver membranes, that occupation of the V] vasopressin
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receptor by [Arg^]-vasopressin evoked the competition of adrenaline/[^H]-prazosin for the 

a  1-adrenoceptor to form a monophasic, steep curve. It was suggested that the two 

receptors shared a limited pool of G-proteins and that the presence of the vasopressin 

agonist limited the number of G-proteins available to interact with the ai-adrenoceptor 

(Dasso & Taylor, 1992). However, the presence of endogenous neurotransmitters or 

hormones in the membrane preparations described in this study which could compete for 

a limited pool of G-proteins is unlikely since the membranes were washed three times 

during their preparation which probably removed most of the endogenous hormones.

The results obtained with rabbit liver membranes were similar to those of the rat 

liver, in that all Hill-slopes were not different from unity and that Gpp[NH]p had no effect 

on these slopes. The differences observed for the rabbit liver compared to the rat brain 

may be due to some of the reasons discussed for the rat liver membranes.

The binding of the ai-adrenoceptor agonists in the presence of Gpp[NH]p and 

EOT A to the cloned a  i-adrenoceptor subtypes located in rat 1 fibroblast membranes 

yielded steep competition curves indicating that the agonists were interacting with single 

low affinity sites for the receptors. It is not known whether these observations were due to 

the presence of the GTP analogue or if the curves would have been steep in its absence, 

perhaps due to some of the reasons discussed above. The fact that both the cloned and 

tissue a  I-adrenoceptors exhibit a single low affinity state pharmacology for the various 

agonists in the presence of Gpp[NH]p, suggests that the binding conditions used in this 

study may allow a valid comparison of agonist affinities between cloned and tissue 

receptors.

As described in the results, the cloned and the tissue ai-adrenoceptors were 

compared on the basis of the order of selectivity of the agonists, by direct comparison of 

the Kj values between a single cloned receptor and its proposed tissue counterpart and 

finally, comparisons were made of agonist affinities by correlation using linear regression.

Firstly, the order of selectivity of the agonists used in this study were different 

depending on whether the cloned or the tissue receptors were considered. The most 

notable differences were that (-)-noradrenaline and L-phenylephrine exhibited high 

selectivity for the aia/d-subtype in the cloned group but in the tissue group they were most 

selective for the rabbit liver (proposed ttic) and rat liver (am ) ai-adrenoceptors. The 

selectivity of (-)-noradrenaline and L-phenylephrine for the aia/d-adrenoceptor has been
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shown previously (Table 4.6) although studies using ai-adrenoceptor agonists in rabbit 

liver membranes are limited (Table 4.6). The imidazoline, oxymetazoline, also showed 

some interesting properties in that it was aib- over aia/d-selective in the cloned group but 

ttiA- over a  IB-selective (rat brain (CEC-pretreated)>rat liver) when the tissue receptors 

were considered (although it exhibited the highest selectivity for the aic and rabbit liver 

subtypes). This property of oxymetazoline is consistent with that of previous reports 

(Table 4.6) and adds further to other observations of its unique pharmacology. For 

example, within our laboratory, oxymetazoline has been shown to act as an a r  

adrenoceptor agonist in the contraction of the rat epididymal vas deferens (ttiA), yet 

exhibited no agonist properties but acted as a competitive antagonist (pKe=8.0-8.5) for 

the noradrenaline induced contractions of rat spleen (ttie) and human prostate (otic) (R- 

Burt, personal communication). These observations possibly correlate with some of the 

results from this binding study in that oxymetazoline exhibited shallow competition 

curves for the rat brain aiA-adrenoceptor (i.e. consistent with an agonist) but in the rat 

liver (ttie) and rabbit liver (proposed ttic), steep curves were obtained (i.e. consistent 

with an antagonist) in the absence of Gpp[NH]p (Table 4.2). However, not too many 

inferences should be drawn from these observations since partial agonists such as 

oxymetazoline do not always reveal the two affinity states in agonist binding studies 

(Samama et aL, 1993). Thus, on the basis of the selectivity profiles alone, it can be seen 

that the cloned ai-adrenoceptors as a group do not match those subtypes described in 

tissues on the basis of agonist affinities and in addition, oxymetazoline may highlight 

some important differences between the two groups of receptors.

The direct comparison of the cloned receptors to that of their proposed tissue 

counterparts on the basis of agonist affinities (Kj) showed that the hamster aib-clone 

closely matched the rat liver aie-adrenoceptor. The correlations also showed that the 

cloned aib-subtype matched quite well with the rat brain aiA- and rabbit liver a r  

adrenoceptors and this result highlights that the use of agonists in this study were unable 

to clearly define the pharmacological and cloned aie-adrenoceptors compared to the clear 

characterisation seen using the antagonists in Chapter 3. However, in this study, the 

cloned ocib-subtype did correlate most closely with the rat liver aie-adrenoceptor (r=0.97; 

slope=l. 13) consistent with other reports (Perez et aL, 1992; Schwinn & Lomasney, 1992; 

Taddei et aL, 1993; Kenny et aL, 1994) and the data presented in Chapter 3, showing that
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the two receptors share an identical pharmacology and probably represent the same 

receptor.

The agonist pharmacology of the cloned aia/d-adrenoceptor did not closely 

correlate with any of the tissue subtypes, the best match occurring with the rat liver a ie- 

subtype. This result, especially in view of the differences in affinity of (-)-noradrenaline 

and L-phenylephrine between the cloned ttia/d- and rat brain aiA-subtypes shows that this 

cloned receptor does not match its pharmacologically defined tissue counterpart. This is 

not the first report of the aia/d-adrenoceptor exhibiting an aib-like pharmacology since it 

was shown that the awd-binding profile on the basis of WB-4101, 5-methyl-urapidil, 

phentolamine, (-)-niguldipine and CEC resembled not the endogenously expressed aiA* 

subtype but the cloned aib-adrenoceptor (Perez et aL, 1992).

Thus, the data presented in this study as well as that reported by others (Perez et 

al., 1992; Schwinn & Lomasney, 1992) suggests that cloned aia/d-adrenoceptor does not 

match the endogenously expressed aiA-subtype. Therefore, this still begs the question of 

whether the pharmacologically defined aiA-subtype has been cloned? This question may 

be answered when one considers the agonist binding profile of the cloned bovine aic- 

adrenoceptor. It can be seen that even though this bovine aic-clone correlates closely to 

its proposed tissue counterpart (rabbit liver), the closest correlation (r=0.98) is to the 

CEC-pretreated rat brain ajA-adrenoceptor. This confirms some of the inferences made in 

Chapter 3 in that the aic-clone most closely resembles the pharmacologically defined aiA- 

adrenoceptor.

The recent publication reporting the cloning of the rat aic-adrenoceptor (Perez et 

a i,  1994) showed that the pharmacology o f this receptor when expressed in COS-1 cells 

resembled that o f the rat tissue a  i A-adrenoceptor. In addition, expression o f this receptor 

(as assessed by RNAse protection assays since northern analysis could not detect 

corresponding transcripts) was found in rat tissues which have been described to contain 

the pharmacological aiA-subtype (cerebral cortex, vas deferens, hippocampus, aorta and 

submaxillary gland) and it was suggested that the rat aic-clone, although having 

transcripts in low abundance, results in high levels o f a receptor protein which 

corresponds to the pharmacologically defined aiA-subtype (Perez et aL, 1994). Thus, in 

the current study, a close similarity between the pharmacology o f the cloned bovine ttic- 

adrenoceptor and that o f the rat brain ttiA-subtype has been demonstrated and together
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with the recent cloning and pharmacological characterisation o f the rat aic-adrenoceptor 

suggest that this clone represents the rat tissue aiA-subtype. However, an inconsistency 

with this proposed classification is that the cloned bovine aic-adrenoceptor exhibits a 

high sensitivity to the alkylating agent CEC unlike that o f the rat tissue aiA-subtype. This 

inconsistency may be due to a species difference, since it has also recently been shown 

that the cloned rat aic-adrenoceptor is relatively insensitive to CEC (19% reduction in 

Bmax) compared to the bovine homologue (Forray et aL, 1994a).

In summary, this study has questioned whether the cloned ai-adrenoceptor 

subtypes share a similar agonist pharmacology with the corresponding rat or rabbit tissue 

subtypes. To compare agonist affinities, all receptors were studied in the presence of 

Gpp[NH]p and EDTA to induce the receptors into the low affinity state for agonists. It 

was observed that under these conditions, the cloned hamster aib-adrenoceptor exhibited 

an agonist pharmacology which closely resembled the rat liver aiB-subtype. However, the 

cloned rat aia/d-adrenoceptor did not correlate closely with any of the tissue subtypes 

suggesting that this cloned receptor was not exclusively expressed in any of the tissues 

studied and in particular, it did not correspond to the rat tissue aiA-adrenoceptor as was 

first suggested (Lomasney et aL, 1991b). The cloned bovine aic-adrenoceptor showed the 

greatest similarity to the CEC-pretreated rat brain aiA-subtype suggesting that this cloned 

receptor may represent the pharmacologically defined aiA-subtype. In addition, the 

agonist pharmacology of the cloned aic-adrenoceptor was very close to that exhibited by 

the rabbit liver ai-adrenoceptor.

In conclusion, this study has confirmed that based on agonist binding affinities, 

the cloned ajb- and the rat liver aie-adrenoceptor represent the same receptor. The bovine 

aic-adrenoceptor resembles the ‘classical’ rat tissue aiA-subtype as defined in this study 

in CEC-pretreated rat brain membranes and in addition shares a close agonist 

pharmacology with the rabbit liver ai-adrenoceptor. The cloned aia/d-adrenoceptor does 

not correspond to the rat tissue aiA-subtype and at present it is not clear if this cloned 

receptor is expressed endogenously in tissues.
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CHAPTER 5

Functional studies: homogeneity or heterogeneity 
amongst ai-adrenoceptors mediating contractions of the 
rat thoracic aorta to ai-adrenoceptor agonists?

5.1 Introduction
As discussed in Chapter 1 & Appendix 3, various approaches have been employed 

in order to characterise the subtype(s) of ai-adrenoceptor present in the rat aorta. At the 

molecular level, northern analysis of mRNA prepared from this tissue has resulted in 

conflicting evidence either showing the existence of mRNA corresponding to the ttia/d- 

subtype (Lomasney et a i, 1991b) or the existence of both ttia/d- and aib-transcripts (Ping et 

a i, 1992). More recently, following the cloning of the rat homologue of the aic-subtype 

(Perez et aL, 1994), mRNA corresponding to the sequence of this cDNA clone has been 

demonstrated to exhibit a wide distribution in rat tissues (Perez et a i, 1994; Rokosh et al., 

1994) (contrary to earlier observations (Schwinn et aL, 1990)) and importantly, has been 

found in rat aorta (Perez et aL, 1994) together with aia/d-mRNA (but not aib) (Rokosh et aL,

1994). The results reported in Appendix 3 of this thesis also suggest the existence of aia/d- 

mRNA in the rat aorta.

The a  I-adrenoceptor subtype(s) involved in the contractile response of the rat 

aorta to ai-adrenoceptor agonists has been explained by a variety of hypothesis (see 

Chapter 1). Briefly, by the use of subtype selective antagonists, contractions in the rat 

thoracic aorta have been proposed to be mediated via either the a i e-subtype alone (Han et 

aL, 1990a; Eltze & Boer, 1992; Kong et aL, 1994), by both aiA- and aie-subtypes (Piascik 

et aL, 1991; Orsetti & DiStilo, 1994) or via a putative novel receptor sharing the 

pharmacological characteristics of both subtypes (Muramatsu et aL, 1991; Aboud et aL, 

1993). In addition, ligand binding studies have suggested that in rat aorta both aiA- and ttie- 

subtypes are present (Piascik et aL, 1991) and in rabbit aortic microsomes a heterogeneous 

population of ai-adrenoceptors was postulated due to biphasic binding curves obtained 

using selective antagonists (Babich et aL, 1987; Oshita et aL, 1993).

Thus evidence exists supporting both homogeneous and heterogeneous populations 

of a  1-adrenoceptor subtypes in rat aorta. Therefore, the aim of this study was to provide 

further information as to whether a homogeneous or heterogeneous population of o tr
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adrenoceptors are responsible for the contractile response to ai-adrenoceptor agonists in the 

rat thoracic aorta. In the attempt to answer this question, various aradrenoceptor agonists 

and a range of subtype selective antagonists including, abanoquil (UK-52,046, suggested to 

be a selective aiA-antagonist; Greengrass et a i, 1991), have been employed. Contractile 

responses to noradrenaline in the rat epididymal vas deferens (‘classical’ aiA-subtype) and 

rat spleen (‘classical’ aie-subtype) were compared with those of the aorta.

5.2 Experimental protocol
In this study, rat thoracic aortic rings (endothelium denuded), splenic strips and 

epididymal vas deferens have been used in isometric recording experiments. The agonists 

used were noradrenaline, phenylephrine and oxymetazoline and the antagonists were 

prazosin, WB-4101, 5-methyl-urapidil, abanoquil and CEC. All methods are as described in 

Chapter 2 (Functional studies) and the specific protocol for the antagonists/treatments used 

in this study following the first agonist concentration response curve are as follows:

• Prazosin, WB-4101, 5-methyl-urapidil or abanoquil were added to the bath and allowed 

to equilibrate for 30 min followed by a repeat concentration response curve. Only one 

concentration of antagonist was used in any one preparation in order to prevent the 

possibility of any drug accumulation. Cumulative concentration response curves were 

performed in the aorta and spleen and in the case of the epididymal vas deferens, non- 

cumulative concentration response curves were performed in which antagonists were also 

pre-equilibrated for 30 min but in addition, were added to the bath between each dose of 

agonist (after the third wash) in order to maintain a constant concentration of antagonist.

• The non-competitive alkylating agent, CEC, was added to the bath and allowed to act for 

30 min followed by a 30 min wash period to remove excess drug before a repeat 

concentration response curve was performed.

• In some experiments the effect of prazosin or abanoquil were investigated following 

CEC pretreatment of rat thoracic aortic rings, by their addition to the bath after CEC 

washout. An equilibration period of 30 min was then allowed before the next 

concentration response curve.

• In some experiments, phenylephrine and oxymetazoline concentration response curves 

were compared to those of noradrenaline by performing a repeat curve with either one or 

the other of these agonists 20 min after a noradrenaline concentration response curve.
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• Repeat agonist concentration response curves in the absence of antagonist (vehicle 

controls) were performed in separate tissues using the same time intervals as used for 

antagonist equilibration (and washout in the case of CEC) to check that the sensitivity of 

the tissues to the agonist did not alter over the duration of the protocol.

• In preliminary experiments, the effect of uptake and p-adrenoceptor blockade on the 

noradrenaline-induced contractions of aortic rings was investigated by incubation with 

cocaine (lOjiM), p-oestradiol (10|iM) and propranolol (Ip-M) for 20 min followed by a 

repeat concentration response curve.

• Non-a I-adrenoceptor mediated contractions to single concentrations of KCl or 5- 

hydroxytryptamine were performed before and after a 30 min equilibration period with 

abanoquil in order to test the selectivity of this antagonist for ai-adrenoceptors.

5.2.1 Data analysis

Mean±s.e.mean were calculated at each concentration of agonist for n experiments. 

Data represented as concentration response curves are shown as a percentage of the maximal 

contraction to the agonist, the maximal response being denoted as 1 0 0 % in the initial control 

curve. Repeat curves in the presence or absence of antagonists were calculated as a 

percentage of the maximal response from the first curve. 2-Way Analysis of Variance 

(ANOVA) was performed to compare concentration response curves before and after 

treatment so that single points on concentration response curves could be compared (e.g. 

maximal responses) by using the Students t test for paired data (taking M S error  values from 

the ANOVA analysis). Agonist dose response curves (data from single experiments) were 

fitted using the least squares logarithmic scale sigmoid curve equation (one-site fit) as 

described in Chapter 3 and pD2 values were derived from this fit:

pDz= -log BCso

where the EC50 value represents the concentration of agonist required to evoke a 50% 

maximal response to that agonist. Schild analysis (Arunlakshana & Schild, 1959) 

performed for competitive antagonists where appropriate by plotting log (r-1 ) on the y-axis 

(where r represents the concentration ratio ( E C 5 0  (in presence of antagonist) divided by E C 5 0  

(in absence of antagonist)) against the log M [Antagonist] on the x-axis and fitting using 

linear regression (Inplot, Graphpad Software Inc.). The pA] value (-log M [Antagonist] 

required to produce a concentration ratio of 2 ) was derived from the x-intercept and a slope
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not significantly different from unity was consistent with competitive antagonism. In some 

instances, pKe values have been derived from the equation:

pKe = log (r-1) - log [Antagonist(M)]

In some cases, pKg values have been named ‘apparent’ due to uncertainty of whether 

competitive antagonism was taking place.

5.3 Results
5.3.1 Types of responses evoked by the ai-adrenoceptor agonists

Single concentrations of noradrenaline or phenylephrine (lOOnM) caused responses 

in rat thoracic aortic rings which appeared to consist of two phases (Figure 5.1). The initial 

phase consisted of a rapid phasic component (lasting about 30s) followed by a more slowly 

developing further increase in tone, reaching a maximum between 10 and 15min. 

Oxymetazoline (l|iM ) caused only a single, slowly developing, tonic contraction (Figure

5.1). In time course experiments (data not shown), noradrenaline (lOOnM)-induced 

contractions in the aorta reached 38.8±2.8% (n=5) of their maximum at 30s, the maximum 

being reached after about 12min. A similar time course was observed for phenylephrine but 

for oxymetazoline (l]iM)-induced contractions, only 8.7±3.3% (n=5) of the maximum was 

observed at 30s but also reaching a maximum after 12-14 mint. In the rat spleen, 

noradrenaline (100|iM) induced a similar shape of response to that observed in the aorta, 

consisting of what appeared to be an initial rapid phasic response followed by a more slowly 

developing tonic contraction (Figure 5.1). In the rat epididymal vas deferens, only a rapid 

phasic contraction was observed to a single concentration of noradrenaline (lOOjiM) (Figure

5.1).

The three agonists used in this study contracted the rat aortic rings in a concentration 

dependent manner with respective pDz values (maximal contractions (g) in parenthesis) for 

first and repeat curves (30 minutes apart) of 8.4±0.1 (2.2±0.3g) and 8.2+0.2 (2.0±0.2g 

98.2% of first curve) for noradrenaline (n=5), 8.0±0.1 (2.1±0.1g) and 7.7±0.1 (2.1±0.1g 

100% of first curve) for phenylephrine (n=6 ) and 6.7±0.1 (1.9±0.4g) and 6.5±0.1 (1.8±0.4g 

96.8% of first curve) for oxymetazoline (n=6 ) (data not shown). In other experiments where 

oxymetazoline concentration response curves were performed 30 min following an initial 

noradrenaline curve, oxymetazoline appeared to act as a partial agonist when compared with 

noradrenaline, evoking a contraction of 77.2±5.2% of the maximum obtained to 

noradrenaline (2.6±0.2g for noradrenaline compared to 2.0±0.2g for oxymetazoline (n=4))
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(P<0.05) (Figure 5.2). The maximum contraction to a phenylephrine curve performed 30 

min following an initial noradrenaline curve was 2.4±0.3g (86.5±4.3% of the noradrenaline 

maximum) was not significantly different (p>0.05) from that of noradrenaline (2.7±0.2g) 

(n=4) (Figure 5.2).

Noradrenaline contracted rat splenic strips and the epididymal half of the vas 

deferens in a concentration dependent manner (data not shown) with respective pDi values 

(maximal contractions (g) in parenthesis) for first and repeat curves (30 minutes apart) of 

5.4±0.04 (0.2±0.03g) and 5.3±0.1 (0.2±0.03g; 100% of first curve) for spleen (n=4) and 

5.4±0.2 (1.6±0.3g) and 5.5±0.2 (1.5±0.3g; 96.8% of first curve) for the epididymal vas 

deferens (n=5).

5.3.2 Effect of uptake blockade on noradrenaline-induced contractions of the rat thoracic 

aorta

The methods used to analyse data from functional experiments using competitive 

antagonists rely on a number of assumptions, one of which is that the agonist and antagonist 

are at equilibrium with the receptors. Due to this, workers who study adrenergic receptors 

are aware that some of the agonists they use (e.g. noradrenaline and adrenaline) are subject 

to neuronal and extra-neuronal uptake and thus are concerned that the agonist may not be at 

equilibrium with the receptors. To combat this, many workers, especially in the study of a p  

adrenoceptors, use blockers of these uptake mechanisms (Han et a i, 1990b; Muramatsu et 

a i, 1991; Oriowo & Ruffolo, 1992b; Aboud et a i, 1993). Therefore, in this study, 

preliminary work was carried out to validate the use of uptake blockers in the study of a p  

adrenoceptors of the rat thoracic aorta. The effects of blockers for neuronal (cocaine 

(lOfiM)) and extra-neuronal (p-oestradiol (lOjiM)) uptake as well as a p-adrenoceptor 

antagonist (propranolol (IfiM)) were tested by performing a concentration response curve to 

noradrenaline in their absence followed by a repeat curve (after a 2 0  min recovery period) in 

their presence in the rat thoracic aorta. The results from this experiment are shown in Figure

5.3 where it can be seen that the concentration response curve to noradrenaline was shifted 

to the right and the maximum reduced in their presence. This result is opposes that reported 

by others e.g. enhancement of pressor responsiveness (Amstrong & Green, 1980) and 

increase in the vasoconstrictor potency of noradrenaline (Aboud et a i, 1993). In addition, 

during these preliminary experiments, the effect of the blockers was also tested on the 

amount of antagonism exhibited by prazosin (InM) on the contractions to noradrenaline in
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the thoracic aorta compared to that in the absence of the blockers. The results showed that 

the pKe value obtained in the presence of the above blockers for the antagonism of 

noradrenaline induced-contractions by prazosin (InM) (pKb=10.5±0.1 (n=3)) was not 

different to that in the absence of the blockers (pKb=10.7±0.1) (n=5)). In view of the 

undesired effects of the ‘cocktail’ of blockers and the fact that these blockers did not alter 

the amount of antagonism exhibited by prazosin, it was decided to exclude them from any 

further experiments.

5.3.3 Effect of antagonists on ai-adrenoceptor agonist-induced contractions of the rat 

thoracic aorta

Prazosin, WB-4101 and 5-methyl-urapidil all shifted noradrenaline concentration 

response curves to the right (Figures 5.4a, 5.5a & 5.6a). Analysis of the fitted concentration 

response curves for noradrenaline showed that the presence of prazosin (at all three 

concentrations used) did not significantly alter the slope values (0.71-0.86, controls; 0.89-

1.02, with prazosin (p>0.05) (n=5)). However, the slopes of the concentration response 

curves in the presence of WB-4101 and 5-methyl-urapidil were significantly steepened 

compared to the controls (0.6-0.7, control; 0.95-1.06, with WB-4101 (n=6 ) (p<0.05): 0.87-

1.02, control; 1.03-1.44, with 5-methyl-urapidil (n=6 ) (p<0.05)). Prazosin at the highest 

concentration used, 3nM, caused a 10.8±5.8% (n=5) reduction in maximal response to 

noradrenaline (p<0.05) (control experiments showed that DMSO (in which prazosin was 

dissolved) did not alter the noradrenaline contractions). Schild analysis gave pA% and slope 

values (which were not different from unity) (correlation coefficients in parenthesis) 

respectively of 10.4 and 1.1±0.3 (0.78) for prazosin, 9.8 and 1.2±0.2 (0.82) for WB-4101 

and 8 . 6  and 0.9±0.1 (0.96) for 5-methyl-urapidil (Figures 5.4b, 5.5b & 5.6b). Abanoquil 

acted non-competitively against noradrenaline induced contractions in the aorta and at 

concentrations of InM and lOnM shifted the curves to the right and caused reductions in 

maximal response of 28.4±8.0 and 86.1±4.3% respectively (n=6 ) (Figure 5.7). CEC (10p,M) 

caused a biphasic inhibition of the noradrenaline concentration response curve, the second 

phase beginning at noradrenaline concentrations greater than lOjiM (Figure 5.8). The first 

phase of the curve in the presence of CEC (10|iM) (0.57±0.15g measured at IpM 

noradrenaline) was inhibited by prazosin (0.03±0.01g (CEC;10|iM+prazosin;100nM) 

(P<0.05) measured at IpM noradrenaline) but this did not significantly alter the second 

phase (1.0±0.1g (CEC;10jiM) compared to l.l±0.3g (CEC;10|LiM+prazosin;100nM) (n=5)
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(P>0.05) measured at 0.3mM noradrenaline) (Figure 5.8). In the same way, the first phase of 

the curve in the presence of CEC (10|xM) (0.3±0.1g measured at 1|liM noradrenaline) was 

abolished by abanoquil ((CBC;10|iM+abanoquil;lnM) (P<0.05) measured at IflM 

noradrenaline) but this did not significantly alter the second phase (1.0±0.2g (CEC;10jiM) 

compared to 1.3±0.2g (CEC;10p-M+abanoquil;lnM) (n=4)(P>0.05) measured at 0.3mM 

noradrenaline) (Figure 5.9). In separate experiments, the effect of a 30min incubation with 

10|iM and 30|iM CEC on the noradrenaline-induced contraction of the rat thoracic aorta 

were compared. The two treatments did not produce significantly different effects (P>0.05) 

in which the first phase of the curve reached 0.5±0.1g (n=7) and 0.5±0.3g (n=5) respectively 

for the lOjiM and 30|iM CEC pretreatments (measured at l|iM  noradrenaline) (data not 

shown).

Concentration response curves to phenylephrine were shifted to the right by prazosin 

(3nM) (‘apparent pKb’=10.3±0.1, ‘apparent’ as the maximal response was reduced by 

21.2±2.3% (p<0.05) (n=5)) (Figure 5.10). Abanoquil (InM) had a greater effect against 

phenylephrine than against noradrenaline-induced contractions in the aorta (Figure 5.11 v 

5.7) as it almost abolished the contractions to phenylephrine. CEC (lOjiM) also had a 

markedly greater effect against phenylephrine-induced contractions compared to those of 

noradrenaline (82.0±7.3% reduction in the maximal response measured at the 30mM dose 

of phenylephrine) (Figure 5.11 v 5.8).

Prazosin (3nM) shifted concentration response curves to oxymetazoline to the right 

(‘apparent pKe’=9.4±0.2, ‘apparent’ as it caused a reduction in the maximal response by 

18.8±3.0% (p<0.05) (n=5)) (Figure 5.12). WB-4101 (lOnM) shifted concentration response 

curves to oxymetazoline to the right (pKs=8.9±0.1) with the maximal response being 

unaffected (Figure 5.13). Abanoquil (InM) caused a 57.9±9.0% reduction in the maximal 

response to oxymetazoline while CEC (10|iM) caused a much smaller effect than against 

noradrenaline, a 2 -fold shift to the right of the control concentration response curve and a 

14.5±3.2% reduction in maximal response which was not statistically significant compared 

with the control curve (p>0.05) (n=6 ) (Figure 5.14).

5.3.4 Effect of abanoquil and CEC on noradrenaline-induced contractions of rat spleen and 

epididymal vas deferens

Abanoquil (lOnM) had a small effect on noradrenaline induced contractions of rat 

splenic strips in which the maximum was marginally attenuated (5.4±4.6% reduction)
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(p>0.05) (n=4) (Figure 5.15) but CEC (lOOjiM) caused a 10-fold rightward shift and a 

19.3±7.9% reduction in maximal response (p<0.05) (n=6 ) (Figure 5.16). Contractions to 

noradrenaline in the rat epididymal vas deferens were highly attenuated by abanoquil 

(lOnM) causing almost complete abolition of the response (Figure 5.17) but CEC (lOOfiM) 

had no effect on these contractions (Figure 5.18).

5.3.5 Effect of abanoquil on KCl and 5-hydroxytryptamine-induced contractions of the rat 

thoracic aorta

To test the specificity of abanoquil for ai-adrenoceptor mediated responses, 

contractions to single concentrations of KCl (40mM) and 5-hydroxytryptamine (l|iM ) were 

performed before and after a 30 min equilibration with abanoquil (lOnM). The results 

(Figure 5.19) show that abanoquil had no effect on the size of contraction (or shape- data not 

shown) to either KCl depolarisation or 5-hydroxytryptamine.
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Figure 5.1

Typical recordings for the contractions of rat thoracic aorta, spleen and epididymal vas 

deferens to single concentrations of a  i-adrenoceptor agonists

Recordings showing the contractile responses obtained to single ‘sub-maximal’ 

concentrations of noradrenaline (NA; 0.1 |iM) (a), phenylephrine (PE; 0.1 |iM) (b) and 

oxymetazoline (OXY; 1.0|iM) (c) in rat thoracic aortic rings and to noradrenaline (lOOpM) 

in rat splenic strips (d) and the epididymal half of the rat vas deferens (e).
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Figure 5.2

Comparison of a i -adrenoceptor agonist potency in the rat thoracic aorta

Control concentration-response curves to noradrenaline ( • )  were compared with a second 

curve to either phenylephrine (T ) or oxymetazoline (■) (performed 30 mini after the first 

noradrenaline curve). Points are expressed as the percentage of maximal response obtained 

in the noradrenaline concentration response curve and values represent the mean and the 

vertical bars the s.e.mean from at least 4 experiments.

* = Maximum contraction significantly different from that of noradrenaline curve (p<0.05).
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Figure 5.3

Effect of uptake and p-adrenoceptor blockade on contractions to noradrenaline in the rat 

thoracic aorta

Concentration response curves in rat thoracic aortic rings were performed before ( • )  and 

after (T ) a 20 min equilibration with blockers for neuronal (cocaine (lOpM)) and extra

neuronal (p-oestradiol (10|iM)) uptake as well as a p-adrenoceptor antagonist (propranolol 

(l|iM )). Results are expressed as a percentage of the maximal response obtained in the 

control curve and values represent the mean and the vertical bars the s.e.mean from 4 

experiments.
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Figure 5.4

The antagonism of noradrenaline-induced contractions of the rat thoracic aorta by prazosin

(a) Effect of prazosin- (T ) 0.3nM, (■) InM and (A) 3nM on noradrenaline (NA)-induced contractions of the rat thoracic aorta. Results are 

expressed as a percentage of the maximal response obtained in the control curve ( • ) .  Values represent the mean and the vertical bars the s.e.mean 

from at least 4 experiments, (b) The corresponding Schild plot and pA] and slope values for prazosin antagonism of noradrenaline-induced 

contractions in the rat thoracic aorta. Each point represents an individual experiment. CR represents concentration-ratio.
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Figure 5.5

The antagonism of noradrenaline-induced contractions of the rat thoracic aorta by WB-4101

(a) Effect of WB-4101- (T ) 3nM, (■) lOnM and (A) 30nM on noradrenaline (NA)-induced contractions of the rat thoracic aorta. Results are 

expressed as a percentage of the maximal response obtained in the control curve (# ). Values represent the mean and the vertical bars the s.e.mean 

from 5 experiments, (b) The corresponding Schild plot and pA] and slope values for WB-4101 antagonism of noradrenaline-induced contractions in 

the rat thoracic aorta. Each point represents an individual experiment. CR represents concentration-ratio.
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Figure 5.6

The antagonism of noradrenaline-induced contractions of the rat thoracic aorta by 5-methyl-urapidil

(a) Effect of 5-methyl-urapidil- (T ) lOnM, (■) 30nM and (A ) lOOnM on noradrenaline (NA)-induced contractions of the rat thoracic aorta. Results 

are expressed as a percentage of the maximal response obtained in the control curve (# ). Values represent the mean and the vertical bars the 

s.e.mean from at least 5 experiments, (b) The corresponding Schild plot and pA% and slope values for 5-methyl-urapidil antagonism of 

noradrenaline-induced contractions in the rat thoracic aorta. Each point represents an individual experiment. CR represents concentration-ratio.



c
o
o
2

4—"
C
o
ü
E
3
E
X
CO
E

100

75

50

25

0

-10 9 8 7
Log M [NA]

Figure 5.7

The antagonism of noradrenaline-induced contractions of the rat thoracic aorta by abanoquil

Effect of abanoquil- (A) O.lnM, (■) InM and (T ) lOnM on noradrenaline (NA)-induced 

contractions of the rat thoracic aorta. Results are expressed as a percentage of the maximal 

response obtained in the control curve (# ). Values represent the mean and the vertical bars 

the s.e.mean from at least 6  experiments.
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Figure 5.8

The antagonism of noradrenaline-induced contractions of the rat thoracic aorta by CEC and 

CEC + prazosin

V
Effect of CEC (1 0 |iM ;^ ll or CEC (lOjiM) + prazosin (lOOnM) (■) on noradrenaline 

(NA)-induced contractions of the rat thoracic aorta. Results are expressed as a percentage of 

the maximal response obtained in the control curve ( • ) .  Values represent the mean and the 

vertical bars the s.e.mean from at least 5 experiments.

* = Significantly different to CEC only treatment (p<0.05).
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Figure 5.9

The antagonism of noradrenaline-induced contractions of the rat thoracic aorta by CEC and 

CEC + abanoquii

Effect of CEC (10|iM; ■ ) or CEC (10|iM) + abanoquii (InM) (A ) on noradrenaline (NA)- 

induced contractions of the rat thoracic aorta. Results are expressed as a percentage of the 

maximal response obtained in the control curve ( • ) .  Values represent the mean and the 

vertical bars the s.e.mean from at least 4 experiments.

* = Significantly different to CEC only treatment (p<0.05).
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Figure 5.10

The effect of prazosin on the phenylephrine-induced contractions of the rat thoracic aorta

Effect of prazosin (3nM; T ) on phenylephrine (PE)-induced contractions of the rat thoracic 

aorta. Results are expressed as a percentage of the maximal response obtained in the control 

curve ( • ) .  Values represent the mean and the vertical bars the s.e.mean from 5 experiments.
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Figure 5.11

The effect of CEC and abanoquii on the phenylephrine-induced contractions of the rat 

thoracic aorta

Effect of CEC (lOjiM; ▼) and abanoquii (InM; ■ ) on phenylephrine (PE)-induced 

contractions of the rat thoracic aorta. Results are expressed as a percentage of the maximal 

response obtained in the control curve ( • ) .  Values represent the mean and the vertical bars 

the s.e.mean from at least 5 experiments.
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Figure 5.12

The effect of prazosin on the oxymetazoline-induced contractions of the rat thoracic aorta

Effect of prazosin (3nM; T )  on oxymetazoline (OXY)-induced contractions of the rat 

thoracic aorta. Results are expressed as a percentage of the maximal response obtained in 

the control curve ( • ) .  Values represent the mean and the vertical bars the s.e.mean from 5 

experiments.
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Figure 5.13

The effect of WB-4101 on the oxymetazoline-induced contractions of the rat thoracic aorta

Effect of WB-4101 (lOnM; ■) on oxymetazoline (OXY)-induced contractions of the rat 

thoracic aorta. Results are expressed as a percentage of the maximal response obtained in 

the control curve ( • ) .  Values represent the mean and the vertical bars the s.e.mean from 5 

experiments.
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Figure 5.14

The effect of CEC and abanoquii on the oxymetazoline-induced contractions of the rat 

thoracic aorta

Effect of CEC (10|iM; T )  and abanoquii (InM; ■ ) on oxymetazoline (OXY)-induced 

contractions of the rat thoracic aorta. Results are expressed as a percentage of the maximal 

response obtained in the control curve ( • ) .  Values represent the mean and the vertical bars 

the s.e.mean from at least 5 experiments.
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Figure 5.15

The effect of abanoquii on the noradrenaline-induced contractions of rat splenic strips

Effect of abanoquii (lOnM; T ) on noradrenaline (NA)-induced contractions of rat splenic 

strips. Results are expressed as a percentage of the maximal response obtained in the control 

curve (# ) . Values represent the mean and the vertical bars the s.e.mean from 4 experiments.
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Figure 5.16

The effect of CEC on the noradrenaline-induced contractions of rat splenic strips

Effect of CEC (100|iM; T ) on noradrenaline (NA)-induced contractions of rat splenic 

strips. Results are expressed as a percentage of the maximal response obtained in the control 

curve ( • ) .  Values represent the mean and the vertical bars the s.e.mean from 6  experiments.

131



100

I -
CO

50
c 
o
0

E
3
£
X
1 25

0
-8

i /

T

7 -6 -5
Log M [NA]

-4

Figure 5.17

The effect of abanoquii on the noradrenaline-induced contractions of the rat epididymal vas 

deferens

Effect of abanoquii (lOnM; T ) on noradrenaline (NA)-induced contractions of the rat 

epididymal vas deferens. Results are expressed as a percentage of the maximal response 

obtained in the control curve ( • ) .  Values represent the mean and the vertical bars the 

s.e.mean from 5 experiments.
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Figure 5.18

The effect of CEC on the noradrenaline-induced contractions of the rat epididymal vas 

deferens

Effect of CEC (lOOfiM; T )  on noradrenaline (NA)-induced contractions of the rat 

epididymal vas deferens. Results are expressed as a percentage of the maximal response 

obtained in the control curve (# ). Values represent the mean and the vertical bars the 

s.e.mean from 5 experiments.
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Figure 5.19

The effect of abanoquii on contractions to KCI and 5-hydroxytryptamine in the rat thoracic 

aorta

Effect of abanoquii (InM) on contractions to single concentrations of KCI (40mM) and 5- 

hydroxytryptamine (5-HT; l|iM ). Results are expressed as the contraction in grams (g) 

tension obtained in the presence and absence of abanoquii. Values represent the mean and 

the vertical bars the s.e.mean from 4 experiments.
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5.4 Discussion
In this study, various adrenergic agonists and a range of ai-adrenoceptor subtype 

selective antagonists have been used to examine whether a homogeneous or heterogeneous 

population of ai-adrenoceptors are responsible for ai-adrenoceptor agonist induced 

contractions of the rat thoracic aorta.

The three agonists used in this investigation, noradrenaline, phenylephrine and 

oxymetazoline, all contracted the aorta, but the shape of the responses obtained were not 

identical. Single concentrations of noradrenaline and phenylephrine evoked contractions 

which appeared biphasic, consisting of an initial rapid phasic component (contributing up to 

40% of the maximum in 30s) followed by a more slowly developing tonic contraction. 

However, oxymetazoline evoked a single, monophasic response. The biphasic contraction 

observed to the phenylethanolamines (noradrenaline and phenylephrine) in this study are 

consistent with those of previous reports (Downing et a l, 1983; Godfraind et al., 1982; 

Nishimura et a i, 1991), in which the initial phasic component is believed to be mediated by 

release of an intracellular source of Câ "̂  and the tonic component by entry of extracellular 

Câ "̂  (Suzuki et a i, 1990; Chapter 6 ). The monophasic nature of the contractions to 

oxymetazoline has also previously been documented (Godfraind et al., 1982; Christ et al.,

1993) in which the contractions to this imidazoline were shown to be more dependent on 

extracellular Câ "̂  compared to contractions induced by the phenylethanolamines (Godfraind 

e ta i ,  1982; Duarte e ta l ,  1993).

To establish whether the responses being recorded in the rat aorta were mediated via 

a  I-adrenoceptors, the non-subtype selective a  i-adrenoceptor antagonist, prazosin, was used. 

Prazosin caused rightward shifts in the concentration response curves to all three of the 

agonists in the rat aorta, consistent with their mediation through ai-adrenoceptors. 

However, these shifts were associated with reductions in the maximal responses obtained to 

phenylephrine and oxymetazoline and in addition a small reduction in the maximum was 

observed against noradrenaline-induced responses with the highest concentration of 

prazosin. The Schild plot for prazosin against contractions to noradrenaline produced a 

slope not different from unity and a pA% value consistent with an affinity for an tti- 

adrenoceptor. Due to the decreased maximal contractions, the pKe values which were 

calculated for prazosin shifts against phenylephrine- and oxymetazoline-induced 

contractions were termed ‘apparent’ and again, these were consistent in suggesting that the 

responses were mediated via ai-adrenoceptors even though a slightly lower pKs was
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observed against oxymetazoline (pKe=9.4: this value was within the range reported for o tr 

adrenoceptor mediated responses- (Xi: pA2/pKi=7 -l 1; ai. pA2/pKj=5 -8 . 2  (Wilson et al., 

1991)). The non-competitive antagonism of noradrenaline-induced responses by prazosin in 

the rat aorta has been known for some time, since for example, studies have shown that 

prazosin causes a depression of the maximal response during the fast (phasic) component of 

the contraction to noradrenaline, but the slow (tonic) component of the response was 

antagonized competitively (Downing et at., 1983). Further, the same study showed that 

under Ca^^-free conditions (+3mM EGTA), prazosin (0.3nM and l.OnM) abolished the 

contractile response. A different non-competitive effect of prazosin in the aorta has also 

been reported (Oshita et ai,  1993) in which the Schild plot for prazosin against 

noradrenaline-induced contractions of the rabbit thoracic aorta had a slope different from 

unity (0.7), thus indicating non-competitiveness. This latter example of a deviation from 

strict competitive antagonism by prazosin was suggested to be due to the existence of high 

and low affinity prazosin sites and is discussed in Chapter 1.

Having established that the three agonists used in this study were evoking their 

responses via ai-adrenoceptors, the next question addressed was whether the population of  

a  I-adrenoceptors involved in this response are homogeneous or heterogeneous with respect 

to subtypes. The ai-adrenoceptor subtype selective drugs WB-4101 and 5-methyl-urapidil 

(aiA-/(Xic-selective competitive antagonists), abanoquii (proposed aiA-non-competitive 

antagonist) and CEC (aiB-/ocic-alkylating agent) were employed to test for subtype homo- or 

heterogeneity within the rat thoracic aorta. The selectivity o f these antagonists has been 

previously demonstrated functionally in tissues characterised as possessing homogeneous 

populations o f either a  i A-adrenoceptors (rat epididymal vas deferens) with high affinity for 

W B-4101, 5-methyl-urapidil and abanoquii or aiB-adrenoceptors (rat spleen) with low  

affinity for the above but with sensitivity to CEC (Aboud et at., 1993; Burt et at., 1992; Han 

et a i, 1987a) and finally for aic-adrenoceptors (human prostate) with both high affinity for 

W B-4101 and 5-methyl-urapidil and sensitivity to CEC (Marshall et al., 1992; Forray et al., 

1994b).

In the present study, WB-4101 and 5-methyl-urapidil exhibited high affinity for 

noradrenaline-induced contractions in the aorta, consistent with a role for the aiA- or ttic- 

subtype in the contractions. The pA2 values obtained for prazosin, WB-4101 and 5-methyl- 

urapidil against noradrenaline-induced responses were consistent (although slightly higher 

in some cases) with those reported by various authors for the rat aorta in which values
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ranging between 9.4 and 10.6 for prazosin, 9.1 and 9.2 for WB-4101 and 7.9 and 8.1 for 5- 

methyl-urapidil have been described (Oriowo & Bevan, 1990; Muramatsu et a i,  1990; 

Muramatsu et a i,  1991; Aboud et a i, 1993). Strict competitive antagonism was not 

however observed in all cases since the slopes of the concentration response curves 

steepened in the presence of WB-4101 and 5-methyl-urapidil compared to the control curve, 

although this steepening was not observed for prazosin. A change in slope might be 

expected in the presence of subtype-selective antagonists if a heterogeneous population of 

receptor subtypes exists (Kenakin, 1992). However, the slopes of the Schild regression for 

both WB-4101 and 5-methyl urapidil were unity, thus not consistent with a mixture of 

subtypes exhibiting different affinities for the same antagonist. It has been suggested that 

heterogeneity may not always be detected by Schild analysis where the results from more 

than one tissue are used to construct a Schild regression, since the degree of curvature of the 

Schild plot may depend upon the relative strength of the input from the second receptor and 

the efficiency of its coupling to the signalling system, both of these factors being unique to a 

given tissue (Kenakin, 1992). Although the change in slopes of the concentration response 

curves in the presence of WB-4101 and 5-methyl-urapidil in this study may indicate subtype 

heterogeneity, the pA% values obtained for these antagonists are consistent only with a high 

affinity site comparable to that of either the ttiA-subtype mediated contractions of the rat 

epididymal vas deferens (pAi/pKg values of S.7-9.6 for WB-4101 and S.4-8.5 for 5-methyl- 

urapidil; Burt et a i, 1992; Ohmura et a i, 1992; Aboud et a i, 1993; Kenny et al., 1994) or 

the ttic-subtype linked contractions of the human prostate (WB-4101 pA]=9.0, Marshall et 

al., 1992; 5-methyl-urapidil pA2=8 .6 , Forray et al., 1994b). Thus, the results discussed so far 

indicate that either the ttiA- or aic-subtype may be involved in the noradrenaline-induced 

contractions of the rat thoracic aorta. However, it should not be overlooked that both WB- 

4101 and 5-methyl-urapidil also exhibit a relatively high affinity for the cloned aia/d-subtype 

(see Chapter 3) although a functional aia/d-response has yet to be clearly demonstrated.

To further characterise the noradrenaline-induced contractions of the rat thoracic 

aorta in this study, CEC was employed and the results showed that the response was also 

sensitive to this (XiB-/aic-selective alkylating agent. Therefore, this sensitivity to CEC 

together with the high affinity exhibited by the aiA-/cxic-selective antagonists leads to the 

conclusion that the noradrenaline-induced contractions of the rat thoracic aorta resembles 

the pharmacology of an aic-adrenoceptor (as described for the cloned bovine aic- 

subtype/human prostate; CEC-sensitive and a high affinity exhibited by WB-4101 and 5-
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methyl-urapidil). However, it should be noted that abanoquii also potently attenuated the 

contractions to noradrenaline and also has been previously shown not to antagonize the a ic- 

mediated response of the human prostate (Marshall et a l,  1992), although, the selectivity of 

abanoquii will be discussed later. The use of CEC in the rat aorta has also led to another 

interesting observation, in that a well defined biphasic response was observed to 

noradrenaline following CEC-pretreatment in which the maximal response was approached. 

This type of response has previously been reported (Piascik et al., 1991) although other 

workers have demonstrated that CEC causes either a rightward shift and reduction in 

maximal responses to noradrenaline (Han et a l, 1990; Muramatsu et a l, 1991; Vargas et 

a i, 1993) or a shift allowing the maximum to be reached (Aboud et a l, 1993). The first 

phase of the response observed in this study in the presence of CEC was shown to be a i-  

adrenoceptor mediated due to its abolition by prazosin and further experiments showed that 

abanoquii also antagonized this initial phase. However, the second phase of the response, 

occurring at high noradrenaline concentrations (>10|iM) was not sensitive to prazosin or 

abanoquii. This indicates that after CEC-pretreatment and at high concentrations of 

noradrenaline, a non-ai-adrenoceptor component to the contraction exists. This observation 

has been reported previously (Oriowo & Bevan, 1990) where it was shown that responses 

following CEC pre-treatment were not antagonized by phenoxybenzamine, prazosin, WB- 

4101 or yohimbine suggesting a role for a non-a-adrenoceptor noradrenaline site.

The non-a i -adrenoceptor component seen following CEC-pretreatment was not 

observed after the antagonism of noradrenaline-induced contractions by high concentrations 

of abanoquii (lOnM) (Figure 5.7), suggesting that abanoquii might be acting non-selectively. 

This inability to observe the second phase of the response to noradrenaline after abanoquii 

may be due to the fact that the agonist was not administered to a high enough concentration 

and the use of higher noradrenaline concentrations in this experiment may have been 

helpful. However, additional evidence that abanoquii does not antagonize the non-ai- 

adrenoceptor mediated component to the contraction comes from the fact that in seperate 

experiments, the second phase of the noradrenaline response following CEC-pretreatment 

was insensitive to abanoquii (Figure 5.9). Thus it is possible that the noradrenaline-induced 

non-a 1-adrenoceptor mediated response may only be observed after the removal of the a ie- 

/aic-component (post CEC-pretreatment) and not following antagonism by abanoquii. In 

this study, the selectivity of abanoquii for ai-adrenoceptor mediated responses in the aorta 

was tested and it was shown that abanoquii (InM) had no effect on contractions to KCI
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depolarisations or to 5-hydroxytryptamine. The subtype selectivity of abanoquii was further 

tested in this study, where it was shown that noradrenaline-induced contractions of the rat 

epididymal vas deferens (aiA-subtype) were abolished by abanoquii but were insensitive to 

CEC, whereas the contractions of rat spleen (aiB-subtype) were unaffected by abanoquii but 

were attenuated by CEC.

Therefore, it appears that abanoquii may be aiA-selective since this compound has 

been demonstrated in this study and by Burt et ai, (1992) to selectively antagonize the otiA- 

mediated noradrenaline-induced contraction of the rat epididymal vas deferens but not that 

of the «IB-linked response o f the rat spleen. This data supports the initial observations 

(Greengrass et al., 1991) that in binding studies, abanoquii was 100-fold more selective for 

the «lA-subtype in CEC-pretreated rat heart membranes compared to the «iB-subtype 

located in rat liver membranes. Therefore, abanoquii has been used as an «lA-subtype 

selective tool. However, a number of recent reports have appeared suggesting that in [^H]- 

prazosin binding studies, abanoquii exhibits no selectivity for ai-adrenoceptor subtypes 

(both cloned and tissue subtypes) (Forray et at., 1994b; Testa et al,  1994a). Thus at present, 

the usefulness o f abanoquii as a selective «lA-subtype antagonist is unclear. The fact that 

abanoquii antagonized responses to all agonists in the rat aorta causing in some cases almost 

complete abolition of the contractions might indicate that this compound is in fact not as 

subtype selective as first suggested. Therefore, the abanoquii data has not been considered 

when reaching conclusions about subtypes in the rat aorta.

On the basis o f the ai-adrenoceptor subtypes which have been functionally 

characterised in tissues, the high sensitivity o f noradrenaline-induced contractions o f the rat 

aorta to CEC implies a role for either the « ib - or the «ic-subtype in the contraction. Further, 

the fact that these contractions were also antagonized by WB-4101 and 5-methyl-urapidil 

with pA% values consistent with either an « ia - or «ic-subtype, but were too high to be 

mediated by «iB-subtype (pA 2/pKB for WB-4101 and 5-methyl-urapidil o f 8 .0-8 . 8  and 6 .6 -

7.4 respectively for the «iB-subtype contractions o f rat spleen (Burt et al,  1992; Aboud et 

al., 1993)) suggests that the «ic-adrenoceptor may be responsible for these contractions. 

However, the fact that a CEC insensitive a i-adrenoceptor component to the noradrenaline- 

induced contraction has been demonstrated (Figures 5.8 & 5.9), suggests a role for an 

additional subtype, perhaps the «lA-subtype.

Combining the use of various agonists and selective antagonists in this study has 

yielded evidence supporting the functional heterogeneity of ai-adrenoceptors within the rat
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aorta. Contractions to the a-adrenoceptor agonist oxymetazoline (which has no 13- 

adrenoceptor activity in this tissue (Mujic & Van Rossum, 1965; Ruffolo et al., 1979)) 

exhibited a significantly lower maximum contraction compared with that of noradrenaline in 

the same tissue. This data, therefore suggests that oxymetazoline is acting as a partial 

agonist in the rat aorta relative to noradrenaline. Oxymetazoline has been reported by others 

to be a partial agonist in the rat isolated aorta (Godfraind et at., 1982; Ruffolo et al., 1979). 

In the present experiments, oxymetazoline was more than 40-fold less potent than 

noradrenaline and the low potency and partial agonist properties of oxymetazoline may be 

due to its low efficacy which has been documented in this tissue. The efficacy of 

oxymetazoline was 0.169 with respect to phenylephrine (Ruffolo et al., 1979). However, in 

the same study it was demonstrated that the agonist dissociation constant for oxymetazoline 

was no different to that of phenylephrine (5.01x10'^ and 3.37x10'^ respectively). Thus, the 

low potency and the partial agonism of oxymetazoline observed in this study are probably 

due to the low efficacy of this imidazoline for these ai-adrenoceptors.

Contractions evoked by oxymetazoline, a partial agonist, were insensitive to the a ie- 

/(%ic- alkylating agent CEC but were highly sensitive to abanoquii relative to the effects of 

these antagonists at the same concentrations on noradrenaline induced contractions which 

were highly sensitive to both antagonists. In addition it was shown that WB-4101 

antagonized the contractions to oxymetazoline (pKb=8.9) consistent with that of an ttiA- 

adrenoceptor (Burt et a i, 1992; Ohmura et a i, 1992; Aboud et a i,  1993; Kenny et a i,

1994), although this value was lower than the corresponding pA% value obtained against the 

noradrenaline-induced contractions. Thus, by using the current criteria for classifying 

‘classical’ ai-adrenoceptor subtypes, contractions to oxymetazoline were insensitive to CEC 

but highly sensitive to WB-4101 and therefore are likely to be mediated by the aiA-subtype.

The (X|-selective (over 0 .2- and |3-adrenoceptors) agonist, phenylephrine, was also 

used in this study and it was shown that both of the non-competitive antagonists CEC and 

abanoquii almost completely abolished the contractions to this agonist relative to their 

effects on the noradrenaline-induced responses. The absence of any form of biphasic 

response following CEC pretreatment (as seen with noradrenaline) eliminates the possibility 

of this agonist acting at any non-a 1-adrenergic sites and further supports the a  1-selectivity of 

phenylephrine. The results obtained with phenylephrine are similar to those obtained when 

noradrenaline was used as an agonist showing that the contractions are sensitive to both 

CEC and abanoquii. However, if phenylephrine is mediating its contractions through both
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ttiA- and aic-subtypes as has been proposed for noradrenaline, then it is interesting to note 

that the contractions were almost abolished by CEC, since it might be expected that an 

antagonist insensitive component would remain. Again, the use of higher concentrations of 

agonist may have been useful in this experiment.

Homogeneitv or heteroeeneitv of ai-adrenoceptor subtvpes in the rat aorta?

The primary aim of this study was to determine whether a homogeneous or 

heterogeneous population of ai-adrenoceptors are responsible for mediating contractions of 

the rat thoracic aorta. Evidence from this study and from those of others exists in favour of 

both hypotheses and some of this evidence will now be summarised.

Evidence supporting homogeneity:

(a) An argument in support of homogeneity was recently proposed by Aboud et al (1993) in 

which it was suggested that a single putative receptor sharing the characteristics of both the 

a  I A- and a  i e-subtypes may be responsible for noradrenaline-induced contractions in the rat 

thoracic aorta. This hypothesis was based upon the fact that the noradrenaline-induced 

contractions were sensitive to both aiA-/(Xic-selective antagonists and the aie-/cxic-selective 

alkylating agent, CEC. It was concluded that this response which was highly susceptible to 

both types of antagonist could not be mediated by both receptors (i.e. aiA- and a ie - 

subtypes) since for example, the effect of CEC resulted in a monophasic curve unlike the 

biphasic curve indicative of two receptor subtypes as suggested by Piascik et at., (1991). 

The data presented in this thesis using a similar range of antagonists against noradrenaline- 

induced contractions are similar to those described by Aboud et al., (1993) in that a CEC- 

sensitive/WB-4101 and 5-methyl-urapidil high affinity response was observed.

(b) Schild analysis of data from this study using the subtype selective antagonists WB-4101 

and 5-methyl-urapidil yielded regression lines with slopes which were not significantly 

different from unity, again suggesting antagonism of a homogeneous population of 

receptors.

(c) pA] values obtained for WB-4101 and 5-methyl-urapidil were high, consistent with 

either homogeneous populations of ttiA- or aic-adrenoceptors and not a mixed population 

containing the additional low affinity a i e-subtype.

Evidence supporting heterogeneity:

(a) The most substantial evidence from this study for a  i-adrenoceptor subtype heterogeneity 

in the rat aorta comes from the results obtained when oxymetazoline was employed as an
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agonist. It was demonstrated that the contraction to oxymetazoline was characteristic of the 

‘classical’ aiA-adrenoceptor since it was insensitive to CEC but the response was 

competitively antagonized by WB-4101 with a pKe value consistent with the aiA-subtype. 

This data alone does not indicate heterogeneity, but when combined with those results 

obtained with noradrenaline, it becomes clear that two pharmacologically distinct types of 

a  1-adrenoceptor mediated responses can be elicited in the rat aorta ( 1 ) that via noradrenaline 

which is highly sensitive to both ttiA-Zotic-antagonists and CEC and (2) that via 

oxymetazoline which is only sensitive to aiA-/(%ic-antagonists but not to CEC. Thus two 

sites may exist in the rat aorta differing in their sensitivity to CEC.

(b) Further support for heterogeneity comes from the fact that a biphasic concentration 

response curve to noradrenaline was observed following CEC-pretreatment. The first 

component which was antagonized by both prazosin and abanoquii, may represent the CEC 

insensitive component produced in response to oxymetazoline. Further heterogeneity is also 

possible due to the prazosin insensitive second component of the noradrenaline-induced 

response following CEC-pretreatment although this component is probably not mediated via 

an a  1-adrenoceptor.

(c) The steepening of the noradrenaline concentration response curves in the presence of 

both WB-4101 and 5-methyl-urapidil is consistent with subtype heterogeneity and agrees 

with reports from other workers (van der Graaf et al., 1993).

Thus evidence exists for and against ai-adrenoceptor heterogeneity in the rat 

thoracic aorta. If the results when using noradrenaline as an agonist alone are considered, 

a  1-adrenoceptor homogeneity is favoured. However, when the results using both 

noradrenaline and oxymetazoline as agonists are combined, ai-adrenoceptor heterogeneity 

in the rat thoracic aorta seems to be the most plausible conclusion.

During this discussion, suggestions have been put forward as to which a i-  

adrenoceptor subtypes may mediate the contractions of the rat thoracic aorta to a i-  

adrenoceptor agonists. These suggestions have been made by comparing the 

affinities/effects of the antagonists used in this study to their effects observed in other 

functional tissues which have been characterised as being either ‘classical’ aiA- or otis- 

responses (rat epididymal vas deferens and spleen respectively) or the aic-response of the 

human prostate. The general conclusion that has emerged has been that the CEC- 

resistant/high affinity WB-4101 response to oxymetazoline is mediated through the otiA- 

subtype but the CEC-sensitive/high affinity WB-4101 and 5-methyl-urapidil response to
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noradrenaline is mediated via the aic-subtype and also that the aiA-subtype may 

additionally be involved. Thus, how does this pharmacological characterisation of the tti- 

adrenoceptor subtypes in the rat aorta relate to the current understanding of the distribution 

and pharmacology of the a  i-adrenoceptor subtypes which have been isolated by molecular 

cloning techniques (see Chapters 3 & 4)? The recent cloning of the rat aic-adrenoceptor 

(Perez et a l, 1994) and the demonstration of the existence of mRNA corresponding to this 

clone in the rat aorta (Perez et a l, 1994; Rokosh et a l, 1994) has enabled the attribution of 

the previously described atypical response to noradrenaline in the rat aorta to the a ic- 

subtype. Previously, workers (Muramatsu et a l, 1991; Aboud et a l, 1993) attempting to 

characterise the subtype(s) mediating noradrenaline-induced contraction in the rat aorta 

observed essentially the same results as described here but could not classify the response as 

ttic-mediated since at that time the mRNA corresponding to this cloned receptor had not 

been detected in any rat tissues (Schwinn et a l, 1990). In addition, the recent demonstration 

that mRNA corresponding to the aib-clone is not found in the rat aorta (Rokosh et a l,  1994) 

is consistent with the present results. However, a problem arises when recent developments 

in the understanding of the relationship between the cloned and pharmacologically 

characterised tissue subtypes are applied to the current findings. In particular, in Chapters 3 

& 4, it was proposed that the cloned aic-adrenoceptor may represent the same receptor as 

that which is pharmacologically characterised as the ‘classical’ aiA-adrenoceptor. Therefore 

if this is correct, then the aiA- and aic-adrenoceptors implicated to mediate contractions in 

the rat aorta in this study are the same receptor subtype.

Thus, at present, it would be premature to suggest exactly which subtypes of the a r  

adrenoceptor are involved in the ai-adrenoceptor agonist-induced contractions of the rat 

thoracic aorta and this subject will be discussed further in light of some additional 

considerations in Chapter 7. However, the experiments described in this Chapter provide 

evidence in support of ai-adrenoceptor subtype heterogeneity in the rat thoracic aorta.
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CHAPTER 6

The role of extracellular Câ  ̂ and inositol-1,4,5-
trisphosphate in the ai-adrenoceptor mediated 
contractions of the rat thoracic aorta

6.1 Introduction
The a  1-adrenoceptor subtypes (both ‘classical’ tissue and cloned subtypes) have 

been shown to couple to multiple post-receptor signalling pathways (see Chapter 1). 

However, in the majority of tissues and cells, the primary effect of ai-adrenoceptor 

stimulation is to increase intracellualar Câ "̂  levels by release from intracellular stores (via 

the generation of inositol-1,4,5-trisphosphate ( I P 3 )  and diacylglycerol (DAG) (Berridge & 

Irvine, 1989)) and/or influx of extracellular Câ "̂  (Minneman & Esbenshade, 1994).

In studies using mainly smooth muscle tissues, it has been suggested that the aiA- 

and ttiB-subtypes may elevate intracellular Ca^  ̂ levels via different signalling 

mechanisms (Minneman, 1988). It was demonstrated that the aiA-mediated response in 

the rat vas deferens did not elevate inositol phosphates but was sensitive to the 

dihydropyridine Ca^  ̂channel blocker, nifedipine, but conversely, the ttiB-response o f  the 

rat spleen elevated inositol phosphate formation but was insensitive to nifedipine (Han et 

al., 1987b). Other workers have supported this proposal that the ttiA-subtype is primarily 

coupled to extracellular Câ "*" influx via voltage-gated channels whereas the aiB-subtype 

causes intracellular Câ "̂  release via stimulation o f phospholipase C and formation of  

inositol phosphates (Hanft & Gross, 1989; Tsujimoto et a l,  1989; Suzuki et a l,  1990; 

Martinotti et a l,  1991). In addition it has been demonstrated that the cloned bovine a ic -  

subtype also couples to phosholipase C and inositol phosphate formation (Schwinn et a l,  

1991) and the aic-subtype characterised in rabbit hepatocytes stimulates 

phosphotidylinositol turnover (Garcia-Sainz et a l,  1992a). However, it seems that it is an 

over simplification to attribute a single distinct signalling pathway to an a  1-adrenoceptor 

subtype, since it was shown for example that the a  1 A-adrenoceptors located in rat renal 

cells (Han et at., 1990b; W ilson & Minneman, 1990; Michel et a l,  1993) and guinea pig 

hepatocytes (Garcia-Sainz et a i,  1992a; Garcia-Sainz et a i,  1992b) were able to stimulate 

formation o f inositol phosphates. In addition, the aiB-subtype has been shown to
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stimulate extracellular Câ "̂  influx in MDCK-Dl cells (Klijn et a l ,  1991), rat rMTC 6-63 

cells (Esbenshade et a l,  1994) and DDTi MF-2 cells (Han et a l,  1992) and in the latter 

cell line it was earlier shown that this Câ "̂  influx was insensitive to dihydropyridine 

channel blockers (Reynolds & Dubyak, 1985), thus suggesting a role for non-voltage- 

gated Câ "̂  channels.

The contractions of the isolated rat aorta to ai-adrenoceptor agonists have been 

suggested to involve both extracellular Câ "̂  influx and Câ "*" release from intracellular 

stores (Godfraind, 1983; Cauvin & Malik, 1984; Oriowo & Ruffolo, 1992) and further, 

that the noradrenaline-induced phasic contraction in the rat and rabbit aortae (see Chapter 

5) mobilise the intracellular source of Câ "̂  but the latter slowly developing tonic 

component is coupled to the extracellular Câ "̂  influx (Godfraind et al., 1982; Cauvin & 

Malik, 1984; Koch et at., 1990; Suzuki et at., 1990). It has been proposed that a single a i-  

adrenoceptor subtype may be coupled to the two different signal transduction processes 

involved in the contractile response and that the efficacy of the agonist determines which 

process is primarily activated (Nichols et at., 1989; Ruffolo et a i ,  1991; Oriowo & 

Ruffolo, 1992a), Alternatively, it has been suggested that two ai-adrenoceptor subtypes 

are responsible for the contraction, one which couples to extracellular Câ "̂  influx and the 

other to Ca^^ mobilisation from internal stores (Chiu et at., 1987; Suzuki et a l,  1990).

The data presented in Chapter 5 o f this thesis suggests that a heterogeneous 

population o f ai-adrenoceptors consisting possibly o f aiA- and aic-subtypes are 

responsible for the noradrenaline induced contractions o f the rat thoracic aorta whereas 

the contractions to oxymetazoline seem  to be mediated via the aiA-subtype alone. 

Therefore, the aim o f this study was to investigate if both intracellular and extracellular 

sources o f Câ "̂  are derived during ai-adrenoceptor agonist-induced contractions o f  the rat 

thoracic aorta and further to assess the possibility that different ai-adrenoceptor agonists 

can stimulate different Câ "̂  signalling processes (possibly via different subtypes o f the 

a  1-adrenoceptor) within this tissue. This problem was approached by first investigating 

the role o f intracellular and extracellular Câ "̂  for the noradrenaline-induced contractions 

o f the rat epidiymal vas deferens (aiA-subtype) and rat spleen (aie-subtype) by assessing 

their sensitivity to nifidepine or the removal o f extracellular Câ "̂ . These experiments 

were perfomed in order to test if contractions elicited by different ai-adrenoceptor 

subtypes could be distinguished on the basis o f the source o f Ca^  ̂ derived for the
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response. The sensitivity of oxymetazoline- and noradrenaline-induced contractions of the 

rat thoracic aorta to nifidepine and extracellular Ca^^ removal were then assessed 

followed by a more detailed study of the effect of these treatments upon the individual 

phasic and tonic components to the noradrenaline-induced contraction. To study the role 

of intracellular Câ "̂  mobilazation, I P 3 levels were measured during both noradrenaline- 

and oxymetazoline-induced responses of the rat thoracic aorta using a radio-receptor 

binding assay.

6.2 Experimental protocol
In this study, rat thoracic aortic rings (endothelium denuded), splenic strips and 

epididymal vas deferens have been used in isometric recording experiments. All methods 

are as described in Chapter 2 (Functional studies and Inositol 1,4,5-trisphosphate 

measurements) and data analysis is as described in Chapter 5 except when I P 3 levels have 

been compared when the nonparametric Mann-Whitney test was employed. The specific 

protocol for the treatments used in this study following the first agonist concentration 

response curve and any other changes are as follows:

• Nifedipine (l|iM ) was added to the bath and incubated for 30 min followed by a repeat 

agonist concentration response curve. When non-cumulative concentration response 

curves were performed in the case of the epididymal vas deferens and aorta (see below), 

nifedipine was also pre-incubated for 30 min but in addition, was added to the bath 

between each dose of agonist (after the third wash) in order to maintain a constant 

concentration of antagonist.

• Extracellular Ca^^-free treatments were performed by incubating the tissues for 30 min 

in Ca^^-free Krebs + 0.1 mM EGTA (Câ "̂  chelator). In some experiments, the effect of 

low Câ "̂  containing Krebs was assesed by incubating the tissues in Krebs containing 

0.9mM CaCl (compared with 2.5mM in normal Krebs) for 30 min.

• Non-cumulative concentration response curves were performed to noradrenaline in rat 

thoracic aortic rings in order to be able to measure clearly the phasic and tonic 

components of the contraction to individual doses (see Chapter 5). Dose-cycles 

consisted of the addition of noradrenaline (starting at the lowest concentration) and 

then washing the response to baseline (resting tension) once a maximum was reached. 

The tissue was allowed to recover for 10 min before the next dose of noradrenaline.
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Phasic contractions were measured as the tension developed 30s after the addition of 

the agonist to the bath, tonic responses were measured as any further increase in 

tension up to a maximal response.

• In I? 3  experiments, aortic rings were set up for isometric recording as described in 

Chapter 2. Following the test for endothelium integrity, tissues were constricted with 

singles concentrations of agonist, followed by their rapid removal at specific time 

points from the bath into liquid nitrogen. I P 3  levels were measured as described in 

Chapter 2.

6.3 Results
6.3.1 Effect of nifedipine and Ca^^-free Krebs treatment on the noradrenaline-induced 

contractions of rat epididymal vas deferens and spleen.

The epididymal portion of the rat vas deferens contracted in a concentration 

dependent manner to noradrenaline and 30 min treatments with either nifedipine (l|iM ) 

(Figure 6.1) or Ca^^-free Krebs (containing O.lmM EGTA) (Figure 6.2) completely 

abolished the contractions. In control experiments, repeat concentration response curves 

in rat splenic strips (30 min following first curve) exhibited a lower sensitivity to 

noradrenaline compared to the first curve with pD2 values (maximal contractions (g) in 

parenthesis) for first and repeat curves of 5.1 ±0.04 (0.23±0.04g) and 4.9±0.04 (0.20±0.03) 

(n=4) although these differences did not reach statistical significance (p>0.05) (Figure 6.3a). 

Nifedipine (1|liM) treatment did not affect noradrenaline-induced contractions of the rat 

spleen when compared with the repeat control curve from Figure 6.3a (pD2=5 . 1 ±0 . 1  

(0.20±0.05g maximum) (n=4)) (p>0.05) (Figure 6.3b). However, Ca^^-free treatment caused 

a 49.9±2.8% reduction in the maximal response (0.19±0.02g, control curve; 0.09±0.02g, 

Ca^'^-free) (n=6 ) (p<0.05) and a 10-fold rightward shift (compared at the E C 2 5 )  (Figure 6.4).

6.3.2 Effect of nifedipine and Ca^^-free Krebs treatment on noradrenaline- and 

oxymetazoline-induced contractions of the rat thoracic aorta

Contractions of rat thoracic aortic rings to noradrenaline were attenuated following a 

30 min incubation with nifedipine (l|iM ) in which the maximum was reduced by 

45.8±7.7% (n=6 ) (measured at 3|iM noradrenaline) compared with the control curve 

(Figure 6.5a). The concentration response curve to noradrenaline following nifedipine
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treatment was bell-shaped where the tissue concentration dependently relaxed at 

noradrenaline concentrations greater than lOpM. Oxymetazoline-induced contractions of 

the rat aorta were more potently attenuated by nifedipine (IpM ) compared with those of 

noradrenaline, in which an 84.1 ±4.7% (n=6 ) (measured at 30pM oxymetazoline) reduction 

in the maximal response was observed compared to the control curve (Figure 6.5b). Câ "̂ - 

free Krebs (+0.1 mM EGTA) treatment reduced the maximal response obtained to 

noradrenaline by 57.4±4.0% (n=5) (measured at 3pM noradrenaline) (Figure 6 .6 a) and 

produced a similar bell-shaped curve to that observed following nifedipine treatment (Figure 

6.5a). Oxymetazoline-induced contractions of the rat thoracic aorta were potently inhibited 

by Ca^^-free Krebs treatment in which maximal contractions were reduced by 76.4±3.3% 

(n=5) (measured at 30pM oxymetazoline) compared to the control curve (Figure 6 .6 b).

6.3.3 Effect of nifedipine and Ca^'^-free Krebs treatment on the phasic and tonic components 

of the noradrenaline-induced contractions of the rat thoracic aorta

Non-cumulative concentration response curves were performed to noradrenaline 

in the rat thoracic aorta. The phasic component of the contraction (measured at 30s 

following addition of dose to bath) contributed 42.7±5.5% (0.8±0.2g; pD2=7 .8 ±0 . 1 ) (n=8 ) 

to the total response, the tonic component (measured between 30s and the maximum) 

contributed 57.3±5.5% (l.l±0.01g; pD2=7 .5 ±0 . 1 ) (n=8 ) (Figure 6.7). Nifedipine (IpM ) 

reduced the maximum of the phasic component by 47.7±2.8% (n=5) and the tonic response 

was shifted l(X)-fold to the right with the maximum being approached following the 

nifedipine treatment (Figures 6 .8 a & 6 .8 b). In low Câ "̂  (0.9mM) containing Krebs, both 

phasic and tonic components of the contractions were attenuated with 22.9±10.6% (n=4) 

and 33.5±11.4% (n=4) reductions in the maximum response respectively (Figures 6.9a & 

6.9b). Ca^'^-free Krebs treatment reduced the maximum of the phasic response by 

69.3±3.4% (n=4) but that of the tonic response was reduced by 95.1±2.9% (n=4) (Figure 

6.9a & 6.9b) and this difference reached statistical significance (Mann-Whitney Two 

Sample Test; p<0.05).
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6.3.4 Time course for IP3 production during noradrenaline- and oxymetazoline induced 

contractions of the rat thoracic aorta

I P 3 levels were measured over a 30 min (0 - 1800s) time course for noradrenaline- 

(0.1 |iM) induced contractions of rat thoracic aortic rings (figure 6.10). As can be seen, only 

at the 30s time point was there a significant increase in the level of I P 3 detected 

(33.6±4.0pmole/mg protein) (n=4) compared with basal levels (Os; 20.3±1.2pmole/mg 

protein) (n=5; Mann-Whitney Two Sample Test, p<0.05). This same data is plotted together 

with the contractile response which was measured simultaneously in the same aortic rings 

(Figure 6.11). It can be seen that the 30s peak in I P 3  occurs during the rapid phasic 

component of the contractile response. The initial rise in I P 3 levels during the noradrenaline- 

induced contraction was examined in more detail by measuring the levels at shorter time 

points during the first 60s of the contraction (Figure 6.12). In these experiments, a peak in 

I P 3 levels was observed at 15s (34.0±6.9 pmole/mg protein) (n=7) compared to basal levels 

(Os; 16.7±1.7 pmole/mg protein) (n=9; Mann-Whitney Two Sample Test, p<0.05) and at 

30s an increase over basal was also observed (24.5±7.0 pmole/mg protein) (n=8 ) although 

this did not reach statistical significance (Mann-Whitney Two Sample Test; p>0.05). 

Preliminary experiments were performed to measure the time-course for I P 3  production 

during oxymetazoline- (l|iM ) induced contractions of the rat thoracic aorta (Figure 6.13). 

As can be seen, it appears that the initial rapid peak of I P 3 stimulated by noradrenaline was 

not observed for oxymetazoline. However, I P 3 levels appeared to increase at 60s and 300s 

and these increases were parallel with the increase in tension of the tissue (Figure 6.13).
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Figure 6.1

The effect of nifedipine on the noradrenaline-induced contractions of the rat epididymal vas 

deferens

Effect of a 30 min equilibration with nifedipine (IjiM; T )  on noradrenaline (NA)-induced 

contractions of the rat epididymal vas deferens. Results are expressed as a percentage of the 

maximal response obtained in the control curve (# ). Values represent the mean and the 

vertical bars the s.e.mean from 4 experiments.
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Figure 6.2

The effect of Ca^^-free Krebs treatment on the noradrenaline-induced contractions of the rat 

epididymal vas deferens

Effect of a 30 min equilibration with Ca^^-free Krebs (4-0. ImM EGTA; T) on noradrenaline 

(NA)-induced contractions of the rat epididymal vas deferens. Results are expressed as a 

percentage of the maximal response obtained in the control curve ( • ) .  Values represent the 

mean and the vertical bars the s.e.mean from 6  experiments.

151



Lnw

(a)
c
g
ts
cd

100

75

u 50 
E
3

0 25 
«
E
^  0

-6 -5 -4
Log M [NA]

Figure 6.3

J

-3

100 r
c
o
Ü
2

■4—»
c
o
Ü

E
3
E
X
(d
E

75

50

V 25

0
-7 “6 “5 "4

Log M [NA]

T—▼

-3

The effect of nifedipine on the noradrenaline-induced contractions of rat splenic strips

(a) Cumulative concentration response curves to noradrenaline (NA) were perfomed before (control; # )  and after (T) a 30 min period, (b) Effect of 

a 30 min equilibration with nifedipine (IpM ; T) on NA-induced contractions of rat splenic strips. All results are expressed as a percentage of the 

maximal response obtained in the control curve (# ). Values represent the mean and the vertical bars the s.e.mean from 4 experiments.
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Figure 6.4

The effect of Ca^^-free Krebs treatment on the noradrenaline-induced contractions of rat 

splenic strips

Effect of a 30 min equilibration with Ca^^-free Krebs (4-0 . ImM EGTA; T) on noradrenaline 

(NA)-induced contractions of rat splenic strips. Results are expressed as a percentage of the 

maximal response obtained in the control curve ( • ) .  Values represent the mean and the 

vertical bars the s.e.mean from 6  experiments.
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The effect of nifedipine on the noradrenaline- and oxymetazoline-induced contractions of rat thoracic aortic rings
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Effect of a 30 min equilibration with nifedipine ( IpM; ▼) on (a) noradrenaline (NA)-induced contractions and (b) oxymetazoline(OXY)-induced 

contractions of rat thoracic aortic rings. Concentration response curves were performed in a cumulative manner and results are expressed as a 

percentage of the maximal response obtained in the control curve ( • ) .  Values represent the mean and the vertical bars the s.e.mean from 6  

experiments.
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Figure 6 . 6

The effect of Ca^^-free Krebs treatment on the noradrenaline- and oxymetazoline-induced contractions of rat thoracic aortic rings

Log M [OXY]

Effect of a 30 min equilibration with Ca^^-free Krebs (+G.lmM EGTA; T) on (a) noradrenaline (NA)-induced contractions and (b) 

oxymetazoline(OXY)-induced contractions of rat thoracic aortic rings. Concentration response curves were performed in a cumulative manner and 

results are expressed as a percentage of the maximal response obtained in the control curve (# ). Values represent the mean and the vertical bars the 

s.e.mean from 5 experiments.
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Figure 6.7

The contribution of phasic and tonic components to the noradrenaline-induced contraction 

of rat thoracic aortic rings

Non-cumuiative concentration response curves were performed to noradrenaline (NA) in rat 

thoracic aortic rings. Phasic contractions ( • )  were measured as the tension developed 30s 

following the administration of drug to the bath, the tonic component (T) was measured 

between 30s and the maximum response. Results are expressed in grams tension and values 

represent the mean and the vertical bars the s.e.mean from 8  experiments.
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Figure 6.8

The effect of nifedipine on the phasic and tonic components to noradrenaline-induced contractions of rat thoracic aortic rings

-5

Effect of a 30 min equilibration with nifedipine (l[iM; ■) on the (a) phasic and (b) tonic components to the noradrenaline (NA)-induced contractions 

of rat thoracic aortic rings. Concentration response curves were performed in a non-cumulative manner and results are expressed as a percentage of 

the maximal response obtained in the control curve (# ). Values represent the mean and the vertical bars the s.e.mean from 5 experiments.
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Figure 6.9

The effect of low and Ca^^-free Krebs treatments on the phasic and tonic components to noradrenaline-induced contractions of rat thoracic 

aortic rings

Effect of a 30 min equilibration with 0.9mM Ca^^ containg Krebs (T) or Ca^^-ffee Krebs (+G,lmM EGTA; ■) on the (a) phasic and (b) tonic 

components to the noradrenaline (NA)-induced contractions of rat thoracic aortic rings. Concentration response curves were performed in a non- 

cumulative manner and results are expressed as a percentage of the maximal response obtained in the control curve ( • ) .  Values represent the mean 

and the vertical bars the s.e.mean from 4 experiments.
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Figure 6.10

Time course (0-1800s) for noradrenaline stimulation of IP3 in rat thoracic aortic rings

Time course (0-18(X)s) for IP3 production (pmole/mg protein) in response to noradrenaline 

(0.1 |iM ) stimulation in rat thoracic aortic rings measured using a radio-receptor binding 

assay. All values represent the mean and the vertical bars the s.e.mean from at least 4 

duplicate experiments. *= significantly different to basal levels (Os) (Mann-Whimey Two 

Sample Test; p<0.05).
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Figure 6.11

Time course (0-1800s) for noradrenaline stimulation of I P 3  and contractile response in rat 

thoracic aortic rings

Time course (0-1800s) for I P 3 production (pmole/mg protein; T )  and contraction (grams 

tension (g); # )  in response to noradrenaline (0.1 pM) stimulation in rat thoracic aortic rings. 

All values represent the mean and the vertical bars the s.e.mean from at least 4 duplicate 

experiments. *= I P 3 significantly different to basal levels (Os) (Mann-Whitney Two Sample 

Test; p<0.05).
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Figure 6.12

Time course (0-60s) for noradrenaline stimulation of IP3 in rat thoracic aortic rings

Time course (0-60s) for IP3 production (pmole/mg protein) in response to noradrenaline 

(0.1 |iM) stimulation in rat thoracic aortic rings measured using a radio-receptor binding 

assay. All values represent the mean and the vertical bars the s.e.mean from at least 5 

duplicate experiments. *= significantly different to basal levels (Os) (Mann-Whitney Two 

Sample Test; p<0.05).
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Figure 6.13

Time course (0-300s) for oxymetazoline stimulation of IP3 in rat thoracic aortic rings

Results from preliminary experiments showing the time course (0-300s) for IP3 production 

(pmole/mg protein; T )  and contraction (grams tension (g); # )  in response to oxymetazoline 

(IpM ) and noradrenaline (0.1|iM ;30s, ■) stimulation in rat thoracic aortic rings. All values 

represent the mean of 2  duplicate experiments.
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6.4 Discussion
The aim of this study was to investigate whether two signal transduction 

mechanisms (extracellular Ca^^-influx and Câ "̂  mobilisation from intracellular stores) are 

involved in the ai-adrenoceptor mediated contractions of the rat thoracic aorta and 

further, to test the hypothesis that different agonists may preferentially stimulate a 

particular pathway (possibly via a distinct ai-adrenoceptor subtype).

The main approach used in this study was to manipulate extracellular Câ "̂  entry 

by either blockade of L-type Ca^^-channels with nifedipine or by the partial or complete 

removal of extracellular Câ "̂  ions. Thus, a response which was insensitive to for example, 

Ca^^-free Krebs treatment, would suggest that an intracellular source of Câ "̂  is mobilised. 

In order to test whether the tools used in this study were able to distinguish between 

receptors which have been proposed to be either coupled to extracellular Câ "̂  influx or 

mobilisation from intracellular stores, their effects were assessed on the aiA-mediated 

(extracellular Câ "̂  linked) contraction of the rat epididymal vas deferens and the aiB- 

mediated (intracellular Câ "̂  mobilisation) contraction of the rat spleen (Han et al., 

1987b). The results showed that the noradrenaline-induced contraction of the rat 

epididymal vas deferens was completely abolished by nifedipine and Ca^^-free treatment. 

This observation is consistent with those of other workers in suggesting that the « ia- 

mediated response of the rat vas deferens is coupled primarily to extracellular Ca^^-influx 

through dihydropyridine sensitive channels (Han et at., 1987b; Hanft & Gross, 1989; 

Martinotti et a l ,  1991; Jackson et a l,  1992). In rat spleen, the contraction to 

noradrenaline was shown to be insensitive to nifedipine, but the response was sensitive to 

extracellular Câ "̂  removal by way of a 50% reduction in the maximal response. This 

result suggests that two mechanisms may be operating during noradrenaline-induced 

contractions of the rat spleen. Firstly, an extracellular Ca^^ independent response (i.e. the 

50% of response remaining after extracellular Câ '*' removal) and secondly, an 

extracellular Ca^^-influx via non-dihydropyridine sensitive channels. The study of Han et 

a i, (1987b) only investigated the effects of nifedipine on noradrenaline-induced 

contractions of the spleen, thus did not detect the dihydropyridine insensitive Ca^^-influx. 

However, other studies have reported that the a  i e-subtype can be coupled to extracellular 

Câ "̂  influx, where it was demonstrated that aie-subtype stimulation of arachidonic acid 

release in MDCK-Dl cells was sensitive to extracellular Ca^^ removal (Klijn et a l ,  1991)
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and in hamster vas deferens DDTi MF-2 cells, the ajB-linked sustained Câ "̂  response 

was sensitive to extracellular Ca '̂  ̂ chelation (Han et a/., 1992). In both of these studies, 

the effects of dihydropyridine Ca^'^-channel blockers were not tested, but in an earlier 

study using the DDTi MF-2 cell line, it was shown that the noradrenaline stimulated Ca^^ 

influx was insensitive to nifedipine but was sensitive to extracellular Ca^^ removal 

(Reynolds & Dubyak, 1985). In addition, it has been shown that the stimulation of 

phosphotidylinositol hydrolysis by the cloned aib-adrenoceptor when expressed in HeLa 

cells was sensitive to extracellular Câ "̂  removal (Schwinn et a l ,  1991).

The data discussed so far together with the data reported by other workers, 

suggests that the aiA-mediated contractions o f the rat epididymal vas deferens relies 

primarily on extracellular Câ '̂  influx through dihydropyridine sensitive channels, 

whereas the ajB-mediated repsonse o f the rat spleen is dependent on both intracellularly 

and extracellularly derived Câ "̂ . These results show clearly that in the case o f the spleen, 

a single Câ "̂  signalling mechanism cannot be attributed to an individual ai-adrenoceptor 

subtype. The fact that the aiA-mediated contraction of the rat vas deferens was shown in 

this study to be primarily coupled to extracellular Câ "̂  influx does not indicate that this 

subtype is always coupled to an identical mechanism in other tissues, since various 

workers have demonstrated that the aiA-subtype also elevates intracellular Câ "̂  levels via 

the formation o f inositol phosphates (Han et a l ,  1990; W ilson & Minneman, 1990a; 

Garcia-Sainz et a l ,  1992a; Garcia-Sainz et a l,  1992b; V illalobos-M olina et a l ,  1992; 

M ichel et a l,  1993; Lepretre et a l ,  1994).

(XI-Adrenoceptor mediated contractions of the rat thoracic aorta have been shown 

to be coupled to both extracellular Câ "̂  influx and Ca^^ mobilisation from intracellular 

stores (Godfraind, 1983; Cauvin & Malik, 1984; Oriowo & Ruffolo, 1992a). In Chapter 5 

it was suggested that the rat thoracic aorta contains a heterogeneous population of 

functional ai-adrenoceptors, although, it is not clear exactly which subtypes make up this 

mixed population. However, it appears that the contractions induced by oxymetazoline 

exhibit a different pharmacology to those induced by noradrenaline. The results from this 

study have shown that the noradrenaline-induced contractions of the rat thoracic aorta 

were less sensitive to nifedipine and extracellular Ca^“̂ removal than were those of 

oxymetazoline. For example, nifedipine (l|iM ) caused an 84% reduction in the maximal 

response achieved to oxymetazoline, but only a 46% attenuation of the noradrenaline-
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induced contraction. This data suggests that the oxymetazoline-induced contractions are 

mediated primarily via extracellular Câ "̂  influx (although a small extracellular Câ "̂  

independent response exists) but those to noradrenaline are mediated via both 

extracellular Câ "̂  influx and mobilisation from intracellular stores. This data is consistent 

with the hypothesis that oxymetazoline may be mediating contractions in the rat aorta via 

an homogeneous population of a  i-adrenoceptors which exhibit an aiA-like 

pharmacology, although as discussed above, evidence exists to suggest that the « ia- 

subtype may also couple to intracellular Câ "̂  mobilisation. The fact that the 

noradrenaline-induced contractions seem to rely on both intracellular and extracellular 

sources of Ca^^ is also consistent with the idea that a heterogeneous population of a p  

adrenoceptor subtypes are involved in this response (Chapter 5) and that the different 

subtypes involved may be coupled differentially to sources of Câ "̂ .

Although the data discussed above suggests that the oxymetazoline-induced 

response in the rat aorta may be mediated via extracellular Câ "̂  influx while those to 

noradrenaline occur via both extracellular Câ "̂  influx and the mobilisation of intracellular 

Ca '̂  ̂ (consistent with that of previous reports (Godfraind et al., 1982; Duarte et al., 

1993)), other explanations for these results should also be considered. Oxymetazoline has 

been described in this thesis as a partial agonist (Chapter 5) and other workers have 

demonstrated that oxymetazoline (like other imidazolines) has a low efficacy in the rat 

aorta compared with the catecholamines (Ruffolo et al., 1979). Thus, an alternative 

hypothesis is that a response to an agonist with a low efficacy might be easier to antagonize 

compared to that of an agonist with a high efficacy (Ruffolo et a l, 1984; Minneman, 1988). 

This might explain the differential effects of nifedipine and extracellular Ca^^ removal on 

the responses to different agonists in this study, thus suggesting that both agonists may 

mediate contractions through the same mechanism. Similar explanations have also emerged 

to explain the results of various in vivo studies which demonstrated that when pithed rats are 

pretreated with the irreversible ai-adrenoceptor antagonist, phenoxybenzamine, the ability 

of Câ "̂  channel blockers to inhibit increases in diastolic pressure brought about by (%i- 

adrenoceptor agonists was enhanced (Ruffolo et al., 1984; Pedrinelli & Tarazi, 1985; 

Timmermans et al., 1985). One explanation for these findings was that the sensitivity of the 

contraction to attenuation by Câ "̂  channel blockers is determined by receptor reserve, thus 

when the a  i-adrenoceptor reserve is reduced by phenoxybenzamine, the pressor effect
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becomes more susceptible to channel blockade (Ruffolo et a i, 1984; Pedrinelli & 

Tarazi, 1985; Jim et al., 1986). This explanation therefore implies that a single Ca^^ 

signalling mechanism is operating during these pressor effects. An alternative explanation 

opposing the receptor reserve theory, is that the phenoxybenzamine pretreatment selectively 

antagonized the process which results in intracellular Ca^^ mobilisation, thus revealing the 

Cdi'^ influx pathway to a greater sensitivity to Câ "̂  channel blockers (Chiu et aL, 1986; 

Timmermans et a i,  1987). This latter explanation seems the most feasible, since it has been 

demonstrated that Ca^^ is derived via both intracellular and extracellular sources during 

vascular smooth muscle contractions (Cauvin et aL, 1983; Minneman, 1988) and not by a 

single pathway. Since heterogeneity of functional ai-adrenoceptors has been demonstrated 

in the rat aorta (Chapter 5), it is possible that differences in receptor reserve might exist 

between the different subtypes within this single tissue. Thus if two ai-adrenoceptor 

subtypes are present in the rat aorta which evoke their effects by mobilising the same source 

of Câ "̂  and in addition, one subtype has a lower receptor reserve compared with the other, 

then this could explain the enhanced sensitivity of oxymetazoline contractions to nifedipine 

compared to those of noradrenaline (assuming oxymetazoline activates the subtype with low 

receptor reserve). However, since two Câ "̂  signalling mechanisms have been demonstrated 

to couple to a  1-adrenoceptor agonist induced contractions of the rat aorta (Godfraind, 1983; 

Cauvin & Malik, 1984; Oriowo & Ruffolo, 1992a), it is more plausible to suggest that 

oxymetazoline induces primarily extracellular Ca^ influx which is highly sensitive to L- 

type Câ "̂  channel blockade and that the noradrenaline-induced contractions seem to 

evoke both extracellular Câ "̂  entry and mobilisation from an intracellular source.

The contraction of the rat aorta to noradrenaline takes the form of what appears to 

be a rapid phasic contraction followed by a more slowly developing increase in tone 

(tonic contraction) (Chapter 5). Various workers have suggested that the phasic 

component to the contraction is mediated via Ca^^ mobilisation from intracellular stores 

but the tonic component relies more on extracellular Câ "̂  influx (Godfraind et aL, 1982; 

Cauvin & Malik, 1984; Koch et aL, 1990; Nishimura et aL, 1991; Takayanagi et aL, 

1991). Further, it was suggested that in the rabbit aorta, the phasic component to the 

noradrenaline induced contraction was mediated via the aiB-subtype and intracellular 

Ca^^ mobilisation while the tonic component of the contraction was mediated via the aiA- 

subtype and extracellular Ca^^ influx (Suzuki et aL, 1990). In this study, the source of
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Câ "̂  involved in each component of the noradrenaline-induced contraction of the rat 

thoracic aorta was investigated by studying the effects of nifedipine and low Câ "̂  or 

extracellular Câ "̂  removal on the phasic (measured at 30s following addition of dose) and 

tonic components of the noradrenaline-induced contraction. The results showed that both 

the phasic and tonic components of the contraction were sensitive to nifedipine. However, 

low Câ "̂  (0.9mM) and Ca"'^-free Krebs treatments differentially attenuated the phasic and 

tonic components of the contractions in which the tonic component exhibited a greater 

sensitivity to these treatments. In fact, the tonic component was 26% more sensitive to 

Ca^^-free conditions (assessed by reduction in maximum response) compared with that of 

the phasic component (95% versus 69% reductions in maximum respectively; p<0.05 

(n=4)) and the magnitude of these attenuations are consistent with other reports (e.g. 

noradrenaline-induced phasic component reduced by 71% and tonic component abolished 

under Ca^^-free conditions; Godfraind et a i,  1982). This data shows that both 

components of the contraction require extracellular Ca^^ influx, but the phasic component 

shows a greater resistance to extracellular Câ "̂  removal, suggesting a role for 

intracellularly derived Câ "̂  during this component of the contraction. Although it seems 

that in the rat aorta, a difference in Câ "̂  mobilising mechanisms may exist between the 

phasic and tonic components of the contraction, there is no clear general relationship 

between tonic responses and extracellular Câ "̂  entry and phasic responses and 

intracellular Câ "̂  mobilisation in all tissues. For example, in the rat aorta (this study) and 

rabbit aorta (Deth & van Breeman, 1977; Suzuki et aL, 1990) an intracellular Ca^“̂ 

mobilising mechanism exists during the noradrenaline-induced phasic component to the 

contraction, but in resistance vessels, the rapid phasic component is abolished under Câ "̂ - 

free conditions (Godfraind & Miller, 1983; Nyborg & Mulvany, 1984).

Thus, the data discussed above suggests a possible role for intracellular Câ "̂

mobilisation during the phasic component of the noradrenaline-induced contraction of the

rat thoracic aorta. In order to investigate this idea further, I P 3  levels were measured during

the time course of the noradrenaline-induced phasic and tonic contractions of the rat aorta

in order to assess if there was a differential role for phospholipase C (the enzyme which

converts phosphotidylinositol-4,5-bisphosphate ( P I P 2 )  to I P 3  and DAG (Berridge, 1993))ĉ Vl'A\(xr
activation and therefore intraoelluftlaf- Ca mobilisation between the two phases of the 

contraction. The involvement of phosphotidylinositol breakdown via a  1-adrenoceptors in
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the control of cytosolic levels was postulated by Fain & Garcia-Sainz (1980). Since 

then, many workers have demonstrated that inositol phosphate formation (Kendall et aL, 

1985; Han et aL, 1987b; Tsujimoto et aL, 1989; Han et aL, 1990; Minneman & Atkinson, 

1991; Schwinn et aL, 1991; Garcia-Sainz etaL, 1992a; Garcia-Sainz et aL, 1992b; Michel 

et aL, 1993) and in particular IP3 production (Wilson & Minneman, 1990; Challiss & 

Nahorski, 1991; Pruijn et aL, 1991) occur following stimulation of a  1-adrenoceptors in 

various tissues. In most of these studies, inositol phosphate formation has been measured 

using total [^H]-inositol phosphate methodology, which firstly involves the incorporation 

of radiolabelled inositol into the inositol phospholipid pool and then relies on the 

accumulation of total [^H]-inositol phosphates following stimulation due to the inhibition 

by lithium of inositol monophosphatase (the enzyme which blocks the final step of 

inositol recycling) (Berridge & Irvine, 1989; Wojcikiewicz et aL, 1993). In some studies, 

IP3 levels have been measured by separation from the total inositol phosphates using high 

performance liquid chromatography (Wilson & Minneman, 1990). In the present study, 

mass IP3 levels have been measured in the rat aorta by using a radio-receptor binding 

assay (Challiss et aL, 1988; Palmer et aL, 1989). A mass assay for the measurement of IP3 

was used in this study instead of the other methods described above, since rapid changes 

in IP3 levels can be detected and in addition, it does not rely on the ability of the tissue to 

incorporate radiolabelled inositol into the inositol phospholipid pool (Wojcikiewicz et aL,

1993). The results showed that in noradrenaline time course experiments of rat aortic 

rings, IP3 levels were only elevated over that of basal during the first 30s of the 

contraction (which was measured simultaneously), with a peak occurring at 15s. This type 

of rapid rise in IP3 levels has been reported by other workers using mass assay systems in 

both phenylephrine-induced contractions of the rat aorta (peak at 5-10s; Langlands & 

Diamond, 1990) and in carbachol stimulation of rat cerebral cortical slices (peak at 5s; 

Challiss & Nahorski, 1991). The initial rapid and transient rise in IP3 levels observed in 

this study following noradrenaline stimulation of the rat aorta was demonstrated to share a 

similar time course to the initial rapid phasic increase in tension. The return of IP3 levels 

towards those of basal levels occurred as the phase of tension maintenance was achieved 

(tonic component). Thus, these results support the idea that IP3 may only be involved in 

the initial rapid phasic component of the noradrenaline-induced contraction of the rat 

aorta. This data is in agreement with results from studies measuring intracellular Ca^^
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levels following a i -adrenoceptor stimulation of vascular smooth muscle cells in which 

rapid Câ "̂  transients are observed with similar time courses to that observed for IP3 in this 

study (Takayanagi et a l, 1991; Lepretre et a l, 1994).

In addition to the measurement of I P 3  levels during noradrenaline-induced 

contractions of the rat thoracic aorta, preliminary experiments were also performed in 

which I P 3  levels were monitored during oxymetazoline-induced contractions. The results 

showed that I P 3  levels rose during the time course of oxymetazoline-induced contractions, 

although a transient rapid rise was not observed, but instead a gradual increase from 60s 

onwards was demonstrated. Thus, contractions to oxymetazoline which seem to be almost 

entirely dependent on extracellular Câ "̂  influx, may additionally evoke an elevation in I P 3  

levels (although this needs to be confirmed by repeating these experiments) consistent 

with intracellular Câ "̂  mobilisation. The shape of the oxymetazoline-induced contraction 

of the rat aorta is in the form of a slowly developing increase in tone without the initial 

phasic contraction observed with noradrenaline (Chapter 5). Thus, the apparent lack of in 

initial rapid I P 3  transient during the oxymetazoline-induced response together with the 

absence of any form of phasic contraction is in support of the idea that the initial rapid 

rise in I P 3  during the noradrenaline-induced contraction may be responsible for the rapid 

phasic component of the response.

The possibility that different time courses of I P 3  production may occur in the rat 

aorta following stimulation by different agonists (although oxymetazoline data is 

preliminary), highlights an important aspect of the phospholipase C signalling pathway 

with respect to receptor subtypes. Various studies have demonstrated that desensitization 

of receptor mediated responses may occur downstream of the receptor i.e. in this case, the 

G-protein or phospholipase C (reviewed by Wojcikiewicz et a l,  1993). Further, it has 

been shown that the rate of desensitization of the phospholipase C response is diverse and 

that responses to different receptors in the same cell or the same receptor in different cells 

desensitize at variable rates. In the case of the muscarinic receptors, differential rates of 

desensitization may be due to the co-expression of multiple subtypes (Wojcikiewicz et a l ,

1993). Thus the results from the present study are interesting, in that it seems that the 

noradrenaline-induced I P 3  response in the rat aorta is rapidly desensitized within the first 

60s, but the preliminary results obtained with oxymetazoline suggest that rapid 

desensitization does not occur with responses to this agonist. It is possible that this
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difference may be due to these agonists stimulating different receptor subtypes with each 

subtype and associated effector mechanism being susceptible to different rates of 

desensitization.

In summary, this study has demonstrated that ai-adrenoceptor mediated 

contractions of different tissues are differentially affected by the removal of extracellular 

Câ "*" or by the blockade of voltage-gated Câ "̂  channels by nifedipine. Noradrenaline- 

induced contractions of the rat vas deferens via the aiA-subtype were shown to be 

completely dependent on the influx of extracellular Ca""̂  via voltage-gated Câ "̂  channels, 

but the noradrenaline-induced contractions of the rat spleen via the aie-subtype were 

partially dependent on extracellular Ca^^ influx via non-voltage gated Câ "̂  channels, the 

remaining response probably resulting from intracellular Câ "̂  mobilisation. Contractions 

of the rat thoracic aorta to noradrenaline seemed to occur via both extracellular Ca^^ 

influx and Câ "̂  mobilisation from intracellular stores, although contractions to 

oxymetazoline appeared to be primarily coupled to extracellular Câ "̂  influx. Further, it 

was demonstrated that during the phasic component to the noradrenaline-induced 

contraction of the rat aorta, both extracellular and intracellular sources of Câ "̂  were 

involved, but in the case of the tonic component, it appeared that an extracellular source 

of Câ "̂  was utilised. A differential role for phospholipase C activation has also been 

demonstrated during noradrenaline-induced contractions of the rat thoracic aorta, in which 

rises in IP3 levels were only observed during the phasic component of the noradrenaline- 

induced contraction and not during the latter slowly developing tonic component.

In conclusion, this study provides evidence supporting a number of ideas 

concerning a  1-adrenoceptor signalling mechanisms. Firstly, it has shown that responses 

mediated via single a  1-adrenoceptor subtypes can couple to more than one source of Ca^^ 

e.g. in the rat spleen, the ttie-response to noradrenaline seems to involve both 

extracellular Câ "̂  influx (via non-voltage gated channels) and Ca '̂  ̂ derivation from an 

intracellular source. Secondly it has been demonstrated that during a  1-adrenoceptor 

agonist-induced contractions of the rat thoracic aorta, two sources of Câ "̂  appear to be 

derived, one from extracellular Ca^^ influx and the other from intracellular Câ "̂  

mobilisation. It was further demonstrated that different a  1-adrenoceptor agonists may 

couple differentially to these two sources of Câ "̂  in the rat aorta and that this difference 

might be due to the involvements of different a  1-adrenoceptor subtypes (see Chapter 5).
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Finally, the results from this study have suggested that the type of response observed to 

a  I-adrenoceptor stimulation in the rat aorta (i.e. phasic or tonic contractions) may be 

associated with different sources of Ca '̂  ̂mobilisation.
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CHAPTER 7

General discussion
This thesis describes studies which were designed to investigate the pharmacology 

of both the recombinant and endogenously expressed ai-adrenoceptor subtypes and 

further, to identify the subtype(s) of the ai-adrenoceptor and the Câ "̂  signalling 

mechanisms involved in the contractile response of the rat thoracic aorta. It has become 

clear from these studies, that in some cases, the ai-adrenoceptors isolated by molecular 

cloning techniques do not correspond to their pharmacological counterparts. This 

discrepancy has led to confusion when attempting to identify the individual subtypes 

involved in the contractile response of the rat aorta which has been described in this thesis 

to be mediated via a heterogeneous population of ai-adrenoceptors.

The recent confusion as to the molecular identity of certain of the ‘classical’ a i-  

adrenoceptor subtypes came following the reports of the cloning of the bovine aic- 

adrenoceptor (Schwinn et aL, 1990) and the rat ttia-adrenoceptor (Lomasney et aL, 

1991b). It was first thought that the au-adrenoceptor (known as the ttia/d-adrenoceptor in 

this thesis) shared a similar pharmacology with the ‘classical’ aiA-subtype as described in 

rat tissues, but the bovine aic-clone was unique since its pharmacology did not 

correspond to a previously identified tissue subtype. A more detailed study of the 

pharmacology of these recombinant receptors led to the understanding that their 

correlation to the pharmacologically described tissue subtypes may not be as simple as 

was first envisaged (Perez et aL, 1991; Schwinn & Lomasney, 1992).

In Chapters 4 & 5 of this thesis, the binding affinities of a range of tti- 

adrenoceptor agonists and antagonists for the cloned mammalian ai-adrenoceptors have 

been compared to that of their counterparts described in rat and rabbit tissues. These 

studies have demonstrated that the cloned hamster aib-adrenoceptor shares a close 

pharmacology with its counterpart which is endogenously expressed in rat liver and other 

studies have shown that species homologues of the ttib-clone exhibit a conserved 

pharmacological profile (see Chapter 1). The cloned rat aia/d-adrenoceptor exhibited a 

distinctly different pharmacology to the rat brain ttiA-subtype, especially on the basis of 

the agonist binding affinities and these results have confirmed the previously reported 

differences between these two receptor subtypes (Perez et aL, 1991; Schwinn &
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Lomasney, 1992). However, the binding affinities reported in this thesis for the bovine 

aic-adrenoceptor have led to the suggestion that this cloned receptor may represent the 

‘classical’ aiA-subtype. This suggestion strongly supports a number of recent reports from 

other laboratories describing the pharmacology and distribution of the cloned rat aic- 

adrenoceptor (Forray et aL, 1994a; Faure et al., 1994; Perez et al., 1994; Rokosh et al.,

1994). Thus, between May and September of 1994, the classification of the a p  

adrenoceptor subtypes has radically changed, especially as a result of the cloning of the rat 

ttic-adrenoceptor. The current understanding as to the pharmacology of the cloned 

subtypes and their relationship to the ‘classical tissue’ ai-adrenoceptors is shown below 

in Table 7.1.

Table 7.1

Current understanding of the pharmacology of the cloned and ‘classical’ tissue a r  

adrenoceptors

Cloned subtype Pharmacologically defined 
counterpart

Selective drugs

(Xia/d
?

BMY 7378>WB-4101>5-methyl- 
urapidil 

CEC-sensitive

CClb OCiB Spiperone
CEC-sensitive

(Xjc «1A

Rec 15/2739>5-methy 1- 
urapidil>WB-4101 =oxymetazoline 
CEC-sensitivity species dependent

The information in this table is from the following reports: Perez et al., 1991; Faure et al., 

1994; Forray et al., 1994a; Forray et al., 1994b; Saussy et al., 1994; Testa et al., 1994a; 

Testa et al., 1994b; this Thesis.

The role of CEC in the classification of the a  i-adrenoceptors has changed 

concurrently with the new scheme described in Table 7.1. The aia/d-subtype is now 

thought to exhibit sensitivity to CEC (as much as 80% alkylation, Perez et al., 1991; 

Forray et a l,  1994b; Testa et al., 1994a) but the aic-subtype has been demonstrated to 

exhibit a differential susceptibility to alkylation which is dependent on the species. Thus 

the rat homologue of the aic-subtype has been shown to exhibit a 19% inactivation
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following 100|J,M CEC pre-treatment whereas the bovine homologue exhibits 45% or 

higher levels of inactivation (Forray et al., 1994b; Testa et al., 1994a). This recent change 

in a  1-adrenoceptor classification has made it increasingly difficult to attribute subtypes to 

particular functional responses in isolated tissue experiments and in particular, using this 

current ai-adrenoceptor classification scheme, to identify the subtypes involved in the 

contractile response of the rat aorta.

To attempt to classify the heterogeneous population of ai-adrenoceptor subtypes 

identified in the rat aorta, all of the current classification schemes must be taken into 

account. Therefore, in addition to the scheme shown in Table 7.1, the aiH/otiL/aiN method 

of classification described by Muramatsu et al., (1990) should also be considered. The 

central part of this nomenclature is based upon the differential affinity that prazosin 

exhibits for the am - and aiL-subtypes in that a pA% of >9.5 would be consistent with an 

aiH-subtype, but a pA? of 8.0-9.0 would be characteristic of the am-subtype (Muramatsu 

et al., 1990). Thus, the affinity estimates for the antagonism of noradrenaline-, 

phenylephrine- and oxymetazoline-induced contractions of the rat aorta by prazosin 

described in Chapter 5 of this thesis were all consistent with that of the ain-subtype. 

However, the affinity of prazosin for oxymetazoline-induced contractions was 

approximately 1 0 -fold lower than that for the other agonists, although this value 

(pKe=9.4) is still consistent with the am-subtype.

Therefore, it appears that the ai-adrenoceptors responsible for the contractile 

response of the rat aorta belong to the am-class of receptors which in turn can be 

subdivided into the ttiA-, a ig- and aic-adrenoceptors as described in Table 7.1 

(Muramatsu et al., 1991). Thus, on the basis of this scheme, which subtypes of the a p  

adrenoceptor mediate contractions in the rat aorta? Contractions to noradrenaline were 

shown in this study to be sensitive to CEC and additionally, the antagonists WB-4101 and 

5-methyl-urapidil exhibited a high affinity for this response. Therefore, the aia/d-subtype 

correlates most closely to this pharmacology. Oxymetazoline-induced contractions in the 

rat aorta were insensitive to CEC and the affinity estimate for WB-4101 was high. This 

pharmacological profile corresponds most closely to the rat aic-subtype (or ‘classical’ 

ttiA-subtype). Therefore, contractions induced by noradrenaline may involve both ttia/d- 

and aic-subtypes, but the dissection of this response into two components was not evident 

probably as a result of the poor selectivity of WB-4101 and 5-methyl-urapidil between
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these two subtypes. However, a CEC insensitive ai-adrenoceptor response was observed 

to noradrenaline and this would correlate under the current classification scheme to the rat 

ttic-subtype.

A role for both the aia/d- and the aic-adrenoceptors in the contractile response of 

the rat aorta is consistent with the report that mRNA transcripts for both of these receptors 

(but not the aib-subtype) are present in the rat aorta (Piascik et al., 1994; Rokosh et al.,

1994). Further, the rat aorta is possibly one of the first tissues which could be used to test 

the selectivity of drugs for the aia/d-subtype and recent studies have supported this (Ko et 

a i,  1994; Saussy et a i,  1994). The use of the highly selective aia/d (BMY 7378; Saussy et 

al., 1994) and aie (R eel5-2739; Testa et al., 1994b) antagonists will be useful for future 

experiments in order to substantiate the ai-adrenoceptor subtype classification described 

in this thesis for the rat thoracic aorta.

The studies described in this thesis have also demonstrated that both intracellular 

and extracellular sources of Câ "̂  are mobilised during ai-adrenoceptor agonist-induced 

contractions of the rat thoracic aorta. Further, it was shown that the contraction induced 

by oxymetazoline was almost completely dependent on extracellular Ca^^ influx through 

nifedipine sensitive channels but the noradrenaline induced-contraction seemed to exhibit 

a significant extracellular Câ "̂  independent component. Thus, does the differential 

coupling of noradrenaline and oxymetazoline to sources of Ca^^ coincide with the 

transduction mechanisms of the ai-adrenoceptor subtypes these agonists have been 

proposed to activate? This question is impossible to answer since all of the a p  

adrenoceptor subtypes have been shown to couple to multiple post-receptor signalling 

pathways (see Chapter 1). For example, the ‘classical’ aiA-adrenoceptor has been 

demonstrated to only couple to extracellular Câ "̂  influx (Han et al., 1987b) but its cloned 

counterpart, the aic-adrenoceptor, is tightly coupled to phospholipase C (Schwinn et al., 

1991). Thus, in the case of the rat aorta, the oxymetazoline-induced response (aic- or aiA- 

subtype) seems to be primarily dependent on extracellular Câ "̂  which is consistent with 

Han et al., (1987b) but not with the study of Schwinn et al., (1991). The possibility that 

both intracellular and extracellular sources of Câ "̂  are mobilised during the 

noradrenaline-induced contraction of the aorta is simpler to comprehend in view of the 

multiple signalling pathways thought to couple to ai-adrenoceptor subtypes. However, 

the results described in this thesis are in support of the hypothesis that the different
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sources of mobilisation may be differentially involved in the two components 

(phasic and tonic) of the noradrenaline-induced contraction of the rat aorta.

In conclusion, this thesis has demonstrated that the cloned aiy-adrenoceptor 

represents the pharmacological aiB-subtype and that the cloned aic-subtype may represent 

the recombinant counterpart to the ‘classical’ ai^-adrenoceptor. The cloned rat aia/d- 

adrenoceptor did not correlate to any of the tissue receptors studied, indicating that a 

tissue counterpart for this cloned receptor is yet to be identified. However, by employing 

the current scheme for the classification of aradrenoceptor subtypes (Table 7.1), it 

appears that the noradrenaline-induced contraction of the rat thoracic aorta may be 

mediated via the aia/j-adrenoceptor. The rat aorta might therefore represent a tissue model 

for the ttia/d-adrenoceptor although the apparent heterogeneity of a  i-adrenoceptors in this 

tissue may prove to be problematic. This thesis has further demonstrated that different a p  

adrenoceptor agonists may couple differentially to Ca^^ sources in the rat thoracic aorta. 

The findings from this thesis are summarised in Figure 7.1, where it can be seen that a 

complex interaction between the different ai-adrenoceptor subtypes and the Câ "̂  

mobilisation mechanisms may exist during the contractile response of the rat thoracic 

aorta.
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Figure 7.1

A schematic diagram suggesting the possible a  i-adrenoceptor subtypes and associated 

signalling mechanisms involved in the contractile response of the rat thoracic aorta.

Key

NA- noradrenaline, PE- phenylephrine, OXY- oxymetazoline, PLC- phospholipase C, 

PIP2- phosphotidylinositol-4,5-bisphosphate, DAG- diacylglycerol, IP3- inositol-1,4,5- 

trisphosphate, SR- sarcoplasmic reticulum, a P y  G-protein subunits, Extr- extracellular, 

Intr- intracellular, Mem- membrane, Phasic/Tonic- components of contraction.

Solid lines- probable pathway. Dashed lines- possible pathway.
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Appendix 1
Example calculations from [^H]-Prazosin binding studies

The following notes describe the calculations used in the saturation and 

competition studies described in Chapters 3 & 4. Raw data from typical experiments are 

shown to illustrate the calculation procedures.

Saturation studies

Data from a saturation study of rat brain membranes are used in this example.

1. Calculation o f the amount o f [^H]-prazosin in assay tube from  dpm

50|il of [^H]-prazosin of a certain concentration (estimated beforehand) were 

added to a total volume of 500|il in the assay. Thus, 50fil aliquots of each concentration 

used were counted in order to calculate the exact amount of [^H]-prazosin in the tube 

using the following equation:

dpm/2.2 X 1/Specific activity = fmols/500|il [^H]-prazosin 

when IpCi = 2.2 dpm

Thus, in this example, 

dpm = 651866

Specific activity = 78.7Ci/mmole 

Thus:

651866/2.2 x 1/78.7 = 3765 fmols/500p,l [^H]-prazosin 

multiplied by 2 = 7530 fmols/ml [^H]-prazosin 

or 7530 pM

2. Calculation o f bound and free [^H]-prazosin concentrations

The four values required for this calculation are total binding (dpm), non-specific 

binding (NSB, dpm), -prazosin concentration (pM) and membrane protein 

concentration (mg/ml).

Total binding = 29920.8 dpm, NSB = 14771.8 dpm, -prazosin concentration (as 

calculated above) = 7530 pM and protein concentration = 0.46 mg/ml.

Thus, specific binding (total - NSB) is calculated as follows:

29920.8 - 14771.8= 15149 dpm 

Therefore, to calculate bound:

(15149/2.2 X 1/78.7) x 2 = 175 fmol/ml (or 175pM)
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Thus, to calculate free [^H]-prazosin concentration, subtract bound from the total [^H]- 

prazosin concentration used in the assay:

7530- 175 = 7355pM 

Bound ligand was corrected for protein:

175/0.46 = 380 fmol [^H]-prazosin/mg protein 

The above calculation is repeated for all of the [^H]-prazosin concentrations used 

in the experiment. The bound ligand concentration is then plotted against -prazosin 

concentration in order to estimate the saturation parameters Kd and B^ax and this 

procedure is described in Chapter 3.

Competition studies

Data from a competition study of rat brain membranes where prazosin was the 

competing drug are used in this example.

1. Calculation o f 100% specific binding

Since competition binding curves were plotted as a percentage of total specific 

binding, 100% specific binding must first be calculated by subtracting NSB from total 

binding (binding in the absence of competing drug):

Total binding = 8251 dpm 

NSB = 926 dpm 

Therefore:

100% specific binding = 8251 - 926 = 7325 dpm

2. Calculation o f specific binding in the presence o f competing drug as a percentage o f 

1 0 0 % specific binding

In this example, the dpm at InM of competing drug (prazosin) is converted to a 

percentage of total specific binding, 

dpm at InM competing drug = 3347 

Therefore, specific binding (total - NSB) is first calculated:

Specific binding = 3347 - 926 = 2421 dpm 

Specific binding is then converted to % total specific binding:

% total specific binding = 2421/7325 x 100 = 33%
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This calculation is repeated for each concentration of competing drug and a competition 

curve is plotted as described in Chapter 3 from which the I C 5 0  is estimated followed by the 

calculation of Ki values using the Cheng-Prusoff equation (Cheng & Prusoff, 1973).
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Appendix 2
Example calculations from [^H]-inositol 1,4^-trisphosphate radio-receptor binding

assays

The following notes describe the procedure employed to calculate the levels of 

inositol 1,4,5-trisphosphate ( I P 3 )  in rat thoracic aortic rings using a [^H]-inositol 1,4,5- 

trisphosphate ([^HJ-IPs) radio-receptor binding assay as described in Chapter 6 . Raw data 

from a typical experiment are shown to illustrate the calculation procedures.

The calculation is divided into the following stages:

1. Calculate IP3 concentration in the sample

The molar concentration of IP3 is obtained by interpolation from a standard curve 

such as that shown in Figure 2.2 (Chapter 2). In this example, a value of 2.36 x 10‘̂ M

(1161.3 dpm) will be used, which corresponds to the mean of duplicate rat thoracic aortic

rings stimulated for 30s with 0.1 jiM noradrenaline.

2. Convert value to moles o f IP 3 /  aortic ring

The value obtained using the standard curve corresponds to moles of IPs/litre. 

However, only a 30|il sample was used in the assay. Therefore:

(2.36 X lO Vl X 10 ‘) X 30 = 7.1 X 10 ‘  ̂moles IP3/3 OPI 

A 1:4 dilution occurred in the assay (30|li1 of sample + 90|il of other reagents (see Chapter 

2 )) thus the value is corrected for this dilution:

7.1 X 10 '^ X 4 = 2.8 X 10 ‘̂  moles IP3/3OPI 

The original aortic ring extract was suspended in a total volume of 300|Lil (200|il neutralised 

TCA and 0.5 volumes (100|il) of sample buffer)). Therefore, the value is multiplied by 10:

2.8 X 10 ‘  ̂X 10 = 2.8 X 10'" moles WSOOpI 

or 28.0 pmoles IP3/aortic ring

3. Convert value to pmoles IP 3 / m g  protein

Aortic rings were digested in 250jil of IM NaOH for the purpose of the protein 

determination (see Chapter 2). In this example, the protein concentration was 3.65mg/ml 

(mean of duplicate rings). Therefore, convert to mg/ring:

3.65/4 = 0.91 mg protein/ring 

The I P 3  value was now corrected for protein:

28.0/0.91 = 30.8 pmoles I?3/mg protein
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Other considerations

In addition to the above calculations, a correction for the recovery of I P 3  during the 

extraction procedure could be included. In order to estimate the recovery, in some 

experiments, known concentrations of I P 3  were taken through the extraction procedure and 

then assayed for I P 3  concentration. In typical experiments, high recoveries were obtained 

where for example, in one study, duplicate 0.02nmole and 0.04nmole standards were 

measured, resulting in 0.021 nmole (105% recovery) and 0.038nmole (95% recovery) 

recoveries respectively. In view of the apparent efficiency of the extraction procedure, a 

correction for recovery was not included in the calculations.
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Appendix 3
Northern analysis of rat tissues using ai-adrenoceptor subtype specific cDNA probes

Introduction

Northern analysis of RNA from various tissues using cDNA probes based on the 

sequences of the cloned ai-adrenoceptors have shown that the distribution of tti- 

adrenoceptor subtype mRNA corresponds to the receptor distribution which has been 

defined pharmacologically, even though there is a degree of uncertainty as to the 

molecular identity of some of the tissue ai-adrenoceptors (see Chapters 3 and 4). 

Transcripts corresponding to both ttia/d- and ttib-adrenoceptors have been located in the 

rat cerebral cortex and rat spleen (Lomasney et a i,  1991b), but only aia/d-mRNA has been 

identified in the rat vas deferens and hippocampus (Lomasney et a i ,  1991b) and 

transcripts corresponding only to the aib-subtype were detected in rat liver (Lomasney et 

a i,  1991b; McGehee & Cornett, 1991; Garcia-Sainz et al., 1992a) and rat adipocytes 

(Torres-Marquez et a i,  1992). In rat aorta, northern blot studies have shown either the 

existence of mRNA corresponding to the aia/d-subtype (Lomasney et a i, 1991b) or the 

existence of both aia/d* and aib-transcripts (Ping et a i, 1992). The use of a bovine aic- 

cDNA probe in northern analysis did not detect aic-mRNA in rat tissues (Schwinn et a i, 

1990; Lomasney et a i, 1991b). However, recent work using an RNAase protection assay 

employing a rat aic-probe has shown the existence of aic-mRNA in low abundance in rat 

tissues which have been described pharmacologically to express the aiA-subtype (cerebral 

cortex, aorta, hippocampus, vas deferens and rat submaxillary gland) and it was suggested 

that the rat aic-clone represents the pharmacologically defined tissue aiA-subtype (Perez et 

a i, 1994).

In this appendix, preliminary results are reported from a study where northern 

hybridisation techniques have been used to investigate the presence of ai-adrenoceptor 

subtype mRNA in the rat thoracic aorta by employing rat ttia/d- and hamster aib-subtype 

specific cDNA’s probes. In addition, RNA from other rat tissues where ai-adrenoceptor 

subtype expression has been previously characterised have been used to act as controls to 

test the specificity of the cDNA probes during hybridisation.
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Methods

In this study, total and poiy(A)'^-seIected RNA from rat liver, brain, spleen, aorta, 

and epididymal and prostatic vas deferens have been screened by northern hybridization 

using cDNA probes corresponding the rat a,a/d- and hamster aiy-adrenoceptors and rat P- 

actin (a ‘housekeeping’ mRNA used to test RNA integrity). The ai-adrenoceptor probes 

were provided as cDNA’s cloned into plasmids by Professor R.J. Lefkowitz from Duke 

University Medical Center, Durham, North Carolina, USA, and were prepared as 

described below. The rat p-actin probe was provided ready to use as a 1.2Kb cDNA by the 

department of Obstetrics and Gynaecology, St. George’s Hospital Medical School, 

London.

In the following section, the preparation of reagents and methods are as described 

by Sambrook et al (1989) unless indicated. All solutions and equipment used were sterile. 

All reagents were molecular biology grade and their source are given in the text if they are 

considered to be a non-standard reagent.

Bacterial transformations

Competent E.Coli (Xll Blue; obtained from Dr. G. Swanson, UCL) were thawed at 

room temperature and placed on ice. 40|xl of cell suspension was mixed with 10|il 

(approximately 0. l|ig) of plasmid DNA (containing either ttia/d- or aib-cDNA inserts) and 

transferred to a cold 0.2cm electroporation cuvette. The suspension was pulsed once in a 

Bio-Rad Gene-Pulser™ set at 2.5kV, 25|iF and 200 0 . Following a Ih recovery period 

shaking at 37°C, the suspension was spread on to an LB-agar plate, supplemented with 

50)ig/ml of ampicillin and grown overnight at 37°C. Single bacterial colonies were 

transferred to 3ml of potassium phosphate buffered Terrific broth containing 50|ig/ml of 

ampicillin and incubated shaking at 37°C overnight. The bacterial suspension was vortex 

mixed and 150jj,l was transferred to 15ml of potassium phosphate buffered Terrific broth 

supplemented with 50fig/ml of ampicillin and shaken at 37°C for 7 h. Cultures were 

stored at 4°C until extraction of plasmid DNA was performed.

Plasmid extraction and purification

15ml of the culture was transferred to a centrifuge tube and centrifuged at 4,000 

rpm at 4°C in a Sorvall centrifuge (SS-34 rotor) for 10 min. The medium was removed by
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aspiration and the bacterial pellet was resuspended in 2ml of solution I (50mM glucose, 

25mM Tris-HCl and lOmM EOT A, pH 8.0) by vortex mixing. 4ml of freshly prepared 

solution n  (0.2M NaOH and 1% sodium dodecyl sulphate (SDS)) was added and the 

suspension and mixed by inverting the tube. The mixture was stored on ice for 5 min 

followed by the addition of 3ml of solution m  (5M potassium acetate, glacial acetic acid 

and distilled water - the resulting mixture is 3M with respect to potassium and 5M with 

respect to acetate). The mixture was centrifuged at 10,000 rpm at 4°C (SS-34 rotor) for 20 

min and the supernatant was transferred to a clean tube. 0 . 6  volumes of isopropanol were 

added to the tube and shaken, followed by centrifugation at 1 0 , 0 0 0  rpm for 2 0  min at 

room temperature. The supernatant was removed by aspiration and the pellet was 

dissolved in 500|il of sterile distilled water.

In order to check the DNA content of the sample and the level of RNA 

contamination, a 2|il sample of the plasmid DNA was mixed with sample loading buffer 

(0.25% bromophenol blue, 0.25% xylene cyanol FF and 30% glycerol in distilled water) 

so that the loading buffer was diluted 1 : 6  with sample/distilled water and run on a 1 % 

agarose-TAE (Tris-acetate-EDTA) gel at lOOV together with a 1Kb DNA ladder (GIBCO 

BRL, Life Technologies Ltd., Scotland, U.K.). The gel was visualised under UV light 

following the staining of the gel with ethidium bromide.

The plasmid preparation was treated to remove RNA by the addition of RNase 

(1 mg/ml; DNase free) (Boehringer Mannheim, E. Sussex, U.K.) to give a final RNAse 

concentration of 20|ig/ml. The solution was incubated at 37°C for 20 min and the reaction 

was terminated by the addition of EDTA to a final concentration of ImM. The sample 

was extracted twice with phenol:chloroform:isoamyl alcohol (25:24:1) by vortex mixing 

until an emulsion was formed followed by centrifugation at 12,000g for 15 secs in a 

microfuge. The DNA was precipitated from the upper aqueous layer by the addition of 0.2 

volumes of 3M sodium acetate (pH 5.4 at room temperature) and 2 volumes of 100% 

ethanol. The mixture was vortexed and left at -20°C overnight. The sample was 

centrifuged (12,000g for 20 min in a microfuge) and the pellet was washed in 70% 

ethanol. The final pellet was resuspended in 300|il of sterile distilled water. A 2|li1 sample 

of plasmid DNA was run on a 1% agarose-TAE gel as described above to check for the 

removal of RNA contamination. The concentration of DNA was determined by reading
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the absorbance at 260nM (Beckman Du-50 spectrophotometer; Beckman Instruments, 

Bucks., U.K.) and purity was assessed by the A260/A280 ratio.

Restriction digestion

The ttia/d-cDNA probe was provided as a EcoRl-Pstl 2.5Kb fragment from the rat 

aia/d-adrenoceptor cDNA inserted into the EcoRl-Pstl (5’—3’ orientation) digested 

pCMV5 expression vector. The aib-cDNA probe was provided as a EcoRl 2.0Kb 

fragment from the hamster aib-adrenoceptor cDNA inserted into the EcoRl site (5’—3’ 

orientation) of the SP65 vector.

Restriction digestions were set up using 20|il (approximately 80|Xg) of plasmid 

DNA preparation. A final volume of 30|il was achieved by the addition of 3|il lOx 

restriction buffer (provided with the restriction enzymes; Boehringer Mannheim, E. 

Sussex, U.K.) and l|Lil (10 units) of each restriction enzyme (EcoRl and Pstl for the aia/d- 

digest and EcoRl for the aib-digest), the remaining volume made up with sterile distilled 

water. The contents of the tube were mixed by tapping the tube and were incubated at 

31^C for Ih. The reaction was terminated by the addition of 0.5M EDTA (pH 8.0) giving 

a final concentration of lOmM. A 2|il sample was run out on a gel as described above to 

assess digestion.

To recover the digestion fragments corresponding to the aia/d (2.5Kb) and ttib 

(2.0Kb) inserts, 20jil of each digestion mix were mixed with 6|xl of loading buffer (see 

above). The samples were loaded onto a 1% low melt agarose-TAE gel and run at 80V 

with the gel apparatus packed in ice. The bands were visualised under UV light using 

ethidium bromide. The bands corresponding to the a  1-adrenoceptor cDNA inserts were 

cut from the gel using a scalpel blade and transferred to a 1.5ml microfuge tube. About 5 

volumes (750|il) of 20mM Tris-HCl (pH 8.0) and ImM EDTA (pH 8.0) were added to the 

tube and left at 65°C until the gel had melted. The samples were phenol (equilibrated with 

EDTA (pH 8.0)) extracted twice followed by precipitation of the DNA by the addition of 

0.2 volumes of 3M sodium acetate (pH 5.4) and 2 volumes of 100% ethanol. The mixture 

was left at -20°C overnight. The DNA was recovered by centrifugation in a microfuge at 

12,000g for 20 min at 4°C followed by washing the pellet in 70% ethanol. The ethanol 

was aspirated off and the pellet was allowed to dry. The DNA was dissolved in 40jil of 

distilled water and the concentration and purity were determined as described above.
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DNA probe labelling

DNA fragments were labelled using an oligolabelling kit (Pharmacia Biotech Ltd., 

Herts., U.K.) based on a random priming method for DNA synthesis incorporating 

labelled nucleotide using the Klenow fragment of E.coli DNA polymerase I. The protocol 

used was as follows: 50ng of probe DNA was transferred to a 1.5ml microfuge tube and 

denatured by heating to 100°C in a dry block for 3 mins. The tube was immediately 

quenched on ice for 2 mins. 10|il of reagent mix (provided with kit), 5|il (50|iCi) of [a- 

^^P]dCTP (3000Ci/mmol, Amersham International, Amersham, U.K.) and distilled water 

to give a final volume of 49p.l were added followed by the addition of Ifil of Klenow 

fragment (provided with kit). The tube was vortexed gently and briefly centrifuged 

followed by incubation at 37”C for Ih. Unincorporated label was removed by adding the 

labelling mix to a 1.5ml syringe barrel packed with Sephadex G-50 beads in Ix TE (Tris- 

EDTA) buffer (pH 7.6). The syringe barrel was placed in a tube and centrifuged at 2000 

rpm for 5 mins (spun column). The incorporated radioactivity was determined by 

Cerenkov counting and the specific activity of the probes were >10^ dpm/|ig of DNA.

Total RNA isolation

In order to reduce RNAse contamination, all glassware was rinsed in DEPC-treated 

distilled water (see below) and baked at 200°C for 2 hours and all plasticware was 

purchased sterile or autoclaved. All solutions were prepared with 0.1% DEPC (diethyl 

pyrocarbonate, a nuclease inhibitor)-treated distilled water followed by autoclaving where 

appropriate.

A single step method for total RNA isolation by acid guanidinium thiocyanate- 

phenol-chloroform extraction (Chomczynski & Sacchi, 1987) was employed and is as 

follows: Four solutions were prepared, solution A (0.5M sodium Citrate pH7.0), solution B 

(10% Sarcosyl (N-Lauryl sarcosine) dissolved at 65°C), solution C (2M sodium Acetate 

pH4.0) and solution D (4M Guanidinium Thiocyanate, 25mM sodium Citrate pH7.0 and 

0.5% Sarcosyl- when using O.IM Mercaptoethanol was added).

Tissues from male Sprague-Dawley rats (300-450g) were obtained as described in 

Chapter 2 and snap frozen in liquid nitrogen. Approximately 0.5g of tissue was preweighed 

in a 50ml tube containing 5ml of solution D. The tissue was homogenised using a Polytron
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homogeniser (PTIO) until homogenous. The tubes were left at room temperature for 15 

minutes with occasional shaking until the solution turned translucent. 0.5ml of solution C 

was added and mixed, followed by 5ml of phenol:chloroform ( 1 0 :2 ) (chloroform contained 

isoamylalchohol (24:1)). The mixture was shaken violently for 10 seconds and left on ice for 

15 minutes. Tubes were spun in a Sorval centrifuge at 10,000 rpm for 20 minutes (SS-34 

rotor). The upper aqueous layer was removed to a fresh tube and the RNA (and DNA if 

present) was precipitated by the addition of 1 volume of isopropanol and incubated at -20°C 

for at least Ih. The samples were centrifuged at 10,000 rpm for 20 minutes and the 

supernatant was aspirated off. The pellet was resuspended in 0.6ml of solution D and the 

sample was transferred into a 1.5ml microfuge tube followed by repeated extraction with 

the same volume of phenol:chloroform:isoamyl alcohol (25:24:1) (as described above) 

until no interface could be detected. The same amount of chloroform was added, vortexed 

for 10 seconds and the upper layer removed into another tube. The RNA was precipitated by 

the addition of 20|il of 4M NaCl and 1ml of 100% ethanol followed by incubation at -20°C 

for at least Ih. The sample was microfuged for 5 minutes and the ethanol was aspirated off. 

The pellet was washed with 70% ethanol and allowed to dry. The pellet was dissolved in 

200-400jil of DEPC-treated distilled water. RNA concentration and purity was determined 

as described above for DNA.

mRNA Isolation (poly (A)'^-selection)

mRNA isolation was performed using the Quickprep Micro mRNA purification kit 

(Pharmcia Biotech Ltd., Herts., U.K.). The procedure used was as follows: l50|Lig of total 

RNA was transferred to a 1.5ml microfuge tube followed by the addition of 0.4ml of 

extraction buffer (provided with the kit). 1ml of oligo(dT)-cellulose slurry was placed into 

a microfuge tube and centrifuged at 12,000g in a microfuge for 1 min. The supernatant 

was removed and 1ml of the total RNA was place on top of the oligo(dT) pellet. The 

pellet was resuspended and mixed for 3 min by inversion of the tube followed by 

centrifugation in a microfuge at 12,000g for 10 secs. The supernatant was removed and 

the pellet was resuspended in 1 ml of high-salt buffer (provided with the kit) followed by 

centrifugation (10 secs, 12,000g). This procedure was repeated 4 times and the final pellet 

was resuspended in 1ml of low-salt buffer (provided with the kit). The tube was 

centrifuged as above and the pellet was washed twice in 1 ml of low salt-buffer, the final
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pellet being resuspended in 0.3ml of low salt-buffer. The slurry was transferred to a 

microspin column and placed in a microfuge tube. The tube was spun at 12,000g for 5 

secs in a microfuge and the effluent in the tube was discarded. 0.5ml of low salt-buffer 

was spun through the column a total of 3 times. mRNA was eluted from column by the 

addition of 0.2ml of elution buffer (pre-warmed to 65°C) followed by centrifugation. The 

eluate was not discarded since in contained the mRNA. A further 0.2ml of warm elution 

buffer was spun through the column. The mRNA was precipitated by the addition of 10|il 

of lOmg/ml glycogen solution and 40|xl of 2.5M potassium acetate (pH 5.0) followed by 

1ml of 100% ethanol. The sample was incubated at -20°C overnight and the mRNA was 

recovered by centrifugation (5 min at 12,000g). The pellet was washed in 70% ethanol 

and allowed to dry. The mRNA pellet was dissolved in 5|il of DEPC-treated distilled 

water and the concentration and purity were determined as described above for DNA.

Northern blot screening

Total RNA (lOjig/lane) or poly(A)^-selected RNA (mRNA) (6 |ig/lane) were 

mixed with a denaturing dye buffer (25|il formamide, 10|il formaldehyde, 2.5|il lOx 

MEM (4.6% MOPS, 20ml 0.5M EDTA and 17ml 3.0M sodium acetate made up to 

1000ml in DEPC-treated distilled water, pH 7.0), 5|il dye (0.25% xylene cyanol FF, 

0.25% bromophenol blue, 20)11 0.5M EDTA, 5ml glycerol and 5ml DEPC-treated 

distilled water) and Ipl of ethidium bromide (lOmg/ml)) to a ratio of 5|il denaturing dye 

buffer:3|il of RNA solution. The mixture was denatured at 65°C for 5 min and quenched 

on ice. Denatured RNA samples together with an 0.24-9.5Kb RNA ladder (GIBCO BRL, 

Life Technologies Ltd., Scotland, U.K.) were run on a denaturing agarose gel (0.8% 

agarose, Ix MEM, 18% formaldehyde) using Ix MEM as a running buffer at 65V in a 

fume cupboard. RNA was visualised on the gel under UV light and suitable gels were 

blotted onto Hybond-N nylon transfer membranes (Amersham International, Amersham, 

U.K.) overnight using 20x SSC (17.5% sodium chloride, 8 .8 % sodium citrate, pH 7.0) as 

the wick buffer. RNA was cross-linked to the membranes using a Stratalinker UV 

Crosslinker 2400 (Stratagene Ltd., Cambridge, U.K.).

For northern blot screening using labelled cDNA probes, membranes were 

prehybridised for Ih at 42°C in buffer containing 50% deionised formamide, 0.5% SDS, 

5x SSC and 5x Denhardt’s reagent (0.1% Ficoll, 0.1% bovine serum albumin (BSA) and
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0.1% polyvinylpyrrolidone). After prehybridisation, 100|i,g/ml salmon sperm DNA and 

lO^cpm/ml [^^P]-labelled probe were denatured at 100°C for 3 min and quenched on ice 

and added to the prehybridisation buffer where hybridization was carried out overnight at 

42°C. The membranes were washed twice with 2x SSC and 0.1% SDS for 15 min at room 

temperature and then either twice in the same buffer for 15 min at 55°C for the hamster 

ttib-probe or twice with O.lx SSC and 0.1% SDS at 55°C for 15 min for the rat aia/d- 

adrenoceptor and rat P-actin probes. The membranes were blotted dry and exposed for 

48h to a BAS-EHs Fuji Imaging plate (Fuji, Japan) which were scanned with a FUGDC- 

BAS-1000 Bioimager (Fuji, Japan). Membranes were stripped by boiling in 1% SDS and 

re-exposed to a BAS-IUs Fuji Imaging plate to ensure no radioactive probe was 

remaining.

Results

Total RNA prepared from the variety of rat tissues were separated by 

electrophoresis on agarose denaturing gels and an example photograph of such a gel is 

shown in Figure A3.1. As can be seen, two main bands are observed for each tissue, 

corresponding to ribosomal 18S and 28S components. However, slight degradation of the 

RNA can be seen by the smear of RNA between the 18S and 28S bands. The integrity of 

the total RNA was analysed by northern analysis using the P-actin cDNA probe. The 

results to this analysis are shown in Figure A3.2 where it can be seen that p-actin probe 

hybridized to RNA from all of the tissues in a region close to the 18S ribosomal band. 

The highest levels of p-actin mRNA can be seen in the epididymal and prostatic vas 

deferens and aorta and lower levels of hybridisation are observed in the spleen, brain and 

liver. The size of transcripts appeared to be similar between the tissues. Total RNA blots 

were also probed with the aia/d- and aib-cD N A ’s resulting in no detectable hybridisation 

in any of the tissues.

Poly(A)‘̂ -selection for mRNA was performed on total RNA which exhibited good 

ribosomal bands on agarose gels and in addition which also hybridized the P-actin probe. 

Figure A3.3a shows a photograph of poly(A)‘̂ -selected RNA run on an agarose denaturing 

gel. In all lanes, a smear of mRNA can be seen extending from above the 7.5Kb marker to 

just above the 0.24Kb marker indicating that a range of different sized mRNA transcripts 

are present. Figure A3.3b shows the results from another batch of mRNA samples run on
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an agarose denaturing gel in which only small transcripts of mRNA are seen at around 

0.24Kb indicating that the RNA had degraded probably as a result of RNAse 

contamination. Gels containing mRNA such as that shown in Figure 5.3a were blotted 

and probed with either aia/d- or aib-adrenoceptor cDNA’s. Figure A3.4 shows the results 

from an mRNA northern blot probed with the rat aia/d-cDNA. A 1.4-3.0Kb species was 

detected in the both ends of the vas deferens, aorta and brain but with no detectable 

transcripts for spleen and liver. The size of the transcripts in the aia/d positive tissues 

extended over 1Kb in length indicating the possibility of multiple mRNA species (or 

RNA degradation), although individual transcripts were not resolved in this northern blot. 

Northern analysis of the same blot (stripped before re-probing) and other similar blots 

with the hamster aib-cDNA resulted in no detectable hybridisation.
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Figure A3.1

Total RNA samples separated by denaturing agarose gel electrophoresis

10 |LLg/lane total RNA from rat liver (L), brain (B), thoracic aorta (A) and the epididymal 

(EV) and prostatic (PV) vas deferens were loaded on to a 0.8% denaturing agarose gel and 

separated by electrophoresis at 65V. IBS and 28S ribosomal RNA were visualized under 

UV-light.
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Figure A3.2

Northern blot analysis of RNA from rat tissues using a p-actin cDNA probe

The results are shown from a northern blot analysis of 10 |Lig of total RNA from rat liver 

(L), brain (B), thoracic aorta (A), spleen (S) and the epididymal (EV) and prostatic (PV) 

vas deferens probed with a p-actin cDNA probe. After hybridisation and washing, the blot 

was exposed for 48h to a BAS-DI Fuji Imaging plate and then analysed. The p-actin 

cDNA probe hybridised to RNA from all of the tissues in a region close to the IBS 

ribosomal band.
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Figure A3.3a

Poly(A)'^-mRNA samples separated by denaturing agarose gel electrophoresis

6p.g/lane poly(A)^-selected RNA from rat liver (L), brain (B), thoracic aorta (A), spleen 

(S) and the epididymal (EV) and prostatic (PV) vas deferens were loaded onto a 0.8% 

denaturing agarose gel with an RNA ladder (LD) and separated by electrophoresis at 65V. 

A smear of mRNA can be seen in all lanes extending from above the 7.5Kb marker to just 

above the 0.24Kb marker indicating that a range of different sized mRNA transcripts are 

present.
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Figure A3.3b

Poly(A)^-mRNA samples separated by denaturing agarose gel electrophoresis

As for (a) except degradation of RNA is observed due possibly to RNAse contamination 

resulting in smaller transcripts of 0.24Kb and below.
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Figure A3.4

Northern blot analysis of poly(A)‘̂ -selected mRNA from rat tissues using a rat ttia/d- 

cDNA probe

The results are shown from a northern blot analysis of 6 fig of poly(A)^-selected mRNA 

from rat liver (L), brain (B), thoracic aorta (A), spleen (S) and the epididymal (EV) and 

prostatic (PV) vas deferens probed with an «la/d-cDNA probe. After hybridisation and 

washing, the blot was exposed for 48h to a BAS-DI Fuji Imaging plate and then analysed. 

Positive hybridisation was observed in both ends of the vas deferens, aorta and brain.
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Discussion

This study was designed to investigate whether ai-adrenoceptor subtypes are 

expressed homogeneously or heterogeneously in the rat thoracic aorta by studying the 

tissue at the RNA level using northern analysis. In addition, the selectivity of the probes 

used were tested against RNA prepared from other rat tissues in which a  i-adrenoceptor 

subtype expression had previously been characterised.

During the course of this study, a major factor limiting progress was ribonuclease 

(RNAse) contamination. Precautions employed to avoid contamination by RNAse 

included the DEPC-treatment of all distilled water used, the rinsing of all glassware in 

DEPC-treated distilled water before baking at 200°C for 2h, the use of pre-boxed pipette 

tips and the autoclaving of all plasticware and solutions where possible. These measures 

reduced RNAse contamination, but did not eradicate it.

The integrity of the RNA extracted from the various tissues was assessed by the 

ability to visualize 28S and 18S ribosomal RNA bands when separated by electrophoresis 

on an agarose denaturing gel. However, the probing of northern blots from gels showing 

good ribosomal bands with the aia/d- and aib-cDNA’s did not result in any detectable 

hybridisation. The use of total RNA in northern analysis of ai-adrenoceptors is limited in 

the literature and is probably due to the existence of low abundances of mRNA transcripts 

for the a  I-adrenoceptor subtypes and studies which have used total RNA have loaded 

large quantities (as much as 100p,g/lane) onto gels (Garcia-Sainz et a l ,  1992a; Torres- 

Marquez et al., 1992). In the majority of reported studies, poly(A)^-selected mRNA (2.5- 

lOjig/lane) has been used for the detection of aia/d- and aib-mRNA transcripts (Schwinn 

et al., 1990; Lomasney et al., 1991b; Ramarao et a l,  1992; Hirasawa et a l ,  1993). In this 

study, the integrity of total RNA was further assessed by probing northern blots with a rat 

(3-actin cDNA (Nudel et a l,  1983). The actins are a group of highly conserved proteins 

found in all eukaryotic cells (Nudel et a l,  1983), and p-actin expression is often used as a 

guide to RNA integrity (Hirasawa et a l,  1993; Price et a l ,  1994) as well as a control 

when the effects of pharmacological and endocrinological manipulations (which do not 

alter the levels of p-actin mRNA expression) are observed on other mRNA species 

(Leigh, 1991; Buckland et a l,  1992). In this study, P-actin mRNA was detected in all 

tissues with the highest levels in the vas deferens and aorta. This result suggests that the 

inability to detect ttia/d- and aib-cDNA probe hybridisation was not due to a problem
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associated with the RNA, such as degradation, but was probably due to low abundance of 

a  1-adrenoceptor transcripts.

In view of the possible low abundance of ai-adrenoceptor mRNA, poly(A)"^- 

selection of mRNA was undertaken from total RNA samples using oligo(dT)-cellulose. 

Northern analysis of mRNA blots with the rat aia/d-probe showed that the distribution of 

mRNA was consistent with that which has been described previously by molecular 

biological studies(Lomasney et aL, 1991b; Garcia-Sainz et al., 1992a), with high levels of 

hybridisation in the vas deferens and brain and with no detectable expression in liver. In 

addition, aia/d-expression was detected in the rat thoracic aorta. No hybridisation was 

detected in the spleen and this result is not consistent with that of a previous molecular 

biological study (Lomasney et al., 1991b) where ttia/d-expression was detected. The bands 

detected by northern analysis for the ttia/d-positive tissues in this study extended over Ikb 

in length (1.4-3.0kb) indicating the possibility of multiple transcripts for this gene, 

although individual bands were not resolved. The aia/d-probe has previously been shown 

to hybridize to a 3kb mRNA species in tissues where it is expressed (Lomasney et al., 

1991b), although currently, multiple mRNA species have not been reported for the ttia/d- 

adrenoceptor although two or perhaps three separate mRNA’s have been shown to encode 

the aib-adrenoceptor (McGehee & Cornett, 1991; Lomasney et al., 1991b). The existence 

of the smaller mRNA transcripts observed in this study is probably due to the probe 

hybridizing to degraded aia/d-niRNA occurring as a result of RNAse contamination.

The aib-cDNA probe did not hybridize to mRNA from any of the tissues used in 

this study. This result was unexpected since aib-expression has been demonstrated both 

pharmacologically and at the molecular level in many of the tissues examined. A reason 

for this result may be that the hybridization conditions used were too stringent for the 

successful hybridization of a hamster cDNA to RNA prepared from rat tissues even 

though less stringent washes were employed when using this hamster cDNA. However, 

other workers have demonstrated successful hybridization of the hamster cDNA to rat 

mRNA using similar conditions to those employed in this study (Lomasney et al., 1991b; 

Torres-Marquez et al., 1992). The negative result obtained in this study for the 

hybridization of the aib-probe to rat liver, spleen and brain (tissues shown previously to 

express a  i b-adrenoceptors) mRNA provides a good control suggesting that the 

conditions/procedures used were not suitable for the detection of aib-expression. In view
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of this, the negative result obtained when probing the rat thoracic aortic mRNA with the 

aib-probe cannot be clearly interpreted. It is also possible that the aib-probe may not 

actually correspond to the aib-sequence since the sequencing of the aib-probe obtained 

from the same source showed that it represented a probe for a chimeric aib-cDNA (Dr. J. 

Robishaw, Weis Center for Research, Danville, PA, USA - personal communication).

As discussed previously (Chapters 3 and 4), much controversy exists as to the 

molecular identity of the rat tissue aiA-adrenoceptor (Schwinn & Lomasney, 1992; Perez 

et a l,  1991). The ligand binding data presented in Chapters 3 and 4 of this thesis provide 

some evidence in support of the suggestion of Schwinn and Lomasney (1992), that the 

cloned aia/d-adrenoceptor does not represent the aiA-adrenoceptor which has been 

described pharmacologically in rat tissues. Thus, if the cloned aia/d-adrenoceptor actually 

represents a different receptor, then how valid is it to screen tissues for the aiA-subtype 

using a probe based on the aia/d-sequence? Various studies have been performed in 

tissues enriched with the aiA-adrenoceptor in order to try and clone this subtype but with 

no success. For example, a cDNA library from the rat hippocampus (which should be 

enriched with the aiA-subtype) was screened on the basis of homology for the aiA- 

sequence which resulted in the identification of only aib- and aid-((Xia/d)-clones (Perez et 

aL, 1991). Since other workers have had similar experiences (Lomasney et a l ,  1991b), it 

is possible that the ttiA-subtype may not bear much sequence homology to the known 

subtypes (Minneman & Esbenshade, 1994). Thus, if the aiA-adrenoceptor shares little 

sequence homology with the other subtypes, why has identification of aia/d-niRNA 

resulted from the screening of ttiA-containing tissues with an aia/d-probe (this study and 

Lomasney et al., 1991b; Perez et al., 1991)? It is possible that the cloned ttia/d- 

adrenoceptor is co-expressed with the aiA-subtype. As to the molecular identity of the 

a  I A-adrenoceptor, the recent report of the cloning of the rat aic-adrenoceptor (Perez et al., 

1994) suggested that this clone may in fact represent the pharmacologically defined aiA- 

subtype since mRNA homologous to the rat aic-adrenoceptor was identified in all tissues 

which have been previously characterised as containing the pharmacologically defined 

ttiA-subtype.

This preliminary study was designed to investigate the expression of a r  

adrenoceptor subtypes in the rat thoracic aorta and other rat tissues by northern 

hybridisation techniques using cDNA probes based on the sequences of the rat ttia/d- and
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hamster aib-adrenoceptors. No a i  y-expression was detected in any of the tissues 

investigated, a result at variance with previous studies, aia/d-Adrenoceptor expression was 

detected in the rat aorta and other tissues which have been previously described to contain 

the ttiA-adrenoceptor, suggesting that the aia/d-subtype may be co-expressed with the 

pharmacologically defined aiA-adrenoceptor.
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CAUVIN, C. & MALIK, S. (1984). Induction of Câ "̂  influx and intracellular Ca^  ̂ release in the 
isolated rat aorta and mesenteric resistance vessels by norepinephrine activation of alpha, receptors. 
J .  P h a r m a c o l .  E x p .  T h e r . ,  230, 413-418.

2 0 2



CHALLISS, R.A.J., BATTY, I.H. & NAHORSKI, S.R. (1988). Mass measurements of inositol 
(1,4,5) trisphosphate in rat cerebral cortex slices using a radioreceptor assay: Effects of 
neurotransmitters and depolarization. B i o c h e m .  B i o p h y s .  R e s .  C o m m . ,  157, 684-691.

CHALLISS, R.A.J. & NAHORSKI, S.R. (1991). Depolarisation and agonist-stimulated changes in 
inositol-1,4,5-trisphosphate and inositol-1,3,4,5-tetrakisphosphate mass accumulation in rat cerebral 
cortex. J .  N e u r o c h e m . ,  57, 1042-1051.

CHENG, Y-U. & PRUSOFF, W.H. (1973). Relationship between the inhibition constant (Ki) and 
the concentration of inhibitor which causes 50 percent inhibition (I50) of an enzymatic reaction. 
B i o c h e m .  P h a r m a c o l . ,  22, 3099-3108.

CHIU, A.T., McCALL, D.E., THOOLEN, M.J.M.C. & TIMMERMANS, P.B.M.W.M. (1986). Câ + 
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phosphatidylinositol turnover and Câ  ̂mobilization induced by alpha- 1 adrenoceptor stimulation in 
the rat aorta. J .  P h a r m a c o l .  E x p .  T h e r . ,  240, 123-127.

CHOMCZYNSKI, P. & SACCm, N. (1987). Single-step method of RNA isolation by acid 
guanidinium thiocyanate-phenol-chloroform extraction. Ana/. B i o c h e m . ,  162, 156-159.

CHRIST, G.J., BRINK, P.R., ZHAO, W., MOSS, J., GONDRE, M., ROY, C. & SPRAY, D C. 
(1993). Gap junctions modulate tissue contractility and alpha, adrenergic agonist efficacy in isolated 
rat aorta. J .  P h a r m a c o l ,  E x p .  T h e r . ,  266, 1054-1065.

COTECCHIA, S., LEEB-LUNDBERG, L.M.F., HAGEN, P-0., LEFKOWTTZ, R.J. & CARON, 
M.C. (1985). Phorbal ester effects on a,-adrenoceptor binding and phosphatidylinositol metabolism 
in cultured vascular smooth muscle cells. L i f e  S c i . ,  37, 2389-2398.

COTECCHIA, S., SCHWINN, D.A., RANDALL, R.R., LEFKOWTTZ, R.J., CARON, M.C. & 
KOBILKA, B.K. (1988). Molecular cloning and expression of the cDNA for the hamster a,-
adrenergic receptor. P r o c .  N a t l .  A c a d .  S c i .  U S A . ,  85, 7159-7163.

COTTECHIA, S., EXUM, S., CARON, M.G. & LEFKOWTTZ, R.J. (1990). Regions of the a,- 
adrenergic receptor involved in coupling to phosphatidylinositol hydrolysis and enhanced sensitivity 
of biological function. P r o c .  N a t l .  A c a d .  S c i .  U S A ,  87, 2896-2900.

DALE, H.H. (1906). On some physiological actions of ergot. J .  P h y s i o l . ,  34, 163-206.

DAS, T., BAEK, K.J., GRAY, C. & IM, M-J. (1993). Evidence that the Gh protein is a signal
mediator from a,-adrenoceptor to a phospholipase C. J .  B i o l .  C h e m . ,  268, 27398-27405.

DASSO, L.L.T. & TAYLOR, C.W. (1992). Different calcium-mobilizing receptors share the same 
guanine nucleotide-binding protein pool in hepatocytes. M o l .  P h a r m a c o l . ,  42, 453-457.

203



DE LEAN, A., ST ADEL, J.M. & LEFKOWTTZ, R.L. (1980). A ternary complex model explains 
the agonist-specific binding properties of the adenylate cyclase-coupled ^-adrenergic receptor. J .  

B i o l .  C h e m . ,  255,7108-7117.

DESCOMBES, J-J. & STOCLET, J-C. (1985). Characterisation of two distinct a-adrenoceptor 
binding sites in smooth muscle cells from rat and bovine aorta. N a u n y n - S c h m i e d e b e r g ’s  A r c h .  

P h a r m a c o l . ,  329, 282-288.

DETH, R. & VAN BREEMAN, C. (1977). Agonist induced release of intracellular Ca^  ̂ in the 
rabbit aorta. J .  M e m b r a n e  B i o l . ,  30, 363-380.

DOWNING, O.A., WILSON, K.A. & WILSON, V.G. (1983). Non-competitive anatgonism of the 
a-adrenoceptor-mediated fast component of contraction of rat aorta, by doxazosin and prazosin. B r .  

J .  P h a r m a c o l . ,  80, 315-322.

DOXEY, J.C., SMITH, C.F.C. & WALKER, J.M. (1977). Selectivity of blocking agents for pre- 
and postsynaptic a-adrenoceptors. B r .  J .  P h a r m a c o l . ,  60, 91-96.

DREW, G.M. & WHITING, S B. (1979). Evidence for two distinct types of postsynaptic a- 
adrenoceptor in vascular smooth muscle i n  v i v o .  B r .  J .  P h a r m a c o l . ,  67, 207-215.

DUARTE, J., PEREZ-VIZCAINO, P., ZARZUELO, A., JIMENEZ, J. & TAM ARGO, J. (1993). 
Aminophylline preferentially inhibits chlorethylclonidine-insensitive a-adrenoceptor-mediated 
contractions in rat aorta. G e n .  P h a r m a c o l ,  24, 1359-1364.

DUBOCOVICH, M L. & LANGER, S.Z. (1974). Negative feed-back regulation of noradrenaline 
release by nerve stimulation in the perfused cat’s spleen: differences in potency of 
phenoxybenzamine in blocking pre- and postsynaptic adrenergic receptors. J .  P h y s i o l . ,  237, 505- 
519.

EHRLICH, B.E., KAFTAN, E., BEZPROZVANNAYA, S. & BEZPROVANNY, I. (1994). The 
pharmacology of intracellular Ca^^-release channels. T r e n d s .  P h a r m a c o l .  S c i . ,  15, 145-148.

ELTZE, M. & BOER, R. (1992). The adrenoceptor agonist, SDZ NVl 085, discriminates between 
a, A- and am-adrenoceptor subtypes in vas deferens, kidney and aorta of the rat. E u r .  J .  P h a r m a c o l . ,  

224, 125-136.

ENGEL, G. & HOYER, D. (1982). ['^Iodo]BE 2254, a new radioligand for the ai-adrenoceptors. J .  

C a r d i o v a s .  P h a r m a c o l . ,  4, S25-S29.

ESBENSHADE, T.A., THEROUX, T.L. & MINNEMAN, K.P. (1994). Increased voltage 
dependent calcium influx by aiB-adrenergic receptor activation in rat rMTC 6-23 cells. M o l .  

P h a r m a c o l . ,  45, 591-598.

FAIN, J.N. & GARCIA-SAINZ, J.A. (1980). Role of phosphatidylinositol turnover in alpha, and of 
adenylate cyclase inhibition in alpha] effects of catecholamines. L i f e  S c i . ,  26, 1183-1194.

204



FAURE, C., PIMOULE, C., ARBILLA, S., LANGER, S.Z. & GRAHAM, D. (1994). Expression of 
a  I-adrenoceptor subtypes in rat tissues: implications for a  r  adrenoceptor classifiation. E u r .  J .  

P h a r m a c o l .  ( M o l .  P h a r m a c o l .  S e c t i o n ) ,  268, 141-149.

FLAVAHAN, N.A. & VANHOUTTE, P.M. (1986). a,-Adrenoceptor subclassification in vascular 
smooth muscle. T r e n d s .  P h a r m a c o l .  S c i . ,  1 ,  347-349.

FORRAY, C., BARD, J.A., LAZ, T.M., SMITH, K.E., VAYSSE, P.J.-J., WEINSHANK, R.L., 
GLUCHOWSKI, C. & BRANCHER T.A. (1994a). Comparison of the pharmacological properties 
of the cloned bovine, human and rat ttic-adrenergic receptors., F A S E B . ,  8 , A353.

FORRAY, C., BARD, J.A., WETZEL., J.M., CHIU, G., SHAPIRO, E., TANG, R., LEPOR, H., 
HARTIG, P R., WEINSHANK, R.L., BRANCHER, T.A. & GLUCHOWSKI, C. (1994b). The t t r  
adrenergic receptor that mediates smooth muscle contraction in the human prostate has the 
pharmacological properties of the cloned human ttic-subtype. M o l .  P h a r m a c o l . ,  45, 703-708.

FURCHGOTT, R.F. (1981). The requirement for endothelial cells in the relaxation of arteries by 
acetylcholine and some other vasodilators. T r e n d s .  P h a r m a c o l .  S c i . ,  2 ,  173-176.

GARCIA-SAINZ, J.A., ROMERO-AVILA, M.T., HERNANDEZ, R.A., MACIAS-SILVA, M., 
OLIVARES-REYES, A. & GONZALEZ-ESPINOSA, C. (1992a). Species heterogeneity of hepatic 
a  I-adrenoceptors: aiA-, CXib- and a,c-subtypes. B i o c h e m .  B i o p h y s .  R e s .  C o m m . ,  186, 760-767.

GARCIA-SAINZ, J.A., ROMERO-AVILA, M.T., OLIVARES-REYES, A. & MACIAS-SILVA, 
M. (1992b). Guinea pig hepatocyte aiA-adrenoceptors: characterisation, signal transduction and 
regulation. E u r .  J .  P h a r m a c o l .  ( M o l .  P h a r m a c o l .  S e c t i o n ) ,  227, 239-245.

GARCIA-SAJNZ, J.A., ROMERO-AVILA, M.T. (1993). Characterisation of the a , A-adrenoceptors 
of guinea pig liver membranes: Studies using 5-[^H]methylurapidil. M o l .  P h a r m a c o l . ,  44, 589-594.

GILMAN, A.G. (1987). G proteins: transducers of receptor-generated signals. A n n .  R e v .  B i o c h e m . ,  

56,615-649.

GODFRAIND, T., MILLER, R.C. & SOCRATES LIMA, J. (1982). Selective a,- and tti- 
adrenoceptor agonist-induced contractions and '̂ Ĉa fluxes in the rat isolated aorta. B r .  J .  
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