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Abstract

Introduction

Currently, traditional pharmacological fechniques are being increasingly complimented
by applying parallel transgenic approaches employing the use of functional knock-out,
over-expressed and site-directed mutagenesis modcls of individual proteins in order to

determine their functional role or distribution within cells and tissues.

Recent advances have provided individual functional knockout models of the three o -
AR subiypes {0 4-KO, ayp-KOQ and op-KO). All three have been implicated as having
a role in the maintenance ol blood pressure, as a result of studies of the phenotypes of
the individual KO models. However, of the thrce a,-ARs, only the op and op-AR
have been reported to be involved in vasoconstriction of the mousc aorta. As such, the

o p-AR is reported to be the major adrenergic vasoconsirictor with a minor role for -

ARs.

The data presented in this thesis is the result of a detailed pharmacological study, aided
by the use of transgenic mice of the «-ARs involved in the functional responses of the

mousc aorta.

Chapter 1. Contractile responses of the mouse aorta: Effect of age and o-

AR knochout

In Chapter 1 the functional alterations of contractile (KCl: single challenge; adrenergic
and serotonergic responses done by cumulative concentration response curyes
[CCRCs)) and relaxant responses {acetylcholine-induced: single challenge) as a resuft of
increasing age were tested by studying adult male mice at two age points: 4-momth-old

mice and 16-month-old mice.

As a whole, no significanl alterations in function as a rvesult of increased age were

observed in the strains studied.




Since both o3-KO and an-KO possibly had different genetic backgrounds it was
esscnlial to ensure that varied genetic background did not have a significant effect on
[unctional responses. The control strains for cach KO, oyp-WT (wild-type) and ojp-WT
were compared and no differences were observed at either age point. Therefore for

further experiments either strain of WT mice were used as control mice,

The o p-KO was not significantly different from its WT at cither age point, but this was
complicated by the apparent compensation by a)p-ARs, The oyp-KO had 33-fold and
44-fold reduced potency and 19% and 23% reduced maximum for phenylephrine (PE)
induced contractile responses compared to its WT at 4m and 16m age point

respectively.

5-Hydroxytryptaming (5-HT) and 125mM KCI contractile responses and acctylcholine

(ACh) induced relaxations were unaltered by age.

Thus, this data confirmed that the «;p-AR was the adrenergic vasoconstrictor with little
or no rolc for o r-ARs and the phenolypic differences the o)p-KQO exhibited were

unaffceted by age.

Chapter 2. Subtyping the a;-AR mediated contractile responses in mouse

aoria.

The adrenergic responses of the WT and ay;p-KO have previously been subtyped
pharmacologically and the o;p-AR has been indicated as the adrenergic vasoconstrictor
with the o;3-AR playing a minor role in the WT. The PE response of the o p-KO was

subtyped in this chapter.

The pKg values for prazosin (non-selective o;-AR antagonist) and 5-methylurapidil (5-
MU: a4-AR selective) were 9.3 and 7.7 respectively. The pKy for prazosin confirmed
the response was o1-AR mediated whilst the relatively low pKg for 5-MU indicated that

the o3-AR was responsible for contraction in the a1p-KO aorta rather than oq4-AR.

The use of the selective u;5-AR agonist confirmed this. The order of potency of both
PE and A61603 in the mouse strains was o g-KO > WT > «;p-KO. In fact, it was not

possible to establish a pECsg value for A61603 in the o) p-KO as A61603 has little or no
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efficacy at cyn-ARs. Ilowever, this data also demonsirated the significant potency of

AG1603 at oy -ARs contrary to previous reports,

To compliment the pharmacological study, the adrenergic response of the aortae of
double-AR KO, the cjp-0p-KO was tested. PE and A-61603 failed to cause contractile
responses, whilst serotonergic responses remaincd unaltered. Therefore, there were no
contractile functional &-ARs in the o z-01p-KO aortae. This confirmed that either oun-

ARs or o p-ARs are the adrenergic vasoconstrictors in the mouse aorta

An attempt was then made, using a receptor protection protocol, lo isolate the minor
orr-AR response in WT mousc aorta. 10uM chioroethylcionidine (CEC: non-selective
c1-AR  alkylating agent) completely ablated the adrenergic (PE) response and
incubation with 10nM BMY 7378 {w;-AR competitive antagonist) prior 1o 10uM CEC

treatment could not protect any of the response.

However, 1uM CLEC reduced the maximal responsc by 50% but the entire response was
protected by pre-incubation with 10oM BMY 7378 but not by 10nM 5-MU. These
results indicated that there was little or no role for oip-AR In the WT mouse aoris and
confirmed the lack of oa-AR rale in functional responses. However in the o) p-KO the
response was due to ayp-AR activation which could be duc to o-AR up-regulation in

the absence of functional o, p-ARs in the mouse aorta.
Chapter 3. Ad?‘energic and serotonergic synergy in the mouse qorta

The synergislic interaction between o;-AR mediated contractions and 5-HTza
mediated contractions in the mouse aorta is shown in Chapter 3. 30nM PE and 5-HT
synergistically amplified the serotonergic and adrenergic responses respectively in WT

aortac. This was observed as sensitivity increases in the CCRC of PE and 5-HT curves.

However this was complicated by the finding that the 5-HT response is partially op-
AR mediated. Both 10nM prazosin and 10nM BMY 7378 decreased the sensitivity to 5-
HT in WT aortae bul no decrease in sensitivity was observed in o p-KO as a result of
100M or 100nM prazosin treatment. Thus, the serotonergic responsc in the WT aorta 1s

partially ¢1-AR mediated and the two systems can synergistically intoract.

18]



However, the serotonergic responses of the WT and oyn-KO were not significantly
different. Use of ritanscrin (5-ITT;4 receptor insurmountable antagonist) and BRI
54443 (5-HT,4 agonist) confirmed that 5-HT;, receptors appeared to be compensating

for the lack of functional o;p-ARs in the o p-KO aortac.

Chapter 4. The effect of L-NAME on contractile responses in the mouse

aorta

100uM L-NAME (nitric oxide synthase blocker) treatment increascd the maximal
response to KCl1 in all three strains (WT, oqp-KO and o,p-KO). Scrolonergic responses
exhibited increascd sensitivity but no increase in maxima as a result of L-NAME

treatment,

The adrenergic responses of all three strains exhibited an incrcascd maximum after L-
NAME treatment. L-NAME treatment resulted in an increased PE sensitivity in the WT
and op-KO but not in the 04p-KO. This indicated that the op-AR is also involved in
nitric oxide (NO) release, probably from endothelial cells, as well as being the major

adrenergic vasoconstrictor.

The involvement of a;-ARs in the PE rcsponse was also tested. Rauwalscine (oz-AR

antagonist) had no effect on the PE-induced response in WT aortae.
Conclusions

Thus, the uip-AR is the sole adrenergic vasoconstrictor in the WT aorla. Knocking out
the functional o p-AR results in an ¢)p-AR-mediated responsc that is probably the

result of compensatory mechanisms leading to an upregulation of the ag-AR.

The op-AR can synergistically intcract with the serotonergic response as well as being
nvelved in partially mediating the responsc to 5-HT. The ap-AR is also involved in

NO release and hence vasodilatation as well as being a vasoconstrictor,

Thus the ¢;p-AR has a complex but crucial role in modulating tone of the mouse aorta.

v
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General Introduction




General Infroduction

Adrenoceptors

Adrenoceptors mediate the responses of the cndogenous catecholamines: the
sympathietic neurotransmitter, norepinephrine (NE: noradrenaline) and the circulating
hormone, cpincphrine (adrenaline). In 1896, Oliver & Schafer observed that extracts of
adrenal glands could effect a pressor response (Rang ef af., 1999) and from this initial
observation, the study of adrenaline and its involvement in the cardiovascular system

began.

Over a century later and the role of adrenoceptors has been uncovered in such organ
systems of the body as the brain, spinal cord, lungs, liver, kidneys and many more,
along with the heart and the vasculature. The effects of the adrenal extracts Oliver &
Schafer observed, we now know, was due to the presence of epinephrine and its activity
at receplors lermed adrenoceptors. It is also now known that norepinephrine is the

endogenous neurotransmitter which elicits its response via action at adrenoceptors.

Currently, nomenclature describes nine distinct subtypes of adrenoceptors (Alexander ef
al., 2004), namely three o)-AR subtypes (&4, o1z & aip), thice az-AR subtypes (cza,
ozp & ozc) and three B-AR subtypes (By, B2 & B3). So how did we go from Oliver &
Schafer’s original observations to the current climate with 9 distinct subtypes mediating
the responses of NE and epinephrine? Following is a brief history of the discovery and
classification of ARs, in particular the o-AR subtypes as this is the focus of this thesis.

However, preceding (his is a note on nomenclature throughout the thesis.

Note on nomenclature

Throughout the thesis the individua! AR subtypes will be indicated with uppercase
letters such as oy a, cyp and oyp or altematively, with lower case lellers i.e. o, oy, and
oy It is customary to use upper case letters for native receptor subtypes within tissues
or cells. The lowercase letters are used for cloned receptors, i.e. those receptors that are

not native to those tissues or cells, and have been artificially introduced. Therefore,

throughout the thesis this nomenclature has been applied.
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History of adrenoceptors subtypes: o-AR and fi-AR subtypes

In 1913, Dale ohserved blood pressurc responses to epinephrine after treatment with a
crude ergot alkaloid substance (Rang et al, 1999). The response went [rom a
vasoconstriclor response to vasodilatation response once the tissue had heen exposed 1o
the ergot exiracts, This was the first indication of the multiple receptor action of

epinephrine.

In 1948, Ahlquist postulated the cxistence of two distinet populations of ARs, alpha (o)
and beta (). His conclusions were based on the effects of the cndogenous agonists,

epinephrine (Epi), NE and a synthelic derivative of epinephrine, isoprenaline (Iso).

Ahlquis( (1948) reported administration of NE in vivo, in dogs, cats and rabbits, resulted
in an clevation of mean arterial pressure (MAP), whilst {soprenaline administration
caused a decrease in MAP. Epinephrine administration though, resulted in a biphasic
response, an initial increase in MAP followed by a decrease below baseline before

retuming to normal.

This indicated to Ahlquist (1948) the existence of two dislincl populations of receptors,
the NE-sensitive receptors (@) and the isoprenaline-sensitive recepiors (f3), whilst
epinephrine appcared to have cfficacy at both. Due to the activity of epinephrine at both
a and f§ adrenoceptors, he concluded that epinephrine was the cndogenous sympathetic
neurotransmitter, but further research later found the neuwrotransmitler was

norepinephrine,

Ahlquist (1948) described two observed orders of agonist potency dependent on
whether the agents resulted in pressor responses or depressor responses. The order of
potency for vasoconsirictor responses was NE > Epi > Iso {or activity at what Ahlquist
(1948) called u-adrenotropic receptors (adrenoceptors). Conversely, the order of agonist
potency for vasorelaxant responscs at -adrenoceptors was Iso > Epi > NE. Howcver

this division was only the first of more family divisions to come.

(W)




a-AR subtypes: further division into o~ and o-AR subtypes

In 1957, Brown and Gillespic reported dibenamine treatmenl increased sympathetic
ouiflow from nerve stimulation in cat spleens. In Starke’s (1972) study of adrenergic
and cholinergic transmission in the rabbit heart, he iniroduced the concept of a-ARs
having a negative feedback action on the release of noradrenaline from sympathetic
neurons. His conclusions were bascd on the observations that oxymelazoline and
naphazolinc could decrease NE overflow but phenylephrine caused an increase in the
foree of contraction of the heart indicating the c-ARs resulting in negative feedback of

NE release were different from those a-ARs on the cardiac cells enhancing contractility.

Then Langer (1974) reviewed the evidence for the existence of pre- and posl-junctional
o-ARs, which he also argued were non-identical. His evidence for this was based on a
previous report by Dubocovich & Langer (1974) where the authors reporicd
phenoxybenzamine treatment resulted in an increase in sympathetic outflow at a 30-fold
higher concentration than was required to block post-junctional c-receptars. Therefore
he postulated the subdivision of a-ARs by their anatomical location and suggested

dividing a-ARS into o and o for postjunctional and prejunctional respectively.

This division was an oversimplification, as Berthelsen & Pettinger (1977) reported oo-
ARs can be involved post-synaptically, reporting a role for o-AR activation in remn
relcascs from kidneys and melanocyte dispersion in frog skin. They suggested the
subtype division should be due to pharmacological propertics and not anatomical

location as previously suggested.

The a/ay division was pharmacologically confirmed by Timmermans & Van Zwieten
(1980), when they cstablished that oy-ARs and o;-ARs had different selective
antagonists. In a study performed in pithed rats they reperted that the prazosin blockade

of pressor responses by various agonists had the following order:
phenylephrine > clonidine >> B-HT 933
In contrast yohimbine blockade had the [ollowing order:

B-HT 933 > clonidine > phenylephrine




Timmermans & Van Zweiten (1980) had pharmacologically confirmed the two

subtypes, the prazosin sensitive o1-ARs and the yohimbine scnsitive oz-ARs.

Subdivision of e;-ARs

In McGrath’s (1982) review of the apparent heterogeneous distribution of . -Alks he
suggested a subdivision of the «-ARs into two separate subtypes. His conclusion was
based on the activity of phenylethanolamine and non-phenylethanolamine agonists i

various tissucs but in particular, the rabbil basilar artery and rat annococygeus.

He reported phenylethanolamines resulted in biphasic responses in these tissues and
suggested the subdivision of the phenylethanolamine-sensitive w;a~ARs and the
phenylethanolamine-insensitive oip-ARs. He proposed the first phase of the curve was
duc to ways-ARs and the second phase due to cy3-ARs. The actions of non-
phenylethanolamines further pointed to a differencc in the pharmacology of the o, 4 and
o p-ARs. Non-phenylethanolamines had little efficacy at o:3-ARs buf were good

agonists at o 4-ARS.

McGrath (1982) was not alone in suggesting the subdivision of «-AR into two
subtypes. Holck er al. (1983) had noted the differential blockade of verapamil, the
calcium entry blocker, in rabbit pulmonary arfcry. They reported that verapamil and
prazosin wete bettcr antagonists at blocking clonidine-induced responses than
methoxamine-induced responses, postulating the existence of two receptors. However,
their data also hinted that the dependence of extracellular calcium for the two postulated

receptors may he different.

However, this subdivision was somewhat resisted mainly due to the lack of suitably
selective antagonists. It wasn’t until Morrow and Crcese (1986) performed a binding
study of rat brain that the division was confirmed. They reported [’H]prazosin and
IPHJWB4101 dissociation curves were biphasic. [PHIWBA4101 had a 37-fold difference

between Ky, (01a-AR) and Kiow (01s-AR) dissociation constants.
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They reported the following antagonist potencies:
Oa-AR: WB4101 = prazosin > phentolamine
aip-AR: prazosin > WB4101> phentolamine

Thus, WB4101 was confirmed as an o;4-AR selective antagonist and could be used to
establish which o(-AR subtypes are involved in functional responses. Unlike WB4101,

prazosin could not diffcrentiate between o 4-AR or a-ARs.

Han e al. (1987) then further strengthened this hypothesis by reporting that the
alkylating agent chloroethylelonidine (CEC) could differentiate between sites with high
and low aflfnity for WB4101. Low affinity sites for WB4101 werc preferentially
alkylaled by CEC, thus CEC alkylation was oi5-AR selective.

Gross er al. (1988) then reported the urapidil analogue, 5-methylurapidil (5-MU) had
affinity for otia-ARs over oyp-ARs by performing binding studies in rat hippocampus,
vas deferens, heatt, liver and splecn. Thus & a-ARs could be defined by their sensitivity
to 5-MU and WB4101, whilst ct15-ARs could be defined by their sensitivity to CEC
alkylation.

aupy and a-ARs subdivision

Around the time when McGrath (1982) suggested a subdivision of «-ARs into ¢ and
ag-ARs, Medgeit & Langer (1984) observed that o)-ARs appeared fo have two
different populations based on their varying affinity of prazosin. In their study of the rat
tail artery, Medgett & Langer (1984) noted an apparcut ‘kink in the Schild plot® of
prazosin blockade. They reviewed he literature and noted that in general two distinct
affinities for prazosin tended to be reported, a population with prazosin affinity with a

pKp value >>9.36 and a second population with pKg values of 8.80.

Medgett und Langer’s (1984) findings added weight for McGrath’s (1982) call to
subdivide the o;-ARs. Ilavahan and Vanhoutte (1986) reviewed the literature,
providing additional evidence for the postulated heterogeneity of the o;-AR responscs

but they suggested the two receptors had differential affinity for prazosin. Thus




Flavahan & Vanhoutte (1986) introduced the subtypes ou (high affinity for prazosin)

and oyp (low affinity for prazosin) into the nontenclature.

Contrast this with the binding study done by Morrow & Creese (1986) who reported
prazosin could not distinguish between subtypes, but the response can be subtyped by
WB4101 sensitivity, It is noteworthy that the three current o-AR subtypes, o, Gig,

and o;p-ARs all have high affinity for prazosin i.e. they are all oig-ARs.

Muramatsu ef af. {(1990) then added to the increasing complexity of o-AR subtypes. In
their extensive study of various vesscls from dogs, rabbits, guinea-pigs and rats they
found the vessels broadly fell into three categories bascd on their variation of antagonist

affinity.

Group 11 (dog carotid artery and rat thoracic aorta) had high affinity for prazosin (pA; =
9.5) which was more potent than both WB4101 and HV723. They associated this with
ou-ARs, previously described by Tlavahan & Vanhoutte (1986). The o -AR was
associated with group IOI (rabbit mesenteric artery, thoracic aorta, carotid artery and
guinea-pig thoracic aorta). This group had pA; values for prazosin, HV723 and
WB4101 ranging from 8-9 but no distinel order of potency was noted.

Group I (dog mesenteric artery, vein and saphcnous vein) had affinity for HV723 and
WB4101 over prazosin. The affinitics in this group did not fit the above two groups as
they had a low affinity for prazosin (pA; = approx §.6) and these lissuc were unuisually
insensitive to yohimbine (pA; values < approx 6.0) compared to the other two groups.

Muramatsu ef al. {1990) termed this group o x.

Although the evidence poinled 1o wyyn subtypes, no cvidence from cloned studies had
been pravided to support this subdivision. It is now believed that the o, -AR may be a
gplice variant of the o14-AR of which four variants are believed to exist (Chang ez al.,

199R). Therefore the oy /n-AR subtypes have [allen into relative disuse.
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Cloning studies of o-AR subtypes

O(.lb-Al{:

ala_AR:

The oy,-AR was the first to be cloned. Cotecchia e «f. (1988) cloned a
1545-hase pair fragment of DNA that coded for the 515 amino-acid hamster
o:p~AR. As no other «,~AR had been cloned at the time, Cotecchia et al.
(1988) compared the protein sequence with a2, By and [2-ARs. The most
conserved regions were in the transmembrane regions of the receptors with

42-45%, conservation with the other ARs.

They highlighted seven distinct hydrophobic regions of approximately 20 to
25 amino acids that they associated with the scven fransmembrane regions
GPCRs have (sce scction on Murine a,-ARs). They also reported threonines
and serines present in the third cytoplasmic loop as possible

phosphorylation sites by protein kinase C.

Pharntacological studics revealed the cloned receptor had a high affinity for
prazosin and low affinity for WB4101, consistent with the functional wg-

AR,

The o~-AR was then cloncd by Schwinn ez af. (1990) but was provisionally
termed the oy.~AR as this protein could not be detected in tissnes which had
been shown to have o)a-AR medialed responses such as, rat vas defcrens
and hippocampus (Gross et al., 1988). The cloned bovine oy-AR {460
amino-acids: Schwinn ef al., 1990) was reported to have 72% scquence
homology with the oy,-AR {previously cloned hy Cotecchia et @l., 1988:
discussed earlier), Thrconine and serine residues in the third intracellular

loop indicated possible phosphorylation sites by protein kinases.

The pharmacology though was consistent with the oq4-AR: high affinity for
WB410!1 and phentolamine (Morrow & Creese, 1986). Later Schwinn e¢ al.
(1991} reported the novel va-AR antagonist, 5-MU (Gross e/ al., 1988),
could discriminate between o, and @y, having affinity for o;. (Schwinn ef

al., 1991).




og-AR:  The rat ag-AR was the last AR to be cloned (Perez et al., 1991). The gene
was a 1680 base pair fragment encoding 560 amino-~acids. The o ¢~AR had
72% and 64% homology with hamster o,-ARs and bovine o.-ARs

respectively.

However, pharmacological findings indicated the novel o -AR had
significantly lower affinity for 5-MU than native aa-ARs in tissue studies
as well as being susceptible to CEC alkylation. They concluded the o 4-AR
was a new subtype distinet from the ojs~AR that had been

pharmacologically identified.

At the same time Lomansay ef al. (19921) cloned a receptor from rat cortex

which they termed the ¢q,-AR but it was identical to the cloned o g-AR.

We had gone from having only two pharmacological subtypes to four cloned subtypes
with apparently distinet pharmacology. The nomenclature was cventually cleared up by
the International Union of Pharmacology (Bvland ef al., 1994) when the o, and o4~
ARs were accepted as a novel op-AR, the o -AR became the original o 4-AR, whilst

the cloned o,;p-AR remained as the pharmacologically distinct oy g-AR.

Current subtype selective agonists

Selective agents for the individual c;-AR subtypes are becoming increasingly available
but the pharmacology remains complex. Following is some of the ligands that have

been used in this project [or cz;-AR subtyping studies.

Norepinephrine (NE) is the endogenous agonist for u-ARs. Ahlquist (1948) showed that
NE has greater affinity for a-ARs over B-ARs. In 1995 Knepper e af. performed a
binding study and reportcd that NE has partial affinity for oq-ARs over o, and oy
ARs (22-fold and 15-fold respectively). However NE has efficacy at o;-ARs as well as
partial efficacy at B-ARs. Using NIZ as the agonist, a host of blockers would have been
required in order to isolate the o:-AR mediated response i.e. propranofol to block B,
rauwolscine for o»-ARs, cocaine for uptake-1 and corticosterone for uptake-2.

Therefore NE has not been used in the present study,
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Phenylephrine (PE), an ¢t-AR agonist with full efficacy, had slight affinity for u:q-ARs
over o, and op-ARs (6-fold and 8-fold affinity respectively: Knepper ef al., 1995).
Therefore, it is essentially 4 non-subtype selective o,-AR selective full agonist and was
therefore the agonist of choice for the study reported in this thesis, as the focus was the

oy -AR subtypes.

The R-enantiomer of AG1603 is a cumrently accepted full agonist with scleetivity [or
oua-ARs (Knepper ef al., 1995). R-A61603 had 163-fold and 58-fold affinity for cloned
i-ARs over oy, and og-ARSs respectively. They also demonstrated this selectivity by
performing binding studies using specific tissues from the rat (o 4- vas deferens; op-

spleen; o p- aorta).

Furthermore, the racemate mix of AG1603 waus shown to have no efficacy at hamster
a-ARs as it could not raise IP; levels to a quanfifiable level but increased [P3 levels
132-fold 3.5-fold in cells transfected with bovine 0,1,-ARs and rat o10-ARs respectively.
However, R-A01603 was reported to have affinity for a;-ARs but the authors made no
indication of which ¢;-AR subtype was involved or whether A61603 had efficacy at o~
ARs. R-A61603 was uscd in Chapter 2 to compliment antagonist studies done using PE

as the agonist, in order to determine functional roles for specific o;-AR subtypes.

Current sublype selective antagonists

Phentolamine is a classical ®-AR selective antagonist that has affinity for both o, and
oz-ARs. Morrow & Creese {1986) demonsirated that phentolamine could be used to
diseriminate belween o2 and o p-ARs but more selective anlagonists are now available
for subtyping. Unlike phentolamine which is a reversible antagonist,
phenoxybenzamine, another a-selective antagonist is insurmountable. However, both
phentolamine and phenoxybenzamine, remain useful tools in establishing o-AR

seleclivity of ligands, but have not been used in this study.

Prazosin is the most commonly used o,-AR selective antagonist for dctermining the
extent of ¢,-AR involvement. Prazosin cannot discriminate between o -AR subtypes,
but has potency at all three subtypes in the nanomolar range. It has been used m this

project to ensure responses were w-AR mediated.
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5-methylurapidil is an oya-AR selective antagonist with approximately 50-fold
sclectivity for cloned wi,~ARs over oy, and o q-ARs (see Table 2-A). Gross ef al
(1988) was the first to show the selectivity of 3-MU at o 4~ARs but this was pre-1994
when only two @-ARs had been pharmacologically profiled in native tissues. Schwinn

er al. (1994) later confirmed that 5-MU had affinity for o a-AR over o and op-ARs.

No suitable o p-AR antagonist is currently available (Alexander e al, 2004).
Chlorocthylclonidine (CEC), an irreversible alkylating agent which was postulaicd to be
an op-AR selective antagonist (Han et al., 1987, Perez ef al. 1994}, However more
recent data, particularly from cellular studies, has indicaled that this apparent selectivity

is due to heterogeneous distribution of «-AR subtypes at the cellular level,

Hirasawa et al. (1997) suggesled that CEC preferentially alkylates the receptors
presented on the cellular membrane irrespective of o~AR subtype. The authors
postulated that the o 5-ARs are present on the membrane whilst the s or ayp-ARs
tend to be intracellular. However CEC can still be used as an irreversible oy-AR

alkylating agent.

Other oy3-AR selective antagonists that have been postulated include cyclazosin
(Glardina et al., 1996) and 1.765,314 (Patanc ez al. 1998). However, both agents have
becn used by colleagues who have been unable to reproduce the selectivity reported by

the initial anthors.

Therefore there currently is no suitable o;g-AR sclective antagonist. However, after
personal correspondence with Dr. Michael T, Piascik (University of Kentucky,
Lexington, Kentucky, USA) and Prof. James E. Faber (Umiversity of Notth Carolina,
Chapel Hill, North Carolina, USA), it was decided that the best approach to isolate the
a1p-AR mediated responsc would be a receplor protection protocol (See Chapter 2 for

greater detail).

The hypothesis was, by pre-incubating with selective o4 and ©1p-ARs selective
antagonists, the aa-AR could be alkylated by CEC treatment. The antagonists could
then be washed out and the response remaining should be a response minus the role of

o.p-ARs. This approach has been applied in Chapter 2.
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For the study of ayp-ARs the most commonly used antagonist is BMY 7378 (Saussy et
al., 1994), In a later study Goetz et al. (1995) reported selectivity of 126-fold and 110-
lold for o 14-ARS over o, and o,-ARs respectively. Therefore BMY has been used in

this study for the isolation of the role of o p-ARs.

The mouse aorta

Murine modeis are being increasingly used in adrenoceptor pharmacology due to the
availability of knockout models of each individnal oy-AR sublypes. However, such
studies only highlight the current lack of background physiological studies done in
mice. Recently, Russell & Watts (2000), performed a study of the vascular reactivity of

the mouse thoracic aorta.

They used the C57 Black 6] strain of mice, as this strain is commonly used for the
breeding of genctically manipulated models. Using helical strips of aorta they tested
various vasoactive agonists and highlighted the high potency and cfficacy of NE, PE

and 5-HT. They also reported endothelium-dependent ACh-induced relaxation.

Other interesting notes included the low efficacy UK14,304 (0,;-AR selective agonist)
and angiotensin Il There was a distinct lack of B-AR-mediated relaxation and no
relaxation to histamine or adenosine which Russell & Watts (2000} noted was different
to the effect of these agents in the rat aorta. Comparison of mouse and rat aortac
revealed that the mouse aorta had little response to angiotensin I1 and endothelin, whilst
in the rat aorta they both exhibited high efficacy and relatively high potency. Thus the
mouse aorta exhibits distinct physiological responses indicating background work on

the mouse was essential.

Interestingly, the 5-HT was equipotent to PE in the mouse aorta, whilst 5-FHT has been
shown to be lcss potent than PE in the rat aorta (Christ & Jean-Jacques, 1991). McKune
& Watts (2001) (hen sublypes the serotonergic response of the mouse aorta. 5-HTya

receptor activation was reported to be responsible for the 5-HT induced response.

The adrenoceptor response of the mousc aorta (albino ddY strain) has becn subtyped
pharmacologically (Yamamoto & Koike, 2001) using o;-AR subtype selective
antagonists. They reported pAs; values of 9.7, 9.6, 7.5 and 8.4 for prazosin, WB4101, 5-
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MU and BMY 7378 respectively and that the NE-response wus sensitive to CEC
alkylation. BMY 7378 was significantly more potent than 5-MU, indicating the o p-AR
was the major adrenergic vasoconstrictor. This was later confirmed by studies done in

ransgenic mice but is discussed later.

Adrenoceptor responses in other murine vessels

Yamamoto & Koike (2001a) also performed a study of a;-AR subtype of the abdominal
aorta and mesenteric arteries. They suggested the adrenergic responses in the upper
region of the abdominal aoita were cp-AR mediated whilst in the lower region were

o a-AR mediated.

However they could not determine the o-AR subtype involved in vasoconstriction of
the superior mesenteric artery as both BMY 7378 and 5-MU exhibited low affinity,
whilstl pracosin and WB4101 had high affinity. Thus, they concluded it was non-oup
(tissue was not BMY sensitive), non-oja (tissuc was not 5-MU sensitive), non-op
{tissue had high affinity for WB4101) and non-oy;. (tissue had high affinity for
prazosin). Their suggestion was that it may have been a functional phenotype of the

aip-AR, akin to the o -AR being a splice variant of the o154-AR.

Daly et al (2002) performed a study of four different vascular preparations (aorta,
carotid arlery, 1¥-order mesenteric artery & tail artery) from mice. They also used
transgenic models buf the data provided on the effect of v;-AR subtype selective
antagonists in the WT alone indicated that the aorla and carotid artery adrenergic
responses are primarily o ,-AR mediated whilst the o-AR responses of the mesenteric

and caudal arteries were due to mainly o2-AR activation.

Thus, it appears that in large conductance arteries in the mouse the adrenergic responses
tend to be o p-AR mediated whilst the ai4-AR seems to be responsible for the

adrencrgic responscs of smaller resistance arteries such as the mesenteric arteries or the

Lail artery.
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Murine ci-ARs

The mouse (Mus musculus: Domestic mouse) genome consists of 40 chromosomes.
Detailed information on individual proteins can be accessed on the SWISS-PROTS

databasc by entering the appropriate protein code.

All ARs are mctabotropic receptors belonging to a class of proleins known as G-
protein-coupled receptors (GPCRs). GPCRs are single polypepiides chain proteins with
seven u-helical regions that span across the cellular membrane, As such, GPCRs havc
an extracellular N-terminus, an intracellular C-terminus, with three infracellular and
three exiracellular loops. The 3™ intraccllular loop is extended and is believed to be
involved in the interaction of the GPCR with its appropriate G-protein (Rang er al.
1999).

All three o~AR subtypes are coupled to the Gy subset of G-proteins and increasc
inositol trisphosphate (IP3) production. As a result, they raise intracellular calcium and

can recruit voltage-gated calciwum channels.

Following is a brief description of the three murine o-AR subtypes. The amino-acid

sequences arc also shown with the seven transmembrane regions (potential) underlined

and the extended third intraccllular loops shown in bold.

o1a-AR:  The gene for the o 4-AR is located on chromosome 14, It is now known that
splice variants of the o 4~AR now exist of which four distinct variants have
been identified (o141, a2, H1a3 & Oaa; Chang ef al, 1998). For this
study the ajaq varianl is considered as the sole ¢4-AR in thc mouse

although this may not be the case. T'he murine aya-AR is 466 amine-acids

long (protein code: P97718; accession number: Gi 20141255).
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The gene for the o;-AR is located on chromosome 11. The mutine o u-AR

is 514 amino-acids long (protcin code: P97717; accession number: GI
3023234).
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oip-AR:  The gene for the oyn~AR is located en chromosome 2, The murine o;p-AR

is 562 amino-acids long (protein code: P97714; accession number: GI

G0l
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241
301
361
421
431
541

3121722).
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Generation of a,-AR subtype knockout mice
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The first ;-AR subtype knockout (KQ) mouse created was the o p-KO, reported by
Cavalli ef al. (1997). Using gene targeting vectors, Cavalii et a/. (1997) removed exon 1
of the at1p-AR gene. The disrupted gene was then electroporated inlo embryonic stem
cells from the 129 mouse strain before microinjection into C57/Black/6] blastocytes.
From this, homozygous progeny were obtained by further breeding with C57/Bl/6J
mice. Using this approach, the mice produced had a mixed genetic background, part
129/Sv and part C57/Bl/6J. Therefore, Cavalli et al. (1997) obtained both wild-type
(WT) and KO homozygous progeny to ensure a genetically matched control strain of

mice with which to make a comparison,




The «;p-KO and o,-KQO mice were created in 2002 by ‘Lanoue et af (2002) and
Rokosh & Simpson (2002) rcspectively. Tanoue ef al. (2002) took an almost identical
approach to Cavalli er al. (1997) creating the «,p-KO by targeted gene disruption before
using the 129/Sv stem cells microinjected into C57/Bl/6J blastocytes and bred the
progeny with C57/BY6J mice. Using heterozygous progeny, several generations of
breeding wete done to ensure homozygous strains of WT and o;p-KO mice werce
obtained. Thus both the wp-KO and o p-KO had mixed 129/Sv/C57/BI/6] genetic
backgrounds but it is unknown the extent of the genetic mixing and therefore the

respective WT control strains were obtained in order to makc appropriate comparisons.

Rokosh and Simpson (2002) created the ax-KO using a similar approach but
additionally, they insetted the Escherechia coli f-galactosidase gene, LacZ. Having
created the homozygous KO mice also using 1298y stem cclls but breeding mice on
both C57/BI/6] and FVB/N mice they went on to localise the cxpression of Lhe fi-
galactosidase protein in the vasculature and demonslrate the heterogeneous expression

of o 4-ARs within blood vessels.

Disrupted gene expression in o;-AR KO mice

In all three KO’s created, only exon 1 was removed. For all three o;-AR subtypes, exon
1 codes for the first five transmembrane spanning domains. The promoters for protein
expression were unaffected and as such, some unanswered questions about the disrupted

proteins expression remain.

Does the ecll produce the disrupted AR? This question must be tackled at two levels,
transcription and translation. Cavalli et al. (1997), Tanoue er al. (2002) and Rokesh &
Stmpson (2002) all performed RT-PCR of isolated RNA from mouse tissues, therefore

the genes must have been franscribed for the RINA products to be present.

Rokosh & Simpson (2002) clearly demonstrated the disrupted gene was expressed
through to protein level, i.e. franslation had also occurred. No evidence for the
translation of the disrupted oy and cip-AR RNA products into protcins is currently
available. Therefore, it is currently unknown how far the production of these disrapted
rcceptors proceeds, although if the indings of Rokosh & Simpson (2002) are consistent

across the board then it may be fair to make this assumption.

16




What happens to the protein products of these nmtant genes? Although Rokosh &
Simpson (2002) demonstrated protein cxpression, they were unable to comment on the
cellular location of the protein, as their protocaol did not have the resolution to do so.
Therefore, assuming the protein products for all three mutant genes are present, it is
unknown whether or not the cells detect this mutant gene, and initiate the degradation of
the protcin or whether these gene products actually are transported lo the cellular
membrane, bearing in mind that the protein code for transmembrane tregions 6 and 7 of

the receptors were still present.

What can be confirmed though is that all three mutant gene products have lost the
functional response associated with that native o-AR subtype. Therefore these KO are

functional knockouts and not complete gene KOs as their name suggests.

Phenotypes resulting from o~AR subtype KO

t1a-KO: Rokosh and Simpson (2002) reported oj4-AR mice were moderately
hypotensive {(approx 10% reduction in systolic and mean arterial pressure;
MAP), had significantly reduced pressor responses to both phenylephrine
and A61603 and a decreased baroreceptor reflex. They also demonstrated a
reduction in the number of [*H]-prazosin binding sites in brains, hearts and

kidneys isolated from o;4-KO mice compared with WT mice,

Furthermore, by insertion of the B-galactosidase gene in place of exon 1 of
the a1a-AR in the o) 4-KO, Rokosh & Simpson (2002) were able to study
the expression of the mutant gene throughout the arterial tree. They reported
a distinct lack of B-galactosidasc staining in the thoracic aoria and
abdominal aorta with clear staining in celiac artery, mesenteric artery and
both left and right renal artery branches. They concluded the ojs-AR is
involved in homeostatic control of blood pressure in mice whilst there was

no significant o, 5-AR expression in the mouse aorla.

o, 13-KO: o-KO mice exhibited a lesscned number of o-ARs binding sites in the
cercbral cortex, cerebellum, kidncys, liver & hearts compared to WT

(Cavalli et al., 1997). Although the o 3-KO mice were normotensive, they
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had significantly reduced pressor responses compared to WT mice. In aortic
ring segments they reported a decrease in PE polency, therefore, they
implicated the o g-AR as having a role in blood pressure maintenance and
also suggested the oyp-AR is the major adrenergic vasoconstrictor in the

mouse aorta.

However, Daly ef al. (2002) performed a comprehensive pharmacological
study of four blood vessels from the mouse aorla, namely the aorta, carotid
arteries, mesenteric arteries (1% order branch of superior mesenteric artery)
and caudal (tail) arteries. They reported that the lack of [unctional op-ARs
did not adversely affect vascular contractility in any of the arteries studied,
with Daly et al (2002) suggesting that the aup-AR “confuses the
pharmacology” of the WT rather than play a major role in vasoconstriction.
However they did not completely rule out a role in vasoconstriction for the
o g-AR, suggesting instead that it has a minor role in coniractile responses

of all four vascular preparations studied.

Vecchione ef al. (2002) then attempted to make the o s-KO mice and their
WT controls hypertensive by chronic administration of NI, PE and
angiotensin 11 to selected micc over a number of days using osmotic pumps.
PT infusion did not induce hypertension in cither WT or oyp-KO whilst
angiolensin II induced hypertension in both. However, NE trealinent only
resulted in hypertension in W'l mice whilst oyp-KO mice remained

narmotensive.,

Although PE treatment did not result in hypertension Vecchione and
colleagues (2002) reported that in WT mice, PE-infusion resulted in inward
eutrophic vascular remodelling, where vascular wall thickness remains
unaltered whilst lumen diameter decreases. This can be observed as a
significant increasc in media: lumen ratio and Vecchione et al. (2002)
reported a 45% increase in media: lumen ratio in WT mice, whilst the o -
KO did not exhibit any significant vascular remodelling. Thus, the o n-KO
has been implicated in the induction of hypertension by raised

catecholamine levels, and aiso has arole in vascular remodelling.
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o p-KO: Compared to the WT, the o,p-KO mousc had significantly less total oy-AR
protein binding (reduced By values) in wholc brain and cerebral corlex,
whilst no binding was detected in aorta (Tanoue ef al., 2002). However,
binding studies indicated no loss of o,-AR population in bheart and kidney
tissues. o;p-KO mice were also moderately hypotensive and had reducced
pressor responses to NE and PE. Aorlae isolated from o)p-KO mice were
significantly less sensitive than WT to PE and NE and not susceptible to
blockade with 100nM BMY 7378, whilst the pA, for BMY 7378 was 8.6.
Thus, they concluded that the op-AR is involved in blood pressure
maintenance and the oyp-AR is the major vasoconstrictor in the mouse

aorta.

Tanoue ef @l (2002a) then performed a study of salt-induced hyperiension
in subtotal nephrectomised WT and o) -KO mice, Of the 15 mice from each
group used in the study, by day 35 following subtolal nephrectomy and {%
salinc loading, only 8 of the WT mice had survived, whilst only 1 fatality
was recorded in the ¢;p-KO strain of mice. Furthermore, a;p-KO mice were
less susceptible to the onset of salt-induced hypertension, and Tanouve et al.
(2002a) suggested this may be due, in part at Icast, to the reduced o;-AR

mduced vascular reactivity.

Thus, cach of the o:-AR subtypes has been implicated in the pathophysiology of
hypertension, The use of these transgenic mice has suggested that all threc o-ARs play
a critical role in hypertension but they may have distinct roles in its pathogenesis. The
individual roles for cach of the subtypcs in vasoconstriction could help elucidate

important functional differences,

Therefore the mouse aorta has been chosen as the vascular preparation in this study n

an attempt to focus particularly on the role of the op-AR in vasoconstriction.
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Aims of Study
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Aims of Study

Chapter 1

1. REstablish if there were any significant age-related changes in vascular

contractifity or relaxant responses m WT aortae,

2. Ensure that there were no significant strain-related diflcrences in the conlractile

or relaxant responses between the two WT strains,

3. Confirm that the o,p-AR is the major adrenergic vasoconstrictor in the mouse

aorta with little role for a,;g-ARs.

4, FEnsure that no age-related changes in the phenotypes in the op-KO or oy p-KO

(such as compensatory up-regulation} occurred.

Chapter 2

1. Tistablish that the PE-induced response in o, p-KO aortac is ¢-AR mediated and

subtype this response using
a. Selective antagonists (prazosin, 5-MU)
b. Seclective agonists {A61603)
2. Teost the adrenergic response of the double ap-0,n-KO mouse aorta

3. Isolate the minor role of the o p-AR in mediating the contractile response of WT

aoriae, using a receptor protection protocol.




Chapter 3

1. Demonstrate synergy between thc adrenergic and serotonergic vasoconstrictor

sysiems in the mouse aorta.

!\.)

Demonstrate that 5-HT responses in the mouse aorta are prazosin-sensitive and

establish which 0,4-AR subtype is responsible for this

3. Eslablish 5-HT receptor subtype responsible for the serotonergic responses of

both WT and ¢1p-KO aortae.

Chapter 4

1. Investigate the role of ap-ARs in NO-~dependent vasodilatation by testing the
effect of L-NAME on KCI, adrenergic and serotonergic responses on WT oyp-

KO and 4] D-KO.

2. Test the involvement of «z-ARs in PE-induced vasoconstrictor responses.




General Methods
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General Methods

Colony Maintenance

Breeding pairs of 129/S8v/C57BY6F control wild-type micc (WT) and mice lacking
functional o-ARs (onp-KOQ) were kindly supplied by Professor Susanna Cotecchia
(University of Lausanne, Lausanne, Switzcriand). Breeding pairs of 129/Sv/C37BL/6Y
control wild-type mice (WT) and mice lacking functional o1p-ARs (0p-KO) mice were
kindly supplied by Professor Gozol ‘I'sujimoto (National Children’s Medical Rescarch
Center, Tokyo, Japan). The gencration and background of o,5-KO mice, oip-KQ mice
and their appropriate genetically-matched control WT counterparts have previously
been described i detail (Cavalli ct al., 1997; Tanoue et al., 2002 respectively). aup-op-
KO mice were created by cross breeding o3-KO and oip-KO mice (see below for more
details). All mice were bred in the University of Glasgow, maintained on a 12:12-hour
light/dark schedule at 22-25°C with 45-65% humidity and fed ad-libitum on a standard

rodent dict and tap water.

The og-0un-KO was crcated by cross-breeding homozygous ¢.p-KO with homozygous
o o-KO. Since the genes for the o;p-AR {Chromosome 11) and oyp-AR (Chromosome
2) are located on separate chromosomes, the genetic makeup of future generatjons is

predicted by Mendelian genetics.

Thus, the [irst generation (F;) was heterozygous for WT alleles and both o;p-KO and
a1 p-KO mutant alleles and Fy mice were genotyped, in order to confirm 4 heterozygous
population. F, were then interbred and the second generation (I';) was genotyped. F;
mice that werc homozygous tor both mutant o;p-AR and w)p-AR alleles were selected
and interbred, thus a population of i-¢1p-KO mice were created. These mice should
therefore only express o.44-ARS. It was not deemed necessary to obtain a control strain

of mice that were homozygous for the both the native oyp and o,p-AJRs (Chapter 1).

The primers used for genotyping were those primers used by Cavalli et af. {1997) and
Tanoue et al. (2002) who created the o3-KO and ¢p-KO mice respectively. This work
was not donc myself and is thercfore not shown. However tissue was isolated from

these mice and use for experiments presented herein.
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Vessel isolation

4-month-old mice of weights 25-40g (4m, all chapters) or 16-month-oid adult male
mice of weights 35-50g (16m, Chapter 1 only) control (cyis-WT or op-W1), os-KO,
ap-KO or ou-cap-KO mice were euthanased by exposure to an increasing
conceniration of CO,. Skin on the ventral surface of the thoracic cavity was carefully
incised, the ribcage was removed and the heart and lungs were exposed. ‘The aortic arch
was Jocated and cut in order to free the aorta {rom the heart. The thoracic aorta, from the

aortic arch to the diaphragm was then excised directly into ice cold physiological saline
solution (PSS).

The aorta was cleared of fat and connective tissue by dissection in an agar-filled Petri
dish with the aid of a disscction stercomicroscope (Zeiss). The remains of the aortic
arch and the [irst 2mm of descending aorta were removed and discarded. Four
consecutive rings of 2mm in length were then cut and the remainder of the aorta

discarded. No attempt was made to denude the vessels of endothelium.

Myograph mounting

The technique used for studying the vessels was small vessel wire myography, an
extensively used and reliable iz vitro technigue used for pharmacological and
physiological studies of small blood vessels. This method was originally described by
Mulvany & Halpern (1977) and has been used for functional studies of blood vessels

with passive lumen diameters as small as 100pm.

In brief, a 40un diameter stainless-steel wire was carefully passed through the lumen
and attached by screws to a mounting head, fixed to a force transducer. A second 40um
stainless-sleel wire was then passed through the lumen and attached by screws to a
mounting head which is fixed to an adjustable micrometer (Fig. I-1). The micrometer
can be manually adjusted in order to apply circumferential tension to the vessel and the
transducer measures the force (lension) generated by this stretching. Once a suitable
tension has been set, any alterations in tone as a result of vascular activity can be

measured as a change in isometric force.




2x 40pm wires passed
through the lumen of
the vessel

Head attached ¢ Head attached
to a force Figh - Wi s toa
transducer #-' 1} ¢ micrometer

-

2mm ring of
aorta

10mm

Fig I-1. The mounting heads of a myograph bath. The vessel
sits between the two ‘jaws’ of the mounting heads and the

screws are used to secure the 40um wires.

Aortic rings were randomised and mounted on a 4-channel wire myograph (Danish
Myo-Technologies) in PSS at 37°C bubbled with 95% O, /5% CO, gas mixture.
Previously, colleagues had constructed passive-active length-tension curves in order to
determine the optimal tension for contractile responses and tension equivalent to
1.0gram (9.81mN) was found to be suitable for the mouse aorta (data not shown). 20
minutes (min.) after vessels were mounted, 1.0grams of passive circumferential tension
was applied by graduated increments of 0.33g, 3 min. apart. After a further 20 min. the

tone was readjusted to 1.0g.

Myograph mounted vessels

Tissues were allowed 40 min. to equilibrate before any agonist challenges were made. A
‘wake-up’ protocol was then performed. Tissue viability was tested by replacing the
PSS solution with a high KCl (125mM) PSS solution for 10 min. to allow contractions
to reach plateau and then washed out with normal PSS. In the high KCI solution, NaCl

was replaced by the molar equivalent of KCI (see Solution Used section).

After a further 20 min., adrenergic contractile responses were assessed by a single

challenge to 10uM phenylephrine (PE) and 3uM acetylcholine (ACh) was added a few
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minutes prior to washout in order to determine endothelial function. Serotonergic
responses (where appropriate) were assessed by a single challenge to 1uM 5-HT.
Cumulative concentration responsc curves (CCRCs) to the appropriate agonists wele
then constructed using half-log step increments (i.c. 1aM, 3nM, 10nM..... etc). Agonist
conccntrations were added at 3 min. intervals, Detail of the appropriate protocols used

in each chapter arc given in the following pages.

Protocol used: Chapter 1

A CCRC to PE was constructed {1nM-30uM for oyp-WT, o g-KO and cyp-WT; 10nM-
300uM for op-KQO). Following a washout and equilibration period, a CCRC to 5-HT
was constructed (1nM-3uM, all slrains).

Protocol used: Chapter 2

A second challenge to PE was made (10puM for WT & o3-KO; 100uM for win-KO and
ap-¢.1p-KO). Tn the experiments using antagonists in the a;p-KO (see below), the PE

CCRCs were normaliscd using this response as the maximum.

Initial experiments to establish the sustainability of the PE responses of oy;-KO aortae
were performed by constructing a CCRC to PE (100nM-300uM) and then after washout
a sccond CCRC to PE was constructed (100nM-1mM)

The effects of InM, 10nM & 100nM prazosin and 1nM, 10nM |, 1000M & 1uM 5-MU
on the PE-induced contractile responses of the op-KO aorta were tested in order to
egstablish pKp values for prazosin and 5-MU (see below). T'hese experiments were done
by incubating the agonist before constructing the first CCRC due to the loss of response
on the second curve (see Chapter 2-Results, Figure 2-1, lable 2-1 and Chapter 2-

Discussion),

A61603 responses in WT, op-KO and op-KO aortae were tested by constructing
CCRCs (InM-300uM} both in the absence and presence of 3nM or 30nM prazosin. For
consistengy across strains the effect of prazosin was tested on the initial CCRC. Where

appropriate, a pKp value for prazosin was estimated. The oyqp-WT, op-KO and oyp-
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KO PE response curves [rom lhe previous chapter were used for comparison of the
A61603 responses.

The wip-0p-KO was studied by constructing CCRCs to PE (100nM-3mM), A61603
(InM-30pM) or 5-IIT (1nM-3uM). Responses were compared with the o,3-WT data

from the previous chapter.

The isolation of oup-ARs and ox-ARs in the WT response was attempted by using a
receptor proteclion protocol (all data from this protocol was pooled). After the initial
agonist testing procedure, selecled tissues were incubated with either 10nM BMY 7378
or 1OnM 5-MU. 30min. later, 1uM or 10uM chloroethylelonidine (CEC) was added to
baths, both with and without BMY 7378 or 5-MU present.

Following a further 30 min. incubation, CEC was washed out by repeated washes at 5
min. intervals over a 15 min. period. In baths where BMY 7378 or SMU was already
present, the CEC was washed using PSS with the BMY 7378 or 5-MU added at the
appropriate concentration. Finally, all agonists were removed by repcated washing with
normal PSS at 5 min. intervals over a 15 min. period. Following this CCRCs to P werc

constructed (1nM-30uM). This protocol is shown in diagrammatic form in Figure I-2.

] 30 min. . 30 min, ’tISAmin.).IS min} .
I U] 5
Wake Up PE CCRC
1pM/ 10uM CEC {InM-30pM)

10nM BMY 7378/ 5-MeU

Wash with Krebs Wash with normal

+10nM BMY Krebs every S min.
s 125mM KPSS %78/ 5-Mel) “RMY 7378/ 5-
*  10uM PE & 3puM ACh every S min. M—-—-——————U romoved

* 1l PE *CEC removed

Figure I-2. Diagrammatic representation of the receptor protection protocol

used.
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Three distinet experiments were performed using the receptor protection protocol.

i, The effect of 10uM CEC and the protective effect of 10nM BMY 7378 on 10uM
CEC treated tissucs.

it.  The effect of TuM CEC and the protective effect of 10nM BMY 7378 on 1pM
CEC treated tissues.

iii,  The effect of 1uM CEC and the protective cffect of 10nM 5-MU on 1pM CEC

{reated tissues.

For each protocol four treatments were considercd.

A. Confrol: no antagonist exposure.

B. BMY 7378 5-MU post-removal control: BMY 7378/ 5-MU incubated and
washed away to ensure blockade with these antagonists was reversible.

C. CEC ireated post-removal: CEC (realment alone with no other antagonists
present.

D. CEC trcated, BMY 7378/ 5-MU protected post-removal: CEC freatment 1n baths
where BMY 7378 or 5-MU was present in order to protcet the o p-AR and the

o14-AR response respecuively.

Protocol used: Chapter 3

Synergy studies were conducted in the WT by constructing CCRCs to PE (InM-30pM)
and then constructing a sccond PE CCRC in either control aortic rings or 5-H' treated
rings (either 10nM or 30nM). Similarly 5-H1 CCRCs (1nM-3uM) were constructed,
then second CCRCs in the absence and presence of 10nM or 30nM PE werc
construcled. Synergist doscs were added 10-minutes prior to the construction of the
CCRC. Where the synergist reatiment resulted in a contractile response, the magnitude

of the CCRC was measured from this elevated baseline

The o,-AR-mediated actions of S-HT (InM to 3uM) in the WT were examined by
testing 5-H'I' sensitivity to InM, 10nM & 100nM prazosin and BMY 7378. 5-HT
responses in the ¢;p-KO were tested against prazosin (control, +1nM prazosin, +-10nM
prazosin & +100nM prazosin). For consistency, antagonist effects were tested on the
first CCRC as initial experiments in the o4,,-KO showed a tendency [or desensitisation,

when a second CCRC to 5-HT was consiructed (data not showny}.
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Serotonergic responses were subtyped by constructing CCRCs to 5-HT (1nM to 3puM)
and BRL 54443, 5-HT;4 receptor agonist {InM to 30pM). The effects of a selective
conceniration of ritanserin (10nM; 5-HT2, receptor antagonist) on the 5-HT and BRL
54443 responses were investigated in both the WT and the op-KO. The effects of
10nM ritanserin on 10pM PE and 100nM U46619 responses were also tested, in order

to confirm selectivity of blockade.

Protocol used: Chapter 4

In this set of experiments 100pM N,-nitro-L-arginine methyl ester (L-NAME) was
added to randomly selected baths for a further 40 min. before any agonist challenges
were made (prior to the “‘wake-up’ protocol. Tissue viability was then lested as beforc

(XCl, PE, ACh and 5-HT responses in the absence and presence of 100puM L-NAME).

CCRCs were then constructed for either PE (1nM-30pM for WT and ¢ 5-KO; 1000M-
300uM for op-KO) or 5-HT (InM-3uM) in the absence and presence of 100pM L-
NAME .

The involvement of ¢-ARs in the PE mediated response was investigated by testing the
effcets of 30nM ravwolscine on the PE response in both L-NAME treated and non-
ireated WT aortac (PE curves: 1TnM-30uM).

Equilibration periods

A 30 min. equilibration petiod was allowed between single agonist challenges or
successive CCRCs. With the exception of the receptor protection protocol (See previous
Chapter 2 section and Chapler 2- Introduction), antagonists were allowed 40 min.
incubation before the CCRCs were constructed. Washouts using PSS were repeated
every 5 min, until the inilial baseline was rc-cstablished. Respouses recorded were the

isometric forces generated by the tissues and were expressed in grams,
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Data recording, graphing and statistics

Responses were recorded cither mechanically on a Linseis L6514-11 4-channel pen
recorder or digitally via an ADY Powcrlab 4/20 analogue-digital converter linked to a
PC running the data capture sofiware, Chart™, Calibration of the equipment, using a
1.0 gram force, was done regularly and little change in sensitivity of the equipment was

observed.

Using Graphpad Prism, data from replicate experiments wcre grouped and the mean,
standard deviation, standard error of the mean (S.E.M.) and 95% confidence iniervals
for responses at individuai x-values were calculated. For normalised data, data was first
normalised and then statisticul operations were performed. Graphs were then
constructed using the mean valucs and with the S.E.M vaiues used to add in (he error

bars,

Graphpad Prism was also used in order to mathematically fit sigmoidal-curves to the

mean data using non-linear regression. The equation for the fit is shown in Fig 1-3.

(Top ~ Bottom)

Y = Bottom + 1 + 1 0 HillslopeogiC X))

Fig 1-3. The ‘four parameter logistic cquation’ used by Graphpad Prism
in order to perform a nonlinear regression, where X is the logarithm of
the concentration of drug and Y is the response which starts at the bottom

and rises 10 the top in a sigmoidal shape.

The non-linear regression returns ECsy values, I1ill siopes and the errors of estimation
for both. However only the Hill slopes were recorded, but not used for statistical
analysis. The crror valucs generated by this method were the error of the estimation of
fit of the non-linear regression and not necessarily the geometric mean of the data
spread. Therefore the Hill slopes were not statistically compared. However, it was
deemed appropriate to calculate the gecometric mean of the ECsp valuces of individual

curves so that statislical analysis could be reliably performed.
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pECso values were estimated by first normalising responses (y) of individual curves to
their own maximum and expressing them as a percentage of maximum. pECsy’s couid
then be calculated for individual experiments by returning the solntion for the cquation
shown in figure T-4. The equation describes a straight linc intercept equation using the x
and v values both immcdiately below (x;, y;) and immediately above (xz, y2) the y =
50%.

x (¥, =Y)+ %, - )

plC50 = —(
(S =3

)

Fig I-4. The straighi linc cquation used to calculate pECs, values. In
order to caleulate the pECsy, Y was substituted with *5( and the pEiCsq
was returned on solving the equation. Where pEC,s values are shown, ¥

was replaced in the cquation with 257,

Individual values for the maximal responses (Epax) and the pECsp or pECys values were
grouped and entered into Graphpad Prism. Statistical comparisons were done using
either Studen(’s i-test (unpaired) or a onc-way-ANOVA with Bonferroni’s multiple
comparisons fest. CCRCs were compared using a two-way-ANOVA with a Bonferroni
post-test. A ‘p” valuc less than 0.05 was taken to be statistically significant. Where no

statistical significance was observed, it is clearly stated.

Graphs are shown throughout with the Y-axis units in grams, percentage of the
maximum response (normaliscd to own curve maximum; % max) or percenlage of the
wake-up maximum (normalised to maximum response of single agonist challenge
during wake-up protocol; % wake-up max) where appropriate. Tables throughout
display the mean £ S.E.M except where ITill slopes are shown, in which case the mean
is shown with the 95% confidence interval shown in parenthesis. The ‘#»’ number (total

number of animals) for cach set of experiments is also given throughout.
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Solutions used

PSS composition (in mM): 119 NaCl, 4.7 KC1, 1.2 MgSQ4.H,0, 1.2 KH;PO4, 24.9
NaHCOQO;s, 2.5 CaCly, and 11.1 glucose.

125mM K" PSS composition (in mM): 125 KCl, 1.2 MgSO4.H;0, 1.2 KH,PO,, 24.9
NaHCO;, 2.5 CaCl;, and 11.1 glucose.

Drugs used

All drugs used were of analytical grade and purchased from SIGMA™ (unless
otherwisc stated), The following stock solulions were made from crystalline form using
de-ionised H,0 (unless olherwise stated). All further dilations were made in de-ionised
H>0.

Agonisis:

« 5-HT, S-hydroxytryptamine (3-/ 2-Aminoethyi]-5-hydroxyindole). 10mM

o AG1603 (N-{5-(4,5-Dihydro-1H-imidazol-2-yi}-2-hydroxy-5,6,7,8-
tetrahydronaphthalen-1-yl] methanesulfonamide)- purchascd from [OCRIS™:
100mM

«  ACh (4dcetylcholine). 10mM

« BRL 54443 (3-(1-Methylpiperidin-4-yl)-1H-indol-5-0l): 10mM

+ PE, phenylephrine ((R)-(-)-1-(3-1lydroxyphenyl)-2-methylaminoethanol): 100mM

»  U46619 (9,11-Dideoxy-1 1a,90-epoxymethanoprostaglandin )~ purchased from
CALBIOCHEMT: liguid form made to ImM in ethanol
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Antagonists:

e 5-MU, 5-methylurapidil (5-Methyl-6[{3-[4-(2-methoxyphenyl)-1-piperazinyl] -
propyl]amino]-1,3-dimethyluracil): 100uM

«  BMY 7378 (8-/2-/4-(2-Methoxyphenyl)-1-piperazinyl] ethvl]-8-
azaspirof4.5]decane-7,9-dione). 1mM

« CEC, chloroethylclonidine (2-/2,6-Dichloro(N-p-chlorocthyl-N-methyl)-4-
aminomethyl] phenylimino-2-imidazolidine) : 100mM

»  L-NAME, (N,-Nitro-L-argininie methyl ester): 100mM

o Prazosin (7-(4-Amino-0, 7-dimethoxy-2-quinazolinyl}-4-(2-
Sfuranylcarbonyl)piperazine): 1mM

+  Rauwolscine ( 7a-Hydroxy-20a-yohimban-16f-carboxylic acid methyl ester):
100puM

«  Ritanserin (6-/2-{4-(his(4-Fluorophenyljmethylene/-1-piperidinyl]ethyl]-7-
methyl-SH-thiazolof3,2-a] pyrimidin-S-one): 1M in dimethylsulfoxide

Note: Due to the photosensitive nature of BRL 54443, care was taken during

preparalion and use {o minimise exposure Lo light.
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Chapter 1. Contractile responses of the mouse

aorta: Effect of age and o4-AR knockout.
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Introduction- Chapter 1

Cardiovascular studies in mice

Murine models are increasingly being used in cardiovascular studies, primarily duc (o
the numerous funciional knockouls, over-expresse and transgenic mice that are now
availablc. Recently, Russell & Watts (2000) published an extensive agonist profile of
the “Vascular reactivity of the isolated thoracic aoria of the C57/BL/6J mouse.” Perhaps
surprisingly, such a study had previously not been performed and a useful reference of
the specific activity of the mouse aorta to various vasoactive agents was provided. Both
NE and phenylephrine (PE) were shown to be potent agonists, indicating that the mouse
aorta had a significant o;-AR mcdiated contractile response. In addition, it was
abserved thal the aorta exhibited both a high degrec of scnsitivity and a substantial

contractile responsc to 5-11T.

c-Adrenoceptors in the mouse aorta

Yamamoto & Koike (2001), pharmacologically characterised the adrenergic response of
the mouse aorta, and suggested thal the o;-AR is the major vasoconstrictor and the
o 3-AR has a minor vasoconsirictor role. The use of genetically altered mice has
confirmed this, as Tanoue ef al. (2000) demonstrated the o;p-KO mouse aorta was
approximatcly 50-fold and 40-fold less semsitive (han the WT for NE and PE
respectively, The ability of BMY 7378 {o;p-AR sclective antagonist) to competitively

block the NE responsc in WT aorta was absent in the op-KO aorta.

Cavalli er al. (1997) used the o;p-KO mouse and observed a significantly reduced
contraction i the mouse aorta, to about 75% of that observed in the W, and suggested
that the op-AR plays an important role in contraction of the aorta. IHlowever, Daly er al.
(2002) performed a detailed pharmacological study of four arterics from WT and op-
KO mice, namely the aorta, carotid artery, caudal (lail) artery and, Lst-order mesenteric
artery. The authors concluded there that there was no significant rolc for the oz-AR in
contraclile responses as none of the four arteries studied had significantly reduced
responses to PE. Somc of the data provided in this chapter was included in the
publication by Daly et al. (2002).
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The use of lransgenic mice has proved extremely useful in subtyping responses but
detailed phammacological analysis is still required. Tt is unknown if and what
compensatory changes may take place where an important (unctional receptor is lost.
Compensatory changes may also be affected by the age of the imicc used in the study.
Indeed, Deighan & McGrath (2002) previously demonstrated that expression of hepatic
on-ARs was affected by age in oy3-KO mice.

The effect of age on vasculature

The effect of scnescence on vascular structure and function is of particular interest as
advanced age is associated with an increuascd likelihood of the onsct of various
cardiovascular discases. Many studies of age-related vascular changes in structure and
function have been performed in numerous vesscl preparations from several species

(reviewed by Docherty, 1990; Marin, 1995; and Marin ¢t ¢/., 1999),

In general ageing is associated with an increased vascular stiffness due to an incrcasc in
medial thickness (Virmani ef «l, 1991) of the vessel and alterations in functional
responses, both contractile and relaxant (sce review by Docherty ef al., 1990). The
results however are often variable, as different groups have report different findings. A

more detailed discussion on the effects of ageing is provided in the Discussion section.

Aim of study

The aim was to establish if there were any age-related changes in vasoconstrictor and
vasorelaxan{ responscs both in WT and KO mice. Both WT and op-KO and o p-KO
mice were used in order to establish the differences as a result of receptor w;-AR KO
and ensure that these differences are maintained with age. In order to do this, both 4-
month-old and 16-month-old mice were studied and cumulative concentration curves to

PE constructed.

In order to ensure the loss of functional an o;-AR did not have an affect on overall
contractility, the effect of S-HT and KCI were studied as examples of receptor-mediated
and depolarising-induccd contractions respectively. Furthermore the vasorelaxant

response o ACh was also assessed.
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Results- Chapter 1

KCi{ contractile vesponses

Contractile responscs to 125mM KCl were: 4m og~WT= 0.63 £ 0.03g (2 = 18), 16m
op-WT = 0.79 & 0.04g (# = 12), 4m o13-KO = 0.68 L 0.06g (# = 13), 16m o p-KG =
0.90 £ 0.06g (n = 7), 4m o1p-WT were 0.77 £ 0.06g (n =35), 16m o p,-WT 0.75 + 0.04g
(n=12), 4m o;p-KO = 0.66 £ 0,03g (# = 36) and 16m op-KO = 0,67 - 0.03g (nz — 12).

These results are shown in graphical form in Figure 1-1 and tabulated in Table 1-1.

KCl contractile responses: Effect of age

The 16m op-WT KCl-induced response was 25% greater than the 4m oyp-WT
responses (p<0.05). Similarly, the 16m o;p-KO KC! maximum response was 33%
greater than the 4m a5-KO KCI response (p<0.05). However, 4m op-WT mice had a
similar magnitudc of response as the 16m op-WT, and the o;p-KO was not
significantly different at 4m or 16m age-points (one-way-ANOVA, Bonferronl post-
test).

KCl contractile responses: Effect of adrenoceptor-knockout

‘The loss of the cz-AR (o5-KO) had no effect on the 125mM induced contractions at
the 4m age-point or al the 16m age-point. Likewise the lack of functional o p-ARs
(c1p-KO) did not affect the response to KCI in 4m mice or in 16m mice. The op-WT
and oqp-WT were not significantly different in their contractile responses to Kl at
either age point. Generally, 125mM KCl-induced contractile responses were consistent

and not affected by the loss of a [unctional ;-AR ot by the mouse strain {one-way-

ANOVA, Bonferroni post-test).
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Acetylcholine-mediated relaxant responses

The relaxant responses to ACh in the various groups werse: 4m oyp-WT = 51.3 £ 2.6%
decrease in tone (z = 18), 16m op-WT = 55.2 & 4.4% (n = 12), 4m oup-KO = 61.2 +
4.6% (n = 13), 16m o;p-KO = 37.6 £ 6.1% (n = 7), 4m oyp-WT = 63.1 £ 6.1% (1 = 5),
16m op-WT =54.1 + 2.6% (n = 12), 4m o p-KO = 72.6 + 4.6% {# = 36) and 16m v -
KQ =575+ 5.4% (n = 12). These results are shown in graphical form in Figure 1-2 and
tabulated in Table 1-2.

Acetylcholine-mediated relaxant responses: Effect of age

There was no significant difference in ACh-induced relaxations hetween the 4m o p-
WT and 16m oap-WT. The ACh rclaxant response responses of 16m op-KO aortae
were 38% less than 4m oqg-KO relaxant responses (p<0.01). The 16 ayp-WT had
similar responscs to their 4m o p-WT, whilst the 16m op-KO had a 21% reduced
relaxant response compared to the 4m 0,4-KO (p<0.05: one-way-ANOVA, Bonferroni

post-test).

Acetylcholine-mediated relaxant responses: [ffect of adrenoceplor-

knockout

The o,5-WT and a;p-IKO had similar relaxant response at 4m and at 16m. The ¢, p-KO
was not significantly different from its W'l' counterpart at 4m or at 16m age-points. The
two WT strains exhibited similar relaxations to ACh at both age points. No significant
differences in ACh relaxations as a result of age or strain differences were observed

(one-way-ANOVA, Bonferroni post-test).
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Adrenergic and serotonergic responses of the az-WT

PE-induced contractile responses of the o g-WT had the following maxima: 4m = 0.74
+0.05g (n = 18) and 16m = 0.89 :: 0.04g (n = 12). Sensitivity (pliCsp) was: 4m = 6.33 +
0.07 and 16m = 6.34 + 0.08, whilst the Hill slopes were: 4m = 0.60 (95% Confidence
Interval: 0.49 -0.74) and 16m = 0.54 (0.44-0.63). The 1Iill slopes did not overlap with
unity (1.0) at either age-point.

o s=WT serotonergic (5-HT) contractile Eyy values were: 4m = 1.27 £ 0.15g (# = 13),
16m = 1.28 £ 0.07g (n = 11). The pECs; values were: 4m = 6.91 £ 0.04 and 16m = 06.78
+ 0.05 and the Hill slopes were: 4m = 1,12 {0.96-1.28) and 16m = 1.02 (0.87-1.74). The

T1ill slopes overlapped with unity,

The response curves for PE and 5-HT of the wp-WT are shown in Figure 1-3 and the

values shown above are tabulated in Table 1-3.

Adrenergic and serotlonergic responses of the a;p-KO

o3-KO adrenergic coniractilc responses were: Eypx- 4m = 0.97 £ 0.19 (n = 16) and 16m
= 1,03 £ 0,06 (# = 12); pECso- 4m = 6.73 4 0,08 and 16m = 6.62 * 0.09; Hill slopes- 4m
= 0.61 (0.49-0.72) and 16m = 0.53 (0.38-0.68). The Hill slopes did not overlap with

unity at either age-point.

otp-KO serotonesgic contractile responses were: Eia,- 4m = 1.36 = 0.17 (n = 13) and
16m = 1.35 + 0.09 (n = 11); pECso- 4m = 7.01 = 0.12 and 16m — 6.89 + 0.08; Hill
slopes- 4m = 1.03 (0.93-/./3) and 16m = 0.98 (0.67-1.28). The Hill slopes overlapped

with unity.

The response curves for PE and 5-HT of the o5-KO arc shown in Figure 1-4 and the

values shown above are tabulated in Table 1-4.
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Adrenergic and serofonergic responses of the cip-W1T

oip-WT adrenergic contractile responscs were: Eppy- 4m = 0.81 £ 0.08 (2 = 5) and 16m
= 0.66 £ 0.06 (1= 7); pECso- 4m = 6.49 £ 0.07 and 16m = 6.75 + 0.06; Hill slopes- 4m
= (.77 (0.63-0.97) and 16m = 0.98 (0.78-1.18). The Hill slopes did not overlap with

unity at 4m but overlapped with unity at 16m age-points.

o p-WT serotonergic contractile responses were! Epax- 4m = 1.27 £ 0.13 (n = 5) and
16m = 1.43 = 0.09 (n = 6); pECso- 4m — 7.08 £ 0.09 and 16m = 7.02 + 0.06; I1ill slopes-
4m = 1.39 (0.78-2.00) and 16m — 1.20 (1.7/4-{.26). The Hill slopes for the 4m op-WT

overlapped with unity although the 16m o, p-WT which did not everlap with umity.

The response curves for PE and 5-HT of the oyp-WT are shown in Figurc 1-5 and the

values shown above ate tabulated in Table 1-5.

Adrenergic and serotonergic responses of the a;p-KO

oqp-KO adrenergic contractile responses were: Ene- 4m = 0.66 £ 0.04 (2 = 36) and
16m = 0.51 + 0.04 (n = 12); pECsx- 4m = 4.97 & 0.04 and 16m = 5.11 £ 0.07; Hill
slopes- 4m = 0.81 (0.59-7.04) and 16m = 0.95 (0.69-1.27). The Hill slopcs overlapped
with unity.

o p-KO serotoncrgic contractile responses were: Eypg- 4m = 1.15 £ 0.11 (# = 16) and
16m = 1.24 + 0.07 (n = 11); pECso- 4m = 7.18 + 0.06 and 16m = 7.00 = 0.08; Hill
slopes- 4m = 1.56 (7.2/-1.97) and 16m = [.70 (/.43-1.97). The Hill slopes overlapped

with unity.

The response curves for PE and 5-HT of the oup-KO are shown in Figure 1-6 aund the

values shown above are tabulated in Table 1-6.
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Adrenergic and serotonergic responses. Effect of Age

No significant change in adrenergic responses between the 4m age point and 16m age
points within each strain was observed. Similarly, serotonergic responses were not
significant!y different at the two age-points chosen to study (Student’s -lest). The age
comparisons can be seen in Figures 1-3, 1-4, 1-5 and 1-6 for the ag-WT, op-KO, op-

WT and oyp-KO respectively.

Serotonergic responses: Effect of adrenoceptor-knockout

The loss of the o3-AR did not alter serotonergic responses in the op-KO as op-WT
and «p-KO were comparable in size and scnsitivity at both 4m and 16m {(one-way-
ANOVA, Bonferroni post-test). Similarly, serotonergic responscs were unaltered by a
lack of functional &1p-ARs as the oyp-KO and its WT counterpart, the v)p-WT, had
similar contractile responses at both age points {one-way-ANOVA, Bonferroni post-

test).

The serotonergic responses of the ol p-WT, o3-KO, op~-WT and o;p-KQ at the 4m age
point are shown in Figure 1-7 and the valucs for En., pECsp and Hill slopes are
tabulated in Table 1-7. 5-HT responses of the ag-WT, 0 3-KO, o»-WT and ctp-KO at
the 16m age point are shown in Figure 1-8 and the values for Ena, pECse and Hill

slopes are tabulated in Table 1-8.




Adrenergic responses: Effect of adrenoceptor-knockout

The 4m o,3-KO exhibited a 3-fold increase in sensitivity compared to the 4m oi;p-WT
(p<0.01). However the 16m o:p-KO was not differcnt from the 16m op-WT.
Maximum responses were not significantly different in either strain (one-way-ANQVA,

Bonferroni post-test).

The op-KO was 33-fold less sensitive at 4m (p<0.001) and 44-fold less sensitive at
16m (p<0.001) to PE compared to the ap-WT. Maximum responses of a;p-I<O mice
were signilicantly smaller than WT at both 4m (19% less: p<0.05) and 16m (23% less:
p<0.05: one-way-ANOVA, Bonferroni posi-test). The 4m oyp-WT had hill a Hill slope
significantly less than unity, whilst the 16m o p-W'l, 4m cp-KO and 16m op-KO all

had hill slopes that were not different from unity.

The adrenergic responses of the oyp-WT, ayp-KO, o)n-WT and oyp-KO at the 4m age
point are shown in Figure 1-9 and the values for Emux pECse and Hill slope are
tabulated in Table 1-9. 5-HT responses of the o;p-WT, o;53-KO, a;p-WT and o;p-KO at
the 16m age point are shown in Figure 1-10 and the values for Ex, pECsp and Hill

slope are tabulated in Table 1-10.
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Figure 1-1. Maximum responses of 4-month-old & 16-month-old
og-WT, a;p-KO, ap-WT & o;p-KO aortae to a single 125mM
KCI challenge.

Columns shown are the mean + S.E.M of the generated responses

expressed in grams (*p<0.05 against strain matched 4m aortae:

one-way-ANOV A, Bonferroni post-test).
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Figure 1-2. Relaxant responses to 3puM ACh (PE-induced
precontraction) of 4-month-old & 16-month-old o-WT, o;3-KO,
ap-WT & ap-KO aortae.

Columns shown are the mean + S.E.M and expressed as a
percentage decrease in tone (*p<0.05 age-matched WT: one-way-

ANOVA, Bonferroni post-test).
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Figure 1-3. Contractile responses ol 4-month-old & 16-month-old
op-WT aortae induced by PE (M; » =18 & @; » =12 for 4m and
16m respectively) & 5-HT (A; n =15 & ¥; n =11 for 4m and 16m
respectively).

Responses are shown both in grams (A) und normalised, expressed
as percentage of maximum response (B). Data points are the mean
+ S.EM (No statistical difference comparing 4m and 16m age

points: lwo-way-ANOV A, Bonferroni post-test).
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_,.E_max rams)
PE 5-HT

4m oqg-WT | 0741005, 18 1.27 +0.15, 15
16m oqp-WT | 0.89+0.04, 12 1.28 + 0.07, 11

| e e
PE 5-HT
4m og-WT 6.33 +£ 0.07 6.91 % 0.04
1om aqg-WT 6.34 +0.08 6.78 £ 0.05
l Hill slope l
PE 5-HT

Am oqp-WT | 060 (0.49-0.74) 1.12 (0.96-1.28)
16m opg-WT |  0.54 (0.44-0.63) 1.02 (0.87-1.74)

Table 1-3. PE-induced & 5-HT-induced contractile responses of 4-
month-old & 16-month-old o;3-WT aortae.

The maximum responses generated, expressed in grams [ollowed
by the ‘»” number (A) and agonist sensitivity, expressed as a pECsg
value (B) are shown as the mean + S.E.M. Hill slopes (C) are
shown as the mean with the 95% confidence intervals shown in
parenthesis (No statistical difference comparing 4m and 16m age

points: Student’s t-test).
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Tigure 1-4. Contractile responses of 4-month-old & 16-month-oid
a13-KO aortac induced by PE (W » =16 & @; n =12 for 4m and
16m respectively) & 5-HT (4; 7 =13 & ¥, n =11 for 4m and 16m

respectively).

Responses are shown both in grams (A) and normalised, expressed
as pereentage of maximum response (B). Data points are the mean
+ S.EM (No statistical difference comparing 4m and 16m age
points: two-way-ANOV A, Bonferroni post-test).
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Emax rams)
PE 5-HT

am oqp-KO | 097 :000 16 1.36 0.17, 13
16m aqp-KO | 10310086, 12 1.36 £ 0.09, 17

e
PE 5-HT
4m o;g-KO | 6.73%0.08 7012012
16m os-KO | 662009 6.89 + 0.08
‘ Hill slope ,
PE 5-HT

16m 045-KO 0.53 (0.38-0.68) 0.98 (0.67-1.28)

Am oc1B-K0| 0.61 (0.49-0.72) 1,03 (0.93-1.13) I

Table 1-4, PE-induced & 5-HT-induced contractile responses of 4-

month-old & 16-month-old o« 3-KO aortae.

The maximum responses generated, expressed in grams followed
by the ‘#” number (A) and agonist sensitivity, expressed as a pLiCsy
value (B) are shown as the mean 4 S.E.M. IHill slopes (C) are
shown as the mean with the 95% contidence intervals shown in
parenthesis (No statistical difference comparing 4m and 16m age

points: Student’s t-test).
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0.50+
0.25+
0.00~

Response (grams)

{

40 9 8 7 6 5 -4 -3
[Agonist] (log M)

Response (% max)

[ T | T

10 -5 -8 -7 6 5 -4 -3
[Agonist] {log M)

Figure 1-5. Contractilc responses of 4-month-old & 16-month-ald
o p-WT aortae induced by PE (M, # =5 & @; # =7 for 4m and [6m
respectively) & 3-HT (A; n =5 & ¥, n =6 for 4m and 16m
respectively).

Responses are shown both in grams (A) and normalised, expressed
as percentage of maximum rcsponsc (B). Data points are the mcan
+ S.EM (No statistical difference comparing 4m and 16m age

points: two-way-ANOVA, Bonferrom post-test).
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I Emax (grams |
PE 5-HT
4m oqp-WT 0.81+0.08,5 1.27+0.13, 5
16m oqp-WT | 0.66 + 0.06, 7 1.43 + 0.09, 6 |
I PECs, ‘
PE 5-HT
4m cp-WT 6.49 + 0.07 7.08 +0.09
16m ap-WT 6.75+ 0.06 7.02 +0.06
| Hill slope l
PE 5-HT

1.39 (0.78-2.00)
1.20 (1.14-1.26)

16m ap-WT | 0.98(0.78-1.18)

Table 1-3. ’E-induced & 5-HT-induced contractile responscs of 4-

month-old & 16-month-old o ,~-WT aortac,

The maximum responses generaled, expressed in grams followed
by the ‘»’ number (A} and agonist sensilivity, expressed as a pECso
value (B) are shown as the mean + S.E.M. Hill slopes (C) arc
shown as the mean with the 95% confidence intcrvals shown in
parcnthesis (No statistical difference comparing 4m and 16m age

points: Student’s t-test).
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Figure 1-6. Contractile responses of 4-month-old & 16-month-old
o n-KO aortac induced by PE (l; » =36 & @; » =12 for 4m and
16m respectively) & 5-HT (4; =16 & ¥; » =1! for 4m and 16m

respectively).

Rcesponses are shown both in grams (A) and normalised, expressed
as percentage of maximum responsc (B). Data points are the mean
+ S.EM (No statistical difference comparing 4m and 16m age

points: two-way-ANOVA, Bonferroni post-test).
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| E nax (grams l
PE 5-HT
4m op-KO | 0.66 £0.04, 36 116+ 0.11, 16
16m oip-KO l 0.51 £0.04, 12 1.24 £0.07, 11
| REC;0 |
PE 5-HT
4m o,p-KO 4.97 + 0.04 7.18 £ 0.06
16m o1p-KO l 5.11 £ 0.07 7.00  0.08 l
| Hill slopes |
PE 5-HT
Am ap-KO | 0.81 (0.59-1.04) 1.56 (1.21-1.91)
16m oqp-KO | 0.95 (0.69-1.27) 170 (1.43-1.97)

Table 1-6, PE-induced & 5-HT-induced contractile responscs of 4-

month-old & 16-month-old o;p-KO aortae.

The maximum responses generated, expressed in grams followed
by the ‘»#” number (A) and agonist sensilivity, cxpressed as a pECso
value (B) arc shown as the mean + S.T.M. Hill slopes (C) are
shown as the mean with the 95% confidence intervals shown in
parenthesis (No statistical difference comparing 4m and 16m age

points: Student’s t-test).
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Figure 1-7. 5-HT-induced contractile responses of 4-month old
op-WT (B n = 15), o1p-KO ((J; » = 13), cup-WT (#; n = 35) &
op-KO (¢©; n = 16) aortae.

Responses are shown both in grams (A) and normalised, expressed
as percentage of maximum response (B). Dala points are the mean
+ S.E.M (No statistical difference comparing appropriaie WT and
KO: two-way-ANOV A, Bonferroni post-test).




n Emax {grams)
op-WT 15 1.27 £ 0.15
a1-KO 13 136+ 0.17
p-WT 5 1 127%0.13
oqp-KO 16 1.15 £ 0.11
PECs, Hill slope
og-WT 6.91 £ 0.04 1.12 (0.96-1.28)
ap-KO 701£012 | 1.03(0.93-1.13)
op-WT 7.08£000 | 1.39(0.78-2.00)
op-KO 7.18 £ 0.06 1.56 (1.21-1.91)

Table 1-7. 5-HT-induced contractile responses of 4-month-old oy

WT, ci15-KO, cip-WT & op-KO aoriac.

The ‘#° number, maximum responses generated, expressed in
grams (A) and agonist sensitivity, expressed as a pECsy value (B)
are shown as the mean + S.E.M. Hill slopes (B) are shown as the
mean with the 93% confidence intervals shown in parenthesis (No
statistical difference comparing 4m and 16m age poinis: Student’s

t-test: Student’s t-test).
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Figure 1-8. 5-HT-induccd contractile responses of 16-month old
oig-WT (W n=11), ayp-KO (J; n = 11), clip-Wl (@; n =6) &
Aip-KO () v =11) aortae.

Responses are shown both in grams (A) and normalised, expressed
as percentage of maximum response (B). Dala pomis are the mean
+ S.E.M (No statistical difference appropriatc WT and KO: two-
way-ANOV A, Bonferroni post-test).
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n Emax (grams)
aig-WT 11 1.28 4 0.07
a1-KO 11 1.35+0.09
o10-WT 6 143 +0.09
a1p-KO 11 1.24 + 0.07
PECs0 Hill slope
ce-WT 6.78 +£ 0.05 1.02 (0.87-1.74)
o1-KO 6.89 + 0.08 0.98 (0.67-1.28)
otp-WT 7.02 +0.06 1.20 (1.14-1.26)
a1p-KQ 7.00£0.08 1.70 (1.43-1.97)

Table 1-8. 5-HT-induced contractile responses of 16-month-old

cp-WT, ayp-KO, ot p-WT & op-KO aortae.

The ‘#’ number, maximum responses generated, expressed in
grams (A) and agonist sensifivity, expressed as a pliCsq value (B)
arc shown as the mean 4+ S.E.M. Hill slopes (B) arc shown as the
mean with the 95% confidence intervals shown in parenthesis (No
statistical difference comparing 4m and 16m age points: Student’s

{~test: Student’s t-test).
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Figure 1-9. PE-induced contractile responses of 4-month old cup-
W (M #» = 18), oun-KO ((J; 2= 13), cup-WT (@®; 1 =5) & a1p-
KO (&3 n = 36) aortae.

Responses are shown both in grams (A) and normalised, expressed
as percentage of maximum response (B). Data points are the mean
+ S.E.M. (¥*p<0.05, **p<0.01, **¥p<0.001 appropriate WT and
KO: two-way-ANOV A, Bonferroni post-test).
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n Emax {grams)
cp=WT 18 0.74+ 0.05
aqg=-KO 16 0.97 £ 0.09
aqp-WT 5 0.81+£0.08
op-KO 36 0.66 + 0.04*
PECsp Hill slope
a1g-WT 6.33 + 0.07 0.50 (0.49-0.74)
og-KO 8.73 £ 0.08** 0.81 (0.49-0.72)
oqp-WT 8.49 £ 0.07 0.77 (0.63-0.91)
a1p-KO 4.97 + 0,04 0.81 (0.59-1.04)

Figure 1-9. PE-induced contractile responses of 4-month-old op-

WT, tp-KO, o1p-WT & o p-KO aortae.

The ‘n’ number, maximum responses generated, expressed In
grams {A) and agonisl sensilivity, expressed as a pLiCso value (B)
are shown as the mean + S.EM. 1lill slopes (B) arc shown as the
mean with the 95% confidence intervals shown in parenthesis
(*p<0.05, **p<0.01, ¥**p<0.001: one-way-ANOVA, Bonferroni
post-test).
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Figure [-10. PE-induced contractile responses of 16-month old
op-WT (M, n = 12), KO ([0, 7 = 12), cup-WT (@1 n =7} &
ap-KQ (<) n = 12} aortae.

Responses are shown both in grams (A) and normalised, cxpressed
as percentage of maximum response (B). Data points are the mean
= S.EM. (*p<0.05, **p<0.01, ***p<0.001 comparing appropriate
WT and KO: two-way-ANOV A, Bonferroni post-test),
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n Enax (grams)
aq-WT 12 0.89 £ 0.04
op-KO 12 1.03 3 0.06
ap-WT 7 0.66 +0.08
aqp-KO 12 0.51 + 0.04*
pECsp Hill slope
ap=WT 6.34 £ 0.08 0.54 (0.44-0.63)
oqp-KO 6.62 + 0.09 0.53 (0.38-0.68)
asp-WT 8.75 £ 0.06 0.98 (0.78-1.18)
w1p-KO 511 + 0,07 0.95 (0.69-1.21)

Table 1-10. PE-induccd contractile respenses of 16-month-old o3-

WT, ayp-KO, o »-WT & op-KO aortae.

The ‘#’ number, maximum responscs generated, expressed in
grams (A) and agonist sensitivily, expressed as a pECso value (B)
are shown as the mean = S.E.M. Hill slopes (B} arc shown as the
mean with the 95% confidencce intervals shown in parenthesis

(*p<0.05, **%p=<0.001: one-way-ANOVA, Bonlcrroni post-test).
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Discussion- Chapter 1

Effect of genetic background

The use of transgenic mice necessitales the availability of genetically-matched controls.
The effect of genetic background on the cardiovascular system was discussed by
Schlager {1966), who measured the systolic blood pressure in eight different inbred
strains of mice. Cavalli et al. (1997) created the op-KO by targeted gene disruption in
embryonic stem cells from the SV/129 strain of mice. Stem cells were then
microinjected into C57BL/6] blastocysts which were then transferred to pseudo-
pregnant females. Tanoue ef al. (2002) took an almost identical approach in creating the
o p-KO. Thus both XOs had a mixed Sv/129 and C37BI/6] genetic background. The
WT controls were homozygous littermates that were nol carrying the disrupted mutant

gene.

For this chapter the o3-KO was compared with its WT, the o;jp-WT and the ¢;p-KO
was compared with its WT, the ain-WT. However the results for both WTs were not
significantly different at cither 4m or at 16m in their contractile KCI, PE and 5-HT
responses or their ACh relaxant responses, Thus in the remaining chapters, the oyp-WT

and o p-WT are both used as WT controls but are not distinguwished from one another.

Age-related changes in vascular structure

Structurally, old age appears to be associated with an increase in vascular stiffness
(Roach & Burton, 1959) which is more pronounced in large-calibre elastic vessels, such
as the aorta, than in muscular vessels, such as the brachial artery (Van der Heijden-Spek
et al., 2000) . The loss of distensibility of the vasculature can be clinically measured as
an increase in pulse-wave velocity. In general a thickening of intimal-medial layers with
increasing age is observed (Virmani ef af., 1991}, which significantly contributes to the
increase in stiffiness. However, reductions in vascular compliance may not due to

structural changes alone.




Age-related changes in vascular contractile responses

Age-related functional changes of conlractile responses vary, dependent on the species
and the artery stodicd. Furthermore, various groups studying the same vesse! from the
same species have reported dissimilar findings. For example, the effect of age on
adrenergic responses in the rat aorla has been shown as a reduction in the potency of
NE-induced contractility (Tuttle, 1966; Simpkins et al., 1983}). Conversely Hynes &
Duckles (1987) have veported that there is no age related change in NE potency in the
ral aorta. «j-adrenoceptor responses in the rabbit aorta have been shown to be
unaffected by age (FHayashi & Toda, 1978). Furthermore, 5-HT potency in the rat aorta
has been reported to decrease (Docherty, 1988; Wanstall & O’Donnell, 1989) or
increase with age (Emmick & Cohen, 1986). Hencc, the cffect of ageing on

vasoconstrictor responses remains unclear in rat aorta but has not been studied in mice.

In the present study the KCl response of the o3-WT and oup-KO incrcased
significantly with age, whercas the op-WT and o;p-KO did not. This was the first
indication of a strain-dependent age related change in vascular function but no age-
related change in the maximal response or potcucy of I'E or 5-HT were observed.
However, it is important to be awarc of the difficulties in interpreting changes in

absolute maximal contractile responses.

Structural vascular changes themselves could result in alterations in function, making
comparisons of maximum responses unreliable. It may be necessary (o nommalise using
a structural factor such as cross-sectional arca, particularly in cases where there is a
clear alteration in structure. In the present study, no differences in passive lumen
diameter were obscrved both when no tension had been applied and when tension
cquivalent to 1.0grams (9.81mN) had been applied. Tnstead the absolute force generated

by the vessel has been used as a comparison.

Thus the op-WT and v;3-KO both had an increascd contractile response with age but
comparison with the other control stram, the ayn-WT, revealed no significant difference
al either age point, Such a comparison would have revealed whether the 16m oy ;«WT

and oye-KO KCI response was greater than the oyp-WT or that the 4m o)3-WT and



o 5-KO KCl response was less than the op-WT, so no sound conclusion could be

made.

Importantly, the PE and 5-HT responses in all strains remained unaltered as a result of
age, indicating that the receptor mediated contractile mechanism was independent of
mouse age. Therefore in the mouse aorta, no significant changes with age, on receptor

mediated contractile mechanisms arc obscrved.

Age-related changes in vascular relaxant responses

The age-related alterations of relaxant responses have been extensively studied. In most
studies performed, relaxant responscs of conductance vessels appear to decrease with
age. In particular, reduced relaxation responscs mediated by B-AR agonists, such as
isoprenaline, are well documented and have been shown in the rat aorta by Simplkins et
al. (1983). Relaxations medialed by B-AR agonists, are primarily the resuit of receptor
activation of B-AR on vascular smooth muscle cells (VSMCs) which causes them to

relax.

The role of (he endothelium in ACh-induced relaxations was originally described by
Furchgott & Zawadzki (1980). It was discovered that the ACh indirectly leads to VSMC
relaxation by initiating the release of nitric oxide (NOQ) from endothelial cells into
surrounding tissne (Palmer et af., 1987). Endothclial cells are now kuown to releasc a
host of other modulating substances which are vasodilators (endothelium-derived

hyperpolarising factor: EDITT) and vasoconstrictors (endothelin).

ACh responses, in general, are reduced with age which appears to be the result of a
reduced ability of endothelial cells to release NO (Hongo ez al., 1988) as responses to
nitrovasodilators are conserved (Tominaga et «f., 1994). Some discrepancy doces exist in
these findings as Hynes and Duckles (1987} found that aortic segments from rats

showed an increased responsiveness to the cholinergic mimetic, methacholine.

The B-ARs response was not investigated as this was beyond the scope of this thesis. In
hindsight, studies of the alterations of PB-AR activity could have provided useful
information about age related alterations. The present study does indicate that in control

aortae (cp-WT, ap-WT), there were no significant age-related changes whilst the o~
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KO and oyp-KO both had a significantly reduced ACh relaxant responsc, the
significance of which is discussed later. Thus, although this indicated relaxunt responses
of the mouse aorta (0 ACh were not age-dependent this conclusion cannot be made from
the present study. A more detailcd study would be required, perbaps constructing
relaxant CCRCs to ACh rather than the single challenge used in the current study.
However, in the mouse aorta it appears that endothelial cells rctain their ability to

release NO and VSMCs retain their ability to relax to NO.

The age-related reduction of the ACh-induced relaxant response of op-KO and o p-KO
response initially indicated a clear difference in vasorelaxant responses which were
dependent on the loss of a functional o,-AR. However, once again analysis with the
appropriate conirol strains, the cip-WT and op-WT, revealed no significant difference
at either age point. Therefore, there was no indication of whether the obscrved changes
were due to a loss of normal relaxant response at 16m in these two KOs or due {o an
greater than normal relaxant response at 4m. Thercfore, no further discussion is madc

on this topic.

c-ARs KOs: Effect on ACh relaxant responses

The relaxant responses to ACh, were not affected by the absence of functional ois-ARS
or the o,,-ARs. The loss of a vasoconstrictor receptor could upset the fine balance of
tone within the vessel which could be compensated by a reduction in vasodilatator
release or activity. The op-KO was normotensive (Cavalli ef al., 1997) and the op-KO
mice were moderately hypotensive (Tunoue e al, 2002). However, the level of
hypotension may have been less than expected due to a homeostatic reduction in
vasodilatation, This does not appear to be the case though, as we did noi observe a
significant alteration in the relaxation responscs of these vessels. Hence, no effect of o-

AR KO on ACh respanses was observed.
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x~ARs KOs: Effect on KCI and serotonergic responses

Neither the loss of the o p-AR or the aip-AR in the KO afflected the KCI response.
125mM KCl iniiiates contraction by causing a depolarisation ol all the cells in the
arterial wall, including endothelial celis that could release NO, but the response is
contractile since this depolarisation is mainly VSMCs activation. Therefore 125mM
KCI provides a good indication of overall contractile ability. The loss of wy- or aup-
ARs do not affect the ovcrall contractility demonstrating that the contractile

mechanisms of the VSMCs in the aortae of these KOs are intact and functional.

Serotonergic responses, induced by 53-H'L, were also unaltercd in the op-KO and ap-
KO aorta. The responses at 4m and 16m were consistent and not diffcrent from their
WT counterparts at both these age points. 3-HT acts mainly through the S5-H'l24
receptor in the mouse aorta (McKune & Watls, 2001) and has been shown to be 4 potent
and efficacious agonist in the mouse thoracic aorta (Russell & Watts, 2000) so can

provide a useful gauge of receptor-mediated contractilily of the mouse aorta.

The 5-HT>, receptor is & membrane bound GPCR coupling to Ggy second messengers
and raises 1’5 lcvels and intracellular Ca®* (Martin, 1998). In this respect the 5-H2
receptor is similar to oy-ARs which are all known to be Gy (Byland ef al., 1998)
coupled GPCRs (discussed in the General Introduction). Hence 5-HTza receplors and
o1-ARs utilise the Initial {rigger for their sccond messenger pathways, but the
serotonergic responsc is unaltered in either KO, The contractile mechanism is intact and
fumctional and the second messengers that the o - or o ,~ARSs use remain functional so

the individual KO had not affected the contractile machincry.

a;-ARs KOs: Ejffect on adrenergic responses

Stassen et al. (1998) compiled a detailed binding study of o)a-AR distribution in rats
and the effect of chemical sympathectomy. They suggested that the oia-AR is the
‘innervated’ finctional adrenoceptor, likely to be found on arteries with a great degree
of sympathetic innervation, such as the mesenteric arteries. Accordingly, the other two
receptors, the ayg- and o) »-AR, tend to provide a contractile function in large calibre,

conductance arteries. The op-AR has been shown to be the major adrenergic
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vasoconstrictor in the rat aorta (Kenny er al., 1995; Piascik ef af., 1995; Martinez et al.,
1999).

Both NE and PE havc shown to be potent agouists in the mouse aorta (Russell & Watts
2000). The major adrenergic vasoconstriclor of the mouse aorta has been characterised
pharmacologically by Yamamoto e @l (2002) and also by using transgenic mice.
Pharmacological studies in both the oin-AR knockout mouse (Daly ef «f., 2002) and
a1p-AR knockout mouse (ap-KO; Tanouc ef al., 2002) have been performed, with all
groups agrecing that the adrenergic response was predominantly mediated by op-ARs.
Furthermore, Daly et el (2002) suggested that the op-AR may play a minor role in

vasoconstriction.

The loss of functional oyp-ARs did not significantly alter the response in the aorla
suggesting there is little or no involvement for o s-ARs in contraction of this vessel.
This was observed at both 4m and 16m age groups and no significant alterations with
age occurred. Daly e al. (2002) did however suggest that the Jack of oy ;-ARs simplifies
the pharmacological analysis of the vasculature. In fact, Daly et al. (2002) reported the
pA; valucs for prazosin increased from 9.8 in the WT to 10.6 in the op-KO and the pA;
for BMY 7378 (xp-AR selective antagonist) was increased from 8.8 (WT) to 9.3 (aup-
KO).

This cbserved 6-lold increase and 3-fold increase in sensitivity for prazosin and BMY
7378 respectively may be duc to an increase in the number of o p-ARs by a systemic
compensalory up-regulation of wn-ARs as a result of the loss of ag-ARs, McBride ef
al. (2002) reported an uncovered o p-AR response in the mouse mesenteric artery of the
onp-KO. The adrenergic contractile response of 1% order mesenteric arteries is mainly
due to a;a-ARs activation (Daly ef al., 2002) but a portion of the adrenergic response
was found to be 5-MU resistant (o, a-selective antagonist) and BMY 7378 scnsitive in
the o3-KO. This BMY 7378 scasitive response was absent in the WT, suggesting that
there is some compensation by «p-ARs in o13-KO mice. Lven then, there was no

significant contractile rolc for a;g-ARSs in the mouse aorta.

The lack of functional o, -ARs, however, resulted in an observed 40-fold less sensitive

PE response in the o1p-KO (Tanoue et ¢l., 2002). The present findings were consistent
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with this as we observed 33-fold and 44-fold reducuons in potency at 4m and 16m
respectively (All ef al., 2002). The removal of the myjor adrenergic subtype involved in
vasoconstriction in the o p-KO, adversely affected the response to P confirming that
the adrenergic response is duc to o p-AR activity. The reduced potency was observed at
both 4m and 16m age points so no significant alteration due to age or any gradual

upregulation of the remaining o,-AR mcdiated was observed

Thus we have confirmed the o p-AR is the major adrenergic vasoconstrictor in the
mouse aorta. These findings are consistent with the general consensus in the literature.,
We have also shown there is no effect of age on functional responses of aortae from the
WTs and the KOs. Furthermore, the loss of either the o.1g-AR or the 1p-AR has not

affected the contractile machinery of the VSMCs or their second messenger pathway,

Hill slopes of agonist activation

[nterestingly the slope of the PE responses in the auyy-WT and oyp-WT and the wp-KO
were lcss than unity (1.0). The adrencrgic response of the ¢yp-KO to PE exhibits a slope
which overlapped with unity. A shallow Hill slope can be indicative of more than one
receptor subtype but can aiso provide some insight into either the intrinsic efficacy of
the agonist used at the receptor or the kinetics of interaction of the receptor with second

messengers, discussed by Kenalin (1989) in detail.

We have already discussed that the o),-AR is the major adrenergic vasoconstrictor in
the mouse aorta and the op-AR plays a minor role. The activation of two receptors
could explain why the Rill slopc was shallower than unity in both WTs. However, this
explanation of multiple receptor activation giving arise to shallow Hill slopes, does not
explain why the response in the op-KO was still significantly less than unity. The WT
response is duc to the activation op-ARs and o p-ARs, and the response in the o5-KO
is only due to on-ARs (Daly et al., 2002) and no involvement of & 4-ARs in the mouse
aoria has yet been rcported (Chapter 2). Thus, the response in the o4y-KO 1s only oyp-
AR mediated and shouid then have had a Hill slope fitting unity, but this was not the

case but il is possible to explain this.
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The law of mass action describes the relationship between agonist concentration and
occupancy. The relationship between occupancy and response, though, is dependent on
the intrinsic efficacy of the agonist used and the kinelics of the receptor in its ability Lo
initiate molecular changes, such as a channel opening or in the case of GPCRs, the
receptor’s ability to interact with a spccific G-protein, Gencrally the occupancy of
receptors by a full agonist and the response observed is a relationship that fits unity on a

Hill slope of a log concentration response curve.

Thus the shallow slope of this response is an indication of either the intrinsic efficacy of
PE at o p-ARs, or the transducer function of o p-ARs L.¢. ihe coupling of oj;;~ARs to
their second messengers via the Gy proteins. However {o clear this up it would be
necessary to plot agonist concentration- occupancy curves and occupancy- response
curves as well as the standard log-agonist concentralion-response curves, but no data on

the occupancy of the receplor pool of «;-ARs in the mouse aorta was made,

Interestingly, although the o;p-KO was less sensitive to PE, the Hill slopes were not
different [rom unity, suggesting that the remaining o,-AR (the oyp-AR: see Chapter 2)
had different kinetics than the cup-AR in its relationship of agonist concentration and
response. Since PE is a non-selective full «t;-AR agonist it appears that perhaps the op-
AR has different kinetics, than the remaining AR(s) in the o,-KO, in its coupling to its

second messenger pathway, via the Ggy protein.

Besides this, the serofonergic response is also due fo the 5-HT;, receptor increasing 18,
PKC and tyrosine kinase activity via Ggu second messengers. However, the ITill slope
value for this response was not significantly different from umity in most cases and
indeed greater than unity in some cases. The serotonergic responsc seems to be more
typical of a full agonist in its relationship between agonist concentration, occupancy and

yosponse,
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Conclusions-~ Chapter 1

Conclusion

In the present study there was no clear cut general increase or decrcase in contractile or
vasorelaxant responscs with age. However, most of the data indicates no change in
vasoactive responses with age but a morc detailed study of the vasoconstrictor and

vasodilator systems may provide a clearer picture.

The adrenergic, serotonergic and KC1 responses of the o,5-KO werce not significantly
different from the WT, suggesting there is little or no role for the o;g-AR in contractile

responses. However, this is complicated by the apparent compensation by ayp-ARs.

The w1p-KO mouse cxhibited a significantly reduced potency to PE at both 4m and 16m
age-points. The overall contractility of the o,;-KO to KCI and 5-HT was conserved
suggesting the oyp-KO VSMCs retain their contractile mechanism and the second
messenger coupling associated with the response. Hence, the reduced adrenergic
response of the oyp-KO is due to the loss of the main coniractile AR. Therelore, the

o1p-AR is the major vasoconstrictor in the mouse aorta.

Thus, the most pertinent question in the case of the ¢ p-KO was ‘what is the remaining
adrenergic respouse in the ap-KQ?’ This is discussed in detail in chapier iwo, where

various methods were used to establish which AR response remains in the o, p-KQO.
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Chapter 2. Subtyping o4~-AR mediated contractiie

responses in mouse aorta.
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Infroduction- Chapter 2

The mouse aoria

Increasingly, cardiovascular studies are ustng murine models, no doubt dne to the recent
advances in molecular biology providing functional knockouts, over-expressed or
transgenic models of single or multiple genes. However such studies only highlight the
current lack of background knowledge of murine physiology. Recently, Russell and
Watts (2000) provided a useful reference of the activity of various vasoactive agents in
the mouse aorta. Observations indicated both NE and PE were potent and efficacious

agomnists.

Adrenoceptors in the mouse aorta

Yamamoto & Koike (2000) pharmacologically subtyped the adrenergic response in the
mouse aorta using selective ligands. I'hey reported the sensitivity (pAz) of BMY 7378
{ap-AR selective antagonist: Saussy et «l., 1994) was approximately 9-fold greater
than S-methylurapidil (5-MU: o, s-sclective antagonist, Gross ez af., 1988; Schwinn ¢z
al., 1995). Thus, they concluded that the o p~AR is the main adrenoceptor involved in

NI or PE-induced vasoconsiriction.

However the difficulty that can arise when using pharmacological approaches alone is
demonstrated by the numerous studies done in the rat aorta. Using 5-MU and/or BMY
7378, various authors have come to different conclusions about which of the o;-ARs
subtypces arc involved in vasoconstriction. The majority consensus implicated the oy~
AR (Kenny et al., 1995, Piascik er al.,, 1995; Martinez et al., 1999). However Testa et
al. (1995) suggested the response was due to oyp-ARs, whilst Aboud et al. (1993)
discounted the roles of ua- and oyp-ARs but did not go as far as implicating the o~
AR. Such pharmacological studies can be complimented by combining them with a

transgemec approach, perhaps using {unctional KO models.

The use of transgenic murine models confirmed the a;p-AR is the major vasocoustrictor
in the mouse aorta. Tanoue ef al. (2002) reported that the isolated aortae [rom ap-KO

had significantly reduced responses to NE and PE compared to WT (approximately 50-
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fold and 40-fold less sensitive for NE And PE respectively). Cavalli et al. (1997)
initially showed a significant reduction in PE-induced contractility in the ap-KO aortae
but a detailed pharmacological study by Daly er al. (2002), using o,3-KO mice,
confitmed that the Jack of functional op~-ARs did not have an adverse effect on AR-

mediated contractility, concluding the an-AR is the major vasoconstrictor.

Role of a;p-ARs in vasoconstriction

However, Yamamoto & Koike (2000), Daly er al. (2002) & Tanoue et @/, (2002) did not
completely rule out the ¢ p-AR from having a role in vasoconstriction suggesting il may
instead have a minor rolc. In the oy p-KO aorta there remained a residual response to PE
(Chapter 1) that was BMY 7378 resistant (Tanoue et af., 2002). However, no attempt
has yet been made to establish which o-AR subtypes are involved in the adrenergic

response in op-KO aortae.

Such a study is compelled further by recent findings of Deighan ¢f @l (In Press), who
reported an increased involvement of a4-ARs in the carotid arteries of op-KO mice,
whereas the oyp-AR Is the main adrenergic vasoconstrictor in WT mouse carolid
arteries. Furthermore, McBride ct al (2003) has shown that mesenteric resistance
arteries from ¢;p-KO mice had an an-AR mediated component that was absent in the
arteries taken from W1 mice. Thus, an attempt to determine cxactly which of the o;-AR

subtypes modulate the adrenergic response of o p-KO aortae was made.

ct;-AR subtype selective agents

5-MU  (oua-AR  selective: Gross ef  al, 1988, Schwinn e al, 1995),
chloroethylclonidine (CEC- a1p-AR selective: Perez ¢f al., 1994) and BMY 7378 (o p-
AR selective: Saussy ef al., 1994) are currently the most commonly uscd subtype-
sclective antagonists used for «-AR studics. 5-MU and BMY 7378 arc fairly reliable
subtype selective competitive antagonists with 50-fold (o4 over o and op) and 125-
fold {onp over wia and o) sclectivity respectively (sce Table 2-14 for pK; for these
antagonists at cloned receptors) and were used in establishing which of the c;-ARs are

involved in vasocenstriction in the ¢:p-KO.

73




Alongside this antagonist study a selective agonist was uscd. A61603 is reported to be
an o a-selective agonist. The more potent R-enantiomer has reported 163-fold and 58-
fold affinity for cloned o,-ARs over 0.1,-ARs and o 4-ARs respectively (Knepper ef wl.,
1995). Therefore, the contractile responses induced by A61603 in WT, op-KO, oip-
KO and a;p-a p-KO were campared. The cffect of prazosin on A61603 was also tested

to ensure responses were o -AR mediated.

To compliment the pharmacological approach, the op-op-AR-double-KO was also
used. The o,p-0p-KO was the result of cross-brecding of homozygous o;3-KO and

o1p-KO mice (see Methods section for greater detail).

CEC selectivily and receptor protection

CEC is an mrreversible alkylating agent (Leclere et al., 1980), thereforc, establishing
pKgp or pA; values, normally used for the analysis of the cffccts ol competitive
antagonists, is problematic. Although initially reported to have sclectivity for ag-ARs
{Perez ef al., 1994), recent research has indicated that the selectivity of CEC is less to
do with subtype selectivity and more to do with rcceptor availability at the cell
membrane. Hirasawa ¢f af., (1997) reported that CEC is a non-selective AR alkylating
agent whose apparent selectivity is due to the different cellular distribution of o;-AR
subfypes. Thus, a morc complex approach in isolating individual subtypes, in particular

the ajp-AR was required.

A more inlricale approach to isolate onp-ARs is receptor protection. The aim with such
a method is to protect specific receplor types using suitable concentrations of subtype-
seleclive competitive antagonists (antagonists must be competitive to ensure blockade
can be reversed by washing away the antagonist). Treatment with an irreversible
antagonist, such as CEC, should then only affect non-proiected receptors. Such a study
has been nicely demonstrated by Ibamra e @l (2000) who reported that the effect of
CEC, on NE induced responscs in rat aorta, could be protected against, using BMY

7378, confirming the adrenergic response is at1p-AR mediated
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Aim of study

The aim was to pharmacologically establish which a-AR subtype is responsible for the
residual PE-induced responsc of o p-KO mouse aortae. This was done by a combination
of selective antagonist and agonist studies. To compliment this, functional responscs of
the ouyg-o4p-KO aortae were also studied. Finally an attempt was made to isolate the

o p-AR-mediated component of the PE response in the Wl mouse aorta.

75



Results- Chapter 2

Consecutive PE response- curves in the o;p-KO

Fmax values for consecutive CCRCs to PE in o,p-KO aortae were: 1% curve = 0.78 +
0.14g (n = 6), 2™ curve = 0.87 + 0.14g (n = 7). The maxima werc not significantly
different (Student’s t-test).

The pECso values were: 1% curve = 5.17 + 0.13; 2™ curve = 4.24 & 0.15. The 2™ curve

showed 9-fold less sensitivity than the control curve (p<<0.001: Student’s t-test).

The Hill slopes were: 1% curve = 0.93 (0.62-1.23); time control = 0.57 (0.35-1.04). The
Hill slopes overlapped with unity.

The PE responses curves are shown in Figure 2-1 and the values shown above arc
tabulated in Table 2-1.
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Effect of prazosin in a;p-KO PE-induced responses

Emax values for PE responses (first curves) in the presence of InM, 10nM & 100nM
prazosin were: control = 0.78 = 0.14g (# = 6); +1nM prazosin = 0.53 + (.13g (n = 5);
+100M prazosin = 0.58 <= 0.16g (n = 6); +100nM prazosin = 0.77 £ 0.10g (n = 6). No
significant differences in maximum responses were obscrved (one-way-ANOVA:

Student’s t-tcst).

Sensitivity of the PE responses expressed as pECsy values were= 5.17 £ 0.13; +InM
prazosin = 4.14 £ 0.29; +10nM prazosin = 3.31 £ 0.29; +100nM prazesin =3.11 L 0.13.
The 1nM prazosin-treated group was 11-fold less sensitive than the control (p<0.05).
The 10nM and 100nM prazosin-treated groups were 72-fald and 115-fold less sensitive

than control rings, respectively (p<<0.001: one-way-ANOVA: Bonferroni post-lest).

Hill slopes were: controf = 0.93 (0.62-1.23). The Hill slopes for +1nM, ~10nM &
100nM prazosin treated groups were not calculated (see Discussion). The conirol group

Hill slope overlapped with unity.

A pKp value for prazosin against PE in o p-KO aorlae was estimated as 9.25 + 0.26

(pK3 calculated using 1nM and 10nM prazosin data only: see Discussion).

The effect of prazosin on the PE response curves in o;p-KQO aortac is shown in Figure

2-2 and the values shown above are tabulated in Table 2-2,
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Effect of 5-MU in a1,-KO PE-induced responses

Emux values for PE responscs ({irst curves) in the presence of 1nM, 10nM, 100nM &
1uM 5-MU were: control = 0.94 + 0.09¢g (n = 10); +1nM 5-MU = 0.90 £ 0.10g (n = 6);
+10nM 5-MU = 1.03 + 0.15g (# = 7); +100nM 5-MU = 0.88 £ 0.10g (# = 11); 1pM 5-
MU = 0.78 + 0.20g (# = 7). No significanl differences in maximum responses were

observed (one-way-ANOVA: Student’s t-test).

Sensitivity of the PE responses expresscd as pECsg values were: control — 5.34 + 0.12;
+1nM 5-MU =551 1 0.21; -10nM 5-MU = 4.77 + 0.10; -+1000M 5-MU = 4.48 % 0.16;
+1pM 5-MU = 381 = 0.14. The 1nM 5-MU-treated group was not significantly
different from the control. The rings treated with 10nM, 100nM & 1pM 5-MU were 4-
fold (p<0.05), 11-fold (p<0.001) and 50-fold (p<<0.001) less sensitive than the control

PE respouses respectively (one-way-ANOVA, Bonferroni post-test).

Hill slopes were: conirol = 0.73 (0.45-7.03); +1nM 5-MU = 0.54 (0.10-0.99);, ~10nM 5-
MU = 1.06 (0.80-1.31); +100nM 5-MU = 0.80 (0.58-1.27); +1uM 5-MU = 1.38 {].03-
1.74). The Hill slopcs overlapped with unity.

A pKy; value for 5-MU against PE in op-KO aortae was estimated as 7.65 = 0,13 (pKy
calculated using 10nM, 100nM, [uM 5-MU data only: see Discussion).

The effect of 5-MU on the PE response curves in e;p-KO aortae is shown in Figure 2-3

and the values shown above are tabulated in '1'able 2-3.
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PE-induced responses in W1, aig-and a,p-KO aortac

The maximum responses to PE in WT, o 3-KO and ¢,p-KO aortac were: 0.74 £ 0.05 (n
= 18), 0.97 £ 0.09 (n = 16), 0.66 + 0.04 (» = 36) respectively. The «;3-KO maximum
was 34% greater than the WT (p<0.05). The otp-KO Bnax was 11% less than the WT
(p<0.05: one-way-ANOVA, Bonferroni post-test).

pECs values of the PE responses: WT = 6.33 £ 0.07; aip-KO = 6.73 & 0.08; o,,-KO =
4.97 + 0.04. The o;p-KO and on-KO were 3-fold more sensitive (p<0.01) and 23-fold
less sensitive (p<<0.001) than the WT respectively (one-way-ANOVA, Bonferroni post-
test).

Hill slopes were: WT = 0.60 (0.49-0.74); c.ip-KO = 0.61 (0.49-0.72); aiy-KO 5-MU =
0.81 (0.59-1.04). The Hill slope for the WT and ¢ p-KO aortae did not overlap with

unity, whilst the Hill slope of the op-KO overlapped with unity.

The PL curves for WT, ap-KO and oip-KO are shown in Figure 2-4 and the above
values are tabulated in Table 2-4. The above data is taken from Figure 1-9 and Table 1-
9 of Chaptcr 1.
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A61603-induced responses in WT, oyy-and o,0-KO aoriae

The maximum responses to A61603 were: WT = 0.95 + 0.08 (# = 6); o u-KO = 1.26 =
0.07 (n = 8); KO = 0.14 & 0.04 (n = 8). The op-KO maximum was 33% greater
than the WT (p<0.05), but the &;p-KO maximum for A61603 was 85% less than the
WT (p<0.001: one-way-ANQV A, Boaferroni pos(-lest).

pECsq values of the PE responses: WT = 6.17 + 0.10; &13-KO = 6.79 + 0.10. 1t was not
possible to calculate a pECsy value for the oup-KO A61603 response. The A61603
response in the o15-KOQ was 4-fold more sensitive than the W' (p<0.01: one-way-

ANOVA, Bonferroni post-test).

Hill slopes werc: WT = 0.38 (0.28-0.48); c1g-KO = 0.41 (0.23-0.61). It was not possible
to estimate a Iill slope value for the «)p-KO A61603 response. The Hill slope for the

WT and o,p-KO aortae did not overlap with unity.

The A61603 curves for WT, ap-KO and «p-KO are shown in Figure 2-5 and the

above values are tabulated in Table 2-5.
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Effect of prazosin on A61603-induced contractions of W1 aortae

The maximum responses to AG1603, in the absence and presence of prazosin (first
curves) and the control PE responscs in WT aortae were: A61603 control = 0.95 + 0.08
(n = 6); 13nM prazosin = 0.92 :: 0.18 (# = 0); +300M prazosin = 0.77 £ 0.11 {n = 6); PE
= 0.74 = 0.05 (n = 18). There was no significant differencc in maxima (one-way-
ANOV A, Bonferroni post-test).

pECso values of the AG1603 and PE responscs were: AG1603 control = 6.17 + 0.10;
+3nM prazosin = 5.94 + 0.13; +30nM prazosin = 5.35 £ 0.25; PE = 6.33 + 0.07. The
+3nM prazosin-treated group and PE response were similar to the control A61603
responses. The +30nM prazosin-trealed group had a 7-fold less sensitive response to
A61603 (p<0.01: one-way-ANOV A, Bonferroni post-test).

Hill slopes were: A61603 curve = 0.38 (0.28-0.48); +3nM prazosin = 0.35 (0.22-0.49);
+30nM prazosin = 0.38 (0.29-0.48); PT. = 0.60 (0.49-0.74). The Hill slopes for all

groups did not overlap with unity.
A pKg value for prazosin against A61603 in WT aorlaec was estimated as 8.45 + 6,07
(pKp calculated using 30nM prazosin data only: see Discussion).

The A61603 cwrve, the etfect of prazosin on the A61603 responses and thc PE
responses in WT aortae are shown in Figure 2-6 and the above values are tabulated in
Table 2-6.
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Effect of prazosin on A61603-induced contractions of v;5-KO aortae

The maximum responses to A61603, in the absence and presence of prazosin (first
curves) and the control PE responses in ¢p-KO aortae were: A61603 control = 1.26 +
0.07 (» = 8); +3nM prazosin = 1.13 & 0.10 (n = 8); +30nM prazosin = 1.13 £ 0.08 (# =
8); PE = 0.97 + 0.09 (n = 16). There was no significant ditference in maxima (one-way-
ANOVA, Bonferroni post-test).

PECsn values of the A61603 and PE responses were: A61603 control = 6.79 + 0.10;
+3nM prazosin = 6.36+ 0.21; +30nM prazosin = 5.79 & 0.09; PE = 6,73 + 0,08. The
+3nM prazosin-treated group and PE response were similar to the control A61603
responscs. The +30nM prazosin-treated group was 10-fold less sensitive (p<0.001: one-

way-ANOV A, Bonferroni post-test).

Hill slopes were: A61603 curve = 0.41 (0.23-0.61), +3nM prazosin = 0.40 (0.22-0.59);
+30nM prazosin = 0.50 (0.29-0.70); PE = 0.61 (0.49-0.72). The Hill slopcs [or all

groups did not overlap with unity.

A pKg value for prazosin against AG1603 in o-KO aortae was estimated as 8.46 =

0.12 (pK;; calculated using 30nM prazosin data only: see Discussion).

The AGL603 curve, the effect of prazosin on the A61603 responses and the PE

responses in ¢13-KQO aortae are shown in Figure 2-7 and the above values are tabulated

in Table 2-7.
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Effect of prazosin on A61603-induced contractions of a;-KO aortae

The maximum responscs {0 AG1603, in the absence and presence of prazosin (first
curves) and the control PE responses in a1p-KKO aortae were: A61603 control = 0.14 +
0.02 (n = 8); +3nM prazosin — 0.14 £ 0.04 (# = 8), +30uM prazosin = 0.10 £ 0.03 (» =
8); PE — 0.66 & 0.04 (n = 36). The PE response was 371% greater than the A61603
(p<0.001: one-way-ANOVA, Bonferroni post-test).

It was not possible to estimate pECsg values for the A61603 responses. The pECso of the
PE response was 4.97 £ 0,04.

It was not possible to estimate Hill slope values for the A61603 responses. The Hill
slope for PE was 0.93 (0.59-7.04). The Hill slope overlapped with unity.

It was not possible to estimate a pKy; for prazosin against AG1603 in o p-KO aortae (see
Discussion).

The AG61603 curve, the effect of prazosin on the AG1G03 responscs and the PE

responses in op-KO aortae are shown in Figure 2-8 and the above values are tubulated
in Table 2-8.
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Adrenergic response in the aig-oip-KQO

The maximum PE and A61603 responses in WT and oqp-01-KO were: WT PL = 0.74
4+ 0.05 (n = 18); ctyp-ct1p-KO PE = 0.01 £ 0.01 (# = 6); WT A61603 =095+ 0.08 (n —
6); oip-tp-KO A61603 — 0,04 + 0.01 (» = 6). The PE and A61603 responses of the
o-0 p-KO aortae were 99% and 96% respectively less than the WT (p<0.001 for both:
Student’s t-test).

It was not possible to estimate pECso values or Hill slopes for PE and A61603-induced

response in oy~ ,-KO aortae.

The comparison of the PE and A61603 responses of the aojg-tt;,-KQ with the WT

responses is shown in Figure 2-9 and relevant values are tabulated in Table 2-9.

Serotonergic response in the o;3-c;p-KO

The maxima for the serotonergic responses in WT and ¢5-KO were 1.27 £ 0.14 (n =
17) and 1.31 £ 0.15 (n = 6) respectively. No significant difference was observed
(Student’s t-test).

pECsy values were: WT = 6.91 & 0.14; o p-cp-KO = 6.83 + 0.13. The sensitivity was

not significantly different (Student’s t-test).

The Hill slopes were: WT = 1.17 (0.95-1.28); oup-0p-KO = 1.43 (/.02-1.84). The Hill

slopes overlapped with unity.

The comparison of the WT and up-0;-K O serotonergic response is shown in Figure

2.10 and the above values are tabulated in Table 2.10.
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Effect of 10uM CEC and the protective effect of 10nM BMY 7378

The Emax values were: control = (.89 + 0.08 (# = 23); 10nM BMY 7378 posi-removal
control = 0.83 + 0.08 (# — 18); +10uM CEC post-removal = 0.07 £ .04 (n = 7); +10uM
CEC, 10nM BMY 7378 protected post-removal = 0.13 = 0.05 (r = 7). The conlrols were
not significantly differcnt, The 10uM CEC-treated group and the 10uM CEC, 10nM
BMY 7378-treated group were 92% and 85% respectively less than the control
{p<0.001 for both). The 10pM CEC-ireated group and the 10uM CEC-treated, 10nM
BMY 7378 protected groups were not significantly different from one another {one-
way-ANOV A, Bonferroni post-test).

The pECsp values were: control = 6.73 1 0.07; 10nM BMY 7378 control post-removal =
6.62 + 0.07. It was not possible to estimate pECs values for the 10puM CEC-treated

groups. The two controls were not significantly different.

The Hill slopes werc: control = (.84 (0.62-1.07); 10nM BMY 7378 control post-
removal = 0.83 (0.64-1.02). Hill slopes for the 10uM CEC-treated group and the 10uM
CEC-treated, 10nM BMY 7378 protected groups were vot estimated. The Hill slopes

overlapped with unity.

The protection study conducted using 10uM CEC and 10uM BMY 7378 is shown in

Figure 2-11 and the above values are tabulatcd in Table 2-11.



Effect of 1uM CEC and the protective effect of 10nM BMY 7378

The Euax values were: control = 0.89 + 0.08 (» = 23); 10nM BMY 7378 control post-
removal = 0.83 & 0.08 (n = 18); +'1ptM CEC post removal = 0,49 + 0.07 (n = 18); +1pM
CEC, 10nM BMY 7378 protected post removal = 0.76 & 0.10 (n — 11). The controls
were not significantly different. The 1uM CEC-treated group was 45% less sensitive
than the contro! (p<0.001). The 1uM CEC-treated, 10nM BMY 7378 protected group
was not significantly different from the contro] but significantly larger than the 1pM

CEC-treated group (p<0.05: one-way-ANOV A, Bonferroni post-tcst).

The pECso valucs were: control = 6,73 + 0.07; 10nM BMY 7378 control post-removal =
6.62 1 0.07; ~1pM CEC post-removal = 6,60 x 0.07, +1pM CEC, 10nM BMY 7378
protected post-removal = 6.73 = 0.09. The pECs values of all groups were not

significantly dilferent (one-way-ANOVA, Bonferroni post-test).

The Hill slopes were: control = 0.84 {0.62-1.07); 10nM BMY 7378 control = 0.83
(0.64-1.02); +1pM CEC post-removal = [.11 (0.87-7.36); +1uM CEC, 10nM BMY
7378 protected post-removal = 0.88 (0.64-1.12). The Hill slopes overlapped with unity.

The protection study conducted using 1pM CEC and 10nM BMY 7378 1s shown in

Figure 2-12 and the above values are tabulated in Lable 2-12.
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Effect of luM CEC and the protective effect of 10nM 5-MU

The By values were: contral = 0.89 £ 0.08 (r = 23); 10nM 5-MU control post-removal
= 1.03 £ 0.10 (r = 5); +1uM CEC post-removal = 0.49 ¥ 0.07 (n = 18); +1pM CEC,
10nM 5-MU protected post-removal = 0.47 + 0.14 (n = 6). The controls were not
significantly different. The 1M CEC-treated group and the 1uM CEC, 10nM 5-MU -
protected group werc 45% and 47% respectively less than the control (p<0.001 for
both). The two 1pM CEC-treated groups were not significantly different (one-way-
ANOVA, Bonferroni post-test).

The pECsy values were: confrol = 6.73 = 0,07; 10nM 5-MUJ control post-removal = 6.95
+ 0.06; +1uM CEC = 6.60 £ 0.07; +1pM CEC post-removal, 10nM 5-MU protected
post-removal = 6.90 + 0.06. The pECsy values of all groups were not sigmficantly
different (one-way-ANOV A, Bonferroni post-test).

The Hill slopes were: control — 0.84 (0.62-1.47), 10nM 5-MU control post-removal =
0,95 (0.52-1.38); +1uM CEC post-removal = 1.11 (0.87-1.36); +1uM CEC, 10nM 5-
MU protected post-removal = 1,84 (1.04-2.62). The Hill slopes averlapped with unity.

The protection study conducted using [pM CEC and 10nM 5-MU is shown in Figure 2-

13 and the above values are tabulated in Table 2-13.
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Figure 2-1. Comparison of consecutive PE curves construcied in

c1p-KO mouse aoria (M 1% curve, » — 6; [] 2nd curve, n = 7).

Responscs arc shown both in grams (A) and normalised, expressed
as percentage of the maximum response of the initial curve (B).
Data points are the mean £ S EM. (**p<0.01, ***p<0.001: two-

way-ANOVA, Bonferroni post-test).
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n | Emax (gfams) I
1% curve 6 0.78 + 0.14
2" curve 7 0.87 £ 0.14
| pECs, | Hillslope |
15! curve 547 +0.13 0.93 (0.62-1.23)
2% curve | 4.24 £ 015" 0.57 (0.35-1.04)

Table 2-1. Comparison of consecutive PE curves constructed in

o p-KO mouse aorta.

The ‘»° number, maxinmum rcsponscs generated, expressed as
grams (A) and agonist sensitivity, expressed as a pECsg value (B)
are shown as the mean £+ S.E.M. Hill slopes (B) are shown as the
mean with the 95% confidence intervals shown in parcnthesis.

(**¥p<0.001: Student’s 1-test).
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Figure 2-2. The effect ol 1nM, 10nM & 100nM prazosin on PE-
induced contractile responses (first curves) of o)p-KO aortac (Hl
control, n = 6; [ 1nM prazosin, n = 3; A 10nM prazosin, n = 0; ¥V
100nM prazosin n = G).

Responses are shown both in grams (A) and normalised, expressed
as pereentage of the maximum PE wake-up response (B). Data
points are the mean £ S.13. M. (statistical significance not shown for

clarity: two-way-ANOV A, Bonferroni post-test).
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| n | _Emsx (grams) |
Control 6 0.78 + 0.14
+1nM prazosin 5 0.53 + 013
+10nM prazosin 6 0.58 +0.16
+100nM prazosin 6 0.77 £ 0.10

| PECs ! Hill slope

Control 517 +0.13 0.93 (0.62-1.23)
+1nM prazosin 4,14 + 0.29* n.c.
+10nM prazosin 3.31 £ 0.20™ n.c.
+100nM prazosin 3.1 0,13 n.c.

Tablc 2-2. The effect of 1nM, 10nM & 100nM prazosin on PE-

induced contractile responses of a1 p-KO aortae.

The ‘@’ number, maximwmn responses generated, exprcssed us
grams (A) and agonist sensitivily, expressed as a pECso value (B)
are shown as the mean = S.E.M. Hill slopes (B) are shown as the
mean with the 95% confidence intervals shown in parenthesis.
(n.c.: not calculated, *p<0.05, ***p<0.001: one-way-ANOVA,

Bonferroni post-fest).

Iistimated pKyp for prazosin = 9.25 £ 0.26.

(pKgp calculated using InM and 10nM prazosin data only: sce

Discussion)
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Figure 2-3. The effect of 1nM, 10nM, 100nM & TuM 5-MU on
PE-induced contractile responscs (fitst curves) of o;,-KO aortae
(M control, 7 = 10; O 1nM 5-MU, n = 6; A 10nM S-MU, n =7,
100nM 5-MU = 11; & 1uM 5-MU, # = 7).

Responses are shown both in grams (A} and normaliscd, expressed
as percentage of the maximum PE wake-up response (B). Data
points are the mean = S.T., M. (statistical significance not shown for

clarity: two-way-ANOV A, Bonferroni post-test),
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n Emax (grams)
Control 10 0.94 + 0.09
+1nM 5-MU 8 0.900.10
+10nM 5-MU 7 1.03 £0.15
+100nM 5-MU 11 0.88 £ 0.10
+1uM 5-MU 7 0.78 +0.20
PECsp Hill sicpe

Control 534 % 0.12 0.73 (0.45-1.03)

+1nM 5-MU 5.51 £ 0.21 0.54 {0.10-0.99)

+10nM 5-MU 477 £ 0.10% 1.06 (0.80-1.37)

+100nM 5-MU 4.48 % 0.16™** 0.80 (0.58-1.21)

+1uM 5-MU 3.81 £ 0.14%* 1.38 (1.03-1.74)

Table 2-3. The effect of 1nM, 10nM, 100nM & 1uM 5-MU on PE-

induced contractile responses of ¢1,-KO aortae.

The ‘#° number, maximum responses gencraled, cxpressed as
grams (A) and agonist sensitivity, expressed as a pECso value (B)
are shown as the mean + S.E.M. Hill slopes (B) are shown as the
mean with thc 95% confidence intervals shown in parenthesis.

(*p<0.03, *¥**¥p<0.001: onc-way-ANOVA, Bonferroni post-test).

Estimated pKg for 5-MU = 7.65 + 0.13.

(pKy calculated using 10nM, 100nM, 1uM 35-MU data only: sce

Discussion}
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Figure 2-4. PE-induced contractile responses of WT (I, » = 18),
a15-KO (@; 1 =16} & 0,1,-KO (@ # = 36) aorlae.

Responses are shown both in grams (A) and normalised, expressed
as pereentage of maximum response (B). Data points are the mean
+ S.EM., (*p<0.05, **p<0.01, ***p<0.001: two-way-ANOVA,

Bonferroni post-test).




n | Emax (grams) |
WT 18 0.74 + 0.05
ot1g-KO 16 0.97 * 0.09*
op-KO 36 0.66 + 0.04*
| PEGso | Hill slope |
WT 6.33 £ 0.07 0.80 (0.49-0.74)
a1a-KO 6.73 £ 0.08** 0.61 (0.49-0.72)
op-KO 4.97 £ 0.04 0.81 (0.59-1.04)

Table 2-4. PE-induced contractile responses of WT, ap-KO &

o1p-KO aorlae.

The ‘#° number, maximum tesponses generated, expressed as
grams (A) and agonist sensitivity, cxpressed as a pECsg value (B)
are shown as the mean + S.E.M. Hill slopes (B) are shown as the
mean with the 95% confidence intervals shown in parenthcsis
(*p<0.05, **p<0.01, **¥p<0.001: one-way-ANOVA, Bonferroni
post-test).
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A61603-induced contractile responses of WT (L], » =

6), 01-KO (O; n = 8) & ap-KO () # = 8) aortae.

Responses are shown both in grams (A) and normalised, expressed

as percentage of maximum response (B). Data points are the mean

£ SEM.

(statistical significance not shown in B for clarity,

*p<0.05, **p<0.01, ***p<0.001: two-way-ANOVA, Bonferroni

post-test).
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n | Emax (grams) |
WT 6 0.95 £ 0.08
a1e-KO 8 1.26 £ 0.07*
wip-KO 8 0.14 % 0.08***

| pECsg ] Hillslope |

WT 6.17 + 0.10 0.38 (0.28-0.48)
ag-KO | 67920.10™ 0.41 (0.23-0.61)
oq1p=KO n.c. n.c.

T'able 2-5. A61603-induced contractile responses of WT, oz-KO
& o >-KO aortae.

The ‘»’ number, maximun responses generated, expressed as
grams {A) and agonist scnsitivity, cxpressed as a pECsg value (B)
are shown as the mean + S.E.M. Hill slopes (B) are shown as the
mean with the 95% confidence intervals shown in parenthesis (n.c.:
not calculated, *p<Q.05, **p<0.01, ***p<0.001l: one-way-
ANOVA, Bonferroni post-test).
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Figure 2-6. The coffect of 3nM & 30nM prazosin on AG1603-
induced contractile responses of WT aorlae (solid lines: M control,
n = 6; {]+3nM prazosin, # = 6; ) +30nM prazosin, # = 6). The PE

response is also shown for comparison (dashed line: @; » = 18).

Responses arc shown both in grams (A) and normalised, expressed
as percenlage of maximum response (B). Data points are the mean
+ 8.1.M., (statistical significance not shown for clarily: two-way-

ANOVA, Bonferroni post-test).
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| n | Emax (grams)
A61603 6 0.95 £ 0.08
+3nM prazosin 6 0.92 +£0.18
+30nM prazosin 6 0.77 + 0.11
PE 18 0.74 £ 0.05
| PECs0 | Hill slope |
A61603 6.17 £ 0.10 0.38 {0.28-0.48)
+3nM prazosin 5.94 £ 0.13 0.35 (0.22-0.49)
+30nM prazosin 5.35 £ 0.25* 0.38 (0.29-0.48)
PE 6.33 £ 0.07 0.60 (0.49-0.74)

Table 2-6. The effect of 3nM & 30nM prazosin on AG1603-
induced contractile responses of WT aortae. The PE response is

also shown for comparison.

The ‘#’ number, maximum responses generated, cxpressed as
grams (A) and agonist sensitivity, exprcssed as a pECsq value (B)
arc shown as the mean i S.E.M. Hill slopes (B) arc shown as the
mean with the 95% confidence intervals shown in parenthesis.

(**p<0.01: one-way-ANOVA, Bonferroni post-test),

Estimated pKg for prazosin = 8.45 = 0.07.

(pKp calculated using 30nM prazosin data only: scc Discussion)
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Figure 2-7. The cffect of 3nM & 30nM prazosin on A61603-
induced contractile responses of op-KQ aorlue (solid lines: W
control, # = 8; [} +3nM prazosin, » = 8; O +30nM prazosin, »n = 8).
The PE response is also shown for comparison (dashed line: @; n =
16).

Responses are shown both in grams (A) and normalised, expressed
as percentage of maximum response (B). Data points are the mcan

£+ S.E.M. (statistical significance not shown for clarity: two-way-
ANOVA, Bonferroni post-test).
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| n | Emax (grams) |
A61603 8 1.26 £ 0.07
+3nM prazosin 8 1.13£0.10
+30nM prazosin 8 1132 0.08
PE 18 0.97 2 0.09
i PECsp | Hillslope |
A61603 6.79 £ 0.10 0.41 (0.23-0.61)
+3nM prazosin 6.36 £ 0.21 0.40 (0.22-0.59)
+30nM prazosin 5.79 + 0.09™* 0.50 (0.29-0.70)
PE 6.73 £ 0.08 0.61 (0.49-0.72)

Table 2-7. The etfect of 3uM & 30nM prazosin on A61603-
induced contractile responses of o 5-KO aortae. The PE response is

also shown for comparison.

The ‘#’ number, maximum responscs gencrated, expressed as
grams (A) and agonist sensitivily, expressed as a pECs, value (B)
arc shown as the mean + S.E M. Hill slopes (B) are shown as the
mean with the 95% confidence intcrvals shown in parenthesis.

(***p<0.001: onc-way-ANOVA, Bonferroni post-test).

Estimated pKj; for prazosin = 8.46% 0.12.

(pKpg calculated using 30nM prazosin data only: see Discussion)
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Figure 2-8. The effect of 3nM & 30nM prazosin on A61603-
induced contractile responses of o-KO aortae (solid lines: W
control, n = 8; [ ] +3nM prazosin, # = &; O +30nM prazosin, n = 8).
The PE response is also shown for comparison (dashed linc: @; # —

30).

Responscs arc shown both in grams {A) and normaliscd, cxpressed
as percentage of maximum response (B), Data points are the mean
#+ S.E.M. (statistical significance not shown for clarity: two-way-

ANOV A, Bonferroni post-test).
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| n | Emax (grams) |
A61603 8 0.14 + 0.02
+3nM prazosin 8 0.14 £0.04
+30nM prazosin 8 0.10+ 0.03
PE 36 0.66 = 0.04***
| PEGs | Hillslope |
A61603 n.c. ..
+3nM prazosin n.c. n.c.
+30nM prazosin n.c. n.c.
PE 4.97 £0.04 0.953 (0.59-1.04)

Table 2-8. The eflcet of 3nM & 30nM prazosin on AG1603-
induced contractile responses of oyp-KO aortae. The PE response

is also shown for comparison.

The ‘n’ number, maximum responses generated, expresscd as
grams (A) and agonist sensitivity, expressed as a pECsp value (B)
are shown as the mean = S, E.M. Hill slopes (B) arc shown as the
mean with the 95% confidence intervals shown in parenthesis.
(n.c.: not calculated, ***p<0.001: one-way-ANOVA, Bonferroni

post-test).

No pKy estimated for prazosin: see Discussion.
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Figure 2-9. PE-induced (A) and A61603-induced (B) coniractile
responses of WT and op-oup-KO aortac (Ml WT- PE, » — 1§, [}
op-on-KO, n = 6; @ WT-PE, n = 6; O op-oiip-KO- A61603, n =
6).

Responses are shown in grams. Data points are the mean = S.E.M.
(*p=<0.05, **p<0.01, ***p<0.001: two-way-ANOVA, Bonferroni
post-test).
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n Emax (grams)
PE WT 18 0.74 £ 0.05
we-ip-KO 5] 0.01 & 0.01%
WT 6 0.95 + 0.08
A61603 o101 p-KO 6 0.04 + 0.01**
PECsp Hill slope
WT 6.33 + 0.07 0.60 (0.49-0.74)
PE
ocm-am-KO _ .C. n.c.
A61603 WT 6.17 + 0.10 0.38 {0.28-0.48)
wp=o1p-KO n.c. n.c.

Table 2-9. Comparison of consecutive PLE curves constructed in

o p-KO mouse aorta.

The ‘w’
grams (A} and agonist scnsitivity, expressed as a pECs value (B)
are shown as the mean + S.E.M. Hill slopes (B) arc shown as the

mean with the 95% confidence inlervals shown in pareathesis.

number, maximum responscs generated, expressed as

(n.c.: not calculated, ***p<<0,001: Student’s {-test).
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Figure 2-10. 5-HT-induced contractile responses of WT (A; # —

17) & oup- o p-KO (A; # — 6) aortae.

Responses are shown both in grams (A) and normaliscd, expressed
as percentage of maximum response (B). Data points are the mean
+ S.EM. (no statistical significance: two-way-ANOVA,

Bonferroni post-test).




! n | Emax (grams)

WT 17 1.27 £ 0.14
ag-op-KQ 6 1.31+0.15
| pPECsg | Hill slope |
WT 68.91+0.14 1.17 {0.95-1.28)
ap-0t1p-KO 6.83 +0.15 1.43 (71.02-1.84)

Table 2-10. . 5-ITT-induced contractile responses of WT & wyp-

o p-KO aortae.

The ‘»’ number, maximum responses generated, expressed as
grams (A) and agonist sensitivity, expressed as a pECso value (B)
arc shown as the mean = S.E.M. Hill slopes (B) are shown as the
mean with the 95% confidence intervals shown in parenthesis. (o

statistical significance: one-way-ANOVA, Bonferroni post-test).
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Figure 2-11. Receptor protection study: The effect of 10uM CEC
treatment and the protective effect of 10nM BMY 7378 on PE-
induced responses of WT aortae (Wl control, » = 23; A 10nM BMY
7378 control post-removal, » = 18; O 10uM CEC treated post-
removal, » = 7, & 10uM CEC treated, +10nM BMY 7378

protected post-removal, rn = 7).

Responses are shown both in grams {(A) and normalised, expressed

as percentage of maximum response (B). Data points are the mean

+ S.E.M. (statistical significance not shown for clarity: two-way-

ANOVA, Bonferroni post-test).
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| n |_Emax (grams) |

Control 23 0.89 = 0.08
+10nM BMY control p.r. 18 0.83£0.08
+10uM CEC p.r. 7 0.07 £ 0.04**
+10uM CEC, +10nM BMY p.r. 7 0.13 £ 0.05*
|  PpECs; | Hilislope |

Control 6.73+0.07 0.84 (0.62-1.07)

+10nM BMY control p.r. 6.62 + 0.07 0.83 (0.64-1.02)
+10uM CEC p.r. n.c. n.c.
+10uM CEC, +10nM BMY p.r. n.c. n.c.

Tahle 2-11. Receptor protection study: The cffeet of 10uM CEC
treatment, and the protective cffect of 10nM BMY 7378 on PE-

induced responses of WT aortae.

The ‘#’ number, maximum responses generated, expressed as
grams (A) and agonist sensitivity, expressed as a pECso value (B)
are shown as the mean + S.E.M. Hill slopes (B) are shown as the
mean with the 95% confidence intervals shown in parenthesis.
(p.r.: post-removal; n.c.: not calculated, **¥*p<0.001: one-way-

ANOVA, Bonlerroni post-test).
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Figurc 2-12. Receptor protection study: The effect of 1uM CEC
{reatment, and the protective effect of 10nM BMY 7378 on PE-
induced responses of WT aortae (Ml control, # = 23; A 10nM BMY
7378 contro! post-rcmoval, # — 18; [J 1uM CEC treated post-
removal, n = 18, A 1uM CEC ftreated, +10nM BMY 7378

protected post-removal, 7= 11).

Responses are shown both in grams (A) and normalised, expressed
as percentage of maximun response (B). Data points arc the mean
+ S.E.M. (statistical significance not shown for clarity: two-way-

ANOVA, Bonferroni post-test).
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| n | Emax (grams) |

Control 23 0.89 2 0.08
+10nM BMY control p.r. 18 0.83 £ 0,08
+1uM CEC p.r. 18 0.49 + 0.07***
+1uM CEC, +10nM BMY p.r. 11 0.76 + 0.10°
| pECsy | Hill slope |

Control 6,73 £ 0.07 0.84 (0.62-1.07)

+10nM BMY control p.r. 6.62 + 0.07 0.83 {0.64-71.02)
+1uM CEC p.r.| 6.600.07 1.11 (0.87-1.36)

+1uM CEC, +10nM BMY p.r. 6.73 £ 0.09 0.88 (0.64-1.12)

Table 2-12. Receptor protection study: The effect of 1pM CEC
treatment, and the protective effect of 10nM BMY 7378 on PE-

induced responses of WT aortae.

The ‘#’ number, maximum responses generated, expressed as
grams (A) and agonist sensitivity, expressed as a pECsy value (B)
are shown as the mean + S.E.M. Iill slopes (B) are shown as the
mecan with the 95% confidence intervals shown in parenthesis,
(p.r.: post-removal; **¥*p<0.001 against control; *p<0.05 against

1uM CEC treated group: one-way-ANOV A, Bonferroni post-test).
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Figure 2-13. Receptor protection study: The effect of 1uM CLC
treatment, and the protective effect of 10nM 5-MU on PE-induced
responses of WT aortac (Il control, # = 23; A 10nM 5-MU control,
n = 5; [ 1luM CEC treated post-removal, # = 18; &7 1uM CEC

treated post-removal, +10nM 5-MU protected post-removal, n = 6),

Responses are shown both in grams (A) and normalised, expressed
as percentage of maximum response (B). Data points are the mean
+ S.E.M. {statistical significance not shown for clarity: two-way-

ANOV A, Bonferroni post-test).
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| n | Emax (grams) |

Control 23 0.89 £ 0.08
+10nM 5-MU control p.r. 5 1.03+0.10
+1uM CEC p.r. 18 0.49 + 0.07***
+1pM CEC, +10nM 5-MU p.r. 6 0.47 + 0.14**
| PpECsy; | Hillslope |

Control 6.73 + 0.07 0.84 (0.62-1.07)

+10nM 5-MU control p.r. 6.95 + 0.06 0.95 {0.52-1.38)
+1uM CEC p.r. 6.60 + 0.07 1.11 (0.87-1.36)

+1uM CEC, +10nM 5-MU p.r. 6.90 = 0.06 1.84 (1.04-2.62)

Tablc 2-13, Receptor protection study: The effect of 1pM CEC
treatment, and the protective effect of 10nM 5-MU on PE-induced

responses of WT aortae.

The ‘x#’ number, maxinmm responses generafed, expresscd as
grams (A) and agonist sensitivity, expressed as a pECsy value (B)
are shown as the mean J: S.E.M. Hill slopes (B) are shown as the
mean with the 95% confidence intervals shown in parenthesis.
(p.r.: post-removal, n.c.: not calculated, ***p<0.001: one-way-

ANOVA, Bonferroni posi-test).
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Discussion- Chapter 2

o-AR in mouse aortu

The o-AR mediated response in the miouse aorta has previously been subtyped
pharmacologically by Yamamoto & Koike (2001). The rank order of potency of 5-MU
18 Gz > Cyp = g (see following Table 2-14). Conversely the rank order of potency of
BMY 7378 is oja > Qg = aqp. Yamamoto & Koike (2001} reported an order of
antagonist potency of BMY > 5-MU in mouse aorta with respective pA; values of 8.4
and 7.5, implicating the o p-ARs as the major adrenergic vasoconstrictor, Daly et al.
(2002) and Tanoue ef «l. (2002) also subtypcd the response using functional KO
models, Their studies confirmed that the o p-AR is the major adrenergic vasoconstrictor

in the mouse aorta, and our data in the previous chapter supports this.

However, all these authors suggested that the o3-AR has a minor vasoconstrictor
component in the mouse aorta. Cavalll e al. (1997) had initially shown that PE was
significantly less sensitive in o;5-KO aortae. Later, Daly ef al. (2002) reported that the
o 3-KO was not signiticantly different from the WT in contractile responses to o-AR
agonists. Although the o3-AR has been implicated as having a minor role in

vasoconslriction in mouse aorta by thesc authors, it had not yet been directly shown.

In contrast, Daly ef al. (2002) reported a relatively high poiency for 5-MU, an c4-AR
subtype selective untagonist {(Gross et al., 1988; Schwinn ef al., 1995). 5-MU has an
approximately 50-fold selectivity for cloned oij,-ARs (pI; = 8.8, see following Table 2-
14) over cloned o,-ARs and og-ARs (pK; = 7.1 for both). Daly et al. (2002) reported
5-MU pA,; values of 8.3 and 8.1 for WT und o, 5-KO aortae respectively. These valucs
suggesled a possible role for aya-ARs in function, yet Daly er af. (2000) concluded that

there was no o 4-AR mediated responsc.

Furthermore, recently, Deighan e @/, (In Press) reported an o 4-AR mediated response
in op-KO mouse carotid arterics, whilst the adrenergic response in WT mouse carotid
arteries is primarily due to up-AR activation. Thus, the suggestion that the o)A-AR

may be involved in the o;-AR mediated response in mouse aortae is further
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strengthened, Therefore, it was essential that the role of o a- and cp-ARs in mouse

aorta be investigated. As such, the o,-KO mouse provided an excellent starting point.

Time Control

Before any detailed pharmacological analysis of the adrenergic PE-induced responsc of
the oyp-KO could be made, it was necessary to establish il the P responses within a
single aortic ring were repeatable. Thus, in order to make a fair comparison, the second
curve was expressed as the percentage of the maximum of the first curve. Figure 2-1

shows that the second PE curve was significantly less sensitive.

The aim was to establish the receptor(s) involved in the residual adrenergic response in
o p-KO aortae, not the residual response after desensitisation in oyp-KO aortae.
Although the desensitisation of the response was iniriguing and merited further
investigation, it was not followed up as it was out with the aims for this chapter.
However, it was now clear that the PE-induced response in w;)-KO aorta was prone to

desensitisation,

Therefore, due to this desensitisation, the construction of consecutive I’E curves in the
aortic rings from o ,-KO mice was something to be avoided. As a result, the antagonist
studies done in the ¢p-KO were done by testing the effect of the antagonists on the first
curve. The curves were nonmalised using the response of the single dose of PE during
the wake-up as the maximal rcsponse. The sensitivity shifts of the antagonists could

then be calculated, allowing the determination of the pKg values.

Effect of prazosin

[t was essential to establish whether PE-induced responses in on-KO aorta were o,-AR
mediated or not before doing any detailed antagonist studies, therclore, the effect of
prazosin was tested. The pKg estimate for prazosin was 9.25. This value was calculated
using the 1n0M and 10nM data only, Although 1000M prazosin caused a shift, it had not
significantly shifted the PL curve further than the shift produced by 10nM prazosin
(Figure 2-2). Including this data would have artificially lowercd the pKp value

calculated for prazosin.
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The responses in the presence of 10nM and 100nM prazosin are al concentrations of PT
at and above 100uM, bringing into question the selectivity of PE at o;-ARs at these
concentration. Laher ef al. (1986) reported that at very high concentrations ol AR
agonists (100uM and higher), the responses arc non-selective and do not appear to be

susceptible to blockade by classical «-AR antagonists.

Laher et af. (19806) suggested that al high concenlrations of o;-AR agonists the response
was due to the presence of ‘cxtrarcceptors’. This explains why 100nM prazosin did not
have a significantly grealer effect thun 10nM prazosin as the PE may have lost

selectivity for a-ARs.

Furthermore, the E curves in the o,p-KO particularly in the presence of prazosin did
not achieve a true maximum. The presence of extrareceplors (Laher ef al., 1986) again
explains (his as at such high concentration of PE selectivity had been lost. This also
further reinforces the rationale behind normalising the curves using the PE response
during the wake-up as the maximum response, as this would clearly identify a shift in

agonist sensitivity independent of curve maximum.

The control PE response in ¢p-KO was already significantly less sensitive than WT
aortac and was approaching such concentralions where PE responsc may be due Lo
activation of non-o,-ARs. 10nM prazosin pushed the curve further to the right, to the
point that 100nM prazosin could not block the response any further. Therefore the

100nM data was not included when estimating a pKy for prazosin.

However, Table 2-14 shows a comparison of the affinities af various agonists and
anlagomsts in aortic rings from WT, op-KO, op-KO and oy3-0p-KO mice. The pA;
value for prazosin in WT and o;p-KO mice is 9.7 and 10.6 respectively (Daly et al.,

2002). The pK; value for prazosin at cloned at cloned o.,, 1 and o4 receptors is 9.0
(Mackenzie ez al., 2001),

Thus, although the pKy for prazosin (9.25}) in the o;,-KO is about 3-fold and 30-fold
less than in the WT and o, 5-KO respectively (Daly ef al., 2002), the pKy; value is still
consistent with the action of prazosin at o;-ARs. As there were no functional o 5~ARS

in the ap~-KO, that prazosin could block, the adrenergic response must have been due
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to either a4~ or o p-ARs activation. The next step was an attempt to subtype the oy-AR

mediated response of the &t p-KO.

A
BMY CEC
Strain PE A-61603 praz.”* 5-MU 7378 sensitive Conel.
albino day’ 6.7' ND' o7'wney  7.5'we  84'(nE) yes' 01,
WT 6.3 6.2 9.8 8.3° 8.8 yes® 0Ly, G
KO 6.7 6.8 10.6° 8.1% 9.2% yves | ap
wyp-KO 5.0 nr 9.3(pKe)  7.7(pKe)  <7.0°(NF) ves¥ - Uin
0l p-Cyp-KO nr ar nd nd nd nd | No g -ARs
B
BMY
o ~subiype species praz* 5-MU 7378 Reference
Human 9.0 9.2 7.1 MacKenzic ef al. (2001)
Bovine 8.6 6.1 Saussy ef al. (1994)
Ot1a Bovine 8.5 Goelz et al. (1993)
Bovine 6.1 | Goetz et al. (1995)
MEAN 9.0 8.8 6.4
Human 9.0 7.2 6.8 MacKcnzie ef af. (2001)
Hamster 7.0 6.2 Saussy ef af. (1994)
Cap Hamster 7.0 Goctz ef al. (1993)
Hamster 6.2 Goctz et al. (1995)
MEAN 5.0 7.1 6.4
Human 9.0 7.9 9.3 MacKenzie ef al. (2001)
Rat 7.3 8.1 Saussy et af. (1994)
CQl1a Rat 6.1 Goetz ef al. (1993)
Rat 8.2 | Qoezetal (1995
MEAN 9.0 7.1 8.5

Table 2-14. The affinities of several «-selective agents in transgenic mice (A) and

their appropriate affinities in cloned receptors (B). The conclusions are shown in the

right-hand column of (A).

A. For PE and A61603, the pECs, valucs are shown. For the antagonists the pA, value

is shown unless otherwise indicated {agonist used was PE, unless otherwise stated).

Greyed out boxes indicate values taken from reference sources (' Yamamoto &

Koike, 2001; *Daly ef @/, 2002, *Tanoue ef al, 2002 demonstrated no shift at

1001M BMY 7378; Sohserved in initial experiments- not shown).

B. pK; values from several authors arc shown. The mean pK; values for the antagomsts

at each cloned receptor have been calculated. These values are used for discussion.

{Abbreviations: prazosin®; NE — agonist used was norepinephrine; ##- no response; /1d- not

determined)
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Effect of 5-MU

The estimated pKy for 5-MU was 7.65. Previously Daly ef al. (2002) reported pAs
values of 8.3 and 8.1 in WT and o;p-KO aortae. They concluded that the mouse aorla
adrenergic response is o p-AR mediated as BMY 7378 (op-selective anlagonist:
Saussy ef al., 1994) was 3-fold and 13-fold more sensitive than 5-MU in WT and o~

KO aortae respectively.

In their study of the o )-KO, Tanoue et al. (2002) reported that in ¢,-KO asortae, BMY
7378 demonstrated no significant antagonism even when used at 100nM, suggesting the
pKg be greater than 7.0 and at most, equal to 7.0. Therefore the antagonist potency in

the o1-KO was 5-MU > BMY 7378, indicating that a1 4-ARs may bc involved.

Yect, cven with a pA; value of 8.3 for 5-MU in WT mice, Daly er al. (2002) discounted
the role of a1a-ARs in vasoconstriction in mouse aorta, instead suggesting the response
was mainly due to ojp-AR activation with a minor role for oig-ARs. Therefore the

response subtyped in the presont study is likely to be o p-AR mediated.

This hypothesis is further strengthened by the affinity for 5-MU at cloned receptors. 5-
MU has pK; values of 8.8 and 7.1 at cloned bovine o,-ARs and cloned hamster oy~
ARs respectively (see Table 2-14). Thus the pKy cstimatc of 7.65 in o p-KO aortae is
more consistent with the binding of 5-MU at o,-ARs, further reinforcing the presented

hypothesis that the o g-AR is the adrenergic vasoconstrictor in o, ,-KO aortae.

It must be noted that the pKy for 5-MU was calculated with the 10nM, 100nM and 1pM
5-MU data. No significant effect of InM 5-MU was observed thereforce the data was ot

included as it was not always possible to calculate a pKg.

However, the estimation of a pKj for an antagomist is dependent on competitive
antagonism which assumes a Schild slope of unity (Aruntakshana & Schild, 1959). This
describes a direct relationship between antagonist concentration and the blockade
produced, i.e. 1 lenfold increase in antagonist concentration should result in a tenfold
increase in blockade, which would be visualised by a tenfold shift of the log-drug

concentration-response curve,
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The 5-MU data does not fit this modcl though. At 10nM BMY 7378 a 4-fold decrease in
PE sensitivity was observed, whilst a 7-fold decrease at 100nM 5-MU and a 34-fold
decrease in PE sensitivity at {pM 5-MU were obscrved. From the estimated pKr of
7.65, the shifts should have been the following: 10nM 5-MU = no shift, 100nM 5-MU =
9-fold decreased PT: sensitivity and 1pM 5-MU = 90-fold decreased sensitivity. These
estimations are based on the assumptions that the calculated pKy was accurate, and
assuming the Schild slopc for 5-MU fits unity and therefore the pKg = pAz, which

results in a two-fold shifl of the PE response.

Therefore, a shadow is cast over the confidence that can be placed in the pKg for 5-MU
in o1p-KO aortae. As such, another approach taken was the use of the v A~-AR sclective
agonist, A61603 in an effort to confirm the hypothesis that the response in o p~-KQ

aortae was o g-AR mediated.

PE & A610603 responses in W1, a;3-KO and a;,-KO

AGL603 is reporled fo be an aya-AR agonist. Knepper et al. (1995) reported that the
AG1603 has a chiral carbon, and as such, has two enantiomers. The R-enantiomer was

found to be the most active with an affinity of 163-fold and 58-fold selectivity for
cloned 0,,-ARs over o, and o)g-ARs respectively (the discussion about A61603
following in this section is about the R-enantiomer unless otherwise stated). Thus, the

affinity for AG1603 for cloncd receptors 1s Gy > Oy = Oip.

On the other hand, PE was reported to have an affinity for aig-ARs, over ayp- and o .-
ARs (6-fold and 8-fold respectively: Kacpper ef af., 1995) but this selectivity is not as

profound as the selectivity of A61603 and, therefore, is less useful for analysis.

As was discussed in the previous chapter, v,3-KO aortac were more sensitive to PE than
WT aortae whilst, o p-KO aortae were less sensitive (shown in Figure 2-4). This trend
is continued with A61603, where the o,p-KO was more sensitive than the WT.
However, the o»-KO did not cxhibit a notable contractile response to AG1603. This
result confirmed that there was no significant c 4-AR mediated component in the o y-
KO, but the relatively high sensitivity of A61603 in WT and oy3-KO aortac was

somewhat surprising.
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PE and A61603 exhibited similar sensitivity in WT and w3-KO aortae. In contrast,
using the racemate mix of A61603 and comparing it to PE in rat aorta (vasoconstriction
due to oy p-ARs), Knepper et al. (1995) reported the ECso for PE was 33-fold less than
A61603 (i.e. PE was significanilly more sensitive). Therefore it was deemed necessary

to ¢stablish if A6G1603 was acting only at o-ARs.

The effect of prazosin on A61603 responses

AG616032 is an imidazoline derivative, Classically, imidazoline derivatives have been
associated with cz-AR activation or blockade, but recent research findings indicate that
imidazolines can clicit responscs independent of a-ARs, but through a new category of
receptors, imidazoline or I receptors (Reviewed by Molderings & Gother, 1999).
Furthermore, Minyan et al. (2000) recently rcported that contractile responses to
oxymelazoline in porcine rectal arteries, were Iy rcceptor mediated, and not o;-AR
mediated as initially hypothesised, whilst Willems et al. (2001} reported A61603 could
elicit vasoconstriction in porcine carotid arteries through a non-ot;-AR mechanism.
Therefore, it was essential to verify that the A61603-induced contractile responses were

oy-AR mediated, which was donc by testing the effect of prazosin.

The pKp estimates for prazosin in W' and oup-KO aortae were 8.45 and 8.46
respeclively. Therefore the AG1603 response was a;-AR mediated, bul no attempt to
pharmacologically subtype this response was made. ITowever, Lhe indications are that

the A61603 response was due to a-AR activation.

AG1603 and PE had similar pECso values in WT aortac, where the response is believed
to be o, p-AR mediated, with a minor role for o;p-ARS in vasoconstriction. In o3-KO
aortae A61603 and PE also had similar sensitivity and efficacy. Daly et al (2002)
reporied that the response in o3-KO aortac is only on-AR mediated, therefore AG1603
must be activating op-ARs as no role lor oa-ARs has been reported. Furthermore,
A61603 did not elicit a significant response in o p-KO aortae, confirming that the

contractile response is o -AR mediated, and that there were no functional o 4-ARs.

Knepper ef al. {1995) reported that there was no detectable increase in [Py levels when

cells transfected with cloned o.,-ARswere stimulated with the racemate mix of A61603,
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whereas the ECsy for A61603 (racemate mix) for a,-ARs was 14.5n1M. Therefore,
although A61603 had affinity for a;,-ARs 1t did not have efficacy. In the present study,
no activity of A61603 was observed in the op-K.O. Had there been {unctional o)4-ARs
in o;p-KO aortae A61603 should have had functional response but it did not. Therefore,
the lack of reactivity of ayp-KO aortae to A61603, indicates no role for wiz-ARs,

leaving only the o 1p-AR subtype.

Response of the oip-cin-KO

The serofoncrgic responses in the double-KO, the ajp-ci:p-AR KO, were not
significantly different from WT serotonergic responses, conflirming the coniractile
machinery was intact and functional. However, there was a distinct lack of a;-AR
mediated responses. Neither PE nor A61603 was able 1o elicii a significanl response

that conld be pharmacologically studicd.

This evidence further supports the present hypothesis, that the adrenergic response in
mouse aorta is op-AR mediated, with a minor role for oin-ARs, as the lack of
functional u13-ARs does not have a significantly adversc cffect. In the absence of
functional aip-ARs the response is o)p-AR mediated. The Jack of both ep- and ctip-

ARs results in a complele loss of adrenergic response.

However a few unresolved issues remained. The relatively high estimated pA; values
for 5-MU in WT aortae reported by Daly et al. (2002), merited further investigation,

whilst an attempt to evaluate the minor role of o 3-ARs in WT aortae was also made.

Recepior protection

No suitable o)p-AR antagonist is available currently, so a more intricate approach was
taken. Chloroethylclonidine (CEC) was initially reported to be an oyp-AR selective
alkylating agenl (Perez et al., 1987). A more recent report by Hirasawa ef al. (1997)
argued that o -ARs present on ihc cell membrane are preferentially alkylated,
irrespective of a-AR subtype. They suggested the apparcnf sclectivity is due to the

heterogeneous distribution of ¢o;-ARS subtypes at the cellular level.
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However, the irreversible nature of CEC was useful in the receptor protection protocol
used. By pre-incubating the tissue with a subtype-selective surmountablc antagonist,
before CEC treatment and then removing CEC and then the compelilive antagonist, the
assumptlion is that thc only response remaining was subtype protected by the
competitive antagonist used. Such a receplor protection technique has successfully been
used previously by Tharra er @l (2000) to demonsirate that o,-ARs are the major

adrenergic vasoconstrictors in mouse aorta.

In the present study, it was necessary io ensure that the compctitive antagonists uscd
could be washed away without adverse effects on contractility. Figures 2-11 and 2-12
show thal 10nM BMY 7378 could be successfully washed away, so that the response
was not significantly affected. Similarly, when 10nM 5-MU was used it could also be
washed away (Figurc 2-13). Thus, the antagonism of these two ligands is reversible by

removal of the antagonist from the baths.

The next aim was (o establish a suitable concentration of CEC required for the study.
10uM CEC almost completely ablated the PE response. However, 1pM CEC treatment
halved the maximal PE response. CEC treatment was able to decrcasce the cllicacy of PE

1n mouse acrta in a concentration-dependent manner.

Normalising the responses revealed there was no significant difference in sensitivity
when treated with CEC, consistent with the effects of a classical insurmountable
antagonist. CEC alkylation decreased the total number of receptors available without
affecting the affinity of PE. The pECsp 1s 2 measure of the affinity of the agonist, not of

the efficacy, and was unchanged.

10nM BMY 7378 was unable to protect any ol the response, when the tissue was treated
with 10pM CEC indicating the conecentration of CEC was too high. This result also
further highlighted the non-selective nature of CEC. In conirast, 1pM CEC reduccd the
response by about 50%. Pre-incubation with 10nM BMY 7378 was able to protect the
response, such that the entire response was maintained, and no effect of CEC treatment
was observed. Therefore the effect of CEC observed at both 1pM and 10pM was due to
an-AR alkylation. The concentration of BMY 7378 was selectively chosen so as not 1o
have an effect at either oui- or cip-ARS. Since 10nM BMY 7378 was able to protect the

entire response from 1uM CEC treatment, no significant role for o;p-ARs was detected,
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10nM 5-MU was unable to protect any of the response from 1uM CEC treatinent,
confirming the original hypolhesis that there were no o4-ARs in the mouse aorta,
However, this result still does not explain the relatively high affinity of 5-MU in WT
mouse aorta reported by Daly et al. (2002).

This new evidence, from the receptor protection study, compels a revision of the
previous hypothesis that o;s-ARs have a minor role in vasoconstriction. The indications
are that neither the oo~ nor op~-ARs are involved in contraction of WT mouse aorta.
Thus the aip-AR is the sole adrenergic vasoconstrictor in WT mouse aorta, However, in

the absence of wip-ARs, the o -AR is the adrenergic vasoconstriclos.



Conclusion- Chapter 2

Conclusion

AG1603 is a potent and cl{icacious agonist at o;p-ARs, bringing into question iis

usefulness as an u14-AR selective agounist. It has no signilicant o g-AR activity.

No @1a-AR mediated contractile response has been detected in any of the studies

performed.

From this data presented in this study, it is clear that there is no significant rolc for oa-
or au-ARs in WT mouse aorta. A lack of functional o;p-ARs did not affect the
response. A lack of oyp-ARs in o ,-KO aortae, uncovered an oun-AR mediated

response which has not been detected in the WT.

The lack of both cipn- and cyp-ARs in the oyp-0p-KO resulted in no functional
adrenergic responses, whilst the serotonergic responses remained unaltered confirming

that the conlractile machinery was functional.

Thus, the adrenergic response in WT mouse aorta is only ap-AR mediated, with no

significant contractile role for cia- or op-ARs.
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Chapter 3. Adrenergic and serotonergic synergy

in the mouse aorta.
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Introduction- Chapter 3

Serotonergic and adrenergic synergism

The vasoaclive nature of serotonin and its synergistic interactions have been studied
extensively (reviewed by Yildiz ef al, 1998). The effect of co-activation of the
serofonergic and adrenergic vasoconsirictor systems was originally discussed by de la
Lande et «f (1966) who demonstrated a functional interaction between S-
hydroxytryptamine (5-HT) and norepinephrine (NE). In particular, o;-adrenergic and
serotonergic contractifc synergy has been described in several vascular preparations,
such as the rabbit aorla (Stupecky ef al., 1986), rabbit femoral artery, (Chen et a/.,
2000), rat aorta (Christ and Jean-Jacques, 1990) and the rat caudal artery (Van Nueten ef
al., 1981).

S5-HT and o;-adrenoceptors

Tt has previously been reporied by Purdy er al. (1987) that 5-HT-induced responscs in
the rabbit aorta are due to the partial involvement of «,-adrenoceptors (o;-ARs).
Recently, Shaw ez al. (2000) established concentration-dependent prazosin blockade of
5-HT responses in rat pulmonary arterics, estimating a pKp of 10.2, consistent with the

sensilivily of prazosin at oj-ARs.

However, such studics, perhaps due to a lack of suitably selective ligands, have not
ascertained which ol the «)-AR subtypes are involved in the adrenoceptor mediated
response of 5-HT. Commonly used o;-AR ligands such as the oia-AR antagonist, 3-
methylurapidil (5-MU: Gross ef al, 1988, Schwinn ef al., 1995) and the op-AR
antagonist, BMY 7378 (Saussy et al., 1994) are known to be 5-HT)4 partial agonists
(Gross ef al., 1987 and Yocca et al., 1987 for 5-MU and BMY 7378 rospcclively).
Therefore resulis obtained using these ligands could be ambiguous. On a similar note,
kitanserin, a widely used 5-HT; receptor antagonist has been shown to have a high

affinity for o;-ARs (Van Neuten ef af., 1981).
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The mouse aoria

Murine models are increasingly being used in cardiovascular studies, primarily due to
the numerous functional knockouts, overexpressing and transgenic mice thal are now
available. Recently, Russell & Waits (2000) demonstrated an extensive agonist profile
of the “Vascular reactivity of the isolated thoracic aorla ol the C37/BL/6) mouse.” Tt
was observed that the aorta exhibited both a high degtee of sensitivity and a substantial
contractile response to 5-HT. McKune & Watts (2001) subtyped this response,
concluding the serotonergic response of ihe mousc aorta was primarily the resull of 5-

T, receptor activation.

In addition, both NE and phenylephrine (PE) were shown to be potent agonists,
indicating that the mousc aorta had a significant o-AR mediated contractile response.
The major adrenergic vasoconstrictor of the mouse aoria has been characterised
pharmacologicully by Yamamoto ¢ ol (2002) and also by using transgenic mice.
Pharmacological studies in both the o)-AR knockout mouse (Daly ef al., 2002) and
oup-AR knockout mouse (04p-KO; Tanoue et af., 2002) have been performed, with all

groups agreeing that the adrenergic response was predominantly mediated by o p-ARs.

Hence, studying synergy and the AR-mediated response of 5-HT in the mouse aorta
using both lraditional pharmacological techniques and transgenic mice may provide
vscful insights into the roles and interactions of the serotonergic and oy -adrenergic

vasoconstrictor systems.

Aim of study

Initially, an attempt was made to uncover any functional interactions between the
serotonergic and adrenergic vasoconstrictors in the mouse aorla. The activation of ARs
by 5-HT in thc mouse aorta was then studied in detail by subtyping the o;-AR
component of the S-1[T-mediated response, employing a combination of selective
pharmacological agents and transgenic o;p-KO mice. Finally, the 5-HT receptor
subtypes involved in the 5-HT responses of both the WT and o,p-KO mice were

established.
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Results- Chapter 3

Effect of 5-HT on PE-induced contractions of W1 aortae

10nM 5-HT caused a response of 0.04 + 0.03g (n = 6) whilst 30nM 5-HT resulted in a
response of 0.14 = 0.02g (n = 7).

Enax values for PE-induced contractile responses in the presence and absence of 5-HT
were: 1% curve = 0.85 + 0.04g (n — 13); time control = 0.97 + 0.06g (1 = 12); +10nM 5-
HT = 1.0l £ 0.12g (n = 6); +30nM 5-HT = 1.01 + 0.07g (# = 7). None of the groups
were significantly diffcrent from the time control in maximum responscs {(one-way-
ANOVA, Bonfcrroni post-test).

The sensitivities of the PE responscs were:

pECss values- 1% curve = 6.98 L 0.06; lime control = 7.18 £ 0.12; +~10nM 5-HT =7.07 +
0.13; +30o0M 5-HE' =798 £ 0.14.

pECsp values- 1¥ curve = 6.26 £ 0.06; time control = 6.47 = §.09; +10nM 5-HT = 6.44 =
0.15; -30nM 5-HT = 7.29 £ 0.14.

The 1¥ curve, and +10nM 5-HT treated groups were not significantly different from the
time control in scnsitivity. The +30nM S5-HT treated group was 6-fold (p<<0.001) and 7-
fold (p<0.001) more sensitive than the time control at the ECys and ECsg respectively

{one-way-ANOV A, Bonferroni post-tcst).

The Hill slopes were: 1* curve = 0.56 (0.39-0.73); time control — 0.56 (0.43-0.70);
+10nM 5-H1 = 0.58 (0.41-0.73); +:30nM 5-HT = 0.57 (0.49-0.66). The Hili slopes did

not overlap with unity.

The PE responses curves are shown in Figure 3-1 and the values shown above arc

tabulated in Table 3-1.
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Effect of PE on 5-HT-induced contractions of WT aortae

10nM PE caused a response of 0.05 + 0.03g (n = 6) whilst 30nM PE resulted in a
response 0f 0.19 = 0.05g (12 = 7).

Ene values for 5-HT-induced contractile responses in the presence and absence of PE
were: 1% curve = 1.41 + 0.07g (2 = 13); time control = 1.33 £ 0.10g (r = 12); +10nM PE
= 1.53 + 0.18g (n = 6); +30nM PE = 1.12 & 0.09g (» — 7). None of the groups wcrc
significantly diflcrent from the time control in maximum responses (one-way-ANOVA,

Bonferroni post-test).

The sensitivities of the 5-HT responscs were:

pECys values- 1% curve = 7.26 + 0.05; time control = 7.20 & 0.12; +10nM PE =7.23 £
0.09; +30nM PE = 7.87 £ 0.21.

plRCs values- 1% curve = 6.91 + 0.035; time control = 6.84 + 0.02; +10nM PE = 6.86 +
0.06; +30nM PE = 7,34 1. 0.20.

The 1% curve, and +10nM PR treated groups were not significantly different from the
time control in sensitivity. The +30nM P[ treated group was 5-fold (p<0.01) and 3-fold
(p<0.05) more sensitive than the time control at the ECys and ECsq respectively (one-

way-ANOVA, Bonferroni post-test).

The Hill slopes were: 1% curve = 1.22 (1.05-0.38); time control = 1.23 (1.00-1.45);
+100M PIL = 1.19 (1.07-1.32); +30nM PE = 0.68 (0.38-0.99). The l1lill slopes
overlapped with unity but the 11ill slope of the +300M PE treated group was shallower

than the other groups {(not statistically tested).

The 5-HT responscs curves are shown in Figure 3-2 and the values shown above are

tabulated in Table 3-2.
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Effect of prazosin on 5-IIT-induced contractions of WT aortae

Euax values for 5-HT responses in the absence and presence of various concentrations of
prazosin in WT aortae were: control = 1.27 4: 0.13g (n = 5); +InM prazosin = 1.00 =
0.30g (» = 3); +10nM prazosin = 1.07 + 0.17g (n = 5); +100nM pracosin = 0.91 £ 0.14g
(n = 5). None of the groups were significantly differcnt from the control in maximum

responses (onc-way-ANOVA, Bonferroni post-test).

The sensitivities were:

pECas values- control = 7.53 & 0.13; +1nM prazosin = 7.03 + 0.18; +10nM prazosin —
6.95 + 0.08; +100nM prazosin = 6.89 + 0.02.

PECso values- control — 7.08 + 0.09; +1uM prazosin = 6.76 + 0.15; +10nM prazosin =
6.70 = 0.07; +10nM prazosin = 6.69 + 0.02.

The InM prazosin treated group was 3-fold less sensitive (p<0.05) than the control at
the ECzs but not significantly different at ECse. Both the 10nM prazosin and 100nM
prazosin treated groups were 4-fold (p<0.01) and 2-fold (p<0.05) less sensitive than the
WT at the EC;5 and ECsg respectively (one-way-ANOVA, Bonferroni post-iest).

The Hill slopes were: control = 1.39 {0.78-2.00); +1nM prazosin = 1.78 (1.23-2.32),
-+-10nM prazosin = 2.25 (1.78-2.72); +100nM prazosin = 3.00 (/.03-4.97). The control
curve overlapped unity, The 1nM, 10nM and 100nM prazosin trcated groups did not

overlap with unity.

The cffects of prazosin on the 5-HT response curve in W1 aortae are shown in Figure 3-

3 and the values shown above are tabulated in Table 3-3.
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Effect of BMY 7378 on 5-HT-induced contractions of WT aortae

Emax values for 5-HT responses in the absence and presence of various concentrations of
BMY 7378 in WT aortae werc: control — 1.45 £ 0.19g (# = 6); +1nM BMY 7378 = 1.35
+ 0.14g (n — 5);, +10nM BMY 7378 = 1.19 + 0.12g (n = 6); +1000M BMY 7378 = 1.15
+ 0.13g (» = 6). None of the groups were significantly differenl from the control in

maximum responses (one-way-ANQOV A, Bonferroni post-test).

The sensitivities were:

pEC,s values- control = 7.73 + 0.11; +{nM BMY 7378 = 7.44  0.05; +10nM BMY
7378 =7.21 £0.11; +100nM BMY 7378 =7.05+ 0.11.

PECso values- control = 7.34 + 0.11; +1nM BMY 7378 = 7.02 L 0.04; ~10nM BMY
7378 =6.90 + 0.09; +100nM BMY 7378 = 6.77  0.08.

The InM BMY 7378 lreated group was 2-fold less scnsitive (p<0.05) at the EC;s but
not significantly different at the ECsp.The 10nM BMY 7378 treated group was 3-fold
less sensitive at both the ECys (p<<0.01) and ECsp (p<0.05). The 100nM BMY 7378
treated group was 5-fold (p<0,001) and 4-fold (p<0.01) less sensitive at the ECy5 and
ECsp respectively (one-way-ANOV A, Bonferroni post-test).

The Hill slopes were; control = 1.03 (0.66-1.38); +1nM BMY 7378 = 1.40 (1.]2-1.67);
1-10nM BMY 7378 = 1,59 (/.35-1.84), + BMY 7378 prazosin — 1.80 (/.57-2.03). The
contral curve overlapped unity, The InM, 100M and 100nM BMY 7378 (rcated groups

did not overlap with unity.

The cffects of prazosin on the BMY 7378 respouse curve in WT aortae are shown in

Figure 3-4 and the values shown above are tabulated in Table 3-4.
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Effect of prazosin on 5-HT-induced contractions of a;p-KO aortae

Einax values for 5-HT responses in the absence and presence of various concentrations of
prazosin in WT aortae were: control = 0,99 + 0.14g (n = 7); -1 InM prazosin = 0.90
0.13g (n = 6); +10nM prazosin = 1.21 £ 0.10g (» = 7); +100nM prazosin = 1.10 £+ 0.10g
(n = 7). None of the groups were significantly di{fcrent from the control in maximum

responses (one-way-ANOVA, Bonferroni posi-test).

The sengitivitics were:

pliCas values- control = 7.33 + 0.08; 1 InM prazosin = 7.17 + 0.07; +10uM prazosin =
7.38 + 0.09; +100nM prazosin = 7.28 & 0.04,

pECso values- control = 7.05 + 0,07; -+1nM prazosin = 6.91 + 0.06; +10nM prazosin =
7.08 + 0.07; +100nM prazosin = 7.00 + 0.05.

No significant difference in sensitivity between the control and the prazosin treated

groups was observed (one-way-ANOV A, Bonferroni post-test).

The Hill slopes were: control — 1.56 (/./8-1.93), +1nM prazosin = 1.91 (7.46-2.35),
+10nM prazosin = 1.53 (/.33-1.73), +100nM prazosin = 1.80 ({.15-2.45). The Hill

slopes did not overlap with unity.

The effects of prazosin on the 5-IIT response curve in cyp-KO aortae are shown in

Figurc 3-5 and the values shown above are tabulated in Table 3-5.




Comparing the effects of prazosin & BMY 7378 in WT & o,-KO aortae

Figure 3-6 and Table 3-6 compares the effects of 10nM prazosin and 10nM BMY 7378
in the WT with the effect of 10nM and 100nM prazosin in the oyp-KO. In the WT
10nM prazosin resulted in a serotonergic response which was 4-fold (p<0.01) and 2-fold
{p<0.05) less sensitive (han the control at the EC,s and ECs0 respectively. Furthermone,
10nM BMY 7378 in the WT resulted in a 5-HT response which was 3-fold Icss
sensitive at both the ECys (p<0.01) and I:Csp (p<<0.05), but 100M and 100nM prazosin
had no effect on the serotonergic response of o p-KO aortae {one-way-ANOVA,

Bonferroni post-test).

The effect of a;n-AR activation on 5-HT coniractile responses

Figure 3-7 and Table 3-7 shows a comparison between the effects of 30nM PE and
10nM prazosin on the serotonergic response of the WL, The presence of 30nM PE
caused the 5-HT response to be 5-fold (p<0.01) and 3-fold (p<0.05) more sensitive than
fhe control at both the pECas and pECsy values respectively and the Hill slope was
shallower. 10nM prazosin resulted in the serotoncrgic response to be 4-fold (p<0.01)
and 2-fold (p<0.05) less sensitive than the WT at the ECys and ECso respectively (one-
way-ANQVA, Bonferroni post-test). Furthermore, in the presence of prazosin, the Hill

slope steepened.

Serotonergic and adrenergic responses of W1 and a;p-KO aortae

No significant difference between the control 5-HT responses of the WT and op-KO
were observed (one-way-ANOVA, Bonferroni post-test). The comparison is shown in

Figure 3-8 and values are tabulated in Table 3-8.
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Effect of ritanserin on 5-HT & BRL 54443-induced contractions of WT

aortae

The Euu, values for 5-HT or BRL 54443 rcsponses in the absence and presence of
10nM ritanserin in WT aortae were: 5-HT, conlrol — 1.49 + 0.13 (n — 7); 5-HT +10nM
ritanserin = 0.43 + 0.11 (# = 0); BRL 54443, control = 1.04 = 0.24 (n = 7); BRI. 54443
+100M ritanserin = 0.01 + 0.01 {# = 7). The presence of 10nM ritanserin significantly
reduced the maximal responses for 5-HT (p<0.001) and BRL 54443 (p<0.001). 5-HT
and BRI, 54443 maxima were not significantly ditferent from onc another (one-way-
ANOVA, Bonferroni post-test).

The sensitivities (pECsp values) of the responses were: 5-HT conirol = 7.23 L 0.13;
BRL 54443 control — 6.47 £ 0.16. It was not possible to estimate the ECsp values for the
responses in the presence of 10nM ritanserin. BRL 54443 responses were 6-lold less

sensitive than 5-HT responses (p<0.05: one-way-ANOVA, Bonferroni post-test).

The Hill slopes were: 5-HT control = 1.37 (£/.00-1.74); BRL 54443 control = 1.03 (0.71-
1.35). It was not possible (o estimate the Hill slopes for the responses in the presence of

10nM ritanserin. The Hill slopes overlapped unity.

The effects of 10nM ritanserin on scrotoncrgic responses of the WT are shown in Figure

3-9 and the above values are fabulated in Table 3-9.
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Effect of ritanserin on 5-HT & BRL 54443-induced contractions of a;p-KO

aorvtae

The Ex values for 5-HT or BRL 54443 responses in the absence and presence of
10nM ritanserin in oyp-KO aortae were: 5-HT, control = 1.67 + 0.23 (n = 7); 5-HT
+10nM ritanserin = 0.16 + 0.09 (n = 6); BRL 54443, control = 1.18 £ 0.24 (n = 7); BRL
54443 +100M ritanserin = .02 £ 0.01 (# = 7). The presence of 10nM ritanserin
significantly reduced the maximal responses for 5-HT (p<0.001) and BRL 54443
(p<0.001). 5-HT and BRL 54443 maxima were not significantly different from one
another (one-way-ANOVA, Bonferroni post-test).

The sensitivities (pECsp values) of the responses were: 5-HT control = 7.48 + 0.23;
BRL 54443 control = 6.49 &+ 0.13. 1t was not possible to estimate the ECs values for the
responses in the presence of 10nM ritanserin. BRL 54443 responses were 10-fold less

scnsitive than 5-HT responses (p<(.05: one-way-ANOV A, Bonferroni post-test).

The Hill slopes were: S-HT control = 0.96 (0.47-1.70); BRL 54443 control = 1.02 (0.59-
1.45). Tt was not possible to estimate the Hill slopes for the responses in the presence of

10nM ritanserin. The Hill slopes overlapped unity,

The effects of 10nM ritanserin on serotonergic responses of the o;p-KO are shown in

Figure 3-10 and the above valucs arce tabulated in Table 3-10.
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Comparison of the effects of ritanserin on 5-HT-induced contractions of

WT & am-KO

The control 5-TIT responses of WT and o p-KO aortae were not significantly different
in maxima or sensitivity (one-way-ANOVA, Bonferroni post-test). In the presence of
ritanserin, the WT (0.43 + 0.11g) had a significantly greater (p<0.05) maximal responsc
than the o;p-KO (0.16 + 0.09). The comparison of 5-HT responses in WT and ¢;p-KO

aortac is shown in Figure 3-11 and Table 3-11.

Comparison of the effects of ritanserin on BRL 5444 3-induced contractions
Of WTr& CZN)-KO

Comparison of the control BRL 54443-induced contractile responses in WT and -
KO rcvealed no significant difference. The cffect of ritanserin was almost identical in
both strains (one-way-ANOVA, Bonferroni post-test). The comparison of BRI 54443

responses in WT and o, p-KO aortae is shown in Figure 3-12 and Table 3-12.

136



Effect of ritanserin on PE-induced and UA46619-induced contractile

responses of WIT

Responses to a single challenge of 10pM PE in W'l aoriae in the absence and presence
of 10nM ritanserin were: control = 0.85 + 0.07g (# = 6), +10nM ritanserin = 0.69 =
0.09g (n = 6). Responses induced by a single U46619 (100nM) challenge were: control
= 174 & 0.10g (n = 5), +10nM ritanscrin = 1.81 L 0.10g (# = 5). Responscs of WT
aortae to singlc challenges of PE and 1J46619 aortac were not affected by the presence
of 10nM ritanserin (one-way-ANOVA, Bouferroni post-test). The effect of 10nM
ritanserin on PE and U46619 responses in WT aortae are shown in Figure 3-13 and
Table 3-13.

Effect of ritanserin on PE-induced and U46619-induced contractile

responses of a;p-KO aortae

Responses o a single challenge of 10pM PE in op-KO aortac in the absence and
presence of 10nM ritanserin were: control = 0,57 = 0.08g (n = 7), +-10nM ritanserin =
0.40 £ 0.07g (n = 7). Responses induced by a single U46619 (100nM) challenge were:
contrel = 1.73 = 0.07g (# = 7), 1-10nM ritanserin = 1.60 + 0.06g (n = 7). Responses of
oip-KO aortae to single challenges of PE and U46619 aortae were not affected by the
presence of 10nM ritanserin (one-way-ANOVA, Bonferroni post-test). The effect of
10nM ritanserin on PE and U46619 rcsponses in o, p-KO aortae are shown in Figure 3-
14 and Table 3-14.
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Figure 3-1. The effect of 10nM and 30nM 5-H't' on PE-induced
contractile responses of WT aorlac (Ml 1% curve, n = 13; @ time

control, 1 = 12, ¥ 10nM 5-HT, n=6; A 30nM 5-HT, n = 7).

Responses are shown both in grams (A) and normalised, cxpressed
as percentage of maximum response (13). Data points are the mean
+ S.EM. (¥p<0.05, **p<0.0], **¥p<0,001 against time control:
two-way-ANOV A, Bonferroni post-test).



n Emax (grams)
15t Curve 13 0.85 * 0.04
Time control 12 0.97 £ 0.06
10°M 5-HT 8 1.01+0.12
3x10°M 5-HT 7 1.01 + 0.07
pECzs pECw
15 Curve 5.98 + 0.06 6.26 + 0.06
Time control 71812 0.12 6.47 + 0.09
10°°M 5-HT 7.07 +0.13 6.44  0.15
3x10M 5-HT | 7.98 + 0.14* 7.29 & 0.14**
Hill slope
15 Curve | 0.56 (0.39-0.73)
Time control | 0.56 (0.43-0.70)
10 M 5-HT | 0.58 (0.41-0.75)
3x10M 5-HT | 0.57 (0.49-0.66)

Table 3-1. The effect of 10nM and 30nM 5-HT on PE-induced

contractile responses of WT aortae,

The ‘#° number, maximum responses generated, expressed as
prams (A) and agonist sensitivity, expressed as both pECys and
pECsq values (B) are shown as the mean = S.E.M., Hill slopes (€}
are shown as the mean with the 95% confidence intervals shown in
parenthesis (***p<0.001 against time control: one-way-ANOVA,

Bonferroni post-test)
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Figure 3-2, The effect of 10nM and 30nM PI on 5-HT-induced
contractile responses of WT aortac (M 1* curve, # = 13; @ time

control, n = 12; ¥ 10nM PE, n = 6; A 30nM P, n=7).

Responses are shown both in grams (A) and normalised, expressed
as percenlage of maximum response (B). Data points are the mean
4+ SEM. (*p<0.05, ***p<0.001 against time control: lwo-way-
ANOVA, Bonferroni post-test).
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n Emax (grams)
13t Curve 13 1.41 £ 0.07
Time control 12 133+ 010
10°M PE 6 1.53 4 0.18
3x10°M PE 7 1.12 + 0.09
PEC2s PECso
1%t Curve 7.26 i 0.05 6.91 + 0.05
Time control 7.20£0.12 6.84 £ 0.02
10"°M PE 7.23+ 0.09 6.86  0.06
3x10*M PE 7.87 +0.21* 7.34+0.20*
Hill slope
1% Curve | 1.22 (1.05-1.38)
Time control | 1.23 (71.00-1.45)
10°M PE | 1.19 (1.07-1.32)
3x10°M PE | 0.68 (0.38-0.99)

Tahle 3-2. The effect of 10nM and 30nM PE on S-141-induced

contractile responses of WT aortae.

The ‘%’ number, maximum responses generalted, expressed as
grams (A) and agonist sensitivily, expressed as both pEC,s and
pECsy values (B) arc shown as the mean + S.E.M. Hill slopes (C)
are shown as the mean with the 95% confidence intervals shown in

parenthesis (*p<0.05, **p<0.01 against timc control: one-way-

ANOQOV A, Bonferroni post-test).
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Figure 3-3. The effect of 1nM, 10nM and 100nM prazosin on 5-
HT-induced conlractile responses of WT aortac (M control, # = 5,
A 1oM prazosing # = 3; ¥ 10nM prazosin, # = 5; 4 100nM

prazosin, n = 5).

Responses arc shown both in grams (A) and nonmalised, expressed
as percentage of maximum response (B). Data points are the mean
+ S.BE.M. (Statistical significance not shown for clarity: two-way-
ANOV A, Bonferroni post-test).




n Emax (grams}
Control 5 1.27 £ 0.13
10°M prazosin 3 1.00 + 0.30
10"°M prazosin 5 1.07 +0.47
107M prazosin 5 0.91%0.14
PEC2s PECso
Control | 7.53+0.13 7.08 + 0.09
10°M prazosin | 7.03£0.18" 6.76 £ 0.15
10*M prazosin | 6.95+0.08* 6.70 £ 0.07*
107M prazosin | 6.89+0.02* 6.69 % 0.02*

Hill siope |
Control 1.39 (0.78-2.00)
10°M prazosin 1.78 (1.25-2.32)
10°M prazosin 2.25 (1.78-2.72)
10""M prazosin 3.00 {1.03-4.97)

Table 3-3. The effect of 1nM, 10nM & 100nM prazosin on 5-HT-

induced contractile responses of W'T aortac,

The ‘n” number, maximuwn responscs geperated, expressed as
grams (A) and agonist sensitivity, expressed as both pECss and
pECsq values (B) arc shown as the mean & S.E.M. Hill slopes (C)
are shown as the mean with the 95% confidence intervals shown in
parenthesis (*p<0.05, **p<0.01: one-way-ANOVA, Bonferroni
post-test).
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Figurc 3-4. The effect of 1uM, 10nM and 100nM BMY 7378 on 3-
HT-induced contractile responses of Wl aortac (Jl control, 1 — 6;
A 10M BMY 7378, n = 5, ¥ 10nM BMY 7378, n = 0; 4 100nM
BMY 7378, n=0).

Responses are shown both in grams (A) and normalised, expressed
as percentage of maximum response (B). Data points are the mean
+ S.B.M. (Statistical significance not shown for clarity: two-way-

ANOVA, Bonferroni post-test).
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‘n’ Emax (grams)

Control 6 1.45+ 0,19
10°M BMY 7378 5 1.35 £ 0.14
10M BMY 7378 6 1,19 £0.12
10"M BMY 7378 6 1.15+0.13

PEC2s PECs0

Control 7.73+0.11 7.34 + 0.11
10°M BMY 7378 | 7.44+0.05* 7.02 + 0.04
10°M BMY 7378 | 7.21+0.11* 6.90 + 0.09*
10"M BMY 7378 | 7.05%0.11 6.77 + 0.08*

Hill slope |
Control 1.03 (0.66-1.38)
10°M BMY 7378 1.40 (1.12-1.67)
10°M BMY 7378 1.59 (1.35-1.84)
10"M BMY 7378 1.80 (1.57-2.03)

Table 3-4, The effect of 1nM, 10nM & 100nM BMY 7378 on 5-

HT-induced contractile responses of WT aortae.

The ‘4’ number, maximum responses generaled, expressed as
grams (A) and agonist sensitivity, expressed as both pEC;s and
pECso values (B) are shown as the mean + S.E.M. Iill slopes (C)
are shown as the mean with the 95% confidence intervals shown in
parenthesis (*p<0.05, *¥p<0.01, ***¥p<0.001: one-way-ANQOQVA,

Bonferroni post-test).
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Figure 3-5. The effect of 1nM, 10uM and 100nM prazosin on 5-
HT-induced contractilc responses in o p-KQ aortac (] control, n =
S; A 1nM prazosin, n = 3; ¥V 10nM prazosin, » = 5; <& 100nM
prazosin, n = 5).

Responses are shown both in grams (A) and normalised, expressed
as percentage of maximum response (B). Data points are the mean
+ S.EM. (No statistical significance: two-way-ANOVA,

Bonferroni post-test).
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n Emax (grams)
Control 7 0.99£0.14
10°M prazosin 6 0.90 £ 0.13
10°M prazosin 7 1.21 £0.10
107M prazosin 7 110010
PECz5 PECso
Control 7.33 % 0.08 7.05 + 0.07
10°M prazosin | 7.17 £0.07 6.91 + 0.06
10°M prazosin 7.38+0.09 7.08 + 0.07
107"M prazosin | 7.28 £ 0.04 7.00 + 0,05
Hill slope |
Control 1.56 (1.18-1.95)
10°M prazosin 1.91 (1.46-2.35)
10"*M prazosin 1.53 (1.33-1.73)
107M prazosin 1.80 (1.15-2.45)

Table 3-5. The effect of inM, 10nM & 100nM prazosin on 5-HT-

mduced contractile responses of oy;-KO aortae.

The ‘#’ number, maximum responses gcnerated, expressed as
grams (A) and agonist sensitivity, expressed as both pECys and
PECsg values (B) are shown as the mean + S.E.M. Hill slopcs (C)
arc shown as the mean with the 95% confidence intervals shown in
parenthesis (No statistical significance: one-way-ANOVA,

Bonferroni post-test).
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Figure 3-6. Comparison of the effects of 10nM prazosin (A: Il control; W 10nM prazosin) &
10nM BMY 7378 (B: W control; W 100M BMY 7378) in WT aortas and 10nM & 100nM
prazosin in o,;,-KO aortae (C: [ control; %/ 10nM prazosin; <> 100nM prazosin) on 5-HT-
induced contractile responses.

Responscs are shown normalised, expressed as percentage of maximum, Data points arc the
mean = S.E.M, (**p<0.01, #**p<0.001: two-way-ANOVA, Bonferroni post-test).
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A
WT pPEC25 PECss Hill slope

Control| 753+013  7.08:0.09 1.39 (0.78-2.00)
10"®M prazosin | 695008 6.70+0.07*  2.25(1.78-2.72)

B
WT pECzs PECsn Hill slope
Control| 773011  7.34+0.11 1.03 (0.66-1.38)
10°M BMY ” PO
7a7g | 721011 6.90 & 0.00 1.59 (1.35-1.84)
C
aip-KO | PECys5 pECs Hill slope

Control | 733008 705+007  1.56 (1.18-1.95)
10M prazosin | 7.38:0.00 708007  1.53(1.33-1.73)
10M prazosin | 7.28+0.04 7.00£005 180 (1.152.45)

Table 3-6. Comparison of the effects of 10nM prazosin (A) &
10nM BMY 7378 (B) in WT aortae and 10nM & 100nM prazosin

in ot p-KO aortue (C) on 5-HT—induced coniractile responses.

The pECys & pECso values are shown as the mean 4: S.E.M., whilst
the Hill slopes are shown as the mean with the 95% confidence
intervals shown in parenthesis. (*p<0.05, **p<0.01: one-way-

ANOV A, Bonferroni post-test).
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Figure 3-7. Comparison of the effect of @yp-AR activation with
30nM PE (A: & conifrol; & 30nM PE trealed) and ogp-AR
blockade with 10nM prazosin (B: Il confrol; ¥ 10nM prazosin
treated) on the 5-IT-induced contractile responses of W'l aortue.

Responses are shown mnormalised, expressed as percentage of

maximum response, Data points are the mean £ S.E.M. (*p<0.05,

*+p<0.01, #***p<0,001; two-way-ANOV A, Bonferroni post-test).
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n Emax (grams)
Control 1 12 1.33+0.10
+ 3x10°M PE 7 1,12 £ 0.09
Control 2 5 1.27 £0.13
+10°M prz 5 1,07 £0.17
PEC:s pPECsp
Control 1 7.20+0.12 6.84 1 0.02
+3x10°M PE| 7.87:021* 7.34 £ 0.20¢
Control 2 7.53+0.13 7.08 £ 0.09
+10°M prz| 6.95+008* 6.70 £ 0.07
Hill slope
Control 1 1.23 (1.00-1.45)
+ 3x10°M PE 0.68 (0.38-0.99)
Control 2 1,78 (1.23-2.32)
+10°M prz | 2.25(1.78-2.72)

Table 3-7. Comparison of the effect of op-AR activation with
30nM PE and oyp-AR blockade with 10nM prazosin on the 5-H'T-

induced contractile response of WT aortae.

The ‘n° number, maximum responses gencrated, expressed as
grams (A) and agonist sensitivity, expressed as both pECss and
pECso values (B) are shown as the mean = S.E.M. Hill slopes (C)
are shown as the mean with the 95% confidence intervals shown in
parenthesis (Fp<0.05, **p<0.01: one-way-ANOVA, Bonferroni
post-test).
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Figure 3-8. 5-HT-induced contractile responses of WT (@; 1=3) &
a1p-KO (& = 10) aortae.

Responses are shown in both grams (A) and normalised, expressed
as percentage of maximum response (B). Data points arc the mean
+ S.EM. (No statistical significance: two-way-ANOVA,

Bonferront post-test).



n Emax (grams) |
WT 5 127 £0.13
o.1p-KO 18 1.15 £ 0.1 |
pECso Hill slope |
WT 7.08 £ 0.09 1.39 (0.78-2.00)
wqp-KO 7.18 + 0.06 1.56 (1.21-1.91)

Table 3-8. 5-HT-induced contractile responses of WT & ap-KO

aortae.

The ‘»’ number, maximum responses generaied, expressed as
grams (A) and agonist sensitivity, expressed as both pEC;s and
pECs values (B) are shown as the mean :: S.E.M. Hill slopes (B)
arc shown as the mean with the 95% confidence intervals shown in
parenthesis (No statistical ~significance: one-way-ANOVA,

Bonferroni posi-{est).
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Figare 3-9. The effect of 10oM ritanserin on 5-HT-induced (M
control, # = 7; || 10nM ritanserin treated, n = 6) & BRL 54443-
induced contractile responses (@ control, n = 7; O 10nM ritanserin
treated, # — 7) of WT aortae.

Responses are shown both in grams (A) and normalised as a
percentage of the maximum responsc of the single 1uM S-HT
challenge (B). Data points arc thc mean + S.E.M. (Statistical
significance not shown for clarity: two-way-ANOVA, Bonferroni

post-test).
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n Emax (grams)
5-HT 7 1.49 +0.13
5-HT + 10°M Rtn 6 043 £ 0.11%
BRL 54443 7 1.04 + 0.24
BRL + 10°°M Rtn 7 0.01 +0.01'
pE(:so Hill slope
5-HT 7.23+0.13 1.37 (1.00-1.74)
5-HT + 10°°M Rtn n.c. 1 n.c.
BRL 54443 | 6.47+0.16* 1.03 (0.71-1.35)
BRL + 10°M Rtn n.c. n.c.

Table 3-9, The effect of 10nM ritanserin o 5-HT-induced & BRI

54443-induced contractile responses of WT aor(ae.

The ‘#’ number, maximuwm responses generated, expressed as
grams (A) and agonist sensitivity, expressed as a pECsg value (B)
are shown as the mean + S.E.M. Hill slopes (B) are shown as the
mean with the 95% conlidence intervals shown in parenthesis; n.c.:
not calculable (*p=<0.05, ***p<0.001 against 5-HT control,
Uip<(.05 against BRL 54443

Bonferroni post-test).

control:

onc-way-ANOVA,
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Figure 3-10. The effect of 10nM ritanserin on 5-I1T-induced (M
control, » = 7; [] 10nM ritanserin treated, # = 6) & BRL 54443-

induced contractile responscs (@ control, 7 =7; O 10nM ritanserin

{reated, n =

Responses arc shown both in grams (A) and nonnmalised as a
petcentage of the maximum response of the single 1uM 5-HT
challenge (B). Data points are the mean £ S.E.M. (Statistical

significance not shown for clarity: two-way-ANOVA, Bonflerroni

post-test).
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7} of o p-KO aortae.

156



n Emax_(grams)
5-HT 7 1.67 £ 0.23
5-HT + 10°°M Rtn 6 0.16 & 0.09***
BRL 54443 7 1.18 +0.24
BRL + 10°M Rtn 7 0.02 £ 0.01M
pPECs0 Hill slope
5-HT 7.48 +£0.23 0.96 (0.47-1.10)
5-HT + 10°M Rtn n.c. n.c.
BRL 54443 | 6.49+0.13* 1.02 (0.59-1.45)
BRL + 10°M Rtn n.c. n.c.

‘I'able 3-10), The effect of 10nM ritanserin on 5-HT-induced & BRL

54443-induced contractile responses of op-KO aortae.

The ‘%’ number, maximum responses generated, expresscd as
grams (A) and agonist sensitivity, expressed as a pECsp value (B)

are shown as the mean + S.E.M. Hill slopes (B) are shown as the

/.

mean with the 95% confidence intervals shown in parenthesis; n.c.:
not calculable {(*p<0.05, **¥*p<0,001 against 5-H[ control;
Wp<0.05 against BRI

Bonferroni post-est).

54443

control:

one-way-ANOVA,

157



2.00+
1.75-
1.504
1.25-
1,00
0.754
0.50-
0.25-
0.00- = -

Response (grams)

[5-HT] (log M)
Figure 3-11. Comparison of the effect of [0nM ritanserin on 5-HT-
induced contractile responses of WT (W control, » = 7; 7] 10nM
ritanserin treated, »# = 6) and op-KO (@ conirol, » = 6; O 10nM
ritanserin treated, # = 7) aortae.
Responses are shown in grams. Data points are the mean 1+ S.E.M.

(*p<0.05 WT vs. oyp-KO: two-way-ANOVA, Bonferroni post-

test).
Ermax pPECso Hill slope
{grams)
5-HT| 1492013 | 7.23£013 | 1.37(1.00-1.74)
WT 5-HT + 10 M Rtn | 0.43 £ 0.11 n.c. n.c.
- 5.HT| 1.67+023 | 7.48+023 | 0.96(0.47-1.10)
KO 5-HT + 10°M Rtn | 0.16 £ 0.09* n.c. n.c.

Table. 3-11 Comparison of the effect of 10nM ritanserin on 5-HT-

induced contractile responses in WT and op-KO aortae.

The, maximum rcsponse generated, cxpressed as grams and agonist
sensitivity, expressed as a pECsy value are shown as the mean #
S.E.M whilst the Hill slopes are shown as the mean with the 95%
confidence intervals shown in parenthesis; n.c.. not calculable
(*p<0.05, WT vs. o1p-KO one-way-ANOVA, Bonferroni post-
test).
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Figure 3-12, Comparison of the effect of 10nM ritanserin on BRL
54443-induced contractile responses of WT (M control, n = 7; [}
100M ritanserin treated, » — 6) and o,-KO (@ contrel, n = 6; O
10nM ritanserin treated, # = 7) aortae.
Responses are shown in grams. Data points are the mean & S.E.M.
(no significant difference, WT vs. op-KO: two-way-ANOVA,

Bonferroni post-test).

(gf::s) PECso Hill slope
BRL 54443 | 1.04+£024 | 7.23:043 | 1.03(0.71-1.35)
WT BRL. + 10°M Rtn | 0.01x0.01 ne. n.c.
04D~ BRL 54443 | 1.18+024 | 7.48+023 | 1.02(0.59-1.45)
KO BRL + 10®M Rtn | 0.02 +0.01 n.c. n.c.

Table. 3-12 Comparison of the effect of 10nM ritanserin on BRL

54443-induced contractile responses in WT and op-K.O aortae.

The, maximum response generated, expressed as grams and agonist
sensitivity, expressed as a pECsy value are shown as the mean +
S.E.M whilst the Hill slopes are shown as the mcan with the 95%
confidence intervals shown in parenthesis; n.c.: not caiculable (no
significant difference, WT vs. op-KO one-way-ANOVA,

Bonferroni post-test).
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Figure 3-13. The effect of 10nM ritanserin on PE-induced (10uM)
& U46619-induced (100nM) contractile responses of WT aortae.

Columns shown the mean + S.E.M of the generated responses
expressed in grams. No statistical significance: one-way-ANOVA,

Bonferroni post-test.

n Emax (grams)
PE 6 0.85 + 0.07
PE + 10°M Rtn 6 0.69 + 0.09
U46119 5 1.74+0.10
U46619 + 10°M Rtn 5 1.81 £ 0.10

Table 3-13. The effect of 10nM ritanserin on PE-induced (10uM)
& U46619-induced (100nM) contractile responses of WT aortae.

The n number and the maximum response generated expressed in

grams are shown. Values are the mean = S.E.M.
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Figure 3-14. The effect of 10nM ritanserin on PE-induced (10uM)
& U46619-induced (100nM) contractile responses of op-KO
aortae.

Columns shown the mean + S.E.M of the generated responses
expressed in grams. No statistical significance: one-way-ANOVA,

Bonferroni post-test.

n Emax (grams)
PE 7 0.57 +0.08
PE + 10°M Rtn 7 0.40 £ 0.07
U46619 7 1.73+0.07
U46119 + 10°M Rtn 7 1,60 + 0.06

Table 3-14. The effect of 10nM ritanserin on PE-induced (10uM)
& U46619-induced (100nM) contractile responses of op-KO

aortae.

The n number and the maximum response generated expressed in

grams are shown. Values are the mean + S.E.M.
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Discussion- Chapter 3

Synergy in the mouse aorta

Syncrgy can be defined as the application of two or more agonist concentrations (or
doses) in combination resulling 1n a response which 18 much larger than the sum of the
responses of the individual agonists alone. Synergy between the adrenergic and
serotonergic vasoconstrictor systems in the mouse aorta has now been demonstrated.
The responses to PE and 5-FIT were significantly more sensitive in the presence of

30nM 5-IIT and PE respectively.

Types of synergy studies

Synergy can be studied by either combining single doses or concentrations of agonists
or by constructing agonist concentration-responsc curves. Stupecky et al. (1986)
performed both types of study in the rabbit aorta. They used single equi-effective
concentrations of agonists that resulted in a response of 0.1grams and combined these
individual doses and demonstrated synergisim, since the resulting responscs varied from
0.5g to 2.7g.

They also constructed CCRCs in the presence and absence of synergists. The synergist
displaced the concentration-tesponse curve of the agonist to the left indicating an
incrcased sensitivity. Therefore, concentration response curves to PE and 5-HT in the
mouse aorta were constructed in order to observe synergy. Crucially, the amplification
of the response was only observed when the syncrgist concentration used was able (o

cause a contraction.

Threshold stimulus

Ariens ef al. (1960) performed an carly study of synergy and discussed a hidden
precontraction, suggesting the contractile elements had (o rcach a particular contractilc
“inertia” before a measurable contraction occurred. Stupecky et al. (1986) associated
this inertia with a biochemical event, arguing an agonist has to elevale second
messengers o reach threshold concentrations [or confraction. They termed this

“threshold stimulus™.
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The synergist concentrations used in Stupecky’s study were all suprathreshold, as they
raised tone within the vessel. In the mousc aorta, 10nM concentrations of PE or 5-HT
resulted in a contractile response on occasion but generally they did not, hence, no
synergy was observed, 30nM PE or 5-HT was able to cause a contraction, i.e. the tissue
passed the threshold stimulus required for contraction. Thus in the mouse aotta synergy
is only observed when the synergist concentrations used caused a contractile response
but this does not always need to be the case. However addition of an agonist on top of
this tone the synergist had produced resulted in an amplification of the contractile
response of that agonist. The dosc response curves were measured using the elevated
tfone as the baseline and a larger response was observed, i.e. for any given concentration

of agonist, the response was significantly greater than normal.

Curve shape in relation to synergy

The effect a synergist has on the shapce of the concentration-response curve of an agonist
can provide a useful insight into the synergist-agonist interaction. Drasckozy &
Trendelenburg (1968) studied synergy by comparing agonist curves in the presence and
absence of a synergist and described two types of synergy. Stupecky er al. (1980) also
discussed the resulting changes in (hc agonist curves. A parallel shift of the curve to the
left was considered 10 be “potentiation”, which is likely to be found where the lwo

agonists used iniliale their responses by acting through separate receptors.

The type of synergy where a synergist caused the curve to shift to the left ai threshold
but converged at higher agonist concentrations was thought to be the result of an
additive effect (Drasckozy & Trendelenburg, 1968). Stupecky e al. {1986) termed this
“threshold synergism™ and suggested that this lype of synergy is likely to occur when
the two agonists used act through the same receptor system, cssentially a two-agonist-
one-receptor modcl. The example the authors used was the effect of methoxamine on

the coneentration-cutve curve io NE.

By applying these terms to the shape changes in the CCRCs of PE and 5-TIT in the
mouse aorta, it is apparent that the effect of 30nM 5-HT on the PE response was
potentiation and the effect of 30nM PE on the 3-HT response was threshold synergy.
The significance of these differing conclusions is discussed later, but first a possible

explanation of the synergistic interaction is discussed,
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Mutual effect amplification

Lell (1987) mathematically modelled synergy, using a system where the two agonists
effect a response by coupling through the same second-messenger pathway and
discussed the resulting “mutual effect amplification”. Lefl demonstrated this
experimentally using 5-HT and histamine in the rabbit aoria. A 2-fold increasc in
sensitivity was observed when 0.3pM 5-HT and 1pM histamine were used as synergist

concentrations for histamine and 5-HT responses respectively.

Christ et al. (1990) evaluated Teff’s model with relation to adrenergic and serotonergic
interaction in the rabbit aorta. Using a ‘Fixed Molar Equivalent Ratio (FMR)” protocol,
where PE was substifuted for the molar equivalent of 5-HT in various ratios, Christ ef
al. {1990) showed that adrenergic and scrotonergic co-activation resulted in a 2 to 3-fold

increase in PE sensitivity.

Later, Christ & Jean-Jacques (1991) demonstrated the Leff model accurately predicted
the synergy between «;-AR and 5-HT receptor co-aclivation in the rat aorta. The rat
aorta was 10-fold more sensilive for PE than 5-HT, so 5-IT was partially substituted
withh PE using the novel FMR protocol developed by Christ ef al. (1990). A 2-3 fold

increase in 5-HT sensitivity was observed.

The op-AR and the 5-HT,4 receptors in the mouse aorta both couple through the Gy
protein in order to elevate [Ca*'}; by increasing PI hydrolysis and 1P; turnover (Byland
et al., 1988 & Martin, 1998 for a)-ARs and 5-HT, receptors respectively), so they it
Leff’s two-rceeptor-one-transducer model. The sensitivity incrcases were of a
magnitude to be expected by mutual elfect amplification, ranging from 3-fold to 7-fold.
However, no altempt was made to cstablish the mathematical fit of Leff’s model of

mutual effect amplification. But the synergy we observed is most likely due to mutual

effect amplification.

The mathematical model of Leff (1987) lics somewhere between the two types of
synergy discussed hy Stupecky et al. (1986) i.e. potentiation and threshold synergy.
Leff’s two-receplor-one-transducer model is most closely related to threshold synergy,
which describes a two-agonist-one-receptor system. However, the Leff model is limited

by the assumption that the two reccptors couple only {0 a single transducer. In the
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mouse aorta, McKune & Walls (2001) showed that L-type Ca?” chanucts and tyrosine
kinases are also involved in the response mediated by 5-HT, receptors as well as Ggn,
protein activation to elevate [Ca®; by increasing P1 hydrolysis and IPy turnover. Henee,
the vasoconstrictor system in the mouse aorta did not completely fulfil the criteria of
Leff's model. Therefore, although the synergy is duc to mutual effect amplilication, the
difference in the shape changes of the PE and 5-H1 curves suggest therc is a
fundamental difference in the interaction at the receptor level, and Stupecky’s models of

potentiation and (hreshold synergy may explain this and is discussed later.

Synergy and the involvement of ‘silent receptors’

In contrast to the Leff model where small (less than 10-fold) increases in sensitivity are
observed, occasionally large 100-fold or 1000-fold, scnsitivity increases in the agonist
curve are apparent when a synergist is added. Tn such cases the synergy is believed to be
the result of the activation of “silent receptors”. This is a very powcrful type of
amplification resulting in 100-fold plus increases in sensitivity 1o an agonist. Generally
this type of augmentation of the tcsponse is seen when the two agonists couple through
receptors that preferentially couple with different G-proteins i.e. Ggm with Gig {Selbie &
Hill, 1998).

Movahedi ef al. (1995), Chen er al. (2000) and Yildiz & Tuncer (1995) studied the
serotonergic responses of the rabbit car artery, femoral artery and iliac artery
respectively, and uncovered “silent” 5-HT) .y, receptor responses to 5-HT which were
only unmasked when a contractile threshold conccntration of PE or NE was applied to
the tissue. Such interactions have been associated with the pathophysiology of
conditions such as pulmonary hypertension (Maclean & Morecroft, 2001). However,
little cvidence far synergists uncovering “silent” o-ARs or 5-HTa2a receptors exists, and

no such large shifts were observed.

Heterodimerisation of GPCRs

Although the synergy observed was probably due to mutual elfcet amplification via the
activation of a mutual second messcenger system, current cellular studies are revealing
the heterodimerisation properties of G-protein-coupled-receptors (GPCRs; reviewed by

Rios ez al., 2001). Recently, research has found that all three a-AR subtypes have the
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ability for direct receptor-receptor interactions. The o 3-AR can form both homodimers
and heterodimers with both the oa-AR and the ojp-AR, but no oja/oip-AR
heterodimers have been observed (Stanasila et al., 2003; Ubertt et al., 2003; Haguc e/

al., 2004). Thus the ot1p-AR has the ability to interact with other GPCRs.

Some of the family of 5-HT receptors have also been shown (o form heterodimers. Xic
et al. (1999) found that 5-HT,p and 5-HTp receptors form homodimers when expressed
on their own, in cultured cell lines, but when co-expressed, they can form heterodimers.
No evidence of 5-HT,, recepiors having the ability to form heterodimers is currently
available but such an interaction cannot be ruled out. It is known that 5-HT3a receptors
have the ability to cross-talk with 5-HT;4 receptors although this is atiributed to post-

receptor events (Zhang et al., 2004).

Thus, although there is no evidence yet available of whether there is direct interaction
between ¢ p-ARs and 5-HT,, receptors, it may be possible that these 1wo receptors can
heterodimerise. Such a study was beyond the scope of this thesis but it is not possible to
completely rule out this typc of direct receptor-receptor interaction, although the
synergy we observed is most likely due to the downsiream amplification of the

response.

Potentiation

Thus, by applying the terms used by Stupecky ef al. (1986) to our data, the effect of
30nM 5-HT on the PE curve is ‘potentiation’ as the PE curve shilted to the left in a
parallel fashion. This is consistent with the effect of NE and 5-HT in combination in the
rabbit aorta (Stupecky et al., 1986). In the mouse aorta, PE induces its response through
op-ARs but when 5-HT is used as a synergisl, a new receptor is introduced into the
response, namely the 5-HT,, receptor, so we see potentiation. As previously discussed,

it is likely that the potentiation observed is due to “mutual effect amplification™
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Threshold synergy

On the other hand, incubation with 30nM PE before constructing a CCRC to 5-HT does
not resull in a parallel shift but a curve that is enhanced at lower agonist concentrations
resulting in threshold synergism. This curve shifts to the left at threshold concentrations
and converges with the control curve at higher 5S-HT concentrations, effectively making

the slope of the curve shallower (Fig 3-2).

This is contrary to the findings of Stupecky et al. (1986) in the rabbit aorta, They
demonstrated (hat the 5-HT curve was shifted in a parallel tashion when the tissue had
NE or methoxamine as a synergist present. But threshold synergy is observed where the
two synergists used are either full or partial agonists of the same receptor, for example
methoxamine and NE acling at o,;-ARs. There have been many reports of 5-HT having
activity at o;-ARs, 5-HT acting at ¢ p-ARs would help explain the threshold synergy

observed when P is used as a synergist with 5-TIT.

5-HT and ¢;-ARs

It has previously been demonstrated that S-HT responses can be mediated via ci-ARs.
The 53-HT response of the rabbit ear artery is believed to be duc to the significant
involvement of o,-ARs (Purdy ef al., 1981). Furthermore, the 5-HT response in the
rabbit aorlu is partly mediated by o,-ARs (Purdy et al., 1987). Recently Shaw ef al.
{2000) demonstrated concentration-dependent prazosin blockade of 5-HT responses in
rat pulmonary arteries and concluded that S-HT is acting through o,-ARs. However,

they were unable to elaborate specifically which ;AR subtypes are involved.

The complexity of subtyping an o;-AR mediated responsc to S-IT is due to the nature
of the selective ligands available. BMY 7378 is the most commonly used o p-AR
sclective antagonist (Saussy ef al., 1994) but is also known to be a 5-HTs partial
agonist (Yocca et al,, 1987). Similarly the o,4-selective antagonist 5-Methylurapidil,
(Gross et al., 1988; Schwinn et al, 1993), was originally reported to be a partial 5-
HT)a-receptor agonis{ (Gross et al, 1987), thus making the detailed study of

adrenoceptor mediated S5-HT responses problematic. Furthermore the adrenergic

167



responsc may be masked by responses driven by 5-HT4 receptor activation, making 1t

difticult to uncover the adrenergic component of the 5-HT response.

However, the serotoncrgic response of the WT mouse aorta was antagonised by
prazosin. The effect of BMY 7378 on the 5-HT response was very similar to the effect
of prazosin. The blockade of ¢ p-ARs using both antagonists resulted in a rightward
shift at threshold, which converged with the conirol curve. Attempts to establish pA;
values for prazosin and BMY 7378 against 5-HT were unsuccessful as shallow Schild
slopes were observed (not shown). This is most likely due to the majonly of the
response being 5-HT,a receptor-mediated, making it difficult to accurately 1solate the

smaller o-AR component.

Alihough these observations confirm an a;-AR mediated serotonergic response, they
are inconclusive as to which subtype is involved. As well as being a commonly used
o p-selective antagonist BMY 7378 is known to be a partial agonist of the 5-HTa.
Although no evidence for the role of 5-HTa-receptors is yet available the use of BMY
is overshadowed by its activity at other receptors than the oip-AR, bul the use of the
oy -KO helped resolve this issue. Circumstantially though, BMY 7378 had a similar
clfcct as prazosin, indicating that oin-ARs have a role in the serotonergic response in

the mouse aorta.,

The use of the &;p-KO mouse confirmed this conclusion as the serotonergic responsc of
the oyp-KO mouse aorta was nol antagonised by prazosin, verifying the AR s
involved in the serotonergic response. The adrenergic response cp-KO mouse aorfa is
cqp-AR mediated. The lack of blockade of the serotonergic response by prazosin in the

o p-KO cxcludes the o p-AR from the serotonergic response.

Role of constitutively active ay-ARS in the 5-HT response

The effect of prazosin or BMY 7378 in the WT appears to be most apparent in the
30nM to 100nM region of the 5-HT curve, suggesting S-HT has a high degree of
sensilivity for o-AR. Rccently Gisbert et al. (2000) discussed the evidence for a
constitutively active population of o;p-ARs in rat aorta. Jn their study, the o p-AR’s

were activated using NE in Ca’"-free PSS and the NE was then washed out using Ca®*-
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free PSS. On exposure (o Ca™, an incrcase in tone was observed suggesting a
constitutively active population of receptors. A population of constitutively aclive o p~
ARs in the mouse aorta, may be why the o;-AR activity of 5-HT was so sensitive, as
only a small amount of agonist was required to ‘swiich on’ the op-ARs. The
constitutive activity of op-AR along with the synergistic interaction with 5-HTx
receptors, may explain why the responsc at op-ARs is apparently at such low

concentrations of 5-HT.

The concept of constitutively active ojp-ARs pravides another possible explanation to
the sensitivity of 5-HT responses to prazosin or BMY 7378. It is possible that the 5-HT
has no effect at o;p-ARs but that the sensitivity is simply due to the inverse agonist
effect of prazosin or BMY 7378 at op-ARs. Thus, in the WT the less sensitive 5-HT
curve in the presence of prazosin or BMY 7378, may have becn due to the ‘switching
off” of constitutively active op-ARs which were synergistically amplifying the 5-HTya
receptor response. The absence of such a shift in o.,-KO aortae would also be
consistent with this hypothesis as well as the presented hypothesis of the activity of 5-

HT at (03] |_)~ARS.

However, the 5-HT curve was constructed after a 40-minute incubation with antagonist,
once the original baseline had been re-established. Thus, the time difference between
the initial PE challcnge and the construction of the 5-HT curve was approximately 2
hours, allowing time for the constitutively active population of receptors to become
“sifent”. Additionally, the baseline was established in normal Ca** PSS so any
significant activity of o;,,»ARs would show up as a contraction. It is possible that there
may have been a residual sub-threshold activity of aip-ARs, but this activity ol oyp-
ARs should not have a synergistic interaction with the 5-HT24 receptors. As previously
discusscd, a supra-threshold concentration of synergist, and hence, an clcvation in tone

is required in order to amplify the agonist response.

Therefore, 5-HT has activity at o;~ARs and the serotonergic response in the WT mouse

aorta is partly mediated by the o p-AR.
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Synergy of 5-HT responses

Ilence, the threshold synergy observed when PE is used as a synergist for 5-JT can
now be explained due to the activation of the ¢c.p-AR, a receplor involved in both
responses. Stupecky ct al., (1986) suggested that two agonisis of the same receptor
would result in threshold synergy consistent with the findings in the mouse aorta as a
common receptor is involved in both responscs, the «in-AR. Figure 3-7 compares the
effect of oyp-AR activation on the serotonergic response, showing the effect of an
increased level of activation with 30nM PE present and the effecl of a decreased level of

activation with 10nM prazosin,

The application of PE primarily involves the activation of oyp-ARS, a receptor shown o
be involved in the response to 5-HT. 5-HT primarily acts through 5-H1;4 receptors but
the presence of PE affected the curve by increasing the level of activation of a receptor,
the o;p-AR, which was already involved in the 5-HT response. The resulting curve was

teftward shifted at threshold, converged at 300nM 5-HT and the slope was shallowet.

In contrast, the blockade of o p-ARs resulis in a rightward shift of the curve,
converging with the control curve at 300nM 5-HT and a stccper slope. Hence the
synergistic cffect of PT. on the 5-HT responsc is similar fo the synergistic effect of using
another agonist of the same receptor (Stupecky ef al, 1986). A diagrammalic

representation of the interaction is provided in Figure 3-15,

Thus, the relatively sensitive nature of the mouse aorta to 5-HT can be explained due ils
effects at both 5-1TTa, receptors and o,-ARs. The normal 5-IHT response is itself
synergistically amplified al threshold as o p-ARs are co-activated along with 5-HTsa
receptors for the 5-HT-induced response. Since both receptors are coupled through the
same second messenger pathway they are likely to be interacting in 4 synergistic fashion
due to “muinal effect amplification” as described by Leff (1987) and Christ & Jean-
Jacques (1991).
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Prazsoin/ ; -
BMY 7378 Ritanserin

Figure 3-15. A diagrammatic representation of the activity of PE, 5-HT,

prazosin, BMY 7378, and ritanserin on the activity of the o;p-AR and the
5-HT,4 receptor. Both the a;p-AR and 5-HT,, receptor preferentially

couple to the Gy protein and is shown.

Serotonergic responses of the a;p-KO

Interestingly the overall serotonergic response of the o;p-KO was not significantly
different from the WT although the adrenergic (PE) response of the o;p-KO mouse was
significantly less sensitive than the WT, as previously shown by Tanoue ez al. (2002).
The serotonergic responses in the o;p-KO should have been analogous to the
serotonergic response of WT aortae in the presence of prazosin or BMY 7378. But the
o p-KO appears to have ‘reset’ its serotonergic response back to the WT serotonergic

response.

There may have been some compensatory mechanism in the o;p-KO to adjust for the
loss of the a;p-AR mediated vasoconstrictor response. The lack of one vasoconstrictor
may have been offset by the alteration in function of another vasoconstrictor. 5-HT is
very potent in the mouse aorta (Russell & Watts, 2000) and the serotonergic response in
the mouse aorta is mainly 5-HT,4 receptor-mediated (McKune & Watts, 2001) so it is

possible that the 5-HT,4 receptor is involved in the compensatory mechanism.
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The commonly used 5-HT;, receptor antagonist, ketanserin, has been shown to have an
affinity for a;-ARs (Cchen et al., 1988), thus was unsuitable. The activity of 5-HT at
both 5-HT,, vecepiors and ¢,)p-AR would have been blocked by ketanserin making it
incompatible with the aim of isolating the coniribution of the 5-HT3, receptors to the 5-
HT induced response. Cohen er al. (1988) provided a pKg value for ketanserin (7.9) at
o1-ARs. They also demonstrated that an insurmountablc 5-HT; receptor antagonist,
ritanserin had a pKp value of 6.0 at o -ARs. Therefore ritanserin was chosen as the

selective antagonist for iselating the 5-HT response.

Ritanserin completely ablated the 5-HT response of the oyp-KO. Ritanserin did not
aftect the adrenergic responses of PE or the responscs of the thromboxane mimetic,
U46619 confirming its selectivity in blocking only the 5-HT:a-mediated response. A
residual serotonergic response remained in the Wl and is likely to be the adrenergic
w1 y-AR-mediated response of 5-HT. Thus, the serotonergic response of the o p-KO was
ritanserin-sensitive and prazosin-resistant, suggesting the 5-FT»a receptor compensates

for the missing oun-AR in the «p-KO.

BRI 54443-induced contractions

Ritanserin completely ablated the 5-TIT-induced response in both WT and cip-KO
aortae, Thercfore, it was necessary 1o usc another ligand to study the function of the 5-
HT,, receptor. BRL 54443 is a full agonist at the 5-HT g and 5-HT,r receptors (Brown
et al, 1998) but McKune and Watts (2001) demonstrated that BRL 54443 also has

affinity for 5-TTT;4 receptors, acting as a partial agonist in the mouse aorta.

BRL 54443 was used in an attempt to establish and quantify any differences in the 5-
HT,, mediated serotonergic responses of the WT and op-KO aortae. However, BRI
54443 was equipotent in both the WT and the oyp-KO and the responses were
completely abolished by ritanserin in both strains. This confirmed that BRL 54443 has
affinity for 5-HT3za receptors but suggested that there was no significant difference in

the 5-IIT;4-mediated response between WT and ap-KO aortae.

Although the maximum responses to BRL 54443 were not significanily different from

5-HT, there was a tendcney for the maximum responses induced by BRL 54443 to be
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smaller than the maximum 5-HT responses in both WT and oyp-KO (consistent with
McKune and Watts, 2001). The lack of significant differcnce is probably due to the
large variability observed in these experiments, The inability of BRL 54443 to highlight
dilferences in the 5-HT;, receptor mediated contractions between WT and ¢, -KO was

probably due to the fact that BRL 54443 is a partial agonist.

A characteristic of a partial agonist is that even with reccptor occupancy of 1.0 or 100%,
the partial agonist may still not be able to induce a maximal response (Rang ef af.,
1999). Since we observed only a minor role for the o p-AR in the serotonergic response
in WT mouse aorla, there may have been compensatory alterations 5-HT;, receptor
population in op-KO aortac that weretoo subtle to distinguish using BRI 54443 as an

agonist.
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Conclusions- Chapter 3

Conclusion

A synergistic interaction between adrenergic and serotonergic vasocounstrictor systems
has now been demonstrated in the mouse aorta. The w:.p-ARs and the 5-HT34 receptors
both couple through the same G-protein, in order o initiate a responsc, thus the synergy
is duc to mutual effect amplification. However, it is not possible to completely rule out

a direct receptor-recepior interaction.

The sensitivity of the PE response was increased 6- to 7-fold in the presence of 30nM 5-
HT. The PE curve was shifted to the lefl in a parallel fashion exhibiting ‘potentiation’.
The introduction of 5-HT synergist concentrations involves the recruitment of 5-HT;a

receptors, which are ‘new’ receptors in the PE responsc.

Conversely the sensitivily of the 5-HT response was increased 3- to 5-fold when a
synergist concentration of 30nM PE was applied. [Towever, the curve was shifted to the
lc primarily at threshold, converging at higher concentrations, demonstrating
‘threshold synergy’. The threshold synergism of the 5-HT response was due to the

increased involvement of o p-ARs.

The 5-HT response in the WT mouse aorfa is partly mediated by op-ARs. The
relatively sensilive nature of the 5-HT response in the mouse aorta was, therefore, the
result of the co-activation of both 5-HT,, receptors and o p-ARs, which synergistically
interact to amplify the functional rcsponsc of 5-HT. Thus the threshold synergy
observed was due to increased participation of oyp-ARs, which are already involved in

the 5-HT-induced response.

The serotonergic responsc of the op-KO was not significantly different from the WT
serotonergic response. However, the 5-HT response of the WT was sensitive to both 5-
HT and prazosin, whilst the o;p-KO response was prazosin-resistant and ritanserin-
sensitive suggesting that in the o;p-KO mouse aorta 5-HT», receptors compensaie for

the lack of functional cip-ARs.
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Chapter 4. The effect of L-NAME on contractile

responses in the mouse aorta
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Introduction- Chapter 4

Role of endothelium in the vasculature

Historically, the endoihelium had been primarily considered to be a physical barrier
controlling the movement of cells, proteins and molecules between blood fluid and
interstitial fluid within and beyond the vascular wall. Research over lhe last 25 years has
now indicated the functional importance of the endothelium in modulating vascular
tone. Endothelial cells (ECs) can release a myriad of modulators, both contractile, such
as eudothelin and some prostaglandins, and relaxatory, such as nitric oxide (NOJ,
prostacyclin  (PGI;) and endothelium derived hyperpolarising factor (EDHEF).
Furthermore the cndothelium is an important site for the enzymatic conversion of
angiofensin I to angiotensin Il as well as affecting the aclivity of other vasoactive
peplides. The endothelium has also been linked (o the pathology of such conditions as

hypertension (reviewed by Marin, 1995).

Nitric oxide

One of the most profound discoveries was that endothelial cells have the ability to
releasc the simple molecule nitric oxide (NO) which acts as a dilator of vascular smooth
muscle cells. Originally, NO was termed endothelium-derived relaxing factor (EDRF)
by Furchgolt & Zawadski (1980) who reported that the functional responses ol ACh in
the rabbit aorta were either contractile or relaxatory dependent on endothelial

preservation during dissection and setup.

Initially EDRF was suspected to be a peptide, but was later identified as NO (Palmer et
al., 1987). Palmer et «l. (1988) then discovered the metabolic pathway for NO
synthesis, NO is synthesised by an enzyme-controlled five-clectron oxidation of the
terminal guanidino nitrogen atom of L-arginine. The recognition of NO as EDRY lead to
an explosion in the study of NO, and its associated metabolic pathways and actions, as
potential therapeutic targets. As such, blockers of the class of nifric oxide synthase
(NOS) enzymes such as Ng-nitro-L-arginine methyl ester (L-NAME: Rees et al., 1990)

are now available [or pharmacological and phystological studies.
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Endothelial c-adrenoceptors

Vascular oj-adrenoceptors (ARs) are generally considered to be vasoconstrictor
receptors, being primarily distributed amongst the medial layer of hlood vessels.
Conversely, in large conductance arteries such as the aorta, oz-ARs have been
associated with endothelium-dependent vasodilatation (Cocks & Angus, 1983).
Vanhoutte & Miller (1989) then related wo-AR activation with the release of nitric oxide

from TiCs.

However, authors are begitning to report the distribution of «;-ARs amongst the
adventitial layer (Faber ef «/., 2001) and in endothelial cells (Filippi ef al., 2001).
Indecd, Filippi et al. (2001) demonstrated, in perfused rat mesenteric vascular bed, that
the activation of op-ARs on IBCs results in NO rcleasc, and hence, vasodilatation.
Therefore, the o;-AR-mediated contractilc responses to agonists such as PE were
somcwhat attenuated by the simultaneous activation of ap-ARs on ECs which released
NQ. Similarly Zschauver et af. {1997) showed NE-induced vasoconstriction in rabbit
bronchial artery was modulated by NO release from ECs which were stimulated by o~

and o;-AR activation,

The mouse aorta

As yet, no studies on the effect of NO release on contractility in the mousc aorta have
been performed. The mouse aorta has a significant ay-adrenoceptor mediated contractile
response (Russell & Watts, 2000) which is primarily ojp-AR mediated (Yamamolo &
Koike, 2001). The role of the individual o,-AR subtypes has been studied using
transgenic mice (Daly er al., 2002; Tanoue ef «f., 2002). 5-HT also cxhibits a high
degree of sensitivily and efficacy in the mouse aorta (Russell & Watts, 2000), thus

providing a useful gauge of contractile responses.
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Aim of Study

The aims were to determine the effects of NO release on PE, 5-HT and XCl-induced
responscs in the mouse aorta by blocking NO production using L-NAME. The
involvement of oya- and oyp-ARs in NO release was investigated using WT, op-KO
and ap-KO aortac. The PE-mediated involvement of w»-ARs in coniraction or

relaxation was tested in both control and L-NAME freated aortic rings.
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Results- Chapter 4

Effect of L-NAMF. on ACh-induced relaxations

T'he ACh-induced relaxations in the absence and presence of 100pM L-NAMI were:
WT control = 52.8 & 2.6% decrease in tone (n = 25); WT + L-NAME = 14.5 + 3.1% (»
= 21); oup-KO control = 61.7 £+ 3.8% (n — 10); ajp-KO + L-NAME = 1.4£39% (n=
9); o;p-KO controf = 70.3 & 7.6% (# = 5); caup-KO + L-NAME = 10.3 + 14.1% (n="T7).

The ACh-induced relaxations were significanily reduced by L-NAME in WT (p<0.001),
aa-KO (p<0.001) and 0,p-KO aortae (p<0.01). Thesc results are shown in graphical

form in Figurc 4-1.

The ACh response of WT and oyp-KO were not significantly different, whilst the ctp-
KO ACh response was significantly less sensitive than WT (p<0.01: cnc-way-ANOVA,

Bonferroni post-test).

Effect of L-NAME on KCl-induced contractile responses

The KCl-induced contractile responses in the absence and presence of 100uM L-NAME
were: WT control = 0.72 £+ 0.02 (n = 25); WT + L-NAME = 0.95 4 0.04 (n = 21), oyp-
KO control = 0.69 = 0.04 (n = 16); cup-KO + L-NAME = 1.25 £ 0.08 (n = 9); ct;p-KO
control = 0,74 + 0.05 (n = 8); op-KO + L-NAME = 0.95 + 0.05 (v — 6). The XC1-
induced contractile responscs were significantly greater in the L-NAME treated groups
than in the controls (WT- p<0.001; a5-KO- p<0.001; op-KO- p<0.01: Studemt’s 1-

test). These results are shown in graphical form in Figure 4-2.
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Effect of L-NAME on 5-HT-induced contractions of WT aoritae

Brax valucs for 5-HT-induced contractile responses of WT aortae in the absence and
presence of 100pM L-NAME were: control = 1.62 £ 0.09 (n = 11); + L-NAME = 1.66 +

0.09 (n = 7). The maxinum rcsponses were not signilicantly different (Student’s (-test).

pECsy values were: control = 7.00 + 0.07; -+ L-NAME = 7.58 + (0.21. The 1.-NAME
treated group was 4-fold more scnsitive (p<0.01: Student’s t-test) than the control

group.

slopes overlapped with unity.
The effect of L-NAME on the 5-HT curve in the WT aorta is shown in Figure 4-3 and

the values shown are tabulated in Tablc 4-3.

Effect of L-NAME on 5-HT-induced contractions of «;p-KO aortac

Emax values for S-HT-induced contractile responses of o, p-KO aortae in the absence and
presence of 100uM 1-NAME werc: control = 1.51 = 0.13 (0 = 12); + L-NAME = 1.80 +
0.17 (n = 9). The maximum rcsponse to 5-IIT in the op-KO were not significantly

altered by L-NAME (Student’s t-test).

pECso values were: contrel = 7.04 + 0.10; + L-NAMII = 748 + 0.13. L-NAME

treatment resulted in a 3-fold more sensitive response (p<i0.05: Student’s t-test).

Hill slopes were: control = 0,98 (0.79-1.16); + L-NAME = (.80 (0.65-1.04). The Hill

slopes overlapped with unity.

The 5-HT curves of the o 3-KO aorla and the effcctl of L-NAME are shown in Figure 4-

4 and the values shown are tabulated in Table 4-4
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Effect of L-NAME on 5-HT-induced contractions of cp-KO aortae

Eoax values for 5-HT-induced contractile responses of ¢y p-KO aortae in the absence and
presence of 100uM L-NAME were: control = 1.35 + 0.09 (n = 0); + L-NAME =1.40 +
0.08 (n= 7). There was no significant difterence in the maximal 5-H1-induccd response

of 01p-K O aortae as a result of L-NAME treatment (Student’s t-test).

pECs values were: control = 7.39 = 0.07; + L-NAME = 7.62 + 0.05. The serotonergic
response of the L-NAME treated group was 2-fold more sensilive than the contyrol
(p<0.05: Student’s t-test).

Hill slopes were: control = 1,04 {0.35-1.73); + L-NAME = 1.02 {0.60-1.44). The Hill

slopes overlapped with unity.

The serotonergic responses in the absence and presence of L-NAME in the o,p-KO arc

shown in Figure 4-5 and the values shown are tabulated in Table 4-5.

Comparison of 5-HI-induced contractions of WT, a;5-KO &op-KO aortae

The comparison of the serotonergic responses of the WT, a3-KO & op-KO aortae are
shown in Figure 4-6 and the respective values are tabulated in Table 4-6. The Eqsx and
pECso values of the 5-HT-induced responses of the o 3-KO and op-KO were not

significanlly dilTerent from thc WT (one-way-ANOVA).

Comparison of 5-HT-induced contractions of W1, a,p-KO &a-KO aortae

in the presence of L-NAME

The comparison of the serotonergic responses in the presence of L-NAME in WT, cp-
KO & ap-KO aortae are shown in Figure 4-7 and the respective values arc tabulated in
Table 4-7. L-NAME treated W', o,1u-KO & ctp-KO aortac exhibited similar maxima
and sensitivity (pECse) (one-way-ANQVA),
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Effect of L-NAME on PE-induced contractions of W1 aortae

Emex values for PE-induced coniractile responses of WT aortae in the absence and
presence ol 100pM L-NAME were: control = 1.G1 £ 0.05 (n = 26); + L-NAMEC = ] .37 %
0.07 (n = 21). The maximum PE response was 36% significantly greater in the L-

NAME treated group compared to the control group (p<0.001: Student’s (-test).

pECso values were: control = 6.66 + 0.07; 1 L-NAME = 7.11 + 0.11. The PE response
was 4-fold sensilive in the presence of L-NAME (p<0.001: Student’s t-test).

Hill slopes were: control = 0.59 {0.44-0.74); + L-NAME = 0.55 (0.42-0.67). The Hill

slopes did not overlap with unity.

The effect of I-NAME on the PE curve in the WT aorta is shown in Figure 4-8 and the

values shown are tabulated in Table 4-8.

Effect of L-NAME on PE-induced contractions of ¢3-KO aortae

Eunx values for PE-induced contractile responses of op-KO aortae in the absence and
presence of 100puM L-NAME were: control = 0.97 £ 0.09 (n = 16); + L-NAME = 1.73 £
0.11 (n = 9). L-NAME treatment resulted in a 78% increase in sensitivity of the PE

response of the ap-KO (p<<0.001: Student’s {-test).

pEC;0 values were: control = 6.73 + 0.08; + L-NAME = 7.21 £ 0.11. A 3-fold increase
in sensitivity was observed in the presence of L-NAME (p<0.01: Student’s t-test).

Hill slopes were: confrol = 0.55 (0.45-0.66); + L-NAME = 0.67 (0.51-1.82). The Hill

slopes did not overlap with unity,

The eflect of L-NAME on the PE curve in the o g-KQ aorta is shown in Figure 4-9 and

the values shown are tabulated in Table 4-9.
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Effect of L-NAME on PE-induced contractions of a;p-KQO aortae

Eyax values for PE-induced contractile responses of o p-KO aortac in the absence and
presence of 100uM 1.-NAME were: control = 0.64 + 0,12 (n = 6); + L-NAME — (0.98 =
0.09 (n = 7). L-NAME (reatment resulted in a 53% increase in the maximum PE-

induced contractile responses of the w;p-KO aortae (p<0.05: Student’s t~tesl)

pECso values were: control = 5.52 % 0.13; + L-NAME = 5.29 £ 0.13. There was 0o

significant alleration in sensitivity as a result of L-NAME freatment (Student’s t-test)

Hill slopes were: control = 0.85 (0.57-1.13); + L-NAME = 0.86 (0.57-1.17). The Hill

slopes overlapped with unity.

The effect of L-NAME on the PE curve in the o;p-KO aorta is shown in Figare 4-10

and the values shown are tabulated in Table 4-10.

Comparison of the PE-induced contractions of WT, ap-KO &oyp-KO

aortae

A comparison of the PE-induced responses of the W, oy 3-KO & oyp-KO aortae are
shown in Figure 4-11 and the respective values are tabulated in Table 4-11. The WT and
op-KO  exhibited similar maxima and sensitivity (pECsp) (one-way-ANOVA,
Bonferroni post-test), The maximum of the op-KO PE response was decreased 37%
(p<0.05: one-way-ANOVA, Bonferroni post-lest) and the pECso was 14-fold less
scnsitive than the WT (p<0.001).

Comparison of the PE-induced contractions of WT, ap-KO &app-KO
aortae in the presence of L-NAME

A comparison of the WT, a;p-KO and a;p-KO PE-induced responses in the presence of
L-NAME is shown in Figure 4-12 and the rclevant values are tabulated in Table 4-12. In
the presence of L-NAME, o,1p-KO aortae exhibited a significantly larger (26%, p<0.05:
one-way-ANOVA, Bonferroni post-test) but no significant alteration in sensitivity
(pECsp). The o p-KO aorta maxima to PE was decreased 28% and the sensilivily was

66-fold less sensitive than the PE responses of the WT.
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Effect of rauwolscine in the absence and presence of L-NAME on

adrenergic responses of Wi aortae

Emex values [or PE-induced contractile responses of ¢t1,-KQ aortae in the absence and
presence of 30nM rauwolscine and/or were 100uM L-NAME: normal control = 1.01 +
0.05 (n = 26); normal + rauwol. = 1,06 = 0.09 (n = 8); + L-NAME control = 1.37 & 0.07
(n = 21); + L-NAME - rauwol. — 1.45 £ 0.09 (n = 7). The rauwolscine treatcd groups
did not exhibit significantly different maxima from their appropriate control (Student’s
t-test).

pECso values were: normal control = 6.67 + 0.07; + rauwol. = 6.71 & 0.08; + L-NAME =
7.11 £ 0.11; + L-NAME & rauwol. = 6.98 = 0.19. Rauwolscine treatment did not affect
the sensitivity of the non-L-NAME treated and L-NAME tireated groups (Student’s t-
test).

Hill slopes were: normal control = 0.59 (0.44-0.74); + rauwol. = 0.60 (0.43-0.77); 4 L-
NAME = 0,54 (0.41-0.67);, + L-NAME & rauwol. = 0.58 (0.47-0.69). The Hill slopcs

did not overlap with unity.

The above data is shown in graphical form in Figure 4-13 and the relevant values are

tabulated in Table 4-13,
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Figure 4-1. The effect of 100uM L-NAME on 30uM ACh-induced

relaxant responses of WT, a;3-KO and ap-KO aortae.

Columns shown are the mean + S.E.M of the generated responses
expressed in grams force (**p<0.01, ***p<0.001, against strain-
matched control; °°p<0.01 against WT control: one-way-AVOVA,

Bonferroni post-test).
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Figure 4-2. The effect of 100uM L-NAME on 125mM KClI-

induced contractile responses of WT, o;3-KO and o;p-KO aortae.

Columns shown are the mean + S.E.M of the generated responses
expressed in grams force. (**p<0.01, ***p<0.001 against strain-

matched control: one-way-AVOVA, Bonferroni post-test)
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Figure 4-3. The effect of 100uM L-NAME on 5-HT-induced
contractile responses of W' aorlac (Ml control, » = 11; (] 100uM
L-NAME, & — 7).

Responscs are shown both in grams (A) and normalised, expressed
as percentage of maximum response (B). Data points are the mean
+ S.EM. (*p<0.05, **p<0.01, ***p=<0.001: two-way-ANOVA,

Bonferroni post-test).
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A

| n | Emax {grams} |

Control 11 162 +0.09

+ L-NAME 7 1.66 1 0.09
| pECso | Hill slope |

Control 7.00 = 0.07 1.15 (0.96-1.34)
+ L-NAME 7.58 £ 0.21™ 0.82 (0.69-0.95)

Table 4-3. The effect of 100uM L-NAME on 5-HT-induced

contractile responses of WT aortas.

The ‘»’ number, maximum responses generated, expressed as
grams (A) and agonist sensitivity, expressed as a pECso valuc (B)
are shown as the mean 1 S.E.M. Iill slopes (B) arc shown as the
mean with the 95% confidence intervals shown in parenthesis

(**p<0.01: Student’s t-test).
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Figure 4-4. The effect of 100uM L-NAME on $5-HT-induced
contractile responscs ol o)p-KO aortae (@ control, » = 12; O
100pM L-NAME, n = 9).

Responses arc shown both in grams (A) and normalised, expresscd
as percentage of maximum response {B). Data points are the mean
+ S.EM. (**p<0.01, *¥*p<0.001: two-way-ANOVA, Bonferroni

post-test),
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| n |  Emax (grams) |
Control 12 1.51 £ 0.13
+ L-NAME 9 1802017

| pECsp |  Hill slope |
7.04 £0.10 0.98 (0.79-1.16)
7.48 £ 0.13" 0.80 (0.65-1.04)

Control
+ L-NAME

Table 4-4. The coffcet of 100pM L-NAME on 5-HT-induced

contractile responses of @5-KO aortae.

The ‘a’ number, maxinuun responses gencrated, expressed as
grams (A) and agonist sensitivily, expressed as a pECs; value (B)
arc shown as the mean + S.E.M. Hill slopes (B) are shown as the
mean with the 95% confidence intervals shown in parenthesis

(*p=<0.05: Student’s t-test).
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Figure 4-5. The effect of 100puM L-NAME on 35-H'l-induced
contractile responses of op-KO aortac (4 conirol, n = 12; &

100uM L-NAME, 1 = 6).

Responses are shown both in grams (A) and normalised, expressed
as percentage of maximum response (B). Data points are the mean
+ S.EM. (¥p<<0.05, **p<0.01: two-way-ANOVA, Bonferroni post-
test).
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| n | Emox (grams) |
Control 6 1.35 % 0.0
+ L-NAME 7 1.40 + 0.08

| pECso | Hillslope |
Control 7.39 & 0.07 | 1.04 (0.35-1.73) ’

+ L-NAME 7.62 £ 0.05* 1.02 (0.60-1.44)

Table 4-5. The effect of 100pM L-NAME on 5-HT-induced

conlractile responses of o, ,-KO aoriae,

The ‘»’ number, maximum responses gencrated, expressed us
grams {A) and agonist sensitivity, expresscd as a pECsg value (B)
are shown as the mean + S.E.M. Hill slopes (B} are shown as the
mean with the 95% confidence intervals shown in parenthesis

(*p<0.05: Student’s t-test).
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Figure 4-6. Comparison of the 5-IIT-induced contractile responses
of WT, 0p-KO & op-KO aortac (Il WT, # — 12; @ wp-KO, n =
6, @ o p-KO, n=06).

Responses are shown both in grams (A) and normalised, expressed
as pereentage of maximum response (B). Data points are the mean
+ S.B.M. (No statistical significance against WT: two-way-
ANOVA, Bonlerroni).



i n | Emax (grams) |

WT 11 1.62 + 0.08
os-KO 12 1.51+0.13
ap-KO 6 1.36 = 0.09

| PECsp [ Hill slope |

WT 7.00 + 0.07 1.15 (0.96-1.34)
ap-KO 7.04 + 0,10 0.97 (0.79-1.16)
ap-KO 7.39 1 0.07 1.04 (0.35-1.72)

Table 4-6. Comparison of the 5-HT-induced contractile responses
of WT, ot 3-KO & ¢1p-K O aortae.

The ‘n’ number, maximum responses generated, cxpressed as
grams (A) and agonist sensitivity, expressed as a pECsy value (B)
are shown as the mean + S.E.M. Hill slopes (B) are shown as the
mean with the 95% confidence intervals shown in parenthesis (No
statistical significance against WT: one-way-ANOVA, Bonfervoni

post-test).
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Figure 4-7. Comparison of the 5-HT-induced contractile responses
of WT, an-KO & 01,-KO aortae in the presence ol 100uM L-
NAME (MTWT, 2= 12; O 045-KOQ, =6, & ap-KO, = 6).

Responses are shown both in grams (A) and normalised, expressed
as percentage of maximum response (B). Data points are the meun
+ SEM. (No statistical significance against WT: two-way-
ANOVA, Bonlerroni}.
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I n | Emax (grams) |
WT 7 1.66 + 0.09
ap-KO 9 1.80 £0.17
aqp-KO 7 1.40 £ 0.08

| pECsg |  Hill siope |

WT 7.58 + 0.21 0.82 {0.69-0.95)
ag-KO 7.48 £ 0.13 0.80 {0.65-1.04)
aqp-KO 7.62+0.05 1.02 (0.60-1.44)

Table 4-7. Comparison of the 5-IIT-induced contractile responses
of WT, ca1p-KO & o p-KO aortae in the presence of 100uM L-
NAME.

The ‘»> number, maximum responscs generated, expressed as
grams {A) and agonist sensitivity, expressed as a pECsy value (B)
are shown as the mean + S.E.M. Hill slopes (B) are shown as the
mean with the 95% confidence intervals shown in parenthesis (No
statistical significance against WT: one-way-ANOV A, Bonferroni

post-test}.

196



2.00

1.75]
1.50+
1.25+
1.00+
0.75+
0.50-
0.25+
0.00-

Response (grams)

40 -8 -8 7 6 5 -4 -3
[PE] (log M)

~J
i
|

50-

254

Response (% Max)

10 © -8 -7 6 -5 4 -3
[PE] (log M)

Figure 4-8. The cffect of 100uM L-NAME on PE-induced
contractile responses of WT aortac (ll conirol, n = 12; [T 100puM
[-NAME, n = 0).

Responses are shown both in grams (A) and normalised, expressed
as perecntage of maximum response (B). Data points are the mean
+ S EM. ( #¥p=<0.01, **¥*3<0.001: two-way-ANOVA, Bonferroni
post-test).
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| n | Emax (grams) |
Control 26 1.01 £ 0.05
+ L-NAME 21 1.37 + 0.07**

| pECso [ Hilislope |
6.66 + 0.07 0.59 (0.44-0.74)
741 0119 0.55 (0.42-0.67)

Control
+ L-NAME

Table 4-8. The effect of 100pM L-NAME on PE-induced

contractile responses of Wl aortae.

The ‘»’ number, maximum responses generated, expressed as
grams (A) and agonist sensitivity, expressed as a pECsp value (B}
are shown as thie mean = S.E.M. Hill slopes (B} are shown as the
mean with the 95% conlidence intervals shown in parenthesis

(***p<0.001: Student’s t-test),
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Figure 4-9. The effect of 100uM L-NAME on PE-induced
contractile responses of op-KQ aortac (@ control, # = 12; O
100uM L-NAME, n =6).

Responses are shown both in grams (A) and normalised, expressed
as percentage of maximum responsc (B), Data points are the mean
+ S.EM. (*p<0.05, *¥*p<0.01, ***p<0.001: two-way-ANOVA,

Bonferroni post-lest).
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| n |_Emax (grams)

|
Control 16 0.97 * 0.09
+ L-NAME 9 1.73 & 0.11%*
| PECsy | Hillslope |
Control

6.73  0.08 | 0.55 (0.45-0.66) |

+ L-NAME 7.21 011%™ 0.67 (0.51-1.82)

Table 4-9. The effect of 100pM L-NAME on PE-induced

contractilc responses of o p-KO aortae.

The ‘#" number, maximum rcsponses generated, cxpresscd as
grams (A) and agonist sensitivity, expressed as a pECsy value (B)
are shown as the mean * S.E.M. Hill slopes (B) are shown as the
mean with the 95% conflidence intervals shown in parenthesis

(**p<0.01, **#*p<0.001: Student’s t-tcst).
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2.004
1.764
1.50+
1.25-
1.004
0.75-
0.50+
0.25+
0.00-

Response (grams)

[PE] {log M)

Response (% Max)

10 9 8 7 -6 5 -4 -3
[PE] (log M)

Figure 4-10. The effect of 100uM L-NAME on PE-induced
contractile rcsponses of o p-KO aottac (¢ control, n = 12; &

100uM L-NAME, 1 — 6).

Responses are shown both in grams (A) and normalised, expressed
as percentage of maxinnun response (B). Data points are the mean

+ S.EM. (¥p<0.05: two-way-ANOVA, Bonferroni post-test).
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| n | Emax {(grams) |
B 0.64 +0.12
7 0.98 £ 0.097

Control
+ L-NAME

[ pPECso [  Hitslope |
5.52 +0.13 0.85 (0.57-1.13)
529 +0.13 0.86 (0.57-1.17)

Control
+ L-NAME

Table 4-10. The effect of 100uM L-NAME on PE-induced

contractile responses of o p-KO aortae.

The ‘n’ number, maximum responses generated, expressed as
grams (A) and agonist sensitivity, expressed as a pECsy vaiue (B)
are shown as the mean + S.E.M. Hill slopes (B) are shown as the
mean with the 95% confidence intervals shown in parenthesis

(*p<0.05: Student’s t-test).
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2.00
1.754
1.50-
1.254
1.004
0.75+
0.50-
0.25+
0.00-

Response (grams)

40 -9 8 7 € 5 -4 -3
[PE] (log M)

Response (% Max)

+
X
EJ

!

T
40 9 -8 7 8 5 -4 -3

[PE] (log M)

Figure 4-11. Comparison of the PE-induced contractile responses
of WT, ap-KO & o p-KO aortae (Ml WT, n = 12; @ ou-KO, n —
6, 4 op-KO, 1 = 6).

Responses are shown both in grams {A) and normalised, expressed
as percentage of maximum response (B). Data points are the mean
+ S.E.M. (¥*p<0.01, ***p<0.001 against WT: two-way-ANOVA,

Bonferroni),
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| n | Emax (grams) |

WT 26 1.01 £ 0.05
a1e-KO 16 0.97 £ 0.09
ap-KO 6 0.64  0.12*

| pECso | Hillslope |

WT 6.66 = 0.07 0.59 (0.44-0.74)
o1e~-KO 6.73 £ 0.08 0.55 {0.45-0.66)
a1p-KO 5.52 * 0.13*** 0.85 (0.57-1.13)

Table 4-11. Comparison of the PE-induced contractile responses of

WT, a3-KO & op-KO aortac.

The ‘»’ number, maximum responses gencrated, cxpressed as
grams [orce (A) and agonist sensitivity, expressed as a pECsp value
(B) are shown as the mcan £ S.EM. Hill slopes (B) are shown as
the mean with the 95% confidence intervals shown in parenthesis

(*p<0.05, ***p<0.001: onc-way-ANOVA, Bonferroni post-test).
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2.00—|
1.75
1.504
1.254
1.00-
0.75-
0.50+
0.25+
0.00-

Response (grams)

I |
4t -9 -8 -7 © 5 -4 -3

[PE] (log M)

Response (% Max)

, K K|

10 -6 8 7
[PE] (log M)

Figurc 4-12, Comparison of the PE-induced contractile responses
of WT, ap-KO & ap-KO aortae in the presence of 100uM L-
NAME (C WY, n=12; O oup-KQ, n=6; & o)p-KO, n = 6).

Responses ate shown both in grams (A) and normalised, expressed
as percenfage of maximum tesponse (B). Data points are the mean
= S.EM. (*p=<0.05, **p<0.01, ***p<0.001 against W two-way-
ANOVA, Bonferromni).
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| n | Emax {grams) |

WT 21 1.37 £ 0.07
op-KO 9 1.73+0.14*
o1p=KO 7 0.98 + 0.09*

| PECso Hill siope |

WT 711+ 0.1 0.55 (0.42-0.867)
w1s-KO 7.2110.11 0.67 (0.51-1.82)
op~KO 5.29 % 0.13** 0.86 (0.57-1.17)

Table 4-12. Comparison of the PE-induced contractile responses of
WT, ajg-KOQ & a;p-KO aortae in the presence of 100uM L-
NAMIE.

The ‘4’ numbcr, maximum responses generated, expressed as
grams (A) and agonist sensitivity, expressed as a pECsp valuc (B)
are shown as the mcan = S.E.M. Hill slopcs (B} are shown as the
mean with the 95% confidence intervals shown in parenthesis

(¥p<0.05, p<0.001: one-way-ANOVA, Bonferroni post-test).
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2.00+
1.75-
1.50
1.25-
1.00+
0.754
0.50+
0.25+
0.00-

Response {grams}

| I
A0 -9 -8 -7 -8 -5 -4

125+
100
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Response {grams}

[PE] (log M)

Figure 4-13. The effect of 30nM rauwolscine on the PE-induced
contractile responses of WT both in the control and 100pM L-
NAME treated rings (M control, » = 12; [[] + rauwolscine, 7 — 12;
® L-NAME control, # = 6; (C L-NAME + rauwolscine, # = @).

Responses are shown both in grams {A) and normalised, cxpressed
as percentage of maximum response (B). Data points are the mean
+ S.E.M. (No No statistical significance against controls: two-way-

ANOVA, Bonlerroni).




n Emax {(grams)
Nomal OS5 1062 0.05
+ L.NAME 5 control 2 45000
pEC50 Hill slope

Normal o | 6712008 | 050040077

+LNAME T Goeiods | ose (0.47-0.09

Table 4-13. The effect of 30nM rauwolscine on the PE-induced
contractile responses of WT both in the control and 100uM 1L-
NAME treated rings.

The ‘»” number, maximum responses gencrated, cxpressed as
grams (A) and agonist sensitivity, expressed as a pliCsp vaiue (B)
are shown as the mean & S.E.M. Hill slopes (B} are shown as the
mean with the 95% confidence intervals shown in parcnthesis (No
statistical signiflicance against either normal conirol or L-NAME

treated control: Student’s t-test).
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Discussion- Chapter 4

NO production and 1-NAME

Palmer ef al. (1988) discovered that NO is liberated during the catalytic conversion of
L-arginine into L-citrulline by the nitrogen oxide synthase (NOS) family of enzymes.
‘Three subsets of NOS have been described (reviewed by Ricciardolo er al, 2004).
endothelial NOS (eNOS or NOS III), inducible NOS (iNOS or NOS 1II), and neuronal
NOS (nNOS or NOS 1).

iNOS is generally involved in inflammatory responses and is produced de novo as a
result of pre-transcriptional regulation. nNOS and eNOS are constitutive forms of NOS
(cNOS) who are dependent on the level of intracellular calcium ([Ca”™'};). Thus, eNOS
activity is controlled by Ca® /calmodulin (Busse & Muleh, 1990) and as a result,

clevation in [Ca2+]; leads o an increascd ¢eNOS activity and NO libetation.

As such, pharmacological agents to block NO production are commenrcially available, 1.~
NAME is such an agent. It is a competitive eNOS blocker (Rees et «f., 1990} whose
effects can be overcome by increasing L-arginine availability, but can be used in

vascular preparations to inhibit NOQ production,

ACh-induced relaxations

The discovery of the role ol endothelium-derived relaxing factor (EDRF) was originally
duc to apparent inconsistencies of the vascular effects of ACh in rabbit aorta (Furchgott
& Zawadzki, 1980). They explained these inconsistencies by reporting the vasorelaxant
properties of ACh were dependent on the presence of an intact endothelium. Palmer ef
al. (1987) identified EDRF as the simple molecule nitric oxide (NO).

‘Thus, it has hecome the norm in vascular preparations to test for cndothelial function by
testing for ACh-induccd vasodilatation. The results show ACh relaxatory responses
were significantly smaller in thosc vascular rings that had been treated with L-NAME,
Thus, L-NAME has inhibited the production and thercfore the effects of NO in the

mouse aaita,



However L-NAME only inhibits NO production. Endothelial cells (ECs) are able to
release a host of other vasoactive agents such as the relaxants, prostaglandin and EDHF
{endothelium-derived hyperpolarising factor), or vasoconstriclors, such as cndothelin
(Rang et al. 1999). The effcet of these agents has not been taken into account as this

was out-with the scope of the thesis.

To compliment the nse ot 1-NAME, attempts were madc to denude the mouse aorta
rings of their endothelium. Initial attempts were often unsuccessful, resulling in variable
responses. When the endothelium was successfully removed, no ACh-induced
relaxation was observed but the maximum contractile responses to KCi, PE and 5-HT
were significantly reduced (data not shown), suggesting that, as well as endothelial
removal, damage to the vascular smooth muscle (medial) layer was being done. No

further attempts to denude the endothelium were made.

An interesting note was lhat although the o;p-KO and WT aortac were not significantly
different the o p-KO had a significantly larger relaxation. However this difference
could be attributed to cxperimental design. The relaxatory response to 3uM ACh was
tested on tone raised by addition of 10uM PE in all strains. Since the oyp-KO was
significanlly less sensitive than the WT to PE the tone was significantly less, and the

effect of 3uM ACh was notably greater,

KCl responses

In the mouse aorta, KCI responses were significantly increased in the presence of L-
NAME, confirming that in control vessels, KCl exposure was erther resulling in NO
liberation or there was constitutive release of NO. Either way, the observed contraclile
response of the control rings was (he summation of simultaneous contractile and
relaxatory responses. The contractile responsc was due to VSMC depolarisation and the

relaxant response due to NO liberation.

The effect of L-NAME on the KCI responses was probably due to KCI activity at ECs.
125mM KC1 PSS is a depolarising solution, hence, when used in a vessel with intact
endothelium, ECs are depolarised along with VSMCs. The depolarisation of ECs results

in an increased [Ca®"]; and hence, an increass in the production and release of NO.
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Therefore, the KCI response of control vessels was not a true represeptation of the
maximal contractile response of the vessel us the response was blunted by NO. Instead,
the KCl-induced contraction in the presence of L-NAME is more representative of the
absolute maximum contractile response of the mouse aorta, although the release of other

substance from ECs has notl been taken into account.

Furthermore, the use of KCI resuits in the depolarisation of cells within the adventitia,
which is now becoming increasingly implicated in vascular function (reviewed by Faber

et al., 2001) and has not been considered.

In general, KCI contractile responscs were significantly increased by L-NAME due to

the loss of NO liberation from ECs.

Serotonergic responses and L-NAME

5-HT is a potent vasoconstrictor in the mouse thoracic aorta (Russell &Watts, 2000)
mediating ils contractile responsc through 5-HT4 receptors (McKune & Watts, 2001).
L-NAME treatment in the mouse aorta did not affect the maximum responses to 5-I1T

but resulted in an increased sensitivity in WT, op-KO and o p-KO aortae.

Cocks & Angus (1983) demonstraled, in dog coronary arteries, that both NE and 5-IIT
were more potent and efficacious vasoconstrictors in the absence of endothelium.
Maclean et al. (1994) reported that 5-HT responses of bovine pulmonary arteries were
enhanced by endothclium removal and by L-NAME treatment confirming 5-11T aiso has
NO-mediated endothelium-dependent vasorelaxant properties.  Generally, the
vasorclaxant respouse of 5-J1T are associated with the activation of 5-HT (. receptor

subtypes (reviewed by Saxena & Villalon, 1991).

In the mouse aorta no evidence is yet available of the involvement of 5-HT| e
receptors in vasoconstriction or dilation. Howevcr, the data indicates that there 18 NO-
dependent attenuation of the serotonergic response. However, this cannot confidently be

attributed to the activation of 5-1T receptor on the endothelium.

The presence and role of myoendothelial gap junctions is a novel and growing area of
study (reviewed by Dhein, 2004a; Dhein & Jongsma, 2004; Griffith e al, 2004,

Griffith, 2004). Gap junctions allow the transmission of both chemical and electrical
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signals between cells. Thus, altcrations in the membrane potential or [Ca®*]; of VSMCs
can affcct ECs and vice versa. As a result, the effect of 5-JIT on VSMCs may have been

transmitted through these gap junctions on VSMCs.

Furthermore, cNOS is a constitutive enzyme that is [Ca® Ji-dependent, therefore, there
may have been constitutive basal release of NO, which would attenuate the 5-HT
response. If NO was constitutively released, the attenuation would have been constant
i.e. concentration independent. Careful analysis of the curve expressing the 5-HT
responses in grams (Figures 4-3[A], 4-4[A] and 4-5[A] for WT, c;p-KO and op-KO
respectively), reveals that the effect of I-NAME scems to have been constant over the
entire curve except towards the maximum. At this point the curves tended to converge
and this may have been because the maximal 5-HT response is the tissue maximal
response and L-NAME treatment could not increase it further. Therefore if appears there

may have been constitutive basal release of NO, attenuating the control 5-HT responses.

However, the sensilivily increase of the serotonergic response was present in all three
strains of mice studied (WT, ¢5-KO and o 1p-KO). Thus, the effect of L-NAME, on the
serotonergic response was ¢-AR subtype independent. Furthermore the comparison of
WT, aiu-KO and o1p-KO 5-HT responses both in the absence (Figure 4.6; Table 4.0)
and the presence (Figure 4.7; Table 4.7) of L-NAME shows that thc serotonergic

responscs arc not significantly different between mouse strains.

In the previous chapter (Chapter 3) the involvement of op-ARs in the 5-HT-induced
response was discussed. The effect of 3-HT at aip-ARs was amplified by a synergistic
interaction with 5-HT,a receptors on VSMCs. Further on in this discussion, the
involvement of ap-ARs in vasorelaxant responses is examined. However, the effect of
5-HT at op-ARs resulling in vasodilatation can by discountcd as no evidence for 5-
HTaa receptors causing vasodilatation is available and, thus, it is unlikely there was a

synergistic interaction (discussed in Chapter 3) causing NO dependent vasodilatation.

o-ARs and L-NAME

L-NAME treatment resulied in an increased maximal response for PE induced
confractions in all three strains studied. ITowever, it resulted in incrcased PE scnsitivity

in only WT and o;3-KO aortae. In op-KO aortlae, the response in the presence of L-
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NAME was not significantly altered. The differcnce is therefore due to the lack of

functional o p-ARs in the ¢p-KO aorta.

In all slrains, the effect of L-NAME on the response appearcd to be PE-concentration
dependent (Figures 4-8[A], 4-9[A| & 4-10{A] for WT, op-KO and op-KO
respeclively), i.e. the higher the PE concentration, the greater the increase in response in
the presence of L-NAME, indicating a vasorelaxant response of PE may be involved.
This evidence combined with the lack of sensitivity increase in the op-KO appeared to

point to a role for at;;-ARs in vasodilatation.

ain-ARs and the endothelivm

The role of ¢-ARs in endothelinm-dependent relaxant responses has been shown in
rabbit bronchial arteries (Zschauer ef al,, 1997) and rat muscular arterioles (Tuttle &
Falcone, 2001). Recently, Fillipi ¢ al (2001) demonstrated that the o,)-ARs are
involved in endothelium-dependent vasodilatation in the rat mesenteric vascular bed.
They also demonstrated o;p-ARs, on bovine coronary venular postcapiilary endothelial

cells, could raise IP; levels (an 1P3 metabolite) and, hence, NOS activity.

Thus, Lhe presence of ¢,5-ARs on the cndothelium in the mouse aorta could explain
why the o;p-KO did not ¢xhibit an increased sensitivity to PE in the presence of I-
NAME. The findings in the mousc aorta, demonstrate that there is a fundamental
difference in the effect of L-NAME in o,p~-KO mice compared with WT (and «,5-KO),
and this was due to the lack of functional w:p-AR with the abilily to cause NO-

dependent vasodilatation as well as vasoconstriction.

PE responses of WT, a;p-KQ and a;p-KO compared: The effect of L-NAME

Comparison of the PE responses of o,p-KKO and «;p-KO aortac with the WT aortac
(Figure 4.11; Table 4.11) revcals that the 0,3-KO and WT were not significantly

different, but PE was less scnsitive and had a lower maximum response in the o,p-KO,

However, in the presence of L-NAME (Ttigure 4.12; Table 4.12) the differences between
the strains appcar to be accentuated. The o1p-KO has a significantly larger maximum

response  although no significant difference in sensitivity. The o,p-KO has a
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significantly lower maximum response similar 1o the difference in WT and oyp-KO in
the absence of L-NAME. However, the sensitivity was 66-fold less sensilive in the
presence of L-NAME compared with only 14-fold less sensitive in the absence of L-
NAME.

The difference between WT and o;5-KO responses uncovered by L-NAME could be
due to compensatory mechanisms. McBride ef @l (2003) reported a BMY 7378-
sensitive (o p-AR selective antagonisl: Sauusy ef al., 1994), 5-MU-resistant (o;5-AR
selective antaponist: Gross ef «l., 1988; Schwinn ef «l., 1995) contractile component in
o1e-KO mesenteric arterics, that was not observed in the W'T. The authors concluded
that there was an appareni up-regulation of o1-ARs as a result of the loss of cip-ARs.
Furthermore, in some vessels fiom the wip-KQO, the responsc to PE was significantly

larger than the WT (Daly ef af., 2002).

Thus, a systemic up-regulation of ¢.;p-ARs not only in VSMCs but also in ECs could
explain the uncovered difference by L-NAME. It may be that in the o -KO, the
contraction to PE is actually larger than in the WT but this contraction is attenuated by a
greater degree, due to an increased role for op-AR medialed NO release from

endothelial cells.

Furthermore, the difference between W' and o,p-KO is enhanced in the prescnee of L-
NAME, not due to an alteration of the PE response in op-KO, but due to the increased
sensitivity of WT aortae to PE. Thus the o-KO is involved with NO-dependent
vasodilatation in the mouse aorta, This is consistent with the findings reported by Fillipi
et al. (2001}, but further studies involving removal of the endothclium of the mouse

aorta are required fo confirm that the oyp-AR rclaxant effect is endothelium-dependent.

Involvement of ay-ARs in the PE response

Notably, in the o;p-KO, L-NAME treatment, although not affecting sensitivity, resulted
in an increascd maximum response to PE. ay-ARs involvement with relaxatory response
was originally described by Cocks & Angus (1983) in porcine and dog coronary
arterics. Vanhoutte & Miller (1989) performed a study in selected arteries from dog rat

and pig and associated endothelium dependent relaxations with NO release. Thus, the
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increased maxima of PE responscs in «p-KO aorta as a result of L-NAME treatment
may have been due to the involvement of endothelial o;-ARs. Therefore, the sensitivity
of the PE responses to rauwolscine (oz-antagonist: Perry & U’Prichard, 1981) was

tested in the WT to determine the invelvement of oz-ARs in the PE response.

No significant effect of rauwolscine in the mouse aortae was observed either in the
absence or presence of L-NAME. The experiments were performed in both the presence
and absence of L-NAME in order to determine the involvement of on-ARs at both
endothelial sites and VSMCs. It was hypothesised that o;~ARs may be involved in both
vasoconsiriction and vasodijatation, thus if no effcet of rauwolscine was observed in
control tissue, the effect of rauwolscine in L-NAME treated tissuecs would be to decrease

sensitivity or efficacy of PE.

We did not observe any eflect of rauwolscine, therefore therc was no role for o-ARs in
mediating the PE responsc. However, thesc experiments were carried out in the WT
thus the involvement of op-ARs made the analysis more difficall as o p-AR-mediated

NO-dependent vasodilatation had to be taken into account.

Furthermore, the CCRC to PE in the W'T was terminated at 30uM, whereas, in the o)y
KO ihe effect of L-NAME was only observed at PE concentrations ol 30pM, 100uM
and 300pM. Therefore the effect of L-NAME observed in the o, p-KO may have been
due to o3-AR activation but been missed in the study conducted in the WT, by

prematurely ending the construction of the PE CCRC.

Thus the involvement of vz-AR activation resulting in NO release cannot be completely
ruled out in the ayp-KO. Another explanation may be the constitutive release of NO
from the endothelial cells since eNOS is a constitutive enzyme. Furthermore, bearing in
mind, eNOS is Ca”-dependcnt for its activity, the role of ionic movement or electronic

{ransmission via myoendothelial gap junctions cannot be ruled out.



Conclusions- Chapter 4

Conclusions

L-NAME treatment revealed that KCI, 5-HT and PE responses in the mouse aorta are
allenuated by NOQ releasc. 5-HT and PE responses were significantly more sensitive in
lhe presence of L-NAME with the cxception of the PE response of o n-KO aortae which

was not significantly more sensitive.

Thus the cyp-AR is involved in both vasoconstriction and NO-dependent vasodilatation

in the WT mouse aorta.

However, in oy)-KO there temained an NO-dependent attenuation of the PE response
that may have been onc of the other ¢tj-ARs, 