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Abstract

Acquired urinary incontinence in the canine isstréissing and debilitating condition
affecting up to 20% of neutered bitches, whilssltgn 1% of entire bitches and males
suffer from this condition. Although a number oédical and surgical therapies exist for
treatment of acquired urinary incontinence, nomeadnie to cure the condition and many
animals become refractory to treatment over tilhéas long been thought that a decrease
in resting tone within the urethra of a bitch feliag neutering is responsible for the
development of acquired urinary incontinence; havekecent studies show that low
urethral tone does not always lead to urinary itioemce, suggesting further factors must
be involved. Although the exact aetiology and patiysiology of the condition in the
neutered bitch is unknown, it is thought to haveaynsimilarities to that of post
menopausal urinary incontinence in women. In¢hisdition, urinary incontinence is
known to be mediated primarily by changes in thecstire and function of the urinary
bladder post menopause. The present study lodke atructure and function of the
canine urinary bladden vitro to determine if changes occur post neuteringdbald lead

a bitch to develop acquired urinary incontinence @which may provide novel therapeutic

targets for treatment of this disease.

Contractility in response to carbachol (muscariaia)l electrical field stimulation was
assessed in isolated strips of detrusor muscle fnahe and female, intact and
gonadectomised canines. The potential role ofadrenergic, non-cholinergic mediated
contraction of the detrusor muscle was also exadnamel this system does not appear to
be significantly altered by gonadectomy. Maximahicactile responses were, however,
decreased in detrusor strips from neutered comparedtire canines regardless of gender,
with detrusor strips from incontinent bitches havesome of the weakest responses.
Sensitivity to carbachol was also decreased irudetrstrips from neutered compared to
entire canines. This suggests a decrease in ctilgrunction of the urinary bladder in
neutered canines and is similar to that seen ibléders of women suffering from
urinary incontinence post-menopause due to impaioadractility of the bladder and
idiopathic detrusor instability. This suggestst ttfzanges in the function of the bladder
post neutering may be partly responsible for theeltgment of acquired urinary
incontinence in the bitch.

Post-menopausal urinary incontinence in women pothesised to be a linked to an

increase in the collagen to smooth muscle ratibiwithe wall of the urinary bladder
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which is thought to impair bladder contractilityclead to the development of detrusor
instability. Morphometric analysis of the urindsladder wall of canines showed that the
percentage of collagen within this organ was sigaiftly increased in neutered compared
to entire bitches, with incontinent bitches havaagne of the highest percentage collagen.
The percentage of collagen was unchanged in nelterapared to entire males which
were similar to entire bitches. These results stppe long postulated theory that a
decrease in oestrogen following gonadectomy / mamsgpis involved in the increase of

collagen within the bladder.

Results describing the pharmacological charactasisaf muscarinic receptors (Schild
analysis of pl§ values) in strips of canine detrusor muscle sugbes the M receptor is
the primary receptor responsible for bladder catiwa in entire canine® vitro but that
the M, receptor predominates in neutered canines. Thidgqusly unreported finding

could be significant in providing a novel therapetsrget to treat this debilitating disease.

Studies that looked at mMRNA expression for the rans as well as the LH and GnRH
receptors in canine bladder wall showed that there an increase in expression of all
receptors in tissue from neutered compared toeeaéinines and that tissue from females
had higher expression levels than that from thailencounterparts. It is known that
gonadotrophin levels in the blood increase postargg, and that decreasing these levels
can provide continence in a number of animalss tlherefore possible, that an up-
regulation of MRNA expression for these recepteigvolved in the changes at the level

of the detrusor that could lead to developmentouaed urinary incontinence. It is also
acknowledged that the muscarinic pathway is thegry pathway responsible for bladder
contraction and emptying, therefore, a changeerettpression of muscarinic receptors has

the potential to alter bladder contractility as destrated previously.

In conclusion these studies have shown that thetsite and function of the urinary
bladder of a neutered canine is altered compar#thtmf an entire canine, and that these
changes have the potential to be involved in theeld@ment of acquired urinary
incontinence in the bitch. Many of these changasiothose seen in the bladders of post
menopausal women suffering from urinary incontirentbus suggesting that there may be
commonality of disease process between the twdespadich may allow the use of the
canine as a model of human urinary incontinendas @ata, the first to include male
animals in the study of bladder function and stietsuggest that the loss of oestrogen in
the female and the concurrent increase in percertalipgen within the urinary bladder

are not significant factors in the development@treased detrusor contractility per se. On
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the contrary these results suggest that the muscagiceptor effector pathway may play a
crucial role in the development of altered bladzt@rtractility and acquired urinary

incontinence, and may provide a therapeutic tdagegffective treatment of this disease.
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ul Urinary incontinence



15

1 Introduction

1.1 Overview of Urinary Incontinence

Urinary incontinence is defined as the involuntamg unconscious loss of urine from a
patient, and can occur at anytime whether the ipaiseawake (enuresis) or sleeping
(nocturnal enuresis) (Abranes al, 2002). Although there can be many varied caobkes
urinary incontinence including ectopic ureters, plasia of the bladder and / or urethra,
trauma of the spinal cord, inflammatory diseasesmrysiological disorders (Table 1-1)
there are only two populations known to be at $iggunt risk of developing urinary
incontinence: women and bitches. In these pomratihe majority of urinary
incontinence is thought to be due to hormonal amdage related changes. In women the
risk of developing urinary incontinence increasksrahe menopause and in the bitch,
after neutering (Abramst al, 2002; Holtet al, 1993; Thomet al, 1998; Thrusfield,

1985). Urinary incontinence is thought to havewdtimodal aetiology and pathogenesis.
It has been more closely defined and subcategoims@dmen and in this population falls
under two main syndromes; urge incontinence, wiierdladder contracts out-with
conscious and voluntary patient control and stiressntinence where the tone within the
urethral sphincters is insufficient to overcome amyeases in pressure within the bladder,
such as when sneezing occurs (Abraal, 2002). It is recognised that many women
suffer concurrently from these syndromes whichaetrin synergy with each other to
cause an increase in the frequency or severityeo€ondition; this is defined as mixed
urinary incontinence (Abramet al, 2002). In the canine only one form of urinary
incontinence has been widely reported, varioustywkmas post-neutering urinary
incontinence, urethral sphincter mechanism incoerpe and acquired urinary
incontinence, the latter of which will be usedhistthesis. Acquired urinary incontinence
has mainly been likened to stress incontinenceamen, whereby overt leakage of urine
occurs mainly when the bitch is lying down or eaditand actively moving (Arnolét al,
1989; Hotston Moore, 2001). Despite this, somearameport that their bitch appears
agitated just before an episode of urinary incartiae or inappropriate urination and that
some bitches will try and get to their usual taflgtplace immediately before or during an
episode, suggesting that some bitches may suffer &n undiagnosed form of urge

incontinence.
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Type Example

Congenital Ectopic ureter(s)
Patent urachus
Gynaecological Pregnancy and parturition
Atrophy / pelvic floor muscle weakness
Bladder outflow obstruction
Urological Detrusor overactivity
Urethral incompetence
Urinary tract infections
Bladder calculi
Neoplasia of urinary tract
Medical Diabetes
Chronic Renal Failure
Hypothyroidism
Functional Arthritis (restricted mobility)
Post-surgical immobility
latrogenic Ovariohysterectomy / ovariectomy
Drugs (e.g. steroids, tricyclic antidepressants)
Complication of vaginal / urethra surgery
Neurogenic Spinal cord lesion
Diabetic neuropathy

Psychogenic Dementia

Table 1-1. Common causes of urinary incontinence in bitches and women.



Victoria A. Coit, 2008 Chapter 1, 17

1.2 Prevalence of Urinary Incontinence

Urinary incontinence is a widespread problem irhbdmtches and women, although the
exact prevalence of the condition is likely to belerestimated due to the fact that many
patients and owners fail to report the problem ¢KitiKlimas, 2004). This failure to
report the condition is likely due to a numberedsons including embarrassment, lack of
knowledge of urinary incontinence, low expectatdrireatment options and the erroneous
thinking that it is a normal part of aging. Cutttgrurinary incontinence is estimated to
affect between 10 and 40% of women (Parsstred, 2003), however this figure rises to 50
to 70% in institutionalised elderly patients (Ouslaret al, 1982) where self reporting is
not required. The prevalence of urinary incontgeeim women increases with age
(Parsonst al, 2003), obesity (Dwyeet al, 1988; Haret al, 2006), parturition and
hysterectomy (Thoret al, 1997), the menopause (Hunskatal, 2000) and is affected

by race (Graharet al, 2001). Similar factors also predispose bitcloescijuired urinary
incontinence as increasing ideal adult body weigbésity and breed all contribute to the
predisposition to urinary incontinence (Arn@tal, 1989). There is a strong correlation
between increasing body weight and increasingaigkeveloping urinary incontinence,
with bitches weighing greater than 20kg having %3tk and bitches weighing less than
10kg having a 10% risk for developing urinary inttoance (Arnoldet al, 1989; Holtet

al., 1993). Itis also reported that in the bitchréhis a direct relationship between tail
docking and neutering, with bitches that are dodkadng a higher incidence of urinary
incontinence then their full tailed counterpartssgibly due to neurological changes
brought about by trauma to the nerve roots as ldeye the spinal canal (Hadt al,

1993). This latter fact should play a diminishnode in the disease prevalence in the UK
over the coming years as tail docking has now leéectively banned in all breeds for
cosmetic purposes. As the breeds reported to Is¢ affected by acquired urinary
incontinence in the only published UK study of theease prevalence are traditionally
docked breeds (rottweiler, dobermann pinscher axer) (Holtet al, 1993) it remains to
be seen if the breed distribution of predispositmacquired urinary incontinence will
change over the coming years. Although the devedoy of urinary incontinence can also
be linked to mechanical damage of the urinary tfatfowing a difficult parturition or
accidental trauma, this is only true for a minoofybitches. In the bitch the largest
contributing factor to the development of acquineithary incontinence is neutering, with
up to 20% of neutered bitches (Arna@tal, 1989), compared to <1% of intact bitches
(Holt et al, 1993) subsequently reported to develop acquineduny incontinence. A

direct relationship between neutering and acquir@thry incontinence has been reported
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(Thrusfield, 1985) which is proposed to occur @smsequence of hormonal, vascular or
neurological changes (Thrusfiedd al, 1998), rather than mechanical damage of the lower

urinary tract sustained during surgery (Gregoryg4)9

Due to the relationship between neutering and éveldpment of acquired urinary
incontinence in bitches, there has been debatethag best time to neuter a non-breeding
bitch, be it before or after her first season. ditranally it has been recommended to
neuter a bitch before her first season as thia@svk to lower the risk of her developing
mammary tumours in later life (Doet al, 1968); conversely it was thought that this may
increase the risk of her developing acquired uyimacontinence (Thrusfieldt al, 1998).

A study at the start of this century concluded thitthes neutered before their first oestrus
may actually be at lower risk of developing acqdiveinary incontinence than those
neutered after their first oestrus (Stocklin-Gahitst al, 2001). The same study also
concluded that there was no difference in the peexa of development of acquired
urinary incontinence in bitches neutered via ovaraterectomy, the mainstay of neutering
in Britain, and ovariectomy, the procedure of clkdit mainland Europe. This latter
finding lends weight to the hypothesis that ithie temoval of the ovaries and the
subsequent hormonal changes that occur that isme#pe for the development of
acquired urinary incontinence in the bitch andthetsurgery per-se, unlike in the woman
where hysterectomy is a recognised risk factonéndevelopment of urinary incontinence
(Thomet al, 1997).
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1.3 Clinical Signs and Complications Associated wit h

Urinary Incontinence

Regardless of the aetiology of urinary incontinetieeclinical signs of overt leakage of
urine are the same. The condition in both humadscanines is debilitating, causes many
social and economical problems and has a sevesginegmpact on the health of affected
individuals and their quality of life (Hotston Magr2001; Kelleheet al, 1997). The
majority of women that suffer from urinary incorgimce alter their lifestyle in some way
and employ incontinence pads to aid in managenfeheo condition which can lead to a
decrease in their self confidence and severelaitie activities that they partake in,
decreasing their quality of life (Getlifiet al, 2007; Milleret al, 2003). In some
communities to suffer from urinary incontinencédgecome a social outcast and, in parts
of the third world, women are thrown out of theinfilies and communities if it is found
that they suffer from the condition. In canines ffocial stigmatism seen in humans that
accompanies urinary incontinence does not affeshtbut may be directed against their
owners and can cause significant mental anguisthése involved. This is often due to
the fact that the use of incontinence pads is taisi@ in most bitches and thus animals
frequently contaminate their bedding, as well tlegivironment, with urine. This
environmental contamination is a potential heditleat, as well as being socially
unacceptable to many owners and may lead to atiesain the management of the
affected canine and on occasions to their euthanddie management and lifestyle
alterations that are undertaken by patients ootineers of bitches suffering from urinary
incontinence are often costly both in terms of gyalf life and economically and it is this
latter issue which puts a large financial strainrmahviduals and in the case of women, the
health service provider (Klotzt al, 2007; Wilsoret al, 2001).

As well as the economic and social impact of uginacontinence there are many ethical
and welfare concerns for those affected (Hotstoofd02001). The constant leakage of
urine can lead to scalding of the skin causingiaamnt irritation and discomfort to the
patient, potentially leading to secondary infecsiar the skin which, if left untreated, can
become life-threatening (Holt, 1983; Kelleher, 2D0Along with the risk of skin
infections there is also an increased incidenagysiitis among urinary incontinent
patients, due to retrograde infections, which cagress to pylonephritis and kidney
damage over time (Kelleher, 2001). In women, fidgssible for prolapse of the vagina,
bladder and urethra to occur in incontinent pasievitich is a severe condition usually

requiring surgery to rectify; this complication hast been reported in the bitch. Urinary
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incontinence also has a psychological impact op#ient and those caring for them, and
can lead to severe psychosomatic problems suahxéstyg stress related disorders and
depression (Miner, 2004; Zost al, 1999).
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1.4 Urodynamic Categorisation of Urinary Incontinen ce

The mechanisms that underlie urinary incontinemeenzore defined in women than in
canines, as indicated earlier, due to the relatase of urodynamic studies and the
following subclassification of the condition in $hépecies. The characteristics and known

urodynamic causes of urinary incontinence in woiaeaath canines are reviewed below.

1.4.1 In the Woman

As previously stated, in women there are three rolaissifications of urinary
incontinence; urge incontinence, stress incontiaeand mixed incontinence (Fig. 1-1).
These classifications are based on the symptoneziexiged by the patient and although
these can be linked to possible mechanisms of skisé@ not necessarily relate to the
underlying cause(s) of the disease. Urge urinagntinence is the complaint of
involuntary leakage of urine accompanied by or irdiately preceded by urgency or the
strong desire to void (Abrangt al, 2002); it is frequently associated with overagtiv
bladder syndrome which includes detrusor activity- t+mpaired contractility of the
bladder. Stress urinary incontinence is the comptd involuntary leakage of urine on
effort or exertion, or on sneezing or coughing (@bset al, 2002) and is usually
associated with urethral closure incompetence.elrinary incontinence is the
complaint of involuntary leakage of urine assoda#gth urgency and also with exertion,
effort, sneezing or coughing (Abraresal, 2002) and is associated with both overactive

bladder syndrome and urethral closure incompetence.
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Urodynamic Detrusor Overactivit (DO) Impaired Urethral Incompetencs
Cause Idiopathic / Neurogenic Contractility

| 2 |

Phasic DO Terminal DO

¥

— Urgency No urgency
Clinical Nocturia Associated with physical activity
Signs Frequency Small volumes lost
Large volumes lost

v v _ v v

Classificatio> Urge Incontinence Mixed Incontinence Stress Incontinence

Figure 1-1. Schematic showing the link between the urodynamic causes of urinary
incontinence in women, the clinical signs noted by the patient and the classification of the
condition.

Detrusor overactivity is a urodynamic observatibaracterised by involuntary detrusor
contractions during the filling phase of micturitigParsont al, 2003). Detrusor
overactivity can occur with or without a feelingiaency, approximately a third of
patients have an overactive bladder with urgererynéd overactive bladder wet, whilst
the rest of patients do not suffer from feelingsi@fency and this condition is termed
overactive bladder dry (Tubaro, 200Fhe amount of urine lost following detrusor
overactivity is usually large and symptoms mayudel urgency, increased frequency of
urination and nocturia (Knight-Klimas, 2004). Detor overactivity due to neurogenic
disease is termed neurogenic detrusor activityypetreflexic bladder and any neural
lesion or condition that stops the cortical inhdnitof detrusor contractions such as spinal
cord injury or multiple sclerosis can cause it (Amset al, 2002). More commonly a
specific cause of detrusor overactivity cannotdaentl and the condition is then termed
idiopathic detrusor activity or detrusor instalil{fdbramset al, 2002; Knight-Klimas,
2004; Parsonst al, 2003). Whatever the cause of detrusor overagtithe involuntary
detrusor contractions can be spontaneous or provo&pontaneous detrusor overactivity
can be sub-defined as phasic or terminal. Phasiasbr overactivity is characterised by
spontaneous contractile activity but does not asNagd to clinical urinary incontinence.
Phasic detrusor overactivity is defined by a charéstic waveform of contractile pressure
mimicking the normal voiding cycle during cystonyetiTerminal detrusor overactivity is

again spontaneous and is defined as a single intasjudetrusor contraction at
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cystometric capacity, which cannot be suppressddnnich leads always to clinical signs
of urinary incontinence (Abramet al, 2002; Parsonet al, 2003). Provoked detrusor
overactivity occurs in response to either physicgdsychological provocation of the
bladder such as laughing or hearing running watdmaay be learnt (Parsoasal, 2003).
As toilet training in humans and canines is thenieg of cortical inhibition of detrusor
contractions, it has been postulated that idiopatbirusor overactivity is an un-learning
or altered learning of this control; therefore @temental status can allow uninhibited
normal detrusor contractions to occur giving thespnting clinical signs of detrusor

overactivity without any underlying bladder pathpjo

A further condition which can complicate urge intnance, possibly as a separate entity,
or possibly as an end stage of detrusor overaciwiow bladder contractility, often
termed impaired detrusor contractility (Elbadawval, 1993a; Parsorst al, 2003;
Resnicket al, 1987; Zhuet al, 2001). In this condition, the strength of thatcactile

force of the detrusor is decreased along with aedese in the sustainability of the
contractions (Griffithet al, 2002). This in turn can lead to an increasééresidual
volume of urine left within the bladder after vaidi (Griffiths et al, 2002; Resniclet al,
1987), which can cause irritation of the urinargdaler and a propensity to develop
secondary bacterial infections, both of which cdd # the clinical signs of urinary
incontinence.

Stress urinary incontinence is the involuntary &pkof urine through the urethra during
periods of raised intra-abdominal pressure, suctoaghing or laughing, in the absence of
a detrusor contraction and can only be accuratalyndsed after performing urodynamic
studies (Abramst al, 2002; Parsonst al, 2003). Stress urinary incontinence differs
symptomatically from overactive bladder syndroméhiat the amount of urine lost is often
small, nocturia is often absent and there is a ¢tdakgency (Sarkaet al, 2000).

Normally, the urethra remains closed during tHen@il phase of micturition, maintaining a
positive urethral closure pressure even in thegores of raised intra-abdominal pressure,
although detrusor overactivity may overcome it @bset al, 2002). An incompetent
urethra, however, often considered to be causespbincter deficiencies, does not manage
to maintain this tight seal, even in the absence @étrusor contraction and allows the free
passage of urine. In women, weak pelvic floor nessare thought to contribute to the
incompetence of the urethra and damage to thedeaat muscles and pubo-urethral
ligaments can allow passage of the bladder neclpemdmal urethra into the vagina when
intra-abdominal pressure increases, thus taking thet of the intra-abdominal pressure

zone and further complicating the condition. Fextbat may result in such damage
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include multiple childbirths, difficult childbirthbesity, pelvic surgery and chronic cough
(Knight-Klimas, 2004; Parsoret al, 2003; Wilsoret al, 2003).

Mixed urinary incontinence is a combination of uegel stress incontinences which can
act in synergy with each other to cause a morerseared frequent clinical condition. The
causes of mixed urinary incontinence are the santlase for the individual syndromes
(Abramset al, 2002; Knight-Klimas, 2004). The condition reesraccurate diagnosis,
often via cystometry and urodynamic studies aratinent often requires to be tailored to

the individual depending on which syndrome predatss.

1.4.2 In the Man

Although urinary incontinence is less prevalentien than in women the clinical signs
and decreased quality of life that patients sudfercomparable. The pathophysiology of
urinary incontinence in men differs slightly frofmat of women, mainly due to the varying
anatomy of the urethra and accessory sex glantisasuthe prostate, however,
urodynamically there are a number of similaritiesAeen incontinence in men and
women. In men urge incontinence due to detruseramtivity predominates; stress
incontinence is rarely seen and then usually ireptt who have had prostate surgery or
abdominal trauma (Johnsenal, 1999). Reported symptoms of urgency and urge
incontinence may be particularly difficult to inpeet clinically in men because they might
indicate detrusor instability or bladder outlet mbstion causing uninhibited contractions
(Hymanet al, 2001; Johnsost al, 1999).

Detrusor overactivity in men has many similaritieshat of women with men suffering
from both neurogenic and idiopathic detrusor ovévig, the latter being termed detrusor
instability. Detrusor instability can be accompmahby low bladder compliance which can
lead to residual urine retention, the feeling aioimplete bladder emptying upon urination
and increased frequency of urination, as well asstnsation of urgency (Hymanal,

2001). The feeling of incomplete bladder emptyamgl increased frequency of urination
can also be due to bladder outlet obstruction, lewea condition that has been reported
to occur in the presence and absence of detrustabitity (Hymanet al, 2001). In man,
the most common cause of bladder outlet obstrudsignostate disease which causes an
increase in the size of the prostate which in tamstricts the lumen of the urethra causing

a physical obstruction (Ellerkmarat al, 2003). The most common cause of an enlarged
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prostate in men is benign prostatic hyperplas@ralition that occurs with aging,
although tumours and infection of the prostate edahs same urodynamic symptoms
(Ouradet al, 2003).

In cases of severe prostate enlargement, espediadlyo neoplasia, the prostate may be
surgically resected or removed, which may leadegktelopment of initial urge
incontinence, followed by long term iatrogenic sgécontinence (Fowlet al, 1995;
Pensoret al, 2008; Rassweilegt al, 2006). Although the type of surgery (radical
prostatectomy versus transurethral resection) ridurence the likelihood of urinary
incontinence developing, with the more extensivgeues having the highest incidence of
post surgical incontinence, the urodynamic findiags the same, with unconscious urine

leakage, especially at times of physical effortngeeported by the patient.

1.4.3 In the Bitch

Although there are a number of underlying reasonsifinary incontinence in the canine,
as shown above, and whilst multiple causes of yimecontinence have been
characterised in humans, the majority of researtththe condition in canines has focused
on the role of the urethra. This has led to uedtimcompetence, often referred to as
urethral sphincter mechanism incompetence, beingidered the principle mechanism
behind urinary incontinence in the canine (Holi87p In urethral sphincter mechanism
incompetence, the resting tone, and thereforetagesis produced by the urethra, is
decreased and is insufficient to overcome any as@e in pressure within the bladder,
resulting in urine leakage (Gregoeyal, 1996; Rosiret al, 1981). It has been
demonstrated, using microtransducers, that urethvalre pressures in incontinent bitches
are much lower than in continent bitches and tmatrethral closure pressures of bitches
decrease significantly after spaying (Reicldeal, 2004; Rosiret al, 1981). The exact
reason for this decrease in urethral tone is aagtetnown but is hypothesised to be
hormonally related as regardless of the procedsed to neuter a bitch her ovaries are

removed thus altering her reproductive and sexoahbne production.

Although the urethra appears to play a significate in the development of urinary
incontinence in the neutered bitch, a low uretheating tone is not a defining

characteristic of the condition (Holt, 1998) therefit is hypothesised that other factors
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may be involved. Given the similarities betweenteead bitches and post-menopausal

women it is feasible that these further compliaafisctors involve the urinary bladder.

1.4.4 In the Dog

Urinary incontinence in the dog is rarely reporgéed is believed to be uncommon (Aaron
et al, 1996). There is very little published researtd the condition but that which is
available has focused on the role of the urethaaning similarities with urethral
sphincter mechanism incompetence in the bitch (Aatal, 1996). As in bitches, male
canines suffering from urethral incompetence hdivécal signs of stress incontinence
with urine leakage occurring at times of increaisé-abdominal pressure (Aarenal,
1996; Poweet al, 1998). There is also a reported link betweenareg and the
development of urinary incontinence in the maleman The mechanism(s) by which it is
thought that neutering leads to acquired urinacgirinence however varies between the
sexes (Holt, 1983) as in the male canine castraiassociated with a small prostate
which may lead to the development of an intra-melbtadder and shorter urethra (Power
al., 1998). Both of these anatomical variations lead decrease in the urethral closure
pressure leading to clinical signs of urinary inme@nce (Poweet al, 1998). As in men,
the prostate can also become enlarged in entiieesrand this can occasionally lead to

bladder outlet obstruction and associated urinaegntinence (Holt, 1983).

To begin to fully understand and appreciate theharisms responsible for the
development of urinary incontinence in both bitched women it is necessary to have an
understanding of the anatomy and innervation ofdter urinary tract, and a perception
of the main receptors responsible for normal mitiaur. The sections that follow give an
overview of these areas in the bitch, with diffeesin the woman recorded where

appropriate.
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1.5 The Anatomy of the Urinary Bladder and Urethra

The urinary system comprises of the paired kidriegsform urine by filtration of the
blood; the ureters that convey the urine away ftbenkidneys; the bladder which is the
main storage reservoir for urine; and the urettoagawhich the urine is discharged. As
previously discussed, urinary incontinence canaaesed by malfunction of any part of the
urinary system; however, only the bladder and waetfave been implicated in the
development of acquired urinary incontinence, tfegee this review will focus on these

organs.

The urinary bladder is a hollow musculomembranagam that can change shape, size
and position depending on the quantity of urineestavithin it (Evanset al, 1993), and

the amount of faeces within the rectum (Gray, 2000)e urinary bladder can nominally
be split into two sections, an intrapelvic neckioegvhich is continuous with the urethra,
and the larger globular body portion that will chamrelative position within the abdomen
depending on the degree of distension with urifige area of the body of the bladder
found most cranially is often referred to as thexapr cranial vertex of the bladder (Jacob,
2007). When empty, the urinary bladder is smadl globular, with a very substantial wall
(up to 2cm thick) and a negligible lumen (Dysteal, 2002). The contracted bladder rests
on the pubic bones and is entirely intrapelvicasipon (Gray, 2000; Smith, 1999). When
the bladder relaxes and distends with urine thésvil@lcome thinner (down to 2mm thick)
and it protrudes cranially, assuming a rough pkaps. As the bladder distends the neck
area, which joins to the urethra, remains fixedinithe pelvic cavity whilst the body and
apex of the bladder extends cranially; in the canmentrally, in the human, forwards into
the abdomen (Gray, 2000) (Fig. 1-2). The extenhisfcranial extension depends on the
degree of bladder fill, with an exceptionally fbladder able to reach as far forward as the
umbilicus in the canine (Dyoet al, 2002; Evangt al, 1993). When distended, the dorsal
(canine) or posterior (human) portion of the bladdeén contact with the jejunum,
descending colon and either the cervix and utdsody in the female or the deferent ducts
in the male (Evanet al, 1993; Gray, 2000; Jacob, 2007; Smith, 1999)héncanine, the
ventral portions of the bladder lie on the viscenad parietal layers of the peritoneum as
they overlie the ventral abdominal wall, with theater omentum occasionally moving
caudally to sit between the peritoneal layers (Dsfcal, 2002). In the human, the anterior
portions of the bladder rest against the pelvicescand the anterior abdominal wall (Gray,
2000; Jacob, 2007).
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Pelvic Bladder
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Figure 1-2. Radiograph showing a, lateral view of the abdomen of a bitch
(pneumocystogram) and b, an anterior-posterior view of the abdomen of a wo man
(intravenous pylogram / excretory urogram), demonst rating the normal position of the
organs of the urinary system. Photos by kind permi ssion of Glasgow University's
Diagnostic Imaging Department.
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The urinary bladder is covered with a serosal lggeritoneum) which extends into three
reflections or folds that attach the bladder toahdominal and pelvic walls and are known
as the ligaments of the bladder (Gray, 2000). &lze made up of double layers of
peritoneum between which are blood vessels, nely@aphatics, adipose tissue, ureters,
ductus deferens and vestiges of embryonic strusfireanset al, 1993). The largest fold
is the median ligament of the bladder, or mediasicedar fold, which runs ventrally from
the bladder to the symphysis pelvis and the midraéfine of the abdominal wall as far
cranially as the umbilicus. The ligament is trialag in shape being widest caudally and
narrowing as it moves cranially (Gray, 2000). Ha foetus, the median ligament contains
the urachus, which normally disappears shortlyr dfteh leaving only the peritoneal fold.
The paired lateral ligaments of the bladder orédteesical folds, run dorsolaterally from
the lateral bladder wall to attach to the abdomamal pelvic walls (Dycet al, 2002;
Evanset al, 1993; Jacob, 2007). These ligaments containatined ligaments of the
bladder in the adult (umbilical artery in the fagtand the ureterdn uterothe umbilical
arteries, branches of the internal iliac arterasry blood from the foetus to the placenta
and form part of the umbilical cord. When the cisrdevered at birth the arteries retract
and contract to become fibrous cords between tmddelr and the umbilicus. In the adult,
the narrow patent lumen of each vessel still catieod from the internal iliac artery to
the cranial portions of the bladder (Dyeeal, 2002). In the human, the bladder is also
connected to the pelvic wall by the fascia endadpalv In front, this fascial attachment is
strengthened by a few muscular fibres, the pubosa&ss, which run from the pubic bones
to the front of the bladder; at the back, more ralasdibres run from the neck of the

bladder to the sides of the rectum and constingedctovesicales (Gray, 2000).

The bladder body can be further divided into thendd apex and the body proper (Fig. 1-
3). The ureters enter obliquely into the caudatier body on its dorsal surface. If an
imaginary line was to be drawn between these ogerand then from each opening
towards the urethra a triangle would be formedis Tilangle is known as the trigone area
and is thought to have a different embryonic orfginm the remainder of the bladder wall
(Dyceet al, 2002). The mucosa of the bladder is only loosg¢tigched to the underlying
muscularis and has an enormous capacity to stvatbidistension of the bladder. The
mucosa lining the trigone is thrown into ill-defthedges that are directed towards the
urethra and which form the median urethral crest tlontinues into the pelvic urethra for a
short distance. These ridges are not abolishedsbgrsion, unlike the numerous mucosal
folds that cover the rest of the bladder’s inteswaface (Gray, 2000; Smith, 1999).
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Figure 1-3. Schematic diagram of the bladder and u  rethra. The trigone area is marked on a
cut away diagram viewed from the inside of the blad der in the area shown.

The bladder is composed of four coats or sectithestunica serosal (outermost), tunica
muscularis, tela submucosa and the tunica mucosdwhthe inner most layer (Gray,
2000; Henrikson, 1993). The outer tunica serasderived from the peritoneum and is the
structure reflected onto the abdominal and pehads\as discussed above. The tunica
muscularis consists of three smooth muscle lagetkectively called the detrusor muscle,
with some collagen fibres interspersed. Gap junstisetween bladder smooth muscle
cells allow for transmission of nerve impulses froefl to cell (Anderssoet al, 2004a;
Christet al, 2003). Originally the layers of muscle bundlethim the bladder wall were
thought to merge at the bladder neck and form tamnal urethral sphincter (Wrobet al,
1993), however, it is now thought that some ofrthescle bundles from the bladder wall in
the human run directly towards the bladder nedaletore expanding the urethral opening
when they contract (Gray, 2000). This is consistdgth the finding in the canine that the
proximal urethra may form part of the urine resarvexpanding when the bladder is
distended (Dycet al, 2002). This means that continence and urethvalice depends on
the tension passively exerted by the elastic compbaf the urethral mucosa, and on the
external urethral sphincter formed by the striatezthralis muscle. The tela submucosa

consists of a layer of areolar tissue with collaged elastic fibres, as well as
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myofibroblasts (Fryet al.,1997), within it. This layer connects the muscalad mucous
coats and is intimately linked to the latter (Gra900; Henrikson, 1993). The inner most
coat is the tunica mucosa, a thin lining of theddkr formed by transitional epithelium
called urothelium (Henrickson, 1993). It is conts with the ureters and lining

membrane of the renal tubules, as well as withutkeéhra (Gray, 2000).

The detrusor muscle is the component of the urib&agider responsible for the
mechanical actions of contraction and relaxatidhe detrusor muscle is made up of
smooth muscle cells arranged into 3 distinct laydreh are arranged in an outer and
inner longitudinal layer with a middle circular Ey(Dyceet al, 2002; Gray, 2000). These
muscle bundles may interweave with each other (idieswn, 1993). In the human
detrusor, bundles of muscle cells of varying diggnate surrounded by connective tissue
rich in collagen. The bundles of muscle cellshe human detrusor are large and are often
composed of several smaller sub-bundles (Anderssah 2004a). Within the main
bundles of both species the muscle fibres are gimto small functional units or
fascicles (Dyceet al, 2002). The orientation and interaction betwdensmooth muscle
cells in these bundles are important as this weitednine some of the properties of the
bladder wall and its behaviour, such as the sh&pgedladder and its intraluminal
pressure (Anderssat al, 2004a). In smaller animals, such as the ratnthscle bundles
are less complex and the patterns of arrangemaplesi than in the human detrusor
(Gabellaet al, 1990). There have been no comparison studigginanine looking at the
fine structure of the urinary bladder; howevesihypothesised to be similar to that of the
human. Figure 1-4 shows the gross structure ofdnéne urinary bladder wall,
demonstrating the arrangement of the muscle |lay@ildbundles which appears to be

similar to that described for the human.

The individual smooth muscle cells that make updieusor muscle in humans and
canines are typical of urinary smooth muscle déllsughout the mammalian body. They
are long, spindle shaped cells with a central nugclerhe cytoplasm is packed with
myofilaments, and the membranes contain regula@dgesd dense bands with membrane
vesicles between them. Mitochondria and a few efegmof sarcoplasmic reticulum are

also present, mainly near the nucleus (Anderssah, 2004a; Henrikson, 1993).

During filling of the bladder, in the storage phagenicturition, the smooth muscle cells
have to relax and to elongate and rearrange iw#feof the bladder over a significant
period of time (hours). During the emptying phasenicturition, the smooth muscle cells

of the bladder must shorten quickly (seconds) aretate large forces in a synchronous
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manner to allow fast and smooth bladder contractibmese activities of the detrusor
muscle require regulation of both contraction aglexation via nervous and hormonal

control systems (see sections 1.6-1.11).

Bladder Apex

) —
Muscle (&

fibres /

| Level of
entry of

Figure 1-4. Photograph showing the different layer s and orientations of the muscle fibres
that make up the detrusor muscle of the canine blad  der. Photo courtesy of Richard Irving,
Division of Pathological Sciences, Glasgow Vet Scho  ol.

Early work on smooth muscle organs divided smoatisate into two distinct classes
termed single-unit and multiunit on the basis aftcactile behaviour (Bozer, 1941).
Single-unit smooth muscles are arranged in bundiidsmany points of close contact
between the cell membranes, gap junctions. Gagiigns are low resistance pathways
through which ions can pass from one cell to anmpthereby rapidly spreading an
electrical signal throughout a tissue. A small bemof fibres in a single-unit muscle will
spontaneously depolarise generating an action palkethese are called pacemaker cells
(Anderssoret al, 2004a). In single-unit smooth muscles theserpaker cells can often
be stimulated to produce an action potential whemtuscle is stretched. Multiunit
smooth muscles are composed of discrete musclddsiadd fibres that operate
independently from each other. They tend to bé meérvated by the autonomic nervous
system and are controlled mainly by direct nergaals, therefore, they rarely show

spontaneous contractions (Bozer, 1941). The datmsiscle exhibits characteristics of
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both single-unit and multiunit muscles, with eleat coupling between cells and
spontaneous action potentials developing, yet beemgely innervated and requiring

nervous coordination to achieve voiding (Anderssbal, 2004a).

In the female the urethra runs caudally from trealder neck to the external body surface
along the pelvic floor. It passes through the mabwall at an oblique angle and opens
ventrally at the vaginal-vestibule junction (Gra900). In the male the urethra runs from
the bladder neck to an external orifice at the &eteemity of the penis and can be split

into two sections: an internal pelvic portion amdexternal or spongy part, the latter
named for the very vascular tissue that surroumelsitethra on its leaving the pelvic

cavity. The first part of the urethra in the malsurrounded entirely by the prostate and is
penetrated by the opening of the deferent ductsl@dumerous pores that drain the
prostate (Dycet al, 2002; Gray, 2000). The urethral lumen widendeato the prostate
but gradually narrows again as it approaches ttteakarch over which it exits the pelvic

region (Dyceet al, 2002).

The urethra has a similar structure to that oflaelder with a transitional epithelial lining,
a middle muscular layer and an outer serosal lajsrthe urethra progresses towards the
external urethral orifice the transitional epitheti gives way to stratified squamous
epithelium (Gray, 2000). The muscle bundles arg sl arranged than that of the
bladder but contain both longitudinal and circdamponents (Henrickson, 1993). In both
the female and the male, the smooth muscle gradgiatks way to skeletal (striated)
muscle, the urethralis muscle, along the lengtth@furethra, the change happening more
distally in the female than in the male (Smith, 39®/robelet al, 1993). The external
urethral sphincter is formed of this skeletal masahd as such is near the junction of the
urethra and the vestibule in female, and is fodadgthe length of the urethra from just
caudal of the prostate to the root of the penmates (Smith, 1999). Mixed in with these
fibres are muscle fibers from the rhabdosphinetestriated muscle that sits in a horseshoe
shape around and under the urethra and that leegdsge the urethral lumen when it is
contracted (Strasset al.,2000). The urethral submucosa contains a com@arus
network that is thought to constitute a form ofotife tissue in the female as well as the
male; this may help improve continence by assistiugosal apposition and abolishing the
lumen of the urethra during the storage phase ofumiion (Dyceet al, 2002; Gray,

2000).

The pelvic floor or pelvic diaphragm is found ih @himals and although is not a true part

of the urinary system is often implicated in th@elepment of stress incontinence in
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women (Rogers, 2008). The pelvic diaphragm is azsagd of muscle fibers of the levator
ani muscles, the coccygeus muscle and associate@ciive tissue which span the area
posterior the pelvis; it separates the pelvic gastiinially from the perineal region
caudally (Jacob, 2007). The right and left levatoirlie across the floor of the pelvis and
are separated by a narrow gap that transmits #thrar vagina and anal canal. The levator
ani is usually considered in three parts: pubocgeuy, puborectalis, and iliococcygeus
(Dyceet al, 2002). The pubococcygeus is the main part ofe&tor ani and runs from

the body of the pubis to the coccyx, incorporasoge fibers into the prostate, urethra and
vagina (Gray, 2000). The right and left puborestahite behind the anorectal junction to
form a muscular sling which some experts reganoeasof the external anal sphincter
(Gray, 2000). The iliococcygeus, the most postgrast of the levator ani, is often poorly
developed. The coccygeus, situated behind thédeeai is frequently composed of
tendinous as well as muscular fibers; it extendmfthe ischial spine to the lateral margin
of the sacrum and coccyx (Gray, 2000). Damageyagoart of the pelvic diaphragm, for
example during parturition or pelvic surgery, caauit in both urinary and faecal

incontinence, as well as prolapse of the abdonargdns.

The blood supply to the bladder is through the iataand caudal vesical arteries (Evams
al., 1993; Gray, 2000; Smith, 1999). The cranial e&isartery is a branch of the umbilical
artery and supplies the cranial portion of the téadncluding the apex and part of the
dome (Dyceet al, 2002; Evangt al, 1993). The caudal vesical artery is a brandhef
vaginal or prostatic artery from the internal iliatery and supplies the caudal part of the
dome and the neck of the bladder (Dgtal, 2002; Smith, 1999). There is a venous
plexus on the surface of the bladder that draimaaily into the internal pudendal veins
(Evanset al, 1993; Gray, 2000; Smith, 1999).

The blood supply to the urethra varies slightlytwtlie sexes as the urethra travels
caudally. The cranial portion in both sexes, whagtends to the whole of the urethra in
females, is supplied by the paired urethral arsethat are branches of the vaginal or
prostatic artery, themselves branches of the iateliac artery (Dyceet al, 2002; Evan®t
al., 1993; Gray, 2000). A branch of the artery of pleais supplies the penile portion of
the male urethra; it is a terminal branch of thenmal pudendal artery (Dya al, 2002).
The venous drainage is via the satellite veinhiefaforementioned arteries (Dyeteal,
2002; Gray, 2000; Smith, 1999).
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1.6 Innervation of the Lower Urinary Tract

Micturition and urine storage depend on coordinaeitbn between two functional units in
the lower urinary tract; a reservoir (the urinatgdaler) and an outlet (the bladder neck and
the smooth and striated muscle of the urethral5(@atet al, 2001). During voiding, the
muscles at the bladder outlet relax and the blasig®oth muscle contracts, raising the
intravesical pressure and inducing urine flow. iBgiurine storage, the bladder outlet is
closed and the bladder smooth muscle is quiesakmtying the intravesical pressure to
remain low over a wide range of bladder volume®sEhchanges are coordinated by three
sets of nerves (parasympathetic, sympathetic, améc) that emerge from the sacral and

thoracolumbar spinal cord (Andersson, 1993) (Fig).1

Brain
SNS | |
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v N anq Lumbar
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Figure 1-5. Schematic diagram showing the innervat  ion of the lower urinary tract. SNS is
the Sympathetic Nervous System, whilst PNS is the P arasympathetic Nervous System.

The hypogastric nerve, originating from spinal ceegyments of L1 through L4, supplies
sympathetic innervation to the bladder and uretisayell as the rhabdosphincter (Creed,
1979; Cunningham, 1992; Evaesal, 1993). The pelvic nerve, originating from the
spinal cord segments S2 through S4, supplies pagethetic (cholinergic) innervation to
the detrusor muscle and transmits sensory impfisesthe bladder (Cunningham, 1992;

Evanset al, 1993; Smith, 1999). Somatic innervation of thesoie of the external urethral
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sphincter is distributed via the pudendal nervigimating from spinal cord segments S1
through S3 (Evanet al, 1993; Smith, 1999). The pudendal nerve alsorirates muscles
of the anal sphincter and perineal region (Dgtal, 2002). The spinal cord carries
messages to and from the brain to accomplish vatyrdontrol over micturition. The
micturition reflex centre has been localized in ploatine-mesencephalic reticular
formation in the brainstem (de Groat, 1998). Traeeinterconnections from the
micturition reflex centre to the frontal lobes asttier areas in the cortex and subcortical
areas (de Groat, 1990).

The sympathetic and somatic nervous systems doenthaing the storage phase of
micturition (Evanset al, 1993; Longhurset al, 2001; Smith, 1999). Sympathetic
stimulation via -adrenoceptors in the detrusor muscle resultsadda#r relaxation to
accommodate filling. Sympathetic stimulation viadrenoceptors in the neck of the
bladder results in contraction and closure of fif@rscter that maintains continence (de
Groat, 1998). Sympathetic pathways, acting viactorhibitory systems in the micturition
centre of the rostal pons, also inhibit parasymgiitibladder innervation during storage
(de Groat, 1998). Stimulation of the pudendal eagssults in increased tone of the
external urethral sphincter, contributing to coatice (Creed, 1995). External urethral
sphincter tone can also increase in response tiesudcreases in abdominal pressure
(during coughing or barking) to maintain contineBeading, 1999; Kamet al, 2003;
Thuroff et al, 1982).

When the bladder is filled with urine, sensatiamirtension receptors, volume receptors
and nociceptors in the bladder wall is transmittedafferent nerve fibres in the pelvic
nerve to the sacral spinal cord and subsequerdlpthinstem (Andersson, 2002).
Voluntary control of urination originates from therebral cortex (Blok, 2002; de Groat,
1990; Sugayet al, 2005). During the emptying phase of micturitiparasympathetic
(cholinergic) stimulation of the detrusor musclsulés in bladder contraction via
muscarinic receptors (Anderssenal, 2004a; Evanst al, 1993; Smith, 1999).
Simultaneous inhibition of sympathetic nerves ammhatic stimulation of the urethral
smooth and skeletal muscle, along with stimulatbmuscarinic receptors in the urethra
causing nitric oxide release, results in urethe&xation (Chess-Williams, 2002; Evagts
al., 1993; Smith, 1999; Van der Wesf al, 2002). Following complete emptying of the

bladder or voluntary cessation of urination, treage phase begins again.
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1.7 Cellular Basis of Contraction

Contraction of the smooth muscle of the detrusamiisted by an increase in the
intracellular C&" concentration. It is understood thatCean either enter the cytoplasm
through the cell membranda C&* channels, or be released from the sarcoplasmic

reticulum (Anderssoet al, 2004a). These pathways for‘Caanslocation can be seen in

Figure 1-6.

PKC SR [/ Ca?*
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Contacton)

Figure 1-6. Signal pathways (1-4) involved in acti  vation of detrusor contraction via
muscarinic M 3 receptors. ACh, acetylcholine; PLC, phospholipase C; DAG, diacylglycerol;
PKC, protein kinase C; MLC, myosin light chain; IP s, inositol trisphosphate; SR,
sarcoplasmic reticulum; CIC, calcium-induced calciu m release. There seem to be
differences between species in the contribution of the different pathways in contractile
activation. In human detrusor, Ca 2" influx (3) is of major importance. Taken from Uri  nary
Bladder Contraction and Relaxation: Physiology and Pathophysiology: Physiol Rev, Jul
2004; page 958. Copyright The American Physiologic  al Society, used with permission.

The release of Gafrom the sarcoplasmic reticulum is an importaapsh activatiorof
the detrusor muscle. The release of'Gatriggered by inositol trisphosphate {iia 1P;
receptors. IRis one of the breakdown products of phosphatidgiitol, a phosphorylated
membrane phospholipids; diacylglycerol (DAG) is tiber breakdown product. The
breakdown is initiated by activation of the musea&rreceptor on the cell wall and the
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ensuing G-protein-coupled mechanism which in tativates phospholipase C. 3l€an
diffuse and bind to specific receptors on the galemmic reticulum and release®atored

within the organelle into the sarcoplasm (Anderssioal, 2004a).

The C&" activation of the contractile proteins is knotwroccur via a phosphorylation
pathway where G4 binds to a soluble protein calmodulmd the C&l/calmodulin
complex activates the myosin light-ch&inase (MLCK) which catalyzes the
phosphorylation of the myosin regulatory light atsa(Fryet al.,2002).
Dephosphorylation of the regulatdight chain is performed by a myosin light-chain
phosphatasgMLCP).

Relaxation of the smooth muscle cells occurs wherirttracellular C& concentration is
reduced back to the resting level by reuptake niadgenosine triphosphate (ATP)-

consuming C& pump (SERCA), into the sarcoplasmic reticulum (&rgl.,2002).
g pump p had

Despite these mechanisms it is known that sonféi€#ost across the cell membrane,
possible via a Ga pump, powered by ATP hydrolysis and an exchandeebffor Na' by

a N&-Ca* counter exchanger (Wt al, 2001). This lost GAmust be replenished by
subsequent Gaentry into the cell to ensure a steady state reisipect to cellular Ga

The replenishment of this intracellular®is thought to occur by a number of mechanisms
including influx via voltage-activated €achannels and NeC&* exchange (Fret al.,

2002). This influx of C& is exceptionally important as without it the cafuilstores of the

cell will diminish and contraction of the muscleliwio longer be possible.

Although the main mechanisms of contraction ofgtr®oth muscle cells of the detrusor
involve C&" release from the sarcoplasmic reticulum and infiizalcium via C&
channels and NaC&* exchange it is understood that inhibition of the@® can lead to

c&* sensitization and improved contraction of the ¢fiderssoret al, 2004a).

One main pathway for inhibition of the MLCP invo$va specific kinaseRhcassociated
kinase), which is activated via small G proteinsha&Rhosuperfamily, in the case of the
detrusoiRhoA(Symons M, 1996). Activation dkhoassociate#tinase leads to
phosphorylation of the myosin binding subwiithe MLCP and inhibits this enzyme. A
further pathway for modulating the €aensitivityof contraction is via the protein kinase
C (PKC) (Jensent al, 1996). This is thought to act via CPI-17 whislstrongly
phosphorylated by PKC and which in turn inhibits #ction of MLCP (Etet al.,1999).



Victoria A. Coit, 2008 Chapter 1, 39

In conclusion, although there are many pathwaysd#ia cause contraction of the smooth
muscle cells of the detrusor, the concentratiocatdium within the cell is the determining
factor in cellular contraction. The release otaah from the sarcoplasmic reticulum, and
the influx of calcium into the cell, is the mairctar involved in determining cellular
contraction, and the primary receptor responsitierfitiating calcium release is the

muscarinic receptor, although other receptors aggburinergic receptors also have a role
to play.
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1.8 Muscarinic Receptors of the Urinary Bladder

As has been previously discussed, the parasymatietous system, acting via the
muscarinic receptors, is the main motor drive ®uhinary bladder during micturition
(Chess-Williams, 2002). Defects in this systenapiwing the muscarinic receptors, are
hypothesised to be involved in the developmentiofamy incontinence in women (Chess-
Williams, 2002), and thus potentially in caninédduscarinic receptors are activated via
acetylcholine (ACh), the neurotransmitter releasgthe parasympathetic neurones. They
are found throughout the bladder but predominateiwthe smooth muscle layer
(Anderssoret al, 2004b).

There are five muscarinic receptor subtypes, erccbgdive distinct genes (Caulfield,
1993). The five gene products correspond to pheoiogically defined receptors and,M
— Ms are used to describe both the molecular and plalogical subtypes (Caulfielet

al., 1998). Muscarinic receptors are all coupled tpor&@eins, although the signal
transduction systems vary. 1Mz and M; receptors are coupled preferentially t9.G
proteins which activate phospholipase C leadingadbilisation of intracellular calcium.
M, and M, receptors are coupled to pertussis toxin sens@jgeroteins which inhibit
adenylyl cyclase (Anderssat al, 2004b). Muscarinic receptors are found througtioe
body, however, not all receptors have been demneestin all tissues (Table 1-2), and the
functional role of the receptors in certain tisshas not been fully elucidated. Data from
the rat would suggest that receptor abundanceesttyi associated with contractile ability
as it is known that in the rat the density of musiéareceptors is greatest in the dome of
the bladder and lowest in the neck region of tlaeltér (Saitet al, 1997) and the greatest
contraction following muscarinic receptor stimutatioccurs in the dome (Levat al,
1988). Within the wall of the human urinary bladdauscarinic receptors can be found
on the detrusor muscle itself (Chess-Williams, 20@&ere they cause contraction of the
bladder, on the urothelium (Chess-Williams, 200Bgve they are thought to cause the
release of a diffusible factor that may inhibit tration and on autonomic nerve endings
where they alter transmitter release (Chess-Wilia2®02). There have been no reported
studies looking at the distribution of muscarireceptors in the canine bladder; although
given the distribution in other species such agdh¢Saitoet al, 1997) it can be
hypothesised that muscarinic receptors in the eamimary bladder will closely mimic

those in their human counterparts.
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G-protein  Cellular response  Main locations

M1  Ggu1 IP3, DAG CNS (cerebral cortex)
Excitation Glands (gastric, salivary etc)

M2 Gio CAMP CNS (widely distributed)
Inhibition Heart

Smooth muscle (bladder, gastrointestinal tract)
M3 Gy IP3 CNS (widely distributed)
Stimulation Glands (gastric, salivary etc)
Smooth muscle (bladder, airways,

gastrointestinal tract, eye)

Endothelium
Ms  Gio CAMP CNS (cortex, hippocampus)
Inhibition
Ms  Ggu1 IP3 CNS (Substantia nigra)
Excitation Iris / ciliary muscle
Table 1-2. Table showing the main properties and |  ocations of the muscarinic receptor

subtypes in the mammalian body. IP3, inositol trip hosphates; DAG, diacylglycerol; cAMP,
cyclic adenosine-3',5-monophosphate; CNS, central nervous system.

The muscarinic receptor subtypes reported withentladder vary between species and
between studies, however all five receptor subtyae® now been demonstrated within
the human bladder (Siga¢a al, 2002) whilst the MM, receptor subtypes have been
reported in the rat urinary bladder (Bravernetmal, 1998a), and only the Mand M;
receptor subtypes have been demonstrated in th@jgigdaet al, 1988; Yamanishet al,
2000) and rabbit (Wanet al, 1995). In most species so far studied, thaddeptor
subtype outnumber thedMleceptor subtype in the urinary bladder by 3:1yéwer, in the
rat this ratio is increased to 9:1 (Chess-Willia@(0)2).

Despite this disparity in receptor numbers it is iy receptor subtype that is thought to be
the main functional receptor responsible for bladatraction during micturition (Chess-
Williams, 2002). This has been demonstrated inrphaological characterisation studies
in normal bladder tissue from humans (Chess-Wiliatral, 2001), pigs (Sellerst al,
2000), rats (Bravermaet al, 1998a; Bravermaat al, 1998b; Longhurset al, 2000),
rabbits (Barra®t al, 1999) and monkeys (Lat al, 1998). However there is thought to
be a minor role played by the more numerouysédeptors in bladder contraction, as
shown by the decreased responsiveness of detrusmiarstrips to muscarinic stimulation

in vitro in tissue collected from pknock-out mice (Stengeit al, 2000). In vivoit has
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also been shown via intravesicular pressure mea&unes in muscarinic antagonist treated
anesthetised rats thatlveceptors are involved in micturition (Hegeleal, 1997),

however, their exact role in normal micturition hreg yet been determined. In animals
with a low M,:M3 receptor ratio such as the pig or human it has pestulated that M
receptors may regulate smooth muscle tone und&iceonditions such as high
sympathetic activity (Eglent al, 1994). Therefore, while sympathetic activity aiby
causes relaxation of the bladder viadrenoceptors to facilitate urine storage (Leatiral,
1988), activation of Mreceptors may effectively switch off the sympaithathibitory
mechanisms mediated by thedrenoceptors leading to improved emptying of the
bladder. Furthermore Meceptors may become more important where thevk is
receptor dysfunction, for example it has been shiowats that there is an increase in the
density of M receptors within the bladder in certain diseaatestsuch as diabetes (Tong
et al, 1999) and denervation (Bravermetnal, 1999a; Bravermaat al, 1998b), however,
a similar phenomenon has not been reliably dematestin the human bladder (Uchiyama
et al, 2004).

All of the subtypes of muscarinic receptor haverbéemonstrated in the urothelium of
humans (Bschleipfegt al, 2007), however, none of the subtypes have baamfm the

rat urothelium (Gunasera al, 1995; Saiteet al, 1997) which suggests that species
differences in the distribution of muscarinic retoep and their control of micturition may
occur. It has been shown that the urothelium heaff@rent innervation (Wakabayashi

al., 1993) and it is suggested that at least pattisfi$ a parasympathetic motor
innervation (Wakabayaskt al, 1995). The exact role of this innervation wiggard to
micturition has yet to be elucidated but the ACkased has been hypothesised to play a
role in the release of the urothelium-derived iitoity factor described by Hawthoat al.
(2000) which is thought to aid in relaxation of thladder. It has also recently been
demonstrated that there is a non-neuronal cholinsggtem within the human bladder
urothelium that produces ACh (Yoshidaal, 2006). A role for this non-neural ACh has
not been demonstrated although a number of hypethase been put forward, including
an action on the muscarinic receptors within thieuder muscle to enhance contraction. It
is considered more likely, however, that this neotonally secreted ACh may stimulate
the urothelial muscarinic receptors and affectsinesory pathway during the storage phase
of micturition (Yoshidaet al, 2006), potentially via the urothelium-derivedfdsgible
inhibitory factor that has been shown to inhibibtraction of the underlying detrusor
muscle to a variety of contractile agents in bags gHawthorret al, 2000) and humans
(Chaiyaprasithet al, 2003).
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Finally, muscarinic receptors have also been detratesl presynaptically on both the
parasympathetic and sympathetic nerve endingsmilia bladder (Chess-Williams,
2002). Stimulation of the prejunctional muscarir@ceptors on the parasympathetic
nerves have been shown to have both inhibitoryfacititatory effects in a number of
species including rats and rabbits (Braverragal, 1998a; D'Agostinet al, 1997;
Inadomeet al, 1998; Somogyet al, 1994). The facilitatory effect is mediated via
prejunctional M receptors which increase ACh release (Someggi, 1999), whilst the
inhibitory mechanism decreases ACh release an@ated via the Mor M, receptors
(Bravermaret al, 1998a; D'Agostine@t al, 1997). Whether the inhibitory or facilitatory
mechanism predominates at any given time will ddgena number of factors including
stimulation parameters (Somoggtial, 1999), and may therefore have a role to playén t

development of urinary incontinence.
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1.9 Adrenoceptors in the Urinary Bladder

The body of the bladder receives only a sparsevatien by noradrenergic nerves from
the sympathetic nervous system. The density atimeural inputs increases towards the
bladder neck and urethra, especially in the matesli@g et al, 1999). The functional
significance of these nerves, which also occuh@&lamina propria of the bladder have not

yet been fully established.

Both -adrenoceptors andadrenoceptors have been reported within the wrinkadder

of humans (Anderssoest al, 2004a); however, the functional importance of the
adrenoceptors is undetermined. Stimulation of Haglrenoceptors causes contraction of
the detrusor, whilst stimulation of theadrenoceptors causes relaxation (Andersson,
1993). Itis possible to provoke contraction af tetrusor with sufficiently high
concentrations of drugs that act exclusively on Haglrenoceptors in a number of species,
however, the number ofadrenoceptors in the human bladder is low and the
adrenoceptors predominate (Goegehl, 1997). This means that the normal response of
the human isolated detrusor muscle to noradrematielaxation (Andersson, 1993). This
may mean that the-adrenoceptors have no significant role in norntaditber contraction

in the human, however, it is hypothesised thatrtiay change in certain disease states
such as bladder outlet obstruction and overaciaeders, although the results of studies

looking at this have not been conclusive (Andersstaal, 2004a).

Noradrenalin is released by electrical stimulatibthe adrenergic nerves in detrusor tissue
(Mattiassoret al, 1987) and since-adrenoceptors predominate oveadrenoceptors
post-junctionally in the human bladder relaxatioswes (Andersson, 1993; Nomigaal,
2003). There are three subtypes @drenoceptor;;-, ,- and s-adrenoceptors. All

three of these have been demonstrated in the yimhadder of the human, as well as a
number of other species including the monkey (Taletal, 2002), ferret (Takedet al,
2000a), canine and rat (Takeelaal, 2003). The functional subtype, however, apptars
vary with species with the guinea-pig having reteoramediated via the;-adrenoceptor

(Li et al, 1992), the rat via;-, »- and z-adrenoceptors (Longhurst al, 1999; Takeda&t

al., 2000b) and the human by-adrenoceptors.

These findings suggest thatidrenoceptor stimulation may help keep the bladelaxed
during filling. There have, however, been no régdfunctional studiem vivoto test this
hypothesis and the importance of sympathetic ifgpuhuman bladder control is

controversial (Anderssoet al, 2004b). It is known that sypathectomy has naiicant
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effect on bladder filling and neither does blockafiéhe -adrenoceptors, therefore the
sympathetic nervous system may not be essentiakriiog storage in humans, although it
may play a role in various disease states (Anders@86). In addition a study in rats has
demonstrated that a selectivadrenoceptor agonist can increase the voidingvatand
decrease the number of spontaneous contractiomgdhe filling phase of micturition in
certain models of induced bladder overactivitydlag to the hypothesis that activation of
the s-adrenoceptor can directly inhibit smooth muscletertility in this species, with

this condition (Woodet al, 2001). Whether or not this will hold true for ettspecies,

and whether or not activation of-adrenoceptors is an effective way of treatingudsr

overactivity has not yet been reported.
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1.10 Non-Adrenergic, Non-Cholinergic Mechanisms of
Bladder Control

It is known that in most mammalian species pathefneuronally induced bladder
contraction is resistant to atropine (Andersso®3)9a competitive antagonist of the
muscarinic receptors. This atropine resistant aomapt of contraction is termed the non-
adrenergic, non-cholinergic mediated responsejtargtoportion to the total contraction
varies with both species and the frequency of dttian used inin vitro studies. It has
been reported that atropine can block up to 25%etontractile response in isolated
strips of detrusor muscle from rats (Anderssbal, 2004a), but in rabbits and pigs this
figure rises to 40 and 75% respectively (Brad#@l, 1991). There have been no
reported studies looking at the role of non-adrgicenon-cholinergic mechanisms in

bladder contraction in canines.

In the human bladder the role of the non-adrenergin-cholinergic mechanism is still
disputed (Anderssoet al, 2004a). There have been a number of studiesngai the

role of acetylcholine in the electrically inducezhéraction of isolated strips of detrusor
muscle that have variously concluded that the rdrergergic, non-cholinergic mechanism
is responsible for between 0 and 50% of the nerediated contraction of the urinary
bladder in the human (Cowa al, 1983; Sibley, 1984). This dramatic differencéksly
due to differences in the experimental protocotduas a further study demonstrated that
with an experimental protocol involving only thenmimal electrical field stimulation
required to produce consistent and reproducibdai¢isesponses, atropine blocked only
70% of the contractile response (Luheshal, 1990). With a stimulation protocol
involving long trains of large pulses, however, fagne study demonstrated 100% atropine
sensitivity, demonstrating the need for minimatéieal field stimulation in this type of
research and for accurate comparisons betweeresttalbe made, acknowledging what
the stimulation parameters for each study arethBustudies looking at human bladder
contractility have consistently demonstrated aoptre-resistant, tetrodotoxin-sensitive
component to nerve-mediated contraction (Baisal, 1999; O'Reillyet al, 2002; Palea
et al, 1993). The contribution of non-adrenergic, nbiimergic mechanisms to

contraction of the normal human bladder is, howetreught it be small.

There have been a number of reported studies Igakithe role of the non-adrenergic,
non-cholinergic mechanism in bladder contractiondrtain disease states in humans,

namely bladder outflow obstruction and detrusoraetvity. These have shown varying
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results but agree that in bladder outlet obstractiod detrusor overactivity there is an
atropine-resistant component of between 25 and @58tectrically induced contraction
(Anderssoret al, 2004b), much greater than the 0 to 25% demoestiattheir control
tissues. Part of this atropine-resistant compoment be due to direct muscle stimulation
of hypertrophied detrusor muscle (Tagliahial, 1997), however, at least some of the
atropine-resistant responses were tetrodotoxintsansuggesting a nerve-mediated
response (Anderssat al, 2004b).

The functional neurotransmitter(s) responsibletfiernon-adrenergic, non-cholinergic
mechanism have not yet been identified, howeveuymber of potential compounds have
been identified. These include adenosine-5'-tsphate (ATP), nitric oxide, various
neuropeptides and prostanoids. Of these, ATP éas the most extensively studied and
demonstrates the most compelling evidence for rerakent in the non-adrenergic, non-

cholinergic mechanism of bladder contraction (Aisdenet al, 2004a).

It has been shown by a number of studies thatttbpiae-resistant contractile component
of nerve-mediated detrusor contraction in humaimsgannea-pigs can be blocked by -
methylene ATP, an agent known to stimulate thed to desensitize P2-purinoceptors,
which suggests that ATP is the non-adrenergic,ctalinergic mediator in these species
(Anderssoret al, 2004a; O'Reillyet al, 2002; Pale&t al, 1993). It is known that ATP
works via stimulation of P2X receptors (Anderssbral, 2004a), and it has been shown
that the P2X receptor subtypes are present inuheah bladder (Hardgt al, 2000;
O'Reilly et al, 2002). Further studies have shown that othemaisi such as the rat,
mouse, rabbit and cat have multiple purinergic texery receptors present within the
bladder as well (Andersson, 1993). It is hypothesithat ATP mediates detrusor
contraction via activation of a ligand-gated catitvannel (the P2X receptor) that
promotes the influx of extracellular €EgAnderssoret al, 2004a). Changes in the P2X
receptor subtypes including selective loss of tA¥sRand P2X% receptor subtypes have
been reported in idiopathic detrusor overactiviiobre et al, 2001), and the amount of
P2X; receptor, the predominant purinoceptor subtypgéerhuman bladder, has been
shown to be greater in patients with obstructedddas compared to normal bladders
(O'Reilly et al, 2002). This all suggests that ATP may contriliatexcitatory
neurotransmission within the bladder, and thaipilnénergic system, as part of the non-
adrenergic, non-cholinergic mechanism may havesatgr role to play in certain disease

states.
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1.11 Reproductive Hormones in the Woman

In the woman, cyclic ovarian function, often reéetto as menstrual cycles, occur between
puberty and menopause, which are increasing ameéakkng periods of ovarian activity
respectively. The average length of each menstycé is 28 days; however, there is a
large range both between and within individual womath a range of 25-32 days
considered to be normal. The greatest variabilityycle length occurs in the years
following the onset of menarche and proceeding rpanse (Vollman, 1956). Menarche,
the onset of menstrual bleeding and cyclicity,rie of the later stages of puberty in girls
and the average age of onset is 12 years, howaesors such as genetics, diet, obesity
and overall health can accelerate or delay thet@fisaenarche (Kapriet al, 1995).
Menopause is the cessation of menstrual cycldseatiid of a woman'’s reproductive life
and the average age of menopause is around 5Q géhmigh the exact age is influenced
by a number of factors including genetics, chratigease, certain surgeries and various
medical treatments which can delay or hasten geb{Katoet al, 1998).

The sequence of events in the menstrual cycletesmeed by the relative hormone
concentrations at each stage of the cycle. Mealstycles are counted from the first day
of menstruation and can be divided into 3 main phas events; the follicular phase,
ovulation and the luteal phase (Fig. 1-7). Eachsplof the cycle corresponds with
significant events in hormone concentrations, ¢alar development and endometrial
pathology.

The follicular phase of the menstrual cycle spaesfirst day of menstruation until
ovulation. The aim of the follicular phase is ®vdlop a viable follicle capable of
undergoing ovulation. The early events of theidalbr phase are initiated by a rise in
FSH concentrations, early in the cycle, which issesl by the decrease in progesterone
and oestrogen concentrations at the end of thequeeycle, and the subsequent removal
of inhibition of FSH secretion by these ovarianrhones (Shermaet al, 1975). FSH
stimulates the development of 15-20 follicles eaxdnth and stimulates follicular
secretion of oestradiol by up-regulating secretibandrogens by the theca externa and by
activating receptors on granulosa cells (Ganon@520As oestradiol concentrations
increase, under the influence of FSH, oestradtabits the further secretion of FSH and
FSH concentrations decrease (Abraletral, 1972; Shermast al, 1975).
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Figure 1-7. Schematic diagram showing the major ho rmonal events of the average
menstrual cycle and the phases in which they occur.

Under normal circumstances, one follicle evolvee the dominant follicle, destined for
ovulation, while the remaining follicles undergoestia (van Santbrin&t al, 1995). The
exact selection process of the dominant follicle hat been reported, however, it is known
that the dominant follicle always expresses an dhnoe of FSH receptors (Hillier, 1994).
As FSH concentrations decrease towards the eredbtlicular phase, the developing
follicles must compete for the remaining FSH areldbminant follicle, with its high
concentration of FSH receptors, remains resporgsliter, 1994). The dominant follicle
can then continue to synthesize oestradiol, whiasgential for its complete maturation.
The remaining, poorly FSH receptor-endowed folsatan not produce the required
oestradiol, cease to develop and ultimately undatggsia. As the dominant follicle
matures, it secretes increasing amounts of oestralge concentrations of which peak
towards the end of the follicular phase (Abrahetral, 1972). At this critical moment,
oestrogen exerts positive feedback on GnRH andltHusecretion, generating a dramatic

preovulatory LH surge (Abrahaet al, 1972).

Menstruation occurs at the start of the follicypaase and is characterised by menstrual
bleeding, during which the apoptosed functionatigipn of the endometrium is shed
along with blood from the spiral arteries of thelemetrium (Ferenczy et al., 1991). The

increasing concentrations of oestrogen that ocating the follicular phase end menses
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and induce proliferation of the new functionalisrir stem cells of the basalis of the
endometrium. Proliferation of endometrial glandd atromal connective tissue occurs
towards the end of the follicular phase and comtintihrough ovulation and into the luteal
phase (Ferenczy et al., 1991).

The LH surge triggers ovulation by causing finakanation of the dominant follicle and
weakening the wall of the follicle in the ovary @ipelet al, 1991, Hillier, 1994). The
luteal phase is defined by the luteinization of tbenponents of the follicle which were not
ovulated and begins at ovulation and lasts urgilrttenstrual phase of the next cycle. The
granulosa cells, theca cells, and some surrouratingective tissue are all converted into
the corpus luteum, which eventually undergoes iati(€sanong, 2005). The major effects
of the LH surge, apart from ovulation, are the @msion of granulosa cells from
predominantly androgen-converting cells to pred@mily progesterone-synthesizing
cells, the expression of new LH receptors whichefissincreased progesterone synthesis,
and reduced affinity of granulosa cells for oestrognd FSH (Ganong, 2005). Combined,
these changes promote increased progesteroneiseavéh some oestrogen secretion
(McNatty et al, 1979; McNattyet al, 1980). Progesterone secretion by the corpuanute
peaks between five and seven days post-ovulatibraffamet al, 1972). High
progesterone concentrations exert negative feedima&nRH and subsequently GnRH
pulse frequency decreases. As GnRH pulse frequasgases, FSH and LH secretion
also decreases (Ganong, 2005). The corpus lutethef loses its FSH and LH receptors
and, lacking stimulation by FSH and LH, after 14sjahe corpus luteum undergoes
atresia and begins evolving into the corpus allsd¢@anong, 2005). With the decline of
both oestrogen and progesterone concentrationsj@rtant negative feedback control on
FSH is removed and FSH concentrations rise onca &ganitiate the next menstrual

cycle (Abrahanet al, 1972).

The menopause marks the end of reproductive caebibf a woman and the end of
menstrual cyclicity. The menopausal transitiondasidered to have been initiated when
changes in cycle frequency or in menstrual flowstfaccur, and during this period, which
lasts an average of 4 years, there are changhe gntlocrinology of the pituitary-ovarian
axis (McKinlayet al, 1992). Up until the age of approximately 40 gethere is a steady
and roughly linear decline in follicle numbers viiitithe ovary, however, over the
following 10 years there is markedly acceleratedide in follicles, up until the
menopause, where the ovary no longer containgliedliand therefore no longer contains
granulosa cells (Burger, 1996). This sharp dedthirfellicles is thought to be linked to the

rise in serum FSH concentrations that occur attifme, even in women who are
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considered to be cycling regularly (Reysdsal, 1977; Shermast al, 1975). Other than

an overall average increase in FSH concentratiarisglthe menopausal transition there
are no other consistent hormonal changes withifatans in LH and oestrogen, as well as
occasionally FSH being recorded by a number ofietuHeeet al, 1993; Metcalf, 1988;
Metcalfet al, 1981). Itis likely that these fluctuations alge to irregular maturation and

ovulation of declining follicles.

The exact timing of true menopause and the cessatimenstrual periods in an individual
can only be determined retrospectively, with n@ackndocrine change occurring at the
time of the last cycle (Burger, 1996). In thetfiss12 months following the last cycle, up
to 40% of women have oestrogen concentrations stamgiwith functioning follicles;
however, progesterone concentrations suggest thatulation takes place (Rannewk

al., 1986). By 12-24 months after the menopausenserstradiol concentrations are
known to be significantly lower than those pre-nmganugse (Rannevikt al, 1986). Serum
gonadotrophin concentrations increase significaaftigr the menopause and by 12 months
post-menopause, serum FSH concentrations are 1@ldlBigher than follicular phase
concentrations in young cycling women, whilst LHhcentrations are approximately 3

fold higher (Burger, 1996; Chakravaeti al, 1976). Serum gonadotrophin concentrations
subsequently slowly decline with increasing ages@raanith, 1995).
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1.12 Reproductive Hormones in the Bitch

Although there has been much debate as to thd@gtiand pathophysiology of acquired
urinary incontinence in the bitch it is accepteat theutering (either via
ovariohysterectomy or ovariectomy) significantlgieases the risk of a bitch developing
this condition. This is thought to be due to clesm reproductive hormones that occur
post neutering. To understand how these hormoiagschange after neutering,
knowledge of the normal reproductive hormone past@nd the regulation of hormone

secretion in the intact bitch is necessary.

The reproduction biology of the domestic bitchmsque. Unlike the more extensively
studied species such as the rat and ovine, thie isitesually classified as monoestrus with
an inter-oestrus period of approximately 6 mon#wardless of pregnancy status. During
the normal reproductive cycle of the bitch thee \arious known hormonal changes
orchestrated by the hypothalamus and pituitarydylahich in turn act on the ovaries; this

is termed the hypothalamo-pituitary-ovarian axi$ie bitch’s oestrus cycle is commonly
divided into 4 distinct stages, each with charastierhormonal, behavioural and
reproductive tract changes. These stages areqstods, oestrus, metoestrus and anoestrus
(Fig. 1-8).

Pro-oestrus is associated with follicular developtrikat is stimulated by Follicle
Stimulating Hormone (FSH) and Luteinizing Hormohel), which in turn are controlled
by Gonadotrophin Releasing Hormone (GnRH) rele&sad the hypothalamus. This
phase lasts for approximately 10 days. As thécfef develop they produce oestrogen in
increasing quantity, which stimulates pheromoneet&n and causes the bitch to become
attractive to dogs, although she will not accepunimg (Concannon, 1986b). Although
FSH is folliculotrophic it does not increase in centration as dramatically as LH
(Concannon, 1993), presumably because the develdpiiicles secrete inhibin, a
selective inhibitor of FSH secretion (Olsenal, 1982). The cells of the developing
follicle begin to undergo luteinization before oatibn (Concannoet al, 1977). This
allows the cells to produce progesterone in lowceottrations before ovulation, when
oestradiol is the main follicular steroid, andsitinderstood to be this increase in
progesterone and the fall in the oestrogen:progasteratio that triggers the LH and FSH
surge and therefore ovulation (Concanetl, 1977; Concannoat al, 1975; Olsoret

al., 1982; Smittet al, 1974). The LH surge is the central event indestrous cycle; it
lasts for 1-3 days and occurs 0-3 days after tiea@gen peak (Concannenal, 1977).
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Figure 1-8. Schematic summary of hormonal changes considered typical of a non-pregnant
ovarian cycle in a bitch. Taken from Canine pregna  ncy and parturition, Veterinary Clinics of
North America: Small Animal Practice, volume 16:3, page 454, Copyright Elsevier (1986),
used with permission.

Oestrus refers to the behavioural changes expréssta bitch, namely the change from
the proceptive behaviour of pre-oestrous, to regetehaviour (Beacht al, 1982). The
exact timing of the onset of oestrus when comp#rdtie LH peak varies between
individual bitches but tends to be within one dayhe LH surge (Concannaat al, 1989).
The rapidly decreasing oestrogen concentratiotisepresence of the rising progesterone
concentrations bring about these behavioural claf@encannoet al, 1977). The LH
surge causes ovulation and further luteinizatiothefruptured follicles to become corpora
lutea, allowing the cells to switch from producimgstrogen to progesterone (Concanebn
al., 1977).

Metoestrus is deemed to have commenced when arbitedes to stand to be mated and is
usually 6-8 days after the onset of oestrus, ob 84dys after the LH peak (Jeffcoate,
1998). There are no discrete endocrine changéesidk the onset of metoestrus,
although the plasma progesterone will have beae#&sing since just prior to the pre-
ovulatory LH peak and will continue to rise. Thise in progesterone is considered a

useful indicator of ovulation, and plasma progesterconcentrations of around 10ng/ml
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clearly coincide with the most fertile period irethitch, about 3-5 days after the LH peak
(Jeffcoateet al, 1997). The progesterone concentration reacipdési@au approximately 2
weeks after the LH peak (Concannon, 1983; Weilenmedmal, 1993) after which
concentrations of progesterone gradually declirex gve next 60-120 days (Austatial,
1976). This decline is thought to be due to lutegtession, which is poorly understood in
the canine. No luteolytic mechanisms have beendaon the bitch (Hoffmanet al,

2004), and it is postulated that regression coaldie to ageing of the corpora lutea. In
the bitch, progesterone is produced by the corlutea, progesterone production is
supported in the first half of the luteal periodldy (Concannon, 1980; Okkems al,

1986) but prolactin is the predominant luteotrodhitor in the second half of the luteal
period (Concannoet al, 1987; Jochlet al, 1989; Okkengt al, 1986). Prolactin
concentrations typically rise from approximately & to day 65 in non-pregnant bitches
and then begin to fall (Concannon, 1993; JeffcdB@98). Oestradiol concentrations
increase very slightly near the start of metoesangsremain at this level during the luteal
phase, falling again towards the start of anoegtulin et al, 2002).

Anoestrus is defined as the interval between tloeoéithe luteal phase and the start of pro-
oestrus. Determining the end of the luteal phashfiicult, as it is not marked by any
obvious hormonal or behavioural changes. Progastectoncentrations tend to be lower
than 1ng/ml at the start of anoestrus (Jeffco@®8)and remain low throughout anoestrus
(Concannon, 1986b; Weilenmagnal, 1993). FSH, in contrast, is high throughout
anoestrus (Olsoet al, 1982) and there is evidence that FSH concentsiicrease
towards the end of anoestrus and that this incrieaseculating FSH should be considered
a critical event required for ovarian folliculogeie(Kooistraet al, 2001). LH
concentrations are on average low throughout nidsteccycle, except during the pre-
ovulatory LH surge (Concannagt al, 1977; Concannon, 1993). It has now been shown
that LH secretion is pulsatile throughout the entiycle (Hegstadt al, 1993; Hoffmann

et al, 1993; Jeffcoate, 1993) and that pulse frequencyeases during anoestrus to a
maximum in late anoestrus and then decreases iogstous, although mean
concentrations in plasma were high during proegt@asicannon, 1993). During the
transition into anoestrus oestradiol concentrataresstill raised above basal but fall to
basal concentrations before rising considerably@apmately a month before the LH peak
(Jeffcoate, 1993). Prolactin concentrations fakarly anoestrus and increase slightly

during pro-oestrus although the reasons for thisaie unclear (Jeffcoate, 1993).

There has been much interest in the mechanismmthiaitains such a long inter-oestrus

period in the bitch. Unlike many other domestieaps there appears to be no dramatic
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effect of photoperiod (Bouchast al, 1991). The high concentrations of sex steroids
during metoestrus exert a negative feedback coatrdhe hypothalamus and pituitary
suppressing FSH and LH production, however, astineentrations of the sex steroids
wane towards anoestrus this negative feedbackneved and FSH and LH production
increases. The high FSH and pulsatile LH seerutjfirout anoestrus suggest that there is
no lack of gonadotrophin production so researchcbhasentrated on an ovarian
insensitivity mechanism to explain the lack of ifmllar activity during anoestrus. To date
the best explanations seem to be an effect oflltd@@ants on follicular gonadotrophin
sensitivity (Jeffcoate, 1993) or follicular insetmsty to FSH caused by FSH receptor
splice variants found at this stage of the cycléctvimay prevent the follicular response to
FSH stimulation (McBridet al, 2001).

The main effect of neutering a bitch is the irreitdie termination of her reproductive
cyclicity, with a neutered bitch staying in whabiten considered to be a permanent state
of anoestrus. This is caused by the lack of ogetr@nd progesterone production due to
the removal of her ovaries (Concannon, 1993)Isti & known that neutering leads to a
rapid and persistent increase in the circulatimgmla concentrations of LH and FSH, due
to the lack of negative feedback on the pituitargt Aypothalamus by gonadal steroids
(Burger, 1996; Olsoet al, 1992; Reichleet al, 2004).

1.12.1 The Role of Reproductive Hormones in Urinary

Incontinence in the Bitch

Initially, the development of acquired urinary imtimence post-neutering in the bitch was
thought to be caused by the lack of oestrogen ¢Fetal, 1974), and treatment with
supplemental exogenous oestriol is still a curpdrrmacological treatment for acquired
urinary incontinence in the bitch (Angioleéi al, 2004). Despite this, it is unlikely that
oestrogen deficiency alone is responsible for aequirrinary incontinence as oestrogen
replacement therapy is ineffective in about 25%asfes (Arnoleet al, 1989) and the
serum oestradiol concentration of spayed incontib&ahes is similar to that of intact
bitches during anoestrus (Richtdral, 1985). Due to this, a new hypothesis has been
formed that the increase in gonadotrophins may beast partially responsible for the
development of acquired urinary incontinence, eisfig@s studies have demonstrated the
presence of receptors for the gonadotrophins imtimary bladder (Ponglowhapatal,
2007a; Reichleet al, 2007; Tacet al, 1998). Further support for this indirect effett
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steroid removal is provided by a recent study inteeed canines suffering from acquired
urinary incontinence which reported that administraof GnRH analogues to decrease
serum LH and FSH concentrations aided continene&fferet al, 2006b). If increased
concentrations of gonadotrophins are involved endbvelopment of acquired urinary
incontinence then the success of replacement gestriterapy in the bitch may be partly

due to the suppression of plasma LH and FSH byagest administration (Concannon,
1993).
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1.13 An Overview of the Treatment Options for Urina  ry

Incontinence

The aim of treatment of urinary incontinence isiegior lessening the clinical signs of
overt inappropriate urination, preventing complicas and secondary infections, and
improving the quality of life for the patient. Enent of urinary incontinence can be
either pharmacological or non-pharmacological. {gbarmacological measures include
increased scheduled opportunities to void, blati@éming, pelvic floor exercises,
biofeedback / electrical stimulation, periurethirgction therapy, surgery, catheters and

incontinence pads, although not all measures atedei for both women and bitches.

As many patients afflicted by urinary incontinenbeth human and canine, suffer from
episodic incontinence, shortening the inter-voidinge can help to decrease the number of
episodes of incontinence. This can be especialyulin canines who suffer most from
inappropriate urination overnight where the interéing interval can be as long as 10
hours. Scheduled toileting and bladder trainirgampletely non-invasive management
options suitable mainly for use in women wherephgent practices voiding on a schedule
and consciously suppresses sensory urges to unmateattempt to train the bladder and
brain to coordinate urination, as occurs with @litoilet training (Holroyd-Leduet al,
2004b). This can be effective in a number of cadesild urinary incontinence; however,
it does require good cognitive function on behélfhe patient (Moore, 2000; Thaker

al., 2000).

Pelvic floor exercises are a mainstay of treatrf@ntirinary incontinence in women and
are effective in strengthening the pelvic floor ilas, and this is particularly important in
women with stress incontinence, but again is rfekaible option in canines with acquired
urinary incontinence. These exercises help inereasoman’s awareness of her pelvic
muscles and studies suggest they can increasa¢hngth and duration of pelvic muscle
contractions, decrease the volume of urine leakagedecrease the number of incontinent
episodes a day (Thakat al, 2000). Vaginal cones and weights can also berted into

the vagina as a means to strengthen pelvic flo@ciaa and are often recommended as an
adjunct to pelvic floor exercises (Holroyd-Ledeftcal, 2004b; Thakaet al, 2000).

Electrical stimulation therapy involves the elemtistimulation of pelvic floor muscles in
women using either a probe wired to a device fotratling the electrical stimulation, or

extracorporeal pulsed magnetic innervation. thaight that pelvic floor stimulation of
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the pudendal nerve will improve urethral closureativating the pelvic floor musculature
(Holroyd-Leducet al, 2004a). In addition, electrical stimulationh®ught to improve
partially denervated urethral and pelvic floor mulature by enhancing the process of
reinnervation. Variation in the amplitude and freqgcy of the electrical pulse is used to
mimic and stimulate the different physiologic metisas of the voiding response,
depending on the type and aetiology of incontineaag, either overactive bladder, stress
incontinence, or a mixed pattern, although bestli®seem to obtained with patients

suffering from overactive bladder incontinence (@akeret al, 1997; Wanget al, 2004).

Periurethral injection therapy has been used safidgsto treat urinary incontinence in
both women and bitches (Barh al, 2005; Thakaet al, 2000). In this procedure an inert
sclerosing agent such as gluteraldehyde crossdibkegine collagen is injected into the
urethra to physically decrease the urethral lumEme procedure is repeatable if required
and carries a high success rate coupled with atomplication rate (Bartkt al, 2005;
Thakaret al, 2000). Although the procedure is commonly practiin human medicine it
is not widely available in veterinary practice, wianly a handful of veterinary hospitals
offering the treatment in America and mainland fpercand none offering the procedure in

Britain, as yet.

Colposuspension is an established surgical techrfigquthe treatment of stress
incontinence in women and urethral sphincter meishamcompetence in the bitch
(Holroyd-Leducet al, 2004a; Holt, 1990). In both species, the surgesymilar and
involves placing non absorbable sutures from thed@r and cranial vagina to the body
wall at the level of the pubic bone to draw thedblier neck out of the pelvic inlet and into
the abdomen. This means that any increases aatttilominal pressure can act
simultaneously on the bladder and urethra. Thugjrecrease in intravesical pressure is
counteracted by an increase in urethral resistétok, 1990). Although the procedure
claims to have a high long-term success rate amcttonplication rate, it is a very
invasive procedure and careful evaluation of thieepais required prior to surgery so that
only those patients with genuine stress incontiaearal an intrapelvic bladder are
selected, as these are the patients that resposidfawourably to this treatment (Holroyd-
Leducet al, 2004a; Holt, 1990). In women, a laparoscopipasiispension technique has
been reported that is less invasive and gives esshgtovery times, however it appears to

be 20% less effective than open surgery (Thakat, 2000).

Tension free vaginal tape is a surgical techniguehe treatment of genuine stress

incontinence in women. In it, a special prolergetss inserted via suprapubic incisions
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through the urogenital diaphragm to pass latetalihe urethra and behind the pubic bone
to perforate the rectus sheath. This means thaaghe comes to rest in a U shape around
the mid-urethra and is then adjusted so that iiges tension free support to the urethra.
Good success rates have been recorded with impentamup to 95% of patients, at least
in short term studies (Moraat al, 2000; Ulmsteret al, 1999). Due to the ease of the
surgical technique, a relatively low incidence efisus complications and the short post-
operation recovery time, this procedure has ine@as popularity and is considered an
excellent alternative to colposuspension in mariepts (Thakaet al, 2000). This
procedure has been described in the bitch (Niekal, 1998), however, the number of
complications, coupled with a relatively poor sigxeate when used alone, means that this
procedure is not in common use in the bitch.

There are several other surgical procedures dociethéor treatment of urinary
incontinence including urethral reconstructionpdgtoplasty and artificial urinary
sphincter placement (Thakat al, 2000). Although none of these are routine praoes]
artificial urinary sphincter placement is indicaiach number of women such as those with
sphincteric dysfunction in which other procedurasehnot significantly improved the
condition. These are not procedures that ares@tilin the canine (Elliott al, 1998;

Petrou, 2002).

As previously mentioned there are a number of phaatogical treatments for urinary
incontinence in both the woman and the bitch.htnwoman there are specific therapies
suitable for treating urinary incontinence duenoaeractive bladder, and separate
treatments for stress incontinence which concentrattreating urethral dysfunction. In
the bitch the only reported and licensed therapiedor treating urinary incontinence due
to decreased resting urethral tone. In both spétis often found, however, that
combination therapy, especially involving a mixneédical, behavioural and non-specific

treatments gives the best and most sustainabldautiee patient.

In the bitch the most commonly used pharmacolodreatments in the United Kingdom
are oestrogens (Incurin Invervet) and alpha-adrenergic drugs, the mastneon being
phenylpropanolamine (Propalin Vétoquinol). They both act by increasing theines
urethral tone, therefore are of limited use ingra with incontinence due to causes other
than sphincteric dysfunction. Both drugs seemetavbll tolerated by animals, however,
there is a risk of side effects with both drugs, tiain symptoms being increased
attractiveness to male dogs and increased riskanfimmary cancer with oestrogens

(Hotston Moore, 2001; Mandigees al, 2001) and increased risk of aggressiveness and
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increased blood pressure with phenylpropanolan@aedfiglio et al, 2006; Mandigergt

al., 2001). Although widely used, these treatmentaaialways affect a cure and many
bitches become refractory to them over time (Maadigt al, 2001; Richteet al, 1985).
Recently, a long acting GnRH analogue has bediettian the bitch as a treatment for
acquired urinary incontinence and it appears,atle the short term, to offer good

clinical improvement in urinary incontinence ingtapecies, although the exact mechanism
of action has not been described (Reickleal, 2006b).

In women, the mainstay of medical management fesstincontinence has also been
hormonal treatment with oestrogen and progestidsaath alpha-agonists such as
phenylpropanolamine, however, side effects canrbat@nd these are no longer
recommended for long term treatment of urinary micence. Oestrogens were used for
stress incontinence, as weakened pelvic floor regsilie to decreased concentrations of
oestrogen post-menopause are considered one widimecontributing factors to
development of urinary incontinence. Oestrogenidggs shown to have a direct effect on
urethral mucosa and periurethral tissues, incrgasiethral closure pressure (Sarkaal,
2000); however, side effects of long term use idelsignificantly increased risk of breast
cancer, ovarian cancer, cholecystitis, cardiovasalisease and stroke (Chetral, 2002b;
Gradyet al, 2002; Hulleyet al, 2002; Laceyet al, 2002; Nelsoret al, 2002). This

means that the long term risks of systemic treatwith oestrogen in women outweigh
the advantages of treatment and it is no longecammended therapy. Topical oestrogen
vaginal creams, the oestrogen vaginal ring andagsh patches are associated with few
side effects, however, and appear to be as eféeas\systemic treatment and therefore are

recommended for a number of patients (Robiretcal, 2003).

Other therapies for stress incontinence in womelude the -adrenoceptor agonists
phenylpropanolamine and pseudoephedrine and assethactive serotonin and
noradrenalin reuptake inhibitor duloxetine. Phpnybanolamine has recently been
withdrawn from the market due to a slight but digaint increase in the risk of
haemorrhagic stroke associated with its use (Naetal, 2006). Pseudoephredine is still
available and works by increasing the urethralrsgtler tone, however, it also acts upon
other body systems to give side effects such asnng, restlessness, nervousness and
headaches and can cause fatal complications iergsiuffering from cardiac
arrhythmias, hypertension and angina and therdfasdimited applications (Nortast al,
2006). Duloxetine is a relatively new therapy thas undergone a number of clinical
trials in which it has shown good efficacy in tiagtstress incontinence in women with a

low risk of significant side effects, although ammer of patients complain of dry mouth
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and nausea (Hurlest al, 2006). Although new therapies are coming onéortiarket to
treat stress incontinence in women it is likelytth@havioural approaches and pelvic floor
exercises are just as effective in treating stiregmtinence in the majority of women as

pharmacological agents.

Pharmacological treatments for urge incontinencesed by an overactive bladder in the
woman are more promising and offer an improved fisfresk ratio than those for stress
incontinence. Anticholinergic and antispasmodierdg such as oxybutynin and
tolterodine are the most common choices for thetrment of urge incontinence and act by
decreasing muscarinic-mediated detrusor contrasamal allowing the bladder to fill
properly. Oxybutynin is an antimuscarinic agerd atso has a direct antispasmodic effect
on smooth muscle whereas tolterodine is purely scaminic receptor antagonist. Both
agents are effective at improving continence aralityuof life for patients (Diokneet al,
2003; Nortoret al, 2006). Side effects of both drugs are primaaityicholinergic and

dose related and include xerostomia, xerophthalooiastipation, sedation, blurred vision,
urinary retention, insomnia, tachycardia, confusiod delirium. A large number of
studies, many associated with drug companies, loaked at the effects of immediate and
sustained release oxybutynin and tolterodine and paoduced many contradictory
claims. In general, it has been concluded thatediate release oxybutynin is as effective
as immediate release tolterodine, however, therlats the least incidence of dry mouth
due to the fact that it is more selective for réoepin the bladder than in the parotid gland
(Harveyet al, 2001; Malone-Leet al, 2001). The results for the sustained release
preparations of oxybutynin and tolterodine havensihthat both agents work well, with
oxybutynin being slightly more effective in incréasthe number of patients with no
clinical signs of incontinence at 12 weeks, howewegybutynin was also reported to
produce a higher incidence of dry mouth (Diolat@l, 2003). To further reduce the
anticholinergic side effects of these drugs a ttan®al oxybutynin product has been
trialled and manufactured which appears to havdairfficacy to oral immediate-release
oxybutynin but with lower anticholinergic side afte, however, the cost of this treatment
is significantly more than oral therapies and treeereported application site reactions
with this mode of delivery (Davila, 2006; Davi al, 2001; Dmochowskét al, 2002).
There have been no reported trials of muscarimieptr antagonists for urinary
incontinence in the bitch therefore efficacy anigeof these drugs in canines is at

present unknown.

Tricyclic antidepressants can also be used for img@ntinence in women. These agents

facilitate urine storage by increasing outflow s¢snce and by decreasing bladder
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contractility (Yoshimuraet al, 2002). The tricyclics that have been used irelud
nortriptyline, desipramine, imipramine, doxepin awditriptyline, however, the latter
should be avoided in elderly or frail patientstas associated with increased
anticholinergic effects than the other tricycliY®ghimuraet al, 2002). There are no
reported studies looking at the use of these drug®e bitch, however amitriptyline has
been used for behaviour modification therapy arich@vn to have severe cardiac effects
including causing ventricular tachycardia in somarals (Ansekt al.,1993. These

agents are likely best used when the patient lcas@omitant depression or neuropathy.

In conclusion there are many treatment optionsiforary incontinence in both women
and bitches, however, not all treatments are deita all patients, therefore, a careful and
thorough work-up leading to accurate diagnosisefdondition is required, along with a
general clinical exam to diagnose any other exjstiedical conditions, before a specific
treatment option is recommended. In most pati@mtsmbination of therapies will give
the best outcome, with behavioural therapy and fiwadiions to lifestyle being the first
step in formulating an individual treatment plebue to the potential side effects of both
surgery and medical treatments these options slomlydoe considered after less invasive
therapies have been exhausted. In the bitch, mmiraVtherapy will often not result in a
complete cure of the disease, therefore medicehplyeshould be considered alongside
modifications to lifestyle. In both women and biés surgery should only be offered after
other treatments have failed and only after a tinginocounselling of patient or owner as to
the potential side effects and complications ofggtecedure. In all cases patients and
owners should be warned that with current therapeyptions the condition may not be
totally resolved despite a multi-modal treatmegime, in which case the use of

incontinence pads and other sanitary devices magdered.
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1.14 Conclusions and Aims

It is possible to see that there are many simiggribetween post neutering urinary
incontinence in the bitch and stress incontinendéé woman, with both conditions
centring on a decreased resting urethral toneighasufficient to overcome increases in
pressure within the bladder. It has also been shbat the bladder has an important role
to play in the development of urinary incontinencéhe woman, especially in cases of
urge incontinence caused by an overactive bla@adeljn cases of decreased bladder
contractility. In the bitch the role of the bladdie the development of urinary
incontinence has not been reported, althoughuhé@erstood that a decreased resting
urethral tone is not a defining characteristicajw@red urinary incontinence in the bitch
(Reichleret al, 2006b). This has lead to the hypothesis thablhéder may be involved
in the development of urinary incontinence in titetband as such could provide a new

target for treatment of this debilitating and ennaasing problem.

The aim of the studies in this thesis thereforagwe investigate the functional, structural
and molecular changes that occur within the bladfiarcanine post neutering that may

lead it to develop, or predispose it to, urinamgointinence.
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2 Validation of Equipment and Protocols

2.1 Introduction

The ultimate aim of this project was to determind aharacterise the changes that occur
within the urinary bladder of canines post neutgthmt may predispose a bitch to develop
acquired urinary incontinence. As there have beepublishedn vitro reports of canine
detrusor muscle function, the aim of this prelinnynstudy was to validate oum vitro

organ bath equipment, experimental technique aoi@ols by replicating the robust
experimental approach previously described forimiske rat (Rattus rattus) (Kories et al.,
2003; Longhurst et al., 2000). Using this approattips of rat urinary bladder are placed
in organ baths under standard physiological camhti tensioned until stable at the
designated optimal resting tension (2g), and thsjested to standard concentration
dependent carbachol and KCI response protocolsbaChol is a non-selective muscarinic
agonist that causes contraction of smooth muselggpations via stimulation of the
muscarinic pathway whilst KCI causes contractiosraboth muscle preparations by direct
action on the cell membrane causing depolarisatimcontractile responses of urinary
bladder strips in this experimental set up havergmdo be consistent when used by a
number of different research groups, similar respsnn this study would validate our

equipment and demonstrate reliable and consistehhique by personnel.
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2.2 Materials and Methods

2.2.1 Animals

Age matched adult male (n = 10) Wistar rats (2800g, out bred) obtained from Harlan
(Oxfordshire, UK) were used for this study. Alliaals received food and watad
libitum. The protocols used for this investigation weppraved by the Glasgow

University Veterinary School Ethics Committee.

2.2.2 Preparation of Tissue

Rats were humanely killed through stunning follovisydexsanguination by severance of
the carotid arteries, in accordance with the Anin{8icientific Procedures) Act 1986. The
urinary bladder was immediately removed and placecde-cold Krebs buffer of the
following composition: NaCl 118mM, KCI 4.8mM, Ca.5mM, MgSQ 1.2mM,

KH.PO, 1.2mM, NaHCQ 24mM, glucose 11mM. The dome of the bladder wssedted

free at the level of the ureteral orifices, cleanéfht and cut into strips (2mm x 10mm).

The bladder strips were mounted in 15ml tissueshéBlootia Glassware Ltd,
Grangemouth, UK), bathed at 37°C in Krebs soluéind continually aerated with 95% O
/ 5% CQ. Muscle tension was measured with BIOPAC TSD1&sthetric force
microtransducers (BIOPAC Systems Inc, Californiaj sesults displayed on a computer
screen using the BIOPAC data acquisition softwAmgKnowledge 3.8) (Fig. 2-1).
Bladder strips were mounted under 2g resting tendionghurstet al, 2000) and the
contractile response to KCI (40mM) was examineddtermine tissue viability. Strips
that did not produce a minimum of 0.5g active tensivere discarded, replaced and new
strips tested. After testing all strips were reépdly washed and allowed to equilibrate for

30 minutes, during which time the resting tensi@sadjusted to 2g every 10 minutes.

In all cases experiments were performed on the slayeas the bladders were harvested.
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2.2.3 Carbachol Concentration Response Protocol

Once muscle tension in the strips was stable a¢&ing tension a standard
Carbamylcholine Chloride (carbachol, Sigma, UK) @amtration response protocol was
performed and the resultant muscle tensions redorBeiefly, carbachol was made up to a
1M stock solution and aliquots stored (-20°C) framich serial dilutions were prepared on
the day of each experiment. Carbachol was add#ttbaths in a stepwise manner to
give cumulative bath concentrations of 1nM — 30d4 (9M to -4.5M), increasing in half

log increments after the response to the previonsentration had reached a maximum.

8 Channel D33!
MultiStim System, for
Electrical Stimulation

Screen Displs Protocols Tensioner

Isometric Force
Microtransducer

Tissue Bath

Figure 2-1. Photograph of the tissue bath and electrical stimul ator set up.
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2.2.4 KCI Concentration Response Protocol

Following completion of the cumulative responsetpeol to carbachol, the strips were
washed repeatedly and allowed to equilibrate foodr, during which time the resting
tension was adjusted to 2g every 10 minutes. @son in the strips of urinary bladder
were stable at 2g resting tension, KCI (Sigma, (#1) was added to the baths in a
stepwise manner to give final cumulative bath cobtegions of 10mM — 80mM. This was
performed using 10mM increments with each furtl@roentration applied after the

response to the previous concentration had reaceaximum.

2.2.5 Electrical Field Stimulation Protocol

In a separate series of experiments, strips oatyibladder were mounted in Ag-AgCl

ring electrodes (manufactured by Mr I. Gibson, Gtag University Veterinary School),
washed repeatedly and tensioned until stable e¢&gqg tone. Once stable the
supramaximal voltage (at 20Hz) was determined &ohestrip by applying stimulations at
increasing voltages until the maximal contractdsponse was seen, the voltage required to
produce approximately 70% of this response wasiderexdl the supramaximal voltage of
that strip. Any strips that did not respond as tstiage were discarded, replaced and the
supramaximal voltage determined as before. A whihree stimulations at the
supramaximal voltage for each strip was then cotedljd¢o ensure that the response seen

to that voltage was stable.

Bladder strips were then washed, re-tensioned t@&ing tension and allowed to
equilibrate for 30 minutes, during which time tlieps were re-tensioned to 2g every 10
minutes. Once muscle tension was stable, electrad stimulation (0.5-100Hz, 100
pulses) was delivered from a Digitimer Ltd MultigtiSystem-D330 stimulator
(Hertfordshire, UK) at a pulse width of 0.5ms andw@pramaximal voltage. Stimulations
were applied at five minute intervals to allow tieeestablishment of normal resting tone
between stimulations. Frequency dependent cordractvere observed. To allow
confirmation that the observed responses to etettiield stimulation were neurogenic, at
the end of the each experiment the tissue strips imeubated with the neurotoxin
Tetrodotoxin (1uM) (Sigma, UK) and stimulated aH20every 5 minutes for 3

stimulations. Tetrodotoxin is a neurotoxin thagyants action potentials forming and
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spreading through a muscle by blocking the sodiatedyvoltage channels on nerve cells

thereby preventing any nerve mediated contrac{iNasahashi, 1974).

2.2.6 Data Analysis

All data are expressed as g/mg of wet tissue asudtseas mean + s.e.mean where

applicable (n = number of animals).

The results from all strips collected from eachmaadi(minimum 4 / animal) were meaned,
and the value obtained used as the result forathatal in further analysis. The LogELC

values (log of the concentration of carbachol rezpito produce a response equal to half
of the maximal tension produced) were calculate@GphPad Prism® v.5 software from

the mean data for each animal.
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2.3 Results

Carbachol induced concentration dependent contracti the isolated urinary bladder
strips in all animals (Fig. 2-2a). The threshaldriesponse was approximately 30nM and

maximum response was observed at approximately 10uM

KCl induced a dose dependent contraction of alated urinary bladder strips (Fig. 2-2b),
the maximal contraction produced was lower (37%)tthat produced by carbachol. The
threshold for response was approximately 20mM aagimum response was observed at

approximately 50mM.
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Figure 2-2. Cumulative dose response curves to a, carbachol and b, KCI in isolated rat

urinary bladder strips. Each point is the mean + s .e.mean of observations from 10 animals.

Electrical field stimulation of the isolated stripkurinary bladder produced frequency
dependent contraction (Fig. 2-3). The maximal @riion was seen at 20Hz in all
animals. Tetrodotoxin abolished the responseetiisue to electrical field stimulation
and thus confirmed that responses seen were neatcdgeorigin. The effects of

tetrodotoxin are shown in the data record for agsgntative strip in Figure 2-4.
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Figure 2-3. Frequency response curves in isolated strips of rat bladder. Each point is the
mean + s.e.mean of observations from 10 animals.
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bl T,

Figure 2-4. A typical section of trace showing con  trol stimulations (upper trace) and the
inhibitory effect of tetrodotoxin (1uM; lower trace , addition denoted by arrow) in isolated
strips of rat urinary bladder. Stimulation paramet ers were 20Hz, 5 sec, and 0.5msec pulse

width.
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2.4 Discussion and Conclusion

In this study, the strips of rat urinary bladderev@und to respond in a similar manner
and with a similar magnitude of response to thpbred previously, thus validating both
our experimental tissue bath set-up and the metbgy@s suitable for the study of rat
urinary bladder (Fraziest al, 2007; Korieset al, 2003; Longhurset al, 2000), and

therefore reasonable for the study of canine detmmscle function.

There was concentration dependant contractioneofdhurinary bladder strips to
carbachol. This is as expected as carbachol @aselective muscarinic agonist that
works via the cholinergic system, binding to antivating the muscarinic receptors within
the bladder (Rangt al, 2007). As the muscarinic receptors are knowmediate the
contractile response of the urinary bladder (Lomgtet al, 2001) then addition of
carbachol can be expected to produce contractiarcomcentration dependant manner.
Although carbachol acts at the muscarinic recegignsiimicking acetylcholine, it is not
hydrolysed by acetylcholinesterase and therefonetisroken down or removed (Raeg
al., 2007), hence the contraction produced by eacé dbsarbachol does not diminish but
remains stable over time. Carbachol is thouglactanainly at the Mreceptors in the
bladder, which are the receptors deemed resporfsibtee majority of the contractile
action of the bladder during micturition (Chess{&ihs, 2002); however, it is possible
that at higher concentrations carbachol may a¢hervi, and nicotinic receptors causing a
change of state of the cation channels on the mestl membrane (Anderssenal,

2004a; Rangt al, 2007), and potentially altering bott ind C&" conductance across the
cell membrane. The change in state dida channels, in particular, may explain why at
higher concentrations, carbachol was seen to ingokeentration dependant relaxation of

the rat urinary bladder strips in this present gt{@h et al, 2003).

In response to KCI, there was concentration depgratatraction, followed by
concentration dependant relaxation of the rat wyibéadder strips. KCl is a metal halide
that disassociates in solution to form ¢the major cation of cells) and @ns, both of

which are essential to many body systems and fumeincluding conductance of nerve
impulses, acid-base balance and carbohydrate mistaba<Cl is not specific for any
receptor but is thought to act directly upon thik membrane (Fosteat al, 1983). When
added to the extracellular environment KClI, at kcentrations, causes depolarisation of
the cell membrane thereby leading to formationabiba potentials and contraction of

smooth muscle cells. At higher concentrations fiassible that alterations in relative
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concentrations of K C&*, Na" and Md" ions may cause the hyperpolarisation of the cell
membrane and activation of various ion channelsetheinhibiting further contraction

(Fosteret al, 1983; Kravtsowet al, 1995), and eventually leading to relaxation.

In response to electrical field stimulation, thesgs frequency dependant contraction of the
urinary bladder strips which was blocked by therotaxin tetrodotoxin. Tetrodotoxin is a
neurotoxin that prevents action potentials formang spreading through a muscle by
blocking the sodium gated voltage channels on neglls thereby preventing any nerve
mediated contractions (Narahashi, 1974). Usimngrikeurotoxin demonstrated that the
responses obtained in the experiments previousgrieed were neurogenic in origin,
therefore, they mimicked the vivo contractile responses to parasympathetic neuronal
stimulation of the bladder during the emptying ghasmicturition. This contraction
during the emptying phase is thought to be mediatathly through muscarinic receptor
stimulation (Anderssoat al, 2004a; Anderssoet al, 2004b; Creeet al, 1983;
D'Agostinoet al, 1989) via acetylcholine released from the neeveinals. As free
acetylcholine around the nerve terminal is rapliatiyken down by the enzyme
acetylecholinesterase (Anderssairal, 2004a) the contraction evoked by electrical field
stimulation cannot be maintained over time, heheeneed to allow sufficient time for the

tissue to recover between stimulations.

The responses of the rat bladder to carbachol,ad@lelectrical field stimulation showed
little variation both between strips for an indival animal and between individual

animals. This was to be expected as the studylg@u was uniform in terms of weight,
age and strain of animal used, and confirms thrat eue to personnel or equipment was
minimal. These results confirm that the technicaes equipment are suitable to
investigate changes in bladder function in thermanand demonstrate that any differences
in function of detrusor muscle recorded in the pardre not due to personnel or equipment

error.



73

3 Validation of Canine Tissue Bath Protocols

3.1 Introduction

Acquired urinary incontinence in the bitch is aargmsingly recognised condition that
affects up to 20% of all neutered bitches (Arnelcal, 1989). The role of the urethra in
the condition has been extensively studied (Gregt®94; Holt, 1988; Reichleat al,

2004; Rosiret al, 1981), however, decreased urethral tone is nadidered a defining
characteristic and the exact aetiology and pathsiplogy of the condition remain
unknown. Studies in women, to investigate postepansal urinary incontinence, have
demonstrated that the bladder has a pivotal ropatp in the development of urinary
incontinence in this patient group (Elbadawial, 1993a; Elbadawét al, 1993b; Resnick
et al, 1987). The overall aim of this thesis was tedaine and characterise the changes
that are induced within the urinary bladder of casipost neutering that may predispose
them to develop acquired urinary incontinence.th&se are no publishex vitro reports

of canine detrusor muscle function, the aim of gas of the study was to validate

protocols for use with this tissue within a claasin vitro tissue bath system.

The equipment and protocols to be used with theneaurinary bladder tissue had
previously been validated using bladder tissue faospecies in which similar studies have
been conducted, namely the rat, (chapter 2). @&belts in the rat indicated that the
responses to carbachol, KCI and electrical figltgiation were highly repeatable between
tissue strips from the same animal, and betweenasi This finding is critical to the
proposed canine studies as it means that any ieariseen is likely to be due to biological
variation and not to equipment or personnel. Rodhe use of the chosen experimental
approach to study differences in detrusor funcéism consequence of neutering in the
canine, a series of studies were necessary tonietethe exact experimental conditions
required to optimise the conditions for use witis tissue. Due to the lack of reported data
on canine detrusor muscle function, a length tensiady on isolated strips of canine
urinary bladder smooth muscle was conduced to m@terthe optimum resting tension for
this tissue. These studies were also considerpdriant as the canine bladder is
significantly larger than that of the rat, andfitaction is different as domestic canines are
‘housetrained’ and thus require a significant gjertunction in addition to contractile
micturition and thus may require different studydiions than that of the rat.
Optimisation of the resting tension also allows enaccurate assessment of the

contractility of the bladder as the actin and mgddaments are optimally aligned; if the



Victoria A. Coit, 2008 Chapter 3, 74

tension is too low then the filaments overlap, drlde tension is too high the filaments are
not able to interact with each other properly, ttiescontractile force of the stimulated
muscle is decreased.

As all of the canine tissue was donated, withduther consent, it was recognised that
there would not be a constant or regular supplysetie, and that tissue would often be
donated late in the evening or at weekends. Giverarger size of the canine urinary
bladder and to be able to utilise the tissue obthfnlly, a further aim of the initial
characterisation studies was to investigate thecetif storage of the tissue to determine if
experiments could be run up to 3 days post hangsiistead of on the day of harvesting
as in the rat. It was hypothesised that changesdaaccur in the muscle tissue upon
storage and that the contractility of muscle wadildinish over time due to the build-up of
waste products of metabolism and the depletiorxgfien and glucose within the storage
solution by the tissue, all leading to degradatbthe muscle tissue. The time course for
these changes has not been previously reportegfohe tissue was used from the same
animal on days 1, 2 and 3 post harvesting, withafdarvesting considered as day 0, and
statistical analysis of the results performed tieiaeine if tissue could reliably be used for
more than one day.
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3.2 Materials and Methods

3.2.1 Animals

The study was approved by The University of Glasterinary School’s ethical review
committee. Tissue from a total of 22 canines wakided in the study, with a mean age of
6 years (range 1-14 years) and a mean weight dk@4range 8-45kg). The majority of
canines included in this study were cross bred) wit pedigree breeds appearing more
than once. In all cases tissue was collected mRHiours of euthanasia (intravenous
overdose of pentobarbatone), with full, informedner consent. In all cases, euthanasia
occurred for reasons other than scientific invediomn. The majority of animals were
destroyed for severe behavioural problems, the ireteafor a number of different

complaints, none of which involved the urinary syst

3.2.2 Preparation of Tissue

A full, detailed history of each animal was takew @ gross post-mortem of the entire
urinary tract performed, before the urinary bladaaes harvested, sectioned across the
level of the ureters and the dome of the bladdseaa in Krebs solution (NaCl 118mM,
KCl 4.8mM, CaC} 2.5mM, MgSQ 1.2mM, KHPO, 1.2mM, NaHCQ 24mM, glucose
11mM) and stored at 4°C. Any animal with a histofyor gross pathological signs of,
urinary tract disease, other than acquired uriimaxgntinence, were excluded from the

study.

The domes of the bladders were cleared of anynfdittae lining urothelium removed.
Bundles of smooth muscle fibres could then be ifledtand up to 28 strips of smooth
muscle (2mm x 10mm) were produced from the resuttatrusor muscle sheet. The
detrusor muscle strips were mounted in 15ml tisgmibs (Scotia Glassware Ltd,
Grangemouth, UK), bathed at 37°C in Krebs solutind continually aerated with 95% O
/ 5% CQ. Muscular tension was measured with BIOPAC TSIl B®metric force
microtransducers (BIOPAC Systems Inc, California] displayed on a computer screen
using the BIOPAC data acquisition software (AcgKiedge 3.8). To determine optimal
resting tension, detrusor muscle strips from eamal were mounted under 2, 4, 6 or 8g

resting tension. Tissue strips were washed (redggtand allowed to equilibrate for 60
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minutes, during which time the resting tension adjsisted on a per strip basis to achieve

the intended passive muscle tension.

Initially, to assess tissue viability, muscle sérigere exposed to a KCI challenge (40mM)
and tissue strips that did not respond were dischashd replaced; however, it was found
that response, or more frequently lack of respawsthis initial dose of KCI did not
accurately correlate to later contractile respomsesrbachol and therefore this practice
was stopped and no further test doses used. Fisgre then subjected to an assessment

of carbachol induced contraction (3.2.3) followsgoKCI| induced contraction (3.2.4).

To study the effects of storage on the viabilityissue the bladder domes were kept in
Krebs solution at 4°C for up to 3 days post haixgstAs it was hypothesised that muscle
strip contractility would decrease over time dugant to utilisation of the components of
the Krebs solution, and due to build up of wastelpcts from metabolism the Krebs
storage solution was refreshed daily. On daysah®3 bundles of smooth muscle were
dissected out as described above and subjectedassassment of carbachol-, followed by
KCI- induced contraction as described below.

3.2.3 Assessment of Carbachol-Induced Contraction

Once tension in strips was stable at the inteneleeld a carbachol concentration response
protocol was performed. Carbachol (as per ch&))teras added to the baths in a stepwise
manner to give cumulative bath concentrations ofl Hi30uM (log -9M to -4.5M),
increasing in half log increments after the respdongthe previous concentration had

reached a plateau.

3.2.4 Assessment of KCI-Induced Contraction

Following completion of the cumulative responsetpeol to carbachol, the detrusor
muscle strips were washed repeatedly and allowedudibrate for 1 hour, during which
time the resting tension was adjusted as necessary 10 minutes to achieve the intended
resting muscle tension for each strip. Once thpssof urinary bladder were stable at their
designated resting tension, KCl was added to tkiesba a stepwise manner to give final

cumulative bath concentrations of 10mM — 80mM. sTwas performed using 10mM
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increments with each further concentration appditter the response to the previous

concentration had reached a plateau.

3.2.5 Data Analysis

Results were normalised relative to tissue weightr@sults presented as g/mg of wet

tissue. Data are expressed as mean + s.e.meamufnbrer of canines).

Results from a minimum of 2 strips of bladder tesper animal were analysed and the
mean of these strips used in further calculationere applicable. Data were graphed and
statistical analysis was performed using eithep@Pad Prism® v.5, or GraphPad InStat 3
software. Comparisons between maximal tensiondymexd and age and weight of the
animal were made using analysis of variance (ANQV&pmparisons between day 1, 2
and 3 data were made using repeated analysis iahear(ANOVA) with Bonferroni post-

test. A probability (P) less than or equal to Qw@s considered significant.
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3.3 Results

Carbachol induced concentration dependent contracti the isolated strips of detrusor
muscle from all animals (Fig. 3-1). Contractionswaeasurable at 10nM and reached a
maximum at 3uM in all groups after which there wlase dependant relaxation seen in a
number of strips (Fig. 3-1). The highest maxin@itcaction and lowest Logkgvalue
were seen in the strips placed at 4g resting tar(Jiable 3-1). Although the results for 4g
were not significantly greater compared to the oteesions studied, it was noted that
more strips at 6g and 8g resting tension eithekéooy failed to respond during the
protocol (17% and 12% of strips respectively) coreddo those at 2g and 4g resting
tension (4% and 5% respectively). Analysis of aace showed no affect of age or weight

of animals on the results obtained.

N 2 2 T R A

inM  3nM 10nM 30nM 100nM 300nM 1pM 3uM  10pM  30pM

| 1 gram

3 minutes

Figure 3-1. A representative section of trace show ing the contractile response to carbachol
in an isolated strip of canine detrusor muscle. Ar rows denote addition of carbachol.

Resting Tension
29 49 69 89
Carbachol — Emax 0.73+0.12 0.94+0.14 0.8530.10.83+0.12
Carbachol — LogE§; -6.77+£0.14 -6.88+0.14 -6.78+0.13 -6.75+%0.1
KCI — Emax 0.16 £ 0.02 0.30 £ 0.06 0.25 +0.06 2806

Table 3-1. Maximum (Emax) and Log EC 5y values for Carbachol and KCl in isolated strips of
canine detrusor muscle at different resting tension s. Data are expressed as g/mg of wet
tissue with results given as mean £ s.e.mean. Ina Il groups n = 22 animals.
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KCl induced a dose dependent contraction of alated urinary bladder strips (Fig. 3-2).
The mean maximal contraction produced by the sbiketrusor muscle in response to
KCI was lower than that produced in response tbawrol (31%). Contraction was
measurable at 10mM and reached a maximum at 30m#|, groups (Fig 3-3b), after
which there was dose dependant relaxation. THeektgnaximal contraction was seen in
detrusor strips placed at 4g resting tension (Takle As with carbachol the number of
detrusor strips that either broke or did not respimnthe protocol was higher in the strips
at 6g (11%) and 8g (24%), compared to 4g (7%) anfl@%) resting tension. Analysis of
variance again showed no affect of age or weighnahal on the results gained.

10mM 20mM  30mM 40mM  50mM 60mM 70mM  80mM

L

| 1 gram

3 minutes

Figure 3-2 A representative section of trace showi  ng the contractile response to KCI in
isolated strips of canine detrusor muscle. Arrows denote addition of KCI.
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Figure 3-3 Cumulative concentration response curve s to a, carbachol and b, KCl in isolated
strips of canine detrusor muscle. Each point is th e mean * s.e.mean of observations from
22 animals. 2g resting tension, 4qg resting tension, 69 resting tension, 89 resting
tension.
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As strips placed under 4g resting tension gavdése results in the length tension studies,
only these results were used to compare the affestbrage on contractile responses.
Carbachol produced concentration dependant coittnast strips on all days studied (Fig.
3-4a). The maximal responses to carbachol on taysl 2 were similar (1.063 =
0.289g/mg and 1.021 + 0.344g/mg respectively), vawnehe maximal responses seen on
day 3 (0.365 + 0.107g/mg) were significantly lowlean those seen on days 1 and 2 (P <
0.001). There was no significant difference betwiée LogEG, values on any of the

days studied.

As for the length tension study, KCI produced caorticgtion dependant contraction of
detrusor muscle strips on all days studied (FigbB- The pattern in maximal contraction
to KCI was comparable to that of carbachol, with thaximal contraction on days 1 and 2
being similar (0.421 + 0.040g/mg and 0.429 + 0.0®fsgrespectively) but being
significantly decreased (P < 0.001), on day 3 (089.015g/mg) compared to days 1 and
2.
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Figure 3-4. Cumulative concentration curves to a, carbachol and b, KClI in isolated strips of
canine detrusor muscle at 1 day , 2days , and 3 days post harvesting of tissue. Each
point is the mean + s.e.mean of observations from 5 animals. *** P<0.001 compared to other

groups.
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3.4 Discussion and Conclusion

Canine detrusor muscle responded to carbachoiriaraer similar to that of other species
studied (Fetscheat al, 2002; Hawthorret al, 2000; Schneidegt al, 2004), in that there
was concentration dependant contraction of the Smmaiscle strips. By plotting the
concentration dependant contractile responsesb@achol on a logarithmic scale a
classical sigmoid curve was produced which alloaehparison between responses in
terms of maximal contractile response seen and Ceg#alues, which gave an indication
of the sensitivity of the tissue to the agonisthall comparing the responses of the canine
detrusor muscle to carbachol under differing regstensions, it was found that although
the maximal responses seen differed for the variesisng tensions, the Logkg&values
were comparable between groups. This similaritydgEGsovalues is to be expected as
all strips were being tested against the same muasgcagonist, and would therefore be
expected to show similar sensitivities as the liggiroperties and receptor responses

should be equal in all strips.

Carbachol is thought to act mainly at the tdceptors in the bladder, which are the
receptors deemed responsible for the majority @ictntractile action of the bladder
during micturition (Chess-Williams, 2002); howevitiis possible that at higher
concentrations carbachol may act on theakd nicotinic receptors causing a change of
state of the cation channels on the muscle cell ionene (Anderssoat al, 2004a; Rangt
al., 2007), and potentially altering botH Knd C&* conductance across the cell
membrane. The change in state ofith channels, in particular, may explain why at
higher concentrations (10uM and 30uM), carbachd g&en to invoke concentration

dependant relaxation of the urinary bladder singsis present study (Odt al, 2003).

Response of the canine detrusor muscle to KClisnsystem was also as for other species
studied (Chaiyaprasithgt al, 2003; Hawthorret al, 2000). KCI is a metal halide that
disassociates in solution to forni Khe major cation of cells) and @ns, both of which

are essential to many body systems and functiahsdimg conductance of nerve

impulses, acid-base balance and carbohydrate mistaba<Cl is not specific for any
receptor but is thought to act directly upon thik membrane (Fosteat al, 1983). When
added to the extracellular environment KClI, at kcentrations, causes depolarisation of
the cell membrane thereby leading to formationabiba potentials and contraction of
smooth muscle cells. At higher concentrations (rM) it is possible that alterations in

relative concentrations of KC&*, Na" and Md* ions may cause the hyperpolarisation of
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the cell membrane and activation of various iomcieds thereby inhibiting further
contraction (Fosteet al, 1983; Kravtsowt al, 1995), and eventually leading to

relaxation.

When comparing the responses of the canine detmigscle to KCI, under differing
resting tensions, it was found that although th&imal responses seen differed between
the groups, the overall shape of the graphs waitasjmith maximal response seen at
30mM KClI, followed by gradual concentration depeamtd&laxation at higher
concentrations. This suggests that the overalhar@sms responsible for contraction and

relaxation of the detrusor muscle strips are sinfidaall resting tensions studied.

The difference in maximal response to both carbleahd KCI seen between differing
resting tensions is due to the effects of muscigtie on the ability of the actin and myosin
filaments within the thick and thin filaments tdeéract. The interactions between these
filaments cause shortening of the muscle fibre whermuscle is stimulated (Anderssan
al., 2004a), which is evident as contractile tensioaur system. There is an optimum
arrangement of these thick and thin filaments, Wwhichen stimulated, produces maximal
contraction of the muscle. The resting tensionfath this optimum alignment of thick
and thin filaments within the smooth muscle wiltac may vary between species and
between different muscular organs asitheivo passive tension normally placed upon the
muscle will vary depending on species and orgéthel resting tension is too low, the
thick and thin filaments overlap to such a deghes turther shortening of the muscle fibre
to produce contraction is inhibited (Anderssdral, 2004a). This is seen in this study by
the fact that the group under 2g resting tensiahtha lowest maximum response and at
this resting tension a number of strips failedasponse to carbachol or KCI. If the resting
tension is too high, the thick and thin filaments o far apart and therefore cannot
interact properly to cause shortening of muscleeitand contraction of the muscle when
stimulated. This was evident in the 6g and 8g psdn this study, which showed a lower
maximal response than the 4g group. The 6g argi@gps also showed a greater number
of strips breaking during contraction than the 8d dg groups. For canine detrusor
muscle it would therefore appear that 4g restingiten is the optimal tension for furthier
vitro studies, as this was the tension that gave themnadxesponse to both carbachol and
KCI, with the lowest number of strips breaking ailihg to respond to treatment. This is
in contrast to the 1-2g standard resting tensi@al urs rat, rabbit and guinea pig (Koriets
al., 2003; Longhurset al, 2000; Longhurset al, 2001), but within the range of 1-4g
resting tension suggested for use in studying hudesimusor functionn vitro (Yoshidaet

al., 2006). This similarity to human tissue is unsisipg as the canine urinary bladder
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shows greater similarity in terms of size and fiorcto that of the human compared to that

of rats, rabbits and guinea-pigs.

As canine tissue was donated supply was unpredgctiierefore, to optimise the system,
a further study was conducted to determine thetleafjtime, post tissue harvesting, that
canine detrusor muscle would reliably and reprdolyaiespond in the above protocols.
The results obtained demonstrated that tissualsesifor up to three days post harvesting
but that contractile responses to stimulation $icgutly decrease on the third day. These
results also demonstrated that responses to stiota both carbachol and KCI were
similar on the first and second day post harvestifigpm this it has been concluded that
tissue may be stored and strips dissected out ftailyse in protocols for two days after it
has been harvested without affecting the responsagof the tissue. This allowed

maximal use of all tissue donated for use in furitedies.

As in the rat study in chapter 2, within-animaligéion in the canine study was low;
however, in contrast to the rat study, inter-aniwaalation was seen to be much higher in
the canine. As the techniques and equipment useel validated by the study in the rat
(chapter 2) the variation in response between earginot due to equipment or personnel
but due to the animals themselves. The rat papualatas consistent in terms of weight,
age and strain of animal used, however, due tadhstraints of the study this was not the
case in the canine. Analysis of variance showatttiere were no significant effects of
age or weight of the animal on the maximal contoactf the detrusor muscle strips to
either carbachol or KCI, therefore the variatiobwmen animals cannot be due to these
factors. Although the breed of the animal may havele to play in the variation seen, the
majority of canines in the study were cross bredraby keeping specific breed variation
to a minimum. Previous studies in the rat haveyeatgd that there may be functional
changes in the bladder due to gender or ovariec{feyschmanret al, 2002; Longhurst

et al, 2000) therefore it was hypothesised that theatian seen between animals could be
due to gender and neutering as male and females amid neutered animals were included

in the study.

In conclusion the study showed that 49 initialirestension is the optimum resting
tension for use in tissue bath studies that usedhae detrusor muscle, and that strips of
this smooth muscle can be used for two days pasekting without affecting the results
gained. Furthermore, high inter-animal variatiorihie responses of isolated strips of

detrusor muscle to carbachol and KCI stimulaticensa this study suggest significant
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differences in tissue responsiveness and sengiéxist between canines, possibly due to

gender or gonadal differences.
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4 Effects of Neutering onthe invitro Responses of
Canine Detrusor Muscle Strips to KCI, Carbachol

and Electrical Stimulation

4.1 Introduction

Urinary incontinence is defined as the involuntiass of urine (Abramst al, 2002), and

is a severely debilitating condition that has digant welfare implications for affected
patients. In the canine, the most commonly sean fd urinary incontinence is acquired
urinary incontinence also known as post neutemegmtinence, as it is seen most
frequently in bitches after they have been neutetedeed, acquired urinary incontinence
is seen in up to 20% of all neutered bitches (Adratlal, 1989) whilst less than 1% of
entire bitches and males are affected (ldokl, 1993). Acquired urinary incontinence has
been directly linked to being neutered (Thrusfi@léi8s), although mechanical damage of
the lower urinary tract, during surgery, is not liogted in the aetiology (Gregory, 1994).
A number of other hypotheses for the causes ofpastering acquired urinary
incontinence have also been put forward, includascular, neurological and hormonal
changes, the later of which is currently the sulbpécesearch. Acquired urinary
incontinence in the bitch is thought to have a lsimaetiology to that of post menopausal
incontinence in women, although the exact pathaplogy of the condition in these two

groups is not well enough understood to allow daeteation of commonality of cause.

It has been shown in women that although the mg$tine of the urethra may be involved
in post menopausal urinary incontinence, the uyitidadder also has a significant role to
play. Studies have shown that there is impairexdraotility of the bladder in women
suffering from post menopausal urinary incontinefi€ibadawiet al, 1993a) and that this
is frequently found in conjunction with idiopathdetrusor instability (Elbadavét al,

1993b; Resniclet al, 1987). In patients suffering from impaired bladdontractility a
change in responsiveness and contractility of #teudor muscle to muscarinic stimulation
has been demonstratedvitro (Mills et al, 2000) and these finding have been replicated
in neutered female rats (Fleischmaatral, 2002; Zhuet al, 2001). These aspects of

bladder function in the canine have never beenrtego

Interestingly, during the validation studies repdrin chapters 2 and 3 it was noted that

there was a greater degree of variation in respensess of the detrusor muscle strips to



Victoria A. Coit, 2008 Chapter 4, 88

both carbachol and KCI stimulation in canines timthe rat. Although there will be a
degree of biological variation in response duén®diversity of the canine population
studied, | hypothesise that a significant proported the variation seen in the canine study
may be due to gonadal and / or gender differencései study population. As discussed
above,in vitro studies have shown that gonadal status influelleefsler contractility in

both the human and the rat and that this changeritractility has been hypothesised to be
linked to urinary incontinence in postmenopausaineo (Millset al, 2000). A similar
change in contractility of the detrusor in the c&ninay, therefore, be involved in the
development of acquired urinary incontinence intemd bitches. It is of note that in the
majority of the studies so far reported lookinghet role of gonadal status on the function
of the detrusor muscle in all species; the empHassheen on the female, with only a few
studies considering the changes that may occineibladder of male subjects after
gonadectomy. In particular, there are no studiekihg at the contractility of the urinary
bladder after gonadectomy in the male to see iil@irfunctional changes occur as have

been reported in the female.

It is known that the muscarinic pathway is the riynpathway responsible for bladder
contraction in the mammal (Chess-Williams, 200&2)udies looking at the contractility of
the detrusor muscle vitro therefore seek to stimulate the muscarinic pathsvdoer via
muscarinic agonists, such as carbachol, or viaageunic field stimulation. It is also
known, however, that part of the neuronally indubkdider contraction is resistant to
atropine (Anderssoat al, 2004a) and is therefore out-with cholinergic coint This
atropine resistant component of contraction is éttihe non-adrenergic, non-cholinergic
response and its proportion relative to the tavaki@action of the detrusor varies with
species and disease state (Andergtal, 2004a). In humans this non-adrenergic, non-
cholinergic mediated response can contribute §5% of the total contraction in patients
suffering from urinary incontinence due to detruseeractivity, over twice that of control
patients (Anderssoet al, 2004b). It is thought that the non-adrenergan-nholinergic
response may be mediated by ATP, at least in theahu Anderssoet al, 2004a; Paleat
al., 1993). There have been no reported studiesrigaki the role of the non-adrenergic,

non-cholinergic system in the canine detrusor h@wrev

In this study the hypothesis that gonadal statds/@m gender will alter thi vitro
contractility and responsiveness of isolated swipsanine detrusor muscle to non-
specific, muscarinic and electrical field stimubatiwas tested. The further hypothesis that
the non-adrenergic, non-cholinergic system haseatooplay in detrusor contractility in the

canine was also tested. Based on data from thamamd the rat it was expected that the
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responsiveness and contractility of the detrusarlavbe lowest in neutered animals and
that the role of the non-adrenergic, non-cholinesyistem would be greatest in

gonadectomised animals.
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4.2 Materials and Methods

4.2.1 Animals

The study was approved by The University of Glasiterinary School’s ethical review
committee. Tissue from a total of 63 canines wakided in the study, although not all
animals were included in each protocol. The spmyulation had a mean age of 5.9 + 0.5
years (range 1-14 years) and a mean weight of22.8kg (range 8-48kg). The canines
were split into five groups depending on gendenagial status and incidence of acquired
urinary incontinence: entire and neutered maletiieeand neutered females, plus neutered
females known to be suffering from acquired urinagontinence (determined by history
and signs of urine scalding around perineum). Ma@rity of canines were cross bred,
with no pedigree breeds appearing more than ohrcall cases, tissue was collected
within 2 hours of euthanasia (intravenous overadggentobarbatone), with full informed
owner consent, for reasons other than scientifiestigation. The majority of animals had
been euthanized for severe behavioural probleragetmainder for a number of different

complaints, none of which involved the urinary syst

4.2.2 Preparation of Tissue

A full, detailed history of each animal was takewl @ gross post-mortem of the entire
urinary tract performed before the urinary bladdas harvested, sectioned across the level
of the ureters, the dome of the bladder placedrebK solution (NaCl 118mM, KCI

4.8mM, CaC} 2.5mM, MgSQ 1.2mM, KH,PO, 1.2mM, NaHCQ 24mM, glucose 11mM)
and stored at 4°C. Any animal with a history afgomoss pathological signs of, urinary

tract disease, other than acquired urinary incente, was excluded from the study.

For all tissue bath protocols bladder tissue wasl wgthin 2 days of euthanasia of the

animal (see chapter 3).

Preparation of detrusor strips was as for chapteitt8the addition of strips of detrusor
muscle being mounted in Ag-AgCl ring electrodesrfafactured by Mr I. Gibson,
Glasgow University Veterinary School) for electtisimulation protocols (4.2.5 and
4.3.6), as well as on fixed hooks for KCI and cahm concentration response protocols
(4.2.3 and 4.2.4 respectively).
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4.2.3 Assessment of KCl-Induced Contraction

This was as described in chapter 3, with the exmephat all strips of detrusor muscle

were placed under 4g resting tension as this wadd to be optimal (chapter 3).

4.2.4 Basic Carbachol Concentration Response Protoc ol

This was as described in chapter 3, with the exmepibat all strips of detrusor muscle

were placed under 4g resting tension as this wadd to be optimal (chapter 3).

4.2.5 Basic Neurogenic Electrical Field Stimulation Protocol

Strips of detrusor muscle were dissected as prelialescribed, mounted on a fixed hook
and passed through an Ag-AgCl ring electrode.pStiiere washed repeatedly with
oxygenated Krebs as in the Carbachol and KCI pod$cand tensioned until stable at 49
resting tension. Once stable, the supramaxima&hgel(at 20Hz) was determined for each
strip by application of electrical stimulation (1p0Qlses) with increasing voltages until the
maximal contractile response was seen,; the volageared to produce approximately
70% of this response was considered the suprambxottage of that strip. A train of
three stimulations at this voltage was then coratlitd test that the response seen at that

voltage was stable.

Strips were then washed, re-tensioned to 4g retgimgon and allowed to equilibrate for
30 minutes, during which time the strips were resiened to 4g every 10 minutes. Once
stable, electrical field stimulation (0.5-100 HB01pulses) was delivered from a Digitimer
Ltd MultiStim System-D330 stimulator at a pulse thidf 0.5ms and at supramaximal
voltage. Stimulations were applied at five minimtervals to allow the re-establishment of
normal resting tone between stimulations. Freguelependant contractions were
observed. To confirm that the observed respomsekettrical field stimulation were
neurogenic, at the end of the first three experisiéor each group of animals the tissue
strips were incubated with the neurotoxin Tetrodmtd1puM) (Sigma, UK) and stimulated

at 20Hz every 5 minutes for 3 stimulations.
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4.2.6 Non-Adrenergic, Non-Cholinergic Neurogenic EI  ectrical

Field Stimulation Protocol

This was performed after the initial neurogeniddfistimulation protocol described in 4.2.5
on strips that were not treated with TetrodotoXmall cases a minimum of 4 strips from

each animal were used.

After the initial frequency response protocol wasried out all strips were washed
repeatedly, allowed to rest for 30 minutes and te@sioned until stable at 4g resting
tension. A train of stimulations was then perfodna¢ 20 Hz and supramaximal voltage
until 3 consecutive, stable responses were obtaifi@ds train was continued in all strips,
with 2 strips receiving no chemical additions to @& time controls. Atropine (Sigma,

UK), a competitive antagonist at muscarinic receptwas then added to the other baths to
give a bath concentration of 1uM and the traintiofiglation continued until 3 further

stable contractions were obtained, - methylene ATP Atropine (Sigma, UK), an agent
known to stimulate anithen to desensitize P2-purinoceptors (Shinoaika, 1990), was
then added to these baths to give a final bathergration of 10uM and the chain of

stimulation continued until 3 further stable contians were obtained.

4.2.7 Data Analysis

All data were normalised for wet weight of tissunel aiesults expressed as mean * s.e.mean
tension (g/mg of wet tissue) (n = number of animaResults for response to atropine and

-, - methylene ATP are expressed as percentage ofmagxion-treated response.

A minimum of 2 strips of bladder tissue per aninvare analysed and the mean results
from these strips used in further calculations wregsplicable. Data were graphed and
statistical analysis was performed using GraphRen® v.5 software. In all cases the
maximal tension was the mean maximal tension dhallstrips from that animal. The
LogEGs, values were calculated by GraphPad Prism® v.5veoé from the mean data for
each animal. Comparisons between groups were osdg analysis of variance
(ANOVA) with Bonferroni post-test. A probability {Ress than or equal to 0.05 was
considered significant. Correlations between raspe to muscarinic and electric field
stimulation and the age and weight of the animaése conducted using Spearman’s test

with a significance threshold for P (two tailed) ©5.
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4.3 Results

4.3.1 Response to KCI Stimulation

There was concentration dependent contraction imriaary bladder smooth muscle strips,
in response to KCI. Contraction was measurabl®atM and reached a maximum at
40mM, with the exception of the neutered femaldfesng from acquired urinary
incontinence where the maximum contraction was s&¢80mM (Fig. 4-1). Upon further
addition of KClI, strips showed varying but progiessiegrees of relaxation in all groups.
Analysis of variance showed that there was no etiegender on the contractile responses
to KCI but that neutering was associated with aifitantly decreased maximal response
to KCI (P<0.05): entire females 0.34 + 0.08g/mg @), neutered females 0.18 +
0.04g/mg (n = 5), entire male 0.31 + 0.06g/mg @),meutered males 0.16 + 0.06g/mg (n
= 7). There was no statistically significant itetion between the effects of gender and
gonadal status on the KCI response of the tissipes stnd no correlation between age or

weight of the animal and maximal KCI values.

The group of neutered female animals suffering femmguired urinary incontinence (n = 3)
had a lower maximal response (0.09 + 0.005g/mg) that of all of the other groups but
this difference in response was not statisticatipificant compared to that of the
continent neutered females (95% CI -0.031 to 0.133)
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Figure 4-1. Cumulative concentration response curve s to KCI in isolated canine urinary
bladder smooth muscle strips. Each point is the mea n + s.e.mean of observations from n
animals. entire male, n = 8, neutered male, n = 7, entire female, n = 6, neutered
female, n =5, neutered female known to be suffering from acquire  d urinary incontinence,
n = 3. ** P<0.05 compared to animals of same gende .

4.3.2 Response to Carbachol Stimulation

In all groups, concentration dependant contractioeie observed in response to carbachol
(Fig. 4-2). Neutering, regardless of gender, wea®eaiated with a significant decrease in
the maximum contractile response of the isolatepgssof bladder smooth muscle to
carbachol compared to entire animals (p<0.05).s Thange in maximum contractile
response was accompanied by a significant decheasmsitivity of the isolated strips of
bladder smooth muscle to carbachol, as measuréuedyogEG, values (p<0.001) (Table
4-1). The group of neutered females suffering fearquired urinary incontinence had
lower maximal responses to carbachol and lowerntbahs as measured by Logkg
values, than other groups, but neither maximalaese or sensitivity were significantly
lower than from the continent neutered females (€89%).340 to 1.103 and -0.580 to
0.083 respectively). 2 way ANOVA indicated thagr was no statistically significant
effect of gender on the maximal responses to caddaand there was no interaction

between gender and gonadal status on the respbtisetssue to carbachol. In addition,
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the statistical analysis indicated that there wasarrelation between age or weight of the

canines and the tissue responses to carbachol.
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Figure 4-2. Cumulative concentration response curve s to carbachol in isolated canine
urinary bladder smooth muscle strips. Each point is the mean * s.e.mean of observations
from n animals. Where the s.e.mean cannot be seen  they lie within the symbols area.
entire male, n =15, neutered male, n =11, entire female, n =17, neutered female, n = 8,

neutered female known to be suffering from acquire  d urinary incontinence, n = 3.
** P<0.05 compared to animals of same gender.

ME (n=15) MN (n=11) FE (n=17) FN (n=8) FN AUI (n=3)

Emax 1.04+0.11 0.51+0.06 1.32+0.14 0.56+0.06 0.18+0.03
Log EGo, -6.97+0.04 -6.47+0.05 -7.02+0.05 -6.51+0.07 -6.26 +0.06

Table 4-1. Maximum (Emax) and Log EC 5, values for Carbachol in isolated strips of detruso r
muscle from entire and neutered male and female can ines (ME, MN, FE and FN
respectively), and neutered female canines known to be suffering from acquired urinary
incontinence (FN AUI). Data are expressed as g/mg  of wet tissue with results given as mean

+ s.e.mean where n = number of animals. t P<0.05, 11 P<0.005 indicates different from
entire of same gender.
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4.3.3 Response to Neurogenic Field Stimulation

In all groups, frequency dependant contractionevediserved in response to electrical
field stimulation, with maximum tension observed®@Hz. The effects of neutering on the
response of isolated strips of bladder smooth neuscheurogenic electrical field
stimulation were similar to those of carbachol hatsignificantly (p<0.05) decreased
maximal contractile response seen in neutered cadpa entire animals, regardless of
gender (Fig. 4-3); entire males 0.50 + 0.05¢g/mg (’b), neutered males 0.29 + 0.03g/mg
(n =9), entire females 0.69 + 0.10 (n = 10), negddemales 0.27 + 0.03 (n = 7).
Unfortunately, data was only obtained from twold# three neutered female animals
suffering from acquired urinary incontinence, do@tuipment failure. Maximal
responses in these two animals were lower (Carin®.28g/mg, Canine 57: 0.26g/mg)
than that seen in the neutered female group (95% @R64 to 0.362). As with the
responses to carbachol, there was no statistisighjficant effect of gender on size of the
maximal response, and there was no interactiondsrtwgender and gonadal status on the
response of the tissue to neurogenic field stinmaratin addition the statistical analysis
indicated that there was no correlation betweenoageeight of the canines and the tissue

responses to neurogenic field stimulation.

A significant positive correlation (P<0.001) wagetbetween the maximal contractile
responses of the strips of urinary bladder smoathabe to carbachol and neurogenic field
stimulation, for all of the animals for which batbts of data were available; 9 entire
males, 8 neutered males, 9 entire females, 6 reglifemales, 2 neutered females suffering

from acquired urinary incontinence (Fig. 4-4).
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Figure 4-3. Frequency response curves to neurogenic field stimulation in isolated canine
urinary bladder smooth muscle strips. Each point i s the mean + s.e.mean of observations
from n animals. entire male, n = 15, neutered male, n = 9, entire female, n = 10,
neutered female, n = 7, neutered female known to be suffering from acquire d urinary
incontinence, n = 2. ** P<0.05 compared to animals  of same gender.
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Figure 4-4. Graph showing the correlation between m  aximal tensions produced in response
to carbachol and neurogenic field stimulation (corr elation coefficient = 0.769). Each point is
the combined data of one animal. entire male, n = 9, neutered male, n = 9, entire
female, n = 10, neutered female, n = 6, neutered female known to be suffering from
acquired urinary incontinence, n = 2.
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4.3.4 The Non-Adrenergic, Non-Cholinergic System

In all animals there was minimal decrease in catitearesponse of the isolated strips of

detrusor muscle to electrical field stimulation ptime (<5% decrease).

In all groups atropine produced a reduction inrdgponse to electrical field stimulation
demonstrating that part of the responses seenmedé@ted via the muscarinic receptors.
However, as the response was not abolished byiaérdipis also demonstrated that part of
the responses seen were mediated by the non-agiemesn-cholinergic system (Fig. 4-
5). The atropine resistant component of the catilearesponse to electrical field

simulation was statistically similar in each graipdied.
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Figure 4-5. Graph showing the atropine resistant (  non-adrenergic, non-cholinergic
mediated) component of the electrical field stimula  tion induced contractile response of
isolated strips of canine urinary bladder smooth mu scle from entire male (ME, n = 5),
neutered male (MN, n = 4), entire female (FE, n =4 ) and neutered female canines (FN, n = 3).

In all groups -, -methylene ATP produced a similar reduction inrreximal contraction

produced by the isolated strips of detrusor mugeéhe non-adrenergic, non-cholinergic
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system in response to electrical field stimula{biy. 4-6). Statistical analysis indicated
that there was no difference in the size of theicédn between groups and that was no
correlation between age or weight of the caninesthe tissue responses to either atropine
or -, -methylene ATP addition.
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Figure 4-6. Graph showing the -, - ATP sensitive component of the non-adrenergic, no  n-
cholinergic mediated contractile response of isolat ed strips of canine urinary bladder
smooth muscle to electrical field stimulation. Gro ups are entire male (ME, n = 5), neutered
male (MN, n = 4), entire female (FE, n = 4) and neu tered female canines (FN, n = 3).

Over all carbachol, KCl, electrical field stimulani and non-adrenergic, non-cholinergic
stimulation protocols it was noted that a smallgamion of the isolated strips of detrusor
muscle (minimum 8 strips per animal per protocalled to respond to stimulation. This
was more noticeable in the neutered animals (aee2&fb of strips) compared to the entire
animals (average 12.5% of strips), and clearly nppomounced in the animals suffering
from acquired urinary incontinence (average 62.5%trips) than in the other groups.
There was no correlation between age or weight@finimal and the number of strips

from that animal that responded.



Victoria A. Coit, 2008 Chapter 4, 100

4.4 Discussion

This study investigated the effects of neuterindhain vitro contractility of the smooth
muscle of the canine urinary bladder in responseuvariety of stimulatory systems, to
determine whether functional changes occur follganeutering that may be associated
with acquired urinary incontinence in the bitchhisI'study further explored whether the
non-adrenergic, non-cholinergic stimulation of detr activity had a role to play in
electrical field stimulation induced contractiontbé canine detrusor musgatevitro and

whether this differed between male and femaleremtnd neutered canines.

The results from this present study demonstrate thgardless of gender, there is a
marked decrease in the magnitude of the resportbe simooth muscle of the urinary
bladder wall to KCI, carbachol and neurogenic eiealt field stimulation in neutered
compared to gonad intact animals and that the resspeness of the bladder wall is further
decreased in animals known to be suffering fromuaied urinary incontinence. In
addition a decrease in sensitivity to carbachomaasured by LogEgvalues, was also
observed in the detrusor muscle strips from nedteoenpared to entire animals. These
changes could indicate a decrease in bladder msselegth and contractilityn vivo and
thus could contribute to susceptibility to, andhiclal signs of, acquired urinary

incontinence.

The generalised decrease in responsiveness oéthesdr muscle from neutered canines
observed in this study is similar to that descrilmeduman patients where impaired
contractility of the detrusor muscle is recognised predisposing factor for urinary
incontinence in post-menopausal women (Reseick, 1987). In post-menopausal
humans, impaired bladder contractility is charaségt by slow contraction of the bladder
with contractions being of decreased magnitudeléfzat to partial emptying of the bladder
and consequent retention of urine (Resmtkl, 1987), this is thought to predispose the
person to developing urinary incontinence. Ihissthypothesized that the decrease in
response of the canine detrusor muscle, showreiprbsent study may, similarly be a

causative factor for acquired urinary incontineimcthe neutered bitch.

KCI causes non-specific, receptor independent @ejgaltion of the cellular membrane
leading to contraction of smooth muscle cells &pter 2). Thus, the decrease in
responsiveness to KCl seen in the neutered anim#tss study could indicate a
generalised decrease in contractility of the bladu¢hese animals. As the response to

KCl is further decreased in the animals known teiéering from acquired urinary



Victoria A. Coit, 2008 Chapter 4, 101

incontinence it is possible that a decrease indgdadontractility could be at least partially
responsible for the development of urinary incagrice in these animals. If this were to
be correct, this decrease in the strength of bladaletraction at the time of urination could
result in incomplete urination and an accumulatbarine within the bladder that may be
voided inappropriately, for example when abdompraksure increases or the bladder
contracts inappropriately, as in idiopathic detruastability in women. Residual urine
within the bladder may also lead to irritation loé tbladder lining and wall and a
propensity to develop cystitis, which is frequerggen in animals suffering from acquired

urinary incontinence.

The effects of neutering on the response to K@male canines seen in this study are
supported by work in the rat and rabbit which shdweat long term ovariectomy can
significantly reduce the responsiveness of theddatb KClin vitro (Lin et al, 2006a;
Longhurstet al, 1992). Furthermore, work on the rabbit has shthan ovariectomy
increases the RhoA / Rho-associated kinase (ROKaaliptracellular signalling pathway

in the bladder (Liret al, 2006b) which is known to be involved in bladdentaction
(Christet al, 2007). The increase in Rho/ROK-alpha followinguaectomy in the rabbit

is thought to be a compensatory mechanism by whielbladder strives to maintain
contractility and function (Liret al, 2006b), and the enhancement of this pathway reay b
responsible for the involuntary partial contractarthe bladder seen in patients diagnosed
with idiopathic detrusor instability and associatethary incontinence. Liet al (2006b)
also demonstrated that ovariectomy results in sedse in the smooth muscle to collagen
ratio within the urinary bladder which may also tidute to the decrease in the overall

contractile responses of these bladders étial, 2006a).

Carbachol is a non specific muscarinic agonist ¢hases contraction of the bladder via
activation of the muscarinic pathways which areutitd to be the primary pathways
responsible for bladder emptying (Chess-WillianB0)2) and the pathways stimulated by
electric field stimulation (Creed et al., 1983; Q@stino et al., 1989) (see chapter 2). This
commonality of pathway regulation of contraction lb@th carbachol and electrical field
stimulation is further supported by data which sk@positive correlation between
maximal responses obtained to these stimulatioai animals studied. The differences in
function within these pathways in entire and neaderanines observed in the current study
could dramatically alter the bladder’s ability tont¢ract fully as a single functional unit and
thus affect normal bladder function. This posgipis supported by the data from

neutered female animals suffering from acquiredarsi incontinence whose maximum
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contractile response to carbachol fell below th& 35 for the continent neutered female

group.

Urinary incontinence is recognised as a multimadadition in all species studied. In
human patients urinary incontinence has been linkelbcreased responsiveness of the
detrusor muscle to muscarinic and electrical felchulationin vitro that may be due to
changes in the muscarinic receptor effector pathasylescribed above, and idiopathic
detrusor instability (Mills et al., 2000). Clinibaidiopathic detrusor instability can lead to
urge incontinence and inappropriate leakage okeuwambladder tone is unstable and thus
partial contraction of the detrusor muscle, dutimg storage phase of micturition, can
occur out-with the conscious and voluntary contfdhe patient (Mills et al., 2000;
Resnick et al., 1989). Whilst idiopathic detruswtability has not been studied
functionally in the bitch, the results of thisvitro study demonstrate a decrease in the
responsiveness of the bladder smooth muscle tagenic field stimulation in neutered
canines, which is similar to that seen in humaiepét suffering from idiopathic detrusor
instability, and thus is consistent with a role detrusor instability in acquired urinary

incontinence in the bitch.

As discussed previously acquired urinary incontageim canines is gender specific
(Arnold et al, 1989; Aaroret al, 1996). Interestingly this study demonstrated tha
changes in responsiveness to KCI, carbachol amtrie field stimulation occur in
bladder smooth muscle in neutered canines of bertldeys. Whilst the functional changes
observed in this study could support the develograacquired urinary incontinence in
the neutered bitch, it is worthy of note that sanithanges occurred in the bladder of
neutered male canines, which do not typically bez@montinent. This sex difference in
the propensity to develop acquired urinary incaire despite similar changes in detrusor
contractility could reflect an interaction betwegmst neutering effects on smooth muscle
function and known anatomical differences in thetlwa of male and female canines, that
make the development of acquired urinary incontiedrss likely in the male. Namely,
the increased urethral length and passage of #thrarthrough the prostate and penile
structures in the male is thought to provide atgre@nd more consistent urethral closure
pressure than in the female (Aareinal, 1996), and this could counter the effects of
neutering on the detrusor muscle and help explaiy wvinary incontinence is less

prevalent in neutered male canines.

Although the primary pathway responsible for bladztntraction is known to be the

muscarinic pathway, mediated via cholinergic naartgmitters, there is evidence that a
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proportion of contraction may be mediated via othechanisms such as the adrenergic
and non-adrenergic, non-cholinergic mechanisms Khown that in most mammalian
species part of the neuronally induced bladderraotion is resistant to atropine
(Andersson, 1993). This atropine resistant compbakcontraction is termed the non-
adrenergic, non-cholinergic mediated response tadadntribution to the total contraction
has been reported to vary with both species anttelqeency of stimulation used iim

vitro studies. The results of the present study sudbasthis mechanism has a role to
play in mediating contraction in the canine urinalydder and that it may mediate up to
50% of the electrically stimulated response. # haen reported that the non-adrenergic,
non-cholinergic system may be responsible for ups® of the contractile response in
isolated strips of detrusor muscle from rats (Asdenet al, 2004a) but in rabbits and
pigs this figure falls to 60 and 25% respectivéyadinget al, 1991). In the human
bladder the role of the non-adrenergic, non-chadjitemechanism is still disputed
(Anderssoret al, 2004a), however, it has been reported that tineagloenergic, non-
cholinergic mechanism is responsible for betweand50% of the nerve mediated
contraction of the urinary bladder in the humanw@oet al, 1983; Sibley, 1984).

This present study also demonstrated that alththeimaximal contraction to electrical
field stimulation varied with gonadal status, tepgmrtion of the response mediated via
the non-adrenergic, non-cholinergic system wassigptificantly different in all groups
studied, although a trend was seen for the nomadgec, non-cholinergic component of
electrical field stimulated contraction to be l@sgntire animals. This trend agrees with
the original hypothesis that stated that gonadeisesanimals would have a significantly
higher proportion of the contractile response ntedidy the non-adrenergic, non-
cholinergic system, although further study inclgpiarger numbers of animals should be
conducted before further analysis and conjectiitee original hypothesis was based on a
number of reported studies looking at the rolehefriton-adrenergic, non-cholinergic
mechanism in bladder contraction in certain diseststes in humans, namely bladder
outflow obstruction and detrusor overactivity thegulted in urinary incontinence. These
studies have reported a variety of results buteajtbat the atropine resistant component
of electrically induced contraction was much greé2& — 65%) in association with
bladder outlet obstruction and detrusor overagtitriin in controls (Anderssat al,
2004b).

The functional neurotransmitter(s) responsibletfiernon-adrenergic, non-cholinergic
mechanism have not yet been fully identified, hogreev number of compounds have been

proposed. These include Adenosine-5'-triphosp{#aI®), nitric oxide, various
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neuropeptides and prostanoids. Of these, ATP éas the most extensively studied and
demonstrates the most compelling evidence for ireraent in the non-adrenergic, non-
cholinergic mechanism of bladder contraction (Asdenet al, 2004a). The present
study demonstrated that the majority of the noreaergic, non-cholinergic mediated
response in the canine, regardless of gender amatigbstatus, is mediated by ATP. This
result agrees with a number of studies in humadsgyamea-pigs which have
demonstrated that the atropine resistant portiazonfraction can be blocked by -
methylene ATP (Anderssaet al, 2004a; O'Reillyet al, 2002; Pale&t al, 1993). Itis
known that ATP works via stimulation of P2X recagt@Anderssoret al, 2004a), and it
has been shown that the P2X receptor subtypeseser in the human bladder (Haety
al., 2000; O'Reillyet al, 2002). Further studies have shown that othenalsi such as the
rat, mouse, rabbit and cat have multiple purineegicitatory receptors present within the
bladder as well (Andersson, 1993). It is hypothesdithat ATP mediates detrusor
contraction via activation of a ligand-gated catitvannel (the P2X receptor) that
promotes the influx of extracellular EgAnderssoret al, 2004a). This all suggests that
ATP may contribute to excitatory neurotransmissigthin the bladder, and that the
purinergic system, as part of the non-adrener@in;c¢holinergic mechanism may have a

role to play in contraction of the canine bladder.

In conclusion, the results of this study suppoetfirst hypothesis and demonstrate that the
neutering of canines, regardless of gender, iscasal with a reduction in the response of
the detrusor muscle to non specific KCI, muscaramd electrical field stimulatioim

vitro. This important observation has not been repgrtediously, as prior studies in
rodents have only investigated the effects of mengeon females. It is hypothesized that
the generalised decrease in responsiveness saentgred animals may be due to relative
changes in urinary bladder wall structure, suctieaseased smooth muscle and/or
increased connective tissue. This study also detrates that there is a non-adrenergic,
non-cholinergic mediated component of contractiothe canine. This non-adrenergic,
non-cholinergic component appears to be mediatédiynada the purinergic system which

is definitely not affected by gender nor gonadatist.

The changes seen to muscarinic and electrical $ioulation in neutered canines in this
study may also be due to an, as yet, unidentifiedhanism that involves the muscarinic
receptor effector- pathway that could result iroadition similar to idiopathic detrusor
instability and impaired contractility of the blagtdn the human. Further factors that may
interact with the receptor effector pathway arengjes in sex hormone concentrations and

steroid or gonadotrophin receptor expression irbtadder wall, that occur post neutering
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(Reichleret al, 2005b; Welleet al, 2006). That the observed changes in KCI, musicari
and electrical responsiveness are important faébongredisposing individuals to acquired
urinary incontinence is supported by the data ctalg from neutered females that were
identified as suffering from acquired urinary indaence, as they showed the lowest
contractility and responsiveness of the detrusasateu The muscarinic pathway may,
therefore, present a potential new therapeutietday treatment of this debilitating
condition in the bitch, and an understanding of flathway may help further our

understanding of certain forms of the conditiothie human model.
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5 Morphometric Analysis of the Canine Urinary
Bladder — The Effect of Neutering on Percentage

Collagen

5.1 Introduction

As previously discussed, acquired urinary incomtaeein the bitch is a debilitating and so
far incurable condition. Acquired urinary incorgite is hypothesised to be hormonally
related as it is reported to affect 20% of neutdnigzhes (Arnoldet al, 1989) compared to
0-1% of intact bitches (Ho#t al, 1993). Acquired urinary incontinence in thechits
associated with a decrease in maximal urethraliobogressure (Roskit al, 1981) but as
this is not a defining characteristic, the exa¢hpphysiology of the condition remains
unknown and multiple causative factors are likelypé involved. Urinary incontinence is
also seen in post menopausal women where it is kribat changes within the bladder

wall are an important contributory factor to itsrdlopment (Resnickt al, 1987).

Previous studies have reported that neuteringrifiea is associated with decreased
bladder responsiveness to KCI and neurogenic $itdulation, and decreased sensitivity
and responsiveness to muscarinic stimulation (enaf)t These results are similar to those
of women suffering urinary incontinence due to imnga contractility of the bladder and
idiopathic detrusor instability (Elbadawt al, 1993a; Elbadawet al, 1993b). These two
conditions have been hypothesised to cause dedretreagth of contraction of the
bladder at the time of voluntary urination; as veallinvoluntary and unconscious partial
contractions of the bladder during the storage @ladsnicturition. It has also been
hypothesised that, in women, an increase in tHageh to smooth muscle ratio within the
wall of the urinary bladder contributes to the jpgtysiology of both idiopathic detrusor
instability and impaired bladder contractility asnay physically change contractile ability
and alter electrical conductivity within the smoatliscle that makes up the bladder wall
(Charltonet al, 1999; Cheret al, 2002a).

The smooth muscle of the bladder wall is the corepoof the bladder that is directly
responsible for bladder relaxation during the gferphase and bladder contraction during
the expulsion phase of micturition. The detrusasate is made up of three layers of
smooth muscle bundles arranged in an outer and longitudinal layer with a middle

circular layer (Dyceet al, 2002). The layers are made up of muscle bumvdhésh in turn
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are composed of muscle fibres grouped into fassidunctional units (Dycet al,

2002). The smooth muscle of the bladder in thétimeandividual contracts as a single
unit via both gap junctions between the smooth heusells which allow direct electrical
coupling, and via nervous coordination mediateé loyense nerve network (Anderssn
al., 2004a). In the human, it is known that a sm@lbant of collagen is present within the
bladder and that it is found within the connectigsue that surrounds the large muscle
bundles as well as within the muscle bundles theras€Anderssoet al, 2004a). If the
amount of collagen increases in this area it cad te problems with conductance of
action potentials throughout the muscle layerstdudisruption of the cell to cell contacts
within the muscle bundles and could therefore affi@icturition, potentially leading to
urinary incontinence (Charltoet al, 1999).

This study tested the hypothesis that, as in pestopausal women with urinary
incontinence, the percentage collagen (relativeooth muscle) within the urinary
bladder wall will be increased in neutered compaoeehtire canines and that these
changes will be most extreme in neutered bitch#ersug from acquired urinary
incontinence.
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5.2 Materials and Methods

5.2.1 Animals

A total of 81 canines were included in the studighva mean age of 6.0 years (range 1-14
years) and a mean weight of 25.6kg (range 8-48kbe study was approved by The
University of Glasgow Veterinary School’s ethicaliew committee. The canines were
split into five groups depending on gender, gonatktus and incidence of acquired
urinary incontinence: entire and neutered males,(M29 and MN, n=14), entire and
neutered females (FE, n=25 and FN, n=11), plusenedtfemales known to be suffering
from acquired urinary incontinence (FN AUI, n=33,ascertained by history and physical
examination. All the entire females in the studsrevconsidered to be in anoestrus, based
on history and exam of the ovaries. All of theteeed canines used in this study were
understood to have been neutered at least 6 mpritigo euthanasia. To enable the best
use of material obtained, a number of canines ustds study were also included in the
tissue bath studies previously described. The mitvajof canines were cross bred, with no
pedigree breeds appearing more than once. lmasdls; tissue was collected within 2 hours
of euthanasia (intravenous overdose of pentobambgtavith full informed owner consent.
In all cases, euthanasia occurred for reasons titharscientific investigation. The
majority of animals were destroyed for severe behasal problems, the remainder for a
number of different complaints, none of which inxed the urinary system except in the

case of those animals known to be suffering froquaed urinary incontinence.

5.2.2 Preparation of Tissue

A full, detailed history of each animal was takewl @ gross post-mortem of the entire
urinary tract performed before the urinary bladdes harvested. The bladder was
sectioned across the level of the ureters and ax22om full thickness section of the
lateral dome removed and placed in 10% neutrakbed formalin (Bancrofét al, 2003)
for a minimum of twenty four hours. Any animal Wi history of, or gross pathological
signs of neurological, reproductive or urinary trdisease, other than acquired urinary

incontinence, was excluded from the study.
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5.2.3 Morphometric Analysis

Samples were transferred to an Excelsior Vacuusu€i$rocessor (ThermoShandon,
Thermo Fisher Scientific, UK) and processed foaffar wax embedding using a standard
17 hour processing cycle. Samples were then engloeidtb paraffin blocks (Embedding
Centre, Bayer, UK) and 5 micron sections cut oima$se microtome (ThermoShandon).
Sections were transferred to a 60°C incubator @oméutes and deparaffinised in Xylene
before being taken to water through graded alcohBesctions were stained with
Haematoxylin & Eosin and Masons Trichrome stainn@aft et al, 2003), with the
modification that Light Green was used instead et Blue and Orange G staining was

added to allow visualisation of red blood cells.

Stained sections were evaluated for artefacts &muirsg qualities and two good quality
sections (slices) from different areas of the tsklock were selected for detailed
morphometric analysis. Morphometric evaluationsengerformed by light microscopic
stereologic analysis, at a magnification of 40Xdascribed previously (Bartsch et al.,
1979; Hashimoto et al., 1999; Shapiro et al., 19®Iefly, 2-3 images were captured
from each tissue slice (making a total of 5-6 insager animal) with a DM 4000 B
microscope (Leica, UK). The percentage of collaggained green) relative to other
tissue (all stained areas) within each field wasn tletermined using image analyses
software (FW 4000, Leica, UK). In this the pictuvas pixelated and colour segmentation
used so that the green stained area could be éelgudentified and quantified by the
software using binary techniques. The green siaameas were calculated relative to all
other stained areas, with any white areas withenfifld (such as produced by processing

artefacts or the lumen of the bladder) discounted.

5.2.4 Statistical Analysis

A minimum of five fields over 2 tissue slices wenealuated for each animal and the
results meaned to give the value for that anindalta for each group (male, female, entire
and neutered as well as neutered female animaisrktmbe suffering from acquired

urinary incontinence) are expressed as mean tea@.ifm = number of canines).

Data were graphed and statistical analysis waspeed using GraphPad Prism® v.5

software. Percentage collagen was compared betineeéngroups by one-way analysis of
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variance (ANOVA) with Bonferroni post-test. A prllity (P) less than or equal to 0.05
was considered statistically significant. Corrielas between percentage of collagen and
the age and weight of the animals, as well as latvpercentage of collagen and maximal
response to carbachol (chapter 4), where apprepmadre assessed using Spearman’s test

with a significance threshold of P (two tailed) .0®.
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5.3 Results

Staining with Masons Trichrome Orange G allowedi@isation of collagen (staining
green) and smooth muscle (staining red) in allisestof bladder wall (Fig. 5-1). The
percentage collagen in the bladder wall of entineires was not affected by gender: ME
18.55 £ 0.99% (n=29), FE 17.45 + 1.25% (n=25). pérentage of collagen within the
bladder wall of the neutered males (19.18 + 1.119944), was also not statistically
different to that seen in the entire male and fencahines. In stark contrast to the results
seen in the males, the percentage collagen witleitnkadder wall in neutered females
(42.94 £ 2.61%, n=11) was significantly increased(.001) relative to that seen in their
entire counterparts and indeed all other groups. &R2). Further, the three neutered
female canines known to suffering from acquiredany incontinence had some of the
highest values of percentage collagen within thdys{54.3%, 58.7% and 48.7%), these
values being above the 95% CI values (37.12 — 48r@he female neutered group.
Visual inspection of the sections indicated thatgheater percentage of collagen in the
bladder wall of the neutered female animals wastdugeater collagen deposition both
between and within the muscle bundles. There warrelation between age or weight

and percentage of collagen within the urinary béadeall.

Male Entire Male Neuter
Female Entire Female Neuter
Figure 5-1. Representative sections of bladder wal | (X40 magnification) from each group

stained with Masson Trichrome Orange G to allow vis  ualization of collagen (green) and
smooth muscle (red).
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Figure 5-2. Summary data of percentage of collagen within the canine urinary bladder wall
from entire and neutered male and female canines (M  E n=29, MN n=14, FE n=25 and FN n=11
respectively), and neutered female canines sufferin g from acquired urinary incontinence
(n=3). Data are mean * s.e.mean. $$ P<0.05, *** P<0 .001 compared to groups indicated.

Analysis of correlation between percentage collagihin the urinary bladder wall and
maximal tension produced by isolated strips ofudatr muscle for each group did not
reveal a statistically significant result, whichymeflect the relatively low number of
animals per group for which both sets of data vesaglable. However, overall
comparison of the maximal responses to carbaclbtrenpercentage collagen within the
urinary bladder wall indicated a statistically sfgrant (P<0.05) negative correlation
existed between these two characteristics (Fig. 5-3
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Figure 5-3. Graph showing overall negative correla  tion between maximal tension produced
in response to carbachol stimulation against percen tage collagen within the bladder wall

(P<0.05), r=-0.594. entire male, neutered male, entire female, neutered female,
neutered female known to be suffering from acquired urinary incontinence.
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5.4 Discussion

Due to the observed relationship between percermalipggen in the bladder wall of post
menopausal urinary incontinent women, relativehtrtcontinent peers, this study tested
the hypothesis that percentage collagen (reladistooth muscle) within the urinary
bladder wall of neutered canines will be increasedypared to entire canines, with the
changes being most extreme in neutered female eathiat suffered from acquired urinary
incontinence. The study included both male andafernanines and, to the author’s
knowledge is the first study to look at the asstimiBbetween neutering and percentage
collagen of the urinary bladder in a male animady species. The results demonstrate
that the percentage of collagen within the urir@adder of an entire canine is comparable
between genders and interestingly that percentaliggen is only altered with gonadal
status in females, in which a two-fold increasgeien, similar to that reported to occur in
post menopausal human females who suffer from ryriim@ontinence (Elbadavet al,
1993a; Elbadawet al, 1993b).

The increase in the percentage of collagen witinenbiadders of the neutered bitches in
this present study is also similar to that repomedvariectomised rodents, in which a
decrease in relative smooth muscle content andaaease in percentage of collagen
within the bladder wall has previously been remb(feleischmanmet al, 2002; Zhwet al,
2001). The results of this present study and thegerted in the rat (Fleischmagnal,
2002; Zhuet al, 2001), however, are at odds with the resultssifidy conducted in
rabbits which showed a relative decrease in theuataf connective tissue within the
bladder after ovariectomy (Hashimatbal, 1999). While these differences in the post
ovariectomy changes in percentage collagen in eladdll structure could reflect species
specific variation, it is important to note thaetl were also significant differences
between the experimental designs used in thesgestulMost notable of these, was the
interval between ovariectomy and investigationthasrabbit study reported acute (6 week)
but the rat chronic (4 month), effects of ovarieeyoon bladder wall structure. The
changes noted in this canine study concur withelodgained in rats (Fleischmaanal,
2002; Zhuet al, 2001) and in that respect it is important tcertbiat both studies reported
chronic effects of ovariectomy. While the exadedaf ovariectomy was not known for all
of the animals in this present study populatioseloaon anatomical features and the
supplied history it can be reliably concluded thamadectomy had occurred >6 months

prior to study.
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The observed increase in collagen within the bladddl of the neutered females in this
study appeared to occur both within and betweemhscle bundles that make up the
detrusor muscle. This location has potential negdtinctional consequences with regard
to normal bladder function, as it may decreasetmgractility and elasticity of the

detrusor and / or affect bladder compliance. Rdtthese features may in turn affect the
bladder’s ability to relax and expand to store eyia feature of the bladder which has been
linked to urinary retention and urinary incontinenn the human (Cheet al, 2002a).
Intramuscular collagen deposition is also hypottexsto decrease conduction of action
potentials throughout the muscle fascicle (Fleisshnet al, 2002), and thus could have a
negative effect on the ability of the bladder tatract as a single functional unit. The
possibility that the observed changes in collagepodition may predispose neutered
bitches to acquired urinary incontinence is sugggblly the data from the neutered females
known to be suffering from acquired urinary incaetice which had some of the highest
percentage collagen of all the animals studiedabughown in chapter 4, the lowest
responses to KCI, muscarinic and electrical figilshslation of all animals tested. An
increase in percentage collagen has also beerntedpaorthe wall of the urinary bladder of
women with detrusor instability, where it is assded with an altered sensory threshold
for cholinergic stimulation of the bladder (Chanitet al.,1999), which leads to decreased
bladder filling and increased partial bladder cadtions, often out-with the conscious

control of the patient.

The changes in muscle structure and percentagegenlldescribed above have been
proposed to be brought about by the changes inléereproductive hormones, namely a
loss of oestrogen, that occur after the menopallsenget al, 1998) or ovariectomy
(Thrusfield, 1985). This conclusion is supportgdiata from the rat and rabbit where
smooth muscle fibres were demonstrated to be ma@daand in some cases increased, by
exogenous oestrogen treatment of ovariectomisedadsi(Fleischmanet al, 2002;
Hashimotoet al, 1999; Zhuet al, 2001). In addition, a study that looked at theooary
vessels of female rats has also demonstrated ¢éstrtogen has a protective effect on these
structures, following ovariectomy, as it prevetts proliferation of fibroblasts and the
deposition of collagen within the smooth musclehef vessel walls (Blachet al.,2000).
Despite these reported protective effects of ogetrmwn smooth muscle, there are no
studies that document that exogenous oestrogeresapptation can prevent changes
occurring after the discontinuation of treatmestywas hoped with hormone replacement
therapy (HRT) or reverse changes that have alreadyrred. Therefore, oestrogen
supplementation after the appearance of clinigaissof urinary incontinence has

developed is likely to be too late to reverse tinecsural changes within the bladder that
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might accompany urinary incontinence. Indeed, ity explain why replacement
oestrogen therapy, a standard treatment for urimagntinence in the bitch, whilst known
to increase the urethral closure pressure in imoent bitches (Creed, 1983), only
produces improvement in continence in approxima®&B of bitches (Arnolet al, 1989;
Janszeret al, 1997; Janszen BPM, 1997; Mandigetsl, 2001) and often only
temporarily (Hotston Moore, 2001).

This lack of efficacy of supplemental exogenougrogen, as a cure for acquired urinary
incontinence in the bitch, is not necessarily thiamity it was once thought, however, as
other studies that have looked at the effects ohdectomy on smooth muscle structure
and function (Fleischmaret al.,2002; Hashimotet al.,1999; Zhuet al.,2001) have
concentrated on the female and have not lookdteagftects on the male of the species.
These studies, therefore, may have concluded atptg greater role for the loss of
oestrogen than may be warranted. The gender Bpefféct of neutering on the
percentage of collagen within the urinary bladtat this present study has demonstrated
is significant, as earlier work has shown thatehsra significant decrease in contractility
of the detrusor muscle to KCI, muscarinic and eieat field stimulation, and a decrease in
sensitivity to muscarinic stimulation, in neutesedmals of both genders (chapter 4).
Previous studies in postmenopausal women and @tanésed rodents have found similar
decreases in function of the detrusor muscle, baduthors of these studies have related
these changes to increases in the collagen to smaascle ratio within the bladders
studied (Elbadawet al, 1993a; Elbadawet al, 1993b; Fleischmanet al, 2002). This
present study, the first to include male animadisyss clearly that the decrease in function
following gonadectomy is evident in both males &males, but that the increase in the
percentage of collagen is only evident in the béadaf the neutered female animals. This
suggests that a further mechanism is involvedendiicrease in contractile function of the
bladder in gonadectomised animals and this maywevihe muscarinic receptor effector
pathway which may in turn be influenced by the demin gonadotrophin hormone

concentrations post neutering, as well as otheyetignidentified factors.

In conclusion, this study demonstrates that neugeaibitch significantly increases the
percentage of collagen within the urinary bladdel wvhilst neutering a male canine has
no effect on percentage of collagen when compareshtire animals of either gender. The
results from the neutered bitches that were knaaretsuffering from acquired urinary
incontinence show the highest percentage collagati animals studied and suggest that
this increase may have a role to play in the dgaetmt of clinical signs of urinary

incontinence; however, the significance of thigrattion remains unknown. The



Victoria A. Coit, 2008 Chapter 5, 117

difference in the effects of gonadectomy on pemgaicollagen suggests that the role of
collagen in altering the contractility of the bladdnay have been overemphasised
previously and with the previous vitro contractility study, suggests that further
mechanisms are involved in regulating the decreesgubnsiveness of the detrusor muscle
post neutering in both genders. For example, admimgreproductive hormone levels,

their receptors and signalling mechanisms or imtliscarinic effector pathway within the
bladder must be investigated to allow clearer ustdeding of the aetiology and
pathophysiology of both acquired urinary incontioetn the bitch and postmenopausal
incontinence in women.
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6 Pharmacological Characterisation of Muscarinic

Receptors in Canine Urinary Bladder

6.1 Introduction

Acquired urinary incontinence in the bitch is a @sgread problem causing significant
welfare complications for the animals affected.gced urinary incontinence is currently
reported to affect up to 20% of all neutered biscfrnoldet al, 1989), whilst less than
1% of entire bitches and males are thought to sérien the condition (Holet al, 1986).
Although a decrease in resting tone within thehreehas long been proposed as the
primary mechanism by which acquired urinary incoatice occurs (Holt, 1988), further
mechanisms are thought to have a role to playaragtiology and pathogenesis of the
condition. In post menopausal women who suffemftginary incontinence, a group
thought to share a similar aetiology to that of¢haine disease, the development of
urinary incontinence is known to involve changethimi the urinary bladder, including
structural alterations and responsiveness to muscatimulation (Elbadawet al, 1993a;
Resnicket al, 1987).

The results of chapter 4 demonstrated that theaesignificant decrease in vitro

sensitivity and maximal contractility in responeenuscarinic stimulation of isolated

strips of detrusor muscle in neutered comparedtioeeanimalsregardless of gender
Furthermore | have demonstrated that these chamagemt be solely due to structural
alterations within the bladder, as the percentafjagen within the bladder only increased
in neutered female and not male animals (chapteilB)s suggests that there is a common
structural pathway or molecular target in both ggadhat is affected by neutering and has
a role to play in the altered contractility of thiedder. Given the above differences in
response to muscarinic stimulation and as the mimécg@athway is known to be the
primary pathway responsible for micturition (Ch&ggliams, 2002) it follows that

changes within it may alter the contractility oéthladder.

Studies in a number of animals have shown thdivallmuscarinic subtypes are present
within the urinary bladder (Abrames al, 2006; Chess-Williams, 2002; Wargal, 1995),
but that the M and M; receptors predominate, with the kceptor out numbering thesM
receptor subtype (Hega al, 1999; Wanget al, 1995). Despite this, it is thesM
receptors that are thought to be the principleptes responsible for regulating

micturition and bladder contraction in healthy widuals, including humans (Chess-
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Williams, 2002), rats (Longhurst al, 2000), guinea-pigs (Wargg al, 1995) and canines
(Choppinet al, 2001). Interestingly, however, a study using Mz and M/M; receptor
knockout mice has shown that the Mceptor can not only enhance the contractile
response to Mactivation but also directly stimulate detrusonttaction (Ehleret al,

2005). This role for the Mreceptor in bladder contraction is further streeged by a
recent study in rats that indicated a minor rokebfath the M and M, receptor subtypes in
urinary bladder contraction and relaxation (Fraeieal, 2007). Of particular interest with
regard to an effect of receptor isoforms and péssibuses of altered bladder function
post-neutering or after alterations in hormone Ievare the reports that the proportions of
muscarinic receptor subtypes within the urinandber may be altered in terms of density
and function in different disease / physiologidates (Abramet al, 2006; Chess-
Williams, 2002). In particular, it has been shaat following denervation of the
bladder, the role of the Meceptor is diminished and the, Bubtype becomes the
predominate receptor responsible for bladder cotitna (Bravermaret al, 1998b; Pontari
et al, 2004). This is potentially significant, with gl to acquired urinary incontinence in
the bitch, as a limited study in pigs has suggestatbladder contractions mediated via
stimulation of the M receptor may be weaker than those mediated bylgheceptor and
that the sensitivity of the preceptor to carbachol may be less than that oMhe=ceptor
(Yamanishiet al, 2000).

The above findings lead to the possibility thatdkttered contractility of the detrusor
muscle demonstrated in neutered canines (chapteay e influenced by a change in the
functional muscarinic receptor subtype in the b&addrhis study will thus test the
hypothesis that neutering will alter the functiomalscarinic receptor subtype of the

bladder from predominately thesNb the M receptor.
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6.2 Materials and Methods

6.2.1 Animals

The study was approved by The University of Glasterinary School’s ethical review
committee. Tissues from a total of 15 canines warkeided in the study, although not all
animals were included in each protocol. The spmjyulation had a mean age of 4.8 + 1.2
years (range 1-12 years) and a mean weight of23.Zkg (range 9-45kg). The canines
were split into two groups depending on gonadaustaThe majority of canines were
cross bred, with no pedigree breeds appearing thareonce. In all cases tissue was
collected within 2 hours of euthanasia (intravenousrdose of pentobarbitone), with full
informed owner consent, for reasons other thamsfieinvestigation. The majority of
animals had been euthanized for severe behaviprohlems, the remainder for a number
of different complaints, none of which involved tinenary system. In all cases a detailed
history of each animal was taken and a gross postermn study of the entire urinary
system was performed; any animals with a histoypofjross pathological signs of,

urinary tract disease were excluded from the study.

6.2.2 Preparation of Tissue

For all tissue bath protocols, bladder tissue wseslwvithin 2 days of euthanasia of the
animal (see chapter 3). To maximise the use sdi¢is, a number of the animals included

in this study were also included in the studiesdbed in elsewhere in this thesis.

Preparation of detrusor strips was as for chaptesith muscle strips being mounted on

fixed hooks for carbachol concentration responséoppls (6.2.4).

Before addition of the muscarinic antagonistspstiwere tensioned until stable at 49
tension and were re-tensioned as required througheuncubation period. During
incubation procedures the isolated strips of detrususcle were maintained in the tissue
baths at 37°C, bathed in standard Krebs solutibafier 3), with the addition of the

muscarinic antagonist in question and continuadisated with 95% @/ 5% CQ.
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6.2.3 Muscarinic Antagonist Preparations

Pirenzepine (Sigma-Aldrich, UK), a selective Mceptor antagonist (Caulfieéd al,

1998), was diluted in water (BDH, RNase and DNase)fto give a stock solution of
10mM which was stored at -20°C. On the day of eagderiment, the stock solution was
diluted in Krebs solution and added to each ti¢mith, as described below, to give a final
bath concentration of 10nM, 30nM or 100nM (thesadp¢he optimal concentrations, as
determined by preliminary studies to determineldineest concentration range of

antagonist required to produced a right shift emtdsponse to carbachol — data not shown).

Methoctramine (Sigma-Aldrich, UK), an\Melective antagonist (Caulfieét al, 1998),
was diluted in water (BDH, RNase and DNase freg)te a stock solution of 10mM
which was stored at -20°C. On the day of each rexat, the stock solution was diluted
in Krebs solution and added to each tissue battiessribed below, to give a final bath
concentration of 100nM, 300nM or 1uM (these belmgaptimal concentrations, as
determined by preliminary studies to determineldineest concentration range of

antagonist required to produced a right shift emtdsponse to carbachol — data not shown).

4-diphenyl-acetoxyN-methyl piperidine methiodide (4-DAMP) (Tocris Basnce,
Bristol, UK), an M; selective antagonist (Caulfiedd al, 1998), was diluted in Dimethyl
Sulfoxide (DMSO) (Sigma-Aldrich, UK) to give a stosolution of 200mM which was
stored at -20°C. On the day of each experimeatstbck solution was diluted in Krebs
solution and added to each tissue bath, as deddsiédew, to give a final bath
concentration of 1nM, 3nM or 10nM (these beingdpémal concentrations, as
determined by preliminary studies to determineldineest concentration range of

antagonist required to produced a right shift emtdsponse to carbachol — data not shown).

6.2.4 Carbachol Concentration Response Protocol wit  h

Muscarinic Antagonists

All strips (~ 8 per animal) underwent a full carbakconcentration response protocol, the

full results of which are incorporated into theadptesented in chapter 4.

Following completion of the initial carbachol conteation response protocol, the muscle

strips were washed repeatedly, allowed to res3@ominutes and the tension adjusted until
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stable at 4g resting tension. Pirenzepine, Methouhe and 4-DAMP were then added to
two baths each, to give the initial bath concerdrator that antagonist described above,
leaving two of the eight strips without any additib antagonist, to act as time controls.
Strips were incubated for 30 minutes, after whiotetthey were re-tensioned to 4g initial
tension (as necessary) before a further full carblaconcentration response protocol was
carried out in all eight strips. This protocolvedshing, re-tensioning, addition of
muscarinic antagonist, incubation and full carb&clacentration response protocol was

repeated as described above for all three contemiseof each antagonist.

6.2.5 Data Analysis

Data were normalised for wet weight of tissue amdexpressed as g/mg of wet tissue.

Results are presented as mean = s.e.mean (n = nofrdz@mals).

A minimum of 2 strips of bladder tissue per aninvare analysed for each muscarinic
antagonist, at each concentration and the meatigésam these strips used in further
calculations where applicable. Data were grapimeldssatistically analysed using
GraphPad Prism® v.5 software. &®alues (molar concentration producing half maximal
response) were determined by non-linear regre$gtong (variable slope) to the
concentration response curves. Data from cunaes individual animals were used to
derive mean —log B4 (pEGso) values with s.e.mean. Dissociation constants) et

antagonists were determined from the equation:
pKs = log(CR-1)-log[B]

where CR is the concentration ratio (ratio of tli&Fvalues) in the absence and presence
of the antagonist obtained with a concentrationdBdntagonist (Furchgott, 1972). Schild
analysis was also performed, and the resultanigmadsed to assess the competitive
nature of the antagonism (Arunlakshaatal, 1959).

Differences in pEgy and maximum responses, between groups, were deéztiny
analysis of variance (ANOVA) with Bonferroni as aesp-test. A probability (P) less than
or equal to 0.05 was considered significant. Qati@ns between responses and the age
and weight of the animals were conducted using iSpe&as test with a significance
threshold for P (two tailed) < 0.05.
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6.3 Results

As previously reported (chapters 3 and 4), carbladlkoiced concentration-dependant
contractions of isolated strips of smooth musabenficanine urinary bladder. Strips of
bladder tissue from neutered animals had signifigdower maximal contractile responses
(p<0.05) and significantly decreased sensitivitpnpared to tissue from entire
counterparts (p<0.05), as previously shown in atradt Analysis of the control strips
which received four consecutive carbachol concéntraesponse curves, i.e. a time
control study, indicated that potency and maxireaponse were not altered by repeated
testing (Fig. 6.1).
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Figure 6-1. Cumulative concentration response curve s to carbachol in isolated canine
urinary bladder smooth muscle strips over time. Eac h point is the mean + s.e.mean of
observations from n animals. Time O hours, Time 1.5 hours, Time 3 hours, Time
4.5hrs. a, entire animals, n=9; b, neutered animal s, n=6.

In all tissues the Mselective antagonist pirenzepine, theddlective antagonist
methoctramine, and thed\elective antagonist 4-DAMP acted as competititagonists
of carbachol-induced contractile responses. Athgonists produced parallel rightward
shifts of the concentration-response curves toacdrdl, without altering maximal
responses (Fig. 6-2). When Schild plots were ¢aled, however, only methoctramine
and 4-DAMP produced slopes not significantly diéfer from unity (Fig. 6-3). In all
cases, due to the low numbers of animals studiddrenmixed gender groups the

s.e.mean is greater than that for previous chapters
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To ensure the accuracy of the mean functionaligffestimate (plk§) for each antagonist,
the pkg at each antagonist concentration was calculatalléT6-1). The rank order of
antagonist affinities in the entire group of casimeas methoctramine, pirenzepine and 4-
DAMP, and in the neutered group of canines wasggpine, methoctramine and 4-
DAMP.

Antagonist Concentration pKg - Entire pKg - Neutered
10nM 8.14+£0.14 8.20 £ 0.04
Pirenzepine 30nM 7.52+0.17 7.84 £0.04
100nM 8.00 £ 0.09 8.19 £ 0.09
100nM 7.04 + 0.08 8.19 £ 0.05
Methoctramine 300nM 6.74 £ 0.13 7.93 £ 0.06
1uM 7.12 + 0.07 8.18 + 0.12
1nM 9.38 + 0.06 8.29 £ 0.03
4-DAMP 3nM 8.99 + 0.05 7.92 +£0.03
10 nM 9.40 £ 0.04 8.28 £ 0.05
Table 6-1. Affinity estimates (pK ) at each concentration for muscarinic antagonists in

bladder smooth muscle from entire and neutered cani nes.

As Schild plots did not give a slope of unity fargmzepine the antagonist affinities
obtained cannot accurately be correlated with ti@nk muscarinic receptor subtype
ranges, however for both methoctramine and 4-DAMPstopes of unity obtained from
Schild analysis suggests that there is bindingstgle muscarinic receptor subtype. For
entire canines the overall affinity of both methaatine and 4-DAMP was within the
reported range for the Mubtype, whilst in neutered canines the overétities were
consistent with the Msubtype (Table 6-2).
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Antagonist M1 M, M3 Mg Ms Entire Neutered
Bladder Bladder
Pirenzepine 7.8-8.56.3-6.7 6.7-7.1 7.1-8.1 6.2-7.1 n/a n/a

Methoctramine 7.1-7.87.8-8.3 6.3-6.9 7.4-8.1 6.9-7.2 6.90+0.13 8.10+0.09

4-DAMP 8.6-9.2 7.8-8.4 8.9-9.3 8.4-9.4 8.9-9.0 9.06+0.13 8.16+0.12

Table 6-2. Antagonist affinity constants (log affi  nity constants of pK g values) for
mammalian muscarinic receptors and for bladder smoo th muscle from entire and neutered
canines. Data are from a variety of mammalian spec  ies (Caulfield et al., 1998).

Looking at individual animals within each groupsitpossible to see that five animals
within the entire group have pkalues that are intermediate between theakt the M
receptor ranges in response to either methoctraanideDAMP (Fig. 6-4), however no
animal was intermediate for both antagonists. Whbeking at individual animals in the
neutered group only one animal has g pKlue that is intermediate between &hd M
receptors, and that is only in response to metaottre.

Although the number of male and female animalsachegroup differed and was not large
enough to allow detailed statistical analysis tliddenot appear to be an effect of gender
on the results obtained within each group. In talistatistical analysis demonstrated that
there was no effect of age or weight on the restiliatagonist affinities.
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6.4 Discussion

It is thought that detrusor muscle contractionBealthy individuals are mediated via the
M3 receptor subtype. This is basedionitro evidence from a number of species
including rat (Hegdet al, 1997), pig (Sellerst al, 2000), human (Chess-Willianes al,
2001) and canine (Choppet al, 2001). There is also evidence from rats and msithat
in certain disease states, the muscarinic receptuype responsible for bladder
contraction can change from the M the M receptor subtype (Bravermanal, 1998b;
Pontariet al, 2004). This present study, the first to inclméeitered canines, confirms
previous reports (Choppet al, 2001) that contraction of the canine urinary alstr in
entire animals is mediated by the Mceptor, but clearly demonstrates that in theered
canine contraction of the urinary detrusor app&alse mediated via stimulation of the, M

rather than the Mreceptor subtype.

In all of the animals studied carbachol producetceatration dependant contraction of the
isolated strips of detrusor muscle, as has beanqugy discussed, and the maximal
tensions produced where similar to those desciiibetapter 4 of this thesis. Despite this,
the calculated s.e.mean for each group of animasslarger than that previously recorded.
This may be due to a number of reasons includiagetatively low numbers of animals
included in each group, and the low number of naustips from each animal included for
each antagonist studied. A further factor to basaered is that due to low animal
numbers for this study both male and female animval® included in the entire and
neutered groups, thereby increasing the erromodigh male and females animals did not
vary significantly in their response to carbaclsgg chapter 4) there was a trend for the
male animals to have lower responses than theialfegounterparts, and due to individual
variation and numbers of animals used this isyikelaccount for the increased s.e.mean

seen.

Bladder contraction occurs from ACh-induced exmitabf muscarinic cholinergic
receptors on detrusor muscle (Chess-Williams, 200Rgre are known to be five
muscarinic receptor subtypes;Mis, however only the first three have been consistent
described as having a role in micturition (Bravemreaial, 1998a; Chess-Williams, 2002;
Somogyiet al, 1994). Subtype selective antimuscarinic agerswaailable for the M

M3 subtypes that are at least 10-fold selectiverfdividual subtypes allowingn vitro
studies to identify functional receptors withinisstie (Caulfield, 1993). Meceptors have

a high affinity for pirenzepine, a low affinity fonethoctramine and an intermediate
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affinity for 4-DAMP (Caulfieldet al, 1998). M receptors have a high affinity for
methoctramine and a low affinity for 4-DAMP, whiisis the opposite for Mreceptors
which have a high affinity for 4-DAMP and a low iaffy for methoctramine (Caulfield,
1993). Using these agents and calculating affivatyes derived from Schild plot

analysis, it has been shown that therlteptor is responsible for the contraction of the
healthy human bladder, even though the numberafelgeptors far exceeds the number of
M3 receptors (Chess-Willianet al, 2001). This is consistent with results in otaeimal
species that report that although thergkceptor subtype is the most numerous, within the
urinary bladder, it is the Wreceptor that is responsible for normal bladdertreation
(Chess-Williams, 2002; Goepet al, 1998; Wanget al, 1995).

Studies into the role of the Meceptor in the rat have shown that this receqibtype

may have a facilitatory role to play in contractfrthe bladder by enhancing ACh release
thereby enhancing contraction of the bladder (Braemet al, 1998a; Somogyet al,
1994). In this present study, Schild plot analgsisnot demonstrate a slope of unity for
pirenzepine antagonism of carbachol induced cottrasin either entire or neutered
canine bladder, however, the reliability of theadiatlimited by the low number of animals
studied. The affinity values of the neutered aténraresponse to pirenzepine all fell
within the reported range for the;Meceptor (Caulfielat al, 1998), therefore it is
possible that the Mreceptor subtype has a facilitatory role to playhie regulation of
detrusor contraction in this subset of caninesthaisdhypothesis requires further
investigation. For the entire canines the Schitd gave a slop of less than 1, which can
indicate that more than one receptor subtype islved in mediating the contractile
response (Wyllieet al, 2007). It is interesting to note that the atfinialues calculated for
the gonadally entire group fell between the regbvi@ues for the IMland M; receptors
(Caulfieldet al, 1998). This may indicate that both of the &hd M; receptor subtypes

have a role to play in bladder contraction in tinsup.

The results obtained in this study, using both metiamine and 4-DAMP, confirm that
the M3 receptor subtype is the primary receptotyqéresponsible for bladder
contraction in healthy gonadally entire caninesg&€hWilliams 2002). These results also
are in agreement with a previous, limited, studyQtwpppin and Eglen which investigated
functional receptor subtypes in the bladder usmegnuscarinic antagonists s-secoverine
and darifenacin (Choppiet al, 2001). In that study the affinities of the amtagts for
inhibition of bladder contraction were shown todoerelated with their affinities for each
of the muscarinic subtypes, expressed in clonalinek and it was assumed that the
subtype that gave the highest correlation coefitoeediated bladder contraction. Their
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method gives the same weighting to antagonistaofing or no specificity and also
assumes that only a single muscarinic receptoypabinediates contraction. In the
present study, the individual affinity values faich antagonist, in each animal were
calculated, as this allows for more detailed analgsth within and between groups of
animals and therefore removes the constraint chisemption that only one receptor
subtype is involved in contraction. This is im@mt, as previous studies have shown that
more than one muscarinic receptor subtype is indeedved in bladder contraction,
either via indirect mechanisms that may influenearonal acetylcholine release (Chess-
Williams, 2002) or altered calcium flow (Wargal, 1995). The results of the present
study show that although overall the Mceptor seems to be responsible for bladder
contraction, if individual canine data is considktieere are a number of animals with
intermediate affinity values that fall between teported values for the Mand M
receptors to either methoctramine or 4-DAMP. Thsult would suggest that there may
also be a small role for theVeceptor in bladder contraction in some entirenats. This
result supports those obtained in a study condugtéd) samples of human bladder that
also concluded that in certain patients bladdetraction could be mediated by either the
M3 or the M; receptor (Pontaet al, 2004) and a study in rats that reported that bath

and M; could mediate contraction in the normal rat blad8eavermaret al, 2002).

A role for the M receptor subtype in mediating bladder contradtidmealthy individuals
is further supported by rodent studies that idesttiboth M and M, receptors as being
involved in bladder contraction (Frazietral, 2007; Stengedt al, 2000). Although this
present study did not find a conclusive role f@ ht, receptor in entire canine bladder
contraction, the overall results for both methawiree and 4-DAMP in the group of
neutered canines supports a major role for theedeptor in this subset of animals. Of the
six animals studied only one animal had a calcdlat&; value out-with that accepted as
associated with the Meceptor and that was only for the antagonist owthmine; when
the antagonist 4-DAMP was used, the calculategl y#{ue for that animal was consistent
with the M, receptor. Although only a small number of animatse included in this
study the consistency of the results, obtainedte,dsuggest that the,Meceptor is
involved in bladder contraction in gonadectomisadines. As this is the first study to
include neutered canines this result is signifiGard may be linked to the decreased

overall contractile response of the detrusor musclétro in this group.

There have been several hypothesized mechanismgythwhich M receptors may
produce bladder contraction. Studies looking atreation of the rat urinary bladder after
alkylation of M; receptors with 4-DAMP mustard suggest thatriteptors inhibit -



Victoria A. Coit, 2008 Chapter 6, 132

adrenergic receptor induced relaxation, via adgtwvedf a GTP binding protein that
inhibits adenylyl cyclase (Braverma al, 1999b; Hegdet al, 1997). While muscarinic
receptor subtypes have been shown to preferentiallple with one type of G protein,
using cloned receptors expressed in Chinese hamsiey (CHO) cells, there does seem
to be significant promiscuity in this coupling madism (Tucelet al, 2002). This means
that depending on the cell type and the biochensizdé of the cell, certain receptors may
be able to couple with several different types girGtein and therefore that a single
receptor subtype may be able to mediate a numbeellodar signals (Tucekt al, 2002;
Wanget al, 1995). Traditionally Mreceptors have been thought to couple with the G
class of GTP binding proteins, however, it has &@wn in human bladder (Waegal,
1995) that they can also couple tg@Boteins. It follows, therefore, that differertia
coupling of M receptors to different G proteins, under varyingditions, may alter their
effect on bladder tissue. In other organs thatainrsmooth muscle, a number of other
mechanisms of Mreceptor activation have been described and thegealso have a role
to play in the bladder. These include the openingon-selective cation channels which
results in depolarisation, the influx of calciundazontraction of the cells (Boltcet al,
1997), and the inhibition of conductance of acpotentials through potassium channels
(Coleet al, 1989).

Despite the various hypotheses surrounding the rabdetion of the M receptor subtype
in mediating contraction of the bladder, thereameflicting reports as to its role in
specific disease states. Neurogenic overactiVithebladder has been studied in both the
rat model and in the human, with inconsistent tesuDne group has reported that the M
receptor contributes to direct detrusor contraciiothe urinary bladder obstructed rat and
in the spinal injured, denervated, non-voiding(Bxavermanret al, 1999a; Bravermaat

al., 1998b; Bravermant al, 2003; Ruggieret al, 2006), whilst another group could find
no evidence of a role for theJvieceptor subtype in stimulating bladder contractiothe
urinary bladder obstructed rat (Krichevsityal, 1999). In human patients with
neurogenic overactivity of the bladder there ase abnflicting reports, with one group
concluding that the Mreceptor plays a role in bladder contraction gsthpatients
(Pontariet al, 2004), and a further group finding no evidencesupport a role for Mand
concluding that only the Mreceptor was responsible for bladder contracticthis patient
group (Stevenst al, 2007). One study has been reported, that loaké#ue role of
muscarinic receptors in patients (n=7) that weftegng from idiopathic detrusor
overactivity (Stevenst al, 2007). They reported that the; k&ceptor was the sole
receptor responsible for bladder contraction i troup (Stevenst al, 2007). These

conflicting results, between studies and conditi@oesild be due to a number of factors
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including experimental design, low patient numbeesying severity of disease and
individual animal and patient variations, espeygiailvolving the degree of detrusor muscle
hypertrophy, a factor that has been shown to belygjgnificant in the rat model
(Ruggieriet al, 2006).

The functional significance of a shift fromzVeceptor mediated contraction t@ M
mediated contraction in the canine bladder as testin the present study has not been
determined. It has been shown, in chapter 4 rtbatered canines have significantly lower
maximal contractile responses and sensitivity tbaehol than their entire counterparts,
regardless of gender, and the present study sh@awvsdntraction of the detrusor is
mediated by the Mreceptor subtype in at least a subset of the sgoup of animals. It
may be that the decreased response to carbaclesiedsn neutered animals (chapter 4)
is directly linked to this shift in dependence be M, receptor, as bladder contractions
mediated by the Mreceptor subtype have been reported to be wel&arthose induced
by the M receptor subtype, at least in pigs (Yamanétthdl, 2000). The sensitivity of the
M. receptor subtype to carbachol is controversiakedwer, as some studies in rats and
humans have found an increased sensitivity of khéder to carbachol in models of
neurogenic detrusor overactivity (Bravernmetral, 1998b; Saitet al, 1993), whilst a
more recent study has reported no change in tippmes to carbachol in Mompared to
M3 mediated bladder contractions (Stevenhal, 2007). As muscarinic receptors have
been shown to couple to different G proteins umiiféerent conditions, as previously
discussed, it could be that the response of theelkeptor to stimulation by carbachol is
also altered under varying conditions, therefdre,rble of the M receptor in the

decreased responses seen in this present studyt cenaccurately presumed.

In conclusion, the data obtained in this chaptepstts the original hypothesis that the
functional receptor subtype in the entire canineary bladder is the Mreceptor, and that
neutering a canine shifts the predominant functionascarinic receptor subtype of the
detrusor muscle from the Mo the M receptor. The data also suggests a potentiabfole
the M, receptor in mediating or facilitating contractiofthe bladder in entire animals. It
is hypothesised that the shift fromsld M, mediated bladder contraction in neutered
canines might contribute to the decreased congaetsponse of detrusor strips, to
carbachol, seem vitro in this group, and as such may be involved indénelopment of
acquired urinary incontinence. Further investigadiinvolving a greater number of
animals and an increased range of muscarinic recepbtype specific antagonists is
needed to confirm the role these receptor subtgfagsin mediating contraction of the

canine urinary bladder. Further investigation imrgy animals known to be suffering
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from acquired urinary incontinence is likewise regd to determine the role of these

receptors in that disease state.
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7 Effects of Acute Incubation with Reproductive
Hormones on In Vitro Responses of Canine
Detrusor Muscle Strips to Muscarinic and

Electrical Stimulation

7.1 Introduction

Urinary incontinence is defined as the unconscanginvoluntary loss of urine (Abrams
et al, 2002) and, in the canine, it is an increasinglyognised and presently incurable
problem. Acquired urinary incontinence accountsifie majority of cases of urinary
incontinence seen in the canine and is reportadfféat up to 20% of all neutered bitches
(Arnold et al, 1989) but less than 1% of intact bitches (Hblal, 1993) and is rarely
reported in male canines. It has been establita&dhere is a direct relationship between
acquired urinary incontinence in the canine anderig (Thrusfield, 1985) and it has
been proposed that acquired urinary incontinencersas a consequence of hormonal,
vascular and/or neurological changes (Thetral, 1998) within the bladder rather than

mechanical damage to the lower urinary tract aseztoresult of surgery (Gregory, 1994).

Acquired urinary incontinence in the bitch was thlouto be caused solely by a decrease in
resting urethral pressure (Holt, 1988; Rosiral, 1981), but as this is not a defining
characteristic of the condition (Holt, 1988) iniew thought that multiple causative factors
are involved in predisposing animals to this caodit The results of previous vitro

studies (Chapter 4) suggest that functional chaogesr within the detrusor muscle as a
result of neutering in the canine. SpecificalBgardless of gender, neutering leads to a
decrease in the maximal contractile response ofi¢freisor muscle to both muscarinic and
electrical field stimulation and to a decreased#ipity to muscarinic stimulation. These
results are similar to those reported for the detrumuscle from postmenopausal women
who suffer from urge urinary incontinence, relatiseheir premenopausal counterparts,
and can occur either alone, as impaired contrgctfithe bladder, or in conjunction with
idiopathic detrusor instability (Elbadawt al, 1993a; Elbadawet al, 1993b).

Although there is insufficient data relating to #act aetiology and pathophysiology of
acquired urinary incontinence in neutered bitcheb@ost menopausal women to allow
determination of commonality of cause, it is inttiigg that both groups are subject to a

reduction in gonadal steroids and associated haahatranges. This has led to the
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hypothesis that the changes in steroid and aseddmirmones are mechanistically
involved in the development of urinary incontinemeéoth humans (Stenbeeg al, 1995;
Thomet al, 1998) and canines (Arnokt al, 1989; Thrusfield, 1985). Post menopause
and neutering there is a significant decreaserauleiting endogenous oestrogen and this
has long been thought to be a causative factdremévelopment of urinary incontinence
in both the bitch (Fincet al, 1974) and woman (Freedman, 2002). Indeed, curren
recognised treatments for acquired urinary incemtge in the bitch include supplemental
exogenous oestrogen which has been reported trgasintinence, albeit temporarily, in
up to 60% of animals (Mandigees al, 2001). Supplemental oestrogen has been reported
to increase the resting tone of the urethra (Nick®98) and it is possible that an increase
in circulating oestrogen concentrations may algorove bladder function in terms of
compliance, contractility and elasticity. Basediarited urodynamic studies reported in
rats and canines (Fleischmaginal, 2002; Nickel, 1998) all these factors could act t
improve continenceln vitro measurements of contractility and responsiveriessever,
have not been made in steroid treated tissuesctadidrom animals suffering from

acquired urinary incontinence.

In addition to the primary effects of ovarian oegen on the bladder, the decrease in
oestrogen post neutering / menopause also interthptfeedback mechanisms that act at
the level of the hypothalamus and pituitary glamdetgulate the secretion of additional
hormones. The removal of oestrogen negative fexdleads to an increase in GnRH
secretion and a concomitant increase in the searefiboth FSH and LH (Burger, 1996;
Olsonet al, 1992; Reichleet al, 2004). It has been hypothesized that this irseréa
gonadotrophins may be partially responsible fordéeelopment of urinary incontinence
in both the canine (Reichlet al, 2004) and woman (Tae&t al, 1998) and studies have
demonstrated the presence of receptors for thedgdmgohins in the urinary bladder
(Ponglowhapart al, 2007a; Reichleet al, 2007; Tacet al, 1998). Further support for
an indirect effect of steroid removal on bladderdtion has been provided by a recent
study in neutered canines suffering from acquinéaany incontinence which reported that
administration of GnRH analogues, such as to deerearum LH and FSH levels aided
continence (Reichlest al, 2006b). The study, however, did not addressriteehanism

through which these effects were mediated.

It could be hypothesised therefore that exposusteteated concentrations of GnRH, LH
and FSH may have a negative effect on bladderifumeind that treatment with exogenous
hormones, to counteract post neutering changd®ingecretion, could be beneficial with

regard to urinary continence. In this study thpdiliesis that acute exposure of the canine
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detrusor to elevated concentrations of GnRH, LH; B8 oestrogen will alter the
contractility and sensitivity of strips of caninetdusor to muscarinic and electrical field
stimulation was tested. More specifically, it wggothesised that acute incubation with
oestrogen would improve contractility in isolatedps of detrusor muscle from neutered
canines and acute incubation with GnRH, LH and M#8idld decrease contractility in

isolated strips of detrusor muscle from entire wasi
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7.2 Materials and Methods

7.2.1 Animals

The study was approved by The University of Glasterinary School’s ethical review
committee. Tissue from a total of 20 canines wakided in the study, although not all
animals were included in each protocol. The spumjyulation had a mean age of 6.1 + 0.6
years (range 2-14 years) and a mean weight of22.&kg (range 9-45kg). The canines
were split into two groups depending on gonadalstwith both male and female canines
being used for the GnRH, FSH and LH studies, whitdy bitches were used for the
oestrogen study. The majority of canines wereschoed, with no pedigree breeds
appearing more than once. In all cases, tissuecalested with full informed owner
consent, within 2 hours of euthanasia (intraveraMesdose of pentobarbitone) for reasons
other than scientific investigation. The majowfyanimals had been euthanized for severe
behavioural problems, the remainder for a numbelifeérent complaints, none of which
involved the urinary system. In all cases, a teddaiistory of each animal was taken and a
gross post-mortem study of the entire urinary systeas performed; any animals with a
history of, or gross pathological signs of, urineigct disease were excluded from the

study.

7.2.2 Preparation of Tissue

For all tissue bath protocols, bladder tissue wseslwvithin 2 days of euthanasia of the
animal (see chapter 3). To maximise the use sdi¢is a number of the animals included in

this study were also included in the studies dbedrelsewhere in this thesis.

Preparation of detrusor strips was as for chapteith muscle strips being mounted on
fixed hooks for carbachol concentration responséoppls (7.2.4, 7.2.5) and in Ag-AgCl

ring electrodes for electrical stimulation protac¢r.2.6, 7.2.7).

Before addition of the hormones, strips were tereibuntil stable at 4g and were re-
tensioned as required regularly throughout thebation period. During incubation
procedures, the isolated strips of detrusor musele maintained in the tissue baths at
37°C, were bathed in standard Krebs solution (ave®)twith the addition of the hormone

in question and were continually aerated with 95%4 &6 CQ.
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7.2.3 Hormone Preparations

GnRH (luteinising hormone releasing hormone hunatate salt, Sigma-Aldrich, UK)
was diluted in water (BDH, RNase and DNase fregjive a stock solution of 200mg/mi
which was stored at -20°C. On the day of each xeat, the stock solution was diluted
in Krebs solution and was added to each tissuedstescribed below to give a final bath
concentration of 10ng/ml. As there are no repofrtsoncentrations of GnRH in the
peripheral circulation of canines this concentratias chosen as it represents a
concentration marginally higher than that founghtoduce maximal increases in FSH and
LH production when administered acutely (hours) emproduce a decrease in FSH and

LH production when administered chronically (dag@dncannon, 1993).

LH (porcine LH, supplied by A.F. Parlow of the Natal Hormone & Peptide Program,
California, USA) was diluted in water (BDH, RNasedeDNase free) to give a stock
solution of 5mg/ml which was stored at -20°C. @a day of each experiment the stock
solution was diluted in Krebs solution and was aldideeach tissue bath, as described
below, to give a final bath concentration of 10nig/mhis concentration was chosen as
concentrations of LH in the peripheral circulatmfma long-term (>42 week) neutered bitch

average 8.3ng/ml (Reichlet al, 2004).

FSH (canine FSH, Tucker Endocrine Research InstltuC, USA) was diluted in water
(BDH, RNase and DNase free) to give a stock satubtolmg/ml which was stored at
-20°C. On the day of each experiment, the stotikism was diluted in Krebs solution
and was added to each tissue bath, as describaa,lielgive a final bath concentration of
100ng/ml. This concentration was chosen as coratémts of FSH in the peripheral
circulation of a long-term (>42 week) neutered bikwerage 75ng/ml (Reichlet al,

2004).

Oestrogen (Estradiol, standards from Estradiol MA&BAbrator 6, Bio-Stat, UK) was
obtained in concentrations of 500pg/ml, 1500pg/nd &000pg/ml and were stored at 4°C.
These were added to the tissue baths to givebiatthl concentrations of 3.3pg/ml, 15pg/ml
and 50pg/ml. These concentrations were chosdmegsspanned the range of oestrogen
concentrations seen in canines during anoestrépdgiml) and oestrus (40-60pg/ml)

(Concannon, 1986a).
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7.2.4 Carbachol Concentration Response Protocol wit  h GnRH, LH
or FSH

All strips ( 8 per animal) underwent a full carbachol conceiutnaresponse protocol

(4.2.4), the full results of which are incorporatetb the data presented in chapter 4.

Following completion of the initial carbachol cont&ation response protocol, the muscle
strips were washed repeatedly, allowed to res3@ominutes and the tension adjusted until
stable at 4g resting tension (Chapter 3). GnRHpPELIRSH were then added to two baths
each, to give the bath concentrations describedealdeaving two of the eight strips
without any additional hormone, as time contrdidrips were incubated for 2 hours, after
which time they were re-tensioned to 4qg initialsien (as necessary) before a further full

carbachol concentration response protocol wasechant.

7.2.5 Carbachol Concentration Response Protocol wit  h

Oestrogen

For this protocol only female animals were usedwaack split into two groups depending
on gonadal status; entire and neutered. All s{e® per animal) underwent a full
carbachol concentration response protocol (4.thé)results of which are incorporated

into the data presented in chapter 4.

After the initial concentration response protocalsvzarried out all strips were washed
repeatedly, allowed to rest for 30 minutes and teesioned until stable at 4g resting
tension. Oestrogen, at each of the three con¢emisadescribed above, was then added to
two baths each, leaving two of the eight stripdwaitt any additional hormone, as time
controls. Strips were incubated with oestradiolXdours, after which time the strips

were re-tensioned to 4q initial tension, as neagsbsafore a further full carbachol

concentration response protocol was carried out.

The strips were then washed repeatedly, as befstd for 30 minutes and tensioned
until stable at 4g initial tension before re-aduhtof oestrogen, at the concentrations to
which the strips were previously exposed and intadwvith this concentration of
oestradiol for a further 22 hours. After the inatibn, the strips were again re-tensioned to

4q initial tension and a further full carbachol centration response protocol carried out.
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7.2.6 Neurogenic Electrical Field Stimulation Prot  ocol with
GnRH, LH or FSH

All strips ( 8 per animal) underwent a neurogenic electricéd fsmulation protocol

(4.2.5), the results of which are incorporated ihi data presented in chapter 4.

After the initial frequency response protocol wasried out all strips were washed
repeatedly, allowed to rest for 30 minutes and teesioned until stable at 4g resting
tension. GnRH, LH or FSH were then added, to tathd each, to give the bath
concentrations described above, leaving two oktpht strips without any additional
hormone to be the time controls. Strips were iateth for 2 hours, after which time the
strips were re-tensioned to 4g initial tensionnesessary, before a full frequency response

protocol was carried out.

7.2.7 Neurogenic Electrical Field Stimulation Proto  col with

Oestrogen

All strips ( 8 per animal) underwent a neurogenic electrieddifstimulation protocol

(4.2.5), the results of which are incorporated thi data presented in chapter 4.

After the initial frequency response protocol wasied out, all strips were washed
repeatedly, allowed to rest for 30 minutes and teesioned until stable at 4g resting
tension. Oestrogen, at each of the three con¢emisadescribed above, was then added to
two baths each, leaving two of the eight stripshwautt any additional hormone to be the
time controls. Strips were incubated with oestrofge 2 hours, after which time the strips
were re-tensioned to 4q initial tension, as neagsbafore a full frequency response

protocol was carried out.

The strips were then washed repeatedly as befsed for 30 minutes and tensioned until
stable at 4g initial tension before oestrogen veapplied, at the concentration to which the
strips were exposed previously, and the stripshated for a further 22 hours after which

time the above procedure was repeated.
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7.2.8 Data Analysis

All data were normalised for wet weight of tissunel@are expressed as g/mg of wet tissue

with results presented as mean + s.e.mean (n =ewohlanimals).

A minimum of 2 strips of bladder tissue per animvare analysed for each hormone, at
each incubation time and the mean results frometeergps used in further calculations
where applicable. Data were graphed and statistieysis performed using GraphPad
Prism® v.5 software. In all cases the maximalitamsvas defined as the mean maximal
tension of all the strips from that animal for tpadtocol. Comparisons within (time
control) and between (differences in responsesvatig hormone incubations) response
protocols were made using analysis of variance (XWPwith Bonferroni as a post-test.
A probability (P) less than or equal to 0.05 wassidered significant. Correlations
between responses and the age and weight of thenivere conducted using
Spearman’s test with a significance threshold f@m® tailed) < 0.05.

Statistical analysis of the responses seen inatregbr strips used as time controls
indicated that there was no significant effectimiet on either the maximal response or
sensitivity of the strips to carbachol when repeéaencentration response curves were run
as required to test for effects of hormone incamafFigs. 7-1 and 7-2). There was also no
effect of time on the response of the tissue stopseurogenic field stimulation (Figs. 7-3
and 7-4). Therefore, the effects of hormone treatnon the responses of the muscle strips

were statistically compared by analysis of variance
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Figure 7-1. Time control cumulative concentration response curves to carbachol in isolated
canine urinary bladder smooth muscle for GnRH, LH a nd FSH studies. Time 0 hours,
Time 2.5 hours. Each point is the mean + s.e.mean  of observations from n animals. a,
entire animals, n=8; b, neutered animals, n=7.
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Figure 7-2. Time control cumulative concentration response curves to carbachol in isolated
canine urinary bladder smooth muscle strips for oes trogen studies. Time O hours, Time
2.5 hours,  Time 24 hours. Each point is the mean + s.e.mean of observations from n
animals. a, entire bitches, n=3; b, neutered bitch  es, n=3.
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Figure 7-3. Time control frequency response curves to neurogenic field stimulation in

isolated canine urinary bladder smooth muscle strip s for GnRH, LH and FSH studies.
Time 0 hours,  Time 2.5 hours. Each point is the mean *+ s.e.mean  of observations from n
animals. a, entire animals, n=7; b, neutered anima  Is, n=6.
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Figure 7-4. Time control frequency response curves to neurogenic field stimulation in
isolated canine urinary bladder smooth muscle strip s for oestrogen studies. Time O
hours, Time 2.5 hours, Time 24 hours. Each point is the mean of observati  ons from n
animals. a, entire animals, n=2; b, neutered anima  Is, n=2.
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7.3 Results

7.3.1 Acute Effects of Incubation with GnRH, LH or FSH on

Responses to Carbachol Stimulation

In all groups, when exposed to the first dose nesp@rotocol, dose dependant
contractions were observed in response to carbad&wpresented in chapter 4, neutering,
regardless of gender, was associated with a siginifidecrease in the maximum
contractile response and sensitivity of the isalateips of bladder smooth muscle to
carbachol, relative to tissue from entire animpk(05). As no significant differences
were seen between genders, the results of the amadefemales within each gonadal status

group were combined for all further analyses is gtudy.

No statistically significant effects of incubatiarith GnRH, LH or FSH (for 2 hours), were
seen on either maximal response or sensitivityatbaxchol, of the isolated strips of bladder
smooth muscle in animals of either gonadal stdtigs -5). In addition, statistical
analysis indicated that there was no statisticgitipificant effect of the age or weight of

the animal on the response to carbachol followimgrione incubation.
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Figure 7-5. Cumulative concentration response curve s to carbachol in isolated canine
urinary bladder smooth muscle strips following a 2 hour incubation: Control, GnRH
(10ng/ml), LH (5.0pg/ml), FSH (100ng/ml). Each point is the mean + s.e.mean  of
observations from n animals. a, entire animals, n=  8; b, neutered animals, n=7.
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7.3.2 Effects of Acute Exposure to Elevated GnRH, L H or FSH on

Responses to Neurogenic Field Stimulation

In all groups, during both stimulation protocoleduency dependant contractions were
observed in response to electrical field stimulatid he effects of neutering on the
response of isolated strips of bladder smooth neuscheurogenic electrical field
stimulation were similar to those of carbacholhagtsignificant decrease (p<0.05) in the
maximal contractile response in neutered compareatire animals, as presented and
discussed in chapter 4. As with the results obthior the carbachol dose response study,
described above, there was no gender differentteeiresponses to neurogenic electrical
field stimulation, therefore, the results obtaifedanimals of both sexes were combined

to provide ‘entire’ and ‘neutered’ groups for tisidy.

Statistical analysis revealed no significant a@ftect of incubation, for 2 hours, with
GnRH, LH or FSH on the maximal response of theaisal strips of bladder smooth
muscle to neurogenic field stimulation in eitheowp (Fig. 7-6). As with carbachol, there
was no statistically significant effect of the ageweight of the animal on the response to

neurogenic field stimulation.
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Figure 7-6. Frequency response curves to neurogeni  c field stimulation in isolated canine
urinary bladder smooth muscle strips following 2 ho ur incubation with hormones:
Control, GnRH (10ng/ml),  LH (5.0pg/ml), FSH (100ng/ml). Each point is the mean %
s.e.mean of observations from n animals. a, entire animals, n=7; b, neutered animals, n=6.
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7.3.3 Effects of Oestrogen on Detrusor Muscle Respo  nses to

Carbachol Stimulation

As presented and discussed in chapter 4, thergesesdependant contraction of the
isolated strips of bladder smooth muscle when déted with carbachol, with strips from
neutered bitches responding with significantly lesssitivity and maximal contraction
than those from entire bitches. As oestrogenimgnily a hormone of the female
reproductive cycle and as its absence is thougpliatpa role in the development of female

acquired urinary incontinence only female animadgsenused for this section of the study.

There was no statistically significant effect ofubation with oestrogen for either 2 hours
(Fig. 7-7) or 24 hours (Fig. 7-8), on the maximedponse or sensitivity of the isolated

strips of bladder smooth muscle to carbachol, timegigonadectomised or entire animals.
In addition the statistical analysis indicated tingtre was no statistically significant effect

of the age or weight of the animal on the respoosarbachol.
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Figure 7-7. Cumulative concentration response curv  es to carbachol in isolated canine
urinary bladder smooth muscle strips following a 2 hour incubation with varying
concentrations of oestrogen: Control,  3.3pg/ml, 15pg/ml,  33pg/ml. Each point is the
mean * s.e.mean of observations from n animals. a,  entire bitches, n=3; b, neutered bitches,
n=3.
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Figure 7-8. Cumulative concentration response curv  es to carbachol in isolated canine
urinary bladder smooth muscle strips following a 24 hour incubation with varying
concentrations of oestrogen: Control,  3.3pg/ml, 15pg/ml,  33pg/ml. Each point is the
mean * s.e.mean of observations from n animals. a,  entire bitches, n=3; b, neutered bitches,
n=3.

7.3.4 Effects of Oestrogen on Detrusor Muscle Respo  nses to

Neurogenic Field Stimulation

In all groups, frequency dependant contractionevediserved in response to electrical
field stimulation as previously described. As wgtrbachol, above, only bitches were
included in this study and the maximal contraa@sponse of the neutered bitches was
significantly lower than that of the entire bitchddnfortunately, due to equipment failure,
data was only available for 2 animals from eaclugroThere was no effect of either 2
(Fig. 7-9) or 24 hour incubation (Fig. 7-10) witestrogen on the response of the isolated

strips of bladder smooth muscle to neurogenic glehulation in animals of either group.
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Figure 7-9. Frequency response curves to neurogeni  c field stimulation in isolated canine
urinary bladder smooth muscle strips following a 2 hour incubation with varying
concentrations of oestrogen: Control,  3.3pg/ml, 15pg/ml,  33pg/ml. Each point is
the mean of observations from n animals. a, entire animals, n=2; b, neutered animals, n=2.
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Figure 7-10. Frequency response curves to neurogen ic field stimulation in isolated canine
urinary bladder smooth muscle strips following a 24 hour incubation with varying
concentrations of oestrogen: Control,  3.3pg/ml, 15pg/ml,  33pg/ml. Each point is the
mean of observations from n animals. a, entire ani mals, n=2; b, neutered animals, n=2.
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7.4 Discussion and Conclusion

Based upon the reported effects of GnRH analogue@®estradiol in the treatment of
acquired urinary incontinence and the observee@iffces in responsiveness of the
detrusor in gonadectomised animals in chaptertdisfthesis, this study set out to test the
hypothesis that acute exposure to GnRH, LH, FSHoasttogen may alter responsiveness
and sensitivity of isolated strips of detrusor meio muscarinic and electrical field
stimulation. From the results obtained it is pblesto see that under the study conditions

used this hypothesis was refuted.

This thesis has previously shown that neuteringrane, of either gender, causes a
decrease in sensitivity and contractility to bothsearinic and neurogenic field stimulation
(chapter 4). The observed decrease in sensitiviticontractility is similar to that
described in a proportion of post-menopausal womiegre it is thought to play an
important role in the development of urinary inénahce (Millset al, 2000) and it was
postulated that the changes in bladder contracéihd sensitivity seen in neutered canines
may play a similar role in the development of acegiurinary incontinence in the bitch.
Although there are a number of theories as to wkykhown changes in sensitivity and
contractility of the detrusor muscle occur, thegest held and most popular theory is that
changes in reproductive hormone levels post newfen post-menopause are causative
factors (Arnoldet al, 1989; Burger, 1996; Thrusfield, 1985; Zéual, 2001). In vivo
treatment of animals suffering from acquired uniacontinence with either supplemental
oestrogen or GNRH analogues to decrease LH andcBSté€ntrations has been shown to
improve continence in a number of animals (Angioket al, 2004; Janszeet al, 1997;
Reichleret al, 2003). Itis, therefore, plausible that changethese hormone
concentrations may cause changes in sensitivitpoitractility of the detrusor muscle to
stimulation via the muscarinic pathway, the primpaghway responsible for bladder
emptying (Chess-Williams, 2002), possibly by aligrmuscarinic receptor expression as

has been demonstrated in the rabbit in responsestoogen (Batrat al, 1989).

While the results of this study do not supportahiginal hypothesis, consideration must
be given to the timescale of the post-neuteringngba in both hormone concentrations
and continence, relative to the hypothesis andyatiedign. This study specifically
investigated the effects of acute (2 and 24hr) supoto altered hormone concentrations,
however, while there are acute hormonal changes afiutering, peripheral hormone

concentrations continue to change over a numberooiths (Reichleet al, 2004) and the
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development of acquired urinary incontinence cée taonths or years to manifest.
Furthermore, the responses of bitches suffering f@oquired urinary incontinence to
hormonal treatment can take weeks to fully devéfomgioletti et al, 2004; Reichleet al,
2003; Trigget al, 2001) which would suggest that chronic changespnoductive
hormones may be necessary to effect a changeponss of the tissues. Due to
experimental and ethical constraints tissue wag alofained from animals which had no
history of prior drug or hormonal treatment, theref the exposure of the bladder tissue to
supplemental hormones could only octuvitro and thus only relatively acute effects of
hormone exposure were investigatatis possible that this relatively short incubat

with hormones was insufficient to evoke any changesnsitivity and contractility that
may have been seen in response to chronic hornsbhaabes. Furthermore, changes in
responsiveness may be secondary to alterationadidér structure or receptor number
brought about by chronic hormone exposure thusitiegua prolonged time-course before
functional changes are evidentvitro. This later hypothesis is supported by repords th
chronic changes in oestrogen concentrations onenger of weeks and months can cause
structural changes to the urinary bladder in rosléfleischmaneet al, 2002) and that
chronic changes in gonadotrophin concentrationspesopause in women can cause

changes in receptor numbers within the bladder €ftad, 1998).

To test the long term influence of hormonal charaeis vitro bladder responsiveness in
the canine would require the use of animals thdtideen subjected to known changes in
hormone concentrations over a chronic time frafer. this, age-matched, breed-matched
animals, ideally littermates, would be needed lmxakome animals to be treated with
supplemental hormones over a set number of weeksnanths, whilst some animals were
used as time controls. Once treatment over thegegtaned time period was over, the
animals would be sacrificed and isolated stripdedfusor muscle from each animal
subjected to a full carbachol and neurogenic figlshulation protocol as described in 7.2.4
- 7.2.7 above. This would allow direct comparisohm vitro bladder function in
chronically hormonally treated animals and in matthontrol animals, however, this was

not feasible within the confines of this project.

In conclusion, therefore, the results of this stddynonstrate that acute incubation with
oestrogen, GnRH, FSH or LH has no effect onithétro responses of isolated strips of
canine detrusor muscle to muscarinic and neurodtitstimulation. This disproves the
original hypothesis which stated that alteratianseisponsiveness of bladder strips to the
acute addition of these hormones would occur. Hewehese results do not allow a

judgement to be made as to whether chronic expaswakered concentrations of
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hormones would affect the responsiveness of theistat muscle to muscarinic or
neurogenic field stimulation, by either causingmadtions in the structure of the urinary
bladder, or the number and distribution of receptuithin it. Further investigation into
possible causes of the decrease in sensitivity@sbnsiveness of strips of detrusor
muscle as described in chapter 4 is therefore whata
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8 MRNA Expression of M 3, M, and M3 Receptors in
the Canine Urinary Bladder — Effects of

Neutering

8.1 Introduction

The propensity to develop acquired urinary incagtice in the bitch, a debilitating and
currently incurable condition, has long been linkedieutering (Arnolcet al, 1989; Holt

et al, 1993; Thrusfield, 1985). Despite this positiwerelation, the exact aetiology and
pathophysiology of the condition in the neuteredtbremains undetermined. Itis
understood that there is a decrease in urethrali@goressure following neutering in the
bitch (Holt, 1988) and this has been consideredragpy causative factor for the
development of acquired urinary incontinence fauaber of years. It has also been
shown, however, that raising the urethral closuesgure does not result in continence in
all canines (Bartlet al, 2005), which has lead to the hypothesis thah&urfactors are
involved in the development of this condition. Trasults of chapter 4 (Cait al, 2008),
demonstrate that the detrusor muscle of gonadestuhmanines has a lowar,vitro,
sensitivity and contractility to muscarinic and ragenic field stimulation than that of
gonad intact animals and this is hypothesised mribmite to the development of acquired

urinary incontinence.

The basis for the functional change in bladderramtility in vitro is not yet fully
understood, however, a number of factors have bgpathesised to be involved including
a change in bladder structure and a change inuhmer and subtype of muscarinic
receptors present on and within the bladder widl.help address this chapter 5
investigated whether neutering was associatedchiéimges in bladder structure in terms of
changes in percentage collagen. The results deratetsthat, in the canine, neutering a
bitch results in structural changes in the bladdt, namely an increase in the percentage
of collagen present within the detrusor, but ind&@ngly that this change is not seen in the
neutered male (chapter 5). As neutering is assatiaith changes in bladder contractility
and sensitivity in both male and female caninesdhesults suggest that changes in
bladder structure alone cannot account for thergbdechanges in bladder function and

thus that an additional, separate mechanism msstoa involved.
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It is known that the muscarinic receptor effectathypvay is the primary pathway
responsible for bladder contraction and emptyimgl, that the M receptor is the principal
receptor subtype involved in normal urination (Gh@égilliams, 2002; Chess-Williamest

al., 2001; Fetschest al, 2002). Itis also known that the;Mnd M receptor subtypes
may have a minor role to play in bladder contractiohealthy individuals (Fraziest al,
2007). Studies in both rats and humans have stioatrihe receptor complement of the
bladder and the subtypes involved in normal bladdetraction can change with different
disease states (Anderssetral, 2004b); for example, following denervation of thladder
the M, receptor subtype becomes the predominant receplwype responsible for bladder
contraction (Bravermaat al, 1998b; Pontaret al, 2004). In addition, chapter 6 of this
thesis demonstrated that although therdteptor was responsible for detrusor muscle
contraction in entire canin@s vitro, it was the M receptor that was responsible for
detrusor contraction in neutered canines. Furtbegma limited study in pigs has
suggested that bladder contractions mediated mnkition of the M receptor may be
weaker than those mediated by therceptor, and that the sensitivity of the Mceptor

to carbachol may be less than that of theréteptor (Yamanistet al, 2000). Together
these results would suggest that a change in seitypnber or the ratio of muscarinic
receptors may result in altered detrusor functioh @ould therefore provide a means of

explaining the results described in chapter 4 isfttnesis.

This study will therefore test the hypothesis thate is a difference in the expression of
MRNA for the M, M, and M; receptor subtypes within the urinary bladder aftased
relative to gonadally intact canines. If this hilgsis holds true then these differences
may be involved in the decreased sensitivity andreatility of the urinary bladders of the
neutered animals to muscarinic stimulatiovitro seen in chapter 4, and may be involved

in the development of acquired urinary incontinence



Victoria A. Coit, 2008 Chapter 8, 155

8.2 Materials and Methods

8.2.1 Animals

The study was approved by The University of Glasiterinary School’s ethical review
committee. Tissue from a total of 75 canines wakided in the study. The study
population had a mean age of 5.6 + 0.7years (rafiggyears) and a mean weight of 22.6
+ 1.5kg (range 8-50kg). The canines were spld five groups depending on gender,
gonadal status and incidence of acquired urinamgritinence: entire and neutered males,
entire and neutered female, plus neutered femalesik to be suffering from acquired
urinary incontinence. The majority of canines weness bred, with no pedigree breeds
appearing more than once. In all cases, tissuecalEested within 2 hours of euthanasia
(intravenous overdose of pentobarbatone) withififiirmed owner consent, for reasons
other than scientific investigation. The majowfyanimals had been euthanized for severe
behavioural problems, the remainder for a numbelifeérent complaints, none of which
involved the urinary system. A full gross post tean of the urinary tract was performed
before tissue harvesting and any animals with @tyi©r signs of gross pathological
urinary tract disease other than acquired urinacpntinence (e.g. tumours, cystitis) were

excluded from the study.

To maximise use of tissue and enable comparisamegeba different parameters, a number
of the animals included in this study were alsduded in the studies described elsewhere
in this thesis.

8.2.2 Preparation of Tissue

Full thickness biopsies (2cm by 2cm) were colledtech the area of the bladder dome.
Samples were immediately frozen in liquid nitrogewl stored at -80°C until required for
MRNA studies.
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8.2.3 mMRNA Extraction

RNA was extracted from small samples (~1mg) ofdérotissue by addition of an
appropriate volume of ice cold TRIZdReagent (Invitrogen, Paisley, UK), usually 1.0ml,
in a 2ml LysingMatrixD tube (Q Biogene) and homogation using a Ribolyser (Hybaid,
UK) for five 30-second periods or as required fomplete disruption of tissue
architecture. To isolate and purify the mRNA oseth volume of chloroform was added
to each sample and the contents mixed by vortex8amples were then put on ice for 4
minutes before being centrifuged for 15 minutes23500rpm. The upper agueous layer
was removed, the volume noted, and transferredLtéral eppendorf tube. An equal
sample volume of Isopropanol (Sigma, UK) was addeshch sample and the tube placed
on ice for 30 minutes to allow precipitation of tm&kNA before centrifugation for 15
minutes at 12,500rpm. The centrifugation formgxtket of the RNA precipitate. The
supernatant was decanted from each sample analtbespvashed with 700ul 80%
ethanol before further centrifugation for 8 minué¢8,000rpm. The ethanol was then
decanted and the pellets dried before resuspentitie mRNA in 30ul water (BDH,
Rnase / Dnase free), 3ul of 3M NaAc (pH 7) and Gffidbsolute ethanol. Samples were
then incubated for 30 minutes at -70°C, beforerdagation for 15 minutes at 2500rpm.
The supernatant was again decanted and the sadn@dsefore being dissolved in 30ul
of water (BDH, Rnase / Dnase free). The samplee wWen placed in a water bath at 65°C
for 5 minutes to ensure the RNA was in solutiorobebeing quick-frozen to -80°C for

storage.

8.2.4 Reverse Transcription

Master mixes were used in this protocol to allowenaccurate pipetting of small volumes
of reagents. They were made fresh each day arud eslames were calculated depending

on the number of samples to be reverse transcribed.

Reverse transcription was carried out by the amdif the equivalent of 7.33ul dB

(UV treated), 0.25ul dNTPs (ABgene, UK) and 0.18ridom hexamers (Invitrogen, UK),
(all made up as a master mix), and 2.00ul of RNAgtte (protocol 8.2.3), for each
sample, to a 0.5ml eppendorf. This was heate8% 6r 5 minutes in a water bath, then
immediately chilled onice. To this were addeddheivalent of 1.00ul X5 RT buffer,
1.00ul DTT, 0.15ul RNAse inhibitor (RNAsin, Promed#) and 0.15ul M-MLV RT
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(Invitrogen, UK) (all made up as a master mix).eThixture was then incubated in a
water bath at 37°C for 50 minutes, before the emzyas inactivated by incubating at

70°C for 15 minutes. The reaction product was 8tered at -20°C until required.

8.2.5 Polymerase Chain Reaction

The polymerase chain reaction allows amplificatibspecific target sequences of DNA
using oligonucleotide primers, each complimentargrie end of the DNA target
sequence. These primers are extended in a 3tidindzy a thermo-stable DNA
polymerase in a three-step reaction involving & legnperature denaturising step (95 C),
a low temperature-annealing step (50-55 C) andxéension step (72 C).

Primers were designed with reference to informatibtained from the canine genome and
equivalent sequences in other species held witkimBank. Primers were designed to be
specific to the gene of interest and this spetyfisias verified by comparison with the
entire GenBank database using BLAST. Potentiahg@rs were checked to ensure they did
not contain sequence that would give rise to sicgmift secondary and complimentary
structures and then appropriate primers orderad MWG Biotech, UK. Primers used in
this study were between 17-28 bases long, with@®@-&C content.

PCRs were conducted using an Ampitaq Gold Kit (AggpBiosystems, UK). Briefly, for
each PCR reaction 3ul 10x buffer, 2.5u1 Mg@mM), 0.16pl taq polymerase, 0.3ul
dNTPs, primers (0.3ul each, 20pmol) and 2ul cDN#Apkate (protocol 8.2.4), made up
with 21.5ul dHO (UV treated), were mixed on ice in 0.2ml domegbid eppendorf

tubes. Samples were then loaded into a PCR exprasisine (Thermo Hybaid, UK) and
run with the following conditions: initial denatdi@n at 95 C for 3 minutes, then 35 cycles
of 95 C denaturation for 30 seconds, a primer-gfeannealing temperature for 30
seconds and then 1 minute of 72 C extension. witeal extension step of 5 minutes at
72 C was used. Non-template controls were includeall reactions to confirm that no

contamination had been introduced that could gseto false results.
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8.2.6 Gel Electrophoresis

This allows the separation of DNA or RNA productstbe basis of size and electric
charge. The DNA molecule is negatively chargedwitidnigrate through a gel matrix
towards a positive electrode. Product size cagldetrophoretically resolved by
comparison with DNA size standards. Loading buyftentaining glycerol and
bromophenol blue, was added to the PCR producBdw estimation of sample
migration. Agarose gel matrix was used in thislgtuAgarose gels were 1% unless
otherwise stated, they were prepared in 0.5x TBeb(0.045M Tris-borate + 0.001M
EDTA, pH 8.0) and heated to induce dissolutionhef agarose. While cooling, ethidium
bromide was added (1l ethidium to 100ml agaro$etg@ermit visualisation of the
DNA product under UV light. A voltage differencé 10V/cm was applied to the gel and

it was run for as long as required to induce sejmaraf the DNA fragments.

8.2.7 Purification of DNA from Agarose Gel

DNA fragments of interest i.e. bands of the estedatize, were extracted from gels and
cleaned using the GenElute Gel Extraction Kit (SigtdK). The DNA fragment of

interest was visualised under UV light, excisedrfrihe agarose gel, the gel block weighed
and placed in a 1.5ml eppendorf. 3 gel volumeSaifSolubilisation Solution were added
to each gel block and the tubes incubated at 5&°Cd minutes before vortexing briefly to
ensure complete solubilisation of the gel. A Gem&Binding Column G, one for each
sample being extracted, was then placed in a 2Melation tube and 500ul of the Column
Preparation Solution added before centrifugatiot?a®000rpm for 1 minute. The flow-
through liquid was discarded. One gel volume di%dsopropanol was added to the tube
containing the dissolved gel and the contents mixgd homogenous, before loading into
the prepared binding columns. If the volume ofgeémixture was >700ul the sample
was loaded into the column in 700ul portions. €bkimns were centrifuged at
12,000rpm for 1 minute after each loading and kbw-through liquid discarded. The
columns were then washed by the addition of 700MVash Solution and centrifuged at
14,000rpm for 1 minute. The flow-through liquid svagain discarded and the tube
centrifuged at 12,000rpm for a further 1 minuteac®washed the binding columns were
transferred to fresh collection tubes and 50ullati&n Solution added to the centre of the

membrane before incubation at 65°C for 1 minutecamdrifugation at 12,000rpm for 1
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minute. The columns were then discarded and thi&guiproducts kept on ice until

required.

8.2.8 DNA Sequencing

Sequencing of PCR products was carried out wittABBEPRISM Big Dye Terminator
Cycle Sequencing Kit (Applied Biosystems, UK). Alifipation reactions were performed
in a 0.2ml eppendorf containing 3ul Big Dye Buffépl Big Dye, 0.5ul sequence specific
primer (3.2pmol concentration, sourced from MWGtBah, UK) and 2l of purified PCR
product as template. Thermal cycling was perforiate@6°C for 30 seconds, 50°C for 15
seconds and then 55°C for 4 minutes for 25 cydexua PCR Express Machine (Thermo
Hybaid, UK).

The amplified product was purified by ethanol ppéation. To the reaction solution was
added 8ul water and 32l 95% ethanol to give d tinacentration of ethanol of 60% +
3%. This was left to stand at room temperaturel 8580 minutes to allow precipitation of
extension products before centrifugation for 30utes at 14,000rpm at 4°C. The
supernatant was then removed and the pellet wasHegDul 70% ethanol. Following
further centrifugation at 14,000rpm at 4°C for lidumes, the supernatant was removed,

the pellet dried and re-suspended in 5ul formamide.

Sequencing was performed on the ABI Prism 3100 GeA®alyser (ABI Biosystems,
USA). The sequences were viewed and text filesteceusing Chromas 2.3
(Technelysium Pty Ltd, AUS).

8.2.9 Real Time PCR

To quantify the differences in receptor mRNA expres between bladder samples, real-
time PCR was used to measure relative mRNA leve¢sach sample. For all samples a
standard housekeeping gene, actin, which is exguldasall eukaryotic cells, was used as a
standard to allow the relative quantification ohgexpression. For all experiments a non-

template control (NTC) was included to confirm thatcontamination had occurred
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between samples or been included on the platenylcontamination had been detected the

results of that plate would have been discarded.

The primer and probe sequences used for the analgse designed using Primer Express
(Applied Biosystems, UK) with sequence informatsupplied from Genbank and our
previous sequencing studies. All real time PCRprs and probes were ordered from

Eurogentec (Southampton, UK).

Real time PCRs were carried out in a 25l reactmome in a 96 well plate format. The
reaction was performed using the Amphitag GoldAgiplied Biosystems, UK). Each
sample was run in duplicate therefore the readtias performed in 31.16ulJ@ (DBH,
Rnase / Dnase free), 6ul buffer, 6ul Mg@5mM), 0.6ul dNTPs and 0.25ul Taq (made
up as a master mix). To this was added 2ul ofeeoid 1.5ul of each primer (forward
and reverse). This was then split and placedtimtoadjacent wells on the plate. The
thermal cycling consisted of an initial 7-minut€?@Xdenaturation step then 35 cycles of
95°C for 30 seconds denaturation with a 55°C amgeatep for 30 seconds, followed by
an extension step for 1 minute at 72°C. Thermeliry and fluorescence detection was
performed on a Stratagene Mx3000P machine (Agifenhnologies UK Limited,
Cheshire, UK).

8.2.10 Statistical Analysis

Results for mMRNA expression levels were analyseainatjboth age and weight using

multivariant analysis with P < 0.05 considered gigant.

Results are given as mRNA expression levels radtv-actin using the comparativerC
method (User Bulletin no. 2, PE Biosystems, UK)atdwas In-transformed prior to
statistical analysis to equalise the variance betwgroups and data compared by 2-way
ANOVA for effects of gender and gonadal statusstfmc comparisons were conducted

using Tukey’s test with a significance thresholdPof 0.05.

To examine relationships between the levels of mRIXpression of the muscarinic
receptors studied and the ability of the detrusarantract when stimulated with carbachol
(chapter 4), mRNA expression levels of each musareceptor for each animal studied

were plotted against maximal contraction of isalag&ips of detrusor muscle from that
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individual where available (as grams of tensiordpa®ed per mg of wet tissue) and tested
for a correlation using Spearman’s test with aificance threshold for P (two tailed) <
0.05.
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8.3 Results

The mean age and weight of the 75 canines includ#ds study, 27 entire males (ME),

16 neutered males (MN), 18 entire females (FERdlitered females (FN), and 3 neutered
females known to suffering from acquired urinargantinence (FN AUI) are presented in
Table 8-1. There was no statistical differencevieen the mean ages and weights of the
four groups.

ME (n=27) MN (n=16) FE (n=18) FN (n=11) FN AUI (=3

Age (years) 5.6£0.7 57%1.0 6.1%1.0 6.1£09 43%20
Weight (kg) 23.7+1.8 26.9+30 219422 2228  17.9+5.0

Table 8-1. Mean * s.e.mean values for age and weig ht in groups of entire and neutered male
and female canines (ME, MN, FE and FN respectively) plus neutered females known to be
suffering from acquired urinary incontinence (FN AU [). n=number of animals.

8.3.1 PCR for M1, My, and M3

Actin was used as the housekeeping gene, to pravissitive control for mRNA
extraction and the primers used are shown in @4de Ventricular and atrial tissue, as
well as bladder tissue, was used in initial studieshe M receptor protein has previously
been identified within this tissue in the caninbi(& al, 2004; Shiet al, 1999). The
primers that were found to be specific for the&nd M; receptors are shown in tables 8-3
and 8-4 respectively.
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-Actin
Forward Primer 5 -TCCTTCCTG GGC ATGGAATC -3
Reverse Primer 5 -GGG CGCGATGATCTTGATCT -3

Table 8-2. -Actin PCR primers

Canine M; Receptor

Forward Primer 5" —TGA CCT CAT CAT CGG TACCTT C3+
Reverse Primer 5 -ATTCTC CGT CTC CCG GTA GAT'-3

Table 8-3. M; PCR primers

Canine M3 Receptor

Forward Primer 5 -CCTGGC ATAGGT CATCTCTT -3
Reverse Primer 5 -CTC AGAGCC GATGTCTTCCTC -3

Table 8-4. M3 PCR primers.

8.3.2 Gels

PCR products were run against standard laddeite astimation of the number of base
pairs in any resultant bands. Bands of the cogstitnated sizes were seen for actin
(200bp), M (600bp) and M (500bp) using the primers above.

Bands of the expected size for the Mceptor and actin were visualised in atrial,
ventricular and bladder samples (Fig. 8-1), andlaalder samples only for the;Meceptor

(data not shown).
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Figure 8-1. Picture of a gel showing the actin ban  ds (A), standard ladder (C) and M 3 bands (D),
where a is an atrial sample, b is ventricular, c an  d d are bladder samples and e is a negative
control. B was the result obtained with an additi onal set of potential M 3 primers that were
shown to be non-specific for the target gene.

8.3.3 Sequences

To confirm that the bands observed were the recgepfanterest, the bands were excised,
purified and sequenced as described in protocalg &nd 8.2.8 respectively. The
consensus sequences for &hd M; obtained from bladder tissue (and ventriculatutsis
the case of IY) using the forward and reverse primers previodsiycribed are shown in
tables 8-5 and 8-6 respectively. When run agdiresentire BLAST database they were
found to match the predicted canine &hd M; sequences and were similar, but not
identical to, the identified Mand M receptor sequences in other speci@% homology
in the pig, 80% homology in the cow, rat and mouse).
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TGC
GCG
ATG
ACC
GAG
TCG
CCC
AGC
TCC

TCA
ACC
CCT
GCT
CCA
GCC
CGG
GGA
TCT

TGG
TCT
CCG
ACT
AGC
TGG
CCA
CAG
CCC

GCC
GGC
TCA
TCT
GCA
CCT
TCC
TGC
AAC

ACT GGGCGC TGG GCA CAC TGG CCT
TGG CCC TGG ACT ACG TGG CTA GCA
TGA ACC TGC TGC TCA TCA GTT TITG
CCG TGA CCC GGC cCcCC TGA GCT ACA
CAC CCC GCC GGGCAG CCC TGA TGA

GGC TGG TCT CCT TCA TCC TCT GGG

TCT TTT GGC AGT ACC TGG TAG GGG
TGG CCG GGC AGT GCT ACA TCC AGT
CCA TCA TC

Table 8-5. Partial sequence of M

1 receptor in the canine.

ATT
ACG
ATG
GAG
TCT
CCC
CTC
AAG
AGC

CAG
GCC
ACT
AAA
GGG
ACA
CAG
TAC
TGG

TTC
ATC
ATT
CGT
ACG
GGC
CAG
GGC
AAG

CTC AGC GAGCCC ACC ATC ACG TTC
GCT GCC TTC TAT ATG CCC GTC ACC
TTA TAC TGG AGG ATC TAT AAG GAG
ACC AAA GAG CTT GCC GGG CTG CAG
GAA GCA GAG GCC GAG AAC TT1C GTC
AGC TCT CGA AGC TGC AGC AGC TAT
CAG AGC CTG AAA CGC TCG GCC AGG
CGC TGC CAC TTC TGG TTIT GCC ACC
CCC AGC AcCC

Table 8-6. Partial sequence of M

3 receptor in the canine.
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8.3.4 Real Time PCR

Primers and probes for Real Time PCR were designidreference to the sequences
above, and those of theactin and the previously published caningigceptor (Shet al.
2004) in the BLAST database. The primers and walesigned and used in Real Time
for -actin, the M, M, and M; receptors are shown in tables 8-7, 8-8, 8-9 ah@ 8-

respectively.

-actin
Forward Primer 5 -GCCCTGAGGCTCTCTTCCA-3
Reverse Primer 5 — GGA ATT GAA GGT AGTTTC GTG AHZ3’
Probe 5 -CCTTCCTTCCTG GGC ATG GAATCC -3

Table 8-7. —actin rtPCR primers and probe.

Canine M; receptor

Forward Primer 5 -TCATCAGTTTTG ACC GCT ACTTCGTZ
Reverse Primer 5 -GGG TGTGCGCTTGGCTC -3
Probe 5 -CGTGACCCGGCCCCTGAGCTAC-3

Table 8-8. Canine M ; receptor rtPCR primers and probe.

Canine M; receptor

Forward Primer 5 -GAT GGC CTG GAG CACAACA-3
Reverse Primer 5 -ACACAGTTT TCG GTC ACA GCA T3~
Probe 5 —-TCC AGA ATG GCAAAG CCCCCAGA-T3

Table 8-9. Canine M , receptor rtPCR primers and probe.

Canine M3 Receptor

Forward Primer 5 -CTTTCT ATATGC CCGTTC ACC -3
Reverse Primer 5 -TGG TACGTTTCTCGGTCTCCT -3
Probe 5 -TGACTATTT TAT ACT GGA GGATCTA-3

Table 8-10. Canine M ; receptor rtPCR primers and probe.
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To validate the use of the reagents and allow tifgeacomparative Ct methods for
analysis of gene expression, with these primerguoambinations, the efficiency of the
amplification of the primer probe combinations veasessed with serial dilutions of the
input amount of cDNA. The results are shown in Bi@a, b and c for M M, and M

respectively.

To allow meaningful comparisons of MRNA expressod correct for differences in the
amount of tissue extracted it is necessary to els¢ive gene expression whereby the
expression of each gene is compared to a housekegene, in this caseactin, which is
known to be evenly expressed within the tissueetstbdied. To assess the suitability of
any pair of housekeeping gene and gene of intetéstjrst necessary to ensure that the
rate of amplification within the gPCR conditionsedss similar. This is achieved by
comparing gene amplification from different dilutof a stock mMRNA sample. For this,
standard dilutions of a sample using the abovegmsmand probes for-actin and the gene
of interest were made and run using Real Time P@Bol 8.2.9. If mMRNA
amplification efficiencies are equal a plot a€t versus dose should produce a horizontal
line. The results obtained using the real time P@Rers and probes foractin and

canine M, M, and M; receptors used for subsequent analysis are shrofig.i 8-3.
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Figure 8-2. Linearity assessment of mMRNA expressio  n fora., M, b, M, and ¢, M ; receptor,
using serial dilutions of input cDNA reverse transc ribed from canine urinary bladder.
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Figure 8-3. Gene amplification assessment of a, M 4, b, M, and ¢, M3 receptor against the
housekeeping gene  -actin.

The mean levels of MRNA expression fog, M, and M receptor are shown in Figures 8-
4a, b and c respectively. 2-way ANOVA indicateghgiicant effects of gonadal status on
the expression of the mRNAs for all muscarinic poes, with neutered animals having
higher expression levels than their entire couiatesp(p<0.05). There was no interaction
between the effects of gonadal status and gend#éreoexpression of mMRNA for any
receptor subtype. A significant effect (P<0.05gehder on the mRNA expression levels
for M1 receptor was also observed, with female animalgbéigher levels of expression
than their male counterparts, regardless of gorgtdtds. The mRNA expression levels

for the M, receptor for the females identified as sufferiranf acquired urinary
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incontinence were the highest of all the animathestudy and fell above the 95% CI for
the continent neutered female group (3.16- 3.20dver, this difference was not
statistically significant (fig. 8-4b). mMRNA exmson for the M and M; receptor subtypes
did not differ in the female neuters that suffefi@in acquired urinary incontinence as the
levels of expression seen in these three animiiwitin the 90% CI for the continent

neutered female groups.
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Figure 8-4. Mean (+ s.e.mean) mRNA expression for:  a, M; receptor, b, M, receptor and ¢, M 3
receptor, in entire and neutered male and female ca  nines (ME, MN, FE and FN respectively)
and neutered female canines identified as suffering from acquired urinary incontinence (FN
AUI). mRNA values are logarithmically transformed. *** P<0.001, ** P<0.01 compared entire
of same gender. $$$ P<0.001 compared to male anima Is of same gonadal status.
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Carbachol induced dose dependant contraction asthated strips of detrusor muscle
from this specific subset of animals, as was ttse ¢a the larger study population
described in chapter 4. As in the previous stutlyximal response was significantly
decreased (P<0.01) in neutered compared to eiatii@es of either gender (Figure 8-5).
Sensitivity of strips to carbachol, as measuretidny EG;, values, was also decreased in
neutered compared to entire animals (P<0.01). 2ANOVA revealed there was no
effect of gender and no interaction between geaddrgonadal status. The group of
animals identified as suffering from acquired urinmcontinence had the lowest maximal
contraction of all animals studied, although thaswot considered significant using
ANOVA analysis.

Maximal Tension Produced (g/mg)

¢ & «

Figure 8-5. Mean (x s.e.mean) maximal tension valu es (g/mg wet tissue) in response to
carbachol in isolated strips of detrusor muscle fro m entire and neutered male and female
canines (ME, MN, FE and FN respectively) and neuter ed female canines identified as
suffering from acquired urinary incontinence (FN AU I). Data is for canines for which both
maximal contraction to carbachol and mMRNA expressio n levels for muscarinic receptors are
available. ** P<0.01 compared entire of same gende r
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Statistical analysis revealed a significant negaterrelation between the maximal tension
produced by detrusor muscle strips and(Pk0.05, r=-0.362), M(P<0.01, r=-0.579) and
M3 (P<0.05, r=-0.678) receptor mMRNA expression (FéguB-6a, b and c respectively).

Multivariant analysis of the levels of expressidmirRNA for the muscarinic receptors and
the maximum tension produced by detrusor musdiessindicated no significant effect of

age or weight of the animal on the results.
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Figure 8-6. Correlation between maximal tensions p  roduced by detrusor muscle strips in
vitro in response to muscarinic stimulation and mRNA exp ression levels for: a, M | receptor
(P<0.05, r=-0.362), b, M, receptor (P<0.001, r=-0.579) and ¢, M 3 receptor (P<0.05, r=-0.678).

entire male, neutered male, entire female, neutered female, neutered female
known to be suffering from acquired urinary inconti nence.
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8.4 Discussion

This study is the first to report the presenceanf] levels of expression for, mRNA for the
M;, My and M; receptors in the canine urinary bladder. Theltesiso show that the
amplicons isolated for the canineg lsind M; receptors in this study have 100% homology
with the predicted canine sequence and are simoildre identified M and M receptor
sequences in other species90% homology in the pig, 80% homology in the cow, rat
and mouse). The results demonstrate that mMRNAesgmn of M, M, and M; receptors
within the canine urinary bladder can be quantifigdeal time PCR, relative teactin.

The present work demonstrates that mRNA for theseptors is expressed in canine
urinary bladder and that a significant relationstwgsts between levels of mMRNA
expression and tissue contractility. Furthermts, study indicates a significant effect of

neutering on MRNA expression levels for thg M, and M; receptors.

This study has shown that neutered animals hawéisantly higher expression levels of
MRNA for all three receptors than their entire denparts, regardless of gender, and that
female animals have higher expression levels pfédeptor mRNA than their male
counterparts. For those animals known to be sofjgrom acquired urinary incontinence
the levels of expression for the,Meceptor mMRNA were the highest of all animals sdd
however the expression for the lind M; receptor mRNAs were similar to that of
continent neutered animals. This study has alswdstrated an inverse relationship
between receptor mRNA expression and contracthitthe bladder to muscarinic
stimulationin vitro for all receptors, with animals known to be sufiigrfrom acquired
urinary incontinence having the lowest contragtiéihd highest Mreceptor mMRNA

expression of all animals studied.

There have been no reported studies investigatmgelationship between muscarinic
receptor mMRNA expression levels and impaired catitity of the detrusor in any species;
therefore, accurate comparisons with the resulthisfstudy are not possible. However, a
number of other studies in various species havieclb@t the expression levels of the
muscarinic receptor subtypes within the bladdesirttunctional properties and how these
expression levels and properties change in cetliagase states. This allows the formation
of hypotheses as to how the muscarinic receptoysmaaliate function in the canine
urinary bladder and also helps aid understandirthepotential significance of the

changes in muscarinic receptor mRNA expressionsdedemonstrated in this study.
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The M, receptor has been variably reported in the detmnescle of rats (Bravermagt

al., 1998a) and humans (Kondbal, 1995), however, a further study has not founs thi
receptor within the detrusor of human, rabbit,oraguinea-pig bladder (Wareg al, 1995)
and it is not considered to play a primary rolel@rusor contraction (Chess-Williams,
2002). In contrast, the Meceptor has been described as occurring on #isypraptic
nerve terminals in a number of species where theyreught to facilitate transmitter
release and enhance contraction of the bladdevéBraanet al, 1998a; Somogyet al,
1999; Somogyet al, 1994). Due to the limitations of this studysitriot possible to
determine if the MmMRNA detected in the bladder of canines is prestyoar on the
detrusor muscle itself, however, evidence fromistth other species suggest that it is
most likely to be presynaptic in origin. If thisindeed the case, it is possible that the M
receptor is up-regulated in neutered animals iateempt to facilitate ACh release and
thereby enhance contractile force of the detrusochvhas been decreased due to another,

as yet unidentified mechanism.

The results show an increase in the expressiameaitRNA for the M receptor in
neutered animals, with the incontinent animals igthe highest level of Mexpression of
all animals studied. There are no reported studiidgng at levels of Mreceptor in the
bladder of humans suffering from urinary incontioemlue to impaired contractility of the
detrusor, however Mexpression has been shown to be increased in digease states
including denervation of the bladder where theykar@wn to contribute significantly to
contraction (Bravermaat al, 1998b). The Mreceptor has been shown to dominate
within the urinary bladder in all species so fards&d (Goepeét al, 1998; Wanget al,
1995; Yamanishet al, 2000) and it is described mainly on the detrusoscle where it is
thought to play a role in bladder contraction, esdnstrated by WMknockout mice that
have decreased bladder responsiveness (Stehgkl2000). A study in pigs has shown
that the contractile response of the idceptor to cholinergic stimulation may be smaller
than that of the Mreceptor and that the sensitivity of thg Mceptor may also be less than
that of the M receptor. This could be significant in this stuidiyhe M, receptor
population is increasing to play a greater roleantraction of the bladder in neutered
animals, as suggested by the data demonstratdépier 5 of this thesis in which it was
shown that the Mreceptor is the primary receptor responsible &irusor muscle
contraction in neutered canini@svitro, then the contraction produced may be reduced in
comparison to that produced by a healthy individugh a contraction mediated by thesM
receptor. This possibility is supported by theadadbm animals known to be suffering
from acquired urinary incontinence which had thghlest M receptor expression yet the

lowest contractility and sensitivity of the bladdemuscarinic receptor stimulation.
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The M; receptor has been reported on the detrusor makeléspecies so far studied, and
is considered the primary receptor responsiblerfediating detrusor contraction in
healthy individuals (Bravermaet al, 1998a; Bravermaat al, 1998b; Chess-Williams,
2002; Chess-Williamst al, 2001; Choppiret al, 2001; Goepett al, 1998; Ikedeet al,
1999; Longhurset al, 2000; Sellergt al, 2000; Wanget al, 1995). Despite its role in
mediating contraction it has previously been regmbthat the Mreceptor does not
predominate within the detrusor (Waegal, 1995) and the results of this canine study are
in agreement with this. Due to its role in mictiom it might reasonably be assumed that
decreased contractility of the detrusor muscle ddngl accompanied by decreased
expression of Mreceptor, however, the results of this presemystiemonstrate that
decreased contractility of the detrusor musclessoaiated with an increased; KiRNA
expression in neutered canines. This apparentdpamay be due to the Meceptor
becoming dysfunctional (Eglest al, 1994), however, it is also conceivable that the
increased Mreceptor mMRNA expression demonstrated in thisysisidot reflected by
increased M protein expression as described by Braveretaal (Bravermaret al, 2006)
who reported a lack of correlation between mRNA pratein expression for this
particular receptor. It can therefore be hypothetithat the increase ingivhRNA
expression seen in neutered canines in this studycompensatory response to the
decreased detrusor contractility brought aboutrbgsyet unidentified mechanism that

may involve transcription or translation of the Mceptor itself.

In conclusion this study has shown that neuteriograne, regardless of gender, is
associated with an increase in the levels of mRbIAM;, M, and M receptors in the
canine urinary bladder. Furthermore, these reshltsv that there is a negative correlation
between increased mRNA expression of these receatal decreased contractility of the
detrusor to muscarinic stimulatiamvitro. It is hypothesised that the changes in mMRNA
expression for these receptors may be linked talévelopment of post neutering acquired
urinary incontinence and this hypothesis is sugabbly data from a limited number of
neutered female canines identified as sufferinppfequired urinary incontinence which
had the highest levels of Meceptor mRNA expression and the lowest contigctd
muscarinic stimulation of all the animals studié¢dlrther studies are required to
investigate the protein expression levels of thieseptors, as well as their function in
mediating bladder contractility before the exade iaf these receptors, and their suitability

as therapeutic targets in acquired urinary incemtie in the bitch can be determined.
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9 Neutering affects mMRNA expression levels for
the LH- and GnRH- receptors in the canine

urinary bladder.

9.1 Introduction

Urinary incontinence is a debilitating and so fagurable condition that causes significant
welfare problems for affected canines. Urinaryoimience is seen most frequently in
neutered female canines where the condition isgdratquired urinary incontinence, and
is thought to be due to insufficient urethral cl@spressure and / or abnormal bladder
storage function (Arnold, 1997; Nicket al, 1997).

The previously reporteith vitro studies have shown that neutering a canine oéith
gender leads to a decrease in maximal contraesiganse of the detrusor muscle to both
muscarinic and electrical field stimulation, as veesl a decreased sensitivity to muscarinic
stimulation (Coitet al, 2008). These decreases in contractile fundtionitro are similar

to those reported in post menopausal women wherstrtim urinary incontinence due to
impaired contractility of the bladder (Andersseiral, 2004a; Elbadawet al, 1993a; Zhu

et al, 2001). It is hypothesised that this decread#adder function may be due to, or
exacerbated by, hormone mediated effects. Iniadditcommon element between the
two identified susceptible populations is thatboth spayed bitches and post menopausal
women, there is a deficiency of endogenous gorstdadid hormones. This deficit in turn
decreases or removes the normal negative feedbdbk tiypothalamo-pituitary axis, and
results in greatly increased production and samraif GnRH from the hypothalamus
leading to increased secretion of the pituitaryagtmirophins LH and FSH (Burger, 1996;
Olsonet al, 1992; Reichleet al, 2004; Reichleet al, 2005b; Wise, 1999). The post
neutering increase in plasma concentrations of hiHESH has been demonstrated to have
a direct relationship with the development of uryn@continence in the bitcfReichler et
al., 2005a) and a recent paper has described the tlusesof GnRH analogues to
decrease LH and FSH concentrations in neuterediéeraaines suffering from acquired
urinary incontinence with a positive clinical outge i.e. clinical continence, or an
improvement in continence, during the treatmenipgefReichleret al, 2006a; Reichleet
al., 2003). This result would suggest that the ineeda the concentrations of either
GnRH and/or the pituitary gonadotrophins could loaasative factor for acquired urinary

incontinence in the bitch.
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While GnRH and the gonadotrophins are classichthyught of as reproductive hormones
of the hypothalamo-pituitary-gonadal axis, thesprece of their receptors in tissues such
as skin (Welleet al, 2006), reproductive tract, prostate and mamrgkanyd (Fieldst al,
2004; Zieciket al, 2005) as well as the urinary bladder (Ponglowhagtal, 2007b;
Reichleret al.,2007; Tacet al.,1998) would suggest more widespread actions. In
particular the presence of receptors within thaam tract could lead to local effects of
elevated GnRH and gonadotrophin concentrationstisge action and function rely upon
the presence of specific receptors, it is posshde changes in either absolute receptor
numbers or receptor-ligand concentration couldugriice the function of, or stimulate
structural changes within a tissue. In this regastudy in women has reported a decrease
in LH- receptor numbers in the bladders of postapared to pre-menopausal women
(Taoet al.,1998) and a number of recent studies in the camane reported the mRNA
levels of receptors within the canine bladder (Ponbaparet al.,2007a; Reichleet al.,
2007) but the results have been contradictory #s &ddecrease and no change were seen
following neutering in these two studies. To théhars knowledge there have been no
reported studies looking at mMRNA levels for the IBBH or GnRH receptors in the
bladders of bitches known to be suffering from aeguurinary incontinence. There have
also been no studies reported looking at the aroel between detrusor contractility, a
factor known to be involved in urinary incontiner{&¢badawi et al., 1993a; Elbadawi et

al., 1993b) and receptor mMRNA expression levels witheurinary bladder.

This study tested the hypothesis that the expnedesi®ls of GnRH-, LH- and FSH-
receptor mRNA in the canine urinary bladder willdieered by neutering and that these
changes will be most extreme in neutered bitch#ersug from acquired urinary
incontinence. Furthermore the hypothesis thaetlelt be a correlation between the
expression of the mRNAs for these receptors andmacontractility of the bladder was
tested.
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9.2 Materials and Methods

9.2.1 Animals

The study was approved by The University of Glasiterinary School’s ethical review
committee. Tissue from a total of 78 canines wakided in the study. The study
population had a mean age of 6.0 + 0.5years (rariggyears) and a mean weight of 22.7
+ 1.3kg (range 8-50kg). The canines were spld five groups depending on gender,
gonadal status and incidence of acquired urinamgritinence: entire and neutered males,
entire and neutered females, plus neutered ferkat®sn to be suffering from acquired
urinary incontinence. The majority of canines wenass bred, with no pedigree breeds
appearing more than once. In all cases, tissuecalEested within 2 hours of euthanasia
(intravenous overdose of pentobarbatone) withififiirmed owner consent, for reasons
other than scientific investigation. The majowfyanimals had been euthanized for severe
behavioural problems, the remainder for a numbelifeérent complaints, none of which
involved the urinary system. None of the animaksclin the study were receiving medical
treatment in the 7 days prior to euthanasia ane thas no evidence of previous medical
therapy in at least the month prior to this. A firfbss post mortem of the reproductive and
urinary tract was performed before tissue harvgsiimd any animals with a history or
signs of gross pathological urinary, neurologiaaleproductive tract disease (e.qg.

tumours, cystitis, pyometra) were excluded fromghaly.

To ensure best use of tissue available and to almwparisons between different
parameters a number of the animals included instioidy were also included in the studies

described elsewhere in this thesis.

9.2.2 Preparation of Tissue

Full thickness biopsies (2cm by 2cm) were colledtech the area of the bladder dome.
Ovarian tissue as well as skin biopsies, from tmikler and groin regions were collected
from a subset of animals included in the studyg asntrol for FSH receptor mRNA
expression (Wellet al, 2006). Samples were immediately frozen and dtate80°C

until required for mMRNA studies.
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9.2.3 mRNA Extraction

The same protocol as described in 8.2.3 was ustnisistudy.

9.2.4 Reverse Transcription

The same protocol as described in 8.2.4 was ustikistudy.

9.2.5 Real Time PCR

The primers and probes for the three receptor mRM&® as described by Web¢ al
(Welle et al, 2006), sourced from Eurogentech (Southampton, UK)

The protocol used was as described in 8.2.9.

9.2.6 Statistical Analysis

Results for mMRNA expression levels were analysednsgboth age and weight using

multivariant analysis with P 0.05 considered significant.

Results are given as mRNA expression levels radtv-actin using the comparativerC
method (User Bulletin no. 2, PE Biosystems, UK)atdwas In-transformed prior to
statistical analysis to equalise the variance betwgroups and data compared by 2-way
ANOVA for effects of gender and gonadal statusstfmc comparisons were conducted

using Tukey’s test with a significance thresholdPof 0.05.

To examine relationships between the levels of mRIX¥pression of the hormone
receptors studied and the ability of the detrusaantract when stimulated with carbachol
(chapter 4), mRNA expression levels of each hornreneptor were plotted against
maximal contraction (as grams of tension producgdpg of wet tissue) and tested for a

correlation using Spearman’s test with a signifesathreshold for P (two tailed) < 0.05.
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9.3 Results

The mean age and weight of the 78 canines includ#ds study, 27 entire males (ME),

17 neutered males (MN), 18 entire females (FEneiered females (FN), and 3 neutered
females known to suffering from acquired urinargantinence (FN AUI) are presented in
Table 9-1. There was no statistical differencevieen the mean ages and weights of the
four groups.

ME (n=27) MN (n=17) FE (n=18) FN (n=13) FN AUI (n=}

Age (years) 5.6£0.7 5.8+ 0.9 6.1% 1.0 6510 43%20
Weight (kg) 23.7+1.8 27.4+32 219422  21.11+3 17.9%50

Table 9-1. Mean * s.e.mean values for age and weig ht in groups of entire and neutered male
and female canines (ME, MN, FE and FN respectively) and neutered female animals known
to be suffering from acquired urinary incontinence. n = number of animals (FN AUI).

9.3.1 Validation of gPCR primer probes combinations to study

hormone receptor gene expression

To validate the use of the reagents and allow tifeeccomparative Ct methods for
analysis of gene expression, with these primerguoambinations, the efficiency of the
amplification of the primer probe combinations veasessed with serial dilutions of the
input amount of cDNA. The results are shown in Biga and b for LH and GnRH

respectively.

As in chapter 8, amplification efficiencies werdctdated for each of the receptors of

interest against the housekeeping geiaetin, as shown in Fig 9-2.
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Figure 9-1. Linearity assessment of mMRNA expressio n for a, LH receptor and b, GnRH
receptor, using serial dilutions of input cDNA reve rse transcribed from canine bladder.
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Figure 9-2. Gene amplification assessment of a, LH  receptor and b, GnRH receptor against
the housekeeping gene  -actin.
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9.3.2 Comparison of LH and GnRH receptor gene expre  ssion

between groups.

The mean levels of MRNA expression for LH and GnReéeptor are shown in Figures 9-
3a and b respectively. 2-way ANOVA indicated sigaint effects of gonadal status on
the expression of the mRNAs for both LH- and GnRideptor, whilst there was an
additional effect of gender on the expression ofreeptor mMRNA. There was no
statistically significant interaction between thteets of gonadal status and gender.
Neutering was associated with significantly (p<0.8ihher levels of mMRNA expression
for both LH- and GnRH- receptor in both gendersrtifermore, female animals showed
significantly (p<0.05) greater levels of MRNA exgs®n for LH- receptor, than their male

counterparts, regardless of gonadal status (Fignd®).

MRNA expression levels for both LH- and GnRH- rdoefor the females identified as
suffering from acquired urinary incontinence wére highest of all the animals in the

study and fell above the 95% CI for the contineutered female group, however, the
difference between the incontinent and continentered females was not statistically

significant.
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Figure 9-3. Mean (+ s.e.mean) mRNA expression for:  a, LH receptor and b, GnRH receptor,
in isolated strips of detrusor muscle from entire a nd neutered male and female canines (ME,
MN, FE, and FN respectively) and neutered female ca nines identified as suffering from
acquired urinary incontinence (FN AUI). mRNA value s are logarithmically transformed. ***
P<0.001, ** P<0.01 compared entire of same gender.  $ P<0.05 compared to male animals of
same gonadal status.

9.3.3 Real time PCR for FSH receptor mRNA

Real time PCR was performed for the quantificabbRSH receptor mRNA expression
within samples of urinary bladder. In all caseqression was found to be below the
limits of detection of the assay system. To ensaligity of the primers and probes used,
they were tested against samples of canine ovalglin as described by Welx al

(Welle et al, 2006). mRNA for the FSH- receptor was foundeatMow levels (3.22E°,

n=2) in samples of canine skin but was not detéetabsamples of canine ovary.

9.3.4 Relationship between receptor mRNA expression and tissue

contractility

Analysis of the contractility of the tissue stripps which mRNA levels were also

quantified, indicated that as shown previously (@ba4), the maximal response in
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neutered compared to entire canines of either gemas significantly decreased (P<0.01)
and the group of animals identified as sufferimapfracquired urinary incontinence had the

lowest maximal contraction of all animals studi€dy(ire 9-4).

Statistical analysis revealed a significant negati@rrelation between the maximal tension
produced by detrusor muscle strips and both LHO(B&1, r=-0.671) and GnRH-
(P<0.001, r=-0.612) receptor mRNA expression (Fég#-5a and b respectively).

Multivariant analysis of the levels of expressidmmRNA for both GnRH- or LH-receptor,
and the maximum tension produced by detrusor mssifes indicated no significant

effect of age or weight of the animal on the result
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Figure 9-4. Mean (z s.e.mean) maximal tension valu es (g/mg wet tissue) in response to
carbachol in isolated strips of detrusor muscle fro m entire and neutered male and female
canines (ME, MN, FE and FN respectively) and neuter ed female canines identified as
suffering from acquired urinary incontinence (FN AU I). Data is for canines for which both
maximal contraction to carbachol and mRNA expressio n levels for GnRH and LH are
available. ** P<0.01 compared entire of same gende r.
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Figure 9-5. Correlation between maximal tensions p  roduced by detrusor muscle strips in
vitro and mRNA expression levels for: a, LH receptor (P<0.001, r=-0.671) and b, GnRH
receptor (P<0.001, r=-0.612). entire male, neutered male, entire female, neutered
female,  neutered female known to be suffering from acquire d urinary incontinence.
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9.4 Discussion

Bladder contractility is thought to play a signéid role in the development of clinical
signs of urinary incontinence (Anderssetral, 2004a). The results presented in chapter 4
(Coit et al, 2008) showed that the maximal contractile resp@msl sensitivity of isolated
strips of detrusor muscle to muscarinic and neurimggtimulation is significantly
decreased in neutered compared to entire canirethef gender and the same result was
seen in the subset of animals for which tissueprasessed for mRNA comparison in this
study. These results are similar to those of wowlen suffer from urinary incontinence
due to impaired contractility of the bladder (Elbadet al, 1993a), a condition known to
cause decreased speed and magnitude of detrusoactooms during the emptying phase
of micturition, often leading to residual urineartion, shortened storage phase and
predisposing the patient to cystitis (Resretlal, 1987). Although impaired bladder
contractility has been implicated in urinary indoaehce, the exact mechanisms
responsible for its development have not been tegorThis study tested the hypothesis
that changes in reproductive hormones and theéptecs post neutering may alter the

contractility of the bladder.

The possibility that gonadotrophins could influemt&dder function was first suggested in
a study which showed that postmenopausal women ardmost likely to suffer from
urinary incontinence, had lower numbers of LH mRti&nscripts and receptors in their
bladders than their premenopausal counterpartsé€faly 1998). As postmenopausal
women have a similar hormonal profile to neuteradimes and as both post-menopausal
and post-neutering urinary incontinence are thotgbe hormonally related, it follows
that a similar aetiology and pathophysiology mak Iboth conditions. These results
clearly show that neutering a canine, regardleggntier, significantly increases levels of
MRNA expression for both LH- and GnRH- receptord #rat, in general, female animals,
regardless of gonadal status have higher levaisRXIA expression for these receptors
than their male counterparts. Although the redolt$emale canines are in contrast to the
study by Tacet al. the results of this present study include age hest@roups of healthy
entire and neutered animals as well as those knowe suffering from acquired urinary
incontinence. The study by Tabal compared women of two distinct age groups, thus i
is not possible in that study to dissect out tlividual effects of age or menopausal status
on LH receptor mMRNA expression and as a numbeatémits in both groups suffered
from urinary incontinence, it is not possible taedenine if the observed decrease in LH

receptor mMRNA expression was linked to predispmsito urinary incontinence. In
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addition it should be noted that there are multipfees of urinary incontinence recognised
in human medicine hence the observation of incentie in both pre and post menopausal
groups. Thus more detailed analysis of the huméanwauld be required wherein patients
were separated into subgroups based on the typenairy incontinence in addition to their
menopausal status. The results of the currenyshavever, interestingly, suggest that
LH- receptor mRNA may actually be increased in aigsuffering from acquired urinary
incontinence relative to their continent countetpai hese findings support the hypothesis
that gonadotrophins have a role in the pathophygichl mechanism that leads to post-

neutering urinary incontinence in the bitch (Regcldt al, 2003).

The present findings of canine receptor mRNA leMedsvever, contrast with those
reported by Reichlest al. (Reichleret al, 2007) and Ponglowhapa al. (Ponglowhapan
et al, 2007a) as they reported either no change or i@adse in mMRNA expression for LH
and GnRH receptors in neutered canines, respectiié¢iese differences in results may
reflect differences in the study populations andditions. In both of the studies by
Reichleret al.and Ponglowhapaegt al.a substantially smaller number of animals were
used which may affect the results obtained. Intandin the study byReichler et althe
groups were not age matched and included enticedstin varying stages of the oestrus
cycle, which, if bladder hormone receptor exprassanfluenced by changes in the
reproductive hormones as hypothesised, could sgnifly affect the results obtained,
however, oestrous cycle stage was not includeldrahalysis. Thus the small sample size
and increased variation may have prevented statisibservation of an effect of neutering
on LH receptor mRNA expression. The study by Powbhparet al was conducted

using animals that had been neutered for a relgtsreort time (24-40 weeks). As it has
been shown that plasma concentrations of FSH anddritinue to increase until week 42
post neutering (Reichlet al, 2004) and that some structural changes may hateoaic
time course (Fleischmaret al, 2002) it is possible that the decrease in recapiRNA
expression in that study reflect more acute changiegeed it could be hypothesised that if
receptor mMRNA was produced at a relatively condtardl that it should be inversely
related to protein expression and thus a decreasepression could be seen initially as
receptor number increases in association with istevithdrawal, but then levels increase

as receptor down regulation results in decreaselation.

A further difference between this study and thatabet al and Ponglowhapaet al is
that this study uses real time PCR techniques frneh frozen tissue to quantify mRNA
expression levels, whilst the former two studiesduis situ hybridisation techniques with

formalin fixed, paraffin-embedded tissue. It iolm that degradation tdrget nucleic
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acids occurs during formalin fixation and para@mbeddingrocedures (Goelet al,
1985; Ruppet al, 1988), and that artificial mutations can occuil{fams et al, 1999),
which would affect analysis (Mc Sherey al, 2007).

The changes in expression of mMRNA for LH- and GniRédeptors observed in this study
could support a role for altered expression of GiRHeceptors in the development of
acquired urinary incontinence in the neutered bitiths worthy of note that increases in
LH and GnRH receptor mRNA expression also occuimghe bladders of neutered male
canines, however, which do not typically becomeiriment. The magnitude of the
increase in expression for both receptor mMRNA g ¢iowever, was smaller than in the
females in association with neutering and the fieels of expression were only
marginally above those of entire female canine<kvhiso rarely become incontinent, thus
it is possible that there is a threshold effedhe Tase for a threshold level of LH- and
GnRH- receptor expression, above which urinarymtioence is more likely to develop is
supported by the fact that the three animals irezddud the study that were known to be
suffering from acquired urinary incontinence (autered females) had the highest

observed LH- and GnRH receptor mRNA expressionl¢eve

The exact role of the LH receptor in the urinargdaler has not yet been described. It has
previously been reported that plasma concentratbh$l increase in both post
menopausal women and in neutered canines (Owtrig 1999; Reichleet al, 2004),

but that LH in both populations is still releasadiipulsatile manner. It is also known that
these two subsets of their respective populatioasrere prone to developing urinary
incontinence. This present study has shown thatenag causes an increase in mRNA
expression levels for the LH receptor in the canineary bladder and that these
expression levels are highest in bitches knowretsuifering from acquired urinary
incontinence. It has also been shown that maxil@alder contractility is decreased in
neutered animals and is lowest in bitches suffefiogn acquired urinary incontinence and
that there is a direct inverse correlation betwaadder contractility and mRNA
expression levels for LH. It therefore follows tiiae increase in mMRNA for the LH
receptor may be implicated in the decrease in aotility of the detrusor muscle, either
directly or via interactions with another mechanigmssibly involving the muscarinic
receptor effector pathway, the primary pathway ived in bladder contraction (Chess-
Williams, 2002).

The exact role of the GnRH receptor within the anjnbladder has not been characterised

in any species. However, based on a recent shadyéported increases in bladder
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threshold volume following administration of GnRHadogues to neutered continent
bitches it has been hypothesized that it may hawéean determining bladder function
(Reichleret al, 2006a). This could occur if GnRH receptor expi@s modulated the
bladders sensitivity to muscarinic stimulation tieet the bladder threshold volume,
possibly via the sympathetic nervous system wherekshas been shown to act as a co-
transmitter in cholinergic nerve terminals (dral, 1983). As a direct receptor-mediated
effect of GnRH on smooth muscle cells of the gasttestinal tract has also been
demonstrated in rats (Chehal, 2004), it is plausible that GnRH could exert direffects
on the detrusor smooth muscle in canines. Thistigsis is supported by the data
contained within this study where a decrease witro detrusor muscle sensitivity to
muscarinic stimulation was seen in neutered camimesn GnRH receptor mMRNA
expression levels were found to be high. Thusijrtbeease in GnRH- receptor expression
could be associated with a decreased sensitivitigeotietrusor which would allow further

relaxation of the bladder and increased capacity.

While two other studies (Ponglowhapainal, 2007b; Welleet al, 2006) have reported
FSH mRNA expression in the canine bladder the atistidy does not document
significant levels of mMRNA expression. The reafmrthis difference could be
methodological, as Ponglowhapeinal (Ponglowhapamt al, 2007b)usedin situ
hybridization whilst this study used real time P@Rhniques. Alternatively it could be
related to differences in the FSH mRNA sequenced.uhis present study used the same
primer and probe sequences published by Wl (Welle et al, 2006) and
unsurprisingly the results are more similar to hoEWelleet althan Ponglowhapaet al

To verify the results of the present study the gmes of FSH mRNA in both the ovary and
skin was examined as positive controls (Minegethal, 1997; Welleet al, 2006). The
results of this present study supported the restiNgelleet al but the lack of expression

in the ovary which is known to be sensitive to F&ition would suggest that this primer
probe combination is picking up a non reproduck®H receptor isoform. Indeed, FSH is
known to express multiple isoforms (Zambratal, 1999) therefore it is a possibility that
the primers and probes used in this study andofi\atelle et al (Welle et al, 2006) were
designed against part of the mRNA sequence of &hrE8eptor isoform that is expressed
in skin but not in the bladder. Thus, at this paitnis not possible to make any definitive
conclusions with regard to the effects of neutedndg=SH receptor mRNA expression

within the bladder wall.

In conclusion this study has shown that neuteringrane, regardless of gender, is

associated with an increase in the levels of mMRBIA_LH- and GnRH- receptors in the



Victoria A. Coit, 2008 Chapter 9, 190

canine urinary bladder, and that female animatmndless of gonadal status have higher
LH/GnRH receptor mRNA expression levels than makegurther novel observation
shown by this study is the positive correlationnmn increased mRNA expression for
LH- and GnRH- receptors and the negative corraidbietween expression of these
receptors and contractility of the detrusor to nawisgc stimulationin vitro. It is
hypothesized that the changes in mMRNA expressiohdth GnRH- and LH- receptor may
have a role to play in the development of posterug acquired urinary incontinence and
this hypothesis is supported by data from a limitachber of neutered female canines
identified as suffering from acquired urinary intioence which had the highest levels of
LH- and GnRH- receptor mMRNA expression and the Biwentractility to muscarinic
stimulation of all the animals studied.
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10 Thesis Overview

Canine acquired urinary incontinence is known t@alédespread problem in a variety of
countries around the world, with up to 20% of autered bitches affected, compared to
less than 1% of entire bitches and male caninesdldet al, 1989). The condition can be
severely debilitating and can lead to a numbeudhgr problems and complications
including urine scalding, skin infections, secondaacterial cystitis and even sepsis and
death (Hotston Moore, 2001). The development qlimed urinary incontinence in a
bitch prompts welfare considerations, and presgfitsancial burden to the owner who, in
addition, is often required to make lifestyle chemtp accommodate their pet’'s needs.
This can all lead to the difficult and emotionaitgumatic decision to have the affected

animal euthanized.

Although acquired urinary incontinence in the carivas been recognized for a number of
years, the exact pathophysiology of the conditemains unknown. Furthermore,
regardless of advances in diagnostic and surgichhiques and the development of new
pharmacological therapies, it is still impossildeaffect a long term cure for this disease
due to either diminishing of the surgical effecaaiefractory response to pharmacological
therapy seen over time (Angioledti al, 2004; Arnold, 1997b; Holt, 1990; Hotston Moore,
2001; Janszeat al, 1997; Mandigerst al, 2001; Reichleet al, 2006).

It has been shown that neutering a bitch is diydictked to the development of acquired
urinary incontinence, and it has also been dematestrthat it is not mechanical damage of
the urinary tract during this procedure that letadhe development of the disease
(Gregory, 1994). Further studies have shown aigesiorrelation between increasing
normal adult body weight of a bitch and the develept of acquired urinary incontinence,
as well as between obesity and the developmensewetity of the disease (Arnodd al,
1989; Holtet al, 1993); this latter relationship is likely to b&ee more important as the
number of obese pets in our society rises. Treagsd a positive correlation between tail
docking and the disease, likely due to damageehtrves that leave the sacral spinal
cord during the procedure (Hdat al, 1993), although this is likely to play a decregsi
role now that tail docking for cosmetic reasonstmesn banned in the United Kingdom

and elsewhere.

It has been reported that neutering a bitch lemdsdecrease in the resting urethral tone
(Gregoryet al, 1996; Holt, 1988; Reichleat al, 2004; Rosiret al, 1981). This decrease
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in tone can in turn lead to clinical signs of uripacontinence as the urethra is no longer
able to overcome any increases in pressure witlgiladder, such as when the animal lies
down or sneezes (Gregoey al, 1996; Rosiret al, 1981). Although there is no doubt that
this decrease in urethral tone has a role to pldlge development of acquired urinary
incontinence in the bitch, it is not a defining ceristic of the disease, as increasing the
urethral tone will not restore continence in atthes and some bitches will regain

continence without an increase in their urethrasete pressure (Reichlet al, 2006).

As the urethra may, therefore, not be wholly resgda for the development of acquired
urinary incontinence in the bitch | hypothesizeattbther factors may be involved. It has
long been recognized that acquired urinary incemme in the bitch is linked to
gonadectomy and the resultant changes in repraguctirmones that this entails (Helt
al., 1993; Thrusfield, 1985). This is similar to aurderstanding in those women who
develop urinary incontinence post menopause (Tabat, 1998) where the hormone
status is similar to that of a neutered bitch. aAsiown cause of urinary incontinence in
post-menopausal women is the bladder and the stal@nd functional changes that can
take place within it (Abramet al, 2002; Andersson, 2003; Holroyd-Ledeical, 2004b;
Thomet al, 1998), | hypothesized that changes at the leMeobladder, in terms of
bladder contractility, structure and receptor campht, may also have a role to play in the

development of acquired urinary incontinence intiteh.

Although there have been no reported urodynamitiessuin bitches to determine the exact
role of the bladder in the overt clinical signsuoihary incontinence, anecdotal evidence
exists to support a role for this organ. Whilg thost common presentation of acquired
urinary incontinence in the bitch is that she ursoiously loses urine whilst asleep
(Arnold, 1997a), a proportion of owners report ttegtir animal gets very agitated
immediately before the incontinent episode and begeen to try and get to their usual
toileting place, often getting ‘caught short’ befdhey make it. This is similar in
presentation to women who suffer from urge incarite who find the sudden onset of the
urge to urinate discomforting and who may not reashitable place to urinate before
unconscious leakage of urine occurs (Holroyd-Leelual, 2004a) and therefore suggests
that the bladder may have a role to play in acquimgnary incontinence in a number of

bitches.

The aim of this thesis was therefore to investigatether functional, structural and
molecular changes occur within the bladder of ansapost neutering that may lead

female canines to develop urinary incontinenceis Was achieved via a number of
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methods includingn vitro tissue bath experiments to determine if neuteaiteyed the
maximal contractile response and sensitivity ofated strips of canine detrusor muscle in
response to both muscarinic and electrical figlddation in both male and female
canines. Males were included as they undergoairhdrmonal changes post neutering
but few develop urinary incontinence. The studiss included a small number of
neutered female canines known to be suffering faonuired urinary incontinence.
Studies then explored the mechanisms that migheniedhe changes seen in these initial
experiments. This included the pharmacologicatattarization of the muscarinic
mediated response of the tissue strips, as welbasidering the effects of short-term
incubation of bladder smooth muscle strips withreepctive hormones. Further studies
included morphometric analysis of the canine usirdadder to determine changes in
percentage collagen within the bladder post-naugervhilst the mRNA expression levels
for the muscarinic receptors and for hormonal rearspwithin the bladder wall were also

investigated.

The initial studies into the effects of neuteringtbein vitro responses of canine detrusor
muscle strips to carbachol and electrical stimafashowed a significant effect of
neutering on both maximal response and sensitdfitie strips to muscarinic stimulation,
and the maximal contractile response seen to &atfield stimulation. The studies
showed that neutering a canine of either gendeitezsin a lower maximal contractility
and sensitivity of the detrusor muscle strips tthlmarbachol and electrical field
stimulation. It was also shown that the few angrkadown to suffering from acquired
urinary incontinence at the time of the study Hallowest maximal contractile response
of all the animals studied and that there was #&ipesorrelation between the maximal
contractile response to carbachol and electriedd Stimulation in all animals. This later
correlation was to be expected as both carbaclibébattrical field stimulation are known
to act via the muscarinic pathway (D'Agostetoal, 1989). Although the decrease in
response is seen in both male and female canirekribwn that female canines are at
significantly greater risk of developing urinancomtinence. This is thought to be due to
the differences in the anatomy of the lower urinaagt in males compared to female
canines, as male canines have a significantly longghra which passes through the
penile structures leading to a higher urethralwlegressure which is exerted over a much
greater length (Dycet al, 2002) . This suggests that decreased respoasesrsneutered
animals may be involved in the development of asgliurinary incontinence in the bitch,

and suggest a functional role for the bladder endisease process.
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It is probable that the decreased responsesisegno are mimickedn vivo, in which

case they would be expected to be responsibl@fzer magnitude contractions of the
bladder which may be insufficient to empty the blidfully leading to small residual
volumes of urine post voiding and the propensitgdwelop cystitis. This change in
contractility post steroid loss is similar to tmeported in a subset of women suffering
from urinary incontinence due to impaired contiagtof the bladder (Elbadawet al,
1993a; Resniclet al, 1987). Although many women who suffer from ungeontinence
may have impaired contractility of the bladder (Rek et al, 1987), a proportion of these
women also suffer from detrusor overactivity whids been reported to cause an increase
in response to carbachol stimulatiorvitro (Stevenset al, 2007). As the canines known
to be suffering from acquired urinary incontinemt¢his present study had decreased
responsiveness it may be that the post-neuterinigedladder is more akin to that of
women suffering from impaired contractility of tbladder than those with detrusor
overactivity although, more animals need to beistlibefore firm conclusions can be

drawn.

Although both carbachol and electrical field stiatidn are known to act via the
muscarinic pathway (D'Agostinet al, 1989; Ranget al, 2007) it has been shown in other
species that part of the response to electriclal §iémulation can be mediated via the non-
adrenergic, non-cholinergic system (Anderssbal, 2004). Further studies in canines
were therefore conducted to look at the non-adggoienon-cholinergic system and to
determine if this was altered in neutered compéoeaghtire canines. These studies
demonstrated that there is a non-adrenergic, nohirengic mediated portion to the
contractile response in the canine, and that thpgstion it contributes lies between that of
the rat and human (Anderssehal, 2004). The proportion it contributes in the ceni

does not alter significantly between neutered aritleeanimals; however, there is a trend
towards neutered animals having a greater non-ady&n non-cholinergic component of
contraction than their entire counterparts. Ttesd is similar to that seen in human
patients suffering from bladder outlet obstructzmm detrusor overactivity (Anderssen

al., 2004b) thus supporting the original hypothesa #tated that gonadectomised animals
would have a significantly higher proportion of ttentractile response mediated by the
non-adrenergic, non-cholinergic system. Although trend may have a minor role to
play in the decreased contractility of the bladsksn in neutered compared to entire
canines it is probable that alterations in the ratis@ receptor or receptor/effector

pathway have the greatest influence on bladderactiitty post-gonadectomy.
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As all muscarinic receptor subtypes are expresséuki bladder wall and as it has been
reported that the functionally important subtypae ba altered in disease states (Chess-
Williams, 2002) | then undertook both pharmacolagicharacterization studies to
determine the muscarinic receptors responsiblénfin vitro contraction to carbachol and
molecular studies to determine the amount of exgwasof the different muscarinic
receptor subtype mRNAs within the canine urinagddler wall. Pharmacological
characterization of the muscarinic receptor suldypeng pirenzepine, methoctramine and
4-DAMP, selective antagonists of the W, and M; receptors respectively (Caulfiedd

al., 1998), demonstrated that although therdteptor is mainly responsible for bladder
contraction in entire animals, the;eceptor appears to dominate in neutered aninfeds.
this is the first study to investigate effects ohgdectomy on the muscarinic subtypes
mediating bladder contraction it is not known itfinding is unique to the canine or if it
is repeated in other species. It has been repbytedhie group studying micturition in the
obstructed rat bladder that there is a shift frogitdM, in this disease state (Bravermeain
al., 1999; Bravermaset al, 2003; Bravermaet al, 2006), however, another group
studying a similar model could find no evidenceévfreceptor involvement (Krichevsky

et al, 1999), possibly due to differences in experimietetzhniques and animal numbers.
This is similar to the picture in humans where greup claimed a role for the Meceptor

in patients suffering from neurogenic overactivofythe bladder (Pontagt al, 2004),

whilst another group concluded that only the iélceptor was responsible (Stevensl,
2007). These conflicting results may be due tted#hces in experimental design, low
patient numbers and individual variation in patsehanimals, as well as in disease state. It
is therefore plausible that the shift towards therdteptor seen in the neutered canines in
this study may be involved in the decreased bladdetraction seeim vitro and in the

development of acquired urinary incontinence inghgine.

It has been demonstrated that therbteptor does have a role to play in bladder
contractionin vitro in some species as shown by the decreased regpoess of detrusor
muscle strips to muscarinic stimulation seen inkidlock-out mice (Stengeit al, 2000).
This is further supported by a rodent study thantdied both the Mand M receptors as
being involved in bladder contraction (Frazétral, 2007). This work is complemented
by a study in anaesthetized rats that has demtestaain vivo role for the M receptor in
mediating bladder contraction (Hegeleal, 1997). As the contractions mediated by the
M. receptor are postulated to be weaker than thoskated by the Mreceptor, at least in
pigs (Yamanishet al, 2000), it is possible that the shift from the Mceptor to the M
receptor as seen in neutered canines in this gresety is responsible for the decreased

contractile function seen.
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Although a role for the Mreceptor in mediated bladder contraction has bleemonstrated
the exact mechanism by which it affects this respdms not been reported. It has been
postulated that the Meceptors may mediate smooth muscle tone undeiitams of high
sympathetic activity (Egleat al, 1994) whereby the activation of the, kMceptors
effectively switches off the sympathetic inhibitonechanisms mediated by the
adrenoceptors leading to improved contraction anptging of the bladder. This is
hypothesized to occur via activation of a GTP bigdbrotein associated with inhibition of
adenylyl cyclase (Bravermaet al, 1999; Hegdet al, 1997). Although specific
muscarinic receptor subtypes appears to prefelgnt@uple to particular G proteins there
does now appear to be considerable promiscuitigisncoupling mechanism (Tucek al,
2002). This means that depending on the parti@dttype and the biochemical state of
the cell a single subtype of receptor may be abtouple with several different types of G
protein, meaning that a single receptor could medianumber of cellular signaling
pathways to effect differing responses (Tueglkl, 2002; Wanget al, 1995).

Traditionally the M receptor has been thought to couple with thel&s of GTP binding
proteins, however it has been shown, in the hunhaahdier, that they can also bind to the
G class of proteins (Wangt al, 1995), the same class of G proteins that theddeptor
classically binds to (Ranet al, 2007). It therefore follows that differentialugging of the
M3 receptor to different G proteins may alter iteetfon bladder tissue and may allow it
to assume the role of primary muscarinic recemsponsible for bladder contraction in

certain disease states, potentially including aeguurinary incontinence in the canine.

Although, as previously stated, the; kceptor is considered the primary receptor
responsible for bladder contraction in healthywdiials it is the M receptor which is the
most numerous muscarinic receptor within the bladdall species so far studied (Chess-
Williams, 2002). The results for mRNA expressiend|s obtained in canines in this study
are in agreement with this, although the ratio @ M3 receptors is slightly lower than
that of other species studied at 1.5:1, compar@&dltan the human and 9:1 in the rat
(Chess-Williams, 2002). These differences mayaotfinter-species or subject differences
or variations in protocol and methodology, howetee, functional role of the Mand M
receptors in rats and humans appear to be sinrmithrmamic that found for healthy entire
canines in this study.

The mRNA expression levels for the, MM, and M; receptors, regardless of gender, were
shown to be increased in neutered compared teeearditines in this study. The expression
levels for the M receptor were also shown to be highest in neutieradle canines known

to be suffering from acquired urinary incontinen¢eirther analysis showed a significant



Victoria A. Coit, 2008 Chapter 10, 197

negative correlation between expression levelsRN#A for the muscarinic receptors and
maximal contraction of the bladdervitro to muscarinic stimulation. Taken with the
results from the pharmacological characterizatibthe muscarinic receptors which
showed a shift towards the,Meceptor in mediating bladder contraction in neade
animals these results are significant. It has lsbemvn in rats suffering from denervation
of the bladder that the expression of therteptor is enhanced in certain disease states,
and this model also demonstrated the significantrdmuition of the M receptor in

mediating bladder contraction (Bravermetral, 1998b). The increased amount of mMRNA
for the M, receptor in the canine may therefore be involvethé increased role of the
receptor in the function of the bladder and, if neiked by changes in receptor protein,
may provide the basis for a potential therapeatigdt for treating acquired urinary

incontinence in the bitch.

Considering the finding of the pharmacological etserization study showing the shift
from M3 to M, receptor in neutered canines it may have beengbeeithat the expression
levels for the M receptor would decrease in the neutered compareditire canines,
however the results of this study show the oppdasiteccur. This seemingly contradictory
set of data may be due to a number of factors,dteg the possibility that the increased
M3 receptor mRNA is not accompanied by an increasiearivi receptor protein, possibly
due to alterations in translation of the genehak been shown in a recent study in rats that
the mMRNA expression and protein levels for thisc#pereceptor may not be correlated
(Bravermaret al, 2006), therefore further studies to investigategin levels of the
muscarinic receptors in the canine are warranked. also plausible the increased
expression of the Mreceptor mMRNA seen in neutered canines is a cosapety response
to the decreased detrusor contractility broughuaibg an as yet unidentified mechanism

that may involve the Mreceptor itself.

As the functional role of the Meceptor in the canine bladder cannot be estagulifiom

the studies so far conducted the significance @ihreased expression levels of mMRNA in
neutered canines cannot be ascertained. It is kilo&t the M receptor is usually found

on pre-synaptic nerve terminals where it is though&cilitate neurotransmitter release
(Bravermaret al, 1998a; Somogyet al, 1999; Somogyet al, 1994). If this is the case in
the canine it is possible that the kceptor is up-regulated in neutered caninesdititése
transmitter release and thereby increase the aitgéréorce of the bladder, however the

contribution of this role, if it exists, is likelp be small.
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Although it has been demonstrated that the primatiiway responsible for bladder
contraction is the muscarinic pathway, it is pogstbat changes to other receptors and
pathways may also modulate bladder contractiometbee may be involved in the
decreased contractility of the canine detrusasitro seen in neutered animals. It has been
a long held hypothesis that changes in the sex desiof a bitch post neutering lead her
to develop acquired urinary incontinence (Arnetdal, 1989; Stenbergt al, 1995; Thom

et al, 1998; Thrusfield, 1985), and a similar hypothgesigolving changes in gonadal
steroids, has been considered in the developmanirary incontinence in post-
menopausal women (Stenbeaxigal, 1995; Thonet al, 1998). Post-menopause and after
neutering there is a significant decrease in catidy endogenous oestrogen and this has
been hypothesised to be a causative factor indkieldpment of urinary incontinence in
both the bitch (Fincet al, 1974) and woman (Freedman, 2002). This decriease
circulating oestrogen following menopause / gontatay is also known to interrupt the
feedback mechanisms that act at the level of tpethpalamus and pituitary gland to
regulate the secretion of gonadotrophin hormonedimg to an increase in the secretion of
both FSH and LH (Burger, 1996; Olsenal, 1992; Reichleet al, 2004). It has been
hypothesized that this increase in gonadotrophiag be partially responsible for the
development of urinary incontinence in both theimariReichleret al, 2004), and woman
(Taoet al, 1998), and studies have demonstrated the presémeeeptors for the
gonadotrophins in the urinary bladder (Ponglowhagtaal, 2007a; Reichleet al, 2007,
Taoet al, 1998). Further support for this indirect effetsteroid removal is provided by
a recent study in neutered canines suffering froquied urinary incontinence which
reported that administration of GnRH analoguesh sscto decrease serum LH and FSH
levels, aided continence (Reichkdral, 2006). Part of this thesis therefore lookedat t
effect of neutering on the expression levels of MRbdr the FSH, LH and GnRH
receptors in the canine urinary bladder. Althoagbther study has reported the FSH
receptor in the canine bladder (Ponglowhagial, 2007b) it was not consistently present
at detectable levels in this study. The levelbaith GnRH and LH were detectable
however, and expression levels of mMRNA for botltheke receptors, relative teactin,

were increased in neutered canines of either gendkis study. This is in contrast to
other studies in the canine that showed eithethamge in these receptors (Reicldeal,
2005), or a decrease in their expression in nedifgitehes (Ponglowhapaat al, 2007a).
The differences in results between studies mageefl number of factors including small
sample size, time from neutering to sampling, difig stages of the oestrus cycle in the
entire bitches included as controls, as well alsrtegie used. This present study used real

time PCR techniques with fresh frozen tissue, h@wéve other studies have used in situ
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hybridization techniques with formalin fixed, padmfembedded tissues which is known to
allow degradation of target nucleic acids (Gatlal, 1985; Rupget al, 1988) and

artificial mutations to occur (Williamet al, 1999), affecting analysis (Mc Sheeyal,
2007).

It is possible that the changes in expression oNWRor both LH and GnRH receptors
observed in this present study may be involvethéndecreased bladder contractility seen
in vitro as further analysis showed a negative correldt&ween increasing mRNA
expression levels and decreasing contractilityis Tilgpothesis is supported by the data
from the neutered female canines known to be sofjdrom acquired urinary
incontinence that not only had the lowest contliacthut also the highest expression
levels for both the LH and GnRH receptors. To stigate this, further studies were
conducted to determine the effects of short ternitro incubation with LH, FSH, GnRH
and oestrogen on the responses of strips of detnugscle to muscarinic stimulation.
These studies could find no significant effecttage hormones on either maximal
contractile response or sensitivity of the detrusanuscarinic stimulation. This may be a
reflection of then vivo system, suggesting that although there may begelsan the
MRNA expression levels for some of these hormooept®rs within the bladder these do
not produce functional changes. It is also corai@®, however, that functional changes
within the bladder take considerably longer to d@yehan the constraints of this study
allowed, as demonstrated by the fact that the resgmof bitches suffering from acquired
urinary incontinence to hormonal treatment can ta&eks to fully develop (Angioletét

al., 2004; Reichleet al, 2003). Furthermore, changes in responsivenegdma
secondary to alterations in bladder structure ceptor number brought about by chronic
hormone exposure over a number of weeks or motiths,indicating that prolonged
exposuran vivowould be required before functional changes ag@sevitro. This is
supported by reports that chronic changes in agstraoncentrations can cause structural
changes to the urinary bladder in rodents whichlayaght to contribute to alterations in
bladder function (Fleischmarat al, 2002).

The structural changes seen in the urinary blaishdexdents (Fleischmanet al, 2002) are
also seen in women where they are thought to dwrigito urinary incontinence. In post-
menopausal women suffering from both impaired @niiity of the bladder and
idiopathic detrusor instability there is an incre@dsollagen to smooth muscle ratio
(Elbadawiet al, 1993a; Elbadawet al, 1993b) which is hypothesized to alter electrical
conductivity within the smooth muscle bundles @& tiadder and therefore alter the
contractility of the muscle (Charltaet al, 1999; Cheret al, 2002). As it is known that
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women suffering from impaired contractility of tbeadder can have decreased responses
to muscarinic stimulatiom vitro, as reported in this canine study, it was hypodeelsthat
similar changes may occur in the bladder of nedteamines. This was proven to be the
case in the female canines studied, however, tgethesis did not hold true for neutered
male canines that had the same collagen perceasaiipeir entire counterparts. As this is
the only reported study looking at collagen peragatwithin the bladder of
gonadectomised males of any species, it is not kribthe changes seen are particular to
the canine or if they are representative of theergahder as a whole. Regardless of this,
the changes in percentage collagen seen in thdg sannot be wholly not responsible for
the decreased contractility of the canine bladdenm vitro, as the decreased contractility
occurs in neutered canines of both genders, wthigsincrease in percentage collagen is

unique to the neutered female.

This observed increase in collagen within the bémddall of the neutered female canines
appeared to occur both within and between the raumahdles that make up the detrusor
muscle. This has the potential to decrease theamditity and elasticity of the detrusor

and / or affect bladder compliance, in turn affegtine bladder’s ability to relax and
expand to store urine, a feature of the bladdeckvhas been linked to urinary retention
and incontinence in the human (Cletral, 2002). An increase in percentage collagen has
also been reported in the wall of the urinary bkxdaf women with detrusor instability,
where it is associated with an altered sensorskioie for cholinergic stimulation of the
bladder (Charlton et al., 1999). Itis also hygsiked that intramuscular collagen
deposition will decrease conduction of action poéds throughout the muscle fascicle
(Fleischmann et al., 2002), and thus could havegative effect on the ability of the
bladder to respond to stimulation as a single fonef unit. The possibility that the
observed increases in collagen relative to smoatécia tissue may predispose a neutered
bitch to develop acquired urinary incontinenceuigmorted by the data from those animals
known to be suffering from acquired urinary incaetice that had some of the highest
percentage collagen but the lowest responses toaring and electrical field stimulation
of all animals tested. It is therefore feasiblat ithough the increase in percentage
collagen cannot be wholly responsible for the desee contractile function of the bladder
in neutered canines, it may still be involved, jfagsn a synergistic manner, alongside
other mechanisms such as changes in the muscaripirinergic pathways or sex

hormone receptors.

The data presented in this thesis together withiqusly reported investigations of

urethral function by other groups suggests thatiaed urinary incontinence in the bitch
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has a multifactorial pathogenesis, with changesioi in both the urethra and the
bladder which may contribute to the disease deveds. Among the changes seen within
the bladder of neutered canines of both gendera dexreased maximal contractility and
sensitivity of the detrusor muscle to muscarinimstationin vitro, a functional shift from
the Ms to the M, receptor mediating this contraction, and an irgeea the expression
levels of MRNA for the M| M, and M; receptors. Other changes demonstrated include an
increase in the expression levels of mMRNA for thkdnd GnRH receptors, although the
functional significance of these are unknown astsieom incubation of detrusor muscle
strips with these hormones, as well as FSH andamgsi, produced no change in
contractilityin vitro. Finally, increased percentage collagen withenwlall of the urinary
bladder of neutered bitches has been reported @antiden inversely correlated with the
decreased bladder contractility recorded and &eionship has been shown to be
especially prominent in those animals known touféesing from acquired urinary

incontinence.

Many of these changes are similar to those of woknemvn to be suffering from urinary
incontinence due to various conditions of the béadilich as the decreased functional
responses to muscarinic and electrical field statioih seen in neutered caninevitro
which are akin to those seen in women sufferinghfimpaired contractility of the bladder.
The change towards the,Veceptor in neutered canines is similar to thavafen with
detrusor overactivity and the increase in collaigemeutered bitches is similar to that of
women suffering from urinary incontinence due tojpdthic detrusor instability with or
without impaired contractility of the bladder. dontrast, the increased expression level of
MRNA for the LH receptor in neutered canines isdpposite of that reported by a study
in women which found a decrease in LH mRNA levalpast- compared to pre-
menopausal women; although the link between thieseges and urinary incontinence in
either species is not clear. It is therefore pladago say that the bladder of the neutered
bitch and the post menopausal woman share a nushbemmon characteristics, along
with the propensity to develop urinary incontingreed therefore further investigation
into the bladder of the bitch post neutering isnamated both to identify possible
therapeutic targets for treatment of acquired wyimacontinence in the bitch and to
confirm the gonadectomised canine is a suitableainodstudy aspects of post-

menopausal urinary incontinence in the woman.

There have been many studies looking at the dynamation of the bladder in the
woman however none have been reported in the bilele to the constraints of

communication between researchers and caninesdat isossible to known if a bitch



Victoria A. Coit, 2008 Chapter 10, 202

suffers from similar symptoms to that of incontinemmen, such as urgency and partial
involuntary bladder contractions. A long temmvivo study observing normal micturition
and bladder parameters in both healthy bitchesbefod after neutering, as well as in
animals known to be suffering from acquired uringugontinence, would therefore
enhance our understanding of the processes invatvericturition in normal and
incontinent animals. This would also allow us valeate the time scale involved in the
development of bladder and urethral changes pagerieg. This could be achieved via
the use of telemetry with a transmitter-cathetetaeplaced in bitches a number of
months prior to neutering, and maintained during) after gonadectomy for a further
number of months / years. Using this protocolaud also be possible to hormonally
treat a number of animals using both oestrogenGari®H analogues both before and after
gonadectomy to monitor changes in bladder fundtimught about by chronic hormone
therapy. Ideally bladder tissue from all of thénaads involved would also be harvested
before and after gonadectomy for batlvitro functional studies and molecular
characterisation. This would also potentially awilage and breed matched animals to be
included in the studies, factors that were not ipesso control in this thesis due to the
source of tissues obtained. Although statistioalysis throughout this thesis did not
demonstrate an effect of age or weight of the alsintlae tissue obtained came from many
varied and mixed breeds; it would therefore be belaéto have matched groups to negate

as much variation as possible.

Even though this thesis has demonstrated a nunfilbbaoges post-neutering in the
bladder of a bitch that may be involved in the depment of acquired urinary
incontinence, the low number of animals positivdintified as suffering from the disease
has made accurate and robust statistical analfy#issagroup impossible. Any further
studies should therefore look to involve a greatenber of such animals, a minimum of 6
animals is required to allow statistical analysid &eally 10 or more animals to make the
statistical analysis robust. One possible wayhtiming tissue from this group of animals
would be to take small (2cm by 1cm) full-thicknésgpsies from the bladder dome at the
time of other abdominal or bladder surgery. Althlothis is unlikely to yield enough
tissue for extensive tissue bath experiments itlavallow molecular studies into mMRNA
expression levels, and possibly into protein expogslevels, as well as yield 4-8 strips of

detrusor muscle fan vitro functional studies.

Thein vitro functional studies so far conducted investigatheg muscarinic receptor
subtype responsible for bladder contractions inctr@ne have yielded potentially

significant results and therefore warrant furtmeistigation. As well as including more
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animals in this study, especially those known tsikéering from acquired urinary
incontinence, additional specific muscarinic antagts should be utilised. There is a
degree of overlap between the specificity and @ffiof muscarinic antagonists, therefore
studying the effects of a greater number of thespecially those that are specific for the
M, and M; receptor subtypes, such as gallamine and darifgnaould make the study
more robust.

Along with thein vitro functional muscarinic receptor studies theivo effects of various
antimuscarinic compounds such as tolterodine aodgmtholine bromide, which may
make suitable future treatments for acquired uyim@ontinence in the canine, should be
tested on entire and neutered canines, as weibas known to be suffering from acquired
urinary incontinence. This would best be achiegvgdhe use telemetry to monitor bladder
responses as well as cardiac function, as mansnastarinic agents may also affect
cardiac function. Close monitoring of other boglgtems and parameters such as tear
production, salivation and gastric motility would@be advisable to monitor for adverse
effects of the drugs on other body functions. edey should be started a number of
weeks before the agents are administered and cestithroughout the treatment period.
As with the study into tha vivofunctional effects of gonadectomy, bladder tissoeld

be harvested at various time points in this studyrf vitro pharmacological
characterisation studies, as well as for molecstizdies to monitor any changes in the

expression levels of MRNA and protein for the musaareceptors.

The mRNA studies undertaken for this thesis hawevshsignificant differences in the
expression levels of mMRNA for some of the muscaniaceptors, as well as for GnRH and
LH. As these changes in receptor levels havelssno correlated with the decreased
contractility of the neutered canine bladdevitro further investigation into the exact
location of the receptors, their protein expressgwels and whether they are co-expressed
is advised. Investigation into the receptors ssfadied, as well as FSH and oestrogen (
andb) has the potential to provide important insigint® ithe pathophysiology of the
bladder and its role in the development of acquinedary incontinence and may also

provide therapeutic targets for effective treatnadrthis debilitating disease.

Although the molecular studies investigating thpression levels of mMRNA for the
muscarinic receptors have yielded potentially digant data, the expression levels for the
receptor proteins remain unknown. Work on thisavas initiated during the course of
this thesis by The University of Glasgow’s Pathgi@epartment, using commercially

available mouse and rabbit raised antibodies tantthieidual muscarinic receptors in
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immunocytochemistry studies; however the proteiesawot detected. This may be due
either the experimental conditions or antibodie=dusThe antibodies and techniques were
proven to work in mouse control tissue, therefqrerator or technique errors are unlikely.
To maximise the chance of the antibodies bindirgetkperiments were also conducted
under a variety of standard and non-standard dondit As there is only thought to be
approximately 90% homology between the sequenadhdamuscarinic receptor subtypes
in the canine and the mouse and rabbit, it mayaethe antibodies used were not specific
enough to bind to the canine receptors. To ingattithe protein levels of the muscarinic
receptor subtypes in the canine bladder it woutdetfore be necessary to develop canine
specific antibodies, however this was beyond thagbticapabilities and time limitations

of this thesis. It may also be possible to emflmther techniques to study the protein
levels of all the receptors so far mentioned, idicig western blotting and radioligand
binding, although specific antibodies may againdneebe custom designed for some of

these studies.

A further area for investigation into the role bétbladder in the development of acquired
urinary incontinence in the bitch would be to Idokthe presence and effect of any
urothelium derived relaxing factor(s) on the coctitdy of the detrusor muscle. This
factor, the exact nature of which is still unknowas been identified in both human and
pig bladder, and has the potential to alter thdraatile function of the bladder in various
disease states. One way in which to study thaenite of diffusible factors produced by
the urothelium on the contraction of the detrusasate, in response to both
pharmacological and electrical stimulation in tl@ioe would be to use both detrusor and
anococcygeus (control) muscle. Smooth musclessirgmm both muscles would be
mounted in a classical tissue bath and envelopadager of urothelium, thus allowing
evaluation of the influence of urothelium-derivedaxing and contracting factors on the
enclosed smooth muscle strip. As with all the expents thus conducted tissue derived
from male and female, entire and neutered canin@ged as those known to be suffering

from acquired urinary incontinence should be used.

In conclusion, the results of this thesis have pied invaluable insights into the role of
the canine urinary bladder in the development guiaed urinary incontinence in the
bitch, a debilitating and so far incurable conditiamown to affect up to a fifth of all
neutered bitches. This thesis has also establisia¢dhe bladder of a neutered bitch has
many similarities to that of a post-menopausal wem&he studies have demonstrated a
decrease in thie vitro contractility of the detrusor from neutered casirend have linked

this to both gross structural and molecular lebalnges. From the information so far
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gathered it appears that changes in the muscaeicéptor pathway have a potentially
significant role to play in the development of aicgd urinary incontinence and, as such,
may prove to yield future therapeutic targets featment of this serious disease,
potentially by drugs such as propantheline broraiai@ tolterodine. Further investigation
is now warranted into both the muscarinic and herahoeceptors of the bladder, as well
as into further novel mechanisms such as urothediarived relaxant factors. These
further studies would benefit from concurrémvivo functional investigations to help aid
our understanding of the pathophysiology and timerse of acquired urinary
incontinence in the bitch, as well as the inclusidan increased number of bitches known
to be suffering from acquired urinary incontinemcall parts of the study. Finally, this
thesis verifies that the urinary bladder has atolglay in acquired urinary incontinence in
the bitch and suggests areas for further investigahat may provide therapeutic targets

for effective treatment of the disease.
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