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Detrusor instability is the commonest type of minaiy incontinence in the 
elderly and is present in up to 50% of patients attending continence clinics.
Treatment of this condition, aimed at reducing uncontrollable detmsor contractions, 
is at present imsatisfactory.

For example, calcium antagonists are cliniclly disappointing and studies were 
carried out to investigate why they are ineffective. Rats were treated with 
nimodipine for 8  days or with a single dose. Treatment for 8  days had no effect on 
isolated detmsor contraction but a single dose reduced detmsor contractile response. 
It is propossed that chronic treatment with nimodipine caused an up-regulation of 
calcium channels as a compensatoiy mechanism

Oestrogens have been shown to have an inhibitory effect on detmsor muscle 
contraction after in vitro and in vivo treatment, hi post-menopausal women with a 
utems unopposed oestrogens should not be given, but progesterone has anti- 
oestrogenic actions. When rats were treated with oestrogen and progesterone for 8  

days, there was no effect on rat detmsor contractile response. An anti-oestrogenic 
effect of progesterone has therefore been demonstrated in rat detmsor smooth 
muscle.

Caffeine has been shown to increase detmsor pressme on bladder filling in 
patients with detmsor instability. The effect of low concentrations of caffeine on the 
contractile response of isolated human and rat detmsor muscle was therefore 
detenmined. Caffeine was found to have only a sHght potentiating effect on isolated 
human and rat detmosr muscle contraction.

The results in this thesis have important clinical imphcations for the treatment 
of detmsor instabihty. It may be more effective to administer calcium antagonists in 
an inteimittent manner. Oestrogens are better given alone or with the lowest 
possible dose of progestogens. Caffeine would not be contraindicated in patients 
with detmsor instabihty.
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CHAPTER 1: INTRODUCTION

Urinary Bladder Anatomy, Structure, Innervation 
and Mechanisms o f Contraction



1.1 Objectives

Urinary incontinence is a major problem in the elderly with considerable medical, 

psychological, social and economic imphcations and it also predisposes people to 

other health problems such as infections and skin breakdown. This fiequently led to 

admission into institutions and increased social isolation (Wilhams et al, 1982). With 

an increasing elderly population the total financial and human cost is likely to rise, 

even though advances have been made in understanding urinary pathophysiology.

Pharmacological therapy and smgieal inteiventions have improved the 

treatment ofuihiaiy incontinence and the introduction of modynamics has improved 

diagnosis, but the need for more effective treatment is stiU of paramount importance. 

The main objective of this research was to investigate the pharmacology of detrusor 

muscle contraction and to identify possible beneficial treatments for minary 

incontinence, particularly detrusor instabihty. This required detailed knowledge of the 

structur e, irmervation and contractile properties of detrusor smooth muscle with an 

rmderstanding of the changes that talce place r esulting in disordered detrusor fimction. 

With detrusor instabihty being of major interest in which the contractîhty of detrusor 

muscle is overactive, experiments were designed to investigate the effect of hormones 

and drugs on detrusor contractile response.

14



Rugae
of m ucosa

U retera l
ope n ings

D e trusorT rig o n e
m uscle

In terna l
s p tiin c to r

Externa l
s p fiin c le r

U roge n ita l
d iaphragm

U rethra

U rethral o r if ic e

Figure 1. Urinary bladder and female urethra.

(Toitora & Anaguostaltos 1996)

1.2 Urinary bladder anatomy.

The uiinary bladder is situated in the pelvic cavity and in the male it is dhectly anterior 

to the rectum, hi the female it is anterior to the vagina and inferior to the uterus 

(Tortora & Anagnostakos 1996). When the minary bladder is empty it assumes the 

shape of a deflated balloon, but becomes pear shaped as the volume of mine inside 

increases (Figm e 1). At the base of the bladder is a small triangular area called the
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trigone, and at the apex of this area is found the opening of the urethra. At the top of 

the trigone is the opening of the ureters into the bladder.

1.3 The structure o f the urinary bladder

The urinary bladder is a hollow muscular organ consisting of a serosal layer, a 

muscular layer called the detrusor muscle and a mucosal layer of transitional 

epithelium The detrusor muscle consists of a central region of chcularly arr anged 

fibres between longitudinal brmdles. There are frequent ionic exchanges between the 

muscle layers which have no separation between the fibres (Gosling 1979). The 

arrangement of the muscle layers allows the bladder to contract and expand in all 

dhections.

A property of normal detrusor smooth muscle is the poorly developed 

electrical coupling between cells which allows continuous electrical activity in the 

smooth muscle cells dming the filling phase without causing a significant rise in 

intravesical pressme (Brading & Tmner 1994). This allows the bladder volume to 

increase, dming storage, whilst keeping the pressme inside the bladder low.

The mechanism by which the minary bladder contracts and relaxes is related to 

its nerve supply which arises from the autonomic parasympathetic and sympathetic 

nervous systems. The natm e of this innervation varies between man and the smaller 

mammals.

1.4 Innervation o f the human bladder

The function of the lower minary tract is related to the locahsation of 

autonomic nemoreceptors. hr the lower minary tract of man, a-adrenergic receptors
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predominate in the bladder outlet and along the methra and contribute to the 

maintenance of continence by increasing m ethral tone. Beta-adr energic receptors are 

located in the body and dome of the bladder and have also been shown in the bladder 

outlet and methra. The lower minary tract has only iÎ2 " receptors, stimulation of 

which aids detrusor relaxation (Eaton & Bates 1982). Parasympathetic nerve 

stimulation releases acetylcholine which at muscarinic receptor sites initiates 

contractile responses through the inositol-1,4,5- trisphosphate (IP3 ) mediated release 

of intracellular calcium (lacovou et al, 1990).

The majority of cholinergic receptors are located in the bladder but some are 

also formd in the bladder outlet and m ethr a. Stimulation of cholinergic receptors 

causes detrusor muscle contraction and relaxation of the trigone. It has been claimed 

that a non-adrenergic, non-cholinergic (NANC) component of parasympathetic nerve 

stimulation is absent in the human bladder (Sibley 1984), but others have 

demonstrated atropine-resistant responses, mainly in detrusor muscle fiom patients 

with bladder disorders ( Hindmarsh et al, 1977, Sjogren et al, 1982, Cowan &

Dairiel 1983, Nergârdh & Kinn 1983). It has been suggested that this component is 

pminergic but there seemed to be regional variations in its distribution (Speakman et 

al, 1989, Hoyle ei a/., 1989). hr the trigone, adenosine triphosphate (ATP) responses 

are prevalent and pminergic receptors are densely distributed but in the tip of the 

bladder dome they are low or even absent. The bhrding characteristics of [^H]a,P- 

MeATP to washed homogenates and membrane preparations of human bladder were 

similar to those fiom rat minary bladder (Bo & Bmnstock, 1995). However, only 

38% of human bladder specimens in the binding study and 43% in the locahsation 

study showed specific [3H]a,P-MeATP binding whereas ah rat bladder specimens 

tested showed specific binding (Bo & Bmnstock, 1995). Therefore, not ah the human 

detrusor samples tested contained detectable levels of pminoceptors, those which did 

had lower receptor densities than in the rat detrusor muscle.
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Sympathetic impulses aid bladder filling by producing contractions of the 

urethra and bladder neck, and relaxation of the bladder. The sympathetic nerves 

supplying the bladder contain nemopeptide Y as well as noradrenaline (Gu et al,

1984, Crowe & Bmnstock 1989). hr addition, other nemopeptides such as substance 

P, calcitonin gene-related peptide and vasoactive intestinal polypeptide have been 

locahsed in the nerves of the bladder wall (Chappie et al, 1992).

There is some question regarding the role of nitric oxide and relaxation of the 

detrusor muscle. Previous investigations have shown that isolated, contracted methral 

smooth muscles fiom rabbit, sheep, pig and man respond to transmmal stimulation 

with a relaxant response mediated by a non-adrenergic, non-cholinergic mechanism 

(Andersson et al, 1983, Klarskov et al, 1983, Andersson et al, 1991, Garcia-Pascual 

et al, 1991). This electrically evoked relaxation could be completely blocked by N°- 

nitro-L-ar ginine (L-NOARG), which inhibits the synthesis of nitric oxide (NO) fi om 

L-argiirine (Mülsch & Busse, 1990). To date NANC-nerve mediated relaxation, 

involving the L-ARG/NO pathway has not been consistently demonstrated in the 

detrusor smooth muscle (Persson & Andersson, 1992, Persson et al, 1992).

Voiding is mediated predominately by parasympathetic transmission with 

cholinergic stimuli producing detrusor contr action while simultaneously inhibiting 

sympathetic activity.

1.5 Innervation o f the mammalian urinary bladder

There are important species differences in the natme of the excitatory 

innervation of the bladder muscle relating to the contributions of cholinergic and non- 

cholinergic mecharfisms (Sibley 1984). It has been known for many years that the
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contractile response of mammalian detmsor muscle to pelvic nerve stimulation is only 

partially blocked by atropine (Langley & Anderson, 1895). They observed that the 

contractile response of dog, rabbit and cat bladders to nerve stimulation was oirly 

sHghtly reduced by atropine. Later, it was widely accepted that the atropine-resistant 

response was due to a non-adrenergic, non-cholinergic (NANC) transmitter (Ambache 

& Zar,1970, Moss & Bmnstock,1985). This transmitter was subsequently identified 

as ATP (Bmnstock et al, 1972, 1978, Dean & Downie, 1978, Kasakov &

Bmnstock, 1983, Levin et ai, 1986).

It has been demonstrated recently that the NANC response can be blocked by 

an ATP receptor antagonist, arylazidoaminopropionyl ATP (ANAPPg), and by a,B- 

methylene-ATP, which is an analogue of ATP that desensitises P2  pminoceptors and 

abohshes excitatory jrmction potentials recorded hr the smooth muscle of the bladder 

in response to NANC stimulation (Hoyle & Bmnstock 1985, Fujii 1988, Brading & 

Wilhams 1990). Indeed, it has been suggested that ACh and ATP ar e co-transmitters 

in mtrhrsic parasympathetic nemones in the bladder (MacKenzie et al, 1982). 

Recently, the fimctional importance of these transmitters for mictmition contraction in 

the normal rmanaesthetized rat has been demonstrated (Igawa et al, 1993). ATP 

admiiristered hrtra-arterially (i.a) close to the bladder produced rapid, phasic, dose 

dependent ircreases in bladder pressme with mictmition immediately after injection. 

Pre-treatment with a,ii-methylene ATP blocked the effects of ATP. The 

administration of carbachol i. a. also produced rapid, sustained, dose-dependent 

increases in bladder pressme with mictmition. However, bladder emptying was not 

possible after blockade of the mictmition reflex with morphine (lOfrg intrathecally) 

suggesting that drug induced bladder emptying in the normal, rmanaesthetized rat 

requhes an intact mictmition reflex. These results also suggests that the two 

physiologically important transmitters involved in mictmition are acetylcholine and 

ATP (Igawa et al 1993). This dual irmervation is formd in most animal species and
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pminergic activity is probably involved in bebaviomal activity, such as scent marking, 

where complete emptying of the bladder is not requh ed (Brading 1992). Others 

support the hypothesis that ATP may be important in the initiation of mictmition since 

ATP generated pressme is more rapid than cholinergic stimulation alone (Chancellor 

et al, 1992).

1.6 Mechanism o f detmsor smooth muscle contraction

There is much evidence indicating that smooth muscles utihse many sources of 

calcium ions for contraction (Bolton 1979, Brading & Sneddon 1980, Casteels & 

Droogmans 1982, Bolton & Kitamma 1983). hr the minary bladder, resting tone, 

spontaneous activity and contractions induced by agonists and electrical field 

stimulation are dependent on extracellular calcium (Andersson & Forman 1986). 

Extracellular calcium enters smooth muscle cells via two pathways, voltage-operated 

and receptor-operated calcium channels. The properties of bladder ealcium channels 

have been examined in guinea-pigs and humans (Klockner & Isenberg 1985a,

Klockner & Isenberg 1985b, Montgomery & Fry 1992, Brading 1992). 

Electrophysiological analysis suggests there is only one type of voltage-operated 

calcium channel present: L-type which is sensitive to 1,4-dihydropyridine activators 

and antagonists (Montgomery & Fry 1992, Triggle et al, 1992). Some are also 

sensitive to m-conotoxin which has been shown to inhibit EFS-induced contraction in 

the rabbit detrusor (Zygmunt et al, 1993). Other types of calcium channels, T, N, 

and P are aU insensitive to the organic calcium antagonists and activators (Triggle et 

al, 1992).

A featme of bladder smooth muscle is its inabihty to sustain tone in response 

to prolonged apphcation of agonists and depolarisation with high concentrations of 

which may be due to calcium-induced inactivation of the voltage-sensitive channels
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(Brading 1992) or reversal of the membrane potential. It is possible that membrane 

peimeabihty to clacium ions increases transiently with the channels then closing even 

in the presence of persistent depolarisation (Brading 1992).

It was thought initially that agonists produced contraction by depolarising the 

cell membrane leading to calcium entry thr ough voltage-sensitive calcium channels 

(Evans & Schrld 1957). It was then observed that depolarised tissue could contract 

further in response to agonists (Evans et al, 1958) suggesting a voltage-independent 

mechanism for activating contraction. The contractile response to agonists in calcium 

fiee solution is lost only gradually, suggesting an intracellular somce of calcium for 

contraction in addition to that provided by the extracellular medium. Mostwin (1985) 

investigated receptor-operated intracellular calcium stores in the smooth muscle of the 

guinea pig bladder. He observed that the bladder muscle retained the abihty to 

contract to muscarinic stimulation in calcium free medium and that the magnitude of 

the contraction decreased with time. He formd that carbachol was capable of 

producing contraction in a calcium free medium for a longer period of time than 

depolarisation (which opens calcium charmels in bladder smooth muscle cells) and that 

once the abihty of carbachol to produce contraction was lost it could be restored 

temporarily by a brief apphcation of calcium containing solution. The loss of response 

to depolarisation was more rapid and more proformd than that to muscarinic 

stimulation, hr depolarised bladder tissue exposed to the calcium antagonist 

nifedipine, carbachol could only ehcit one large contraction suggesting depletion of an 

mtracehular store. Mostwin (1985), therefore, concluded that the response of the 

bladder to depolarisation depends primarily on extracehular calcium but that the 

response to carbachol also involved the release of stored intraceUular calcium.

Fovaeus et al, (1987) examined the efrects of calcium, calcium charmel 

blockers and the calcium channel agonist Bay K 8644 on muscarinic receptor
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stimulation of isolated bladder muscle fr om rabbit and man. In then ejqpeiiments they 

used lanthanum which is a cation considered to compete with calcium for extracellular 

negative sites in smooth muscle and to bind to negative sites in the calcium channels, 

thus blocking both potential and receptor operated channels. In contrast, nifedipine, 

which caused a 40% inhibition of the response to the highest carbachol concentration 

used, seems to block only one of the activation pathways, probably the potential 

operated channel (Fovaeus et ai, 1987). The effect of nifedipine decreased with 

increasing carbachol concentrations, hi contrast to Mostwin (1985) they concluded 

that contractions produced by muscarinic receptor stimulation were piimaiily 

dependent on calcium bound to the outside of the membrane of the smooth muscle 

coming fr om the extracellular medium, and that the release of calcium stored within 

the cell may not be a major somce of activator calcium m the rabbit or human detrusor 

muscle. Then experimental technique differed to that of Mostwin (1985) with respect 

to the exposme of bladder muscle to carbachol stimulation. Mostwin subjected his 

tissue samples to ten second apphcations of carbachol producmg an initial phasic 

response, dependent on the release of intracellular calcium, followed by a tonic 

response dependent on the influx of extracellular calcium. Fovaeus et al, (1987) used 

cumulative additions of carbachol, resultmg in prolonged tonic response, which does 

not represent hrtrinsic muscarinic receptor stimulation by acetylcholine, as this is 

rapidly hydrolysed by acetylcholinesterase. The tonic response of detrusor smooth 

muscle to prolonged muscarinic stimulation may, therefore, explam the discrepancy in 

then results.

Subsequent studies on the contraction of isolated human bladder muscle found 

that multiple som ces of calcium are mobilised for the contraction of human bladder 

muscle to different stbnrrlants (Maggi et al, 1989). Carbachol, nemokinin A and 

endothelin mobihse a calcium pool which is LaClg-sensitive (lanthanum chloride) but 

nifedipine-resistant. These agents also mobilise a tightly borurd Ca^^ pool
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independently from membrane depolarisation. This is probably a procaine-sensitive 

intracellular somce of activator Ca^^ mobilised by caffeine and carbachol. The failme 

of procaine to prevent the response to endothelin in high K ,̂ Ca^^-free medium raises 

the possibihty that this peptide mobdises an intracellular somce of activator Ca^^, 

distinct from the caffeine-and carbachol-sensitive pool (Maggi et al, 1989).
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Figure 2. Diagram o f  some o f  the mechanisms o f  transmembrane signalling used by cell 
surface receptors. On the left are receptors possessing intrinsic protein tyrosine kinase activity, 
alongside the control o f  adenylate cyclase by stimulatory and inhibitory receptors (R) mediated 
by Gg and Of. A t the top is receptor stimulated hydrolysis o f  PtdInsP2 by phospholipase C  
leading to intacellular accumulation o f  1, 2-DAG, Ins(l,4,5) P^ and C ( P .  On the right are the 
actions o f  receptors possessing intrinsic ion channels. (Michell 1987)

There is now much evidence that inositol (l,4,5)-trisphosphate (IP3 ) is the 

cytoplasmic second messenger that mobilises intracellular stores of calcium dming 

smooth muscle contraction, including detrusor muscle (Benidge & Irvine, 1989, 

lacovou et al, 1990) (Fig 2). IP3  is one of the messengers that is released when 

hydr olysis of a membrane phosphohpid, phosphatidyl 4,5- bisphosphate (PIP2 ), is
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stimulated by the action of an agonist at a membrane receptor such as the muscaiiuic 

receptors on the surface of smooth muscle cells. The receptor is linked by a guanine- 

nucleotide binding protein to the enzyme phosphohpase C (PLC) (Abdel-Latif 1986, 

MicheU 1987). Stimulation of the receptor activates the enzyme which catalyses the 

hydrolysis ofPIP2  resulting in the release of two substances, IP3  and diacylglycerol, 

both of which are second messengers. Inositol (l,4,5)-tiisphosphate rapidly difiuses 

into the cell where it binds to an IP3  receptor on the sarcoplasmic reticulum and 

mediates the phasic release of calcium which is available to activate contraction 

(Norman 1993) hi smooth muscle the IP3  induced calcium signal acts as a primer to 

drive a proeess of calcirmi-induced calcium release from the IP3  insensitive pools to 

produce a spike organised in the form of a wave, spreading the signal thr oughout the 

cell (Beriidge & hvine 1989). Waves are not confined to single cells but can travel 

hom cell to cell through various mechanisms (Beriidge 1993).

Detrusor smooth muscle contraction is, therefore, initiated by muscarinic 

receptor activation which stimulates an intr acellular pathway of events. These result 

in the release of bormd intracellular calcium which promotes the entry of external 

calcium and leads to contraction.
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Urinary Incontinence: Background, Definition, 
Prevalence and Classification



i. 7 Historical background

Methods of managing minary incontinence were described by the Egyptians in 

the Papyrirs Ebers (1500 BC). Similar advice is also described in ancient Greek 

Hteratnre. The incontinent person was recommended a special diet and given practical 

advice on how to hve with this handicap (Molander 1992).

From the 18th centmy there are reports on the occmience of minary 

incontinence after child bhth. Apart ftom these there has been smprisingly httle 

written about incontinence ftom an historical perspective (Molander 1992). Dming 

the Victorian era, in an atmosphere of prudery, the incontinent person would feel 

embanassed or ashamed and not tell anyone about his or her condition, hr many 

respects the problem of minary incontinence is stUl a symptom which is not discussed 

in pubhc. Indeed, this problem is hidden ft om closest relatives and there is also a 

reluctance to teU the doctor about it (Molander 1992).

1.8 Definition o f urinary incontinence

Incontinence is a word derived ft om the Latin meaning wanting in self control 

and the involrmtary leakage of mine is defined as minary incontinence (U.I). The 

International Continence Society (l.C.S) has defined U.I. as a condition where the 

involuntary loss of mine is a social or hygienic problem and is objectively 

demonstrable (Bates et al, 1979).

26



L9 Prevalence o f urinary incontinence

Umary incontinence is more common in women than men (Brocldehmst 

1993) and the reason for this is thought to be due to anatomical differences. The 

stmctures contributing to closme of the methra are more complex in women than 

men, who have a longer urethra with the middle section supported by a well 

developed urogenital diaphragm Incontinence in men is usually associated with outlet 

obstruction due to prostatic hypertrophy (Wilhams et al, 1982). The methra is 

shorter in women and its attachment is often poor due to weakening of the pubo- 

methral hgament. Pr egnancy, child bhth and increasmg age can induce changes in the 

pelvic floor muscles which may increase methral motihty resulting in stress 

incontinence. Other causes of minary incontinence have an association with 

mogenital symptoms such as vaginal atrophy and lower minary tract infections (Iosif 

& Bekassy 1984, Berg et ai, 1988).

The prevalence of minary incontinence in women tends to increase with age 

(Brocldehmst et al, 1971, Yarnell and St Leger 1979, Williams et al, 1982, 

McGrother eia/., 1987, Molander a/., 1990, Rekers e/a/., 1992, Brocldehmst 

1993) although there are differing opinions on the pattern of this increase (Thomas et 

al, 1980, Iosife/a/., 1981, Ouslander e/a/., 1982, Diokno e/a/., 1986, Jolleys 1988). 

These variations are partly due to differing defirritions of incontinenee and also 

because of the different methods used to eheit the presence ofinconthrence. Some use 

rather hberal definitions of minary incontinence which include any mrcontroUed mine 

loss in the prior twelve months regardless of severity (Diokno et al, 1986). Others 

use more strict definitions such as two or more hrcontinent episodes per month 

(Thomas et a l ., 1980). Some studies performed urodynamics to confirm hrcontinence 

(McGrother et al, 1987); others rehed on symptomology orrly and made no attempt 

to gauge the quantity of mine loss (Thomas et al, 1980). The prevalenee of minary
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incontinence therefore depends on the populations studied. Some studies are confined 

to certain age groups, such as over 70 years of age (Vetter et al, 1981, McGr other et 

al, 1987) others investigated the prevalence rate of minary incontinence in institutions 

where the reason for admission is often incontinence (Ouslander et al, 1982). 

Therefore, the prevalence rate will be high in these poprrlations.

The reported prevalence of minary incontinence in the community varies fiom 

1.6% to 26% (Issacs and Wallcey 1964, Brocldehmst et al, 1968, Feneley et al,

1979, Milne 1976, Yarnell and St Leger 1979, Brocldehmst 1993). Clinically 

significant minary incontinence is present in 4% to 10% of elderly people in the 

community and this prevalence rises to an estimated 15% -16% in men and women 

aged 85 and over (McGrother et al, 1987). Vetter et al (1981) examined the 

prevalence of minary ineontinence in the elderly at home and formd that 14% of the 

over 70's had any degree of hrcontinence with 7% in men and 18% in women.

fir institutions the prevalence of minary incontinence varies fiom 12.9% to 

48% and is thus much higher than in the non institutionahsed community (Isaacs and 

Wallcey 1964, Mihie 1976, Donaldson et al, 1983, Peet et al, 1995). Incontinence in 

hospitals is not associated with sex or increasing age but is related to physical 

disabihty and nemological diseases ( Isaacs and Wallcey 1964, Milne 1976). The 

hospital prevalence rate appears to remain stable (Milne 1976), although a recent 

study in Leicestershhe has shown that the decrease in the proportion of highly 

dependent people in NHS beds has been cormtered by increases in the proportions of 

dependent people in other institutions (Stern et al, 1993).
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below.

1.10 Classification o f urinary incontinence

Tbere are four main types of minary incontinence (see Table I) as described 

1.10.1. Stress incontinence.

Tbe diagnosis of stress ineontinence is based on a history of mine loss dming 

coughing, sneezing, laughing or strairring (Peggs 1992). This is a dysfunction of the 

bladder outlet leading to transient loss of small volumes of mine when the intra

abdominal pressme is raised above methral resistance dming exertion. Laughing, 

coughing, straining or bending are activities capable of causing small losses of mine in 

women with sphincter insufSeiency. Fifty percent of young women admitted to 

occasional minor leakage (Graber 1977, Nemia and Middleton 1954). Normal ageing 

in women plus multiparity and smgical manipulation can cause incompetence of the 

pelvic floor muscles resulting in stress incontinence (Green 1975). Local methral 

inflammation due to infection or oestrogen deficiency can also cause stress 

incontinence (Salmon e/a/., 1941, Wilington 1978). Postmenopausal women with 

stress incontinence have improved following oestrogen therapy (Hilton and Stanton 

1983, Rud 1980, Miodrag et al, 1988).

fir men stress incontinence usually occms after mological smgery and 

nemological diseases with minary tract infections, papilloma, chronic inflammation 

and radiation damage, being very rare causes of stress incontinence (Raz 1978).
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1.10.2 Oveiflow incontineuce.

This type of incontinence oecms when the intravesicular pressmes exceed 

ni ethi al closm e pressm es at high bladder volumes. The elevation of intravesical 

pressme is associated with bladder distension which may lead to detrusor instabihty 

when associated with obstruction due to tumoms and prostatic hypertrophy. Smgical 

operations such as pelvic floor repah can also cause overflow incontinence, which is 

more common in men than women.

A functional obstruction can be created by dyssynergistic contractions of the 

detrusor and external sphincter. This condition has been described in patients with 

severe nemological disease involving the spinal cord (Blaivas et al, 1980).

Detrusor inadequacy is another cause of this type ofinconthrence and imphes 

hr sufficient detrusor tone to overcome normal intramethral resistance. Reasons for 

detrusor inadequacy include lower motor nemone diseases (McGuhe 1980), diabetic 

autonomic nemopathy, alcohohc nemopathy and medications such as muscle 

relaxants. Permanent detrusor inadequacy can result fiom lower spinal cord lesions 

although most patients develop spontaneous bladder contractions (Perlow and Diokno 

1981).

Another cause of overflow incontinence is impahed sensory input fiom the 

bladder commonly due to diabetes melMtus or tabes dorsales. These patients are not 

aware of the need to void but they can control theh overflow incontinence so long as 

they remember to void.
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1.10.3 Functional Licontinence.

This type of incontinence occurs when normally continent persons are unable 

to reach the toilet in time to avoid an accident. Joint abnormahties, arthritic pain, 

muscle wealcness or strokes may prevent an otherwise continent person reaching the 

tohet in time. An uufamihar setting, lack of convenient tohet facilities, or other 

envhonmental factors can aggravate these conditions (Wilhams et al., 1982).

Type of Incontinence Those
Affected

Cause

Stress mcontinence Women. All 
ages.

Inadequate closure 
of Bladder Outlet. 
Weak Pelvic floor 
muscles.

Overflow mcontinence Mainly older
men.
Neuropathies

High bladder 
volumes

Functional incontinence Men & women. 
All ages.

Environmental

Detrusor instability Mainly women. 
Men with 
BPH.* All 
Ages

Uninhibited 
detrusor muscle 
contractions.

(*BPH Benign prostatic hyperplasia)

1.10.4 Detrusor instabihty.

An rmstable bladder is one that is shown objectively to contract, spontaneously 

or on provocation, dming the filling phase while the person is attempting to inhibit 

mictmition (ICS 1988). Detrusor instabihty is the commonest type of incontinence in
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the elderly and is present in up to 50% of patients attending incontinence clinics 

(Tonens & Griffiths 1974, Abrams et al, 1983, Cardozo 1984). It has been alleged 

that up to 10% of the population may suffer fiom detrusor instabihty (Cardozo 1990). 

A certain munber of patients with rmstable bladders have an rmderlying nemological 

cause and this type ofinconthrence is termed detrusor hyper-refiexia. However, for 

the majority of people with detrusor instabihty a cause cannot be formd and so they 

are said to have "idiopathic detrusor instabihty". A diagnosis of the rmstable bladder 

can be obtained by modynamic investigation. The first International Continence 

Society Report on the standardisation of terminology (ICS 1976) stated that "the 

presence of contractions greater than 15cm H2 O clearly indicates an uninhibited 

detrusor contraction when the patient has been asked to inhibit mictmition". It is now 

generahy accepted that any rmstable detrusor contraction is significant with respect to 

the patient's symptoms (Freeman & Malvern 1989). fir men this condition is often 

associated with outflow obstruction due to benign prostatic hypertrophy but in women 

outflow obstruction is an uncommon association.

L l l  Present knowledge o f the mechanism o f detrusor instability

Pathophysiological changes in detrusor smooth muscle have been observed in 

man and animals foUowing bladder outflow obstruction. As there is a similarity 

between ah types of detrusor hrstabhity these observations may shed some fight on the 

underlying mechanisms of this condition.

Histological studies have demonstrated denervation associated with bladder 

outflow obstruction (Gosling et al, 1986) and a re-innervation of the bladder muscle 

following prostatectomy (Gumming & Chisholm 1992). Speakman et aï ( 1987) 

observed a reduction in the density of acetylcholinesterase positive nerves in all 

rmstable bladders examined in their study. Degenerating nerve profiles were also seen
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on electron microscopy. These changes have also been observed in animals with 

outflow obstruction (Hariison e/a/., 1990, Kato e/a/., 1988). Partial denervation in 

the obstructed bladder of the rabbit has been demonstrated (Hanison et al, 1990,

Kato et al, 1988), but denervation was not found in the rat (Gabella & Uvehus 1990). 

The rat is the only species that does not have intrammal gangha ( ganghon nemones in 

the bladder wall), although the bladder musculatme is well hmervated havmg fibres of 

extrinsic origin (Gabella & Uvehus 1990).

Other studies on detrusor muscle fiom rmstable human bladders have shown a 

reduction in the density of a-adrenoceptors (Restorick & Mrmdy 1989) and in pre- 

synaptic a-adrenoceptor activity (Eaton & Bates 1982). An mcrease in atropine 

resistance of transmurahy stimulated isolated human bladder muscle has been 

demonstrated also in rmstable detrusor samples (Sjogren et al, 1982).

The contracthe properties of isolated smooth muscle strips fiom rmstable 

bladders differs fiom normal bladders. Muscle fiom rmstable bladders are less 

responsive to transmmal nerve stimrrlation and generate less force per rmit weight 

(Brading & Tmuer 1994). Kinder & Mrmdy (1987) also reported increased 

spontaneous activity and fused contractions in smooth muscle fiom rmstable bladders 

of both nemogenic and idiopathic aetiology. They did not find evidence of decreased 

effectiveness ofhrtrinsic nerve stimulation and orrly shght supersensitivity to agonists. 

Fused contractions observed hr isolated strips fiom rmstable bladders reflect an 

increase hr electrical coupling between muscle cehs. This phenomenon is rarely seen 

in muscle fi om normal bladders. It ahows the spread of electrical activity within the 

bladder wah and therefore increases intravesical pressme (Brading & Tmner 1994).

These changes in detrusor muscle are associated with bladder outlet 

obstruction, it is rmcertain whether they are also associated with idiopathic detrusor
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instability. As tbe prevalence of this condition and other lower urinary tract disorders 

tends to increase with age the physiological changes that take place during the ageing 

process are considered.

1.12 The effects o f ageing on the lower urinary tract

The ageing process affects bladder fimction and is an important factor in the 

response of minary tract smooth muscle to pharmacological agents (Nishimoto et 

al, 1995). hr the female, ageing is associated with decreased secretion of 

progesterone and oestradiol with subsequent effects on the female minary tract. The 

mucosa of the vaghra, m ethr a and vesical trigone are oestrogen sensitive and show 

parallel changes mrder different hormonal climates (Miodrag et al, 1988). Atrophic 

vaginitis, consequent upon oestrogen deprivation, may be associated with atrophic 

methritis, which in tmn may cause ffequency, dysmia, mgency and incontinence 

(Miodrag et al, 1988).

Structmal changes in the ageing detrusor have been demonstrated by electron 

microscopy with the dense band pattern (muscle cell membranes) representing 

structural changes in the normal ageing detrusor (Elbadawi et al, 1993). This heralds 

a process of muscle cell dedifferentiation hr the detrusor accompanying natural agehrg, 

and may affect exchange and storage of ions involved in the excitation-contraction 

coupling mechanism of muscle cells, hr addition widespread degeneration of muscle 

cells and axons was observed in the ageing detrusor with impahed detrusor 

contractihty (Elbadawi e ta l ., 1993). A possible problem with the study of Elbadawi 

et al (1993) is they hrcluded patients who previously had either a hysterectomy 

(women) or resection of the prostate (men). Both procedmes could possibly affect 

the structur e and function of detrusor muscle by alterations in female hormones levels 

and obstruction due to prostatic hypertrophy, as discussed previously.
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Gilpin et a/., (1986) examined the density of autonomic hmeivation in bladders 

fiom male and female patients aged 20 to 79 years, hi the 60-72 age group a 

significant reduction in nerve counts was demonstrated compared to the 25-35 age 

group. A more recent study examined age-dependent alterations in (3-adrenergic 

responsiveness in rat detrusor muscle (Nishimoto et al, 1995). An age related 

decrease in the responsiveness to P-adrenergic stimulation, density of P-adrenergic 

receptors and cychc AMP was demonstrated (Nishimoto et al, 1995). Beta- 

adrenergic activation by noradrenaline relaxes detrusor smooth muscle and facihtates 

mine storage (DeGroat & Saum 1972).

hi the male the agehrg process is associated with prostatic enlargement 

resulting in bladder outlet obstruction. Benign prostatic hyperplasia (BPH) is 

associated with hTitative bladder symptoms and changes in the pharmacophysiology of 

detrusor muscle, as described previously.

hi conclusion, age-related alterations in detrusor muscle function, structur e 

and innervation have been demonstrated; these affect the relaxant and contractile 

properties of detrusor smooth muscle.
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Pharmacological Treatment o f Detrusor 
Instability: Past, Present and Future



L13 Past and present treatment o f  detrusor instability

The phaniiacological treatment of detrusor instability has been aimed at 

reducing the contractility of the detrusor muscle. Because bladder contraction is 

initiated by the release of acetylcholine from parasympathetic nerves, it is hardly 

smprising that the majority of pharuiacological treatment has centred on the use of 

various anti-chohnergic drugs.

1.13.1 AntichoUnergic agents.

Anticholinergic drugs act by blocking muscarinic receptors competitively at 

the post-ganghonic parasympathetic receptor sites. Atropine is the classical 

anticholinergic agent but it is not used to treat detrusor instabihty because of its 

generahsed antimuscarirric and antinicotinic side effects. As early as 1936 atrophie 

was found to be of benefit in reheving urgency and fiequency in patients with spastic 

paraplegia (Langworthy 1936). Bladder capacity was increased fiom 150 to 250 ml 

and mûiary fiequency was reduced. However atropine sulphate had to be graduahy 

increased to the limits of tolerance which resulted in distressing side effects. This may 

be partiahy attributed to low bioavailabihty making it difficult to achieve sufficient 

drug concentration in the effector organ.

A commonly used anticholinergic drug is propantheline which can reheve 

symptoms if given in high doses (Kieswetter & Popper 1972, Beck et al, 1966, Beck 

et al, 1976, Ostergard 1979). In vitro studies have shown that propantheline bromide 

has a dhect anti-muscarinic binding potential similar to atropine (Levin et al, 1982). 

However anticholinergic side effects are encormtered producing a dry mouth, blmied 

vision, drowsiness, constipation and tachycardia due to the non-bladder specific nature 

of antimuscarirric drugs. Such side effects make double-blind trials difficult, and
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variations in the dosage and route of administration of drags may affect the 

interpretation of results. Such problems can be encormtered in studies using 

propanthelhre which has a low biological availabihty when given orally and which can 

vary markedly between individuals (Stasldn et al, 1990). The benefit of individual 

drag titration has been demonstrated in a study (Blaivas et al, 1980) where the 

propantheline dose, usually 15 to 30 mg fbm times daily, was varied between 7.5 and 

60 mg fbm times daily in order to obtain a complete response in 25 out of 26 patients. 

Unfortunately, there are no good clirrical trials of this drag.

Emepronium bromide had been used for many years to treat detrasor 

hrstabihty but was withdrawn fiom the U.K. The recommended maximum dose was 

200mg fom' times daily, but this was minimally effective because only 6% of the dose 

was absorbed through the gastrointestmal tract (Ritch et al, 1977). fir one study no 

difference between oral emeprorrimn (200 mg three times daily) and placebo was 

noted, with the overall subjective improvement rate in the drag and placebo groups 

being 79% (Hansen g/a/., 1982). These results may be explained by the low dosage 

of oral emepronium employed hr this study combined with its poor absorption. When 

higher (more than the recommended dose) and more effective doses were 

administered or ally ( 300-400 mg fbm times daily) there was a high incidence of oral 

and oesophageal ulceration. Because of these side effects parenteral preparations 

were hivestigated.

Parenteral administration of emepronium bromide abohshed detrasor 

contractions and increased bladder capacity (Cardozo and Stanton 1979), but this 

preparation is not available for general use. Another preparation, emepronium 

canageenate, was developed to overcome the problem of oesophageal ulceration 

caused by the bromide. The drag was clinically assessed with significant subjective
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and objective improvement (Massey and Abrams 1984) but did not reach the U.K. 

market.

Terodiline is an anticholinergic drag with calcium channel blocking action. It 

has been used mainly for the treatment of urge incontinence. A study by Husted et al, 

(1980) on the effect of terodiline on the contractile response of isolated rabbit 

detrasor muscle, demonstrated mainly anticholinergic effects at low concentrations.

At higher concentrations it also had a calcium antagonistic effect which abohshed the 

contractile response to electrical field stimulation. The anticholinergic properties seem 

to dominate at clinically tolerated doses (Staskin et al, 1990).

Clinically terodiline has been shown to be effective, but it was withdrawn fiom 

use due to cardiotoxicity. The clinical efficacy of terodiline was estabhshed in a well 

constracted multi-centre study which used a randomised, double blind, two-period 

cross over protocol (Peters 1984). The results of this study showed that there was a 

patient preference for terodiline compared to placebo of 63%. However, 35% of the 

patients developed side effects on placebo. The fiequency of volrmtary micturition 

decreased fiom 9.6 to 8.9 per 24 horns on placebo, and fiom 9.9 to 7.3 on terodiline. 

firvolimtary micturitions decreased fiom 2.3 to 1.7 on placebo and fiom 2.5 to 1.5 on 

terodiline. Volume at first deshe to void increased on placebo fiom 159 to 162 and 

on terodiline fiom 151 to 198 ml. Bladder capacity increased fiom 312 to 328 on 

placebo and fiom 320 to 374 ml on terodiline.

Although ah these differences were statisticaUy significant the clinical 

significance was not marked. The improvements in voiding fiequency and involrmtary 

mictmition were statisticahy significant but the chnical improvement of voiding every 

2 horns and 41 minutes (placebo) or every 3 horns and 16 minutes (terodihne), or 

having 17 incontnrent episodes (placebo) against 15 episodes (terodihne) in ten days.
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may not actually cause a notable improvement in tbe patients’ lifestyles. Fmtbeimore 

a single centre study comparing terodihne with bladder retraining, against placebo 

with bladder retraining, concluded that the possible benefit of terodihne is likely to be 

smah (Wiseman et al, 1991).

Ultimately what matters is how patients perceive then condition, which is 

reflected in daily bladder diary charts. Urodynamic parameters provide suitable 

objective measmes but correlate poorly with symptoms (Peters 1984).

Fmther chnical studies demonstrated that 10 out of 12 women improved 

symptomaticahy and modynamicahy while taldng terodihne ( Ulmsten et al, 1985). 

Tapp et al (1987) showed that hr 70 patients who completed the study, there were 

significant improvements in fiequency, incontinence episodes and volumes voided in 

the terodiline group compared to the placebo group. Sixty two percent of the treated 

gr oup considered themselves to be improved while only 42% of the control group 

improved. A problem with these results, and in most studies, is that total volumes 

voided per day are rarely recorded. The total mine output worrld be useful in 

elinihrathrg the effects of increased fluid intake and output which are often associated 

with improved continence.

Drugs with anticholinergic activity are, therefore, effective in aheviating the 

symptoms of detrusor instabihty. Unfortunately they are ah associated with side 

effects which limit then usefulness in chnical practice.

1.13.2 Musculotropic relaxants

The musculotropic relaxants are dhect acting smooth muscle relaxants with 

anticholinergic activity.
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Oxybutiuin is a tertiary amine anticholinergic drag. It has less generahsed 

antichohnergic effects and more antispasmodic actions. It is an effective drag for- 

treating detrasor instabihty (Cardozo et ai, 1987, Moisey et al, 1980) although side 

effects can sometimes be less tolerable than the symptoms of detrasor instabihty; these 

can be minimised by starting at low doses (Castleden & Robinson, in press). The 

difficulty in docrunenting subjective improvements dming the treatment period is 

hlustrated in the study by Moisey et al, (1980). Individual chnical responses to the 

medication did not conelate with the objective responses to bladder filling estabhshed 

by modynamics. There are also problems with some of these studies in the low 

patient nmnbers employed, no control for non-pharmacological treatment, no placebo 

control and short treatment periods with httle data on fohow-up. It is possible that 

the cross-over design in some studies may be hrvahd because of the cany-over effect 

of oxybutirrin seen with patients (Castleden & Robinson, in press).

Dicyclomine hydr ochloride is usuahy used to treat gastrointestinal disorders 

but a study by Awad et al, (1977) showed that the symptoms of 24 out of 27 patients 

with urrirrhibited bladder contractions improved when given dicyclomine. Beck et al 

(1976) also showed that this drug is effective for treating detrasor instabihty but it 

never gained popularity, maybe because the doses prescribed were inadequate (Wein 

1984).

Flavoxate hydrochloride has been used for a munber of years to treat detrasor 

instabihty but studies demonstrated that it was no more effective than placebo when 

administered orahy or parenteraUy (Briggs et al, 1980, Cardozo and Stanton 1979).
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Oxybutiuin would therefore appear to be the most clinically usefid of these 

compounds, but the evidence in the hteratme for then clinical efficacy is scanty and 

generally of poor quahty.

1.13.3 Tiicychc antidepressants

These drugs have a variety of pharmacological actions including 

anticholinergic, sympathomimetic and central sedative effects. Imipramine inhibits 

noradrenaline transport into adrenergic nerve terminals and antagonises muscarinic 

cholinergic response to nemotransmitters (Beck 1989). As well as an inhibitory 

action on detrasor muscle it also stimulates methr al smooth muscle contraction. 

Imipramine hydrochloride has long been prescribed for the treatment of noctmnal 

enmesis in children but it is also of value in adults. Castleden etal., (1981) 

demonstrated, in an open study with no placebo controls, that 6 out of 10 elderly 

incontinent women became dry with imipramine although its effectiveness has been 

shown to improve when used in conjmrction with the anticholinergic propantheline 

(Raezer et al, 1977). A more recent placebo controlled trial demonstrated that 

imipramine had no benefit over habit retraining alone (Castleden et al., 1986).

1.13.4 Evaluating experimental data

Pr oblems are encormtered when evaluating the effect of drags on detrasor 

instabihty, either in clinical trials or on isolated bladder muscle samples fiom small 

mammals or humans.

A major problem in chnical trials is the selection of patients. Urge 

incontinence is a symptom and a clinical diagnosis which can have different 

pathological causes. This might explain why the same drag will not benefit all patients
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(Staskin et al, 1990). Even a urodynamic diagnosis of detrasor instability does not 

identify tbe pathological cause (Wiskind et al, 1994) Comphance, absorption, 

metabohsm and excretion of phaniiacological agents also differ between patients 

which affect the avaüabihty and concentration of drags at receptor sites in detrasor 

muscle. There is also a major problem in extrapolathig experimental results on 

isolated annual detrasor muscle to humans. The nemotr ansmitter s hivolved hi 

detrasor muscle contraction differ between humans and smaller mammals and there 

could also be a difference hr the excitation-contraction couplhig mechanisms which 

could account for the discrepancy hi experimental results between species (Stasldn et 

al, 1990)). Often drag concentrations used in vitro are not comparable to plasma 

levels which can be obtained in man.

There is clearly a need for improvement in available treatments for detrasor 

instability. This should hiclude the development of new therapeutic agents which 

combine good efficacy with a low incidence of side effects. An alternative approach 

would be the use of pre-existing drugs which are, at present, not indicated for the 

treatment of detrusor instability.

The latter approach was adopted in this thesis by examining the effect of 

different types of drugs on detrasor muscle function, oestrogen, progestogens, 

calcium antagonists and caffeine. All these drugs are known to affect calcium 

movement within and into smooth muscle cells thereby affecting contractile response.

Female hormones were included because of theh lorown effect on the lower 

minary tract and because of the increased prevalence of detrusor instabihty hr women 

after the menopause, indicating a possible role in the causation of this condition.
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Calcium antagonists inhibit calcium influx and smooth muscle contraction. 

They therefore have a potentially useM role in the treatment of detrusor instabihty. 

Experiments have been included to examine the mechanisms of these drugs in vivo.

Caffeine is universahy consumed in tea and coffee. It is known to have 

dimetic properties and possibly dhect effects on smooth muscle contraction. 

Experiments to deteruune the effects of caffeine on detrusor muscle contraction were 

hrcluded to investigate whether caffeine consumption aggr avates detrusor hrstabhity.

Ah these compounds, because of then mode of action, have the potential to 

hrfluence detrusor muscle fimction. However, then use in the treatment of detrusor 

hrstabihty and other forms of minary incontinence has not been estabhshed. The 

experiments in this thesis were designed to help clarify this situation.

1.14 Treatment o f detrusor instability: the future

1.14.1 Oestrogen and progestogens

The physiology of the female urinary tract is influenced by sex hormones, hr 

order for these hormones to act selectively on mogenital tissue they have to interact 

with a specific receptor. High afiSnity oestradiol receptors have been demonstrated in 

the rabbit methra and bladder (Batra & Iosif 1983, Urner et al., 1983) and the rat 

methra (Lindskog et al, 1980). Oestradiol receptors have also been demonstrated in 

the human female methra and bladder, fir stly by Iosif e/ a/ (1981) who showed that 

the concentration of the receptors in the detrusor and trigone were considerably lower 

than in the methr a. hr two out of fom’ patients rmdergoing methrocystectomy, 

oestradiol receptors could not be detected in either the cytosohc or nuclear fiaction of 

the bladder. Those that were, could only be formd hr the nuclear fiaction which was
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due to the transfer of all cytosohc oestradiol receptors to the nucleus as a result of an 

oestradiol injection given 24 hour s before operation. This was administered because 

these patients had previously had hysterectomies. This study showed inconsistency in 

demonstrating oestradiol receptors, then sample size was small (n=4) and the tissue 

samples were not fiom normal bladders. Three patients had cancer of the bladder and 

the fomth a nemogenic bladder.

firgehnan-Srmdberg et al (1981) confirmed the presence of oestrogen 

receptors in female mogenital tissue taken fiom women with stress incontinence.

They fomrd significant quantities of receptor in the bladder, pubococcygeus, m ethra 

and vaginal epithehum. More recent studies using immrmohistocheruical techniques 

demonstrated nuclear oestrogen and progesterone receptors in the smooth muscle of 

the trigone and the posterior part of the bladder neck (Wolf et al, 1991). Using the 

same techniques, oestrogen receptors were identified hr the trigone but not hr the 

bladder lateral wall whereas progesterone receptors were fomrd in both sites 

(Pacchiorri et al, 1992). Although these results show variations in the location of 

oestrogen and progesterone receptors in the minary bladder, the lower minary tract is 

clearly a target for such hormonal action.

Animal experiments by the author in collaboration with others hr the laboratory 

(Elhott et al, 1992a, EUiott et al, 1992b), have shown that the physiology and 

pharmacology of the bladder can be significantly altered by changes in the 

concentrations of sex hormones (Hodgson & Heesch 1978, Levin et al, 1980,

Shapho 1986, Batra & Andersson 1989,, Ekstrom et al, 1993). Levin et al (1980) 

showed that the administration of oestrogen to immature female rabbits resulted in 

both an increased bladder response to carbachol and an increased density of 

muscarinic receptors. This was in contrast to other studies which report that 

oestrogen treatment in female rabbits led to a significant decrease in muscarinic
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receptor density (Shapiro et al, 1986, Batra & Andersson 1989). This contradiction 

may be explained by the differences in the matmity of the rabbits and the dm ation of 

oestrogen treatment. Levin et al (1980) treated immature rabbits with oestrogen for 

only 4 days, whereas Shapiro (1986) treated matme rabbits continuously for 3 weeks 

with oestrogen. Batra and Andersson (1989) treated then matme ovaiiectomized 

rabbits for up to 8 weeks.

Previous work fiom this laboratory has shown that the dhect apphcation of 

diethylstilboestrol to the organ bath reduced the contractile response of rat detrasor 

muscle to stimulation with carbachol, acetylcholine , electrical field stimulation (EPS) 

and 5-hydroxytryptamine (Elliott et ai, 1992a). It was concluded that this hihibitory 

effect was due to the reduction of calcium influx as the contractile response of 

depolarised detrasor muscle to calcium was inhibited by bath apphed 

diethylstilboestrol. Whereas when admhiistered in vivo, oestrogen would not only 

have this effect but also act on the metabohc activity of the cell influencing the 

contractile machinery as a consequence of intraceUrrlar oestrogen receptor interactions 

(Batra 1980, EUiott et al, 1992b).

Levin et al (1991) investigated the effect of pregnancy on muscarinic receptor 

density and function in the rabbit minary bladder. Pregnancy significantly reduced the 

contractile response of the bladder to bethanechol (chemicaUy related to acetylchohne) 

arid decreased the muscarinic receptor density by 50%. This study demonstrated the 

hrfluence of physiological levels of sex hormones dming pregnancy on the lower 

minary tract as opposed to pharmacological levels achieved by hormonal 

administration.

Urinary hrcontinence in women has been shown by epidemiological smveys to 

be more common aromid the time of the menopause (Feneley et al, 1979, Thomas et
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al, 1980). Molander et al (1990) investigated the prevalence of minary incontinence 

in a random sample of women from the 1900-1920 bhth cohorts residing in the city of 

Goteborg, Sweden. The prevalence of minary incontinence increased from 13.9% in 

the 1920 bhth cohort to 24.6% hr the 1900 birth cohort. The mean starting age for 

minary inconthience (65+/-13.2 years) occmied 10-15 years after the menopause, 

indicating a possible connection with the hormonal changes that take place in the peri- 

menopausal and post-menopausal periods. Another study by Rekers et al (1992) 

found the prevalence of minary incontinence in post-menopausal women to be 26.4% 

and theh data showed clearly that the menopause had a causal or contributory role in 

incontinence. As the onset of minary incontinence hr women is associated with the 

menopause, treatment with sex hormones would be expected to have a beneficial 

effect on minary symptoms.

Salmon et al (1941) treated 16 post-menopausal women with minary 

fiequency, mgency and incontinence with oestrogens. hr all but 3 patients, rehef of 

symptoms was achieved. After the withdrawal of treatment symptoms gradually 

recmzed along with the re-appearance of signs of oestrogen deficiency. This early 

study was pmely subjective, lacked controls and was performed before the advent of 

modynamics. With the introduction of pressme transducers Raz et al (1973) reported 

an increase in maximum methr al pressmes together with symptomatic improvement in 

26 of 40 women with stress incontinence who underwent treatment with conjugated 

oral oestrogens. They also treated 10 incontinent patients with medroxyprogesterone 

acetate which resulted in a definite worsening of the condition hi 6 of these patients, 2 

of which progressed to severe incontinence. The controls employed in this study had 

normal minary fimction, they were also treated with medroxyprogesterone only and 

demonstrated no alteration in bladder control. Thus progestogens have been shown in 

this study to worsen symptoms of minary incontinence but they had no effect on
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normal bladders. This suggests abnormal bladders are more susceptible to the effects 

of female hormones.

The modynamic effects of hormones on the lower minary tract of women with 

stress incontinence have also been examined by (Rud 1980, Hilton & Stanton 1983). 

Rud (1980) treated 24 stress incontinent women with a combination of high dose 

oestradiol and oestriol. He showed a significant increase in transmission of intra- 

abdominal pressme to the methr a as well as an increase in the maximum methr al 

pressme and methral length at rest. Hilton and Stanton (1983) used intravaginal 

oestradiol cream to treat ten women with modynamicahy proven genuine stress 

incontinence. They demonstrated a significant increase in the stress maximum 

m ethral-closm e pr essm e because of improved pressm e transmission in the mid- 

methra. Both studies showed significant improvement hr the symptoms of stress 

incontinence, mgency and fiequency, although neither were placebo-controhed. Rud 

(1980) also pointed out that the increased pressme transmission ratio might be due to 

factors outside the methra such as the striated musculatme of the pelvic floor or in the 

perimethr al vascrrlatme or supporting tissues.

Although the onset of minary incontinence in women appears to be associated 

with the menopause it is rmcertain whether oestrogen defi^ciency is a major factor in 

the pathogenesis of this condition. A study by Benness et al (1991a) comprised of a 

questiormahe adruiiiistered by medical persormel to two groups of women. One group 

had received no oestrogen therapy since then menopause and another group had been 

on continuous hormone replacement therapy (HRT) for ten years or more. They 

found that oestrogen deficiency did not seem to be an important factor in the 

pathogenesis of symptoms of incontinence, except for possibly noctmia. It is 

interestmg that they formd stress incontinence and voiding difficulty symptoms more
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common in those on HRT and therefore they questioned the role of progestogens in 

the causation of these symptoms.

To date there is considerable experimental support for a possible role of 

oestrogens in the treatment of uitnaiy incontinence. The converse is true for 

progestogens, which have been shown to exacerbate symptoms of incontinence. A 

recent study by Ekstrom et al (1993) investigated the effect of long tenn treatment 

with oestrogen or progesterone on the contractile responses of rabbit urinary bladder 

and urethra. Oestrogen treatment shifted the ftequency response cruve of the bladder 

to the right (inhibition of contractile response) and progesterone increased the 

maximal nerve induced contraction. Pr ogesterone also increased the maximal ur ethr al 

tension in response to nerve stimulation. The authors concluded that then results 

provided no objections to the use of progesterone with oestrogen m the treatment of 

stress incontinence as the effects of progesterone were small and seemed to improve 

maintenance of ruethral closme.

There appear to be confhcting opinions regarding the role of progestogens in 

the causation and treatment of ruinary incontinence. The study by Ekstrom et al 

(1993) investigated the effect of either oestrogen or progesterone on the contractile 

response of rabbit detrusor muscle and lacked an oestrogen and progesterone treated 

gr oup, which worrld resemble the treatment regime of women on horuione 

replacement therapy.

Because of these discrepancies and omissions the effect of progesterone and 

oestrogen treatment, in vitro and in vivo, on the contractile response of rat detrusor 

muscle to electrical field stimulation has been included in this thesis.
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1.14.2 Calcium Antagonists

To date the treatment of detrusor instabihty with calcium antagonists has been 

limited to a drug which combines this action with anticholinergic properties.

TerodUine ( although now withdrawn) has been shown in animal experiments to be an 

effective inhibitor of bladder contractions (Busted et al, 1980) and clinical trials have 

shown it to be particularly helpful for the symptoms of urgency and luge incontinence 

(Tapp et al, 1989).

The rationale for using calciirm antagonists in the treatment of detrusor 

instabihty is to limit the hrfiux of calcium through potential-operated calcium charmels. 

The entry of calciirm is an important trigger for smooth muscle contraction. Since 

contraction of detrusor smooth muscle is a contributory factor to urinary incontinence 

in patients suffering from detrusor hyperactivity it is important to estabhsh the effect 

of calcium antagonists on the contractile response of detrusor muscle (Castleden et 

al, 1981).

Shapho et al (1991) compared the binding and functional properties of 

calcium channel receptors in normal and myelodysplastic bladders. This condition 

ranges hum an atonic poorly emptying bladder to a poorly comphant hypeneflexic 

bladder. Although they found no differences in calcium channel receptor densities 

between the two groups, the presence of these receptors in the bladder suggests they 

have a meanhrgful role in detrusor fimction. Bladder activity could, therefore, be 

modulated by calcium channel antagonists. Regional differences in the density of 

calcium channel receptors in the lower ruinary tract of the rabbit have been identified 

with the number of receptors in the m ethra being three times that in the bladder dome 

and base (Lati%oru' et al, 1992).

50



In vitro studies of isolated liuman and animal detiusor muscle preparations 

have shown conclusively that calcium antagonists have a significant inhibitory effect 

on contractile response (Forman et al, 1978, Hassouna et al, 1986, Bo & Bmnstock 

1990, Fovaeus a/., 1987, Zar e? a/., 1990, Scultety 1991, Elhott eia/., 1992a). In 

vivo studies in animals were performed after intravenous adrniriistration of verapamil, 

nifedipine and rricardipine, and after a single oral dose of nicardipine and verapamil 

(Sjogren & Andersson 1979, Angehco et al, 1992, Diederichs et al, 1992). These 

drugs inhibited bladder contraction in a dose-dependent maimer, although verapamil 

produced inhibition only after toxic oral doses. In vivo animal studies have, therefore, 

been performed after intravenous administration of a calcium antagonist or after a 

single oral dose. The normal drug regime for treating this condition in man is by daily 

oral dosage, and there is httle information on the effect of these drugs on detrusor 

contractions ushrg this dosage regime in animals or man.

Clinical investigations, examining the effect of single oral doses of nifedipine 

(10-40mg) on bladder contraction in women with mge incontinence, demonstrated a 

reduction in amphtude and fiequency of uninhibited detrusor contractions and also a 

significant increase in residual mirre (Forman e? a/., 1978, Rud e/a/., 1979). hr 

contrast it has been formd that similar oral doses of nifedipine had no significant effect 

on such bladder contractions in 30 patients (Laval & Lutzeyer 1980). The effect of 

chr onic oral doshrg with fiimarizine for one week did not demonstrate significant 

modynamic improvement in women with proven idiopathic detrusor instabihty, 

although then symptoms improved significantly (Palmer ei a/., 1981). Fmther 

experience with calcium antagonists in the treatment of detrusor instabihty has been 

disappointing (Levin et al, 1994). However, calciirm antagonists have not undergone 

sufficiently rigorous scientific investigation before being introduced and rejected in 

clinical practice for the treatment of detrusor instabihty. Such drugs are known to 

vary in action between tissues (Fleckenstein et al, 1981) and between compounds of
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the same class (Bolton 1979). Frntheimore, chronic dosing conld produce 

tachyphylaxis which has been reported with verapamil (Aderka et al., 1986). This 

would result in a diminished response of the tissue to repetitive exposme to the same 

concentration of the drug and could ejqrlain the disappointing clinical results.

Scientific evidence regar ding the effect of chronic oral dosing with calcium 

antagonists on the contractile response of detrusor muscle is lacldng. Because of this, 

experiments were designed to confirm the sensitivity of human detrusor muscle to 

nifedipine and verapamil in vitro and to estabhsh human detrusor muscle sensitivity to 

nimodipine. Rat detrusor muscle sensitivity to nhnodipine treatment in vitro was also 

estabhshed and the contractile response of rat detrusor muscle after chronic oral 

treatment with nimodipine and after a single oral dose was compared.

1.14.3 Caffeine.

Caffeine is a xanthine derivative which occms natmally hr tea and coffee. It 

causes a müd dimesis by acting on the renal tubules to increase renal blood flow and 

decrease sodium and water reabsorption fiom the distal tubule in a manner similar to 

that of thiazide dimetics (Maren 1961).

Caffeine also affects the contraction of skeletal and smooth muscles. 

Observations on caffeine-induced contractions in fiog skeletal muscle date back many 

years (Ransom 1911). These contractions were observed dming experiments on the 

formation of acid in muscles. At low concentrations caffeine also increases 

contractions induced by dh ect stimulation of the muscle (Sandow & Brust 1966).

The pharmacological effects of caffeine differ depending on the concentrations 

used; it has both stimulant and relaxant effects on different smooth muscles and also
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on the same smooth muscle under different conditions (Bolton 1979). Caffeine also 

releases intracellular calcium to induce a transient contraction (Leijten & van Breemen 

1984, Karald et al, 1987). Apart ffomthe contractile effect, caffeine has a potent 

inhibitory effect on various smooth muscles. This is thought to be associated with a 

rise in cAMP due to phosphodiesterase inhibition (Bolton 1979) and alterations hr 

membrane permeability resulting in changes in calcium influx (Ito & Kmiyama 1971, 

Srmano & Miyazaki 1973, Ito e ta l, 1973).

It is, therefore, possible that caffeine could have a dhect effect on detrusor 

muscle contraction, thereby improving or worsening symptoms of urinary 

incontinence. Recently, Creighton & Stanton (1990) examined the effect of caffeine 

on modynamic studies in asymptomatic women and those with confirmed detrusor 

instabihty. The group with detrusor instabihty showed a statisticahy significant 

increase in detrusor pressme on bladder fihing fohowing the administration of 

caffeine. The asymptomatic group showed no abnormahty on cystometry. These 

resrdts indicate that increased mgency and fiequency reported after drinldng caffeine- 

containing compoimds may not be solely due to the dimetic effect of this agent.

Studies on the effect of caffeine on isolated detrusor muscle preparations are 

scant. Huddart et al (1983) included bladder muscle strips in a study on the effect of 

methylxanthines on contractile responses and calcium mobilisation in smooth muscles. 

Caffeine (0.1-5.0 mM) inhibited the -induced tonic contractions of bladder muscle 

strips without significant effect on phasic responses to K .̂ It is of interest that the 

concentration of caffeine used in this and most other studies is higher than plasma 

concentrations achieved after the ingestion o f200 mg caffeine (Creighton & Stanton 

1990).
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A plasma concentration of 50pM is obtained after the ingestion of 250 mg of 

caffeine, which is equivalent to three cups of coffee (Goodman & Gillman 1985). 

However, one study did look at the effect of low concentrations of caffeine on the 

response of in vitro whole bladder preparation to field stimulation (Lee et al, 1993). 

The concentration of caffeine requhed to increase the rate of pressure generation was 

inversely proportional to the extracellular calcium concentration. It was concluded 

that caffeine increased the rate of release of intracellular calcium

It would be of considerable importance to estabhsh the effect of low 

concentrations of caffeine (50p,M) on the contractile response of isolated detrusor 

muscle with a view to advising patients with urinary incontinence on caffeine 

consrmrption. For this reason an investigation into the effects of low concentrations 

of caffeine on isolated human and rat detrusor muscle contractile responses was 

included in this thesis.

1.14.4. Calcium movement: A common theme

The pathophysiological and pharmacological approach to the investigation of 

detrusor muscle contractile responses in this thesis focuses mainly on the process of 

intra-cellidar and extra-cellular calcium movement.

Oestrogens have been shown previously in this laboratory and by other 

workers to affect smooth muscle contraction by a reduction in calcium ioflux when 

present in the tissue envhonment or hrdhectly via muscarinic receptors in vivo. 

Progester one, in vitro, has also been shown to inhibit calcium uptake in uterine 

smooth muscle but its direct effect on isolated detrusor muscle is not known. The 

effect of progesterone treatment with oestrogen, in vivo, and progesterone alone, in 

vitro, was therefore investigated in this thesis.
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Calcium, antagonists inhibit calcium entry through voltage-sensitive calcium 

channels. Then effect on detrusor muscle contraction in vitro has concentrated on the 

use of single doses of drugs. The effect of chr onic dosing with calcium antagonists on 

the contractile response of isolated detrusor muscle in not known. It is important to 

estabhsh the effect of chronic dosing as this is the normal drug regimen used hr 

humans. Experiments were carried out to estabhsh this effect and to hh an opening in 

research conceruing this method of treatment.

Caffeine has different modes of action depending on the concentrations used.

It is known to have an effect on intraceUuIar and extraceUular calcium movement and 

to inhibit cychc nucleotide phosphodiesterases (Bolton 1979). The dhect effect of 

caffehre on isolated hrmran detrusor muscle, at concentrations hlcely to be ingested 

when drinking tea or coffee, has not been investigated previously. It would be 

important to estabhsh the effect of caffeine on isolated detrusor muscle contraction to 

advise patients with detrusor instabihty on caffeine consumption.

This research whl increase knowledge of the effects of pharmacological agents 

on detrusor muscle contractile responses. This wih hopeftdly improve om 

rmderstandhrg of the mechanisms involved, and lead to better treatment of minary 

inconthrence, particularly detrusor instabihty.

1. 15 Aims and Objectives

The overaU aims and objectives of this research were;

(a) To determine the effect of progesterone on isolated detrusor muscle contraction and 

to investigate the interaction or possible anti-oestrogenic action between progesterone 

and oestrogen in vitro.
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(b) To investigate the effect of progesterone and oestrogen treatment for 8  days in vivo 

on isolated rat detrasor muscle contractile response. Oestrogen has been shown 

previously to have a significant inhibitory effect on rat detrusor muscle contraction and 

this experiment was designed to determine the effect of the addition of progesterone to 

treatment regimen. Progesterone is known to have antioestrogenic activity and may 

therefore affect oestrogen’s inhibitory action on rat detrusor muscle contractile response.

(c) To estabhsh the effect of nimodipine on human isolated detrusor muscle contractile 

response and to investigate the effect of in vivo treatment on isolated rat detrusor muscle 

contractile response. These experiment were designed to determine why some calcium 

antagonists appear to be ineffective when given to treat detrusor instabihty.

(d) Caffeine is known to worsen the symptoms of detrusor instabihty but not that of 

stable bladders. It is possible caffeine may have a dhect effect on detrusor smooth 

muscle contraction. To investigate this possibhity experiments were carzied out to 

determine the effect of caffeine on isolated rat and human detrusor muscle contractile 

response.
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CHAPTER 2: GENERAL METHODS

Experimental procedure and theory



The evaluation of the effect of drugs in vivo is complicated by many factors. 

These include individual variations in drug absorption, distribution, metabolism and 

alteration of measured target organ action by excretion, homeostatic and 

compensatory mechanisms of different systems. A way to avoid such compbcations is 

to iuvestigate the action of drugs on a sbnplified system such as a living strip of 

bladder muscle tissue isolated ffom the body. The procedure for this is an organ bath 

which was first introduced by Magnus (Fig 3).

Trairsducer
Pen Recorder

Tissue
sample

Temperature regulated 
water foatli

Waste

Figure 3. The organ hath

2.1 The organ bath

Strips of bladder muscle were prepared and placed hr physiological salt 

solution (Kreb's solution) having an ionic composition sbnilar to that of blood plasma. 

The Kreb's solution was contained in a 50ml chamber situated nr a temper atm e 

regulated water bath maintabred at 36-37°C. Oxygen was bubbled through the
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solution to keep the tissue sample alive. The muscle sample was set up so that one 

end was anchored to a fixed hook in the chamber and the other connected to a 

transducer by siUc sutures. The transducer, which was connected to a Washington 

Oscillograph, converted isometric tension into an electrical signal. When the muscle 

sample contracted it shortened in length and this was represented as a deflection of the 

pen recorder. The recorder was calibrated by suspending a known weight fiom the 

transducer and recording the size of the pen deflection, fiom this a relationship 

between tension and distance of deflection was obtained.

In vivo detrasor muscle contracts in response to activity in neurones which 

releases neurotransmitters such as acetylcholine (ACh). In vitro contraction of 

isolated detrasor muscle was obtained by the addition of a solution of ACh to the bath 

chamber. The muscle tissue began to contract within a few seconds and removing the 

ACh containing Kreb's solution, and replacing it with flesh solution, relaxed the 

muscle back to its original length. A further apphcation of ACh was apphed within a 

few minutes. This response was also achieved by the exogenous application of other 

neurotransmitters such as ATP. A solution of ATP added to the organ bath chamber 

produced a contraction in the muscle strip with an amphtude less than that obtained 

after the addition of ACh.

The contractile response to nerve stimulation was achieved by passing the 

muscle tissue through paraUel electrodes which were coimected to a stimulator 

capable of delivering electrical impulses at different fiequencies, voltage and pulse 

width. Electrical field stimulation (EPS) not only produces contraction due to the 

release of endogenous nemotransmitters fiom nerve terminals, but also due to direct 

muscle stimulation. This is related to the setting of the pulse width, the higher the 

setting resulting in more dhect muscle stimulation.

59



2.2 Dose response curves

When the concentration of ACh added to the organ hath chamber was reduced 

it eventually reached a concentration which did not produce a contraction. When the 

concentration was increased from this level the degree of contraction increased with 

dose until a maximum was reached when a further increase in ACh concentration did 

not produce a greater effect (Burgen & Mitchell 1985). Acetylcholine produced its 

effect by combining with its receptor to initiate a pathway of events within the cell 

which resulted in contraction of the muscle sample. The curve relating dose of ACh 

to contractile response is a dose-response curve (Fig 4).
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Figure 4. Acetylcholine dose response curve.

Dose response curves were constructed by plotting the response, y axis, 

against the dose, x axis. The dose was plotted using a logarithmic scale which 

produced a sigmoidal-shaped curve that accommodated all concentrations of agonists.

Chemically related agonists such as propionylcholine produce curves identical 

in shape to ACh but which are displaced to the right because of its lower potency (Fig 

5) (Burgen & Mitchell 1985). From the curve it can be seen that the lower potency
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applies to all doses of propionylcholine, which is a fixed ratio corresponding to 1.3 log 

units .shift along the abscissa. The curves are referred to as parallel and the shift is 

described as a parallel shift to the right. It is also clear from the curves that 

butyrylcholine was not only less potent than propionylcholine but it did not reach the 

same maximum response.
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Figure 5. Dose response curves to acetylcholine (ACh), propionylcholine 

(PCh) and butyrylcholine (Bch). (Taken from Burgen & Mitchell 1985)

The shift in dose response curves was estimated by calculating the 

concentration of agonist required to produce 50% of maximum response. This is 

ED5 0  (effective dose at 50%). An increase in ED5 0  resulted in a shift to the right of 

the dose response curve. Log dose response curves were used for plotting the results 

of pharmacological measurements for a number of reasons:

(a) Substances acting on the same biological system produce curves of the same form. 

On a log scale this is easier to distinguish and the parallel position of the curves can be 

observed.
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(b) Ratios of potencies are easily estimated.

(c) Because a logarithmic scale gives equal weighting to all doses it allows a wide 

range of concentrations to be plotted on the one graph without conçressing any part 

of the curve.

(d) The middle part of the response range is linear and if responses between 20 and 

80% of the maximum are obtained a straight line may be drawn through these points. 

This can be usefid when the curve is defined fî om only two or three observations 

(Burgen & Mitchell 1985).

The response curve to EPS was plotted using a linear scale and is known as 

the frequency response curve (Fig 6 ). The response curve was obtained by stimulating 

the muscle strip with increasing frequencies, set on a Digitimer stimulator, using 1, 5, 

10, 20, 40, 60 and 80 Hz. The maximum response was obtained between frequencies 

20 Hz and 60 Hz.
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Figure 6. Frequency response curve (n=5) Vertical bars represent 

standard error of the mean (SEM)
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2.2.1 Antagonists

Antagonists do not produce a direct obseivable response but modify the 

response to agonists. The antagonist can occupy, although not always, the same 

receptor as the agonist and therefore denies access to that receptor by the agonist. An 

example of this is atropine which produces no direct response in muscle tissue. 

However, when the muscle tissue is stimulated with ACh in the presence of atropine 

no contractile response is obtained. To obtain a response much higher concentrations 

of acetylcholine are required. Where the antagonism can be overcome by increasing 

the concentration of agonist, the antagonism is known as competitive, if the 

antagonism cannot be overcome it is known as non-competitive. When the Kreb's 

solution is replaced and the atrophie removed, the noimal sensitivity of the muscle to 

acetylcholine is restored. Therefore the antagonism is reversible. If the log dose 

response curve is plotted, atropine is shown to cause a parallel shift to the light with 

the shift being greater depending on the concentration of atropine used. The degree 

of antagonism and the basis for estimating antagonist aflSnities by bioassay was first 

developed by Sclfild and workers (Schild 1949, Arunlakshana & Schild 1959). The 

resulting equation is Icnown as the Schild equation: [H]/[h] = 1 + [AJK^ 

where [H] = concentration of agonist required to yield the same response in the 

presence of the competitive antagonist.

[h] = concentration of agonist required to yield the same response in the absence of 

the competitive antagonist.

[A] = fiee concentration of antagonist.

Kg = eqmlibiium association constant for the antagonist.

2.3. Receptor theory

Before 1965 infoimation about receptors was deduced fiom the analysis of 

dose-response data. Erlich, a physician researching in chemotherapy, stated that for
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an agent to act it must be bound and the first receptor models focused on the binding 

fimction of the receptor ( Yamamura et ai, 1985). The receptors for 

nemotransmitters are membrane locahsed proteins which recognise a ligand with 

sensitivity and chemical selectivity. The process of recognition is then converted into 

a signal that results in cellular activation, hi order to account for the dual recognition- 

activation fimction of receptors a number of models have been developed that relate 

receptor occupation to the generation of a cellular signal.

The interaction between a nemotransmitter and its receptor was assumed to be 

a reversible bimolecular reaction (Clarke 1937). Clarke was the first proponent of the 

occupancy model of receptor fimction. The "occupancy" theoiy states that the 

magnitude of the biological response is proportional to the amount of ligand-receptor 

complex foimed. A problem with this theory is it is out of keeping with a number of 

expeiimental models. It requires a response to be generated at all levels of receptor 

occupation up to a maximum when all receptors are occupied.

It is known that in many tissues a response can not be detected until an 

appreciable number of receptors are occupied, "threshold phenomenon" and in others 

a maximum response is obtained only when a fraction of the available receptors are 

occupied (Yamamma et al, 1985). If a system has " spare receptors" the EDgg is 

reached at a poiut where fewer than 50% of the receptors are occupied. In a system 

exhibiting thr eshold phenomenon the EDgg is reached when more than half of the 

receptors have been occupied. However, relative ED5 0  values for agonists producing 

parallel dose-response cmves with the same maximum response can be taken as 

representative of the relative afBnity of agonist for receptor (Yamamura et al, 1985).

On the contrary antagonist afiSnities can be estimated by bioassay. The 

derivation, by Schild and co workers (1949, 1959), of the relationship for antagonists 

assumes a simple competitive bimolecular interaction between either agonist or
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antagonist and receptor. The principle of the nuU hypothesis is that when the response 

to one concentration of agonist in the absence of inhibitor is the same as the response 

to a higher concentration of agonist in the presence of competitive inhibitor, it is 

assumed that the amount of agonist reaching the receptor hi the two situations is 

identical.

The occupancy model of drag action does not account for the desensitisation 

phenomenon observed for many nemotransmitters. Desensitisation can be receptor- 

specific in that the response of muscle tissue to one agonist is lost whereas the same 

response to a second series of agonists is retaiued. The receptor specific phenomenon 

is teimed tachyphylaxis. Paton (1961) suggested that the effect a drag produces 

depends not on the number of receptors occupied but on the rate of receptor 

occupation by the drag. Instead of attributing excitation to the occupation of receptor 

by drag molecules, Paton attributed excitation to the process of receptor occupation, 

each association providing one quantum of excitation (Yamamura et al, 1985). The 

rate theoiy predicts that the maximum response is directly proportional to the 

dissociation rate constant. Slowly dissociathig compounds give smaU or negligible 

maximum responses. The rate theory accounts for the sthnulator action of agonists 

and for drag specific fadhig of an ioitial response.

The subsequent development of molecular models of receptor fimction have 

been described to account for many other aspects of nemotransmitter and hormone 

action.
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General Methods



2.4 Solutions and Chemicals

The physiological Kreb's solution used for ah expeiiments had the fohowing 

composition: NaCl 119mM, KCl 4.4mM, NaHCOg 20mM, NaH2 P0 4  1.2mM,

MgCl2  1.2mM, CaCfy 2.5mM, glucose llmM  made up in distihed water.

Where a calcium free, high K Kreb's solution was used the composition was: KCl 

127mM, NaHCO] 20mM, NaH2 P0 4  1.2mM, MgCl2 1.2mM, EGTA O.OlmM, 

glucose 1 ImM, made up in distihed water. Acetylcholine, carbachol, atropine, ATP 

and tetrodotoxin (TTX) where ah supphed by Sigma Chemical Company and made up 

on the day of the expeiiment in distihed water. KCl (Fisons) was made up in Kreb's 

solution, also on the day of the e?qjeiiment. TTX was stored in ahquots of 1ml at - 

20°C. Ah glassware and tubing was kept clean by washing with dhute HCl and 

distihed water.

2.4.1 Samples

Rats were Idhed by a blow to the head fohowed by dislocation of the neck. 

Bladders were removed and placed into Kreb's solution. Unless otherwise stated the 

number of samples used for each ejcpeiiment was five. Human samples were obtained 

from the bladder dome by cold cup biopsy forceps fr om male and female patients 

undergoing routine cystoscopic procedures. Ah patients had given informed consent 

and the majority of patients were over 60 years of age. These procedures included 

Trans Urethral Resection of the Piostate (T.U.R.P) and cystectomy for bladder 

carcinoma. Local Ethical Committee approval had been gianted for the use of 

biopsies for research pmposes. Detrusor muscle samples were prepared for the organ 

bath by the removal of fat and serosa. Strips of muscle were dissected and mounted in 

the organ bath chamber. The samples were ahowed to equhibrate for up to an hour 

under a tension of 10 mN before stimulation. This tension was deteimined previously 

by length tension expeiiments. Higher tensions did not ahow the strip to contract
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maximally and lower tensions did not demonstrate contraction at the lower end of the 

dose response curve.

2.4.2 Response curves

Dose response curves to acetylcholine (10"^M - 2xlO"^M), carbachol (10"^M 

- 10"4m ) and ATP (10"^M - 2xlO"^M) were obtained by 10 second applications of 

agonist to the organ bath. The muscle samples were then washed with Kreb's solution 

and re-stimulated after 3 minutes. Dose response curves to KCl were obtained by the 

cumulative addition of KCl (lOmM-lOOmM). The concentration of drugs and 

hoimones refened to are all final bath concentrations.

Frequency response cmves were obtained by suspending the detrusor muscle 

samples between parallel circular electrodes. The electrodes were connected to a 

Digitimer Stimulator deliveiing single square wave pulses at varying pulse width and 

voltage. Frequency response curves were obtained by stimulatmg the bladder strips 

with 1, 5, 10, 20, 40, 60, and 80 Hz in 10 second trains at 2 minute intervals.

The response of detrusor muscle to stimulation does not alter significantly 

over the time period of the experiment. The incubation times used for drugs were 

deterurined fiom preliminary experiments (not shown) to produce optimum effect.

2.4.3 Statistical analysis

Statistical analysis was carried out using one way analysis of variance and 

students t test. A Dunnett's or BonferToni correction was applied for multiple 

comparisons. A p value of <0.05 was considered significant. When deterurined, the 

EF5 0  (ED50 for fiequency response cmves) estimated fiom the median effect plot 

computed using a " Dose Effect Analysis Program" (Biosoft).
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CHAPTERS: OESTROGENS AND 
PROGESTOGENS

Methods



3.L Aims

Previous work fiom this laboratory has shown that in vivo oestrogen pre- 

treatement of rats has a significant inhibitory action on the contractile response of 

isolated detrasor muscle (Elliott et al 1992b). The in vitro administration of 

diethylstilboestrol (DES) has also been shown to have a significant inhibitory effect on 

detrasor contractile response (Elliott et al 1992a). The summation of treatments 

enhances this inhibitory action. Progestogens are known to antagonise the action of 

oestrogens, therefore, the pmpose of this study was to determine what effect the 

addition of progesterone to the treatment regimen has on rat detrasor contractile 

response. Work described in this section also examines the direct effect of 

progesterone on contractile response.

3.2 In vitro treatment

When in the dioestras phase, virgin female Wistar rats (300-350g) were culled 

and bladders removed and placed in Kreb's solution. Strips of detrasor muscle were 

prepared and mounted hr the organ bath, as described. Frequency response cmves 

were obtained with the stimulator set at 5 volts and pulse width 1.0 msec. The curves 

were presented as a percentage of maximum response.

The direct effect of diethylstilboestrol (DES) and progesterone.

Control fiequency response cmves were obtained and repeated after the 

addition of either 2pM progesterone, 2pM DES, and 2pM progesterone plus 2pM 

DES. This experiment was carried out to determine the direct effect of either 

hormone on the contractile response of isolated rat detrasor muscle and to establish if 

there was an interaction between progesterone and DES in vitro.
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Effect of different concentrations of DES or progesterone.

The effects of different concentrations of DES, 0.02pM, 0.2|iM, 20|iM, or 

progesterone 0.2|rM and 20pM on the contractile response were examined to 

establish if these hormones affect rat detrasor contraction in a dose dependent manner 

and at which concentration they become effective. Frequency response cmves were 

obtained in the absence (control) and presence of each concentration of DES or 

progesterone.

The dii'ect effect of DES and progesterone in the presence of atropine.

The dh ect effect of progesterone and progesterone plus DES on the 

contractile response to electrical field stimulation (EES) in the presence of atropine 

(lO'^M) was examined. Atropine blocks the cholinergic component of the response 

to EFS, the atropine resistant response is due to the release of adenosine triphosphate 

(ATP) fiom nerve teiminals. This expeiiment was to determine the effect of these 

hormones on the atropine resistant response to EFS and to establish the effect of 

progesterone with and without DES. Control frequency response cmves to EFS were 

obtained in the absence and presence of atropine (10" ̂ M). Response cmves were 

repeated in the presence of atropine and progesterone (2pM) and atropine plus DES 

(2pM) and progesterone (2pM).

Effect of progesterone on KCl response cmve.

The contractile response to potassium chloride (KCl) is solely dependent on 

the influx of extra-cellular calcium thr ough voltage dependent calcium channels. The 

effect of progesterone (2pM) on this response was to establish whether progesterone 

had an effect on calcium influx. A dose response cmve to KCl was constructed by the
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cumulative addition of KCl (10-80 mM). This was repeated in the presence of 

progesterone (2pM).

3.3 In vivo treatment

Virgin female Wistar rats (300-350g) were injected suhcutaneously with 

oestradiol benzoate (150 pg/Kg/d) for 3 days followed by progesterone (160 

pg/Kg/d) for 1 day. This cycle was repeated once. Pre-treatment with oestradiol 

alone for 8  days was also employed. Treatment was commenced when rats were in 

the dioestrus phase, as judged by vaginal smears. At the end of the treatment period 

rats were culled and bladders removed and placed in Kreb's solution.

Effect of oestradiol and progesterone pre-treatment.

Frequency response cmves were obtained after the treatment period and 

compared with untreated rat detiusor responses (controls). This was to estabhsh the 

metabohc effect of progesterone and oestrogen on rat detrusor contractile response 

compared to controls (no treatment).

Frequency response cmves were also obtained after progesterone 2pM alone 

or with DES 2pM was added directly to the organ bath containing detrusor strips 

fiom rats pre-treated with oestradiol and progesterone. This was to detemhne any 

difference between the hitraceUular effects of these hoimones and the effect produced 

in combination with extraceUular oestrogen and progesterone. Response cmves were 

presented as an increase in tension (mN).

Atropine blocks the cholinergic response of rat detrusor muscle to EFS. The 

effect of progesterone and oestradiol pre-treatment on atropine sensitivity was
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examined. Control frequency response cmves were obtained in the absence and 

presence of atropine (lO'^M) in detrusor muscle from untreated rats and in detrasor 

muscle from rats pre-treated with progesterone and oestradiol. The percentage 

inhibition of contractile response by atropine in controls and those treated with 

hormones was compared. Contractile responses were presented as a percentage of 

maximum response.

Effect on tetrodotoxin resistance.

Tetrodotoxin blocks the conduction of action potentials without affecting 

membrane potentials, thereby preventing the release of nemotransmitters. It is used as 

an experimental tool to establish the nemogenic origin of EFS. The TTX-resistant 

component of EFS is due to dhect muscle stimulation. The effect of 8  days treatment 

with oestradiol or oestradiol and progesterone on the TTX-resistant component of 

EFS on rat detrasor muscle was examhied.

Control fr equency response cmves were obtained then repeated in the 

presence of 1.6 x 1 0 " TTX. Fmther frequency response cmves were obtained in 

detrasor muscle fr om rats pre-treated with oestradiol or oestradiol and progesterone 

with TTX in the bath chamber. These responses were compared to control responses 

plus TTX to see if hormone treatment altered the TTX-resistant response.

Responses were recorded as an increase in tension (mN). The concentration 

of hoimones and TTX described are bath concentrations, and these were left in the 

organ bath for at least 15 minutes before stimulation.

Solutions and chemicals
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Oestradiol benzoate and progesterone were supplied by Paines and Byrne in 

1ml ampoules for injection. DES (Sigma) and progesterone (Sigma) were dissolved in 

ethanol and made up on the day of the experiment. The concentration of ethanol in 

the organ bath did not exceed 20mM.

74



Results



The responses of isolated detrusor muscle to EFS did not significantly alter 

over the time period of the experiment having less than 10% variation. Ethanol alone 

had a sHght, but not significant, potentiating effect on contractile response. The final 

concentration of ethanol in the bathing solution did not exceed 20 mM.

3.4 In vitro treatment 

The direct effect of DES and progesterone.

The mean fi equency-resp onse curves obtained fiom 6  different bladder muscle 

preparations are shown in Fig 7. The EFgq (6 .2 ± 1 . 1 Hz) obtained after the addition 

of 2pM progesterone was significantly different fiom the control EFgq (2.4±0.43 Hz) 

(p<0.01). The maximum contractile response to EFS was reduced significantly by 

12% after the addition of progestergone 2pM to the bath (p<0.01), and by a further 

30% after the addition of DES 2pM (p<0.01). hi 2 out of 6  samples the addition of 

DES resulted hi the maxhnum contractile response to EFS being reduced by 50% 

compared to controls. There was also a significant difference between the maximum 

contractile response obtahied after the addition of progesterone and progesterone plus 

DES (p<0.01).
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Figure 7. The effect o f DES and progesterone in vitro on frequency 
response curves #  Control, O  after the addition o f 2pMprogesterone,
A after the addition o f DES 2pM, O  after the addition o f 2pM progesterone 
and2pM DES. Vertical bars represent SEM (n=6) *p<0.05, **p<0.01 
compared to control

Effect of different concentrations of DES or progesterone.

Very low concentrations of DES, 0.02 îM and 0.2|rM, did not have a 

significant effect on detrusor contractile response to EFS (Fig 8 a). However high 

concentrations of DES, 20pM, had a significant inhibitory effect on contractile 

response, reducing the response by 43%, (p<0.01). Low concentrations of 

progesterone, 0.2pM, did not have an effect on detrusor contractile response to EFS 

(Fig 8b). Progesterone, 20pM, did however significantly reduce the maximum 

contractile response to EFS by 8 % (p<0.01). This inhibition was similar in magnitude 

to the reduction of contractile response produced by 2pM progesterone, suggesting 

the direct inhibitory action of progesterone may be maximal at this dose.
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Figure 8. (a) The effect o f DES, in vitro, on the frequency response curve to 
EFS in isolated rat detrusor muscle. #  control; O after the addition o f 0.02p  
M  DES;A after the addition o f 0.2pM, A  after the addition o f 20pM DES.
(b) The effect ofprogesterone, in vitro, on the frequency response curves to 
EFS in isolated rat detrusor muscle. #  control; O  after the addition 0.2pM  
progesterone; A after the addition o f 20pMprogesterone. Vertical bars 
represent the SEM (n=5) *p<0.05 **p<0.01 compared to control.
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The direct effect of DES and progesterone in the presence of atropine.

The addition of atropine, lOpM, to the bath chamber significantly reduced the 

maximum contractile response to EFS by 37% compared to controls (p<0.01) (Fig 9). 

Atropine, therefore, blocked the cholinergic response to EFS. The atropine resistant 

response was not affected by the further addition of progesterone, 2pM, to the bath. 

However the addition of DES, 2pM, significantly reduced the atropine resistant 

response by a fiuther 16% (p<0.05).
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Figure 9. The effect o f DES, progesterone and atropine, in vitro, on EFS in 
rat detrusor muscle, •  control, O after the addition o f lOfjM, atropine, A after 
the addition o f lOpM atropine and 2/jM  progesterone, D  after the addition o f 
lOpMatropine and2/jMDES. Vertical bars represent SEM (n=5) **p<0.01 
compared to control.

Effect of progesterone on K response curve»

The cumulative addition of KCL, produced a dose-dependent contractile 

response which reached a maximum at 70mM (Fig 10). The addition of progesterone, 

2pM, to the bath reduced rat detrusor contractile response to KCl at aU
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concentrations except lOmM, but the inhibition was only significant at 40 (p<0.01), 

60 (p<0.05) and 70 mM KCl (p<0.01)
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Figure 10. The effect o f progesterone, in vitro, on the contractile response to
KCL •  control, O after the addition o f IpM  progesterone. Vertical bars 
represent SEM (n=5) *P<0.05, **p<0.01 compared to control.

3.5 In vivo treatment 

Effect of oestradiol and progesterone pre-treatment.

Frequency response curves to EFS obtained in detrusor muscle samples fi'om 

rats treated with oestradiol and progesterone for 8 days, is shown in Fig 11. There 

was a non significant increase in the maximum contractile response to EFS in detrusor 

muscle fi'om rats pre-treated with oestradiol and progesterone compared to the 

response in untreated controls (n=10). The addition of progesterone, 2pM, to the 

bath chamber resulted in a small, non significant, decrease in maximum contractile 

response. The fiuther addition of DES, 2pM, with progesterone still present in the
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bath chamber, caused a further reduction in contractile response, bringing the 

response back to control levels.
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Figure II. Frequency-response curves to EFS in detrusor muscle from in 
vivo pre-treated rats. •  control (untreated), A after pre-treatment with 
progesterone and oestradiol (n=10) O after the addition o f 2pM 
progesterone, O  after the addition o f 2pMprogesterone and 2pM DES. 
Vertical bars represent SEM (n=6).

Effect on atropine sensitivity

In control rats the maximum contractile response of detrusor muscle to EFS 

was reduced by 38% after the addition of lOpM atropine to the bath chamber. The 

frequency response curve showed an increase in the mean EF5 0  from 3 Hz to 16.2 Hz 

(Fig 12a). In rats pre-treated with oestradiol and progesterone, the atropine 

sensitivity of detrusor muscle to EFS was similar to the sensitivity in control detrusor 

muscle. The maximum contractile response of detrusor muscle from pre-treated rats 

was reduced by 35% after the addition of lOpM atropine and the mean EF5 0  

increased from 2.3 Hz to 12.3 Hz (Fig 12b). Responses after pre-treatment with 

progesterone were statistically indistinguishable from those of control animals.
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Figure 11a. Effect o f atropine on the frequency-response curves
in control rats.
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Figure 11b. Effect o f atropine, in vitro, on the frequency-response curves 
in rats pretreated with progesterone and DES. •  control, O  after 

the addition o f 10/jM  atropine. Vertical bars represents the SEM 
(n=5) **p<0.01 compared to control.
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Effect on tetrodotoxin resistance.

At the parameters used for EFS, TTX blocked 50% of the maximum 

contractile response, and more than 50% of the response at lower frequencies. The 

TTX resistant response is due to direct muscle stimulation. Pre-treatment of rats with 

oestradiol and progesterone had a neghgible but nonl significant effect on the

TTX resistant response (Fig 13). However, pre-treatment with oestradiol alone did 

significantly reduce the TTX resistant response (p<0.05).
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Figure 13. The effect o f oestradiol and progesterone pre-treatment on the 
TTX resistant response to EFS. •  control, O after TTX, A after oestradiol 
treatment plus TTX, O  after oestradiol and progesterone pre-treatment plus 
TTX. Vertical bars represent SEM (n=5) *p<0.05 compared to control plus 
TTX.
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3.6 Summary

Very low concentrations of DES and progesterone had no direct effect on the 

contractile response of rat detrasor muscle to EFS. Higher concentrations inhibited 

significantly the response to EFS. The direct inhibitory effect of high concentrations 

of progesterone was probably due to the inhibition of calcium influx as the response to 

KCl was significantly reduced. Pre-treatment with oestradiol and progesterone had no 

effect on isolated rat detmsor muscle contraction. Pre-treatment also had a minimum 

effect on the cholinergic and TTX resistant component to EFS.
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CHAPTER 4: CALCIUM 
ANTAGONISTS

Methods



4.L Aims

Calcium antagonists have a significant inhibitory effect, in vitro, on the 

contractile response of isolated human and animal detrasor muscle (Forman et ai, 

1978, Zar et al, 1990, Elliott et al, 1992a). However, the clinical effects of these 

drags on urge incontinence are inconsistent (Rud et al, 1979, Laval & Lutzeyer 

1980). These results are surpiising in view of the inhibitory in vitro effects of calcium 

antagonists on isolated detrasor samples. A possible explanation for this discrepancy 

is the method and duration of drag administration. In man treatment with calcium 

antagonists is chronic whereas in vitro treatment is acute. It is possible the chronic 

administration of calcium antagonists could be inducing tolerance. The aim of the 

work described in this section was to investigate the effect of different methods of 

treatment with nimodipine on the contractile response of isolated rat detrasor muscle. 

The effect of calcium antagonists in vitro on human isolated detrasor was also 

examined.

4.2 In vitro rat detrusor muscle treatment.

Male Wistar rats (300-400g) were lolled and bladders removed then placed 

into Kreb's solution. Tissues were dissected fiee of fat and serosa and strips of muscle 

(4mm X 1mm x 1mm) were suspended in a 50ml organ bath chamber as previously 

described in section 2.1. Frequency response curves were obtained as described 

(section 2.2 ) except the Digitimer Stimulator was set at the following parameters to 

reduce direct muscle stimulation: Pulse width 0.5 msec and voltage 10 volts. Under 

these conditions the contractile response of rat detrasor muscle to EFS was abolished 

by 1 . 6  x 1 0 “ 6  tetrodotoxin, indicating its nemogenic origin.
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curves for calcium antagonists

Strips of rat detrasor muscle were stimulated with 40 Hz EFS. Samples were 

incubated with either verapamil 1.5|rM, nifedipine 0.25p,M or nimodipine 0. IfrM and 

stimulated at intervals of 5 mins. This was to evaluate the incubation time required for 

each calcium antagonist to reach maximum effect.

The concentrations of drags used were similar to human plasma levels ( 46ng/ml after 

taldng 40mg t.d.s. Bath concentration 0. IfrM = 42ng/ml ) obtained after chronic oral 

adroinistration (Drag Lifoimation Service, Leicester Royal Lifirmaiy).

Effect of nimndiuine on EFS

When consistent frequency response cmves had been obtained the tissues were 

washed and re-equihbrated. Nimodipine 0. IpM was added to the bath and after 15 

minutes incubation a second frequency response curve was obtained. Nimodipine 

0. IpM was used for rat in vitro and in vivo experiments because it was found in these 

expeiiments to have the greatest inhibitory action on human isolated detrasor muscle 

contractile response. Responses were recorded as an increase in tension (mN).

Effect of washing after the addition of nimodipine

To establish the relative stability of the inhibitory effect of nimodipine on the 

contractile response of rat detrasor muscle, the following erqieriment was performed. 

Frequency response curves were obtained before and after the addition of nimodipine 

0. IpM to the organ bath. The tissues were then washed and stimulated again at 

intervals of 30, 45 and 60 minutes, without further additions of nimodipine.

Contractile responses were presented as a percentage of maximum response.
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Effect of nimodlnine on carbachol stimulation

After consistent dose-response curves to carbachol bad been obtained the dose 

response cruve was repeated after the addition of nimodipine 0. IpM to the bath. It 

was not necessary to re-apply nimodipine after each stimulation and wash, because of 

the stability of nimodipine in the tissue samples.

4.3 In vitro human detrusor muscle treatment

Bladder biopsy samples were dissected fiee of fat and serosa and strips of 

muscle (4mm x 1mm x 1mm) were suspended in a 50ml organ bath chamber (as 

above) and allowed to equilibrate for an hoiu before stimulation.

Effect off calcium antagonists

Dose response curves to carbachol were obtained before and after 15 mimrt.es 

incubation with either nimodipine 0.1 pM, nifedipine 0.1 pM and 0.25pM or verapamil 

0. IpM and 1.5pM. These concentrations were chosen because they are similar to 

plasma levels achieved after chr onic oral administration in man.

The response to carbachol was investigated because human detrusor muscle 

contraction is principally mediated via cholinergic mechanisms (Sibley 1984). 

Responses were recorded as a percentage of the maximum control response.

4.4 In vivo treatment

A group of 6  male Wistar rats weighing 350-400g were treated for 8  days with 

nimodipine 5.14 mg Kg“l daily, administered orally by gastric intubation. The daily



dose was dissolved in 0.5ml vehicle which was prepared by mbdng together 96.6g 

polyethylene glycol 400, 6.0g glycerine and 10ml of water. Two other groups of 6  

rats received either the vehicle only or no treatment and one group of 5 rats received 

only one dose of nimodipine ( there were only 5 rats in this group because one rat, 

which received no treatment, had been used in the middle of the ejqpeiiment to 

standardise the organ bath and equipment. This was to ensme that the results were 

not due to an artefact). One hour following the last dose of acute and chronic 

nimodipine pre-treatment, rats were killed and bladders were removed and placed in 

10ml Kreb's solution. The tissue was dissected fiee of fat and serosa and strips of 

muscle fiom the bladder body (4mm x 1mm x 1mm) was mounted in the organ bath as 

described (section 2.1). Samples were allowed to equilibrate for 45 minutes before 

being stimulated.

Serum nimodiome levels

Serum concentrations of nimodipine fiom the acute and chronic treatment groups 

were measured by high-perfbimance liquid chromatography (H.P.L.C.), with the 

method of Ferguson et al (1989). They were performed by Mr Paul Whitaker, 

Toxicology Lab, Leicester Royal Lifiimaiy.

pre-treatment on EFS evoked response

To compare the effect of different treatment regimes on isolated bladder 

muscle contraction, fiequency response curves were obtained in detrusor samples 

fiom rats treated with nimodipine for either 8  days or with a single dose. These were 

compared with response curves fiom rats treated with only the vehicle for 8  days or 

no treatment. The dose response curves were presented as an increase in tension 

(mN).
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uimodinine in the bath

Frequency response cuives were obtained in detrusor muscle from rats treated 

with nimodipine for 8  days before and after the addition of nimodipine 0. IpM to the 

organ bath. This ejqpeiiment was canled out to estabhsh the presence of functional 

calcium channels after the tissue had been exposed to nimodipine for 8  days.

Effect of nimodipine treatment and bath applied nimodipine on the carbachol 

evoked response

Carbachol response cmves were obtahied fiom detrusor muscle taken fiom 

rats treated with nimodipine for 8  days and compared with control dose response 

cmves (no treatment). Another dose response cmve was obtained after the addition 

of nimodipine 0. IpM in the bath containing samples pre-treated with nimodipine for 8  

days. This was to establish the presence of receptor operated calcium channels in om 

samples after 8  days nimodipine treatment.

of nimndipme pre-treatment on the response to

To investigate the efifect of nimodipine treatment on calcium influx via voltage- 

sensitive calcium channels, response cmves to were obtained in rats pre-treated 

with nimodipine for 8  days and after a single dose, these were compared to response 

cmves fiom untreated rats (controls).

90



Effect of uimodinine pre-treatment plus bath applied nimodirtine on the 

response to

Dose response curves to were obtained in detrusor muscle strips fiom rats 

pre-treated with nimodipine for 8  days and after the addition of nimodipine 0. IpM to 

the bath. This was to determine the presence of functioning voltage-sensitive calcium 

channels after the treatment period.

Solutions and chemicals

Nimodipine (Bayer) and nifedipine (Sigma) were stored in the dark and made 

up in ethanol on the day of the erqreiiment. Verapamil (Sigma) was made up in 

ethanol on the day of the experiment. For in vivo treatment nimodipine was dissolved 

in polyethylene glycol (Sigma), glycerine (Fisons) and distilled water prior to oral 

administration.
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4.5 In vitro rat detrusor muscle treatment 

Time response curves for calcium antagonists

When nimodipine, 0. IpM, had been in contact with rat detrasor muscle for 5 

minutes, the contractile response to 40 Hz EFS was reduced by 36% compared to control 

(Fig 14a). After 10, 15, 20, 25 and 30 minutes incubation the contractile responses were 

reduced by 50%, 55%, 55%, 57% and 56% respectively.

Nifedipine, 0.25pM, reduced the contractile response to 40 Hz EFS by 29% 

compared to control, after 5 minutes incubation m the organ bath (Fig 14b). After 10, 15, 

20, 25, and 30 minutes incubation the contractile responses were reduced by 47%, 57.1%, 

57%, 62% and 62% respectively.

Verapamil, 1.5pM, reduced the contractile response to 40 Hz EFS by 12%, 30%, 

38%, 38%, 40% and 40% after 5, 10, 15, 20, 25 and 30 minutes respectively (Fig 14c). 

The calcium antagonists studied demonstrated an increase in inhibitoiy effect up to 15 

minutes incubation time in the organ bath. After this time a plateau was reached in which 

the hihibitory effect on contractile response remained the same. Therefore, 15 minutes 

incubation time for these drags was chosen.
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Figurel4a. Time response curve to 0.1 pM  nimodipine, in vitro.
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Figure 14b. Time response curve to 0.25pM nifedipine, in vitro.
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Figure 14c. Time response curve to 1.5/jM  verapamil, in vitro.
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Effect of nimodipine on EFS evoked response

The addition of O.lpM nimodipine to the organ bath chamber reduced the 

spontaneous contractions of isolated rat detrusor muscle. Nimodipine also reduced the 

maximum contractile response, of the frequency response curve, to EFS by 51% (p<0.01. 

Fig 15).
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Figure 15. The effect o f O.lfjMnimodipine,in vitro, on the contractile response 
o f rat detrusor muscle to EFS. 9  control, O after 0.1/jM nimodipine. Vertical 
bars represent SEM (n=4) **p<0.01

Effect of washing after the addition of nimodipine

After the addition of 0.1 pM nimodipine to the organ bath the tissues were washed 

and re-stimulated with 20, 40, 60 and 80 Hz at intervals of 30, 45 and 60 minutes. The 

maximum contractile response was reduced by 44%, 34% and 31%, respectively, compared 

to controls (Fig 16). Although still significantly different from control (p<0.01) 22% of the 

original inhibition following the addition of nimodipine was lost after 60 minutes and 3 

washes.
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Figure 16. The effect o f washing after the addition o f nimodipine 0.1 pM, 
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Figure 17. The effect o f nimodipine, in vitro, on rat detrusor contractile 
response to carbachoL •  control, O  after O.lpM nimodipine.
Vertical bars represent SEM (n=4) **p<0.01

96



E ffe c t  of nimndinme on the carbachol e v o k e d  response.

The maximum contractile response of rat detmsor muscle to carbachol stimulation 

was reduced by 84% after the addition of nimodipine, 0. IpM, to the bath chamber (p<0.01, 

Fig 17). Nimodipine was added only once to the bath chamber and not re-appHed after each 

stimulation with carbachol. The hihibitoiy action of nimodipine was maintained after 

washing the samples.

4.6 In vitro human detrusor muscle treatment 

Effect of calcium antagonists.

Nimodipine, 0.1 pM, reduced the maximum contractile response of isolated human 

detrasor muscle to carbachol by 42% compared to control (p<0.01. Fig 18a).

The addition of nifedipine 0. IpM and 0.25pM to the organ bath chamber reduced 

the maximum contractile response by 35% (p<0.05) and 41% (p<0.01), respectively 

(Fig 18b). Increasing the concentration of nifedipine did not produce a further dose related 

inhibitoiy effect.

Verapamil, 0. IpM, did not produce a significant inhibitory effect on contractile 

response whereas 1.5pM reduced the maximum contractile response of human detrasor 

muscle to carbachol by 28% (p<0.01. Fig 18c). At the concentrations studied, nimodipine 

0. IpM had the most inhibitory action in vitro on the contractile response of human isolated 

detrasor muscle compared to nifedipine and verapamil.
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Figure 18a. The effect o f nimodipine, in vitro, on the contractile response of 
human detrusor muscle to carbachol
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Figure 18b, The effect o f nifedipine, in vitro, on the contractile response of 
human detrusor muscle to carbachoL
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Figure 18c, The effect o f verapamil, in vitro, on the contractile response of human 
detrusor muscle to carbachol, #  control (18a) O  afternimodipine OA/jM.
(18b) O  after nifedipine 0A ^  A after nifedipine 0,25pM. (18c) O  after verapamil 
OAfjM, A after verapamil LSjuM. Vertical bars represent SEM (n=5) *p<0.05, 
**p<0,01 Compared to control

98



4.7  In vivo treatment 

Effect of nimndinine pre-treatment on EFS evoked response.

The maximum contractile response of rat detrusor muscle to EFS, after pre

treatment with nimodipine for 8 days or with the vehicle, showed no significant difference 

from control (Fig 19). However, the contractile response of detrusor muscle after the rats 

had received only one dose of nimodipine was significantly reduced by 6 6 % compared to 

controls (p<0.05).
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Figure 19. The effect o f nimodipine pre-treatment, in vivo, on the contractile 
response o f rat detrusor muscle. #  control, O  after 8 days nimodipine 
treatment, O  after pre-treatment with the vehicle, K  after a single dose o f 
nimodipine. Vertical bars represent SEM (n=5) *p<0.05 compared to control

Serum nimodipine levels

The serum nimodipine concentration in rats treated with a single dose was 35ng/ml 

(SEM ± 2.72) and for those treated for 8 days was 46ng/ml (SEM ± 1.84) (Table II). Rats 

treated for 8 days had a significantly higher serum nimodipine concentration than those 

treated with a single dose (p<0 .0 1 ).
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Rat Number Single dose ng/ml Rat number Eight days ng/ml

1 27 7 40

2 35 8 45

3 40 9 52

4 32 10 47

5 45 11 51

6 30 12 44

Table H, Serum nimodipine concentrations from rats pre-treated with either a 

single dose or for 8 days.

Effect of nimoditiine pre-treatment nlns nimodipine in the bath.

When nimodipine 0. IpM was added to the bath chamber containing detrusor muscle 

from rats treated for 8  days with nimodipine, the contractile response to EFS was 

significantly reduced by 60% (p<0.01. Fig 20). This was not significantly different to 

responses obtained after bath applied nimodipine in control rats..

Effect of nimodipine treatment and bath application on carbachol evoked responses.

The contractile response of detrusor muscle to carbachol, fiom rats treated with 

nimodipine for 8  days, showed a non significant increase compared to controls (no 

treatment) (Fig 21). The addition of nimodipine, 0. IpM, to the bath chamber containing 

detrusor muscle fiom rats treated for 8  days with nimodipine, reduced the maximum 

contractile response by 91% (p<0.01).
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Figure 20. The effect of nimodipine pretreatment, in vivo, and nimodipine in the 
bath on the contractile response of rat detrusor muscle to EFS. O after 8 days 
nimodipine treatment, A after nimodipine 0. IpM. Vertical bars represent the SEM. 
(n=4) **p<0.01
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Figure 21. The effect of nimodipine pretreatment, in vivo, and nimodipine in the 
bath on the contractile response o f rat detrusor muscle to carbachol #  control, 
O after 8 days nimodipine treatment, A after the addition of nimodipine 0. IpM. 
Vertical bars represent SEM (n=5) *p<0.05, **p<O.Ol.
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Effect of nimndinine pre-treatment on the response to K

In rats pre-treated with nimodipine for 8 days, the contractile response of isolated 

detrusor muscle to showed no significant difference from control (untreated) (Fig 22). 

When the rats had received only 1 dose of nimodipine the contractile response of detrusor 

muscle was significantly reduced by 51% compared to controls (untreated).
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Figure 22. The effect o f nimodipine pre-treatment, in vivo, on the contractile 
response o f rat detrusor muscle to KCL #  control, O after 8 days nimodipine 
treatment, #  after a single dose o f nimodipine. Vertical bars represent SEM. 
(n=5) *p<0.05

Effect of nimodipine treatment plus bath applied nimodipine on the response to K

The addition of nimodipine 0. IpM to the organ bath, containing detrusor muscle 

from rats pre-treated with nimodipine for 8 days, abohshed the contractile response to 

(Fig 23).
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Figure 23. The effect o f nimodipine pre-treatment, in vivo, and nimodipine in 
the bath on the contractile response o f rat detrusor muscle to KCL O  afterS days 
nimodipine treatment. A after the addition o f 0. IjuM nimodipine Vertical bars 
represent SEM (n=5)

4.8 Summary

At the concentrations of calcium antagonists studied, nimodipine was found to have 

the most inhibitory action on the contractile response of isolated human detrusor muscle. 

Nimodipine had a significant inhibitory effect on the contractile response of rat detrusor 

muscle in vitro. This inhibitory effect was stable and not easily washed out of the tissue 

samples. The chronic in vivo treatment of rats with nimodipine had no effect on the 

contractile response of isolated detrusor muscle. However, treatment with a single dose of 

nimodipine significantly reduced detrusor muscle contractile response. Nimodipine 

abohshed the contractile response to thus confirming a blockade of calcium uptake.
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CHAPTERS: CAFFEINE

Methods



5,1. Aims

The diuretic effect of caffeine is well known and caffeine consumption has 

been shown to have a detrimental effect on bladder function in those suffering fiom 

incontinence. It is possible that this effect is not only due to the diuretic action of 

caffeine but to a direct effect on detnrsor muscle contraction, fir a group of women 

with confirmed detrusor instability it was found that the admirristration of caffeine 

caused a significant increase in detnrsor pressrrre on bladder filling (Creighton & 

Stanton 1990). The aim of work described in this section was to detertnine the effect 

of caffeine on detnrsor muscle contraction with a view to advising people with 

detnrsor instability on caffeine consumption.

5.2 In vitro human detrusor muscle treatment

Human detnrsor muscle samples were placed immediately into Kreb's solution 

and transported to the laboratory. Muscle strips (4mm x 1mm x 1mm) were dissected 

fi ee of fat and serosa and mormted in the organ bath as described in section 2 .1 .

Effect of caffeine on the acetylcholine evoked response

When consistent dose response cmves to acetycholine had been achieved 

(control) caffeine 50pM was added to the bath chamber. This concentration was used 

as it is equivalent to plasma concentrations obtained after the ingestion of 3 cups of 

coffee (250mg) (GiUman et al., 1985). Following 10 minutes incubation a second dose 

response cmve was obtained. Responses were presented as an increase in tension 

(mN) and as a percentage of maximum response.
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Effect of caffeine on carbachol evoked response

When consistent dose response curves to carbachol had been obtained, 

caffeine 50pM was added to the chamber. After 10 minutes incubation a second dose 

response cmve was obtained. Responses were presented as an increase in tension 

(mN) and as a percentage of maximum response.

5.3 In vitro rat detrusor muscle treatment

Male Wistar rats (200-300g) were lolled and bladders were removed and 

placed in Kreb's solution. Strips of muscle from the bladder body were suspended in 

the organ bath chamber as described in section 2 .1 .

Effect off caffeine on acetylcholine and carbachol evoked responses

Carbachol is an ester of choline which is not hydrolysed by cholinesterase. 

Because of this the effect of caffehie on the contractile response to acetylcholiue and 

carbachol was investigated. When consistent dose response cmves had been achieved 

to acetylcholine and carbachol, caffeine 50pM was added to the bath chamber. After 

10 miinrt.es incubation a second dose-response cmve was obtained. Responses were 

presented as an increase in tension (mN) and as a percentage of maximum response. 

Control responses were compared to responses obtained after the addition of caffeine.

Effect of caffeine on the response to adenosine triphosphate (ATPl

The response to ATP was investigated because it is the nemotransmitter 

responsible for the non-adr energic non-choliuergic (NANC) response to nerve 

stimulation in the rat. When consistent dose response cmves had been achieved, 

caffeine 50pM was added to the bath chamber. After 10 minutes incubation a second
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dose-response curve was obtained. Responses were presented as an increase in 

tension (mN) and as a percentage of maximum response.

Effect of caffeine on EFS

The Digitimer Stimulator was set at 20 volts, pulse width 0.05msec. When 

consistent frequency response curves had been achieved the tissues were washed and 

re-equihbrated. Caffeine 50pM was then added to the bath and after 10 minutes 

incubation a second frequency response cmve was obtained. Responses were 

recorded as an increase in tension (mN) and as a percentage of maximum response.

The response to EFS was abohshed by tetrodotoxin 1.6 x 10"^M, indicating its 

nemogerric origin.

Effect of caffeine and atropine on EFS evoked response

When consistent responses had been obtained, atropine IpM was added to the 

chamber to block the cholinergic response to EFS. After 10 minutes incubation a 

second fr equency response cmve was obtained. With atropine sthl present hr the 

organ bath chamber, caffeine 50pM was added and a third frequency response cmve 

obtained. This was to estabhsh if caffeine only influenced the cholinergic response to 

EFS. Responses were presented as an increase in tension (mN) and as a percentage of 

maximum response.

Effect of different concentrations of caffeine on the response to acetylcholine

Rat detrusor samples were stimulated repeatedly with 10 second apphcations 

of acetylcholine lO'^M, rmtil consistent responses were obtained. This was 

considered the control response. Different concentrations of caffeine, IpM, lOpM, 

50pM, lOOpM and ImM were added to the bath chamber for 10 minutes prior to
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stimulation with acetylcholine lO'^M. This was to determine whether the action of 

caffeine was dependent on the concentration used. The responses obtained were 

presented as an increase in tension (mN) and compared to the control response.

Effect of caffeine on acetvleholme response in high K"*", Ca^~  ̂free medium

The contractile response of detrusor muscle to acetylcholine in high K'*', 

calcium free Kreb's solution fades after repeated stimulation, as internal calcium stores 

are depleted. The response can be restored by the addition of calcium to the bathing 

medium, which replenishes internal calcium stores.

After stimulation with acetylcholine lO'^M the tissue samples were washed 

with high K ,̂ Câ  ̂free Kreb’s solution then calcium 2.5mM was added to the bath 

chamber. After 5 minutes the tissues were washed again and left for 3 minutes before 

being stimulated with acetylcholine lO'^M. This was repeated until consistent 

responses were obtained which were taken as the control response. After the samples 

had been incubated with calcium for 5 minutes, then washed, caffeine 50pM was 

added to the chamber. After 3 minutes incubation the samples were stimulated with 

acetylcholine lO'^M. This experiment investigated the influence of extracellular 

calcium depletion on the effect of caffeine on contractile response. The responses 

were presented as an increase in tension (mN).

Effect of caffeine and ryanodine on the acetylcholine evoked response

The detnrsor samples were exposed to 10 second apphcations of acetylcholine 

10"^M until consistent responses were obtained, this was taken as the control 

response. Caffeine 50pM was added to the bath and after 10 minutes incubation the 

sample was restimulated. After washing, the sample was incubated with ryanodine 

alone, lO'^M, and with caffeine 50pM plus ryanodine 10"^M for 10 minutes, and then
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stimulated with acetylcholine. Ryanodine depletes internal calcium stores and, 

therefore, it may influence the effect of caffeine on the contractile response of detrusor 

muscle.

The contractile responses were presented as an increase in tension (mN) and 

the response in the presence of caffeine alone was compared to the response in the 

presence of caffeine and ryanodine.

Solutions and chemicals

Caffeine (Pharmacy, Leicester General Hospital), acetylcholine chloride, 

atropine, carhamylcholine chloride, ATP (all Sigma) and Ryanodine (ICN) were all 

dissolved in distilled water and made up on the day of the experiment.
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Results



3.4 In vitro human detrusor muscle treatment 

Effect off caffeine on acetylcholine evoked response

Human detmsor isolated muscle strips showed a concentration dependent 

contractile response to the apphcation of ACh (10"^M - 2 x and carbachol

(10"^M ” 10"4m ). The maximum contractile response to ACh was obtained at a high 

concentration compared to carbachol ( 1 0 " -  lO'^M). Caffeine, 50pM,

increased significantly the maximum contractile response to ACh by 15% (p<0.05) 

compared to control, but had no effect on the contractile response to carbachol (Fig's 

24a & 24b)

5.5 In vitro rat detrusor muscle treatment

Effect of caffeine on acetylcholine and carbachol evoked response.

Concentration-dependent contractile responses of rat detrusor muscle were 

seen after the apphcation of ACh and carbachol to the organ bath. The dose response 

cmves were presented as an increase in tension, expressed as mN, and as a percentage 

of maximum response. When e?q)ressed as a percentage of maximum response, the 

dose response cmve to ACh after the apphcation of caffeine, 50p,M, was similar to the 

control response cmve. However, the maximum contractile response achieved after 

the addition of caffeine was increased by 9% compared to controls (p<0.05. Fig 25a). 

When expressed as an increase in tension, the increase in maximum response after the 

addition of caffeine was not significant (Fig 25b). This was due to the wide variation 

in tension encountered dming stimulation, resulting in a high SEM.
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Figure 24a, The effect o f caffeine, in vitro, on the contractile response o f  
human detrusor muscle to acetylcholine. •  control, O after the addition o f 
caffeine 50pM. Vertical bars represent SEM (n=8) *p<0.05
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Figure 24b. The effect o f  caffeine, in vitro, on the contractile response o f
human detrusor muscle to carbachoL #  control, O  after the addition o f
caffeine 50pM. Vertical bars represent SEM  (n=̂ 8)
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The dose response curves to carbachol, before and after the addition of 

caffeine, 50p,M, were similar. When expressed as a percentage of maximum response, 

the maximum response to carbachol was not altered by the addition of caffeine,

50pM, (Fig 26a). The dose response cmves were also similar when expressed as an 

increase in tension (Fig 26b). As with ACh, the SEM's were higher when the 

contractile response was expressed as an increase in tension.

Effect of caffeine on the response to adenosine triphosphate (ATPl

Rat detrusor muscle contractile response to ATP is dose-dependent.

However, the amphtude of response was considerably less than to ACh and carbachol. 

The addition of caffeine, 50pM, increased, non significantly, the maximum response to 

ATP when expressed as a percentage of maximum response and as an increase in 

tension (Fig's 27a & 27b).

Effect of caffeine on EFS evoked response.

Stimulation of intiinsic nerves in the muscle strips resulted in a fiequency- 

dependent increase in tension. The maximum response to EFS was less than the 

maximum response to ACh and carbachol. When expressed as a percentage of 

maximum response, caffeine, 50p,M, increased significantly the maximum response to 

EFS by 11% (p<0.01. Fig 28a). When the contractile response to EFS was expressed 

as an increase in tension, the maximum response was not significantly increased by 

caffeine (Fig 28b).
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Figure 25a, The effect o f caffeine, in vitro, on the contractile response o f 
rat detrusor muscle to acetylcholine. •  control, O after the addition o f 
caffeine 50/jM. Vertical bars represent SEM. (n=5) *p<0.05
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Figure 25b. The effect o f  caffeine, in vitro, on the contractile response o f
rat detrusor muscle to acetylcholine. •  control, O  after the addition o f
caffeine 50pM. Vertical bars represent SEIM. (n=5)
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Figure 26a. The effect o f caffeine, in vitro, on the contractile response o f 
rat detrusor muscle to carbachoL #  control, O after the addition o f 
caffeine 50pM. Vertical bars represent SEM (n=5).
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Figure 26b. The effect o f  caffeine, in vitro, on the contractile response o f
rat detrusor muscle to carbachol #  control, O  after the addition o f
caffeine SOpM. Vertical bars represent SEIM. (n=5)
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Figure27a. The effect o f caffeine, in vitro, on the contractile response o f rat 
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Figure 27b. The effect o f caffeine, in vitro, on the contractile response o f 
rat detrusor muscle to ATP. 0  control, O  after the addition o f caffeine 50 
jjM. Vertical bars represent SEM (n=5)
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Figure 28a. The effect o f caffeine, in vitro, on the contractile response o f 
rat detrusor muscle to EFS. #  control, O  after the addition o f caffeine 
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Figure 28b. The effect o f  caffeine, in vitro, on the contractile response o f
rat detrusor muscle to EFS. #  control, O  after the addition o f  caffeine
50pM. Vertical bars represent SEIM (n=5)
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Effect of caffeine and atropine on EFS evoked response

Atropine, IpM, reduced the maximum response to EFS by 30% (p<0.01) 

thereby blocking the cholinergic response. The addition of atropine, IpM, and 

caffeine, 50pM, reduced the response by 25% (Fig 29). The difference between the 

response after atropine alone and atropine plus caffeine was not significant. The sUgbt 

increase in maximum response to EFS by caffeine was therefore abolished by atropine.
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Figure 29. The effect o f caffeine, in vitro, on the contractile response o f rat 
detrusor muscle to EFS in the presence o f atropine 1/jM. #  control,
O after the addition o f caffeine 50pM and atropine IpM. A after the 
addition o f atropine IpM. Vertical bars represent SEM (n=5).

Effect of different concentrations of caffeine on acetylcholine evoked response.

At the concentration of ACh, 10"^M, used for this experiment there was no 

significant difference between the control response and responses after the addition of 

different concentrations of caffeine. However, after the addition of cafteme, lOpM 

and 50pM there was an increase of 5% in contractile response conq)ared to control
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(Fig 30). The responses after the addition of caffeine, IpM and lOOpM, were almost 

the same as control whereas ImM caffeine slightly reduced the contractile response to 

ACh 10-3Mby 8 %.

Effect of caffeine on acetylcholine reaponse in high K^, free medium.

hi a calcium free medium the contractile response of rat detmsor muscle to 

ACh,10"3M, before and after the addition of caffeine, 50pM, was the same (Fig 31).

Effect of caffeine and ryanodine on acetylcholine evoked response.

After the addition of ryanodine 10"^M to the organ bath the dose response curve 

to ACh was shifted to the right. The samples were allowed to re-equilibrate then 

caffeine, 50pM, and ryanodine, 10"^M, was added to the bath. The dose response curve 

to ACh was slightly shifted to the left, back towards the control response (Fig 32). The 

addition of ryanodine to the bathing medium, therefore, abolished the slight but non 

significant effect of caffeine on rat detmsor contractile response to ACh.
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Figure 30. The effect o f different concentrations o f caffeine, in vitro, on 
the contractile response o f rat detrusor muscle to acetylcholine 10~^M.
Vertical bars represent SEM (n=5).
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Figure 31. The effect o f caffeine, in vitro, on the contractile response o f rat 
detrusor muscle to acetylcholine 10~^M in high Ca^'^free medium.
Vertical bars represent SEM
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Figure 32. The effect o f caffeine and ryanodine, in vitro, on the contractile 
response o f rat detrusor muscle to acetylcholine. #  control, A after the 
addition o f ryanodine lOpM, O after the addition o f caffeine 50/jM and 
ryanodine lOpM. Vertical bars represent SEM (n=4)

5.6 Summary

CaflFeine had a slight potentiating efiFect on the contractile response of rat 

detrusor muscle to ACh and EFS which was not significant when contraction was 

expressed in tension (mN). The response to carbachol was not altered by cafiFeine. 

Caffeine also shghtly potentiated the response to ACh in human isolated detrusor 

muscle which was of greater magnitude than in rat detrusor muscle. The shght 

potentiating effect of caffeine on ACh was abolished by the removal of calcium from 

the bathing medium and by the addition of ryanodine. Overall the effect of caffeine 

was small and probably clinically insignificance.
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CHAPTER 6: DISCUSSION



“Psychologically and sociologically the consequences o f loss of 

continence in our society should never be underestimated. The loss of  

dignity and self-esteem precipitated by losing control and wetting bed, 

chair or clothing can have devastating effects upon the individual 

concerned” (Garrett 1983).
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These words by Ganett (1983) describe eloquently the discomfort, shame and 

loss of self-confidence endmed by those with minary incontnience. They also serve as 

a poignant reminder of the pmpose of research.

A concise brief srrmmary of the results obtained in this thesis is as follows; (a) 

bath applied female sex hormones reduced the contractihty of isolated rat detrusor 

muscle, (b) pre-treatment of rats with oestradiol and progesterone had no significant 

effect on isolated detrusor muscle contractile response, (c) bath applied calcium 

antagonists had a significant inhibitory effect on isolated human detrusor muscle 

contractile response, (d) chrorric pre-treatment of rats with nimodipine had no effect 

on the contractile response of isolated detrusor muscle, (e) there was a significant 

reduction in the contractile response of isolated detrusor muscle fiom rats pre-treated 

with a single dose of nimodipine, and (f) caffeine shghtly errhanced the contractile 

response of human and rat detrusor muscle to acetylcholine and electrical stimrrlation.

6.1 Oestrogem and progestagens.

Previous work from this laboratory investigated the effect of bath apphed DES 

and pre-treatment in vivo of rats with oestradiol on the contractile response of isolated 

detrusor muscle (Elfiott et al, 1992a, 1992b). Each method of treatment had a 

significant irrhibitory effect on detrusor contraction. When both treatments were 

apphed they summated to produce a highly significant decrease in contractile response
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to cholinergic and EPS. It was proposed that the dhect effect of DES inhibited 

calcium uptake (Elhott et al, 1992a) and pre-treatment with oestradiol altered 

muscarinic receptor densities (Elhott et al, 1992b).

hr humans it is usual to admirrister oestrogens with progestogens, to protect 

the uterus. This led to the present investigation which demonstrated that pre- 

treatment with oestradiol and progesterone had no significant effect on the contractile 

response of isolated rat detrusor muscle to EPS. This result suggested progesterone 

antagonised the inhibitory action of oestrogen on rat detrusor muscle contraction. 

Oestradiol and progesterone pre-treatment in anaesthetised rats has also been found to 

have no effect on bladder contraction after stimulation of hypogastric and pelvic 

nerves (Sato et al, 1989).

The urinary bladder is clearly a target for hormonal action with oestrogen 

receptors identified in the human bladder body, methra and trigone (Iosif et al, 1981). 

A comparative study identified oestrogen receptors in the uterus, vagina and methra 

of ovariectomised rabbits with the uterus having the highest concentration. However, 

receptors were clearly evident in the methra and bladder (Batra & Iosif 1983).

Progesterone receptors have also been found in the methra, minary bladder 

and vagina of rabbits previously treated with oestrogen (Batra & Iosif 1983, Batra & 

Iosif 1987). fir most instances the interaction between progesterone and oestrogen is 

antagonistic, mediated by a reduction of oestrogen receptors. This antioestrogenic
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effect of progesterone has been demonstrated in the uterus but not in the vagina or 

methra of female rabbits (Batra & Iosif 1989).

In the present results, progesterone and oestrogen treatment of rats had no 

effect on detrusor contractile response whereas oestrogen treatment alone has been 

shown to have a significant inhibitory effect on contractile response and chohnoceptor 

densities ( Elhott et al, 1992b, Batra & Andersson 1989, Shapho 1986). It is 

therefore possible that an antioestrogenic effect of progesterone has been 

demonstrated in rat detrusor muscle.

The mechanism for such an effect has been more extensively investigated in 

uterine tissue. Oestrogen is able to penetrate the cell membrane and combine in the 

cytoplasm with a specific receptor (Batra 1980). The receptor complex then moves 

into the ceh nucleus which, after modification, leads to DNA-dependent KNA 

synthesis and finahy the synthesis of proteins (Batra 1980). It seems that the 

progesterone-receptor complex irrfluences the replenishment of the cytoplasmic 

oestrogen receptor by interfering with its resynthesis or recycling, thereby reducing 

the quantity of oestrogen receptors (Hsueh et al, 1975). Batra and Iosif (1989) 

suggested that progesterone induces a turnover of oestrogen receptors in the uterus, 

and not in the vagina and methra of the rabbit, because of the organs high sensitivity 

to progesterone. Also it is possible that a minimum number of progesterone receptors 

is requhed to induce down regulation of oestrogen receptors.
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The results hi this thesis would suggest that rat detrusor muscle fidfils either 

one or both of these criteria. This is supported further by the lack of effect of 

progesterone and oestrogen treatment on the weight of rat bladders. Oestrogen 

treatment alone significantly increased the mass of rabbit and rat bladders (Shapho 

1986, Elhott et al., 1992b) possibly due to mucosal hyperplasia or an increase in 

smooth muscle mass (Batra & Iosif 1983).

Oestrogen and progesterone pre-treatment also had no effect on the 

cholinergic component of nerve stimulation in rat detrusor muscle strips. The 

contractile response to EES was approximately 38% cholinergic and 62% purinergic. 

Oestrogen pre-treatment has been shown to increase significantly the pminergic 

component and decrease the cholinergic response to nerve stimulation (Elhott et al, 

1992). fir the present study this effect was abohshed by the addition of progesterone 

to the treatment regimen. Atropine sensitivity has also heen formd to increase hr rat 

detrusor muscle fiom ovariectomised animals, suggesting that a lack of oestrogen 

increases cholinergic responsiveness (Eilca et al, 1988).

These results clearly demonstrate that female hormones can cause a substantial 

shift of the contractile response to field stimulation fiom cholinergic to purinergic, 

although the contractile response to ATP has been shown to be incapable of 

substantiahy emptying the bladder (Levin et al, 1983).

Pregnancy hr arrimais also decreases the contractile response of detrusor 

muscle to cholinergic stimulation and significantly increases the response to ATP
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(Levin e? a/., 1991, Tong e? a/., 1995). Tong e /« /(  1995) examined the effect of 

pregnancy and daily intramuscular injections of progesterone in non pregnant animals 

on the contractile response and muscarinic receptor density in rat minary bladders.

The maximum contractile response to ACh was significantly reduced in the pregnant 

rats and in those treated with progesterone, as were muscarinic receptor densities.

The response to ATP was formd to be increased in pregnant rats.

These results oppose previous findings where oestrogen administration, not 

progesterone, inhibited the contractile response of rat detrusor muscle to ACh and 

decreased muscarinic receptor density (Ekstrom et ai, 1993, Elliott et al, 1992b, 

Batra & Andersson 1989, Shapho 1986). It is interesting to note that Tong et al 

(1995) found the wet weight of empty bladders to be greater in the pregnant group 

than in any of the others, including the progesterone treated group. Oestrogen, but 

not progesterone, is known to cause mucosal hyperplasia and has been shown to 

increase the weight of minary bladders in previous studies ( Ekstrom et al, 1993, 

Batra & Andersson 1989, Shapho 1986). Urrfortvmately Tong et al (1995) did not 

estimate oestrogen levels in their pregnant rabbits and corrld therefore not exclude the 

influence of oestrogen on then results

It is clear that modulation of oestrogen and progesterone can significantly alter 

bladder autonomic receptor density and response to stimulation. However, some 

reports in the Hteratme have confhcting opinions regarding the effect of female 

hormones on detiusor muscle. Levin et al (1980, 1981) reported acute oestradiol 

administration to sexually immatme rabbits induced an increase in muscaihfic and a-
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adrenergic receptor density in the bladder body and increased the response to 

muscaiinic and a-adrenergic stimulation. Shapho (1986) found that chronic 

oestradiol treatment for three weeks decreased muscaiMc receptors in the rabbit 

bladder body. Levin (1980) treated immatme rabbits with oestradiol for only fbm 

days whereas Shapho (1986) treated matme ovariectomised rabbits for three weeks. 

The difference in dmation of treatment and matmity of rabbits may account for these 

conflicting results.

Treatment with progesterone alone was not investigated in the present study 

as it is unlilcely to be given without oestrogen in clinical practice, except for certain 

gynaecological abnoimahties or in women unable to take oestrogen-containing bhth 

control pills. However, a study by Ekstrom et al (1993) demonstrated that 

progesterone treatment alone in castrated rabbits, for fbm to six months, increased the 

sensitivity of bladder muscle strips to parasympathomimetics and increased the 

maximal neive-induced contraction of the bladder. In contrast oestrogen treatment 

shifted the ftequency response cmve of the bladder to the right. Progesterone 

treatment alone therefore opposes the effect of oestrogen on detrusor muscle 

contractile response, this could have been further clarified by the inclusion of a 

progesterone and oestradiol treated group hi the Ekstrom et al (1993) study.

Tetrodotoxin (TTX) selectively inhibits sodium channels which mediate action 

potentials in the hitrammal nerves, which hi tmn are responsible for the depolarisation 

of the synapse and stimulation of the release of nemotransmitters (Gershon 1967, 

Nakashima et al, 1990). Tetrodotoxin therefore abolishes the response to neive
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stimulation (Brading & Williams 1990). It is used as an experimental tool to establish 

the neurogenic origin of electrical field stimulation (EPS). The TTX resistant 

component of EPS is due to dhect muscle stimulation and the magnitude of this 

component is related to the dmation of the electrical impulse. The higher the pulse 

width the more direct muscle stimulation. In this section of the thesis a pulse width of 

1.0 msec was utilised resulting in a 50% block of the maximum response to EPS by 

TTX and the remaining 50% of the contractile response behig due to dhect muscle 

stimulation. At lower frequencies (10 Hz) 27% of the response was due to dhect 

stimulation of the muscle. Oestrogen treatment alone has been shown to increase 

significantly the sensitivity of rat detiusor muscle to TTX, thereby increasing the 

inhibition of sodium channels and reducing dhect muscle stimulation (Elhott et al, 

1992b). However, treatment with oestrogen and progesterone had no significant 

effect on the sensitivity to TTX, being sinhlar to control response plus TTX. This 

observation is another example of the abihty of progesterone to alter an effect 

produced by oestrogen treatment alone. The mechanism by which oestrogen 

treatment increases the sensitivity of detrusor muscle to TTX, and progesterone plus 

oestrogen treatment restores the sensitivity to near control levels, is unclear. This 

phenomenon requhes further investigation.

Overall the effect of pre-treatment with oestradiol and progesterone on rat 

detrusor contractile responses was found to oppose the action of oestradiol treatment 

alone. On the contrary, the effect of dhect administration of progesterone to the 

organ bath had an inhibitoiy effect on rat detrusor contractile response, similar but less 

potent to bath apphed DES. There is nothing in the hteratme regarding the dhect
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effect of progesterone on isolated detrusor muscle contraction. However, a study by 

Batra & Bengtsson (1978) found that both oestrogens and progesterone were able to 

decrease calcium entiy into uterine cells which probably accounted for then inhibitory 

effect on uterine smooth muscle contractihty. hi isolated rat detrusor muscle low 

concentrations of progesterone, 0.2|j,M, had no effect on the contractile response 

whereas higher concentrations, 2|tM and 20p.M, had a significant inhibitory effect 

which was not dose-dependent. Diethylstilboestrol (DES) had a greater inhibitoiy 

effect on contractile response, with 20|j,M almost halving the magnitude of response 

to EPS. The addition of both progesterone and DES to the organ bath, each at 2[iM, 

resulted in a greater inhibitory effect than either alone, suggesting no antagonistic 

action between these hoimones in vitro. The inhibitoiy action of bath apphed 

progesterone was possibly due to the inhibition of calcium influx, as demonstrated by 

a reduction in the response to KCl. The contractile response to KCl is enthely 

sustained by the influx of calcium via voltage-sensitive calcium channels (Maggi et al, 

1989). A reduction of this response therefore suggests an inhibitory effect on calcium 

uptake.

The dhect inhibitoiy action of progesterone and DES differed by theh effect 

on the chohnergic and non cholinergic component of the response to EPS. After the 

addition of atropine to the bath, thus blocldng the cholinergic response, the further 

addition of progesterone had no additional effect on contractile response. Whereas 

the addition of DES, in the presence of atropine, inhibited the cholinergic resistant 

response to EPS. Progesterone therefore only acts on the cholinergic response to 

EPS whereas DES also had an inhibitory effect on the pminergic component.
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The reason for the contradictory effect of in vitro and in vivo treatment with 

progesterone on rat detrusor contractile response is unclear. It is possible that after in 

vivo treatment with progesterone the concentration of the hormone in detiusor 

smooth muscle cells is too low to have a dhect effect on contractile response but is 

high enough to affect oestrogen receptor turnover.

Overall, the results fiom this and previous studies indicate that female 

hormones may have a role to play in the treatment of detrusor instabihty. Treatment 

with oestrogens alone is preferable as progesterone has been shown in this study to 

alter the fimctional effect of oestrogen on rat detrusor contractile response and may 

antagonise the beneficial effects of oestrogen on minary symptoms. Fmtheimore it 

has been suggested that progestogens could play a role in the causation of some lower 

minaiy tract symptoms (Benness et al, 1991). hr some women minaiy incontinence 

was exacerbated dming the progestogen phase of hormone replacement therapy, 

possibly due to an effect on methial function (Benness et al, 1991). Fluctuations in 

progesterone and oestradiol levels dming the normal menstrual cycle were found to 

have no effect on modynamic parameters (Sorensen et al., 1988). The levels of these 

hormones might not be high enough or lack adequate exposme time to significantly 

effect m odynamic parameters. The lack of effect could also be caused by opposite 

hormonal actions on the different tissues of the methra and bladder (Sorensen et al, 

1988).
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Clinically, oestrogen replacement has been shown to alleviate urgency, mge 

incontinence, frequency, nocturia and dysmia. In the few properly placebo-controlled 

studies of oestrogen therapy in the management of minaiy incontinence there is no 

conclusive evidence that oestrogen improves stress incontinence (Judge 1969, Walter 

eta l, 1978, Samsioe ei fl/., 1985, Wüson a/., 1987). Wilson ei a/., (1987) treated 

36 women, with genuine stress incontinence, with cyclical oral oestrogen for three 

months. Although there was symptomatic improvement there was no significant 

difference in subjective response, methral pressme profiles, or Uiilos test (test of mine 

loss). Samsioe et al (1985) treated 34 women aged 75 years with 3mg oral oestiiol 

and found that this was more effective than placebo in improving women with mge 

incontinence and mixed incontinence. There was no difference between oestiiol and 

placebo in those women with stress incontinence.

The clinical role of oestrogens in the management of postmenopausal minary 

incontinence requh es claiification. On the basis of results fi om this thesis, and 

previous studies, clinical trials examining the effect of female hoimones on minary 

incontinence wiU be mcoiporated into an MRC funded smvey. This smvey vsill 

investigate the prevalence of minary incontinence in Leicestershhe. The possible 

existence and or natme of the anti-oestrogenic effect of progesterone on animal and 

human detrusor muscle function requhes fiuther investigation. This should include 

investigation of the sensitivity and density of progesterone receptors in detrusor 

muscle plus the levels requhed to have a possible anti-oestrogenic effect on the 

minary bladder. The results of such experiments would help to adjust hormone
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treatment levels, particularly progesterone, when used to treat urinary incontinence 

and particularly detrusor instabihty.

6.1.1 Conclusions.

Oestrogen treatment alone for detiusor instabihty may be effective in reducing 

uninhibited detrusor contractions. The addition of a progestogen to the treatment 

regimen, which would be required in patients with a uterus, may diminish the 

effectiveness of oestrogen in reducing detrusor contractile response.
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6.2 Calcium antagonists.

Multiple souices of calcium are mobilised for human detiusor muscle 

contraction induced by different stimulants, but the sole source of calcium for 

contraction induced by KCl is entiy of extracellular calcium through dihydropyiidine 

and voltage-sensitive calcium channels (Maggi et al, 1989). hi the guinea-pig, and 

probably in other small mammals, acetylcholine stimulates muscaiinic receptors on the 

surface of smooth muscle cells which are linked by a guanine-nucleotide binding 

protein to the enzyme phosphohpase C (PLC). Stimulation of the receptor activates 

the enzyme which catalyses the hydrolysis of phosphatidylinositol 4,5 bisphosphate 

(PIP2) resulting hi the release of inositol-1,4,5-tiisphosphate (IP3) and diacylglycerol, 

which are both second messengers. IP3 difiRises into the cell and releases calcium 

from a store within the sarcoplasmic reticulum resulting in contraction and the influx 

of extra cellular calcium (lacovou et al, 1990). In contrast, ATP, which is the co- 

nemotransmitter mediating detrusor contraction in mammals, did not induce an 

accumulation of inositol phosphates (lacovou et al, 1990). It was postulated by 

lacovou et al, (1990) that ATP stimulates the Pz* receptor which opens ion channels 

resulting in an influx of extracellular calcium ions. The response to ATP is therefore 

more dependent on extracellular calcium than the response to carbachol (lacovou et 

al, 1990). However, calcium channel blockers, in vitro, have been shown to inhibit 

both the non-cholinergic (ATP) and cholinergic components (Bhat et al, 1989) of the 

nemogenic response in the rat minaiy bladder. There is also further evidence that 

these drugs have a significant inhibitory effect on both human and animal detrusor 

muscle contractile response in vitro (Foiman et al, 1978; Hassouna et al, 1986; Bo
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& Buinstock 1990; Fovaeus et ai, 1987; Zar et ai, 1990; Scultety 1991; EUiott et al, 

1992).

Li this thesis the effect of nifedipine, nimodipine and verapamil on the 

contractile response of isolated human detiusor muscle was investigated to confirm 

the dhect actions of nifedipine and verapamil, reported previously (Fovaeus et al, 

1987, Elhott et al, 1992), and to estabhsh the dhect effect of nimodipine. Time 

response curves deteimined the incubation time for a steady state effect of each 

calcium antagonists investigated, to be 15 minutes. At the concentrations employed, 

which were equivalent to those achieved hi human plasma after chronic oral 

administration (Drug Information Service, Leicester Royal Infii-maiy), nimodipine had 

the greatest inhibitory action on isolated human detrusor contractile response to 

carbachol, and verapamh the least. The present in vitro ejqieiiments therefore 

estabhshed for the first time that human detiusor muscle was sensitive to nimodipine.

The majority of in vivo animal studies investigating the effects of calcium 

antagonists on bladder contraction have been performed after intravenous 

administration or after a single high oral dose. Sjogren & Andersson (1979) examined 

the effects of verapamil and nifedipine in vitro and in vivo on bladder contractions in 

the guinea-pig. Verapamil showed weak inhibitoiy effects in vitro and no consistent 

effect in vivo. Intravenous administration of calcium antagonists such as nifedipine, 

nicardipine and verapamil, plus oral doses of nicardipine and verapamil all reduced rat 

bladder contraction to topically apphed in a dose-dependent manner (Angehco et 

al, 1992). Verapamil only produced inhibition at toxic doses. A single hitravenous
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dose of nitrendipine 15mg Kg"̂  has been shown to reduce the amphtude of rat 

detiusor contraction by 50% and higher doses by 90% but two animals died as a result 

of a sudden fall in blood pressme (Dedeiichs et al, 1992).

Maiti-Cabrera et al (1994) examined the effect of calcium antagonists from 

different sub-groups (dihydiopyridine (nifedipine), phenylallcamines (verapamil), 

benzothiazipines (diltiazem) and others (cinnaiizine) on the contractile response of 

normal and skinned rat minary bladder. Sldnning rat detrusor smooth muscle of its 

plasmalemma is used to detect a dh ect action of calcium antagonists on the sensitivity 

of intracellular contractile mechanisms to calcium (Meisheii et al, 1985). Cinnaiizine 

(100p,M) and trifluoperazine (lOOfxM) but not nifedipine, verapamil and diltiazem (all 

at lOOp-M) depressed Ca^  ̂(20mM)-evoked contractions of skinned bladder.

However, aU five of these calcium antagonists produced a concentration-dependent 

inhibition of responses to calcium chloride, potassium chloride and acetylcholine in 

normal bladder muscle. It was concluded that the action of nifedipine, verapamil and 

diltiazem is restricted to the plasmalemma whereas cinnarazhie and trifluoperazine act 

on the intracellular contractile apparatus (Marti-Cabrera et al, 1994).

The evidence to date suggests that acute treatment in vitro and in vivo with 

calcium anatgonists has a significant inhibitory effect on detrusor contractile response; 

however this is not evident in humans treated chronically with these drugs (Levin et 

al, 1994). In view of findings on acute treatment in animals, the poor clinical 

response of patients with detrusor instability to calcium channel blockers is smprising. 

However, daily oral dosage is the normal drug regime in man, and there is little 

information in the hteratme regarding such administration on the contractile activity of
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detrusor muscle in animals or in man. A single oral dose of 20-40mg nifedipine in 19 

patients with urgency and/or mge incontinence did not affect the pressmes within the 

bladder but there was a significant increase hi residual mine (Foiman et al, 1978). hi 

one study, nifedipine 1 0 -2 0 mg orally reduced the amphtude and fiequency of 

uninhibited detrusor contractions in women with mge incontinence (Rud et al, 1979) 

but not in another (Laval & Lutzeyer 1980). Multiple oral doses of flunarizine 

produced no modynamic improvement in women with idiopathic detiusor instabihty 

although their symptoms regressed significantly (Palmer e/ a/., 1981). Contrary to 

these results treatment with diltiazem for ten days in patients with hypeneflexic 

detiusor instabihty has been shown to increase bladder capacity and lower bladder 

pressme and maximum detrusor pressme significantly (Fausthii et al, 1989). This 

class of detiusor instabihty has a nem ological aetiology unlilce idiopathic detiusor 

instabihty which is of major interest in this thesis. Diltiazem was not examined hi the 

present study as the lack of efficacy of calcium antagonists used to treat idiopathic 

detiusor instabihty was under investigation. However, it would be of interest to 

determine the effect of diltiazem on the contractile response of isolated detrusor 

muscle in fiitme experiments.

To investigate the reason why chronic administration of calcium antagonists 

has httle effect on bladder fimction in man, the effects of chronic oral administration of 

nimodipine on rat detrusor muscle was evaluated. Rats were treated with either a 

single dose or a chronic 8  day treatment before bladders were removed for in vitro 

contractile response studies. The present results demonstrated that in vitro treatment 

and in vivo treatment with a single dose of nimodipine reduced significantly the 

contractile response of rat detrusor muscle to EFS, carbachol and iC. However, in 

vivo treatment with nimodipine for 8  days had no significant effect on rat detrusor 

contractile response. It is unlikely that 8  days treatment with nimodipine was 

ineffective because of inadequate absorption, distribution or tissue concentrations in 

the detrusor muscle because a single dose significantly reduced the contractile
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response. Also the serum nimodipine concentrations were within a therapeutic range, 

being similar to serum concentrations obtained in man (Drug Infonnation Service, 

Leicester Royal Infirmary). The concentration of nimodipine was found to be 

significantly higher in the serum of rats treated for 8  days, and therefore the lack of 

effect on detiusor contractile response in this group was not due to lower serum drug 

levels, nor to enhanced metaboHc breakdown of the drug with repeated dosage.

It is unlilcely that nimodipine was washed out of the samples in this study as 

this would have occurr ed also after a single oral dose, and the relative stabihty of 

inhibition of contractile response in detrusor muscle by nimodipine despite multiple 

washings has been demonstrated also hr this study. Desensitisation was not occmiing 

as nimodipine stiU had an inhibitory effect on the contractile response of detrusor 

muscle in rats pre-treated for 8  days when added to the bath chamber, demonstrating 

the presence of functional calcium channels after the treatment period. Although not 

reaching statistical significance it is interesting to note that the maximum contractile 

response to carbachol, EFS and iC after 8  days treatment with nimodipine was 

increased compared to controls, possibly suggesting an increase in the number of 

calcium channels. This applies particularly to the iC response which is solely 

dependent on the influx of calcium through voltage-sensitive calcium channels. It is 

therefore possible that repeated administration of nimodipine caused an increase in the 

number of functional calcium channels to overcome the inhibition of a proportion of 

the charmel population by nimodipine.

Calcium channels are regulated by homologous, heterologous and 

pathological factors (Fenante & Triggle 1990). Prolonged or persistent receptor 

stimulation can cause changes in receptor metaboUsm but receptor regulation 

occmiing within a short time has different mechanisms (Fenante & Triggle 1990). 

These mechanisms include phosphorylation state, receptor distribution, modifications 

in coupling factors, membrane potential and the membrane hpid envhonment (Fenante
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& Triggle 1990). Therefore the mechanisms involved in receptor regulation are varied 

and dependent on the ligand (agonist, antagonist), the receptor and the extent and 

dm ation of receptor occupancy (Fen ante & Triggle 1990).

hi the human, the density of dihydropyiidine binding sites (0.27£mol/mg wet 

weight) in fbm pooled bladder strips was found to be small (Shapho et al, 1991). 

Regional differences hi dihydropyiidine binding sites were found in the lower minaiy 

tract of the rabbit with the density of binding sites being higher in the methia (64.1 

±7.8 finoFmg protein) than in the bladder dome (21.9 ±3.0 finoFmg protein) or 

bladder base (18.8 ± 4.2 finoFmg protein) (LatiQ)om et al, 1992).

Chronic exposme of a clonal PC12 cell line to nifedipine for 5 days produced 

a 29% increase in high afiBnity 1,4-dihydiopyridine binding sites, hi contrast, 

incubation with Bay K8644 reduced 1,4-dihydropyiidine binding site density by 24% 

(Skattebol et al, 1989). These results demonstrate that repeated exposme at a 

cellular level can influence the number of dihydropyiidine binding sites. Up-regulation 

of dihydropyiidine binding sites has also been obseived in cardiac membranes from 

spontaneously hypertensive rats treated with nitrendipine and a high salt diet for 2 1  

days (Garthoff & BeUemann 1987). It is lilcely therefore that chronic oral 

administration of nimodipine caused an up-regulation of dihydropyiidine-sensitive 

calcium channels, as a compensatory mechanism

It was not possible to confirm the hypothesis of up-regulation of calcium 

channels by hgand binding studies in the present study. The density of calcium 

channels in a single rat bladder is very low, making it impractical to detect small 

changes in receptor numbers. Previous studies on bladder smooth muscle have used 

pooled tissue samples to achieve an adequate density of sites in binding experiments 

which was not part of the design of this study (Shapho et al, 1991).

140



The conclusion of an up-regulation of calcium channels is an important novel 

hypothesis. There are no reports of similar experiments in the hterature. Previous 

investigation of in vivo treatment with drugs has been carried out in anaesthetised 

animals (Hassouna et al, 1986, Diedeiichs et al, 1992). It has been demonstrated 

herein that the inhibitory effect of a calcium antagonist on detiusor muscle is still 

demonstrable after the bladder has been removed ft om the animal. The methods used 

in this thesis can therefore negate the use ofhve animals for some futme experiments.

If the lack of effect of chronic treatment with nimodipine on rat detrusor 

muscle contractihty apphes to human detrusor muscle, it may explain why the 

treatment of patients with minary incontinence with calcium antagonists is 

disappointing (Levin et al, 1994). It is possible that calcium antagonists could still be 

effective when administered in an intermittent manner. Since the intensity of 

symptoms in minary incontinence is variable, this may be an appropriate regime for 

the treatment of some patients.

It would be important to confirm the hypothesis of calcium channel 

regulation by chronic dosing. Futme experiments using radiohgands to detennine the 

density of calcium channels in pooled samples of bladders fiom rats treated with 

nimodipine for 8  days and a single dose would be deshable. Fmther clinical 

investigations comparing the effect of inteiuiittent treatment with calcium antagonists 

and chronic dosing on modynamic parameters in patients with detiusor instabihty 

would also be most useful.

6 .2 . 1  Conclusion

In conclusion, if the results of this study are apphcable to the response of 

human detrusor muscle to chr onic oral treatment with calcium antagonists, it may 

explain the lack of effect of these drugs when used to treat detiusor instabihty. An
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inteiudttent treatment regimen may be more effective in inhibiting unstable 

contractions.
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6. 3

Caffeine is consumed by most people during tbe ingestion of tea, coffee and 

other drinks. Symptoms of urgency and frequency which soon follow are possibly due 

to its diuretic effect. However early evidence suggested that caffeine could have a 

dhect effect on the smooth muscle of the lower urinary tract (Ransom 1911).

Urinary bladder smooth muscle contraction is mediated by an increase in the 

concentration of cytoplasmic fr ee calcium. This is achieved through both an influx of 

extracellular calcium and the stimulated release of calcium fr om intracellular stores 

(lacovou et al, 1990). Caffeine has been shown to contract various smooth muscles 

by mobihsing an intr acellular calcium pool from the sarcoplasmic reticulum (Itoh et 

al, 1982; 1983, Leijten & VanBreemen 1984). More recently Ganitkevich and 

Isenberg (1992), investigating calcium movement in myocytes fr om guinea-pig minary 

bladder, concluded that depolarisation-induced irrflux of calcium through L-type 

calcium channels induces the release of calcium fr om intracellular caffeine-sensitive 

stores. Maggi et al (1989) investigated the different somces of calcium for 

contraction of human bladder muscle. Caffeine (2.5-20mM) was found to induce a 

procaine-sensitive (procaine inhibits calcium release fr om internal stores) but 

nifedipine resistant contraction only at low bath temperatmes 25°C while at 37°C a 

relaxant effect was observed (Maggi et a l ., 1989). It was postulated that at 25°C the 

relaxant action was slowed or inhibited unmasldng a contractile effect (Maggi et al, 

1989). It has been suggested that the transient elevation of intracellular calcium 

production by caffeine is enhanced at low temperatme (Karald et al, 1987). This 

possibflity has been confirmed recently (Nagai et al, 1992). The relaxant effect of 

caffeine on smooth muscle contraction via the inhibition of phosphodiesterase has also 

been noted (Leijten & Van Breeman 1984).
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Caffeine therefore has differing pharmacological actions on different smooth 

muscles depending not only on the concentrations of caffeine used but also on the 

experimental conditions (Sandow & Bmst 1966, Ito & Kmiyama 1971, Ito et 

al, 1973, Bolton 1979, Huddart et al, 1983, Palermo & Zimsldnd 1977, Bmdyga & 

Magm a 1986, Savineau & Mirormeau 1990). Low doses of caffeine induced a 

transient contraction in smooth muscle (Sandow & Brust 1966, Nagi et al, 1992,

Nasu & Urakawa 1974) and caused a significant increase in the rate of pressme 

generation in whole rabbit bladder preparations in vitro in response to 32 Hz field 

stimulation (Lee et al, 1993). Concentrations of caffeine, higher than used in this 

thesis, were found to inhibit the IC*'-induced tonic contractmes of rat bladder muscle 

strips. This effect was due to a reduction in calciirm influx (Huddart et al, 1983). 

Different concentrations of caffeine and aminophyUine have also been found to 

decrease methral closme pressme in dogs ( Palermo & Zimsldnd 1977).

There are few studies hrvestigating the effect of caffeine on isolated detrusor 

muscle contraction. However, the effect of caffeine on the contractile response of 

isolated whole rabbit minary bladder has been examined (Lee et al, 1993). Low 

concentrations of caffeine were found to cause a significant increase in the rate of 

pressm e generation due to an incr eased rate of release of mtracellular calcium. This 

effect was dependent upon the concentration of caffeine used and the concentration of 

extraceUrrlar calcium in the bathing medium. The concentration of caffeine being 

inversely proportional to the extracellular calcimn concentration. Lee et al (1993) 

concluded that caffeine primarily affects the phasic component of the contractile 

response to field stimulation and not the tonic component which is responsible for 

emptying the bladder.

These studies suggest a possible dhect effect of caffeine on bladder smooth 

muscle contractile response. Clinical evidence of such an effect has been 

demonstrated by Creighton & Stanton (1990). They formd that after the
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administration o f2 0 0 mg caffeine to patients with detrusor instabihty, there was a 

significant increase in the detmsor pressure rise on bladder filling compared with no 

caffeine administration.

The results in this thesis demonstrated that caffeine, at the concentration 

studied, shghtly increased the maximum contractile response of human isolated 

detrusor muscle to acetylcholine, but had no significant effect on rat detrusor 

contractile response. The dose response cmves to carbachol were not affected by 

caffeine in both human and rat detrusor muscle samples. Overah the effects of 

caffeine in both human and rat detrusor muscle were smah and unlikely to be of 

clinical significance. The apphcation of a higher concentration of caffehie (IroM) to 

the organ bath resulted hi a smah hihibitoiy effect on the contractile response to 

acetylcholine compared to control. This difference was not significant.

The shght potentiating effect of caffeine on detrusor muscle contractile 

response was abohshed by the addition of ryanodhie to the organ bath and by the 

reduction of extracehular calcium. Ryanodine prevents the release of calcium fiom 

internal stores (Bno et al, 1988) and the contractile response to acetylchohne 

decreases after repeated stimulation m low calcium medium as intracehular calcium 

stores are not replenished. The smah enhancement of the response of detrusor muscle 

to acetylchohne was ahohshed under these conditions. These results suggest that 

caffeine shghtly increased the response to acetylcholine by increasing the release of 

calcium fiom internal stores.

The human samples in this study were fi om patients with benign pro static 

hypertrophy and carcinoma of the bladder and could therefore be regarded as 

abnormal. This may explain the smah enhancing effect of caffeine on acetylchohne- 

evoked response in human detmsor muscle strips compared to rat detrusor samples 

which were normal and homogeneous. It would be interesting for future research to
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investigate whether this is a species difference or possibly why abnormal detrusor 

muscle appears to be more susceptible to the action of caffeine than normal muscle. It 

is possible abnormal detrusor muscle may have irregular caffeine-sensitive intracellular 

calcium release.

6.3.1 Conclusions

hr conclusion low concentrations of caffeine had a very small enhancing effect 

on the contractile response of rat and human detrusor muscle. This effect may he 

more pronounced in abnormal detrusor muscle, but overall the effect of caffeine was 

small and may not be clinically significant. On the basis of these results it would not 

be necessary to advise patients with minary incontinence to avoid caffeine containing 

beverages. However, the dimetic effect of caffeine must still be considered.

146



CHAPTER 7: CONCLUSIONS AND 
FUTURE EXPERIMENTATION



Many drugs used for the treatment of detiusor instabihty have not undergone 

appropriate investigation before chnical use. This situation was highhghted recently 

by Tmuer and Brading ( 1995). Female mini-pigs with partial methral obstruction 

were subjected to intravenous administration of drugs, some of which are cmiently in 

use for the treatment of detrusor instabihty. Then results were consistent with chnical 

impressions that no drug used so far abohshes rmstable contractions consistently 

(Tmuer & Brading 1995). They suggested that this type of investigation should be 

standard practice by those developing drugs for the treatment of detrusor instabihty.

hi principle the investigation of drugs prior to chnical administration is 

deshable. However, in the mini-pig model detrusor instabihty is secondary to outlet 

obstruction and would therefore not be a suitable model for idiopathic detrusor 

instabihty, the mechanism of which is poor ly understood. At present there are no 

animal models for idiopathic detrusor instabihty. Prehminary investigation of drugs 

for the treatment of this condition is dependent upon isolated human bladder biopsy 

samples and normal animals for in vitro and in vivo treatment. These experiments, 

although not an ideal model for prechnical evaluation, are preferable to the chnical use 

of drugs without laboratory investigation.

Chnical trials for the treatment of detrusor instabihty in post-menopausal 

women with oestrogen, wih soon be in progress. These trials are a progression from 

the results obtained in this thesis and previous studies fr om this laboratory plus other 

workers. Progesterone wih need to be included in futme chnical trials because of its 

anti-oestrogenic action. Before these trials it would be useful to investigate fiuther 

the mechanism of interaction between oestrogen and progesterone in detrusor smooth 

muscle, including the effects of different concentrations of hormones.
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The inhibition of calcium entry through voltage-sensitive calcium channels is 

the mechanism of action for in vitro application of female hormones in isolated 

detrusor muscle. This mechanism is thought to inhibit detmsor smooth muscle 

contraction by the reduction of intracellular free calcium, a rise in which initiates 

smooth muscle contraction with tone being sustained by the influx of extracellular 

calcium. On the basis of this mechanism of contraction calcium channel blockers were 

thought to have a possible role in the treatment of detmsor instabihty. Unfortunately 

some preliminary investigations with these dmgs in animals did not use dmg 

concentrations apphcable to human usage nor was the method of drag administration 

suitable. Single doses were employed which were mainly administered intravenously 

not orally. If preliminary animal experiments are to be carried out before clinical trials 

the concentration of the drag and method of administration must be similar to 

regimens used in humans. As demonstrated in this thesis the chronic and acute 

administration of nimodipine had opposing effects on isolated rat detrasor contraction. 

Clinical trials of this drag shorrld therefore include intermittent as well as a chronic and 

acute drag reghnes.

Apart fr om the use of drags which hrhibit detrasor contraction it is important 

to know which drags enhance detrasor contractile response. It will then be possible 

to advise patients with minary incontinence on the avoidance of such agents. Caffeine 

is an example of such a drag. Although it appears to have little in vitro effect on 

detrasor contractile response it would be of interest to examine its effect after in vivo 

treatment. This would determine if in vivo admirristration results in a greater or lesser 

effect than in vitro apphcation. It is also possible that caffeine could affect abnormal 

detrasor muscle only. The effect of in vitro treatment with caffeine on abnormal 

hrmran detrasor biopsy samples taken fr om patients with corrfrrmed detrasor instabihty 

would produce valuable information.
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The animal and in vitro human detrasor muscle experiments carried out for 

this thesis provide an insight into the mechanisms of action of the drags studied and 

determine then possible role in the treatment of detrasor instability. Bearing in mind 

the possible species difference that can affect resirlts, it is preferable to examine drags 

in this way before stepping directly into clinical treatment without having the 

knowledge of the mechanism of action of such agents on detrasor muscle contraction.
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1. The effect of calcium antagonists on the contractile 
response of human and rat isolated detrusor muscle 
ill vitro was investigated. The effect of treatment with 
nimodipine on rat detrusor muscle in vivo was also 
examined.
2. Nimodipine 0.1 yimol/1, nifedipine 0.1 yimol/l, nifedi
pine 0.25 ytmol/1 and verapamil 1.5/imol/l reduced the 
maximum contractile response of isolated human 
detrusor muscle to carbachol by 42%, 35%, 41% and 
28% respectively (P<0.01). Verapamil 0.1/tmol/l had 
no signiOcant effect on contractile response.
3. Nimodipine 0.1/<mol/l reduced the maximum con
tractile response of isolated rat detrusor muscle in 
vitro to electrical field stimulation and carbachol by 
53% and 84% respectively ( f  <0.01).
4. R ats were pretreated with nimodipine for 8  days 
(5m gday“ ‘ kg“ ‘) or with a single dose. Serum nimo
dipine concentrations were higher in rats treated for 
8  days. In rats treated with nimodipine for 8  days 
there was no significant difference in detrusor con
tractile response compared with controls. However, 
after one dose of nimodipine the maximum contrac
tile response was significantly reduced compared with 
controls ( f  <0.05).
5. At the concentrations studied, nimodipine had a 
greater inhibitory effect on the contractile response of 
isolated human detrusor muscle. Nimodipine signifi
cantly reduced the contractile response of rat detrusor 
muscle in vitro and after a single dose in vivo, but 
had no significant effect after 8  days’ treatment in 
vivo. It is possible that chronic oral treatment with 
nimodipine caused an up-regulation of 1,4- 
dihydropyridine-sensitive calcium channels, which 
may explain the lack of clinical effect of chronic 
treatment with calcium antagonists in patients with 
detrusor instability.

INTRODUCTION

The influx of through potential-operated

and receptor-operated Câ "'' channels is an import
ant trigger for smooth muscle contraction, and 
there is ample evidence from studies of isolated 
detrusor muscle preparations in vitro that calcium 
antagonists have a significant inhibitory effect on 
the contractile response of urinary bladder muscle 
[1-3]. Dihydropyridine receptors at relatively low 
density are found in human detrusor muscle [4]. 
Animal experiments in vivo also suggest that cal
cium antagonists reduce the contractility of detru
sor muscle. A single intravenous dose of nitrendi
pine reduced spontaneous and nerve-induced 
contraction of the bladder [5], and a similar admi
nistration of nifedipine, nicardipine and verapamil 
inhibited IC"-induced contractions of the rat urin
ary bladder [ 6 ]. A single oral dose of nicardipine, 
60 min after administration, reduced the contractile 
response of rat bladder, whereas verapamil under 
the same conditions only had such effects at toxic 
doses.

The majority of investigations to date have there
fore been carried out in vitro, or have involved 
single doses in animals in vivo. These methods bear 
little relation to chronic oral drug administration in 
humans, and do not explain the disappointing clini
cal experience with calcium antagonists in detrusor 
instability [7]. Nevertheless, calcium antagonists 
have not undergone sufficiently rigorous scientific 
investigation before being introduced and rejected in 
clinical practice.

The results of clinical studies on the effects of 
single oral doses of calcium antagonists on the 
unstable bladder are conflicting. Nifedipine (10- 
2 0  mg) has been shown to reduce the amplitude and 
frequency of uninhibited detrusor contractions in 
women with urge incontinence [ 8 , 9]. In contrast, 
similar oral doses of nifedipine had no significant 
effect on such bladder contractions in 30 patients 
[10]. A clinical study using chronic oral drug 
administration could not demonstrate significant 
urodynamic improvement in women with proven

Key words: calcium antagonist, human, rat, urinary bladder.
Abbreviations: BPH, benign prostatIc hyperplasia: EPS, electrical field stimulation.
Correspondence: Dr R. A. Elliott, Division of Medicine for the Elderly, University of Leicester, Leicester General Hospital, Gwendolen Road, Leicester LES 4PW, U.K.
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idiopathic detrusor instability after treatment with 
flunarizine for 1 week, although their symptoms 
improved significantly [11]. The effects of such 
drugs are different in different tissues [ 1 2 ], and 
compounds of the same class are also known to 
have different actions [13]. Furthermore, chronic 
dosing could cause tachyphylaxis, as has been 
reported with verapamil [14]. This would result in a 
diminished response of the tissues to repetitive 
exposure to the same concentration of the drug.

The purpose of this study was to investigate 
whether the response of detrusor muscle to calcium 
antagonists is modified after chronic oral treatment 
compared with treatment with a single dose.

To establish the sensitivity of human detrusor 
muscle to calcium channel antagonists, the effect of 
three calcium blockers in vitro on the contractile 
response of human detrusor muscle was examined. 
At the concentrations used, the drug producing the 
most inhibition was used for treatment of rats in 
vitro and in vivo. Treatment was administered in 
vivo either for 8  days or as a single dose to deter
mine any difference in effect produced by chronic 
and acute dosing.

METHODS

In vitro tre a tm en t

Male Wistar rats (300-400 g) were killed by a 
blow to the head followed by dislocation of the 
neck. Bladders were removed and placed in Krebs 
solution. Human detrusor samples were taken using 
cold cup biopsy from the bladder dome of male and 
female patients undergoing routine cystoscopic pro
cedures. Tissues were dissected free of fat and serosa 
and strips of muscle (4 mm x 1 mm) were suspended 
in a 50-ml organ bath chamber. The chamber 
contained Krebs solution at 37°C aerated with 95% 
oxygen and 5% carbon dioxide. The base of the 
muscle strip was attached to a fixed hook in the 
chamber and passed through two circular parallel 
electrodes. The apex was attached by a silk suture 
to an isometric transducer connected to a two- 
channel Washington oscillograph. The electrodes 
were connected to a Digitimer stimulator capable of 
delivering a frequency of 1-80 Hz, voltage 10 V, 
pulse width 0.5 ms in 10-s trains at 2-min intervals. 
The tissues were allowed to equilibrate for 1 h under 
a tension of lOmN.

Calcium antagonist tim e-response curves

Time-response curves to calcium antagonists used 
in this study were obtained to establish the opti
mum incubation time for each drug.

Rat detrusor strips were stimulated at 2-min 
intervals at a frequency of 40 Hz until consistent 
responses were obtained; this was taken as the

control response. Nifedipine 0.25 /(mol/1, verapamil 
1.5/imol/l or nimodipine 0.1/imol/l was added to 
the bath, and at intervals of 2  min the samples were 
restimulated until no further decrease in response 
was obtained. Responses were presented as an 
increase in tension and plotted against time in 
minutes.

Rat bladder strips

After equilibration, the preparations were stimu
lated at frequencies of 1, 5, 10, 20, 40, 60 or 80 Hz at 
2 -min intervals to obtain a frequency-response 
curve. When consistent responses had been 
achieved, the tissues were washed and re
equilibrated. Nimodipine was added to the bath at a 
concentration of 0.1/imol/l, and after 15 min incuba
tion, at which time the maximum effect was 
observed as estimated from time-response curves, a 
second frequency-response curve was obtained. The 
tissues were washed and stimulated again after 30, 
45 and 60 min to establish whether nimodipine 
could be washed out of the samples. Responses were 
presented as a percentage of the maximum control 
response.

Under the conditions used for electrical field 
stimulation (EPS), the contractile response of rat 
detrusor muscle was abolished by 1 . 6  mol/ 1  tetrodo
toxin, indicating its neurogenic origin.

Dose-response curves were obtained by the addi
tion of increasing concentrations of carbachol (0 .0 1 -  
100 mol/1). The detrusor samples were exposed to 
1 0 -s applications of the agonist and then washed. 
After 3 min they were restimulated. The dose- 
response curve was repeated 15 min after the addi
tion of O.ljumol/1 nimodipine to the bath chamber. 
It was not necessary to reapply nimodipine after 
each application of carbachol because of the stabi
lity of nimodipine in the tissue samples. Results 
obtained after reapplication of nimodipine were the 
same (not shown).

H um an bladder strips

Human bladder samples were obtained by cold 
cup biopsy from men (who had consented to cystos
copy) with benign prostatic hyperplasia (BPH) with 
acute or chronic retention and from women with 
frequency. Strips of detrusor muscle were prepared 
and mounted in the organ bath as described. After 
equilibration, the samples were stimulated with 
increasing concentrations of carbachol (0 .0 -  
1 0 0  mol/1) before and after the addition of either 
nimodipine (O.l^mol/1), nifedipine (0.1/imol/l and
0.25/rmol/l) or verapamil (0.1/rmol/l and 1.5/imol/l). 
These concentrations were chosen because they are 
likely to be similar to plasma levels achieved after 
chronic oral administration of these drugs in 
humans (Drug Information Service, Leicester Royal 
Infirmary). The free, unbound fraction of the drug is
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considered to be pharmacologically active, but the 
concentration of nimodipine in the serum also takes 
into account the bound fraction.

The response to carbachol was investigated 
because human detrusor contraction is principally 
mediated via cholinergic mechanisms [15].

Responses were measured as a percentage of the 
maximum control response.

In vivo tre a tm e n t

A group of six male Wistar rats weighing 350- 
400 g were treated for 8  days with nimodipine 
5.14 mg/kg daily, administered orally by gastric intu
bation. The daily dose was dissolved in 0.5 ml of 
vehicle, which was prepared by mixing 96.6 g of 
polyethylene glycol 400, 6.0 g of glycerine and 10 g 
of water. Two other groups of six rats received 
either the vehicle only or no treatment, and one 
group of five rats received only one dose of nimodi
pine. One hour after the last dose of nimodipine 
rats were killed by a blow to the head followed by 
dislocation of the neck. Bladders were removed and 
placed into 10 ml of Krebs solution. The tissue was 
dissected free of fat and serosa and strips of muscle 
from the bladder body (4 mm x 1 mm) were prepared 
and mounted in the organ bath as described above.

After equilibration, the samples were stimulated 
as described to obtain response curves to EFS and 
carbachol. Dose-response curves to K^ were also 
obtained because this response is dependent exclusi
vely on calcium influx via voltage-sensitive calcium 
channels. Response curves were obtained by the 
cumulative addition of potassium ehloride ( 1 0 -  
1 1 0  mmol/1).

Responses were measured as an increase in ten
sion (mN) and compared with those obtained in 
rats who received no treatment or vehiele only.

Response curves were also obtained after 8  days’ 
treatment with nimodipine in the bath chamber to 
establish the presence of functional calcium 
channels.

Serum  nim odipine levels

Serum concentrations of nimodipine in rats in the 
acute and chronic treatment groups were measured 
by HPLC, using the method of Ferguson et al. [16]. 
The free, unbound fraction of nimodipine was not 
estimated, but from pharmacokinetic studies in ani
mals, including rats, it is known to represent 2-4%  
of the total drug concentration (drug information 
from Bayer).

Solutions and chemicals

The Krebs solution had the following compo
sition: NaCl 119 mmol/1, KCl 4.4 mmol/1, NaHCOa 
2 0 mmol/1, NaHzPO^^ 1 .2 mmol/l, MgC^ 1 .2 mmol/1, 
CaCla 2.5 mmol/1, glucose 11 mmol/1, made up in 
distilled water.

Nimodipine (Bayer) and nifedipine (Sigma) were 
stored in the dark and made up on the day of the 
experiment in ethanol. The concentration of ethanol 
in the organ bath did not exceed 20 mmol/1. High 
concentrations of ethanol have a slight potentiating 
effect on the contractile response of detrusor muscle. 
Verapamil (Sigma) was made up in ethanol on the 
day of the experiment. Potassium chloride was 
made up in Krebs solution on the day of the 
experiment.

For treatment in vivo, nimodipine was dissolved 
in polyethylene glycol (Sigma), glycerine (Fisons) 
and distilled water before oral administration.

Carbachol (Sigma) was made up in distilled water 
on the day of the experiment.

Statistical analysis

Statistical analysis was carried out using one-way 
analysis of variance and Student’s t-test.

A Bonferroni correction was applied for multiple 
comparisons. A P-value of <0.05 was considered 
significant.

RESULTS
H um an d etru so r response in vitro

The addition of 0.1 ^mol/1 nimodipine to the 
organ bath chamber reduced the maximum contrac
tile response of isolated human detrusor muscle to 
carbachol by 42% (P<0.01, Fig. la). The addition 
of 0.1 ,amol/l or 0.25/imol/l nifedipine to the organ 
bath also reduced the maximum contractile res
ponse to carbachol by 35% (P<0.05) and 41% 
(P<0.01) respectively (Fig. 16). Increasing the con
centration of nifedipine did not produce a further 
dose-related inhibitory effect.

Verapamil, when added to the organ bath at a 
concentration of 0 . 1  /rmol/1, did not have a signifi
cant inhibitory effect on the contractile response, 
whereas 1.5/imol/l verapamil reduced the maximum 
contractile response to carbachol by 28% (P<0.01, 
Fig. Ic).

At 0.1/imol/l, nimodipine had a greater inhibitory 
effect than nifedipine on the contractile response of 
human isolated detrusor muscle in vitro.

T im e-response curves

Nimodipine was added to the organ bath 
chamber at a concentration of 0 .1 /rmol/l and the 
contractile response of isolated rat detrusor muscle 
to 40 Hz EFS was recorded after 5, 10, 15, 20, 25 
and 30 min incubation. The contractile response to 
EFS was reduced by 36%, 50%, 55%, 55%, 57% and 
56%, respectively, compared with control values. 
Nifedipine at 0.25 /fmol/l reduced the contractile 
response to 40 Hz EFS by 29%, 47%, 57%, 57%,
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the contractile response of isolated human detrusor muscle to 
carbachol stimulation, (o) # ,  Control; O . A er 0.1//mol/l nimodipine. 
(6) # ,  Control: O . after 0.1//mol/l nifedipine; A .  after 0.25//mol/l 
nifedipine (c) # ,  Control; Q  after 0.1//mol/l verapamil; A  after 
1.5 //mol/l verapamil. Vertical bars represent SEM (n =  5). Statistical signifi
cance; "P <  0.05, " P < O  OI compared with controls.

63% and 63% respectively, and verapamil 1.5/tmol/l 
by 12%. 30%, 38%, 38%, 41% and 41% respectively. 
An increase in inhibitory effect was observed for 
each calcium antagonist investigated up to a plateau 
level after 15 min incubation in the organ bath (not 
shown).
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Fig. 2. Effect of nimodipine on the contractile response of isolated rat 
detrusor muscle to EFS. # ,  Control; O . after 0.1 //mol/l nimodipine. Vertical 
bars represent SEM (n =  5). Statistical significance; *‘P < 0 .0 l compared with 
controls.
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Fig. ] . Effect of nimodipine on the contractile response of isolated 
rat detrusor muscle to  carbachol. # ,  Control; Q , after 0 .1 // mol/l 
nimodipine. Vertical bars represent SEM (n =  4). Statistical significance: 
'•P<O.OI compared with controls.

Rat detrusor response in vitro

The addition of 0.1 mol/l nimodipine to the organ 
bath cham ber reduced the spontaneous contractions 
of isolated rat detrusor muscle. Nimodipine reduced 
the maximum contractile response to EFS by 51% 
(P < 0 .01 , Fig. 2)

After the addition of nimodipine, the tissues were 
washed and restimulated with 20, 40, 60 and 80 Hz 
at intervals of 30, 45 and 60min. The maximum 
contractile response was reduced by 44%, 34% and 
31%, respectively, compared with control values (not 
shown). Although still significantly different from 
controls (P<0.01), 22% of the original inhibition 
after nimodipine was lost after 60m in and three 
washes.

The maximum contractile response to carbachol 
was reduced by 84% after the addition of 0.1 ^mol/1 
nimodipine to the bath chamber (P < 0 .01 , Fig. 3). 
Nimodipine was added once to the bath and the
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Fig. 6. Effect of nimodipine pretreatm ent on the contractile res
ponse of isolated detrusor muscle to  potassium chloride. # ,
Control: O i after 8days' nimodipine treatment; ■ .  after one dose of 
nimodipine. Vertical bars represent SEM (n =  5). Statistical significance: 
•P<0.05 compared with controls.
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Fig. 5. Effect of nimodipine on the contractile response to  EFS of 
isolated detrusor muscle from rats pretreated with nimodipine. O . 
After 8 days' nimodipine treatment: A  after O.l/imol/l nimodipine in the 
bath. Vertical bars represent SEM (n =  4). Statistical significance: •P<0.05, 
•*P<O.OI compared with nimodipine treatment.

samples were washed after each stimulation with 
carbachol. Nimodipine was not easily washed out of 
the samples.

In vivo treatment

The maximum contractile response of rat detrusor 
muscle to EFS in vitro after pretreatm ent with 
nimodipine or vehicle for 8 days in vivo was not 
significantly different from control values (Fig. 4). 
However, the contractile response after the rats had 
received only one dose of nimodipine was reduced 
significantly by 66% compared with control values 
(F<0.05). When 0.1;2mol/l nimodipine was added 
to the bath chamber containing detrusor muscle 
from rats treated for 8 days with nimodipine, the 
contractile response to  EFS was reduced signifi
cantly by 60% (P< 0.01 , Fig. 5).

Serum nimodipine levels

The mean serum nimodipine concentration in rats 
treated with a single dose was 35 ng/ml (SEM ±  2.72; 
n = 6 ) and for those treated for 8 days was 46 ng/ml 
(SEM 1.84; n = 6).

Rats treated for 8 days had a significantly higher 
serum nimodipine concentration than those treated 
with a single dose (P<0.01).

K response

In rats pretreated with nimodipine for 8 days, the 
contractile response of isolated detrusor muscle to 

was not significantly different from control 
values (untreated); the maximum contractile res
ponse was increased, but the increase was not 
statistically significant (Fig. 6). When the rats had 
received only a single dose of nimodipine, the 
contractile response of detrusor muscle was signifi
cantly reduced by 51% compared with controls 
(P<0.05).

The addition of 0.1 ^mol/1 nimodipine to the 
organ bath containing detrusor muscle from rats 
pretreated with nimodipine for 8 days abolished the 
contractile response to (Fig. 7).

Carbachol response

D etrusor muscle from rats treated for 8 days with 
nimodipine tended to contract more in response to 
carbachol than did detrusor from untreated control 
animals (Fig. 8), but the difference did not reach 
statistical significance. The addition of 0.1 /imol/1 
nimodipine to the bath chamber reduced the maxi
mum contractile response by 91% (P<0.01). This 
was similar to the reduction in contractile response 
seen in control animals after the addition of nimodi
pine to the bath (Fig. 3).
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DISCUSSION

Multiple sources of calcium are mobilized for 
human detrusor muscle contraction induced by 
different stimulants, but the sole source of calcium 
for contraction induced by potassium chloride is 
entry of extracellular calcium through 
dihydropyridine- and voltage-sensitive L-type cal
cium channels [17]. Calcium channel blockers have 
been shown to inhibit the non-cholinergic com po
nent of the neurogenic response in the rat urinary 
bladder in vitro, whereas acetylcholine-induced con
tractions are less susceptible to  calcium channel 
blockers [18]. There is much evidence that these 
drugs have a significant inhibitory effect on both 
human and animal detrusor muscle contractions in 
vitro [ I .  3, 9, 19-21].

In the present study we examined the effect of

nifedipine, nimodipine and verapamil on isolated 
human detrusor muscle contraction to confirm the 
actions of nifedipine and verapamil reported pre
viously [ I ]  and to establish the action of nimodi
pine. Time-response curves in the presence of cal
cium channel antagonists established that the 
incubation time for a steady-state effect was 15min. 
At the concentrations used, which were similar to 
those achieved in hum an plasma after chronic oral 
adm inistration (Drug Information Service, Leicester 
Royal Infirmary), nimodipine had the greatest inhi
bitory effect on hum an detrusor contractile response 
to carbachol, and verapamil the least. The present in 
vitro experiments therefore confirmed that human 
detrusor muscle is sensitive to calcium channel 
antagonists, and nimodipine was chosen for in vitro 
and in vivo treatm ent of rat detrusor muscle in 
subsequent experiments.

M ost in vivo animal studies investigating the 
effects of the calcium antagonists nifedipine, nicardi
pine and verapamil on bladder contraction have 
been performed after intravenous adm inistration or 
after a single high oral dose [5, 6]. In both rat and 
guinea pig, dihydropyridine antagonists have been 
shown to be more effective than verapamil in inhi
biting K and transm urally stimulated bladder con
tractions [5, 6, 22].

In view of findings on acute treatm ent in animals, 
the poor clinical response of patients with detrusor 
instability to calcium channel blockers is surprising. 
Daily oral dosage is the norm al drug regimen in 
humans, but there is little consistent information 
concerning the effect of such a regimen on the 
contractile activity of detrusor muscle in animals or 
humans. Treatm ent with a single oral dose of 
nifedipine [8-10] or chronic flunarizine adm inist
ration [11] to women with various forms of urinary 
incontinence has produced inconsistent improve
ment in urodynamic parameters. However, treat
ment with diltiazem for 10 days in patients with 
hyper-reflexic detrusor instability has been shown to 
increase bladder capacity and reduce bladder pres
sure and maximum detrusor pressure significantly 
[23].

To allow the effects of chronic oral adm inistration 
of nimodipine on detrusor contraction to be eva
luated, rats were treated with either a single dose or 
a chronic 8-day treatm ent before bladders were 
removed for in vitro contractile response studies. 
O ur results show that nimodipine significantly 
decreases contractile responses after one dose but 
has no effect on rat detrusor contractile response to 
EFS, carbachol and potassium  chloride after 8 days’ 
oral treatment. It is unlikely that 8 days’ treatment 
with nimodipine was ineffective because of inade
quate absorption, distribution or tissue concent
rations in the detrusor muscle because a single dose 
significantly reduced the contractile response. Also, 
the serum nimodipine concentrations were within a 
therapeutic range, being similar to serum concent
rations obtained in hum ans (Drug Information
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Service, Leicester Royal Infirmary). The concent
ration of nimodipine was found to be significantly 
higher in the serum of rats treated for 8  days, and 
therefore the lack of effect on detrusor contractile 
response in this group was not due to lower serum 
drug levels or to enhanced metabolic breakdown of 
the drug with repeated dosage.

It is unlikely that nimodipine was washed out of 
our samples as this would also have occurred after a 
single oral dose, and we have demonstrated that 
inhibition of the contractile response in detrusor 
muscle by nimodipine is relatively stable despite 
multiple washings. Desensitization did not occur as 
addition of nimodipine to the bath chamber still 
had an inhibitory effect on the contractile response 
of detrusor muscle in rats pretreated for 8  days, 
demonstrating the presence of functional calcium 
channels after the treatment period. Although not 
reaching statistical significance, it is interesting to 
note that the maximum contractile response to 
carbachol, EFS and after 8  days’ treatment with 
nimodipine was increased compared with control 
values, suggesting a possible increase in the number 
of calcium channels. This is particularly relevant to 
the K ’*' response, which is solely dependent on the 
influx of calcium through voltage-sensitive calcium 
channels. It is possible that the repeated administ
ration of nimodipine caused an increase in the 
number of functional calcium channels to overcome 
the inhibition of a proportion of the channel popu
lation by nimodipine.

Calcium channels are regulated by homologous, 
heterologous and pathological factors [24]. Chronic 
exposure of a elonal PCI2 cell line to nifedipine for 
5 days produced a 29% increase in high-affinity 1,4- 
dihydropyridine binding sites. In contrast, incuba
tion with Bay K8644 reduced 1,4-dihydropyridine 
binding site density by 24% [25]. These results 
demonstrate that repeated exposure at a cellular 
level can influence the number of dihydropyridine 
binding sites. Up-regulation of dihydropyridine 
binding sites has also been observed in cardiac 
membranes from spontaneously hypertensive rats 
treated with nitrendipine and a high-salt diet for 
21 days [26]. It is likely, therefore, that chronic oral 
administration of nimodipine caused an up- 
regulation of dihydropyridine-sensitive calcium 
channels, as a compensatory mechanism. It has not 
been possible to confirm this by ligand-binding 
experiments in the present study because the density 
of calcium channels in a single bladder is very low, 
making it impracticable to detect small changes in 
receptor numbers. Previous studies on bladder 
smooth muscle have used pooled tissue samples to 
achieve an adequate density of sites in binding 
experiments, but this was not part of the design of 
this study [4].

If the lack of effect of chronic treatment with 
nimodipine on rat detrusor muscle contractility 
applies to human detrusor muscle, this may explain 
why treatment of patients with urinary incontinence

with calcium antagonists is disappointing [7]. How
ever, it is possible that calcium antagonists could be 
effective when administered intermittently. As the 
intensity of symptoms in urinary incontinence is 
variable, this may be an appropriate regimen for the 
treatment of some patients.

In conclusion, nimodipine had a greater inhibi
tory effect on isolated human detrusor muscle con
traction than nifedipine or verapamil, at the con
centrations studied. Nimodipine was reasonably 
stable in rat detrusor muscle samples, and was not 
easily washed out of the tissues. Rats treated orally 
with nimodipine for 8  days showed no significant 
difference in the contractile response of detrusor 
muscle compared with controls, whereas rats treated 
with a single oral dose of nimodipine showed a 
significant inhibition of detrusor contractility. It is 
possible that chronic oral administration of nimodi
pine caused an increase in calcium channel density 
as a compensatory mechanism. This possibility is 
currently under investigation.

If these results apply to human detrusor muscle 
response to chronic oral treatment with calcium 
antagonists, then an intermittent treatment regimen 
may be more effective in inhibiting unstable 
contractions.
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1. The effect of oestradiol and progesterone pre
treatment on the contractile response of isolated rat 
detrusor muscle to electrical field stimulation was 
investigated. The response to direct administration of 
2 /imol/l progesterone and 2 /imoI/l diethylstilboestrol 
in the organ bath was also examined.
2. Virgin female Wistar rats were injected sub- 
cutaneously with oestradiol benzoate (150/ig/kg) for 
3 days followed by 1 day of progesterone (160yig/kg). 
This cycle was repeated once. Control rats received 
no injections.
3. In controls, progesterone significantly reduced the 
maximum contractile response of rat detrusor muscle 
in  vitro by 12% (F<0.01). The EFgo was signifi
cantly increased compared with control. When 
2  jumol/l diethylstilboestrol, was added, the maximum 
contractile response was significantly reduced by 42% 
( F < 0 .0 1 ) and the frequency-response curve showed a 
further increase in EFgg.
4. Progesterone had no effect on the atropine- 
resistant component of electrical field stimulation, but 
progesterone and diethylstilboestrol reduced the 
atropine-resistant response by 16% (F<0.01).
5. Detrusor muscle from pretreated rats showed a 
non-significant increase in maximum contractile re
sponse compared with untreated controls. The addi
tion of 2 jKmol/l progesterone to the bath chamber 
had no effect on this response, but the further 
addition of 2 yimol/l diethylstilboestrol reduced the 
maximum contraction.
6 . Pretreatment with oestradiol and progesterone had 
no effect on the atropine- or tetrodotoxin-sensitive 
response to electrical field stimulation.
7. In conclusion, the direct effect of progesterone and 
diethylstilboestrol inhibited the contractile response of 
detrusor muscle to electrical field stimulation and the 
effects of each summated. Atropine blocked this 
effect of progesterone, but not that of diethylstil
boestrol. Pretreatment with progesterone and oestra
diol had no significant effect on rat detrusor con
tractile response. Since treatment with oestradiol 
alone has been shown to have a significant inhibitory 
action on contractile response, the addition of pro

gesterone would appear to alter this effect of 
oestradiol.

INTRODUCTION

Urinary incontinence is an inereasing and dis
tressing problem in women after the menopause. 
Sex hormones are known to have a physiological 
action on the female urinary tract, with stress 
incontinence being worse in the progesterone- 
dominated phase of the menstrual cycle and in 
advancing pregnancy [1]. High-affinity oestradiol 
receptors have been isolated in human [2, 3], rabbit 
[4-6] and baboon [7] detrusor muscle. Pro
gesterone receptors have also been isolated in the 
lower urinary tract of the rabbit [ 8 ].

Previous work in this laboratory has shown that 
the direct administration of diethylstilboestrol 
(DES) decreased the contractile response of isolated 
rat and human detrusor muscle by blocking calcium 
ion entry [9, 10]. Pretreatment with oestradiol in 
the rat further decreased the eontractile response of 
detrusor muscle, possibly by decreasing muscarinic 
receptors [11]. Such work provides evidence for a 
possible beneficial effect from oestrogens for women 
suffering from motor-urge incontinence. However, it 
would be unwise to use unopposed oestrogens in 
women long-term, and thus progestogens would 
need to be given. These hormones are known to 
oppose the action of oestrogen in oestrogen- 
sensitized tissues, probably by decreasing the con
centration of oestrogen receptors [12, 13]. Further
more Benness et al. [14] found that women on 
hormone replacement therapy reported an ex
acerbation of their urinary incontinence during the 
progestogen phase of their treatment and they con
cluded that oestrogen deficiency might not be as 
important in the pathogenesis of these symptoms as 
progestogen concentration.

It is usual practice to include progestogens with 
oestrogen in the treatment regimen of post
menopausal women. Because of the possible detri
mental effects of progesterone on urinary in-

Key words: detrusor muscle, oestrogens, progestogens.
Abbreviations; DES, diethylstilboestrol; EF,,, effective frequency at 50% maximum response; EFS, electrical field stimulation; TTX, tetrodotoxin. 
Correspondence; Mrs R. A. Elliott, Division of Medicine for the Elderly, Leicester General Flospital, Gwendolen Road, Leicester LE5 4PW, U.K.
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continence, and its interaction with oestrogen, we 
investigated the effects of progesterone and oestro
gen treatment on the contractile response of isolated 
rat detrusor muscle in vivo and in vitro.

addition of tetrodotoxin (TTX) (1.3 x 10“® mol/l) 
were provided to determine the effect of oestradiol 
and progesterone treatment on the TTX sensitivity 
of the neurogenic response.

MATERIALS A N D  METHODS

Animals and protocol

Virgin female Wistar rats (300-350 g) were in
jected subcutaneously with oestradiol benzoate 
(150/ig/kg) for 3 days followed by progesterone 
(160/rg/kg) for 1 day. This cycle was repeated once. 
Treatment was commenced when rats were in the 
dioestrus phase, as judged by vaginal smears. At the 
end of the treatment period the bladders were 
removed and placed in Krebs’ solution. After the 
removal of fat and serosa, strips of detrusor muscle 
were suspended in a 50 ml organ bath chamber 
containing Krebs’ solution at 37°C, aerated with 
95% oxygen and 5% carbon dioxide. Control rats 
received no injections.

The base of the muscle strip was attached by 
braided silk sutures to a fixed hook in the chamber. 
The apex was passed through two parallel circular 
electrodes and attached to an isometric transducer 
connected to a two-channel Washington oscillo
graph. The electrodes were connected to a Digitimer 
stimulator capable of delivering single square wave 
pulses at 5V with a pulse width of 1.0 ms.

The tissues were allowed to equilibrate for 1 h 
under a resting tension of 10 mN before stimulation. 
Samples were washed at least twice during this 
stage.

Frequency-response curves were obtained by sti
mulating the bladder strips with 1, 5, 10, 20, 40, 60 
and 80 pulses/s in 1 0  s trains at 2 min intervals.

Response curves were obtained after the treat
ment period and were compared with untreated rat 
detrusor muscle responses. Progesterone (2/zmol/l), 
alone and with DES (2/rmol/l), was added directly 
to the organ bath containing either treated or 
untreated rat detrusor muscle strips. This was to 
determine any difference between the direct effect of 
progesterone and DES and the metabolic effect 
produced after systemic administration, and also to 
see if there was any interaction between DES and 
progesterone when applied directly to the muscle 
tissue. All chemicals were left in the organ bath for 
15min before muscle stimulation.

The responses were presented as an increase in 
tension (mN) when comparing preteated rats with 
untreated controls and as a percentage of maximum 
control response in untreated rats.

The effect of atropine (10/rmol/l) on the 
frequency-response curve before and after treatment 
with oestradiol and progesterone was also in
vestigated to establish the action of pretreatment on 
the cholinergic response to electrical field stimula
tion (EFS).

Frequency-response curves before and after the

Solutions and chemicals

The Krebs’ solution had the following compo
sition: NaCl, 119 mmol/l; KCI, 4.4 mmol/l;
NaHCOg, 20 mmol/l; NaH^PO^, 1.2 mmol/l; 
MgClz, 1.2 mmol/l; CaClj, 2.5 mmol/l; glucose, 
11 mmol/l; made up in distilled water. Oestradiol 
benzoate and progesterone were supplied by Paines 
and Byrne in 1 ml ampoules for injection. DES 
(Sigma) and progesterone (Sigma) were dissolved in 
ethanol and made up on the day of the experiment. 
The concentration of ethanol in the organ bath 
chamber did not exceed 3 mmol/l. Atropine (Sigma) 
was dissolved in distilled water and also made up 
on the day of the experiment. TTX (Sigma) was 
made up in distilled water and stored in aliquots of 
1ml at -20°C .

Each point on the curve is the mean of five 
different bladder samples, unless otherwise stated. 
Differences between mean values were compared by 
one-way analysis of variance followed by Dunnett’s 
or Bonferroni’s method for multiple comparisons. 
The EF 5 0  (effective frequency at 50% maximum 
response) was estimated from the median effect plot 
computated using a Dose Effect Analysis Program 
(Biosoft).

RESULTS
The responses of detrusor muscle samples to EFS 

did not significantly alter over the time period of 
the experiment. Ethanol alone had a slight, but not 
significant, potentiating effect on contractile response.

D irect effect of p rogesterone and DES on th e  contractile 
response

The mean frequency-response curves obtained 
from six different bladder muscle preparations are 
shown in Fig. 1. The control EF 5 0  (2.44 +  0.426 
pulses/s) showed a significant difference from the 
EF5 0  (6.202 +  1.114 pulses/s) obtained after the addi
tion of 2/rmol/l progesterone (P<0.01). The addi
tion of 2/rmol/l DES to the bath chamber shifted 
the frequency-response curve further to the right. 
The mean maximum contractile responses were 
reduced by 1 2 % compared with controls after the 
addition of progesterone and by a further 30% after 
the addition of DES. In two out of six samples, the 
addition of DES resulted in the maximum con
tractile response being reduced to less than 50% of 
controls. The reduction in maximum responses after 
the addition of progesterone and progesterone plus 
DES were both significantly different from control 
(P<0.01 and P <0.01, respectively). There was also 
a significant difference between the maximum con-
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Fig. I. Frequency-response curves to  EFS In Isolated rat detrusor 
muscle (controls), # ,  Control; O . after the addition of 2/tmol/l of 
progesterone; A .  after the addition of 2ytmol/l DES; □ ,  after the addition 
of 2yimol/l progesterone and 2/imol/l DES. Vertical bars represent SEMs 
(n—6). Statistical significance: <0.05, •*(’<0.01 compared with control.
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Fig. I  Dose-response curves to  KCI In Isolated rat detrusor muscle.
# ,  Control; O .  after the addition of 2/tmol/l progesterone. Vertical bars 
represent SEMs (n =  5). Statistical significance: *P<0.0S. ♦•(’ <0.01 com
pared with control.

tractile responses obtained after the addition of 
progesterone and progesterone plus DES (P<0.01).

Effect of progesterone on the KCI contractile response

The contractile response to KCI is solely de
pendent on extracellular calcium. The effect of 
2/tmol/l progesterone on this response was ex
amined to establish whether the inhibitory effect of 
progesterone in vitro was due to the inhibition of 
calcium entry.

Progesterone significantly reduced the KCI con
tractile response, suggesting an effect on calcium 
movement (Fig. 2).

Direct effect of different concentrations of progesterone 
and DES on the contractile response

Very low concentrations of DES (0.02 /imol/l and 
0.2 frmol/l) did not have a significant effect on the
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Fig. 3. Effect of DES (a) and progesterone (b) on frequency- 
response curves to  EFS In Isolated rat detrusor muscle, (a) # ,
Control; Q , after the addition of 0.02ytmol/l DES; A .  after the addition of 
0.2yimol/l DES; A .  after the addition of 20yrmol/l DES. (b) # ,  Control;
O . after the addition of 0.2 ytmol/l progesterone; A .  after the addition of 
20yrmol/l progesterone. Vertical bars represent SEMs (n =  5). Statistical 
significance: *P <  0.05, **P<O.OI compared with control.

detrusor contractile response, whereas a very high 
concentration, (20)imol/l) had a significant in
hibitory effect on contraction (P<0.01), reducing 
the maximum response by 43% (Fig. 3a).

Progesterone at a low concentration (0.2/imol/l) 
did not significantly effect the contractile response. 
A concentration of 20 /rmol/l progesterone did, how
ever, significantly reduce bladder contraction 
(P<0.01) (Fig. 3b). The maximum response was 
reduced by 8%. This inhibition was similar in 
magnitude to the reduction of contractile response 
produced by 2 /rmol/l progesterone, suggesting that 
the direct inhibitory action of progesterone was not 
dose-dependent.

Direct effect of progesterone and DES on the contractile 
response in the presence of atropine

The addition of atropine (lO/jmol/l) to the bath 
chamber reduced the maximum contractile response 
by 37% compared with controls (P<0.01), thereby
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Fig. 4. Frequency-response curves to  EFS in Isolated rat detrusor 
muscle (controls). # .  Control response curve: Q ,  after the addition of 
lO/amolfl atropine: A .  after the addition of lO/rmol/l atropine and 
2/rmol/l progesterone: □ .  after the addition of lO/rmol/l atropine and 
2/rmol/l progesterone and 2/imol/l DES. Vertical bars represent SEMs 
(n =  5). Statistical significance: "P<O.OI compared with control.
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Fig. S. Frequertcy-response curves to EFS in detrusor muscle from 
pretreated rats. # ,  Control response curve (untreated): A .  after 
pretreatment with progesterone and oestrogen (n=IO): O .  after the 
addition of 2ftmol/l progesterone: □ .  after the addition of 2/rmol/l 
progesterone and 2frmol/l DES. Vertical bars represent SEMs (n —6).

blocking the cholinergic response to EFS. The non
cholinergic response was not affected by the further 
addition of progesterone, but DES significantly re
duced the maximum response by a further 16% 
(P<0.05) (Fig. 4).

Effect of oestradiol and progesterone pretreatment on 
the contractile response

The frequency-response curves in pretreated rats 
are shown in Fig. 5. There was a non significant 
increase in maximum contractile response in the 
detrusor muscle of pretreated rats compared with 
that of untreated control rats (n=10). The addition 
of progesterone to the bath chamber resulted in a 
small, non significant, decrease in maximum re-
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Fig. 6. Effect of atropine on the frequency-response curves in (a) 
control rats and (b) pretreated rats. ■ ,  Control response curve: O .  
after the addition of lO/tmol/l atropine. Vertical bars represent SEMs 
(n =  5). Statistical significance: *P<O.OI compared with control.

sponse, and the further addition of 2/im ol/l DES 
caused an additional reduction in maximum re
sponse towards that of controls.

Effect of oestradiol and progesterone pretreatment on 
atropine sensitivity to electrical stimulation

In control animals the maximum contractile re
sponse of detrusor muscle to electrical stimulation 
was reduced by 38% after the addition of 10//mol/l 
atropine to the bath chamber. The frequency- 
response curve showed an increase in the mean 
EFjo from 2.966 to 16.173 pulses/s (Fig. 6a).

In pretreated animals the atropine sensitivity to 
electrical stimulation was not significantly different 
from that in untreated animals. The maximum 
contractile response was reduced by 35% and the 
mean EF,o increased from 2.311 to  12.265 pulses/s 
(Fig. 6b).

Effect of oestradiol and progesterone pretreatment on 
the TTX-reslstant response

At our param eters TTX blocked 50% of the 
maximum contractile response to EFS, but pre-
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Fig. 7. Frequency-response curves showing the effect of oestradiol 
and progesterone pretreatment on the TTX-resistant response to  
EFS in isolated rat detrusor muscle. # ,  Control response curve: Q ,  
after TTX; A .  after 8 days of oestradiol treatment and TTX; □ ,  after 8 
days of oestradiol and progesterone pretreatment plus TTX. Vertical bars 
represents SEMs (n =  5). Statistical significance; *P<O.OS compared with 
control plus TTX,

treatm ent with oestradiol and progesterone did not 
affect this response significantly. Pretreatm ent with 
oestradiol alone significantly reduced the TTX- 
resistant response (P<0.05) (Fig. 7).

DISCUSSION

In patients with motor-urge incontinence, power
ful detrusor muscle contraction overcomes the 
urethral sphincter and produces incontinence. 
M otor-urge incontinence increases particularly with 
age and is more common in women than men.

Previous results from this laboratory have shown 
that DES added directly to the bath chamber and 
pretreatm ent with oestradiol had differing mecha
nisms of action on detrusor muscle contraction. 
Both summated to produce a highly significant 
decrease in contractile response to cholinergic sti
mulation and EFS in rats and man. It was proposed 
that the direct effects inhibited calcium uptake [10] 
and that pretreatm ent altered muscarinic receptor 
effectiveness [11].

Before such work could be investigated further in 
clinical trials it was im portant to establish what 
effect progestogens would have on this action of 
oestrogen. O ur present results dem onstrate that 
pretreatm ent with oestradiol and progesterone has 
no significant effect on the contractile response of 
rat detrusor muscle to EFS. Thus progesterone 
antagonized the inhibitory action of oestrogen on 
rat detrusor muscle contraction.

The neurogenic response to EFS in the rat 
involves cholinergic and a non-cholinergic, non- 
adrenergic neurotransmitter, almost certainly ATP 
[15]. Pretreatm ent with oestradiol significantly 
reduced the cholinergic response to EFS [11], 
whereas treatm ent with oestradiol and progesterone

had no significant effect on this response. The effect 
of oestrogen on muscarinic receptor responsiveness 
would appear to be altered by the presence of 
progesterone.

Sato et al. [16] showed that both oestradiol and 
progesterone pretreatment significantly increased the 
response of the rat uterus to nerve stimulation, 
whereas Batra and Bengtsson [17] showed that 
oestrogen and progesterone inhibited the contractile 
activity of the rat uterus in vitro. Sato et al. [16] 
were also unable to obtain a significant effect in vivo 
of oestradiol and progesterone treatm ent on the 
bladder in anaesthetized rats after stimulation of 
hypogastric and pelvic nerves. However, they pre
treated their rats for only 4 days, which may not 
have been sufficient [4]. A similar problem may 
explain the results of Batra [18], who found that 
calcium uptake in the bladder was unaffected after 
treatm ent with oestrogen alone or oestrogen and 
progesterone together, Sorenson et al. [19] could 
not demonstrate any change in urodynamic charac
teristics during the menstrual cycle which may have 
been due to the influence of progestérones on 
oestrogen action.

Progesterone alone was not investigated in the 
present study as it is unlikely to be given without 
oestrogen in clinical practice, except for certain 
gynaecological abnormalities or in women unable to 
take oestrogen-containing birth control pills. 
Nevertheless, Ekstrom et al. [20] demonstrated that 
progesterone increased the sensitivity of the female 
rabbit detrusor muscle to parasympathomimetics 
and also increased the maximal nerve-induced con
tractile response. They also showed that oestrogen 
treatm ent shifted the frequency-response curve of 
the bladder to the right.

The antagonism between oestrogen and pro
gesterone is not immediate, but is the result of 
metabolic changes altering receptor numbers. 
Nevertheless, we also looked at the possibility of an 
interaction between DES and progesterone in vitro 
by looking at their effect on the contractile response 
when added to the organ bath. Progesterone alone 
significantly decreased the contractile response to 
EFS, an effect also observed in uterine cells [17]. 
This effect was augmented by the presence of DES, 
therefore providing no evidence of a direct antago
nism between these hormones. Progesterone also 
inhibited the contractile response to KCI, indicating 
its action was due to the reduction of calcium 
uptake.

The direct inhibitory action of DES and proges
terone on EFS had differing modes of action. 
Atropine blocked the effect of progesterone but not 
that of DES. It is likely that progesterone affected 
the cholinergic component of EFS, whereas DES 
also affected the non-cholinergic, non-adrenergic 
response.

The direct effects of DES, oestradiol and proges
terone on detrusor muscle contraction were not 
significant at very low concentrations, suggesting
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their inhibitory action on calcium influx is signifi
cant at pharmacological but not physiological con
centrations.

The neurogenic response to EFS in the rat can be 
blocked by TTX. Our parameters for EFS produced 
a TTX component which was due to direct muscle 
stimulation. Oestrogen treatment has been shown to 
significantly increase the TTX sensitivity [11], there
by reducing the direct muscle stimulation. However, 
progesterone and oestrogen treatment did not 
significantly alter the TTX sensitivity.

In conclusion our results demonstrate that 
pretreatment with pharmacological doses of oestra
diol and progesterone had no significant effect on 
rat detrusor muscle contraction in response to EFS. 
This was in contrast to our previous finding that 
pretreatment with oestradiol alone had a significant 
inhibitory action on rat detrusor contractile re
sponse. We conclude that progesterone alters oes
trogen’s functional effect on rat detrusor muscle 
contraction. In this study and in previous work we 
have used virgin female rats, which are not repre
sentative of the post-menopausal condition.

These results are supported by clinical evidence 
[14] that the addition of a progestogen may worsen 
urinary tract symptoms in post-menopausal women 
previously on oestrogen therapy.
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The effect of m vzvo oestrogen pretreatment on the contractile 
response of rat isolated detrusor muscle
Ruth A. Elliott, ‘C.M. Castleden & A. Miodrag

Department o f Medicine for the Elderly, Leicester General Hospital, Gwendolen Road, Leicester LE5 4PW

1 The effect o f oestradiol pretreatment was investigated on the response o f rat isolated detrusor muscle 
to cholinergic, electrical and 5-hydroxytryptamine (5-HT) stimulation with and without diethystilboes- 
trol (DES) (2pM) in the organ bath.
2 Virgin female Wistar rats were injected subcutaneously for 8 days with oestradiol benzoate 
150 pg kg"'. Control rats received no injections or injection only with the vehicle, ethyl oleate.
3 Detrusor muscle from treated rats showed a decreased sensitivity to acetylcholine (ACh) and 
carbachol-induced contractile responses. The dose-response curves to these agonists showed a 44% 
reduction in maximum contractile response for ACh ( f  <0.001), and a 38% reduction in maximum 
contractile response for carbachol ( f  <0.05). The addition o f 2 pM DBS to the bathing medium further 
significantly reduced the maximum contractile response by 56 and 57% of control respectively.
4 Electrically stimulated detrusor muscle from treated rats showed a significant 49% reduction in the 

; maximum contractile response ( f  <0.001). The addition of 2/iM DES to the bathing medium further
significantly reduced the maximum contractile response by 66% of control. The tetrodotoxin resistant 
responses were smaller in pretreated rats, suggesting a reduced sensitivity of the smooth muscle to direct 
electrical stimulation.
5 The response to 5-HT stimulation by detrusor muscle samples from oestradiol-treated rats showed a 
non-significant reduction in maximum contractile response, but the addition of 2 (iM DES to the bath 
chamber resulted in a 67% reduction in the response ( P <  0.001).
6 Oestradiol pretreatment did not affect the potassium dose-response curve.
7 Oestradiol pretreatment reduced the rat detrusor muscle sensitivity to the blocking effect o f atropine 
on the response to electrical field stimulation. Pretreatment also reduced the potentiating effect of 
physostigmine on the same response.
8 These results suggest that oestradiol pretreatment had a modulating effect on cholinergic responses.
The addition of oestrogen to the tissue environment enhances this inhibitory effect.

Keywords: Oestrogen; bladder; carbachol; 5-hydroxytryptamine

Introduction

Oestrogens have been used for a number o f years to treat 
urinary symptoms especially those associated with the lower 
urinary tract such as atrophic urethritis. Their place in the 
management of motor urge incontinence has never been 
established (Miodrag et a i,  1988) despite the fact that high 
affinity oestradiol. receptors have been isolated in human 
(Iosif et al., 1981; Batra & Iosif, 1983), rabbit (Urner et a i, 
1983; Shapiro, 1986; Batra & Andersson, 1989) and baboon 
detrusor muscle (Weaker et a i, 1983). Treatment with oes
tradiol decreased the muscarinic receptor density in rabbits 
(Shapiro, 1986) but the muscarinic response to carbachol and 
the cholinergic neurogenic response following electrical field 
stimulation was not greatly decreased despite a markedly 
decreased density in muscarinic receptors (Batra & Anders
son, 1989).

Earlier experiments in our laboratories have shown that 
diethylstilboestrol (DES) added directly to the organ bath 
had a profound effect on the contractile response following 
cholinergic, 5-hydroxytryptamine (5-HT), calcium ion, potas
sium and electrical field stimulation o f rat and human detru
sor muscle. This was probably due to a reduction in calcium 
ion uptake by the detrusor muscle cells rather than an effect 
on intracellular calcium release (Elliott et al., 1992). If in vivo 
treatment with oestradiol had similar effects on muscarinic 
receptors in rats as in rabbits (Shapiro, 1986) then pretreat
ment and direct oestrogen would have different mechanisms
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of action and thus a summation of effects might be seen on 
cholinergic stimulation. Because there appear to be no re
ports illustrating the effects of pretreatment and direct oes
trogen treatment on the same detrusor muscle, the present 
experiments were performed.

Methods

Virgin female wistar rats were injected subcutaneously with 
oestradiol benzoate 150 )ug kg" ', twice a day for 8 days. 
Treatment was initiated when the rats were in the dioestrus 
phase, as judged by vaginal smears. The 8 day treatment 
regimen covered two cycles, after which the rats were killed 
by a blow to the head. The bladders were removed and 
dissected free of fat and serosa. Strips of bladder, muscle 
7 mm by 4 mm were suspended in a 50 ml orjgan bath 
chamber containing Krebs solution at 37°C and aerated with 
95% oxygen and 5% carbon dioxide. The bladder base was 
attached to a fixed hook in the chamber and the apex by a 
thread attached to an isometric transducer connected to a 
two channel Washington oscillograph. The tissues were al
lowed to equilibrate for 1 h under a tension o f 10 mN.

After equilibration, acetylcholine (ACh) (10"® m - 2  x 10"'* 
M), carbachol (10"® M x  10"" M) or potassium chloride (KCI) 
(10 mM -60 mM) was injected cumulatively into the bath 
chamber to obtain dose-response curves. 5-Hydroxytrypta- 
mine (5-HT) (10"® M -10"’ M) was injected at 5 min intervals 
and samples were washed between doses to avoid tachyphy
laxis. For electrical field stimulation, muscle strips v/ere
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passed through two parallel circular electrodes connected to 
a Digitimer stimulator. The stimulator delivered 1 -80  pulses 
s ' '  at 4 - 6  V and a 1 ms pulse width in 10 s trains at 2 min 
intervals. Frequency-response curves were obtained by stimu
lating the tissue with I, 5, 10, 20, 40. 60, 80 pulses per
second. The effect o f oestradiol pretreatment plus the pres
ence of 2 HM DES in the external medium was investigated 
by repeating the dose-response curves after the addition of 
DBS to the bath chamber. Effects o f bath-applied DES were 
not easily reversible. Even after several washes the response 
did not return to pre-applied levels.

Tetrodotoxin (TTX. 1.6 x 10'** M) was used to distinguish 
between nerve-mediated contractile responses, and those due 
to direct muscle stimulation in controls and pretreated sam
ples

Different bladder muscle samples were used for each 
agonist. Control dose-response curves were obtained from rat 
bladder muscle taken from untreated rats in the dioestrus 
phase. Samples were also taken from rats injected only with 
the vehicle ethyl oleate. Dose-response curves for the com
parison o f bladders from rats pretreated with oestradiol and 
controls are presented as concentration of agonist against the 
increase in tension, and not percentage o f maximum res
ponse. This is to demonstrate the absolute decrease in res
ponse obtained after oestradiol treatment which would not 
be apparent when calculating percentage o f maximum res
ponse if the same bladder samples were used as its own 
control.
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Figure I Dose-response curves to electrical field stimulation in rat 
isolated detrusor muscle: ( • )  control; (O) after 8 days oestradiol 
treatment; (A) after 8 days oestradiol treatment plus 2 pw diethyl
stilboestrol in the organ bath (n = 5). Vertical bars represent s.e. 
mean, ' " f  < 0 .01; " " f  < 0 .001.

Solutions and chemicals

Krebs solution contained (m M ):  NaCI 119, KCI 4.4. NaHCOj 
20. NaH: PO4 I.2 , MgCI: 1.2. CaCb 2.5 and glucose 11.

ACh chloride (Sigma), carbamylcholine chloride (Sigma), 
atropine sulphate (Sigma), physostigmine (Sigma) and 5-HT 
(Sigmal were all dissolved in distilled water and made up on 
the day o f the experiment. Diethylstilboestrol (DES) (Sigma) 
was dissolved in ethanol and the concentration o f ethanol in 
the organ bath chamber did not exceed 3 m M .  Oestradiol 
benzoate (Paines & Byrne) was supplied in vials containing 
5 mg m l''. TTX (Sigma) was made up in distilled water and 
stored at — 20°C in 1 ml aliquots.

For each experiment the results were the mean o f  5 differ
ent bladder muscle samples, unless otherwise stated. Statis
tical analysis was carried out with Student's 1 test.
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Results

Following 8 days oestradiol treatment the rat uterus showed 
marked hypertrophy compared to non-treated animals. This 
was taken as an indication o f oestrogenisation. The bladders 
removed from treated rats were also hypertrophic (mean 
weight 94.32 ±  8.60 mg) compared to the non-treated animals 
(mean weight 66.65 ±  2.54 mg) (P < 0 .0 5 ) . The response of 
the detrusor muscle in control rats and those treated with 
vehicle only did not differ.

Effect o f  oestrogen on electrical field stimulation

The spontaneous contractions normally exhibited by rat de
trusor muscle were nvarkedly reduced in frequency and amp
litude in samples taken from oestradiol treated rats. The 
frequency dose-response curve o f the detrusor muscle o f  such 
rats to electrical field stimulation showed a 49% reduction in 
maximum response compared to control ( P <  0.001). When 
2 pM DES was added to the surrounding medium, the result 
was a further significant reduction o f maximum response 
(66%, Figure 1). The maximum response obtained by elec
trical field stimulation was 61.4% o f the maximum response 
obtained with 10'" M carbachol in controls and 61.5% in 
pretreated rats.

Figure 2 Frequency-response curves showing the effect of oestradiol 
pretreatment on the tetrodotoxin-resistant response to electrical field 
stimulation in rat isolated detrusor muscle: ( • )  control; (O) control 
after TTX; (□ ) after 8 days treatment; (A) after 8 days treatment 
and TTX, (n = 5). Vertical bars represent s.e.mean. **P<0.05.

Effect o f  oestrogen on tetrodotoxin sensitivity

Tetrodotoxin blocked about 50% o f the maximum contrac
tile response to electrical field stimulation at our parameters. 
At lower frequencies (10 pulses s ' ' )  about 75% o f the con
tractile response was blocked. The TTX-resistant responses 
were significantly smaller in rats pretreated with oestradiol 
than in control rats ( f  < 0 .0 5 , Figure 2).

Effect o f  oestrogen on acetylcholine and carbachol 
response

The contractile response o f detrusor muscle to ACh stimula
tion was reduced in amplitude in oestradiol-treated rats com
pared to controls. The dose-response curve showed a 44% 
reduction in maximum response ( f  < 0 .001 ). The addition of  
2 pM DES to the water bath resulted in a further significant



768 R A. ELLIOTT « a / .

reduction in maximum response (56%, Figure 3a). Oestradiol 
pretreatment resulted in similar effects on carbachol-induced 
contractions with a reduction o f 38% in maximum response 
being obtained ( / ’ < 0 .0 5 ), which was reduced further with 
the addition o f 2pM DES (57%, Figure 3b).

Effect o f  oestrogen on 5-hydroxytryptamine response

Rat detrusor muscle response to 5-HT stimulation was phasic 
and much reduced in amplitude compared to cholinergic and 
electrical field stimulation responses. Detrusor muscle from 
oestradiol-treated rats showed a non significant reduction in 
maximum response o f  22%. but with the addition o f 2 pM 
DES to the bath chamber this response was significantly 
reduced by 67% ( f  <0.(X )l). Figure 4.

Effect o f  oestrogen on atropine sensitivity

Detrusor muscle from control rats, stimulated electrically, 
showed a 19% reduction in maximum contractile response in 
the presence o f 10 pM atropine (Figure 5a). Atropine exerted 
its inhibitory effect mainly on high frequency induced con
tractile responses.
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Figure 4 Dose-response curves to 5-hydroxytryptamine (5-HT) sti
mulation of rat isolated detrusor muscle: ( • )  control; (O) after 8 
days oestradiol treatment; (A) after 8 days oestradiol treatment plus 
2 pM diethylstilboestrol in the organ bath (n = 5). Vertical bars repre
sent s.e.mean. < 0 .001.
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Figure 3 (a) Dose-response curves to acetylcholine stimulation in 
rat isolated detrusor muscle: ( # )  control (n = 8); (O) after 8 days 
oestradiol treatment; (A ) after 8 days oestradiol treatment plus 2 pw 
diethylstilboestrol (DES) in the organ bath (n = 9). (b) Dose- 
response curves to carbachol stimulation in rat isolated detrusor 
muscle: ( • )  control; (O) after 8 days oestradiol treatment; (A) after 
8 days oestradiol treatment plus 2 pM DES in the organ bath (n = 5). 
Vertical bars represent s.e.mean. " f < 0  10; • • / ’<0.05; ***/’<O.OI; 
••••/>< 0 .0 0 l.
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Figure 5 (a) Dose-response curves to electrical field stimulation in 
rat isolated detrusor muscle from untreated rats (n = 4). (b) Dose- 
response curves to electrical field stimulation in rat isolated detrusor 
muscle from rats pretreated with oestradiol for 8 days: (# )  control; 
(O) after 10 pM atropine (n = 5). Vertical bars represent s.e.mean. 
••P <0.50; " " f  <0.01; ••••/><6.001.
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The sensitivity of the detrusor muscle to blockade o f  the 
cholinergic component o f electrical stimulation was almost 
totally abolished in bladder muscle samples taken from 
oestradiol-treated rats. The dose-response curve showed no 
significant difference before and after the addition o f atropine 
l O p M  (Figure 5b).

Effect o f  oestrogen on physostigmine potentiation

Control detrusor muscle samples showed potentiation o f elec
trically induced contractile responses in the presence o f 
0.01 pM physostigmine. The maximum contractile response 
was increased by 30% ( F <  0.001) (Figure 6a).

Bladder muscle from oestradiol pretreated rats had lost its 
sensitivity to physostigmine. The electrically induced contrac
tile responses were not significantly different in the presence 
or absence o f the drug (Figure 6b).

Effect o f  pretreatment on KCI response

Oestradiol pretreatment did not affect the KCI dose-response 
curve.
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Figure 6 (a) Dose-response curves to electrical field stimulation in 
rat isolated detrusor muscle from untreated rats (n = 5). (b) Dose- 
response curves to electrical field stimulation in rat isolated detrusor 
muscle from rats pretreated with oestradiol for 8 days (n = 5): ( • )  
control; (O) after the addition of 0.01 pM physostigmine. Vertical 
bars represent s.e.mean. ***f’ < 0 .01; ****/*<0 .001.

Discussion

Previous results from our laboratory have shown that the 
addition o f DES to the organ bath had a profound effect on 
the contractile response of rat and human detrusor muscle. 
The results suggested that DES affected the movement of 
extracellular calcium ions into the muscle cells (Elliott et al., 
1992). If previous studies were plotted on the present dose- 
and frequency-response curves, the resultant curve would be 
situated between the control and pretreatment curves.

The present results showed that there was a significant 
decrease in the contractile response to muscarinic receptor 
stimulation after pretreatment with oestradiol and that this 
reduction in contractility could be further enhanced by the 
direct addition o f DES to the tissue environment. Since there 
was no difference between the effect o f oestradiol on the 
responses to ACh and carbachol, pretreatment is unlikely to 
have affected cholinesterase activity. The decrease in contrac
tion following electrical stimulation was due predominantly 
to an effect on the cholinergic component since pretreatment 
with oestradiol almost abolished the atropine sensitive com
ponent o f electrical field stimulation. The enhancing effect of 
physostigmine on this response was also greatly reduced after 
oestradiol pretreatment. In man it is likely that the effect o f  
oestradiol pretreatment will be even greater as the contrac
tion following electrical field stimulation is mainly cholinergic 
(Sjogren et al„ 1982; Sibley, 1984; Kinder & Mundy, 1985). 
Pretreatment did not affect the KCI response and it is 
unlikely therefore that pretreatment is affecting calcium ion 
permeability. This is in contrast to the direct effect o f DES 
(Elliott et al., 1992). The results with TTX show that, with 
our parameters o f stimulation, the nerve-mediated response 
was 50% of the contractile response to electrical field stim
ulation at high frequencies and that 50% was direct muscle 
action. This is true for both control and pretreated rats. The 
TTX-sensitive response was reduced after pretreatment with 
oestradiol, suggesting that oestradiol decreases the sensitivity 
o f detrusor muscle to direct electrical stimulation. Brading & 
Williams (1990) have clearly shown that the predominant 
mechanical response to intrinsic nerve stimulation o f rat and 
guinea-pig detrusor was through non-muscarinic receptors 
and that contractile responses resistant to atropine are most 
clearly seen in the early response to electrical field stimula
tion. Conversely neostigmine (Brading & Mostwin, 1989) and 
physostigmine potentiated electrical field stimulation at low 
although less than at high frequencies. There is now good 
evidence that the non-cholinergic transmitter is adenosine 
5'-triphosphate (ATP) (Brading & Mostwin, 1989; Brading & 
Williams, 1990; Parija el al., 1991), but whether pretreatment 
affects this mechanism is unknown at present.

Pretreatment with oestradiol in the rat also had no effect 
on the contractile response to 5-HT. Chen (1990) has shown 
that there is a cholinergic component to 5-HT stimulation in 
the rabbit in addition to non-adrenergic, non-cholinergic 
excitatory neurotransmission. The present results would sug
gest that this cholinergic component was relatively unimpor
tant following 5-HT stimulation in the rat. The addition of 
DES to the tissue environment caused a significant reduction 
in contractile response to 5-HT possibly due to changes in 
cell membrane permeability to calcium ions (Elliott et al., 
1992).

The most likely explanation for the inhibitory effect o f 
pretreatment with oestradiol on the cholinergic response was 
that there was down-regulation o f muscarinic receptors, al
though there may have been a minor effect on the sensitivty 
to direct electrical stimulation. There was no overall decrease 
in contractility o f the pretreated detrusor muscles in the 
present study, despite considerable hypertrophy o f the blad
der. As early as 1977, Roberts et al. showed that pretreat
ment with oestradiol could increase a-adrenoceptor densities 
in the rabbit uterus. Larsson et al. (1984) reported that this 
increase in a-adrenoceptors could also be induced in the 
female rabbit urethra. They clearly showed that the increase
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in receptors was not proportional to the increase in the 
weight of the tissue as it was in the uterus, Shapiro (1986) 
found that pretreatment with oestradiol decreased the mus
carinic cholinoceptor density in the rabbit bladder; this was 
despite a marked increase in the weight of the bladder body. 
Batra & Andersson (1989) also using the rabbit confirmed 
previous work that muscarinic receptor density was reduced 
following oestradiol treatment but were unable to show that 
contractile responses to electrical field stimulation and car
bachol were significantly decreased. The difference between 
their results and the present ones could represent species 
differences, but is unlikely to be due to inadequate oestrogen- 
treatment since Batra & Andersson (1989) produced a reduc
tion in muscarinic receptor density of 90% after 4 weeks. 
Anderson & Marks (1982) showed that only a small fraction 
of the cholinoceptors needed to be occupied to produce 
contractile responses, and thus there was a large receptor 
reserve. They further argued that the rate limiting step for

regulation of the contractile response to carbachol was 
neither muscarinic receptor occupation nor membrane cal
cium channel opening but the intracellular mechanisms which 
regulate the responsiveness of the myofibrils to calcium ions.

In conclusion, pretreatment with oestradiol in rats 
significantly reduced muscarinic receptor-stimulated contrac
tions of detrusor muscle although the exact mechanism by 
which this was brought about is uncertain. The addition of 
DES directly to the organ bath in pretreated animals caused 
a further decrease in contractile response. This combined 
effect of oestradiol has not been shown before but if 
confirmed in man would clearly mimic the situation in 
women given oestradiol therapy long-term for over-activity 
of the detrusor muscle. In such women detrusor contractions 
are associated with urge incontinence and thus pretreatment 
with oestradiol may have a very significant clinical role in the 
control of urinary incontinence.

References

. A N D E R S O N ,  G . F .  &  M A R K S .  B . H .  ( 1982) .  S p a r e  c h o l i n e r g i c  r e c e p t o r s  

i n  t h e  u r i n a r y  b l a d d e r .  J. Pharmacol. Exp. Ther., 221,  598- 603.
B A T R A ,  S .  &  A N D E R S S O N ,  K . - E .  ( 1989) .  O e s t r o g e n - i n d u c e d  c h a n g e s  

i n  m u s c a r i n i c  r e c e p t o r  d e n s i t y  a n d  c o n t r a c t i l e  r e s p o n s e s  i n  t h e  
f e m a l e  r a b b i t  u r i n a r y  b l a d d e r .  Acta Phvsiol. Scand., 137,  135- 141.

B A T R A ,  S . e .  &  I O S I F ,  C . S .  ( 1983) .  F e m a l e  u r e t h r a :  a  t a r g e t  f o r  
o e s t r o g e n  a c t i o n .  J. Urol., 129,  418- 420.

B R A D I N G ,  A . F .  &  M O S T W I N ,  J . L .  ( 1989) .  E l e c t r i c a l  a n d  m e c h a n i c a l  

r e s p o n s e s  o f  g u i n e a - p i g  b l a d d e r  m u s c l e  t o  n e r v e  s t i m u l a t i o n .  Br. J. Pharmacol., 98,  1083- 1090.

B R A D I N G ,  A . F .  &  W I L L I A M S ,  J . H .  ( 1990) .  C o n t r a c t i l e  r e s p o n s e s  o f  
s m o o t h  m u s c l e  s t r i p s  f r o m  r a t  a n d  g u i n e a - p i g  u r i n a r y  b l a d d e r  t o  

t r a n s m u r a l  s t i m u l a t i o n :  e f f e c t s  o f  a t r o p i n e  a n d  a ,  g - m e t h y l e n e  
A T P .  Br. J. Pharmacol., 99,  493- 498.

C H E N ,  H  I .  ( 1990) .  E v i d e n c e  f o r  t h e  p r e s y n a p t i c  a c t i o n  o f  5- h y 
d r o x y t r y p t a m i n e  a n d  t h e  i n v o l v e m e n t  o f  p u r i n e r g i c  i n n e r v a t i o n  i n  
t h e  r a b b i t  l o w e r  u r i n a r y  t r a c t .  Br. J. Pharmacol., 101,  212- 216.

E L L I O T T .  R . A . ,  C A S T L E D E N ,  C . M ,  M I O D R A G ,  A .  &  K I R W A N ,  P .  
( 1992) .  T h e  e f f e c t s  o f  d i e t h y l s t i l b o e s t r o l  a n d  n i f e d i p i n e  o n  t h e  

c o n t r a c t i l e  r e s p o n s e  o f  i s o l a t e d  h u m a n  a n d  r a t  d e t r u s o r  m u s c l e .  Eur. J. Clin. Pharmacol., ( i n  p r e s s ) .
I O S I F ,  S . C . ,  B A T R A ,  S . ,  A N D E R S ,  E . K .  &  A S T E D T ,  B .  ( 1981) .  O e s 

t r o g e n  r e c e p t o r s  i n  t h e  h u m a n  f e m a l e  l o w e r  u r i n a r y  t r a c t .  Am. J. Obstet. Gynecol., 141,  7,  817- 820.

K I N D E R ,  R . B .  &  M U N D Y ,  A . R .  ( 1985) .  A t r o p i n e  b l o c k a d e  o f  n e r v e -  
m e d i a t e d  s t i m u l a t i o n  o f  h u m a n  d e t r u s o r .  Br. J. Urol., 57,  

418- 421.
L A R S S O N ,  B . ,  A N D E R S S O N ,  K . - E . ,  B A T R A .  S . ,  M A T T I A S S O N ,  A .  &  

S J O G R E N ,  C .  ( 1984) .  E f f e c c t s  o f  e s t r a d i o l  o n  n o r e p i n e p h r i n e -  
i n d u c e d  c o n t r a c t i o n s ,  a l p h a  a d r e n o c e p t o r  n u m b e r  a n d  n o r e p i n e 
p h r i n e  c o n t e n t  i n  t h e  f e m a l e  r a b b i t  u r e t h r a .  J. Pharmacol. Exp. 
Ther., 229,  557- 563.

M I O D R A G .  A . .  C A S T L E D E N .  C  M .  &  V A L L A N C E ,  T . R .  ( 1988) .  S e x  
h o r m o n e s  a n d  t h e  f e m a l e  u r i n a r y  ivaci.’Drugs, 36,  491- 504.

P A R I J A .  S . C . .  R A V I P R A K A S H .  V .  &  M I S H R A .  S . K .  ( 1991) .  A d e n o s i n e  
a n d  a ,  P - m e t h y l e n e  A T P - i n d u c e d  d i f f e r e n t i a l  i n h i b i t i o n  o f  c h o l 
i n e r g i c  a n d  n o n - c h o l i n e r g i c  n e u r o g e n i c  r e s p o n s e s  i n  r a t  u r i n a r y  

b l a d d e r .  Br. J. Pharmacol, 102,  396- 400.
R O B E R T S ,  J . M . ,  I N S E L ,  P . A . ,  G O L D F I E N .  R . D .  &  G O L D F I E N .  A .  

( 1977) .  A l p h a  a d r e n o r e c e p t o r s  b u t  n o  b e t a  a d r e n o r e c e p t o r s  i n 
c r e a s e  i n  r a b b i t  u t e r u s  w i t h  o e s t r o g e n .  Nature, 270,  624- 625.

S H A P I R O ,  E .  ( 1986) .  E f f e c t  o f  o e s t r o g e n s  o n  t h e  w e i g h t  a n d  m u s 
c a r i n i c  c h o l i n e r g i c  r e c e p t o r  d e n s i t y  o f  t h e  r a b b i t  b l a d d e r  a n d  

u r e t h r a .  J. Urol, 135,  1084- 1087.
S I B L E Y ,  G . N . A .  ( 1984) .  A  c o m p a r i s o n  o f  s p o n t a n e o u s  a n d  n e r v e -  

m e d i a t e d  a c t i v i t y  i n  b l a d d e r  m u s c l e  f r o m  m a n ,  p i g ,  a n d  r a b b i t .  J. Physiol, 354,  431- 443.
S J O G R E N ,  C . ,  A N D E R S S O N .  K . - E . .  H U S T E D .  S . ,  M A T T I A S S O N ,  A .  &  

M O L L E R - M A D S E N .  B .  ( 1982) .  A t r o p i n e  r e s i s t a n c e  o f  t r a n s m u r a l l y  
s t i m u l a t e d  i s o l a t e d  h u m a n  b l a d d e r  m u s c l e .  J. Urolw., 128,  

1368- 1371.
U R N E R .  F . .  W E I L .  A .  &  H E R R M A N .  W . L .  ( 1983) .  E s t r a d i o l  r e c e p t o r s  

i n  t h e  u r e t h r a  a n d  t h e  b l a d d e r  o f  t h e  f e m a l e  r a b b i t .  Gynecol. Obstet. Invest., 16,  307- 313.
W E A K E R .  F . J . ,  H E R B E R T ,  D . L .  &  S H E R T D A N .  P . J .  ( 1983) .  A u t o 

r a d i o g r a p h i c  d e m o n s t r a t i o n  o f  b i n d i n g  s i t e s  o f  o e s t r a d i o l  a n d  

d i h y d r o t e s t o s t e r o n e  i n  t h e  u r i n a r y  t r a c t  o f  m a l e  a n d  f e m a l e  

b a b o o n s .  Urol Res., 11,  127- 130.

! Received January 2. 1992 Revised June S, 1992 Accepted July 16, 1992)



'' E u r  J  C lin  P h arm aco l (1992) 43 :149-155
European Journal of

) Springer-Verlag 1992

The direct ejects of diethylstilboestrol and nifedipine
on the contractile responses of isolated human and rat detmsor
muscles
R. A.Elliott, C.M.Castleden, A.Miodrag, and P.Kirwan

University Departments of Medicine for the Elderly and Gynaecology, Leicester General Hospital, Leicester, UK 

Received: November 6 ,1991/Accepted in revised form: March 17,1992

Summary. We have studied the direct effect of 2 |j,mol ■ 1~ ’ 
diethylstilboestrol on isolated rat and human detrusor 
muscles. Diethylstilboestrol significantly reduced the am
plitude of the contractile response of rat detrusor muscle 
to stimulation with acetylcholine, carbachol, electrical 
field stimulation, and S-hydroxytryptairiine. In isolated 
human bladder it also significantly reduced contractions 
stimulated with acetylcholine, carbachol, and electrical 
field stimulation. In depolarized rat detrusor muscle 
stimulated with different concentrations of calcium ions, 
the contractile responses were significantly reduced by 
the addition of diethylstilboestrol. Diethylstilboestrol 
also significantly reduced the amplitude of contractile re
sponse to potassium chloride. The inhibitory action of di
ethylstilboestrol was enhanced by the reduction of extrac
ellular calcium ions, the maximum contractile response to 
acetylcholine, carbachol, and electrical field stimulation 
being reduced by a further 32 %, 23 %, and 45 % respec
tively. Diethylstilboestrol did not have a significant effect 
on carbachol-induced contractions in depolarized rat de
trusor muscle suspended in a calcium-free environment. 
Diethylstilboestrol was effective in blocking rat and 
human detrusor muscle contraction. The likely mecha
nism is a reduction of the influx of calcium ions into the 
cell during contraction rather than an effect on intracellu
lar calcium release. These results give support for treating 
incontinent patients with drugs that block calcium ion up
take, and may suggest a further beneficial effect of 
oestrogen therapy in postmenopausal women.

Keywords: Oestrogen, Nifedipine, Muscle contraction; 
bladder; acetylcholine; carbachol; 5-hydroxytryptamine

Urinary incontinence affects between 5 and 10% of old 
people in the community and up to 50 % in institutions. 
The prevalence is considerably higher in women than in 
men [1]. Most patients with urinary incontinence have de
trusor instability, in which powerful detrusor muscle con
tractions overcome urethral sphincter closure pressure 
[2]. Current pharmacological intervention is therefore

aimed at blocking or suppressing these contractions with 
anticholinergic drugs, antispasmodics, and calcium an
tagonists [3].

A  line of therapy hitherto unexplored scientifically, al
though widely used in some countries, is oestrogen ther
apy [4]. Such treatment is commonly used for atrophic 
urethritis and stress incontinence [5], but there is little in
formation on its potential use in detrusor instability. 
Studies in rabbits have shown that there are oestrogen re
ceptors in detrusor muscle, and that treatment with 
oestrogens can reduce muscarinic receptor density [6 , 7]. 
It has also been shown in these animals that oestrogens 
shift the carbachol dose-response curve to the right. Pre
liminary studies in man have confirmed that there are 
oestrogen receptors in detrusor muscle [8 , 9], but such 
studies clearly needed to be extended before this poten
tially beneficial treatment could be used rationally in man. 
We have therefore compared the direct effects of an 
oestrogen, diethylstilboestrol, on detrusor muscles in rat 
and man.

Materials and methods

R at experim ents

Virgin female Wistar rats (150-200 g) in the dioestrus phase, as 
judged from vaginal smears, were killed by a blow on the head and 
exsanguinated. The bladders were removed and two strips per blad
der were placed in Krebs solution (see below). After the removal of 
fat and serosa, strips of muscle (7 mm x 4 mm) were suspended in a 
50 ml organ-bath chamber containing Krebs solution at 37 °C, 
aerated with 95 % oxygen and 5 % carbon dioxide.

The base of the muscle strip was fixed to a hook in the chamber 
and the apex was attached by a thread to an isometric transducer 
connected to a two-channel Washington oscillograph. The tissues 
were allowed to equilibrate for 1 h under a tension of 10 mN before 
the addition of any drugs. Acetylcholine (10"® to  2 x  1 0 " ' mol 1"'), 
carbachol (10"® to 10 " 'mol 1"') or potassium chloride (KCI) 
(10 mmol 1"' to 60 mmol 1"') were each injected into the bath in a 
cumulative manner to obtain dose-response curves. 5-hydroxytryp- 
tamine (10"® to 10"® mol -1) was injected at 5 min intervals and the 
preparation was washed between doses to avoid tachyphylaxis.

I
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trol, O = after the addition of diethylstilboestrol. Vertical bars re
present the standard error of the mean (n = 5). **** = P < 0.001, 
*** = f <0.01, * * = f< 0 .0 5 ; * = f <0.10

When consistent dose-response curves had been obtained, di
ethylstilboestrol 2 pmol r  ' was added to the bath. This concentra
tion was used because the concentrations produced in the organ- 
bath chamber could have been produced pharmacologically in 
women. When dose-response curves were repeated an incubation 
time of 10 min was allowed between them in every case.

1 msec pulse width in 10 s trains at 2 min intervals. A frequency re
sponse curve was obtained by stimulating the tissue with 1, 5 ,10, 20, 
40, 60, and 80 pulses per second. When consistent curves were ob
tained, diethylstilboestrol 2 pmol ■ 1 " ' was injected into the bath and 
the frequency-response curves were repeated.

Human detrusor muscle

Bladder muscle biopsies were obtained from women with healthy 
bladders undergoing routine gynaecological operations. Muscle 
strips (7 mm x 4 mm) were removed from the fundus of the bladder 
at the time of abdominal hysterectomy. These women had not taken 
any oestrogens before surgery. Full informed consent was obtained. 
The local ethics committee gave permission for the study.

Biopsy samples were immediately placed into Krebs solution, 
and taken to the laboratory. They were mounted in the organ-bath 
chamber and treated in the same way as the rat samples.

Electrical field  stimulation

For these experiments the bladder strips were passed through two 
parallel circular electrodes connected to a Digitimer stimulator. The 
stimulator delivered I-80 pulses per second at 4-6 volts with a

Depolarized preparations

After equilibration the samples were stimulatetd with acetylcholine 
10'" mol I 'at 10 min intervals until consecutive responses were al
most the same. This was taken to be the maximum contractile re
sponse. The tissues were depolarized by placing them into calcium- 
free potassium-rich Krebs solution containing 127 mmol I ' KCI 
and 1.2 mmol I '  EGTA to reduce the concentration of free calcium 
ions in the external medium. This resulted in an initial contraction 
followed by relaxation.

After 90 min of equilibration, during which the preparation was 
washed twice, the strips were stimulated with increasing concentra
tions of calcium ions (0.1 mmol I ' to 1.5 mmol I"'), to obtain a 
dose-response curve. The preparations were then washed in cal
cium-free potassium-rich Krebs solution for a further 15 min and the 
procedure was repeated 10 min after the addition of diethylstil
boestrol 2 pmol 1 '.

For preparations suspended in a low-calcium medium, the con
centration of calcium chloride in Krebs solution was reduced to 
0.3 mmol I '. In depolarized and low-calcium experiments, the ef
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fects of the calcium antagonist nifedipine (0.03 pmol 1 “ were also 
investigated and compared with those of diethylstilboestrol. This 
concentration reflected those in the plasma after therapeutic doses.

did not alter these contractions, but 20 pmol T ' totally 
abolished them. Carbachol and acetylcholine produced a 
rapidly developing contraction which was dose-depen
dent. Diethylstilboestrol 2 pmol • T  ' caused a 30 % reduc
tion in the maximum contractile response for carbachol 
(P  < 0.001) and a 25%  reduction for acetylcholine 
(P < 0 .01). The carbachol dose-response curve, but not 
that for acetylcholine, showed a significant shift to  the 
right, with an increase in the mean log EC% from 
1.8 (SO 0.5) x W  m o l - r ' to 5.4 (1.6) x 10'^ m o l C  
(P  <0.01) (Fig. la ,b ) .

Hum an bladder muscle did not exhibit spontaneous 
contractile activity, and its response to stim ulation with 
carbachol and acetylcholine was less rapid than that of rat 
detrusor muscle. However, 2 pmol 1" ' of diethylstil
boestrol inhibited the hum an detrusor contractile re
sponse. The dose-response curve for carbachol, but not 
for acetylcholine, showed a significant shift to the right, 
with an increase in the mean log ECso from 1.3 (0.5) x 
IQ -^ m o l- r ' to 4.8 (0.6) X 10-^ mol 1-' (P <  0.001). The 
maximum contractile response was reduced by 26%  to 
acetylcholine and by 23%  to carbachol (P<0.(X)1) 
(F ig .lc ,d ).

Solutions and chemicals

Krebs solution contained (mmol I"')- NaCl 119, KCI 4.4, NaHCOj 
20, NaHzPOj 1.2, MgCh 1.2, CaCb 2.5, glucose 11.

Calcium-free potassium-rich Krebs solution contained 
(mmol I-'): KCI 127, NaHCO,20, NaHzPO^ 1.2, MgCb 1.2, EGTA
0.01, glucose 11.

Low-calcium Krebs solution contained (mmol I"'): NaCl 119, 
KCI 4.6, NaHCO, 20, NaH-PO^ 1.2, MgCI. 1.2, CaCI, 0.3, glucose 11.

Acetylcholine chloride (Sigma), carbamylcholine chloride 
(Sigma), and 5-hydroxytryptamine (Sigma) were all dissolved in dis
tilled water and made up on the day of the experiment. Diethylstil
boestrol (Sigma) and nifedipine (Sigma) were dissolved in ethanol. 
The concentration of ethanol in the organ bath chamber did not ex
ceed 3 mmol I ' '.

Nifedipine was kept in a darkened container.
For each experiment the results are the means of five different 

bladder samples. Different bladders were used for each agonist. 
Statistical analyses were carried out using Student’s t-test. The indi
vidual dose-response curves for acetylcholine and carbachol were 
drawn by hand and the ECw values were calculated graphically by 
determining the concentration of agonist required to produce a 50 % 
response for each dose-response curve. These concentrations were 
read from the graphs as log concentrations. Individual values were 
meaned and the SEM established statistically. Comparisons of the 
EC», values were carried out using Student’s t-test. In the presence of 
diethylstilboestrol the values were 50% of the maximum response; 
all curves were scaled on their own maxima.

Results

Effects o f  diethylstilboestrol and nifedipine on carbachol- 
and acetylcholine-induced responses

Rat detrusor muscle showed rhythmic spontaneous con
tractions when set up in Krebs solution. This activity was 
m aintained for up to 7 h. Diethylstilboestrol 2 pmol -1 '  '

I
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F ig .3a ,b . The effect of 2 pmol I 'o f diethylstilboestrol on the elec
trically-induced frequency dose-response curve of isolated rat (a) 
and human (b) detrusor muscle. •  = control, O = after the addition 
of diethylstilboestrol. Vertical bars represent the standard error of 
the mean (m = 5). **** = F<0.001, *** = F<0.01, ** = P<0.05; 
* =  F < 0 .1 0
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The effect of nifedipine, 0.03 pmol 1"', on carbachol- 
induced responses in human detrusor samples was similar 
to that of diethylstilboestrol, with a 39%  reduction in the 
maximum response ( P < 0.001 ) (Fig. 2).

Effects o f  diethylstilboestrol on contraction in response 
to electrical fie ld  stimulation

Rat detrusor muscle showed frequency-dependent con
tractile responses to electrical stimulation. The responses 
were rapid and relaxation was immediate on withdrawal 
of stimulation. Diethylstilboestrol 2 pmol 1 '  significant
ly reduced rat detrusor muscle contraction in response to 
electrical field stimulation ( f  <0.001). The maximum 
contractile response was reduced by 33% (Fig.3 a).

Fluman bladder muscle showed similar inhibition, with 
a reduction in the maximum contractile response of 32%  
(P < 0 .001)(F ig .3b).

Effect o f  diethylstilboestrol on 5 H T  stimulation

Rat detrusor muscle had a slowly developing phasic re
sponse to stimulation with 5-hydroxytryptamine. The 
maximum response was much less than with cholinergic or 
electrical stimulation. The inhibitory action of diethylstil
boestrol was more potent on 5FIT-induced contractions 
than on cholinergic or neuronally-evoked responses, with 
a reduction in the maximum contractile response of 40%  
(P <  0.001 )(Fig.4).

Effect o f  diethylstilboestrol and nifedipine 
on calcium-induced contractions

When rat detrusor muscle was placed in calcium-free po
tassium-rich Krebs solution there was an immediate con
traction followed by relaxation. The rhythmic spontaneous

contractions normally seen in rat detrusor preparations 
were also abolished. The contractile response to the re ad
dition of calcium reached a maximum at a concentration of 
1.5 mmol I" '. The addition of 2 pmol 1“ ' of diethylstil
boestrol to the external medium resulted in inhibition of 
these contractions. The maximum response was reduced 
by 40%  ( f  <0.001) (Fig.5 a). Nifedipine 0.03 pmol T ' 
completely abolished the rat detrusor response to calcium 
stimulation and a concentration of 0.01 pmol 1~’ reduced 
the maximum response by 72 % (Fig. 5 b).

Effect o f  diethylstilboestrol and nifedipine on carbachol- 
and acetylcholine-induced contractions 
in a low-calcium m edium

Rhythmic spontaneous contractions in the rat detrusor 
muscle were m aintained in a low-calcium (0.3 mmol T ')  
Krebs solution. However, the frequency and magnitude of 
this activity were slightly reduced when com pared with 
tissue exposed to an external medium of normal calcium 
content (2.5 mmol I" '). The inhibitory effect of 
2 pmol 1 ' of diethylstilboestrol on carbachol- and ace-
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O = after the addition o f  d iethylstilboestrol or nifedipine. Vertical 
bars represent the standard error o f  the mean {n  = 5). 
**** = p < 0 .(X )l, =  f <0.01
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Fig.6 a-c. The effect of 2 |imol 1“ ' of diethylstilboestrol on (a) car
bachol and (b) acetylcholine dose-response curves, and (c) the effect 
of 0.03 pmol ■ 1 ■' nifedipine on the carbachol-induced dose-response 
curve of isolated rat detrusor muscle suspended in a low-calcium me
dium. •  = control, O = after the addition of 2 pmol 1 ' of di
ethylstilboestrol or nifedipine. Vertical bars represent the standard 
error of the mean, (n = 5).**** = P < 0.001, *** = p  < 0.01

tylcholine-induced contractions was increased when the 
calcium content of the external medium was reduced. The 
dose-response curves for these agonists also showed a 
53%  reduction in the maximum response for carbachol 
(F <  0.01) (Fig. 6 a) and a 55%  reduction for acetylcholine 
(F <  0.001) (Fig. 6b).

For comparison, the effect of a calcium antagnist, nife
dipine 0.03 pmol I” ', on the carbachol dose-response 
curve in low-calcium medium was investigated. The re
sults were similar to those of the diethylstilboestrol ex
periments. However, nifedipine had a more potent inhibi
tory effect, with an 80%  reduction in the maximum 
response (Fig. 6c).

Effect o f  diethylstilboestrol on electrical field  
induced contraction in a low calcium ion medium

Diethylstilboestrol 2 pmol ■ 1 “ ’ had a striking inhibitory ef
fect on electrical field-induced contractions in a low-cal
cium environment. The maximum response was reduced 
by 78%  (F <  0.001) (Fig. 7). The control contractile re 
sponses to electrical stimulation were also reduced in a 
low-calcium medium, but only by 17%.

Effect o f  diethylstilboestrol on KCl-induced contractions

The cumulative dose-response curves to KCI showed a 
significant reduction in the maximum response after the 
addition of 2 pmol 1"' of diethylstilboestrol ( f  < O.Ol). 
The maximum response was reduced by 30% . This inhibi
tory effect was observed at low and high KCI concentra
tions (Fig. 8).

Effect o f  diethylstilboestrol on carbachol-induced 
contractions in depolarized rat detrusor muscle

Before the addition of each dose of carbachol, the bladder 
tissues were primed with a low concentration of calcium 
(0.3 m m o l-C )  for 10 min to replace released calcium and 
then washed with calcium-free Krebs. A fter 5 min carba
chol (10~'‘ mol r  ’) was injected into the bath and the re
sponse was recorded. The response before and after the 
addition of diethylstilboestrol were not significantly dif
ferent.

Discussion

These preliminary in vitro studies support a possible role 
of oestrogens in the treatm ent of female patients with 
motor-urge incontinence secondary to detrusor insta
bility. The results also corroborate previous work on the 
likely beneficial use of nifedipine in this condition [3]. It is 
clear that diethylstilboestrol had a significant inhibitory 
effect on rat and human detrusor muscle contractions 
when added directly to the bathing solution.

O ur results suggest that diethylstilboestrol affected the 
movement of extracellular calcium ions into detrusor 
muscle cells. Nifedipine is known to inhibit calcium influx 
into smooth muscle cells from the surrounding medium 
[10]. O ur results strongly suggest that diethylstilboestrol 
had a similar, although less potent, effect. In the presence of 
a high external potassium concentration, to open poten
tial-dependent calcium channels, diethylstilboestrol re
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duced t he maximum response to increasing concentrations 
of calcium. Furtherm ore, the effects on carbachol, ace
tylcholine, 5-HT, and electrical field stimulation were more 
marked if the calcium concentration of the surrounding 
medium was kept low. Finally, the inhibitory effect of di
ethylstilboestrol on KCl-induced contractions suggests a 
selective effect on calcium influx, since extracellular cal
cium is the sole source of calcium ions for these contrac
tions in human bladder muscle [ 11 ]. Batra & Bengtsson [ 12] 
came to similar conclusions on the action of diethylstil
boestrol on rat uterine muscle, although they used concen
trations which were ten times higher. It is possible that a 
higher concentration of diethylstilboestrol might have had 
a greater inhibitory effect on detrusor muscle stimulation, 
since 20 pmol 1 ' of diethylstilboestrol abolished sponta
neous activity in the rat detrusor muscle.

Although all the stimulatory mechanisms used in these 
experiments might have involved cholinergic receptors

[13,14,15,16], it is unlikely that diethylstilboestrol had its 
effect on them. Electrical field stimulation produces its ef
fect through both cholinergic and non-cholinergic neuro
transmission in the rat, the latter almost certainly being 
via ATP [13]. However, in man there appears to be little 
non-cholinergic effect of electrical field stimulation [14, 
15], and so a far greater effect would have been seen in 
man than in ra t if diethylstilboestrol influenced mus
carinic receptors. However, the effects were similar in the 
two species. We found no evidence that diethylstilboestrol 
altered the activity of cholinesterase, since its effects on 
acetylcholine and carbachol were similar.

We did not find evidence of inhibition by diethylstil
boestrol of calcium release from intracellular stores, be
cause when the detrusor muscle samples were depolarized 
and primed with a low concentration of calcium, di
ethylstilboestrol did not affect the contractile response to 
carbachol. Mostwin [17] has previously shown that mus
carinic receptor activation by carbachol can release cal
cium ions from the intracellular calcium ion store in de tru 
sor smooth muscle. Thus, carabchol can contract the 
detrusor muscle despite the inactivation of external cal
cium ion transport mechanisms [11].
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