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Summary. We have studied the direct effect of 2 ~tmol. 1-1 
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 5-hydroxytryptamine.  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 max imum 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. 
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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 t reatment  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 t reatment  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 t reatment  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 

Rat experiments 

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 
50ml 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 -8 to 2 x 10 .4 mo1.1-1), 
carbachol (10 -8 to 10-4mol-1-1) or potassium chloride (KC1) 
(10 mmol. 1 -I to 60 mmol. 1-1) were each injected into the bath in a 
cumulative manner to obtain dose-response curves. 5-hydroxytryp- 
tamine (10 .8 to 10 5 tool.l) was injected at 5 min intervals and the 
preparation was washed between doses to avoid tachyphylaxis. 
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Fig. 1 a-d. The effect of 2 gmol. 1-1 of diethylstilboestrol on the car- 
bachol (a) and acetylcholine (b) dose-response curves of isolated rat 
detrusor muscle, and on the carbachol (c) and acetylcholine (d) 
dose-response curves of isolated human detrusor muscle. I = con- 
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trol, © - after the addition of diethylstilboestrol. Vertical bars re- 
present the standard error of the mean (n = 5). ****= P <  0.001, 
*** =P<0.01 ,  **=P<0.05 ;  * = P < 0 . 1 0  

When consistent dose-response curves had been obtained, di- 
ethylstilboestrol 2 gmol. 1-1 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. 

Human detrusor muscle 

Bladder muscle biopsies were obtained from women with healthy 
bladders undergoing routine gynaecological operations. Muscle 
strips (7 m m 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 1~80 pulses per second at 4-6 volts with a 

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 gmol. 1- ~ was injected into the bath and 
the frequency-response curves were repeated. 

Depolarized preparations 

After equilibration the samples were stimulatetd with acetylcholine 
10 -4 mol-1-1 at 10 rain 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.1 -I KC1 
and 1.2 mmol.1 1EGTA to reduce the concentration of free calcium 
ions in the external medium. This resulted in an initial contraction 
followed by relaxation. 

After 90 rain of equilibration, during which the preparation was 
washed twice, the strips were stimulated with increasing concentra- 
tions of calcium ions (0.1 mmol.1-1 to 1.5 mmol-l-1), 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 rain after the addition of diethylstil- 
boestrol 2 gmol. I- 1. 

For preparations suspended in a low-calcium medium, the con- 
centration of calcium chloride in Krebs solution was reduced to 
0.3 mmol. 1-1 In depolarized and low-calcium experiments, the el- 
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Fig. 2. The effect of 0.03 gmol. 1 i nifedipine on the carbachol dose- 
response curve of isolated human detrusor muscle. • = control, 
© = after the addition of nifedipine. Vertical bars represent the 
standard error of the mean (n = 5). **** = P < 0.001, *** = P < 0.01, 
** = P < 0.05 

fects of the calcium antagonist nifedipine (0.03 gmol. 1-1) were also 
investigated and compared with those of diethylstilboestrol. This 
concentration reflected those in the plasma after therapeutic doses. 

Solutions and chemicals 

Krebs solution contained (mmol.1 1) :  NaC1 119, KC14.4, NaHCO3 
20, NaH2PO41.2, MgC121.2, CaC122.5, glucose 11. 

Calcium-free potassium-rich Krebs solution contained 
(mmo1.1-1): KC1127, NaHCO320, NaH2PO4 1.2, MgC121.2, EGTA 
0.01, glucose 11. 

Low-calcium Krebs solution contained (mmol.1 1): NaC1 119, 
KC14.6, NaHCO320, NaH2PO 41.2, MgC121.2, 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 mmo1.1-1. 

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 ECs0 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 
ECs0 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 of  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 
mainta ined for  up to 7 h. Diethylst i lboestrol  2 gmol .1-1 
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did not  alter these contract ions,  but  20 gmol .  1-1 totally 
abolished them. Carbachol  and acetylcholine p roduced  a 
rapidly developing contract ion which was dose-depen-  
dent. Diethylst i lboestrol  2 gmol-  1-1 caused a 30 % reduc- 
t ion in the max imum contracti le response for  carbachol  
(P<0 .001 )  and a 25% reduct ion  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 ECs0 f rom 
1 . 8 ( S D 0 . 5 ) x l 0 - 6 m o l . 1 - 1  to 5.4 ( 1 . 6 ) x 1 0 - 6 m o l . 1  -~ 
(P < 0.01) (Fig. i a,b). 

H u m a n  b ladder  muscle did not  exhibit spon taneous  
contracti le activity, and its response to s t imulat ion with 
carbachol  and acetylcholine was less rapid than that  of  rat 
detrusor  muscle. However ,  2 gmol .1-1 of  diethylstil- 
boestrol  inhibited the h u m a n  detrusor  contracti le re- 
sponse. The  dose-response  curve for  carbachol,  but  not  
for  acetylcholine, showed a significant shift to the right, 
with an increase in the m e a n  log ECs0 f rom 1.3 (0.5) x 
10 -6 mol.1-1 to 4.8 (0.6) x 10 .6 mol.1 -~ ( P <  0.001). The  
max imum contracti le response was reduced  by 26% to 
acetylcholine and by 23% to carbachol  ( P < 0 . 0 0 1 )  
(Fig. 1 c, d). 
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Fig. 3 a, b. The effect of 2 ~tmol • 1-1 of diethylstilboestrol on the elec- 
trically-induced frequency dose-response curve of isolated rat (a) 
and human (b) detrusor muscle. • = control, © = after the addition 
of diethylstilboestrol. Vertical bars represent the standard error of 
the mean (n=5). ****=P<0.001, ***=P<0.01, **=P<0.05; 
*=P<0.10 
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Fig.4.  T h e  effect  of  2 g m o l .  1 - 1 o f  d ie thyls t i lboes t ro l  on  the  5-HT-in-  
duced  d o s e - r e s p o n s e  curve  o f  i sola ted ra t  d e t r u s o r  musc le .  • = con-  
trol, © = af ter  the  addi t ion  of  2 g m o l .  1-1 o f  diethyls t i lboestrol .  Ver-  
tical bars  r ep r e sen t  t he  s t anda rd  er ror  o f  the  m e a n  ( n = 5 ) .  
**** = P <  0.001, *** = P <  0.01 

The effect of nifedipine, 0.03 pmol. 1-1, 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 of diethylstilboestrol on contraction in response 
to electrical field 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 gmol. 1-1 significant- 
ly reduced rat detrusor muscle contraction in response to 
electrical field stimulation (P< 0.001). The maximum 
contractile response was reduced by 33 % (Fig. 3 a). 

Human bladder muscle showed similar inhibition, with 
a reduction in the maximum contractile response of 32 % 
(P < 0.001) (Fig. 3 b). 

Effect of diethylstilboestrol on 5 HT 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 5HT-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 of  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 read- 
dition of calcium reached a maximum at a concentration of 
1.5 mmol. 1 1. The addition of 2 gmol. 1-t of diethylstil- 
boestrol to the external medium resulted in inhibition of 
these contractions. The maximum response was reduced 
by 40% (P< 0.001) (Fig.5a). Nifedipine 0.03 gmol.1-1 
completely abolished the rat detrusor response to calcium 
stimulation and a concentration of 0.01 gmol. 1-1 reduced 
the maximum response by 72 % (Fig. 5 b). 

Effect of  diethylstilboestrol and nifedipine on carbachol- 
and acetylcholine-induced contractions 
in a low-calcium medium 

Rhythmic spontaneous contractions in the rat detrusor 
muscle were maintained in a low-calcium (0.3 mmol. 1-1) 
Krebs solution. However, the frequency and magnitude of 
this activity were slightly reduced when compared with 
tissue exposed to an external medium of normal calcium 
content (2.5 mmol- 1 1). The inhibitory effect of 
2 gmol. 1-1 of diethylstilboestrol on carbachol- and ace- 
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Fig .5a ,  b. T h e  effect  of  2 g m o l . 1 - 1  of  d ie thyls t i lboest rol  (a) an d  
0.01 I,tmol. 1-1 o f  n i fedip ine  (b) on  the  ca lc ium- induced  dose- re-  
sponse  curve of  depola r ized  rat  de t ruso r  muscle .  • = control ,  
O = af ter  the  addi t ion  of  d ie thyls t i lboest rol  or nifedipine.  Vertical  
bars  r ep r e sen t  the  s t anda rd  e r ro r  of  the  m e a n  ( n = 5 ) .  
**** = P < 0.001, *** = P <  0.01 
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Fig.6a-c. The effect of 2 gmol-1 1 of diethylstilboestrol on (a) car- 
bachol and (b) acetylcholine dose-response curves, and (c) the effect 
of 0.03 gmol- 1-1 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 2gmol-1-1 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 
(P < 0.01) (Fig. 6 a) and a 55 % reduction for acetylcholine 
(P < 0.001) (Fig. 6b). 

For comparison, the effect of a calcium antagnist, nife- 
dipine 0.03 gmol.1 1, 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. 6 c). 

Effect of  diethylstilboestrol on electrical field 
induced contraction in a low calcium ion medium 

Diethylstilboestrol 2 gmol.  l-  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 % (P < 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 of diethylstilboestrol on KCl-induced contractions 

The cumulative dose-response curves to KC1 showed a 
significant reduction in the maximum response after the 
addition of 2 gmol.  1 1 of diethylstilboestrol (P < 0.01). 
The maximum response was reduced by 30 %. This inhibi- 
tory effect was observed at low and high KC1 concentra- 
tions (Fig. 8). 

Effect of 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 mmol. 1-1) for 10 min to replace released calcium and 
then washed with calcium-free Krebs. After  5 min carba- 
chol (10-4 mol. 1-1) 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. 

Discuss ion  

These preliminary in vitro studies support a possible role 
of oestrogens in the treatment 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. 

Our 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]. Our 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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dose-response curve of isolated rat detrusor muscle. • = control, 
© = after the addition of diethylstilboestrol. Vertical bars represent 
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duced  the m a x i m u m  response to increasing concentra t ions  
of  calcium. Fur the rmore ,  the effects on carbachol ,  ace- 
tylcholine, 5-HT, and electrical field st imulat ion were  more  
marked  if the calcium concent ra t ion  of  the sur rounding  
med ium was kept  low. Finally, the inhibi tory effect of  di- 
ethylst i lboestrol  on KCl- induced  contract ions  suggests a 
selective effect on  calcium influx, since extracellular cal- 
c ium is the sole source of  calcium ions for  these contrac-  
tions in h u m a n  b ladder  muscle [11]. B atra & B engtsson [12] 
came to similar conclusions on the action of  diethylstil- 
boestrol  on  rat uter ine muscle,  a l though they used concen-  
trations which were ten  times higher. It is possible that  a 
higher  concent ra t ion  of  diethylst i lboestrol  might  have had 
a grea ter  inhibi tory effect on  det rusor  muscle stimulation, 
since 20 pmol .  1-1 of  diethylst i lboestrol  abolished sponta-  
neous  activity in the rat de t rusor  muscle. 

A l t h o u g h  all the s t imulatory mechanisms used in these 
exper iments  might  have involved cholinergic receptors  

[13, 14, 15, 16], it is unlikely that  diethylsti lboestrol  had its 
effect on  them. Electrical  field st imulat ion p roduces  its ef- 
fect th rough  bo th  cholinergic and non-chol inergic  neuro-  
transmission in the rat, the latter almost  certainly being 
via A T P  [13]. However ,  in man  there appears  to be little 
non-chol inergic  effect of  electrical field st imulat ion [14, 
15], and so a far greater  effect would  have been  seen in 
man  than  in rat if diethylst i lboestrol  inf luenced mus- 
carinic receptors.  However ,  the effects were  similar in the 
two species. We found  no evidence that  diethylst i lboestrol  
al tered 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 f rom intracellular stores, be- 
cause when  the detrusor  muscle samples were  depolar ized 
and pr imed with a low concent ra t ion  of  calcium, di- 
ethylst i lboestrol  did no t  affect the contracti le response to 
carbachol.  Mostwin [17] has previously shown that  mus-  
carinic receptor  activation by carbachol  can release cal- 
c ium ions f rom the intracellular  calcium ion store in detru-  
sor smooth  muscle. Thus,  carabchol  can contract  the 
detrusor  muscle despite the inactivation of  external cal- 
c ium ion t ranspor t  mechanisms [11]. 
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