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1 Experiments were done to determine the in¯uence of gender and the oestrous cycle on rat
urinary bladder contractility in response to cholinergic stimulation.

2 Bladder strips from female rats responded to high frequency stimulation with smaller contractile
responses than did strips from males, and to low concentrations of carbachol with greater responses.
The decreased responsiveness of bladder strips from female rats to electrical ®eld stimulation can be
primarily attributed to the rats in the oestrous stage of the oestrous cycle.

3 Bladder strips from female rats in all stages of the oestrous cycle were more sensitive to
carbachol than those from males, but there were no di�erences in sensitivity to electrical ®eld
stimulation.

4 The contractile responses of strips from both male and female rats to carbachol were
antagonized by muscarinic antagonists with the following rank order of a�nity (pA2) estimates: 4-
DAMP44pirenzepine4methoctramine, suggesting that the receptor mediating contraction was the
M3 subtype. There were no di�erences in pA2 values between bladder strips from male and female
rats.

5 The data indicate that responsiveness of bladder strips to electrical ®eld stimulation and
carbachol is altered in female rats in the oestrous stage of the oestrous cycle. Furthermore, gender
in¯uences the sensitivity of rat bladder to muscarinic stimulation.
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Introduction

Oestrogen and progesterone receptors are present in the
bladder and urethra (Iosif et al., 1981; Saez & Martin, 1981;
Batra & Iosif, 1987; Wolf et al., 1991; Strittmatter et al., 1994;

Kuiper et al., 1998). Lower urinary tract function in females is
in¯uenced by sex hormones (Miodrag et al., 1988), and some
normal women with no previously reported urological

dysfunction exhibit changes in micturition frequency (Glen-
ning, 1985), urethral pressure pro®le (Schreiter et al., 1976),
urethral length (Van Geelen et al., 1981), and incidence of

incontinence (Stanton, 1977; Wall & Warrell, 1989; DeLancey
& Nygaard, 1991) during the menstrual cycle. Shimonovitz
and co-workers found lower urinary tract dysfunction more
common during the follicular phase of the menstrual cycle

when progesterone levels are low, than during the luteal phase
when both progesterone and oestradiol levels are high
(Shimonovitz et al., 1997), and suggested that the timing of

cystometric evaluation could be important in patient evalua-
tion of incontinence. Although oestrogens are reputed to
increase and progesterone to decrease smooth muscle tone as a

result of e�ects on autonomic receptors, there is little objective
clinical data to support the hypothesis that these mechanisms
are important for the maintenance of continence (Salmon et
al., 1941; Cardozo, 1990; Fantl et al., 1994; 1996).

The oestrous cycle of the female rat lasts 4 ± 5 days and is
divided into four stages, characterized by changes in vaginal
cytology and hormone levels. The stages of pro-oestrous and

oestrous, which last about 12 h each, correspond to the luteal
phase of the human menstrual cycle. During pro-oestrous,
serum oestradiol and progesterone levels peak, there is a surge

in luteinizing hormone (LH), and ovulation takes place. This is
followed by oestrous, during which hormone levels decline and
the female is receptive to males. The follicular phase

corresponds to metoestrous (&21 h) and dioestrous (&57 h),
during which oestradiol levels gradually increase until the LH
surge occurs again during pro-oestrous (Long & Evans, 1922;
Butcher et al., 1974; Smith et al., 1975).

In rats, both oestrogens and progesterone have been
shown to decrease bladder contractility when administered in
vivo for several months (Elliott et al., 1992; Longhurst et al.,

1992b; EkstroÈ m et al., 1993; Levin & Longhurst, 1996), but
the relationship of the hormone doses used to physiological
levels is di�cult to evaluate. Elliot and co-workers showed

signi®cant decreases in the cholinergic component of the
response of female rat bladder strips to nerve stimulation
and to carbachol after only 8 days of oestradiol treatment
(Elliott et al., 1992). Production of functional changes after

short-term administration of oestradiol suggests that bladder
function may be altered by the acute changes in sex
hormone levels which occur during the menstrual or

oestrous cycle. However, the mechanisms involved have not
been resolved.
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The bladder contains a heterogeneous population of
muscarinic receptors, but recent studies have shown that the
minority M3 receptors mediate the response of bladder strips

to muscarinic stimulation (Longhurst et al., 1995; Hegde et al.,
1997). Muscarinic antagonists are often the ®rst line of
treatment for urge incontinence, which occurs predominantly
in females (Wein, 1995). Although gender di�erences in

responsiveness of the bladder to muscarinic stimulation have
been reported (Chun et al., 1990; Longhurst et al., 1992a), the
receptor subtypes that are responsible have not been identi®ed,

nor has the in¯uence of the oestrous cycle on contractility been
evaluated. Thus, the aim of this study was to examine the
in¯uence of gender and the oestrous cycle on muscarinic

responsiveness of bladder strips.

Methods

Animals

Age-matched adult male and female Sprague Dawley rats
obtained from Charles River Laboratories were used through-
out the study. All animals received food and water ad libitum.

The stage of oestrous for the female rats was determined from
vaginal smears taken on at least 2 consecutive days (Long &
Evans, 1922). The protocols employed for this investigation

were approved by the Stratton Veterans A�airs Medical
Center Institutional Animal Care and Use Committee.

Tissue preparation

Rats were anaesthetized with Nembutal (50 mg kg71, i.p.).
The urinary bladder was removed and placed in ice-cold

modi®ed Krebs-Henseleit bu�er of the following composition
(mM): NaCl 113, KCl 4.8, CaCl2 2.5, KH2PO4 1.2, MgSO4 1.2,
NaHCO3 25, dextrose 5.6, containing 10 mM indomethacin.

Longitudinal strips of approximately 2610 mm were cut from
the bladder body, suspended on 000 sutures between a pair of
platinum ring electrodes, 8 mm apart, and placed in 10 ml

organ baths containing Krebs-Henseleit solution equilibrated
with 95% O2, 5% CO2 at 378C. The sutures were connected to
Grass force displacement transducers (FT03) and the resting
tension was adjusted to 2 g. Responses were recorded on a

Grass Model 7E polygraph. All tissues were then given a
30 min equilibration period during which they were washed
and the resting tension was adjusted every 10 min.

Contractile studies

Frequency-response curves (0.5 ± 32 Hz) were generated by
stimulating the strips for 15 s with pulses of 0.05 ms width at
100 V every 3 min with a Grass S88 stimulator. These

responses have previously been shown to be sensitive to
tetrodotoxin and therefore neurogenic (Tammela et al., 1994).

The maximal response, which results primarily from choliner-
gic stimulation, was measured. Concentration-response curves
to carbachol were generated non-cumulatively. Strips were

washed at least twice between each incremental concentration.
Strips were then incubated with a single concentration of
antagonist (pirenzepine, methoctramine, or 4-DAMP methio-
dide) for 30 min before repeating the frequency and

concentration-response curves (Longhurst et al., 1995).

Drugs

Carbamylcholine chloride (carbachol) and indomethacin, were
obtained from Sigma Chemical Company (St. Louis, MO,

U.S.A.). 4-Diphenylacetoxy-N-methylpiperidine methiodide
(4-DAMP), methoctramine tetrahydrochloride, and pirenze-
pine dihydrochloride were obtained from Research Biochem-

icals International (Natick, MA, U.S.A.).

Statistical analyses

All data are expressed as means+s.e.mean or 95% con®dence
limit (CL) with n=number of rats. Contractile responses were
normalized for changes in strip size by dividing the change in

tension by the cross-sectional area. Cross-sectional area was
calculated from the equation;

mm2 � strip mass�mg�=density �1:05 g mlÿ1�
� initial strip length �mm�

The frequency of stimulation producing 50% of maximal
response (EF50) was determined by linear regression. F'/F is

the frequency-ratio determined at 50% of maximal response to
electrical ®eld stimulation before (F) and after (F') treatment.
Geometric mean EC50 values were obtained by probit analysis

(Fleming et al., 1972; Kenakin, 1984) and are reported as pD2

values (7log EC50=pD2). pA2 values for the antagonists were
determined by Schild regression (Arunlakshana & Schild,

1959). Con®dence limits for pA2 values were calculated as
described by Tallarida & Murray (1987). A'/A is the agonist
concentration-ratio determined at 50% of maximal response to
carbachol before (A) and after (A') antagonist treatment.

Comparisons between groups were made using the Student's t-
test or Bonferroni analysis, where appropriate. In all cases, a P
value 50.05 was considered signi®cant.

Results

General characteristics

As previously reported (Longhurst et al., 1992a; Eika et al.,

1994), male rats weighed signi®cantly more than age-matched
female rats and had signi®cantly heavier bladders and bladder
strips with larger cross-sectional areas (Table 1). Relative to

Table 1 General characteristics of male and female rats used in the study

Male Female Metoestrous Dioestrous Prooestrous Oestrous

Body weight (g) 500+22 288+5* 292+11* 276+11* 300+11* 293+8*
Bladder weight (mg) 138+5 102+2* 108+7* 101+4* 110+6* 94+4*
Bladder weight (mg kg71 body weight) 284+11 355+8* 376+30* 373+17* 366+10* 322+10*
Strip cross-sectional area (mm2) 1.27+0.04 1.03+0.02* 1.07+0.05* 1.01+0.04* 1.05+0.06* 1.01+0.04*
Number of rats (n) 36 65a 11 19 12 21

Values indicate mean+s.e.mean. *Signi®cantly di�erent from males at P50.05. aTwo female rats were between stages of the oestrous
cycle and are only included in the `Female' group.
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body weight the bladders from females were signi®cantly
heavier than those from males (Table 1). These di�erences
between males and females were seen during all stages of the

oestrous cycle (Table 1).

Responses to electrical ®eld stimulation

When the data from all female rats were combined, bladder
strips from the females responded to electrical ®eld stimulation
with signi®cantly smaller responses than did strips from males

at 8, 16 and 32 Hz, but there were no di�erences in sensitivity
to electrical ®eld stimulation, as determined by comparison of
EF50 values (Table 2). When the data from the females were

grouped relative to the stage of the oestrous cycle, there were
di�erences in the maximal responses to electrical ®eld
stimulation with male5metoestrous5dioestrous5prooes-

trous4oestrous (Figure 1). Strips from females in oestrous
responded to stimulation at 4, 8, 16 and 32 Hz with
signi®cantly smaller responses than strips from males or
females in metoestrous (Figure 1). At 8, 16 and 32 Hz, strips

from females in oestrous were also signi®cantly less responsive
than those from females in dioestrous. There were no
signi®cant di�erences in EF50 values based on stage of the

oestrous cycle (Table 2).

Carbachol

Bladder strips from female rats responded to 0.1 and 0.3 mM
carbachol with signi®cantly larger contractions than strips

from males and were signi®cantly more sensitive to carbachol
than those from males (Table 2). When the females were
grouped relative to the stage of the oestrous cycle, strips from

the rats in metoestrous, dioestrous, and oestrous responded to
0.1 and 0.3 mM carbachol with signi®cantly larger contractions
than strips from males. The rank order of maximal response
was metoestrous5dioestrous5male5prooestrous4oestrous.

Strips from rats in oestrous responded to 30 mM carbachol with
signi®cantly smaller contractions than those from males or
females in metoestrous and dioestrous (Figure 2). However,

strips from all groups of females were signi®cantly more
sensitive to carbachol than were strips from males (Table 2).

E�ects of time on consecutive responses

Responses of bladder strips to carbachol were reproducible

with time. The concentration-ratio, A'/A, was 1.15+0.07
(n=21) in strips from males and 1.32+0.09 (n=34) in strips
from females. There were no di�erences in the Emax values for
two consecutive concentration-response curves to carbachol

(males: 90.2+8.5 and 91.3+8.5 mNmm2; females: 68.6+3.8
and 66.2+3.4 mNmm2). As we previously reported there was
a small but signi®cant decrease in maximal response (Emax

males: 86.5+6.5 and 75.8+5.6 mNmm2; females: 69.1+4.2
and 59.9+4.3 mNmm2) and sensitivity to electrical ®eld
stimulation during consecutive frequency-response curves

(Longhurst et al., 1995). The frequency-ratio, F'/F was
1.71+0.11 (n=27) for strips from male rats and 2.41+0.34
(n=43) for strips from females.

Table 2 Responsiveness and sensitivity of bladder strips from male and female rats to electrical ®eld stimulation and carbachol

Frequency Carbachol
Emax (mN mm72) EF50 (Hz) Emax (mN mm72) pD2

Male (n=23) 81.3+3.4 5.04+0.16 82.4+3.7 5.93 (5.9075.96)
Female (n=53) 71.4+1.9* 4.66+0.14 77.0+2.0 6.05* (6.0276.07)
Metoestrous (n=9) 78.9+3.8 3.98+0.26 8.54+4.3 6.05* (5.9976.10)
Dioestrous (n=15) 77.2+3.8 4.70+0.23 73.3+4.4 6.05* (6.0176.08)
Prooestrous (n=10) 67.9+3.6 4.66+0.30 75.7+3.9 6.09* (6.0476.15)
Oestrous (n=19) 62.5+3.5*+6 4.72+0.24 67.9+2.9*+6 6.03* (5.9776.08)

Values indicate mean Emax and EF50+s.e.mean and pD2 (7log geometric mean EC50). 95% Con®dence limits are given in parentheses.
Signi®cantly di�erent from *males, +metoestrous, or 6dioestrous at P50.05.

Figure 1 Frequency-response relationship of bladder body strips
from male rats and female rats during di�erent stages of the oestrous
cycle. Each point represents the mean+s.e.mean (n=9±23).
Signi®cantly di�erent from *males, +metoestrous, or 6dioestrous at
P50.05.

Figure 2 Concentration-response relationship for carbachol of
bladder body strips from male rats and female rats during di�erent
stages of the oestrous cycle. Each point represents the mean+
s.e.mean (n=9±23). Signi®cantly di�erent from *males, +metoes-
trous, or 6dioestrous at P50.05.
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E�ects of pretreatment with pirenzepine

Pirenzepine caused parallel concentration-dependent right-

ward shifts of concentration-response curves to carbachol
in bladder strips from both male (Figure 3a) and female
rats (Figure 3b). There were no di�erences in pA2 values
for pirenzepine between strips from males (pA2: 7.02; 95%

CL: 6.77 ± 7.27; n=8) or females (pA2: 6.76; 95% CL:
6.60 ± 6.92; n=8), and the slopes of the Schild plots were
not signi®cantly di�erent from unity. Despite the concen-

tration-dependent parallel shifts in responses to carbachol
produced by pirenzepine, all concentrations of pirenzepine
produced similar degrees of inhibition of the response to

electrical ®eld stimulation (Figure 3c,d). This inhibition was
signi®cantly greater than the decrease in response observed
in strips where electrical ®eld stimulation was repeated in

the absence of pirenzepine (&15% suppression of maximal
response). In strips from male rats, pirenzepine suppressed
the maximal response by approximately 70% and in
females by 60%. The in¯uence of the oestrous cycle on

responsiveness to pirenzepine was not evaluated. Strips
were taken from one rat in metoestrous, three rats in
dioestrous, two rats in prooestrous, and two rats in

oestrous.

E�ects of pretreatment with methoctramine

Methoctramine caused parallel concentration-dependent
rightward shifts of carbachol concentration-response curves
in bladder strips from both male (Figure 4a) and female

(Figure 4b) rats. pA2 values for methoctramine were similar
in bladder strips from males (6.22) and females (6.14)
(Table 3). However, in both cases, the slope of the Schild

plot was signi®cantly less than unity (Table 3). The pA2

values were not altered by the stage of the oestrous cycle
(Table 3). Despite the signi®cant methoctramine-induced

inhibition of the concentration-response curve to carbachol,
low concentrations of methoctramine (1 and 3 mM) had no
greater e�ects on the frequency response curve than was
observed after repeat stimulation in the absence of

c d

a b

Figure 3 E�ects of pretreatment with pirenzepine on the contractile response of bladder strips from male (a) and female (b) rats to
carbachol and male (c) and female (d) rats to electrical ®eld stimulation. Each point represents the mean+s.e.mean (n=8).
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methoctramine (&25%; Figures 4c,d). In the presence of
10 mM methoctramine, the maximal response of strips from
male rats to electrical ®eld stimulation was suppressed by

approximately 35%; and that of strips from females was
suppressed by 42%. There was no di�erence in the degree
of suppression of the frequency response curve when the
female rats were grouped according to the stage of the

oestrous cycle.

E�ects of pretreatment with 4-DAMP

4-DAMP caused concentration-dependent rightward shifts of
carbachol concentration-response curves in bladder strips from
both male (Figure 5a) and female (Figure 5b) rats. pA2 values
for 4-DAMP were similar in bladder strips from males (9.08)

and females (9.19) (Table 4). The slope of the Schild plots was

dc

a b

Figure 4 E�ects of pretreatment with methoctramine on the contractile response of bladder strips from male (a) and female (b) rats
to carbachol and male (c) and female (d) rats to electrical ®eld stimulation. Each point represents the mean+s.e.mean (n=8 (male)
and 24 (female)).

Table 3 In¯uence of stage of oestrous cycle on pA2 values for methoctramine

Male Female Metoestrous Dioestrous Prooestrous Oestrous

pA2 6.22 6.14 6.05 6.49 5.94 6.19
(6.03 ± 6.40) (6.00 ± 6.27) (5.79 ± 6.31) (6.13 ± 6.85) (5.72 ± 6.16) (5.96 ± 6.43)

Slope 0.67 0.75 0.77 0.59 0.96 0.80
(0.52 ± 0.82) (0.60 ± 0.90) (0.47 ± 1.06) (0.39 ± 0.80) (0.61 ± 1.32) (0.57 ± 1.04)

n value 8 24 6 6 6 6

Values were determined by Schild analysis, as described in the Methods. 95% Con®dence limits are given in parentheses.
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not di�erent from unity. The stage of the oestrous cycle had no
in¯uence on inhibition by 4-DAMP (Table 4). All concentra-

tions of 4-DAMP produced signi®cant inhibition of the
response to electrical ®eld stimulation compared to the time
controls (&20%). Inhibition of the response to electrical ®eld

stimulation by 4-DAMP was similar in strips from males
(Figure 5c) and females (Figure 5d) and was not changed when
females were grouped depending on the stage of the oestrous
cycle. The rank order of antagonist a�nities against the

carbachol response was 4-DAMP44pirenzepine4methoc-

tramine. The pro®le was characteristic of responses mediated
by M3 receptors. Neither gender nor the oestrous cycle a�ected

the a�nity of the antagonists for the muscarinic receptor.

Discussion

Gonadal hormones have been shown to alter bladder function,
but little is known about the in¯uence of the oestrous cycle on

the bladder. Chun and associates concluded that increases in

dc

a b

Figure 5 E�ects of pretreatment with 4-DAMP on the contractile response of bladder strips from male (a) and female (b) rats to
carbachol and male (c) and female (d) rats to electrical ®eld stimulation. Each point represents the mean+s.e.mean (n=5 (male) and
20 (female)).

Table 4 In¯uence of stage of oestrous cycle on pA2 values for 4-DAMP

Male Female Metoestrous Dioestrous Prooestrous Oestrous

pA2 9.08 9.19 9.19 9.28 9.35 9.10
(9.01 ± 9.16) (9.04 ± 9.34) (8.91 ± 9.45) (9.07 ± 9.49) (9.11 ± 9.59) (8.95 ± 9.25)

Slope 1.16 0.99 1.03 0.82 0.88 1.11
(1.03 ± 1.29) (0.86 ± 1.13) (0.71 ± 1.36) (0.61 ± 1.03) (0.88 ± 1.14) (0.95 ± 1.26)

n value 5 20 3 5 3 9

Values were determined by Schild analysis, as described in the methods. 95% Con®dence limits are given in parentheses.
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circulating estrogens during maturation caused an increased
responsiveness of bladders from female rats to cholinergic
stimulation (Chun et al., 1990). They speculated that an

increase in muscarinic receptor numbers was responsible for
the change. Previous studies from our laboratory found no
gender di�erences in responses of bladder strips to either
electrical ®eld stimulation or to carbachol, but a relatively

small number of animals was used in those studies and we did
not monitor the stages of the oestrous cycle (Longhurst et al.,
1992a; Eika et al., 1994). The reason we now ®nd gender

di�erences is probably because of the large numbers of animals
used. Whether the statistically signi®cant di�erence between
responses of males and females is of biological relevance is

conjectural. However, our ®ndings of signi®cant di�erences in
bladder strip responsiveness based on the stage of the oestrous
cycle, suggest that rapid changes in endogenous gonadal

hormone levels can cause rapid functional changes.
The mechanism(s) responsible for the changes in bladder

function associated with the oestrous cycle remain to be
determined. Although the major actions of sex hormones

result from binding to the cytosolic steroid receptors followed
by gene transcription and protein synthesis, non-genomic
modulation of calcium in¯ux may also occur. These non-

genomic actions are probably mediated through cell-surface
receptors linked to voltage-dependent L-type calcium channel
currents (Kitazawa et al., 1997). Although blockade of calcium

channels could explain the decreases in responsiveness found in
the strips from rats in oestrous, it seems unlikely that these
e�ects result from non-genomic actions, since the concentra-

tion of oestradiol required to inhibit the calcium current and
contraction is probably many orders of magnitude greater than
that found in plasma (Kitazawa et al., 1997).

In this study, the most prominent changes in bladder

function were noted during the stage of oestrous, which occurs
12 ± 24 h after the sex hormone levels peak during pro-
oestrous. The responses of strips from rats in pro-oestrous

were also decreased, but the di�erences were not signi®cant.
The stimulation of protein synthesis by oestrogens occurs
fairly rapidly. Medlock and co-workers showed that adminis-

tration of physiological doses of 17b-oestradiol to rats
increased uterine nuclear oestrogen receptor levels within 1 ±
3 h and uterus weight within 3 ± 6 h (Medlock et al., 1991).
Therefore, the changes observed in the bladders coincide with

a time when sex hormones can stimulate protein synthesis.
However, whether the mechanisms responsible for the
observed changes result from genomic actions of sex hormones

remains to be determined.
Alterations in muscarinic receptor density could explain

decreases in sensitivity and maximal response to carbachol.

Shapiro found that implantation of oestradiol pellets for 21
days signi®cantly reduced muscarinic receptor density in
rabbit bladder body (Shapiro, 1986). Similarly, Batra and

Andersson found that oestradiol treatment signi®cantly
decreased rabbit bladder muscarinic receptor density within
1 week, and was associated with an increase in the EF50,
an increase in the atropine-sensitive component of the

neurogenic response, and a decreased response to KCl, but
no change in responsiveness to carbachol (Batra &
Andersson, 1989). Batra and Andersson speculated that

the contractile changes resulted from decreases in muscari-
nic receptor density accompanied by oestrogen-induced
e�ects on calcium in¯ux. Similar conclusions were reached

by Elliott and co-workers (Elliott et al., 1992). Whether the
variations in hormone levels during the oestrus cycle also
alter receptor density is unknown. However, the absence of
di�erences in pA2 values for carbachol among female rats

in the present study suggest that receptor density changes
are not responsible for the observed decreases in
responsiveness.

In previous studies, we and others have demonstrated
that the functional muscarinic receptor in the rat bladder is
the M3 subtype (Longhurst et al., 1995; Hegde et al., 1997).
In the current study we used the rank order of a�nities of

the muscarinic antagonists, pirenzepine, methoctramine, and
4-DAMP methiodide, to characterize the functional mus-
carinic receptor. The receptor mediating contraction in

bladders from both male and female rats had a low a�nity
for methoctramine, intermediate a�nity for pirenzepine, and
high a�nity for 4-DAMP, and thus most closely resembled

the M3 subtype (Caul®eld, 1993; Longhurst et al., 1995;
Hegde et al., 1997). As reported previously, only a portion
of the contractile response of bladder strips to electrical ®eld

stimulation is sensitive to inhibition by muscarinic antago-
nists (Longhurst et al., 1984; 1995; Sibley, 1984; Brading &
Williams, 1990). We previously showed that the M2
antagonist, methoctramine, was less e�ective at inhibiting

the neurogenic response than were M1 or M3 antagonists
(Longhurst et al., 1995). Similar ®ndings are reported in this
study. This e�ect may be due to the blockade of

prejunctional M2 receptors which inhibit the release of
acetylcholine (Somogyi & de Groat, 1992).

Cyclic changes in progesterone levels also occur during the

oestrus cycle. Little is known of the e�ects on progesterone on
smooth muscle function. Elliott and Castleden found that in
vitro administration of progesterone reduced the response of

bladder strips to electrical ®eld stimulation and KCl, but
progesterone was much less potent than diethylstilboestrol
(Elliott & Castleden, 1994). Long-term in vivo treatment with
progesterone increased the maximal response of rabbit bladder

strips to electrical ®eld stimulation and increased sensitivity to
bethanechol compared to ovariectomized controls (EkstroÈ m et
al., 1993). In rats, in vivo treatment with progesterone

decreased the contractile response of bladder strips to
acetylcholine accompanied by a decrease in muscarinic
receptor density (Tong et al., 1995). Therefore, qualitatively

similar e�ects of progesterone and oestradiol are seen on
bladder function, but progesterone is much less potent than the
oestrogens. The changes observed during the oestrous cycle are
unlikely, therefore, to result from the cyclic alterations in

progesterone levels.
Although modest, our ®ndings of increased sensitivity of

bladder strips from female rats to the muscarinic agonist,

carbachol, may have clinical relevance. A similar increase in
sensitivity of the human bladder to the cholinergic transmitter,
acetylcholine, could cause hyperactivity and/or involuntary

bladder contractions. An increased sensitivity would explain
why muscarinic antagonists are the most e�ective medical
treatment for urge incontinence, which occurs predominantly

in females. It would be interesting to know whether the e�cacy
of anticholinergic therapy varies during the menstrual cycle or
with menopausal status.

In conclusion, the contractile responses of rat bladder

strips to electrical ®eld stimulation and muscarinic stimula-
tion were altered in female rats in the oestrous stage of the
oestrous cycle. Furthermore, gender in¯uenced sensitivity of

the rat bladder to muscarinic stimulation. Alterations in
muscarinic responsiveness in human bladders could explain
the greater incidence of incontinence and bladder dysfunction

in females.
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