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Abstract To investigate a possible relation between hyper-
cholesterolemia and detrusor smooth muscle function, we
studied the contractile response to potassium challenge,
carbachol (CCh), and the components of CCh-induced con-
tractile mechanism in high-cholesterol diet-fed rats. Adult
male Sprague–Dawley rats were fed with standard (control
group, N017) or 4 % cholesterol diet (hypercholesterolemia
group (HC), N016) for 4 weeks. Spontaneous contractions
of detrusor muscle strips and their responses to potassium
chloride (KCl) or cumulative dose–contraction curves to
CCh were recorded. The effects of muscarinic receptor
antagonists (methoctramin and/or 4-diphenylacetoxy-N-
methylpiperidine), L-type Ca+2 channel blocker
(nifedipine), and/or rho-kinase inhibitor Y-27632 were in-
vestigated. Blood cholesterol level was increased in the HC
group with no sign of atherosclerosis. The KCl-induced
detrusor smooth muscle contractions were higher in HC,
whereas spontaneous and CCh-induced responses were sim-
ilar in both groups. Preincubation with receptor antagonist
for M3 but not for M2 attenuated contraction significantly,
shifting the dose–response curve to the right. This response
was similar in both groups. Among two effector mecha-
nisms of M3-mediated detrusor smooth muscle contraction,
rho-kinase pathway was not affected by hypercholesterol-
emia, whereas blockade of L-type Ca+2 channels potently
reduced contractions. The results of this study point out a
relation between hypercholesterolemia and contractile
mechanism of detrusor smooth muscle likely to change

urinary bladder function, via altering L-type Ca+2 channels.
Taken together with escalating incidence of hypercholester-
olemia and lower urinary tract symptoms, it is a field which
deserves to be investigated further.
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Introduction

Hypercholesterolemia, characterized by elevated plasma
levels of low-density lipoproteins (LDL) and cholesterol,
plays an important role in several pathological conditions
such as atherosclerosis and related cardiovascular disorders
(CV) (Mombouli and Vanhoutte 1999). Whereas the impor-
tance of hypercholesterolemia in CV diseases has been well
documented, to what extent hypercholesterolemia is in-
volved in non-CV pathologies independent of its vascular
actions is yet unknown. The young elderly and elderly
populations frequently experience lower urinary tract symp-
toms (LUTS) related to storage, voiding, and post-
micturition functions (Mevcha et al. 2010; Smith 2010;
Fowke et al. 2011). In these age groups, the incidence of
hypercholesterolemia is also high (Hall et al. 2011; Devroey
et al. 2011). However, the association between hyperlipi-
demic conditions and the risk of LUTS is still controversial
(Litman et al. 2007; Parsons 2010; Fowke et al. 2011).
Previously, decreased plasma high-density lipoprotein
(HDL) levels have been linked to urinary storage symptoms
(Martin et al. 2011). Moreover, hyperlipidemia has been
shown to associate with increased urinary frequency
(Huang et al. 2010) and bladder overactivity in rats
(Rahman et al. 2007) and contributes to bladder dysfunction
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in rabbits (Yoshida et al. 2010); LUTS associated with
hypercholesterolemia was reported in different species
(Azadzoi et al. 1999; Hall et al. 2011; Nomiya et al. 2012).

Detrusor smooth muscle has phasic intrinsic activity
exhibited with spontaneous contractions (Kanai et al.
2007). They also respond to potassium challenge, a nonspe-
cific depolarizing agent. Both spontaneous (Hashitani and
Brading 2003) and potassium-induced contractions involve
calcium influx via L-type calcium (Ca2+) channels (Wegener
et al. 2004).

Detrusor smooth muscle contraction is principally medi-
ated by parasympathetic cholinergic stimulation via musca-
rinic M2 and M3 receptors in various animal species
(Andersson 2004; Hegde 2006). Although the M2 subtype
outnumbers the M3 subtype, detrusor contraction is predom-
inantly M3 receptor mediated. Main pathways for M3

receptor-mediated contraction in detrusor are Ca2+ influx
via sarcolemmal L-type Ca2+ channels and activation of
intracellular rho-kinase pathway (Abrams and Andersson
2007). Atropine-resistant, tetrodotoxin-sensitive purinergic
contraction also contributes to urinary bladder contraction in
small proportions in humans and rats (Son et al. 2007). In
some pathological conditions, both alterations in the expres-
sion levels of receptors and differences in the contribution of
physiological contractile pathways have been observed
(Andersson and Wein 2004; Giglio et al. 2007; Smith
2010). To the best of our knowledge, until recently, the
effect of hypercholesterolemia on detrusor contractility has
been investigated in a limited number of studies. Therefore,
we sought to characterize the contractile responses of the
urinary bladder in hypercholesterolemic rats. To this end, we
obtained contractile response in detrusor strips by using
potassium chloride (KCl) and contractile agonist, carbachol
(CCh). We further investigated the alterations in the con-
traction mechanisms by employing muscarinic receptor
antagonists methoctramine (selective M2 receptor blocker)
or 4-diphenylacetoxy-N-methylpiperidine (4-DAMP; selec-
tive M1/M3/M4/M5 receptor blocker) and NG-nitro-L-argi-
nine methyl ester (L-NAME; nonselective nitric oxide
synthase blocker), nifedipine (Ca2+ channel blocker), and
Y-27632 (rho-kinase inhibitor).

Materials and methods

Animals

All animal experiments were conducted in accordance with
the National Institutes of Health Guide for the Care and Use
of Laboratory Animals, and the experimental protocol was
approved by the Hacettepe University Institutional Ethics
Committee for the Care and Use of Experimental Animals.
Four- to 7-week-old male Sprague–Dawley rats were

allocated into control (N017) and hypercholesterolemia
(N016) groups. Whereas control group (NC) was on standard
rat chow, hypercholesterolemia group (HC) was fed with high-
cholesterol diet (4 % cholesterol and 0.2 % deoxycholate)
for 4 weeks. The animals were housed under standard con-
ditions at 21±2 °C and 30–70 % relative humidity with 12 h
dark/12 h light illumination (lights were on between 07:00
and 19:00 hours) with free access to food and water. At the
end of 4 weeks, rats were placed in metabolic cages for 24 h
to determine food and water consumption, urine output, and
body weight.

At the day of killing, abdomen was opened through a
midline incision and urinary bladder was excised under
ether anesthesia. Blood samples were collected by cardiac
puncture for characterization of the serum lipid profile.
Since initial signs of atherosclerosis are observed in aorta
(Stary et al. 1994), the arch of aorta was dissected, excised,
and fixed in 10 % formalin for histopathological evaluation.
In the ice-cold oxygenated Krebs–Henseleit solution
(118.4 mM NaCl, 4.7 mM KCl, 1.2 mM KH2PO4,
1.2 mM MgSO4, 25.0 mM NaHCO3, 2.5 mM CaCl2, and
12.2 mM glucose; pH 7.35–7.40), urinary bladder was
cleared of all surrounding adipose and connective tissues,
opened up with a longitudinal incision, and four longitudi-
nal strips (10×2 mm) from the bladder body of each rat were
prepared. Bladder strips were mounted in 15 ml organ baths
containing Krebs–Henseleit solution gassed with a mixture
of 95 % O2 and 5 % CO2 and kept at 37 °C. Each strip was
connected to a tension transducer (MAY FDT 05, Commat,
Ankara, Turkey) under a resting tension of 0.5 g. Before any
experimental procedure, detrusor strips were allowed to
equilibrate for at least 60 min by refreshing Krebs–
Henseleit solution every 15 min until the spontaneous con-
tractions became stable. Mechanical activity was collected
real time by data acquisition/analysis system (BIOPAC
MP30, Biopac Systems Inc., CA). One strip in each series
was allocated as time control, and contraction experiments
were carried out in the rest of the three strips as described
below. At the end of the contraction protocols, strips were
weighed.

Contraction protocols

Following equilibration, the strips were challenged with
80 mM KCl. As the tension returned to baseline, the
detrusor strips were allowed to rest and equilibrate for
60 min.

Contractile responses of the detrusor strips to CCh were
investigated in a separate series of experiments. CCh re-
sponse was further studied in the presence of methoctramine
(selective M2 receptor blocker), 4-DAMP (selective M1/M3/
M4/M5 receptor blocker), nifedipine (Ca

2+ channel blocker),
and/or Y-27632 (rho-kinase inhibitor).
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In the first series of experiments, cumulative dose–re-
sponse curve to increasing concentrations of CCh (10−8–
10−4 M) was obtained. Strips were then washed out and
cumulative dose–response curve to CCh was re-obtained in
the second series of experiments, after pretreatment with
methoctramine (10−5 M), 4-DAMP (10−7 M), or methoctr-
amine (10−5 M)+4-DAMP (10−7 M). To examine solely the
M3 receptor-mediated contractile function, cumulative
dose–response curves to CCh were repeated in the presence
of methoctramine (10−5 M) and L-NAME (10−4 M).
Furthermore, in the last series, the same curve was also
obtained following incubation with nifedipine (10−6 M), Y-
27632 (10−5 M), or nifedipine (10−6 M)+Y-27632 (10−5 M)
in the presence of methoctramine (10−5 M) and L-NAME
(10−4 M). Each protocol was followed by three complete
washouts with Krebs–Henseleit solution in each organ bath,
and the strips were allowed to equilibrate at least 60 min
between protocols.

Serum lipid profile

Serum lipid profile (total cholesterol, triglyceride, HDL,
LDL, and very-low-density lipoprotein (VLDL)) was deter-
mined by diagnostic kits using modular system autoanalyzer
(Roche/Hitachi, IN) at the Clinical Biochemistry Laboratory
of Hacettepe University Hospital.

Histopathological evaluation

Arch of aorta was fixed in 10 % formaldehyde and pro-
cessed by routine light microscopy tissue processing techni-
ques. Sections were stained with hematoxylin–eosin and
evaluated for atherosclerotic changes, as described previ-
ously (Cai et al. 2005).

Chemicals

All chemicals were purchased from Sigma-Aldrich (Sigma-
Aldrich, St. Louis, MO). With the exception of nifedipine

which was dissolved in dimethyl sulfoxide, distilled water
was used to suspend and dilute the compounds.

Calculations and statistical analysis

Data were analyzed by BSL Pro Version 3.6.7 software
(Biopac Systems Inc., Santa Barbara, CA). Contraction
data were normalized to wet tissue weight (g/100 mg
wet tissue weight). The number of animals and strips
were indicated by N and n, respectively. Data were
expressed as mean±SEM. SPSS 15.0 for Windows
(SPSS Inc., Chicago, IL) software was used for statisti-
cal analysis. Differences were considered significant at
P<0.05.

The general metabolic profile, body and urinary blad-
der weights, serum cholesterol levels, and spontaneous
and KCl-induced contractions were compared by
Student's t test for independent samples. Intra- and
intergroup comparisons of cumulative dose–response
curves were compared by repeated measures analysis
of variance followed by Tukey's post hoc test for mul-
tiple comparisons.

Maximal contraction response to CCh (Emax) and
negative logarithm of molar concentration that causes
50 % of maximum contraction (pD2) values were cal-
culated by using SigmaPlot 9.01 for Windows (Systat
Software, Inc., San Jose, CA) software and compared
by Student's t test for independent samples.

Results

Animal characteristics and effects of high-cholesterol diet

Body weights, bladder weights, food and water consump-
tions, and urine outputs were similar in NC and HC rats
(Table 1). In the HC group, total serum cholesterol and LDL
levels were higher compared with controls (P<0.05).
Triglyceride, HDL, and VLDL levels were similar in both

Table 1 Physiological variables
and serum lipid profiles of con-
trol and hypercholesterolemia
groups

Data are presented as mean±
SEM

*P<0.05 vs. control

Control (N017) Hypercholesterolemia (N016)

Body weight (g) 279.4±5.3 289.5±8.9

Bladder weight (mg) 85.9±2.9 78.0±3.2

Food consumption (g/24 h) 12.8±1.7 11.5±2.0

Water consumption (ml/24 h) 29.2±2.8 26.3±1.8

Urine output (ml/24 h) 28.1±2.5 26.8±3.0

Total cholesterol (mg/dl) 94.2±3.1 153.7±9.7*

LDL (mg/dl) 28.1±2.6 102.0±11*

Triglyceride (mg/dl) 46.9±4.3 39.1±5.4

HDL (mg/dl) 72.2±2.1 76.1±2.8

VLDL (mg/dl) 9.4±0.9 7.8±1.1
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groups. Histological evaluation of aortic arch revealed no
sign of atherosclerosis.

Contraction response of bladder strips

The amplitudes and frequencies of basal spontaneous contrac-
tions were similar in the HC (n016; 2.62±0.22 g/100 mg wet
tissue weight; 0.067±0.003 Hz) and the NC groups (n017;
2.48±0.21 g/100 mg wet tissue weight; 0.063±0.002 Hz).
Maximal contractile response to 80 mM KCl was higher in
the HC group (n010; 30.8±1.7 g/100 mg wet tissue weight)
compared with the NC group (n012; 24.7±1.9 g/100 mg wet
tissue weight; P<0.05). The amplitudes and frequencies of
basal spontaneous contractions were similar in both groups
before and after KCl stimulation.

The cumulative dose–contraction curves to CCh (10−8–
10−4 M) were also similar in both groups and abolished
completely by atropine (10−5 M) pretreatment (data not
shown). Emax of dose–response curves and pD2 values
obtained from bladder strips in NC and HC groups were
similar (Table 2).

Effect of muscarinic receptor blockers on CCh-induced
contractions

Muscarinic receptor blockers (methoctramine and 4-
DAMP) shifted the cumulative dose–contraction curves
to CCh to the right in both groups (P<0.05; Fig. 1a, b).
Emax and pD2 values are presented in Table 2. Although
maximal response to CCh was not altered in the pres-
ence of methochtramine, it was significantly lower in
the presence of 4-DAMP or methochtramine+4-DAMP
both in the NC and HC groups (P<0.05). Comparison
of the HC and NC groups revealed no significant dif-
ference in terms of the effects of M2 and/or M3 receptor
blockers. CCh dose–response curves obtained in the presence
of methoctramine and L-NAME revealed similar Emax and
pD2 values when compared with control and methoctramine
curves both in the NC and HC groups (data not shown).

Effect of nifedipine and Y-27632 on CCh-induced
contractions

The comparison of the dose–response curves between the
NC and HC groups exhibited a difference only for
nifedipine-treated strips in the presence of metoctramine
and L-NAME (P<0.05). Emax values were significantly low-
er in the nifedipine-treated strips both in the NC and HC
groups. The Emax values for nifedipine-impaired contrac-
tions in the HC group were lower than the NC group
(P<0.05; Table 3). Pretreatment of bladder strips with
nifedipine resulted in 34 % inhibition in the NC group and
76 % inhibition in the HC group. The effect of Y-27632 alone
or in combination with nifedipine was similar in both groups.
The cumulative dose–contraction curves of CCh shifted to the
right in both groups following preincubation with Y-27632 or
nifedipine+Y-27632 in the presence of methoctramine and L-
NAME (P<0.05; Fig. 2a, b). Emax and pD2 values are pre-
sented in Table 3.

Discussion

This study shows that a sustained increase in plasma cho-
lesterol (1) leads to augmented contractile responses in the
isolated rat urinary bladder strips to 80 mM KCl whereas
spontaneous and CCh-induced contractions are unaltered,
(2) has no effect on the M3 muscarinic receptor-mediated
contractions, and (3) associates with prominent depressing
effect of L-type Ca+2channel blockage on CCh-induced
contractions of detrusor strips. The protocol applied in this
study created hypercholesterolemia and high LDL levels.
The duration, 4 weeks long, of high-cholesterol diet is
sufficient both to achieve a stable high plasma cholesterol
(Getz and Reardon 2006) and also to observe changes in
tissues (Fotis et al. 2012). Hypercholesterolemia is related to
the regulation of functions of the ion channels (Levitan et al.
2010). Nifedipine-sensitive L-type Ca+2 channels which are
involved in spontaneous, KCl-induced (Wegener et al.

Table 2 Emax and pD2 values for carbachol-induced contractions of detrusor smooth muscle strips in the presence of muscarinic antagonists in
control and hypercholesterolemic rats

Control Hypercholesterolemia

Emax pD2 n Emax pD2 n

Carbachol 51.7±3 5.9±0.04 11 46±3 5.84±0.09 7

Methoctramine 52.8±4 5±0.08* 7 51.6±9 5.1±0.06* 7

4-DAMP 29.7±5.3*, ** 4.5±0.04*, ** 7 26.2±7.1* 4.4±0.05*, ** 6

Methoctramine+4-DAMP 20.1±7.1*, ** 4.4±0.03*, ** 6 14±2.2*, ** 4.4±0.02*, ** 6

Data are presented as mean±SEM. Strips stem from different animals

*P<0.05 vs. carbachol; **P<0.05 vs. methoctramine
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2004) and M3-mediated (Christ and Andersson 2007) con-
tractions are good examples for this modulation (Cox and
Tulenko 1995).

Spontaneous contractions often develop upon action po-
tential discharges which result in Ca2+ influx through L-type
Ca2+channels (Hashitani and Brading 2003). Spontaneous
activity is lower in amplitude and disorganized and does not
lead to micturition contractions in healthy adult animals. But
it was shown to become significantly higher in amplitude
and organized leading to micturition in various pathological
conditions such as spinal cord-transected animals (Fry et al.
2012) and overactive bladder due to cystitis (Pan et al.
2012). A stronger spontaneous bladder activity was reported
in an earlier study in which a relation between the hyper-
cholesterolemia and the detrusor function was investigated
(Son et al. 2007). It was slightly but not significantly higher
in HC animals in our study similar to the results of Azadzoi
et al. (1999).

Potassium, a nonspecific depolarizing agent, opens L-
type Ca+2 channels leading to contraction (Wibberley et al.
2003; Wegener et al. 2004). Hyperlipidemia leads to in-
creased smooth muscle reactivity and sensitivity to KCl in
uterine artery in women (Fleischhacker et al. 2000) and
strengthens KCl-induced contractions in coronary arteries
of pigs (Thompson et al. 2004). We also found significantly
higher KCl-induced contractions in detrusor strips in the HC
group. However, previous reports suggest no change in
KCl-induced contractions of urinary bladder in correlation
with plasma cholesterol (Shenfeld et al. 2005; Son et al.
2007; Yoshida et al. 2010). Moreover, these studies are not
comparable with the present one since these abovemen-
tioned studies were conducted under ischemic conditions
caused by atherosclerosis. On the other hand, our treatment
resulted in hypercholesterolemia but no atherosclerotic
changes in the vessels. A previous study pointed out unal-
tered blood flow in empty bladder whereas only short-lived
ischemia during bladder contraction in the HC animals
(Azadzoi et al. 1999). Since one of the limitations of our
study includes not being able to measure the blood flow, the
ischemic changes could not be ruled out while explaining
our results.

Taking the above findings together, we come to a con-
clusion that hyperlipidemia may modulate contractile

Fig. 1 Dose–response curves of CCh in the presence of Met (10−5 M),
4-DAMP (10−7 M), or Met (10−5 M)+4-DAMP (10−7 M) in control (a)
and hypercholesterolemia (b) groups. Data are presented as mean±
SEM. Met methoctramine

Table 3 Emax and pD2 values for carbachol-induced contractions of detrusor smooth muscle strips in the presence of methoctramine+L-NAME
with calcium channel blocker and/or rho-kinase inhibitor in control and hypercholesterolemic rats

Control Hypercholesterolemia

Emax pD2 n Emax pD2 n

Carbachol 45.4±4.7 4.9±0.11 8 40.4±3.8 5.1±0.06 5

Y-27632 34.9±5.1 4.6±0.05* 6 31.5±4.1** 4.7±0.09* 6

Nifedipine 29.5±4.0* 5±0.09 5 9.6±1.7*, **** 4.9±0.11 5

Y-27632+nifedipine 5.5±2.1*, **, *** 4.3±0.01*, **, *** 6 4.1±1.3*, **, *** 4.3±0.03*, **, *** 7

Data are presented as mean±SEM. Strips stem from different animals

*P<0.05 vs. carbachol; **P<0.05 vs. nifedipine; ***P<0.05 vs. Y-27632; ****P<0.05 vs. control group
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function of detrusor muscles. To expand our research and
find out the main components of contraction that may be
affected by hyperlipidemia, we investigated the cholinergic
component, main contractile pathway of the detrusor muscle
contraction. We obtained cumulative dose–response curves
to CCh which revealed no difference between the NC and
HC groups. M2 and M3 muscarinic receptors are prominent
in the rat detrusor muscle, and M2 receptor density is about
twofold higher than M3 (Hegde 2006). However, in physi-
ological conditions, the main contraction pathway is oper-
ated through M3 receptors, and M2 receptors serve mainly a
supportive role (Abrams et al. 2006; Abrams and Andersson

2007; Pak et al. 2010). Our data suggest that 4-week long
hypercholesterolemic diet-induced hyperlipidemia does not
change relative contributions of muscarinic receptor sub-
types, although we are aware of the previous studies report-
ing changes in the expression levels of the muscarinic
receptor subtypes (Abrams and Andersson 2007) mediating
urinary bladder contractions in various pathological condi-
tions such as diabetic bladder (Leiria et al. 2011), neurogen-
ic bladder (Pontari et al. 2004), or cystitis (Giglio et al.
2007). On the other hand, Stevens et al. showed increased
sensitivity to CCh whereas no change in receptor subtypes
contribution to contraction in the neurogenic or idiopathic
overactive bladder (Stevens et al. 2007), and Nobe et al.
reported attenuated detrusor contractions in spontaneously
hypertensive hyperlipidemic rats without involvement of
muscarinic receptor alterations (Nobe et al. 2009). To the
best of our knowledge, this study is the first one investigat-
ing receptor subtype distribution in diet-induced hypercho-
lesterolemic rats and should be supported by further studies
especially employing receptor subtype knockout animal
models.

Since the contribution of M2 and M3 receptors was sim-
ilar in the NC and HC groups in our study, we further
investigated the intracellular pathways of physiological
M3-mediated detrusor contraction which is operated by in-
creased cytoplasmic calcium concentration, through sarco-
lemmal L-type Ca2+ channels and rho-kinase activation
(Wibberley et al. 2003; Abrams and Andersson 2007;
Wuest et al. 2007) (Christ and Hodges 2006; Hegde 2006).
In this study, the intracellular pathways were studied in the
presence of both M2 receptor blocker and nitric oxide syn-
thase inhibitor to be able to solely investigate the M3-medi-
ated contractile response. The role of rho-kinase pathway in
CCh-induced contractile responses in bladder smooth mus-
cle in hyperlipidemic rats was investigated for the first time
in the current study. Preincubation of detrusor strips with the
rho-kinase inhibitor Y-27632 did not significantly affect the
CCh-induced contractions either in the HC or NC groups,
and this was comparable between groups. But, the only
study to our knowledge relating rho-kinase pathway with
hyperlipidemia is conducted in spontaneously hypertensive
hyperlipidemic rats (Nobe et al. 2009) which points out a
role for the inactivation of the rho-kinase pathway.

L-type Ca2+ channels are essential for normal bladder
function (Wegener et al. 2004). Different species exhibit
differences in sensitivity to the blockade of the L-type
Ca2+ channels in response to CCh stimulation of urinary
bladder (Wuest et al. 2007). This effect is very prominent in
rats (Schneider et al. 2004). In line with these, L-type Ca2+

channel blockade potently attenuated maximum response
in both groups in the present study. These channels contrib-
uted to CCh-induced contractions to a greater extent in
hypercholesterolemic rats. Previously, it was reported that

Fig. 2 Dose–response curves for the effects of CCh in the presence of
Met (10−5 M)+L-NAME (10−4 M), Met (10−5 M)+L-NAME (10−4 M)
+Nif (10−6 M), Met (10−5 M)+L-NAME (10−4 M)+Y-27632 (10−5 M),
or Met (10−5 M)+L-NAME (10−4 M)+Nif (10−6 M)+Y-27632
(10−5 M) in control (a) and hypercholesterolemia (b) groups. Data
are presented as mean±SEM. Met methoctramine, Nif nifedipine
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high-fat diet associates with increased ratio of L-type Ca2+

channels in the vascular smooth muscles of hypertensive
rats (Wilde et al. 2000). Similarly augmented L-type Ca2+

current in myocytes from rabbit portal vein under dietary
hypercholesterolemia was shown (Cox and Tulenko 1995).
Moreover, Leira et al. showed higher expression of L-type
Ca2+ mRNA in the bladders of diabetic mice (Leiria et al.
2011). Although some of the reported data are contradictory
(Jennings et al. 1999) to the abovementioned studies and to
the results of the current study, the contractile response of
smooth muscle involving L-type Ca+2 channels is certainly
altered in various pathological conditions. This study is the
first experiment studying the effect of diet-induced hyper-
cholesterolemia on L-type Ca2+ channels in detrusor smooth
muscles.

In conclusion, significant differences observed both in KCI-
induced contractions and attenuation of CCh-induced contrac-
tions by nifedipine in this study suggest an increased role of L-
type Ca2+ channels in bladder contraction in diet-induced
hypercholesterolemic rats. As the incidence of hypercholester-
olemia and related comorbidities are increasing, the studies
subjecting functional outcomes of hypercholesterolemia for
the urinary bladder functions should be studied further.
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