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Abstract Aging alters bladder functions where a de-
crease in filling, storage and emptying is observed.
These changes cause urinary incontinence, especially
in women. The aim of this study is to examine how
aging affects the intracellular calciummovements due to
agonist-induced contractions in permeabilized female
rat bladder. Urinary bladder isolated from young and
old female Sprague-Dawley rats were used. Small
detrusor strips were permeabilized with β-escin. The
contractile responses induced with agonists were com-
pared between young and old groups. Carbachol-
induced contractions were decreased in permeabilized
detrusor from old rats compared to young group. Hep-
arin and ryanodine decreased carbachol-induced con-
tractions in young rats where only heparin inhibited
these contractions in olds. Caffeine-induced contrac-
tions but not inositol triphosphate (IP3)-induced contrac-
tions were decreased in old group compared to youngs.
The cumulative calcium response curves (pCa 8–4)
were also decreased in old rats. Carbachol-induced cal-
cium sensitization responses did not alter by age where
GTP-β-S and GF-109203X but not Y-27632 inhibited
these responses. Carbachol-induced contractions de-
crease with aging in rat bladder detrusor. It can be
postulated as IP3-induced calcium release (IICR) is pri-
marily responsible for the contractions in older rats
where the decrease in carbachol contractions in aging

may be as a result of a decrease in calcium-induced
calcium release (CICR), rather than carbachol-induced
calcium sensitization.
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Introduction

In a healthy and young adult, the function of the urinary
bladder is sustained with the relaxation of detrusor
smooth muscle and the contraction of urethral sphincter
during urine storage, and completely the opposite of this
action during micturition. These functions were elicited
with the synchronized work of spinal cord, pons and
excitator, inhibitor and sensory nerves in the forebrain
(Anderson 1993). The innervation of the bladder is
sustained with the role of cholinergic, nitrergic,
purinergic, monoaminergic and peptidergic mechanisms
(de Groat and Yoshimura 2001). Detrusor sensitivity to
agonists, its spontaneous activity and the levels of the
contractile proteins may vary under conditions like ure-
thral obstruction, incontinence and aging (Hashim and
Abrams 2007). Aging causes changes in many organs as
well as a significant decrease in filling, storage and
emptying functions of the bladder. The symptoms like
reduced voiding efficiency and bladder overactivity
may bring forth a social problem such as urinary incon-
tinence (Smith 2010; Zhao et al. 2010). Especially in
women, urinary incontinence incidence increases with
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age and the side effects of the present drugs unfortu-
nately fail to carry out a radical therapy.

Investigating the roles of intracellular calcium signal-
ling components in the treatment of urinary inconti-
nence is a new therapeutic approach since the pro-
nounced role of Rho kinase (ROCK) in the regulation
of urinary bladder smooth muscle tone and contraction
had been demonstrated in many studies (Bing et al.
2003; Wibberley et al. 2003; Kirschstein et al. 2014).
Variations on agonist-induced contractions due to aging
are also suggested to depend on impairments in intra-
cellular signal transduction pathways (Ordway et al.
1986; Lluel et al. 2000; Gomez-Pinilla et al. 2011;
Lowalekar et al. 2012). Furthermore, it was observed
that the decreased response of bladder to β-adrenergic
stimulation by aging is related to both an inhibition in
adenylyl cyclase activity and the changes in guanine
nucleotide regulatory protein (G-protein) content or
function (Derweesh et al. 2000). However, the underly-
ing intracellular mechanisms of the functional changes
that may occur with aging in the bladder have not been
enlightened yet.

Smooth muscle contraction is activated by an
increase in cytosolic calcium produced by calcium
entry through voltage-sensitive calcium channels or
by triggering calcium release from intracellular
stores. The main intracellular calcium store is the
“sarcoplasmic reticulum.” Calcium release from the
sarcoplasmic reticulum can be mediated by both
ryanodine and inositol triphosphate (IP3) receptors.
Ryanodine receptors are activated by an increase
in free calcium concentration (calcium-induced cal-
cium release; CICR), while IP3 receptors are acti-
vated by IP3 produced as a result of agonist stim-
ulation (IP3-induced calcium release; IICR) (An-
derson 1993; Wibo and Godfraind 1994). Agonists
activating G protein coupled receptors (GPCRs)
increase force in smooth muscle via calcium-
dependent myosin light chain phosphorylation.
The ratio of activities of calcium/calmodulin-
dependent myosin light chain kinase (MLCK) and
myosin light chain phosphatase (MLCP) deter-
mines the level of myosin light chain phosphory-
lation and the activation of the muscle. There are
mechanisms which can lead to muscle contraction
without any necessary change in intracellular cal-
cium. ROCK and protein kinase C (PKC) activa-
tion can induce smooth muscle contraction by
inhibition of myosin phosphatase activity at

constant calcium, and this is called calcium sensi-
tization (Somlyo and Somlyo 2003).

The intracellular aspects of contractile mechanisms
can be studied in vitro by using smooth muscle prepa-
rations having their plasma membrane permeabilized by
a chemical agent. Chemically permeabilized smooth
muscle is an experimental model for studying the intra-
cellular organelles and signal cascades responsible from
muscle contraction (Nasu 1989). β-Escin is a saponin
ester which opens holes in the plasma membrane and
makes the cell membrane permeable to higher molecular
weight compounds (up to 150 kDa), including heparin
and IP3, and retains receptor-effector coupling
(Kobayashi et al. 1989; Iizuka et al. 1994). Besides this,
small endogenous substances such as guanosine-5′-tri-
phosphate (GTP) and calmodulin may escape out of the
cell and must be added to the organ bath medium during
the experiments (Kitazawa et al. 1989). Perme-
abilization is a preferable tool for the study of the
intracellular signal transduction pathways mediating
agonist-induced contraction in smooth muscles. The
roles of intracellular calcium stores and signal cascades
in smooth muscle contraction and calcium sensitization
may be investigated by permeabilization (Somlyo and
Somlyo 2003). For instance, the presence of CICR and
the importance of ROCK/PKC pathways in carbachol
induced calcium sensitization in human bladder
(Chambers et al. 1999; Takahashi et al. 2004) and the
role of PKC pathway in phorbol ester-induced calcium
sensitization in guinea pig bladder have been observed
by permeabilization method (Kaneda et al. 1995).

The aim of this study is to examine how aging affects
the intracellular calcium movements due to agonist-
induced contractions in permeabilized female rat blad-
der smooth muscle. It is intended that the results obtain-
ed in the present study may lead to a positive contribu-
tion to the development of new drug molecules in the
treatment of urinary incontinence.

Materials and methods

Animal welfare and ethical statement

The study protocol was approved by the Hacettepe
University Animal Ethics Committee (No: 2011/63-8).
The study was conducted in accordance with “Regula-
tion of the Welfare and Protection of Animals Used for
Experimental and Other Scientific Purposes” published
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by Republic of Turkey Ministry of Food, Agriculture
and Livestock (13.12.2011-28141). In total, 60 female
Sprague-Dawley rats that were kept under 12-h light/
dark period with food and water ad libitum were used.

Tissue preparation

Young (2 to 4 months old) and old (16 to 20 months
old) female Sprague-Dawley rats were used in the
study. Rats were killed by a sharp blow to the head
and bleeding. The urinary bladder was isolated and
Hepes buffered modified Krebs’ solution (see below).
The mucosa and connective tissues were removed
from the bladder under a dissecting microscope.
Small strips (150–250 μm in diameter, 3–4 mm in
length) of smooth muscle were dissected from the
urinary bladder. A small hook was tied to one end
of a strip to attach it to the transducer, and a snare of
5/0 surgical silk captured the other end and was used
to mount the strip in a fixed position in a 1000-μl
chamber in one of a series of small chambers in a
Perspex block. The chamber was filled with Hepes
buffered modified Krebs’ solution at room tempera-
ture and the strips were equilibrated for 30 min under
a resting tension of 100 mg. Solution changes were
made by moving the Perspex block. After stable
responses had been achieved to 80 mM K+ (see
below) and 50 μM carbachol in intact tissues, they
were moved into relaxing solutions (see below) and
incubated for a few minutes. Then, the tissues were
permeabilized with 40 μM β-escin in relaxing solu-
tion for 30 min at pH 6.8. This was followed by a 4-
min wash in relaxing solution before beginning an
experiment. Muscle fibers were accepted as perme-
abilized if the maximum tension obtainable by
100 μM Ca2+ after permeabilization was found to
be greater than the tension produced by 80 mM K+

applied in the same strip before permeabilization
(Endo et al. 1977). The contractile force was measured
by a sensitive force transducer (Swema, Stocholm,
Sweden) connected to a computer using Biopac Student
Lab Pro 3.7.3 (Commat LTD, Turkey) software.

Experimental procedures

Agonist-induced contractions After intracellular calci-
um stores were loaded by activating solution at pCa 6
for 10 min, a contractile response was elicited by
carbachol (50 μM) in the presence of GTP

(100 μM) and also by IP3 (50 μM) or caffeine
(10 mM). Moreover, carbachol responses were obtain-
ed in the presence of IP3 receptor blocker heparin
(1 mg/ml) and sarcoplasmic reticulum ryanodine
channels blocker ryanodine (10 μM).

In another group of experiments, in order to obtain
pCa tension curves, calcium was applied cumulatively
(pCa 8–4) in the activating solution.

Carbacho l - i nduced ca l c i um sen s i t i z a t i on
contractions After intracellular calcium stores were
loaded by activating solution at pCa 6 in the pres-
ence of both sarcoplasmic reticulum calcium-
ATPase pump inhibitor cyclopiazonic acid
(CPA;1 μM) and mitochondrial proton pump inhib-
i t o r c a r b o n y l c y a n i d e p -
trifluromethoxyphenylhydrazone (FCCP; 1 μM)
for 10 min to induce calcium sensitization (Durlu-
Kandilci and Brading 2006), a contractile response
was elicited by carbachol (50 μM) + GTP
(100 μM). CPA prevents filling of the sarcoplasmic
reticulum where FCCP prevents the mitochondrial
Ca2+ uptake, stores that lost their Ca2+ contents
during permeabilization. Under these circumstances,
calcium sensitization contractile responses are elic-
ited by carbachol. Moreover, calcium sensitization
responses were then obtained in the presence of
ROCK inhibitor (R)-(s)-trans-N-(4-pyridyl)-4-(1-
aminoethyl)-cyclohexanecarboxyamide 2HCl
( Y - 2 7 6 3 2 ; 1 μ M ) , P K C i n h i b i t o r
bisindolylmaleimide I (GF 109203 X; 5 μM), and
GTP inhibitor guanosine 5′-(β-thio)diphosphate
trilithium salt (GTP-β-S; 1 μM).

In another experimental group, GTP activator guano-
sine 5′-(γ-thio)triphosphate tetralithium salt (GTP-γ-S)
and PKC activator phorbol 12,13-dibutyrate-induced
calcium sensitization responses were also obtained. Af-
ter intracellular calcium stores were loaded by activating
solution at pCa 6 for 10 min, a contractile response was
elicited by GTP-γ-S (50 μM) and phorbol 12,13-
dibutyrate (50 μM) in the presence of GTP (100 μM),
CPA (1 μM), and FCCP (1 μM).

Drugs and solutions Drugs used were β-escin
(aescin), carbamylcholine chloride (carbachol), cre-
atine phosphokinase, leupeptin, ethylene glycol-bis
(β-aminoethyl ether)-N,N,N′,N′-tetraacetic acid
(EGTA), adenosine 5′triphosphate (Na2ATP),
ryanodine, heparin, GTP, CPA, calmodulin, FCCP,
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D-myo-inositol 1,4,5-trisphosphate (IP3), caffeine,
GTP-γ-S, GTP-β-S, phorbol 12,13-dibutyrate,
dimethylsulphoxide (DMSO) from Sigma (St. Lou-
is, Missouri) and creatine phosphate disodium salt,
Y-27632 ve GF-109203X from Calbiochem (Not-
tingham, UK). All drugs and solutions were pre-
pared by using 18 MΩ-cm deionized water except
FCCP, CPA, GF-109203X, ryanodine and phorbol
12,13-dibutyrate. FCCP was dissolved in ethanol,
ryanodine was dissolved in methanol, and CPA,
GF-109203X, and phorbol 12,13-dibutyrate were
dissolved in DMSO but neither vehicle affected
the contractions when tested alone. For intact tis-
sues, Hepes buffered modified Krebs’ solution
contained (mM) NaCl 126, KCl 6, CaCl2 2,
MgCl2 1.2, glucose 14 and HEPES 10.5. The pH
was adjusted to 7.2 with NaOH. K+ Krebs’ solu-
tion (80 mM) was prepared by replacing NaCl
with an equivalent amount of KCl. For perme-
abilized tissues, relaxing solution contained (mM)
K propionate 130, MgCl2 4, Na2ATP 4, tris-
maleate 20, creatine phosphate 10, and EGTA 4,
and creatine phosphokinase 3.3 units/ml and pro-
tease inhibitor leupeptin (1 μM). The pH of this
solution was adjusted to 6.8 with KOH. Activating
solutions were the same as relaxing solution ex-
cept that EGTA was lowered to 0.05 mM, free
calcium concentration was adjusted to the desired
value and 1 μM calmodulin added as specified.
GTP (100 μM) was also added when carbachol
was used to activate the muscarinic receptors. In
experiments with cumulative calcium response
curves, EGTA in the activating solution was kept
at 10 mM. The free calcium concentration was
calculated using a computer programme (BBound
and Determined^, Brooks and Storey 1992) and
expressed as the negative logarithm (pCa). When
drugs were added to an organ chamber, they were
made up in relaxing solution containing 0.05 mM
EGTA, and the concentration given is the estimat-
ed final concentration. In the experiments with
inhibitors, the strips were incubated with this sub-
stance for 15 min in relaxing solution and then
contraction was elicited.

Data analysis

Contractions are expressed as percent of the response to
80mMKCl (202.1±11.7 mg,N=52 in young group and

215.4±11.9 mg, N=50 in old group; N refers to strip
numbers) elicited in intact tissues before perme-
abilization. Data were given as mean±S.E.M. of n ex-
periments. Statistical analyses were carried out by using
one-way analysis of variance (ANOVA) followed by
Bonferroni test for comparing multiple groups. Stu-
dent’s t test was used for comparing two groups.
P<0.05 were accepted as statistically significant.

Results

Agonist-induced contractions

Carbachol-induced contractions were significant-
ly decreased in permeabilized detrusor smooth
muscle strips isolated from old group of rats
compared to young group as shown Fig. 1.
Carbachol-induced contractions were significant-
ly decreased in the presence of sarcoplasmic
reticulum IP3 receptor blocker heparin and sar-
coplasmic reticulum ryanodine channel blocker
ryanodine in young group of rats. In old group
of rats, carbachol-induced contractions were sig-
nificantly decreased in the presence of heparin
but did not change in the presence of ryanodine
as shown in Fig. 2. IP3-induced contractions did
not change in old group of rats but caffeine-
induced contractions were decreased in old
group of rats compared to young group as
shown in Fig. 3.
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Carbachol (50 M)
Young Old


Fig. 1 The contractile response elicited with carbachol (50 μM) +
GTP (100 μM) in permeabilized detrusor smooth muscle isolated
from young and old group of rats (*P<0.05 compared to young
group; n=6–18)
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The cumulative calcium response curves (pCa 8–4)
were decreased in permeabilized detrusor smooth

muscle isolated from old group of rats compared to
young group as shown in Fig. 4.

Carbachol-induced calcium sensitization contractions

Carbachol-induced calcium sensitization responses elic-
ited in the presence of sarcoplasmic reticulum calcium-
ATPase pump inhibitor CPA and mitochondrial blocker
FCCP did not change in permeabilized detrusor smooth
muscle isolated from old group of rats compared to
young group as shown in Fig. 5. The calcium sensitiza-
tion responses in both group did not change with ROCK
inhibitor Y-27632 but were significantly inhibited by
PKC inhibitor GF-109203X as shown in Fig. 6. More-
over, these responses were decreased in both groups in
the presence of G-protein inhibitor GTP-β-S as shown
in Fig. 7.
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#

Carbachol (50 μM)

Fig. 2 The contractile response
elicited with carbachol (50 μM) +
GTP (100 μM) in the absence and
presence of heparin (1 mg/ml) or
ryanodine (10 μM) in
permeabilized detrusor smooth
muscle isolated from young and
old group of rats (*P<0.05
compared to control response in
young group, **P<0.05
compared to control response in
old group, #P<0.05 compared to
carbachol response in the
presence of heparin in young
group; n=6–18)
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Caffeine (10 mM)
Fig. 3 The contractile responses elicited with IP3 (50 μM) (a) and
caffeine (10 mM) (b) in permeabilized detrusor smooth muscle
isolated from young and old group of rats (*P<0.05 significant
compared to young group; n=7–17)
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Fig. 4 The cumulative calcium response curves (pCa 8–4) in
permeabilized detrusor smooth muscle isolated from young and
old group of rats (*P<0.05 significant compared to young group;
n=6–7)
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Contractions induced by G-protein activator GTP-γ-
S (a) and PKC activator phorbol 12,13-dibutyrate (b)
were not different in young and old groups as shown in
Fig. 8.

Discussion

Aging is frequently associated with changes in bladder
function and, in humans, with the appearance of symp-
toms such as reduced voiding efficiency and bladder
overactivity. This may result in social problems such as
incontinence, especially in women, with a restricted
therapy due to the side effects of the present drugs used.
There are several studies particularly in the rat examin-
ing the effects of aging on the bladder detrusor contrac-
tility. According to some studies, it seems that the

contractile proteins themselves are not affected by aging
but several other studies have shown that intracellular
mechanisms involving secondary messengers may alter
with aging and affect response of the bladder to agonists
(Ordway et al. 1986; Sjuve et al. 1997; Derweesh et al.
2000; Lluel et al. 2000; Gomez-Pinilla et al. 2011;
Lowalekar et al. 2012). In the present study, by using
β-escin permeabilization, we have inquired how aging
affects the intracellular calcium movements due to
agonist-induced contractions in female rat bladder.
Thus, the present data show the difference between
young and old female rat bladder detrusor smooth mus-
cle contractions in terms of different steps of intracellu-
lar mechanisms.

First of all, after loading the intracellular stores with
calcium, we elicited carbachol-induced contractions in
the presence of GTP in permeabilized detrusor smooth
muscle and observed that there is a significant decrease
in old group of rats compared to youngs. This is a
similar finding with another study carried out in mouse
detrusor where aging impaired bethanechol-induced
contractions (Gomez-Pinilla et al. 2011). However,
there are studies in disagreement with our data revealing
no difference in carbachol-induced contractions in aged
Wistar female rats (Lluel et al. 2000) or showing in-
creased contractions to muscarinic agonists in rat blad-
der (Ordway et al. 1986). Our finding of decreased
carbachol-induced contractions may be related with de-
creased muscarinic receptor density or down regulation
by age as suggested earlier in some studies such as
Schneider et al. (2005) and Mansfield et al. (2005) or
may be as a cause of decreased calcium signaling path-
ways. We focused on the latter throughout this paper.
Therefore, we investigated the effects of sarcoplasmic
reticulum IP3 receptor blocker heparin and ryanodine
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Young Old
Carbachol (50 μM)

Fig. 5 The contractile response elicited with carbachol (50 μM) +
GTP (100 μM) in the presence of CPA (1 μM) and FCCP (1 μM)
in permeabilized detrusor smooth muscle isolated from young and
old group of rats (n=15)
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*
**

Carbachol (50 μM)

Fig. 6 Carbachol-induced
calcium sensitization response in
the absence and presence of
Y-27632 (1 μM) and GF-
109203X (5 μM) in
permeabilized detrusor smooth
muscle isolated from young and
old group of rats (*P<0.05
compared to control response in
young group, **P<0.05
compared to control response in
old group; n=6–15)
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channel blocker ryanodine on carbachol-induced con-
tractions in order to observe whether two different cal-
cium release mechanisms from the main intracellular
calcium store sarcoplasmic reticulum changes with ag-
ing. According to our results, since heparin inhibited
significantly carbachol-induced contractions in both
young and old rats but with different ratios, i.e. 27 %
inhibition in young rats and 60 % inhibition in old rats,
we may suggest that sarcoplasmic reticulum IP3 recep-
tors are more pronounced in the latter group. However,
the effect of ryanodine was different in both groups as
carbachol-induced contractions were significantly
blocked in young rats with 57 % but not in old group.
All together, these findings show that IICR is primarily
responsible from the contractions in older rats where the
decrease in carbachol-induced contractions in aging
may be as a result of a decrease in CICR. If we compare
the carbachol response in the presence of heparin in
young and old rats, then one can see the significant
inhibition between these two contractions in regard to
old group. This means, since heparin blocks the IP3-
induced component of contractions, the remaining
calcium-induced contractions are decreased in old
group, supporting the idea of carbachol-induced con-
tractions in aging are due to changes in CICR. On the
contrary, remaining carbachol responses in the presence
of ryanodine are not different from each other in both
young and old rats emphasizing once again that IICR is
not affected by age differences. Moreover, IP3-induced
contractions did not change in old rats where caffeine-
induced contractions were decreased in old rats com-
pared to youngs. Caffeine-induced contractile responses
are hard to observe in some tissues due to the chemical
structure of caffeine as a methylxanthine that is known

Fig. 7 Carbachol-induced
calcium sensitization response in
the absence and presence of GTP-
β-S (1 μM) in permeabilized
detrusor smooth muscle isolated
from young and old group of rats
(*P<0.05 compared to control
response in young group; n=5–8)
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Phorbol-12,13-dibutirate (50 μM)
Fig. 8 The contractile response elicited with GTP-γ-S (50 μM)
(a) and phorbol-12,13-dibutyrate (50 μM) (b) in permeabilized
detrusor smooth muscle isolated from young and old group of rats
(n=4–9)
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to inhibit cyclic nucleotide phosphodiesterase and in-
duce cyclic adenosine monophosphate (Belibi et al.
2002; Lindaman et al. 2002). In one of our previous
papers, male Wistar albino rat bladders did not contract
with 30 mM caffeine but this was with a different rat
species and different experimental procedures such as
store release experiments (Tugba Durlu-Kandilci and
Brading 2007). Since we used female Sprague-Dawley
rats under a different experimental protocol, we could
observe the contractile response induced by caffeine in
the present paper. We may conclude here that these
experiments carried out to release calcium directly from
sarcoplasmic reticulum also support our conclusion that
the decrease in carbachol-induced contractions may be
related with the impairment in CICR with age.

We then investigated the cumulative calcium
contractions (pCa 8–4) in permeabilized detrusor
of both group of rats and observed a significant
inhibition in calcium response curves in old group
of rats compared to young ones. In permeabilized
smooth muscle preparations, the contraction elicit-
ed by addition of calcium to the organ bath medi-
um primarily shows the response of contractile
proteins directly to added amount of calcium and
secondarily shows the calcium release induced by
loading intracellular calcium stores, i.e. mainly the
sarcoplasmic reticulum (Endo et al. 1982; Volpe
et al. 1986). Therefore, the inhibition in cumula-
tive calcium contractions in old group in our study
may be as a result of an inhibition of contractile
proteins and/or the impairment in CICR by aging.
Our results are in parallel with a study in mouse
detrusor proposing a reduction in the size of intra-
cellular calcium stores as a result of aging
(Gomez-Pinilla et al. 2011). Aging has been
shown not to be associated with pronounced
changes in the cellular contractile proteins in rat
detrusor by an earlier study (Sjuve et al. 1997),
but in our case, we may suggest the opposite.

Contractile mechanisms in smooth muscle is
generally thought to be activated by an increase
in cytosolic calcium produced by calcium entry
through voltage-sensitive calcium channels or by
calcium release from the sarcoplasmic reticulum.
Since in permeabilized smooth muscles the process
gets rid of the ion channels in the plasma mem-
brane, one can easily focus on intracellular stores
as we did in the first part of the present study.
There are, however, physiological mechanisms in

which intracellular calcium and MLCK activity are
constant and agonists activating G protein coupled
receptors may cause a contraction, that is calcium
sensitization. Calcium sensitization involves inhibi-
tion of MLCP and two pathways have been impli-
cated. Inhibition of MLCP can be induced directly
by ROCK or by phosphorylation of the phospha-
tase inhibitor CPI-17 through PKC (Somlyo and
Himpens 1989; Somlyo 2002). These mechanisms
may be easily studied by permeabilized smooth
muscle preparations which allow one to investigate
the different levels of molecular control since the
outer and the inner mediums contain the same
ionic contents. Under constant calcium, sarcoplas-
mic reticulum calcium-ATPase pump inhibitor CPA
and mitochondrial blocker FCCP in the medium,
we elicited carbachol-induced calcium sensitization
responses in both old and young group of rats
where we observed no change in terms of a con-
tractile response. Moreover, the carbachol-induced
calcium sensitization responses in both group did
not change with ROCK inhibitor Y-27632 but
were significantly inhibited by PKC inhibitor GF-
109203X in similar ratios; i.e. 37 % inhibition in
young ones and 41 % inhibition in old ones. We
may propose that both in young and old rats PKC
pathway is major in terms of calcium sensitization
mechanisms, rather than ROCK pathway. These
results are in controversy with a latest paper by
Kirschstein et al. (2014) suggesting the increased
role of ROCK in carbachol-induced contractions in
human detrusor with aging. Under our experimen-
tal conditions, the calcium sensitization responses
were decreased in both young and old groups in
the presence of G-protein inhibitor GTP-β-S,
confirming that the contractile responses were
originated from G-protein coupled receptors.

Moreover, in parallel with our carbachol-induced
calcium sensitization contractile responses, we also elic-
ited contractions induced by G-protein activator GTP-γ-
S which were not different in young and old rats. How-
ever, GTP-γ-S-induced contractile responses were in
matching ratios with the carbachol-induced calcium
sensitization contractions, suggesting that we could elic-
it pure sensitizing contractile responses with this ago-
nist. In agreement with our findings about the involve-
ment of PKC pathway, we also elicited contractions with
PKC activator phorbol 12,13-dibutirate in both young
and old rats that were not different from each other.
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As a conclusion, although carbachol-induced con-
tractions decrease with aging, the underlying mecha-
nism is not related with calcium sensitization compo-
nent of these responses. According to our data, IICR
is primarily responsible from the contractions in older
rats where the decrease in carbachol contractions in
aging may be as a result of a decrease in CICR. As
in the case with elder women, since detrusor impair-
ment leading to incontinence is a social and an irri-
tating problem, our findings may be of importance for
developing new drug targets.
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