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asstrRACT. To elucidate the dependence of aerobic energy metabolism and utilization of glucose in contraction of urinary bladder smooth
muscle, we investigated the changes in the reduced pyridine nucleotide (PNred) fluorescence, representing glycolysis activity, and deter-
mined the phosphocreatine (PCr) and ATP contents of the porcine urinary bladder during contractions induced by high K* or carbachol
(CCh) and with and without hypoxia (achieved by bubbling N, instead of O,) or in a glucose-free condition. Hyperosmotic addition of
65 mM KCI (H-65K*) and 1 uM CCh induced a phasic contraction followed by a tonic contraction. A glucose-free physiological salt solu-
tion (PSS) did not change the subsequent contractile responses to H-65K* and CCh. However, hypoxia significantly attenuated H-65K*- and
CCh-induced contraction. H-65K* and CCh induced a sustained increase in PNred fluorescence, representing glycolysis activity. Hypoxia
enhanced H-65K"- and CCh-induced increases in PNred fluorescence, whereas glucose-free PSS decreased these increases, significantly. In
the presence of H-65K", hypoxia decreased the PCr and ATP contents; however, the glucose-free PSS did not change the PCr contents. In
conclusion, we demonstrated that high K*- and CCh-induced contractions depend on aerobic metabolism and that an endogenous substrate

may be utilized to maintain muscle contraction in a glucose-free PSS in the porcine urinary bladder.
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On the basis of electrophysiological and mechanical be-
haviors, smooth muscles are classified into phasic and tonic
muscles [9, 13, 25]. Phasic smooth muscles generate action
potentials and depolarization with high K*, which induces
an initial phasic contraction [8]. Phasic muscles include the
ileum, urinary bladder, uterus and vas deferens. In contrast,
the excitatory electrical response of tonic smooth muscles
is graded depolarization without action potentials. High K*-
induced depolarization typically evokes a slowly developing
sustained contraction in tonic muscles, which include the
aorta and trachea. The contractile diversities among differ-
ent smooth muscles appear to be attributed to variations de-
pending on oxidative metabolism [4, 10], as well as cellular
protein expression [2, 7, 14, 26] and electrophysiological
responses [3, 28].

Knull ef al. showed that hypoxia inhibited high K-
induced contraction in the guinea pig taenia coli, which
included phasic muscles [15]. They suggested that high K*-
induced contraction could not be maintained in the guinea
pig taenia coli under the aerobic condition. On the other
hand, some studies have shown that hypoxia has little effect
on the contraction of vascular smooth muscle (tonic muscle),
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such as the rabbit aorta [4] and carotid artery [17]. These
findings are considered to demonstrate that the dependence
of muscle contraction on aerobic metabolism differs between
the phasic type and the tonic type.

In guinea pig urinary bladder, cyanide inhibited high K*-
induced contraction with decrease in high-energy phosphate
compound (adenosine triphosphate, ATP, and phosphocre-
atine, PCr) contents [12]. These results suggest that muscle
contraction of guinea pig urinary bladder smooth muscle is
highly dependent on aerobic metabolism. However, hypoxia
decreased oxygen consumption and ATP contents in the rat
urinary bladder, but only marginally inhibited carbachol
(CCh)-induced contraction [29]. These data indicate that the
relationship between contractions and aerobic metabolism
in the urinary bladder remains unclear. Because it is very
difficult to obtain human bladder tissue, porcine tissue has
been used as a substitute, representing a large-animal model,
to study the physiology and pathophysiology of the lower
urinary tract as its anatomy and function are similar to those
of the human urinary bladder [19]. To clarify the species
difference in the effects of hypoxia, we focused on a larger
animal porcine whose bladder has some structural similarity
with that of human.

Glucose-free physiological salt solution (PSS) decreased
high K*-induced contraction in the guinea pig taenia coli
[1, 15, 27]. In contrast, glucose-free PSS did not influence
the maintenance of contraction in the porcine carotid artery
[17] and rabbit aorta [20]. In bovine trachea smooth muscle
(tonic muscle), glucose-free PSS did not affect the main-
tenance of high K*-induced contraction [11]. Glucose-free
PSS decreased contraction of the tonic component to musca-


http://creativecommons.org/licenses/by-nc-nd/3.0/

56 Y. NAGAI ET AL.

rinic agonists and high K* rather than the phasic component
in the urinary bladder of the rabbit [16] and guinea pig [23].
The aforementioned studies imply that the effect of glucose
removal differs among smooth muscle types.

However, the effect of the removal of glucose on contrac-
tion in the porcine urinary bladder is still unclear. Therefore,
in the present experiment, we attempted to clarify the role
of aerobic metabolism and the effects of removal of glucose
on high K*- and CCh-induced contraction in the porcine uri-
nary bladder by measuring muscle tension, reduced pyridine
nucleotide (PNred) fluorescence and PCr and ATP contents.

MATERIALS AND METHODS

Muscle preparations and tension measurement: Urinary
bladders from adult pigs of either sex were obtained from a
local abattoir. The adjacent connective and fatty tissues were
carefully removed, and strips were dissected out from the
bladder dome. The muscle strips (4-5 mm wide and about
15 mm in long) were incubated with PSS containing 136.8
mM NaCl, 5.4 mM KCl, 1.5 mM CaCl,, 1.0 mM MgCl,,
11.9 mM NaHCO; and 5.6 mM glucose. The PSS was aer-
ated with 95% O, and 5% CO, at 37°C to adjust the pH to
7.2. In some experiments, glucose was removed from the
PSS. Hypoxia was induced by aerating the PSS with N,
instead of O, Muscle tension was recorded isometrically.
One end of each strip was bound to a glass holder, and the
other end was connected by silk thread to a strain-gauge
transducer (TB-611T, Nihon Kohden, Tokyo, Japan) in an
organ bath containing PSS with a resting tension of 2 g. The
muscle strips were equilibrated for 30 min to obtain a stable
contraction induced by hyperosmotic addition of 65 mM
KCI (H-65K"). The developed tension was expressed as a
percentage by assuming the values at rest in normal PSS to
be 0%. The experimental procedure is detailed below. The
muscle strips were precontracted with H-65K™ for 10 min (to
achieve 100% tension).

Measurement of PNred fluorescence: PNred fluorescence
was measured as previously reported [21]. One end of the
muscle was pinned to the bottom of an organ bath filled with
5 m/ of PSS, and the other end was attached to a stainless
steel wire with silk thread and kept horizontal in the organ
bath. The muscle strip was excited with light at 340 nm,
and the 470 nm emission was measured with a fluorometer
(CAF-110, Japan Spectroscopic Co., Ltd., Tokyo, Japan)
to detect PNred fluorescence. PNred fluorescence was ex-
pressed as a percentage by assuming the values at rest in
normal PSS to be 0% and those at 10 min after addition of
H-65K™ to be 100%.

Assay of PCr and ATP: The PCr and ATP contents in the
muscle strips were measured by high-performance liquid
chromatography (HPLC) as previously reported [6]. In brief,
muscles were incubated with H-65K* or 1 uM CCh for 0, 10
or 60 min. After incubation, the muscles were rapidly frozen
in liquid nitrogen and stored at —80°C until being homogeni-
zation in 9% perchloric acid (0.3 m/). The homogenate was
centrifuged at 15,000 xg for 5 min, and the supernatant was
neutralized with 0.25 m/ of 2 M KHCOs;. The neutralized

extracts were once again spun, and 20 u/ supernatant was
applied to the HPLC. The HPLC system (Shimadzu Corp.,
Kyoto, Japan) consisted of a pump (LC-10AT), a system
controller (SCL-10A), an auto injector (SIL-10AF), a col-
umn oven (CTO-10A) and a wave length-selectable detector
(SPD-10A1) set at 216 nm. Chromatography was performed
by uRPC C2/C18 ST column (4.6 nm internal diameter and
100 nm length, GE Healthcare, UK, Ltd., Little Chalfont,
Buckinghamshire, U.K.) using mobile phases of 50 mM
KH,PO, and 5 mM tetrabutylammonium hydrogen sulfate
(TBAHS) (pH 6.0, buffer A), and 50 mM KH,PO,, 5 mM
TBAHS and 40% methanol (pH 6.0, buffer B). The flow rate
was 1.0 m//min, and elution was initiated with 65% buffer A.
During the first 14 min, buffer B was increased by 2.5%/min.
This was followed by elution with 70% buffer B for 20 min
and then with 100% buffer A for 10 min. These procedures
were programmed with the system controller. The sensitivity
of the detector was usually set at 1.0 absorbance units full
scale, and the oven temperature was usually set at 40°C. The
PCr and ATP contents were expressed as umol/g wet weight.
Chemicals: Carbamylcholine chloride (carbachol) was
purchased from Sigma-Aldrich (St. Louis, MO, U.S.A.).
Statistics: Values were expressed as mean £SEM. Statisti-
cal analyses were performed by Student’s z-test using two
groups and a two-way analysis of variance (ANOVA), fol-
lowed by the Bonferroni post hoc test for more than three
groups. P<0.05 or P<0.01 was considered significant.

RESULTS

Effects of hypoxia and glucose removal on high K- and
CCh-induced contraction: In the porcine urinary bladder,
addition of H-65K* or CCh induced an initial transient
contraction followed by sustained contraction. Removal of
glucose from the PSS (glucose-free PSS) did not change the
H-65K*-induced contraction (Fig. 1A and 1C). However,
hypoxia (bubbling with N, instead of O,) decreased contrac-
tion (Fig. 1B and 1C). Figure 1D summarizes the effects of
glucose-free PSS and hypoxia on contraction induced by
1 uM CCh. Glucose-free PSS did not affect CCh-induced
contraction, whereas hypoxia decreased contraction.

Changes in PNred fluorescence in the high K*- and CCh-
treated muscles: The application of H-65K* and CCh induced
a sustained increase in PNred fluorescence. Glucose-free
PSS decreased the H-65K"-induced increases of PNred fluo-
rescence (Fig. 2A and 2C). However, hypoxia significantly
enhanced the H-65K*-induced increases of PNred fluores-
cence (Fig. 2B and 2C). Figure 2D summarizes the effects
of glucose-free PSS and hypoxia on increases in PNred fluo-
rescence induced by 1 uM CCh. Glucose-free PSS decreased
the CCh-induced increases in PNred fluorescence, whereas
hypoxia significantly enhanced the CCh-induced increases
in PNred fluorescence.

Changes in PCr and ATP contents in high K'-treated
muscles: To evaluate the changes in total energy for muscle
contraction, we measured the PCr and ATP contents. In the
presence of H-65K", glucose-free PSS did not affect the PCr
contents for 60 min, but significantly decreased the ATP
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Fig. 1.  Effects of glucose-free PSS and hypoxia (bubbling with N,

instead of O,) on 65.4 mM KCI (H-65K")- and carbachol (CCh)-
induced contractions. Typical traces of the effect of glucose-free
PSS (A) and hypoxia (B). The time-tension curves for the effects
of glucose-free PSS and hypoxia on H-65K*(C)- and CCh (D)-
induced contractions. The precontractions induced by H-65K*
solution at 10 min were taken as 100%. Each point represents
the mean of 8-10 preparations. Vertical bars indicate the SEM.
** Significant difference from the control with P<0.01.

contents only at 10 min. Hypoxia significantly decreased the
PCr and ATP contents for 60 min (Fig. 3).

DISCUSSION

In the present study, we investigated the influence of hy-
poxia and removal of glucose on high K*- and CCh-induced
contraction to clarify the relationship between muscle con-
traction and aerobic metabolism, or the availability of exog-
enous glucose on the porcine urinary bladder. From the data
obtained regarding PNred fluorescence and the high-energy
phosphate compound contents on muscle contraction in the
porcine urinary bladder, we found that the influence of hy-
poxia is similar to that in other phasic type muscles, but that
of glucose removal is similar to that in tonic type muscles.

It has been shown that the dependence of muscle contrac-
tile tension on aerobic metabolism differs for the smooth
muscle types. For example, hypoxia caused by bubbling N,
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Fig.2. Effects of glucose-free PSS and hypoxia on H-65K*- or
CCh-induced increases in reduced pyridine nucleotide (PNred)
fluorescence. Typical traces of effects on glucose removal (A)
and hypoxia (N, bubbling, B) on the H-65K"-induced increases
in PNred fluorescence. The time-response curves for the effects of
glucose-free PSS and hypoxia on H-65K" (C)- or CCh (D)-induced
increases of PNred fluorescence. The pre-increases in PNred
fluorescence induced by H-65K* solution at 10 min were taken
as 100%. Each point represents the mean of 8-10 preparations.
Vertical bars indicate the SEM. *, ** Significant difference from
the control with P<0.05 or P<0.01, respectively.

instead of O, almost completely inhibited high K*-induced
contraction in the guinea pig taenia coli [15] and the rabbit
uterus [18]. These reports suggest that acrobic metabolism-
dependent muscle contraction is high in the phasic type
smooth muscle, such as the taenia coli and uterus. In con-
trast, hypoxia slightly inhibited high K*-induced contraction
in the bovine trachea [11]. Moreover, the hypoxia slightly
inhibited high K*-induced contraction in the rabbit aorta [4].
These findings suggest that aecrobic metabolism-dependent
muscle tension is low in the tonic type muscles, such as
vascular and tracheal smooth muscles. The urinary bladder
is classified as a phasic muscle. Sodium cyanide strongly
inhibited high K*-induced contraction in the guinea pig uri-
nary bladder [12, 24]. Moreover, papaverine, a nonselective
relaxant, inhibited high K*- and CCh-induced contraction to
the same degree via inhibition of aerobic metabolism [24].
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Fig. 3.  Effects of glucose-free PSS and hypoxia, on the PCr (A) and

ATP (B) contents in the presence of H-65K™. Each point represents
the mean of 4-6 preparations. Vertical bars indicate the SEM. *, **
Significant difference from the control with P<0.05 and P<0.01,
respectively.

These data suggest that high K*- and CCh-induced contrac-
tion is highly dependent on the aerobic metabolism in the
urinary bladder. However, the hypoxic condition slightly
inhibited CCh-induced contraction in the rat urinary blad-
der [29]. In the present study, hypoxia inhibited the high
K*- and CCh-induced contraction by approximately 60% in
the porcine urinary bladder, suggesting that the high K*- and
CCh-induced contractions are highly dependent on aerobic
metabolism in the porcine urinary bladder, which is similar
to the guinea pig but not the rat.

Ozaki et al. [21] reported that high K*-induced contraction
was accompanied by an increase in oxidized flavoproteins
(FPox) or PNred fluorescence in the guinea pig taenia coli.
They suggested that the change in FPox fluorescence rep-
resented mitochondrial respiration activity and that PNred
fluorescence represented glycolysis activity. In addition,
they demonstrated that hypoxia further increased high K*-
induced PNred fluorescence in the guinea taenia coli. Our
previous experiments showed that high K* increased PNred
fluorescence and that hypoxia further increased high K*-in-
duced PNred fluorescence in the bovine trachea [11]. These
results suggest that hypoxia further increases glycolysis
activity in the guinea pig taenia coli and the bovine trachea.
In the present study, high K* and CCh sustainably increased
PNred fluorescence in the porcine urinary bladder. In addi-
tion, hypoxia further increased high K*- and CCh-induced

PNred fluorescence in the porcine urinary bladder. These re-
sults suggest that hypoxia increases glycolysis activity even
in the porcine urinary bladder. The PCr / creatine kinase
system is considered to play a role in the transport of high
energy phosphates from the mitochondrial compartment to
the sites of energy utilization, correlating with oxidative me-
tabolism in mammalian smooth muscles. In the presence of
high K*, hypoxia decreased the PCr and ATP contents in the
guinea pig taenia coli [10]. Hypoxia slightly decreased high
K*-induced contraction, whereas it did not affect the PCr and
ATP contents in the bovine trachea [11]. Similarly, hypoxia
did not affect tissue PCr and ATP contents in the porcine
carotid artery [22]. In the present study, hypoxia inhibited
high K*-induced contraction and decreased the PCr and ATP
contents in the porcine urinary bladder. Furthermore, high
K*-induced contraction is suggested to be highly dependent
on aerobic metabolism in the porcine urinary bladder. The
dependence of the rat urinary bladder [29] is different from
that of the porcine urinary bladder because of the difference
in experiment conditions (e.g., temperature), species and
rearing environment (e.g., free feeding without much exer-
cise) [5]. The pigs are fattened to be used as food; thus, a
large quantity of energy substrates may be accumulated in
the muscle layer of the urinary bladder. Therefore, we exam-
ined the change in high K*- and CCh-induced contractions
under glucose-free PSS conditions.

It has been reported that glucose-free PSS inhibited high
K*-induced contraction in the guinea pig taenia coli [1, 15,
27]. In contrast, it has been shown that glucose-free PSS
does not have any long-term affect on maintenance of con-
tractile tension in the porcine carotid artery [17] and the rab-
bit aorta [20]. Similarly, glucose-free PSS did not affect high
K*-induced contraction in the bovine trachea [11]. These
findings suggest that the effects of glucose-free PSS on
muscle contraction differ according to smooth muscle types.
Glucose-free PSS inhibited contractions, particularly those
of tonic components, mediated by field stimulation, high K*
and muscarinic agonists in the rabbit [16] and guinea pig
[23] urinary bladders. However, in the current study, glu-
cose-free PSS did not affect the high K*- and CCh-induced
contraction in the porcine urinary bladder. These data show
that the effect of glucose-free PSS on muscle contraction
in the porcine urinary bladder is similar to that of the tonic
but not phasic type of smooth muscle. In the porcine urinary
bladder, glucose-free PSS inhibited high K*-induced PNred
fluorescence by approximately 40%. In contrast, glucose-
free PSS did not affect high K*-induced contraction or the
PCr and ATP contents. These results raise the possibility that
endogenous substrates, such as fatty acids or ketones, not
involved in glycolysis are related to the maintenance of con-
traction of urinary bladder smooth muscle in glucose-free
PSS. A further study is required to determine the differences
in urinary bladders among species related to rearing environ-
ment or experimental conditions.

In conclusion, our results show that muscle contraction
depends on aerobic metabolism in the porcine urinary blad-
der, which is similar to other phasic type muscles. However,
endogenous substrates are probably used to maintain muscle
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contraction in glucose-free PSS in the porcine urinary
bladder, which is similar to tonic type muscles. Further
studies are required to determine what kinds of endogenous
substrates are necessary to maintain muscle contraction in
glucose-free PSS.

REFERENCES

1.

10.

12.

13.

14.

Ashoori, F., Takai, A., Tokuno, H. and Tomita, T. 1984. Effects
of glucose removal and readmission on potassium contracture
in the guinea-pig taenia coli. J. Physiol. 356: 33—48. [Medline]
[CrossRef]

Barany, K. and Barany, M. 1996. Myosin light chains. pp. 21-35.
In: Biochemistry of Smooth Muscle Contraction (Barany, M.
ed.), Academic Press, San Diego.

Burnstock, G. 1970. Structure of smooth muscle and its innerva-
tion. pp. 1-69. In: Smooth Muscle (Biilbring, E., Brading, A. F.,
Jones, A. W. and Tomita, T. eds.), Edward Arnold, London.
Coburn, R. F., Moreland, S., Moreland, R. S. and Baron, C. B.
1992. Rate-limiting energy-dependent steps controlling oxida-
tive metabolism-contraction coupling in rabbit aorta. J. Physiol.
448: 473-492. [Medline] [CrossRef]

Cressey, D. 2010. Fat rats skew research results. Nature 464: 19.
[Medline] [CrossRef]

Dickenson, K. 1992. Separation of tissue metabolites with a
RepRPC 5/5 column and FPLC® system. Sci. Tools 36: 2-3.
Dirksen, W. P., Vladic, F. and Fisher, S. A. 2000. A myosin phos-
phatase targeting subunit isoform transition defines a smooth
muscle developmental phenotypic switch. Am. J. Physiol. Cell
Physiol. 278: C589-C600. [Medline]

Himpens, B., Matthijs, G. and Somlyo, A. P. 1989. Desensiti-
zation to cytoplasmic Ca®" and Ca?" sensitivities of guinea-pig
ileum and rabbit pulmonary artery smooth muscle. J. Physiol.
413: 489-503. [Medline] [CrossRef]

Horowitz, A., Menice, C. B., Laporte, R. and Morgan, K. G.
1996. Mechanisms of smooth muscle contraction. Physiol. Rev.
76: 967-1003. [Medline]

Ishida, Y. and Paul, R. J. 1990. Effects of hypoxia on high-ener-
gy phosphagen content, energy metabolism and isometric force
in guinea-pig taenia caeci. J. Physiol. 424: 41-56. [Medline]
[CrossRef]

Kaneda, T., Fujieda, T., Eto, Y., Nagai, Y., Sasaki, N., Tajima,
T., Urakawa, N. and Shimizu, K. 2012. Key role of glycogen
storage in high K*-induced contraction of the smooth muscles of
the bovine trachea. J. Vet. Med. Sci. 74: 1277-1282. [Medline]
[CrossRef]

Kaneda, T., Takeuchi, M., Shimizu, K., Urakawa, N., Nakajyo,
S., Mochizuki-Kobayashi, M., Ueda, F. and Hondo, R. 2006.
Inhibitory mechanism of monensin on high K+-induced con-
traction in guniea-pig urinary bladder. J. Pharmacol. Sci. 100:
133—-141. [Medline] [CrossRef]

Karaki, H., Ozaki, H., Hori, M., Mitsui-Saito, M., Amano, K.,
Harada, K., Miyamoto, S., Nakazawa, H., Won, K. J. and Sato,
K. 1997. Calcium movements, distribution, and functions in
smooth muscle. Pharmacol. Rev. 49: 157-230. [Medline]
Khalil, R. A., Lajoie, C., Resnick, M. S. and Morgan, K. G. 1992.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Ca(*)-independent isoforms of protein kinase C differentially
translocate in smooth muscle. Am. J. Physiol. 263: C714-C719.
[Medline]

Knull, H. R. and Bose, D. 1975. Reversibility of mechanical
and biochemical changes in smooth muscle due to anoxia and
substrate depletion. Am. J. Physiol. 229: 329-333. [Medline]
Kwon, H. Y., Longhurst, P. A., Parsons, K., Wein, A. J. and
Levin, R. M. 1996. Effects of glucose deprivation on the con-
tractile response of the rabbit bladder to repetitive stimulation.
Neurourol. Urodyn. 15: 71-78. [Medline] [CrossRef]

Lynch, R. M., Kuettner, C. P. and Paul, R. J. 1989. Glycogen me-
tabolism during tension generation and maintenance in vascular
smooth muscle. Am. J. Physiol. 257: C736-C742. [Medline]

. Nakagawa, H., Nasu, T. and Ishida, Y. 1976. Effect of anoxia

on isotonic shortening induced by high-K medium in rat uterus.
Jpn. J. Pharmacol. 26: 353-357. [Medline] [CrossRef]

. Nakanishi, K., Kamai, T., Mizuno, T., Arai, K. and Yamanishi,

T. 2009. Expression of RhoA mRNA and activated RhoA in
urothelium and smooth muscle, and effects of a Rho-kinase in-
hibitor on contraction of the porcine urinary bladder. Neurourol.
Urodyn. 28: 521-528. [Medline] [CrossRef]

Odessey, R. and Chace, K. V. 1982. Utilization of endogenous
lipid, glycogen, and protein by rabbit aorta. Am. J. Physiol. 243:
H128-H132. [Medline]

Ozaki, H., Satoh, T., Karaki, H. and Ishida, Y. 1988. Regulation
of metabolism and contraction by cytoplasmic calcium in the
intestinal smooth muscle. J. Biol. Chem. 263: 14074-14079.
[Medline]

Paul, R. J., Krisanda, J. M. and Lynch, R. M. 1984. Vascular
smooth muscle energetics. J. Cardiovasc. Pharmacol. 6 Suppl 2:
S320-S327. [Medline] [CrossRef]

Pessina, F., McMurray, G., Wiggin, A. and Brading, A. F. 1997.
The effect of anoxia and glucose-free solutions on the contractile
response of guinea-pig detrusor strips to intrinsic nerve stimu-
lation and the application of excitatory agonists. J. Urol. 157:
2375-2380. [Medline] [CrossRef]

Shimizu, K., Ichikawa, T., Urakawa, N. and Nakajyo, S. 2000.
Inhibitory mechanism of papaverine on the smooth muscle of
guinea pig urinary bladder. Jpn. J. Pharmacol. 83: 143-149.
[Medline] [CrossRef]

Somlyo, A. P. and Somlyo, A. V. 1994. Signal transduction and
regulation in smooth muscle. Nature 372: 231-236. [Medline]
[CrossRef]

Szymanski, P. T., Szymanska, G. and Goyal, R. K. 2002. Differ-
ences in calmodulin and calmodulin-binding proteins in phasic
and tonic smooth muscles. Am. J. Physiol. Cell Physiol. 282:
C94-C104. [Medline] [CrossRef]

Urakawa, N. and Holland, W. C. 1964. Ca* uptake and tissue
calcium in K-induced phasic and tonic contraction in taenia coli.
Am. J. Physiol. 207: 873-876. [Medline]

Watanabe, M., Imaizumi, Y., Muraki, K. and Takeda, M. 1989.
A comparative study about voltage-dependent Ca currents in
smooth muscle cells isolated from several tissues. Adv. Exp.
Med. Biol. 255: 119—128. [Medline] [CrossRef]

Wendt, 1. R. and Paul, R. J. 2003. Energy cost of contraction
in rat urinary bladder smooth muscle during anoxia. Clin. Exp.
Pharmacol. Physiol. 30: 565-569. [Medline] [CrossRef]


http://www.ncbi.nlm.nih.gov/pubmed/6520790?dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.1984.sp015451
http://www.ncbi.nlm.nih.gov/pubmed/1534369?dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.1992.sp019052
http://www.ncbi.nlm.nih.gov/pubmed/20203576?dopt=Abstract
http://dx.doi.org/10.1038/464019a
http://www.ncbi.nlm.nih.gov/pubmed/10712248?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2600860?dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.1989.sp017665
http://www.ncbi.nlm.nih.gov/pubmed/8874491?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2391655?dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.1990.sp018054
http://www.ncbi.nlm.nih.gov/pubmed/22673054?dopt=Abstract
http://dx.doi.org/10.1292/jvms.12-0020
http://www.ncbi.nlm.nih.gov/pubmed/16474206?dopt=Abstract
http://dx.doi.org/10.1254/jphs.FPJ05022X
http://www.ncbi.nlm.nih.gov/pubmed/9228665?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1415520?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1163661?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8696358?dopt=Abstract
http://dx.doi.org/10.1002/(SICI)1520-6777(1996)15:1<71::AID-NAU7>3.0.CO;2-C
http://www.ncbi.nlm.nih.gov/pubmed/2801923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/978848?dopt=Abstract
http://dx.doi.org/10.1254/jjp.26.353
http://www.ncbi.nlm.nih.gov/pubmed/19214992?dopt=Abstract
http://dx.doi.org/10.1002/nau.20694
http://www.ncbi.nlm.nih.gov/pubmed/7091374?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3170539?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6206340?dopt=Abstract
http://dx.doi.org/10.1097/00005344-198406002-00006
http://www.ncbi.nlm.nih.gov/pubmed/9146674?dopt=Abstract
http://dx.doi.org/10.1016/S0022-5347(01)64784-0
http://www.ncbi.nlm.nih.gov/pubmed/10928327?dopt=Abstract
http://dx.doi.org/10.1254/jjp.83.143
http://www.ncbi.nlm.nih.gov/pubmed/7969467?dopt=Abstract
http://dx.doi.org/10.1038/372231a0
http://www.ncbi.nlm.nih.gov/pubmed/11742802?dopt=Abstract
http://dx.doi.org/10.1152/ajpcell.00257.2001
http://www.ncbi.nlm.nih.gov/pubmed/14220078?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2618852?dopt=Abstract
http://dx.doi.org/10.1007/978-1-4684-5679-0_13
http://www.ncbi.nlm.nih.gov/pubmed/12890180?dopt=Abstract
http://dx.doi.org/10.1046/j.1440-1681.2003.03882.x

