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ARTICLE INFO ABSTRACT

Keywords: The mechanisms involved in urinary bladder control are not fully understood, but it is well accepted that a
Cystometry complex central network is involved in micturition control. The micturition reflex can be modulated by direct
Receptors

cortical influence through facilitatory and inhibitory mechanisms. In addition, humoral mechanisms are involved
in the bladder control. Vasopressin increases bladder contraction and intravesical pressure. This study sought to
investigate the effect of intravenous injections of vasopressin receptor antagonists on cystometric parameters in
anesthetized female rats. Isoflurane anesthetized adult female Wistar rats underwent femoral artery and vein
cannulation for arterial pressure (AP) and heart rate (HR) recordings, and infusion of drugs, respectively. The
bladder was also cannulated for intravesical pressure (IP) recordings and infusion of saline (10 mL/h) for cys-
tometric evaluation. After baseline AP, HR and IP recordings, saline (vehicle, 1 mL/kg), V1a (5 pg/kg) or V2
receptor antagonist (5 pg/kg) was injected i.v. and after 25 min the cystometry was carried out. Neither saline
nor Vla or V2 receptor blockade evoked any change in AP, HR and IP. Nevertheless, during cystometry, the
threshold pressure of the micturition reflex was significantly reduced in rats with Vla (to 19.30 + 2.39 mmHg)
and V2 receptor blockade (to 19.88 + 2.49 mmHg) compared to the saline group (28.85 + 2.06 mmHg, p =
0.014). No difference was observed in the other cystometric parameters. Therefore, the data suggest that
blockade of V1a and V2 receptors reduces the threshold pressure of the micturition reflex and does not influence
other cystometric parameters in anesthetized female Wistar rats.

Urinary bladder
Vasopressin receptors

the sacral level of the spinal cord (S2-S4), can respond to direct cortical
influence through facilitatory and inhibitory mechanisms. As urine

1. Introduction

Urinary bladder dysfunctions affect millions of people worldwide
with higher prevalence in women than in men (Irwin et al., 2011).
Voiding dysfunctions can cause emotional, psychological and social
discomfort, and affecting well-being, with patients often suffering in
silence due to the difficulty of performing various normal activities in
the daily life (Kajiwara et al., 2004; Sureshkumar et al., 2009).

A complex network of neurons in the brain and spinal cord controls
the urinary bladder and urethral sphincters, allowing urine to be stored
and voided when socially appropriate. Contraction and relaxation of the
detrusor muscle is dependent on the parasympathetic and sympathetic
autonomic nervous systems, respectively. Urine storage is facilitated by
distension of the bladder during filling, synchronized with contraction of
the urethral sphincters. This reflex mechanism, which is integrated in

storage causes bladder filling, stretch receptors are stimulated, sending
information to the micturition center. Consequently, parasympathetic
neurons are activated, generating rhythmic contractions of the detrusor
muscle and relaxation of the internal sphincter of the urethra. During
voiding, contraction of the detrusor muscle of the bladder occurs syn-
chronized with relaxation of the striated urethral sphincter (Andersson
and Hedlund, 2002; de Groat, 1998; Arya and Weissbart, 2017).
Nevertheless, the onset of micturition is facilitated by the Pontine
Micturition Center (PMC), whereas urinary storage is influenced by the
Pontine Urine Storage Center (PUSC), which is found ventrolaterally to
the PMC (de Groat, 1998). In rats, the PMC corresponds to the Bar-
rington’s nucleus (Sugaya et al., 2005), which modulates the micturition
reflex. The mechanism is based on bladder pressure, which consequently
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interferes with the coordination of actions in the detrusor muscle and
urethral sphincter (Sugaya et al., 2005).

The sensation or desire to urinate is triggered by sensory information
from the bladder, which follows two afferent pathways. One of them
depends on fibers ascending through the dorsal funicular of the spinal
cord and projects into the cuneate nucleus in the medulla (Sugaya et al.,
2005). The second pathway has its fibers in the spinothalamic tract,
which travels through the lateral funicular of the spinal cord. Both
pathways from the bladder project their fibers into the thalamus and
subsequently activate sensory areas of the cerebral cortex (de Groat,
1998; Sugaya et al., 2005). The efferent pathway from the Barrington’s
nucleus inhibits the thoraco-lumbar sympathetic nuclei and excites the
pudendal nucleus (Onuf’s nucleus) in the sacral region. In the micturi-
tion reflex, the increased afferent firing from stretch receptors stimu-
lated by bladder filling produces firing in the sacral parasympathetic
pathways and inhibition of sympathetic and somatic pathways. The
expulsion phase depends on an initial relaxation of the urethral
sphincter followed by a contraction of the bladder, an increase in
bladder pressure, and flow of urine. Relaxation of the urethral outlet is
mediated by activation of a parasympathetic reflex pathway to the
urethra, which triggers the release of NO, an inhibitory transmitter, as
well as by removal of adrenergic and somatic excitatory inputs to the
urethra (de Groat et al., 2015).

Although classical pathways that control the micturition have been
demonstrated, Cafarchio et al. (2016) have shown that activation of
cholinergic neurons in the medulla increases intravesical pressure
through release of vasopressin into the plasma, which in turn, activates
vasopressin receptors in the urinary bladder.

Previous in vitro studies have shown that vasopressin at concentra-
tions above 10> M cause contraction of the urinary bladder (Crank-
shaw, 1989; Holmquist et al., 1991; Berggren et al., 1993). Vasopressin
also increased intravesical pressure in anesthetized rats in a
dose-dependent manner and both gene and protein expression for all
subtypes of vasopressin receptors (V1a, V1b and V2) have been found in
the bladder by qPCR and Western Blotting, respectively (Cafarchio et al.,
2018).

The current pharmacological therapies for treatment of underactive
bladder (Ladi-Seyedian et al., 2018) cause several side effects and the
better understanding of the mechanisms involved in urinary bladder
control is highly relevant for the development of novel therapeutic
approaches.

Even though vasopressin increases intravesical pressure in vitro and
in vivo, no previous study has evaluated whether the blockade of vaso-
pressin receptors affects or not the micturition reflex. This study was
focused at investigating the effect of intravenous injections of V1a and
V2 vasopressin receptor antagonists on cystometric parameters in
anesthetized female rats.

2. Materials and methods
2.1. Animals

Female Wistar rats (~250-300 g, 14-16 weeks-old, N = 19) provided
by the Animal Facility of the Faculdade de Medicina do ABC/Centro
Universitario FMABC, Brazil were used. The animals were housed in
plastic cages (4 rats/cage) with standard chow pellets and tap water ad
libitum, in an air-conditioned room (20-24 °C) with a 12:12-h light-dark
cycle. The humidity of the animal room was maintained at ~70%. All
procedures were performed in accordance with the National Institutes of
Health (NIH) Guide for the Care and Use of Laboratory Animals, and
were approved by the Animal Ethics Committee of the Faculdade de
Medicina do ABC (protocol number 11,/2018).

3. Cystometry

Rats were anesthetized with 2% isoflurane in 100% O, as according
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to previous studies this anesthetic does not affect the urinary bladder
reflex and smooth muscle contraction (Hyun et al., 2009; Park et al.,
2010; Cafarchio et al., 2016, 2018; Chang and Hayton, 2008), and
submitted to bladder cannulation through the insertion of a poly-
ethylene tube (PE-50 connected to PE-10, Clay Adams, NJ) for intra-
vesical pressure (IP) recording in a data acquisition system data
(PowerLab 16 SP, ADInstruments, Castle Hill, AU) and a second poly-
ethylene tube (PE-50 connected to PE-10, Clay Adams, NJ) for cyst-
ometry. Both polyethylene tubes were filled with saline and inserted at
the top of the bladder. A small drop of tissue glue was used to fix the
catheters on the bladder wall. The urethra outlet was not ligated in order
to permit bladder voiding if necessary. The polyethylene tube inserted
into the urinary bladder was connected to a 3-way tap to allow the
bladder to be filled with saline or emptied when necessary, and a
baseline intravesical pressure (IP) value was set at ~10 mmHg by saline
infusion or urine withdrawal through the catheter inserted into the
urinary bladder.

Saline infusion was performed at a rate of 10 mL/h (Abolhasanpour
et al.,, 2020; Park et al.,, 2010 and Uvin et al., 2012) using a pump
(Insight, Ribeirao Preto, SP, Brazil) and the intravesical pressure was
concomitantly recorded through the second polyethylene tube inserted
in the urinary bladder. The following parameters were analyzed in the
cystometry: threshold pressure (TP, pressure at initiation of voiding
contraction), maximal intravesical pressure (IVP, maximum pressure
during micturition), basal intravesical pressure (lowest intravesical
pressure after voiding), voiding volume (volume voided per micturi-
tion), and threshold for the onset of premicturition contractions (TOPC).
Bladder capacity (infusion rate X interval between contractions) and
bladder compliance [bladder capacity/(threshold pressure - basal
intravesical pressure)] were calculated (Chang and Hayton, 2008;
Andersson et al., 2011; Flores et al., 2018). The latency to achieve the
IVP after the onset of saline infusion (LIVP) and the latency for the onset
of premicturition contractions (LTOPC) were also evaluated (Fig. 1).

3.1. Cannulation of the femoral artery and vein

Rats anesthetized with isoflurane 2% in 100% O, underwent can-
nulation of the femoral artery and vein through insertion of poly-
ethylene tubings (PE-50 connected to PE-10, Clay Adams, NJ, USA) for
pulsatile arterial pressure (PAP), mean arterial pressure (MAP) and heart
rate (HR) recordings in a data acquisition system (PowerLab 16 SP,
ADInstruments), and for intravenous drug administration, respectively.

LIVP
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saline into the Urinary
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Fig. 1. Representative recording of cystometric parameters. Abbreviations: IP -
intravesical pressure, TOPC - threshold for the onset of premicturition con-
tractions, TP - threshold pressure, IVP - maximum intravesical pressure, LTOP -
latency for the threshold for the onset of premicturition contractions after
starting the intravenous infusion of saline into the bladder, LIVP- latency for the
maximum intravesical pressure after starting the intravenous infusion of saline
into the bladder.



L.S.S. Neri et al.
3.2. Drugs

e Anesthetics: isoflurane (BioChimico, Itatiaia, RJ, Brazil), and sodium
thiopental (Cristalia, Itapira, SP, Brazil).

e [p-mercapto-p, f-cyclopentamethylene-propionyll, O-Et-Tyr2, Val4-
Arg8] - Vasopressin (Manning compound, V1a receptor antagonist,
Sigma Aldrich, St. Louis, MO, USA)

e [Adamantaneacetyll, O-Et-D-Tyr2, Val4, Aminobutyryl6, Arg8,9]
-Vasopressin (V2 receptor antagonist, Sigma Aldrich, St. Louis, MO,
USA).

3.3. Experimental protocol

3.3.1. Evaluation of V1a or V2 receptor blockade on cardiovascular and
cystometric parameters in female rats

Rats were anesthetized with isoflurane and submitted to catheteri-
zation of the femoral artery and vein, and cannulation of the urinary
bladder as described above. After baseline recordings of PAP, MAP, HR
and IP for 15 min, saline (1 mL/kg of b.w., vehicle), Vla receptor
antagonist (5 pg/kg of b.w.) or V2 receptor antagonist (5 pg/kg of b.w.)
was randomly administrated in a bolus injection. The V1a and V2 re-
ceptor antagonist solution was prepared in a concentration of 10 pg/mL.
Twenty-five minutes after injection, the cystometry was started and all
the parameters were recorded for 15 min. At the end of the experiments,
animals were euthanized with sodium thiopental (100 mg/kg, i.v.).

3.4. Statistics

A Komolgorov-Smirnov test for normality was used to verify that the
data follow a normal distribution, and then they were expressed as mean
+ S.E.M. Data were submitted to one-way ANOVA for comparisons of
the variables recorded among groups (saline, Vla and V2 receptor
antagonist) followed by Tukey posttest. Paired Student’s t-test was used
to compare MAP and HR values before (baseline) and after saline, V1a or
V2 receptor antagonist within each group. Statistical analyses were
conducted using the statistical software package Sigma Stat 3.5. Sig-
nificance level was set at P < 0.05.

4. Results

4.1. Effect of V1a or V2 receptor blockade on cardiovascular and
cystometric parameters in female rats

As shown in Table 1, no significant changes were observed in MAP
and HR before i.v. administration of saline (baseline, N = 7)
compared to 25 min after i.v. saline injection (p > 0.05). In the other
group of rats (N = 6), at baseline (before i.v. V1a receptor antagonist)
and at 25 min after i.v. Vla receptor antagonist, no significant
changes were observed in MAP and HR (p > 0.05). Similarly, in the
group before (baseline) and after i.v. V2 receptor antagonist (N = 6),

Table 1

Mean arterial pressure (MAP, mmHg) and heart rate (HR, bpm) at baseline and
25 min after i.v. saline (vehicle, 1 mL/kg of b.w.) or V1a receptor antagonist (5
pg/kg of b.w.) or V2 receptor antagonist (5 pg/kg of b.w) injections. Data are as
mean + SEM.

Groups Baseline MAP at 25 min Baseline HR at 25 min
MAP after injections HR after injections
Saline (N = 7) 114 +5 115+ 4 362 + 19 365 + 13
V1la receptor 120 + 2 117+ 3 327 £ 26 315 + 36
antagonist (N
=6)
V2 receptor 110+ 3 107 £ 6 360 + 14 339+ 16

antagonist (N
=6)
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no significant differences were found in MAP and HR (p > 0.05). The
3 groups (saline, V1a and V2 receptor antagonists) showed no dif-
ferences in baseline MAP and HR and also after the intravenous in-
jections (p > 0.05). In addition, the IP at 25 min after i.v. saline or
Vla or V2 receptor antagonist injection showed no difference
compared to the respective IP baseline (p > 0.05) (Table 2).
However, during the cystometric evaluation, we observed that the
threshold pressure was significantly reduced in the groups with Vl1a
(19.30 + 2.39 mmHg) and V2 (19.88 + 2.49 mmHg) receptor
blockade compared to the saline group (28.85 + 2.06 mmHg, p =
0.014, Figs. 2 and 3). Despite that, the IVP achieved was not signif-
icantly different between the groups (31.66 + 2.05 mmHg saline,
29.65 + 2.66 mmHg Vla receptor antagonist, and 27.98 + 4.35
mmHg V2 receptor antagonist) (p > 0.05).

The basal intravesical pressure (lowest intravesical pressure after
voiding) and voiding volume were unaltered in rats administrated
with V1a (10.53 + 1.28 mmHg, 1.14 + 0.27 mL) or V2 (13.43 +
2.61 mmHg, 1.07 + 0.12 mL) receptor antagonist compared to saline
(13.41 £ 1.62 mmHg, 1.44 £+ 0.16 mL) (p > 0.05).

The TOPC was not different among the rats of saline (10.90 + 0.67
mmHg), Vla (10.87 + 1.43 mmHg) and V2 receptor antagonist (9.85
+ 0.67 mmHg) groups (p > 0.05).

The bladder capacity was also not affected by blockade of V1a (1.84
+ 0.47 mL) or V2 receptors (2.44 + 0.50 mL) compared to saline
(2.52 £ 0.16 mL) (p > 0.05).

The bladder compliance was also not different comparing the rats
with V1a (0.19 + 0.09 mL) and V2 receptor blockade (0.44 + 0.12
mL) with saline group (0.25 + 0.09 mL) (p > 0.05).

The LIVP was similar among animals which received saline (9.02 +
0.99 min), Vla (7.15 4+ 1.67 min) and (6.70 4 0.77 min) (p > 0.05).
No difference was observed in the LTOPC of rats with Vla (5.33 +
0.79 min) and V2 receptor blockade (4.08 + 0.65 min) compared to
saline group (4.43 + 0.46 min) (p > 0.05).

5. Discussion

The findings of this study demonstrated that blockade of V1a or V2
receptors reduced the threshold pressure compared to saline during
cystometric evaluation. Despite this effect, neither the threshold for the
onset of premicturition contractions, nor any other the cystometric pa-
rameters studied were affected by injections of V1a and V2 receptor
antagonists. Thus, these data suggest that vasopressin is important for
the maintenance of a normal micturition reflex threshold, but that it
does not affect the maximum intravesical pressure, achieved at the onset
of bladder voiding. The similarity of bladder capacity and bladder
compliance values were consistent with the voiding volumes measured
in the groups studied.

The doses of V1a and V2 receptor antagonists (5 pg/kg of b.w.) used
in the current study were unable to induce changes in baseline intra-
vesical pressure and cardiovascular parameters. These findings differ
from that of Cafarchio et al. (2018) where the antagonist used at the
dose of 10 pg/kg of b.w. evoked a decrease in intravesical pressure.
Indeed, in the study of Cafarchio et al. (2018), the dose of V1a and V2
receptor antagonists were two folds higher, which underpins the dif-
ference in results compared to the current study. In addition, in a pilot

Table 2

Intravesical pressure (IP, mmHg) at baseline and 25 min after i.v. saline (vehicle,
1 mL/kg of b.w.) or Vla receptor antagonist (5 pg/kg of b.w.) or V2 receptor
antagonist (5 pg/kg of b.w) injections.

Groups Baseline IP IP at 25 min after injections
Saline (N = 7) 9.00 £+ 0.65 8.94 + 0.73
V1a receptor antagonist (N = 6) 7.97 +£ 0.57 8.27 + 0.69
V2 receptor antagonist (N = 6) 8.27 £ 0.91 7.98 +£0.70

Data are as mean + SEM.

Data are presented as mean + SEM.
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Fig. 2. Tracings showing the effects of intravenous injection of saline, V1a receptor antagonist (5 pug/kg of b.w) or V2 receptor (R) blockade (5 pg/kg of b.w.) on
pulsatile arterial pressure (PAP, mmHg), mean arterial pressure (MAP, mmHg), heart rate (bpm), and intravesical pressure (IP, mmHg) during cystometric evaluation

in female Wistar rats.

35

Intravesical Pressure (mmHg)

V1aR blockade V2R blockade

Saline

Fig. 3. Intravesical pressure (IP, nmHg) showing the threshold pressure during
cystometric evaluation in rats after 25 min after intravenous injection of saline
(vehicle, N = 7) or V1a (5 pg/kg of b.w., N = 6) or V2 receptor (R) blockade (5
pg/kg of b.w., N = 6) in female Wistar rats. (*P < 0.05).

experiment (unpublished data), we have evaluated if the dose of 5 pg/kg
of b.w. (i.v.) of V1a and V2 receptor antagonists would not change the
intravesical pressure. That dose also attenuated the increase in intra-
vesical pressure evoked by vasopressin at the dose of 0.5 ng/kg of b.w.
The notion that vasopressin maintains a normal threshold of the
micturition reflex in female Wistar rats is strengthened by the fact that
the baseline intravesical pressure started at the same level in all three
groups of this study, however the threshold pressure of micturition re-
flex was only reduced in the groups which received the infusions of V1a
and V2 receptor antagonists.

Vasopressin receptors are localized in the bladder, and plasma
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vasopressin or vasopressin infusion increases the intravesical pressure in
a dose-dependent manner as previously shown by Cafarchio et al. (2016,
2018). In vitro studies by Berggren et al. (1993) have demonstrated that
vasopressin has no effect on nerve-mediated contractile responses in the
bladder. Studies of Cafarchio et al. (2018) have demonstrated by qPCR
and Western Blotting that V1a and V2 receptors are expressed in the
urinary bladder. Thereby, in the current study, the effect of V1a and V2
antagonists on the threshold pressure should be likely dependent on
binding in the vasopressin receptors present in the bladder instead of
due to action in the innervation that controls the bladder contraction.

On the other hand, evidence has shown that vasopressin can be
locally synthetized in the bladder (Berggren et al., 1993). The intra-
vesical obstruction outlet transiently decreases the immunoreactive
vasopressin concentration in the bladder, although the total amount of
vasopressin per bladder increases after several weeks of outlet obstruc-
tion as consequence of the increase in the bladder weight (Berggren
et al., 1993). In the present study, we cannot state whether the vaso-
pressin receptor antagonists are blocking the action of plasma vaso-
pressin or the vasopressin locally synthetized in the bladder, which
could perform a paracrine action in the bladder cells, in order to play a
role in the threshold pressure of micturition.

Previous studies in female Sprague-Dawley rats have shown that
isoflurane reduces the frequency of bursts, firing frequency, and
amplitude of external urethral sphincter (EUS) electromyography (EMG)
activity during voiding as well as the EUS EMG amplitude during the
bladder filling phase compared to urethane (Chang and Hayton, 2008).
Thus, it has been suggested that anesthetic properties should be taken
into consideration during the interpretation of urodynamic recordings in
rodent models. In the current study, the three groups of rats underwent
the same anesthetic protocol. This indicates that under isoflurane
anesthesia the vasopressin action on the Vla or V2 receptors in the
bladder is required for a normal threshold of the micturition reflex,
which needs to be confirmed using other anesthetic agents such as
urethane, which is a limitation of this study. The above described dif-
ferences in the cystometry reported by Chang and Hayton (2008) were
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observed in Sprague-Dawley rats, which is a strain different from that
used in the current study (Wistar rats). It is still unknown whether
Wistar rats also show differences in the cystometric parameters upon
different anesthetic protocols, which requires further investigation.

According to Ladi-Seyedian et al. (2018), patients with underactive
bladder do not have an effective pharmacological treatment and the
findings of the current study open the perspective for another thera-
peutic approach. Nevertheless, further studies are still necessary to proof
the efficacy and security for use in humans.

6. Conclusion

Our data suggest that blockade of vasopressin receptors (V1a and V2)
reduces the threshold pressure of the micturition reflex and does not
influence other cystometric parameters in anesthetized female Wistar
rats.

Compliance with ethical standards

The authors declared no conflict of interest.
All applicable international, national, and/or institutional guidelines
for the care and use of animals were followed.

Author contributions

All authors of this study have made a substantial, direct and intel-
lectual contribution to the work, and approved it for publication.

CRediT authorship contribution statement

Luciana S.S. Neri: acquisition, analysis, interpretation of data, and
drafting of the work. Rodrigo P. de Carvalho: acquisition, and analysis of
data. Sergio A. Daiuto: acquisition, and analysis of data. Barbara do
Vale: acquisition, and analysis of data. Eduardo M. Cafarchio: analysis,
interpretation of data, and drafting of the work. Patrik Aronsson:
conception, interpretation on data, and revising the manuscript. Monica
A. Sato: conception, analysis, interpretation of data, funding acquisition,
drafting of the work.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

All authors approved the final version of the manuscript and agree to
be accountable for all aspects of the work in ensuring that questions
related to the accuracy or integrity of any part of the work are appro-
priately investigated and resolved. All persons designated as authors
qualify for authorship, and all those who qualify for authorship are
listed.

Acknowledgments

M.A.S thanks Sao Paulo State Foundation (FAPESP, grant #13/
04550-5 and 18/00191-4) and Nucleo de Estudos, Pesquisa e Assessoria

403

Current Research in Physiology 5 (2022) 399-403

a Saude (NEPAS, grant# 2018/08) for the funding support and CAPES
for the scholarship to L.S.S.N. We also thank Faculdade de Medicina do
ABC, Centro Universitario Saude ABC for providing all the conditions for
the development of this study.

References

Abolhasanpour, N., Hajebrahimi, S., Ebrahimi-Kalan, A., Mehdipour, A., Salehi-
Pourmehr, H., 2020. Urodynamic parameters in spinal cord injury-induced
neurogenic bladder rats after stem cell transplantation: a narrative review. Iran. J.
Med. Sci. 45 (1), 2-15. https://doi.org/10.30476/ijms.2019.45318.

Andersson, K.E., Hedlund, P., 2002. Pharmacologic perpective on the physiology of the
lower urinary tract. Urology 60 (Suppl. 1), 12-20.

Andersson, K.E., Soler, R., Fiilhase, C., 2011. Rodent models for urodynamic
investigation. Neurourol. Urodyn. 30, 636-646.

Arya, N.G., Weissbart, S.J., 2017. Central control of micturition in women: brain-bladder
pathways in continence and urgency urinary incontinence. Clin. Anat. 30, 373-384.

Berggren, T., Andersson, K.E., Lundin, S., Uvelius, B., 1993. Effect and content of
arginine vasopressin in normal and obstructed rat urinary bladder: an in vivo and in
vitro investigation. J. Urol. 150 (5 Pt 1), 1540-1543. https://doi:
10.1016/s0022-5347(17)35837-8.

Cafarchio, E.M., da Silva, L.A., Auresco, L.C., Ogihara, C.A., Almeida, R.L.,

Giannocco, G., Sato, M.A., 2016. Cholinergic activation of neurons in the medulla
oblongata changes urinary bladder activity by plasma vasopressin release in female
rats. Eur. J. Pharmacol. 776, 116-123. https://doi: 0.1016/j.ejphar.2016.02.043.

Cafarchio, E.M., Auresco, L.C., da Silva, L.A., Rodart, LF., do Vale, B., de Souza, J.S.,
Sato, M.A., 2018. Unravelling the intravenous and in situ vasopressin effects on the
urinary bladder in anesthetized female rats: more than one vasopressin receptor
subtype involved? Eur. J. Pharmacol. 834, 109-117. https://doi: 10.1016/j.ejph
ar.2018.07.024.

Chang, H.-Y., Hayton, L.A., 2008. Differential effects of urethane and isoflurane on
external urethral sphincter electromyography and cystometry in rats. Am. J. Physiol.
295, F1248-F1253. https://doi:10.1152/ajprenal.90259.2008.

Crankshaw, D., 1989. [Arg8] vasopressin-induced contractions of rabbit urinary bladder
smooth muscle. Eur. J. Pharmacol. 173 (2-3), 183-188.

de Groat, W.C., 1998. Anatomy of the central neural pathways controlling the lower
urinary tract. Eur. Urol. 34 (Suppl. 1), 2-5.

de Groat, W.C., Griffiths, D., Yoshimura, N., 2015. Neural control of the lower urinary
tract. Compr. Physiol. 5 (1), 327-396. https://d0i:10.1002/cphy.c130056.

Flores, M.V., Mossa, A.H., Cammisotto, P., Campeau, L., 2018. Bladder overdistention
with polyuria in a hypertensive rat model. Neurourol. Urodyn. 37 (6), 1904-1912.
https://doi: 10.1002/nau.23550.

Holmquist, F., Lundin, S., Larsson, B., Hedlund, H., Andersson, K.E., 1991. Studies on
binding sites, contents, and effects of AVP in isolated bladder and urethra from
rabbits and humans. Am. J. Physiol. 261 (4 Pt 2), R865-R874.

Hyun, J.K., Lee I, Y., Son, Y.-J., Park, J.-S., 2009. Serial changes in bladder, locomotion,
and levels of neurotrophic factors in rats with spinal cord contusion. J. Neurotrauma
26 (10), 1773-1782. https://doi: 10.1089/neu.2007.0485.

Irwin, D.E., Kopp, Z.S., Agatep, B., Milsom, 1., Abrams, P., 2011. Worldwide prevalence
estimates of lower urinary tract symptoms, overactive bladder, urinary incontinence
and bladder outlet obstruction. British Journal of Urology International 108,
1132-1138.

Kajiwara, M., Inoue, K., Usui, A., Kurihara, M., Usui, T., 2004. The micturition habits and
prevalence of daytime urinary incontinence in Japanese primary school children.
J. Urol. 171 (1), 403-407.

Ladi-Seyedian, S.-S., Nabavizadeh, B., Sharifi-Rad, L., Kajbafzadeh, A.-M., 2018.
Pharmacological treatments available for the management of underactive bladder in
neurological conditions. Experimental Review of Clinical Pharmacology 11 (2),
193-204. https://doi.org/10.1080/17512433.2018.1411801.

Park, W.B., Kim, S.Y., Lee, S.H., Kim, H.-W., Park, J.-S., 2010. The effect of mesenchymal
stem cell transplantation on the recovery of bladder and hindlimb function after
spinal cord contusion in rats. BMC Neurosci. 11, 119. https://doi: 10.1186/1471-22
02-11-119.

Sureshkumar, P., Jones, M., Cumming, R., Craig, J., 2009. A population based study of
2,856 school-age children with urinary incontinence. J. Urol. 181 (2), 808-815.

Sugaya, K., Nishijima, S., Miyazato, M., Ogawa, Y., 2005. Central nervous control of
micturition and urine storage. J. Smooth Muscle Res. 41 (3), 117-132.

Uvin, P., Everaerts, W., Pinto, S., Alpizar, Y.A., Boudes, M., Gevaert, T., Voets, T.,
Nilius, B., Talavera, K., De Ridder, D., 2012. The use of cystometry in small rodents:
a study of bladder chemosensation. JoVE e3869. https://doi: 10.3791/3869.


https://doi.org/10.30476/ijms.2019.45318
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref1
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref1
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref2
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref2
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref3
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref3
https://doi:%2010.1016/s0022-5347(17)35837-8
https://doi:%2010.1016/s0022-5347(17)35837-8
https://doi:%200.1016/j.ejphar.2016.02.043
https://doi:%2010.1016/j.ejphar.2018.07.024
https://doi:%2010.1016/j.ejphar.2018.07.024
https://doi:10.1152/ajprenal.90259.2008
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref9
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref9
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref10
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref10
https://doi:10.1002/cphy.c130056
https://doi:%2010.1002/nau.23550
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref13
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref13
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref13
https://doi:%2010.1089/neu.2007.0485
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref15
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref15
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref15
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref15
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref16
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref16
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref16
https://doi.org/10.1080/17512433.2018.1411801
https://doi:%2010.1186/1471-2202-11-119
https://doi:%2010.1186/1471-2202-11-119
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref20
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref20
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref21
http://refhub.elsevier.com/S2665-9441(22)00040-2/sref21
https://doi:%2010.3791/3869

	Blockade of vasopressin receptors reduces the threshold pressure of micturition reflex in female rats
	1 Introduction
	2 Materials and methods
	2.1 Animals

	3 Cystometry
	3.1 Cannulation of the femoral artery and vein
	3.2 Drugs
	3.3 Experimental protocol
	3.3.1 Evaluation of V1a or V2 receptor blockade on cardiovascular and cystometric parameters in female rats

	3.4 Statistics

	4 Results
	4.1 Effect of V1a or V2 receptor blockade on cardiovascular and cystometric parameters in female rats

	5 Discussion
	6 Conclusion
	Compliance with ethical standards
	Author contributions
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	References


