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1 INTRODUGAO

1.1Dados epidemiolégicos de doencas que acometem a fungao

vesical.
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1.7 Ocitocina: sintese e liberagao
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2 MANUSCRITOS

2.1Unravelling the intravenous and in situ vasopressin effects on the urinary
bladder in anesthetized female rats: More than one vasopressin receptor
subtype involved?
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Unravelling the intravenous and in situ vasopressin effects on the urinary m |
bladder in anesthetized female rats: More than one vasopressin receptor el
subtype involved?
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Barbara do Vale®, Janaina S. de Souza”, Bruno B. Antonio", Daniel P. Venancio®,
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'mmumwmm“wamammmvw
“ Dept Institute of and Physi hlgr of Sweden
ARTICLE INFO ABSTRACT
Keywords: Urinary bladder dysfunctions show high prevalence in women. We f¢ d to i tigate the i and in
Intravesical pressure situ (topic) vasopressin effects on the bladder and also to ch the pressi eptor subtypes in the
Urinary bladder bladder. Adult female Wistar rats h d with isofl d o the of the fe |
Vasoprestia artery and vein, and also urinary bladder for mean arterial pressure, heart rate and intravesical pressure (IP)
Receptors dings, resp u',. ler flow probe was placed around the renal artery for blood flow measurement.
After baseli nj of saline or vasopressin at different doses (0.25, 0.5, 1.0 ng/ml/
Iqofbw);orl)lmldnﬂmorﬂlmldvmudnudlﬂuuldom(bﬁ 0.5, 1.0 ng/ml) was randomly
d on the bladder. In h pmpdmalheunmhwmfwgmuptadmbymmmfa
pmdnuptmionbmem“ ng of the P btypes. We observed that either intravenous
or in situ vasopressin evoked a huge i in(hell’hu"'-—‘, dent manner compared to saline, whilst no
dlﬁuummohuvedlnlhemrdlovmﬂarpnnmmmegmsmdlhepmtdnexptﬁdmd’Vla,Vlb
and V2 vasop btypes were found in the bladder. 1 jection of V1a or V2 receptor
aungonincvolcdnh:gel’nllml?md.’!)mmhlu |vumm‘vmncvdedmmmm
dmlﬁanlly d. Th or in situ P the IP due to binding in Vla or
lized in the bladd
1. Introduction their invol in cardi 1 lation, can elicit changes in the
pelvic nerves activities (Chen et al 1993; Chen and Chai, 2002).
Bladder dysfunctions can cause social and I di fort and Cholinergic activation of medullary neurons by carbachol injections
affect the well-being, and lly pati suffer in sil due to the into the fourth brain ventricle (4th V) increases plasma vasopressin

difficulty of performing many normal activities in dally hfe.

(Cafarchio et al., 2016). Previous intravenous injection of V1 receptor

Dysfunctions of the lower urinary tract are fr

counting for up to 40% in ambulatories of ,‘ ,,lndurology

(Kajiwara et al., 2004; Sureshkumar et al., 2009).
mecam'alcommloflhemu:tunnmudepuﬂtmtmﬂte

ist abolishes the increase in the intravesical pressure elicited by
wbadlol into the 4th V (Cafarchio et al., 2016). These findings sug-
gested that pathways from the medulla to the hypothalamus can also be
lnvolved in the control of the unnary bladder (Cafarchio et al., 2016).

B “s nucleus (p micturition center), pontine urine storag
center (PUSC) and periaqueductal gray matter (de Groat et al., 2005).
Evidence has also shown that brain stem areas, primarily known by
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870, Brazil.
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. hocized
Vasop: is a apep in the magr

neurons of the supraoptic (SON) lnd paraventricular (PVN) nuclei of
the hypothalamus as well as in the parvocellular neurons of the PVN.
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EM. Cafarchio et ol

The i hy d in the magnocellul. of the hy-
poﬂmlamusismnspmedlhmughaxmfrmntheSONandWNtome
The pressin is stored in dilations of the nerve
Is of the hypophy undergoa exocytosu when the
depolari. and is sub 1 d into the circul

Furopean Journal of Pharmacology 834 (2018) 109-117
2.4. Measurement of regional blood flow

The animals underwent a midline laparotomy and a miniaturized
pulsed Doppler flow probe (0.8mm in diameter, lowa Doppler

(Cunmngham and Sawchenko, 1991 Du Vigneaud, 1954; lovino et al.,
2016; Stern, 2015; Zigon, 2013).

Prod lowa City, IA, USA) was placed around the left renal artery for
indirect measurement of the blood flow and renal conductance. The
pmbe was connecwd to a Doppler flowmeter (Department of

Studies in isolated urinary bladd: have shown that Bi g, The Uni y of lowa, lowa City, IA, USA), and the

pressin p ion of rabblt, rat and human urinary arnphﬁed ugml wasdxgluhzed in a data acquisition system (Powerlab
bladder (Crankshaw, 1989; Holmg et al, 1991; Uvdus ct al., 168P AD Instruments, Castle Hill, AU). More details about the Doppler
1990). In addition, vasopressin given as a close intraarterial i to including the readability of this method for of the
the bladder transiently decreased micturition volume and incmawd blood velocity have been pmvnomly dm'ibed by llaywood et al.
micturition frequency in rats (Berggren, 1993). Autoradiography stu- (1981). Relative renal lated as the ratio
dies indi the exi of the V1 in rabbit urinary bladder ol‘DopplcrsMﬁ(UIz)andmnaﬂerlalptmue(MAP,mmllg). Data
(Holmquist et al., 1991). Further, i tivity to Vla were p d as p h from the baseline [(final cond!

can be reduced after 6 weeks of partial bladder outlet obstruction in rats
(Zeng et al,, 2015). Nevertheless, to the best of our knowledge, no
previous study has described the existence of other subtypes of vaso-
pressin receptors in the rat intact urinary bladder or shown the effects
of systemic and topical vasopressin administration on the urinary
bladder in a whole animal preparation. Thereby, this study focused on
investigating the effects of mtravenom and in situ administration of

~ initial conductance)/initial oonduaance X 100].
2.5. RNA isolation and quantitative real-time RT-PCR
Total RNA was isolated from frozen urinary bladder (weighing ap-

proximately 100mg) with TRIzol Reagent® (Life Technologlu
Corporation, Carlsbad, CA) g to the f: r's p

pressin on the i p manmlactmheumdm RNA integrity was checked by ag;: gel electroph andRNA
and also to ch ize the possibl of different P purity hed the foll critel'ia' A260/280 = 1.8. The extracted
reoep(ormbtypumﬁ\eunmrybladderbygmeandpmlanexpm— total RNA i d using a Nanodrop spectro-

sion.

2. Materials and methods
2.1. Animals

Female Wistar rats (— 250-300 g, 14-16 weeks-old) provided by the
Animal Facility of the Faculdade de Medicina do ABC were used. The
animals were housed in plastic cages in groups of four animals and
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 hulmdny of the

photometer (ND-1000) (&&Rad USA), and 1pg of total RNA was
subjected to reverse transcription reaction. Complementary DNA
(cDNA) synthesis was g d using ImProm-1II™ Reverse
Transcription Sy (Pry Madi WwWC) ding to fac-
turcr‘spmtocol Quamitndve real-time PCR (qPCR) was carried out
using 2pl of ¢cDNA and the SYBR™ Green PCR Master Mix
(ThermoFisher Scientific, Walthan, MA) in the ABI Prism 7500
Sequence Detection System (Applied Biosystems, Foster City, CA) to
amplify specific primers sequences for Vla, V1b and V2 receptors. The
forward and primers were, respectively:

Via ptor: (forward)- 5°- GCCGTGGGTCCCTTTCATAA-3"

animal room was maintained at ~ 70%. All p d were p

in ac with the National ofHeahh(NlH)Gulde for the
Care and Use of Lab 'y Animals, and were approved by the Animal
Ethics C of the Faculdade de Medicina do ABC (p |

number 007/2011). All the surgical procedures and experiments were
carried out under 2% isofl hesia (Biochimico®) in 100% O,.

2.2. Cannulation of the urinary bladder

Rats were subjected to a small incision in the bladder wall for in-
sertion of a polyethylene tubing (PE-50 connected to PE-10, Clay
Adams, NJ, USA) filled with saline at the top of the bladder. A small
dmp ofusue glue was used to fix the catheter on the bladder wall for

I p (UY] dings in a data acquisition system
(Powerlab 16 SP, AD Instruments, Castle Hill, AU). The urethra outlet
was not submitted to llganme in orda' to permit the bladder voiding if

y. A bascli I p (IP) value was set at ~
7 mmHg by saline infusion or urine withd | through the cath
inserted into the urinary bladder. Percent changes in IP were calculated
as [(Final IP — baseline IP)/baseline IP] x 100.

2.3. Cannulation of the femoral artery and vein

Rats underwent a cannulation of the femoral artery and vein by
inserting a polyethylene tubing (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 the data acquisition
system (Powerlab 16 SP, AD Instruments, Castle Hill, AU) and also for
drug administration, respectively.

110

(reverse)- 5- AGGTCATCTTCACAGTGCGG-3"

V1b receptor: (forward)- 5- GCTGAGCTGTCTCACCTGTT -3*
(reverse)- 5- TTAGAGGTGGAGAGAAGGGAGG -3’

V2 receptor: (forward)- 5"- CATGCTGCTGGCTAGCCTTA -3’

(reverse)- 5- CAAMAGCAGGCTACGCAACTC -3/

Cyclophilin A: (forward)- 5-CCCACCGTGTTCTTCGACAT-3";
(reverse)- 5-CTGTCTTTGGAACTTTGTCTGCAA-3"

Cyclophilin A was used as i | I (h k gene). The
wuwdumwndﬂedofminiﬂalﬂcpoflOmat%Cfdlomdbyﬁ
cycles of 20s each at 95C, 20s at 58C, and 20s at 72C. Gene ex-
pression was determined by Ct, and all values were expressed using
cyclophilin A mRNA as an internal control.

2.6. Western blotting analysis

Urinary bladders were d with Politron® (Kinematica,
Berlin, GE) in appropriate buffer (0.3 M sucrose; 0.1 M KCl; 20 mM
Tris-HC, pH 7.0). The homogenate was centrifuged for 60 min at
100,000 x g (Eppendorf rotor) and protei of (cy-
tosolic fraction) was determined (lowry etal,, 1951). Cytosollc protein
samples (30 g per lane) were d with | li ple buffer,
composed of 0.125 M Tris-HCI (pH 6.8), 4% SDS, 20% glycerol, 0.002%
bromophenol blue and 4% mercaptoethanol (Bio-rad, Richmond, VA,
EUA) and heated in a dry bath at 95°C for 5min and applied on the
Mini-Protean” TGX Stain-Free™ Precast Gel for electrophoresis (Bio-rad,
Richmond, VA, EUA). The running buffer was made of Tris-HCl
(0.025M) containing 0.18 M glycine, pH 8.3%, and 1% SDS. The run
was performed at 100V for 2.5h at room temperature. After the

h "
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PR

were ferred to a nitrocellul b
using Trans—b!ol Turbo" Transfer S (Bio-rad, Rich d, VA,
EUA). The blockade was made for 2h al room temperature, under slow
agitation, with a buffer containing 10 mM Tris-HCl, 150 mM NaCl, pH
7.5 (TBS) and 5% nonfat milk. The membrane was washed twice with
TBS containing 5% of Tween 20, and incubated ovemnight with anti-
V1a, whereas the anti-V1b and anti-V2 receptors were incubated for 6 h
(Santa Cruz Biotechnology, Santa Cruz, CA, USA). The primary anti-
bodies were diluted at 1:1000. The membrane wash was made with TBS
containing 0.05% Tween 20, for 10 min. This step was repeated three
times and was followed by incubation with Alexa Fluor rabbit anti-goat
ibody 680 nm length for Vla receptor and goat anti-rabbit
ibody 680 nm length for V1b and V2 receptor (1:10,000 dilu-
tion; Invitrogen), incubated for 60 min at room temperature prior to
washing with TBS-T. Visualization and quantification was carried out

d in a bolus injection. Afterwards, the physiological para-
meters were recorded for 30 min, and saline or vasopressin (Sigma
Aldrich) at different doses (0.25, 0.5, 1.0 ng/kg of b.w.) was randomly
administrated intravenously for 5 min using an infusion pump (Insight
Ltda, Ribeirao Preto, SP, Brazil). The vasopressin solutions were pre-
pared in the following concentrations: 025ng/ml 0.5ng/ml and
1.0 ng/ml. The Vla and V2 P lutions were prepared
in a concentration of 10pg/ml. All lhe parameters were recorded
during the infusion and for additional 10 min. All the animals of the
group received saline and the three different doses of vasopressin ran-
domly. Each infusion wasmn‘icdoulmtlyaﬁuthcparammshavc
recovered to baseline levels after the P p g
infusion. In addition, after the evaluation of i

effects after blockade of Vl1a and V2 receplors, alll.heanlmalsunder
went the in situ administration of 0.1 ml of saline or 0.1 ml of vaso-

with the LI-COR Odyssey and soft (LI-COR Biosciences pressin at the of dose (1.0 ng/ml), which was dropped on the outside
Inc. Lincoln, NE, USA). urinary bladder. All the p were recorded for 10 min. All the
animals of the group received saline and a dose of vasopressin. Each in
2.7. Experimental protocols situ administration was carried out only aﬁetlheparame(ets have re-
covered to baseline levels after P P g infu-
2.7.1. Effect of i inj of vasopressin on urinary bladder and sion.
cardiovascular parameters
Rats were submitted to catheterization of the fc 1 artery and 2.7.4. Gene and protein expr of vasopressin recep btypes in the
vein, and also cannulation of the urinary bladder as described above. A urinary bladder
Dopplerﬂowpmbewasplwedmndﬂweleﬁmalanaymorderlo A separate group of cxperiments with rats anaesthetized as de-
i if the ch in the i were due to scribed in 2.5 were conducted to : the of genes and
changummeunmryvolume.Aﬁumebuehnemotdmgofmn protdmforvasopressinmplormb(ypaMuﬂmrybhdderwas
arterial pressure, heart rate, renal blood flow and intravesical p d following a midline abdominal incision and immediately
for 15min, saline or P (Sigma Aldrich) at different doses

(0.25, 0.5, 1.0ng/kg of b.w.) was randomly administrated for 5min
using a infusion pump (Insight Ltda, Ribeirao Preto, SP, Brazil). All the
mmalstmc:vedlhcﬂmdosuofvasopmnandsahmmdlﬂmt

of administration. The
in the following concentrations: 025ng/ml OSng/mlandIOnyml
All the p were ded during the infusion and for additional

lOmln.Alllheanimalso(megrwpmcdvedsalineandthelhreedH
ferent doses of P . Each infusion was carried out
only after the parameters have mcovatdmbaseumlcvcls

2.7.2. Effects of in situ vasopressin administration on the urinary bladder
and cardiovascular parameters

Rats underwent a catheterization of the fe | artery and cannu-
lation of the urinary bladder. After the baseline recording of mean ar-
terial pressure, heart rate and intravesical pressure for 15 min, 0.1 ml of
saline or 0.1 ml of vasopressin (Sigma Aldrich) at different doses (0.25,
0.5, 1.0 ng/ml) was randomly dropped on the ide urinary bladd:

frozen in liquid nitrogen. Afterwards the samples were stored in an
ultrafreezer at — 80 °C until the day for RNA or protein extraction. The
further procedures for gene and protein expression of Vla, V1b, and V2
receptors in the urinary bladder by qPCR and Westem blotting analysis
followed the procedures described in Sections 2.5 and 2.6, respectively.

2.8. Statistics

Rmdlsmexprmedumcan + S.E.M. Data were submitted to
of vari. (ANOVA) followed by the Tukey post hoc
lstorunpakcdsmdcmllcstaccotdingmﬂteexpuimmt.uslnsthe
software Sigma Stat version 3.5. Significance level was set at P < 0.05.

3. Results
3.1. Effects of i infusion of vasopressin on i ical pressure,
arterial pr e, heart rate and renal conductance in rats

mordcrmwaluatcth:mplmlmono(vmnornhnc All the
parameters were recorded for 10 min. All the animals of the group re-
mvod:hncaldﬂmdmdxﬂumldmdvml’achmnm

i rricd out only after the parameters have re-
covcmdmbasclinclcvds

In this experiment we had used three different subpressor doses of
vasopressin (0.25; 0.5; 1.0 ng/kg of b.w.) in order to understand whe-
ther the effect would be dose dependent on the urinary bladder or not.

At the baseline, rats showed 100 * 2mmHg of mean arterial
ptmm: 331 + 20 bpm of heart rate, and 7.8 * 1.0 mmHg of in-

2.7.3. Effect of i injection or in situ administration of vasopressi ical
onwbwybhddermd di lar p after the blockade of V1a
[¢ C d) and V2

s P AP

The animals were submitted to catheterization of the femoral artery
and vein, and also the cannulation of the urinary bladder was also
carried out as described above. A Doppler flow probe was placed
around the left renal artery in order to evaluate if the changes in the
intravesical pressure were due to changes in the urinary volume. After
the baseline recording of mean arterial pressure, heart rate, renal blood
ﬂowandlntmveslcalprmreforlSmm,aVla(lOug/kgolbw iv.,
-Mercapto-,f-cyclop pionyl, O-meTyr, Arg"

Comp ‘SlgmaAldnd\)orvzrecqxor
(louykg or bw, iv. Adamantaneacetyl!, O-Et- D—Tyr' val,
1!' A'x&"' Ly i 5'8"“‘”"“ was

5!

111

P (N=7).

i ked a significant huge increase in in-
u-avuiulpresme(+ 56.6 + 2.7% for 0.25ng/kg, + 117.6 + 4.9%
for 0.5 ng/kg, and + 165.4 + 3.5% for 1.0 ng/kg) in a dose-dependent

compared to saline injection (2.0 + 2.0%) (P < 0.05) (Figs. 1
and 2). The onset for changes in i ical p dless the
doseofvasopmn wasaboutlminaﬁuthcmﬁmonhadsunedand

the resulting pl lasted app ly 6 min after the end of va-
sopressin infusion. No difference was observed m the magnitude of
response evoked by each dose of pressin reg; the seq of
administration.

No significant changes were observed in mean arterial pressure,
heart rate and renal conductance after the injection of the three dif-
ferent doses of vasopressin (Figs. 1 and 2).
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Vasopressin (Intravenous) Vasopressin (In s/tu administration)
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Fig. 1. Tracings showing A) the effects of intravenous injection of saline or vasopressin in different doses (0.25, 0.5 and 1.0 ng/kg of b.w.) on pulsatile arterial
pressure (PAP, mmlig), mean arterial pressure (MAP, mmlig), heart rate (HR, bpm), intravesical pressure (IP, mmllg) and renal blood flow (RBF, kiiz); B) the effects
of in situ administration of 0.1 ml of saline or vasopressin (0.25, 0.5 and 1.0 ng/ml) on pulsatile arterial pressure (PAP, mmlig), mean arterial pressure (MAP, mmlig),
heart rate (1R, bpm), and intravesical pressure (IP, mmlig).
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Fig. 2. Percent change in intravesical pressure (A, %AIP) and renal conductance (B, %ARC) after intravenous injection of saline (dose 0) or vasopressin in different
doses (0.25, 0.5, 1.0 ng/kg of b.w.). Mean arterial pressure (C, MAP, mmlIg) and heart rate (D, HR, bpm) at baseline and after i injection of saline (dose 0)
or vasopressin in different doses (0.25, 0.5, 1.0 ng/kg of b.w.) *P < 0.05 vs. saline (N « 7).
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Fig. 3. Percent change in intravesical pressure (A, %AIP) after in situ administration
of 0.1 ml of saline (dose 0) or vasopressin in different doses (0.25, 0.5, 1.0 ng/kg)
(N = 7). Mean arterial pressure (B, MAP, mmiig) and heart rate (C, HR, bpm) at
baseline and after in situ administration of 0.1 ml of saline (dose 0) or vasopressin in
different doses (0.25, 0.5, 1.0ng/kg). *P < 0.05 vs. saline. (N ~ 7).

3.2. Effects of the in situ administration of vasopressin on the intr ical
pressure and cardiovascular parameters in rats

At the bascline, rats showed 105 * 6 mmHg of mean arterial
pressure, 341 + 20 bpm of heart rate, and 7.9 * 2.2mmHg of

13
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intravesical pressure (N = 7).

Topical administration (in situ) of 0.1 ml of vasopressin at different
concentrations elicited a significant great increase in the intravesical
pressure (+ 35.0 + 1.4% for 0.25 ng/ml, + 62.6 + 1.1% for 0.5ng/
ml, and + 109.6 + 2.1% for 1.0ng/ml) in a dose dependent manner
compared to the saline administration (1.1 + 1.2%) (P < 0.05)
(Figs. 1 and 3). The increase in intravesical pressure was observed
about 30 s after the vasopressin was dropped onto the exposed urinary
bladda' and the ined for approxi ly 1min after
achieving the p

Nosgmﬁam d\anguwmowcrvcd in mean arterial pressure and
heart rate after the administration of the different doses of vasopressin
compared to saline (Figs. 1 and 3).

P

3.3. Effect of intr injection or in situ administration of vasopressi
on urinary bladder and cardiy lar p after the blockade of Vla
[¢ ing Ce d) and V2 recep

At the baseline, rats showed 104 + 3mmHg of mean arterial
pressure, 368 + 6 bpm of heart rate, and 8.2 + 1.4mmHg of in-
travesical pressure (N = 6).

Thirty minutes after Vla receptor antagonist injection, no sig-
nificant changes were observed in baseline MAP (— 3 + 2mmHg) and
HR (30 * 13bpm). Nevertheless, a huge significant fall in IP was ob-
served (—~ 70.9 *+ 2.0%) (p < 0.05) (hgs 4 and 5) Thirty mlnul(:s
after Vla receptor blockade, P was i ly and
the percent changes in IP were significantly attenuated in comparison
to the responses observed in animals without Vla receptor blockad
shown in Section 3.1 of the Results (P < 005) (Figs. 4 and 5). The
hanges in IP evoked by i of P in rats
with Vla receptor blockade were + 249 4.1% (for 0.25ng/kg),
+28.6 *+ 1.8% (for 0.5ng/kg), and + 21.7 * 1.8% (for 1.0ng/kg)
and these responses were still significantly different compared to saline
injcdjon (2.0 = 2.0%) (P < 0.05) (Fig. 5). The onset of changes in

al gardless the dose of vasopressin, was about
lmmaﬂulheinﬁsionhadslanedmdﬂ:emuhlngplawaulastcd
approximately 6 min aﬂcr the end of vasopressin infusion. Similarly,
the in situ admini: of pressin after Vl1a receptor antagonist
injection elicited an attenuated response of IP (+ 17.5 + 1.2% for
1.0 ng/ml) compared to the response observed in Results Section 3.2.,
but the response was still significantly different in comparison to saline
in situ admi on the bladder (1.5 + 1.1%) (P < 0.05) (Fig. 5).

No significant changes were observed in renal conductance after
administration of the Vla mcep(or antagonist or after the different

doses of P ,ormnmond\cbhdda
After Vla receptor 1 or in situ P d
no changes in MAP, HR and renal conductance.

In another group of rats, bascline mean ial p was

101 * 4mmHg, heart rate was 377 * 20 bpm, and intravesical
pressure was 8.5 + 2.0mmHg (N = 6).

Thirty minutes after V2 recep ist injection, rats showed
nosngmﬁmmchangumbasdmcm(z 3mmHg), HR (25 * 11
bpm), However, the IP underwent a huge significant decrease (—
61.7 * 4.1%) (P < 0.05) (Fig. 5).

Intravenous injection of vasopressin 30 min after the administration
of lhe V2 receptor anlagonisl produced an attenuated response in in-

al pared to those observed without V2 receptor
blockade descnbed in Results Section 3.1. (P < 0.05) (Figs. 4 and 5).
Vasopressin, in the p e of V2 receptor blocker, still increased the
IP (+ 79.6 + 1.7% for 0.25ng/kg, + 82.2 + 46%l'or05ng/kg and
+ 94.9 + 7.4% for 1.0 ng/kg) in a dose-dep
lo saline m)ectlon (0.8 + 3.1%) (Figs. 4 and 5). The onset ofchanga in
al pr dless the dose of vasopressin, was about
1 min after the lnﬁmon had started and the resulting plateau lasted
approximately 6 min after the end of vasopressin infusion. S|m|larly,
the in situ admini of P after V2

ag
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Fig. 4. Tracings showing the effects of intravenous injection of different doses of vasopressin (0.25, 0.5 and 1.01.0 ng/kg of b.w.) on pulsatile arterial pressure (PAP,
mmlig), mean arterial pressure (MAP, mmilg), heart rate (HR, bpm), intravesical pressure (IP, mmiig) and renal blood flow (RBF, kiiz) after blockade of V1a (10 ug/

kg (10 pg/kg i.v.) (A) and V2 receptors (10 ug/kg (10 pg/kg i.v.) (B).

injection still increased the IP (55.3 + 1.6% for 1.0 ng/ml). This re-
sponse was attenuated in comparison to the response without V2 re-
ceptor blockade as shown in Results Secuon32. and also significantly
different compared to saline in situ admini ion on the bladd

neither due to any dilation of the renal artery, nor likely to be depen-
demonanmcrmemglomemlarﬁltranonnle.mrﬁndmssdmng
the intravenous effects of

P

(1.8 + 1.1%) (Fig. 5).

No significant changes were observed in renal conductance after V2
receptor blockade or after the different doses of vasopressin were in-
fusedmu'avmomlyorapphedmdmontodlebladdcr After V2 re-
ceptor antagonist, intravenous or in situ pr yielded no ch
in MAP, HR and renal conductance.

There was a trend towards the intravenous injection of V1a receptor
antagonist evoking a decrease in intravesical pressure similar to that in
UnpremceoﬂheWmceptmanlagonln(P 0,12). Nevertheless, the

of i induced by i injection of

5!

with p in vitro di whnch have shown the in-

d ctility of isolated preparati ofunnary“ dder of rats,

bbits and h induced by pplied in the bath
(Crankshaw, 1989; Dehpour et al., 1997 Holmquist et al., 1991;

Uvelius et al., 1990; Berggren, 1993).

The highest prevalence of urinary bladder disorders has been ob-
served in women (Mota et al., 2014). Different factors such as gender,
family history and recent emotional stress can also predispose for
daytime urinary loss and nocturia (Hemndon, Joseph, 2006). Nocturnal
polyuria, I diab insipidus, nocturnal enuresis, overactive
bladder syndrome and urinary incontinence have been treated with

asopr&naldlﬂ'crmldosuorelidlcdbyhdm dmini: ion of
sin on the bladder after Vla receptor blockade were sig-
nﬂwanuylowulhanaﬁerv2recep(orblodade(l'<005)

3.4. Gene and protein expressit
urinary bladder

in the

. :
of vasopr ecep! 7

mmuofurgeneexpr&oninﬂnuﬂnarybladdudemon

d that the P ptor subtypes Vla, V1b and V2 as well

as the housekeeping gene cyclophilin A are present in this tissue

(N = 6). The CT values for the subtypes of vasopressin receptors
showing the existence of the genes are demonstrated in Fig. 6.

The protein expression by Western blotting confirmed the presence
of all subtypes of vasopressin receptors (Vla, V1b and V2) in the ur-
inary bladder (N = 6). The blots for the different subtypes of vaso-
pressin receptors are shown in Fig. 6.

P 1, a V2 receptor agonist (Hashim et al., 2009; Kuwertz-
Broking and von Gontard, 2017; Pisipati and Hashim, 2011). Never-
theless, many patients show different responses to the drug and the
effectiveness of dwnoplwm is not the same for all individuals, where
a part of the patient pop d no imp (Dehoorne
etal, 2006)“ ly, the main mechani accep(edforthisdmgls
the binding with V2 subtype receptors in the kidney that reduce the
urinary volume (Dehoorne et al., 2006; Manning et al., 2008). How-
ever, up to now the reasons for the inefficiency in the treatment of the
bladder dysfi in many p are still not very well understood
and have been attributed to insufficient renal concentrating capacity,

poor pharmacokinetic and dynamic characteristics of desmopressin,
and high osmotic excretion (Dehoorne et al., 2006).

The Vla ptor is involved in the of the h
le of the arterioles, glycogenesis in the liver, platelet adhesion, and
ion of the my as well as in central functions such as

and

Y, ing, ic functions. The V1b subtype
receptor di the rel of cortic phin (Gutkowska et al,
2000a, 2000b; Rivier and Vale, 1993; Zigon, 2013). The V2 subtype

4. Discussion
Oursludyshowedl'ortheﬁmumethal infusion of
in doses kes an increase in intravesical

pmmmanaﬂ\eﬁzedmmms.mmﬂmldosesofvmmn
mdmlhecurm(smdydldnotmamethemmal plmreandd:d
not lead to p di quently, the i ini ical
pmmwuenotdue to i d urinary vol The i in
intravesical pressure was observed in a dose-dependent manner and the
absence of significant changes in renal conductance suggests it was

114

ptor, in turn, is p in the cells of the collecting duct of the
nephrons, andltsfumﬁonismlalcdtoﬂtcsﬁmulaﬂmoﬁhcpmdm
tion and 1! quaporins to the b for water re-
absorption in the colleclmg duct (Balment et al., 1986; Gutkowska
et al., 2000a, 2000b; Rihakova et al., 2009).

Under physlolog)ul conditions, vasopressin is known for its func-
tions in vol and control and its release can be
triggered by hypovolemia or i in pl larity, for i
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Fig. 5. Percent change in intravesical pressure (%AIP) evoked by i infusion of pressin at different doses (0, 0.25, 0.5 and 1.0 ng/kg of b.w.) after Vla
ptor blockade (A) or V2 ptor blockade (B). Percent change in intravesical pressure (%AIP) elicited by in situ administration of vasopressin (1.0 ng/ml, 0.1 ml)
on the urinary bladder after Via plor blockade (C) or V2 receptor blockade (D). Percent change in I p (9%AIP) induced by 1
of Vla or V2 receptor antagonist (E). *Pys. saline (N ~ 6).
during dehydration or hemorrhage (Dunn et al., 1973; Kadekaro et al., Indeed, during hypovolemic states, such as dehydration, the acti
1992; Rogers, 2011). Osmotic stimuli activate osmosensitive brain of circumventricular organs and hindbrain areas can be responsible for
areas named dir icular organs sur ding the third and fourth vasopressin release not only to induce water reabsorption in the kid-
brain ventricles (Rogers, 2011). During dehydration of the extracellular neys, but also to regulate the urinary bladder. In the current study, we
and intracellular compartments these brain regions are stimulated and 1 d the cffects of vasopressin in the urinary bladder of normo-

activate PVN and SON vasopressin-synthetizing neurons (Johnson and volemic rats, thereby, the effects of vasopressin in dehydrated rats still
Buggy, 1978; Johnson and Thunhorst, 1997; Menani et al., 2004). ires further i igati
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ked by i infusion of pressin or in situ administration
of vasopressin directly onto the urinary bladder. Thereby, our data
suggests the Vla and V2 receptors in the urinary bladder are involved
ln(he P "“by P in the urinary bladder. Al-
i graphy studies have shown the existence of

vi subtype receptor for vasopressin in the urinary bladder of rabbits
(Berggren, 1993; Crankshaw, 1989; Dehp et al., 1997; Holmquist
et al., 1991; Uvelius et al., 1990), our results indicate that the urinary
bladder cells in rats exp all ptor subtypes. The
MamungCompoundusedinthcnmtstudylshighlysdecﬂvem—

for Vla ptor subtype (M ctal 2012), whn.lstada—
mantancacetyl’, O-Et-D-Tyr?, Val®, Ami b yryl®,
has been shown as a potent V2 P ist (Masud ctal

2003). We have not carried out the blockade ol’ V1b receptor subtype,
which is a limitation of this study. Hence, we still cannot exclude the
possibility that vasopressin could bind to V1b receptors in the urinary
bladder and increase the intravesical pressure.

Our data also showed that V1a and V2 receptor blockade decreased
the intravesical pressure, suggesting that plasma vasopressin can likely
contribute for the maintenance of urinary bladder tonus. Though, it
remains to be determined if this effect is dependent on the local syn-
thesized vasopressin or from circulating vasopressin.
have d d the exi e of

Previ i

Fig. 6. A) Ct values obtained by qPCR for different subtypes of pressi
receptors (V1a, V1b and V2) and endogenous housekeeping gene (Cyclophilin
A)mlheunmryblndderumplu(N 6). B) Characterization of different

ptors (V1a, V1b and V2) expression by

receptors in different areas in the central nervous system (Barbens and
Tribollet, 1996). The existence ofVla and v2 subtypu ofvasoptmn

of
Blolun; lnuﬂnary bladder samples (N = 6).

Previous studies have shown that cholinergic activation of
in the medulla oblongata by carbachol injections into the fourth brain
ventricle (4th V) i in at 30 min after the in-
jection and i ((;a!arch:o et al., 2016).
This was jection of V1
reeep(or antagonist (Cafarchio et al 2016). Thereby, pathways from
the medulla oblongata to the hypothalamus can be involved in the
control of the urinary bladder (Cafarchio et al., 2016). The Rostral
Ventrolateral Medulla (RVLM) has cholinergic synapsm in C1 n:umns,

‘ﬂle.' P

halichod

P

ptors has been described in i praop [E
et al., 1999). Nevertheless, since

V2 receptor mRNA is not exp d in the sup i ! but
Vib P uammptsmohsuvedinﬂu:SONithasbempm—
posed that V2 P g and gonist act on a V2-like receptor

or on a new type of vasopressin receptor that remains to be determined.
The possibility that V2 ligands act on the V1b receptor was not ex-
cluded (Gouzénes et al,, 1999). In the present study, despite that the
effects of intravenous vasopressin mlghloocurdimctlyinlheuﬂnary
bladder due to binding to bladd we cannot
exdudeﬂleposibiﬂlyofanaddiﬂonaladionofvmpreﬁnlnlhe
central nervous system, such as in the supraoptic nucleus. There the

pressin may induce additional endogenous vasoptmin

which project to arcas ible for the prod of in
the supraoptic nucleus (Milner et al., 1989 Shioda et al., 1992) Elec-

releasethalcouldaclonlhcunnary“ dderto i thei i

trical stimulation in C1 adrenergic neurons in RVLM increases p
levels of vasopressin (Ross et al., 1984). Photostimulation using laser

or the in the central nervous system
may ar:tivate eﬂ'enem nenes. whlch send signals to the bladder, in-

thlplﬂscsdlmedq)edﬂmllyalﬁ\em region resulted in increasesin € 1g the i P by a neural mediated mechanism.
blood p and sp hetic nerve activity (Abbott et al., C'lmca"y. the use of d for the of bladder dys-
2009). Hence, it is possible that cholinergic activation of C1 in ions shows different responsi among p and the rea-
the RVLM can evoke vasopressin release to control the urinary bladder ~ S0ns for the inefficiency in the of the bladder dysft in
during i in arterial p in order to inc theurineloss  Part of the patients are still not very well und d. One hypoth

dependent on p di is by increase in the intravesical pressure for the inefficiency might be due to the action of desmopressin in the
and bladder contractility. supraoptic nucleus that could induce vasopressin release, which in tumn,

The in situ administration of vasopressin on the urinary bladder
showed similar effect pared to the i jection of vaso-
pressin. This finding suggests that P can act directly in the
urinary bladder or can suggest that P is also synthesized in
the urinary bladder exerting local action through binding to the re-
ceptors localized in the urinary bladder as our data demonstrated by
gene and protein expression that the three different subtypes of vaso-
pressin receptors (V1a, V1b, and V2) are present in the urinary bladder.
Previous studies by Zeng et al. (2015) have shown the Vla receptor
subtype, as well as mRNA for vasopressin, to be found in bladders of

could act in the urinary bladder, increasing intravesical pressure and
bladd ctility. Another possibility for the inefficiency of des-

in some p could be due to the fact that vasopressin
abobmtkﬁoﬂmucptotsmthcunnarybladduandeaweqmﬂy

i the i ical p Theteby.cvmll'mcudmryvolumc
produoedbylhekldneyslsreducedaﬂn‘ P
activation of V2 in the bladder would i thei ical

P

pressure and the threshold for mlcmrl!ion reflex activation oould be
achieved faster while is filled with urine, leading to bladd:

&

female rats, and that the former was associated with smooth muscle. 5. Conclusion

Zeng et al. (2015) have also d d that pressin caused a

significant increase in isolated bladder strips firming that at least Mm,theﬁndhmwggesnhall)inuavmuvasopmsdnm
one vasopressin receptor was linked to bladder contraction. Our data ical p due to bladd ion and this effect
btained in a whole animal jon is consistent with the findings i not dependent on changes in cardi lar p 2) in situ
of Zeng et al. (2015). Nonetheless, in the current study, the blockade of in also i ical p and has local bladder
Vla and V2 receptors attenuated the increases in intravesical pressure eﬂ‘ecx 3) three different vasoptmnreceplasmbtypa(Vla, V1b and

116

hladd

V2) are present in the urinary and the i ini ical
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are dependent on vasopressin binding in V1a and V2 receptors, 4) va-
sopressin also seems to be tonically involved in the maintenance of

urinary bladder tonus through binding in Vla and V2 receptors in the
bladder.
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ANEXOS

ANEXO A: COMISSAO DE ETICA

M Comité de Etica em Experimentagdo Animal
Faculdade de Medicina do ABC

A
A\ & E
// Mantida pela Fundagdo do ABC

REGISTRO CEEA FMABC PROTOCOLO N° 007/2011

Santo André, 22 de setembro de 2011.

IImo (a). Sr (a).
Dr2. Monica Akemi sato
Prezado (a) Senhor (a):

Servimo-nos do presente para informar a V. Sa,, que o protocolo de pesquisa
intitulado: “IMPORTANCIA DOS NEURONIOS COLINERGICOS BULBARES NA REGULAGCAO DA
BEXIGA URINARIA”, foi Aprovado em reunido do Comité de Etica em Experimentagdo Animal da
FMABC, realizada em 22/09/2011

Sem mais para o momento, subscrevemo-nos com 0s protestos de estima e consideragao.

Atenciosamente,

Experimentagdo Animal da FMABC

SEDE: Avenida Principe de Gales, 821 — Fone: (0xx11)4993-5427/ Fax (Oxx11) 4993-5427 -
Caixa Postal 106 ~CEP: 09060-650 —~Santo André- SP- www.fmabc.br
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