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SUMMARY OF THESIS

This thesis ingestegatdeHOr 1 bladder sensory (afferent) signalling
animals and in a mouse-nhadidéobesBtization. We primarily addre:
effect éfi’b and involvement éfi Tifsreptdd subtypes on afferent nerv
usingvitr@xtracellular nerve retloidikgewm to be a key neurotransm
regulates many essential roles in the body including tRd Howvel but
role in the urinary bladder. Moreover, resealelvHasdioduaddern th
efferent nerves and muscle contractith owhiledterraféecérit nerves i
an enigma.

We have investiJatedeptor expression in the urothelium and deterr
5HT on urothelialgsagrdhlits contribution to bladder afferent activity,
mechanosensitive and spontaneous nerve firinglTloraddisduer the
afferent activity was investigathaced adldiBS inflammation model o
bladdeossensitizattamally we examined whether the urinary blac
endogenous sdtifce of 5

We have madelser of novel finding&HT) nerapisrs transcripts we
expressed in mouse urothelium with #lhGtghte exCeyttitiech ko

cells examined usimgagaicjuesponsed -HifeddyntnStrating hat thes
HT receptors are (unblibrededecitatory effect on spontaneous affer
but attenuated ns@tlanesemnsestendiene tactions were mainly med
throughlB3 receptors, and wefeomdapsoleooiirdeti@ffects of 5

HT on spontaneous and mechanosensitive firintflarareaatsnattd i
of colonic TiB%I mideere was an accompanying downregulation in
expission in the ur@thealopram, a selétinariftake inhibitor, attenua
mechanosensitive afferent discharge whidh3rastagoaistdypnitetio
MRA expressigdTopioducing enzymes, TPH1 and TPH2, and SER’
the urothelidm.p@sitive cells were expressed in mouse urethra bu
dome.



We concludé¢ith&is the potential to modulate igduedaéfetractisigna
on the afferent nerves and indirect effects via the urothelium wit
modulatory influence. The urothelium contains the necessary n
endogenblis@oduction but the exterddfoontribhtdest® bladder signal
in normal and diseased states requires furthersenwestigadiagrl anc
therapeutidoarget bladder symptoms.



ABBREVIATIONS

2MeHT 2methyhydroxytrypti OAB oveactive bladder syndrome

SHIAA
SHT
SHTP
oMT
ACh
CGRP
CNS
DRG
EC
FITC
GAPDH

GPCRs
HT

IBD
IBS

Shydroxyindoleaceti NPY neuropeptide Y
5hydroxytryptamine OCT optimal cutting temperature
Shydrekgryptophan P2X purinergic receptor 2X
5methoxytryptamine P2Y purinergic receptor 2Y
acetylcholine PAG periaqueductal gray

alcitonin gene relat PCA pgincipgdmponent analysis
central nervous sysi PKA protein kinase A

dorsal root ganglia PLC phospholipase C
enterochromaffin ce PYY peptide

fluorescein isothiocy ROS reactive oxygen species
dyceraldenydesphal ROCI Rho kinase

dehydrogenase RTX resiniferatoxin
G protequpled recef SERT serotonin reuptake transporte
high threshold SP  substance P

inflammatory bowel TNBS 2,44#initrobenzeneicalpdo
irritable bguwvdt@me TNF tumor necrosis factor

intergdicystitis TPH tryptophan hydroxylase
interstitial cells of Ci TRP transient receptor potential
interleukin VIP vasoactive intestinal p

inositol triphosphate
L-NG@Nitroarginine methyl e
low threshold

myosin light chain k
myosdight chain phos
neurokinin
NmetHybspartate

nitric oxide



Chapter 1

CHAPTER
1 GENERAL INTROD!

1.1 ANATOMY OF THE URINARY BLADDER AND
COMPOSITION OF THE BLADDER WALL

The lower urinary tract is conmavgddanidiéie the ureters,Taed the ur
urinary bladder is a muscular hollow organ which has a major role
empty the urine. The human bladder has maximum capacity of
capacity i5GDL.

Theddder morphology ttwesistaio regions as follows

- Thdonpeimarily consists of the smooth muscle which is unique in b
function tlremsmooth mudagookthed the urethra.

- The trigereetriangular shapestissnettieaentry points of the ureters an
conneatirgghra. The trigone has the highest density of afferent nerv

- The bladdas tleekower part of the bladder that connects the bladde

Aschematicrdiagldadder structure is shown in figure 1.1.
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Chapter 1

Median umbilical

External urethral sphincier
(in urogenital diaphragm)

Figuré.1 Schematic diagram itbprestemtioge of the urinary bladd
(MckinJ2909).

The bladder wall comprises various kinds of cells organized into cc
their cellular function. The structure of the bladder wall is divided int

-Urothelial lsy#te most inner layer consistinghefidalareisocallezh
2ruot hel i al cell s3 ar e dodaminoglycans |
(GAG@pvers the apical site of the isbémsfioml Yanitarrier function of
urothelium (see review by Birder and Andersson 2013).

-Suburotheliaklbgaeath the urothabad éppaiadsiiite urotheltima
basememthrame. Thepla@pieahas a number of cell types including inte
Cajdld{; blood vefdsalblasts, musculaasdmeresaerminals. These pl
major role in signal integration fromthleemuetieliayerllfskte review
Andersson and McCloskey 2013).

-Muscularis dayeists of thee flayes moot h muscl e ¢
detrusor smooth muscle contains inner and outer longitudinal musc
in @ middle surrounding by connectivésessueviexy, loplkgaarsson a
Arner 2004)

11



Chapter 1

- Adventitia andayersseover theraoftéhdayadder. This layer mainly c
loose connectildcksnal@H ()9

Aschematic didbeaoekidtanposaithe bladder wall is depicted in figure
Glycosaminoglyce

e

Basal memb

)
)
Lamina prop e

Muscularis ml.{C"‘—"' A

Detrusor smoothr

AdventitL&
Seros

Figure 1.2 Structure of the bladder vidir(iévoakddd from

1.2 STRUCTURE AND FUNCTION OF THE BLADDE

1.2)UROTHELIUM

Urothelial cells are transitional epithelial cells located between the |
membrane, which are found in the renal pelvis, uretensthraddedboc
glandular structure of prostate gihafio®hathédalabdinsist of at
least 3 types; (i) unfbyraticebsliate cells and (iii) basal cells. Umbre
most superficialdeNsiedfave a hexagonatishapeei@kdiameter
betweerRXb pfApocad@O4; Khandtrai@009). They are connected

12



Chapter 1

superficial grateplgkassembled together with tight junction proteins
occludins. Intecebsliate found between the urabhbekalcsdll dagers
(Hiclez al974 iarg ak001). The thickness of the wéeidmddiasn layers
species. Indhitirhas begorted to rangeUnafiosh al.9§9Somehef
intermediate cells and umbrella cells project cytoplasmic processes
attach to the basal membrane, which help to maintain flexibility anc
bladder is diateth¥as; Jattal 98Bpoda@04Figure 1.3).

Umbrella ¢ _

Intermediate

Basal c_

Figer 1.3 Schematic diagramidgdipiciatlg, intermeciadebesid cells
layers in the urothelium (Birder and Anderson 2013).

Barrier function of the urothelium

Multiple layers of urothelial cells strengthen the barrier function t
bladder from urine and luminal pathegens.amylsgddgamijnoglycan (C
layer that covers the surface of the urothelium, this is not only bene
also acts as a defense mechanism against bacterigéGstoaimsubst
Chakraborty &R G lagecompadexkveral classes of maespolysact
(i.e., heparin sulfate, hyaluronic acid, and dhavisydriomepelfatde) wi
properties. AlierdhierGAG lpgseskiathelium tayeniie the urine and
may contribute to bladderBalainaiz@ibly Cerg@ih)n addition,
uroplakin, superficial proteins with four transmembrane domains on
an essential role in permeability of the urothelium to control access
lonic substance (A4 aApQORE.

13



Chapter 1

Sensory function of the urothelium

Many reports have purported a sensory role of urothelial cells to

mechanical, chemiocal moheduhesiu

receptors) expressed on the cells including, purinergicetegleptors (F
2004; Burnstock 2001), muscarinic and nicotinic receptoet (Beckel
al2006), adrenergic neErpa@3Eullmana20) 1 TRP channels (Birder
et a2007; Bietle2002; BietleR001), TrkA (bta2894), and prostaglandir
receptors @Vak@P8)sasnmariséable 1.1.

In response to mecharuabsamailatiemi urothelial celldcaletehgee abil
mediators i.e., ATP, ACh, substance P, prostagjl@géirBiater IGd(Bi
Andersson 2018t &81008; Fergusd097). This chemical message is [
sentavan autaamohv@r paracrine manners to the nearby cells (e.g. ne
vessel,|@§Ein order to modulate bladder functions (Apodaca 2004;
and Ande284@).

Birder andarkers have shown thaBadtersgrgic aeceptors mediated
release from urothelial cells via an increase &fBxiidP adtd)tracellul
In addition, activation of urothelial cellfevatogapsaiaicedrarsmirease
intracellufdie@els and also enhanced rele@&iedet ARG ydkINKY

et a2008; Yarta®(QleVries and Blumbehyicha®ay fucthereacby

cells tadoate bléoketon

14



Chapter 1

Table 1.1. Properties of ionic channels/receptors expressed within
and Andersson 2013).

Channel/Recept Activator(s)

TRPV1 Heat (>43°C), low pH, anandamid

TRPV2 Noxious hedT)>B@chanical
Moderate heat (>24°C),;,cED8yél&

TRPV4 EET

TRPM8 Cold-g8°C), menthol, icilin

TRPA1 Mechanical, cinnamaldehyde, isotl

P2X-{) ATP

P2Y (P2Y2/P2Y4)

Nucleotides (ATP; UTP; ADP)

P1

Adenosine

Endogenous catecholamines (noré¢

Adrenergic dlpha ( | epephrine)
Endogenoatecholamines (goreadrt
Adrenergicbétad) | adrendlirsoproterenol

Cholinergic muscaril
M5)

acetylcholine

Cholinergic nicotinic

@34547,43/%) acetylchofilm®tine, choline, cystisin
Estradiol, estrogen derivatives, sel
Estrogeceptor (alphg receptor modulators (SERM)

Degenerin/ENaC (D
family (ENaC; ASIC)

Low pH, serum proteases, amilorig

Neurotrophins (trkA;

NGF, BDNF

Bradyk(iidt; B2)

Bradykinin

Tachykinin (NK1; NK

Substance P, neurokinin A

Piezbl

Mechanical

4(Costea2011)
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Chapter 1
1.2.NTERSTITIAL CELCAJAL IN THE URINARY BLADDEF

Interstitial cells of Cajal (ICC) in the bladder have been reported ir
various species i.e., guinea pigsdrhasayi@dubitégCloskey 2005;
Pezzateal200Byonst aR007; Sergea00®ashitandlang 2010;
Rasmussel009Curreh@yn the bladder have been foundnt@ form a r
main areas; in tpeolamairzand in the detrusoiGGudble lapengria
(ICCP) and-ntexcle bundle #BL qi€Gtellate shaped, whileGntramus:
(IC@V) are branched and have an elongated morphology.

IC@re also located in the gastrointestinal tract and bagd bdaerywide!
role as a pacemaker to generate spontaneous electrical slow wave
cells and initiate spontaneous nGuieldomedcienboth excitatory
cholinergic) and inhibitory (motor) motomngcie t(BckBaO@t
Burret all996; Waall000). In additéxt,as a mechanosensor and trans
detect mechanical and chemical stimuli and further modulate smoc
et aR005; Ward000). MergO@ave been suggested to play a role
afferent signallgigZb0x).

Unlike the gastrointestinal tract, the physiologicedtifoleascleabladde
However, previous studies using immunohistohagyblddddy k&tnon
expressed marker protekis (@mébtiri, 7¢ similat@breesigsbn and
McCloskey 2005). Previous investigations by immunofluorescence
showed thatF@Gd-IGre in proximity torthanalsr{éotensidd 0
Davidson and M2@6skeyetstdt®10). The distanC&melwerres in

the bladder wall is within 26t s@0(I)hiekiea enough to exert neurotr:
interaction (Bulrgst@ckBuoki@B6). Moreover, previous studies have
bladder ICC also respond to ATP and Garbashenttby ifolicatiggCthal
receptors expressed on the cells mediate functional responses (M
Wiet al20p4intdiegly, Gray avarkews (2013) studied bladder mucc
stimulated with electrical fi&@&&}ichatatiitored intrdchlarge Qaing
adciunmaging in guinea pigs. They fuld@aratd@@rivascular ICC

16



Chapter 1

respontedEFS by fordfingn€iants, indicating that bladdelylCC are
innervated by@GesyaR013)

ICC connect to other nearby cells e.g. nerve terminals and smo
junctions. These gap junctions provide a route for intercellular cor
molecular weight mdfaselés neidhbouMenp e #2000) demonstrated
gap junction proteins AQ@ewiockElinediwicqlmettt a2000).

In additiordsngstance gap junction proteins provide electrical connec
intracellufsst@aoider to modulate the nearby smbotim@gll éxcitabilit

Recently, a new type of interstitial cells has been reported in bladde
expressed platelets derived growth iédaytos&ipihio(RigzdR

201K olet aR012PDGHReells are located in glasentmiiméurons and
express neuronal receptbet, theggaaimnexert neuromodulatory functic
ICC (Monagha®12; Keol@aR012 eet a2014). A schematic diagram dey
ICC iretdetousnuscle is shown irHioyueeet,4he exact physiological

these cells is still unclear.

p2Y receptor
Muscarinic e

(o]
receptor & \" ACh ATP © oo
o % %o
PDGFRa* cell Smooth muscle cell
=< IccLe == Excltatory motor neuron (ACh)

es Gapjunction ~ B=====3 |nhibitory motor neuron (nitric oxide/ATP)

Figure A.4chematic diagratmatiexinateractiondstiC€or smooth muscle
cells, and motor neurons iartioe etz rumen a2014)
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Chapter 1
1.2.BETRUSOR SMOOTKMUSCLE

Detrusor smooth muscles of the bladder have typicalsbiagedtteristic
cells and centralhmuaheiscle cells mentagd@bel filament protein vimen
Is expressed in mesenchymal celtslagessr@uekEthvet al.
1997Detrusor smooth muscle cells express specific receptors in ort
transmitters. i@ etrscles are mainly controlled by neurotransmitte
innervated autonomic nervewrarwhdbcdunoes i.e., urothelial cells 1
mechanical or chemical stimulation. For instance, a prewiblis study
or without urotideluyiéticated that urothelium produces inhibitol
(unidentified) to inhibit detrirsdwchtrgatempachol fHpigthékdder
al2000)

ACh via stimulation af necesgmiai (M2 and M3) plays a critical role
detrusor contraction. In contrast, detrusor relziaive aglimatidted thi
[adrenergic recephansiafic diagrarardapaririging mechanism of must
andadenergic reaadtared detrusor muscle contraction and relaxat
figure 1.6.

The mechanism that underlies muscarinic receptor stimulation i
intracellul@c@wentrfd@i@from the sarcoplasmisRetandtibiiix
frorirtyp€&channels. IntriCd|lisl@nhancediridCad€rase from

the SR. Howetresod contraxtiorlaxation is mainlyodepgendent
phosphorylation state of myosin light poeent{&ieChywhigbsia light ch
kinase (MLCK) but reversed by myosin light chain phosphatast
intracelluld@f t€acalmodulin also increases MLCK activity and fu
phosphorylation of MLC to generate mhsclenecmirastiono Ambtanc
muscle contraction is mediated via an inhiltiig@notéiMkiORsactiRitg b
kinase (ROCK}aeinkprase C (PKQ) (Figure 1.5

[fadrenergic receptor activation promotes detrusor nislasat{gn via t
inactivation of votthges@kediated by hyperpolarization throtigh an ac

18
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channels (Rofteaktda3; XinakR014ndii) reduction of contractile prot
sensitivity or inhibitfmendit2ation teatnfodbktevity of MLCK and
MLCP (Conti and Adelstein 1981; Rembal@Q)dBR)edtigatedhithe
mechanism ofnclibiel muscle relaxation using specific agonists a
ROCK and PKC. They showed that RODKilhteditseREz ation
following dasbapplicgti@yasha2016)

Muscarinic receptor Ca” channel & adrenergic receptor

W — |—4"|”|ﬁ
% N
—\

_

— ‘ Liace
0 T e, 4

Figure ASchematic diagramrsterlying cellular nse€mangrarinic

and-&drenergic activation in detrusor smooth micicéd 2008l)ified from

Caz+

1.3 NEURAL INNERVATION OF THE URINARY BLA

The micturition reflex of the bladbieatexjnrasonalf@octicnalfuhits;

a reservoir (the bladder) and an outlet (bladder neck, smooth and
the uretfffajvietal.2008; Mormtsaiz005Puring urine storage, the outl
tightly closed and the bladder smooth muscle is relaxed to maintai
During bladder emptying, the pelvic floor and the striatdtesphincte
detrusor muscle is contracted and the bladder neck is @Gpened to ¢
ordinatmdnhds@ctiog@imarily regulated via efferent and afferent path
1986).

19



Chapter 1
1.3.1) BLADDER EFFERENT PATHWAYS

Parasympatieetiot efignglgeletrusor contraction. Preggnybiathetipa
neurons origorttesacral spinal efdg®ag and project axons in th
pelvic neesh{imuraeut@roat 1997; de Groat and Yoshimura 2006).
parasympathetic nemneasousntearotransmitters that regulate bladd
(Sullivan and 208ik3. The major excitatory neurotransmitter to
contractiocacetylchoA@h(Andeos and Arner 2004). ACtrussgulates
contraction via binding to postganglionidVthzswhriviE neosmins. are
expressed in the bladdesiuugiveyspecific aadaddmsickout animals
showed that M3 pEoeptdey role to mediate essidatwigreassmi
intracellul&fGZh (Matseii aR000, 200 receptor aisticatisitered to
inhibetdenyacyclase and may potentiate detfasoereengicaaticibitiom
(Andmn and Arner 2004). However, cholinergic activation could |
signallingnvaath (de Groat and BooBT998HIlgeceptors) has beel
reported to potentiate electrica(Be®hdiicedlatetnusor contraction in
bladd&ell&tsa2000)

In contrast to parasympathetic efferents, sympathetic activation n
Sympathetic efferent neurons originate from thot2jplantbarespina
arried through hypogastric n&8gs (ke @zt and Yoshimura 200
sympathetiggnggionic nervesoraléeemmlinch activatgs doudh
adrenergic receptors in the bladderNmrdyl ramidithioks | tadtbmargic
receptors in the smooth muscle of the urethra to trigger muscle ¢
sphincter (Anderson and Arner 2004).

The somatic efferents aregtopudgeddhreerves whichraris@n u f 3
in the ventralTih?2) of the spirfdliderdlal nerves innervate the extern:
sphincter muscle to regulate muscle cbAiGiTtiomizatinindieceptors |
Groat997; de Groat and YosWmschani@t)diagram of bladder ef
imeration is shown in figure 1.6
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Bladder

Pelvic nerve  ACh
(parasympathetic)

~— Detrusor
muscle

Hypogastric e
nerve (sympathetic) D

.." |‘
|

— Urethra

~fﬁ—i ol receptor (+)

Pudendal nerve ‘
SN (somatic) == T

f‘i D External urethral
I sphincter
ACh
Urogenital Nicotinic receptor (+)
diaphragm

Pudendal
nerve

Figure $¢hematic diagram showing efferent nerve innervation of th
(Fowletr aR008).NA)ve innervation of parasympathetic (green), symp
somatic (yéBjwgat innervation and neurotransmitter release mechai
bladder function. ACh released from parasympathetic nerves binds
receptors) to mediate muscle contraction (green). Sympathets
noradrea@idwhich binds to B3 adrenergic receptors in the detruso
mediate muscle relaxation, whiladd@naxgieptes in the urethra to
potentiatescle contraction (blue)s Gortratiextermal urethkaé sphincte
binding of ACh to nicotinic receptors (yellow). L1=first lumbar roc
SHP=superior hypogastric plexus; SN=sciatic nerve; T9=ninth th
mesenteric plexus; HGN=hypogastric nerve; PEXigelvic nerve; PP:

1.3.2) BLADDER AFFERENT PATHWAYS

The afferent nerves play an essential role to transmit sensory (r
noxious) information from the bladder to the CNS, with the afferent
through pelvic, hyqrod)getdendal nervesder ssmmmohs in the spinal c
The cell bodiedib&tndseatedthe dorsal root ganglia (DRG) and ente
cord at L1, L2, L6 and S1 lumbosacral levels (de Groat 1986; J:
Yoshirauand de Groat 1997). Pelvic newamtor{bégddetfullmess) ar
pain sensation from the detrusor muscle whereas hypogastric n
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Chapter 1

innervaticdhaketrusor muscle. Hypogastric nerves primaahdinnerva
circular smooth muscle layers in the bladder neck and proximal ure
afferdibte is projected via the lateral funiculus or theedioictal fynegulus
matter (de I9@4t and then relayedpbetedahsoppmntine micturition cer
intiate mictufiBlo@t al997).

In order to detect various stishuiclaghiczd poassengtesebtatketees
express aavige of ion sdnahneteptors i.e., TRPAUST RARAL, TTKS?
purinergic, mus¢éfinand oestrogen recept@RO(Beribetedaats

2008; Vizzard and BoyletlaE®) Ihddayeover, histological studies he
that afferent nerves contain variosisikieds asfchemadiaéors including (
substance P, neurofilament protein, neuronal nitric oxide synthase
Smet al997; Ueatah973). ExpsrBiagtretrograde transporters have
that 90% of dorsal rectanigédriaddet atanti060%Sih $inal level
are @RP positive (Gebelld &8 Bgvisand Raarkers §201& F recently
reported the differential distribution of bladder afferent nerve charac
in moudadder using immunohistochemistry. They found that suburc
bladder base had higher CGRP and vesicular ACh transporter (VA(
wall, suggesting functional heterogeneitiRd thealaEdilief fafferents (

These axon containiageist&ateskd penetrate the bladdelialall into u
cells, suburothelial cells, muscularis, and serosal layers. The sul
reported to have the highesffedemsitse compared to other layers.
suburotheial plexus is most dense at the bladder neck and trigone
being more diffused in the bladder donmfendedy#®2texalewaaid (
Gebhart identified mecharefiematoa@ difig to their receptive fields at
response to mechiarpabstgnistratahisgoking of the urothelium) in
They classified pelvic mechanosensitive afferents into 4 classes
musdilee$63%), muscle/iHiA%b), sdiosfd 4%), and urfdiredial
(9%) (Xu and Gebhart 2008).
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Two major types of blafldekalerieeen classified; \Afipedmaded A
unmyelinatidore@n rats, small myefibed€®b Aim diameted have
conduction velocity greatenthanry& e um diameter) have ¢
conduction velocity lesY\Wadd#/BAA8H.hislogical study revealed th:
the mayqre of pelvic afferent nervesnmyatlibklidaieEi880%) (Vera

and Madelhaft \{IBi9@sritnarily signal bladder stretching (from tensi
during ballder filling, wiibreasnde roxious stimuli i.e., high pressut
distension (Gabella and Davis 1998; de Groat and Yoshimura 2009
to the anatomical innervafibresvelimdy iAndneatauscle layer, while C
fibresrenoreidspread in the detrusor and subooitt@iedleyer
proximity to urothelial cellsefVih88Baybtbrestingly, a study has shc
some of ileré@reolume receptors whlsleespbstgnsion a¢gdbhysiolog
volusregardless of intravesical py&3899je (Morrison

The mechanosensifibedaffieecalso been classified according to the
mechanical stimulation into low threshibdeatedimeghftbnesheld initial
threshold during mechanical stimulatidiorene smmsihivesholdormal
bladder filling, while the fiylegieesiggdsted to response only to hig
stimuli which represent noxietsZ07ypdaEhd Geldl9®d; SHea

al 2000). In rats, lowikhdestelbeen reported to be a major populat
Another class of affeiesiterfdorathat are normally insensitive to bl
distenslomyever, fleegame sdized by inflammatory mediators and
active in respomaciical stimulatien {EHLR).

23



Chapter 1
1.3.3) SENSORY QHRNMHIRINARY BLADDER

Afferenérves are crucial for bladder sensation in order to control
function. Bladder afferents require different types of reoéptors to
sensationet@iNS. Zagoeb dfRORTonducteitr afferent nerve recordings
fromguinea pig bladder. Theesteiw hisbeeged entypddfef mechanical
stim(Btretcbn \Frey hair stroking and conepnesaictijramid(capsaicin,
methyleneaAdifpertonic solution) and the bladder sensory neurons
into 2 major groups,; stretchtsknsgemshnEStietich sdiimitisere
subdivided into muscle mechanorenepicsd arethan&ieapiors.
insensitil@esvere classified into mucosal mechanoreceptors ant
(Zagorodetyak009)

1) Muscle mechanoreceptors

Muscle mechanoreceptors generate afferent firing that is propor
pressure. The stretch sensitive afferents that respond to bladder di:
t o be t enssgaoens 3r ewietpht osrnso othdda t m ua
2000). Zagoredafp@d conductatr@xperiment to remove the bladder |
and record afferent firings in response to stretching. They reported |
changeraffit firing in response to bladder distension, suggesting tha
ardéocatdarihe maesklyer (ZagoetdaB@@7 In addition, some population
muscle mechanareudgpersdent of intravesical peepfatesexhiiyitigg
or even a decrease at higher imtihissgraupresshes receptors has
suggested tarkee aZrvalngmea r2a ;me pte

sense volume inside the hib@REh ¢l ePOOaN).

2.) Tensmrcosal receptors

Tenstonucosal receptors are sensitive to stretch, mild stroking wi
hypertonic solution (ZetgaP@@\auggesting that the receptive fields
interspersed betwssrsthand the musuke tigye . receptortoorrespon
musetaicosal receptors in the pelvic afferents supplying the colon,
pelvic afferents éBak0sy
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3.) Mucosal mechanoreceptors

This mechanagecgptesgionducosal stroking with visinSemsitiae but
to stretch. The mucosal mechanoreceptors have been identified
afferents in mouse cavEB)m@elypelvic nerves supplyiaddbe mous
(Zgorodnyaik al20Q7 This class of mechanosesiaplarsresfjzorse
characteristic with silent receptors that do na@ictatespestaey activity
chemical stimulation and could generate spontaneous firing followin

4.) Chemoreceptors

This group of the receptors gespusselsamieséhandibarariety of
autocrine and paracrine reed{289%) Mpssted a small population of |
that responded to potassiigatiohlanidiecabladeteal®8Y9s Moreover,
the chemoreceptor characteristic was fsttithr lofediagebiddguk a
200which shomagdsome populaticnseEnsitetelpelvic afferents respon
acid and potgggilgation to the mucosat(ZHydrodnyuk

5.) Silent afferents

These afferent nerves are normally insensitive to high pressure
noxious stimuli but become active following irritation or inflamme
therefore termed 2nociceptors?
bladder distension unresponsive afferents became activated folloy
mustard oil (@tadi@d90Janig and Koltzehbepgh@Ez@Qhere -8(8%6-20

of silent afferent nerves emtpe(yanigffand KoltZertbovwgeu€9Ghe
mechanism of activation of silent receptors is still unclear.
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1.3.4) MECHANISMS OF MECHANOSENSITIVITY

Mechanotransductessisfacpmyerting mechanical &igreaintocilectrica
is critical to the function of various\tksiliag smecbrdeaseimgnfan
kidneys, muscle, bone growth, vascular tong2@0€; biiamdiliflavwd (Ct
Mariac 200he urinary bladder constantly conveys mechanosenso
CNS to regulate the micturition reflex. The mechanisms of mechat
arelassified into direct and indirect mechanisms.

1.) Direct mechanbtransduc

According to an anatomical structure of afferent nerves that penetr
allows the afferents to directly detect medaticalf somalzdionels ha
been investigated for a role in directhgtdatdcimyganechamnsceral orge
including, transient receptor potential (TRP) families (TRPAL, TRP
ion channels (ASIC1, ASIC2, ASIC3}jlIRiepmd wal keezaR by

2010; Cesa2011In order to sense mechanical force and trigger a re
fast detection and high sensitivity to Tetetbrgradbdnstonuthannels
activated, the channels open rapidly and the sayneffodre@resnplified
promoting graded recspol acttentaiEhaspmed Walker. 2001

Two models have beedipopestdnmsensitivity of these ion channel
tension and (ii) tether&ilayemtezision model has been explained
force directly causes tensi on
mechanosensitive athagnelopening of the channels. The mechani
model is mediated via linking betwetheeidracdhiaelmatix and/ol
intracellular proteins. Changing in tension of the proteins, therefol
channels lands aflovio genemadehanotransducticenGilfedee 2001
Barrit and Rychkov 2005; Chriga@)¥sen and Corey
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2.) Indirect mechanotransduction

Some groups of receptors are chemoreceptors and strdth insensi
mechanical sighals wieusit@seswitters/mediators to the nearby cell:
studies demonstrated that bladder distension triggers mediator rele
from the urothehiom could potenaalheieiafic receptors on the urothe
cells and other nearby cellsn@dgyangdri@@eéemand de Grdde2007
afferent nerves express an array of various senspidadreansgicthese
receptors, P2X, P2Y, and muscareti@k888p il ¢Riodd; Chess
Williams220h additiowhiCiCaldmeneath the urothelial layers express
and P2Y receptiral?d4d). This infeuggésts thatalCContribute to
indirect mechanotransduction.

Two mechanisms of indirect mechanotransduction have been
mechanosensitive protein and (ii) ligand release models. The adjac
hypothesigines mechanical activation of meshéraabagditase mbtein
diffusible second messengers or kinase activation éo dlewsn cha
channel gatinglar@hadstensen and LCdrby RGATd release eedel h
used to explain how mechanical force triggers extracellular ligar
activates ion channels to pro@biestemse niddCQreyatho
Figuresiimmarizes the direct and indirect hypothetical models.
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A) Direct channel gating
1) Bilayer tension 2) Tethered Channel Force

@ 4 =
Extracetiviar 9 - - ~ - - > e
Lipid . R p—
i Force Force
Cytoplasm ! 9

B) Indirect channel gating

1) Adjacent MS protein 2) Ligand release

a0 ey 0 &

Figure Hypothetical model of mechanotransduction channels (Br
Direct mechanotransduction mechanisms; 1) bilayemiehgbraand 2)
mechanical force dsrestbhad@tsdiranechanotransduction mechanisi
adjacent mechanosensitive protein that the nedespenigios thieetch
channels and 2) ligand release mechanism requires intermediate n
the channels.

1.4 MICTURNTREFLEX

Theiaturition reflexmpleated processstardatptian between the spir
cord and the brainstem (pontine mictdritioriezes)tbdBévasgiioal
reflex). The neuronal circuitofiverkitghna@cbanism between the uri
bladder and the urethral outle¢taal\ @8] (Mialkdigd©86; Yoshimura
and de Groat 1997). The pontine micturition center edfmmeceives
various brain areas indagiregiuittalpray (PAG), basal ganglia, and |
(Fow]@008). The supraspinal reflex plays a predominant role in vo
afferent signals arrive in the PAfEtiamad telaysgaaEamus and the
insunablegsessment of sendadjtime Imgldsdi brairfrardal poetex is
involviedmaking consciosregiaasignvoluntary voiding (Griffiths and T
Thenicturition reflex compticegye phase (bladder diliing) @mas¢he v
(bladder emgps summarized.in figure 1.8
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The storage phase

The urinary bladder has an accommodation mechanism that initially
an increabe aitravesical pagskrrac8 mnsodatiosic property of the
detrusor (Tang and Ruch 1995) and pdintieslcolutrastarentdiriag durir
filling which stimulates sympathetiamdtifosh{@@d@roBuring urine
storage, the parasympathetiedyghepatizeinthidctivaticeielesel oto
roradreealiiatsion -Bdrenergic receptors in the bladdstedarserand p
relaxation. SimultaoraduesBgdinds tadrenergic ieadipdourethra to
potentiate urethral sphincter contraction asdantyaaesitgreflessuner
during bladder filling fussiyen@aditedice outflow to allow uriaeadtorage (|
2008).

The voglphase

Once the afferent signal reaches the threshold set by the pontir
sympatheitt the somatic nerwasesystdrad off. Condheently
parasympathetic nervous system is activated. Paraadeathety inn
releascethylchdigpnhich further binds to misca N2 sewev3),
leadingatoite contradsrusdr smoot(Fowletla2008). In addition, the
excitatory signal to the bladder urettasy s paltiiatednaadops release |
causegethral sphinatonmelArderson and ) esfieomnd8O2xpulsion
through the urethra (Chancellor and Yoshimura 2002).
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Storage reflex Voiding reflex PAG ’—1 I

Pontine storage center ————————@) / Pontine micturition center ——————"_ @'
~N_~ 9 )

Hypogastricnerve

Hypogastric nerve

+ contract bladder outlet v
- Inhibits detrusor

External urethral. - + External urethral‘ .

sphincter Pudendal nerve sphincter Pudendal nerve

Figure N@&ural cistaitontrol storagevodJingdB) edfiéadified from
Fowlet aR008). Sayrage reflex: Distention of diueirxaokel estavad e
evokes bladder afferent firing. This stimulatesndsanptibeilachadfl @urtt
(badder base andnéedkegtrusor relaxation, thegulditonathadrve
iInnwatthe external sphizls®raateédtezl.pontine staesgjsocseands
descendingstsignalease urethral sphincter activity. gfiromthtese me
ume storégfoiding rdfieense bladder affanpedgnalervethactivate
bulbospinal reflex pathwayt(intue)hatinek pesdine micturition center. T
parasympathetic outflow istetnismmpoteraimmnaof the btatdand
relaxation of gretotl muscle (green), while the sympathetic and pt
urethral outlet are inhibited (red). In additrom dseapdsagqthway
relay neurons in thet@egragu@&h@) befortn@amdimg taicturition center.
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1.5HT RECEPTORS AND FUNCTION

S5Hydroxytryptahtiines€sotonin) was first identfiect@ssa vsisomenin the
194QRappertal947YHD is an essertiahsmitter thatliswmedinted to
regulate many processes in the -biddpEn key bdlemedulation of
mood, memory, anxiety, sexuality, dppetitso axersedpetse roles
peripheral organs inchadmgacaghstrointestinal, pulmonary, genitour

and nocicémtiemeview betBRQE9)

The majorceodfd (95%) is prothecgdstrointestinal tract by enteroch
cells (EC cells), but mast cells and myentericsogumahddéd 5he gut
(Gershon and TawkhiB®@Dout 5% is centrally produced from serot
originating from raphe nuclei in thet bPSi08EMnaiBdayet Bertrand 201
O'Hara and Sharkey 2007).

Both central and petiphgnathdsis requires a rate limiting enzyme
hydroxylase (TPH). TPH has 2 isoforms; TPHioandahPIsaforPHA is
neuronal tissud$ kidtteadlpresset prodddésirioneurohssues
Cteet ak003; Watherl200HHT biosynthesis requires 2 main st
hydroxylation of tryptophadroxytoy@opHd®) (by TPH and (i)
decarboxylatidnydmfyfyptophanhymytrptasiiiig lfyamino acid
decarbbasg-AADC) (Hakanahf70; VerbEaBOh After syBtiiesss
stored in vesicles by the vesicular monoamine treinapba4éy. 1 (VM.
Following isséel¢T is taken back up into the nearby intestinal epi
neurones by the serotonin transpodE@Y6ERT) (Wade

S5HT which is not stored in the vesicles is degraded by monoam
aldehyde decarboxyEses@A@tzymesttdnmést &n inactive metabolite
hydroxyindoleacetii AA&)d([fgashira and Waddell tS&20Radriguez
diagramteT iosynthesis and mdiibobdsismdiewn in figure 1.9
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EC cell

Vesicular transporter

¥ 4 o ®
5-HT transporter ° 0l e
(SERT, HHT)

Figure $8ematic dragiapictihtil Soroductiamastiredterochromarffin
(EC) cdllsr(rand and Bertrand 2010

1.5)Classification and distrilitreceydtbrs

5HT receptors are ubiquitously expressed in the baldyrgekisth centr:
preseti b receptors are mainly classified into 7 subfamilies and at
been identMiedi-+bI receptorspastei® cdupbeptors (GPCR) with th

exception aflffie recspibichigesghted ionreRoR0g.

The structuk€ldf 2, 4, 5, Ge@udmprisésansmembrane domains wit
extracellulgentiinal and a cytoplasmic COOH terminal. The third int
active site whictwiiteote(Barnes and Sharp 1999)

5HT3 receptors are the adlly gpoeyptarf that are ligand gated ion cha
are member of the Cys loop superfamilies similar to, @icdtinic ace
glycine receptdBeceptors comprise four transmembrane domains th
a pentameftigretriibe transmembraf@misraacentval jaod COOH
terminald-bfd chanaed on the extracElyuae HiB®ewt 2001 ; Sine

and Engel Zb@6glassification, distributions, anti Treeeptpenaess of
summarizeblei?.
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A. GProtein coupled recepitbr8 (Roeptors)

B. Liganghted ion chatiEBsr€septors)

v a

e & a)
plk‘*-‘b’\: _/ / \f."t 5}[«

s oONOEY A

! \AL2) .2/\,
|1 . Welm

| a3 @)

S O
=)

Figure IMdilel for subunit strddilire cf@Beset al.99FASubunit
model of metabétiopiecéptorsHmB8h showiegesn transmembrane
structureq@mo@in cdrgdept@BsSubunit model of tgdtiBgaieeptors
comprigirsyibunits thegdotameric structure.

1.) N&MT3aceptors

SHT1 receptors

5HT1 receptdosiraalen both CNS ratloeAN&N] a dense exfiréssion of
receptors havepbetea in the dorsal raphe nucleus, cerebral cortex
layer of hippocaiahmess(and Watson F1941,991igHd11 receptors are
classified #HHI0LBH 1BHI 1DHI 1E, ahld BF. The main meehanism o
HT1 receptors is negatively coupled to adeRdyhogh@fe)6a Gi prote

Among the receptor$libtypeseptors are the most extensively studi
suggestedHihatreceptors coulddutrtorpdsrs in the ragphéAnuclei. -
activatstimulates neymanadaEed inwardly rectifiedh@iade

and Nicoll; T@8ino and HalliwE€bW9&k all997 leading to neuronal
hyerpolarization to@ysexatability and inhibHHTeretazdes In &ddition
HT1A activation has been reported to stimulaté fbGiliPatianchimtrace
coupled to raittigared prote(MRIR&9gathwayeciaaicithnsafRinit

(Albert and Tiberi 200).
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SHT2 receptors

5HT2 receptors are mainly found in the forebrain wrekpressioreurot
level in thestenamirapdhal chlengedall9R@T2 are classifidMto 5
5HT2B, adilTBCHI 2 receptors are Gouplexdein to positively regul:
phospholipase C (PLC) to incréasa autisadtnlaf @ee inosifol pathwa
(Hannon and Hoyer 2008)

oHT4 receptors

5HT4 receatansiquitously edprbsth central asvadlpenggins i.e., brain,
heart gadtrointestinRlatyawi(@2006)}H34 receptbirsate stimulatory G
protein (Gs) and positively couptdalséo aadenytyease cAMP level,
activai&A pathway. ActivitibrealdS to various actions incltiding inhil
chanrfedgdiall992), facilitation of transmitter releaseH@patnee, AC
braiC6nseloal 99Bjanehial 2003e and BE®AE3, and mediation of colo
relation, and activayip@&dHannEladditdall 992).

SHTS receptors

5HTS receataeyyatively coupled to adenylyl cgclaséechiaeEe prioiein
HI'1 receptors, hédiéveecbptors show lowdd Taffinttyhtvé sequence
homology to-Hifiecé&ptors of less than 50%. H® subtigewitesd; 5
HT5A a#tliSB receptorSlatiratsi{993; Erlahd&993

SHTG6 receptors

5HTéeceptors are primarily expressed in the brain with lower expre
adrenal g\hoiis@taal 99Ru&t all 9OR3Thrimary casc&tiebaieseptors
islinked to stimatotgirGwhichsaetiwdig cyclase arstAiMdiredsee!.
(Ruat al993; GrietsdilD98).

5HT7 receptors

5HTTeceptbaye been found in rabthnch pemnpheral orgdnghlyhey are
expresséukimippocampus, ndogutealaandsefigrval®03; Thomas
and Hagan 2080%).receptors are also widely expressed in the pe
intestine L aP001), stomache{Jak33£)) corneal epithelia¢tcalls (Cride
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2003), adrenal glomerulastcaleqQerayidtblood vesssisl®@BImann
5HT7 receptors are positively coupled to adenylyl cyclase and inc
stimulation sirdiadtaddTH recefioest 31993

2.).igangated ion channels

SHT3 receptor

5HT3 receptors are expressed in both central and peripheral org:e
cord, and gastrointedtii@ &etotatiton evokes rapid depolarization \
monovaleritan@Kand lower permeability tdaddsafiy(Rei@eal.

1988; Luraoi

5HT3A amdiT3B receptor subunits are the major isoforms that form
heteromeric channels.FirBdnaadromef $1T3A aftilBB can form
functional receptors, whacdas3Imemeptors do not. However, previc
using patch clamp electrophysialmgpnshosvieoiddd Ssutsuns
important in determining chaored yaoneetdwhibBAeriecéptars had
lower threshold tdeseastiization compared 4T @B medeptors.
AdditionallyT BAB receptors had shorsaftezcdesenditization compare
homomeH T A recdplaveetsal 999; Hapfatre@ied3However, there are
also other factors thwtilmaieldocehanging iof @b rdesensitization
includirextracellul&rle@aldevelopmental state ghosfibatasd.
calcinefdunth@tpa2000; LebaR001; Yetkadl99)nexplanatibn
the-AT3B subunit can alter the kinetitl pBopleanssliidse Bhannels
are mpermeabidtdndKompareG@&and impermeabifitgnit ddgless
likely to cause desensitizatalid @B s mdiggram of all signalling
pathwsal/$ T receptor subtypes is shown in figure 1.11
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1994).
Recep| Subtyp Location Response
5HT1 | 5HT1A Neuronal, mainly Neuronal hyperpolariz
5HT1B  CNS and some g Inhibitioreof otransmitte
nerves release
5HT1D Mainly CNS Inhibition of neurotrans
release
5HT1E| Only CNS Inhibition of adenylyl ¢
5HT1F| Mainly CNS Inhibition of adenylyl ¢
5HT2 | 5HT2A Vascular smooth Vasoconstriction, plate
platelets, lung, C aggregation, bronchoc
gastrastinal tract
5HT2B| Mainly periphera Rat stomach fundic mi
contraction
5HT2C CNS (high densil Increase phosphoinos
choroid plexus)
5HT3 Peripheral and c( Depolarization
neurons, gastroir
tract
5HT4 Gastrointestinal { Activation of ACh releg
CNS, heart, uring tachycardia, doéystse
bladder CNS neurons
5HTS5 |5HT5A CNS Nbt known
5HT5B
5HT6 CNS Activation ofyhdgnidse
(HEK 293 cells)
SHT7 CNS Activation of adenylyl
(Hela cells and COS ¢
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G-protein coupled receptors

Families  Subtypes G-protein  Effector pathways

5-HT2A
5-HT2B PLC IP3 [ca?]
5-HT2C

———0

Ligand-gated ion channels

5-HT3

Figure 10ihgram summaignag transduction pathhayeceptor
subty{bmet a2004)
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1.6 ROLE-BF N THE BOWEL AND THE BLADDER

1.6.133 and bawelibns

The bowel is thsounegoblTSin the Bbtlly.is secreted across the baso
membrane of E@gedasa to mecharataldiintestiension), chemical (ac
bases), or noxious stehei(@B&egeEand and Bert@ith2Da0d Sharkey
2007hsecretddiT5in the bowel has three (Habinflkkéiaeseptors
expressed on either extims nerves, (i) act as a paraceine medi:
nearby enterocgiegshiilb could enter the couglatoothivessels in the
lamimaopria, which may exist in its free form or be takenmp into pl:
transporter (BEREN(@ and Benr&tERAiDalso expressed on both a
basolateral sides of the extta200g@)es (Gill

The main fun&itRTofs-tptieke!d INEC callsthatestinal epidnadium
platel&woringdd in platelets has beneficial effects teHpréeset and mai
the circulé&drara and Sharkae301§ rapidly metabolized in the liv
liver enzymes. OneHthirsl dédraded by Mpdboxyodéideacs (

HIAA), whildhingb are processed aneHil@ieduinboSiored B in
platelets distributes to the other organs via the circulation (Egashira
et all989). The schematic -HidgremduztidGocatidn of EC cells in the
intestinwall are shown in figure 1.12

S5HT is well known to regulate many functions in the bowel incluc
segmentation, secretion, and vasodilation via activation of both
sulmucosal plexuses) afferents and extrinsic (vagal and spinal) af
activationHoF segslpdstric emptying, nausea, vomiting, agtdatdiscomfo
1999; Grundy and Schemann 2005; GruddyaBaifgs. ankagditlenins
intestinal inflammatiost @€K181gWeaingl007; MatvakR006) and
regulation of cell paflifenatoiCafwla activatidd T&EByVoutetsal.
2007At leasubfamiliésiofreceptbf152, & 47 have been reported a
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regulate intestinal funetic8(RiES ardT=! recephave been reported
to playajor roles and haveiteestigedadlfor their therapeutic potential.

5HT3 receptors are exprelsseiapidpsisdiiasmooth musiBndells
motor neurétiB3 becepi@stherefore atirgetivetreat many intestinal
symptoms includiagchabseaninal digddthfantagonists have been wi
used to trehveaiBD patients (Artla?€88; Ragiafl008). IBS patients
treated with alesdiBoanfagonist) showed increased compliance of tl
et al.998). In addiit® ahtagonists have been used to treagnausea fi
induced emesis and netusk2BEC ddiatiteaauger 1986). However, there
been reports of adsefrdd T&ffactagonist treatment for cehstipation (
1990). Interestifigfdyreseptors have been reportadtioo|@tgrent
hypersensitivitg bowel, whimsaroellaked to pathological symptoms in
IBD (Keaire008).

5HT4 recepterdensively expressed in the intestinal wall including in
affereneurons, epithelial cells, globlet cells, @ddfsnareR0bdRiscle ce
Livet aROOSEHT Activation increaliesrpileisés and gastyiddérpty
knockout midenphaveolonic maeilig2 QD). Thereédde agonist such as
cisapride and metoclopramide have been |BfdtientsdEtvanstipatior
2007; Baeyah84).
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Figure13chematic diagram detiopatimgaythe intestinaliaak (

and Hoffman. 2B13)s @aked into the laminadpemiyaaativiatie
intrinsic and extrinsic afferentnedBMes Sanspaftatebaok épithelial
cells via SERITtHat enters the dtiosthkroulp and stored in platelets.

1.6.29 and urinary bledtiens

Previous studies have investigateti thim cegtratimjenateurition reflex
both spinal and suprasgmzlkawZ0(02; Rag@@Cebodies of
serotonergic neurons dne lagatiechucleistetheabdasend their projectic
to many areas of the brain and spinal cord. Lsyrnpsdoeslc pamesyr
somatic nuclei receive serotonergic pheenud@tEndeootdhergic neuron
in the raphe nuclei send bulbospinal projection to innervate the su
dirdgtcontrol the sensory information amdergneanorseaortide dorsal h
which receive the pmpoafyosensoryDahisints Fiee&kagerberg and
Bjorklund 1985; etealb908).

A study showed that activation stoaphituryistdidthdder reflex
functigMicMahon and Spillane ato&P9 IRgagatingly, a recent study |
Chiba and colleaguesmisimagtion of microdialysis in the prefrontal
cystometrography (CMG)}H3hexertsthatiBhibitory role on micturition
theat. They fountihzereatrelzdt@ancredSelT leswl prefrontal cortex
and incoidadder intercontradidhiseffeat was reduced by local appl
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5HT1A agoddYBAT) into the prefrontal cortex, which also significau
intercontrachterval 6T hiliH 6).

Within the researchhiteraurelear evidence of species variation \
interpretatiad Tofnction dM¥fidtiblédd receptor subtypes have been fi
many regions in the brabndaack sgrieatialdi;m controlling micAtrition
preserd TAAHT 2 H5T345T4 andTY receptors have been reported 1
expression and functionalindgi&dueoatftstiy uiaal002; Ramage
2006)

5HT1A recepjression has bedédntdisnduidtenacral parasympathetic
nucleusd, raphe nuclei, sogggestingntrollingmiefient( @0bd&gao5).

Even tho#tfill A receptor activation has inhibitory action on adenylyl
supraspinal level, actvatibranfehtarsssldctivd LA agoAEH (8
DPAT) results in bladdeecantsd®8@n &ind the inhibition of the recept
selective receptor antagonist causes decreasesinaBGld)erToentract
potentiation of bladdetHattititkof b e c ept or has be:
effecActivationHat1A autoreceptorsifetkleasesfrom serotonergic ne
which further decreases an iR yrectioiooéSaVahR@)6 N
contrast, in ElAl#réceptors have been reported topatholagioia only
conditions i.e., bladdethrimtrawesical snedicspicidl cord iajuay, (Gu
2007

Lecci andvarers (1992) suggested different roles foH3@Aal and
receptors. They shé¥edeapksti&n<hipydroxytrptardd€Tl [Sr@quired
higher effective dose of intracerebroventricOldd Ry wdareastéred
effective dose of intraiDebDd At \vds not charggedl @93 ciThese
results suggestdd ltbegdors in the brainséenoraceptorsHviike 5
receptors in the sacral spinal cord are heteroretiegtgrdatinh rohy ha
the releasth@f neurotra(RantizRfN6)
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5HT2 expression has been@epdaatuatetise hypothalanibe and co
ronspeciidT2 agonist;maishydroxytryptamine maleate (i.c.v), in
bladder contraction and decreased (iEudexkadpa2ihalitarsture
has conflicting sepdtie eolel D2 Seceptacdiepends on the species uset
the studyT3A receptor activation plays a primary role in activation c
where#&$T2C activation inhibits EUS activityetnafiB@angigan(dhor
Thot996). OvdrdlR Seceptors have inhibitory role in micturition ref
stimulatory action on pudendal nerves Ramc@gle EUS activity (

Ishizualreported a minor role oH3tBraspptal€-iEdihggs(ist
Me&HT) (i.c.v), which correlates withHIB8vrdeapiity ekpression in the
(IshizuiktaaR00Z)estand colleagues (2000) have aldd3Iepoegidrihat
antagonist (zalosetron) administratieffe¢tcor) taidlimg contraction
anesthetized rags §f@@taHowever, the roletot 3pmed|dde been
reported in dadpdyyand colleagulescal admintbEati®B ahtagonist
(zalosetrongsddctiee mastutiieshold during bldckhemtfidi2P9)
suggesting thatHsphaedeptor may play a role in control bladder
information is supported by an invteatl@tivhdgHONE® Seceptor
expressidimgorsal horn of the @{oEihicbdd3).

Usintheselectivid T3l agonist RS67%0@vdscfalinad supraspindl 5
receptors etit@mceirition reflex in response (ishiad@dae® 02
However, this idataritrast to an investigdiied natsniag 32090

They reportdwdiHad antagonist RS39604 themdioefilectefiex (Testa
et aR0OQ08HT4 receptor expression is high in nigrostaatdlieimd mes
have been reported to modulate other neurotransmitter release e.g
and Sharp 1999). The action siteHiitl antcaanisiv stilbunclear and it
be direct and/or indirect mechanitheisnearcdransimtei® (Ramage

Doly anavodkers (2005) rep@riedeptor expre@siom ifi @mesratsn u ¢ |
suggesting its role in mietuafo0)Dalgispecifiel’ b7 antagonist SB
266970 (i.c.v) adm{iBratfkgn rats showed an increase in intravesic
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and volume threstedldi@&8d These data séitijéseteptds have
stimulatory athiemaiarition reflex, /RaG)age

While margvious studiesrpasted the central med¢hanisostiailihg
micturition, theralaslstf informatitdmabdulatory rétd afrbbladder
afferent achvey though, a number of studi¢B renaptepexiecksion i
the bitirothelium, detrusafferestland efferent nerve terminals, m
have fedos BIT efferent function to regulate detrusor contraction
expression profile and their fuhtTiomaheoldadufeb are hapidred in ¢
and 4.

1.7 PELVIC CBRGAN SENSITIZATION

An anatomical and functional relationship between the pelvic org:
pelvic organs to work harmoniously. A clear example is the alternat:
intestened the bladder. Bladder contraction is inhibited following rec
(Kock and Pompeiuset 2698F)owhich explains the adt®etaienproce:
defecation and urinatetre@ddnsky

The concept of oetemd k vdrs c2eviasceared | exes
signals frostiongated affgating affetrery & another nedwbgoodgam

to previous investigaians, sross | zat i on hm@atr dlese
and/ or 2 p@®alykh@dBrunsofaRd Gebhart 2@t@alDaym s
2013)

Crossgan sensitizatismbecpnoeninent after masieporgstightiothis
mechanism may contributagcsammeenlggopfile between different pel
e.g., the aolopbladder, uterus, and.prosateghamism therefore rest
difficulty with diagnosis andrmaake$ pati¢rdatiddampratiseal studies
have mpd an overlap in pathological symptoms between the distal
and proglarggdFraneisal997; Mayed.999; Aaron and Bucliwald 2001
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instance, irritable bowel sythdnsnkallB®epa reported with bladder
l.e., nocturia, frequency, incomplete voiding Vémakgdetiak86)g urinat
Bladder inflammation rechrdeactiteri(@eti@i2081). In addition, uterin
inflnmationded extravasia¢idiaoider and coleh{A0R6ard

Central g@ssitization is driven by mechanisms in the brain and spi
second order sensory neurons receive convergent sensory inforn
orgain the brain, neuronal convergence has been found in thalamt
has shown that teBmnsimgt on3 s nucl eus of
both colon anddidseiden (Hubscher and JohnBmi2@0&z#Rouzade
2003In the spinal cord, nalkoftahcrssnflamed organ could be trar
uninflamed structures via a direct connection of interneurons that r
both organs (BeddeWilkg9).

Periptalcress nsi ti zati arefpreixmasei ltyhad:
because sensory neurons in the DRG have multiple axons innervat
afferent hyperexcitabjanicauieé converge fwatarsignaifamed organ
resulting in the release of excitatory neurotransmitters which furthe
the second organ (Amir ariglUbewsk1808@; Gebhart 2QAMY.Malykhin
Evidence forapergpasssitization anmpaigicthrgans comes from stu
showing that local administratitmeohtamaec(ifded§009) or uterus
(Persy aR008) redheedffect of urethrél sefexeatic diagram summari
crogggan sensitizgiesmsies shown in figure 1.13
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y @:\: “4 b

XY
() Brain X: )

Dorsal root

0 ganglion

Diseased pelvic

Adjacent pelvic organs

organ

|

Neurogenic inflammation
and/or neuropathic pain

Figure IPD3sible mechamsmenaf dadlsdetweelvic organs (modified
fronMalykhja@@0.7)he convergence of afferent nerves, possibly occu
or peripheral mechanis(@PuorsalevalsgangliwRGREYronsdhat ha
branching or multipbidEahseprr neuronal connection between two ¢
DRG neurons that receive sensory inémtroedmmdiaoreabcomnittion
with an adjacent organ, changes in the excitability of the excited or
actin pot eefl@pi avli aorneuaxdm ansmi tt
mechanism may trigger vasodilation or extravasation, and develop
the adjacent organ(2Bgdinaliejitte afferent sigtealsitaded organ that
arrivathe spinal cord converge on the same interneuron with anothe
restihg in a conaag@mtpotentiainaritated organ (b{@iBraute).
Following the convergencevedsirethertabpatidescesaiicgrsiggalo
hyperexcitability of the irritated orgaraseotvgsroigelhlediCross
indicates convergent neurons. Anterograde signal frorotties brain, s
organs wishy dotted lines.
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1.8 BLADDER PATHOLOGY

1.8.1) Interst#igilséyainful bladder syndrome

Interstitial cystitis/painful bladder syndrome is a chronic bladder cc
and related irritant symptoms in the reigidasr lasththenpaigithan 6 mc
The International Continence Society (ICS) defined interstitial cysti
syndrome (PBS).: "The compl aint
other symptoms saskdsgagtime and nighttime frequency, in the ab
urinary i nfecti @nak002). ICRBEHgrOsed byb v
pairelated to urinary bladder and other functional symptoms incluc
and pduring urination withoutiseaksbhasuseen reported to affect child
adults (Shear azd0fayweith higher nwodemcd @ieB8atseem to vary
with agetbnicity (Cletra2087).

Theetiology of IC/PB&nidesir. At present three main factors have be
contrieub IC/PB&am of urothelial permeability, mastd:i@ieractivatic

nerve actiyaadpno2)

Alteratiof urothelial permeability

Impaired urothelial permeabilityslesxpti dtgnézdestimulietHicks
1974). The iunotieldensely coatedawittioglycan (GAG) layers and
junction proteins which &gedsaaierdateerevent the leakage of pota
bacteria, and noxious substastcaZO(doharetRRa06he significant
role ti&SAG layer has been shown by studies where the GAG laye
intravesicdtamn of exogenous GAG (such as chondroitin sulphe
reverses the perhibbilithadifeblidaustraP009) and significantly reduc
the recruitment of immunetcalel@ndlagnostic test forypefrmeabilit

urothelium is an infravelsieaulars i u (Bereee?90l; PEREAY. S 0 n

The Parson3s test determines ¢
solution (40 mEq in 100 mL of wadrladuectiyf hetedhution is left in
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bladder for 5 minutes and the patients is asked tofraeqtlendggree
and urgencyerormo feeling) to five (pronoun¢2ad2Elinge (Resisiors

diagnosis of IC igiabtistdeadients have a rdivaHuglesetharstudy has
reported sensitivity and specificity of this test are 59%edral 69% re:
1999) which calls into question its validity in diagnosiropéd@.&Clinical
better way by using biomarkers as a tool for the diagnosis. Seve
suggested including urinary antiproliferative factor (ARB))and urin:
However, there have been no studies to coafietaiEtheseyamserpie
and biopsy data 2B0tk$3402).

Mast cells activation

Mast cells are a key source of various proinflammatory mediators i
leukotriand histamine (Tle¢atZz0@Bs ClevicEmepottsat 86% of
IC/PBS patients have mastocytosis. Previous studidisistanaraso ref
level in IC patients. Patients with antihistamine treatment (Hydro
inhibitor showed improvesygmpionty PBSIehelkQ@heTheokarides
al.2001). Animal egpsmgeniiiBiced colonic inflammation have st
increase in mast selltharblaeder, which correlates with an impaired
(decrelsading valFitzgesild20)3 hese stedggest that ICKHBS may
deridrom mast cell activation mechanisms.

Cfiber nerve activation

It has been widely accepted thatpdeskiesitaffgreoliatides stdrage
symptoms. Activdilmer efff€rents by inflammatory mediators e.g., s
nengrowth factor (NGF) could recruit mast cells and trigger inflal
Moreover, increased expression of substami &sas 0 ¢baiobarptr
in IC patients (MetraiE®@@B)A clear rolefifuer Gifferent activation by
neuropeptides contributing to bladdasHoxpe rexditstmicye dkedsco
(2007). They showed that dpp[#tdces dfomewrtierent terminals by s
administration of capsaicin reduced -hiypeaEteraiit tynolliNB &
colonic inflammation. In addition tilerreiterambredbadst cells in

the bladder waeal@dstin@ta200.7J his suggesteeti@otyeof IC/PBS
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is complex. Bladder dysfunction from alteration of urothelial cells
derived from masd esltsvatidibs2y act in a concerted way. Importe
described in the previous section-satisitesgiest toetiuasisms betwe
pelvic organs, the releasenh niedizsuiedonitdasensitize neurons i
DR/Gpinal cord/brain that receive sensory signals from another org:
of afferent nerve of the other p200R)oryach¢Saiic diagram of hypo
pathophysiology mecR&damsnim@iarized in figure 1.14

Urothelial dysfunction

!

Mast cell C-fibre nerve
activation “ upregulation
Spinal cord and central nervous system
“Wind-up”

!

Visceral organ
hyperalgesia/allodynia

/ 3 1\

Urinary Gynecologic Pelvic floor Gastrointestinal

Figure 1Sldnmarized diagram of pathophysiotogiésdf&&PBS
2002)

1.8.2.) Overactive Bladder

Overactive bladder (OAB) ibaploysigidajegder symPiB shares
common irritant bladder symptoms to IC/PBS, except that pain |
condition. A survey study in 5 countries; Chabdal @ifeden, iGermar

ages betwélrnyshr both sex shavedaipatof OAB prevalence is ~12%
been reported similar prevalence in both sexes and the incidence

(Irwiet 22006)
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The ICS defined OAB as urgency with or without etria@@ihcontine
frequency (voids F@\mn dayl Rovearn2D0Q¢Abraisa?002). All of

these pathological symptoms occur without bladder infection or ol
associated with urodynamic characteristic of atel602hveractivity (£

Theomplektiologly OABnist fully @wholddut it has been suggested to
multifactoriaeTibledyOAB is classified into two classes:

- ldiopathic overactive éelded soenmyenic causaeitia@bdyeis

undefined

- Neurogenic overacivechacsie tadDd@ dysregulation or degenera
of neuronalagattivat could medtplatievels including, supraspinal, st
and in the level of sacral nerves.

At preséimtee main theothesrhgregos@dB and detrusor overactivi
urotheliungenym and neurogenic hypotheses

Modulatory roles of the urothelium anre bilad@asihgigtivmdely studie
Changesirothelairession, function, and mediator release may play
bladder dysregolatrmiance, NGleleedased in the bladder and the
patients with PBS/IC, neurogenic and idiopathat idesmnisosl ovieckd s
exhibit@@B symptoras §2009; Ochodh@k@1INGF and its receptors
(Tr&) halween found in the @rotivelnatha® 018 urray s2004Friat
alreported the role of NGF to decrease threshold of TRPV1 sign:
TRV1 is required for NGRddediatedpramsal012Moreover, the
suburothelial componé@@mtheivg terminals, which lie beneath the
could form an interaction as a functional unit to cause instability of
speculation is supportestipgtian by Ikeda and Kanai (2008) usinc
mapping approach, shavcogatdnent (urotheliunprapdid@miag a
role to regulate spontaneous detrusor contraction in normal and
(Ikeda and Kanai 2008)

Myogefaictaase involved in charigdsegy, rmxcgability and coupling of <
muscle cells that consthdktrtcsor contraction. Unstable bitadder cor
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OAB could derive framsrhaatiesnuscle morphology. Increased cor
between muscle fadendesramstie arrangement have bebroobservec
without urge incOuiomasass?002)sually, the muscle bundle of norma
is not well electrical coupled. Dense muscle arrangement allows a
leading to tetanic chmB@ayi@xplain enhanced spontaneoims contrac
this pathological (&iedisamnd Facs 2002)

Impairment of central control and peripheral sensitization also con
Changes in neuronal sypeshaaigrodopogyvargency in OAB. For inste
silentfiBrdbat normally do teh@rmal bladder may become active an
micturition in R&B eatd with spinal cord injury have been shown to
spinal micturition retiet 9d8;Gdellabp89). This has been shown by sy
injection of capsaicin whichti@ertuotiohibaflex in normal cats, while
spinal cord injury cats showed a reduction of spontanexied bladder
1990intravesical application-fibeseteminctoXin e.g., cepsaienataind
(RTX) allevia@&dsymptoms @ ad2Q@iid. addition, urgency may be del
from altered afferent threshold leading sehdéaddisr aitdrect diympent
silent néilveshichecome activatest €h2062). For instance, Vizzard
colleagues have reported that there was an increase in neurona
contributes to bladder afferégtihypaeapdvabibsph@iviadder
irritatianimalkich is a model of chror{i/ibtasidai @

The filiste treatment of neurogenin@a&riame d@mihs e.g. Oxybutynir
Tolterodine, which imprapachiadder delay an initial urge to void. Tl
however, have some unpleasant advert effects gl§emmoalkhfi@atcon al
Devoe 200&)ther option is chemical denervation. Using neurotoxic ¢
afferent rigmes.g. capsaicin, BdXiliaod toxin ¢8diX)alleviate bladder
unstable symptoms hy mpeevegénic inflammation derived frc
neuropeptide/mediator release. However, there is ongoing iny
investigation still need to be ensure to use, IO ABHaeatHent(fcbud
Groat 1999; 26€@kh
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1.9ENERAL AIMS AND OBJECTIVES

As mentioned ddflitiasSbeen sugupesitBpatepathology of the bowel
especially in sensory functional disorders (i.e., IBS and IBD). The
relationship between the boweaigzh tilebdstidgr questiddifwhether
plagya modulatory role in regulating blagder affdiient, dittiee is
iformation aboutihaands@septor subtypes might contribute to blad
activity. Understammdéengiieon both spontaneous and mechanosen:
activity will provide additional information about its modulatory rc
function which is beneficial to understaheairi@adderismeensation
Therefore, th# awve of this thesis is to investigate tHa modldakdey role
afferent firing in normal mice and in a-ltaoldes esedsitiahibi®n
specific objectives are as follows;

1) ExamindTs receptor expressedialicdliotand studyHWwhibtaetlys
activates urotheliziteells

2) Investigate the eff€éCtoof Bladder afferent firing in both sponte
mechanosensitive afferentstdidedeptidy subtype contribution

3) Stydthe effedt®fdn bladder afferent-bEdden eaasitization using
alTNBifduced colonic inflammation model

4) Determine whether the urinary biddardogeltbisveablifce of 5
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CHAPTER
2 MATERIALS AND ME

2.1 ANIMALS

This study was performed in ad6lweales degffaRith C57/BL6 mice
background purchased from Charles River (Margate, UK). Mice wel
days in the laborataspbantnalinit uAdégld@rk2ycle and had free acc
to water and food. The animals were anaesthetized with isoflurane
cervical dislocation accordinifide ldiisianon reteldtiieglSporocedures
(Seintific procedure Act 1986).

Thereatiemidline incision was performed to expose the abdomina
afferent nerve recordings, the mociséipgte regrary ibladder, kidr
ureter, and urethra, was irachadi@tplgcextis cold Krebs bicarbonat
(composition, mM: Ne&H 8.4, GA4®, Mg3Q, KHpL1.2, glucose
11.7%yhich was bubled ¥ @B2G°CR, immunohistochemistry, and
imaging, the Waddsxciseapaimddeebs sslstaied below.
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2.2n viteXTRACELLULAR NERVE RECORDING

After killing the muickine abdominal incision was performed and mic
the LR spinal levels. The tail, dastrdimiestanalweseeremoved. Both
sides of the pelvic bone and the remaining pelvic regioregonsisting
urethra, and the bladdspaoverd to the recordingtchBaizgr (baly
preparation wasolggrgifused at af fatethindtevith an oxygenated
(95%620QKrebs bicarbonalglesuubed in the prevaiusosstdian)
temperature at 35 °C.

Under a dissection microscope (Nikon, SMZ645), the tissue surro
was removedtwiltdmagdhe ureters and thbeblagtens were ligated us
sutu(e/@/0)o prevent back flow. The pubic symphysis was centrally
expose the urethra. A polythene catheter (0.28 mm) waseserted i
bladder with isotonic norméa&4alioe fid@%eacological reagents using
pump (Genie, Kphgsauiiiiel-NIDO) \aitite 100niite The bladder
dome was punctured at the apex with a syrihge rie@d® (BD migrol
lumen catheter inserted. One arm of the catheter was connecte
(DTXTM plesXDBecton Dickinson, Singapore) to monitor the intrav
the other was conn@atepotohelose far illidg or open for emptying
bladder.

The bladder afferent nerve bundles (a mixture of pelvic and hypoga
the base of the bladder to the spinal cord were dissectditidrom dist
branch acddlatsuation electrode which was attached to a Neurolc
100, Digitimer, Ltd, UK) and an AC amplifier (NL104) to amplify th
mukinit nerve signal was filtered (NL125, band pass filter), pass
diminator (Humbug, Quest Scientific), a power 1401 analogue t
visualized on a computer running Spike 2 software (Version 7.1, Cs
UK). The -mittafferent nerve discharge frequsimoppikas [ryoartted

(Digitimer DTB@ action potentials were caettiesboldheipich was s
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roughly at twice the baseline noise level. The schematic diagram &
vitrafferent nerve recording seffigpiier @ dhamch2.2.

Pressure transducer: record
intravesical bladder pressure

_ Urinary
Intravesical pressure Bladder

Outflow: closing tap allow
bladder filling

e
E\ecuod

=
L—
. Afferent nerves
Infusion pump :
Hl | | |
Hﬂ,NLNM‘_UA.J%.,IAU_W,;m.,w, .mm,!,kl.w

Figure Mlvitrafferent nerve reisshdimgh model to measure

activity and intravesical pressure.

1.
2.
EN
4.
5.
6.
7.
8.

Urinary bladder
Proximal urethra
Afferent nerve bundle
Right kidney

Left kidney

Right ureter

Left ureter

Recording electrode

. Catheter connected to the bladder dome
. Catheter connected to the urethra
. Ground electrode
. Inflow
. Outflow

afferent 1

Figure 2.2 Photographisraffdremeérve recordingteethipdder afferent
nervelidles and catheters positioned in the bladder dome and ureth
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2.2)Experimental protocols

This part describes the general protocols used in the study. Th
experimental protocols are providadhrothhewwethdtshafpters.

1.Reproducibility of response and control of bladder distension

To evaluate the viability of the afferent nerves, the outflow tap we
bladder was csintprrosed phintd with normalteadih@y bladder filling

until the intravesical pressure reached 50 mmHg when the outflow |
bladder. Conctivecaffgrent nerve activityAitas tieedridelder preparatic
was stabilized for 30 minwes, distdriddddmyasical infusion with norn
saline as described before. The bladder distension was repeated 3
establish reproducible bladder afferent responsg®bsfpHBWErting th

2. ) Accommodzitisladder

In order to evaluate the effects of pharmacological reagents on blz
filled with normal saline or antagonists to an intravesical pressure c
tap was closed. The preparation masittabiizeddot@Ballow the blad
accommodate to the change in intravesical volume before applic
substances.

3.)Applying pharmacological agents

Intravesical application of pharmacological agents

To study the effectnodcalqifaal agent on baseline afferent firing.
preparation was continuously perfused via the urethral katheter u
isotonic s@lingmindéor 15 minutes to establish a baseline. This wa:
wash artqul with normal saline perfused for 30 minutes.

In order to investigate the effects of pharmacological reagents on
activity, the bladder was perfusedmatitasohoisicas alinaieci®o L
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30 minghesng which 3 periods of distension wersiprfoaihethjat 10
was followed byuss@ishont during which the bladder distensions wel

Extraluminal application of pharmacological agents

The bladder was distenaeestoahpressure of 16weohktgstaloilede for

30 migonists were dissclieteimiageconcentration in Krebs solutior
pdused into tHe dinciéor 20 minutes. Thereafter, Krebs solution v
for durther 30 minutes to wash out the drugs. The afferent peak
intravesical pressure was determined and compared to a control pe

The effects of the pharmacological reagents on mechanosensitive ¢
thedistension protocol described aboveuteotiotmahgperi@d wmih 3
distensionsatiieg medium was sstitcheffé¢o ¢bntasdiagodired to a
preletermined final concentration for a further 3 disressiang befor
period. The afferent response to bladder distension before, during e
quantified.

2.2)Datanalysis

Data were analysed eitherlaglanf effalete dischayger @pike/sec
percentage charegedintnol.tiAll data is expressed asrapasentBHEM wi
the number of the animals in each group.

1.)Bladder compliance

Bladder compliance is defineetweearictiangbipy bladder volume ar
in bladder pressure. Ith¢hislagtddy was distended with isotonic s:
intravesical pres€unenoig and the volume was calculated from time

Equation olume (uL) = Ragpdime (m)nute
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In this study bladder comptiamgdhe vellacte infused necessary to ¢
pdrcular intravesicahpreesase.in volume wauishtedicamepliance while
a decrease in volume would be indicative of increased detrusor tone

2.)Single unit analysis

The affanent@sals recorded in this study wereuoitiaieed foomdreslti
reflecting the firing of a number of distinct single afferent fibres. Tt
discriminated using the offline spike sorting functighlof Sfiécer# soft
activity was sampled # gpik®dermplate was determined from an inc
with25 millisecond@iogosed of 60 data poirttsnplegekieapaf
usedaoalyaghsequeniasgitekl be matchedlour coded. The same ter
was used to analyze in §Higxpec2i@ents

After a single unit ~wavemar kyu
firing frequency that could be used in suBsequent statistical analys
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File Edit View Templates Control Analyse

II Building WaveMark templates /’\IR REREE0 :I‘ vl

404 h /\ hd
Mew Channel...
Raw nerve actiyf = ST
3 nanon
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403 || ¥ crouler replay
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Wavemarks
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100 spikes/sec
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Figure 2.3 Diagramatic representation of sihigéetampkatalgseise (@tec
from the tracing (ii) iHBeusingtioff of Spike (B pofsvaaple showing
an analyzed bladdengfi@rentdsponse to pressure rise during bladd
(i)is the histogram showing whole nerve firing freegetribyeshsiikes [
which is discriminated into the indifgplual single units in
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3. Princigaimporamdlysis (PCA)

Princigaimponent analysis (PCA) was performed after the wavem:
ensure the classified single units were sufficiently different to defir
demonstrate the variation in spilefahapes treimySyitka 2 software.

PCA works byindbetithape of individusbhasegl®nsipike shape, amplit
area, and slope. These analyzed data are -donmiadizechlamduscateahn
shown as clusters obmébrndaa diffecetdurEhe extent of any overla
between individual clusters could be examined by eyeastes 3D dis
were not clasdiBadcagibres.

An example o Biiddn in figures? dluSeatach singlm digitire 2.3
werassigned different colours and coded 01, 02, 03, 04, 05, 06. By
response to distension it was possibtea®o lolagifgsmetdefibres (with
threshold <15 mmHg) ad (rdh thmestgl and to reveal firing profile of
unit in response to drugs.
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Figure 2.4 Example of principle com@iunstaramdigsisdiiddual nerve u
representing each template generat€BMaBmkar? cloGwaits and re
spike tracing (green).

2.2)Statistical analysis

Various statistical analysis were performed according) tibeskperimer
On¥/ay ANOVA, anthyf VYA were consideredtdiyrifidanost

hoc analysis was carried out where necessary. All statistical ana
performed using Graph Pad Prism (Version 6.00 for Windows, Graj
California W&, grapiggad.
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2.3 ISOLATION AND CULTURE OF PRIMARY UF
CELLS

After cervical dislocation, the visceral organs were removed and tf
excisedto fresh Modified Eagle Me®acvitaM)n@sth@® HEPES and
AntibieAntimycotic (PSF) sol)tiain®Gibncotransfered t&(B®dylgard
Corningdated dish. The bladder was dissected free of surroun
longitudinally under a stereexpumsoofizetaum to the media. The tis:
stretched and pinned. Theveddadvaeplared withigpasagmEM

at 3Z. The bladder was incubated in Dispase for 2 hours at room
culture hood. After the Dispase had been aspiigtedrabeduvathediun
scalpel under the stereo microscope and the cells were-immediat
EDTA (Glbddne solution was incubated at 37 °C for 10 minutes, and
a few minutes. TB®Tppsms deactuditegHgeran MEM with 10 % Feta
Bovine Serum (FBS)®ilbedl suspension was centrifuged at 1500 r
minutes. The solution was gently aspirated and thenmaettetdwas re
Keratinesgtam free mesliv) @edtrifuged at 1500foprd5 4ninutes.

For calcium imaging experiment, the celSKkir20@ suspaddaldtedkol
collagen IV (Sigma Aldrich Poole, UK) coated coverslips in a 12 w
5% G@b%, a1 3T° @rnight. For PCRellet vals washed by adding PB
centrifuged at 1000 rpm, 4 °C for 5-8@in@es and stored at

2. LALCIUM IMAGING

After an overnight incubationtiéliadimel¥Catl8Y cells were examined
viabijit Cells were incubated with 2 uM Fura 2 adeibx{Bigthsl este
Aldrich (Poole, UK)) for 30CGrimtives@ingslips with cells were then s
on a chamber platform (Series 20, Warner Instixodats|ighdsnden,
were generated by OptoLED light source (Cairn Research Limite
intensity of Fura2 was monitarsmhgrddigdatczim8iaHadhas2atsu
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Corporation, Sewickley, PA, USA), a Hamamatsongauteravitbntro
SimplePCI software (Version 6.6.0.0, Hamamatsu Corporation).

The cells were continually perudediBi? §&buffer (composition, mM
10, NaCl 135, KCI 15, ghosChy .Safindieo stalaisk reve

any excess-AMrdo? 30 minutes before imaging startatbsiihe cells
perfused with HERIE®ItEs ® record the baseline. Thereafter cells w
perfused with HEPES containing the pharmacslagddaheragestsebr
again with HEPES for 15 minutes. At the end of experiment, the ca
(Sigmddrich (Poole, UK)) (5 uM) was applied to the cells as a p
urothelial tiedls responded to ionontyededvde analysis. The whole
experiment was carried out in the dark and at room temperature.

Data analysis

Intracellular calcium was determined by the ratio of emission fluore
380 nm excitation light. The respdase thaidringdiahvas reflected by
change in intracellular calcium calculated as the net difference bet
and the peak ratio during drug application. All data were expressed

2.5 INVESTIGATION OF GENE EXPRESSION

2.5 RNA extraction

RNA from mouse urothelial cells and tissues i.e., dorsal root gang
intestine and brain was extracted to investigate mMRNA expressic
performed using a RNeasy Mini Kit (QIAGEIN 741@4) actarn u f a
The tissues up to 20 mg was disrdpigith vl 2@ ogageRestlé.5 mL
and Microtube (VWR Lakshppsihg/d Pestle Motor (VWE/Qabshop,
Isolated RNA was eluiszbindR®\86q.1L. The RNA concentration and
were deter mi ned 20Q0c spectophdtbneternaad
NanoDrop 2000 software version 1.3.1 at absorbance wavelengtl
addition, RNA quality was @éei@dtimed et iange -8f0Be
extracted RNA samples8@&(& stored at
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2.5)Reverse transcription

RNA samples was reverse transcribed into cDNA by High Ca
Transcription Kit with RNase Inhibitor (Az@86)B asysteimg, td
manufacturer3s instruc t(25pkaps . R
on ice as shtatnle 2.1. The reaction mixture was r{hEGHIyETGermal
3000X, Stone, UKhf Aegtstatratiecriprogransimanis in tablehe.2.

synthesized cDNA was immediately used {20 PC R retotaayeor kept

Table 2.1 Component of cDNA synthesis reaetatianjx (for 20 uL pe

Component Volume/Reaci)
10x RT Buffer 2
25% dNTP Mix (100 mM 0.8
10x RT Random Primer 2
MultiScribeTM Reverse 1
RNase Inhibitor 1
Nuclefree8 3.2
RNA 10
Total 20

Table 2.2 Reverse transcription thermal cycle for cDNA synthesis

Step| Step 4 Step | Step
Temperature 25 37 85 4
Time 10mif 120 m| 5min p
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2.5 &onventional reverse transcription polymerR&eR)hain re:

MRNA expression of interested genes w&Re@Gihedawmimy RT
prepared usigg Got&r een Mast er Mi x (Prc
instructesmshown id3able

Table 2.3 Compon&@Rag®n (for 25 uL per reaction)

Component Volume/Reaction
GoTag® Green mastel 12.5
Primers Forward 1.25
Priers Forward 1.25
cDNA (for 50 ng RNA)
Nuclefe=08 Adjust volume to

Total 25

All the steps were performed on ice and avoiding DNase contamin:
down, the reaction mixt@e wasthrerubalt tychertimee steps of the PCF
cycle. Tiermal changes veeréoc@ties The PCR product was either
studied or K&prat

The PCR pfbduydt) and DNA laddesgharbjed3%el electrophoresis
under eldaifct of 100 mA and 120 volts from pb8@vSupEheiMIN
Scientific) for 50 minutes.

The gel was visualized under U

RADUKand the ImageLab software. The gel wasepheteyraplssmho
of the interested genes. The details of genes and primers are descr
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2.5)QuantitativeinealPCR

The quantification of mMRNA expression of genes of interest was ¢
Gene Exprbbsient e r Mi x (Applied Biosy
ingruction as shown .iTkebled:don was prepared on ieghail® mixed
Thiwvall 98ell Skirted PCR FR#Bs E#B5). Prior to running the react
the plates were covered with MicroAmpTM OptreiaPhAatke e dtied f
Biosystems, 43111971) and centrifuged briefly to spin down the co
bubbles from the solutions. The reaction for eachdsginAccabiNgsee
free water was used to replace cDNA as blank for each gene anc
performed HRADOCFX96 Touchiié¢ Restem (C1000 TouchTM Th
Cycler,Banl Laboratories Ltd. Hercules, USA)ngitbrdigeatherenak cy
summarized in table 2.5.

Table 2.4 Components of gtiardifa@Ve nessdtion (for 20 ul per reactior

Component Volume/Reaction
TagMan Gene Expression M 10
Probe
cDNA 1
Nuclefree=B 8
Total 20

Table 2.5 Thermal cyoisedP @Ralused in this study.

, AmpliTag Gold
UDG incub: SUVER] =t PCR
Step UP Enzyme Acti\
Hold Hold Cycle (40 Cycle
Time 2 minutes 10 minutes | Denatu Anneal/Ex
Tem 50 °C 95 °C 15secd 1 minute
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Data analys

Cycle threshold (Ct) refers to the number of the cycle required to re
PCR product is amplified in a linear way, and was determined for €
Higher Ct value indicated lower leveld bEreRBIAOERTIREESI@Rpressior
genes of interest was determined relative teatiim.hdheechbrpatirye
was demonstrated as follows:

Equatior@t = Ct testedCbpoasekeeping gene

Fold change refers to the relative change of gene expression betwe
calculated as follows:

3>Ct sample ICt tested gene iiCshoydeeeping gene in sample 1
3>Ct sample 2t tested gene iiCshioydeZeeping gene in sample 2
3> £t =3Ct sampleQt sample 2

Fold change 2 ¢t

Fold change was used to indicate change of gene expression in CV
healthy control animals.
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2.60MMUNOHISTOCHEMISTRY

2.6)Tissue fixation asmdloegding

The jejunum and bladder were collected and cleaned in phosphat
from tablet, Sigma P4417), and then the whole tissue was fixed in ¢
at 4 °C overhightissuerymsotebtedgh a series of sucrose gradients
and 30%), overnight in each solution or until the tissue sunk to
Thereatftiee tissue was plalckdfithed mbh optimal cutting peonperature
(OCT, Bright Instrument Company, 53581), and bladder and je
longitudinal and transverse direction respectively. The moulds wer¢
vas fully frozen and8t@¢Higre 2.5

[_1

leed in 4% paraformaldehyde overnight (4 -C)
\1 ::> r
/

=08

Sucrose Sucrose Sucrose
10% 15% 30%

Y,

Embedded in optimal cutting temperature compound
(OCT) on dry ice and kept at-80 °C

FiguréRiagram shows bladder and jejuthorydikatitomg processes.

2.6)Zrysectioning

The OCT blocks containing tissues were sectioned in a cryostat (B
Huntingdon, UK) at 15 um. The cr@S@tfpesnsenupmaperature and
15°C for the chamber. The whole tissue was sectionee2@h@.labelled
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2.6)3mmugtaining

The sectioned slides were left at room temperature for 15 minutes
humid box. ddwewstre washed with PBS for 5 minutes (3 times) to re
staining, sections were quenchgd AR mekhddidnal, A893078) fi
minutes and permeabilized with 0.1% Triton X fspe&ifimstatasglo
theslides were incubated with blocking solution for 20 minutes. Th
made from 5% normal serum of the species in which the secondal
primary antibody was applied to the slides and cex@ethweith, @arafi
negative control was perfotmeetissnewhed incubated with blocking
instead of the primary antibody. The slides was incubated with the
Prior to the application of secondaey rargdub3ytiskedewitelPBS to was
excess primary antibody. Following this, slides were incubated wit
secondary antibodies for 2 hours at room temperature. Slides we
using VECTASHIELD MountmbAMdd\ector, THE26@es were either
imaged immediately or kept at 4 °C for later analysis.

2.6)8icroscopy and image analysis

The stained sections were observed under an Olympus BX51 m
Images were captur€@lyugiug &olorView |l digitainzsgeeee The
displayed by ImageJ software (1.43u, NationdlHedightesavieldegjth,
for excitation and emission of DAPI, FBS33/482DHEA65804 are
respectively.

2.PHARMACOLOGICALAHBENDEUTIONS

The pharmacological reagents used in this study are listed in table
dissolved in distilledDyvatet Kdklbs solution where possible or DMSC
make a stock sohatgmmidiegher diluted in isotonic normal saline (for i
application) or Krebs solution (for extraluminal application) to get t
Details of the concentrataribeded tre dessilts sections.
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Table 2.6dfipharmacological agents used in this study

Compound{ Main actif Company Catalo¢ Solvent
numbe make st
solutior
5Hydroxytrypt{ 5HT recef Sigma HO9523| dHD
(5HT) agonist
Granisetrone |5HT3 LK G6802 dHD
hydrochoride | receptor |Laboratorie
antagonis;
5Methoxytrypt| Full agoni| Sigma M6628 dHD
(5MT) 5HT recey
excegtd3
2Methy5 5HT3 Tocris/Bios{ 0558 deD
hydroxytrptam receptors
(2M&SHT) agonist
MLO Myosin lig Cayman 100107 DMSO
chaimise| Chemical
inhitor
Y-27632 Rho kinag Chemdea | CD014 dHD
inhibitor
Citalopram Selectiv€l] LKT C3477, dHD
hydrobromide | reuptake |Laboratorie
inhibitor
L-N@Nitroargini Nitric oxid| Sigma N5751| dHD
methyl ester | synthase
(LNAME) inhibitor
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CHAPTER

EXPRESSIOMDRECEPTORS A
3 FUNCTIONAL ROEH @
MOUSE UROTH

3.1 INTRODUCTION

A significant role for urothelial cells in modulating bladder functit
suppd@evestlidies have addoessedatherothelial cells are not only &
barrier to protect the urinary bladder from ions and solutes in urin
epithelimathelial cells express an array of ion channels and receptt
which alloesells to detect mechanttahecheahstahdnanthésssduce
signals by releasing an ar(ApadanadifésBindersson 2013; Merrill
et a01d)he mediators released from the urothelial cells could eithe
to bind to their r@peggeesieon urothelial cells themselves or act in a
bindinto receptors exmesdydoatis, including smooth muscle cells,
nenEexusedlC(Bird@011; Biatekndersson 2018aM20dlb; Varley

et 2005

A recent study has repaedlaodiraole of serotonergic signalling
urothelium. Mduiyaictmavakers highligitheddd modulate bladde
distentioduced ATP release from urothelial celsT 13iagtagorspecifi
GRL27935 addi45agdaist, SB204070, they -siidMedetteitdr inhibits

distensimiuced ATP releaseiWheeeaptdy facilitates the ATP releas
also examined mRNA eXgtidssudtyqiesllin madisellsddHD, 2A,

4, and 6 we&reted in the urotvaiay@i9.1A, 1B, 1D, 2A, 2B, 2C, 3A,
and 7 have been reporigenndaciidmss iaEt a2016)
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In contrast, MRNA exjt€&8sicandf IB receptors has been reported i
mucao$2hetty aL00.7There is much less infdimacaptol ®xpression ir
human urothelial cels 2Bnkgcgptor has been found in the humal
(OchodeickR012Y his reported exp#dIsieceqft@rs may sddjfjest that
may exert a sensory role in urothelial cells.

5HT receptoralbavmen demonstrated in the detrusor smooth mus
neurons. Unpublished dafdigéayiaizdbs)teshowsiiiad, 518, 1D, 2A,
2B, 2C, 3A, 3B, 4, and 7 are expressed in mouse\dginison smdoth
colleags (208Ridied mMRNA expigssieptafsSy in situ hydomidiisation
found thelT2B, 1D, 2A, 2B, 2B, 3A, 3B, and 4 are expressed in
(Nicholsdal 20038 summanrH®f receptor expression in urothelial cells
smooth muscles, and DRG neurons is shown in table 3.1

5HT receptors have also been demonstrated to play a sensory Ic
gastrointestindlirast, Bl 4rare detected in myenteric andGbmucosa
and enteroendocrine cells using in(Glatmhist@0b2Mistlyanical
stimulation of mucosa ev4KE wledstudhér adlidateseptors in human
sensory CGRP netfb8sadddEbin quipig colon, which are involved i
initiation of the peris{btikreitsEtiral 9068HT4 receptbivation has
been showwhibat visceral hypersensitivii§s ieerwidest iVee eichdl

2006; Hoféhak012nd gastrinsiisiduced viscef@emhiaR01.1)n
additiod] ™ recepter also expressed in the epithelial cells of othel
including @Marnyrikeea2012irwgéyiurpalya?2013and in the mucosa of th:

esophdyase a2012)

71



Chapger

Table 3HToreceptors expression profile in bladder afferent pathwa
Matsumigligaet a2015)

5HT | Urotheliy Detrusor m| DR@euror Urothelit Whole blad
subtyp, (moudd (mouBe)| (rafy | (humén (raf)
5HT1A - + n.d.
S5HTLB - ++ 5 n.d. n.d.
SHT1D  ++ ++ 3 n.d. n.d.
SHT2A + ++ 5 + ++
5HT2B - & 5 n.d. ++
SHT2C - ++ n.d. n.d. ++
SHT3A  +- ++ 5 n.d. -
SHT3B + + 5 n.d. n.d.
5HT4 ++ + 5 n.d. ++
SHT5A - - n.d. n.d.
5HT6 0 - n.d. n.d.
S5HT7 - + n.d. n.d. ++

+noderate expressions, ++ straypexenessilia, both positive and neg
results, n.d. not determined

*Matsunidipat aR016
®UnpublishedMatsuvidigait 82015
“Ochodeic&l012

9Sakei a2013

*Nicholsb@2003
* Chetttya2007

Taken together, the above evidence stjjestefitersnpdrtadterf Sens
function. However, especially in the urothelial cdibs réve mxpseson
still contradictory. It is also interesting to invd$tigateptordh exprestex
in the urothelial cells could diredtlyTiesmdaceidlss chapter aimed to
MRNA expression pidfilecspitypes in urothelial cdi€Risimgl RT

examined the direddéfmcthaddse urothelial cells by calcium imaging
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3.2 EXPERIMENTAL PROTOCOL AND ANALYSIS

MRNA expressgith r@cgptors in mouse urothelial cells

As described i2dednvas extracted from mouse urothelial cells
expression of all subiypesocé@idbts was deteRGIRgNbP)RThe list of

primers are summarisedantitabas3ised as a housekeeping gene
control. cDNA feampteuse DRG was used as a-dddiByel DoritFgl for
2A, 2B, 2C, 3A, 3B, 4, and 7. cDNA sample from mouse brain was
for BIT1A, 5A, 5B, and 6. For negative control reactions distilled w:
cDNsamples. The mRNA expression was defined to be positive if
three urothelial samples.

DNA sequencii@ ofceptors subtypes expressed in mouse ul

To confirm nucleotide seljuesmeEsiatexpnessedurothelial cells, PC
productdiiSLA, 1B, 1D, 2A, 2B, 4, 6, and 7 was amplified and extrac
extracted DNA sample of each gene was sent to a sequencing sen
University of Sheffield) te detbeotide dequences. The obtained sequ
gene were aligned with the expected PCR product and the hom
Chromas Lite 2.1.1 and Clone mEnagerédtsgiwaetch of the PCR
sequences to theHjEmesepitors svdrygetermined to confirm the relial
the PCR results.

Effect éi’d and granisetron on mouse urothelial cells

The direct effétt @inhSurothelial cells was investigated using calciun
represents dnamjexcellufacoBaentraticii) ([Qetailed calcium imaging
protocols and an explanation of thenbethadcluapyter Yecgon 2.4
methods of urothel@i prepdestribed2r3 $aetiexperimeatdas oto

summarised in figaleidg a control period of HEPES buffer perfusi
5HT (100 uM) was constantly perfused into the chamber for 3 1
urothelial cells were washed with HEPES butiaofoydib (bipiésvasn:
applied into the chamber as a positive control to check cell viability.
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In a subset of experimenisadiateddreitbrgranisetron (1-HWV3, a selec
antagonist bdfbrapplication. In order to detéumitiectizd talisl respons
to 5T, we compiiraegponse to ATP. ATP diluted in HEPES (10 uM
to cells for 90 seconds. After a wash out period of 15 mimutes, the
ionomycin (5 uM) JFigure 3.1

Furd iexcited ah@4andrgBoof lighteamited 5hdnlntracelluldr Ca
change is indicated by the fluorescent intensity ratio dtheaveleng
background intensity of each cell was subtracted fronartige rasponse
fluorescence intRR3itYife maximal respbiisarduiId’Sapplication we
calculated as percentages comparing to mazinfedcespbiasgeto iono
from basaline of 340/886h was calculated from area under the cun
using @rd’ad Prism Baftavarere expressed as mean + SEM.

Equation 3: Fractional change = (pas&liespahse)Arseline value
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Table 3.2 Summary of primer segqi€iiRes used in RT

Produ "
: : . Positi\

Recepl Accessiol Pmmer sequences Size
contrg

subtyp number (bps)

5HT1A NM_00830¢ FW 53 TAAGAACT 103| Brain
RW 53 AGAAATGC
SHT1B| NM_01048FW 53 CCAACACA 135| DRG
RW 53 CCAAGTCA
SHT1D NM_00830§Fw 53 TACAAACAC 310| DRG
Rw 53 ATGAGTGTT]
5HT1F NM_00831Fw 53 GACCAGAG( 340| DRG
Rw 53 TGCAGCTTA(C
SHT2A NM_172812FW 53 CATCTCC(Q 150| DRG
RW 53T GTCAAGIACAC G
SHT2B| XM_006529FW 53 CCGATTG(C 120| DRG
RW 53 GGCACAGA
SHT2C NM_008312FW 53 TGAAACTG 126| DRG
RW 53 AGCTGCTA
SHT3A NM_01356]FW 53 AKLBGCCAAC 128, DRG
RW 53 CTCCCTTGQG
SHT3B| NM_020274FW 53 TGATTCTT 154, DRG
RW 53 GCCTCAGC(C
5HT4 | NM_00831{FW 53 ATGTTCTQ 162| DRG
RW 53 GCCTCCCA
S5HI5A| NM_008314FW 53 AAGACCAA 124| brain
RW 53 TCCACGTA
5HT5B|NM_010483Fw 53 TCTCCTTCGQG 469 brain
Rw 53 GAGTCTCCAQ
5HT6 |[NM_021358 Fw 53 TGGGCAAAG 386| brain
RWTEAGATACGGCA(
5HT7 |NM_008315Fw 53 AAGTTCTCA 485| DRG
Rw 53 CAGTTTTGT
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A.
HEPES / HEF HEPES / HEPI
granisetroriM{)L 5HT (100 pu\  granisetron (1 lonomycin (5 pu
( | J \ J
Y Y T T
3 min 3 min 15 min Imin
B.
5HT (100 uMHEPES ATP (10 pHEPES lonomycin (5 pl
\ T . A T N T I Y I T )
3 min 15 min 1.5 min 15 min 1 min

Figure Brbtocols of calcium imaging experimeffJasadcolthsestialy.
investigate thefel3cton intracelftdthar@e in mouse urofBglial cells
Protocskd to investigate théTefiedtATB on intrdckinige ®amouse
urothelial cells
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3.3 RESULTS: mRNA EXPRESSIRECBFTORS IN

MOUSE URDITBM

The bands of PCR pro@@its dr@mwiiRin figuneR3NA expd4FibA,
1B, 1D, 2A, 2B, 4, 6, and 7 was detected in imausatirdiheRal,cells |
3A, 3B, 5A, and 5B

DNA sequencii{ ofcestdrtypesesgad in mouse urothelial ce

The percentage match of the PCR product-BEquereeet® shbtgpes
was betwed®096 confirming the validity of the psmensoiméddA ex
receptor subtypese urothelial 86l)s (Table
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Posit Negativi
Urothelial cells  contr control

SHT1A
SHT1B
SHT1D

SHT1F
SHT2A

oHT2B
SHPC

SHT3A
SHT3B
SHT4

SHTSA
SHTSB

SHT6
SHTY7

£
2
>

Figure BIRNA expressibh i@cgptor subtypes in mous&ididtAelial cell
1B, 1D, 2A, 2Bbdt 6atfd 1F, 2C, 3A58BwBe found in mouse uroth
cells. Urothelial teke fonice were collected and mRNA expression v
actin was used as a housekeeping gene and either brain or DRG |
control. Negative control was similar PCR reaction to others but tl
reactioNs-3).
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Table 3.3 Percent match between PCR ptodeceptonsesidaty pdd anc
the sequences from the database

SHT receptors sy Percent matc
5HT1A 100
5HT1B 98
5HT1D 99
5HT2A 96
5HT2B 96

5HT4 100
5HT6 98
S5HT7 100

3.4 RESULTS: EFFEETS N MOUSE UROTHELIA
CELLS

Since many Eeceptor swetfmesd in mouse urodigjiaheadgpression
level, it ofastertesinvestigate whether thil exqoessses direcity exert th
functioeslonseH®. 3 he respomosieeiinal cells was compldiieLbétween
uUM)A3T withipoeibation of granisetron (1 uM), and ATP (10 uM).

A represernitatigd cultured urothelial cells and sample trace of cal
responséiitr® shown in fidgid B geredt@mase of intraé@Ralém Ca
340/380). In addieowas no difference in relative fluckeseewt Batio be
HT withdpoeibation of grariSetfon b + \?s68¥anisbiidn63.20 +
1.17%) (Fig&jeBMch is conglstambbfdistermifiactional change from
baseline of ratid340/38P2 + 0.01 vs. gkihiseR63(6i0Are 3.4B)
Percentages of responrdifi@eellgramiSatiarbatien was also not differ
(5HT, 65.14 £ 10.71% vs-Hjfanieedtor+50.51% (FldweseIdsults
indicate thiit dould directly bH4IT® mmeptors expressed in the urothe
trigger araseia intracellldaelCa
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5-HT lonomycin 5-HT response
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Figure &8lcium imaging of mouse YroHhedipresdistative image shov
urothelial cells labelzGregiared cotmgsesafevagyeneratelous
diseriinate diffedfintracell@&concentré@@ample traces showing typi
urothelial cell respbiisél@d uM) and ionomycin (5 uM) in calciu
experim@j¥lean + SEMinhatrgeellf4ev@ss of urotheliploresiéstes
S5HT (1a8 from a single experiment (n=15).
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Figure 3T stimulated mouse urothelial c8li$T 8 reogip(ddm
Relative increase of irft(RetituB40Z280) in redparse goabisetron pre
inabatigB)Fractiorre@ndeom baseline of ratin B2EpBBSEIToamd
granisetranquiga(igrirercentages of respoddih@ftefgprabation of
granisetronp a i HestdT, SN=MaBwn gréndeiitnb, n3163
unpaifed u tksNmrdfetsdo thie number of animal aatlaeiisdicates nur

In addition, pattern and percentajesbtl eeltl ra3pomses determined
represergdraseshown in figle¢T3amdHb with granisetnmoilaon
triggered an increase in relative fluorescenetl rdiiblless thEBVATI
granisetrbi+%53.20 £ 1. WP v89.69+ 3.688/@ fHRighichassistent

with anabfsistermifiagtiochigérom baseline of ratiBHI4 38D +

0.01 vs. granis¢tron2b + ATR2 G840 ZFigure 3l6&restingly, time to
peak respor$€ wiS sighfasgdr than -ANTRPZ35 + 21.19 S2C2AEP
16.07 sec) @@uide total peat@iiagesponding t® A 5Poviésss

cells respondedHd baiit8.% of the cgtisneed totdnlyFegLE)h
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Figure Brathelial cell respdiiseds esser th@banmple traces showing
typical urothelial cell reEp@¢he6 (dvg, ATP (10 uM) and i@ omycin (
Mean + SEMinhatrgeellfi4ev@ss of urothelial cellstiggpngao 5
uM) and ionomyd¢iortbaudingle expetjiien
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Figure 8lfothelial célresponsesHd Were reduced relatiyd)to ATP.

ATP

mm Response to 5-HT
mm Response to ATP
Response to 5-HT and ATP

Relative increase in intr@Ratiole340/880) in respbnsd tplus

granisetroA TéBJractiohaingrem seineatifo 340/380 in reg{hbnse to 5
SHTgranisetron and A&l AD@VA with Tukey multiple comparison,
N=6, 5, 3 resp&gfiveig)to peak resptinsmdoAT P of the responding

**R 0. 001, +tep({dRrapertdurotBdietrebmnseHd, TPt

and bottband ANE3, nd88kfers to the number of animal and n indic

of cells.
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35 DISCUSSION

The main sindthg chapter are
1. MRNASHT 1A, 1B, 1D, 28\, athut, st T 1F, 2C, 3A, 3B, 5A, an
5Bvere expressedise urothelial cells.
2.)5HT directly atheoatsmthelial cells by a thathamstrblocked by
granisetron and therefore it4d T hketidatede 5

S5HT3 receptoe not expressed on mouse urothelial cells

In this study we fedHidlAatlB, 1D, 2A, 2BmRMAdnch7are all G
protein cdrgieptors, were detected in mouse urothelial cells. This c
of Matsurdigeandoworkers j20tgich reported mMRNA expression p
urothelium and wiletinediedhbladder in miE€RusiRige RSLImmarised tak
comparihlJ Seceptor expression iMttsushdtper @016 is shown in
table 3.4.

In & urothelidiii, 1D ahtil8 receptors are strongly explEsednavhere:
5HT6 show weak expression levdlE.reteoetyubl¥ks, (5B, 1D,

2A, 2B, 2C, 3A, 4, and 7) were also-detected biibdenahdimi

et a2016\e could alsdHIetBcabtild subtypes in theellsptheiaver,

we found broader types of the receptors in urothelial cells.

The partial contradiction in PCR result comparedMiyahanstudy b
colleagues could be derived from using different primers. Different
conditions possibly contribute to a different efficiency to detect and
used to isolate urothelial cells could also be a S reteitars did n
urothelial cells as reported in the stedguss Chiedtyseseicbftudy dete!
the expoasgrofile only inthe urotkel | s, whi |l e i n C
lamina propria which could contain GHiEB cetsmrpsessiothér possik
that we could rigiti tidtesteptors is tRd TévedaE|diors expression in urot
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cells is very low relative to the other subtypes. Howeverd#ll the PCI
receptors were checked by DNA sequencing and all gemes showec
(96.00%) to the original sequences, suggesting that the designed
detectétiloreceptor results were valid.

Table 3.4 SurtabdyoHD receptor subtypes mRNA expression it
urothelial cells in this stediyetaisypabliyaat 2016

SHT subty| Urothelium Urqthelium
(Mitamaneot®01€  (This study

5HT1A - +

5HT1B - +

SHT1D ++ +

5HT2A + +

5HT2B - +

5HT2C -

5HT3A +

5HT3B +

5HT4 ++ +

5HT5A -

5HT5B ?

5HT6 - +

S5HT7 - +

One potential concern of this study is that the collearethséiaiples n
cells. The contaminatiothelialaells was previously detected using g
certain cell typessswentim fayofibrol{l2stts aRO0GEKIit falCC
(DavidsodiicCloskey, 20@B&min for smooth niGsclemi¢lismeed
2009However, the technique used to collect the urothelial cells in
mt#hod which is also used i(Zeitat aRD0dApEHIRP014; Nazical.

2014; Matshhyatib a2016As described in chapter 2 (section 2.3), the 1
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collection was performed gently with concern during cell scrar
a@ontamination of suburothelial cells and smooth muscle cells.

A key finding in this investigation is thgatbei® Ivasaotdgaarpresse
in mouse urothelial celidiyditaomiotkers also reported aHEbsence ¢
recaps expressed in the urothelial cells, but presé@viaisubmi@st of
Miyaat a2016yvhich @édnd the detrusor sniGoktrai20[@f).addition

to the detrusor-mli8alecé&ptors have been reported in mucosal layer
(Chewy aR00.7Apart from the urothelial layers, the suburothelial lay
several types of neurnaalaral oelisroblake cellSCblood vessels,
and the nerve(Brdgfs1Kidaind wmrkers repbiTédrécepqmression

in afferent terminals within spinal di{zidtlat83k ofeaieiTS
receptor expression has bh€@n infextine Mhere it plays a role in er
pacemaker Aatetitg2011Mt is possible that the other candidate cells t
5HT3 receptors in suburothelial layers could be ¢ffenardlsuzoor aff
ICACdning in the [oyona and the detruso(Davstsabtidg&ioskey
200%8)tegrate sensory information from the urothelial cells to the det
also modulate spontaneous activity (¥dteakRegEdr muscles

S5HT directly stimulded 8ioaceptors in mouse urothelial cells

This is the first studystrade-thbtdiectly triggered an increase in int
Céalevel in the urothelial cells. Granisetron had netef##dt drisrotheli:
result support® QiR Bdta, which suggestingH#hEd tieerp tessexiar

in mouse urotheliddTcebseptor candidatggmayich role in triggers
intracellulfic@dd beTLA, 1B, 1D, 2A, 2B, 4, 6, and 7. However, S
receptors exert different transductidh patlandyzip@rya3o directly
augment intrac&llidazaDaling to Gg/11 proteijieed] iwbetddd B>

6, and 7 are reported to couple with Gs protein andHiitthet B)creas
and 1D are reported to couple rtilsites whidbcomase i CAMP e
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Matsuridipaat aP0)5Thsuggests that more than one signal transduc
may be invol¥¢d inesliated an increase Hinntihacethtlzel@acells.

It was clearly showed in the sample tracing that a different patterr
observeltha majorityTofesponded cells (~97%, 37 out of 38 cells), a
ATP. Therefore the pogsibsityniddan® may also couple to other path
be excluded. A recent study hasi€4tablishtal thlat/facitdibeimg)
distensimatuced ATP release from riidassuaiditetiap® 167 he 5

HT stimulated increase irfiohsesiadan @ present study could pos:s
to ATP release which further acts on P2X receptors expressed on tt

However, our investigation clearlyeshamneldtithat tth@gxktresponse b
5HT and ATP was totalidTiffeskranger to get the maxintum intrace
response, whereas the urothelial responded to ATP was more raj
response. This different ipheaspygree of correlated to thefeharacteri:
HT3 receptors which coypietdhrquaghwiay and require time to activ
messenger pathway in order to reledseconttest|LAAPCeould direc
activated ion&2dpreceptors and rafiiflp@NggRoC)

The heterogeneity of tebbsurothdl@brribute to heterogeneity of the
response. The mix of different populations of urothelial cell sul
intermediate cells, andApaxEH2R6Hs)Le2d6Mhay have diffidient 5
receptor distribution. Therefore, this might be a reason that some
respondHd 6rwieal only small increases ifi intracellular Ca

Taken together, these data demondifatedetttatsvamnesxpressed ol
mouse urothelium and could exert a functional respoms®asanediat
Thdring findiredevant to the next chapter siTi8rabsptureespbessior
and the failure of granisetron to atteddifentioelsesjuatiselitdedells
direct modulatoryHDlm afréthelial cells could play ralas of semseey fut
urinary bladder.
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CHAPTER

EFFECF-BTON BASELINE
4 MECHANOSENSIAZDE
AFFERENT FI

4.1 INTRODUCTION

Activation of afferent nerves isensehstrgtegfdonation along the af
pathway in order to contthbblddigleeriencitability of bladder afferents
bladder symptoms i.e. paiineqgugecyy YaehisR0}B8As described in
chapter 3, various sHitypesmbts are expressed in urothlial cells, <
coulday roles in sensory function of the urinary bladder. This chapte
role cH3 on bladder afferent firing.

All 14 subtypé$TofeBeptors have bémrexedortgailatory fimection on
bladder as summarizéd BT tandelidtefer@rdiffole on bladdatr functior
urothelium, efferent nerve terminals, detrusor muscle, and possibly
number of studies have addressed theHdeophbladdaertitunscodrs a
depictedyurdi 4.1. Matsliyaotnd/akers (2016) have addressed regul
of HT on ATP release from mouse urothelium dddifighasiremstora
inhibitory role in distaneATP releasehiidiblyacafor SMiereas
facilitates the releaseafiaTEadsuAiiaEt a201.6)
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Tablke.1 Transduction pathways and HtfildecegstectsobB/pes (adapte

Chapter

fronMatsumibliyaet a2015
5HT | Transduc] Smooth mu Autonomlmq .
. . nerve terming Urotheli Centrathway
subtyp pathway (Postjunctid . :
(Prgunctiohal
v Micturition reflex ¢
external urethral sj
(EUS) (cat);
4 Micturition reflex &
EUS activity
¢ Cholinergic (spinal)/bursting E
5HT1A Gilo CAWI Contraction| transmission activity (supdasptis
5HTLB| Gi/o cANI v Rhythmic bladder
Gi/o cAN v ATP
5HTAC release
Ga/1L4P 4 Neurogenic
[CHi 4 contraction; 4 Micturition reflex &
5HT2A ContractionTPurinergic trans activity
Gl Ip,
5HT2H [CHi4 Contraction
Gq/114p } Micturition reflex
5HT2q [CHi4 ContractionfNeurogenic cor
Ligamyhte( # Neurogenic
cation contraction;
5HT3A channel ContractionTChO“n?rg!C
Ligawmyhtec transmission
cation
5HT3E channel
Gs CAMA #Neurogenic | 4 ATP
contraction; release
fChoIinergic
transmission (h
purinergic (guir]
5HT4 transmission
5HT5A Gilo cAN
5HT6 | Gs CAMF
Gs CAMF # Neuremjc
Relaxation | contraction; T Micturition reflex
(Pig bIaddeTChoIinergic (supraspinal)
5HT7 neck) transmission
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Many studies have dis|daaftibtiheceptaestrunsor smooti iméiscle.
HT1A antagonistO3Y) could noHiedaoed bladdertistdionoin
female (Gtkei al2013n contthddHT1A receptor SgahreR{din
propylamino)te@alirAfhduced isolated detrusor contraction and th
reversedrB T1A antafdiistt a200¥) bladder outlet obstruction (BOQG
5HT2 subtypes have been reported to indud oulasatd @kinticsotion in
200@and dog (CohenBOAO)atmeadliER/SamtiPlB antagonists reversed !
H¥induced contf@ekah al2013ABHT3 receptor agonist inhibited de
smooth muscle contractimbafiehgufeeni@ckendgaine, WhelEas 5
receptactivation elpotedtiatioblanfder contraction efetitvaalg field
stmulation in mouse bladder Higpscitathégfgeceptors are located
efferent nervestermenads inhibii@ydeeptors edtanabeatrusor smooth
musdl€hetty aR00.7BothiHI 4 anHTY receptor antagonists, GR1138
SB269970 respectively, faliHththupeevdatrGsor cont(&eti@inah rats
2013An opposite a¢libn fceptor heysdoesehin the electrical field stimt
of the detrusor mutdodeHAiakeceptor antagonist, SB258¥#1 antagc
evoked bladder strip contiRatesn aB0GtHese oppossadis could
possibldue tive usdifferemi b/ antag@miave variatiom experimental
technique used to stimulate the mustlé segegitblmeavestdblished
to play a role in smooth mutpeg dladatefRemo a2009)

In additigrostjuctiormbdi&rusor muscldy Treemeypdabtypes are reported
to regulate the pplegjuetrcatsloatrdion SHT1A recphobpited-ACh
releasd=B$ isplatedmadetrustn @ gostetcaR0068HT 2Activation
guinea pigsHan2i@btivationrats facilE8aiuceslrogenic coatraction
(Messeti all995; ReitikaRO1L1BHT2A recepilmy role in purinergic
transmisskEATofduced detrusor muscle contradtiessergl®®ea pigs
5HT3 recegonist8I&HT andPBG) dimeendgratgntiatedrogenic
contraction ind&tesh loyi¢€hetty ak00.7)nsolated guineetrpigpr
muscles T3 recepteepoittgdvoltm ACh releaksd ipdientiated detrusor
contractiordyiedl stim(Nddmaet al.9953HT4 ardTHeceptamalso
reported to facilitate neurogetoovedsitfadtiomechaarsndifferent
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betwedn guinea 5#J3l recegottivation leads to a potentiation of pu
transmigdtassetrial 995)vhereas imrstiusneeported to facidia@sACh
from efferent t¢Camadtaal 0968HT7 recemtso fachi@helease in
humarninary bléddestei@2006)

Orafferent nerves, Chanrkainsl eéxarimeslbtypes mRNA expression |
embryonic sensegul@wsnVatdusubtypes inéiddiBg 2D, 1F, 2A
2C, 3, 4, 5A, and 5B reeebiorenepresse DEi2hert al 998

HT3A andr&Bpressed in afferent terminals thejursd| d@oinmait of

et aP00@)nd i3 DRGhest all998n additliT3 receptors have bee
highlighted to play a key role in developing affenaftanigfoeysensiti\
jejujnumouse nikidatieipa?008)

Zagorodmtu&l2009) conducted functional afferent recording in th
classified types of mechanoreceptastmslagamhrepoteddinat muscle
mucosal meckeptars are the maphhedupdeontirect application of
5HT (100 puM) in gyibegopigeyak009nh addititdinding sites of 5
HT1A, 1B, artdaBorsal hothexginal cord were decreased in dorsal |
(Lapodt all995). This raisestitigp possisity tHat Thexseptors are
transported to the distal afferents in the bladder wall and play a
pathvgay
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Urothelium
5-HT 1D: ( - ) ATP release
5-HT4: (+)ATP release

Autonomic excitatory nerve terminals
5-HT1A:  (-)Achrelease

5-HT2A, 2C: ( +) contraction

5-HT3: ( +) contraction
5-HT4: ( +) contraction

Smooth muscle
5-HT 1A: ( +) contraction

5-HT7: ( +) contraction 5-HT2A, 2B, 2C: ( + ) ATP contraction
5-HT3: ( + ) contraction
Efferent fiber
*—
*—

Afferent fibers

Smooth muscle (bladder neck) 5-HT1A, 18, 1D:  + ) afferent activity

5-HT 7: ( +) relaxatii
e i) 5-HT2A (+) afferent activity

5-HT3 (+) afferent activity

Figuré.1 Schematic diagram gempheriglifsreceptors expression an
functiomthe urinary bladder (modified thdiyadakiiBnto

In response to chemical and mechanical stimulation, urothelial c
mediators includkuglikaERa2008ACh, and nitric ofsael¢NCIR8)
previous study shited@ tmsnitrodéaceypenicillan@hAP) dred

NO substratginjnghibited baseline asehsi@ahdinmg in cyclophosphat
(CYP) rats and these effectshaitdaexadsesibthase (N@$) inhibitor
Nitroarginine metAyirddter 0 (Mh e Groat . 2008 has been reportet
tdbeexpredn efferent (dizemtal 994detrusor muscle (ARgesson and
1994), afferenfVinezaes 13610 uroth@icohet al.99Sext aR0140t

would be interesting to investigate further if N@arouldobeejiwmoduce
smooth muscle, or ek afdétvent firing.

It has been hypothés$izatiebtst Bladder afferent discharge either in a
the afferent nerve terminalsidil 9adonddriplémi8ar. ddmBaeteptors
may play a role in bladder dff¢@entdiyibg aroducbthdder afeaent

firing.
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Objectives

This study aimed to investigatéTtlom diedteobbBerent firing and ider
contributiadhdsif Treceptor subtypes that ¢thtabloe tosimyiao
extracellular recording.

4.2 EXPERIMENTAL PROTOCOL AND ANALYSIS

Extracellular nerve weepediogned to investigate -t mdfeetabé b
pharmacological sublstddeeafterdnt nenidheadimigyl of -tipeiset
ouined in chapter 2. After a control ramp distension period, differel
were ysduch are dasaliEt@ileach protocol figure.

The effect of drugs affeladelime was determineg&gknieagudngng
the drug application. Mechanosensitive afferent firing adaedetermir
distension evoked rdferedttfia afferent decbasgmtedvesical pressu
pointsas determined. In additioaffepamitdindwgis is the afferent firing
occurrbmgween the ramp wisstatetiermined from the area under the c
which was normalizsted@degpercentage charngegedbine to

Allafferent recovaing subtradieddiiom, fdingtas before drug applicatior
Thidaseline subtraction was employed to eliminate variability |
preparations. Data are presented asi nean|+ SEVh Stdkegts i S
Onway ANOVA, ancyT WwbIOMAcCh were apgifedent expgranent
described in each result figure.
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4.3 RESULTS: EBFFBETCHIESHT, GRANISEARON
SMT ON BASELINE AFFERENT FIRING

4.3)EFFECT ®H )N BASELINE AFFERENT FIRING

Firstly, bladder afferent firingHii{t@spihaadd)®sdetermined. The
protocahewn in figure 4.2. After a control period of three ramp diste
constamrfusetth isotonic G&lindmiatd for 15 n@guto allow the
accommoddherpeffusion. THéredfkand 1@0TNVES constantly perfuse
into the bladder for 15 minutes, respectively. For a wash out periot
witisotonic saline for 15 minutes at the end of the experiment.

R N | sali 5-HT (10 pM) 5-HT (100 pM Wash
amp ormal saline 5-HT (10 uM)  5-HT (100 uM) (Normal saline)

. . =1 H.- inl
distensions 50 pL min 50 pL min 50 pL min 50 pL min

111 1 i ] ]

| J1 J
1 1

15 mins 15 mins 15 mins 15 mins

Figure 4.2 Protocol used to study the eHd¢t (A0 irtnavdSioaj.id)
application on bladder afferent firing.

5HT 10 gM not give a significaimb aiselaesdfir(bgseline, 10.83 £ 5.04
spikeec;Hd 10 uBL.58 71§pke/&dt). 100 silyhificantly increased the
afferent discharge com&k0 10CaieB + 16.73expikie<0.05, N=5)
(Figure. 4l Berefétd 200 uMelededfurther experiments.
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fbabmbiemanosd LIIIHHHM%‘#WA
T T ) |"|“|\

5-HT (10 uM) 5-HT (100 pM) Wash

Baseline

Intravesical
pressure (mmHg)  Spike (uVv)

Al ﬂ\ J A A
AN I LV A N
| \ L y 1
I / \ Aj A JF L \\
25 1\ | N\ Lo P / ., \
LA AAAAAMN A e M e netina Mo mra e U ‘-V.WW‘M"‘\/’ o i T I VN Y Wy

05

Spike frequency
(Spike/sec)

Time (sec)

804

60 4

40 4

A Afferent firing
(Spike/sec)

204

Baseline 5-HT 5-HT
(10 um) (100 pM)

Figure344HT dedependently enbladckst afferent nerve #ing. (A)
representatioé imhewesital(20 and 100 uM) application on bladder a
(BPeak afiiefieing in respdasel® &d 100 uM application. The affe
firing in respotke 10® UM was significantly increased compared to |
*P<O.O5N=y®ye ANOVA with Dunnett?3s

In order to inedstgaffe¢i Dioh baseline afferetrtg@sgapipiied either
into the bladder (intravesical) or bath (extralumireaBuapplaceenh. The
in figure 4.4
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A representative trace of intravesical addiTbiatisragypticizdifiguoé 5

Intravesidsl @pplicatioreadbiaseline afferent discharb@st (bline,
spike/sechi$69.93 + Xpies e c ) , tesh TPROOEENErE u d e
4.8). Constant perfuSiontofifgan bath stimulated baseline firing an
an increase in intravesical pressure whichioapiesssitadyladded edhtt
spilsec v4ib, 111.30 + 26se8,shkgur& e time response profile
fobHTs shomrigureCAvhaned to peak firing rddponas ghérter in bath
application (253.30 = 39.11 sec) compared to intravesigal applice

(Figure}}.6

atpa
Intravesical . a® a
Baseline (Normal saline) application of 5-HT Wash (Normal saline) =4
L )\ )\ J
Y v !
15 mins 15 mins 30 mins
A
B. A 4
Bladder was filled with Extraluminal (bath) Wash A
normal to ~ 15 mmHg application of 5-HT (Krebs solution) A A
| 1l 4 s

L J L J \ ]
1 1 1

30 mins 20 mins 30 mins

Figure #¥btocol for intravesical and(lextndlamptiabtidhl (B|5e
arrows3Tin the insert)cartoon

(A)ntravesittill @pplication protocol: The bladder was constantly pe
saline (50 pLnforut®& minutes for a baseline géTidd0Uhevediikr, 5

in normal saline was constantly perfused intdollenvelddyewtshlS mi
by normal saline for 30 minutes.

(B)Extraluminal (Batrgpplication protocol: The bladder was perfuse
saline until intravesieagiredsutd mmHg for 30 middies1ldheidafter,
diluted in Krebs solution was continuously perfused into a recordin
The preparation was washed out by Krebs solution for 30 minutes.
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Intravesical

Baseline

Spike (uV)

40

pressure
(mmHg)

Intravesical 5-HT

Chapter

b >
> >y
p >

Wash

Spike frequency
(spike/sec)
8

Baseline

Spike (uV)

pressure
(mmHg)
i =1 i

Bath 5-HT

Spike frequency
(spike/sec)
8

Time (sec)
A
A
A 2L
Wash A

FigurébRepresentative tracesliasélmtatent resgionsgravesical (A) and

T T T T T
6750 7000 7250 7500 7750

Time (sec)

bath (B{% (100 uM) applBaarowsdTin the insert)cartoon
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100

A Afferent firing
(spike/sec)
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1
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1
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1
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1l o i

Intraasical applice

*

&

~

e

Baseline S-HT

SHT response pi

-8~ |ntravesical 5-HT (100 puM)

-~ Bath 5-HT (100 pM)

260 460 Gll)o 860
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1000

1200

Chapter

B Bathpplication
250 *
| |
I 1
200+ ¢
g~ o
=0
= 9 1501 o
<2
S <
g 3 100+ ®
& . .
50+ ¢
0 5?—! T
Baseline 5-HT
D Time to peak res
1200 - : i |
Q
(7] 0e®
S 1000 -
Qo
2 800- ——
x T °
w O 600 °
[
o 4004 d
i)
w $
£ 200+ °
|—
0 T T
Intravesical 5-HT Bath 5-HT

Figure BT stimulated baseline affereaalfiertmt(#)ng in response fc
intravesi¢dllTs appl i cat i otest, (PEOMD (RKEEK |, [
afferent firing in regpdnse lhoabt h
(N=QCYime response pre&filereptinse to intravesidabhaptidaditnS

(D)ime to peak firing response to an intriregcahapatitiapphestio
*P<@ONpi r edtesSt udent 3 s t

appl i ctestt PdO5 ( :
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4. 3)2RESULTEFFECT QFEHT AND GRANISETRON Ol
BASELINE AFFERENT FIRING

In order to examine the céifidoremeptifrdidinducadtivation of
baseline afferent firing;Hil Sefeceptob alytehidT (200 uMhénd

HT3 receptor antagonist (granisetpmc Eiflod), interéhe bladder or
recording haeh protocol used to investigate and representative trac
firing in respornisavesical and bath apfieédli@neos2own in figure 4.7 a
4.8espectively.

Grasetron was applied either into the bladder or into the ergan batl
HT application. The protocol and representative traces of baseline
préencubation with granisetron before intratieaici Taadebstiowapphc
figure 4.9 amdspdactively.

Intravesical and bath apbélictirntiated baselineagfe (basdistd,
12.95 + 7.0bapike. inbav@bHT, 76.04 + 27/28&ckfdeeseline, 20.14 +
779 vs. bahbRT, 87 £ 19.61 spike/sec) (FigiBe*B<105)4.11
Interestingly, graniesetroatipre reddiseiliéed stimulation of bladder afl
firig both intravdditab{b8 + & .@Biestrad+515.48 splli@Bchc

bath application 83.27 +v&6 @&nisetion4. + 20.48 spike/sec) (Figu
4.11C, B)1Granisetron on its own had no effect gmobase |sadiadierer
12.33 + 4.6 agskgranisetron, Gpikse@riduraB).

99



Chapter

A.
Ay A
Baseline Intravesical application Wash ) Y
(Normal saline) of 2-Me-5-HT (Normal saline) -
ll J L T\ |
| | |
15 mins 15 mins 30 mins

B A _ A

Bladder was filled A
with normal saline Extraluminal (Bath) Wash . A
~ icati -Me-5- Krebs solution A

to ~15 mmHg application of 2-Me-5-HT | ution) A

30 mins 20 mins 30 mins

Figure #rbtocol for intravesical and extraluminal (BdeHapplicatior
(Red arroddsHTin the insert)cartoon
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- "
A
®.
L o A -
. - -
Krebs + Granisetron (Bath) e
- -
I}
If ]
Baseline Intravesical application Wash
(Normal saline + Granisetron) of 5-HT (Normal saline + Granisetron)
;I l* lil J
| ! T
15 mins 15 mins 30 mins

Krebs + Granisetron (Bath)

\

l

Bladder was filled with Extraluminal (bath) Wash
normal saline + granisetron application of 5-HT (Krebs + granisetron )
to ~ 15 mmHg
l; ] \ J \ ]
1 I 1
30 mins 20 mins 30 mins

Figure Br@tocol of granisatcubatien befdrapplicatit;mthe urinary

bladder in extracellular afferent nerve recording (Brown circles =
arrows51Tin the insert gg@plmravesidadl &pplication protocol: The bla

was constantly perfused withithayraal<ghime) (50njriciefor 15

minutes for a baseline periddT Thefeafidy, diuted in normal salin
constantly perfused into the bladder for 15 minutes and the bladde

saline with granisetron for 30 minutes.

(B Extraluminal (Bathgpplication protocol: The bladder was perfuse
saline with granisetron (1 uM) until intravesical pressure reached -
Thereafidil $100 uM) diluted in Krebs solution wasccanmtcoodisly per
chamber for 20 minutes. The preparation was washed out by Kre

minutes.
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A. Intravesical appli B. Bathpplication
250- | . | 250
I 1
o 200- * o 2004 . * ,
£3 =3 ' !
£ $ 150+ :é & 150- .
Sg . 52 .
S 5 100- S 5 100 ——
£ g 100 ¢ £ & 1
<Z e m— <= _®
< 501 . —_— < 50 °
[ 1] [ ] o0
. ——
ol whEv d 0 »s .
Baseline 2-Me-5-HT Baseline 2-Me-5HT
C Intravesical appli D Bathpplication
250 - | - | 250
I 1
o 200 ® o 2007 .
= =T
€ 8 150 + & 1504 I I
g9 . )
gL | S = 1004
§§1OD — E ~E_,—.100 PO
< 504 ¢ < 50 —
—v 4 i’ oe T
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5-HT 5HT+ 5-HT 5-HT+
granisetron granisetron
E.
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Normal saline Granisetron

Figure 2MeHT stimulated baseline afferent firing and granisetron
HT indted increase in baseline affdPeak faffeye(A)firing in respons
intravesibddsH T appl i cat i test, *H<Q0(ENREHM) |,
afferent firing in respladisid toath application (100 pdMy fedtes] Stud
*P<0.05 (NEPeak afferent firing in responsél Toappiaaascabter
granisetranquigation pained -&sileP+0.0h(NRP€ak afferent firing in
response toHbhtapplication after granusbaiiaEMean afferent
firing compared between intravesical noragigalii@and granisetron
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4.3)RESULTS: EFFENIT ONBASELINE AFFERENT FIRIN

In order to investigate theHdlsulitypaetoxytryptalhinel(® uM),

a full agonistHfbrréceptors @Xtdpwas applied either into the blad
recording chamber in order to examidé¢TtheZ¢ dletrdpioos @i baseline
afferent firing. The ptotstmyuiseshawa IR

The represanaatvedseline afferent firing iBNi@sponshoagara fi
4.13ntravedlmadeliBh5 + BliRe/secM313.60 + diikec, *P<0.05)
and bath applicaior(d®uM) significaribselnéafiag(bdiseline,
25.39 £ 7.93 spik$edv25+ 1088BRIBHS) as shown in figure 4.14

A.
Aa A
Baseline Intravesical application Wash ) A 2‘
(Normal saline) of 5-MT (Normal saline)
1 7L 7\
| | |
15 mins 15 mins 30 mins
B T
Bladder was filled
Wash A

with normal saline
to ~15 mmHg

|

Extraluminal (Bath)
application of 5-MT

|

(Krebs solution)

|

J L

J |

|

30 mins

20 mins

30 mins

Figure R1atocol for intravesical and extraluminal (vARQrappkcation
arrowsTin thasert cartoon
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>

Intraveal applicatic B Bathpplicatiol
1201 120+

-
(=]
o
-
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o [=]
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A Afferent firing
(spike/sec)
= 2]
o (=]

A Afferent firing
(spike/sec)
F D

L Io Ic 1 L
®
.‘
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(=]
o
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[ ]

20 —=— :

0l —Snpe— '} 0 LPY ) .
Baseline 5-MT Baseline 5-MT

Figue 18MT stimulated baseline affereeaiiafigréA) firing in respons
intravesiddlTs appl i cati on (estO(NB)RERK , ?
afferent firing in red@dnsathoapplication (100 uM),t*R<0-@&Sshphaireds
(N=8).

4.3)RESULTS: EFFECGHTONIBH GRANISETRSNT 2
ANDMET ON BLADDER CONTRACTION

To determine thieeffest oD with granisétbH T2 antBwhich
induced an imtrasslne afferent dikthsrgendaeay induction of muscle
contract?i/632 (a Rho kinase inhibitor, 10 uM) was applied to th
contractile congpmmédisbH Tapplicatitomhibit detruscromugcten

The protocol andtireptessntae showili figure

Similarly, to study whetherHheveffegraniiSetromoptmn-BiTd dh
baseline afferent activatjpotemtiatthre dbmuscle 256B2can9, ML
(myosin light chain kiniseloilyLCHIM) wareupaeith@ibladder prior
to5HT oABbT application. The protocols and representatdéd Gaces ar
and 4ré3pectively.
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Intravesical pressure Wyds&igade@ing 3dplicationtpdidsSHT (2
M&HT, 3.07 = 0.57 midabl VsvidP ¥632iperibation, .62 tamHg,
*P<0.05) (Figlyendlit8ting tAa6Y2 could pedvesar contrasiever H
there was still an excitatiomgof2bBeEN8Tird 3 £ 23 SEc ke

HT witR¥632-ipaeibatié8a £ 13.26 spike/sec)Bf;igugndsttig

HT activatd@i3receptors directly on the affeeamd tias/eodsaminals
secondary effectuctiobbafder contraction.

As expect@d6¥2 and Mpplication with grantséirbh ggolication
significantly dabeaSediuced increase in bladdetTcoBiBacttoh I3
mmHg v T5with granis@réB2Yand lHacabion, 1.85 £ 0.85 mmHQ)
(Figure @)138Baseline afferent dischargeddin waspalse digrificantly
attenuated afteulpagion with granisetron and lncisetd-i()&8at6an b
11.62 dpie v4dBb with granis@Badz, ahd9Midacubation, 4.26 + 1.54
spikeeclFigure @)18

Préncubation WA#r632 ane deonhibited bladder contrabtibn from
applicatidnT55.57 £ 1.12 mvHy/NR ¥532 albld precubatibh? +

0.30 mn{Agure B)18 contradgiddlZ, 8T did not doéisalme afferent
firing after incubation of musotkeah{lacttob+ 13/gacsdh®
with-27632 anél Miecubatior§ 213187 spike/sec)HHigisrandid&tes
that othefToreceptdt$ (527 )mediatdd@insluced baseline firing activat
through potentiation of bladder contraction.
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® A ,®
A. O
A - - ‘A
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\
[ )
Bladder was filled with Extraluminal (Bath) Wash
normal saline + Y-27632 application of 2-Me-5-HT (Krebs +Y-27632)
to ~15 mmHg
1 X 1 ,
[ | |
30 mins 20 mins 30 mins
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Figure 4AbProtocol used to thefétigatd Rhe kintabito27632)
prioto 2MesHTbathapplication.R@jresentatieeo illustrate baseline
afferent resptomseh applicatidMeéHTin the presenez/68Red
arrav=R1eHT, Purple cirdéé32the insertjcartoo
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Intravesical

Bladder was filled with
normal saline + granisetron
+Y-27632 + ML-9 to ~15

J

Krebs + granisetron + Y-27632+ ML-9

[

mmHg

Spike (uv)

Spike frequency
(spike/sec)

pressure
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4

Extraluminal (bath)
application of 5-HT

4

Wash

(Krebs+granisetron+Y-27632+ML-9)
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Baseline
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+Granisetron)

|

20 mins

Bath 5-HT
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Wash
(Y-27632+ML-9+Granisetron)

NP A e il s P A N

Time (sec)

Figure 4.16 (A) Protocol usedhiefiecettigite kinase inhibitor (Y

27623), MLCK inhib&prgiMlgranisetron pfiolbahSapplication. (B)

Representasiv® illustrate basebné rafpetosbath applicatidit of 5
in the presen2@d @3RI, and grani¢Btuanarro@4$T, Purple and Yellow
circles27632 anél Mkpectively, Orange cirdieshe gnaaisi@aioon
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Figure 4.17 (A) Protocol used to investigate effect2foRAP &maiase ir
MLCK inhibitor9(Mirior tMb bath application. (B) Representative t

27632 ané {(@range sl T, Purple and Yellow2¢h82ardYML

lustrate baseline affersit keghoaplicatT offfe presehdé o

respectivetlge insert)cartoon
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Figure 4187632 and9 Miemcubation dectieaseflectSdfl with
granisetron MiBinBuced stimulation of baseline afferent discharges
reducdiBHT activat@mparison of intravesical pressure change an
baseline afferent firing iAVieghOra@eRIT Witk Y63 2-4piibation
(N3I3AB) SHT angiib+granisetror2 /B2 ¥MIN=6 and 5 regfiectively)
D) SMT antV® witR¥632+ME,) N=6) . *P<0. 05, *
tHest.
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Comparison of peak afferent discharges followis g toextim aqdbogpdain
substances is showed in figure 4.19A. There was no significant d
response to bath applicaiaHI . In adovHHF632 application prior to
2M&HT did not attenuate basegnd ladfaférefitinischarges in respor
MT andi’d was decreaseai@fbatiprewith granisetronHomlpakeed to °
(*P<0.05 and **P<0.01, resp@aBzpnthhdkivier attenuatktthese e
(***P<0.001)

To determiaffdbis of various pharayatslogibédder cohimageoin,
intravesical pressure in response tonipamdbtichlose wasiishown
figure 4.19B, there was no significanthdiffgeentenimavegital press
responséHib BT, andb after granisetron. W& teEldtigh@red bladder
contraction was significartiyTigvesQltancRibation of muscle contrac
component blockersM#6ITidEd, and granisgirdhl vattenuated
intravesical pressure change. The effect of all pharmacological rea
and baseline afferent discharges is summarised in table 4.2.
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A Peak afferent
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5-HT 2-Me5-HT 2-Me-5-HT 5-MT 5-MT+ 5-HT + 5-HT+
+Y-27632 Y-27632+ML-9 granis granis+
Y-27632+ML-9
Bladder contrac
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Figure 4C8npson of baseline afferent firing (A) and bladder contraction
to bath applicaten, &i&HT,BIT, andipribation with granisetron and mui
blockdM27632 anéMP<0.05, **P<0.01, **Rx@.§01, MO VSA wi t
multiple comparison.

Table 4.2 SummarisedHiifactd adl&ted pharmacological reagents ot
afferent firing and bladder contraction

S5HT| 2M&HT | 2Me&HT + 5MT| S5MT +| 5HT | 5HT + gra
Y-27632 Y27632 + gran +¥27632
ML9 +MI9
Afferen
; ++4  +++ +4 ++ + ++ +
discharg
Contract +++ ++ + ++4+ + +++ ++

++gdrong+moderabasal level
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4.4 RESULTS: EFFET ST, GRANISETRON ANL
S>MT ON BLADDER MECHANOSENSITIVITY

The effecHdf &nd all pharmasilgieal snlmechanosensitive afferent
were also investigated. The bladder menjordisigneidhs wersence
agonisthe protocols usedlynati@ssstomarised in. fAftee &.20wtrol
period of ramp diswrisstenfdaéeneas contilyumuysietie organ bath 2
minutes fireonext distension. After 3 consecutive distensions, the bl
Krels®lutifiomr 30 minutes. Mechanosensitive afferent firingawas deter
intravesical pre@sut®, and 25 minutes after the drug application.
experiratii® bladder weasiipaged with grboibetmtoaveainmicbath
perfusiootpsHT application (F&)ure 4.20

Representaices showing mechanoserspoeskiil S1HT,
granisetron;Mihdadiesplayed in figure 4. 2fespecdvel. &tenuated
mechanosensitive gffatet® fmal 25 miayelscatien (*P<0.05) (Figur
4.27). This effect was reversed -bcgbatiset(BIBRreRISHT had
asimilar effe¢i Toshowing an inhibitory effect on mechaabdénsitive ¢
and 25 minutep@itaibiP<0.001, **P+espetjiVeigucd). In
contrad¥) 5 did not change the afferent response to bladder distent
(Figudel3).
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50 mmHg

14/

Time
J
Y Y Y (sec)
Control 5-HT, 2-Me-5-HT, or 5-MT Wash
Bath application

\ I\ 1

2 min before
the distension

B Krebs + granisetron bath perfusion

[d)].

Y T
Control l 5-HT (100 pMm) Wash
(Granisetron) (Bath) (Granistron)

50 mmHg

1 1 |

2 min before
the distension

Figure 4226tocol used to inkedfigetef agonists andantagddest
mechagustisaad spontaaterent firing.

(A)Protocol used to investigdtd ,ddleésti Of &ndAD (100 uM) on
meeahosensitive affe(@&Rrntogp| used to investigate effect of granis
on -BIfinduced changehaned®e afferent feym@nG aheasdicate
where the data of control and response to agoais? afpplicattb25ver
minutespectively.
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Figue 2Representativeotidostie mechanosensitive and spontaneous
resposse bladdamp distension edifinA)s anleé2HT (B) bath
application.
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