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Summary papilla and extending through into the urdtér The
i o density of typical SMCs increases with distance from the
1. Peristalsis in the smooth muscle cell (SMGIW 4l base resulting in a gradual thickening of the pelvic
of the pyeloureteric system is unique in physiology in thgtg 3-5 |7 human and pig, the kidpes multi-papillate so
the primary pacemaker resides in a population of atypic@lat a number of major and minor calyces fuse to form a
SMCs situated near the border of the renal papilla. separate renal pelvis whiclxtends to the uret&r*® Even
2. Atypical SMCs display high frequeyncCa®" ough there is evidence ofxtensie retworks of
transients upon the spontaneous release Of @am parasympathetic and sympathetic earwithin the wall of
IP;-dependent  stores  that trigger cation-selecti the pelviureteric systeh, it has been dif@Ecult to
spontaneous  transient  depolarizations  (STDs)n  gemonstrate that these networks play afierent role in
nifedipine, these Ca transients and STDS seldoMmaintaining or modulating yeloureteric ~peristalsis.
propagte >100 mm. Synchronization of STDS in  Ejectrical nere gimulation eokes in the guinea pig renal
neighbouring atypical SMCs into an electrical signal thfe|yis a transient increase in the amplitude and frequafinc
can trigger action potential discgerand cpntraction in the the spontaneous contractions which is followed by a
typical SMC layer imolves a coupled oscillator mechanismyjonged ngative inotropic effect that are little affected by
dependent on Caentry through L-type eitage-operated NC-nitro-L-arginine, guanethidine or atropiAé;® but have
Ce* channels. been attributed to the release of tachykinins and calcitonin

3. A population of spindle- or stellate-shaped cellsgene related peptide (CGRP), respetyi from sensory
immuno-positve for the tyrosine receptor kinase kit, are,gpeg 10

sparsely d_istribted throughout the _pyeloureteric syste_m. The recent use of intracellular microelectrode
C&* transients and action potentials of long durat'oPecording techniques (Figure 1Bi) and euorescence
occurring at lav frequencies are also recorded in &ngicators of C& concentration (Figure 2A) ha
population of fusiform cells, which we V& ®rmed nequiocally established that nifedipine-sensiti action
interstitial cells of Cajal-lik cells (ICC-like alls). potentials and (G4 waves within the smooth muscle ail

4. The electrical and Casignals in ICC-lile ®@lls  are responsible for the peristaltic contractions that
are abolished upon blockade of?Caelease from either propagute the length of the upper urinary systetiSThe
IP,- or ryanodine-dependent €astores. Huwever, the  gpatial temporal map in thewer panel of Figure 2A also
spontaneous Ca signals in atypical SMCs or ICC-B justrates that rises of @a occur instantaneously
cells are little affected iW/WV transgenic mice which (‘sashes’) along the entire length of each typical SMC
have exensve lesions of their intestinal ICC networks. situ and that propagation of the Cavave acurs in the

5. In summary we have developed a model of girection perpendicular to the long axis of individual typical
pyeloureteric pacemaking in which atypical SMCs argycs (Figure 2A upper panel).
indeed the primary pacemakers, the function of ICE-lik

cells has yet to be determined. Pacemaking in the pyleoureteric system

Pyeloureteric peristalsis In both uni- and multi-calyceal kidneys, a single

] ] o 9gacemat§r region at ay one time on the papilla-calyceal
Since the earliest descriptions by Englemann (¥86%)qder initiates the awe of contraction, which conducts

of pyeloureteric peristalsis, it has been recognised that tﬂﬁjially across the pelvis to form a crescent shapadew
spontaneous propang contractions which transport urineat then conducts distallyin uni-papillate kidneys, the
expressed in the kidyeaong the ureter to the bladder yacemater region shifts spontaneously along the pelvi-
originate within the most proximal regions of the re”aéalyceal border; in multi-papillate kidy® this “primary’
pelvis. Inmost mammals, including the mouse, the kwnepacemaker shifts spontaneously between caffcds.
contains a single papilla which is surrounded by a funnel- Atypical SMCs, which are shorter in their long axis

shapgd calyx or rengl pel.vis (Figure 1A). This renal pelvig,5n typical SMCs, form a reladly sparse outer layer in
consists of a urothelium-lined lumen and a plexus of '°”Qni-calyceal kidneys and an inner layer in multi-calyceal

spindle-shaped “typical' smooth muscle cells (SMC)igneys that wraps around the most proximal regions of the
which form an inner layewriginating near the base of thepapilla and terminates at the pelviureteric juncti8fis18
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mostly replaced with N-methyl-D-glucamine, indicating

that these spontaneougests are arising from the opening
— of cationic selectie channelst® However, blockers (L&*,
S 3 z , Gd®*) of cationic pacemadsr currents in cultured intestinal

. ICC?122 have little effect on STD dischge in the renal
pelvis suggesting that there arising from the opening of
different cationic channels whose propertiegehget to be

established?

When preparations of mouse renal pelvis are loaded
with Ca&* euorophore, Fluo-4 AM, high frequegc
transient rises in intracellular é‘a([Caz"]i) are readily

recorded in a population of short spindle-shaped atypical
""""""""""""""""""""""""""""" SMCs, particularly in the presence of nifedipine (Figure

2B).®> These atypical SMCs form small randomly-
orientated bndles that were not in the same plane of focus
as the typical SMC layernor uniformly distrituted

throughout the proximal regions of the preparatidiven
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, though distinct C& waves o relatively slow velocity are
obsened in indiidual atypical SMCs in nifedipine (Figure
2B), these waves ae only occasionally obsexd to
propagite into neighbouring cells (Figure 2Ba,b).
Moreover Ca2* transients in neighbouring atypical SMCs
shaw little correlation in time when tlyeare separated by
distances >30mm.!®> Thus we hae poposed that this
Figure 1. Electrical recordings in the mouse renal pe|ViS-inabi|ity of both C&* waves and STDs to propagatever
A. Sdhematic epresentation of the structeirof he mouse |ong distances in nifedipine indicates that both phenomena

pyeloueteric system Ai) and the elecophysiological are occurring in the same cell population, atypical SMCs.
arrangement Aii) when ecoding from longitudinal strips

using 2 intacellular micoelectodes (\ and \,). Bi. Typi- ~Mechanism of STD discharge
cal intracellular micoelectode ecoidings fom the mouse
renal pelvis when 2 mioelectodes (\ and \,) are paced

1 mm gart. Propagating action potentials and nongpa-
gating spontaneous transient depolarizations (STDg) a
both evident. Bii. Long duration action potentials whiave
believe originate in ICC-like cells ar recoded in another
prepamation. PCBpapilla-calyceal border; RP renal pelvis.
Dashed lines represent 0 mV.

All STD activity and C&" transients recorded in
atypical SMCs bathed in nifedipine are blocked upon
pemoval  of Ca®* from the bathing solution or upon
preventing C&* store uptak by Hocking the sarco-
endoplasmic reticulum Ga ATPase (SERCA) with
cyclopiazonic acid (CR).1%23 Both treatments cause
membrane depolarization of some 10-20.mMoweva,
Ca*-free solution reduces intracellular [Ch while CRA
transiently raises [(i%]i.l9 The membrane depolarization
These atypical SMCs display manof the morphological evcked by the fall of [C&", in C&* free solution
features of cardiac sino-atrial pacemaker cell8ifgpa presumably arises from a reduction of aZGactivated
small nucleus and mgnlong branching processes thatmembrane conductance for *K or from a cationic
contain relatrely few contractile (Elaments and displaying @onductance asi@ted upon lowering the €4, as
light immuno-staining for smooth musaeactin4° suggested in intestinal IC. However the lack of efect of

Intracellular microelectrode recordings, particularlypIDS, La3* or G#* on the membrane potential or STD
in the most proximal wions of the renal pelvis of r&, dischage in the renal pelvis suggests that such cationic
mousé® and guinea pi§?° reveal that short spindle-shaped channels are not wolved. Themost likely K channels
atypical SMCs display high frequenc(10-40 min') closed during a fall of [C4], would be large conductance
spontaneous transient depolarizations (STDs)(Figure 1R+ activated K* (BK.,) channels expressed in typical
of a simple vaveéorm that are reducedubnot blocked by SMCs but not ICC-lie cells of the mouse ureteropelvic
nifedipine. Using tw intracellular microelectrodes wev&a junction?* This notion is perhaps con@Ermed by our recent
recently established that STDs in the presence of nifedipiBBsenations that renal pelvis stripgmosed to the seleut
do not propagatever distances >10@m in ether the axial BK __ channel blockr iberiotoxin (100 nM for 10 min N=4)
or circumferential directionThese STDs are recorded lessiisplay a membrane depolarization of 5-10 mV which did
often in the distal renal pelvis (Figure 1Bi) anderénthe not block STD dischge (MA Tonta & RJ Lang
ureter® STDs are little affected by the ‘Gthannel blocér, unpublished obseations). Blockadef SERCA would be
DIDS, or upon the remal of 93% of extracellular Cl  expected to result in a rise of [€} suggesting that the
concentration using isethionate as the replacement iglembrane depolarization in &Fnay be arising from the
Instead, STDs are reduced when the extracelluldridla induction of a cation- or Clselectve mnductance that is
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Figure 2 Spontaneous CGatransients in the renal pelvisA upper panel Sequential C&" uorescence intensity mizy
graphs of a suo-4 loaded TSMC layer displayed at time intervals of 400 n29ahayniEcation. £a’* wave is seen as a
transient rise in C# intensity (middle pane) which propagates across the (Eeld ofaviperpendicular to the long axis of
ead typical SMC (modiCEed from Lagigal.20075). Lower panel A spatial temporal map of the cell indicated by the bar
in the upper left panel illustrates that theXaise occurred syrtwonously along the engrlength of the cell (G4 sash).

B upper panel Sequential C&" suorescence intensity mimgraphs of 2 atypical SMCs (a and b) displayed at time inter
vals of 100 ms dt60 magniCEcation, tissue bathed wMLnifedipine. Middle panel Fluorescence intensity for cells a and
b have been plotted against time for comparidonwer panels Spatial temporal maps of cells a and b illustrate that slow
velocity C&* waves travel down ehatypical SMC and that the site of initiation and direction of thes& @aves in the
ead cell can dange randomly. C upper panel Sequential C&" suorescence intensity mimgraphs of an ICC-lik cell in

the same mpamtion as B displayed at time intervals of 500 ms&Q mayniEcationMiddle panel Fluorescence inten-
sity for this ICC-lile cell has been plottedgainst time for comparisonLower panel. Spatial temporal map of this ICC-
like cell illustrates that the C# rise occurred near syheonously along the cell bodHowever C&* transients in prjec-
tions of these ICC-l&cells could not be detected.

C&* activated. Itis interesting that rat,ub not guinea pig, cytoplasmic C&" so that C&" entry and (or) CH release
ureteric myocytes xpress C#-activated CI channel® via one receptor population can stimulate thé*Galease
which, if present in mouse ureteropelvic typical SMCéom the other receptor populatiotia Ce*-induced C&
could also contribte to this membrane depolarization inrelease (CICR) mechanisms (Figure?3)n mary smooth

CPA. muscles except the uretethe pool of C& within
. ryanodine- and IPsensitve dores appears to be
Role of C&" stores functionally coupled via the co-localization of their

receptors within the sarco-endoplasmic reticulum
membrané&’-?8 A species dependence on the expression of

the release of C& from internal storewia C&* release each functioning C4 store is gident in the SMCs of the

channels coupled to ryanodine or inositol trisphosphaifisreéer ?Jcht_thatlo_nlytrt]he rygnodge& sehr){mtﬂo:e 3? pe”irs
(IP,) receptors. Botlreceptor populations are sensitito 0 be tunctional in the guinea while only the i3

Urogenital ICC-lile cells and may smooth muscles
display transient rises in [(2:"5}1. which are achieed upon
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receptor-sensite C2* store can be detected in the ¥at° depolarization-dependent entrainment couples neighbouring

Blockers of, phospholipase C (PLC) function and IPatypical SMCs within a pacemakbundle to Ere (release
formation (neomycin, U73122, xestospongin C) 1By Ca&* and generate STDs) synchronouslia a mupled
receptors (2-APB and heparin) vieadl been shown to oscillator mechanism (as described in the stomachaby v
block or reduce electrical oscillations in urogesitdtand Helden & ImtiaZ®) to ceate a depolarizing signal
gastrointestinal>3® preparations. Heever, the most suiEciently rapid and & enough to propagate into the
compelling evidence establishing the essential role ofpical SMC layer and trigger action potential disgear
IP,-sensitve C2* release channels has come from thand contraction (Figure 3)The atypical SMC bundle (Ering
absence of sl@ waves in mice which lack IR type 1 STDs at the highest frequgnavould presumably dve
receptors in their smooth muséfe.In our eperiments, neighbouring atypical and typical smooth muscledies
STDs and C# transient discharge in atypical SMCs areso that only one pacemkregion would be apparent atyan
blocked by 2-APB and reduced by blockers of PL®ne time. However, as each atypical SMC is capable of
function, both in a manner associated with membrargther initiating or contributing to an entrainment signal
depolarization of some 5-10 mi¥. generated by its neighbours, the site of the dominant

2-APB has been suggested to both deplefé €ares pacemakr region can spontaneously vaowithin the most
by blocking store-operated channels without affecting IRproximal reggion of the uni-calyceal renal pelvisyven
dependent C4 releasé” and block SERCA in a manner between the minor calyces in multi-calyceal kidn&ys.
similar to CR.3® However, the disconnect between Action potential dischge in the SMC wall of the
membrane potential and €devels seen with 2-APB, when pyeloureteric system is characterized by a prolonged
compared with CR, and the lack of effect of TRP channelsrefractory period of man seconds so that contraction
blockers in our hands suggest that 2-APB is indeelequeng of the muscle wall is generally ¥ to %2 of the
blocking IP, receptors. These observations are consisteinequeny of atypical SMC STD dischge (10-40
with our previous notion that the intrinsic release ofin).>1146 Moreover, the frequeng of contraction of
prostaglandins and tachykinins provides a constaotrcumferentially-cut muscle strips decreases with distance
excitatory PLC dwe d IP, production in our pacemek from the base of papif&d*’*8which we hae previously
cells, which is essential in maintaining pelviuretericorrelated with an increasing ratio of typical SMCs,
peristalsisi®40 compared to atypical SMCs. This difference in

Blockade of ryanodine  receptors, usingrequencies between atypical and typical SMCs has recently
concentrations (<1 mM) thought to block ryanodinebeen a&plained in terms of the refractory mechanisms
sensitve C#* release channels without causing storaithin typical SMCs that are dependent on the state of the
depletion?! abolishes spontaneous electrical and?*Cainternal Ca store¥26It has been suggested thafCentry
signalling in ICC-lile cells in the rabbit urethfa and through VOCCs during typical SMC action potential
guinea-pig corporal tiss€, but not the spontaneous dischage and contraction is sequestered into the
electrical actiity in portions of the mouse small intestifhie endoplasmic reticulum, which, once loaded, sensitizes its
or guinea renal pelvi& In mouse renal pelvis, the ryanodine receptors to generate’Csparks. Thigelease
amplitude and Y% width of STD recorded situ are of stored C&, in turn, actvates plasmalemmal BK
signiEcantly reduced to 582% and 746%, respgtiafter channels which yperpolarize the membrane of the typical
20 min exposure to 108M ryanodine. Hwever the C&" SMCs creating the refractory periods obsetv C&*
transients recorded in indilual atypical SMCsn situ are release declines as the Cdevels in the store returns to
not signiCEcantly affectedjem ater 30-60 min exposur¥.  normal which results in a decreased Bl€hannel actiity

) ) and a repolarization of the membrane intooltage range

Model of pyeloureteric pacemaking that is response © the STD dwe ming from
rQeeighbouring atypical SMCs (Figure %).

The role of the mitochondria in the generation of the
atypical SMC STDs or in the control of smooth muscle

that, in the presence of nifedipine, the spontaneous rele§ gtracUon remains uncIearWhether the mltoghondrla
of C&* from IP,-dependent C& stores in indiidual play a passie ole, temporarily and rapidly storing &a

atypical SMCs underlies the generation of the2+Cabef°re slowly releasing it so that it can beetakip into the

transients and “unitary’ STDs, while the subseque|"?tndOpl"’lsm'C reticulum by SERCA,or whether it has a

activation of neighbouring C4 release channels and cIrcmore actie invdvement, lowering C# concentrations in

mechanisms represent the fundamental mechaniétﬁ\cro'ci_om."’"ns ngartthe plasrgalle rnmas_lrtlsmbrane t.so that
underlying the sk velocity C&* waves (Figure 3)%° ? Cﬁ‘ 'on'%afog gc ancae”?)g?g er yg‘% h getnetra 'Sn IS
In the absence of nifedipine, STD discharge in afctually actaled by a In as yet to be

individual atypical SMC induces the entry ofZ#rough established. Hmeve_r, prgliminary e_xperimen.ts va .
‘L-type' voltage-operated & channels (VOCCs) which demonstrated that disruption of the mitochondrial function
leads to the accelerated ation (entrainment) of with CCCP (1M abolishes C# transients in the typical

neighbouring IB-primed C&" stores both within the same fr':/plyibllias%eer d igbéz(;tigrt::)e nf:l’?]ercz)flenci:ftdrigirr]:itcggi:zf\zi:izniin
Il and i ighbouri typical SMCs (Fi hi . ) X o : ;
cell and In neighbouring atypica s (Figure Jhis atypical and typical SMC function is under intesesi

We haveinterpreted our data to suggest that STDs al
likely to represent the summation of the electricalvigti
generated by more than one atypical SM@e ewisage
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Figure 3 Model of atypical SMC pacemakingUnder a constant IP drive arising from the intrinsic release of
prostaglandins and sensory nerve tachykinins, the spontanetesse of C& from IP,-dependent C4 stores in individ-
ual atypical SMCs activates the Ering of “unitary' cation-selective STDs. In the presence of nifedipgguential acti-
vation of neighbouring C4 release bannelsvia CICR mechanisms gives rises to the slow velocitycelletar C&*
waves observed in atypical SMCs (1). In the absence of nifedifiie evoked membrane depolarization tggs the
ineux of C&* through L-type C# channels whib acceleates the entrainment of neighbouring®Caelease bannels in
the same cell, as well as in neighbouring atypical SMCs (2) as current sows through gap jun8trackonicity of atypi-
cal SMCs occug via this depolarization-dependent coupled oscillator haeisni®4° until the amplitude of the cwent
«ow underlying the STDs is lge enough to diskarge e membrane of neighbouring typical SMCs to cause nagrabr
depolarization, action potential disarge aad contraction (3). SER sarco-endoplasmic reticulum; RyR ryanodawep-
tor; VOCC voltae qerated C&" channels; IRR IP3 receptor,DV membrane depolarization.

investigation. described within the lamina propria and the muscle layer of
- ) _ the renal pelvis and proximal uretdndeed, ICC-lie cells,
Interstitial cells of Cajal (ICC)-lik e cells immuno-reactie © kit, appear in the mouse embryonic

The essential role of ICC in the generation opreter in culture at the same time as coordinated
autortythmicity in mary smooth muscles has beenunldlrecnonal peristaltic contractions in a manner béatk

H H 58 5
established from the use &/WY mice which hae a by the kit antibody ACK45°" In 19997 we reported a

mutation of the dominantvhite spotting(W) locus (kit popul_ation_of eIe.ctricaIIy-aolé,. but kit—negativg, IC(?-Iike
receptor) that results in a mark reduction of kit tyrosine cells in guinea pig renal pelvis that, Wh?nwm with an'
kinase-dependent signalling, essential for theeldpment electron MICroscope, had rr;amf-the QOId. standard
and surwal of mast cells, haematopoiesis and the Cepnorphologlcal features used to d_lstmgwsh intestinal 1ICC
division and network formation of ICON/W" mice haea oM Ebroblasts. These |CCelikeells formed close
profound loss of ICC number located near the myenter’?‘ct’pos"tIons with themsete and with both atypical and
border in mawy regons of the gastrointestinal tract WhichtyplcaI SMCs, suggesting electrical connectivity and
results in a blockade of rhythmic muscle ity as well as therefore possibly having an insuence ogefpureteric

a loss of intramuscular ICC which seleety blocks peristalsis. . . . -
nitrergic and cholinergic neurotransmissfoA: In the mouse renal pelvis, fusiform interstitial cells

In uni-calyceal and multi-calyceal mammalsw'th a distrilution similar to the stellate-shaped kit-pogiti
including mousé5253 raf* and humaSS sparse cells Ere nifedipine-insengiti C¥* signals with

networks of spindle- and stellate-shaped cells that aFEequenues and temporal characteristics similar to the
immuno-positve for antibodies raised against kiteaeen nifedipine-insensitie  long-plateau  action  potentials
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recorded with intracellular microelectrodes (Figure 18ii). when C&" ineux through VOCCs could again be the agent
However, we have not been able to demonstrate that thef entrainment in ICC-lik cells such that Ca transients
interstitial cells pre-labelled with a kit antibody that binds agenerated in the cell body or neighbouring cells rapidly
an extracellular site(s) are imdt the interstitial cells travel down the interstitial cell projectionsia CICR from
displaying lav frequeng Ca?* signals. Morever, we C&*release channels as describedval3®

cannot (End wnnoticeable difference between the renal Our measurements of [é‘ag in cells of the renal
pelvis obtained from wild type andW/WY mice, pelvis are at a relaly low resolution so that we kia ot
particularly in terms of their Gasignalling, contractility or been able to detect E€adransients in the stellate projections
responses to electrical nervdimulation. Finally the of our ICC-like cells. Havever, we ewisage that the long
kidneys of W/W" mice did not display anchanges in their processes of ICC-likcells could serg an ntegratve role to
shape or size, consistent with the lack ofy anrapidly distribute a pacemaker sign&koa relatively wide
hydronephrosis in this phenotype (RJ Lang & H Hasihtamirea of the renal pelvis. This may well be critical in the
unpublished observations). proximal regions of the renal pelvis where the distidn

of both atypical and typical SMCs is reledy sparse and
not as well oganized as in the more distalgiens. Een
though the intrinsically \ frequeng of Ca2* transient

The major limitation of recording the membrane

potential of the renal pelvis using intracellulardiSChage in ICC-lilke cells bathed in nifedipine makes it is

microelectrodes is that ICC-kk eells and atypical and gr}Iiker th_at these cells are acting.as a primary pa_cemak
typical SMCs are ligly to be in electrical continuity and, it is tempting to suggest that ICC4ilells could provide a

therefore, it is difEcult to ascertain the cellular origin of OulseconQary dvie V\h.'Ch can tak over pacemaking durmg
electrical signals.The infrequeng of impaling an ICC-lile conditions that dlslocat_e the ur_eter from.the proximal
cell with an intracellular microelectrode with conGEdencEj"lcematgr drive, €g. during ureteric obstructihor after
rather than a cell electrically close to an ICliell, has idney transplantation.
prevented the examination of the effects of our modiCEers @fnclusions
Ca* mobilization on their electrical betiaur. Howeve it
has been possible taxa@mnine the effects of these agents on Except for rgions distal of the ureteropelvic junction
the lov frequeng C&* transients in fusiform interstitial it is likely that atypical SMCs and ICC-kkcells both
cells at the same time as ouxamination of the C4 insuence the spontaneous electrical and contractileigcti
transients in atypical SMCS. In Figure 2C, it is @ident of the upper urinary tractWe kelieve that atypical SMCs
that, in contrast to atypical SMCs, the?Csignal in ICC- are indeed the primary paceneak for [yeloureteric
like eells appears as a long-lasting signal along the entiperistalsis, the function of ICC-kk cells has yet to be
length of the cell bodyInterestingly even though this C&  determined. W havedemonstrated that the mechanisms of
transient in nifedipine is relatly larger and longer than Ca&* transient generation in these 2 cell populations can be
the C&" wave in aypical SMCs, it &ils to propagate into pharmacologically distinguished on the basis of their
ary neighbouring cells, be theother ICC-like cells or (in)sensitvity to ryanodine.Elucidation of the fundamental
atypical and typical SMCsln addition, @en though some mechanisms by which ICC-kkcells and atypical SMCs
electrical coupling between the cells Ering the long lastingntrol muscle wall contractility will lead to the
action potentials and the typical SMC layer is ofteident, development of functional/ electrical models that combine
we hae ot yet seen an indidual interstitial cell trigger a the autorhythmicity of atypical SMCs and ICCdikells
typical SMC C4&* transient or muscle contractién. with the ultrastructure and electrical coupling of all of the
The agents described aleo that interrupted store cells involved under normal pisiological and pathological
uptale and IP,-dependent release of €an atypical SMCs conditions. © date, non-surgical pharmaceutical treatments
were equally déctive an Ca?* signalling in ICC-lile cells to alleviate the consequences of obstruction-induced
in the mouse renal pelvisHowever, there was a clear remodelling in the upper urinary systemvéamot been
difference in the action of ryanodine in atypical SMCs andeveloped due to a lack of a basic understanding of the
ICC-like cells within the same preparation. In comparisofundamental physiology underlying the initiation and
to the relatiely small effect on C# transients in atypical propagtion of [yeloureteric  contractions. Thus
SMCs in nifedipine, ryanodine completely blocked?Ca pyeloureteric ICC-lile eells and atypical SMCs with their
transient discharge in ICC-Bkeells within s@eral minutes unique distribution and autorhythmicity may well yide
exposuret? selectve pharmacological targets when considering non-
We have previously suggested that ICC-8keells in  sumgical intenentions to alleviate hydronephrosis arising
guinea pig renal pelvis could well be acting as integrators stbm pelviureteric remodelling during and after ureteric
the atypical SMC pacemaker w8 In our present blockade or pyeloplasty.
experiments, we heg been unable to demonstrateyan
synchronicity between neighbouring ICCdikeells, or Acknowledgements
between ap atypical SMCs and ICC-lik cells in
preparations bathed in tM nifedipinel® This situation
may well be quite different in the absence of nifedipin

Autorhythmicity in ICC-lik e eells
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