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Effect of volatile anaesthetics on the calcium release channel in the heart
D.R. LaverT. Quail, H. Sitsapesan and D.¥an Helden, School of Biomedical Sciences, University of
Newcastle and Hunter Medical Resgainstitute Callaghan, NSW 2308, Australia.

Although volatile anaesthetics sera aqucial role in prgenting pain thg continue to hae a number of
serious side &dcts. One of these is their ability to excite’?Ceelease from the intracellular €astores
(sarcoplasmic reticulum, SRj)a calcium release channels named ryanodine receptors (RyR). This can result in
fatal episodes of malignant hyperthermia in otherwise normal patients harbouring mutations ialdted sk
muscle RyR isoform (RyR1, MacLennan & Chen, 1993). The cardiac isoform of the RyR (RyR2) ptgys a k
role in cardiac muscle contraction, pacemaking and rythmicityofyadwa et al., 2005). During periods of
ischemia, changes in the intracellular milieu cause a decrease in RyR activity and consequently an increase il
SR C&"* load. Upon reperfusion of the heart tissue, vegoof RyR2 actiity in the presence of abnormally
high store loads leads to cardiac arrhythmias. Evidenee indicates that actétion of RyR2 by wlatile
anaesthetics protectsagst myocardial injury and arrhythmias following ischemia and reperfusemmggx al.,
2005). Here we report the first detaileddstigation on the effects of volatile anaesthetics on the function of
cardiac RyRs.
RyRs were isolated from sheep hearts and incorporated into artificial lipid bilayers that separated baths
corresponding to the cytoplasm and SR lumen. Thevigcof RyRs was measured using single channel
recording. Volatile anaesthetics were added to the baths by injection of solutions from sealedse$bese
solutions contained the desired concentration of anaesthetic (either halothane or isoflurane) and were carefully
titrated for various beels of free C&" and Md¢*. We found that clinical doses of these anaesthetics increased
RyR2 open probabilityR ) via increases in the channel mean open time and opening frgqiéedX s for
halothane and isoflurane were 1 mmol/l and 3 mmol/l, respegctHoweve, the maximal d&ct of halothane
(5-fold increase i) was[B-fold larger than that for isoflurane. These agents were shownva@&yRs by
interacting with their gtoplasmic domains. Furthermore, anaesthetic site of action was found to be distinct from
the adenine nucleotide adiing sites, contrary to previous suggestions (Yeinal., 2005).

The effects of halothane on RyRZyuation by cytoplasmic and luminal €aand Mg+ were accurately
fitted by a model based on a tetrameric RyR structure with fofit €msing mechanisms on each b
(Laver, 2007; Laver & Honen, 2008); tw ectivation sites (the luminal-site with 40umol/l affinity and the
cytoplasmicA-site with 1umol/l affinity) and two cytoplasmic inactiation sites [;-site with 10 mmol/l dfnity
and thel -site with 1umol/l affinity). Halothane did not appear to alter the ion bindifigités for these sites.
Rather it increased channel opening rate and decreased the channel closing rate associatétibiitir@gto
the two activation sites.

Laver DR.(2007)Biophysical Journal92: 3541-55.

Laver DR & Honen BN. (2008Journal of General Physiologyin press

MacLennan DH & Chen SR. (1998nnals of the N& York Academy of Science)7:294-304.

Vinogradea TM, Maltser VA, Bogdane KY, Lyashlov AE & Lakatta EG. (2005Annals of the Ne York
Academy of Scienc&047:138-56.

Yang Z, Harrison SM & Steele DS. (200Gardiovascular Reseah, 65: 167-76.
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The role of depolarising and repolarising currents in the induction of early afterdepolarisations
during acute hypoxia in ventricular myocytes

WA. Macdonald, N. Gaur? Y. Rudy? and L.C. Hoolt 'School of Biomedical, Biomolecular and Chemical
Sciences, The University of Western Australia, Crawh& 6009, Australia andCardiac Bioelectricity and
Arrhythmia CenteMashington UniversitySt Louis, MO 63130-4899, USA.

Ventricular arrhythmia is a major cause of death in patientiersug from myocardial irdrction.
Arrhythmias typically occur as a result of re-entrant excitation or increased automaticity in and around the
infarct zone. Early afterdepolarisations (EADs), thought to be responsible for re-eetrgctiddty, are
depolarisations of the membrane during phase 2 or 3 of the cardiac action potential and requisrdan inw
current large enough to increase total anlvmembrane current. Acute hypoxia (decreasing fA@n 150
mmHg to 17 mmHg) is not energy limiting but can alter the function of a number of ion channels. Acute
hypoxia decreases the transient™Marrent (|, ;) but increases the persistent ‘Naurrent (|, (Ju et al
1996). Acute hypoxia also decreases the basal current through the L-§ph&@mel (,.) (Hool, 2000) and
decreases the slocomponent of the delayed rectifie khannel (}.) but not the rapid component () (Hool,

2004). Coronary occlusion is also associated with an increase in circulating and tissue catecholamines. Acute
hypoxia increases the sensitivity of, | to B-adrenegic receptor stimulation (Hool, 2000). #ever, hypoxia

also increases the sensitivity Qf to B-adrenegic receptor stimulation, without altering (Hool, 2004) which

may counteract the effects ofgoxia on | . The net effects of acute hypoxia in the absence and presence of
B-adrenergic receptor stimulation on the cardiac action potential are not known.

We incorporated all the published data reporting the effects of agptia on cardiac ion channels into
the Luo-Rudy model.We then compared the results obtained from the modekperenental data obtained
from ventricular myocytes isolated from anaesthetised adult guinea pigs using the current clamp configuration
of the patch clamp techniqueOur modelled data predicts that acute hypoxia has little effect on resting
membrane potential (RMP-88 mV vs —-88 mV), action potential peak (AP®7 nV vs45 mV) and action
potential duration (APD, 225 mVs 219 mV). Furthermore, hypoxia alone could not trigger EADs. thén
kept the \alues of all other channels at normoxieele and only modified . , to hypoxic conditions. In the
presence of thgd-adrenegic receptor agonist isoproterenol (Iso) at a concentration of 0.6 nmol/L, (sub-
threshold concentration during normoxiaypbxia significantly prolonged APD to 450 ms and induced EADs.
When this was repeated fog_lalone, there was no substantial change in APD and no EAD generation.
Modelling the effects of hypoxia on. ], and | together also prolonged APD and induced EADs indicating
that ary anti-arrhythmic effect of | is only small and that thefetts of hypoxia ang-adrenegic receptor
stimulation on |, predominate.

Our experimental data corresponded well with our modelled data. Acute hypoxieco{(R@mmHg) had
little effect on RMP (-62 3 mV vs—-68+ 2 mV), APP (56t 2 mV vs56 + 2mV), APD (227+ 19 msvs221+
18 ms,n = 9). In the presence of 1 or 3 nmol/L Iso and hypoxia there was no change in RMP or APP but a
significant increase in APD by 10% € 5, p = 0.036) and 20%n(= 7, p = 0.022) respectely were recorded.

Three of the sen cells exposed to 3nmol/L Iso and hypoxiaveleped EADs and spontaneous tacérdia.

This is in contrast to normoxic conditions where 3nmol/L Iso did not alteaction potential parameters €

4, all p > 0.5). We monclude that during acute hypoxia, EADs are induced predominantly as a result of an
increase in the sensitivity of the L-typeCahannel tB-adrenergic receptor stimulation.

Hool LC. (2000)Circulation Researh, 87: 1164-71.

Hool LC. (2004)Journal of Physiology554:743-54.
Ju YK, Saint [A & Gage PW(1996)Journal of Physiology497:337-47.
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Ageing related change in stag-operated CaZ2 influx and TRPCs expression of sinoatrial node
YK. Ju, D. Lai and D.G. Allen, School of Medical Sciences, IBostitute University of Sydng NSW 2006,
Australia.

The sinoatrial node (SAN) is the primary pacemaker of the mammalian heart. Dysfunction of the SAN
increases exponentially with age. The age-related remodelling of pamemakents and pacemaker action
potential may contribute to age-related slowing of the heart rate and reduction in condelcttity which
result in arrhythmias (Kistleet al, 2004). & recently discuered that store-operated €ahannel (SOCC)
actiity is present in the mouse sinoatrial node leading & €atry (Juet al.,2007). In the present study we
tested the hypothesis that changes in SOCGitgctinight play a significant role in ageing related SAN
dysfunction.

The experiments were carried out in intact mouse SAN preparations from either adult (2 months) or old (>
18 months) mice. Intracellular &awas detected with the fluorescent €andicator indo-1. The SOCC awitly
was determined from the influx of G&following depletion of the sarcoplasmic reticulun?Cstore. ' found
that the C&" influx was reduced in old mice compare to adult mice (2 moptR)(05,n = 4).

It is widely believed that the transient receptor potential cannonical (TRPC) gene family are candidates
for encoding SOCC. Recently wevieacevdoped one-step quantited FCR to study gene expression in mouse
SAN. This method allows us to study expressiorelfeof up to 8 genes from one mouse SAN. Central or
peripheral SAN samples were isolated from mouse hearts and storediat&Nolution (Ambion Inc.). One-
step real-time PCRs were performed using the Cells Direct kitr@igen, Australia). W tested 4 houseleping
genes including 18s rRN B-actin, HPRT1, B2m as reference genes, to normalise the change& mRN
expression of TRPCs or other genes of interest.d8b used TRPC1 DN as sample input reference. HCN4
used as a posit ontrol for the central SAN region. &\fuantified the mRN expression of TRPCs (TRPC1,

3, and 4) and stromal interacting molecule 1 (STIM1), an endoplasmic reticufinsedaor protein thought to
associate with TRPCs. &Mfound a reduction of the TRPC3 mRNMexpression in the SANs from old mice
(20-24 months) compared to young mice (1 mon@ur preliminary data suggests that changes in SOCC
activity and expression of TRPC genes might play a role in SAN dysfunction, specifically in the ageing heatrt.

Ju YK, Chu Y Chaulet H, Lai D, Gersio OL, Graham RM, Cannell MB, Allen DG. (200C)rculation
Researh, 100: 1605-14.

Kistler PM, Sanders,Fynn SR Stevenson IH, Spence SJ, Vohra JK, Sparks PB, Kalman JM. (20@4#hal of
American Collge d Cardiology, 44:109-16.

This work was supported by NH&MRC, Australia.
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Delineating the gating pathway in theal glycine receptor ligand-binding domain
S.A. Pless and J.Wynch, Queensland Brain Institute and School of Biomedical Sciences, University of
Queensland, Brisban@LD 4072, Australia..

Glycine receptor chloride channels (GlyRs) mediate inhibitory neurotransmission in the centrak nerv
system. The are members of the pentameric Cys-loomtig-gated ion channebmmily. Individual subunits are
each composed of a tgr N-terminal extracellular ligand-binding domain and 4 transmemhuxamelices
(M1-M4). The ligand-binding domain of Cys-loop receptors is comprised of an inner and arp-stesst.
Although glycine induces global changes in the structure of this domain, little isnkabout which
conformational changes are crucial for the gating of these receptors. Recent studies on other @gsloop f
members hae demonstrated an important role of the inflesheet during channel adtion. Here, we used
voltage-clamp fluorometry to address the question of whether the bstezet and the domain immediately
preceding the M1 domain (the pre-M1 domain) also form an essential element of BR activation
pathway The voltage-clamp fluorometry techniquevdlves introducing a ystine residue into a domain of
interest, specifically labelling it with a sulftiryl-reactve fluorophore and simultaneously measuring current
and fluorescence changes. This technique allows us to moniemaiets in domains distant from the channel
gae. Xenopus lads frogs were anaesthetized in 1g/l ethyl-m-aminobenzoate according to procedurgscappro
by the Unversity of Queensland Animal Ethics Committee. Stage Viytescwere then remred and injected
with 10 ng of wildtype or mutard1l GlyR mRNA into the cytosol and incubated for 3-10 days at 18%C. F
labelling, oogtes were placed into ice-cold ND96 saline solution containingMlGulforhodamine
methanethiosulfonate for 25s. Qtes were then washed and stored in ND96 for up to 6 h before recormling. F
recording, oocytes were placed on the stage of\antéd fluorescence microscope. Fluorescence signals were
recorded by a photodiode and membrane currents were recorded usieqtiooal two-electrode oaltage-
clamp. W labelled multiple residues in three agonist-binding domains (loop E, loop F and loop C) and in the
pre-M1 domain with environmentally sengdi fluorophores to foll structural rearrangements during
activation. Our results confirmed that current and fluorescence changes in loop E in tifiesheet are closely
correlated, implying a role for this domain in chanrairng. In contrast, labelled residues in the ofiteheet
(loop F and loop C) and the pre-M1 domairhibited fluorescence responses only at high glycine
concentrations. Additionallffluorescence responses in loop F and loop C did not discriminate between agonist
(glycine) and antagonist (strychnine) binding. These results imply a gating pathwaydft ®BgR ligand-
binding domain that wolves loop E in the inng8-sheet. V& propose that structural rearrangements in the outer
B-sheet are not wolved with gating but maybe associated with locking the ligand into the binding site at high
concentrations. The results presented here andlatse strongly suggest that loop E in the inner sheet is one of
the main structural elements triggering channel opening. It is thus tempting to speculate that the local agonist-
mediated conformational change at the binding site is daed to the transmembrane domawus the
consered Cys-loop (or th@6—37 loop) which is directly connected to loop E. As the Cys-loop lies in close
physical proximity to the M2-M3 linkr, a gating pathway connecting binding site and chana&dga loop E,
Cys-loop, M2-M3 linker and finally the M2 helix containing the channel gate, appears a likely scenario.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/39/25P



External divalent ions increase anion-cation permeability in glycine receptor channels —
consideration of ion activities, surface charge and conductance measurements

PH. Barry! S. Sugihartd,J.E. Carland! T.M. Lewis! PR. Schofielfland A.M. MoorhouséDepartment of
Physiology and Pharmacolog$chool of Medical Sciences, University ofiN&uth Wales, NSW 2052,
Australia and?The Prince of Wales Medical Resgainstitute Barker Street, Randwick, NSW 2031, Australia.

The ligand-gated glycine receptor ion channels (GlyRs) mediate fast inhibitory synaptic transmission in
the central neimus system and their functional role depends on whethgrathepredominantly permeable to
cations or anions. Measurements of relatinion-cation permeability of such channels are often made with
different concentrations of externavaent ions. V& havealready reported (Sugiharét al, 2007) that dilution
potential measurements of AP, in wild-type (WT) homomerical GlyR have keen found to ge larger
values, implying a greater rela#i anion-cation selectity, in the presence of externaldient ions rather than in
their absence. Whavenow further ealuated the effects of dilent ions: (1) by examining the use of aities
for liquid junction potential (LJP) corrections, (2) by considering surface charge effects and (3) by directly
measuring the effect ofwdilent ions on single channel conductances.

A recent paper of ours, on the relationship between anion-cation permeability avaleat|iiydrated
counterion size (Sugihartet al, 2008), highlighted the importance of ensuring that iorviéies, rather than
concentrations, are used in calculating liquid junction potential (LJP) corrections in all dilution potential
measurements. ised the MS Widows version ofJPCalcfor such calculations (Barrg994). In the case of
our divalent ion experiments, using ion adties for LJP corrections reduced the magnitude ¢FR,_ to 20+ 1
(compared to the previous value of 23, using concentrations) in the presence of 4 midraal [C%*], and to
10.9+ 0.3 (compared to the previous value of 12.4.4, using concentrations) in the absence xbéreal
[C&?*]. This means that mgnof the previous measurements g /Py, that used concentration for LJP
corrections for anion-seleeé channels in the presence of externalq{an particular haveoverestimated this
permeability ratio.

We havealso explored the effect of ionic strength angiéint ions in the presence of saté charge near
ion channels on relag anion-cation permeabilitWe haveshaved in a theoretical analysis thatyathange in
local concentration of ions due to g€ charge (with a resultant surface potential) near the channel is
completely compensated for by the boundary potential from that channel to within the clestibdey in the
absence of @dent ions, and almost completely compensated for if thaedit ion concentration is only avie
mM. This point and other considerations suggest that tifectebf external [C#] on Pc /Py, Cannot be
primarily explained by surface charge effects.

The question may be astk whether the effect of externavaent ions was to increase Glermeability or
to decrease Napermeability or both.Single channel conductance measurements on GlyR channels in NaCl
solutions indicate that while external did increase Clpermeability to some extent, the major effeetsw
to decrease counter-ion Npermeability.

Our results still suggest that the presence of impermedhti@e in the externalestitule affects anion-
cation permeation by altering the electrostatic energy profile in that region.

Barry PH. (1994)ournal of Neuroscience Methadsl: 107-16.

Sugiharto S, Lewis TM, Moorhouse AJ, Schofield PR & Barry PH. (260@¢eedings of the ustralian
Physiological Society38: 159P.

Sugiharto S, Lewis TM, Moorhouse AJ, Schofield PR & Barry PH. (2Bé&@)hysical durnal, in press(doi:
10.1529/biophysj.107.125690).
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FRET study of C-terminal movements of the cytoplasmic tail of human skeletal muscle chloride
channel, hCIC-1, during gating

L. Ma?2G.Y. Rychlov? E.A. Bykva,2 J. Zheng and A.H. Bretg,! 1Sansom InstituteJniversity of South
Australia, North TerraceAdelaide SA 00, Australia?PhysioIogy Disciplineshool of Molecular and
Biomedical SciencéJniversity of AdelaideSA B05, Australia andDepartment of Physiology and Membrane
Biology, University of California at Davis, Davis, CA 95616, USA.

Like aher members of the CLC channel and transpoemily, CIC-1 is a homodimeric protein with
individual chloride permeation pathways through eachusiib It exhibits quite comple transport/gating
characteristics with tevdistinct gating processes being identified, &0 ®ne is called protoporeating (or st
gating), which regulates each individual pore independently and the other is coratiman (gr slev gating),
which closes both pores simultaneougin understanding of these gating processes is still far from complete,
especially the common gating, which, because of its high temperatufieiengefis presumed to volve large
conformational rearrangements of the protein. Some basis for this has recently been found using fluorescenc
resonance energy transfer (FRET) by 8yket al (2006) in the related chloride channel, CIC-0, from
electroplaque cells oforpedowhere large displacements of the C-termini were shown to accgnapammon
gating. Encouraged by this work, by known effects of site-directed mutations irytthasmic tail on gting
and by knavledge of the characteristics of naturally-occurring myotonic mutants in this domain of human CIC-1
(hCIC-1), we decided to analyse its common gating, also using .RR&Tirst prepared a variety of full-length,
truncated and split hCIC-1 constructs with and without fluorescent tags (Cerulean and Enhgluved Y
Fluorescent Protein, eYFP) to determine whether these would affect channel function as determined by patch-
clamp when heterologously expressed in HEK293 cells. As for CIC-0, using both full-length hClEk:1.(M
and a shorter version (M., truncated just after the second CBS domain of the carboxyl tail), we then
obsered changes in FRET suggesting a significantement of the C-termini that was functionally associated
with common gating. Closure of the common gate was accompanied lgiegblseparation of the C-termini of
the two subunits, whereas, on opening theotW-termini moved doser to each othefhese meements and,
presumablyassociated conformational changes in hCIC-1 during commatinggare considerably smaller than
in CIC-0, and this might then underlie thefeliing properties of common gating in these thannels, such as,
their different temperature dependence of relaxation and their very different time dosdesstingly athough
the voltage dependence of common gating is opposite in thehannels (apparent open probability of the
common gates increasing on depolarization for CIC-1), C-termina&ment is congruent. A comparison of
single mutants E232Q and C277S, and double mutants E232QA272E and E232QC277S in our FRET study
strongly suggests that fast gating and common gating are closely linked in hCIC-1. It seems that in the absenc
of the carboxyl side chain of E232, neithastfnor common gating can occur and the channel remains open. On
the other hand, FRET she that the conformational rearrangements of the C-terminals, normally associated
with common gating, are retained in E232@rethough chloride current is unimpeded by gating. Positre
FRET between split channel fragments CerulegrHylL, and Yg;Lo.s€YFP provides answers toveeal
further questions. It shows that these shiannel components, split within the membrane resident domain of the
protein, but with gerlap including helices K and L, must, indeed, combine appropriately to form the functional
channel. Secondlyhe putatve aystal structure for CLC membrane resident domains is supported because the
Cerulean and eYFP must be located sufficiently close to each other across the membrane for FRET to occur
Thirdly, and perhaps more importantiyis construct forms the basis for future studies of katovements of
different regions of the channel vertically through the membrane during gating.

Bykova EA, Zhang XD, Chen TY & Zheng J. (200®&ature Sructural and Molecular Biologyl3: 1115-9.
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Neonatal hypoxia increases hippocampal excitability in adulthood: Gender differences and
prevention by neurosteroid treatment

H.A. Colemart,C. Moller! T. Yawno?! D.W Walker! D.C. Reutersand H.C. Parkingtort,'Department of
Physiology Monash UniversityClayton Vic 3800, Australia amtDepartment of Medicindvlonash Medical
Centee, Qayton Road, Clayton Vic 3168, Australia.

Perinatal eents can profoundly influence health and wellbeing throughout life. Perinatal hypoxia is a
major adverse effect of ggpany and birth. Epidemiological evidence suggests that obstetric complications are
correlated with impaired neural function postnatally that includes cegrdsability, schizophrenia, cerebral
palsy and epilepsy.

Rat pups were placed in a chamber containing 3% oxygen ifiydoxia) or normal air (control) for
15-20 min on postnatal day 10. Some treated pups were injected subcutaneously with the stable
alloprggnanolone analogue, alfaxalone 4 mg/kg, 30 min before hypoxia. Brain activity was tested when the rats
were 10-12 weeks of age. Rats were decapitated under isoflurane anaesthesia and the hippocampus cut into 3
pum dices. A stimulating electrode was placed on the Schaffer collatera tiaot and actity was recorded
from CAl1l and CA3 neurons. Slices were studied elecysiplogically: (1) network activity was tested by
exposing slices to Mg-free solution until electrical agity appeared; (2) pre-synaptizeats were tested using
paired pulse facilitation (PPF), with pulses deiéd 70 ms apart; (3) post-synapticms were tested in terms
of potentiation of synaptic responses for 2 h feifgg tetanic stimulation (4 episodes of 100 Hz stimulation for
1ls.

Fadlowing hypoxia, the time for network bursts to commence irf*Migge solution vas halved (@ble),
suggesting increasedatability. PPF was increased by 50% indicatingcifitation of transmitter release.
Tetanus-induced increases ircéability were immediately increased by 116% in hippocampal CA1l neurons
and this potentiation was sustained for at least 2h in females, indicating immediate and medium-term changes ir
post-synaptic respongness. In males, immediate potentiation of post-synaptic responses did notbatcur
medium-term synaptic responses did raatef as thedid in control animals, indicating delayerc#tability. The
changes inxxitability, PPF and post-synaptic potentiation obgeihas a result of brief neonatal hypoxia were
all prevented when the pups were treated with alfaxalone before hypoxia.

Time to burst onset PPF Tetanus treatment

(min) (%) (% at 2 h)
Control (n=10) 284 1756 11#16
Hypoxia (n=10) 112 22511 23322
Hypox+alfaxalone (n=6) 22 186t6 92+14

In conclusion, a single brief episode of hypoxia on day 10 of life leads to increased excitability in
hippocampal neurons at 10-12 weeks of age. This iseqmied by pre-treatment with a stable analogue of the
endogenous neurosteroid allopregnanolone, an agonist at inhibitor GAe8eptors. This suggests that brief
hypoxia disrupts normal gelopment of pathays in the neonatal brain, and that synthetic neurosteroids may be
suitable for treating neonates at risk of hypoxients.
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A quantifiable approach to filtering and analysis of cellular fluorescence imaging

JL. Bourle! H. Hashitani? H. Suzuld and R.JLang} Department of Physiologionash UniversityMctoria
3800, Australia andDepartment of Regulatory Cell Physiologiagoya City University Graduate School of
Medical Sciences, Nagoya 467-8601, Japan.

Introduction:

Cellular bioimaging has become standard practice in one form or another for its ability to attain detailed
structural and functional information at the cellularele As imaging systems and computer capabilitiegeha
evdved, image resolution, imaging speed and volume of collected data has increased dramafttbally
increased imaging data, especially in the case of functional data, comes the need fomtineetonsistent
guantitatve measurement and analysis techniques applicable to multiple cellular imaging methods and cell
types. Intgrity of data is essential, and some image and video filtering and analysis techniques nateohly ha
potential to hide important quantitegi information, it to actually distort the information that has been
obtained. This paper presents consistent and reproducible image and video filtering techniques for use in the
analysis of cellular bioimaging data, concentrating specifically on fluorescence imaging techniques.

Methods:

Filtering Technigues.Linear mean filtering algorithms are commonly emgplb to remue mise from
imaging data. Whilst linear and non-linear mean filteringehaerit based mainly in short analysis time and
strong noise reduction, it has an inherent problem of incorporating noise into the image rather than removing it.
Mean filtering also blurs spatial image segment interfaces within a frame, and may distort tempitsal acti
when applied across multiple frames of a video, so reducing fibetied sampling rate of the collected data.
Non-linear ranked filtering methods such as median filters gnaptoore compl& form of filtering, hevever
have the essential benefit of@ding both spatial and temporal blurring of datgreents by rejecting impulse
noise (Sabret al, 1997), resulting in strong noise rejection whilst maintaining signal and data integrity.

Automatic Im@ge fgmentation and Cell DetectioManual cell counting in cellular imaging is a common
and time consuming process, there are a variety of image segmentation algorithmseairemmjority of the
manual labor imolved in this process. These techniques may also be applied to functional and structural
fluorescence imaging data to identify specific cells of interest in the culture, slice, or whole animal.

Functional Quantification:Much functional imaging data is presented in a qualdatr inconsistent
guantitatve fashion that varies markedly between research groups. The quantifiable properties of stochastic
noise, namely confidencevids of the normal distrilition, may be utilized to quantify functional fluorescence
signals in terms of cellular acétion level above baseline at gien confidence intervals.

Correlation of Activity Between Cellorrelation of actiity between cells may be achel dter
applying the combined cell detection and functional quantification methods discussed Rdtection of
networks and cellular information transmission throughliestigation of cellular activity correlation alls
determination of netark formation and quantification of function, critical aspects of trugsiplogical
condition of biological tissue.ifhing, strength, and reliability of cell-cell interactions masing the methods
above, be quantified without rcessie analysis time, allwing the lag between cells activity to be determined.
These methods may well alldnvestigation of neurotransmitter function, synapse formation aficiefcy, and
the effects of receptor agonists or other pharmacological interventions on cell-cell interactions.

Conclusion:

Cellular bioimaging techniques currently employestehtue potential to limit accurate quantification of
data and hide vital information from researchers. Using non linear median filtering along with wre kno
properties of stochastic noise a&ll@ more robust, consistent and highly quantitimethodology for cellular
imaging. This has the potential to impeoloth structural and functional imaging procedures and assist in the
testing and deslopment of pharmacological interventions at the intra- and inter-celluer Tehese techniques
may be applied equally well to traditional dwdimensional and three dimensional confocal microscopic
techniques.

Sabri S, Richelme,FRerres A, Benoliel A-M, Bongrand. #1997) Journal of Immunological Method208:
1-27.
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