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Popping sarcomele hypothesis explains stretch induced muscle damage
D.L. Morgan and UProske, Monash UniversityClayton, Vic 3800, Australia.SP

It has been known forver 100 years that aste gretch of muscle, also known as eccentric or
pliometric contraction, can lead to sore and stifiscles, beginning the day aftetescise and lasting
up to a week. Mechanically eccentric contractions use muscles &s batier than motors, and occur
in activities such as horse-riding, skiing andlking down hill. Histologically such muscles sho
small areas of disrupted filament structure, confined to single fibres, and ranging in length from ¢
single half sarcomereTension is also reduced more, and for longean after similar shortening
contractions. Suckxeacise induces a rapid training effect, so that a second identical boxgrofse
typically causes much reduced symptoms.

In 1990, it was suggested that the damage results frtrengely non-uniform lengthening of
sarcomeres, due to the instability of sarcomere lengths that results from the descending limb of tt
length-tension cuey and the asymptote of the force-velocity ceiflorgan, 1990). Stretch of muscle
beyond optimum length is concentrated in the sarcomere that has the lowest yield tension. This great
lengthening, on the descending limb of the length-tension curve, causes the isometric tension, ar
hence the yield point, to decrease. The assymptotic shape of the force velo@tyneans that the
sarcomere will be unable to support the existing tensionyatedacity, and so will "pop", i.e. stretch
rapidly and uncontrollab)ytimited only by passe viscosity and mass, until a length is reached where
rising passie ension in that sarcomere increases to match the total tension being generated by th
other un-lengthened sarcomeres. This will repeat with tReweakest sarcomere. The stretch then
proceeds by popping sarcomeres in myofibrils, essentially one at a time in order from thst weak
towards stronger This explains wi tension alvays rises during stretchyen beyond optimum length.

This hypothesis further postulated that the trainirigcgfconsisted of growing extra sarcomeres
in series to woid stretch beyond optimum length. This was consistent with earlier observations that
the number of sarcomeres in a fibre could change).

Since then, a number of results@aipported this ypothesis. Ihas been shen in toad and rat
muscle, that such stretch induced muscle damage is greater when the stretches are applied at lon
length. Ithas been shen in rats and humans that training is accompanied by a shift in optimum
length tavards longer muscle lengths. In rats it has been confirmed that this is accompanied by ar
increase in the mean number of sarcomeres in the fibres of the muscle, and that the adaptation
ineffective if the stretches are mad to the same part of the length-tension eumather than the same
length.

Morgan, D.L. (1990)Biophysical Journal57: 209-221.
Morgan, D.L. & Allen, D.G. (1999)ournal of Applied Physiology7: 2007-2115.
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Training with eccentric exercise to pevent hamstring strains
U. Proské, P. Rercival and D.L. Morgan, Department of Physiologgnd Department of Electrical
and Computer Systems Engineerikipnash UniversityClayton, VIC 3800, Australia.SP

Eccentric &ercise, where the contracting muscle is lengthened, is distinct from other forms of
exacise because in someone unaccustomed to it, their muscles becboraedssibre next dayt is
believed that the soreness is the result of microscopic damage to muscle fibres, leading to al
inflammatory response and sensitisation of nociceptors. The soreness persists for about a week.
second period of eccentrigeecise, a week after the first, is followed by much less soreness, the result
of an adaptation process accompanying repair of the damage.

An indicator of muscle damage, present immediately after a period of eccemstose is a
shift of the muscles length-tension relation in the direction of longer lengths (Jehat, 1997). It is
believed that this is due to the presence of disrupted, non-functioning sarcomeres in series with stil
functional sarcomeres, and this produces an increase in whole-muscle series compliance. The sh
reverses within 1-2 days. A second, sustained shift in the length-tension relation is apparent a wee
later It persists for seeral weeks. This is the adaptation response of the muscle which is thought to
involve the incorporation of additional sarcomeres into the repaired muscle fibres. As a result of this
secondary shift, less of the mussl&orking range lies on the descending limb of the length-tension
relation, the region where disruption and damage is most likely to occugd@hd990).

Hamstring strains are the most important soft-tissue injury in the Austradiatibdf League
(AFL). There is gidence that hamstring strains occur while players are carrying out eccentric
contractions during rapid kne&tensions in sprinting and kicking a ball.e\Waverecently proposed
that the microscopic damage from eccentric contractions can, during repeated contractions, act as
point of weakness for gelopment of a more major tear injuipvaving mary muscle fibres (Broahtt
et al, 2001). The group at greatest risk of a hamstring strain are previously injured plagdmvaN
shawvn that optimum angles for torque in yieusly injured hamstrings were at shorter muscle lengths
than for uninjured muscles, making them more susceptible to damage from ecoemtige eand
therefore more prone to injuryhis is because with a short optimum length more of the mascle’
working range is on the descending limb of the length-tension curve, the potegital ier damage.

The reasons for the shorter optimum remain uncertain, but may incdattesf such as a playgr’
natural predisposition, the ¥@opment of scar tissue during healing and insufficient eccenxicise
during rehabilitation.

It is possible to provide protection against the damage from eccexdrgise by means of a
controlled program of eccentric training. Such a program would be designed to keep all damage at tt
microscopic lgel, yet produce an adequate shift of the optimum angle, so that less of the snuscle’
working range included the descending limb of the length-tension relat@eé/therefore proposing
a drateggy of regular testing of optimum angles together with a program of mild, targetted eccentric
exacise as a means of reducing the incidence of hamstring strains, indeed, of strain injuries in al
susceptible muscles.

Brockett, C.L., Mogan, D.L. & Proske, U. (2001Yedicine and Science in Sports and Exercise,
33:783-790.

Jones, C., Allen, T., Talbot, J., Myan, D.L. & Proske, U. (1997 uropean Journal of Applied
Physiology and Occupational Physiolo@:21-31.

Morgan, D.L. (1990)Biophysical Journal57:209-221.
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Stretch-activated channels in stretch-induced muscle damage - role in muscular
dystrophy

E.W Yeund and D.G. AlleR, 'Department of Rehabilitation Sciences, Hong Kong Polytechnic
University Hong Kong and Institute for Biomedical Resear and Department of Physiology,
University of Sydng NSW 2006, Australia.SP

Unaccustomed eccentric contractions result in damage to skeletal muscles which can last for u
to one week. In normal indduals, this muscle damage represents a transient weakness and
discomfort after unaccustomegleecise. Havever in muscular dystrophrepetitve damage cannot be
adequately repaired and contributes to progresgeakness and muscle degeneration.

We have studied the causes of stretch-induced muscle damage in single mouse muscle fibre
which were stretched by 40% of optimal length)(buring 10 maximal tetani (Balwa & Allen,

1995). Asa mnsequence of eccentric contractions, the recognised features of damage included: (i
reduced maximal force; (ii) greater reduction of force &tdomulation frequencies; and (iii) a shift in

L, to a longer muscle length, which is characteristic of sarcomeregdiggation. Isometric tetani or
stretches of resting fibres produced none of these features.

The cause of the reduced force and muscle damage are not established but one theory is tl
tears in the muscle membrane @allimflux of ions such as Nand C&* and the dfux of proteins such
as creatine kinase.oTinvestigate this mechanism we measured intracellular sodium concentration
([Na'].) after both isometric or eccentric tetani. [lavas unaffected by isometric tetani but increased
after eccentric contractions from the restingellef 7.2 £ 0.5 mM to 16.3 = 1.6 mMwver 1-2 min and
the increase persisted for more than 30 min. There wasidenee of localised elketions of [Na‘*]i
which might result from membrane tearst,binstead, the rise could be peated by @dolinium
(G&®Y, a blocker of stretch-agtited channels @unget al, 2003). These results suggest that a
stretch-actiated N& permeable channel is opened following eccentric contractions and causes the
increased [N4.. Since G&* reduced Nainflux we tested whether it could pemt muscle damage as
measured by the force production 10 min after eccentric contractions. Whtwa&dpplied over the
period in which [Ne*l]I rises (i.e. for the first 10 min after the eccentric contractions), it increased the
force from 36 = 5 to 49 + 4%.

Given that G&* prevented Nd entry and minimised force reduction folling eccentric
contractions in wild-type fibres, we examined the same phenomendximuscles. W establish that
mdxfibres hae a hgher than normal resting [Nﬁ and shw that single fibres froomdxmuscle are
more susceptible to eccentric damage. The rise ifi| [iélowing eccentric contraction was greater in
mdxcompared to wild-type mice. This rise in ﬂ‘]lacould be reduced by Gtland, as with wild-type
fibres, the force after eccentric contractions was increased @iBhwas gplied over the period in
which [N&T], rose.

Stretch actiated channels are also permeable t8*Cso hey could provide a leak pattay for
C&" to enter the cell causing cellular damageestigations in C&* handling as a result of activity of
the stretch-sensité channels after eccentric contractions should enhance our understanding of muscle
damage in muscular dystrophy

Balnare, C.D. & Allen, D.G. (1995)Journal of Physiology488, 25-36.

Yeung, E.W., Ballard, H.J., Bourreau, J8PAllen, D.G. (2003)Journal of Applied Physiolog@4,
2475-2482.
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Mechanisms of muscle damage in muscular dystrophy

G-S. s, PR RS et RSP, R v R o I RO OSERL 3 RO SR IS S gnetssi
extensve muscle wasting and weakness Patients with Duchenne muscular dystiiygb) have
mutations in the gene for the subsarcolemmal protein dystrophin. The musclesrafxtim®use, an
animal model for DMD, also lack dystrophin. Althoughdx mice exhibit a relawely benign
phenotype, the lack of dystrophin renders their limb muscles more susceptible to contraction-induce
injury (Brooks 1998; DelloRusset al, 2002). Due to its role in linking theytoskeleton to the
extracellular matrix, dystrophin is postulated twéa nechanical function, namely the stabilisation of
the muscle fibore membrane integrity in both quiescent and contracting musaieh €L al, 2000).
Support for this fipothesis has been demonstrated by the sarcolemmal fragility of fibresmidam
mice which hge a geater susceptibility to rupture follang osmotic shock and ae#i nuscle
lengthening, although the findings remain coversial (Brooks, 1998). In marcases, the serity of

the contraction protocols used, reak difficult to discern genuine differences between the injury
susceptibility of normal and dystrophin-deficient skeletal muscle.

More recently contraction protocols k& been dgised that might more accurately test the
hypothesis that dystrophin deficignimcreases the léihood of contraction-mediated damagehese
protocols are important for testing whether muscles from transgaiienice, expressing dérent
truncated dystrophins are protectedhiagt damage caused by muscle\vatgti In fact, injection of
adeno-associated viruses carrying micro-dystrophins into dystrophic muscles of immunocompeter
mdxmice results in a significantwersal of the histopathological features of the disease, and protection
from contraction injuryhighlighting the clinical potential of these therapeutic approaches (Hetper
al., 2002).

It is generally accepted that damage to membranes in dystrophic muscle represents a compone
of the initial mechanism of injury that does not occur in normal muscles. Membrane disruption could
allow influx of calcium that triggers the cellular pathways of destruction, leading to necroseuerjo
the lack of dystrophin may not be the sole reason for the greater susceptibility of dystrophic muscles t
contraction-mediated damage. Other studie® saggested that the appearance of significant numbers
of abnormally branched fibres in dystrophic muscles might also contribute to the aetiology of damage
Branched fibres and their specific branching points may render them inherentlyr weak non-
branched fibres and this may help explairywdgeneration ultimately fails (Schmalbruch, 1984).

Traditionally, it was thought that lger calibre fibres were more susceptible to contraction-
mediated damage than small calibre muscle fibres, and that increasing the size of dystrophic musc
fibres folloving treatment with anabolic agents may actually increase injury susceptiliitgad,
recent work by Bogdanovich and colleagues (2002) suggests that making muscle fijeresnéar
ameliorate the symptoms of the disease, asaded previously (Lynch, 2001). Although these results
are encouraging from a clinical perspeetiit is gill possible that these hypertrophied dystrophic
muscles remain vulnerable to extreme stress (Zammit & Partridge, 2002).

Bogdanovich, S., Krag, T.O.B., Barton, E.R., Morris, L.D., Whittemore, L-A., Ahima, R.S. &
Khurana, T.S. (2002) Nature 420, 418-421.

Brooks, S.V(1998) Journal of Muscle Research and Cell Motility 19, 179-187.

DelloRusso, C., Crawford, W Chamberlain, J.S. & Brooks, S.{2002) Journal of Muscle Research
and Cell Motility 22, 467-475.

Harper S.Q., HauserM.A., DelloRusso, C., Duan, D., Crawford, R.W., Phelps, S.F., Hafpér,
Robinson, A.S., Engelhardt, J.F., Brooks,. &\ hamberlain, J.S. (2002) Nature Medicine 8,
253-261.

Lynch, G.S., Rafael, J.A., Chamberlain, J.S. & Faulkhar (2000) American Journal of Physiology
(Cell Physiology) 279, C1290-C1294.

Lynch, G.S. (2001) Expert Opinion on Therapeutic Patents 11, 587-601.

Schmalbruch, H. (1984) Neurology 34, 60-65.
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The role of Dystrophin in muscle maintenance within the zebrafish emboyand the
identification of zebrafish models of human muscular dystrophy
P.D. Currie, ictor Chang Cardiac Resegetn Institute 384 Victoria Street, Darlinghurst NSW 2010,
Australia. (Introduced by David AllensP

Large-scale mutatgenic screens of the zebrafish genoveedeatified numerous mutations that
disrupt differentiation and maintenance ofelgtal muscle within the zebrafish embryo. Mutants
possess phenotypes that range fronailure of myoblasts to elongate and fuse into a mulinucleate
muscle fibres to those that exhibit musclgeteeration reminiscent of human muscular dystrophies.
Homozygous mutants of this latter class form myofibrils normally but are lost focally or globally
depending on the loci wlved, during early larval life. Here we present data specifically on one
member of the zebrafish dystrophic mutant class arelréhat its phenotype results from mutations
within the zebrafish Dystrophin orthologue.eWnll present a detailed characterisation of the
phenotype that arises as a consequence of the loss of Dystrepteaston within the embryonic and
larval myotomes of zebrafish. This analysis points to the critical amglsnmles that the Dystrophin
and its associated-glycoprotein comypf#ays in the ontoggnof zebrafish muscle. @/will compare
and contrast the function of Dystrophin in teleost and mammalian muscle fibre biogenesis. This
analysis represents the first identification of a zebrafish model of a human muscular gysttdopk
will discuss the possible application of zebrafish genetic methodologies to the study of the humal
dystrophic condition.
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Endothelium-derived hyperpolarising factor and cell coupling: Factors and fiction?
S.L. SandowybDivision of Neurosciencgohn Curtin School of Medical ResearANU, Canberra, ACT

0200, olésettrﬁé'f""v%ﬁ] nitric oxide and prostaglandins, endotheliumvderihyperpolarising dctor

(EDHF) is one of three vasodilatory factors produced by the arterial endothelium. The nature an
mechanism of action of EDHF is the subject of intense current research interest. EDHi laadi

been reported to be dependent on either the release of a diffusible substance from the endothelium ot
the direct contact of endothelial cells and smooth muscle cellsapgumctions. Diffusible dctors
proposed as EDHFs include® Kons, HO,, epoxyeicosatrienoic acids, L-NAME insenséi ritric

oxide, and C-type natriuretic peptide. Contact-mediated EDHF is dependent on myoendapelial g
junctions (MEGJs) that enable the passage of small molecules, and/or direct electrical coupling
between the tev cell layers. In the latter case, this coupling would result in an endothelial cell
hyperpolarisation being directly transferred to the smooth muscle, for the subsequent generation of &
arterial relaxation. This latter mechanism represents the simplest explanation of EDHF activity.

Interestingly it has been shwn that the nature and mechanism of action of EDHF cder dif
along and betweenagcular beds, and that it can also change duringapement and in ageing and
disease. Furthemore, in the mesentesigcular bed of the rat, EDHF has been described td benk,

H,O,, L-NAME insensitve ritric oxide, CNPas vell as to be due to the direct electrical coupling of
endothelial cells and smooth muscle cells. This variation is likely to be due to methodological
differences between the laboratories in which such studies were made. Thus, the debate in the EDI
field is often clouded by such unfortunately inconsistent reports.

Studies from our laboratory Y& focused on the potential role of MEGJs in EDHF\étgti We
have found that the distribution and adaty of MEGJs is correlated with the presence of EDHF within
and between vascular beds, duringattgpment and in disease. In smaller distal mesenteric arteries of
the rat, for example, MEGJs are morevplent than in larger proximal vessels (Sandb Hill, 2000),
in line with the EDHF-mediated relaxation being more prominent in the smaller than ingbe lar
vessels (Shimokaa et al, 1996). In this ascular bed, EDHF-mediated hyperpolarisation and the
transfer of endothelial cell hyperpolarisation are correlated with the presence of MEGJw(8ando
al., 2002). Furthermore, in the femoral artery of the rat the lack of MEGJs is correlated with the
absence EDHF-mediated hyperpolarisation (Saretaal, 2002). In the lateral saphenous artery of the
juvenile rat, MEGJs are pradent and EDHF-mediated hyperpolarisation and relaxation present
(Sandowet al, 2003a). This is in contrast to the saphenous artery of the adult, where MEGJs were rare
and EDHF absent (Sandcet al, 2003a). The relationship between EDHF and MEGJs is wbate
more complicated in disease states, such as in hypertension. In a coraadyi of the caudal artery
of the typertenste SHR and normotenge WKY rat, EDHF activity was maintained, in spite of an
increase in the number of smooth muscle cell layers in ¢lssels from theypertensre rat. This
maintenance @as found to be due to a concomitant increase in the incidence of MEGJs in the cauda
artery of the SHR rat (Sandat al, 2003b).

These studies demonstrate that there is a consistentv@asitrelation between MEGJs and
EDHF actvity, both of which shw a heterogeneous distribution within and betweascular beds,
during deelopment and in disease. Thus, these studies demonstrate that heterocellular coupling ce
account for EDHF aatity. Further studies will enable the identification of potentiak rileerapeutic
targets for the regional control of vasodilator function, vascular tone andvasaitar disease.

Sandav, SL. & Hill, C.E. (2000)Circulation Researh, 86, 341-346.

Sandwv, SL., Tare, M., Coleman, H.A., Hill, C.E. & Parkington, H.C. (20Q2ulation Reseaih,
90, 1108-1113.

Sandwv, SL., Bramich, NJ, Bandi, HRummery N & Hill, C.E. (2003a)Arteriosclerosis,
Thrombosis, and Vascular Biolog38, 822-828.

Sandwev S.L., Goto, K, RummenyN & Hill, C.E. (2003b). FEPS Abstract. 3, 100.
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Endothelial potassium channels in the regulation of vascular tone in health and in disease
H.A. Coleman, M. Tarand H.C. Parkington, Department of Physiolpljlonash UniversityVic 3800,
Australia. .SP

lonic mechanisms underlying EDHE The elusie rmature of endothelium-deed
hyperpolarising factor (EDHF) has hampered detailed study of the underlying ionic mechaBjsms.
cutting arterioles into electrically short lengths it is possible to record membrane currents using singl
electrode wultage-clamp when the smooth muscle and endothelial cells remain in their normal
functional relationship.Membrane potential can also be recorded simultaneously with contractile
activity in these preparationsWith this approach it is thus possible to study endothelial-dependent
lonic mechanisms irrespee#i d the processes wolved and to relate the currents to contractile
activity.

In the presence of nitric oxide and prostaglandin synthesis inhibitors, acetylcholg (A
evdked hyperpolarisation and relaxation of guinea-pig submucosal arterioles which were abolished by
the K" channel blockers charybdotoxin (ChTx) plus apaniimder voltage-clamp, AChveked an
outward current. ChTx reduced the amplitude, while apamin plus ChTx abolished tlazdatwrent.
Subtraction of the currents vealed the ChTx- and apamin-sengdtiaurrents and their separate
current-wltage relationships. Both currentveesed near the expected Kquilibrium potential, were
weakly outwardly rectifying, and displayed little, if yanime or voltage-dependentating. The
components he the biophysical and pharmacological characteristics of the intermediate- and small-
conductance calcium-actted K" channels, IK, and SK., respectiely (Colemaret al, 2001).

Myoendothelial electrical coupling Electrotonic spread between endothelial and smooth
muscle cells is an important consideration for EDISfooth muscle specific responses recorded from
dye-labelled endothelial cells were indistinguishable from those recorded from dye-labelled smoott
muscle cells. In contrast, in rat femoral artémywhich the smooth muscle and endothelial layers are
not coupled electricallyACh esoked hyperpolarisation only in endothelial cells. This supports the
idea that EDHF hyperpolarisation results from electrotonic spread from the endothelium to the smootl
muscle (Colemast al, 2001; Sandovet al, 2002).

EDHF in vivo. The functional significance of EDHR vivowas addressed by the local infusion
of ACh into the rat mesenteric vascular ba&tlith nitric oxide and prostaglandin synthesis beatk
ACh evoked increases in blood flothat were blocked with the local infusion of ChTx plus apamin.
These results indicate that EDHF contributes to endothelium-dependsatelaxationin vivo
(Parkingtoret al, 2002).

EDHF in diabetes. Vasodilator dysfunction is a well established hallmark of diabetss.
arteries from diabetic rats ancdomen, EDHF is diminished. This is not only associated with reduced
EDHF hyperpolarisation in vascular smooth musclef s also associated with a reduced
hyperpolarisation in the endothelial cells (Wigigal, 2001).

In conclusion, the most economical explanation for EDHF is that it arises frovatiaatiof
IK, and SK., channels in endothelial cells. The resulting endothelial hyperpolarisation spreads via
myoendothelial junctions to result in the EDHF-atitddl hyperpolarisation in vascular smooth muscle
cells. Thesgrocesses contribute to endothelium-dependasddilationin vivo and their dysfunction
contributes to the impairment of vascular regulation that occurs in diabetes.

Coleman, H.A., Tare, M. & Parkington, H.C. (200Jgurnal of Physiology531(2), 359-373.

Pakington, H.C., Chw, J-A.M., Evans, R.G., Coleman, H.A. & Tare, M. (200Rurnal of
Physiology 542, 929-937.

Sandwv, SL., Tare, M., Coleman, H.A., Hill, C.E. & Parkington, H.C. (20@2culation Reseaih,
90, 1108-1113.

Wigg, S.J., Tare, M., Tonta, M.A., O'Brien, R.C., Meredith, &Parkington, H.C. (2001) American
Journal of Physiology281, H232-H240.
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Changes in endothelium-dened hyperpolarising factor in ageing and hypertension:
response to chronic treatment with renin-angiotensin system blockers
K. Goto, K. Fujii, YKansui and M. lida, Department of Medicine and Clinical ScieGcaduate
School of Medical Sciences, Kyushu Universitigidashi 3-1-1, Higashi-ku, Fukuoka, 812-8582,
Japan. (Introduced by ProtCaryl Hill) .SP

Endothelial cells play an important role in thgukation of vascular tone through the release of
relaxing factors such as nitric oxide, prostacyclin, and endotheliumedenyperpolarising &ctor
(EDHF). EDHF appears to be a dominaasedilator in resistance arteries although its identity is still
elusve. Seveaal clinical and gperimental studies ka shown that endothelial function is impaired in
ageing and hypertension, which may be associated with an increase irvasaxdar diseaseln
addition, seeral clinical studies hae down that blocking the renin-angiotensin system (RAS)
improves endothelial function not only inypertensre patients but also in normotewusi patients with
other cardigascular diseases, such as chronic heart failure and/or myocardiatior. The aim of
the present study as to test whether or not EDHF-mediated hyperpolarisation and relaxation change
in ageing and ypertension, and if so, whether or not chronic treatment with RAS blockers (an
angiotensin-coverting enzyme inhibitor enalaprii and an angiotensin |l receptor antagonist
candesartan) impves such change. EDHF-mediated hyperpolarisation and relaxation weneireed
in mesenteric arteries obtained from 3-, 6-, 12-, and 24-month-old nornvetefisitar-Kyoto rats
(WKY) and 12-month-old spontaneouslygertensie rats (SHR). Furthermore, both strains were
treated for three months with either RAS blockers or avasdional therap with hydralazine and
hydrochlorothiazide from 9- to 12-month-old. The rats used were anaesthetised with ether and Kkillec
by decapitation. In arteries of WK¥EDHF-mediated hyperpolarisation and relaxation were impaired
at the age of 12- and 24-months compared with 3- and 6-month-old rats, with the response tending
be further impaired in 24-month-old rats. Three months of treatment with RASedakt not with a
corventional therap with hydralazine and hydrochlorothiazide imped the age-related impairment
of EDHF-mediated responses, despite a similar reduction in blood pressure in both treatments. |
arteries of SHR, EDHF-mediatedygerpolarisation and relaxation were impaired at the age of
12-months compared with age-matched, 12-month-old WK¥HR, all antilypertensie reatments
improved the impairment of EDHF-mediated responsesydvar, the impravement achieed by RAS
blockers was greater than that with a wentional therap with hydralazine andydrochlorothiazide.
These findings suggest that: (1) EDHF-mediated hyperpolarisation and relaxation decline with agein
and typertension in rat mesenteric arteries; (2) chronic treatment with RAS blockersésii® age-
related impairment of EDHF-mediated responses presumably through the blockade obtR#® b
lowering the blood pressure alone; (3) ayypiértensie treatment restores the impaired EDHF-
mediated responses in hypertension; and (4) RAS blockers may be more efficaciousvimgrtpeo
endothelial dysfunction associated with hypertension.

Proceedings of the Australian Physiological and Pharmacological Society http://www.apge/Broceedings/33/8P



Potassium channels in the cerebral circulation in health and vascular disease
C.G. Sobg, Department of Pharmacologyhe University of Melbourndarkville, Victoria 3010,
Australia. (Introduced by C.E. Hill)SP

Vascular K* channel function. Potassium ion (K) channel activity is a major regulator of
vascular smooth muscle cell membrane potential, and is therefore an important determiaaculaf v
tone. Seeral diverse endogenousagodilator stimuli act at least in part via aation of vascular K
channels. The function of w&al types of vascular Kchannels is altered during major caxdigcular
diseases, such asygertension, atherosclerosis, diabetes and subarachnoid haemorrhage (SAH)
Vasoconstriction and compromised ability to dilate areljikconsequences of defaetiK*" channel
function in blood essels during these disease states. Increasech#hnel function may help to
compensate forxeessve vascular tone. In recent years our laboratory hassiigated the functional
importance of K channels in the cerebral circulation in physiology and during SAH and chronic
hypertension.

Reactive Oxygen Species (ROS) as openers of Khannels. ROS ae powerful cerebral
vasodilators and mediators of responses to bradykinin and arachidonate. Both agents produc
endothelium-dependent dilatation of cerebral arterioles that is indomethacin- and catalase;sensiti
indicating that gclooxygenase-dered ROS mediate these responses. Dilatation of cerebral arterioles
by bradykinin, arachidonate or exogenougdrogen peroxide (kD,) can be blocked using
tetraetlylammonium (TEA) or iberiotoxin, suggesting aykmwole for actvation of large conductance
calcium-actvated K* (BK,) channels.

Extracellular K *. Raising extracellular K concentration from approx. 3-5 mM &15 mM
increases outward Kcurrent through inwardly rectifying K(Km) channels, causing vascular smooth
muscle hyperpolarisation and relaxation? K a particularly powerful dilator in the cerebral
circulation, and its ééct is selectiely inhibited by barium iong 50 uM) indicating an imolvement of
K,z channels. Ourecent data indicate that"KHs a more potent vasodilator in cerebral arteries of
females than males.

K* channel function after SAH. After SAH, bleeding and clot formation occur around the
ventral surbce of the brain, including major arteries, often resulting in deathveresdisability
Delayed spasm and impaired dilatation of the affected arteries are critical complications of SAH.
These cerebral arteries are more depolarised than control vessels, possibly due to decreased activity
K™ channels in vascular muscleadodilator drugs which produce hyperpolarisation, such as K
channel openers, appear to be effectr dilating cerebral arteries after experimental SAH.

NADPH-oxidase, ROS and Hypertension. NADPH, a substrate for ADPH-oxidase,
stimulates superoxide production in basilar arteries which is étbbly diphenyleneiodonium (DPI, a
NADPH-oxidase inhibitor), and this production is >2-fold higher in SHR versus WKY Garebral
artery mRM expression of the NADPH-oxidase sutit, Nox4, is 4-fold higher in SHR. Application
of NADPH to the basilar arteny vivo causes greater dilatation in SHR than WIOPI or inhibitors
of superoxide dismutase (diethyldithiocarbamate, DETCA)OHor BK., channels attenuate
NADPH-stimulated vasodilatation. Interestingbflateral carotid artery occlusion to increasenflim
the basilar artery induces nitric oxide-independent vasodilatation that is inhibited by DPI. Thus, a
novel mechanism for ROS-mediated vasodilatation appearsxigi & the cerebral circulation in
response to NADPH or increasedwijovhereby M\DPH-oxidase-devied superoxide is reduced by
SOD to form HO,. H,O, then opens BK, channels, leading to vasodilatation. Furthermore, cerebral
NADPH-oxidase activity is augmented during chronic hypertension.
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Near-membrane cytosolic [C&"] levds and C&" transients measured in myotubes gwn
from normal and dystrophic (mdx) mice using the C&* indicator FFP-18.

A.J Bakket, R. Han! and M.D. Ground’ 1School of Biomedical & Chemical Sciences &&chool of
Anatomy & Human Biologyrhe University of Western Australia, Crayl®A 6009, Australia.

Abnormal extracellular G4 influx has been suggested to beolked in the process of muscle
wasting in Duchenne muscular dystrgpldoweve, sudies comparing the resting intracellular’€a
levels in normal and dystrophic muscle cells from patients with Duchenne muscular dysanaph
mdx mice hae yielded contradictory findings (Gillis, 1996). €aindicators targeted to the inner
sarcolemmal membrane erecently been reported to be more sevssith sarcolemmal C& influx
than standard cytosolic €aindicators such as fura-2 (Brutehal, 1999). In this studywe measured
the resting C& levels and C&' transients in myotubes grown fromdxand normal mice using the
near-membrane Gaindicator FFP-18.

Skeletal muscle satellite cells were isolated from the hind limbs of neonatal normaidxnd
mice that had been killed by decapitation. Myotubes were grown on gleaslips coated with
collagen. The myotubes were loaded with thé*Qadicator by exposure to FFP-18-AM (/1) and
0.0125% Pluronic F-127 for 45 min at room temperature (22-23°CY. Baasurements were made
with a Cairn spectrophotometer attached to aNikverted microscope equipped for epifluorescence.
The myotubes were stimulated by electrical field stimulation (EFS) wasmall platinum wires
(single 0.2 ms pulse).
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Resting near membrane [%Z‘]a([CaZ‘“]menQ levds increased significantly during wopment in
the mdx myotubes, (slope; 8.189 1.47, p<0.0001). Heever, no change in [Cé*]mem was found in
normal myotubes during ddopment (slope; -0.4Q 1.14, p=0.73). From the fitted lines, the
[Caz*]mem in 12 days oldmdx and normal myotubes was estimated at 93 and 36 nM reaghecti
(Figure). Increasing the driving force for &anflux by raising extracellular Gato 18 mM, increased
the steady state [é“amem by 156.1+ 14.2 % (to ~ 208 nM) (n=14) imdxmyotubes, while in normal
myotubes, the [Czé]mem increased by only 28.8 7.6 % (to = 49 nM) (n=6), (p=0.007, unpaired
Student'st-test). The half-relaxation time of EFS-induced?Omansients was significantly increased
in mdx (314.5+ 36.9 ms, n=8) compared to normal myotubes (183.38.4 ms, n=6) (p=0.01,
unpaired t-test), which is consistent with previous studies using standdrih@eators.

The results of this study further support thepdthesis that increased €anflux results in
raised intracellular leels in dystrophin-deficent skeletal muscle cells. The use of FFP-18 to measure
steady state cytosolic €ain normal andndxmyotubes in the presence of raised extracellul&* Ca
could provide a more reliable method for detecting the alterdtif@meostasis in dystrophic muscle
cells.

Bruton J.D., Katz A. & Westerblad H. (1999)oceedings of the National Academy of Sciences USA,
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Gillis J.M. (1996)Acta Physiologica Scandinavicd56, 397-406.
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Elevated temperature dfects on sarcoplasmic reticulum function in mammalian skeletal
muscle fibres
C. van der Poel and D.G. Stephenson, School of Zgdtagulty of Science and Technolpgg Trobe
University Mctoria 3086, Australia..SP

Superoxide (0O2-) has been shown to be produced by the musclevaiedleemperatures
(40-46°C) and to cause markedveassible changes in contractile aetion characteristics of
mammalian skinned fibresdm der Poel &;Stephenson, 2002). Here we examine the effect of similar
temperature treatments on sarcoplasmic reticulum (SR) function in mammalian skeletal brsgie.
Evans hooded rats were killed by areose of halothane in accordance with the procedure \aggpro
by La Trobe Unrersity Animal Ethics Committee. Extensor digitorum longus (EDL) muscles were
dissected out and underwent temperature treatment at 40°C for either 5 or 30 min, 43°C for 30 min ar
46°C for 5 min. Single muscle fibres were dissected from EDL muscles after exposunestted ele
temperatures, mechanically skinned under fiaradii and mounted on a force transduc&he
endogenous SR Ca2+ content was then estimated by releasing all SR Ca2+ with 30mM caffeine ar
low Mg2+ (Release Solution), and measuring the area under the force response as an indicator of t
amount of SR Ca2+ released. The fibre was then re-loaded with Ca2+ under standard conditior
([Ca2+] 200nM and pH 7.10) for either 30, 60 or 90sec and the SR CaRsulisequently released in
the Release solution. The relatiaea under the force responses waaragsed as the indicator of the
relatve anount of Ca2+ in the SR prior to thepesure to the Release solution. In order to determine
the tent of Ca2+ leak out of the SR, the preparation was loaded with Ca2+ for 90 sec and thel
washed for either 30 or 90 sec in a leak solution (pCa = 8, 0.5mMAEGTe remaining Ca2+ in the
SR was then released in the Release solution and the ratio between the areas undeintte caf
induced responses after 90 and 30 sec exposure to leak solatiars@d to estimate the fraction of SR
Ca2+ remaining after 60 sec in the leak solution (Macdonald &;Stephenson, R#Xlilts sha that
after exposure of the EDL muscle to 40°C for 5 or 30 min, 43°C for 30 min and 46°C for 5 min the
endogenous amount of Ca2+ in the SR was greatly reduced. This was accompanied by a significa
decrease in the rate and ability of the SR to load Ca2+ and byeaitarease in the rate of SR Ca2+
leak, which couldplain the decrease in both endogenous SR Ca2+ and the rate of SR Ca2+ loading
No significant receery was observed in the parameters (0-3hrs after temperature treatment).
Experiments using 20 uM TBQ (2,5-di(temtil)-1,4-hydroquinone) to block the SR Ca2+ pump and
Ruthenium Red (5 pM) to block the RyR/SR Ca2+ release channels indicated that the major route ¢
the Ca2+ leak @as through the SR Ca2+ pump. Pre-treatment of the muscles with the superoxide
scarenger Tiron (20mM) markedly reduced the temperature-induced changes on the SR functior
suggesting that the observed temperature effects are influenced by O2- production. The results ¢
explain the earlier observations on isolated muscle preparatipased to temperatures greater than
35°C, when force production becomes markedly andarsély depressed (Lannergren &dterblad,
1986). Lannggren, J. &;Westerblad, H. (1986) Journal ofygiblogy, 390: 285-293. Macdonald, W
A. &;Stephenson, D. G. (2001) Journal ofyBiology, 532: 499-508.van der Poel, C. &;Stephenson,
D. G. (2002) Journal of Physiologyd4: 765-776.
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Effect of low ATP concentrations on action potential-induced C# release in
mechanically-skinned EDL fibres of the rat
T. Dutka and G. Lamb, Department of Zoolpgg Trobe UniversityVictoria 3086, Australia..SP

During vigorous and/or prolonged adty, the aerage [ATP] within the cytoplasm may
decrease froml7 mM to (1L mM (Karatzaferiet al, 2001). Itmay decreaseven lower in areas with
high ATP utilisation and/or limited diision (e.g. triadic junction). Furthermore, ATP facilitates the
opening of isolated G4 release channels (RyRs) {len et al, 2001), but it is currently unclear
whether ATP is needed on the RyR for it to bevatgd by the voltage-sensor (VS) when the VS is
actvated in a potent and coordinated manner by an action potential (AP). By using adenosine (:
competitve weak agonist for the P stimulatory site on the RyR) and examining forcesid@ment
of twitch and tetanic force responses, we sought to address whétRes Arucial for normal AP-
mediated C# release.

Male Long-Evans hooded rats were killed under deep anaesthesia (2% v:v halothane) and tr
extensor digitorum longus (EDL) muscles wepecised. Singlefibres were mechanically-skinned,
connected to a force transducer and immersed in a standard K-stifion (1mM free Mg*: 8 mM
total ATP; 10 mM creatine phosphate (CP) at pH 7.10, containing 50 uM EGTA, pCa 7.Gduadi
fibres were then electrically stimulated (75 V-tn2 ms pulse) to produce either twitch or tetanic (50
Hz) force responses at control (8 mM ATP) or & [&TP] (0.1-2 mM, where ATP was replaced with
CP) with or without adenosine present (2 or 4 mM).parallel experiments, the response of the
contractile apparatus to [€& steps was examined by pre-equilibrating a fibre in a weakly
Ca*-buffered K-HDTA solution (100 pM EGTA) at pCa 7.0 at avei [ATP] and/or adenosine
condition, and then rapidly aetting it by plunging it into a heavily G&buffered solution (50 mM
CaEGTA/EGMA, pCa 6.0 or 4.4) with the sameTR] to produce either submaximal or maximal force.
These fibres had been Triton X-100 treated so only the contractile apparatus was functional.

Compared to the braeking control responses (8 mM ATP), the mean twitch peak amplitade w
significantly (P<0.05) reduced under al@AT P] conditions (to 71+4%, n=7; 66+3%, n=24; 56+3%,
n=51 and 28+4%, n=8, in the presence of 2, 1, 0.5 and 0.1 WMréspectiely). Peaktetanic force
and the rate of tetanic force productioasnalso reduced atvio[ATP]. Theslowing of the rise in
tetanic force ak0.5 mM ATP was greater than that explicable by effectswf[BI'P] on the rate of
force deelopment by the contractile apparatus. Therefore, it appears that the amount of AP-mediatet
C&* release must lva teen reduced &0.5 mM ATP. The reduction of twitch peak amplitudeasv
exacerbated as the ratio of [adenosine]:[ATP] (mM:mM) was increased (2:8=96+2%, n=3;
2:2=6714%, n=4; 2:1=41+4%, n=17; 4:1=36+£3%, n=7, compared to the absence of adenosine). Sinc
adenosine did not significantly hinder forcevelepment of the contractile apparatus, this finding
indicates that adenosine compeély interfered with ATP binding to the RyR (ler et al, 2001), and
hence caused reduced *Caelease. Thesexperiments indicate that ATP must be bound to the
stimulatory site on RyRs for the VS to trigger’Ceelease in response to an,Afe normalin vivo
stimulus.

Karatzaferi, C., de Haan, A., Ferguson, R.A., van Mechele®&, 84rgeant, A.J. (200Bflugers

Archiv, 442: 467-474.
Laver, D.R., Lenz, G.K.E. & Lamb, G.D. (2003purnal of Physiology537 (3): 763-778.
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Magnesium inhibition of skeletal muscle ryanodine receptors modified by DIDS,

ryanodine and ATP

E.R. O'Neill, G.D. Lami and D.R. Lavet, 1School of Biomedical Sciences, University of Newcastle,
Australia and’Department of Zoology.aTrobe University Australia. .SP

In skeletal muscle the activity of ryanodine receptor (RyR) calcium release channels in the
sarcoplasmic reticulum is regulated by theydiopyridine receptor (DHPR) voltage sensors in the t-
tubule membrane. G4 Mg?* and ATP are potent intracellular regulators of RyRs. Tfeztsf of these
substances on isolated RyRs are well characterised yet it is not cledndiaegulate RyR opening
under voltage-sensor control. RyRs are vatgid by pM cytoplasmic C&" and mM AP while
physiological [M¢?*] (0L mM) in the g/toplasm fully inhibits them. It is proposed that during muscle
contraction, DHPRs transiently reli Mg?* inhibition which then permits astition of RyRs by AP
(Lambet al, 1991).

Mg?* is thought to inhibit RyRs by binding both taraiffinity sites that shw little specificity
between dialent ions (I-sites) and to high affinity sites for?€§A-sites) thus pneenting C&* from
activating the channel (haer et al, 1997). Havever, ATP is known to actiete RyRs in the absence of
cytoplasmic C&" so it is not clear hw Mg?* at the A-sites &&cts channel opening under
physiological conditions. Here we\iestigate the mechanism of Mginhibition in the presence of
ATP and two drugs, 4,4’-diisothiocyano-stilbene-2,2’-disulfonic acid (DIDS) and ryanodine, which
also actiate RyRs in the absence ofCa

RyRs were isolated from rabbit edktal muscle and incorporated into lipid bilayers using
standard techniques (O’Neikt al, 2003). Skletal muscle was remed from dead rabbits.
Cytoplasmic solutions contained 250 mM" @230 mM CsCHO,S and 20 mM CsCl) 10 mM TES at
pH 7.4. Luminal solutions contained 50 mM Cs (30 mM CgQ}$ and 20 mM CsCl), 10 mM TES,
pH 7.4.

DIDS decreased I-site fafity for Mg?* and C&* by 10 fold and ryanodine abolished binding
completely Cytoplasmic Md@" inhibited RyRs via the G4 activation site @en in the absence of €&
indicating that M&* inhibition is not merely due to the pemtion of C&* binding. In the case of
ryanodine modified RyRs, mowaent ions (C8) could also actiate the channel. RyR activity in the
virtual absence of G& (OL nM) was not due to sensitisation of the channel t6*@a preiously
thought (Duet al, 2001; Masumiyaet al, 2001) but vas due to Cd-independent channel opening by
ryanodine. The apparent Kfgaffinity at the A-site was decreased by cytoplasmit &=l C&" as
well as by luminal C& in a way which suggests that cytoplasmic¥dCst and C&* compete for a
site near the ytoplasmic entrance. lons at this site may progress to the A-site further into the pore.
Binding of these ions at the A-site is in competition with lumin&*@ad leads to either aggtion (2
x Cs" or C&*) or inhibition (M¢?*) of RyRs.

Du, G.G., Guo, X, Khanna, V.K. & MacLennan, D.H. (2001) Ryanodine sensitizes the cartliac Ca
release channel (ryanodine receptor isoform 2) t§ etivation and dissociates as the channel
is closed by C& depletion. Proceedings of the National Academy of Sciences of the United
States of Americ&8: 13625-30.

Lamb, G.D. & D.G. Stephenson (1991). Effect of®1gn the control of CH release in skeletal
muscle fibres of the toadournal of Physiology434: 507-528.

Laver, D.R., T.M. Baynes & A.FDulhunty (1997). Magnesium inhibition of ryanodine-receptor
calcium channels: evidence forawndependent mechanisndsurnal of Membrane Biology,

156: 213-229.

Masumiya, H., Li, P., Zhang, L., & Chen, S.R001) Ryanodingensitizes the C4release channel
(ryanodine receptor) to €aactivation. Journal of Biological Chemistry276: 39727-35.

O’Neill E.R., Salbwska, M.M., & Laver D.R. (2003) Rgulation of the calcium release channel from
skeletal muscle by suramin and the disulphonate stilbeneiides DIDS, DBDS, and DNDS.
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Nitric oxide alters the rate and sensitivity of sarcoplasmic reticulum calcium uptad in
ovine skeletal muscle
JJ. Cottrell!, RD. Warner!, ER. Dunshej M.B. McDonagh and R. Kuypers Department of
Primary Industries, Reseeln and Development Division, 600 Sneydes Rd, Werri39, Victoria,
Australia and?Food Science Australia, P.O. Box 3312, Tingalpa, 4173, Queensland, Aust8fia.
Calcium leakage from the sarcoplasmic reticulum (SR) to the cytosol can occur via reducec
sarcoplasmic/ endoplasmic reticulunifPase (SERCA) actity, increased #fix via the Ryanodine
receptor (RyR) C& channel or SR membrane leakage. The aim of #tpsrénent was to irestigate
if nitric oxide (NO) influences SR Cauptale and release from lamb carcasses after control (none),
medium (300Y 14Hz) or high (700Y 14Hz) voltage electrical stimulation (ES) applied for 1 min
approximately 5 min post-mortem. From 9 lambs, the SR was isolated frdmorigessimus thacis
et lumborum(LTL) at the 1% thoracic vertebra approximately 10 min post-mortem. Isolated SR
membranes were incubated for 30 min with the 100mM final concentration of the NO donors
Diethylamine NONOate (NONO) or Sodium nitroprusside (SNP) &C2efore assay of SR Ca
uptale, release andT®ase actiity. Incubation with NONO increased the linear and maximal rates
V. . Of SR Ca™ uptale (P<.05 and P<.01 respaady), without affecting the APase activity (P>.05).
This resulted in an increased coupling ratio (P<.05) betweepand ATPase for NONO, indicating
greater dfciengy of the SERCA pump. The calcium concentration for half maximal ep(tﬁ]a**]o's)
was dso increased by NONO, indicating reduced serisitiof Ca™ induced C&" uptake.
Collectively, these data indicate that while NONO increases the rate ‘ofupsale, NO desensitised
the SERCA to initiate C4 uptale. No efect of SNP or ES was observed on SR 'Gmptale (P>0.05).
Neither NONO nor SNP affected SR Caelease via the RyRHowever, ES resulted in increased SR
Ca™ efflux following thapsigugin-induced inhibition of the SR TPase. Due to the Vo rates of
release observed, thisae most likely due to membrane damage or increased SR permgabitlity
opening of RyR. In conclusion, the NO donor NONO influenced the SERCA, reducing*its Ca
sensitivity but increasing its rate of uptake. Reduced sensitivity of" Gaduced C&" uptake
([Ca™], o may increase cytosolic Caconcentrations due higher Carequired to induce uptak
likely increasing cytosolic Ca concentrations and aetting Cd™* dependent proteases.

Proceedings of the Australian Physiological and Pharmacological Society http://www.apms/Broceedings/33/14P



Phosphorylation status of calsequestrin does not alter its ability to regulate nag
ryanodine receptors

N.A. Beard, M.G. Casarottd, D.R. Lavef and A.F Dulhuntyt, 1John Curtin School of Medical
Researh, Australian National UniversityCanberra, ACTand 2School of Biomedical Sciendeculty
of Health, University of NewcastINSW Australia. .fp 10 S

Depolarisation of the sarcolemma triggers®Ceelease through ryanodine receptor (RyR)
calcium release channels in the sarcoplasmic reticulum (SR) eétak muscle. The protein
responsible for calcium storage within the SR is calsequestrin (CSQ), which is located wholly within
the SR lumen. CSQ is tethered to the RyR by émchoring proteins, triadin and junctin, as well as
probably forming a direct physical coupling with the channel itself.

Recent studies ka siowvn that CSQ regulates RyRs viaawnechanisms. Thérst (indirect)
interaction is presumably mediated by triadin and junctin, resulting in RyR inhibition, whilst the
second interaction is via a direct physical connection between CSQ and the Ry&l{8zal, 1999;
Herzoget al, 2000; Beardet al, 2000). Thissecond interaction requires dephosphorylated CSQ to
modify RyR acwity. The rolein vivo of CSQ phosphorylation is not clearor has a definie
phosphorylation mechanism been reported. It is uwknehether the interaction of CSQ with nati
RyRs (those containing RyR co-proteins, such as triadin and junctin) depends on CSC
dephosphorylation in the same manner as the direct interaction of CSQ with purified RyRs.

To gudy the effects of altering CS€phosphorylation status on its ability to regulateveafyR
regulation, rabbit skeletal SR vesicles containing RyRs (isolated from back gamiu$ele of Nev
Zealand male rabbits killed by a capgtilolt) were incorporated into artificial planar lipid bilayer
membranes, which were formed across an aperture with a diameter of 15RF20@ delrin cup. The
bilayer separates twchamberscis (cytoplasmic) andrans (luminal). Solutions contained €a(1
mmol/l), CsC} (20 mmol/l), caesium methane sulfonate (250/30 mmoidjtrang and TES (10
mmol/l). CSQ was purified according to Costedtbal, (1986). Phosphorylation status of CS@sw
determined usind'P NMR, and CSQ was dephosphorylated according to the methods of Cala & Jones
(1983).

In a single channel studiRyRs were exposed to 500 mM T® dissociate endogenous CSQ
(recently shwn to successfully dissociate CSQ from bilayer incorporated RyRs; Béald 2002).

After subsequent perfusion of thanschamber with 250 mM Cs20-50ug of déther phosphorylated

or dephosphorylated CSQ was added to tlaes chamber There was no significant f#frence
between the regulation of the RyR by phosphorylated or dephosphorylated CSQ. Both forms of CS(
significantly inhibited RyR activity.

Unlike the phosphorylation-dependant regulation of purified RyRs by CSQ, altering the
phosphorylation status of exogenous CSQ did not alter CSQs ability to inhibi dadietal RyR
activity. In combination with the results of Syediet al. (1999) and Herzogt al. (2000), these data
illustrate that CSQ imposes awery different regulatory mechanisms on RyRs, and suggest that
phosphorylation-dependant changesivodo not alter the triadin/junctin mediated regulation of RyRs
and SR C#' release by CSQ.

Beard, N.A., Sawska, M.M., DulhuntyA.F. & Lave, D.R. (2002)Biophysical Journal,
82(1):310-20.

Cala, S.E. & Jones, L.R. (198B)urnal of Biological Chemistr258:11932-11936.

Costello, B., Chadwick, C., Saito, A., Chu, A., Mauker& Fleischer S. (1986)Journal of Cell
Biology,103:741-753.

Herzog, A., Szegedi, C., Jona, |., Herberg,.RWarsanyi, M. (2000FEBS Letters472:73-77.

Szegedi, C., Sarkozi, S., Herzog, A., Jona, |. & Varsanyi, M. (1B@@hemical Journal337:19-22.
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NO donors increase persistent sodium current in HEK293 cells transfected with the
human cardiac Na channela-subunit

W. Wi, E Lewes and P.\WGage, Membrane Biology FRigram, John Curtin School of Medical Resdar
Australian National UniversityPO Box 334, Canberra, ACT 2601, Australic&P

\oltage-cated N& channels play an essential role in excitable cells in which tiia@siently
increase N&a conductance in response to membrane depolarisakiowever, mary tissues hee a
component of Nacurrent that is resistant to inaaion. This persistent Nacurrent (L,ap) plays an
important role in generation of ythmic oscillations in neurons. Pathological changes in these
channels are associated with diseases such as ischaemia, cardiac arrhythmias andNépitepsge
(NO), the major endothelium-deed relaxing fictor reduces whole-cell Nacurrent in isolated
ventricular myocytes (Ahmmeet al, 2001) it increases ], in rat neuronal and cardiac cells
(Hammarstrom & Gage, 1999). NO is also a potentia ? endogenous regulatqy, otinder
physiological and pathophysiological conditions (Ahexnal, 2000). The target for N8 on Na
channels is not known.

We havetested the effects of NO orp\lalF in HEK 293 cells transiently transfected with the
human cardiac Nachannela-sukunit. Persistent Nachannel activity in inside-out patchesasv
increased110 fold after &posure to NO donors, s-nitroso-n-acetyl penicillamine (SNAP) and sodium-
nitroprusside (SNP). Our results suggest that tiectebf NO on ,h is caused by NO directly
interacting with Na channela-sutunit, or with closely associated proteln(s) "NAannelB-subunits
appear not to be necessary for thite@f The effect of NO ony| was inhibited by the sodium
channel blockelidocaine (5QuM) and by the reducing agent dlthlofhreitol (DBTmM).

Ahern, G. P,, Hsu, S. F., Klyachko, A. & Jackson, M. B. (200Q)Journal of Biological Chemistry,
275,28810-28815.

Ahmmed, G. U., Xu, Y., Hong Dong, P., Zhang, Z., Eiserich, J. & ChiamwanoN. (2001)
Circulation Researh, 89,1005-1013.

Hammarstrom, A. K. M. & Gage, W. (1999)Journal of Physiology520,451-461.
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Aphidicolin-induced stress pathway in pre-implantation embryos
H.-S. Lee and M.L. Dayepartment of Physiologiniversity of Sydng NSW 2006, Australia.SP

The cell gcle is a ubiquitous and compl@rocess that is essential for the proper growth and
development of the pre-implantation embryo. There has been increasognee that correlates the
cell cycle with the actity of ion channels, in particular potassium channels. In a previous study we
have drown that aphidicolin-induced G1 celyde arrest of pre-implantation embryos results in the
constitutve activation of a cell cycle-related potassium channel (Bagl, 1998). The present study
was dmed at identifying the various signalling patiyg actated upon the administration of
aphidicolin using flav cytometry and microarrays and from there, decipher the link between these
pathways and potassium channel activity.

Results suggest that aphidicolin-induced cgtlle arrest was due to stimulation of the stress-
activated kinase pathway (SAPK) that proceeds via p38MAP kinase. This provides a potential link
between the mitogen-actied kinase (MAPK) pathays and the activity of the celyde-related
potassium channels present in embryos.

Day, M.L., Johnson, M.H. & Cook, D.I. (1998MBO Journal 17: 1952-1960.
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Distinct expression of intermediate-conductance calcium-aetated potassium (IK)
channels in intrinsic primary afferent neurons of the rat gastrointestinal tract

C.B. Neylof, H.L. Robbin$, B. Hunné, SE. Mooré and J.B. Furness 'Department of Anatomy &
Cell Biology and Cente for NeuroscienceUniversity of MelbourngParkville, Victoria 3010,
Australia. and®Neurology and GI CEDD, GlaxoSmithKlirdew Fontiers ience Park, Harlow
CM19 5AV, UK. .SP

Intrinsic primary afferent neurons (AH neurons) in the intrinsic ganglia of the small intestine
have a Woad action potential that is followed by early and late affgtpolarising potentials (AHP).

Our laboratory has reported electrophysiologicatlence consistent with intermediate-conductance
calcium-actvated potassium channels (IK channels) being responsible for the AHP in enteric primary
afferent neurons @galiset al, 1992), havever the molecular expression of IK channels has not been
reported in these cells. This studaswndertaken to westigate whether IK channels are expressed in
the enteric nemus system and whether their expression corresponds to those cells knoywress e
AHP currents.

To localise the IK channels, an antibody was generated in rabbits against the N-terminal 1-
amino acids of the rat IK channel and immunohistochemistry performed on whole mount preparation:
of rat gastrointestinal tract. Evidence for specificity of the antibaaly slhown in Western blots where
it was found to recognise a single band of 160kD in HEK 293 cells transfected with IK gl@smid
but not in cells transfected with vector alone or vector containing SK2 cDNA, or on blots probed with
pre-immune serum.

IK channel immunoreactity was found in specific neev ell bodies throughout the
gastrointestinal tract, from the esophagus to the rectum. The majority of immunaeeaections had
Dogiel type Il morphology and in the myenteric plexus of the ileum almost all immungeesacti
neurons were of this shape. Intrinsic primary afferent neurons in the rat small intestine are Dogiel typ
Il neurons that are immunoreai for calretinin, and it was found that almost all the IK channel
immunoreactie reurons were also calretinin immunoreaeti IK channel immunoreactivity also
occurred in calretinin-immunoreaa®y Dogiel type Il neurons in the caecumithiih immunoreactie
cells, the initial sgments of the axons contained the highest density of sites, but not axon terminals.
No immunoreactivity was found in surrounding muscle or glia.

Molecular evidence for IK »@ression was determined by THRCR analysis using
oligonucleotide probes based on the rat IK sequencgldiet al, 1990). R-PCR cloning from a
highly enriched myenteric ganglion extracvegled an mRN) sequence that was identical to the IK
channel mRN expressed in other cell types.

It is concluded that IK channels are expressed on specific neurons @fsth@mgestinal tract.

They are almost eclusively located on cell bodies and proximal parts of axons of intrinsic primary
afferent neurons. From functional studies, these IK channels are predicted to contraittimliey
states of the enteric nervous system.

Neylon, C.B., Lang, R.J., Fu, Y., Bobik, A. & Reinhart, P.H. (1998¢ulation Reseah, 85, e33-e43.
Vogdis, F., Harey, JR. & Furness, J.B. (2003purnal of Physiology538, 421-33.
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Inhibition of human large conductance calcium-actvated potassium channels by a fungal
toxin
JE. Dalziet, SC. Finclf and J Dunlop', tAgResearh Limited, Grasslands Rese#r Centre, Rivate
Bag 11008, Palmerston North, MeZealand anc?Ruakua Reseach Centre, Rrivate Bay 3123,
Hamilton, Nev Zealand. .SP

The aim of this researchas to ivestigate possible receptor/ion channel sites of action of a
fungal toxin (designated compound A) that produces ataxia, tremors,yaedsansitiity to external
stimuli when injected into miceCompound A is distinct among neurotoxins in that it has a long
duration of action, producing tremors that can last for up to three days rather than enhoarte It
also inhibits electrically stimulated smooth muscle contraction, increases neurotransmitter release, ar
elevates blood pressure. Theséeets suggested the disruption of large conductance calciuvatadti
potassium (BK) channels, as yheaveimportant regulatory roles in smooth muscle contraction and in
control of neurotransmitter release (Golfiket al, 2001). We investigated this possibility usingSlo
(a sukunit) BK channels expressed in human embryonic kidoglls and patch-clampingWe
discovered that compound A potently inhibits BK channelaation at nanomolar concentrations in
inside-out membrane patches. BK channel currentsateti by depolarising voltage pulses in the
presence of 1AM free calcium were inhibited by compound A in a concentration-dependent manner
100 nM compound A completely inhibited oudind potassium currents in less than one miniitee
concentration that produced half maximal inhibitio@swapproximately 3 nM, indicating a high
apparent affinity for BK channelshis is the first time a molecular site of action has been determined
for a compound of this structural class and identifiesval 8K channel blocker.

Gribkoff V.K., Starrett J.E., J& Dworetzky S.I. (2001)Neuroscientist7:166-77.
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Estimations of relative anion-cation permeabilities deduced from eveasal (dilution)
potential measurements, as in glycine receptor channel studiesgasssentially model
independent

PH. Barry!, A. Keramidas, A.J. Moorhousé and P.R. Schofiefd!School of Medical Sciences,
University of Nev South Wales, NSW 2052 af@arvan Institute of Medical Rese#r Darlinghurst,
NSW 2010, Australia.SP

In a recently completed series of structure-function studies on human recombinant glycine
receptor (GlyR) channels, expressed in HEK293 cells, we #awn that a single, double (SDM) and
triple (STM) point mutations in the M2 g®sn of the glycine receptor were able to each switch the
GlyR selectivity from being anion- to cation-seleet{Keramidaset al, 2000, 2002; Moorhouset al,

2002). In order to relate ion selectivity to changes in electrostatic effects in the channel pore and in it
minimum pore diameterwe reeded both anion-cation permeability ratios and minimum pore
diameters. The latter were determined by measuring cation-cation (or anion-anion) permeability ratio
for a series of large test cations (anions) for théemint cation-seleate (@nion-selectie) mutant
GlyRs. Theg were determined from bionic potentials, measuring the changeensaepotential, under
whole cell patch clamp conditions, when thdeenal solution cation (anion) was substituted by
various larger cations (anions) for cation selextnion-selectie) mutant GlyRs. It has been sho

that for such bionic measurements, the form of the membrane potential equation is essentiall
independent of the mathematical model underlying it, as discussed in Barry & Gage (1984).

However, concern has been expressed about the validity of using the Goldman-Hodgkin-Katz
(GHK) equation (see Barry & Gage, 1984) for dilution potential measuremews, tge inherent
assumptions (a constant electrical field in the membrane and independence of ion fluxes) in it
deriation. Experimentally the anion-cation permeability ratios (/) were determined from
dilution potentials by measuring the change ivergal potential, when the external solution NacCl
concentration was decreased to about 50% and then to about 25% and each shiftahp@tentials
plotted against external NaCl adty. Experimentally it was noted that the data did fit the GHK
equation with the predicted straight line and constant permeability ratio. The GHK equation is:

AV =RTFIN [0+ (Pe/Pyag' 1/ [aya *+ (Pe/Pyac’]
whereAV, is the shift in reersal potential, R, T and F ¥ their usual significance and gand a,
represent the activities of Nand Cl in the external (0) and internal (i) solutions respagti

We then fitted the data to the Planck equation,vedriby slving the Nernst-Planck flux
equations, which has virtually opposite underlying assumptions (a non-constant electrical field and
macroscopic electroneutrality condition) to the GHK ones. The Planck equation is:

. AVrev:_ (RT/F) (PNa PC_:I.)./ (PNa+ I:)CI) In aNaCIO/aNaCII .
However, it produced very similar permeabilities to those of the GHK equation.X@on@e, R /P, ,
values using the GHK [Planck] equation for the SDM and STM cation-sadegtitant GlyRs were
0.12 [0.14] and 0.27 [0.27] and,/P, , for the anion-seleate WT GlyR was 28.5 [26.2].

Hence, the anion-cation permeability ratios determined using the GHK or Planck equations are
essentially independent of the limiting underlying assumptions of those equations.

Barry, PH. & Gage, P.\W(1984) In:Current Topics in Membranes andamsport, 21 ed. Stein, W.E.
pp. 1-51. Orlando: Academic Press.

Keramidas, A., Moorhouse, A.J,. French, C.R., Schofield, P.R. & BRky(2000)Biophysical
Journal, 78, 247-259.

Keramidas, A., Moorhouse, A.J., Pierce, K.D., Schofield, P.R. & Barry P.H. (2060&)al of General
Physiology 119, 393-410.

Moorhouse, A.J., Keramidas, A., Zaykin, A., Schofield, P.R. & Barry P.H. (2a02)al of General
Physiology119, 411-425.
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Role of charged residues in coupling ligand binding and channel agétion in the
extracellular domain of the glycine receptor
N.L. Absalorh, T.M. Lewig, W. Kaplar?, K.D. Piercé and P.R. Schofield'Neurobiology Reseah
Program, Garvan Institute of Medical Reselr384 Victoria Street, Darlinghurst, NSW 2010,
’Department of Physiology and Pharmacologshool of Medicine University of Nev South Wales,
NSW 2052 andPeter Wills Bioinformatics Cengr, Garvan Institute of Medical Resedy 384 Victoria
Street, Darlinghurst, NSW 2010, Australi&P

The glycine receptor is a member of theahid gated ion channel receptor superfamily that
mediates dst synaptic transmission in the brainstem and spinal cofidwing ligand binding, the
receptor undgoes a conformational change that isveyed to the transmembrane regions of the
receptor resulting in the opening of the channel pore. Using the acetylcholine binding protein structur
as a template, we modelled thdracellular domain of the glycine receptoil subunit and identified
the location of charged residues within loops 2 and 7 (the conserved Cys-loop). TheseVedpsrha
postulated to interact with the M2-M3 linker region between the transmembrane domains 2 and 3 &
part of the receptor agtion mechanism. Chged residues were substituted with cysteine, resulting in
a dift in the concentration-response curves to the right in each casdei@omodification with
2-trimethylammonioetyl methanthiosulfonate was demonstrated only for K143C, which was more
accessible in the open state than the closed state, and resulted in a shift in theMaxdSOnttd-type
values. Charge kersal mutations (E53K, D57K and D148K) also impaired channeVatiom, as
inferred from increases in EC5@lues and the ceersion of taurine from an agonist to an antagonist
in E53K and D57K. Thus, each of the residues E53, D57, K143 and D148 are implicated in channe
gaing. Howvever, the double reerse charge mutations E53K:K276E, D57K:K276E and D148K:K276E
did not restore glycine receptor function. These results indicate that loops 2 and 7ximatellelar
domain play an important role in the mechanism o¥aidin of the glycine receptor.

http://www.apps.ar.au/Proceedings/33/21P Bceedings of the Australian Physiological and Pharmacological Society



Skeletal muscle function: the role of ionic changes in fatigue, damage and disease
D.G. Allen, Department of Physiolgdyniversity of Sydng(F13), NSW 2006, AustraliaSP

Repeated activity of skeletal muscle changes its properties in a variety of ways; muscles becom
wealer with intense use (fatigue), may feel sore and tender aftessve wse, and can @denerate in
mary disease conditions. Early ionic changes are critical to thelamment of each of these
conditions.

Central to this experimental approach has been t@ogenent of the single fibre preparation of
mouse musclelndividual cells can be dissected with intact tendons and stimulated to produce force.
Fluorescent indicators can be micro-injected into the fibres and intracellfi§rNed, pH, Mg?*,

ATP dc can all be measured from one cell whilst simultaneously monitoring the mechanical
performance. Othesubstances can be injected into the cells (proteins, peptides, caged compounds
plasmids etc) and after agty the cell can be prepared for immunohistochemigigit microscoyp,
electron microscopetc.

In 1988 when we started this work, the dominant theasy that intracellular acidosis caused
muscle &tigue. Incontrast we found that single fibres could fatigue with little or no pH change
(Westerblad & Allen, 1992) ui failure of calcium release was found to be a major causatigtié
(Westerblad & Allen, 1991). Currently we propose that precipitation of calcium and phosphate in the
sarcoplasmic reticulum contributes to the failure of calcium release (Allen & Westerblad, 2001).

Muscles can be used to shorten and produce force wprcéimebe used to deaccelerate loads
(eccentric contractions)A day after intense eccentrizgeecise muscles are weak, sore and tender and
this damage can taka week to recweer. In this condition sarcomeres are digarised and there are
increases in resting €aand Nd (Balnare & Allen, 1995; ¥ung et al, 2003). Recentlywe
discovered that the elation of Na occurs through a stretch-agtied channel which can be bl@zk
by either gadolinium or streptomycifreventing the rise of [Ni‘;ii with gadolinium also preents part
of the muscle weakness after eccentric contractions (Yeualg 2003).

Duchenne muscular dystropis a lethal dgeneratie dsease of muscles in which the protein
dystrophin is absentDystrophic muscles are more susceptible to stretch-induced muscle damage anc
the stretch-actated channel seems to be one pathor the increases in intracellularCand N&
which are a feature of this diseas@/e have recently shown that blockers of the stretchvaiid
channel can minimize some of the short-term damage in muscles fromd#mouse, which also
lacks dystrophin (¥unget al, submitted).Currently we are testing whether blockers of the stretch-
activated channels gen systemically tomdxmouse can protect against some features of this disease.

Allen, D.G. & Westerblad, H. (2001)Journal of Physiologyp36, 657-665.

Balnare, C.D. & Allen, D.G. (1995)Journal of Physiology88, 25-36.

Westerblad, H. & Allen, D.G. (1991Journal of General Physiolog98, 615-635.

Westerblad, H. & Allen, D.G. (1992)Journal of Physiology449, 49-71.

Yeung, E.W., Ballard, H.J., Bourreau, .J8PAllen, D.G. (2003)Journal of Applied Physiolog94,
2475-2482.
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Tolerance of male and female rat papillary muscles to acute metabolic compromise
[.R. Wendt and B. Zoltkowski, Department of Physiglbtpnash UniversityMctoria 3800, Australia.
.SP

The presence of functional oestrogen receptors within cardiac myocytes identifies the heart as
target ogan for oestrogen, and raises the possibility that lsermone effects on the heart may
contrikute to s& differences in the incidence of heart disedaske. havepreviously reported that, under
comparable conditions, the amplitude of the intracellula%*@[é:a”]i) transient is larger in male as
compared to female rat cardiac myocytes (€tdl, 2001). Ithas also been suggested that oestrogen
can protect the heart against ischemia-reperfusion injury by limiting the associated increa%éiin [Ca
(Zhaiet al, 2000). Theaim of the present study was to determine whether there Jsdif fggence in
the decline and rewery of function, and ability to maintain [é’é}i homeostasis, in intact cardiac
muscle subjected to acute metabolic compromise.

Left ventricular papillary muscles were dissected from the hearts of adult (300 — 350g) male anc
female Wistar rats that had been killed by chloroforrerdose and decapitatiorthe muscles were
mounted in a chamber located on the stage of aertéd fluorescence microscope to alldor
simultaneous recording of force and tissue fluoresceRoemonitoring of [Cé*]i the muscles were
loaded with fura-2 by 3 hr incubation with fura-2/AM. Muscles were equilibrated in HEBES dul
physiological saline solution containing 2.5 mM4tal0 mM ducose, and aerated with 100%.0
They were then subjected to 20 min of metabolic inhibition followed by 60 min ofveecoTo
achieze metabolic inhibition 2 mM NaCN as added to the PSS, and glucose apav€re omitted.

The temperature was maintained &t@@nd the muscles were stimulated at 0.25 Hz throughout.

Fdlowing 20 min of metabolic inhibition deloped force had declined to 1Gt8L.6 and 12.%

1.8 % of the preceding steady-state contrgéllén male (n = 12) and female (n = 14) papillary
muscles respeetily. In contrast, the amplitude of the €adransient only decreased to around 75% of
the control amplitude in bothxes. Musclesfrom both s&es recorered with a similar time course,
with developed force returning to approximately 90% of control by 60 riinere were also increases
in passie force and diastolic [C?é] during metabolic inhibition, heever, the increase in resting force
was oonsiderably less than mlght\lmbeen expected from the increase in dlastollczfj’.;aOverall
there were no significant differences between thessen dther the decline in contractile force,
increase in resting force, or changes |n2['¢adur|ng 20 min of metabolic inhibition.

Addition of 1x10° M 17 -oestradiol to the solutions resulted in a slight decrease (around 10%)
in contractile force and amplitude of the?C#ransient in both male and female papillary muscles.
The acute presence of oestradiolwkeer, had no significant &ct on the changes in force or FC]@
that occurred during metabolic inhibition.

The results demonstrate that there are no apparent differences in the tolerance of isolated me
and female rat papillary muscles to 20 min of metabolic inhibitlaraddition, the acute presence of a
high concentration of J¥-oestradiol did not provide gmprotection against the fects of metabolic
inhibition in either se. In muscles of both ses there appeared to be some dissociation of force and
[Ca?*]. during metabolic inhibition.

Curl, C.L., Wendt, I.R. & Kotsanas, G. (20@fJuges Archiv, 441, 709-716.

Zhai, P., Eurell, T.E., Cooke, P.S., Lubahn, D.B. & Gross, D.R. (280@rican Journal of
Physiology278, H1640-H1647.
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The rate of reactivation of the cardiac sodium hydrogen exchanger following inhibition
with cyanide

J.M. Tipene and D.G. Allen, Department of Physiojdadyyiversity of Sydne(F13), NSW 2006,
Australia. .SP

The cardiac sodium hydrogen exchanger (NHE1) has been implicated in ischaemia/reperfusio
damage of the heart. Coupled activity of NHE1 and the sodium calcium exchanger (NCX) are though
to cause calciumwverload which is responsible for the resulting the contractile dysfunction and tissue
necrosis (Allen & Xiao, 2003).

It is believed that the NHEL is inaatated by some aspect of metabolic inhibition that occurs
during ischaemia and reagied upon reperfusion (Lazdunskial, 1985; Rark et al, 1999). The time
course of this reastdtion has indirectly been sha to be very rapid. &k et al. (1999) demonstrated
that [Na] started to rise within 30 seconds of reperfusion and reached a peak after 5 minutes. In thi
study we directly examined the rate of proton flyx (@mole*smin)) via NHE1 in the acid-loaded
ventricular myocytes.

Female SD rats (4-6 weeks) were anaesthetised with pentobarbit®mgle \entricular
myogytes were isolated from the heart using a combination of enzymatic digestion and mechanica
dispersion. Cells were loaded with the pH indicator carboxy- SNARF-1 and perfused with bicarbonate
free HEPES bffered solution, conditions under which NHEL is the only acid-extruding mechanism.
An isolated cell was then exposed to an,8H(20 mM) prepulse, and the rate of reey from
acidosis was measured (djd). After return of pHto the resting ledl (7.1) the cell was>gosed for
10 minutes to a 2mM NaCN followed by a second,QHrepulse. The rate of reemy from acidosis
was then assessed in the presence of NaCN and then upon itslremo

In control conditions J was 0086 + 0.022 mM/min (mean + SEM) whed, values were
calculated in the pHange 6.84 - 7.0. In the presence of 2mM NaCN, thesllie decreased to 0.017
+ 0.005 (P < 0.05). This data skis that cyanide inhibits thexehanger Within 30 s of remeaal of
NaCN, the proton flux had increased to 0.0331019 but part of this apparent flux is caused by the
metabolic changes associated with reah@f cyanide. Afterthe correction for the fdcts of the
removal of NaCN themean J value was 0.108 + 0.022 whereas the control measuwrerdite same
pH range was 0.050 + 0.017 which is significantly smallérese data suggest that the NHE1végti
rapidly reactrates after remval of metabolic inhibition and may shoa period of enhanced activity.

Allen, D.G. & Xiao, X-H. (2003)Cardiovascular Reseah, 57, 934-941.

Lazdunski, M, Frelin, C., & Vigne.R1985).Journal of Molecular andCellular Cardiology,17,
1029-1042.

Pak, C.O., Xiao, X.H., & Allen, D.G. (1999American Journal of Physiolog®y76, H1581-H1590.
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Activity of the cardiac Na™-H™ exchanger during ischaemia
X.-H. Xiao and D.G. Allen, Department of Physiology F13, University of 8yNB&/ 2006, Australia.
.SP

There is dispute about whether tltardiac Na-H* exchanger (NHE1) remains aei during
ischaemia (Aller& Xiao, 2003). The conclusion that the NHE1 wasvacturing ischaemia is based
on the lage intracellular acidosis which would be expected teedsbdium entry on NHE1 and the
fact that some NHEL1 inhibitors, such as amiloride, reduce the rise dfl [Neing ischaemia (Murph
et al.,1991). Havever, pH, shavs no recwery during ischaemia and NHE1 inhibitor do not change the
pH, during ischaemia, which suggested that thé-N4& exchanger was inhibited during ischaemia
(Park et al, 1999). We ook advantage of a wepotent and seleste NHE1 inhibitor, zoniporide
(Maralaet al, 2002) to reassess the activity of NHE1 during ischemia.

Rats were anaesthetised with pentobarbitone and hearts were isolated and stimulated at 5 F
Ischaemia was induced by turning perfusioh for 30 minutes. Intracellular sodium ([l\]p) was
measured with sodium binding benzofuran isophthatale (SBFI).

In control hearts 30 minutes ischaemia increased][m@m 7.2+0.2mM to 17.3 £ 0.7 mM
and reperfusion resulted in a large transient increase df [ff@ak 31 + 2.3 mMn=6)). In the
presence of zoniporide ({IM, n=5) present throughout ischaemia and reperfusion, ischaemia still
caused a similal[Na”]i rise to 16.2 +0.5 mM but the large transient increase oT][Ma reperfusion
was &olished (peak 13.8 + 2.4 mM). With amiloride (1M, n=4) treatment, [Né]i was
unchanged at the end of ischemia (6.7 £ 0.7 mM) and the increase +(]>if PNareperfusion as
abolished (peak 7.4 £ 0.3 mM).

Both zoniporide and amiloride abolished the transient increase o, [pfareperfusion, which
results from activity of NHE1. Hawever they showed different effects during ischaemia: noly
amiloride abolished the [Nl}a} rise during ischaemia. Amiloride deatives reduce the persistent Na
current (Chattowet al, 2000). Furthermorethe rise of [Né\]i during ischaemia is abolished byMo
concentrations of tetrodotoxin which inhibit the persistent &arent (Xiao & Allen, 1999). Thus we
propose that the ability of amiloride to peat the [Na’l’]i rise during ischaemia arises from inhibition
of the persistent Nacurrent. Measurementsf the efect of amiloride and zoniporide on persistent
Na* current are required to confirm this hypothesis.

Allen, D.G. & Xiao, X-H. (2003)Cardiovascular Reseeah, 57, 934-941.

Murphy, E., Perlman, M., London R.E. & Steenbergen C. (1@fdulation Reseah, 68, 1250-1258

Pak C.O., Xiao X-H., Allen D.G.(1999 merican Journal of Physiologg76, H1581-90

Marala, R.B., Brown J.A., Kong J.Xt al.(2002)European Journal of Pharmacolog$1, 37-41
Chattou S., Coulombe A., Diacono J., Le Grand B., John G. & Feuvray D. (2006)al of
Molecular and Cellular Cardiolog®2, 1181-1192.

Xiao, X-H. & Allen, D.G. (1999 Circulation Reseaih, 85, 723-730
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The effect of polyunsaturated fatty acids on cardiac ryanodine and inositol triphosphate
receptors
B. Honen, D. Sint? and D.R. Lave, Department of Human Physiolgdichool of Biomedical
ScienceThe University of Newcastl€allaghan, NSW 2308 arfibepartment of Physiolog$chool of
Molecular and Biomedical sciences, The University of Adel&idelaide SA ®05, Australia..SP

It is well recognised that the consumption of fish correlates with a reduction in mortality due to
cardiovascular disease (Bumt al, 1989). Whole heart studies Ve identified that dietary fish oll
confers protection from cardiac arrhythmias (McLennan, 1988y studies hae own that the
acute application of the polyunsaturatedtyf acids present in fish oil, docosahexaenoic acid (DHA)
and eicosapentaenoic acid (EPA) to cardiac myocytes significantly reduce the amplitudeagbtise v
sarcolemmal ion currents responsible for the cardiac action potential éXelo 1995; Xiaoet al,
1997; Bogdanw et al, 1998). It is beliged that this reduction in electrical excitability is the
mechanism by which fish oil confers protection from cardiacythirhias. Havever some arrlythmias
also arise from abnormal calcium handling by internal stores. Thus it has been suggested that the ar
arrhythmic efects of long chain polyunsaturated fatty acids (PUFAS) may be related to their ability to
alter calcium handling in cardiac myocytes (Honen & Saint 2002, O’Bledl, 2002). Thereforave
investigated the effects of BPand DHA on the kinetics of the cardiac calcium release channels (
the ryanodine receptor (RyR) and the inositol triphosphate recepiB)YIP

RyRs and IER isolated from sheep hearts and were incorporated into artificial bilayers formed
from a solution of phosphatidylethanolamine and phosphatidylcholine dissolved in either n-decane o
n-tetradecane using standard techniques (O’eilll, 2003). Cytoplasmic solutions contained 250
mM Cs" (230 mM CsCHO,S, 20 mM CsCl), 10 mM TES at pH 7.4. Luminal solution contained 50
mM Cs" (30 mM CsCHQ,S, 20 mM CsCl), 10 mM TES and 1 mM CaGQiH 7.4.

Concentrations of EPranging between 10 and p0/4, when applled to either the cytosolic or
luminal side of the RyR, produced a dose dependent inhibition of RyR open probabilitg, wis
UM and Hill coeficient, n, = 3.8. This inhibition typically occurred within 30 seconds of application.
Inhibition was mdependent of the n-alkane solvent and whether RyRs westealchiy ATP or CH'.
Like BPA, the cytosolic application of 5aM DHA also resulted in a reduction in channel open
probability.

Like with RyR, the open probability of the JR fell upon the application of 50M EPA. IP;Rs
were identified by their ac@tion by IP, and inhibition by 1QuM heparin, a reersible IP,R blocker.

The results suggest that bothA=#hd DHA affect calcium handling by directly inhibiting RyRs
at micromolar concentration¥he actions of both EPand DHA may be mediated via the membrane
or by binding to a ydrophobic site on the channel itself. This provides a potentemlua by which
PUFAs confer protection from cardiac arrhythmias.
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AT P modulates intracellular Ca?* and firing rate through a P2Y, purinoceptor in cane
toad pacemaker cells

YK. Ju, WHuang L. Jiang, J. Barden and D.G. Allen, Departments of Physiology and Anatomy,
University of SydneF13, NSW 2006, AustraliaSP

Recent studies on cardiac pacesrakells hae demonstrated that interventions whictieat
intracellular C&* concentration ([C%ﬂi) also influence firing rate (Zhou &.ipsius, 1993; Ju & Allen,
1998; Bogdanoet al, 2001). T investigate the imolvement of [C&']. in modulation of heart rate by
ATP, we examined the déct of extracellular ATP (10-100M) on [Ca?*’ji and spontaneous firing rate
in single pacemaker cells isolated from the sinus venosus of cane toads*. In spontaneously firing cell
ATP initially increased peak [G§,, diastolic [C&"], and the firing rate. These earlyfedts were
followed by a late phase in which the peakz[t]lladiastolic [Ca%*’ji and the firing rate all declined.
Previous studies suggested that pesitthase vas mediated by P2 purinoceptors, \atéd by ATP,
while the ngdive phase was mediated by P1 purinoceptorsyaeti by adenosine (Burnstock &
Meghji, 1981). D define the subtype of purinoceptorsvatved we usedaf-methylene AP,
adenosine, and UTP (respeely P2X, . P1 ad P2Y, , . selectie ajonists). Havever, we found that
these agonists caused no significant change iﬁ*LCéarwd had little or no effect on firing rate. In
contrast the P2Yselectve ggonist 2-MesADP (M) mimicked the biphasic effects of ATP and these
effects were inhibited by the non-seleetipurinoceptor antagonist suramin and by the P2&ectve
antagonist MSR 2179.

Immunohistochemistry using an anti-P2¥ntibody demonstrated that P2Yeceptors were
present on the cell surfaceo &tablish the specificity of the antibody we performeekidrn blotting
analysis on the protein extracts from toad tissues including sinus venosus and aorta as well as rat aa
as positre ontrol. The immunoreaction with the P2¥ntibody resulted in a major band of apparent
molecular weight of approximately 57 kDa in all three samples. Thus thed&@¥ody recognized a
similar molecular weight protein in both amphibian and mammalian tissues as reported by other
(Mooreet al, 2000).

To investigate the nature of the biphasic response we studied the effect of ATP*bat@a
content. & found that the effects of TR were related to the sarcoplasmic reticulum (SKY €@re.
After depletion of the SR G& store with caffeine or ryanodine, ATP no longer hag efiect on
[Caz*]i or firing rate. Furthermore, the SR Catore content ws decreased during the late phase of
2-MesADP application. The effect ofTR was coupled to phospholipase C (PLC) activity because the
PLC inhibitor U-73122 eliminated the effect of ATP.

Our study shows that in toad pacemiag&ells, the biphasic effects of ATP on pacemakevitcti
are mainly through P2Ypurinoceptors, which are able to modulatéQalease from the SR €a
store. V& propose that inositol 1,4,5-triphosphate generated by PLC facilitates 8Re@ase causing
the early increase in peak [{*ﬁ. The increased G4 release partially depletes the SR?Catore
accounting for the subsequent decline in peat%*l]ga

Bogdane, K.Y., Vinogradwa, T.M., & Lakatta, E.G. (2001Circulation Reseath 88, 1254-1258.

Burnstock, G. & Meghji, R1981)British Journal of Pharmacology3, 879-885.

Ju, Y-K & Allen, D.G. (1998)ournal of Physiologyp08, 153-166.

Moore, D., Chambers, J., Waldvogel, H., Faull, R., & Emso(2d0)Journal of Comparative
Neurology421, 347-384.

Zhou, Z. & Lipsius, S.L. (1993Journal of Physiologyt66, 263-285.
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Calcium loading properties of sarcoplasmic reticulum from rat ventricular myocardium
L.M. Gibsort and D.G. StephenséritPharmacy Department, School of Health and Environment,
Faculty of Regional Development, Leolie University Bendigo, Victoria 3552 afBichool of Zoology,
Faculty of Science and Technologp Trobe UniversityBundoora, Victoria 3083, Australia.SP

There is a very large range of estimates for SR €apacity of cardiac muscle in the literature,
as reiewed by Bers (2001)For example estimates for ventricular myocardium SR*@apacity may
vary by a factor of up to 6 timesln part this range may be attributed to the differences in the
functional state of the SRIn this study we tried to emulate the conditionsvgent in “actve” and
“resting” cardiac muscle by xposing preparations to ATP containing solutions afeciht
concentrations of EGN and pCa during the skinning procedure. Such conditions are known to either
facilitate a prolonged asftition (0.1 mmol Lt EGTA,,, PCa 7.1) or preent ary activation (10.0
mmol L? EGTA,,» PCa 9). Kabbara & Stephenson (1997) showed that whefi* @atry was
facilitated during the skinning procedure the SR was loaded with mdreu@der the same loading
conditions compared with skinning when?Cantry was preented. Thg regaded these responses as
being reminiscent of those from “adi cardiac muscle compared with more quiescent or “resting”
cardiac muscle.

Right ventricular muscle bundles were homogenised in either highly (10.0 mhisGIA Total
pCa 9) or weakly (0.1 mmol ‘L EGTA,,, PCa 7.1) calcium wifered skinning solutions to
mechanically render the sarcolemma “iak The preparations were then subjected to a simple
protocol deeloped to estimate the SR €eontent. Briefly the preparation was immersed into a
solution of known [EGA] .., at a desired pCa for up to 10.0 minutes tovalioe SR to equilibrate
with calcium. Then the preparation was ved into an identical solution, which also contained 30
mmol L caffeine where a caffeine-induced force transient was recorded. This procealithen
repeated without reloading the SR with?CaOn second immersion into the daine containing
solution, there was no SR €aelease, and force only increased due to the higher sensitivity of the
contractile apparatus for €ain the presence of dafne. Byoverlaying the force responses we could
subtract the myofibrillar force response component due teiaf which allowed measurement of the
SR C&" released which could then be werted to the amount of Gareleased by the fibre volume at
the peak of the caffeine-induced force response.

The SR C#&' content estimated from the caffeine-induced force responses for preparations
loaded at pCa 7.0yver a range of [EGA] ., (0.02 to 0.2 mmol 11) were on serage 197 + 35 (mean
+ SEM, n=3) mmol C&" L cytosol for preparations skinned under weaklfféred conditions for
calcium, emulating “acte” myocardium. Wherpreparations were skinned in 10 mnTE)IE[GTATotal
(pCa 9) havever, this was reduced to 142 + 2 (mean = SEM, n=3) mmdl' C& cytosol where the
preparations were expected to behaore like “resting” muscle.Hence there appeared to be a shift
towards higher calcium loading and release by the SR when the preparatierteda skinned under
conditions analogous to “aed’ cardiac muscle compared with conditions more ltkose of the
“resting” cardiac muscle.

Bers, D.M. (2001E-C Coupling and Cardiac Contractile Forc2" Ed. Kluwer Academic Publishers,

Dordrecht, p 179.
Kabbara, A.A. & Stephenson, D.G. (19%#herican Journal of Physiology73, H1347-H1357.

Proceedings of the Australian Physiological and Pharmacological Society http://www.apgmsg/Broceedings/33/28P



Temperature nsitivity of dopaminergic neurons in the Substantia Nigra pars compacta
K.K. Chung and JLipski, Department of Physiologyniversity of Auckland, Private §e82019,
Auckand 1020, Ne/ Zealand.

Certain neurons in the CNS display a high temperature sensitivjjy @0) with respect to
their firing frequenyg, eg. in the hypothalamus, where such neurons arevknto play a role in
thermorgulation. There are reports of other braigioas expressing similar sengity, howeve, the
cellular mechanism and pathggiological significance of temperature sensitivity in
extrahypothalamic neurons remain uncledéfe hypothesise that this is due in part to the expression of
temperature-sensie ion channels in cell membrane$his hypothesis is supported by the recent
discovery of a family of channels known as TRP (Transient Receptor Potential) channelse (Rlink
Cook, 2002). One member of thanfily (TRPV3), which is expressed both in the CNS and at the
peripheryis ®nsitve o temperature changes in the physiological range (around 37%9t(2002).

In addition, this cation channel is reledy selectve for calcium ions (Xtet al, 2002), which suggests
it plays a role not only in the control of neuronal excitability but also of intracellufdri@aneostasis

The Substantia Nigra pars compacta (SNc) is a component of the basal ganglia important i
motor control. Degeneration of this structure, associated with intracellufdr derload, leads to
Pakinsons dsease (Hirsclet al, 1997). We haverecently found that SNc neurons are temperature
sensitve (Lipski et al). The aim of the present study was to further characterise this sensitivity using a
combination of whole-cell patch clamp recording and calcium imaging techniques aqdore evhat
role, if ary, TRP channels play in the temperature sensitivity of SNc neurons.

Transerse midbrain slices (25um) containing the SNc were obtained from young,
anaesthetised Wistar rats and kept in aC8bbled with 95%Q5%CQ, SNc neurons were
visualised with IR-DIC (E600FN microscope, NiK and identified using a combination of
morphological and electroghiological criteria. Cells were patched with glass pipettes (2.5 M
filled with a solution containing (in mM): 145 K-gluconate, 10 HEPES, 0.75A@TMg,ATP, 03
Na,GTR 2 MgCl,, 0.1 CaCl, and held at -60 mV under voltage clamp. In some experiments, the Ca
indicator fura-2 (0.25 mM) was loaded into the cell by diffusion from the pipette solution.vEhefle
free intracellular C& was nonitored using the ratiometric technique (340/380 nm). Slices were
maintained at 34°C except when temperature ramps were performed.

Transient cooling (by 2, 5 or 10°C) or heating (2 or 5°C) of the slice resulted in aardutw
(cooling) or invard (heating) current and corresponding changes in cell membrane resistance. Thi
responses were fully versible on return to control temperature (34°Qemperature ramps with
variable slopes demonstratedwlourrent kinetics. There was no sign of current desensitisation when
steady-state temperatur@svreached. Cooling of slices by 5°C in the presence of ruthenium red (100
uM; a blocler of TRPV3 channel) produced a small reduction (22%; paired P&s005, n=5) of
cooling-induced outward current. €aimaging experiments vealed temperature dependence of
intracellular C&* concentration consistent with thggothesis that C4 permeable channels are seti
at high temperatures and closed during cooling.

These eperiments demonstrate a distinct pattern of electrophysiological aftl simal
responsesveked by temperature changes in SNc neurons. Further studies are needed to confirm thi
involvement of TRP channels in temperature seiitsitand control of C& homeostasis in these
neurons.

Supported by N.Z. Neurological Foundation.

Hirsch, E. C., Faucheux, B., Dami&, Mouatt-Prigent, A.& Agid, Y. (1997)Journal of Neural
Transmission. Supplementusf, 79-88.
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The nature of non-linear interaction between P2 purinergic and, adrenergic receptors
in hypoglossal motoneurons is determined by the temporal patterof receptor actvation
R. Kanjhart?, A. ling!, G.B. Miles, J. Lipskit, G.D. Housley, M.C. Bellinghardand G.D. Funk
IDepartment of Physiologyniversity of Auckland, Auckland, N&ealand andSchool of
Biomedical Sciences, University of Queensland, St. Lucia, QLD 4072, Aust&ia.

Hypoglossal motoneurons (Xl MNs) innate the genioglossus muscle of the tongue and
increase muscle tone during inspiration, thereby protectingugipateng. Their activity is constantly
adjusted by aast number of neuromodulatory systems to meet the changing demands placed on th
respiratory system such as those accompanying changes imidoehéuckling, wcalisation),
ervironment (hypoxia) and arousal state (slegavgycling). Reductions in XII MN activity and
genioglossus muscle tone during sleep are \meliéo contribute to obstructie deep apnea in adults
and sudden infant death syndrome iwberns. Thus, there is considerable interest in understanding
howv modulatory systems alter the atty of XII MNs, particularly during sleep. Norepinephine (NE)
potentiates XII MN activity primarily through aettion of a, adrenegic receptors and subsequent
blockade of a resting Kconductance. Reduced release of NE during sleep ivésblie contribute to
a reduction of Xl MN acwity, arway instability and apnea. Extracellular adenosine 5’-triphosphate
(ATP) also potentiates inspiratory Xl motor output throughvaiitin of P2 receptors. A likely source
of ATP is via co-release with NE. The goal of this studswo explore he NE and ATP signaling
systems interact to fatt XIl MN activity and inspiratory motor output. Phenylephrine (BE,
adrenegic receptor agonist, 1-1QM) and ATP (0.1-10 mM) were applied alone and together (in the
presence of 10QuM theoplylline), either simultaneously or sequentialtp the Xl nucleus of
medullary slice preparations that continue to generate a respiratory-relgtaa i vitro following
isolation fromanaesthetised neonatal rats.

Bath or local application (15-30s) of PE or ATP alone potentiated ipsilateral Xll inspiratory
nene autput (n=6), and aatated inward currents in whole-celbliage-clamped XII MNs (n=90). PE
responses deloped slowly and lasted for mamminutes. ATP responses comprised a rapid-onset
excitatory component, presumably mediated by P2X receptors. TheseTBstp#ed inward currents
were further classified according to their desensitisation kinetiasts $low- and non-desensitising.
The excitatory phase ag followed in some cases by awslonset, inhibitory component which
manifest as a decrease argt amplitude or a small amplitude outward current, suggedtia P2Y
receptor mechanism.oTassess interactions, we compared the magnitude of currents induced by PE
and ATP alone and in combinationl A when applied prior to PE, attenuated the PE current to 62% of
control (n=32; p<0.01), suggesting ageve interaction. Surprisinglywhen PE vas applied prior to
ATP, a psitive interaction was observed. In 45% of MNs (16 of 35), particularly thoseirsipmon-
desensitising responses tdAPE @used up to a 3-fold potentiation of both thstfinward and sla-
outward components of thel®R current. That this did not simply reflect differences between Vdgs w
demonstrated in 5 MNs (in IM TTX) where both posiie and ngative interactions were produced
by switching the order of agonist application.

In summarywe havedefined a neel mechanism where the nature of the non-linear interaction
(positive vs. n@dive) between tvw neuromodulatory signaling cascades is determined by their
temporal pattern of astition. While the underlying pathays remain to be determined, it is clear that
such a mechanism will dramatically increase the dynamic rargemhich a gven modulatory input
can modify neuronal excitability.

Supported by the Marsden Fund, HRC ofMN&ealand, and Lotteries Health.
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Glutamate alters the morphology of dendritic spines in motoneurons
A.J.C. McMorland, D.M. Robinsoh, C. Seller!, M.B. Cannelt and G.D. Funk, Physiology,
University of Auckland, NeZealand, andPhysiology University of Alberta, Canadafp 10 S

Dendrites are the primary receticomponent of neurons. In motoneurons (MNSs), fareple,
the dendritic tree compris€®0% of the membrane surface area (Cullheiral, 1987), up to 60% of
which is covered with presynaptic terminals (Ornuagal, 1998). Dendrites therefore play a primary
role in determining neuronal information processing. The first opportunity for dendritic signal
processing is at the synapse. In aiety of neuron types, synapses occur on spines, specialised
membrane projections where the effect of a synaptic input on the cell can be dynangcisditedeby
altering spine morphologyspines hae aly rarely been reported on MNs. As an initial steparal
understanding the functional significance of spines for MN function, we combinedst¢asging
fluorescence microscgpwhole-cell recording and image processing techniques to characterise the
density distribution and dynamic morphology of dendritic spines ypdglossal (XII) MNs from
neonatal mice.

Medullary slice preparations (2@0n thick) were prepared from anaesthetised Swiss CD-1 mice
(postnatal day 0-3) and XII MNs were labelled during whole-cell recording using pipettes filled with
avidin-conjugated biocytin (Molecular Probes). For morphological experiments, tissue was fixed (4%
paraformaldeyde), and recorded cells were visualised using Alexa 488-avidin conjugate (Molecular
Probes) and imaged using confocal microgcop

Dendritic segments displayed dwdistinct morphological patterns: (Type 1) smooth, uniformly
tapered segments with spines at ldensity (0.09+ 0.01 spineum™, n = 3), or (Type II) periodically
swollen segments that lacked spines. Spines also displayed a range of morphologies, including tt
classical mushroom-headed (pedunculated) form (site of synaptic inputs in other neurons) and tho:
characterised by long filopodia but no head (proposed to be important for synaptogenesis; Caillia
Portera & Yuste, 2001).

We then tested the hypothesis that spine structure is reot fint can be dynamically modulated
in response to glutamate receptor \&tidbn. Morewer, based on observations in cultured cortical
neurons (Hasbamt al, 2001), we hypothesised that thg@& Il morphology results from retraction of
spines and local swelling of dendrites at these sites in response to high concentrations of glutama
XIl MNs were labelled with Alexa Fluor 350 or 488 Hydrazide (Molecular Probes) urddi@ge-
clamp conditions. Spines were identified and their morphologies recorded before, during and afte
bath-application of glutamate (125 - 5@M for 5 - 10 minutes), using two-photorxcéation
microscopy. Glutamate application was associated with membrane depolarisation (franv 5%, to
-5+ 0.7 m\/ n = 2, spine retraction and dendritic swelling, which transformed dendrites fypm IT
to Type Il as defined in fixed preparations. These changes partisiged upon glutamateash-out.
Membrane potential returned to -52 mV and dendritic swelling was reduced.

These data confirm the presence at tiensity of dendritic spines on XII MNs, and establish
that their morphology is not f&d but can be modified by glutamate receptovaatn. Whether these
changes in spine morphology represent a physiological mechanism important for synaptogenesis, f
modulating synaptic strength (Hasbagti al, 2001) or reflect the pathological consequence of
glutamate-induced excitotoxicity remains to be determined.

Cailliau Portera, C. & Yuste, R. (200Revista de Neurologi®3, 1158-1166 (translated from

Spanish).

Cullheim, S., Fleshman, J\@lenn, L.L. & Burke, R.E. (1987Journal of Comparative Neurology,
255, 68-81.

Hasbani, M.J., Schlief, M.L., Fishd).A. & Goldberg, M.P(2001)Journal of Neuroscience&l,
2393-2403.
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K and o opioid receptor mRNA and protein expression in the cerebellum of the foetal,
neonatal, and adult rat
J.H. Miller, E.M. Mrkusich, B.M. Kivell and D.Day, School of Biological Sciences, Victoria
University of Wellington, P.O. Box 600, WellingtonywN\gealand. .SP

The three classical opioid receptqusp, and K, are found in map regons of the rat brain where
they act to modulate neurotransmission in the adult and regulate neurogenesis in the fetus and neona
Based on radioligand binding and autoradiogyapihs generally accepted that within the lobes of the
rat cerebellum only opioid receptors are expressed. This is in contrast to the situation in humans anc
rabbits in which bothp and & receptors are expressed in the cerebellum. Using frozen,
paraformaldehyde-fed cerebellar sections from foetal, neonatal, and adult Wistar ratsyesggated
K ando opioid receptor protein distnbions by immunohistochemistrgnd opioid receptor mRNASs by
fluorescenin situ hybridisation. Immunohistochemical staining using commercialjable p andd
antibodies followed standard procedurest i situ hybridisation, riboprobes directly labeled with a
fluorescent marker were used, thus,willy comparatie quantification of the message in brain tissue
sections. cRMW probes complimentary to the 5 untranslated region of the ARMNre prepared.
Targeting of this region rather than the codingiom minimised cross hybridisation of cRNorobe
between the closely related opioid receptor MBNhat share significant regions of sequence
similarity in their coding regions. Labeled cRNrobes were prepared from T7-tailed PCR products
by in vitro transcription with T7 RN polymerase and incorporation of Cy3-UTP or fluoroscein-UTP
into the reaction mixture. The results of this study showed thatibatid d opioid receptor proteins
and mRMs were present in the adult and six day old neonatal rat cerebellum, specifically within
Purkinje cells and in the granular lay&xpression ofu opioid receptor mRN was also detected
within cells of the molecular layebut at lower lgels than those seen within the Purkinje cells.
Abundant expression q@f and d opioid receptor mRNAs was also detected in tkieraal germinal
layer of the immature cerebellum of the foetal sixteen day post-conception rat, a finding that suggests
role for opioid receptors in neurogenesis of theeldgping cerebellum. Identification of bothandd
opioid receptors within the @eoping cerebellum, and the known role of the cerebellum in
coordinating multi-joint meements, supports the hypothesis that opioid receptors and thedsig
affect deelopment of coordinated mements in the neonate.
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Upregulation of ecto-nucleoside triphosphate diphosphohydrolases 1 and 2 in noise-
exposed rat cochlea
S.M. Vlajlovict, G.D. Housley, D.J.B. Munoz, SC. Robsof J. Savigny?*, C.J.H. Wand and P.R.
Thorné, Department of Physiologfaculty of Medical and Health Sciences, The University of
AucKand, Auckland, Ne Zealand,?Discipline of AudiologyFaculty of Medical and Health Sciences,
The University of Auckland, Auckland,Wgealand,>Department of Medicindeth Israel Deaconess
Medical CentgrHarvard Medical School, Boston, MA, USA dt@ente de Rcheche e
Rhumatologie et Immunologi€HUQ, Université Laval, Sainte-FoQuébec, Canada.SP

Extracellular AP acting via P2 receptors in the inner ear initiates a variety of signalling
pathways that may be wolved in noise-induced cochlear injury (Thorret al, 2002).
NTPDasel/CD39 and NTPDase2/CD39L1 aeg Bements for rgulation of extracellular nucleotide
concentrations and P2 receptor signalling in the cochlea (¥iajlet al, 1999, 2002). This study
characterised the effect of noise exposure galagion of NTPDasel and NTPDase2 expression in the
cochlea using a combination of real-tim@-RCR, immunohistochemistry and functional studies.
Adult Wistar rats werex@osed to broad band noise at 90 dB and 110 dB sound pressli(&HkRL)
for 72 hours. Their auditory function was assessed by auditory brainstem response to clicks and pu
tones. Exposure to 90 dB SPL induced a small and temporary change of auditory threshold
(temporary threshold shift), whilskgosure to 110 dB SPL induced a robust and permanent change of
auditory thresholds (permanent threshold shift). NTPDasel and NTPDaseZ trékiScripts were
upregulated in the cochlea exposed to 110 dB SPL, whilst mild noise (90 dB SPL) altered only
NTPDasel mRN expression leels. Changes in NTPDase expression did not correlate wids lef
circulating corticosterone, implying that the ugukation of NTPDase expression was not stress-
related. Quantitate immunohistochemistry in the cochleapesed to 110 dB SPL localised the
increased NTPDasel and NTPDase2 expression in the atgalaris and upregulation of NTPDase2
in the intraganglionic spiral bundle. Whilst NTPDasel was upregulated in the secretory tissues of th
lateral wall, it was dwen-regulated in the cell bodies of the spiral ganglion neuronéssu@
distribution of NTPDases was not altered in the cochigmsed to 90 dB SPL, implying a fdifential
regulation of NTPDase expression in the cochlea in response to different nalse Functional
studies reealed increased ectonucleotidase activity in the cochlea afpmsere to 110 dB SPL,
consistent with upregulation of NTPDasékhese data indicate that the regulation of NTPDasel and
NTPDase2 expression in the cochlea is respentsi noise as a stimulus that also upregulates P2
receptor signalling pathays. The changes in NTPDase expression may reflect compensatory
responses of cochlear tissues to limit ATP signalling during noise exposure and protect the cochle
from noise.

Thorne, P.R., Muiioz, D.J.B., Nikolic, P., Mander, JaggerD., Greenwood, D., Vlapvic, S.M.,
Houslgy, G.D. (2002)Audiology & Neuro-Otology7:180-184.

Vlajkovic, S.M., Houslg, G.D., Greenwood, D., Thorne,A®2 (1999)Molecular Brain Reseah,
73:85-92.

Vlajkovic, S.M., Thorne, P.R., Sévignl.,, Robson, S.C., HousleG.D. (2002)Hearing Reseah,
170:48-59.
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Quantifying local diffusion in the rat lens by two-photon flash photolysis
M.D. Jacobs, C. Soellgvl.B. Cannell and P.DDonaldson, Department of Physiologye University
of Auckland, Private Bpa92019, Auckland, Ne Zealand 92019.fp 10 S

The vertebrate ocular lens is arascular ogan composed of fibre-shaped cells that run from the
anterior pole to the posterior pole of the lentoid mass. Often measwaxglsuillimetres or more in
diameter the lens cannot rely on passidffusion alone in order to maintain homeostasis and
transparenc A model of lens micro-circulation has been proposed based upternal
electroplysiological, and biochemical data (Donaldsral, 2001). Havever, few functional studies
to date hae focused on transport mechanismsatying depths within the lens mass. As a transparent
tissue composed of highly ordered angutarly-shaped cells, the lens is an ideal system for studying
intra- and intercellular transport by optical method® kfve applied two-photon microscgpand
image analysis to lenses loaded with a caged fluorescent dye, in order to quantify local diffusion withir
and between fibre cells at varying depthge. Mvecompared these functional results with ounvjres
structural studies (Jacoket al, 2001) to elucidate structure-function relationships of fibre cell
transport.

Lenses were extracted from adult rats killed by, @€plyxiation in accordance with protocols
approred by The Unversity of Auckland Animal Ethics Committee. Lenses were cut in half through
the equator and placed in a perfusion chamber containing intracellular medium and 1mM fluorescei
bis-(5-carboxymethoxy-2-nitrobenzyl) ether (CMNB-caged fluorescein). The chanasemaunted
on the stage of a confocal microscope modified for two-photon excitation. The two-photon laser bear
bypassed the scanning system of the microscope asdosused inside a selected fibre cell to uncage
the fluorescein by two-photon flash photolysis.vistoent of the fluoresceinnay from this point
source, both within and between cells, was imaged in real-time using confocal optics in x-y and line
scan modes. Data were written to hard disk and quavditatalysis of dye meement was performed
using custom-written software.

In the lens periphery the spread of the uncaged fluoresesimighly directional, corresponding
to radial rows of fibre cells. Deeper in the lens (>80 the cell-cell coupling was approximately
isotropic around the cell targeted for photorelease. The directional cell-cell couplingeobatithe
periphery corresponded to the locapeession pattern of gap junctions on opposite broad sides of the
hexagonal fibre cells. The isotropic coupling deeper in the lens corresponded to the dispeapal of g
junctions in older fibre cells. Quantiteti immage analysis allowed characterisation of the time courses
of differential dye transfer between neighboring fibre cells in different regions of the lens. Cytosolic
fluorescein diffusion coefficients were estimated by fittinfudibn equations and by comparison with
numerical simulations. aken togetherour functional and structural data are consistent with a lens
micro-circulation model in which gap junctions near the lens equator facilitate solute transport to the
lens surface where appropriate ion channels and transporters are concentrated.

Donaldson, P., Kistled. & Mathias, R.T(2001)News in Physiological Sciencd$:118-123.
Jacobs, M.D., Soelle€., Cannell, M.B. & Donaldson, P.J. (2002¢ll Communication & Adhesion,
8:349-353.

Support: The Marsden Fund of W&ealand, The Uwersity of Auckland Research Committee and
The Wellcome Trust (UK).
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Motor unit discharge properties of respiratory muscles during quiet breathing
J.P. Saboisky, JE. Butler and S.C. Gandevia, Prince of Wales Medical Relsdastitute Randwick,
Sydng, NSW 2031, Australia.SP

The diaphragm is considered the principal muscle of inspiratitmwever, mary other muscles
have an inspiratory action with different mechanical linkages to the rib cage. In this study we
compared the dischge properties of single motor units in a range of “obligatory” human inspiratory
muscles to quantify the disttibon of inspiratory neural dré o each of the inspiratory motoneurone
pools during quiet tidal breathing.

Studies were performed on 5 hegltlolunteer subjects who sat comfortably in an upright chair
while breathing through a mouth pieceeWecorded single motor unit activity from éveparate
inspiratory muscles; diaphragm, scalenes, parasternal intercostals, dorsal external intercostals (thi
space) and dorsakirnal intercostals (fifth space), during normal quiet breathing (@amdeviaet
al., 1999; De Toyeret al, 2003). Electromyographrecordings were made from 10 sites within each
muscle using monopolar needle electrodes. Each of the muscles were studied on separate occasic
Before each measurement, the thicknesses of the musculature at the sites of intramuscular electrc
insertion were assessed using ultrasonogrdply. De Toyer et al, 1997). Data were sampled and
analysed through a commerciallyadable spike-analysis system. Measurements were made of the
onset and peak discharge properties of single motor units, and inspiratoapdlovere seraged wer
three breaths.

In total, we recorded from 260 single motor units. The data (meslEM) are summarised in
the Table belw.

Muscles Diaphragm Scalenes Parasternal Dorsal Dorsal
intercostal external external

intercostal intercostal
(39 Space) | (5" Space)

No. of units 40 57 63 66 34

Onset time 37762 42173 666:50 63761 1119129

(ms)*

Onset time 21.7+3.3 21.0+34 31624 30.4£ 2.2 41.7+ 3.8

%**

Onset 8.0+0.3 5.20.2 7.20.6 7.20.6 5.20.2

frequency

(Hz)

Frequency 12.6:0.5 9.10.3 11.80.3 12.404 10.20.4

peak (Hz)

* defined as the time after onset of inspiratory flow.
** defined as onset time relative to total inspiratory time.

The results suggest that there is reklyi early recruitment of the diaphragm and scalene
muscles. The diaphragm and dorseteenal intercostal muscles (third space) had the highest initial
(P<0.05) and peak firing frequencieB<Q.01). The data describe for the first time the digghar
properties of inspiratory motoneurons from a range of human inspiratory muscles during quiet
breathing. It is likely that there is a non-uniform output from the different inspiratory motoneurone
pools during quiet tidal breathing.

De Troyer A., Leeperd.B., McKenzie, D. K. & Gandevia, S.C. (199%inerican Journal of
Respiratory Critical Cag Medicine,155,1335-1340.
De Troyer A., Gorman, R. B. & Gandevia, S. C. (2008yrnal of Physiology546,943-954.
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Block of the divalent anion channel in the SR of rabbit skeletal muscle by disulfonic
stilbene derwvatives
K. Bradley and D.R. Laver School of Biomedical Sciencéniversity of Newcastléustralia. .SP

Previous studies hae identified tvo types of anion channels in the sarcoplasmic reticulum (SR)
of rabbit skeletal muscle @urie et al, 1996). One of these anion channels has an appreciable anion
conductance (saturating at 20pS for phosphgleatid 60pS for S(f'). It was proposed that these
channels could be responsible forvement of phosphate across the SR membranee(let al,
2001). D further irvestigate this hypothesis we Y& arched for specific inhibitors of thevdient
anion channel with the rationale that these inhibitors woulepté> transport across the SR.

SR vesicles containing the anion channels were isolated from rabletatkmuscle that as
removed from dead rabbits. Transport of &ross the SResicle membrane was inferred from the P
assisted component of €auptale by he SERCa pump. Gauptale was measured from the optical
absorbance of antipyrylazo Ill (Dulhunéy al, 1999). C&* uptale experiments were carried out using
solutions containing 100 mM KCI or KPAmM MgCl,, ImM ATPR, 5uM ruthenium red, 0.5 mM
antipyrylazo 1ll, 5 mM TES (pH 7). Anion channels were incorporated into lipid bilayers using
standard techniques (Lex et al, 2001). Cytoplasmic solutions contained 260 mM2M@50 mM
MgSO, and 10 mM MgCJ), 1 mM CaC} 10 mM TES at pH 7.4. Luminal solutions contained 60 mM
Mg?* (50 mM MgSQ and 10 mM MgCJ), 10 mM TES, pH 7.4.

Lipid bilayer studies shwed that the dialent anion channels were inhibited by the disulfonated
stilbene dexiatives, Diisothioganostilbene-2’,2’-di-sulfonic  acid (DIDS), 4,4’-dinitrostil-
bene-2,2’-disulfonic acid (DNDS), 4,4’-dibenzamidostilbene-2,2’-disulfonic acid (DBDS) and by
suramin. Reersible block by these compounds inhibited these channels with Higtyafrom the
cytoplasmic side [(0.1-1uM) and lav affinity from the luminal side (0.1 - 1 mM). Theoltage-
dependent kinetics of drug binding and dissociation indicated that these compounds can dissocia
from the channel to either side of the membramethey are permeant blogks). DIDS also produces
non-reversible inhibition of the channel.

Measurements of  Racilitated calcium uptad by rmbbit SR vesicles were used to assay the
degree of Ptransport across the SR membrane. The presence of DBDS at concentraficieststaf
block the dvalent anion channel in lipid bilayer§1(-10uM) had no effect on Rransport. Thus it
appears that while this channel condugtst % not the major pathway for; ih the SR membrane.

Dulhunty, A.F., Laver, D.R., Gallant, E.M., Casarotto, M.G., Pace, S.M. &Curtis, S. (1999)
Biophysical Journal77:189-203

Kourie, J.I., Laer, D.R., JunankaPR., Gage. P.W& Dulhunty, A.F. (1996)Biophysical Journal,
70:202-221.

Laver, D.R., Lenz, G.K.E., DulhunpA.F. (2001)Journal of Physiology535:715-728.
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Aberrant splicing of ryanodine receptor in myotonic dystrophy

T. Kimural?, M.P. Tkahasht and S. Sakoda'Clinical Neuroscience (Neurology), Graduate School of
Medicine Osaka UniversityQuita, Osaka, Japan. arfdPresent Address: Muscle Resgardohn

Curtin School of Medical Resedw Australian National UniversityCanberia ACT, Australia.
(Introduced by A.FDulhunty).fp 10 S

It was reported that mRNAs for chloride channel (Madiket al, 2002), cardiac troponin, T
insulin receptor and myotubularin-related 1 were aberrantly spliced in muscles from myotonic
dystroply (DM). In all cases, the #&elopmentally regulated splice switch thawvaives a choice
between tw or more alternatie isoforms is skwed, resulting in preferential expression of the isoform
that is usually expressed in immature or non-skeletal muscle tisswegreVibusly reported the
induction of the mRK of small-conductance C#actwated K (SK3) channel that is usually
expressed in immature fibers (Kimued al, 2000). Taken togetherwe postulate that there is a
maturation-related abnormality in DM thatpdains the abnormal splicing and transcription. Based on
this hypothesis, we westigated the splicing of tav candidate mRNAs, which are wiopmentally
regulated.

We wsed 28 muscle specimens; 10 from myotonic dysiyroygie 1 (DM1), 5 from Amyotrophic
Lateral Sclerosis, 5 from Polymyositis, 2 from limb-girdle muscular dysyr@pd 6 from normal
control. Myotubes cultured from 2 muscle specimens; 1 from DM1 and 1 from normal control, were
also used. \W& examined splicing pattern of insulin receptranodine receptor of skeletal muscle type
(RyR1) andp-tropomyosin, using RPCR. The total amount of RyR3 mRNA, which is expressed in
immature muscles, was quantifiedeVdso employed transgenic mice model of DM1, in which
expanded CUG repeat expression irelskal muscle leads to a DM-ékphenotype, for the splicing
pattern of RyR1.

We found a significant increase of an alterveyi spliced isoform of RyR1 in DM1 patients.

The alternatie glicing results in the deletion of 5 amino acids at a modulat@ipmeof the receptor

and the isoform is normally expressed in uiedéntiated muscles. The other splicing isoform of RyR1
was not significantly altered. The splicing Bftropomyosin and the total amount of mRRor RyR1

and RyR3 did not differ significantlyn mice, we found a significant increase of the same spliced
isoform in long-repeat transgenic mice compared with short-repeat transgenic mice or wild type mice.

The same splicing pattern was found in DM1 patients and DM1 model mice, suggesting tha
expanded CUG repeat is $iafent for the abnormal splicing. The increase of an immature isoform of
RyR1 supports our hypothesis of maturation-related abnormality in DM. Furthermore, RyR1 channe
IS @ major calcium release patiyvfrom sarcoplasmic reticulum and regulate contraction eltN
muscle. It is possible that the aberrant isoform may be responsible for muscular degeneration of DIV
although functional studies for this isoform are needed.

Kimura, T., Takahashi, M.P., Okuda, Y., Kaido, M., Fujimura, H., Yanagihara, T., & Sakoda, S. (2000)
Neuroscience Letter295(3):93-6.

Mankodi, A., Takahashi, M.P., Jiang, H., Beck, C.L., Bowers, W.J., MoRI&., Cannon, S.C., &
Thornton, C.A. (2002Mollecular Cell 10(1):35-44.
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Glutathione transferase mu-2 modulation of the activity of muscle sarcoplasmic
reticulum

YA. Abdellatif S. Vétson, A.FDulhunty P. Board and P.W Gage, Muscle Reseah Goup, John

Curtin School of Medical Resedy Australian National UniversityMills Road, Acton, Canberra, ACT
2601, Australia..SP

Glutathione transferases (GST) amrsatile enzymes with a wide range of activities ranging
from conjugation of glutathione to toxiemobiotics to maintaining protein disulfide bonds (Sheehan
al., 2001).

Members of the GST family ka been shown by our group tofedt the activity of both sKetal
and cardiac ryanodine receptors (RyR) (Dulhustyal, 2001). The present work focuses on
glutathione transferase mu-2 (GST mu-2), one of the major GST isoforms in huraarBlgdereret
al., 2000).

The effects of GST mu-2 on skeletal and cardiac RyRs (isolated frenZBigand rabbit back
and hind lg and pig heart respewgtlly) were observed at the single channeklaising planar lipid
bilayers using symmetrical caesium methansulphonate as current carrier (250/250 mishol/l;
(cytoplasmig/trans (luminal)). CaCl (100umol/l) was used to astite the channel on thgtoplasmic
side att 40 millivolt of holding potentials. When GST mu-Zagvadded to the cytoplasmic side of the
skeletal RyR, diferent effects were observed depending on the holding potential. At +4Qokmnilli
there was a decline in the aftty of the channel in a dose dependent manderto gprox 80%
decrease in the relaéi mean current (mean current in presence of GST mu-2 compared to coasol) w
obsered with 16pmol/l GST mu-2 (=8). Further inestigation revealed that the effect of GSTas
voltage dependent (14 out of 16 channels) as at -40valiliGST mu-2 significantly actated the
channel showing about 3 fold increase in the redatrean currentr=8). In the presence of GST
mu-2, cardiac ryanodine receptor showed a decrease in activity at -A@lmilkie inhibition being
more prominent at +40 miolt. 2 umol/l GST mu-2 led to approx 40% decrease in the velatean
current at -40 millrolt compared to approx 60% decrease at +40vuitl{n=6).

The effect of GST mu-2 on calcium induced calcium release and calciumeuptek
investigated in skletal muscle sarcoplasmic reticulum using stopped-fechnique. umol/l GST
mu-2 reduced the rate constant of calcium release by approx A4@%ag@ of 50 traces in 6
experiments) while 1Qumol/l GST mu-2 increased calcium uptakate constant by approx 13%
(average of 40 traces in 6 experiments).

In conclusion (1) GST mu-2 inhibited skeletal RyR at + 40 wailliwhile it actvated it at 40
millivolt; indicating that GST mu-2 modulation of the skeletal RyR watage dependent; (2) GST
mu-2 inhibited cardiac RyR, the inhibition being more prominent at pesitiltage; (3) GST mu-2
inhibited calcium induced calcium release in skeletal sarcoplasmic reticulum; (4) GST mu-2
potentiated calcium uptakby he skeletal sarcoplasmic reticulum; (5) GST muf2atfon calcium
release and uptakis ptentially a product of the interaction with both the ryanodine receptor and the
calcium pump.

Dulhunty, A., Watson, S., Board, P., & Gage2801.Journal of Biological Chemistry
276(5):3319-23.

Sheehan, D., Meade, G., Fgl& M., & Dowd, C.A. 2001Biochemical JournaB60(Pt 1):1-16.

Van Bladeren, P.J. 2000hemico-Biological Interactiond29: 6176.
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The effect of prolonged ischemia on the tonic stretch reflex of the tibialis anterior muscle
and stiffness of the ankle joint

JA. Burne and A.R.N.M.H. Haqug&hool of Biomedical Sciencé&niversity of Sydng PO Box 170,
Lidcombe NSW 2141, Ausatia. (Introduced by J.M. Lingard)

The aim of this study was to characterise the response of large and small nfesetdsafo
stretches wer the lov range of frequencies encountered during nornsdlintary meement and to
relate these changes to changes in joint stiffness. In 12 normal huwhateers, we elicited tonic
stretch reflges (TSR) in the contracting (10% of maximum voluntary contraction (MVC)) ankle dorsi-
flexors using a compke2min stretch sequence. The sequence contained frequencies spanning 0.1-1-
Hz. The stretch was digitally generated and applied by a position-controlled servomotor before, durin
and after 24.5 min of ischemia produced by inflation of & ebbve the knee. The suate
electromyograph (EMG), joint angle and resisg trque records were analogue low-pass filtered
(400 Hz) and digitised at 1000Hz. Reflgain and coherence were computed by correlating the
rectified and la-pass filtered EMG signals with the record of joint angle. (Matlab V6, Matsy
USA).
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The figure shows rela® changes in TSR gain before (time=0), during (2-22.5min) and after
(25-47min) ischemia for 3 represematifrequeng ranges. The @n of the reflg response to the
lowest frequencies increased in early ischemia (at 2, 5, 7.5, 10 & 12.5 atimpb significantly
(ANOVA, P>0.05) in comparison to controbles (time=0). The gain of the middle frequenenge
increased significantly at 2 min of ischemia (AYQ P =0.03) and then declined during 15 - 22.5
min. The high frequencgain was most sensre o ischemia. It tended to decline 2 min afterfcuf
inflation and remained significantly decreased at 15 and 22.5 min\(ANEx0.05,P<0.01) by about
70% of the control alue. The high frequegayain showed significant regery at 0.5 and 22.5 min
after cuf deflation (ANOV/A, P=0.002,P=0.003) compared with the last ischemic TSR value.

The resonant frequepc(RF) of the ankle joint, calculated from the resistiorque data,
increased in a linear manner with contraction of the ankle dorsi-flexors up to 20% of MVC (linear
regression analysisP<0.00001) (rest=7.07+1.15 Hz). The RF tended to decrease slightly during
ischemia. Hwvever, the change @as significant only at 2 min (ANVA, P=.04) compared to the control
value.

We mnclude that both ischemia-senstiand ischemia-resistant muscle afferents contribute to
the stretch response and thatytban be distinguished partly through their different stretch frequenc
responses. The evidence for an association between muscleefiditds and éécts on mechanical
joint stiffness was not strong under the experimental conditions.
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The effect of background contraction and prolonged ischemia on the tendon reflex
A.R.N.M.H. Haque and J.A. Burrfechool of Biomedical Scienc&niversity of Sydng PO Box 170,
Lidcombe NSW 2141, Ausditia. (Introduced by J.M. Lingard)

We gudied the tendon reftewith the aim of characterising the contributing afferents on the
basis of their sensitivity to ischemia. The experiment was done on 12yhaaitan wlunteers. The
left foot was strapped to a foot plate controlled by a servo-motor that could detect force changes abot
the ankle. €ndon taps were applied to the Achilles tendon with a hammer that was hinged and fell
under gravity to delier a constant blav. A series of 10 responses was recorded at each background
contraction of rest, 5%, 10%, 15%, 20% of maximualumtary contraction (MVC) of the ankle
plantar-flxor against the foot plate. Then ischemia was induced in the recorded lower limb by inflation
of a blood pressure dubn the left thigh. @ps were applied to the resting muscle during ischemia at
the times shon in the figure and at 2.5 min intervals up to 32.5 min aftdrdaifation. Even after our
attempts to standardise the deled taps, we found a largeanance within each series of 10 and
between subjects. This has been noted earladt €T al, 1991). Coefficients of ariations (CV) were
high at all contraction iels but decreased for the taps applied at 15% and 20% of MVC. Despite the
high CVs, the amplitude, whenaxaged oer the series of 10, increased in a highly linear manner with
the contraction kel (linear regressionP<0.00001). This result emulates théeef of contraction heel
on the tonic stretch reftegain (Neilson & McCough, 1981) but has not been previously observed in
tendon reflees. The tendon refkeamplitude, after normalising for background contractiovelle
decreased significantly (AN@., P<0.000001) after 4 min of ischemia to about 50% of the control
value and remained depressed throughout the ischemic period. A transiestyeccurred after chif
deflation (ANO/A, P=.00002, data not stam in the figure) when compared with the last ischemic tap
amplitude but the response remained depressed for the rest of the measured post ischemic period.

Figure
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The data indicate that the tendon refie mediated by both ischemia- sensitiand ischemia-
resistant fibres. The data from the accompanying abstract (Burne & Haque, 2003) suggest that fibr
mediating high frequemnc stretches are more sensgéi © ischemia than those mediatingwlo
frequencies. Gven that taps constitute a broad-band stretch containing frequencies 0.1-100 Hz (date

not shown), the high frequencomponent might be responsible for the quick depression andwhe lo
frequengy component for the ischemia-resistant component.

Burne, J. & Haque, A. (200Proceedings of Australian Physiological and Pharmacological Society,
33:39P.

Neilson, P& M cCougly, J (1981)Journal of NeurologyNeurosugery and Psychiatry44:
1007-1012.

Toft, E., SinkjaerT. & Rasmussen, A. (199Hcta Neurologica Scandinavicé4: 311-315.
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Acute incremental exercise, sprint exercise, as well as chronic intermittent hypoxia each
decrease muscle N& "AT Pase activity

R.J Aughey, JA. Hawley, C.J. Gore?, A.G. Hahr?, D.T. Martin®, SA. Clark, N.E. Townsend T.
Kinsmar}, M.J. Ashended, K.E. Fallor?, G.J. Sater, A.P. Garnhanf, C.M. Chow and M.J.
McKenna, 'Cente for Rehabilitation, Exercise and Sports Sciendetoria University of Technology,
Melbourne 2RMIT University Melbourne 2Australian Institute of Sport, CanberréDeakin

University Melbourne and ®University of Sydne NSW 2006, Australia.sp -0.25¢

The NAK*ATPsse enzyme is vital in maintaining skeletal muschkeitability. Athletes
commonly use hypoxic exposure to impeoghletic performance,avauring the lve hgh, train lav
approach (LHTL). Rradoxically muscle NAK*ATPase content is reduced by chronic hypoxia (Fraser
et al, 2002), which would be expected to reduce muscle performance. Muscle maxitKalANIRase
actwity is also decreased with fatiguing singlg-lecking exercise (Fraseet al, 2002), although the
effects of acute intense cycleeecise are unknown. @/therefore inestigated the effects of acute
incremental and sprintxercise and of LHTL on muscle NE*ATPase activity and jercise
performance.

Two studies were performed, where control subjects slept and trained in Canberra (altitude
[500m), whilst the LHTL groups slept in ggoxic room (study 1, 3000m for 23-nights; study 2, 2650
m for 20-n), and trained at 600m. In study 1, 13 endurance athletes were assigned to either a contt
(CON, n=6) or LHTL group (n=7). In study 2, 21 endurance athletes were assigned to a contro
(CON2, n=7), 20 consecué right LHTL (LHTL , n=7), or an intermittent 20 night LHTL (LHTL4
X [5-n LHTL then 2-n CON]) group. Thewer simulated altitude and intermittent exposure in study 2
were used to reflect common athletic practice.a8tws lateralis muscle biopsy was taken at rest and
immediately after incrementakercise prior to (Pre) & after (Post) 23-n of LHTL (study 1); and at rest
and immediately afteffl-min sprint &ercise prior to (Pre) and after (Post) 20-n LHTL (study 2.) The
timecourse of adaptationas irvestigated in study 2 via an additional rest and post spreatcise
muscle biopsy tan after 5-n of LHTL. Muscle was analysed for maximaVitro Na"K *AT Pase (K
stimulated, 39-MFPase) actiity. Arterialised venous plasma {Kwas analysed during and foling
incremental (study 1) and sprinteecise (study 2).

Muscle 30O-MFPase actiity was depressed to a similar extent after both incremental
(-12.4+0.8%, study 1, xercise efect, P<0.05) and sprint xercise (-12.30.5%, study 2, »xercise
effect,P<0.05). In study 1, the change in restin@34FPase activity (Pre Post) was greater in LHTL
(-2.9£1.1%, P<0.05) than CON (0#0.5%, NS). In study 2, resting muscleO3MFPase was also
reduced from Pre to Day 5 in both LHTand LHTL, groups (-2.30.4% and -2.80.2% respectely,
P<0.05), but was unchanged in CON @D3%, NS). Resting 8MFPase activity (Day 5 Post)as
unchanged in LHTL and CON (-0.80.7% and 0.50.6 respectely, NS), but was neersed and
increased in LHT|(3.5:1.2%). The Pre - Post change in restinQ-84FPase activity was lowered in
LHTL , (-2.9+0.7%, P<0.05), remained unchanged in CON 18%), but tended to increase in
LHTL; (1.1+ 1.2%). Plasma [K] rose with &ercise and then declined posteecise P<0.05) in each
study but was unchanged by LHTL, LHTland LHTL, (data not shown).

In conclusion, markedly differentxercise regimes each acutely depressed skeletal muscle
maximal NdK*ATPase actiity, with no residual déct evident after 5d rewery. This effect vas
reproducible, suggesting an obligatory response to heagige. LHTL at 3000m for 23-n, and at
2650m for 20-n each induced only a small reduction in restindK T Pase actiity, which was
reversed with inclusion of normoxic nightlyxposure. In contrast to continuous hypoxxp@sure,
LHTL caused only a small depression in"KaATPase actiity. This was insufficient to advsely
affect muscle performance or plasma iégulation, lut may be energetically advantageous and might
explain why exercise performance is not impaired with LHTL.

FraserSF., Li, J.L., Carg M.F., Wang, X.N., Sangkabutra, T., Sostaric, S., Selig, S.E., Kjeldsen, K.
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A simple method for determining regional visual acuity in humans
D.F. Davey and W Burke!2 1Department of Physiology arf®epartment of Anatomy & Histology,
Institute for Biomedical Resedr, University of Sydng NSW 2006, Australia.SP

Diseases affecting the retina do not create a uniform lesion throughout the lteisrtherefore
useful to be able to assess the functioning of small regions of the retina, both for diagnostic reasor
and also to monitor the progress of the disease and treatfleatfollowing method was desed
specifically to monitor the delopment, progress and treatment of a condition known as 'macular
hole’ in which there is detachment of the retina at theedo For this reason the regions of retina
studied were in the f®al region, but the method could be adapted yootimer part of the retina.

Acuity in the vicinity of the feea was determined at nine positionBosition O was centred on
the fovea, positions 1-4 were in the outewéa, positions 5-8 were in the parafa. The were chosen
in order to determine the spread of the macular hole, if velolged, and whether it geloped
symmetrically The method of testing was as follows: the subject sat so thageh®eang tested was at
57 cm from the screen of a cathode ray tube monitor (288 2i® cm; 1 cm on the screerl®), the
other eye being a@red. If the subject would normally wear correetigpectacles for that erking
distance, thg were worn for the testExcept during a trial, the screen displayed only cross-bars. The
subject focussed on the position on the screen corresponding to the point where the crosshbars w
intersect. Thigprocedure wided haing a fixation mark in the same place as a letter at position 0.
When ready the subject pressed the space bar and a letter flashed on the screen in one of the r
positions. Thedentification of the letter by the subject was entered into the compbeeduration of
the flash (100 ms), being less than the reaction timeemesl identification of the letter subsequent to
an eye meement.

The letters used were the fallmg: A, B, C, D, E, FH, L, O, P, S, T, X, ad Z, a set used in
mary Snellen charts. The font usedchs Helvetica Bold. The luminance of the letters was 3.1%<d/m
against a background luminance of 23&/n?, the ambient luminance in the room being about 18
cd/m?. The choices of letter and of position in which @swlashed were determined randanifye
GNU (Free Software Foundation) C-librargnd() function was used to generate a pseudo-random
selection from the 14 letters of the Snellen character set for each testTieslsame function as
used to select the flash position from the nine test positions. The initial size of a letter was 60 poin
occupying 1 cm on the screen, i.e. subtendfhg 1

When a letter was identified correcttige next time a letter as flashed in that position its size
was reduced by a factor of2. Whena letter was identified incorrectlyhe program kept the size
unchanged in that position for a further nine triaddter ten trials at one position, if the percentage
correct was 70% or less, the size was increased by a fact@raof ten trials applied with the we
size. Ifthe percentage correct was 80% or more, the size of letter was decreased by a-factod of
ten trials applied with the mesize. Theaim of this procedure was to determine a letter size that could
be identified on 75% of trials. This size was obtained by linear interpolation between the sizes
straddling the 75% correctilue. Thisvalue was takn as a reasonable measure of the acuity at that
position. Comparisoof the values within the outervfeal and parafeeal permitted assessment of the
symmetry of acuitywhile comparisonswe@r time using repeated tests allowed changes in acuity to be
detected.
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AT P acts as both a competitte antagonist and a positve dlosteric modulator at
recombinant NMDA r eceptors
A. Klodd, J.D. Clement§ R. Lewis® and D.J Adamsg, 1School of Biomedical Sciences, University of
Queensland, Brisban®LD 4072 andSynaptic Dynamics Lab, John Curtin School of Medical
Reseath, Australian National UniversityCanbera ACT 0200, Australia..SP

ATP and glutamate arexeitatory neurotransmitters in the CNS, and both modulate synaptic
plasticity and LTP in hippocampal neuronsi€vdszio and Ehrlich, 1994). NMB receptors are
primarily responsible for the modulatory actions of glutamate the mechanisms underlyingR’s
modulatory effects remain uncertain. In the present stwayinvestigated the effect of ATP on
recombinant NR1a+2A and NR1la+2B NMDeceptors xpressed in Xenopus oocytes. ATP inhibited
currents goked by low concentration of glutamate. TR shifted the glutamate concentration-response
curve to he right, suggesting a competdi interaction with the agonist binding site. It was a more
potent inhibitor at NR1a+2A receptors than at NR1la+2B recepfbng inhibition was wltage-
independent indicating thafTR acts outside the membrane electric field. Other nucleotides including
ADP, GTP, CTP and UTP inhibited glutamateraked currents with different potencies indicating that
the inhibition is dependent on the phosphate chain as well as the nucleotide ring structure
Surprisingly ATP potentiated currentsv@ked by saturating concentrations of glutamate. At these
concentrations, glutamate out-competddAat the agonist-binding site. Therefore the potentiation
must be due to ATP binding at a separate site, where it acts as sepakisteric modulator of
channel gating. A simple model of the NMDeceptor was constructed, with ATP acting both as a
competitve antagonist at the glutamate binding site and as a p@stosteric modulator at a distinct
site. The model reproduced all of the main features of the dataraszlo, A and Ehrlich, YH.
(1994)., J. Neurochem.63:1731-1738his work was funded by ARC Postdoctoral Fekbip
awaded to A.K. and ARC Large Grant (A00105778). J.D.C is funded by an ARC Senior Research
Fellowship.
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Inhibitory synaptic transmission in mouse type A and B medial vestibular nucleus
neuronesin vitro
A.J. Camp, B.A. Graham, R.Callister and A.M. Brichta, School of Biomedical Sciences, Faculty of
Health, University of Newcastl€allaghan, NSW 2308, AustraliaSP

The precise roles played by the neurotransmitters &SABd glycine in the maintenance of
posture and balance are poorly understood. In the meesdihyar nucleus (MVN) fast inhibitory
drive is known to be mediated by GAB, receptors (GAB ,R) and indirect evidence suggests that
glycine also plays a roleTo drectly assess the contribution of GABR-mediated and glycine
receptor (GlyR) mediated synaptic transmission we recorded miniature inhibitory synaptic currents
(mIPSC) in the tw major physiological classes yje A and Type B) of MVN neuronesAll
experimental procedures were apg by the Unwersity of Newcastle Animal Care and Ethics
Committee. Tans\erse brainstem slices (300 um thick) were prepared from 21-28 day-old mice
overdosed with Ketamine (100 mg/kg, i.p.Whole-cell recordings (-70 mV holding potential) were
made at room temperature (23°C) from infra-red visualised MVN neurones using patch electrodes witl
a CsCl-based internal solutiorGABA ,R-mediated mIPSCs were isolated in TTX (1 uM), CNQX (10
HUM), strychnine (1 pM) and were blocked by bicuculline (10 p)yR-mediated mIPSCs were
isolated in CNQX (10 puM), TTX (1 uM), bicuculline (10 uM) and were béatky strychnine (1 uM).
MVN neurones (24/29) recaid exclusvely GABA ,emic, exclusiely glycinergic, or mixed mIPSCs
(both types). Of the 24 MVN neurones displaying inhibitosengs, 10 (42%) receed purely
GABA ,emic inputs, 3 (12%) receed purely glycinergic inputs, and 11 (46%) reeel Mixed
mIPSCs. Therise times of GAR\,- and GlyR-mediated mIPSCs were similar for both types of
mIPSC (0.7 £ 0.1 ms vs. 0.9 + 0.5 ms)wewer the decay time constants for GAR-mediated eents
were significantly slower than those for GlyR-mediateghts (9.6 + 1.2 ms vs. 4.3 £ 0.9 m$)aving
established that both GABand glycine are wolved in fast inhibitory synaptic transmission in MVN
neurones, we next examined if inhibitorywéridffered for Type A and Type B neuroneBIVN
neurones receiving mixed (GAg emic and glycinergic) andxelusively glycinergic inputs had higher
background discharge rates than those receiviclysvely GABA ,emgic inputs (24.1 + 8.9 Hz n=4
and 9.4 + 3.4 Hz n=2, respadly vs. 5.4 £ 1.0 Hz n=6).The type of inhibitory input was also
correlated with the MVN neurorgephysiological class. Using a combination afltage- and current-
clamp recording techniques, our initial results suggest t A neurones, which f1@ a nonophasic
AHP, receve loth glycinergic and med inhibitory inputs. Type B neurones, whichvéda lphasic
AHP, receve anly GABA ,emic inhibitory inputs. These findings shdhat both GAB\ and glycine
contritute to inhibitory synaptic processing in MVN neurones. Furthermore, inhibition mediated by
GABA ,Rs and GlyRs may differ in Type A and Type B MVN neurones.

Supported by Hunter Medical Research Institute (HMRI), and the Gamamte R Rodne Williams
Memorial Foundation.
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Ryanodine receptor isoforms in the neonatal rat cochlea
R.T Whitehead, M.B. Cannell and G.D. Hougl®epartment of Physiologiraculty of Medical Health
ScienceUniversity of Auckland, Private B282019, Auckland, Ne Zealand. .SP

Intracellular C&" plays an essential role in maaspects of cochlear function. The ryanodine
receptor (RyR) intracellular Garelease channel has been implicated in the regulation of both auditory
neurotransmission and sound transduction (Bobbin, 208@n&dy and Meech, 2002; Sridredral,
1997). Neertheless, there is a lack of data on the localisation of RyR AnRNl protein in the
cochlea.

RyR isoform (RyR1, RyR2, RyR3) mRd$ were amplified from postnatal day 10 rat spiral
ganglion neuron (SGN), gen of Corti, and whole cochlea cDNusing the reerse transcription-
polymerase chain reaction TRRCR) with RyR isoform-specific primers. The identity of the éDN
PCR products was confirmed by sequencifgl* imaging of RyR-mediated Gastore release as
imaged using 300um neonatal rat cochlear slices loaded witl 0o 4-AM.

All three RyR isoform mRMN transcripts were detected in the whole rat cochlea and SGN
cDNA. However, only RyR1 and RyR3 mRA transcripts were detected in thegar of Corti. As
previously reported, a primary antibody recognising both RyR1 and Rykaleel protein epression
in the SGN cell bodies andgan of Corti in adult rat cochlea (Whitehead al, 2002). Havever, a
RyR2-specific antibody sked staining only in the SGN cell bodies, thus thrgaoiof Corti labelling
probably reflects RyR1xeression. Functionagxpression of RyR in the neonatal rat cochleasw
confirmed by increases in intracellular®Cén the SGN cell bodies and thegen of Corti with bath
superfusion of the RyR agonist caffeine (5mM).

This study confirms the expression of multiple RyR isoform mRMnscripts in the neonatal
rat cochlea, and the expression of functional RyR protein in the SGN gad a@r Corti. Co-
expression of all three RyR isoform mRNranscripts in the SGN cell bodies suggests a complexity of
RyR-mediated CH signalling associated with auditory neurotransmission. The detection of RyR1 and
RyR3 mRM and the immunolabelling for RyR1 in thegan of Corti suggests that both isoforms
contribute to regulation of sound transduction.

Bobbin, R.P(2002)Hearing Reseah, 174: 172-182.

Kennedy H.J. & Meech, R.\W(2002)Journal of Physiology539: 15-23.

Sridhar T.S, Brown, M.C. & Sewell, W.K1997)Journal of Neurosciencd,7: 428-37.

Whitehead, R.T., Cannell, M.B. & Houg|e€5.D. (2002)Proceedings of the Physiological Society of
New Zealand,21: 29.
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Localisation of P2X6 receptor protein expression in the adult rat cochlea
D. Greenwood, L.K. Yan§.R. Thorne and G.D. HousieDepartment of Physiologyniversity of
AucKkand, Private Bg 92 (19, Auckland 1009, NeZealand. .SP

The P2X6 receptor (P2X6R) is one ovae P2X receptors forming a homologous family of
mammalian channel proteins TR-gated ion channels). P2X6R cBNwas first isolated from a
superior cervical gnglion cDM library (Collo et al, 1996). mRM expression of this subtype is
highly distributed throughout the brain. There xeasve ovelap in localisation of P2X6R mRA
with the other sulmits, especially P2X4R and P2X2R, indicating potential for forming heteromeric
P2X receptors (Collet al, 1996). Co expression of P2X6R with P2X2R (Kieg al, 2000), or
P2X4R (Leet al, 1998) can produce modified channel phenotypes whereby the original P2X2R or
P2X4R properties are altered, supporting the likely occurrence of P2X6R as a heterormézratidge
the functional diersity of these receptors. In the mammalian cochkaeellular ATP acting at P2X
receptors has a major role in auditory function, including sound transduction and auditory
neurotransmission. All sen P2XR subunit mRMs are represented in the cochlea (Gremooet al,

1999). Preiously, P2X6R expression has been localised to the spiral ganglion (Brahdle 1999;
Xiang et al, 1999). In this study we used immunoperoxidase histochemistry and confocal
immunofluoresence to vestigate the sites of P2X6R protein expression in adult cochlea@n @e
propensity for P2X6R to co localise with P2X2R (Cadtaal, 1996) and a recent report demonstrating
an up-regulation of P2X2R protein expression in auditory hair cells and sairgli@n neurones in
response to noise @mget al, 2003) we iwvestigated whether P2X6R expression was also modified by
noise exposure.

Adult Wistar rats were subjected to either ambient noise (control) or white noise at 110dB for 72
hours. Rraformaldefide fixed cochleae were isolated. Floating 50 mm sections were labelled using a
rabbit anti-rat antibody raised a@gst an intracellular C-terminus peptide of the P2X6R coding
sequence (Roche, Palo Alto). P2X6R immunorgdgtivas detected using a Vectastain Elite ABC kit
(Vector Laboratories) and visualised after incubation with the chromogenic substrate 3,
3-diaminobenzidine tetrahydrochloride (Vector Laboratories). A Cy3-catgdganti-rabbit IgG goat
antibody (Chemicon) as utilised as the secondary antibody in the immunofluorescence study
Specificity of the antibody was confirmed by (i) omission of the primary antibody and (ii) with a
peptide block of the P2X6R epitope. Intensity of fluorescent P2X6R labellasyanalysed using
Image Pro Plus software (Adobe).

In this studythe spiral ganglion was confirmed as the principal site of P2X6R expression. Other
notable structures showing P2X6R expression included supporting cells ofjgheobCorti, and the
stria vascularis. P2X6R protein expressioaswunchanged by noise exposure @lRX2R, a
potential co-subunit. This finding suggests that P2X@gbtession may contribute to heteromultimeric
assembly with other P2XR in the cochlea. Possible phenotype modulation conferred by P2X6R may &
diminished by noise-induced up-regulation of co-assembled P2XR.

Brandle, U., ZenneH.P. & Ruppersberg, J.PL999)Neuroscience Letterg73: 105-108.

Collo, G., North, R.A., Kewashima, E., Merlopich, E., Neidhart, A., Surprenant, A. & Buell, G. (1996)
Journal of Neurosciencd,6: 2495-2507.

Greenwood D., Burrows M., Kanjhan R., Raybould N.P., Salih S.G. & HoGs[2. (1999)
Proceedings of the Physiological Society of NZ,55p.

King, B.F., ownsend-Nicholson, A., Wildman, S.S, Thomas, T., Sggevl. & Burnstock, G. (2000)
Journal of Neuroscience0: 4871-4877.

Le, K.T., Babinski, K. & Seguela, PL998)Journal of Neurosciencd,8: 7152-7159.

Wang J.C.C., Raybould N.P., Lin L., Ryan A.F., Cannell M.B., ThorRe BndHousley G.D. (2003)
NeuroRepaqt 14(6:)817-23.

Xiang Z., Bo, X. & Burnstock, G. (1999) Hearing Restaf28 190-196.
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GABA , receptor subunit composition in cultured hippocampal neurons from newborn
rats

N. Ozsaraé, M.L. Tierney and P.WGagée', 1John Curtin School of Medical Resehy Australian
National UniversityPO Box 334, Canberra, ACT 2601 aA8chool of Biochemistry & Molecular
Biology, Faculty of SciengeAustralian National UniversityCanberra, ACT 2601, Australiafp 10 S

GABA , receptors are the major inhibitory neurotransmitter receptors in the centralsierv
system. These heteromeric receptors are composec d@ifivnits and sodr six,a-, threep-, threey-,
oned-, oneg-, oneT and oneb- subunit have keen identified in the mammalian nervous systém.
number of pharmacologically important drugs such as benzodiazepines, barbiturates, anaesthetics &
convulsants produce at least part of their clinically vate effects by directly binding to GA®,
receptors. Thesdrugs aert their effects by changing channel kinetics or channel conductance, or
both. Thegenerally reported conductance for synaptic @ABreceptors is 25-30 pSWe have
reported much higher conductances of up to 100 pS, and an increase in conductance in the presence
some of the ab@ drugs, in cultured hippocampal neurons from newborn rats (Egétoallj 1997). A
possible reason for the discrepartetween our results and those of some others is that cultured
neurons from newborn rats mayvkaan unusual complement of subits. Ouraim is to identify the
sulunit composition of GAB., receptors in these neurons byerse transcriptase PCRTHRCR) in
seven-day-old hippocampal cultures from newborn Wistar résinitial work, we are concentrating
on the main sulmits: a, B, y andd. Our preliminary results slwan @sence or a very o quantity of
a-1 and 63-2,y-2 and -3 in these cultured cells.

Eghbali, M., Curmi, J.P., BirniB. & Gage, P.W (1997)Nature, 388:71-75.
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Affinity purification of the skeletal muscle ryanodine receptor using a gluthatione-S-
transferase-FKBP12 fusion protein

P. Pouliquin, S. Pace and A.Bulhunty Muscle Reseah Goup, John Curtin School of Medical
reseach, Australian National UniversityMills Road, Acton, ACT 2601, AustralisSP

Calcium is the most ubiquitous second messengemumerous cell types, the calcium release
channel ryanodine receptor (RyR) plays a central role in calcium signalling. This channel is associate
with a plethora of proteins in the cell, and constitutes the core of a supra-macromoleculax comple
which integgrates cell signals and translates them into a calcium signal. In the heart and eldatad sk
muscle, RyRs associated with their co-/accessory proteins are central tecithdoa-contraction
process which is still not fully understood at the moleculaal.|& better understanding of this critical
step and, by extension, of the calcium signalling inyr@atl types requires better knowledge of the
mechanisms which determine the ryanodine receptor funeimimmproved dructure-function studies.

The most precise studies of ryanodine receptor function are based on single channel recordings af
incorporation of the RyR into planar lipid bilayers. Unfortunatplyity of the channel used in those
experiments has not been adequate to determinesRgRinsic properties. Most studiesvealeen

done with microsomalesicles enriched in RyR. The so called purified receptor contains significant
contamination by seral proteins. When RyR has been exogenously expressed in cells whith don’
express it endogenouslyhe extent of the channgl'association with other proteins is not kva
Determination of the channslintrinsic properties and of the precise influence of its numerous
co-/accessory proteins requires functional studies performed with pure RyR.

FKBP12 is a small protein which associates tightly with the RyR (Mackridll., 2001). W
have eypressed a GSFKBP12 fusion protein and used it to perform affinity purification of the RyR
from rabbit skeletal muscle isolated after animals had been euthanased \®y lzdiptiTheprocedure
has been described withwfemodifications (Mackrillet al.,2001). Heavy sarcoplasmic vesicles were
solubilised with 3-[(3-cholamidoprgp-dimethylamino]-1-propanesulfonate in the presence of
phosphatidylcholine. Non solubilised proteins were eliminated by ultracemtibag supernatant s
then incubated with GST-FKBP12 fusion proteins immobilised oarcsg beads. Unbound and
unspecifically bound material was rewed by siccessie washes. Purity of the purified ryanodine
receptor and yield of the protein were estimated by silver nitrate staining of ABS-Bd
colorimetric assgyrespectrely. Attempt to release RyR from the beads-fusion protein contgyl¢he
drug rapamycin failed. The ryanodine receptor-fusion protein comyas released from the beads by
glutathione, and thexeess of fusion protein eliminated by gel filtration. The RyR was purified
virtually to homogeneitythe main usual contaminants (calsequestrin artf-&BPase) not being
detected on silver nitrate. Yield of the purified RyR from the heavy sarcoplamic vesicles was estimate
close to 60%.

Intrinsic functional properties of the purified protein will be studied using single channel
recordings and®H-ryanodine binding assays. &\ae also ®pressing some RyR’m-/accessory
proteins as fusion proteins with tags waliog their affinity purification. Addition of those purified
co-/accessory proteins to theffer bathing the purified channel should allos to eplore their
regulatory effects on the receptor.

Mackrill, 3.J., O'Driscoll, S., Lai, S.F.A., & McCagthT.V. (2001)Biochemical and Biophysical
Reseath Communication285,5257.
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The role of the Ether-a-go-go K channel in cellular proliferation in the mouse
preimplantation embryo

S.L. Jones and M.L. DaRepartment of Physiology and Institute for Biomedical Resgeaniversity
of Sydng, NSW 2006, Australia.SP

The initiation of cell diision is a compbe process that is currently thought to depend on
changes in membrane ion permeahilkpecially that resulting from Kchannel activity (Amigorena
et al, 1990; Wonderlin and Strobl, 1996). Furthermoré,diannel expression and activity (Detyal,,
1993; Amigorenaet al, 1990) hae dso been found to be modulated during the cell cycle, which may
suggest a na@l, non-excitable K channel function: the regulation of cell cycle progression.
Ethera-go-go €ag is a wltage-actiated K" channel, thought to be\ialved in cell proliferation
(Briggemanret al, 1997; Pardcet al, 1998).

This study aims to examine the cell cycle dependent expresssagiof MCF-7 and trophoblast
stem cell lines and determine the extent to wiaagalters the membrane potential in a csitle
dependent mannefhe expression and potential change will alsoxaeméned during deslopment of
the mouse preimplantation embryo.

The effects of loss oéag expression on membrane potential and cell division will also be
examined by specific denregulation of the gene using RNinterference. A plasmid vector will be
employed to synthesise sifNhomologous teeag mRNA within the cells resulting in degradation of
theeagmRNA transcript.

These methods may alloa geater understanding of the cell cycle regulated expressieagof
and the impact of this on changes in membrane potential and the prokfezaponse.

Amigorena, S., Choquet, D., Teillaud, J., Korn, H. & Fridman, W.H. (198@)Journal of
Immunology144:2038-2045.

Wonderlin, W.E & Strobl, J.S. (1996Journal of Membrane Biology,54:91-107.

Day, M.L., Pickering, S.J., Johnson, M.H. & Cook, D.I. (19B@)ure, 365: 560-562.

Briggemann, A., Stuthmeaw. & Pardo, L.A. (1997Proceedings of the National Academy of Sciences
of the USA94: 537-542.

Pado, L.A., Briiggemann, A., Camacho, J. & Stiihritér(1998)The Journal of Cell Biology,43:
(3) 767-775.
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The Cys-loops role in ligand-binding and channel-gating in the GABA receptor

VA.L. Seymodr T. Luut, M.L. Tierney and P.WGage, Department of Molecular Biosciences, John
Curtin School of Medical Resedr Building 54 - ANU Mills Rd, Acton ACT 0200 arf@Biochemistry
and Molecular BiologyFaculty of ScienceBuilding 41 - ANUY Linnaeus WayActon ACT 0200,
Australia. .SP

The Cys-loop is conserved amongst members of tlaadigated ion channel (LGIC)amily.

Within this loop there is a consex motif referred to as the XPZD maotif which sits at the bottom of
the Cys-loop at positions 8 to 11 where the conserysigioes are designated positions 1 and 15. The
4 residues that comprise the XPZD motif in the G¥\Breceptor are either conserved throughout the
LGIC family or the chemical nature of the residue is corexkerifhe recently solved crystal structure
of an acetylcholine binding protein places the Cys-loop at the junction betweentrheelular
ligand-binding and transmembrane domains (Be¢jal, 2001). We hypothesise that the Cys-loop
may play a role in linking ligand-binding to channakigg in the GAR\, receptor To test this
hypothesis we are mutating residues in the conserved XPZD motif within the Cys-loop &,GAB
receptor subunits and examining their ability to function as ion channels.

Mouse L929 cells were transfected with combinations of wild type (WIPpXy2s) and mutant
GABA subunit cDNAs. Whenthe invariant proline residue in the Cys-loom#replaced with alanine
(P9A) in thea or 3 sulunit and co-gpressed with the remaining WT subunits, the whole cell response
to GABA was reducedThe reduced response could be caused by fewer receptors in the membrane a
a result of laver expression, impaired assembly or defectiafficking of receptors or the reduction
could be a result of changes in channel properties such as kinetidstefmine the cause of the
reduced response, immunofluorescence and radieattiscimol binding studies are being used to
guantitate and compare the presence of mutant receptors in the membrane with the WT receptor a
secondly single channel currents are being recorded to examine if the reduced response is caused |
changes in channel kinetics.

The response of GAB, receptors to agonists can be potentiated by drugs such as diazepam,
pentobarbitone and etomidate. Thieefs of these drugs were tested on GABeceptor mutants and
compared with the effects on WT GAR receptors. Responses were generated with 1uMAGAB
followed by potentiation with 1uM diazepam, 100 pM etomidate or 50 uM pentobarbitone. The
potentiated response to each drug was less than the WT response when proline was mutated to alar
at 9 in the Cys-loop in eithent or 3 subunits.

The (P9A) mutation in the Cys-loop of GAB, sulunits reduces the whole cell current in
response to GAB and changes responses to various drugs. Further studies are being undertaken to te
the role of the Cys-loop in these fundamental actions of the ion channel.

Brejc, K., van Dijk, W J,, Klaassen, R.V., Schuurmans, M., van Der Oost, J., Smit, A.B. & Sixma,
T.K. (2001)Nature,411,269-276.
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Expression of calcium release channels in rat arteries
T.H. Grayson and C.E. Hill, Division of Neurosciendehn Curtin School of Medical Resehyr
Australian National UniversityCanberra, ACT 0200, Australia.

Changes in intracellular calcium concentration, as a consequence ofjulete® opening and
closing of C&* channels, controls mgreellular responses. In arteries,’Ceaeleased from intracellular
stores in smooth muscle cells can cause vasoconstrictiomsodilation, depending on the signaling
pathways and calcium sources that areolmed (see Hillet al, 2001). Similarlyin the endothelium
C&* released from IP3-sensiéi dores is associated with vasodilation but the contribution of other
C&* sources is unkmen. Responses to €afluxes are coordinated through the endothelium and
smooth muscle via gap junctions composed of cxinge(Cxs). Differential distribution of G&
release channels and Cx subtypes may underlie @niability in responses observed between
functionally distinct vessels. &/used real-time PCR toxamine the subtype-specific expression of
MRNA for the inositol 1,4,5-trisphosphate receptor (IP3R), ryanodine receptor (RyR), transient
receptor potential channelsrfC), and vascular Cx isoforms in thoracic aorta (ThA), mesenteric (MA)
and basilar (BA) arteries rewal from juvenile (14-17 day) and adult (9-13 weekistaf rats that had
been anaesthetised with ether and decapitated (Animal Experimentation Ethics Committee, ANU).

IP3R1 was the most abundantlypeessed IP3R subtype in all arteries. Compared with the
juvenile, the expression of IP3R1 was increased in the adult TihAdi in other arteries, and the
expression of IP3R2 and IP3R3 was reduced in the adult MA and BA.

RyR2 was the predominantlxmressed RyR subtype in all arteries. RyR3 was detectedat a lo
level in each artery except in the MA where it constituted 25% of Ryftession. Comparedith the
juvenile, RyR2 was more ahdant in the adult ThA but there were no other significant changes with
development. RyR1 was not detected iryarntery.

TrpC1 was the predominantplC channel in all arteries and, compared with the juvenies, w
more abundant in the adult ThA. TrpC3 was maingressed in the B and MA, while TrpC4 vas
mainly expressed in the MA.rgC6 expression was at a relaly low levd in each artery and as
much reduced in the adult. TrpC2, TrpC5 and TrpC7 were not detected iartary. No aher
substantial changes were found duringettgoment.

The expression of vascular Cxs showed that Cx43 >> Cx37 > Cx40 > Cx45 in the ThA while
Cx37 >> Cx40= Cx45 > Cx43 in the MA and BA. Relaé levds of Cx expression did not change
substantially between the juvenile and adult, although Cxg@ession was significantly reduced in
the adult B\ and Cx43 was significantly increased in the adult ThA.

The pattern of expression for IP3R&wsimilar amongst the 3 arteriesMaver there were
differences between elastic (ThA) and resistandg (BA) arteries in the expression of TrpC3 and
Cxs. Furthermore, MA was distinguished by the expression of TrpC4 and Ry&8g subtype-
specific antibodies we t@ recently shown that IP3R1 was found in vascular smooth muscle and
endothelium while IP3R2 and IP3R3 were almostlesively restricted to the vascular endothelium
(Graysonet al, 2003). Future work will determine whether protexpression and distribution of the
other C&* channel subtypes varies in a similar manner.

Hill, C.E., Phillips, J.K. &Sande, SL. (2001)Medical Reseath Reviews,21:1-60.

Grayson, T.H., Haddock, R.E., MurrdyP., Wojcikiewicz, R.J.H. & Hill, C.E. (2003NZMS 11th
Symposium AbstractBraser Island, Queensland, Australia, 11-14 September.
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Mineralocorticoid activates epithelial sodium channel via exocytosis in mouse renal
collecting duct cells

Y. Hosodd, M. Pedler, H. Hul, A. Beesley, C. Bailey?, A. Dinudont, J.E.J Raskd and D.l. Cook,
IDepartment of Physiologyniversity of Sydne NSW 2006 andCentenary Institute of Cancer
Medicine &;Cell Biology &;Sydng Cancer Cente, Newtown, NSW 2042, Australia.

The epithelial sodium channel (ENaC) plays a critical role in regulating body sodium and fluid
homeostasis. Activity of ENaC isgelated by hormones such as aldosterone and insulin. Aldosterone
increases ENaC activity within 30 min and this early effect of the hormone is non-genomic. Although
the mechanisms that underlie the early effect of aldosterone on ENaC activity are still unknown, it is
believed that this effect may be mediated by increasing insertion of ENaC frortosotic pool into
the cell membrane.cdlinvestigate this hypothesis, we used a retroviral expression system and Ussing
chamber technique to study regulation of ENaCvagtin the mouse collecting duct (M1) cell line.

To investigate insertion of ENaC, a glycine codon in the amiloride-seasegon of theyENaC gene

was mutated to cysteine (G542C). A retrovirus expressing this gene was constructed and used to stab
transfect M1 cells. The M1 cells that were transfected with G#R&C were selected using
neomycin resistance and then cultured on Millicell-CM for 14-16 days until the transmembrane
resistance was fully deloped. The Ussing chamber method was used to measuralequishort

circuit current (lesc) across the monolayéhe G542C mutation makes ENaC sewsitio [2-
(trimethylammonium) etgll] methanethiosulfonate bromide (MTSET). MTSET forms a disulfide bond
with cysteine and inhibits ENaC activity iasibly. Recovery rate of the MTSE-Bensitve airrent

was then used to measure the rate of insertion of@&WaC into the cell membrane.

One hour before eactxgeriment, 100 nM dexamethasone was added to the culture medium.
Application of MTSET to the apical side of the monolayers decreased lesc fromt QB0o 2.6+
0.1uA/cm? (n=10). Dexamethasone significantly increased baseline MTS#iBitve lesc from 10.3
0.8 pA/cm? (n=10) to 19.1* 1.2 pA/cm? (n=9, P<0.01). After the maximum inhibitory effect of
MTSET was obseerd, the chamber was perfused with HEPES solution for 45 minutes and the slope of
MTSET-sensitre lesc vas measured (A in Figure). The slope measured in the dexamethasone treate:
group (3.8t 0.2 nA/cnf/s) was significantly higher than that of the control group £2011 nA/cnf/s)

(B in Figure, P<0.001). The second MTSET sewsitiesc receered to 50% of original MTSET
sensitve lesc in both control and damethasone groups. Our stutherefore, clearly indicates that the
early effect of dexamethasone on*Neansport in M1 cells is mediated by increasing insertion of

ENacC into the cell membrane.
B
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Inhibition of equivalent short circuit current on M1 cells by MTSETrepresentative trace forhange
of equivalent short circuit current. MTSET was applied to the apical side Bntiie comparison of
slopes between control (n = 10) and dexamethasone treated group (n*=<9).001.
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Angiotensin in the ventrolateral medulla
A.M. Allen, Howad Florey Institute The University of Melbournéfc. 3010, Australia..SP

The ventrolateral medulla contains groups of neurons tgatate autonomic functions such as
respiration and carduascular control. This presentation will concentrate oa oithese groups, the
caudal and rostral ventrolateral medulla (CVLM andLR respectvely). These nuclei contain
catecholamingjic and non-catecholamirgge cells, which regulate sympathetic vasomotor @erv
actvity and neuroendocrine function. The CVLM contains a group of &&RBjic interneurons that
are irvolved in the sympathetic component of the baroreceptor reflex, and noradrenergic A1 neuron
that project to the magnocellular neurosecretory neurons ofypfahalamus to modulateasopressin
release. The RVLM contains spinally-projecting neurons (some of which are gilref@&l cells))
whose activity is essential for the tonic and reflgulation of sympathetic vasomotor tone.

Angiotensin A, receptors occur throughout the ventrolateral medulla in all mammals, including
humans. In the human theTA receptors are associated with the catecholaminergic neurons.
Angiotensin lI-like immunoreactiity also occurs in the region of the catecholaminergic neurons in the
rat suggesting that neuronally released angiotensin might act in this region (sest Alle1992).

Microinjections of angiotensin into theemtrolateral medulla of anesthetized animals induce
decreases in blood pressure and vasopressin release in the CVLM and increases in blood pressure fi
the RVLM. Studiesin vitro support this obseation with angiotensin Il increasing the activity of
presumed C1 RVLM neurons via aetion of an AT, receptor (Li & Guyenet, 1995).

Microinjections of the selest AT, receptor antagonists into the RVLM of anesthetized animals
have little effect under basal conditions. Interestingly these agents elicit a pressor response from th
RVLM of conscious animals — the mechanism responsible for this is not yet elucidaneeis(€t al,
2000). Havever, there are some situations in which endogenous angiotensin does elixtitatory
action in the RVLM. These include the sympatheticitation following airjet stress (Mayovo&
Head, 2003) or aatition of the lypothalamic pangentricular nucleus (dgawa & Dampng, 1999),
and in seeral models of hypertension including the spontaneougbetiensire rat (Allen, 2001), the
transgenic (MREN2) rat @Ates, et al, 2000) and the Dahl salt sensgdirat (Ito, et al, 2003).
Interestingly microinjection of an receptor antagonist into the RVLM of the IANIE-induced
hypertensie rat does not affect blood pressure indicating that not all formypértension ivolve
activation of AT, receptors in the RVLM (Bgemaschiet al, 2002).

Thus, via actiation of AT, receptors, angiotensin acts as an excitatory neuromodulator in the
ventrolateral medulla to regulate carddscular function. The physiological role of this
angiotensinggic input is still being elucidated but the input to tA@_RI is activated in sgeral forms
of hypertension, contributing to the sympatheticvatitn observed in some forms of this disease.

Allen, A.M., Paxinos, G., Song, K. & Mendelsohn F.A.O. (199andbook of Chemical
Neuroanatomyol 11, Elsevier Science B.\Amsterdam, 1-35.

Allen, A.M. (2001)Journal of the Renin, Angiotensin, Alodosterone Sys?ei®120-S124.

Bergamaschi, C.T., Biancardi, V.C., Lopes, O.U. & Campos, R.R. (2B6&h Researh, 927,
195-199.

Fontes, M.A., Baltatu, O., Caligiorni, S., Campagnole-Santos, M.J., Ganten, D., BadeBantos,
R.A. (2000)Physiological Genomic83: 643-652.

Ito, S., Hiratsuka, M., Komatsu, K., Tsukamoto, K., Kanmatsuse, K. & Sved(2063)
Hypertension41, 744-750.

Li, Y-W. & Guyenet, P.G. (1995 merican Journal of Physiolog268, R272-R277.

Mayorov, D.N. & Head, G.A. (2003Hypertension41, 1168-1173.

Tagawa, T. & Dampng, RA.L. (1999)Hypertension34, 1301-1307.
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Brain angiotensin and body fluid homeostasis
M.J. McKinley, T. Alexiou, P Snnayah and M. Mathai, HowdrFlorey Institute of Experimental
Physiology and Medicin&Jniversity of MelbourngVictoria 3010, Austalia. (Introduced by R.A.L.
Dampney)SP

The angiotensin AT1 receptor is expressed inymnagons of the mammalian brain. High
concentrations of AT1 receptors are found in the subfornigahpoiganum vasculosum of the lamina
terminalis (O/LT) and area postrema, regions of the brain that lack a blood-brain .baireer
endogenous lignd for these AT1 receptors is angiotensin Il \aerifrom the blood. Circulating
angiotensin Il is pneented from having access to the AT1 receptors in other of the braonsesuch
as the hypothalamic pasntricular nucleus, median preoptic nucleus, lateral parabrachial nucleus,
nucleus of the solitary tract or ventrolateral medulla by the blood-brain béireeems likely that the
endogenous ligand for thes@ Areceptors may be angiotensin synthesised within the braimave
utilised pharmacological agents tovestigate possible roles of brain angiotensin in body fluid
homeostasis and cargascular control in sheep. Intracerebsotricular (ICV) administration of the
AT1 receptor antagonist losartan in conscious sheep has been shown to block water drinking
vasopressin secretion, reduced renin secretion, reduced renal sympathegicatigity, and the
pressor response to centrally administerggentonic saline as well as to ICV angiotensin II,
suggesting that an angiotensinergic pathway within the brain may dale in osmorgulation.
However, when we tested the effect of the same dose of ICV losartan on the water drinking response t
systemic infusion of hypertonic saline which gradually increased plasma osmolati§Oamin, there
was no nhibition of the wvater drinking response, which challenges the idea that a central
angiotensinggic pathway mediates physiological osmoregulatory drinking. Mereove have
recently observed in mice (Agt-/- mice) in which the angiotensinogen gene had been deleted by ger
tamgetting techniques, that there able to respond to osmotic challengeatéw depration for 24
hours or intraperitoneal injection of/rertonic saline) with appropriate increases in water intake. In
rats, we observed that ICV administration of an 18-mer antisense oligonucleotide diraatet [zt
of the angiotensinogen gene in order to reduce angiotensinogen synthesis in the brain cageed a la
reduction in the ater drinking response to ICV renin (administered 24 h later), suggesting that brain
angiotensinogen \els had &llen. Havever, such antisense treatment did not reduce water drinking in
response to systemically administered hypertonic saline oaterwepnation, also suggesting that
brain angiotensinergic mechanisms are not mediating ogodatery thirst. Thus, our data inveeal
species does nadfour a major role for brain angiotensinergic mechanisms in osmoregulation.
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Superoxide mediates excitatory actions of angiotensin Il in the rostral ventrolateral
medulla during acute stress

D.N. Mayooy, G.A. Head and R. De Matteo, Baker Heart Reslednstitute PO Box 6492, St. Kilda
Rd. Central, Melbourné/ctoria 8008, Australia..SP

Reactve okygen species @S) are thought to be important intracellular mediators of
angiotensin Il (All) actions in the brain (Zimmermanal, 2002). V¢ recently found that All in the
rostral ventrolateral medulla (RVLM) mediates the blood pressure (BP) response to emotional stress |
rabbits (Mayorg & Head, 2003). In the current stydye examined the role of the superoxide radical
(*O,") and nitric oxide (NO) in this action of All in the RVLM.

We first evaluated the role of superoxide in the stress-induced neuronal excitation iWltvMe R
We tested the cardi@scular response to airjet stress before and after injections of cell permeable
superoxide dismutase (SOD) mimetics tempol, tiron or 3-canplapnoxyl (3-CP) into this region in
conscious rabbits. Eight minute airjet stressked a sustained increase in BP (+42 mmHg).
Bilateral microinjections of equimolar doses (20 nmol; n=7-9) of tempol, tiron or 3-CP int&¥/tLid R
did not alter resting BPTempol and tiron attenuated the pressor response to airjet#iy%/7and
52+8%, respectiely. By contrast, 3-CP which is structurally similar to tempol but haswveero
superoxide sagnging actvity, did not alter the stress response. The SOD mimetics did not affect the
renal sympathetic neevectivity (RSNA) barorefl& or the pressor response to local microinjection of
glutamate.

In another series ofxperiments, we determined whether NO is important in mediating the
circulatory stress reactions in th&IBM. Microinjections of NO donors, sodium nitroprusside or S-
nitroso-N-acetylpenicillamine (1-20 nmol), dose-dependently increasedir8iRating that NO
predominantly plays an excitatory role in the RVLM of the conscious rabbit. Microinjection of
N(G)-nitro-L-amginine methyl ester (L-AME), a NO synthase inhibitor (10 nmol), did not affect the
pressor stress response, measured 10-20 min after injectwavédahis response was diminished by
55t13% one hour lateNotably, L-NAME decreased theagn of the RSK baroreflex by 38+12%,
suggesting that NO iswolved in modulating baroreftes.

In further experiments, we tested whether the inhibitory action of tempol in the RVLM depends
on local NO leels. Co-injections of L-NAME and tempol (n=4) did notfeat resting BP but
attenuated the pressor stress response b8%3lindicating that the SOD mimetic acted, at least in
part, via a NO-independent mechanism. Finallg determined whether ROS in the RVLM mediate
the pressor action okegenously applied All. Unilateral microinjections of All (100 pmol) increased
BP by 123 mmHg. Tiron and tempol attenuated by the pressor response to All by 59-64%. By
contrast, L-NAME tended to increase the pressor response to All.

It is plausible that stress-induced waation of the All — superoxide signalling pathway is not
confined to the RVLM. W havefound, in a pilot studythat microinjections of either 3-receptor
antagonist candesartan (500 pmol) or the SOD mimetics into the dorsomgub#thdiamus also
attenuated the pressor response to airjet by 30-46%.

Overall, these results suggest that the stress-induced neuxenatien in the RVLM iwolves
activating a redox sensite sgnaling pathway in rabbits. Local superoxide, but not NO is critically
important in mediating the acute pressor effects of emotional stress in ralolgiggher with our
previous findings (Mayoro & Head, 2003), these results also indicate that superoxide &y a k
intracellular signaling molecule in the acute excitatory action of All on the RVLM vasomotor neurons.

Mayorov & Head (2003)Hypertension4l, 1168-1173.

Zimmerman, M.C., Lazartigues, C., Lang, J.A., Sinnayah, P., Ahmad, .M., Spitz &CDRwvisson
R.L. (2002).Circulation Reseah, 91, 1038-1045.
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Modulation of neurohumoral effector gain as a nwel mechanism for the long term
regulation of blood pressure
G.A. Head and S.L. BuekBaker Heart Reseah Institute Commercial Road, Melbourn®ictoria
3004, Australia..SP

There is increasingvedence for the importance of the sympathetic nervous system in a number
of disease states such as hypertension, congdstrt failure and renal failure. While it is recognised
that the sympathetic neyus system consists of differentially regulated owtflo a \ariety of ogans,
perhaps the most refant to the long term regulation of blood pressure (BP) and alsgpiertension
Is renal sympathetic nesvectivity (RSNA). By regulating renal hemodynamics, tubular function, and
renal renin release, R&N\has the potential to contribute to the initiation,veepment and
maintenance of hypertension. DiBona and colleagues suggest that renal sympathiyicatdtiv
frequencies affects renin release, moderate frequencies inhibits soxtuetiom and only at high
stimulation frequencies reduces renal blood f(BBF) (DiBona & Kopp, 1997).They suggest that in
conscious animals resting RBNk too low to afect RBE We devdoped a combined negvdectrode
and flowprobe for conscious rabbits ancémined the relationship between RSENd RBF Initial
studies showed that R&Ncan influence RBF especially when smated by physiological stimuli
(Jansseret al, 1997). Infurther studies we examined the effect of acute sympathetic inhibition with
rilmenidine, and acute angiotensin geniing enzyme inhibition with captopril. Rilmenidine produced
hypotension but no change in renal vascular conductance in normal rabbits, renal vasodilatation i
barodenerated rabbits and some renal vasoconstriction in renal deedrrabbits. By contrast
captopril produced similar renal vasodilatation whether the R8ireased or was absent. These
results suggest that while R8Nan influence short term fluctuations in RBite renin angiotensin
system is the major influence on RBF and ceaarale the influence of RSN Fromthese studies we
might expect there to be little role for R&M conditions where there is eled plasma renin such as
in renovascular hypertension. Mever, there is a large body of/ielence to suggest an important role
of the sympathetic nervous system and the central nervous system in this form of hypertension (Finl
1997). W assessed the contuation of the sympathetic nervous system using acute and chronic
sympathetic inhibition with rilmenidine in 2K1G/pertensie rabbits. After establishing a stablede
of hypertension, rilmenidine or vehicle (saline) was infused by osmotic minipump. After a further 2
weeks, an electrode for recording renal sympatheticenastivity (RSNA) and a RBF probe ag
implanted under halothane anaesthesige Meeks after renal artery clipping, mean arterial pressure
(MAP) was 34% higher and renin was \aled 5 fold, but rabbits treated with rilmenidine were
normotensie with less elegated renin. RSNA, heart rate and bloodalto the unclipped left kidne
were similar in both groups of rabbits. The acute response to rilmenidisegveater in the
hypertensie goup with a lesser fall in RSNsuch that the change in BP per change in RShs 5
fold greater than in normotensi rabbits. Also the relate renin release in response to increased
RSNA was increased 3 fold in 2K1C rabbits. By contrast the pressor response to airjet aress w
similar in typertensie and chronic rilmenidine treated (normoter®i rabbits indicating that
vasoconstrictor neuroifctor mechanisms were not altered by high renin states. These studies sugges
that in the long term the R$Nmay male an ncreasing contribution to the maintenance of BP in
renovascular hypertension, possibly though an amplification of the neural release of Taritong
term modulation of the renin neuroeffector mechanism which in our case took at least 4 weeks may [
an important way in which the sympathetic nervous system contributes to the long term setting of BP.

DiBona, G.F& Kopp, U.C. (1997Physiological Reviews,7(1): 75-197.

Fink, G.D. (1997Clinical and Experimental Pharmacolology and Physiold(1):91-95.

Janssen, B.J.A., Malpas, S.C., Burke, S.L. & Head G.A. (188&rican Journal of Physiolog®73(2
Pt 2):R597-R608.
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Role of angiotensin Il in regulating long term levels of sympathetic activity
S.C. Malpas, C.Barrett, S.J Guild, R. Ramchan@rand D. Budgett, Department of Physiology and
Bioengineering InstitutéJniversity of Auckland, Auckland, We&ealand. .SP

Angiotensin Il is recognised to play a critical role in the regulation of arterial pressure. In
addition to its direct asoconstrictie actions there is strong evidence to indicate that angiotensin Il
maintains arterial pressure through anigtory action on the sympathetic nervous system. This action
may be via a direct action on central rers system pathwaysviolved in generating and gelating
sympathetic nem activity (SNA) or via an action on a pathway such as the arterial baroreflex, that
plays an important role in regulating short term SNA. One concern is that the data used to base su
hypotheses are generally taken from short-term recordings Af(§&herally less than 3 hours). Thus
the mechanisms that regulate ASbhinder such conditions may not necessarily reflect those seen under
more chronic conditions and thus be refleetf the human condition.

To adress the question of Wwoangiotensin Il regulates SN chronically we deeloped
technology which enables us to recordAStor up to 50 days via telemetry in rabbitse \Wade
continuous recordings of renal 8Nbefore, during and after one week of angiotensin Il based
hypertension in rabbits living in their home cages. Angiotensin Il infusion (50 ‘Agrkg?l) caused a
sustained increase in arterial pressure{3BmmHg). Therewas a sistained decrease in SNA, from
18 + 2 normalised units (n.u.) before angiotensin Il th 3 n.u. on day 2 and @ 2 n.u. on day 7 of the
angiotensin Il infusion (P < 0.01) before reeong to 17+ 2 n.u. after ceasing angiotensin Il. Analysis
of the barorefbe response shweed that while angiotensin Il induced hypertension led to resetting of the
MAP-HR relationship, there was no evidence of resetting of the MAR+&Mtionship. V& propose
that the lack of resetting of the MAP-8Nurve, with the resting point lying near the lower plateau
suggests the sustained decrease iA 8iNing angiotensin Il is barorelenediated.

Subsequent|yto address whether the action of angiotensin #swsolely via a sustained non-
resetting of arterial barorefes or va a central action, we followed the same protocol aseahat in
sino-aortically denervated animals. Under these conditions the increase in arterial pressthie w
same as preously observed in intact animalsviiever there was no evidence of a reduction inASN
Indeed mean SAlwas unchanged after 7 days for angiotensin Il infusion. These results suggest tha
the action of peripheral angiotensin Il on AMNppear to be determined primarily via an arterial
pressure dependent action through non-resetting of arterial batesefl@hile a central action of
angiotensin Il on SN may «ist, we suggest that the lack of alteration inASEvds in baroreceptor
denervated animals indicates that this effect may bevaiathinor.

Overall these results suggest otwaurprising findings; firstly that angiotensin Il is
sympathoinhibitory and not sympathoexcitatory as previously indicated, and that bamreftel of
renal SM\ and thus renal function is likely to play a significant role in the control of arterial pressure
in the long-term (Barrett al, 2003; Lohmeier2003).

Barrett C.J, Ramchandra R., Guild S.J., Lala A., Budgett D.M. & Malpas S.C. (Zi@jation

Researh, 92, 1330-1336.
Lohmeier T.E. (2003) Circulation Researh, 92, 1282-1284.
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Regulation of the epithelial sodium channels
A. Dinudom, Department of Physiolodggniversity of Sydng NSW 2006, Australia.SP

The epithelial Nachannel (ENaC) plays an important role in thgutation of extracellular fluid
volume and blood pressure and in the regulation of the volume of the fluid bathing the apacaissurf
of epithelia such as the respiratory and reprodecpithelia (\billey et al, 2002). Gven that ENaC
represents a passi pathway for N& to diffuse from the external environment into the cells, it also
represents a significant mechanism by which changes in the sodium composition wfethal e
ervironment, such as in the lumen of the kigistal collecting tuble or in the lumen of satary
ducts, influences the cytosolic composition and volume of epithelial cells.

ENaC is subject to a wide range ofuéatory mechanisms. These regulatory systems include the
mineralocorticoid hormone aldosterone, growth factors such as insulin and IGF-I and cytokines such &
TNF-a as well as the feedback mechanisms that regulate the activity of the channels in response
changes in intracellular Nand intracellular Cl(Dinudomet al, 2002). Inaddition to these systems,
the activity of ENaC is also kmm to be modulated by the ‘@hannel, cystic fibrosis transmembrane
conductance regulator (Stuts al, 2002). Someof the systems that modulate the activity of ENaC
have intracellular pathays in common. A good example of this is the relationship between
aldosterone regulation and the feedbadjulation of ENaC. It has been suggested that the early
effects of aldosterone, on the aiy of ENaC are mediated by suppression of thé fédback
regulatory system. This is proposed to operate by aldosterone increasingitbesmn of the serum
and glucocorticoid-dependent protein kinase, Sgk, which phosphorylates the ubiquitin pratsn-lig
Nedd4-2, a principal mediator of the Nfzedback system, so as to render it unable to interact with
ENaC (Swyderet al, 2002). Althoughthe effect of Sgk on ENaC aaty has been demonstrated for
ENaC expressed iKenopuogytes, this phenomenon has not been observed in either isolated mouse
manditular duct cells or M1 mouse collecting duct epithelia. Interestirgty have found that the
actiity of cytosolic kinases other than Sgk is essential for the maintenance of the bagsl fcti
ENaC and that when actied, these kinases inhibit the Néeedback regulatory system. It is
concevable that these protein kinases may also elwed in the mechanism by which aldosterone
upregulates ENaC activity.

Dinudom, A., Komwatana, P., Young, J.A. & Cook, D.I. (199&)rnal of Physiology487, 549-555.

Snyder PM., Olson, D.R. & Thomas, B.C. (20029urnal of Biological Chemistry277, 5-8.

Stutts, M.J., Canessa, C.M., Olsen, J.C., Hamrick, M., Cohn, J.A., R&S§le& BoucherR.C.
(1995)Science?269, 847-850.

Voilley, N., Galibert, A., Bassilana, F., Renard, S., Lingueglia, E., @p§&coChampigsy, G., Hofman,
P, Lazdunski, M. & BarbryP. (1997)Comparative Biochemistry and Physiolof§, 193-200.
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Links between cell proliferation and K channel activity
M.L. Day Department of Physiologyniversity of Sydng NSW 2006, Australia.SP

Changes in the activity of potassium channels are required for proliferation of a wide variety of
cell types. Pharmacological inhibition of Kchannel activity can cause cell cycle arrest. Our studies
on the regulation of ion channels during pre-implantatioreldpment of the mouse embryo Vea
provided some insight into the mechanisms linking channeligcto the cell gcle. Usingthe patch-
clamp technique, we kia srown that the activity of a lge-conductance Kchannel in the early mouse
embryo is regulated by the cell cycle (Detyal, 1993). ThisK* channel is actie curing M and G1
phases and inawg during S and G2 phases. In parallel with the changes' iohiinnel activity there
are changes in cell membrane potential such that the membrane potential is hyperpolarised when t
channel is acte.

The actvation of this K" channel at the G2/M transition of early embryonic cgtles does not
depend on the agtition of the mitotic kinase, Cdk1, and does not require the presence of the nucleus
(Day et al, 1998a). Thudgt appears that a cytoplasmic cell cycle is functional in the early mouse
embryo to regulate K channel actity. This cytoplasmic clock is, heever, not completely
uninfluenced by the nuclear cell cycle clock since imaitin of the channel as the cellate exits M
phase is affected by Cyclin B/Cdk1l adiy, and inhibition of DNA synthesis preents the decrease in
channel actiity that normally occurs at the G1-S transition. Thus, thelannel in the early mouse
embryo is controlled both by nuclear and cytoplasmic clocks.

Several roles for K channels in cell proliferation kia bkeen proposedFor example, a change in
K* channel activity can cause a change in cell membrane potential that can then alter the activity c
other oltage-gited ion channels, such as’Cahannels. Irthe case of the Kchannel in the embryo,
this role is possible since wevadosened not only parallel variations in membrane potential but also
cell cycle-dependent changes in the amplitude of a T-typédDarent (Dayet al, 1998b). Asecond,
possible role for the Kchannel in the embryo is in cell volume homeostastsere is somevidence
for this possibility since a cell swelling-induced CI current igutated by the cell cycle in mouse
embryos being inacte during metaphase of mitosis in the 2-cell embryo at a time when the K
channel is also ae® (Kolajovaet al, 2001).

Day, M.L., Pickering, S.J., Johnson, M.H. & Cook, D.l. (19B@)ure, 365 560-562.

Day, M.L., Johnson, M.H. & Cook D.I. (1998&MBO Journal 17: 1952-1960.

Day, M.L., Johnson, M.H. & Cook D.I. (1998F¥luges Archiv European Journal of Physiologd36.
834-842.

Kolajova, M., HammerM., Collins, J. & Baltz, J. (200Development]l 28 3427-3434.
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Regulation of the glutamine transporter SN1 (ST 3)
S. Broer Shool of Biochemistry & Molecular Biologyustralian National UniversityLinnaeus way
41, Canberra, ACT 0200, Auatia. (Introduced by David Cook¥P

The glutamine transporter SN1 is mainly expressed in hepatocytes and in braytesstiocs
involved in both upta& and efflux of glutamine and its activity is tightlyg@ated. Transport of
glutamine via SN1 is coupled to the cotransport of 1 &l the antiport 1H(Chaudhryet al,, 1999).

As a result glutamine transport is electroneutral and its preferred directioveraepb by tracellular
pH and intracellular Naconcentration. In addition, SN1 is allosterically regulated, becomingveacti
at acidic pH (Broeet al, 2002).

In the brain SN1 mediates the release of glutamine from astrocytes, which is used as a precurs
for neurotransmitter glutamate biosynthesis in neurons. Increased extracellular glutamate
concentrations induced a rapid increase of SNY¥ipctn astrocytes. The upregulation was not caused
by actvation of ionotropic or metabotropic glutamate receptors but requiredaiptaffutamate into
astrogtes. Experimentgh Xenopusoocytes* suggest that glutamate may act as a direct regulator of
SN1 activity.

Severalfold evidence suggests that protein ficking is a major mechanism by which SN1
actwity is regulated. IrKenopusocytes SN1 activity rapidly decreased after treatment oftesowith

activity was accompanied by a retrék of the transporter from the plasma membrane. Retrf
SN1 was specific but did notvolve phosphorylation of the transportéx similar dovnregulation by
incubation with phorbolester was obsehin cultured HepG2 cells but not in primary cultures of brain
astrocytes.

A possible mechanism for the retraé of transporter may wolve wiquitination followed by
degradation of the transport protein. Coexpression of SN1 with the ubiquitin ligase Nedd4-2 reducec
the transport activity of SN1, a @aregulation that was abrogated by coexpression of protein kinase
sgkl or protein kinase B (PKB) (Boehnedral, 2003). Coapression of sgkl or PKB together with
SN1 resulted in an increase of the transport activity.

Taken together these data provide evidence for a regulation of SN1 by plasma membrane
trafficking. The actual components of the signal transduction pathwaysyvdrp are likely to difer
between cell types.

BoehmerC., Okur, F, Setiavan, I., Broer S. & Lang, F(2003)Biochemical Biophysical Rese&ar
Communication306, 156-162.

Broer, A., Albers, A., Setiaan, I., Edwards, R. H., Chaudhify. A, Lang, F., WagnecC. A. & Broer,
S. (2002)Journal of Physiology539, 3-14.

ChaudhryF. A., ReimerR. J, Krizaj, D., BarberD., Storm-Mathisen, J., Copenhagen, D. R. &
Edwards, R. H. (199%Fell, 99, 769-780.

*Animal experimentation protocols were apyped by the Australian National Uwnersity.
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The familial intrahepatic cholestasis type 1 protein: a P-type ATPase influencing bile acid
transporters

M.J. Harrist?and .M. Ariag, TANZAC Reseach Institute University of Sydne Concod RG

Hospital, Concord, NSW 2139 afitifts University School of MedicinBoston MA, USA.

(Introduced by David CookBP

Progressie familial intrahepatic cholestasis type 1 (PFIC1) and benign recurrent intrahepatic
cholestasis (BRIC) result from mutations in the familial intrahepatic cholestasis gene (FIC1). FIC1 is ¢
member of the type IV P-typeTRase sukdmily, which function as aminophospholipid translocases.
Since the phenotype of these diseases manifests as impairedbiEndaonsidering that FIC1 is
localised to the canalicular membrane in hepdé&s; we inestigated whether FIC1 could transport
bile acids and/or influence the apical bile acid transporters, either the bile salt export pump (BSEP) ¢
the intestinal apical sodium dependent bile acid transporter (ASBT).

Method: Apical efflux assay: MDCK Il cells which stably express Maurocholate co-
transporting polypeptide (NTCP) formed polarised monolayers whewmngoo Transwell filters and
were transfected with FIC1 and/or BSHR®0 days after transfection, the basal medium was replaced
with uptale tuffer containing®H-taurocholate (TC) and the cells were incubated at 37°C for 1 hour
TC efflux was determined by measurement of radioactivity in the apical medium. Apicalkeuptak
assays: MDCK 1l cells were transfected with FIC1, FIC1 mutants and/or ABB3d days after
transfection, the apical media was replaced with @ptaiffer containing®H-TC and incubated at
37°C for 1 hour Uptake o °H-TC by ASBT was determined by measurement of intracellular
radioactivity In al studies, transfection witlff-gal was used as a control and western blotting of
membrane preparations confirmed expression of eacfamelgrotein.

Results: Apical eflux: 3H-TC apical efflux in BSEP transfected cellasa2 fold higher than in
non-transfected MDCKII-NTCP cells (p<0.05) and was unaffected by co-transfection of FICL. In
addition, FIC1 expression had no effect %hTC efflux in cells which were not transfected with
BSEP Apical uptale: 3H-TC uptale in ASBT expressing cells was 10 fold higher tharBigal or
FIC1 transfected cells, andaw unaffected by transfection of cells with both ASBT and FIC1, or
ASBT and FIC1 mutants.

Summary: FIC1 did not transport taurocholate across the apical membrane of MDCK Il cells.
Expression of FIC1 or FIC1 mutants did not affect BSEP or ASBT function. These results suggest the
FIC1 afects hepatic bile secretion and/or intestinal bile acid absorption by indirect mechanisms tha
are currently unknen. An alternatte hypothesis is that FIC1 effects the trafficking of bile acid
transporters to the apical membrane via its aminophospholipid translocasty.athis “flippase”
function is required for the budding of vesicles frorganelles such as the golgi, endosomes and the
plasma membrane. These mechanisms are beiegtigated by siRN knockout experiments.
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Variations in myosin expression along the length of orbital fibres in the rabbit
extraocular muscle

C.A. Lucas and J.E¥Hoh, Department of Physiology and Institute for Biomedical Reke&rhool of
Medical Sciences, Faculty of MedicjAge University of SydgeNSW 2006, Australia.SP

Extraocular muscles (EOM) va two layers of muscle fibres with different functions: orbital
fibres that control the position of the recently di®red soft tissue pulies (Demeret al, 2000), and
global fibres that rotate the globe. Pulleys entle axes of action of EOMs depend on eye orientation,
and this is thought to provide a simple mechanism for implementing Listiay’ governing g/e
rotations. Both layers ka SFs (singly innerated fibres) and MIFs (multiply innervated fibres), with
ultrastructural features resembling amphibian fast twitch and slow-tonic fibres, nesdpe&OM
fibres express 9 myosin heavy chain (MyHC) isoforms, comprising thosedlopieag and adult limb
and cardiac muscles, and 2 EOM-specific isoforms, EO-MyHC amdtslic MyHC. Orbital fibres
display a systematicaviation of MyHCs along their length, correlated with ultrastructural featuues, b
earlier studies were unable to specify the precise MyHC isofoivok/ad. We use here a battery of
monoclonal antibodies capable of unambiguously identifying each of the 9 MyHCs to study MyHC
changes in serial sections of rabbit superior rectus muscle by immunohistochemistry.

According to ultrastructural criteria (Diaowitz et al, 1977), there are three major orbital fibre
types: the oSIFthe coMIFs (orbital MIF of constant diameter); and the voMIFs, which vary in
diameter from pm adong the middle portion of their length to aroundpi in their ends. The 0SIFs
and coMIFs are short, whilst theoMIFs are the longest. Orbital MIFs Jea an ‘en plaque’
neuromuscular junction in addition to distributed ‘en grappe’ endplates in global MIFs.

We dhow that variations in MyHC xpression in orbital fibres closely parallel structuiaiation
along the length. These changes occur at three sites: (1) At the EPZ, thexp&ss EO-MyHC, the
fastest MyHC, associated with high sarcoplasmic reticulum (SR) and mitochoraluiades On either
side of the EPZ, these fibres express the slower 2A and/or embryonic MyHCs, with decreased SR al
mitochondrial volume. (2) The coMIFs and voMIFs at the E#essa-cardiac MyHC, the fastest of
the slav MyHCs, where the ultrastructure is fast twitch. yrhentinue to sha twitch ultrastructure on
either side of the EPZ, where yheoexpressi-cardiac and embryonic MyHC. (3) In the distal quarter
of the orbital layerthe oSIFs and coMIFs end, presumably by inserting onto theyptilke orbital
layer is entirely made up of voMIFs. Here the fibres mainly co-expresstatoc and embryonic
MyHC and shwv ultrastructural features of amphibian slow-tonic fibres. In #nigofoximal end of the
muscle, oMIF mainly xpress embryonic MyHC with a small proportion of fibres co-expressimg slo
tonic MyHC.

We propose that only the 0SIFs and coMIFs insert into the ysi@d actiely translocate them
during saccades.ofward translocation of pule is achiged by passve dretching due to contraction
of the antagonist, the presence of tleyvfast EPZ region permitting sudden collapse of tension
necessary for rapid repositioning of the pulleys. The voMIFs insert onto the globe. Wh@rso
MyHC may provide ripple-free tension to hold thesleall steady during a gaze, and the faster narro
sgment may be a specialisation to allfor rapid relaxation and fibre lengthening during a change of
gaze involving contraction of an antagonist.

Davidowitz, J., Philips, G. & Breinin, G. M. (197Ifjvestigative Ophthalmology Visual Sciendé,
711-729.

Demer JL., Oh, S.Y & Poukens, V(2000)Investigative Ophthalmology Visual Sciente,
1280-1290.

Proceedings of the Australian Physiological and Pharmacological Society http://www.apms/Broceedings/33/62P



Fibre types in rat laryngeal muscles and their transformations following denemation and
reinnervation

H.S. RhegC.A. Lucas and J.F.¥Hoh, Department of Physiology and Institute for Biomedical
Reseath, School of Medical Sciences, Faculty of Medigifiae University of SydgeNSW 2006,
Australia. .SP

Intrinsic laryngeal muscles cricattoid (CT) and thyroarythenoid (TA) differ in myosin
expression. CT expresses limb myosin\heahains (MyHCs) while A expresses a MyHC found in
extraocular (EO) muscles (Lucas al, 1995), in addition to limb isoforms. A definig dassification
system for laryngeal muscle fibre types does not exist at present. Earlier studies dactheokf
denenration (Shiotani & Flint, 1998) and reinnation (Shiotanet al, 2001) on the MyHC profiles of
whole laryngeal muscles are suggestd neural influence on MyHC expression, but fibre type
transformation at the cellulandd has not been shown.

Immunohistochemical analyses with highly specific monoclonal antibodies (mAbs)stg
various MyHCs were used to study muscle fibre types in rat CT and TA, andettigate whether
nenes to laryngeal muscles control MyHC expression. @§ found to hae te full complement of
limb fibre types. A had three major fibre types based on MyHC composition: 2b/eo, coexpressing 2B
and EO MyHCs, 2x/2b, coexpressing 2X and 2B MyHCs, andxXdxessing 2X MyHC. Type 2a and
slow fibres were absent.ATconsisted of tw divisions: the external division (TA-X), which is
homogenously 2b/eo, and the vocalis divisioA-{1), composed principally of 2x and 2b/eo fibres,
with a minority of 2x/2b fibres. The use of these mAbs has established the feasibility of classifying
laryngeal muscle fibre types by their MyHC composition in spite ofsttensve accurrence of Yibrid
fibres containing multiple isoforms.

The recurrent laryngeal ner(RLN) which innenates both divisions of theATas well as other
laryngeal musclesxeept the CT were cut and allowed to reinnervate these muscles in 16 rats. The left
RLN transection ws performed on sixteen 10-week old Spraguw/l®arats. The animals were
anaesthetised by intraperitoneal injection of ketamine hydrochloride (35mg/kg) and xylazine
hydrochloride (5mg/kg). TheA'from 4 animals were examined immunohistochemically at 2, 4, 6 and
12 weeks postoperadly. Commencing four weeks after cutting and re-uniting the RLN, numerous
2b/eo fibres in A-X began to express 2X MyHC, while EO and 2B MyHC expression in these fibres
progressiely declined. By 12 weeks, 1632.5(SE)% of fibres in theAFX were of type 2x. These
findings suggest that nex\fibres originally innervating 2x fibres inATV and other muscles had
randomly cross-innervated 2b/eo fibres in the TA-X and/a@ted them into 2x fibres. Vonclude
that MyHCs in laryngeal muscle fibres are subject to neural regulation, in common with limlvand ja
muscles.

Lucas, C.A., Rughani, A. & Hoh, J.F.1995)Journal of Muscle Reseeah and Cell Motility,
16:368-378.

Shiotani A. & Flint P.W(1998)The Laryngoscopd,08:1225-1229.

Shiotani A., NakagwaH. & Flint P.W. (2001)The Laryngoscopd,11:472-477.

http://www.apps.ay.au/Proceedings/33/63P Bceedings of the Australian Physiological and Pharmacological Society



There is no dfference in the net efficiency of fast- and slow-twitch mouse muscles
C.J Barclay and C.L. Webg&chool of Physiotherapy & Exercise ScienGeiffith University Gold
Coast, PMB 50 Gold Coast Mail CeatrGold Coast, Queensland 9726, Australi&P

It is commonly accepted that slgwitch muscles are more efficient than fast-twitch muscles;
that is, slov twitch muscles corert a greater fraction of the energy yhase into mechanical avk.
Evidence supporting this idea comes frono ttypes of &periment. First, humans with a greater
fraction of slav-twitch fibres are more efficient when cycling on an ergometeylé@t al, 1992) and,
second, isolated preparations of slow-twitch muscle use less high energy phosphate perkunit w
performed than fast-twitch preparations (Barclt896). Thehuman experiments ha the dravback
that it is difficult to mak inferences about musclefiefengy from measurements of whole body O
consumption. The isolated muscle experiments are difficult to relate \tivo efficieng/ because:

(1) efficienyy was measured only during shortening, rather tivenamplete cycles of shortening and
lengthening; and (2) because the indices of energy cost used did not encompas® cemadry
processes. Irthe only study comparing fefiency of fast and sk muscles that usedyclic
contractions and in which Oconsumption s used as the indeof enegy use, slow-twitch rat
muscles were found to be less efficient than fast-twitch muscleglufite & Cavagna, 1987).
However, that study used a temperature of 20°C rather than physiological temperature.

The aim of this study as to measure fafiency of isolated fast- and slow-twitch muscles using a
pattern of actiity similar to that occurringn vivo, using the energetic equaent of Q, consumption as
the inde of energy cost and performing the experiments at a temperature of 35°C.

Experiments were performel vitro using bundles of muscle fibres from the slow-twitch soleus
and fast-twitch EDL muscles of mice. Muscles were dissected from mice that had been killed by
inhalation of CQ. Efficiengy was calculated from measurements of work output and total heat
production during and after a series of 20 contractions. The contraction protocol consisted of :
realistic, cyclic pattern of muscle length changes with a brief contraction in each lgcgthlwenty
contractions were performed at a frequen€ 3.4 Hz. Net mechanical #ifiency was defined as the
ratio of work output to the total, suprabasal enthaptput and enthajpoutput was the sum of the
heat and work output.

There was no difference in the maximal néicefngy of fast- and sha-twitch mouse muscles.
Maximum eficiency of soleus muscles was 13490.8 % (n = 6) and of EDL muscles was 13.8.5
% (n=6).

This result suggests thatyarelationship between humarfiefency and fraction of slav-twitch
fibres is not a reflection of an intrinsic difference in efficjeoicfast and shy muscle fibres.

Coyle, E.F., Sidossis, L.S., Horowitz J&J.D. Beltz, J.D. (1992Medicine and Science in Sports and
Exercise24, 782-788.

Barclay C.J. (1996)Journal of Physiology497, 781-794.

Heglund, N.C. & Caagna, G.A. (1987American Journal of Physiolog®23, C22-C29.
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Treatment with the [3,-agonists formoterol or salmeterol produce greater muscle
hypertrophy in r ats tF'nan fenoterol

J.G. Ryall, D.R. Plant and G.S. Lynch, Muscle Mechanics Labordd@yartment of Physiologyhe
University of Melbourng\ictoria 3010, Australia..SP

Although traditionally administered at vio doses for treating asthma, at higher doses,
B,-adrenoceptor agonistf tagonists) hee ptent muscle anabolic effects. As suhagonists may
have therapeutic potential for pathologies where musdasting is indicated, such as cancer caehe
muscular dystrophand age-related muscleasting (sarcopenia). Before these drugs can be considered
as legitimate therapies, some safety concerns, especially tfestsebn the heart, need to be
considered. The8,-agonists, formoterol and salmeterol were originallyettped to increase the
duration of bronchodilation. Previous studieséndnown formoterol and salmeterol tovea diration
of action of four and eight times greateespectrely, than the most widely used asthma drugs
(Anderson, 1993)We have previously shavn that the (short-actind),-agonist fenoterol has greater
anabolic effects on skeletal muscle than the most widely described, in relatioeldtalskuscle,
B,-agonist, clenbuterol (Ryadt al, 2002). Inthe present studyve tested the hypothesis that due to
their long duration of action, chronic administration of salmeterol and formoteyeldwproduce
greater skeletal musclg/pertroply than fenoterol. One of our research goals is to optimise the safe
and effectre wse off3,-agonists to ameliorate muscle wasting in a number of pathologies.

Fenoterol, formoterol and salmeterol (kindly supplied by Astra-Zeneca) were administered to
male Fischer 344 rats (12 weeks/age, body mass, 265g) at one afffivent doses (0.025 - 2
mg/kg/day) for four weeks. Fenoterol and formoterol were administered by daily i.p. injection in
saline, and compared to a control group receiving arvelguie of saline. Due to its highly lipophillic
nature, salmeterol was administered via a daily i.p. injection in a lighicke, and compared to a
control group receiving an eguwiume of lipid wehicle. The rats were deeply anaesthetised (sodium
brietal, 60 mg/kg), and the heart, and the EDL and soleus hindlimb muscles were surgotsdigl, e
weighed, and then stored for histological analyses.

The rank order of &tacy (E, ), based on skeletal musclgpertroply (B,-agonist induced
increase in mass a® mntrol), was salmeterol = formoterol >> fenoterol. Salmeterol had anat a
dose of 1 mg/kg/dayncreasing EDL, soleus and heart mass, 39, 28 and 25%¢ aloes for lipid
vehicle control. Formoterol had an E at a dose of 0.5 mg/kg/daycreasing EDL, soleus and heart
mass, 36, 26 and 26% aleovalues for saline control. Fenoterol had gn fat a dose of 2 mg/kg/day
increasing EDL, soleus and heart mass, 25, 14 and 23% a&hloes for saline control. At thevest
dose examined (0.025 mg/kg/day) formoterdhibited the greatestypertroply of both skeletal and
cardiac muscle compared to values for saline control, (19, 13 and 12% greater for EDL, soleus ar
heart, respeactéely).

Our findings indicate that th&,-agonists, formoterol and salmeterolvéanabolic effects on
muscle and produce greater musagtedrtroply than fenoterol. Further research is neededké&mmie
the effect of these drugs onedétal and cardiac muscle function before their full therapeutic potential
can be realised.

Anderson, G.R1993)Life Sciences2, 2145-2160.
Ryall, J.G., Gregorevic, P., Plant, D.R., Sillence, M.N. & Lynch, G.S. (2806®rican Journal of
Physiology - Regulatory Integrative & Comparative Physiol@§R, R1386-1394.

Supported by the Muscular DystrgpAssociation (USA), the Rebecca L. Cooper Medical Research
Foundation, and The Uwersity of Melbourne.
JGR is supported by a Postgraduate Scholarship from the National Heart Foundation of Australia
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Ca’* handling properties of mechanically skinned fibres from fast and sle muscles of
adult and old rats following chronic fenoterol treatment
D.R. Plant, J.G. Ryall,.Rsregorevic and G.S. Lynch, Muscle Mechanics Laborat@gpartment of
Physiology The University of Melbourné/ctoria 3010, Australia..SP

Aging is associated with a progressioss of motor function, a slowing of muscle vaments,
and a decline in muscle strength. These age-related changes in skeletal muscle contribute to t
increased incidence of fall-related injuries in the eldeesulting in a loss of functional independence.
B,-agonists (such as fenoterolvegmotent muscle anabolicfetts and we hee recently demonstrated
that four weeks treatment with fenoterol is sufficient to ameliorate the age-related muscle weaknes
and sloving of contraction in rats (Ryadt al, 2002). Inanother study we demonstrated that aging
deleteriously affects aspects okc#éation-contraction coupling and sarcoplasmic reticulum (SR)
function in mechanically skinned fast muscle fibres from aged compared with adult mice (Plant &
Lynch 2002). It is not known whether fenoterol treatment would affect these properties in
mechanically skinned fast and wionuscle fibres from aged rats.

We tested the hypothesis that four weeks fenoterol treatment would alter Srhaalling
properties of mechanically skinned skeletal muscle fibrésreiftly in adult and old F344 rat&dult
(16 months/age) and old (28 months/age) rats were treated daily with either fenoterol (1.4
mg.kglday?, i.p.) or saline vehicle, for four weekEollowing treatment, rats were anaesthetised with
sodium pentobarbitone (60 mgkgi.p.) and the fast-twitch extensor digitorum longus (EDL) and
predominantly slow-twitch soleus muscles excised carefully to prepare mechanically skinned fibres
Fibres were tested according to the methods we bascribed in detail previously (Plant &hch,
2002).

Preliminary findings indicate no age-related changes in normalised 8Remding or leak of
Cc&* from the SR. Fenoterol increased leak of'Cleom the SR in EDL bt not soleus muscle fibres
from adult and old rats. Rate of €aeloading vas decreased with fenoterol treatment in EDL muscle
fibres from both adult and old rats, but soleus muscle fibres from adult and old rats wefectexd.af
These findings suggest that fenotexa@Tects are similar in mechanically skinned fibres from adult
and old rats. The fHcts of fenoterol on depolarisation-induced force responses in mechanically
skinned fibres has yet to be examined.

Plant, D.R. & Lynch, G.S. (2002purnal of Physiology543, 169-176.
Ryall, J.G., Plant, D.R., Gregorevic, P., Sillence, M.N. & Lynch, G.S. (2Bfi)eedings of the
Australian Health and Medical Resedr CongressA1120.

Supported by grants from the Muscular Dystyppissociation (USA)
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Involvement of a voltage-dependent calcium channel in signal transduction in the 2-cell
embryo

Y. Li1, M.L. Day? and C. O’Neilf, THuman Reproduction Unit, Royal North Sadfospital,
Department of Physiologyniversity of Sydne NSW 2006 andDepartment of Physiologyniversity
of Sydng, NSW 2006, Australia.SP

Platelet-actiating factor (PAF) is an autocrine trophgxctor for the preimplantation embryo that
induces a transient increase in quain the 2-cell embryo. The [éé]i transient had an absolute
requirement for influx of external calcium andsvinhibited by blockers of L-type calcium channel
blockers but not by a variety of non-L-type channel blockers. This study used whole cell patch clamf
methodology to assess whether the early mouse emkpyessed a functional calcium channel with
the properties of an L-type channel.

Pre-implantation mouse embryos were xeced after superovulation of female QS mice by
intraperitoneal injections of equine chorionic gonadotrophin (10 i.u.melio48 hours later by human
chorionic gonadotrophin (10 i.u.) and mating. Mice were killed by cervical dislocation and 2-cell
embryos were flushed from the reproduetiract into Hepes-modified HTF medium containing 3
mg/ml BSA. The zona pellucida was revad by lrief treatment with 0.5% pronase. Standard whole-
cell patch-clamp techniques were used to stud§ Carrents in tw-cell embryos. The membrane
potential was held at -60mV and depolarising voltage pulses of 1s duration were applied between -2
and +80 mV at intervals of 5 s. Currents wese-fiass filtered, sampled and digitised at 0.2 kHZ*Ba
was wsed as the charge carridihe currents at each voltage-step were recorded before and after
treatment of embryos with different kinds of L-type?Cahannel blockers: diltiazem (76M),
nifedipine (80uM) and \erapamil (8QuM). Inward currents were measured as the difference between
the whole cell currents before and after the addition of a drug or control to the bath solution, consistin
of NaCl 55mM, KCI 4.69mM, MgCl 0.2mM, NaEDTA 0.11mM, glucose 5mM, CagCP.04mM
(1.94 mM free Ca2+), Hepes 20.4mM, Ba60mM (49.99 mM free Bd), adjusted to pH 7.4, 300
mosM/kg.

Using diltiazem, a current of 0.23 + 0.03 nA (mean £ SEM) was detected and was maximal at ¢
voltage of 36.94 + 2.59 m\A similar current was evident when either nifedipine or verapamil were
used. Prior treatment of embryos with exogenous PAF resulted in a signiflcaidt@5s) reduction in
the proportion of embryosxpressing the current and the size of the current compared with those pre-
treated with rPAF acetylhydrolase. The resultswshioat 2-cell embryos possess a depolarisation-
actvated membrane channel, with the properties of an L-type calcium channel. The desensitisation c
channel activity by prior PAF challenge suggests that the curr@sntastvated during RF-induced
calcium signalling.
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Negative feedback inhibition of C&* influx during Py, receptor activation

H. Hut, M.M. Cummin$ Y. Hosodd, P. Foronnilé, M.L. Day* and D.I. Cook, 'Department of
Physiology University of Sydne NSW 2006 andSchool of Biomedical Sciences, University of
Queensland, QLD 4072, AustraliaSP

G protein-coupled receptors transducetracellular stimuli via G proteins to intracellular
effectors resulting in the autition of second messenger signalling cascades mediated ByoCa
CAMP. In HT29 human colonic epithelial carcinoma cells, thevatitin of the M, muscarinic receptor
by carbachol (CCh) results in alaesponse with a characteristic prolonged plateau phase that occurs
due to C&" influx following activation of store-release sensgidannels in the plasma membrane. In
contrast, the C4 response following the aetition of the By, purinegi receptor shows no plateau
phase (Cumminst al, 2000). Both of these responses are pertussis toxin ingereiti mediated by
G proteins of the Gfamily. These data suggest that during Pactwation, the lack of a plateau phase
may result from the inhibition of G&influx. Thesmall G proteins Rac and Cdc42 are known to be
involved in C&" signalling pathways (Peppelenbosstal, 1996; Djouderet al, 2000) and protein
kinase C (PKC), a known @&t of Cdc42 (Slateet al, 2001), has also been reported to regulate the
C&" signalling pathway (Petersen & Berridge, 1994; eeal, 1997). Theaim of this present study
was to investigate the roles of Rac, Cdc42 and PKC in the inhibition of* @aflux during By
receptor actiation.

Standard Fura-2 imaging techniques were used to monitor changes in intracelfflar Ca
concentration in HT29 cellsCa* influx was monitored using the rate of quenching of the Fura-2
signal by exogenous M Replication-deficient adenoviruses expressing the ARNcoding either
wild type (wt), dominant rgetive dn) or constitutiely active (ca) mutants of Rac, Cdc42 and RKC
were created using standard techniques (Cumaetiak, 2000).

In HT29 cells exposed to UTEhe rate of MA* influx as measured by Fura-2 quenchinasw
66% of the influx rate in response to CCh, indicating that the lack of a plateau phase during UTF
exposure was due to reduced influx. When HT29 cells were infected withvadises &pressing
dnRac or dnCdc42, the rates of Mrinflux increased to those obsedswith CCh stimulation.
Furthermore, when the cells were infected with caRac&*Nhilux induced by CCh was reduced to
below control levels. Theseandicate the imolvement of both Rac and Cdc42 in thgaie feedback
inhibition of UTP mediated G4 influx. Co-infection of dnCdc42 and caRac returnec?Mnflux to
the levels observed in control cells with UTP stimulation, indicating that Rac is upstream of Cdc42.

In HT29 cells infected with an adenovirus expressing wt?KBere vas no change in the rates
of Mn?* influx in the presence of UTPn contrast, when the cells were infected with a dnBKC
adenwirus, the rate of Mff influx was increased to thevigs observed with CCh, indicating a role for
PKCa in the control of C& influx in these cells.To determine whether PK€C was acting via the
same signalling pathway as Rac/Cdc42, HT29 cells were treated wxih B, an inhibitor of
Rac/Cdc42, and dioleylglycerol, an aetor of PKC. This resulted in an inhibition of Khinflux to
levels similar to that observed with UTHdicating that the effect of blocking Rac/Cdc42 could be
overcome by actiating PKC, demonstrating that PKCis downstream of Rac/Cdc42. This study
shaws that the main difference in the muscarinic and purinergié @aponses in HT29 cells, is due to
a C&* influx negative feedback pathway that is aetied by By, receptors.

Cummins, M.M., O’'Mullane, L.M., Barden, J.A., Cook, D.l. & Poronnik(2000)Cell Calcium,27,
247-255.

Djouder N., Prepens, U., Aktories, K. & @die, A. (2000)Journal of Biological Chemistn275,
18732-18738.

Lee, H., Suh, B.C., & Kim, K.T(1997)Journal of Biological Chemistn272, 21831-21838.

Petersen, C.C. & Berridge, M.J. (199%urnal of Biological Chemistn269, 32246-32253.

Peppelenbosch, M.P., Tertoolen, L.G.J., Devriessmits, A.M.M., Qiu, R.G., Mrabet, L., Symons, M.H.,
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Calcium release-actvated calcium current in rat hepatocytes

G.Y. RychloV!, T. Litiens', M.L. Robert$ and G.J Barritt?, 1School of Molecular and Biomedical
Sciences, University of Adelajd®@A 05 and’Flinders Medical Cente, Rinders University of South
Australia, SA 5001 Australia.

Store-operated G& (SOC) channels play a central role in regulating intracellulat* Ca
concentration in hepatocytes and other nonexcitable animal cells (Gregory & Barritt, 2003). A major
function of SOC channels appears to be to replenish intracelll#as®aes when intracellular €ais
lost from the cell during agonist-induced increases in the cytoplasrifcc@acentration. One of the
best-knevn store operated channels,’Galease-actated C&* (CRAC) channel has beextensiely
characterised in @ number of immortalised cell lines. There is little evidenweyenothat |, is
activated in the physiological conditions in cells in primary culture. It has been speculated that the
highly C&*-specific CRAC channels are only expressed in blood cells and in transformed cells.

The aim of the present experiments was to elucidate the properties of the SOC channels in r
hepatogtes. Hepatocytes were isolated by collagenase digestion and plated on\gesdipso Ritch-
clamp recording was conducted in the whole-cell mode using standard procedures after 24-48 hours.

Depletion of intracellular CG& stores in rat hepatocytes aeted a C&'-selectve inward
current. Propertiesf this current, including high selectivity for €astrong inward rectification,afst
C&* dependent inaatition at ngéive potentials and block by I°4 and 2-APB, were similar or
identical to those of |, . found in mast cells, RBL cells, Jurkat T lymphtes (Zweifach & Levis,

1993; Hoth & Pennerl992; Balowski & Parekh, 2002) and H4-IIEvkr cells (Rychlov et al. 2001).
The amplitude of 1., in rat hepatogtes varied between -30 and —120 pA at =100 mV with an
avaage density of about —1 pA/plExtracellular application of vasopressin oFFAactvated a current
with the same properties and the same size as that observed binthsfed depletion of the stores.

| crac developed more slowly with vasopressin than with ATP as agohisteasing the concentration
of ATP shortened the delay in thevelepment of ., but did not change the amplitude of the
current or the rate of its ddopment. Concentratiorsf ATP (5-10uM) that cause waves of increased
cytoplasmic C&' concentration also autited l.rac: So far, no aher type of current actited by cé&*
store depletion has been detected in these cells. It is concluded th@tdi&#els are the majand
possibly the onlytype of SOC channel in rat hepatocytes.

Bakowski, D. & Parekh, A.B. (2002 ell Calcium32, 379-391.

Gregory R.B. & Barritt, G.J. (2003Biochemical JournaB69, 1-7.

Hoth, M. & PennerR. (1992)Nature355, 353-356.

Rychlov, G., Brereton, H.M., Harland, M.L. & Barritt, G.J. (200H¥patology33, 938-947.

Zweifach, A. & Lewis, R.S. (1993®roceedings of the National Academy of Sciences of the United
States of Americ80, 6295-6299.
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Characterisation of chloride currents in the mouse pre-implantation embryo

|. Pons-Meneghettj M.L. Day}, D.I. Cook and M.H. Johnsof !Laboratory of Developmental
Physiology Department of Physiologynderson Stuart Building (F13), University of Sygmé&sW
2006, Australia andDepartment of Anatom{owlin St, Cambridg CB2 3DY, K. .SP

Pre-implantation embryonic ddopment describes the process by which the embrywsggro
from the zygote (one-cell) to the blasget (64-254 cells) after which it implants into the placenta.
Blastogsts are composed of oadifferent cell types, the inner cell mass (ICM) and trophectoderm
cells (TE). Chloride currents throughout these stages of embryon@opiment are not well
characterised. A swelling aetted CI current was shown to be celyae dependent as well as
developmentally regulated leever this current was notxamined in isotonic solutions (Hfajova et
al., 2001). In the blastocyst it is behed that CI is transported by both paracellular (Manajaet al,
1998) and transcellular mechanisms (Brison & Leese, 1993) and that the expansion of the blastoco
cavity is largely reliant on Clchannels and a @HCO;" exchanger (Zhaet al, 1997). The gstic
fibrosis transmembrane conductance regulator (CFTR) was recentiyn sbdoe present in human
blastogsts and it may play a role in the process describedeaBen-Chetritet al, 2002). This study
aimed to characterise Glurrents observed in isotonic conditions in the pre-implantation embryo by
looking at the eight distinct members of the voltage gated chloride channel family (CIC) (1-7 and K) as
well as CFTR.

The mRM\ expression pattern of CFTR and CIC channels in the early mouse embs/o w
determined by RPCR. The channels observed in the pre-implantation embryo were CIC-2 to CIC-7,
CIC-K and CFTR. Furthermore, ICM and TE cells were separated &RCR of CFTR was carried
out for each cell type. The results showed that CFTR ARNnly present in TE cells. These data
suggest that Cthannels may play an important roles in the pre-implantation embryo.

The whole-cell patch-clamp technique was used in order to characteriser@hts in the
mouse pre-implantation embryo. In the late foall stage tw major currents were identified through
the use of various Cthannel antagonists. These included a DIDS-seagiion-specific Clchannel
blocker) and glibenclamide-sensii (CFTR blocker) current. DIDS inhibited approximately 46% and
glibenclamide 38% of the Gturrent. When both drugs were added simultanepii&yCI current vas
reduced by approximately 74% indicating that the DIDS and glibenclamide werwitrents are
individual currents. In the ICM glibenclamide had no effect on the@lent whereas in a 3.5 day
trophoblast cell line preliminary results indicate that there isge Iglibenclamide sensi® airrent.
These electrophysiological results are consistent with the CFTRAneRRNession pattern observed.

The «act role that Clchannels play in the pre-implantation embryo still remains to be
identified. The results described abahow that CFTR along with other CIC channels are present in
the pre-implantation embryo at the mRMNevd and that thg are most likely to be responsible for the
currents observed.

BenBen-Chetrit, A., Antenos, M., Jurisi@ A., Pasyk, E.A. Chitayat, D., Foskett, J.K., & Casper,
R.F (2002)Molecular Human ReproductioB;758-764.

Brison, D.R., & Leese, H.J. (199B)ology of Reproductio8:692-702.

Kolajova, M., HammerM.A., Collins, J.L. & Baltz, J.M. (2001pevelopment] 28:3427-3434.

Manejwala, F.M., Cragoe, E.J., & Schultz, R.M. (1998yelopmental Biology,33:210-220.

Zhao, Y., Doroshenco, P.A., Alp&.L., & Baltz, J.M. (1997Developmental Biolog¥89:148-160.
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Clustering of recombinant GABA, receptors alters channel properties
A.B. Everitt, M.L. Tierngand P.W Gage, Dvision of Molecular Biosciengdohn Curtin School of
Medical Reseanh, Australian National UniversityCanberra, ACT 2601, AustraliaSP

‘Native’ GABA , receptors display distinct electrophysiological properties neéyal seen in
recombinant receptors irrespeetid subunit composition. Nawe dcannels can & cnductances
over 40pS (Gray & Johnson, 1985; Sméhal, 1989; Curmiet al, 1993). Moreover, the conductance
of some channels can be increased by modulating drugs such as diazepam, pentobarbitone &
propofol (Eghbalet al, 1997; Guyoret al, 1999; Eghbaliet al, 2003). By contrast, conductances of
recombinant channels v& reve exceeded about 30pS and, although their open probability can be
increased by modulating drugs, conductance is not enhanced by drugs.

It has been suggested that high channel conductances may represent geogeaitngs of
clustered channels resulting in an apparent high single channel conductartested/this ypothesis
in an expression system by co-expressing fwoteins known to cluster GA®, receptors. Rapsyn is a
membrane associated protein that plays a crucial role in clustering ACh receptors at the neuromuscul
junction, but has also been shoto cluster expressed GAR receptors. GABARAP interacts with
the GABA, y subunit and promotes receptor clustering (Weingl, 1999).

We o-transfected (lipofectin) GAB, a5 and B1 subunit cDNAs with or without rapsyn into
mouse fibroblast L929 cells. &\imeasured single channel conductance in the cell-attached (c/a) or
inside-out (i/0) configurations 24-72 hours laterthe control groups (i.e. GAB, sukunits alone),
single channel conductances were within the range 10-35pS. When rapsycosxpressed with
GABA, sulunits, 4 out of 8 patches showed single channel conductances greater than 40pS. Contr
patches expressing GAR al, f1 and y2s sulinits alone had a mean conductance of 22132pS
(n=15). In 16 out of 25 patches recorded from cells co-transfected withAGAR 31 and y2s
sulunits and GAB\RAP, single channel conductances were\abhdlpS (=60.7+ 4.3pS, n=16). These
‘high’ conductance channels werevaeseen in control patches. High andvieonductance channel
activity was blocked by 1Q@M bicuculline. The current-voltage relationship of high conducting
channels showed outward rectification of the current, similar to that seervim maéptors.

Diazepam can increase both open probability and conductance oA Gétiannels containing
the y sutunit. In 5 patches from cells co-transfected with @4Bal,81 and y2s subunits and
GABARAP, hoth of these éécts were seen irrespeai d initial channel conductance. In control
patches where GABARAP was not expressed, diazepam did not increase channel conductance.

Immunofluorescent studiesvemled that coexpression of rapsyn or G¥BAP with GABA
suhlunits, shaved a punctate pattern of staining of surface receptors compared to a diffuse pattern ir
control cells.

Our results shw that co-&pression with “clustering” proteins can change the properties of
recombinant GAB., channels. It is possible that clustered receptors may be able to couple and oper
cooperatrely by virtue of their close physical proximity.

Curmi, J.P., Premkumgkr.S., Birnir, B & Gage, P.W/( 1993)Journal of Membrane Biology,36,
273-280.
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Guyon, A., Laurent, S., Paupardin-Tritsch, D., RosSie& Eugen, D. (1999Journal of Physiology,
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Signalling across the blood brain barrier: Implications for blood pressue @ntrol
J.ER. Paton, School of Medical Sciences, Department of Physi®&ogsersity of Bristol, Bristol BS8
1TD, UK. .SP

Our long-term goal is to understand cellular signalling mechanismb/&d in the etiology of
essential hypertension. Ouygothesis is that this disease may arise, in part, from changes within
brainstem circuits controlling arterial pressure, and in particular to occlusion of arterial baroreceptol
afferent information at the Vel of the primary afferent relay within the brainstem. Although it is
established that baroreceptorgulkate arterial pressure on a moment-to-moment basisriag also
control it long term (ThrasheR002). It follovs then that desensitisation of this neftércuit could
contribute to high lgels of blood pressure. | will discuss the central actions of angiotensin Il on
neuronal circuitry dedicated to controlling the baroreceptor reflex. Baséd wmo somatic gene
transfer studies to identify intracellular signalling padlya; and dynamic confocal calcium imaging
from cells within the nucleus of the solitary tract (NTS), we hypothesiseeh frlom of intercellular
communication, one ofvascular-neuonal signalling Our model includes a process whereby
angiotensin Il stimulates nitric oxide release from the endothelium, which crosses the blood brair
barrier to modulate adjacent inhibitory synaptic processes and shunts out incoreirent af
information from arterial baroreceptors. Such a signalling process is consistent with that described fc
the control of GnRH within the median eminence yBret al, 2000). Morewer, using focal genetic
approaches to chronically block endothelial cell \erinitric oxide results in an augmentation of
baroreceptor reflefunction and a fall in arterial pressurevépds control lgels in a rat model of
hypertension. | will demonstrate that the specificity of action of nitric oxide on inhibitory £pAB
transmission in the NTS lgty relates to the i@ concentration of the gas and/or proximity of the nitric
oxide synthase isoform to its targea{@net al, 2002). In conclusion, astation of endothelial nitric
oxide synthase within the NTS, which can be induced by physiologietd kef angiotensin Il, plays a
major role in regulating cardascular function. Hyperactity of angiotensin Il and/or endothelial
nitric oxide synthase within this nucleus may contribute to the persisteati@ieof arterial pressure
as observed in essential hypertension.

Paon, J.F.R., KaspamS. & Paterson, D.J. (2002)rends in Neuroscien¢e5, 626-631.
Prevot, V., Bouret, S., Stefano, G. B., & Beauvillain, J.-C. (20B@in Reseath Reweiws,34, 27-41.
ThrasherT. N. (2002) American Journal of Physiolo®382, R1044-R1053.
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Effect of oscillating airway smooth muscle length on bronchoconstriction — the role of the
airway wall
P.B. Noble PK. McFawn and H.\WMitchell, School of Biomedical and Chemical Sciences, University
of Western Australia, CraweWA 6009, Australia..SP

A period of deep inspiration in man is kmo to modulate subsequent bronchoconstriction
(Crimi et al., 2002; Kapsaliet al, 2000), an ééct which may be elicited through direct stretch of
airway smooth muscle (ASM). &Vinvestigated the response of porcine ASM to a period of length
oscillation in three dferent preparations: whole bronchial segments; bronchial segments which had
cartilage remwed; and isolated ASM strips. ASM response to electrical field stimulation (E&S) w
assessed before and atfeliént time points after ASM length oscillation. In bronchiagrsents
oscillation of ASM length \&s achiged by g/cling intralumenal pressure from 5 to 25cgtH while in
isolated ASM length changes were directly imposed. In each of the three preparations the amplitude
length oscillation was 20-25% of resting ASM lengyled at 0.5Hz for a period of 10 minutes. ASM
length and cartilage area were morphometrically determined imysrfixed at 5 and 25cmB. In
whole bronchial segments response to ERS mcreased immediately after ASM length oscillation
(P<0.05). In contrast to whole aiays, 5 out of 7 cartilage-denuded airways had reduced response to
EFS following length oscillationR<0.05). ASM lengths were not significantly different between
control and cartilage-denuded airways at either 5 or 25€miRost oscillation response to EF&8sw
positively correlated to airway wall cartilag®<0.05). In isolated ASM, response to EF&sweduced
immediately after length oscillatio®P€0.01). In each preparation thdeeft of length oscillation as
absent 10 minutes after oscillation had concluded. Our resultstshbthe response of ASM to length
oscillation is strongly influenced by the airway wall. Length oscillation enhanced ASM contiiaction
situ, but depressed contraction in isolated ASMlIéwing cartilage remeel, the response of ASM to
length oscillation mimicked the depression in contraction obsearvisolated ASM, suggesting aaw
wall structure plays a substantial role in the effect observed with oscillation.

Crimi, E., Pellegrino, R., Milanese, M. & Brusasco(2002)Journal of Applied Physiologg3,
1384-1390.

Kapsali, T., Permutt, S., Laube, B., Scichilone, N. & Togias, A. (200@nal of Applied Physiology,
89, 711-720.
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Bronchial response to protease-actated receptor stimulation of airway lumenal and
adventitial surfaces
H.W. Mitchell, H.L. Goh, N. Asokananthan, R.S. Lan, G.A. Stewart and A. Sharma, School of
Biomedical and Chemical Sciences, University of Western Australia, Nedlands, WA, AuSrlia.

A recently characterisechrily of G protein coupled receptors, proteasevatetldl receptors
(PARs), modulate inflammatory and regulatory signals in theaginWhere are currently fourARs
(PAR1, PAR2, PAR3 and PAR4) thatyebeen cloned and characterised. Trypsin is an endogenous
activator of PAR2 and PAR4. Actéting these PARs has been shown to release,RGE airay
epithelial cells and modulate smooth muscle tone in isolated airway preparations ¢Calk$999;
Lan etal., 2001). It is uncertain mothese different actions of PARs expressed on the various cell
types in the airway may modulate airway function where lumenal and adventitial surfaces can be
separately accessed bQARP actvators. The present studyvestigates the actions of trypsin (300
pg/ml) and PAR agonist peptides (100-400 mM) on isolated wholegsm which the epithelial and
adwentitial surfaces can be separatetp@sed to PAR agonists. Bronchial airways were dissected from
the lungs of pigs. Side branches were ligated and segments were placed in a bath at 37°C so tl
lumenal and adventitial saes were bathed in Krebs solution. A pressure transducer measured
airway lumenal pressure, from which aayresponses were assessed. Lumenal Krebs soluéisn w
assayed for PGEby ELISA. Trypsin added to the adventitia produced a short katesfe min)
inhibition of carbachol-induced tone. tever, trypsin added to the airway lumen produced a delayed
(>45 min) suppression of acetylcholine dose-contractioneciorewer, both trypsin and the AR2
agonist increased PGlproduction. Indomethacin pre-treatment blocked production of,PliE had
no efect on trypsin-induced relaxation by either route. The PAR1, 2 and 3 agonists had not effect or
airway tone, but the PAR4 agonist produced short lgteretaxation that was blocked by
indomethacin. The study confirms that trypsin retairways and releases PGBloreover, the
effects of trypsin are highly dependent on its route ofveelj suggesting the contribution of égrent
cell types by each route okgosure. Havever, the results observed with trypsin and the PAR2 agonist
appear to dissociate the possible link between A€lEase by PAR aettion and subsequent aiay
relaxation in this whole airway preparation. These findings suggest that the functional responses t
trypsin are likely to be mediated by a receptor other than the establ&Réd PAR2, PAR3 or RR4.

Cocks, T.M., Fong, B., Clg JM., Anderson, G.P., Frauman, A.G., Goldie, R.G., HeRdy, Carr,
M.J., Hamilton, J.R. & Md#tt, J.D. (1999Nature, 398, 156-160.

Lan, R.S., Knight, D.A., Steart, G.A. & Henry PJ. (2001)British Journal of Pharmacology,32,
93-100.
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Measurement of culture cnfluency and volume of human airway smooth muscle cells
using quantitative phase microscopy

C.L. Curlt, C.J. Bellair?, T. Harris®, B.E. Allmarf, A. Robert#, K.A. Nugerf, PJ. Harris!, A.G.
Stewart and L.M.D. Delbridgé ‘Department of PhysiologgDepartment of Physics, and
3Department of Pharmacologyniversity of MelbourngParkville, Victoria 3010 and'ATIA Ltd.,
Rutland Rd, Box Hill, Victoria 3128, Australia.

Quantitatve Fhase Microscop (QPM) is a recently deloped computational approach that
provides quantitatie thase measurements of images captured using a bright-field microscope. Phas
measurement is particularly useful in theleation of translucent objects, such as unstained viable
cell specimens. QPMavks via an algorithm which is applied to a standard bright-field and equidistant
positve and n@dive de-focus images. From these images a phase map is generatedcehtains
information about cell thickness and refraetindex and can allev quantitation of cellular structure.

QPM was used in conjunction with laser scanning confocal micrgge&CM) to measure olume
and area in cultured human airway smooth muscle (HASM) cells.

HASM cells were obtained by collagenase and elastase digestion of smooth muscle from lung
transplant resection patients. The resulting cell suspensagsnwashed in phosphateftered saline
and seeded onto glassvetslips which were placed in the base of a plastic culture dish at 37°C in
Dulbeccos Modified Eagles Media. The cells were imaged using both LSCM (optical slicing) and
QPM techniques. For LSCM visualisation, cells were fluorescently labelled (fluo-3/AM, Molecular
Probes, Eugene, OR, USA) and a series of images in the vertical (z) axis were recorded at intervals
1um using a Leica TCS 4D (x63, PL APO 1.4RMil immersion objectie). From these images a
calculation of cell depth was performed. Phase images of the same field of cells were then obtaine
using an imerted Zeiss Axiovert 100Mnicroscope X10, LD-Achroplan 0.3 MW objectve) and a
Coolsnap fx CCD camera (Photometrics, USA). Phase calculations were performed using QPr
software (v2.0 IATIA Ltd, Australia).

On the basis of the cell depth determined by LSCM (left panel of Figure) and the phase
measurements calculated by QPM (right panel of Figure) a mean refriachx (RI) for HASM was
determined to be 1.42750.009. This Rl vas then used computationally by the QPM algorithm to
determine cellular volume. The relationship between cell confjuamt volume in HASM cultures
passaged for variable periods waslgated. The confluegcof cells (% field area), calculateda a
92 hour gravth period from phase maps and cell volume?) were highly correlated (i.e? values of
0.986 and 0.996 obtained fordvdifferent cell culture lines). Thus, in these HASM cells under the
conditions specified, there is a well defined relationship betweenteof confluence and total cell
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volume in culture. QPM provides a camient procedure for estimating celblume, where prior
determination of RI is required. 8\ravedemonstrated that this may be agbteby parallel specimen
imaging using both LSCM and QPM.
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Increases in renal angiotensinogen mRAll evds following a mixed amino acid infusion in
late gestation fetal sheep

A.C. BoyceK.J. Gibson, JWu and E.R. Lumbers, Dept of Physiology & Pharmacol&gkool of
Medical Sciences, University of M&uth Wales, Sydge052, Australia..SP

We have previously reported that prolonged infusions of amino acids to fetal sheep in late
gestation stimulated renal growth, had profound, sustairfedt®fon fetal renal function (including
increases in glomerular filtration rate, renal blooavfla duresis, natriuresis and increased osmolar
excretion), and induced changes indieatid extracellular volume expansion (Margt al, 1999,
Marshet al, 2002). Thisstudy aimed to determine whether the fetal renin-angiotensin sysésm w
also affected when plasma amino acicle were increased long term.

Fetal sheep were chronically catheterised under general anaesthesia induced with 1 g sodiu
thiopentone i.vand maintained with 2-3% halothane in oxygékt.least 5 days after sgery, 5 fetuses
aged 122t 1 days gestation (terrhll50 days) were infused i.for 7 days with a mixture of alanine,
glycine, proline and serine (1:1:0.6:0.6) at 0.22 mmol+nd 5 mL ht. Six control fetuses were
infused with 0.15 M salinePlasma and renal reninvids were measured as the rate of formation of
angiotensin | (Ang 1) when plasma or homogenates of renalxoegee incubated at 37°C and pH 7.4
with an excess of angiotensinogen (nephrectomised sheep plakavas of mMRNA for renin,
angiotensinogen and the angiotensin receptor subtypes | and,R @hd AT,R) were measured in
renal cortical homogenates by real time PCR, and expressede@atialibrator sample.

After 7 days of amino acid infusion, plasma concentrations of the infused amino acids had
increased by between 8- and 36-fdRk(.05), and kidng weights were 8% greater than those of
control fetusesR<0.05). Circulatingenin levels fell during the first 4 h, from 9.8 2.1 (meant SE)
ng Ang | mLt h'lin control to 4.7+ 1.5 (P<0.05), and remainedwothroughout the infusion (Day 4:
4.2+ 2.5, n.s.; Day 7: 2.2 1.1 ng mt* h'l, P<0.05). Plasmaenin levels did not change during saline
infusion (baseline: 5.2 1.6 ng Ang | mt* h'l). Renalrenin levels tended to be iger following
amino acid infusion compared to control fetuses 1014 vs 2.1+ 0.4 g Ang | mg proteint h't, n.s.).
Renal renin mRM levds were also lower (Amino acids: 3#%62.2; Saline: 10.5 2.7, P=0.075).
There was marked increase in renal angiotensinogenAriBWs (3.6 0.5 vs 1.4+ 0.2, P<0.005).
Renal AT,R and AT,R mRNA levds were not different between groups.

Prolonged increases in fetal plasma amino acislldewere therefore associated with a
suppression of circulating reninvids, and tended to suppress the gexgession and lels of renin
in the deeloping kidng. These changes were probably secondary to volupension. Hwvever, the
stimulation of renal angiotensinogen gene expression by amino acids suggests that the renal reni
angiotensin system may Vea dayed a role in the stimulation of renal function andwgho that
occurred with amino acid infusion.

Marsh, A.C., Gibson, K.J. & Lumbers, E.R. (1999%0ceedings of the Australian Society for Medical

Reseach, Oral 8-1.
Marsh, A.C., Gibson, K.J. & Lumbers, E.R. (2002)rnal of Physiology40, 717.
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Central program and ovarian feedback both influence LH secretion in flying-foxes
G.M. O’Brien and K.-A. Grgyschool of Biological, Biomedical and Molecular Sciences, University of
New England, NSW 2351, Australia.

Very large changes in plasma progesterone and oestradiol areeabdanng late pgnang, in
Australias geyheaded flying-foxPteropus poliocephaludyut changes associated witlvidation are
enigmatic. Attempts to identify the time ofudation by monitoring peripheral hormones/édeen so
unsuccessful that a question has arisen as to the nature of feedback betweenytl@d the
hypothalamus-pituitary axis in these anima?spoliocephalusmate during April-May and defer a
single young in Octobedovember In captiity they can live for 20-30 years but wild populations are
listed as ‘threatened’ under the vEBonment Protection and Biodirsity Conservation Act.
Understanding their reproduadi fhysiology is essential for reeery of the species. Important stages
of reproduction, including ovulation, are regulated by luteinising hormone (LH) but plasma LH has not
previously been measured in the Orderddehiroptera. Recent gielopment of an assay for flying-fox
LH (O'Brien et al, in press) has made it possible to test for the effects of repnosligage
(copulation, prgnang etc.) and warian feedback on mean plasma LHdes in female flying-fors
through an entire annual cycle of reproduction.

Methods. Blood samples were collected bgnipuncture (O’Brieret al, 1996), at intervals of 1
to 4 weeks. LH was measured HA-RIA using monoclonal antibody 518B7, and ovine LH (oLH-
(G3-330-Br) as radioligand and standard (O'Brral, in press). Animals were housed in a singlg-se
group (sgregaed [ n=4) or in a large mied-s& group (breedingm sub-setin=5); each group had a
long-term wariectomised female with themv@iectomiseda data areeerage of 2).

Results shavn in the Figure clearly

Lactation Mating  Pregnancy Lactation demonstrate three phases of LH secretion
B0 during the year in the absence ofaan
E =0 4 steroid feedback (@riectomised A): very
] high levels Apr-May; elevated levels Jun-Oct;
T baseline leels Nov-Mar. Mean plasma LH
= 104 remained at baseline all year in intact animals
£ (O, m: Figure shows means and SD).
= 201 Discussion.The pituitary appears to be
£ g programmed to stimulate thevasies from
2 mid-autumn  (April)  until  mid-spring
=== 7 7 —— (October) (see the Figure). Pituitary content of
SR MoA M JMAtS @M DJFM LH is high during April-May (O’Brienet al,
on in press). Hwever strong ngdive feedback

from the waries reduced the frequgnand/or

amplitude of LH pulses so dramatically that novatien of mean plasmavels was observed in intact
animals. There was no indication of the timing of ovulation. Duringmaey, placental steroids
probably also contributed to the feedback.

The phase of the central progranaeaded during June-October probably yides a safety net in
the event of early prgnang loss and if so, would explain the occasional late births that are recorded. It
may also provide the ghiological substrate for the observed geographic variation in breeding times of
a ongeneric speciel, decto(Vardon & Tidemann 1998).

The NoremberMarch phase keals a centrally programmed anoestrus novipuesly knavn.
This may explain wy variations in the timecourse of lactation do not influence timing of the
subsequent pregnanfunpub aobs.).

O’Brien, G.M., Curlewis, J.D. & Martin, L. (1996}eneral & Comparative Endocrinology4,
304-311.
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The dorsomedial hypothalamic nucleus modulates the baroreceptor reflex
L.M. McDowall, S. Killinger and R.A.L. Dampnéepartment of Physiology F13, University of
Sydng, NSW 2006 Australia.

The dorsomedial hypothalamic nucleus (DMH) plays a critical role in mediating the increase in
arterial pressure and heart rateleed by an &ute stress (Stotz-Pottet al, 1996). The cardigascular
changes wked by acute stress are also associated with modulation of the barorecepto(Sefler,

1994). The aim of this study was to determine if the DMH is capable of modifying the baroreceptor
reflex control of heart rate and sympathetic vasomotor activity.

Experiments were performed on rats anaesthetised with urethane (1.35g/kg i.p.). Arterial
pressure, heart rate (HR) and renal sympathetic enectivity (RSNA) were measured. The
baroreceptor reflefunction was determined by measuring the changekesl in HR and RSM by
alterations in mean arterial pressure (MARr@ wide range (50-200 mmHg), induced by insaous
infusions of a vasodilator (sodium nitroprusside) or vasoconstrictor (phenylephrine). In each
experiment, baroreceptor refléunction cures were determined before and after microinjection of the
GABA receptor antagonist bicuculline (4 or 40 pmol) or the vehicle solution of artificial cerebrospinal
fluid (ACSF) into the DMH. A logistic function cuevof best fit was calculated in each case.
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As illustrated in the Figure, disinhibition of DMH neurons by bicuculline microinjection resulted
in a shift in the baroreceptor refléunction curve. The baroreceptor r&flgperating point (ORlashed
line) for the barorefbecontrol of both HR and RSAlwas significantly increased (*P <0.05) in a dose-
dependent fashion by bicuculline microinjection, but not ACSF microinjection into the DMH (see the
Table below). There was no reduction,waver, in the gain of the renal sympathetic or cardiac
component of the baroreceptor reflex.

AOP (mm Hg)

Bic (pmol) | n| HR RSNA
0 (ACSF) 6| 0+2.6 3+1.9

4 6 | 15+4.1* | 9+2.4*
40 6 | 26x4.1* | 18+5.7*

We mnclude that actetion of the DMH alters the operating point of the baroreceptor reflgx, b
that the refle remains operationalver a wide range of arterial pressures.

Spyer K.M. (1994)Journal of Physiology474, 1-19.
Stotz-PotterE.H., Willis, L.R. & DiMicco, J.A. (1996)Journal of Neurosciencd,6, 1173-1179.
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Renal sympathoexcitatory responseveked from the dorsomedial hypothalamic nucleus
is mediated by presympathetic vasomotor neurons in the rostral ventrolateral medulla
J. Horiuchil, S. Kllinger®, RM. McAllerf, AM. Allerf and R.A.L. Dampnéy'Department of
Physiology The University of SydgeNSW 2006, Australia amiNeurobiology Group, The Howard
Florey Institute The University of Melbourn&/IC 3010, Australia..SP

The dorsomedial hypothalamic nucleus (DMH) plays a critical role in mediating the
cardiovascular response to an acute stress (Stotz-Pettexd, 1996). Actvation of neurons in the
DMH causes an increase in arterial pressure, heart rate and renal sympathetictivég (Fonteset
al.,, 2001). We have previously shaovn that the sympathoexcitatoryasomotor but not cardiac,
component of the DMHwoked response is dependent upon a synapse in the rostnablateral
medulla (Fenteset al, 2001). Onthe other hand, Samuett al. (2002) showed that the cardiac
component of the response is mediated by neurons in the midline raphe pallidus (RP) in the medull;
but did not examine the sympathoexcitatory vasomotor comporidré.aims of this study were (1) to
determine if inhibition of RP neuronsfafts the sympathoexcitatory component of the DMbked
response, and (2) to determine théeat to which, at the single neurowdg RVLM presympathetic
neurons are influenced by inputs from the DMH.

Experiments were performed on rats anaesthetised with urethane (1.4 g/Kgdap).arterial
pressure (MAP), heart rate (HR) and either renal sympathetice netwity (RSNA) or the
extracellular activity of barosensre and spinally-projecting RVLM neuron were recordddnilateral
microinjections of the GAB receptor antagonist bicuculline (0.1-40pmol in 20nl) into the DMH
resulted in dose-dependent increases in MAIR and rSMA. Inhibition of the RP by injections of
muscimol (80pmol in 100nl) did not alter the increase inA%Moked by bicuculline (40pmol) in the
DMH, whereas increases in MAP and HR were significantly attenuated, as Sa&mnakl$2002)
previously reported. In addition, thexteacellular activity of 5 out of 6 barosensgdi and spinally-
projecting neurons in the RVLM were strongly excited (increase in firing rate ot 4P5%) by
unilateral injection of bicuculline (40pmol) into the DMH. The results demonstrate that the cardiac
and sympathoexcitatory vasomotor components of the vastiglar response elicited by disinhibition
of the DMH are mediated via at leasptaifferent descending pathways in the medulla.

Fontes, M.A., Tagwa T., Polson, J.W., Ganagh, S.J. & DampieR A.L. (2001)American Journal
of Physiology280, H2891-H2901.

Samuels, B.C., ZaretgkD.V. & DiMicco, J.A. (2002)Journal of Physiology538, 941-946.

Stotz-PotterE.H., Willis, L.R. & DiMicco, J.A. (1996)Journal of Neurosciencd,6, 1173-1179.
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Blockade of angiotensin type 1 (AT1) receptors in the rostral ventrolateral medulla
increases renal sympathetic activity and arterial pressuw under hypoxic conditions
J. Sheriff, M.A.P. Fontes, S. Killinger and R.A.L. Dampn®epartment of Physiology F13, University
of Sydng, NSW 2006, Australia.SP

Administration of exogenous angiotensin Il (Angll) into the rostral ventrolateral medulla
(RVLM) increases sympathetic activity and blood pressure, indicating that it hasitatoey effect on
presympathetic neurons in thigren. Blockade of angiotensin type 1 (AT1) receptors in teNR
under normal conditions results in little change in sympathetigitgctsuggesting that under these
conditions endogenous Angll has little tonic effect in thAR. Recently howeve, it has been
suggested that endogenous Ang Il has a tonic action on xathtery and inhibitory mechanisms in
the RVLM, so that the ultimate effect on sympathetic activity depends upon the balance between th
excitatory and inhibitory effects of endogenous Angll on presympathetic neuroret @flu2002). If
that is the case, then this balance could be altered under conditions in whicleltio¢ detivity of
excitatory or inhibitory synaptic inputs to RVLM neurons is altered. In this study we tasted this
hypothesis by determining the effects of blockade ®fl Aeceptors in the RVLM underypoxic
conditions, which is known to enhance thei@tory glutamatergic inputs to RVLM presympathetic
neurons. Rats were anaesthetised with urethanel(85y/kg) and arterial pressure, heart rate and
renal sympathetic neev activity were recorded. Unilateral microinjections of an AT1 receptor
antagonist, candesartan (100pmol), into the RVLM during moderate hypoxjd () resulted in an
increase in arterial pressure and renal sympathetice reetivity, whereas microinjections of the
vehicle solution had little effect. The results indicate that, ungpoxic conditions, endogenous Angl|
has a net tonic sympathoinhibitory effecakd@n together with other recent findings, the results are
consistent with the hypothesis thatJAreceptors can mediate both tonic excitatory and inhibitory
effects on RLM sympathoexcitatory neurons, and the balance of these effects is altered under
different physiological conditions.

Hu, L., Zhu, D., Yu, Z., Wang, J.Q., Sun, Z. & Yao, (2002)Journal of Applied Physiolog@2,
2153-2161.

http://www.apps.a.au/Proceedings/33/80P Bceedings of the Australian Physiological and Pharmacological Society



Angiotensin Il microinjections in the nucleus tractus solitarius has an inhibitory effect on
the cardiac but not the non-cardiac sympathetic component of the baroreceptor reflex
P. Tan and R.A.L. DampgeDepartment of Physiology F13, University of SydmMSW 2006,
Australia. .fp 10 S

The nucleus tractus solitarius (NTS) is a major nucleus located in the dorsal medulla and i
critical in the mediation of the baroreceptor refld is also a site which contains a high density of
high affinity binding sites for angiotensin Il (Angll). Previous studiestsaovn that microinjections
of Angll cause significant inhibition of the cardiac component of the baroreceptor reflervdro
there is ery little information on its effects on the non-cardiac sympathetic component, which is of
critical importance in the galation of blood pressure. Experiments were carried out in adult male
Sprague-Dawle rats that were initially anaesthetised with pentobarbital sodium (60mg/kg, I.P.) and
maintained by I.Vinfusion of pentobarbital sodium (6mg/ml at 1-1.3ml/hr). The arterial pressure,
heart rate (HR) and renal sympathetic eesstivity (RSN) were measured. The baroreceptors were
stimulated by increases in mean arterial pressure (MAP) of 40-50 mmHg induced by a single bolu
injection of phenylephrine, and the refldgecrease in HR and RSN measured.

Fadlowing bilateral microinjections of 40pmol Angll (50nl) into the NTS, the gain of the cardiac
component of the refte(measured aAHR/AMAP) was greatly reduced by 70 + 8.7% compared with
that before Ang Il microinjections. In contrast, bilateral microinjections of Angll into the NTS had no
significant efect (change of 1.4 + 5.5%) on the gain of the renal sympathetic component of the refle
(measured aBRSNA/AMAP). In control experiments, bilateral microinjections of tle@igle solution
into the NTS had no effect on thaig of either the cardiac or renal sympathetic component of the
reflex.

We @nclude from thesexperiments that the inhibitory influence of Angll microinjections may
be restricted to the cardiac component of the bararefteis possible that in conditions where
endogenous Angll activity is increased (e.g. hypertension or leelarie) the cardiac refteresponse
to changes in blood pressure may be inhibited, whereas the baroreceptor mediateotar response
is largely unaffected.
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Angiotensin Il via AT , receptors may mediate apoptosis in the cardiac conduction system
of rats

U. Wngvatcharanoh S. \6ngvatcharanofy N. Radenahmad| P. Kirirat 1, P. Intasard, P. ©bhor? and

T. Rarker*, 1Department of Anatom¥aculty of SciengePrince of Songkla Universitydat-Yai 90112,
Thailand,’Department of Oral Sgery, Faculty of DentistyPrince of Songkla UniversityHat-Yai
90112, Thailand®Department of Anatom§aculty of SciengeMahidol University Bangkok 10400,
Thailand and*School of Biomedical Scienddottingham UniversityNottingham NG7 2UH, UK.SP

Apoptosis has been suggested as a possible cause of graddaprdent of complete heart
block and fatal ariythmias associated with absence of thémdde, sinus, and internodal patiys
(Jameset al, 1996). Studies about apoptosis in the heart by means of cardiomyocyte cell cuéure ha
demonstrated that angiotensin Il (Ang Il ) mediates cardiogtgagpoptosis via angiotensin Il type |
receptors (A,) (Cigola et al, 1997). The transgenin(Ren-2)2{TG) rat carries the addition&®en-2
gene, the xpression of which results in an increase of heart Ang Il (Campebedl, 1995), thus
potentially affecting the cell growth/death equilibrium. This study addresses the question of role of
Ang II/AT ; receptors mediated apoptosis in the sinoatrial (SA) and/atticcular nodes (AV).

Six, male 2 week TG and Hanre Sprague Dwley (SD) rats were anaesthetised by
pentobarbitone sodium i.p. injection (100 mg/kg). The hearts werevednmamd fixed in 10%
formaldelyde. Following dehydration and embedding in péirgf5 um serial sections were cut then
stained with Masson Trichrome to localize SA avimddes. Thesections containing SA oANAnode
were processed for either: (a) calculation of apoptotic nuclei following terminal deoxnucleotidyl
transferase nick end labeling of 3-OH ends wusing Fluorescein-FrageL™; or (b)
immunohistochemical labelling with antibodies to thE, Aeceptors prior to confocal scanning laser
microscopical analysis. Quantification of Areceptors s performed by using Microimage analysis
software (Olympus).

Group Apoptotic cells/mm AT, receptors X10°)/mn¥
SA AV SA AV
SD 0.040+0.07 0.164+0.12 1.14+0.17 7.63+1.91
TG 0.140+0.37* 0.433+0.11* 1.67+0.26* 12.50+3.97*

Data expressed as mean + SD (n=6)
* = significant compared with control (P<0.05) (Independent-Sample T-test)

The table shws that the number of apoptotic cell in both the SA addhéde is significantly
greater in the TG compared with the SD (p<0.05). QuantificationT pféceptors within SA and\A
node shws that there were significantly morel Areceptors in the TG compared with the SD
(p<0.05). These data suggest that amatdel level of apoptosis in the TG rat heart compared with the
controls could be accounted for Bgn-2derved Ang Il actve via AT, receptors.

Campbell, D.J., Rong, P., Kladis, A., Rees, B., Ganten, D. and Sk8in€t995) Angiotensin and
Bradykinin peptides in the TGR (mRen-2)27 tdypertension25, 1014-1020.

Cigola, E., Kajstura, L.B., Meggs, L.G. andwersa, P(1997) Angiotensin Il actetes programmed
myocyte cell deatim vitro. Experimental Cell Reseen, 231, 363-371.

James, T.N., Martin, E., Willis, P.Vehd Lohr T.O. (1996) Apoptosis as a possible cause of gradual
development of complete heart block and fatal arrhythmias associated with absence of the AV
node, sinus, and internodal pathwagsculation, 93, 1424-1432.
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Effect of sinoaortic denewation on baroreflex sensitivity assessed with complex
demodulation in the anaesthetised rat

YC. TzengPD. Larsen and D.C. Galletpepartment of Sgery and Anaesthesia, Wellington School
of Medicine PO Box 7343, Wellington, NeZealand. .SP

The releance of barorefbe dysfunction in the clinical setting has simulated a rapialyaeding
area of research into the assessment of banoistesitvity (BRS). Recent efforts ka @wncentrated
on developing non-itvasive techniques that ae BRS to be determined from spontaneous heart rate
and blood pressure recordings, such as the sequence method amdntiee. However, these
techniques are limited as thprovide average estimatesver the entire period of recorded data. More
recently Kim & Euler (1997) introduced an alternagimethod of estimating BRS from spontaneous
heart rate and blood pressure fluctuations based on couggodulation (CMD) that is capable of
assessing the dynamic changes in casdicular variability and barorekesensitvity as a function of
time (Hayanoet al 1993). Using an anaesthetised rat model, the current study was conducted to
validate the use of CMD analysis in sinoaortic denervated rats, and compare its performance to th
Oxford method, sequence technique anddex.

In 12 anaesthetised rats breathing isoflurane (1.5-2%) through a tracheal cannula, we recorde
the ECG and continuous arterial blood pressure before and after sinoaortiatien¢B8AD). Arterial
barorefle testing using the Oxford methodchw performed before and after SAD using similar doses of
pherylephrine (1.5ug kg) and sodium nitroprusside (2459 kg) in 0.3 ml over 15 s aministered
intravenously From spontaneous HR and SBP recordings we determined vasivén BRS using
CMD, sequence technique and théndex.

Consistent with Kim & Eules gudy, we found that BRS values obtained with CMDasv
strongly correlated to values dexil from phenylephrine (R=0.83, P<0.01), nitroprusside (R=0.77,
P<0.01), sequence technique (R=0.85, P<0.01)amdlex (R=0.78, P<0.01). The absolute values of
BRS estimates obtained with CMDaw similar to sequence technique amdhdex, but where
significantly greater than values obtained with the Oxford methatbwing SAD, Oxford measures
of BRS decreased to almost 0, while CMD and sequence techniqguesdsb0% reductions. The
a-index method showed no significant decrease following SAD.

We mnclude that the CMD approach to measuring BRS is at least as accurate as the sequen
technigue and is superior to theindex. All three non-inasive measures differ markedly from the
Oxford measure. The fine temporal resolution offered by CMD, and the high correlation with the
Oxford method mean that this technique would &gy wseful as an indeof BRS under conditions in
which BRS is changing rapidlgnd invasive measures are not possible.

Kim S.Y. & Euler D.E. (1997Hypertension29, 1119-1125.

Hayano, J., Taylod.A., Yamada, A., Mukai, S., Hori, R., Asaka T., Yokoyama K., Watanabe. Y.,
Takata. K. & Fujinami. T(1993)American Journal of Physiolog264, H1229-H1238.
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Change in baroreflex sensitivity during induction of anaesthesia with propofol
PD. Larsen, Y.C. Tzeng and D.C. Gallegpartment of Sgery & Anesthesia, Wellington School of
Medicine PO Box 7343, Wellington, NeZealand. .SP

A number of studies @ demonstrated that general anaesthesia with propofol results in a
decrease in barorefiesensitvity (BRS), and suggested that this is due to inhibition of sympathetic
nenous activity (Eberet al, 1992, Sellgreret al, 1994). These studies Veompared pre-anaesthetic
measures with measurements taken following induction, once a steady state of anaesthesia has b
achieved. It has not been possible with existing techniquesamee the changes in BRS that occur
during induction of anaesthesia, as measurements of BRS require stationarity for spectral measure
long time sgments for sequence methods or a steady state at which interventions such as dru
infusions can be performed. Kim & Euler (1997yédntroduced an alternag method of estimating
BRS from spontaneous heart rate and blood pressure fluctuations based orx clemoléulation
(CMD) that is capable of assessing the dynamic changes in\aaditar variability and baroreke
sensitivity as a function of time, and does not assume stationarity of the signal.

In the current study we westigated the changes in barorafleensitvity that occur during
induction of anaesthesia using CMD in 12 healthale patients undergoing elaai surgery The
injection of propofol 10mg/ml) 0.2ml kY followed by an infusion of 1ml kghrt, was associated
with a transient tagftardia which commenced ownepage 25 s after the start of propofol injection.
The HR reached a mean peak of 95 bpm at 47 s following the start of the injection of propofol anc
returned twards pre-anaesthetic rates, plateauing by approximately 84 s. Thyeasatih occurred
approximately 5 s prior to the onset of hypotension. Approximately 30 s following the start of injection
of propofol, systolic and diastolic blood pressure fell, followed bwlairfi pulse pressure at 34 s.
Systolic pressure fell from a mean of 135 mmHg to 97 mmHg by 60 s after the start of the injection o
propofol. BRS decreased to a minima at 35-40 seconds after the start of injection of propofol. Or
avaage BRS decreased 38% relatito preinduction leels. Following the initial minima, BRS
increased, Wt in 8 of 12 subjects remained belpreanaesthetic \els, while in 4 of 12 subjects BRS
was devated.

We mnclude that CMD is a useful tool for examining dynamic changes in BRS, such as those
occurring at induction of anaesthesia. Thgpdiension associated with the initial induction of
anaesthesia with propofol cannot be accounted for by the brief initial decrease in BRS but may b
caused either by intrathoracic pooling of blood, direct myocardial depression or vasodilatation.

Ebert, T.J., Muzi, M., Berens, R., Goff, D. & Kampine, J1992)Anesthesiology;6(5):725-33.

Kim S.Y. & Euler D.E. (1997Hypertension29, 1119-1125.
Sellgren, J., Ejnell, H., Elam, M., Ponten,, J. & Wallin, B.G. (1994gsthesiology80(3):534-44,.
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Calbindin D-28K and parvalbumin calcium-binding proteins in SA and A/ nodes of rat
heart

S. Vongvatcharandrand U \bngvatcharanof 1Department of Oral and Maxillofacial Syery
(Anesthesiology section), Faculty of Dentistyd “Department of Anatomffaculty of SciengePrince
of Songkla UniversityHat-Yai 90112, Thailand.

The role of C&'-release from the sarcoplasmic reticulum in influencing the pacemaker rate
appears to be a common mechanism in sinuatrial node (SA) @itlalg 1996) and atrigentricular
node (AV) (Hancoxet al, 1994). An increasedvd of intracellular C&" or C&* overload has been
suggested to be a major cause of arrhythmia (Blaustein & Led®@9). Calbindin D-28K and
parvallumin calcium-binding proteins faa been found in neurons, and function as intracellul&™ Ca
buffering transport protein to maintain a constant intracellulat* Gavel (Chard et al, 1993).
However, there hae been no previous reports of calcium-binding protein in the SA anddadtles.

This study aimed to uestigate whether the SA andVAnodes contain calbindin D-28K and
parvalbumin.

Adult Wistar rats age 4 weeks were anaesthetised by ether inhalation. The hearts wes@ remo
and fixed in 10% formaldehydeolfowing dehydration and embedding in paraffipnbserial sections
were cut in both the horizontal and coronal planes and then stained with Massoonie to localise
the SA and X nodes. The sections containing SA oV Anode were processed for
immunohistochemical labeling with antibodies to calbindin D-28K and parvalbumin.

St B

e 6 X U . R

(A) Cross section of the heart at the junction of superior vena cava and right atrium, stained
with calbindin D-28K antibody at a dilution of 1:400, showing immunoreactivity (brown color) in the
cytoplasm of nodal fiberof SA wde. (B) Coronal section of the heart,stained with paruatin
antibody ata dilution of 1:2000, showingmmunoeactivity (brown color) in the cytoplasm of nodal
fibers of AV rode.

The calbindin D-28K and the patumin are found in both the SA and Aodes, suggesting
these tw binding proteins may be wolved in the generation and conduction of electrical impulses by
maintaining a constantud of the intracellular calcium ions. It is hoped that the study of these
calcium binding proteins will open weavenues for therapeutic interventions, especially for the
treatment of C& overload and arrhythmia.
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Blaustein, M.P& L ederey W.J. (1999Physiological Reviewr9, 763-854.
Chard, P.S., Bleakman, D., Christakos, S., Full@e. & Miller, R.J. (1993)Journal of Physiology
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472, 341-357.
Hancox, H., LedereiV.J. & Cannell, M.B. (1993roceedings of the Royal Society2B5, 99-105.
Hata, T., Noda, T., Nishimura, M& Watanabe, Y(1996)Heart and Vessel41, 234-241.
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Cardiac remodelling contributes to altered ventricular mechanics in hypertensee
cardiomyopathy

A.P. Pope B.H. Smaill and 1.JLeGrice Department of Physiology/Bioengineering Institldaiversity
of Auckland, Private Bp92019 Auckland, Ne Zealand.SP

The compl& organisation of cells andx¢racellular matrix (ECM) contributes to the diastolic
properties of the heart. Remodelling of these structures is a significant feature oVvasatdizw
diseases such as hypertension and heduré. The change in the content andanrsation of ECM
collagen is an important aspect of this remodelling because of the role collagen plays in
interconnecting cells and limiting cellular remnent during pasege filling. The objectire d this study
was to dharacterise the differences in 3D collageganisation in normal and diseased hearts and to
link these differences to changes in diastolic function.

Ventricular structure and function measurements were made in Spontaneously HyEerssi
(SHR) and \istar-Kyoto (WKY) controls at 12 months. Geometry measurements were made using M-
mode echocardiogragtand systolic blood pressureaw measured prior to renab of the hearts. The
passve left ventricular (LV) pressure-volume (PV) relationshipsacharacterised for each heart by
inflating an IV balloon to a pressure of 30 mmHgwd hearts from each group were perfused with
picrosirius red dye via the coronary circulation to stain collagen. Samples from these hearts were res
embedded and imaged using a@digh throughput confocal microscopecility. Imaged blocks were
typically 2mmx 0.5mmx 0.3mm with Jum voxel dimension.

In vivo measurements confirmed that the SHRs were bgpertensie (SHR 152.4mmHgt
7.7mmHg (n=8), WKY 117.6mmHs.8mmHg (n=9),P=0.001) and their hearts wergpertrophic
(Posterior i wall thickness: SHR 3.24mnt 0.24mm (n=6), WKY 2.47mg&0D.23mm (n=7),
P=0.042). Actve ventricular function vas reduced in the SHR group with fractional shortening at
74.7%t 4.6% (n=6) compared to 61.3%.7 % (n=7) in the WKY groupR=0.07). The mean\LPV
curve for the SHR group was shifted leftward with respect to contxoktiftfness AP/AV) was greater
in SHR than in WKY at pressures throughout the range 4 to 28mi&t0(05:;SHR n=8, WKY
n=9).

In WKY blocks, perimysial collagen fibres grouped cells into layers and branched across space
between the layers whereas the layers in SHR blocks were tightly approximated and there were den
planes of collagen separating them. Furthermore, the epimysial collagen asstore obvious in the
SHR blocks and both pericellular and pescular collagen were substantially greater with some
regions of cellular necrosis evident.

We lelieve that these differences in myocardiagjarisation are responsible for differences in
both local and global passi mechanical function. The increased ECM around cells and layers will
change cell-to-cell mechanical coupling and limit the ability of myocardial layers to sheaerélati
each otherlikewise increased epimysial collagen will limgmntricular gpansion. Additionallydense
collagen around both vessels andwdlial cells may impair diffusion of oxygen and metabolites and
lead to tissue necrosis and scar formation. These changes in local mechanical propeeigdilkety v
to be the cause of the reducezhtricular compliance in SHR hearts as compared to WKY and will
subsequently result in impaired diastolic function in the diseased hearts.
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Autoperfused hindlimb as a physiologically releant model to study skeletal muscle
function and metabolism
A.J Hoy, G.E. Peoples and P.L. McLennan, Smart Foods @ebepartment of Biomedical Science,
University of WollongongNSW 2522, Australia.SP

The aim of this project, was to establish a small animal model that couldigpradequate
oxygen delery at physiological vascular resistance to support studies of metabolism and biood flo
in both resting and contracting muscle.

Male Hooded Wstar rats were anaesthetised with sodium pentobarbital (6mg/100g body weight
I.p.). Polyethylene tubing filled with 0.9% heparinised saline containing 6% w/v diglsdéxtran 70
was used as cannulae at all times. The left carotid artesyy egnnulated to record mean systemic blood
pressure. The right femoral artery (non-perfused) was cannulated to supply arterial blood to the le
hindlimb femoral artery (perfused) and &llarterial sampling. This loop was passed through a pump
for constant flav with perfused hindlimb pressure recorded via a side arm pressure transducer distal tc
the pump. Bssve venous return occurred via a cannula from the left femoral vein to the xignhal
jugular vein, allowing for venous sampling. The left sciatic eemas stimulated via a bipolar
electrode with force produced recorded. Blooasveampled from the venous and arterial loops and
oxygen uptak (VO,) determined using the Fick equation. Rats weeptknormothermic and were
ventilated during experlments to control arterigl€édntent. Extracorporealood volume was 2ml.

At 1 mimin' mean systemic pressure was 9932.06 mmHg (n = 44, meah SEM), mean
hindlimb perfusion pressure was 92:83.08 mmHg Vo was 0328+ 0.022pmoltmingww?! and
(a- v)O diff of 5.03 + 0.35 mA00mf™. At 2 mithint with muscle stimulation mean hindlimb pressure
was 166.41+ 5.16 mmHg (n = 8) with a ¥, of 0.570+ 0.084 pmolmin™ Gww? and (a-yO,diff of
4.44 + 0.69 mCoomr™. Vo is decreased at higher Wlorates without stimulation (0. 196 0.02
umolimintgwwl) but Wlth muscle contraction was increased. Tlabld summarises the blood
profile during both fler rates.

Arterial Venous Iml/min 2ml/min + stim
pH 7.37+0.01 pH 7.2#0.01 7.2%0.01
CO,(mmHQ) 3471 0.72 pCQ(mmHQ) 51.44+1.11 50.60t 1.45
pO, (mmHg) 101.4A1.31 pPQ (mmHg) 46.33t 1.49 45.40t 2.52
Hct (%) 45,41+ 0.42 Hct (%) 47.11%0.42 49.75 0.92
K* (mmol/l) 3.65+ 0.04 K" (mmol/l) 3.33+ 0.05 3.70+£ 0.05
Hb (g/dL) 14.80+ 0.14 Hb (g/dL) 15.320.14 16.26: 0.31
SO, (%) 97.57+ 0.10 SQ (%) 71.22+ 1.77 71.6% 3.71

The deelopment of an autoperfused rat hindlimb by this laboratoryesgiise to a
physiologically relgant model to study skeletal muscle function and metabolism.

http://www.apps.ay.au/Proceedings/33/87P
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Vascular remodeling and changes in cellular coupling during vascular disease

N.M. RummerySL. SandowT.D. Bradkenbury and C.E. Hill, Division of Neurosciendehn Curtin
School of Medical Resedr, Australian National University Canberra, ACT 0200, Australisp
-0.25c

Changes in blood essel morphology and function, including vascular remodeling and
endothelial dysfunction, accompathe increase in peripheral vascular resistance and blood pressure,
characteristic of hypertension. Alteredpy junction expression has also been described during
hypertension (Sers, 1999; Rummenet al., 2002). This study examined the nature afaular
remodeling in tw functionally different blood essels, and correlated this with changes in the
distribution of Cxs during the gelopment of hypertension.

The deelopment of lypertension in the spontaneouslypbrtensie rat (SHR) begins at
approximately 4 weeks of age, animals becomiggehensie mmpared to age matched control
Wistar-Kyoto rats (WKY) at 9 weeks of age (Rummaeatyal., 2002). In all &periments, rats were
anaesthetised with ketamine/rompun (44/8 mg/kg res@hctii.p.) and tissue as prepared for
electron microscop RNA extraction or immunohistochemistry.

Electron microscopwas used to determine structural characteristics of thoracic aorta (ThA) and
caudal artery (CA) obtained from 12 week SHR and WHKiYthe CA, but not the ThA, luminal
diameter was decreased, while the number of smooth muscle cell layers and the medial cross-sectiol
area was increased in SHR compared to the WRémodeling of the endothelium was examined in
the ThA and CA using immunohistochemistry (IHC). In the 3-week old CA, there wadereide in
endothelial cell (EC) morphology between strains, while at 12 weeks, area, length and perimeter c
ECs was reduced in SHR. Between 3 and 12 weeks, tler@amvincrease in area and a decrease in
length of ECs in WKYwhile the area, length and perimeter of ECs in SHR decreased. EC morphology
was ot different in the ThA of SHR compared to WKY at 12 weeks.

Expression of mRN and protein for Cxs 37, 40, 43 and 4aswquantified in the ThA and CA
of the WKY and SHR using real-time PCR and IHC. At 12 weeks, Cx43 predominated in the ThA,
punctate labeling being found in the media. Cx4¥s wietected in the media of the ThA and CA.
Expression of both Cxs was significantly reduced in the SHR. Cx37 waslaltly expressed in the
media of the CA, and sparsely in the ThA. This expression did nfetr dif either artery during
hypertension. In the endothelium, Cxs 37, 40, and 43 were detected indsstisv The density of
Cx37 expression as significantly reduced in the endothelium of the ThA in SHR compared tag WKY
while Cx40 vas decreased in the CA. Between 3 and 12 weeks, the density of Cx40 was reduced in tt
SHR at 12 weeks compared to 3 weeks of age.

At 3 weeks, mRN for Cxs 37 and 43 was equallypeessed in the ThA of both WKY and
SHR, while Cxs 40 and 45 were sparse. In the ThA, expression of protein for Cx43 was similar in bott
strains, while Cxs 37, 40 and 45 were not detected. In the CAAMRNCx37 was alndantly
expressed in both WKY and SHR Wwever expression was significantly less in the WK¥milarly,

MRNA for Cx45 was decreased in the WKI¥i the CA, there were no dérences in Cx protein
expression between strains. Between 3 and 12 weeks, there was no differenceArexpRagsion in

the ThA. In the CA, mRN for Cxs 37 and 40 a&s greater at 3 week compared to 12 weeks in both
strains, while Cx45 was greater in the CA of the WKY at 3 weeks. Expression for Cxs 37 and 43 in the
ThA was greater in the WKY at 12 compared to 3 weeks. In the CA of both WKY and SHR, protein
for Cx45 was greater at 12 compared to 3 weekseb® in the SHR, this was not significant.
Expression for Cxs 37, 40 and 43 was not altered in the media of the CA dwéapdeent.

Results indicate that vascular remodeling occurs in the media and endothelium of mugcular b
not elastic arteries duringypertension. In the endothelium this remodelingetigs coincident with
the increasing blood pressure. Changes in Xpxession during hypertension differed depending on
the vessel studied, with significant changes occurring with thelogenent of hypertension. The
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changes described here maydasgnificant consequences for blood vessel function during the
development of hypertension.

Severs, N.J. (1999Novartis Foundation Symposiu219:188-211.

Rummery N.M., McKenzie, K.U.S., Whitworth, J.A. & Hill, C.E. (200dpurnal of Hypertension,
20:247-253.
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Initiation and coordination of vasomotion in rat cerebral arteries
R.E. Haddock, T.D. Br&enbury and C.E. Hill, Division of Neurosciendehn Curtin School of
Medical Reseanh, Australian National UniversityCanberra, ACT 2601, AustraliaSP

In cerebral blood vessels, rhythmical contractiongessel diametepr vasomotion, play an
important role in determining blood ¥lo and vascular resistance. In mesenteric arteries, the
endothelium and cGMP tia keen shown to be essential for initiating vasomotion, presumably through
the release of nitric oxide (NOJPenget al, 2001), while cell coupling is suggested to coordinate
calcium oscillations (Sekt al, 2002). \asomotion in the basilar artery is dependent on intracellular
calcium stores and an interplay betweeltage actrated calcium and potassium channels (Haddock
& Hill, 2002), while the role of the endothelium and cell coupling is unknoWe havetherefore
investigated the role and distribution odscular connexins (Cx) and the role of the endothelium in the
initiation and coordination of vasomotion in the juvenile rat basilar artery.

Wistar rats (14-17 days) were anaesthetised with ether and decapitated (Animal Experimentatio
Ethics Committee, ANU). The basilar artery and its branches were isolated and pinned in a recordin
chamber which was perfused withygiological saline. Changes in membrane potential were measured
with sharp microelectrodes (140-220Q)) which were filled with propidium iodide to identify the
impaled cells. Changes in arterial wall or indual smooth muscle cell (SMC) intracellular calcium
([Caz*]i) were assessed using Fura 2-AM, and either photometry or an intensified CCD camere
respectrely. Contractions of the sameessels were simultaneously recorded using videomicrgscop
Immunohistochemistry was performed on intacéssels following perfusion fixation (2%
paraformaldeyde in phosphateuffer) and imaged using confocal microsgoferial section electron
microscojy was used to westigate the presence of myoendothelial gap junctions (MEJGS).

Under control conditions, rhythmical depolarisations anc?m:ascillations in both the arterial
wall and in individual SMCs preceded rhythmical contractions. Membrane potential recordings from
either SMCs or ECs were not significantly different and serial section electron migrascdipmed
that MEGJs connected the endothelium to the SMCs. The NOS inhibitor L-NAMBMjland the
selectve guarylate cyclase inhibitor ODQ (1MM) increased the frequepcand amplitude of
rhythmical activity and constricted the vessel. OD@Q{ bot L-NAME, hyperpolarised theessel.
Remawa of the endothelium resulted in irregular contractions, asynchronod%]i[@acillations in
adjacent SMCs and a small depolarisation of thesel. Addition of ODQ to endothelial denuded
preparations prented the constriction and augmentation of residual rhythmical activity induced by
cGMP inhibition, lut had no effect on the hyperpolarisation. Cx37, 40 and 43, but not Cx45, were
found in the endothelium, while Cx 37, 43 and 45 were expressed to a kdeselire SMCs. The ap
junction uncouplef’*Gap 27 (10QAM) abolished rhythmical activity and hyperpolarised the SMCs,
while “%Gap 27 resulted in irgailar contractions and asynchronousz[tjllaoscillations in SMCs, lt
had no effect on membrane potential.

We mnclude that the endothelium is essential for the coordination but not initiation 76Ii [Ca
oscillations and vasomotion in the basilar artdiyis does not occur through the release of NO and
activation of a depolarising currentubmay instead be due to electrical coupling through MEGJs
containing Cx40. Theyperpolarisation caused by ODQ suggests effects on ion channels of additional
cGMP within SMCs. The persistence @seomotion in the presence of ODQ confirms that cGMB w
also not responsible for the initiation oisomotion. @dgether the data indicate that the mechanism
responsible for the initiation of vasomotion in cerebral arteries differs from that in systemic vessels.

Haddock R.E. & Hill C.E. (2002)Journal of Physiology545, 615-627.

Peng H., Matchav V., Ivarsen A., Aalkjaer C. & Nilsson H. (200C)rculation Reseaih, 88,
810-815.

Sell M., Boldt W & M arkwardt F(2002)Cell Calcium,3, 105-120.
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Functional remodeling in response to prolonged agonist exposeior devated pressure
delays arteriolar relaxation

S.J Potocnik, M.A. Hill 1, L.A. Martinez-Lemifsand G.A. Meininget Microvascular Biology
Group, School of Medical Sciences, RMIT Universilglbourne Vic. 3081 Australia and
’Department of Medical Physiolog@ollege d Medicine Texas A&M University College Sation,
Texas 77843, USA.

While arteriolar contraction is dependent on’Canduced myosin phosphorylation, other
mechanisms including €& sensitisation and time-dependent phenomena suclyteskaletal and
cellular reoganisation may contribute to contractileeats. We have hypothesised that if arteriolar
smooth muscle exhibits time-dependent h@&rathat this may be manifested in differences in
relaxation following short and long-termxmosure to contractile agonists. Consistent with this,
isolated skeletal muscle arterioles wied a significantly delayed return to pre-agonigposure
diameter following washout of noradrenalingif® which had been applied for 4 hours as compared
to 5 minutes. A similar phenomenon was not observed when contractias mwduced by KCI (75
mM) suggesting a possible requirement for receptovaticth. As removal of extracellular C&*
caused a rapid return to passidameter the delayed relaxation following 4 h norepinephrine
exposure was viewed as being functional in charadiee enhanced constrictor response foifg
prolonged norepinephrinxjgosure was pkented by seeral tyrosine kinase inhibitors (genistein, PP1
and PD9859; Hillet al, 2003). Arterioles were cannulated onto glass micropipettes and stadied
vitro using video microscop following dissection (4°C) from the cremaster muscle, sampled from
anaesthetised rats. Further studies presented hexedlioat the impaired relaxation is not inhibited
in the presence of the Rho kinase inhibitor Y27632. This observation suggests the mechanism is n
due to Rho kinase-induced €a&ensitisation eents contributing to an enhanced constrictor response,
while the former implicates vents involving a cSrc/p42/44 MAP kinase patay In these
spontaneously myogenic arterioles, the constrictor stimulus wdteteintraluminal pressure, from 50
to 120 mmHg for 4 hours also results in delayed myogenic vasodilation when the luminal pressure i
returned to 50 mmHg. Confocal microsgopudies (using a fluorescein dye exclusion imaging
method) aimed at examining smooth muscle cell position within the intact vessel wall suggested the
cellular realignment occurs during the 4 hour agonist exposure, consistent with the proposition tha
early remodelling eents are occurring during this 4 hour time course. In particatfancrease in the
extent of overlap between neighbouringscular smooth muscle cells was observed after the prolonged
agonist exposure period. Colladly, these data are consistent with the action of prolonged constrictor
stimuli, either noradrenaline exposure orveled luminal pressure, resulting in an early functional
remodelling process that violves tyrosine kinase-dependent processes and results in impaired
relaxation on remal of the stimulus.

Hill, M.A., Potocnik, S.J., Martinez, L.A. & MeiningeG.A. (2003)American Journal of Physiology,
285:H849-H856.
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Opposing effects of acute and chronic high intensity exercise on N&@"AT Pase activity in
skeletal muscle

R.J Aughey, K.T. Murphy!, SA. Clark, J. Christie?, A.G. Hahr?, C.J. Gore?, AP. Garnhanf, C.M.
Chow?, J.A. Hawley and M.J McKennd, *‘Cente for Rehabilitation, Exercise and Sports Science,
Victoria University of TechnologMelbourne 2RMIT University Melbourne 3Australian Institute of
Sport, Canberra?Deakin UniversityMelbourne andUniversity of Sydne NSW Australia.

The NA&K*ATPase enzyme is critical in maintaining muscle trans-sarcolemmd] pa [K*]
gradients and membranecgability. Howeve, repeated maximal muscle contractions reduce maximal
Na'K*ATPase activity (Fraseet al, 2002). High-intensity intemd training is commonly used by
endurance athletes to impendurance performanceubthe effects of acute high-intensity intakrv
exacise on muscle N&K*ATPase activity are not kwen. Furthermorealthough sprint training
increases muscle NIK*ATPase content (Mcknnaet al, 1993), the effects of high-intensity intatv
training on muscle N&*ATPase activity are unknown. & therefore examined the possible
contradictory effects of acute and chronic high-intensity iafesercise on the muscle NK AT Pase
activity in se&’en male endurance-trained athletes.

A vastus lateralis muscle biopsy was taken at rest, 3-wks prior to (Base), at rest and immediatel
after eercise prior to (Pre) and after (Post) 3-wks of training. Muscle samples were analysed for
maximalin vitro Na'K*ATPase (K" stimulated 30-MFPase) actiity. Performance was characterised
by incremental b, and peak peer output (PPO); and during a simulated 40km time-trial, by mean
power output (MPO). A t-test was used for restin@-84FPase actiity to determine reproducibility
(Base — Pre) and to compare change scores (Base—Pre, & Pre-Post) to identify a change with trainir
A two-way ANOVA with repeated measuressvapplied to test for main effects abeeise (Rest, Ex)
and training (Pre, Post).

Resting muscle ®-MFPase activity did not diér
between Base and Pre. Acute high-intensity interxericese

- i depressed muscle G-MFPase activity by 12#1.2%
.= 00 L (mearrSEM, Exercise main #dct, P<0.05,*, see figure). In
£2 al contrast, training increased (3MFPase activity by
g 2 %07 *F  4.9t0.7% (training main ééct, p<0.05,t, see figure).
a ; * Resting 30-MFPase activity was increased after trainiby
g = %07 5.4t1.0% (Pre — Post change scoRx0.05). NeitherVo,
%'é_ (Base 64.41.6; Pre 64.81.5; Post 65481.9), PPO (Base
2 _E 240 1 Z N 368t12; Pre 37413; Post 37914), or MPO in the 40km

o

I- | % | @ time-trial (Base 27912; Pre 30315; Post 30813) differed
0 significantly after training.
R RE RE In  conclusion, N&K'ATPase measures were
BASELINE  PRE POST reproducible in resting muscle. Acute and chronic high-
intensity interval eercise had coverse effects on N&*ATPase actiity. The small rise in

Na"K*AT Pase activity with training was insufficient to impmexecise performance.

FraserS. F, Li, J. L., Carg, M. F, Wang, X. N., Sangkabutra, T., Sostaric, S., Selig, S.E., Kjeldsen,
K. & McKenna, M. J. (2002Journal of Applied Physiolog@3, 1650-1659.

McKenna, M.J., Schmidt, T.A., Hargness, M., Cameron, L., Skinngs.L. & Kjeldsen, K. (1993)
Journal of Applied Physiology,5,173-180.

This study was partially funded by an Australian Research Councill3jpéRt (C00002552).
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Acute intense exercise upregulates N&K *-ATPase isoform mRNA, but not protein
expression in human skeletal muscle

K.T. Murphy}, RJ. Show?, A.C. Peterseh RM. Murphy, J. Mollica?, J.S. Leé, A.P. Garnhant, RJ.
Aughey, JA. Leppik, I. Medved, D. Cameron-Smithand M.J McKenna, 'Muscle lons and
Exercise Group, School of Human Movement, Recreation and PerfornGamte for Rehabilitation,
Exercise and Sports Scien&ctoria University of TechnologyO Box 14428, MCMC Melbourne,
Victoria 8001 andExercise Muscle and Metabolism Unit, School of Health Sciences, Deakin
University Burwood, Victoria 3125, Australia.

The Nd,K*-ATPase comprises a catalytic sukunit ((1100-112kDa) and a glycosylatefl
sukunit ("40-60kDa), and belongs to a multi-geamily, with different genes encoding for foar(a,,

a,, o, 0, and threef isoforms B,, B,, B;). Characterisation of the N&*-ATPase isoforms
expressed in healyhhuman skeletal muscle, and consequently also the axergse effects on these
isoforms remains incomplete.&fherefore inestigated N&,K*-ATPase isoform expression in human
skeletal muscle, and the fefts of a single bout of intenseeecise on the mRA and protein
expression of these isoforms.

Fifteen healtl subjects (eight males, wen females) performed a single bout of isokinetic one-
legged knee extensoxecise, continued until fatigue (time to fatigue 3b6%9 s; meant SD). A
vastus lateralis muscle biopsy was taken from each subject atategief (Fat), 3 h (+3 h) and 24 h
(+24 h) post-gercise and analysed for mRNand protein expression using Reaie RT-PCR and
immunoblotting, respeately. The N&,K*-ATPase isoforms probed wees, o, 0, B,, B, andB,. To
ensure maximal regery of Na',K™-ATPase enzymes, all immunoblots were conducted on crude
muscle homogenates.

Muscle from each individual expressed gene transcripts and protein bands for each of th
Na',K*-ATPaseq,, o, dg, B, B, andB, isoforms. These were alsgpressed in a skeletal muscle cell
culture. BExercise immediately increased and3, mRNA expression P<0.05), whereas upgelation
of a, and a, (see the Figure) isoform mRN(P<0.05) occurred at 24 h and 3 h postreise,
respectiely. Although significant differences between times were not founfi,fand3, mRNA due
to variable time-dependent responses, the peak pestise mMRM expression of these isoformsas/
elevated (P<0.05). In contrast to the dramatic mRNMNpregulation, &ercise had no significant fett
on the crude muscle homogenate protein expressioryaffahe a,-a, andp,-B; isoforms.

mRNA Protein

e

() - *.:.

_ _ _ 105 kDa
54 —— — — — -

B «— 75kDa

o, expression (relative to rest)
L#%)
[l

N

N7

Rest Fat +3h+24h Rest Fat +3h+24h
*P<0.05 vs. rest, £77<0.05 vs. +24 h

In conclusion, the vastus lateralis muscle from hgaliimans expresses each of the
Na‘“,K"-ATPasecn(l-O(3 andf3,-B, isoforms at both the transcription and protewele Furtheronly 6
min of exercise was sufficient to dramatically increase the mARMpression of each of these six
isoforms. In contrast, thisxercise bout had no effect on isoform protexpession, suggesting this
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was an nsuficient stimulus for NaK*-ATPase uprgulation in muscle. These findings indicate
different transcriptional and post-transcriptional®]{4-ATPase regulation withxercise in human
skeletal muscle.
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Increased N&K *AT Pase content is associated with immved potassium regulation
during maximal exercise after sprint training in non-diabetics, but not in type 1 diabetes
mellitus

A.R. Harmer?, PA. Ruelt, M.J. McKenn#, D.J. Chisholn?, JM. Thont, SK. Huntet and J.R.
Suttorf?, 1School of Exercise & Sports Scienthe University of SydgeNew Suth WalegSchool of
Human Movement, Recreation, and Performa@satre for Rehabilitation, Exercise and Sports
ScienceMctoria University of Technologyctoria, and3Garvan Institute of Medical Resehy
Darlinghurst, Nev South Wales, Australia.

Sprint training attenuates the rise in plasmd [l0[K *]) during intense xercise (Harmeet al,
2000) and increases N&'adenosine triphosphatase {M3ATPase) content (Mcknnaet al, 1993)
in non-diabetics. In type 1 diabetes mellitus (T1D),'K@ATPase content has been reported to be
higher than normal (Schmidt al, 1994). Havever, plasma [K] may also be higher if subjects with
T1D are lypeglycaemic (Shalitz et al, 1991). Theeffects of intensex@rcise and training on plasma
[K*] regulation and N&K*ATPase content in T1D & reve been examined.

Eight subjects with T1D and & non-diabetics (CON) undertook 7 weeks of sprintling
training. Beforetraining, subjects cycled to exhaustion at 1308 V.. After training subjectsycled
at the same workrate for the same duratiBnbjects with T1D delayed insulin administration until
after testing, which was conducted in the fasted stéhstus lateralis biopsies obtained at rest were
assayed for N&*ATPase content fH]ouabain binding). Arterialised venous blood wiraduring
rest, &ercise and reogery was analysed for plasma glucose, J[KINa*], catecholamines, insulin
(IRI), and glucagon (IRG).

Na'K*ATPase content (T1D, 324; CON, 31329 pmols(g ww)}) and A[K*] with a single
bout of maximal eercise did not differ between groups (T1D #031; CON, 1.60.3 mmolefl).
Noradrenaline and the rise in plasma glucose were higher in T1D dusrgise <0.05). Inlate
recovery in T1D, plasma glucosé€0.001), [K'], and IRG/IRI were higheland plasma [N§ |ower
than in CON P<0.05). Taining increased N&*ATPase content by 842.2% and reduced[K *] by
21+7% (P<0.05), with no difference between groups. Theseables were correlated in CON (r =
-0.65,P<0.05), but not T1D.

These findings demonstrate that acute regulation of plashalikng a single bout of maximal
exacise is similar in subjects with T1D who are reldif hypoinsulinaemic versus non-diabetics,
however in late recwery, hypeglycaemia-inducedyperkalaemia may be anticipated. Sprint training
enhanced plasma [Kregulation, associated with increased"KaAT Pase content in CONAIlthough
K™ regulation was also impwed in T1D, the lack of correlation with NK*ATPase content suggests
that other &ctors, e.g. altered hormonal conditions (higher noradrenaline), may play a significant role
during intense xercise.

Harmer A. R., McKenna, M. J., Sutton, J. R., SwdR. J, Ruell, PA., Booth, J., Thompson, M. W.,
Mackay N. A., Stathis, C. G., Crameri, R. M., Carél. F. & Eager D. M. (2000) Skeletal
muscle metabolic and ionic adaptations during interaeige following sprint training in
humansJournal of Applied Physiology9: 1793-1803.

McKenna, M. J., Schmidt,.A., Hargreaes, M., Cameron, L., Skinnes. L. & Kjeldsen, K. (1993)
Sprint training increases human skeletal musclelaATPase concentration and impes K*
regulation.Journal of Applied Physiology,5: 173-180.

Schmidt, TA., Hasselbalch, S., Farrell, ., Vestegaard, H. & Kjeldsen, K. (1994) Human and
rodent muscle NakK*-ATPase in diabetes related to insulin, starvation and traidoognal of
Applied Physiology76: 2140-2146.

Shalwitz, R. A., Gingerich, R. L., McGill, J. B. & McDonald, J. M. (1991) Effect of hyperglycemia on
plasma sodium and potassium concentration revisttiagical Chemistry37: 293-294.
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Effect of exercise on intracellular insulin signalling in human skeletal muscle
K.F. Howlett, K. Sakamotd, H. Y2, L.J. Goodyeaf and M. Hargreaves 'School of Health Sciences,
Deakin UniversityBurwood, 3125, Australia antoslin Diabetes CenteHarvard Medical School,
Boston, 02215, USASP

Exercise enhances skeletal muscle insulin action, and subsequégtttg af number of insulin
sensitve processes such as glucose uptakd glycogen synthesis. The effects géreise on insulin
action and glucose homeostasisehanportant implications for the maintenance of good health and in
the treatment and prention of type 2 diabetes. M@ver, the underlying mechanism/s mediating the
increase in skeletal muscle insulin action followingreise are equobcal. One hypothesis is that
exacise or muscle contraction enhances intracellular insulin signaliragtse downstream of the
insulin receptarRecently we hee demonstrated in mouse skeletal muscle, that prencese enhances
insulin-stimulated insulin receptor substrate-2 (IRS-2) phosphorylation and associated phosphatidy!
inositol (Pl) 3-kinase aatity (Howlett et al, 2002). Havever, no gudy has examined whether this
exacise-mediated effect on IRS-2 signalling also occurs in human skeletal muscle. In light of this, the
aim was to examine insulin signalling in humamlskal muscle in response to wpkrinsulinaemic
euglycaemic clamp following an acute bout réreise. Seen untrained males (24 + 2 y73 + 3 kg,
VO, . = 3.63 £ 0.22 l.mint) were studied at rest and after 60 min of strenucescise (75 + 4%
VO, ). Immediately following rest or rercise, a 120 min hyperinsulinaemic (40 mP)m
euglycaemic (5 mM) clamp as performed. Muscle biopsies were obtained at rest, pasise, and
30 and 120 min of yperinsulinaemia. Plasma insulinvéts were similar during yperinsulinaemia
(Rest, 704 + 34; Eeccise, 691 + 40 pmolY). Insulin-mediated glucose disposal rates were similar
during the final 30 min of the clamp (Rest, 9.1 # 1.1; Exercise, 8.3 + 1.0 thokg'). Insulin had no
significant effects on IRS-1 and IRS-2 associated Pl 3-kinasatyckxercise, per se, tended to
decrease IRS-1 (0.70 £ 0.13 fold) and IRS-2 (0.71 + 0.10 fold) associated Pl 3-kingig. acti
Following exercise, insulin-stimulated IRS-2 associated Pl 3-kinaseigctended to increase at 30
min (1.29 = 0.11 fold) and &s further enhanced at 120 min (2.83 + 0.81 fold, p<0.05). In contrast,
following exercise insulin-stimulated IRS-1 associated Pl 3-kinase activity increased to a peak at 3C
min (1.88 = 0.40 fold, p<0.05), although remained/atkxd abee basal at 120 min (1.67 + 0.18 fold,
p<0.05). Despite the effect oke¥cise on these proximal insulin signalling proteins, there was no
significant efiect of exercise on insulin-stimulated ae#tion of downstream insulin signalling proteins,
including phosphorylation of Akt (Ser473) and GSB3Ser9). Havever, exercise did result in an
increase in insulin stimulated phosphorylation of GRK8Ser21). In conclusion, priorxercise
increases insulin-stimulated IRS-2 signalling in humaeletkl muscle. It appears that insulin-
stimulated IRS-1 and IRS-2 signalling in humarlstal muscle may be differentially regulated by
exacise.

Howlett, K.F., K. Sakamoto, M.Hirshman, W.G. Aschenbach, M. pM.F. White and L.J.

Goodyear(2002). Insulin signaling aftexercise in insulin receptor substrate-2 deficient mice.
Diabetes51: 479-483.
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Exercise and myocyte enhancer factor 2 regulation in human skeletal muscle
M. Hargreaves and S.L. McGe#&ehool of Health Sciences, Deakin UniversByurwood, VIC 3125,
Australia. .SP

We havepreviously shown that a single bout of endurancer@se increases GLUT-4 mRNn
human skeletal muscle (Krani@t al, 2000), implying an increased rate of transcriptidnhas also
been demonstrated that myocyte enhareetof 2 (MEF-2) binding activity is necessary fagukation
of the GLUTF4 gene in skeletal muscle (Thetial, 1998). Inthe basal state, MEF-2 is befesl to be
inhibited by the class Il histone deacetylases ABB), an association that is broken by
phosphorylation of HBRCs and their subsequent nucleaxpert. Associationof MEF-2 with co-
activators possessing histone acetylase (HAT) végti is thought to be mediated by the
calcineurin/nuclear factor of aetted T-cells (NRT) pathway Calcineurin dephosphorylates NF
resulting in its nuclear translocation where it recruits cosaotis possessing HAactivity to MEF-2
allowing maximal MEF-2 DM binding. Whilethis is sufficient to initiate transcription, the rate of
MEF-2 mediated transcription is increased by MEF-2 phosphorylation, with onevpliatise being
p38 MAPK. In the present studwe ought to &amine whether these various mechanisms may be
involved in human skeletal muscle responsexéncese.

Seven healtty, untrained men (2% 3 yrs, 83+ 4 kg, VO, ., = 47 * 2 miskgtemin', mean +
SD) performed cycle ergometexeecise for 60 min at a peer output eliciting 74t 2% Vo, ).
Muscle samples were obtained froastus lateralis immediately before and after@se and quickly
(L5 s) frozen in liquid nitrogen for later analysi$otal and nuclear proteins were isolated as
described previously (McGeeet al, 2003) and quantified by immunoblotting and co-
immunoprecipitation. NucleddDACS5 content was decreased 54% (P<0.05) foilhgy exercise, while
there was no change in whole cell NC6 content. Theassociation of HBC5 with MEF-2 was
reduced by 26% (P<0.05Nuclear NRAT content was similar before and afterecise. Dtal p38
MAPK phosphorylation increased 4.8 fold (P<0.05), while nuclear p38 MAPK phosphorylation
increased 1.8 fold (P<0.05), with no change in thendbance of either total or nuclear p38 MAPK
proteins. Associatiorof p38 MAPK protein with MEF-2 increased 2.7 fold (P<0.05) folloy
exacise, while association of phosphorylated p38 MAPK with MEF-2 increased 1.75 fold (P<0.05).
These results suggest that ACb and p38 MAPK are imolved in the regulation of MEF-2 in response
to exercise in human skeletal muscle, while the calcineuridNpathway may be less important
under these conditions.

Kraniou, Y., Cameron-Smith, D., Misso, M., Colli&. & Hargreaes, M. (2000)Journal of Applied
Physiology88, 794-796.

McGee, S.L., Howlett, K.F., Starkie, R.L., Cameron-Smith, D., Kemp, B.E. & Hamegelsl. (2003)
Diabetes52, 926-928.

Thai, M.V., GuruswamyS,, Cao, K.T., Pessin, J.E. & Olson, A.L. (1998)rnal of Biological
Chemistry273, 14285-14292.
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Effect of exercise on C&'™-sensitive protein kinases in human skeletal muscle

A.J Rosé, B. Michell?, B.E. Kemp and M. Hargreave's IExercise Muscle & Metabolism Unit,
School of Health Sciences, Deakin Univeraity., 3125 andSt. Vincens Institute of Medical
Reseath, Fitzroy, Vic., 3065, Australia..fp 10 S

There is evidence in rodents that PKC (Rictgerl, 1989; Chenet al, 2002) and CaMKII
(Tav et al, 2003) activities are higher in contracting skeletal muscle, and that these kinases may
regulate skeletal musclgunction, including metabolism, duringx@cise. D investigate this in
humans, healhmen (=8, 2445 yr, 23 +2 kgem?, VO, ., = 516 miskgsmin') performed gcle
ergometer gercise for 40 min at 7l % Vo, ., with skeletal muscle samples taken at rest and after 5
and 40 min of xercise. PKC and CaMKIl expression and activities werxamined by
immunoblotting andin vitro kinase assays. There were no differences in maximal2(#CeM)
CaMKII activity during eercise compared with basal. Autonomous (¥B@aM) CaMKIl actvity
was 9 £1% of maximal at rest, unchanged at 5 min, and increased #1%7(P<0.01) at 40 min.
There were no differences in CaMKkmession P>0.1). There were no changes in cPKC or BKC
actwvities (P>0.1), havever aPKC activity was[770% higher P<0.05) at 5 and 40 min and total PKC
activity was slightly higher at 40 min in an enriched membrane frad®o.05).

The activities of these kinases were algangined in response to maximal aerolbxereise.
Healtly men (=9, 25+5 yr, 24 +2 kgem'?, 52 9 miskgemin%) performed cycle ergometerecise
for 10 min at 50 %%, ., after which the workload was increased to elicit 10004y, with muscle
samples taken at rest and afitonal fatigue. Autonomou£aMKIl activity was Increased by 74
+17% (P<0.001) with no change in maximal CaMKIl aaty. There were no changes in total PKC,
PKC9, PKCB8, or &PKC activities.

These data demonstrate that CaMKIl and aPKC areagadiin contracting skeletal muscle, and
thus may representelk sgnalling proteins potentially grilating skletal muscle function and
metabolism during»ercise in humans.

Chen, H.C., Bandyopadhya$., Sajan, M.P., Kanoh, Y., Standaert, M., Farese, R.¥ Farese, R.V.
(2002)Journal of Biological Chemistry277, 23554-23562.

Richtet E.A., Cleland, P.J., Rattigan, S., Clark, M.G. (198BEBS Letters217, 232-236.

Tawu, P., Allen, D.G., Niemela, P., Vuolteenaho, O., Weckstrom, M. & Westerblad, H. (2008l
of Physiologyin press.
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The effect of repeated bouts of kel and downhill treadmill walking on plasma
interleukin-6

N.C. Bevah, PM. Bergirt, T.J. Connor2and S.A. Warmingtoh Department of Physiology and
2Institute of Neuroscienc@he University of Dublin, Trinity Colig, Dublin 2, Ireland. .SP

The increase in plasma interleukin-6 (IL-6) appears dependenaabord such asxercise
intensity duration, muscle mass recruited, and mode (concentric vs eccentric)i{gwr see Febbraio
& Pederson, 2002). Particularly during the later stages of prolonged enduxertgeethe increase in
plasma IL-6 is most pronounced. The late appearance in the plasnveinfgliprolonged xercise
suggests that a component of the rise in plasma IL-6 may be via damagéetal shuscle.A single
bout of eccentricxercise produces significant muscle damagew&er, the same eccentrixercise
bout performed some weeks aftardd shows minimal damage to the aetimuscle (McHughet al.
1999). Therefore, the aim of this experiment was vesitigate the plasma IL-6 response with a single
eccentric gercise bout, and 5 weeks Igtanth another identical “repeated” bout of eccentrereise,
to assess the contribution of skeletal muscle damage to the IL-6 response.

Fifteen inactve males wlunteered for this studyFollowing ethical apprea subjects were
randomly assigned to a concentriereise group (CON; n=7) or an eccentrieeise group (ECC;
n=8). Subjects performed twbouts of walking gercise separated by 5 weeks (B1 & B2) on a motor
driven treadmill at a constant speed (5 kribhfor 90 min. CON walked on the flat (0° decline) while
ECC walked downhill (14° decline) Forearm venous samples were collected guileg intervals Pre-,
during and postyercise for determination of plasma IL-6 (R&D systems ELISA kit). Maximal
voluntary isometric contraction (MVC) of the quadriceps muscle group, and delayed onset muscle
soreness (DOMS) were determined at the same time points, except dercigee A2-way ANOVA
for repeated measures and Studentsdan-Keulspost hoctest was used to assess significance with
p<0.05.

MVC and DOMS shwed no muscle damage in either B1 or B2 in CONweler, there vas
significant muscle damage in ECC post B1 only (not B2). Similpldgma IL-6 was elated in ECC
only (towards the end of B1), and peakimmediately postxercise. All changes returned to baseline
levels within 7 days.

In this study gercise intensity was not different between B1 & B2 for both CON and EGtB. W
no muscle damage or change in plasma IL-6 in B2, ye#tel® plasma IL-6 in ECC in B1, it appears
that exercise-induced muscle damage contributes almeodusively to the increase in IL-6 reported
following under these i@ intensity walking rercise conditions.

Febbraio, M.A. & Pedersen, B.K. (200)SEB Journall6, 1335-1347.
McHugh M.P., ConnollyD.A.J., Eston, E.J. & Gleim, G.W1999)Sports Medicind.8, 157-170.
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Determinants of muscle buffer capacity
D. Bishop and .JEdge, £hool of Human Movement and Exercise Sciefbhe University of Western
Australia, 35 Stirling HighwayCrawley, WA 6009, Australia..SP

Little is knavn about the stimulus required to increase musefteibcapacity . ...). It has
been hypothesised that it is important that training is: (1) of high intensity; and (2) is performed unde
conditions of high skeletal muscle hydrogen iof)(Btcumulation (Weston et al., 1996\We tested
this first hypothesis by westigating the effects o3, ... of two training protocols of dferent
intensity but matched for total wrk. It has previously been sha that increasing thexeacellular
buffer concentration can reduce theslgkal muscle Haccumulation during high-intensityercise
(Costill et al., 1984). W therefore tested the second hypothesis by experimentally manipulating the
extracellular buffer concentration during training

For the first study18 wntrained females (mean = SD: age 19 + Ingss 59.8 + 5.8 kg) were
randomly assigned to high-intensity interval training @) Tor moderate intensity continuous
(CON-5) training. Training was matched for total work and consisted of & 21@in intervals (1 min
rest) at 130 - 160% of lactate threshold (LT) (INT-5) or 20 - 35 min of continuous cycling at 85 - 95%
of LT (CON-5), 3x per week for 5 weeks. For the second std@yntrained females (mean = SD: age
20 £ 3 ymass 62.3 £ 10.0 kg) were also randomly assigned to oneodfdiming groups, matched for
total work. Onegroup (BIC-8) ingested sodium bicarbonate (NaHOD4 g-kgh) while the control
group (INT-8) ingested a placebo (NaCl, 0.2 ghkgrior to each training sessionraining consisted
of 6 - 12x 2 min intervals (1 min rest) at 130 - 180% ofF,L3 x per week for eight weeks. Muscle
biopsies (vastus lateralis) were taken at rest to determine muscle lactake)([pel , andB; -

Training responses are summarised in the table. All training programs resulted in a significan
improvement in gpeak and LT with no significant difierence between group$iowever, relatve
CON-5, INT5, INT-8 and BIC-8 had a significantly greater immment in3, ... The pooled data
revealed a significant mgtive mrrelation between initia3 and percent change with training
(r=0.58; P<0.05).

in-vitro

Training Peak Q LT Bin-vitro

Pre Post Pre Post Pre Post
CON-5 41.3+7.3 456+5.7 137 +33 152 + 29 123 + 32 125+ 19
INT-5 42.8+6.6 48.1+74 141 +27 149 + 27 126 + 15 150 +19°
INT-8 40.7 +5.6 47.7+671 113+ 18 130 + 21 140 + 32 161 +19
BIC-8 35.2+7.1 43.0+6.4  109+21 137 + 20 129 + 32 156 +19°

* significantly different to pre-training (p<0.05)

Despite similar changes in aerobic fitness, INT-5 had a significantly greater incr@gse, in
than CON-5.This suggests that it is the intensity of training, not the total work performed, that is the
stimulus for change i, ... We havealso shown that ingesting NaHG@nd therefore altering the
likely accumulation of P[llduring training, did not affect these adaptations.

Cositill, D.L., Verstappen, F., Kuipers, H., Janssen, E. and FinK,984)International Journal of
Sports medicing, 228-231.

Weston, A.R., Wilson, G.R., Noakes, T.D. and Myburgh, K.H. (1996a Physiologica Scandinavica
157, 211-216.
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Activation of renal calcium and water excretion by ne@el activators of the calcium-
sensing receptor
A.D. Conigrave and H. Lok, School of Molecular and Microbial Biosciences (G08), University of

Sydn%ecently%\% @éjv%’/t r!{gsélmr uun’y senswal‘g receptor (CaR)vaictis hae keen identified.

The type-Il calcimimetics (e.g. NPS R-467) wergdigped from a lead phgtalkylamine compound
identified in a large-scale drug screen (Nenetthl, 1998). Type-ll calcimimetics sensitise the CaR

to calcium ions by binding to a site in the recegtdnansmembrane region (Hauacobteal, 2000).
Several sub-classes of L-amino acids (including aromatic, pafat aliphatic amino acids) e keen

shawvn to act as allosteric acttors of the CaR (Conigva et al, 2000). The amino acid binding site is
likely to lie in the conserved N-terminal, Venus FlyTrap domain. In the kidne CaR is ¥pressed

in multiple sites. These include the proximaltilg) the cortical thick ascending limb (CTAL) and the
medullary collecting ducts (8#d & Riccardi, 2002). Expression of the CaR in the CTAL has been
linked to the control of urinary calcium excretion. Expression of the CaR in the collecting tubule, on
the other hand, has been linked to the control of urinary water excretion and osmiolaétyicular,

CaR actvation may suppress vasopressin-induced water reabsorption facilitating the excretion of so.
lutes such as calcium, phosphate and oxalate that might otherwise contribute to the formation of ren
calculi (Brown & Hebert, 1996). This pattern of expression implies roles for CaRtargiin the rg-

ulation of multiple renal functions including proximal tldr transport, calcium excretion and urinary
concentration. In particula€aR-actve anino acids (e.g., L-Phe and L-Ala) and type-Il calcimimetics
are predicted to promote calcium excretion, raise urinedim suppress urinary osmolality.

We have examined the impact of intvenously administered L-amino acids or the type-Il cal-
cimimetic, NPS R-467 on renal calcium and water excretion. In female Wistar rats (200-300 g), anaes
thetised with halothane, both jugulagins were cannulated and the animals were infused (2-4 mL/h)
with isotonic physiological saline solution (140 mM NacCl, 4.0 mM KCI, 15 mM Nakj@3 mM
CaCl,, 1 mM MgCl,). Aftera 60 mn equilibration, L-amino acids were infused for 60 min prior to re-
turn to the control solution. Blood samples (0.25 mL) were collected at regular intervals for analysis of
creatinine, osmolalitytotal calcium and various amino acids. Urine samples were collected at 15 min
intervals to assess fhorate, osmolality and creatinine, calcium and amino acids. In sppagiments,
bolus injections were administered to test for acuextf of R-467 and amino acids. The type-Il cal-
cimimetic R-467 enhanced urinary calcium excretioB fold) and urinary flv rate. In addition,
R-467 suppressed urinary osmolality consistent with an inhibitory action of the CalRapressin-in-
duced water reabsorption in the collecting ducts. R-467 alsrdéal serum total calciumves as pre-
viously reported (Bx et al, 1999). The inactie isomer S-467 was much less fctive than R-467 on
all three parameters tested. Infusions of the CaRettiamino acid, L-Phe sfifient to raise the
serum lgel from 0.05 mM to about 2 mM, also e#ed calcium excretion R-fold) and urinary fla
rate, and suppressed urinary osmolaB®lus injections of L-Phe and L-Ala also acutelyvated uri-
nary calcium excretion and florate and lowered osmolality.

Taken together the data are consistent with the idea thad activators of the CaR including L-
amino acids and type-ll calcimimetics such as R-467 mimic fieetefof eleated plasma C4 con-
centration on urinary calcium excretionvloate and osmolality.

Brown, E.. & Hebert, S.C. (199&)idney International 49, 1042-1046.

Conigrave, A.D., Quinn, S.J. & Brown, E.M. (200®roceedings of the National Academy of Sciences
of the USA97, 4814-4819.

Fox, J., Lowe, S.H., Petty8.A. & Nemeth, E.F(1999)Journal of Pharmacology & Experimental
Therapeutics290, 473-479.

Hauache, O.M., Hu, J., Ra}., Xie, R., Jacobson, K.A. & Spiegel, A.M. (20@Ndocrinology,141,
4156-4163.

Nemeth, E.F., Steffe M.E., Hammerland, L.G., Hung, B.C.P., van Wagenen, B.C., Delir@ar &
Balandrin, M.F(1998)Proceedings of the National Academy of Sciences of the33SA,
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Ward, D.T. & Riccardi, D. (2002pPflligess Archiv European Journal of Physiolog§45, 169-176.
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Molecular changes in proximal tubule function in diabetes mellitus

P. Poronnik! and C.A. Pollock 1School of Biomedical Sciences, University of Queensland, St Lucia,
QLD 4072 andDepartment of MedicindJniversity of Sydne Royal North Shag Hospital, St
Leonards, NSW 2065, Auslia. (Introduced by David J AdamsS§P

Our studies focus on the changes in thaulnibterstitum (proximal tubule, cortical fibroblast
and endothelial cells) that occur wheqpesed to a ‘diabetic environment’, i.e. high glucose, den-
sity lipoproteins and cytokines implicated in the pathogenesis of diabtic neplyofathcurrent dis-
cussion focuses on the specific changes in proximaldulinction that occur following exposure to
high glucose. In the normal kidpethe proximal tuble plays a crucial role in the reabsorption of
50-70% of the filtered Nlaand the receptor mediated upadf the protein that crosses into the filtrate
from the glomerulus. Diabetic nephropaih frequently associated with increased” Metention, pro-
teinuria and thickening of the tubular basement membrane is the earliest histological abnormality.

Using experimental models, which include both primary cultures of human proximaé tub
(hPTC) cells as well as immortalised cell lines, we found initially that high glucose increasesvthe acti
ity of Na*-H* exchanger 3 (NHE3), theely transporter that mediates Naptale in the proximal
tubule. This increase is paralleled by an increase in the mRINNHE3. There is also a similar in-
crease in the activity and proteivéts of the VH*-ATPase, which plays a role in HGQeabsorption.

In a recent study we i@ iown that the actity of NHE3 is upregulated by exposure to wathn.
NHE3 and VH'-ATPase are also known to be critical in the endocytosis ofl and indeed fur
ther studies confirmed that tubular exposure to high glucose increagedrailptake. These data sug-
gest a possible mechanism linking defextNa* reabsorption and protein handling in the kigiredi-
abetes mellitus.

One of the ky requlators of proximal tubule function implicated in the pathogenesis of diabetic
nephropati is angiotensin 1l (Angll), V& have shavn that tubular production of Angll is increased
significantly following exposure to high glucos@s Angll is also known to increase the activity of
both NHE3 and VH*-ATPase this may underlie the abnormalities in transport andauprotein reab-
sorption in diabetic nephropathThe profibrotic gtokine transforming growth factor beta (T@as
been shown to be umelated in animal models of diabetic nephrogathd normalised by blockade
of the renin-angiotensin systemeWavedemonstrated that high glucose induces FGMIRNA within
30 minutes of exposure. TG turn induces both collagen and non-collagen matrix production in the
proximal tubule, an effect that is facilitated by the autocrine production of CTGF.

Thus our data prade further insights into the mechanisms by which high glucose induaes tub
lar pathology in the human kidypand are consistent with the deleterious effects of high glucose being
mediated at least in part by eded intrarenal Angll and downstream cytokine production.

Proceedings of the Australian Physiological and Pharmacological Society http://www.apgs/Broceedings/33/100P



Differential neural control of glomerular ultrafiltration

K.M. Denton, S.E. LGfA. Shweta and W.FAnderson, Department of Physiolodg§onash University,
Victoridd@3860 Shusitralian#$zed the renal nerves in his landmark book TymoRigy of the Kidng
(1937). Bllowing the first kidng transplantations, the apparent lack of long-terimcé$ on body fluid
balance were tan as confirmation of the independence from nervous system control ofasoallay
and tubular function. It is mo appreciated that transplanted kigserapidly re-innervate and that
changes in renal nex\ectivity are implicated in manclinical conditions (Dibona & Kopp, 1997).

The resurgence of interest in the neural control of renal functiowidldhe first comprehen-
sive anatomic study of the renal innervation (Barajas, 1978), demonstrating that all the major structura
elements of the kidiyewere innervated. Although the glomerular afferent and efferent arterioles are
densely innervated, the pading view today is that tublar innervation is of greater importance for
body fluid homeostasis. Rewing the literature, Dibona & Kopp (1997) argued that the evidence sup-
ports the hypothesis that changes in renaleertivity around resting lels affect renin secretion and
tubular function lit not blood vessel tone. Wever, the majority of studies utilised electrical stimula-
tion of the renal nees, which does not resemble the normal @elschage pattern. Our studies sug-
gest a very different situation.

Performing a detailed analysis of the renal inaton, we demonstrated that there are tig-
tinct nene types, that are differentially distributed to afferent aridrent arterioles (Ldfet al, 1992).

Type | nerves almosixelusively innervate the &trent arteriole (Lufet al, 1992). Type Il nerves, are
NPY positve (Andersonet al, 2001) and eenly distributed on both arterioles (Lfuét al, 1992). W\
hypothesised that the tkfent patterns of sympathetic outfldo the kidng may esoke slectve
changes in glomerular ultrafiltration.

We examined the effects of ghiologically induced increases in renal sympatheticenasiivity
(RSMNA) in response to graded hypoxia on renal pre and postglomerular vascular resistances in anae
thetised rabbits (pentobarbitone, 90-150 mg plus 30-50 mg/h) (Deh&dn2002b). W& demonstrated
that 10% oxygen (€) caused neurally mediated increases in both pre and postglomerular resistance a
reflected by the decrease in both renal blood (RBF) and glomerular filtration rate (GFR). \WMev-
er, 14% O, which induced a lesser increase in RStdused a predominant increase in postglomerular
resistance and maintenance of GFR at a time when renal bleodeflo These results providevie
dence that dierent levels of reflexly induced increases in R&Mhay differentially control pre- and
post- glomerular vascular resistances, compatible with sedegtivation of Type | and Il renal sym-
pathetic nerves. A vaat to this conclusion was that, though in response to 14ptaSma renin actt
ity was not increased, intrarenal actions of neurally stimulated ANG Il mayllean responsible for
the increase in postglomerular resistance in response to 14% O

This question was uestigated in rabbits receéing an ANG Il clamp infusion (Dentoat al,
2002a). Measurementgere made before (room air) and after 14% &% sen in the previous study
RSNA increased in response to 14%dnd decreased RBF without effecting GFR or arterial pressure.
However, glomerular capillary pressure increased in both #tgdcle and ANG Il clamp groups during
14% Q, indicating that ANG Il was not responsible for the increase in glomerular pressurérfglio
RSNA. These results are compatible with our hypothesis that different populations of renal nerves se
lectively control pre and postglomerular resistance and hence glomerular pressure and ultrafiltration.

Anderson, W.P., Denton, K.M., LiU&.E. & Young, S.B. (2001) http://iups.org/2001/iups/ab-
stracts/pdfs/al1037.pdf, IUPS Congress Abstract 1037.

Barajas, L. (1978rederation Proceedings37:1192-1201.

Denton, K.M., FlowerR.L. & Anderson, W.P(2002a)Hypertension40:408 (P77).

Denton, K.M., Shweta, A. & Anderson, W(R002b)Journal of the American Society of Nephrology,
13:27-34.

DiBona, G.F& Kopp, U.C. (1997Physiological Revis,s 77:75-197.
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Neural control of renal medullary perfusion
R.G. Evan’ G.A. Eppel, SC. Malpag and K.M. Dentoh Department of Physiolog?O Box 13F,
Monash UniversityMctoria 3800, Australia andDepartment of Physiologyniversity of Auckland
Medical School, Private Bp92019, Auckland, Ne Zealand. .SP

Over the last decade, evidence has accumulated that the renal medullary circulation ejays a k
role in rggulating arterial pressure in the long-term (Mattson, 2003avaufed hypothesis rests on the
notion of relatvely poor autorgulation of medullary blood fle (MBF), allowing changes in MBF in
response to changes in arterial pressure to initiate compensatory alterationtamstdium reabsorp-
tion. Indeed, alterations in MBF Y& been proposed as the chief mediator of pressure diuresis/natri-
uresis (Mattson, 2003). \haveset out to elucidate the mechanisms that regulate MBF ungsioph
logical conditions. A ky finding from our studies using laser Dopplemitoetry in anaesthetized
(pentobarbitone, 90-150 mg plus 30-50 mg/h) and conscious rabbits, has beesdhatie hor-
mones can differentially affect MBF and cortical bloodvil(CBF) (Eanset al, 2000). This lilely
represents an important mechanism underlying hormonal control of blood pressure.

Until recently our understanding of the impact of the renal sympathetieseam MBF has been
rudimentary Our recent findings shwthat MBF is less sensie than CBFE-to dectrical stimulation of
the renal nerss, particularly at v frequencies of stimulation (Leonagtial, 2000). The responses of
MBF to renal nerg gimulation appear to be similar in the outer and inner medulla (@tadl, 2002).
We havealso obtained evidence that the medullary circulation is normally insensitincreases in
endogenous renal sympathetic reegativity within the physiological range, in that increases in renal
sympathetic ne activity of [(80% induced by hypoxia reduce CBF ({}4%) but not MBF (Leonard
et al, 2001).

Our attention has moturned to elucidating the mechanisms underlying the velaisensitivity
of MBF to renal nerg activation. Failure of these mechanisms would promote reductions in MBF in
response to physiological adiion of renal sympathetic nex\ectivity, which could in turn lead to salt
and water retention and hypertensione Wve preliminary evidence for a paradoxical role of an-
giotensin Il in selectiely blunting responses of MBF to adiion of the renal sympathetic nerves. The
renal medulla is unique in that, under certain conditions, angiotensin Il can indswéilatation
through release of nitric oxide and/or prostaglandins €&alal, 2003). In anaesthetised rabbits, renal
arterial infusion of angiotensin Il at a dose that reduced basal GBtobMBFE, abolished reductions
in MBF induced by renal neevdimulation (Guildet al, 2003). Ongoing studies are alseestigating
the roles of nitric oxide, prostaglandins, adrenoceptor subtypes, and sympathetic co-transmitters in tt
neural regulation of MBF.

Duke, L.M., Eppel, G.A., Widdop, R.E. & Evans, R.G. (2088pertension42, in press.

Evans, R.G., Madden A.C. & Denton K.M. (200)ta Physiologica Scandinavic#9, 297-308.

Guild, S.-J., Barrett, C.J., Evans, R.G. & Malpas, S.C. (2B@Bgrimental Physiology8, 229-241.

Guild, S.-J., Eppel, G.A., Malpas, S.C., Rajapakse, N.W&eteA. & Evans, R.G. (2002hmerican
Journal of Physiology283, R1177-R1186.

Leonard, B.L., Evans, R.G., Makatikyan, M.A. & Malpas S.C. (200@merican Journal of Physiolo-
ay, 279, R907-R916.

Leonard, B.L., Malpas, S.C., Denton, K.M., Madden, A.C. & Evans, R.G. (Z@g&)ican Journal of
Physiology 280, R62-R68.

Mattson, D.L. (2003American Journal of Physiolog#84, R13-R27.
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Gaining new insights into physiological function from biophotonics
M.B. Cannell, Department of Physiolodyniversity of Auckland, PB92019, W&ealand. .SP

Compared to corentional electronic based instrumentation, photonic methodsxapgséely
sensitve. As an &ample, it is quite easy to measure photon fluxes ofrgée second while equalent
electron flows are far belothat realiseden with sensitve patch-clamp amplifiers. Heever, the sen-
sitivity of biophotonic methods extends to well lvelihe lesel of the single cell by providing methods
to detect and manipulateem sngle molecules.

Two decades ago, physiologists struggled to enakasurements of intracellular calcium with
ion-sensitve dectrodes and bio-luminescent probes but theeldpment of ne fluorescent molecules
for calcium measurement has made calcium measurement quite straightforward -way®paécise
and easyCell calcium measurements with imaging system&ehaveled n&v levds of complexity in
signaling and as a result of the advances in instrumentation and methodsatdearothat the cell
does not achie function like a well stirred lucket of constituents. For example, the disgy of calci-
um sparks a decade ago clearly reinforced this idea — but we stilludderstand he excitation-con-
traction coupling really works. This problem will be highlighted by some recent results from our labo-
ratory where we hee tried to deelop and test ways of measuring the minute calciunefiuxnderlying
calcium sparks.

The microanatomy of the cell must be important for helping turn the cell from a large number of
lipid and water soluble chemicals into life. Herevigght imaging techniques are playing an important
role and combination of computer image processing with high resolution imaging technicas re
new levds of complexity in cell structure. Furthermore, with biophotonic methods, we can look inside
the living working cell (an obvious admtage for those who are interested invhbe living cell
works). Thishas alvays been the classical province of the physiologist.

Promising ne directions for plysiological research include manipulation of proteins with
molecular techniques and again, biophotonics providegiol methodologies to study the results of
such gperiments. In this symposium we will look atmndata and methods being applied to increased
our understanding of pBiology. We will see hav new dophotonic methods offer ays to probe cell
function with unprecedented fidelity and sengii When one considers what maywnbe ahieved
with these methods, it would seem that the future of molebalsed physiology is very bright indeed.
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Biosensors for ivestigating neuronal C&* signalling
D.A. Williams, M.L. Smart and C.A. Reid, Department of Physipldgjyersity of Melbourng\icto-
ria 3010, Australia..SP

Biosensors are genetically engineered protein sensors of a selected intracedetdetgr ions,
metabolites) that can be directed to intracellular locations lgetiag sequences that are encoded
within the sequence of a protein. This presentation will focus on studies on designing and mwking ne
sensor molecules and addressing the utility of biosensors for making measurements, (@h€a
ATP), in functionally important cell locations, such as pre-synaptic terminals. In partibelarou-
pling of these biosensors with fast imaging procedures will be highlighted by example studies.
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New views of lens structue and function

PJ. Donaldson, A.C. Gay, B.R. Merriman-Smith, A.M.G. SigleC. Soeller, M.B. Cannell and M.D. Ja-
cobs, Department of Physiologhool of Medical Sciences, University of Auckland, Auckland 006,
New Zealand. .SP

The ability of the ocular lens to focus light on the retina is the result of a unique cellygaolph
ogy and tissue architecture, which eliminates light scattering andvespgh® optical properties of the
lens. The lens is a relaly simple aascular tissue. A single layer of cuboidal epithelial cellgeo
its anterior sudice. At the lens equator these epithelial cells divide, elongate and differentiate into fibre
cells, which form the bulk of the lens. Fibre cells adopt a flatteneaigbeal profile thatdcilitates
packing into an ordered cellular arrayhich minimises light scattering. During fdifentiation, the fi-
bre cells lose their genelles, and undergo significant changes in ttression of cytoplasmic and
membrane proteins. Since lens growth continues throughout life, younger fibre cells argvtamhdo
top of existing fibre cells, internalising these older cells and thereby creating an inherent gradient of fi
bre cell age.

Maintenance of this lens tissue architecture requires special mechanisms, not only to supply th
older anucleate fibre cells with nutrients llso to control the volume of these cells. It has been pro-
posed that the lens operates anvactiicro-circulation system that deérs nutrients to, and remies
wastes, from the lens, thereby maintaining ionic homeostasis and the volume of the inner fibre cell
(Donaldsonet al, 2001). It is beliged that the ionic currents that de tis internal circulation are
generated by spatial differences in the distributions of ion channels and transporters between tt
younger nucleated fibre cells in the peripheng the older anucleate cells in the interior of the lens.

To gystematically study this circulation system werdakvdoped a series of imaging protocols
that hae dlowed us to quantitately assess he the distribution and function ofely ransport proteins
vary during the course of fibre cell differentiation. These protocolsvalto map protein distribtion
ove large distances with subcellular resolution (Jacetoal, 2001). Studies conducted on gap junc-
tions (Jacobset al, 2001), glucose transporters (Merriman-Sméh al, 2003) and an adhesion
molecule, MP20 (Greet al, 2003), will be r@iewed to illustrate hw the adoption of our imaging
protocols can yield meinsights into the relationship between lens structure and function.

Donaldson, P., Kistled. & Mathias, R.T(2001)News in Physiological Sciencds®, 118-123.

Grey, A. C., Jacobs, M.D., Gonen, T., Kistldr & Donaldson, P.J. (2008xperimental Eye Resedy
in press.

Jacobs, M.D., Soelle€., Cannell, M.B. & Donaldson, P.J. (2002l Communication & Adhesio8,
349-353.

Merriman-Smith, B.R., KrushingkA., Kistler, J. & Donaldson, P.J. (200®)vestigative Ophthalmol-
ogy & Visual Sciencesn press.

Support: Ne&v Zealand Health Research Council, Lottery Health Board, Marsden Furveydilyi of
Auckland Research Committee.
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Quantitati ve phase microscopy - a new way to interrogate the structerand function of
unstained viable cells

C.L. Curl and L.M.D. Delbridg, Department of Physiologniversity of Melbourng\ctoria 3010,
Australia. .SP

The optical transparep®f unstained viable cell specimens limits theeat to which informa-
tion can be reogered from bright field microscopic weas hese specimens generally lack visible,
amplitude modulating components. Wiwer, if the phase-shift component of the cellular material is
utilised, an information-rich image can be obtained. Optical phase micypsnopdervatives o this
technigue such as Differential Interference Contrast (DIC) antimtdof Modulation Contrast (HMC)
have been widely applied in the visualisation of cellular specimens to enhance contrast. Whitst pro
ing significantly enhanced contrast, useful in viewing specimens, the capacity to extract queantitati
formation from the phase contentagable in these optical techniques has not previously bgen e
plored.

Quantitatve Fhase Microscop (QPM) is a ner method for visualising transparent objects. This
recently deeloped computational approach extracts quantgafhase measurements from images
captured using a bright-field microscope without phase or interference contrast optics.oQ&Miav
an algorithm which is applied to an in-focus image and a pair of equidistant de-focus images (one pos
tive and one ngaive de-focus). From these images a phase map is generated which can be used t
guantitatvely emulate other contrast image modes such as DIC, dark field or HMC. The generation of
these analogue images using phase mappin@tels the inherent problems associated with optical
phase imaging, including cell edge distortion and edge halo effects. As it is implemented on an optica
ly simple bright field microscope, the QPM methodology is also an economical alterfoatellular
imaging applications.

Of particular importance is the capacity to quantiehfianalyse the rea@red phase images us-
ing QPM. The phase map generated from the bright field images contains information about cell thick
ness and refraeke index and can allav quantitation of cellular morphology under ‘real-time’ condi-
tions. For instance, the prolifenadi properties of human airway smooth muscle celiehaen &alu-
ated using QPM techniques to track cell culture conflgend grawvth (Curlet al, 2002). In addition,
cell volume measurement techniqguesénaeen applied to westigate the responses of erythrocytes to
different osmotic challenges using QPM (Cetrkl, 2003).

QPM is a valuable meimaging tool which extends the capacity to inteategviable cells to ob-
tain structural and functional information in a rapid and non-desteuctinner.

Curl C.L., Harris T., Kabbara A.A., Allman B.E., Roberts A., Nugent K.A., Harris P.va8ta.G. &
Delbridge L.M.D. (2002Proceedings of Australian Health and Medical Reska&bngress1:
1126.

Curl C.L., Bellair C.J., Allman B.E., Roberts A., Nugent K.A., Harrs R Delbridge L.M.D. (2003)
Proceedings of Experimental Biolog903: LB65.
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High throughput imaging of extended tissue volumes
[.J. LeGrice G. Sands, D. Hooks, D. Gernelend B.H. Smaill, Bioengineering Institute & Physiology
Department, University of Auckland, AucklandywNgealand. .SP

In mary fields, three-dimensional (3D) information is necessary to understandgtmesation
and spatial relationships within biological samples. Our group hagopsty used a confocal micro-
scope and microtome to assemble large, high-resolutiome images from resin-embedded heart tis-
sue (Yunget al, 1998). Digital reslicing, segmentation and volume rendering methods can be applied
to the resulting volumes to provide quantitatgructural data about the 3Dganisation of myogtes,
extracellular collagen matrix and blood vessel network of the heart nabpsty available. Informa-
tion such as this is necessary to quantify the heart wall remodelling associatednuitis types of
cardiac disease. It is also required for computer models, which are necessary to examine the effects
myocardial structure on the function of the heaot. &xample, we hae wsed structural dataxgacted
from an extended volume image of rat left ventricular myocardium (3.8nth8mm x 0.8mm at
1.5um pixel size, 0.7210° voxels) to model the influence of structural discontinuities on the pespag
tion of electrical actiation in the heart (Hookst al, 2002). Havever, acquisition of wwlume images of
this scale requires weeks of painstaking work usingedional techniques.

We havedeveloped a neel high throughput imaging system that enables extended volume im-
ages to be collected fibly and eficiently. The system consists of a confocal microscope (Leica TCS
4D) with a Kr/Ar lasera variable speed Ultramill (Leica) which cuts tpmk over a 75mm path using
diamond or tungsten carbide tips, and a three-axis translation stage (Aerotech) with ¥&‘@emmtoof
1000, 200 and 75mm, respeety at 100nm step size. This stage controls the positioning of specimens
for imaging and milling. The microscope and mill are supportesieate translation stage using rigid
mounting systems designed to facilitate alignment of imaging and cutting planes. The system i
mounted on an anti-vibration table. Z-stackume images are acquired faredapping x-y areas that
cover the region of interest. The imagedlwme is then milled éfand the process is repeated. The im-
ages acquired may then be combined to reconstructdiueng in 3D. A major advantage of this
method is that alignment of the sample elements is maintained throughout the imaging and milling op
erations, thereby preserving spatiais¢ration and making reconstruction of the complete volume im-
age easier and faster.

The system is controlled using a dedicated computer (Dell P4, 1.8GHz, 1GB RixloWg
2000) using custom softwe written using the LabVIEW™ programming languagesingle user in-
terface has been ddoped that enables image acquisition and milling to be controlled intetgatr
automatically and allows the operator to process, reconstruct and visualise the ahagesy The
flexible user interface provides the ability to image chosen sub-volumes at high resoluttjplacing
them within the context of a large volume imaged at lower resolution.

Preliminary studies carried out with cardiac tissue specimens demonstrates that the system h,
the capacity to acquire a 62.5 millionxels per houreach aeraged oer 8 scans. Thidranslates to
acquisition of a fully registered imagelume 1mmni at Jum pixel size (18 voxels), with 8< aveaging,
in 16 hours, representing greater than an order of magnitude speedup from the manual technique. T
volumes imaged to date V@ leen limited to heart tissue perfusion stained with picrosirius recx&V
currently working on techniques to extend the range of tissues and fluorescent markers suitable fc
imaging with the system.

Hooks, D.A., Tomlinson, K.A., Marsden, S.G., LeGrice, 1.J., Smaill, B.H, Pullan, A.J. & Hiadter
(2002) Cardiac microstructure: implications for electrical propagation and defibrill@ircnla-
tion Researh, 91: 331-338.

Young, A.A., LeGirice, I.J., Young, M.A. & Smaill, B.H. (1998) Extended confocal micrgscbmy-
ocardial laminae and collagen netwalkurnal of Microscopy192, 139-150.
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Active leaming: If it works, why aren’t we all doing it?
JA. Michael, Department of Molecular Biophysics and PhysiolBggh Medical Collge, I750 W.
Harrison St., Chicago, IL 60612, USA. (Introduced by M. Robe3)

What is active learning? We ae all familiar with passe learning (rote memorisation)Vhen
students are emaged in actie learning, on the other hand, yhare overtly testing and refining their
mental model of the meinformation being acquiredActive learning is usually interag, and it is
much more student-centered than pas&arning. Wherstudents learn aeely they are more lilely
to achiee meaningful learning (learning with understanding).

What does it mean to say that actie leaming “works?” When we ask whether aeo#i learn-
ing “works” we need to be clear about what criteria are being apdleds more learning occurd
more knowledge accumulated? Is less time required for learrimdRe learning “deeper” (greater
understanding)? Isetention of ne/ knowledge better . . . short-term or long-term? Or are we asking
whether students, owen faculty, “like” it better than something else?

How would we attempt to find out if actve leaming “works?” Olviously we need to define
some measure(s) of the outcomes to be asse¥émawuld want to try actie learning in a wide ari-
ety of disciplines and courses, and with a widgety of studentsUnfortunately the wider our sam-
pling, the greater number of known and unknowariables that might be present to influence the out-
comes we measureFinally, we ae clearly most interested in long-term outcomes (doegeaetrn-
ing affect performance or behaviour one month, one J@aears later). But\en if we can do the re-
quired studies, the longer weaitvto look, the more intervening influences will be present (other than
the exposure to agi learning) that can potentially affect the results.

Does actve leaming, in fact, work? The aailable evidence, whether obtained in the cogaiti
science laboratory or the classroomeravhelmingly supports the #facy of active learning. Thats
to say active learning has been shio to result in more learning with understanding, acquisition of
more knowledge, and better retention of what is being learned, at least in the shoftheremhae
been fay, if any, sudies carried out about the long-term effects.

If active leaming “works,” why aren’t we all doing it? It is clear that we do not all teach in a
way that encourages and facilitates studentvadgarning. Thereare may reasons for this.First,
change is alays difficulty and may teachers perceg that a change to an aeti learning mode of
teaching would require too much additionairkt Secondteaching in an acté learning emironment
can be scary for magrteachers,\een quite experienced ones. The teacher has less “control” than in a
more passke learning environment and students are more likely to ask questions for theitbacher
doesnt haveready answers. Third, mameachers fear that ae#i learning will tale so nuch time that
they will not be able to “ceer” all the material thg think they need to cwer. Fnally, mary teachers
are discouraged from pursuing more \&etearning approaches by clear opposition from students who
do want to hee  learn in a n& way.

What does it take to get started doing actve learning? The two necessaryif not suficient,
steps are: (1) recognition that learning is done by the learner and only the, laa{(@) recognition
that your job as a teacheeally the only thing that you can do, is to help the learner to l€@ande
you hare redefined your job in this ay you will find that creating an ae#i learning environment in
your classroom is a natural step. Then, of course, yeel thactually do it.
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Promoting active learning with a Generic Skills Guide
M.l. Frommer Department of Physiologyniversity of Sydng NSW 2006, Ausatia. (Introduced by
Ann Sefton)SP

A “No Frills Generic Skills” guide for ptsiology students was compiled in 2000 to bring to-
gether various learning resources ardr@ses which had been produceekrothe previous decade,
and presented to students in a series of learning tutorials. It was initially provided in papeuform, b
with the advent of WbCT as a means of managing resources for our units of gtwag incorporated
into this platform for 2003.

The guide consists of nine sections, each headeailly §imple questions which a student
might ask in relation to a particular topic, and for which the answer is theitgdo Anecdotahc-
counts of experience with earlier student cohorts are included in order to illustratedioprdent of
our ideas wver time. Additionaldocuments include Exercises, a SkillsvBlepment Table, and fev
Appendices on different aspects of learning.

Use of the guide to foster aatilearning is encouraged by various links:

1. fromCourse Resources, the complete hyper-linked text
2. fromLearning Tutorials, a summary table showingvai connections
3. fromnotes for Writing Essays and Practical Reports

4. fromChallenge Questions for practical self-assessment
The questions relate to three broad topic areas:

skills for science graduates -

« What are generic skills?

« Which generic skills are most re@mt to science graduates?
skills for designing experiments, analysing and reporting data -

« What is meant by scientific method?

« What are the main ingredients of a successful experiment?

« How should | record my data? Moshould | analyse my results?

« How should I report my findingsHow should | write scientific materi-
al?

skills for effectve learning and exam performance -
- What are the characteristics of a successful learning style?
« What is the best way to study for exams?

« What nev ways of learning can | try?

The additional documents includeeecises on data handling, common confusions, logical think-
ing and concepts, excerpts from “The Making of Memory” (Rose, 192@n@&ed matchingxercises
and problem-based learning examples.

The question on a successful learning style is the mostanéleo our symposium on Aot
Learning. Theanswer bgins with three definitions of learning, lists four essential attributes of suc-
cessful learning, then uses the analogy of building a wall, fix&lapeed by Mile Rosser (personal
communication), to expand on eigtgykcharacteristics. Itoncludes with sen tips for taking respon-
sibility for personal acte learning, which are also included in our course guide.

How effective this learning resource for aeti learning has pren to be wil be discussed with
reference to various outcomes.
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Where dhould we focus, teaching or learning?
M.L. Roberts, Discipline of Physiolggschool of Molecular and Biomedical Sciendéniversity of
Adelaide Adelaide South Australia 5005, Australia.SP

If we were to list what we belle © be he generic characteristics of a good scientist and to
compare that with what can be acta by dudents in most undergraduate courses, we would find a
great diference. Thdist for the scientist wuld contain attributes that would be described by the more
comple categories in Blooms (1956) taxonomy for all three domains of learning, cogmitifectve
and psychomotorThe achigements of undergraduate students, particularly as reflected in assessment
tasks, are best described by the simplest categories in the taxamoirare largely confined to the
cognitve domain. Gven that the more compkecategories of learning cannot be acked by passve
processes, there is a need toettgp strategies which alo active learning and which can be applied
efficiently to classes with large numbers of students within the financial and human reswvateces a
able. Ideallyone would achiee this with a planned delopment of the studerst’kills over the three
years of the degree.

A number of approaches to the thedmtorial and practical activities that are more\acthan
the traditional physiology courses will be outlined. Thesesh®en planned to provide a sequential
and graded delopment of skills. Evaluation of the impact of these learninyisie has allowed an
informed, progresse refinement in the quest of that eltesperfect course.

Bloom, B.S. (1956Yaxonomy of educational objectives: the classification of educational goais.
don: Longman Group.

Proceedings of the Australian Physiological and Pharmacological Society http://www.apgs/Broceedings/33/110P



Role of the calcineurin signal transduction pathway in muscle regeneration in dystrophic
madx mice

N. Stupka, D.R. Plant and G.S. Lynch, Muscle Mechanics Labaor&spartment of Physiologyhe
University of Melbourng\ic. 3010, Australia..SP

Whilst sharing the same genotype as in Duchene muscular dysti@ptD), mdxmice ehibit
a more benign dystrophic phenotype. Only the diaphragm musaheriice shows a sere and pro-
gressve mthology Limb muscles ofndxmice undergo a bout of w&e muscle degeneration at 2 to 4
weeks of age, but a highgeneratre apacity ensures almost complete functional and structural-reco
ery (Lynchet al, 2001). The cellular mechanisms responsible for the enhangeda®atie @apacity
of mdxhindlimb muscles are not well understood. Calcineurin, a phosphatase enzymegulzése
transcription by sensing changes in intracellular calcium, has beem sbaegulate skeletal muscle
regeneration (Sakumat al, 2003). We have recently shown that inhibiting the calcineurin signal
transduction pathway interferes with successful musgleneration in younghdxmice (Stupkaet al,
2002).

When 18 day oldmdx mice were treated for 16 days witlyctosporine A (CsA; 30
mgekgleday?'), an inhibitor of calcineurin, muscle regeneration wagrséy impaired. EDL and
soleus muscle massaw[25% lover and maximum force producing capacity was 30-35% lower in
CsA treatedndxmice compared withehicle treated littermates (Stuplat,al, 2002). In the present
study we performed histological and immunohistochemical analyses to confirm the inhibitecysef
of CsA treatment on muscle regeneration in younkxmice.

Muscle sections were stained with haematoxylin and eosin for analysis of general muscle archi
tecture, Van Giesos’dain for collagen deposition, and reacted with antibodies against myogenin
(marler of satellite cell differentiation), and macrophages, as markergeregation. In CsA treated
mdxmice, EDL and soleus muscle fibre cross-sectional aasa®b-30% smallerhad fewer centrally
nucleated fibres, and more collagen, conmedissue, and mononuclear cell infiltration, thahicle
treated littermates. CsA administration did ndéeif macrophage infiltration in EDL or soleus muscles
from mdxmice. Despite hang significantly fewer centrally nucleated fibres, EDL and soleus muscles
from CsA treatedndxmice had tw to four times more myogenin pos# ruclei than contromdx
mice. Even though satellite cells from CsA treatatkmice expressed myogenin yhdid not undego
normal differentiation and myoblast fusion.

Given that the calcineurin signal transduction padlvis essential for successful regeneration of
hindlimb muscles in younghdxmice, we hypothesise that the pathology of the diaphragm muscle in
mdx mice may be due to impairment of the calcineurin signal transduction gathevtest this K-
pothesis, both upstream and downstream ararkf the calcineurin signal transduction pathway in
soleus, tibialis anteripend diaphragm muscles from aduoidxand wild type (C57BL/10) mice were
examined using a variety of biochemical and immunohistochemical techniques. Preliminary data sug
gests that there are differences in phosphorylated (maget) and dephosphorylated (aeted)
NFATcl protein content and calcineurin-A protein content. Understanding the cellular mechanisms re
sponsible for the diérence in pathology betweemdxdiaphragm and hind limb muscles may\pde
insights into the rgeneratre process of dystrophic muscle and potentialehtreatment strategies for
DMD.

Lynch, G.S., Hinkle, R.T., Chamberlain, J.S., Brooks, & Faulkner JA. (2001)Journal of Physiol-
ogy, 535, 591-600.

Stupka, N., Gregorevic, P., Plant, D.R. & Lynch, G.S. (2008¢eedings of the Australian Health and
Medical Reseah Congress A2404.

Sakuma, K., Nishikaa, J., Nakao, R., Watanabe, K., Totsuka, T., Nakano, H., Sano, M. and Yasuhara,
M. (2003) Acta Neuropathologica 105, 271-280.
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Muscle damage inmdx mice is reduced after treatment with streptomycin
N.P. Whitehead and D.G. Allen, Department of Physio]ddyyiversity of Sydne(F13), NSW 2006,
Australia.

Extensve research has been carried out on the cellular mechanisms underlying Duchenne Mus
cular Dystroply (DMD) and a number of therapeutic optionwéndieen proposed for the treatment of
this muscle diseaseHowever, while much progress has been made, there are currentlyfaubivef
therapies that significantly sicthe progression of the disease. It has been hypothesised that dystrophin
may be important in maintaining the normal function of certain membrane channels, in particular
stretch-actiated channels (SB), and that calcium entry through these channels could initigtadke
tive pathways that leads to muscle fibreggeeration (Franco & Lansman, 1990). Recent research in
our laboratory has focused on the role ofCSA muscle damage usingdxmice, an animal model of
DMD. In single muscle fibres froommdxmice, it has been found that a component of the damage in-
duced by a series of eccentric contractions can herpesl by tvo knowvn SAC blockers, @dolinium
and streptomycin (Yeung, Head & Allen, 2003; personal communication).

The current study aimed toviestigate the role of S& in muscle damage vivo by usingmdx
mice that were gen dther normal drinking water (control) or water containing streptomycin (3mM).

A previous study by McBridet al, (2000) showed that this concentration of streptomycivepts the
muscle fibre depolarisation caused by eccentric contractions, which has also bagedtwithe en-

try of Na" through SAC. Itis knavn that muscle damage imdxmice begins at about 21 days after
birth (McGeachieet al, 1993), and that the first signs ofje@erating fibres, evident by the presence of
centrally located nuclei, occurs at 24 day$ws, the mice used in the current studganehe strepto-

mycin treatment at 18 days, that is, three days before the onsgtratiacle damage. At various times
after the onset of the treatment, mice were killed by cervical dislocation and the EDL muscles were
dissected out and placed in a normal physiological solution. Each musslattached to steel frame

on a cork pad and immersed in embedding mediuss(€&-Ek) before being frozen in liquid nitro-

gen. Musclecross-sections (10n thick) were stained with haematoxylin and eosin, andeteunder

a light microscope, with digital images taken for analysis of the location (central or peripheral) of mus-
cle fibre nuclei.

At 24 days, the number of fibres with nuclei that were centrally locaas®®26 for contrandx
mice compared to 4% for the streptomycin treaebkmice. Ower the next three days, the number of
fibres with central nuclei for the control mice remained fairly similar with a peak of 3@lues for
the streptomycin treated mice also increased, peaking at 20%waus aémained lower than those of
their age-matched control mice. This difference was statistically signifiea@tQ5; two-factor ANO-

VA). Otherindicators of muscle damage, such as plasma creatine kinalsealed serum albumin lo-
calisation within muscle fibres, are currently being used in order to furthestigate and quantify the
effect of streptomycin in pventing damage imdxmuscle.

Franco, A. & Lansman, J.B. (1998ature, 344, 670-673.

McBride T.A., Stockert, B.W., Gorin, F.A. & Carlsen, R.C. (2008)rnal of Applied Physiology8,
91-101.

T.A. & Morgan, J.E. (1993)ournal of the Neurological Sciencekl9, 169-179.
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Influence of lowered [Na‘l‘]O on single and trains of action potentials in soleus muscle fi-
bres of the mouse

S.P Cairns! and J.M. Renatfd 'Division of Sport and Recreation, Faculty of Health, Auckland Uni-
versity of Technologyrivate Bay 92006, Auckland 1020, MeZealand andDepartment of Cellular
and Molecular MedicingUniversity of Ottawa, Ottawa, CanadaSP

A reduction of extracellular [Ng ([Na*]o), diminishes peak force and exacerbates fatigue dur
ing continuous tetanic stimulation of isolated skeletal muscle (Bezanibé, 1972; Bouclinet al,

1995; Cairns & Dulhuntyl995). The mechanism for this effect is not fully understood. The aim of this
study was to determine whether changes to the action potential could explain the reduced farce at lo
ered [Nd]  in mammalian skeletal muscle.

Isometric contractions and action potentials were elicited by supramaximal electric field stimula-
tion via wire electrodes (10,\0.3 ms pulses) in isolated soleus muscles from mice. Muscles were
bathed in control Krebs solution containing 147 mM Nad then at lowered [N, (100, 60, 40 or
30 mM; NaCl was replaced by N-mgtD-glucamine) at 25°C. Intracellular recordings of action po-
tentials were made using aa@ntional glass microelectrodes. Trains of action potentials (50 or 125 Hz,
for 2 s) were recorded in deep fibres after stretching the muscle, in orderaat pnevement artificts.

Single action potentials Lowered [Nai’]0 had no dkct on the resting membrane potentiat b
caused action potentials to become progvelyssmaller and broadefhe wvershoot fell from +32 mV
at 147 mM N4, to -20 mV at 30 mM Na All fibres were excitable at 147-60 mM Ndut 19% and
40% of the fibres were inexcitable at 40 and 30 mM, Nespectiely.

Trains of action potentials At 147 mM N&, the 2-s trains of stimuli triggered action potentials
on every occasion (100 or 250 action potentials), in association with a decrease in resting potential (be
tween action potentials) andasshoot during the trains. At 40 mM Nacomplete trains of small ac-
tion potentials were produced at 50 Hz, as observed in frog muscle fibresw2yeHat 125 Hz there
was mnsiderable skipping leading to a compleddufe to generate action potentials, usually within
500 ms.

Action potentials and frce: The peak twitch force -varshoot relationship (determined by
combining twitch and single action potential responsesystiadhat force was well maintained until
the avershoot disappeared. Trains of action potentiatiked at 125 Hz at 147 mM N3 often had the
peak of the action potential between 0 and -30 mV and this occurred witlydatan(decline of peak
force within a tetanus). At 40 mM Nathe peak tetanic force fell to 53% of the control at 50 Hz, and
to 19% of the control at 125 Hz; the fdifence was linked to the failure to generate action potentials
during a train.

In summarythe decline of peak tetanic force at Iowered*l]lglaan be explained by (i) the pres-
ence of inexcitable fibres, and (ii) a failure to generate action potentials during trainswkeshae
high frequeng. There is a considerable safety giarfor a decline of thew@rshoot before peak twitch
force is impaired. Our data also suggests that (iii) smaller action potentials during a train raay mak
moderate contribution to the decline of peak tetanic force.

Bezanilla, FCaputo, C, Gonzalez-Serratos, H. & Venosa, R.A. (19@2)nal of Physiology223:
507-523.

Bouclin, R, Charbonneau. E. & Renaud, J.M. (19%%kerican Journal of Physiolog®68:
C1528-C1536.

Cairns, S.P& Dulhunty, A.F. (1995)Muscle and Nervel,8: 890-898.
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The effect of reactve axygen species on muscle fatigue at room temperagicompared to
body temperature

T.R. Moopanar and D.G. Allen, Department of Physiology and Institute for Biomedical &teséar
versity of Sydne(F13), NSW 2006, AustraliaSP

The production of reaste axygen species @S), in particular superoxide anion radicals, plays
a ggnificant role in the modulation of muscle function (Clarkson & Urso, 2003). During intease e
cise, there is an increased production R which leads to oxid&g gress on muscle. Such stresses
are thought to lead to the loss of contractile function, reductiondht@adling and contribution taf
tigue (Reid, 2001). Also, it has been shown that increased temperature results in muscle dysfunctic
due to oxidatie gress (van der Poel & Stephenson, 2002).

The present study is concerned with muscle performance duxieglseouts of fatigue at room
temperature compared to body temperature. In partj¢thamfluence of ROS at these temperatures is
assessed in terms of onset of fatigue and maximum force.

Small muscle bundles (5 - 10 fibres per bundle) were dissected from the flassmimecle of
mice and were subjected to @ifue protocol at room temperature (25°C) and at body temperature
(37°C). Muscles were fatigued until force reached 50 % of the initial foozeed€h preparationuh-
dles were subjected to three fatigue runs (R1, R2, R3) allowing adequate time for musclegeto reco
between each run (45 minutes).

It was obsered that there was no significant difference in the time taken for muscleatsgieef
to 50% of the maximum force {T) at 55°C for R1, R2 and R3.ifbn (20mM), a free radical sea
enger was applied for 30 minutes between R1 and R2 and this treatment had no significant effect o
the T, of R2 and R3 at 25°C. At 37°C wever, T, , was reduced to 65 + 6 % for R2 and 26 + 11 %
for R3 compared to the, T, for R1. When muscle preparations were treated with 20mM tirgprer
covered to 106 + 16 % for R2 and 103 £ 15 % for R3 compared to the value of R1. These regsults sho
that the ROS production has a profound effect on muscle fatigue at 37°C.

At 25°C there was no significant change in thik éf maximum force between each of tlee f
tigue runs. At 37°C heever, there vas a significant decline in the maximum force when comparing
R2 and R3R<0.05); and R1 and R¥®€0.01). Treatment with tiron significantly versed the decline
of maximum force at 37°C. These results suggest that the production of free radicals at higher tempe
atures adversely affect the contractile properties, which are in some way responsible for thel observ
decline in maximum force.

The present study clearly shows that multiple bouts of fatigue at body temperature, in contrast t
room temperature, progregdy decreases muscle performance in terms of the onsetigtié and
maximum force deglopment. Reduced muscle performance at 37°C appears to be partly caused by al
increase in the production of ROS.

Reid, M.B. (2001)ournal of Applied Physiology0, 724-731
Urso, M.L. & Clarkson, P.M. (2003Jjoxicology, 189, 41-54.
Van der Poel, C. & Stephenson, D.G. (200&)rnal of Physiology544.3, 765-776

Terence Rae Moopanar acknowledges receipt of an Australian Postgradaede Aupported by the
NHMRC
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Nutriti ve and non-nutriti ve bdood flow and oxygen consumption in acire rat skeletal
muscle

A.J Hoy, G.E. Peoples and P.L. McLennan, Smart Foods @ebepartment of Biomedical Science,
University of Wollongong\NSW 2522. .SP

The objectve d this study vas to ivestigate the relationship between muscle metabolism and
vascular distribution in the rat hindlimi€Clark et al, (1995) categorised vasoconstrictors inta tw
groups using a perfused sacrificed hindlimb model. All increase perfusion pressureypeith {lov
dose noradrenaline (NAd), vasopressin, angiotensin Il) increasing oxyger ((ak) redirecting
blood into nutritve apillary beds associated with the muscle tissue) ape@ B (serotonin (5-HT),
high dose noradrenaline) decreasing hindlimb oxygen consumption, redirecting blood into non-nutri-
tive @pillary beds (associated conneetiissue, adipose and septum)e \%6ed the in wio autoper-
fused rat hindlimb with maintained vascular resistance to testyfh@hesis that nutrite/ non-nutri-
tive Hood flow distribution can be obseed in metabolically acte (contracting) muscle and can be
differentiated by vasodilators.

Male Wistar rats were anaesthetised with sodium pentobarbital (6mg/100g body weight i.p.).
Polyettylene cannulae were filled with 0.9% heparinised saline containing 6% w/v edsoé-
tran70. Mean systemic blood pressure was recorded from the left common carotidTagerght
femoral artery \&s cannulated to supply blood to the left femoral artery (perfused) passed through &
pump for constant fle. Perfused hindlimb pressureas recorded via a side arm pressure transducer
distal to the pump.d&sve venous return occurred from the left femoral vein to the right external jugu-
lar vein. The left sciatic neewvas stimulated via a bipolar electrode and tensiosldement recorded
in the gastrocnemius musclerule. \Asoactie dugs (2 constrictor8 dlator) were prepared with
saline and 0.01% ascorbic acid, and injected into the arterial loop. BEmdampled from theemous
and arterial loops andO{ determined using the Fick equation.

During basal conditions, Ad (100nM — 25@M) increased mean perfusion pressure by up to
260+ 34% (P < 0.001, n = 6, meatst SEM) and 5-HT (12/5M — 100uM) by up to 225+ 30% P <
0.005, n = 6). The ¥, did not change during A infusion but decreased by up to $77% during
5-HT infusion P < 0.005). Mearperfusion pressureas decreased during the infusion of isoprenaline
by 33+ 2% (P < 0.001, n = 6) and histamine by 22% (P = 0.05, n = 6) whilst W, did not change.

During muscle contraction, Al increased mean hindlimb pressure byt (P < 0.001) and
5-HT increased by 112 12% @ < 0.001). Vo, by 46+ 10% P < 0.05). Isoprenalin@nd histamine
decreased mean perfusion pressure by 3%( P < 0.005) and & 3% respectiely (P < 0.01). Both
vasodilators increasedc){, isoprenaline by 17% 40% @ < 0.01) and histamine by 96 40% P <
0.05).

These results shothat the vasoconstrictors¥d and 5-HT hae gposing effects on &, during
both basal and twitch conditions. Wever we were unable to find a vasodilator that could decrease
Vo, in a similar fashion to 5-HTThe reduced effect of 5-HT ondy during twitch maybe due to local
effects of the twitch (such assoactre netabolites) on oxygen demand, hengerading the \aso-
constriction of the nutriee pathway.

Clark, M.G., Colquhoun, E.Q., Rattigan, S., Dora, K.A., EldexsAaP.D., Hall, J.L. & Ye, J. (1995)
American Journal of Physiology: Endocrinology and Metabgl@mE797-E812.
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Glutathione synthesis in whole human red blood cells
J.E. Raftos, Department of Biological Sciences, Macquarie Univelstyy 2109, Australia.

The maintenance of adequateds of the cell antioxidant glutathione (GSH) is essential for de-
fence against oxidat dsruption of membranes, proteins and DNA. These vital cell constituents are
protected by the preferential oxidisation of GSH to glutathione disulfide (GSSG) which is rapidly re-
duced back to GSH by APDH and glutathione reductas®egcling of GSSG to GSH allows for
slow replacement of total glutathione (GSH & GSSG; TG) with a twentme of six days in red
blood cells (RBCs). Hoever, oxidative gress can cause accumulation of GSSG and its export from
the cell. Under such circumstances, the rate of TG synthesis is thought to be increased by reduc
product inhibition by GSH on the rate limiting enzygglutamyl-cysteine synthase.

GSH synthesis has been studied using lysates and purified enzymes, but little is known of th
control of GSH production within whole RBCAlthough sensitie and specific spectrophotometric
methods hee long beenailable for measuring TG (Tietze, 1969), its synthesis in RBC is tawotsio
measure in this ay particularly against the high concentrations (2.3 mmol(l RB@jrmally present.
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GSH is also acte in glutathione S-transferase catalysed conjugation with hydrophobic, elec-
trophilic compounds including toxins and drugs. Glutathione S-catgsgare actely exported from
RBCs. One such S-transferase substrate 1-chloro-2,4-dinitrobenzene (CDNB) has beettensed e
sively for depleting cell TG content for experimental purpodes. RBCs suspended at a 10% haemat-
ocrit in huffer containing 2 mM dithiothreitol, | found that incubation for 40 minutes at 37°C with
CDNB concentrations from 0.08 to 0.40 mM reduced the T@ddyy 30 to 90%, respeedly. When
the TG depleted RBCs were washed free of thtemsoluble glutathione-CDNB conjugate and resus-
pended in a HEPESubered solution containing 5 mNN-acetylgsteine and glucose, the TG/dis in
the RBC, measured by a modified version @tZes assay increased in a lineaashion for seeral
hours. The rate of TG production was dependent on theeelef depletion of TG with a maximum
rate of synthesis of 726 15.0umol(l RBCY!h'! (mean+ SD) which is a five-fold increase on rates
previously measured in RBCs with normaléts of GSH (Griffith, 1981).The results of 2 of 5 such
experiments are presented in the Figufée error bars are the SE of the rates of synthesis returned by
linear regression. Buthionine sulfoximine a potent inhibitoy-glutamyl-g/steine synthaseas shan
to inhibit the rate of TG increase in RBC by 55% confirming that the accumulation of TGexbserv
was due to synthesis. The controlling factors of TG synthesis within whole RBCs will be determined
by measuring TG production under various experimental conditions. Once identified, manipulation of
controlling factors may be used to ypest depletion or stimulate production of GSH ivesal disease
states characterised by reduced cell TG.
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Circadian gene expression in mouse uterus andsér

A.A. Limt, M.H. JohnsofAand M.L. Day, 'Department of Physiology and Institute for Biomedical Re-
seach, University of Sydng NS.W 2006, Australia andDepartment of Anatomyniversity of Cam-
bridge, B2 3Dy, United Kingdom..SP

The circadian rhythm of the suprachiasmatic nucleus (SCN) of the brain is entrained by light.

Upon input of light, the circadian rhythm is generated as follows: the transcrigtitmns CLOCK and
BMAL1 heterodimerise to upregulate transcription of the gdtees-3 and Cryl-2 PER and CR
proteins heterodimerise, then translocate to the nucleus whgrelaWwa-regulate CLOCK/BMALL1
activity. This reducese and Cry transcription and PER and €Rlecay releasing the inhibition on
BMALL. Eventually BMALL1 levels increase, initiating the next 24 facte of transcription. The circa-
dian clock in the SCN coordinates circadian clocks in peripheral tissues (Repped/é,\2002). In
the female reproduet tract and embryo, timers control whervelepmental gents occur (Johnson &
Day, 2000). It is possible that the circadian clock acts as one such timer asevgadven that the cir
cadian geneerl-3, Cryl-2, Bmalland Clock are expressed in the female reprodeetiract (uteri
and oviducts) and in preimplantation embryos of the mouse (Johaisah 2002). 1o determine
whether a circadian clock exists in the uterus, we ltggantified mRM using real-time PCR.

Female MF1 mice were housed on a 12/12 h light/dgelecLiver and uterine tissues were ob-
tained from mice euthanised by cervical dislocation at circadian times 0, 4, 8, 12, 16 and 20 of thi
proestrous, oestrous and dioestrous periods of the oestrous cycle. Whole tissues were snap frozer
liquid nitrogen and total RN'was purified. The RN concentration was determined by RiboGreen as-
say then reerse transcribed to cDN Expression of the circadian genega2, Cryl, Bmallin the
cDNA was then quantified by real-time PCR using SYBR Green |. Standareisovere run for each
gene B-actin, Per2, Cryl, Bma)lusing cDNA. From each standard c@rthe amount of each geng-e
pressed was calculated and then normalis@datctin.

Timed Iver cDNA samples showed changes in circadian geqeession similar to that in the
literature (Leeet al, 2001). This confirmed the use of the real time PCR protocol for use on uterine
samples. In uterine cDN preliminary results suggest thaér2 and Bmallexpression change with a
circadian rhythm. Further research will determine whether a circadian olist& & other periods of
the oestrous cycle.

Johnson, M. H. & DayM. L. (2000)BioEssays22: 57-63.
Johnson, M. H., Lim, A., Fernando, D. & D&y. L. (2002)Reproductive BioMedicine Onliné;

140-145.

Lee, C., Etchgaay, J.-P., Cagampang, F.R.A., Loudon, A.S&.Reppert, S M. (2001ell, 107:
855-867.

Reppert, S.M. & Weaer, D.R. (2002) Coordination of circadian timing in mammalature, 418:
935-941.
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Effects of vitamin D insufficiency in the fetus and in early life on vascular reactivity in
young adult rats

H.C. Parkingtod, SJ. Emmett, R. Morley?, C. Sordilis®, H.A. Colemahand M. Taré, IDepartment
of PhysiologyMonash UniversityMctoria 3800 and?University of Melbourne Department of Paedi-
atrics, Royal Childrers Hospital, Victoria 3052, Australia.SP

Inappropriate nutrition in fetal and postnatal life can lead to increasedvasaitar risk in the
offspring. Vitamin D (vit D) is an important factor little studied in the context fspoing health. The
prevalence of vit D insuiciency is increasing in western societies including Australia, and of particu-
lar concern, lov levds are seen in pregnant women (@ro& Morley, 2001). It has been suggested
that maternal vit D insfitiency may increase the risk of autoimmune disease in tsprafig, with in-
creased incidence of type 1 diabetes, chronic inflammatory disorders, some cancers, heart disease, h
blood pressure, insulin resistance, and elements of Syndrome X. Hereesteated whether vit D
deficieny in fetal and early life results in vasodilator dysfunction, as observed in young adult rats.

Female Sprague Ddey rats were fed chw that was vit D deficient (free of added vit D) from 4
weeks of age, with controls fed normal eh(2000U/kg cholecalciferol, vit D). This feedinggime
was oontinued until the end of the studyfter 6 weeks, all rats were mated, the litter size reduced to
10 pups on day 4 post-natal, and the pups weaned at 3 weeks of age. Pups from vit D deficient a
control dams were maintained on vit D deficient and normakctespectrely. At 7 weeks of age, a
catheter was inserted into thentral tail artery under isoflurane anaesthebidlowing 2-3 h rece-
ery, arterial pressure was recorded for 1 h. Blooakvthen obtained via the catheter for serum vit D
and C&" determinations. The rats were killed by decapitation. The stage of the gstrusias deter
mined from a vaginal smeauterine weight and\@rian inspection. A segment of mesenteric artery
immediately before it entered theallvof the intestine, was mounted on a pressure myograph fitted
with an in-line pressure transducand pressure set at 57 mmHg withoutldhe segment was con-
tinuously superfusedxeernally with bicarbonatetffered physiological saline solution (PSS) at 35°C
and 14 ml/min. Segment diameter was recorded usimgr®ak ® (Neild, 1989). Maximal constriction
was determined using 100 mM™PSS and also in response topMd pherylephrine. Endothelium-de-
pendent vasodilation was tested using discrete 2 min applications of acetylcholine in the presence
70% of maximal toneveked with arginine vasopressin. Nitric oxide (NO) and prostanoid production
was Hocked as required using“hnitro-L-arginine methyl ester (100M) and indomethacin (iM), re-
spectvely.

Serum vit D leels were &1 ng/ml in rats fed vit D deficient cimocompared with 12610 ng/ml
in controls, and serum €awas halved in deficient animals. Vit D deficient animals were some 20%
lighter in weight than normal fed controls.dan weights were appropriately smallexcept for the
brain, in which weight was preserved in vit D deficierin vit D deficient rats, conscious blood pres-
sure and heart rate were significantly greater compared with controls#{®ym@Hg and 4@13
beats/min, n=11 in males; #4 mmHg and 249 beats/min, n=11 in females). Resting tonasvdou-
bled in vit D deficieng while the ability to maximally constrict was similar in all groups. Endothelium
derived NO vasodilation was halved in vit D deficient males and diestrous females, while the dilation
attributable to endothelium-demrd hyperpolarising factor (EDHF) was preserved. @Gosely, in s2¢
ments from vit D depvied females in estrus, the dilatiomozed by NO was presemd, while that at-
tributed to EDHF was abolished.

These results demonstrate that vit D degion in fetal and early life leads to growth retardation
and higher arterial pressure in young adult rats. The higher presasineflected in eleted resting
tone in small mesenteric arteries and redrkeductions in endothelium dependent vasodilation, with
the vasodilators wolved differing depending on thexsgteroid status.

Grover, S, & Morley, R. (2001)Medical Journal of Australial 75, 251-252.
Neild, T.O. (1989Blood Vessel6, 48-52.
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Possible role of the brain angiotensin system in programming and maintaining hyperten-
sion in sheep prenatally exposed to dexamethasone

A. McAlinder, A. efferies, M. Cock, E. Wintour!, C. May? and M. Dodié, ‘Department of Physiol-
ogy, Monash UniversityClayton, Victoria 3800 andHoward Florey Institute of Experimental Physiol-
ogy and Medicine University of MelbourngParkville, ictoria 3010, Australia. (Introduced by R.
Evans).SP

Recent studies ka generated the hypothesis that a suboptimal intrauterine environment, during
a aitical stage of deslopment, ‘programs’ the delopment of fetal tissues, enabling fetal sualjibut
with adverse consequences in adult life (Dadial, 2002a).

We haveshawvn that elgated mean arterial pressure (MAP) in both male and female adult sheep
can be ‘programmed’ by brief, prenatal exposure to an excess of the synthetic glucocorticoid (GC)
dexamethasone (DEX), for only 48 hours, at day 26-28 of the 150 day gestational periodetCadic
1998). Late in gestation (130 days), noveii®n in MAP was observed in DEX exposed fetusesy-ho
eve real-time PCR studiesvealed an increase in gengpeession leels of angiotensinogen in thgh
pothalamus and angiotensin Il (ANG II) type IT(Areceptors in the medulla oblongata (Doelical,
2002b). When killed at 7 years of age, the sheep prenatally exposed to DEX were fowel ite ha
creased expression of Afeceptors in the medulla oblongata (Doeli@l, 2002Db).

Our aim was two-fold: i) to determine if the brain angiotensin system (AS) aatesilbo the
maintenance of eleted MAP; and ii) whether the sensity of the brain AS is altered in DEXxe
posed sheep. Studies were carried out on a cohort of adult male sheep prexadalyl ¢o either
DEX (0.48mg/h) or saline (control) at 26-28 days of gestation. Sheep were instrumented with brair
guide tubes (lateral ventricle) and alled 2 weeks rea@ry. General anesthesia was induced with an
intravenous injection of 5% Sodium Pentothal (0.4mg/kg), then the sheep was intubated and anesthes
maintained with Halothane in 100% oxygen. Cardscular function (MAPcardiac output and heart
rate) was measured for one hour (control period), @tb by either a four hour intracerebentricu-
lar (icv) infusion of the A, receptor blocker losartan (1mg/h) or artificial cerebrospinal fleti¢le).

In addition, brain AS sensitivity was tested by measuring caasialar function during icv infusions
of ANG Il (1 or 1Qug/h), each dose running for one hour.

Our results she that the MAP response to losartan was similar between thertwps of ani-
mals. The MAP response to icv ANG llgd/h) was greater (p<0.05) in DEX exposed animals com-
pared with the control group. The maximal MAP response to icv ANG pb/fd was higher
(AMAP=10+£1.9mmHg,n=7) in the DEX group compared with the saline gragdAP=6+2.1mmHg,
n=7, P<0.05). There as no significant difference in MAP response to icv ANG Iiu/0) between
the two groups, havever there vas a trend wwards higher maximal MAP response to ANG Il boh)
in the DEX group AMAP=19+1.8mmHg, n=7) compared with the saline group
(AMAP=14+2.1mmHg,n=7).

These results suggest that the basal brain AS activity does not gntalthe maintenance of
elevated MAP in DEX exposed sheep. Wever, there might be a greater sensitivity of the brain AS to
icv ANG Il in the DEX exposed animals.

Dodic, M., May C., Wintour, E. & Coghlan, J. (1998Clinical Science94,149-155.

Dodic, M., Moritz, K., Koukoulas I., & WintoyiE. (2002a) Trends in Endocrinology & Metabolism
13, 403-408.

Dodic, M., Abou-Antoun, T., O’ConnpA., Wintour, E. & Moritz, K. (2002b)Hypertension40,
729-734.
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The effects of maternal renal dysfunction and a high salt diet on the renin angiotensin
systems of the pregnant ewe and her fetus

K.J. Gibson, A.C. BoygeB.M. Karime C.L. Thomson, . ), Y.PZhou and E.R. Lumbers, Department
of Physiology and Pharmacolagdichool of Medical Sciences, University ofi&uth Wales, NSW
2052, Australia..SP

We previously reported that maternal renal dysfunction, caused by subtotal nephrectomy (STNXx)
prior to mating, resulted in fetuses with high urinevflates, high urinary sodium excretions and lo
haematocrits (Gibsoat al, 2002). These changes were suggesti exposure to an increased fluid
and solute load from the mothdio determine whether the fetal renin angiotensin system was sup-
pressed, we measured plasma renieldein 17 STNx and 14 control ewes and their fetuses at 122-128
days gestation (term = 150 days). In addition, we examined the effects of a high salt diet.

At least two months prior to mating, STNx was carried out under general anaesthesia (1 g sodi-
um thiopentone i.vfollowed by 1-3% halothane in oxygen). The right kiglneas remeged and a
branch of the left renal artery (supplying at least one third of theidves ligated. At 112-122 days
the fetuses andaes were chronically catheterised under general anaesthesia. No measurements we!
taken until at least 5 days after gary Plasma renin leels were measured as the rate of generation of
angiotensin | (hg mt h'Y) in samples incubated with nephrectomised sheep plasma (a source of an-
giotensinogen).

Maternal renin leels were similar in the tevgroups (Control 1.4 0.4 (SE),n=14; STNx 1.2+
0.3 ng mi* h'l, n=17). Havever, fetal plasma renin \els were lower in the STNx group (6283.0,
n=17) than in the control group (1517.9 ng mt* h'l, n=14,P=0.07).

Six ewes in each group reeed a Hgh salt diet for 4 days i.e. thénad access to 8 | dayof
0.17 mol 11 NaCl instead of their normal drinkingater When both groups were combined, maternal
plasma renin hegls fell from 1.9+ 0.4 to 0.5+ 0.2 ng mi* h'! (n=12, P<0.05). Interestinglyin the
STNx ewes on the high salt diet, the increase in urinary sodium output was greater than the increase
sodium intalk, so their sodium balance becamgaige. Fetal plasma renin \els rose from 1& 7.7
(n=6) before salt, to 19:87.4 ng mi* h'! (n=6) after salt=0.05 after log transformation of the data).

By contrast, in the control ewes on the high salt diet, maternal sodium balance remaines) ausiti
the{e \{vas no change in fetal plasma remil$e(before salt 11.& 5.2, n=5; after salt 12.& 8.8 ng
ml™ h™=, n=5).

It is concluded that the fetal renin angiotensin systexs suppressed in this model of maternal
renal dysfunction. The renin angiotensin system is essential for normal redapdeent (Guron &
Friberg, 2000). Therefore, by suppressing this system, maternal renal dysfunction may impair fetal re
nal deselopment and predispose the offspring to hypertension. Furthermore, fetuses whose mother
have renal impairment may be exposed to greater fluctuations in salt and water balance than thos
whose mothers lva rormal renal function.

Gibson, K.J., Karime, B.M., Zhou, Y.P., Boyce, A.C. & Lumbers, E.R. (20®0keedings of the Aus-

tralian Health and Medical Resedr Congress1210.
Guron, G. & Friberg, R2000).Journal of Hypertension18:123-127.
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The role of renal sympathetic neve ectivity in the hypertension induced by chronic nitric
oxide blockade

R. Ramchandra, C.Barrett, S.J Guild and S.C. Malpas, Circulatory Control Lab, Department of
Physiology University of Auckland, Private Be&82019, Auckland, Ne Zealand. .SP

Chronic blockade of nitric oxide leads to an increase in blood pressure that is maint@mned o
the period of the blockade in baroreceptor intact animals (Sceb@ihh 1998). In addition to theas-
cular actions of endothelium-deed nitric oxide, indirect evidence supports a role for the sympathetic
nernwous system in maintaining thggertension. The decrease in blood pressure with ganglionic block-
ade is exaggerated with blockade of nitric oxide suggesting an increase in sympathetic tehal(Liu
1998; Scrogiret al, 1998). Guanethidine-induced sympathetectomy also attenuategpeemsion
induced by chronic nitric oxide blockade (Saneleal, 1997).

In order to test this possible interaction between nitric oxide and sympathegcanirity di-
rectly, we measured arterial pressure and renal sympathetie metivity before, during and after ni-
tric oxide blockade using L-NAME (50mg/kg/daia drinking water) @er 7 days, in baroreceptor in-
tact and sino-aortic denervated (SAD) conscious rabbits.

In the baroreceptor intact animals, blockade of nitric oxide led to a significant increase in mear
arterial pressure (from 75 + 2 to 84 + 3 mmHg) and decrease in heart rate (from 233 £ 8 to 195 +
bpm) that was sustainediaw the 7 days of nitric oxide blockade. In all SAD animals, an initial in-
crease in arterial pressure (82 £ 3 mmHg on the second daygeen but was not sustained andweco
ered back to pre L-NAME \&ls. Direct recordings of renal sympathetic reeagtivity suggest the in-
crease in blood pressure in the baroreceptor intact animals is not accompanied by a change in ret
sympathetic tone (9 £ 3 normalised units during control v/s 10 = 4 normalised units at day 7 of L-
NAME treatment). There is evidence of resetting of the blood pressure- renal sympathetectiverv
ty barorefle curve such that blood pressure is maintained at a hypevieiesid.

In summary our results do not support a role for increased renal sympathetie @ity in
maintaining the hypertension with nitric oxide blockade in baroreceptor intact animals. The lack of a
sustained increase in pressure in the SAD animals suggests an important role for e anefie
long-term control of arterial pressure.

Liu, Y., Tsuchihashi, T., Kagiyama, S., Matsumura, K., Abe, I. & Fujishima, M. (1328hal of Hy-
pertension16, 1165-1173.

SanderM., Hansen, J. & VictoR.G. (1997)Hypertension30, 64-70.

Scrogin, K.E., Hatton, D.C., Chi,. % L uft, F.C. (1998 American Journal of Physiolog®74,
R367-R374.
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Baroreflexes play a major role in regulating the long-term leel of sympathetic nerve ac-
tivity

S.J Guild, C.J Barrett, R. Ramchandrand S.C. Malpas, Circulatory Control Laboratoiyepartment
of PhysiologyUniversity of Auckland, Private B§221019, Auckland, NeZealand. .SP

It is accepted dogma that arterial barorefteday no role in the long-term regulation of arterial
pressure because thexhibit resetting in response to sustained increases in arterial pressweyekio
a recent study from our laboratory (Barrettal, 2003) challenges this wie We dosened that chronic
infusion of angiotensin Il (7 days, 50ng/kg/min.).¢aused an increase in mean arterial pressure
(MAP) and a sustained decrease in renal sympathetie agivity (RSNA). Also, although the MAP-
heart rate baroreftecurve showed resetting, the MAP-RSNbaroreflex curve dd not. These results
suggest that baroredeontrol of RSM is likely to play a significant role in the long-term control of
arterial pressure. Full interpretation of these resultswsev@ made dificult by the direct and central
nenous system &cts of angiotensin Il on RSNA. It is important therefore teestigate this result
further using an alternag method of increasing arterial pressure. In this current study chronic infu-
sion of phenylephrine was chosen.

In New Zealand white rabbits, living in their home cages, arterial pressure and R8N
recorded continuously using telemetryides before, during and after a 7-day infusion of gheen
phrine (30mg/kg/hr i.v.) using an osmotic mini pump. The modd&ssistained increase in MAP dur
ing phenylephrine infusion & accompanied by significant bradycardia and decreased R30%6)
over the 7-day infusion period. Barorefleesponses were deed using rapid infusions of sodium ni-
troprusside and phglephrine before, at day 2, and 7 of phenylephrine infusion and again after re-
moval of the osmotic pump. The MAP-R3N\curves during phenylephrine infusion not only sieal
no evidence of the rightward shift suggesting resetting.atso showed a decrease in range and the
resting points lie near the lower plateau of these curves suggesting that the decreaset3eB8hd
during phenylephrine infusion is due to the baroxeflénese results suggest that the similar changes to
the barorefle curves observed during angiotensin Il infusion are independent of the central or direct
effects of angtiotensin Il and are mediated by the inducement of hypertension. Overall these result
support the notion that the barorgégedo play an important role in regulating the long-terwelef
RSNA.

Barrett, C.J., Ramchandra, R., Guild, S.J., Lala, A., Budgett, D.M. & Malpas, S.C. (2008)ation
Researh 92(12): 1330-6.

Proceedings of the Australian Physiological and Pharmacological Society http://www.apgs/Broceedings/33/122P



NO and a-adrenoceptor subtypes in regional renal vascular responses to renal ner
stimulation in rabbits

G.A. Eppel, L.L. Leé, K.M. Dentort, SC. Malpag and R.G. Evarls 'Department of Physiology,
Building 13F Monash UniversityVIC 3800, Australia andDepartment of Physiologyniversity of
Auckand, Auckland, N& Zealand.

Introduction. Renal medullary blood fle (MBF) plays a critical role in long-term control of ar
terial pressure. Therefore understanding the mechanisms controlling MBF is important. When rena
sympathetic dvie is increased reflevely (Leonardet al, 2001), or by electrical stimulation (RNS,
Leonardet al, 2000), MBF is reduced much less than cortical or total renal blood(@@F, RBF).

Zou and Cwley (2000) hae owvn that MBF responses to noradrenaline infusion are blunted by
a,-adrenoceptor mediated NO releasee ¥bted whether this mechanism blunts MBF responses to
RNS in pentobarbitone anaesthetised rabbits (90-150mg + 30-50mg/h iv).

Methods. RBF was measured by transit-time ultrasoundribetry, CBF and MBF were mea-
sured by laseDoppler flavmetry RNS was performed at a supramaximal voltage (2ms pulse dura-
tion) for 3min at each frequen¢0.5,1,2,4 and 8Hz in random order). In Experiment 1, RNS was per
formed before and after prazosim {adrenoceptor antagonist; 0.2mg/kg + 0.2mg/kg/h iv; n=6), rau-
wolscine @,-adrenoceptor antagonist; 0.5mg/kg + 0.25mg/kg/m+6) or vehicle treatment (n=6). In
Experiment 2, responses to RNS were measured under control conditions, after NO synthase blocka
with NC-nitro-L-arginine (L-NNA, 20mg/kg/min + 5mg/kg/h iv), and then during co-infusion of glyc-
eryl trinitrate at a dose that restored arterial pressure and RBF to corei®(16-50ug/kg/min iv). A
second group (n=6) served as a time control, receiving only vehicle treatment.

Results. In all groups RBFCBF and to a lesser extent MBRere reduced by RNS in a stimu-
lus-dependent manndn Experiment 1, prazosin decreased baseline arterial pressure b§% Hhnd
CBF by —18&3%. Prazosin blunted RNS-induced responses of RBF and CBF but nofvB#&am-
ple at 4Hz, RBFCBF and MBF were reduced by -8%%, -8%2% and —2812% respectely during
the control period, and by —89%, —-425% and —287% during prazosin treatment. Rauwolscine in-
creased arterial pressure k286 and decreased RBF by +286 and CBF by —1#43%. Rauwelscine
increased CBF and MBF responses to RNS but only at frequenh2ids. For example RNS at 1Hz
reduced CBF by —-282% but not MBF (+29%) during the control period. During rauwolscine treat-
ment, RNS at 1Hz reduced CBF by +80@6 and MBF by —128%. Baselindhaemodynamicariables
and responses to RNS were not significantly affected by vehicle treatment. In Experiment &, L-NN
increased arterial pressure byt3% and decreased RBF and MBF by +2% and -525% respec-
tively. L-NNA treatment enhanced responses to RNS, particularly MBF at the lower frequeacies. F
example, stimulation at 2Hz during the control period reduced RBF by748&nd CBF by —386%
but not MBF (+1+18%). During L-NM\ treatment the responses were =&, -434% and
-32t11% for RBE CBF and MBF respeatéely. Glyceryl trinitrate infusion restored arterial pressure,
RBF and MBF to control lels and also restored RBEBF and MBF responses to RNS to their con-
trol levels. Responses to RNS remained re&yi stable in the time control group.

Conclusions. These data indicate that bath-adrenoceptor asigtion and NO blunt MBF re-
sponses to RNS atvofrequencies, but also blunt CBF responses to some extent. Whether the impac
of a,-adrenoceptor astétion is mediated by NO, remains to be determined. MBF remained less re-
sponsve © RNS than CBF during NO synthase amgtadrenoceptor blockade, indicating that other
mechanisms also contribute to thefafiéntial impact of RNS on CBF and MBI&,-adrenoceptors
make an mportant contribution to RNS-induced changes in CBF but seem to contribute less to RNS-
induced changes in MBF.

Leonard, B.L., Evans, R.G., Makatikyan, M.A. & Malpas, S.C.. (200@merican Journal of Physiol-
ogy, 279, R907-916.
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Leonard, B.L., Malpas, S.C., Denton, K.M., Madden, A.C. & Evans, R.G. (Z@#&)ican Journal of
Physiology280, R62-68.
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Do nitric oxide and prostaglandins protect the renal medullary circulation from is-
chaemia during renal neve dimulation?

N.W Rajapaksé, G.A. Eppel, K.M. Dentort, SC. Malpag and R.G. Evarls'Department of Physiol-
ogy, Monash UniversityMelbourne Australia and’Department of Physiologyniversity of Auckland,
Auckand, Nev Zealand. .SP

Renal medullary blood fl@ (MBF) is less sensite than cortical blood f (CBF) to sympa-
thetic actvation (Guild et al, 2002), in part because of a counter regulatory vasodilator role of nitric
oxide (NO) (Eppekt al, in press). Thus, blockade of NO-synthase in anaesthetised rabbits enhances
responses of total renal bloodviildRBF), CBF and particularly MBFE to renal nere gimulation
(RNS) (Eppelet al, in press). Hwever, other mechanisms must also bealwed, becauseven dter
NO-synthase blockade, RNS still reduces CBF more than MBF.

In the present study we tested whether prostaglandins adgtti the relatie insensitvity of
MBF to renal sympathetic ahé in pentobarbitone (90-150 mg + 30-50 mig)enaesthetised rabbits.
We dso tested the effects of NO-synthase inhibition anomal kidng blood flov responses to RNS
in rabbits pre-treated with a cyclooxygenase inhibitor.

A transonic flav probe was used to measure RBF and laser-Dopplerpilobes were used to
measure CBF and MBIResponses to RNS were tested before and aftevéntmas ibuprofen (12.5
mg/kg plus 12.5 mg/kg/h; n = 18) or itehicle (n = 6). In ibuprofen-treated rabbits, responses were
then tested after ¥nitro-L-amginine (L-NNA; 20 mg/kg + 5 mg/kg/h; n=6), L-NA + glycery! trini-
trate (GTN; 8 - 221g/kg/min; n = 6) or vehicle (n = 6).

Ibuprofen but not its vehicle reduced basal RBBF and MBFE Subsequent treatment with L-
NNA, but not L-NNA + GTN or wehicle, increased mean arterial pressure and reduced RBF and MBF
RNS (0.75 — 6 Hz) caused stimulus-dependent reductions in RBE485at 6 Hz) and CBF (8%

3% at 6 Hz) more than MBF (3614% at 6 Hz) in vehicle-treated rabbit®uprofen did not signifi-
cantly affect responses of RBEBF or MBF to RNS. L-NNA, but notehicle or L-NNA + GTN, sig-

nificantly enhanced RNS-induced reductions in RBE (F001) and CBF (P = 0.02ubnot MBF (P =
0.8).

We onclude that yclooxygenase products Valittle net impact on regional kidgpélood flow
responses to RNS. Our finding that NOS blockade did fettalesponses of MBF to RNS after-c
clooxygenase blockade contrast with ouvmes findings in rabbits with intact cyclooxygenasevacti
ity (Eppel et al, in press). This may reflect interactions between nitric oxide aswoonstrictor
prostaglandins in modulatingesponses of MBF to RNS. This notion is consistent with previous stud-
les of isolated perfused kidneys, in which NO blockade enharasexanstrictor responses to nora-
drenaline under control conditions, but not after cyclooxygenase blockade (Zhang & Sassard, 1993).

Eppel, G.A., Denton, K.M., Malpas, S.C. & Evans, RRBuges Archiv-European Journal of Physiol-
ogy, in press.

Guild, S.-J., Eppel, G.A., Malpas, S.C., Rajapakse, N.Wy&teA. & Evans, R.G. (2002hmerican
Journal of Physiology283 R1177-R1186.

Zhang, B.L. & Sassard, J. (199Bitish Journal of Pharmacology,10, 235-238.
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lon channelopathies: What hae they taught us about arrhythmias and anti-arrhythmic
therapy?
J.I. Vandenbeay and T.J Campbell, Electrophysiology and Biophysic®gam, Victor Chang Cardiac
Reseath Institute Lewel 9, 384 Victoria Seet. Darlinghust, NSW 2010 and Department of Medicine,
St. Vincens Hospital. Univesity of NSWNSW 2052, AustraliagSP

The efficient pumping of blood by the heart requires the co-ordinated activity of the billions of
cardiac myocytes that makup he heart. This is achied by an éectrical communication system the
centrepiece of which consists dadlitage-@ted ion channelsOver the last decade the molecular identi-
ty of most (if not all) the eltage-@gted ion channels in the heart has been elucidated. More important-
ly it has also been found that mutations in some of these channels (most notably the cardiac sodiu
channel, SCN5a, and the delayed rectifier potassium channels, KvLQT1 and HERG) result eda mark
increase in the risk of lethal cardiac arrhythmias, the so-called "cardiac ion channelop&bies-.
mination of the mechanisms underlying the increased risk of arrhythmias in patients with these mutar
channels has taught us a great deal about the molecular basisytifralab. Thisis perhaps best il-
lustrated in the case of loss-of-function mutations in the HER@h&nnel and the increased risk of
arrhythmias initiated by premature beats (see e.getal, 2001). Understandinghe cardiac ion
channelopathies has also provided insights intg 8dnary drugs deeloped to be anti-argtthmic
turned out to be "pro-arythmic". For example most Class Il anti-aythmics inhibit the HERG K
channel resulting in a "drug-induced long QT syndrome@h(@énbergt al, 2001). Thebig challenge
now is to uilise the knowledge we ke gained from understanding cardiac ion channelopathies to de-
velop more effectie anti-arrhythmic therapies.

One of the major issues that has yet to be fully addressed with respect to the role of ion channe
in the genesis of cardiac aythmias is the heterogeneity of ion channgiression. Thitheterogene-
ity of electrical activity is most clearly illustrated by thefeli€nces in the shape and duration of car
diac action potentials recorded from cells in different regions of the heart. One consequence of thi
heterogeneity is that grdrug that modulates ion channel activity wilMeadfferent effects in dierent
regions of the heart and by altering the delicate balance @frchand outward currents has the poten-
tial to be pro-arfithmic. Hawvever, before we can understand the specifics of such postulated-pro-ar
rhythmic mechanisms we need to knmuch more about the spatial patterns of ion chankssion
in the heart and hothey are affected by disease processes (see e.g. @taig2000).

Lu, Y., Mahaut-Smith, M.P., Varghese, A., Kemp, P.R., Huang, C.L.H. & Vandenberg, J.I. {2081)
nal of Physiology537(3):843-51.

Vandenberg, J.l., WalkeB.D. & Campbell, T.J. (200I)rends in Pharmacological Sciences,
22(5):240-6

Wong, K.R., Trezise, A.E.O. & Vandenberg, J.I. (20B@)chemical and Biophysical ReselarCom-
munications278(1):144-9.
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Cardiac hypertrophy: comparing models and counting genes
L.M.D. Delbridge, Department of PhysiologWniversity of MelbourngParkville, ictoria 3010, Aus-
tralia. .SP

In the study of cardiacyipertroply, much has been learned from polygenetic modelsldped
by corventional selectie in-breeding techniques.€. the Spontaneously HypertemsiRat, SHR). As
mary cardiovascular disease states comprise a coxnpigltigenic-dependent phenotype, it is particu-
larly valid to use these models fowestigation of the natural history of diseases@ddepment and pro-
gression. Hwvever a major difficulty with these models has been thgpértroply and hypertension are
frequently coincident and identification of the genedictdérs which contribute to cardiac growth inde-
pendently of blood pressure has been difficult. Furthermore atheef to co-dexie genetically ho-
mogenous control strains for some models has further confounded the interpretation of data obtaine
from these animals.

We haverecently reported the ddopment of a neel polygenic rat strain of primary cardiag-h
pertroply derived from a cross of Fisher (F344) and SHR (Haetgpl, 2002). Oumewn Hypertrophic
Heart Rat (HHR) strain exhibits cardiac and cardiorgte@dtypertroply in the absence ofyiperten-
sion. In parallel we hee ®-developed a Normal Heart Rat (NHR) strain with small hearts and lo
blood pressure as a control strain. Exploration of the cardiagigresponses in the HHR and NHR
provides an opportunity to characterise the processes underlyinguwiiepmeent of load-independent
hypertroply.

A complementary genetic approach which can be of particular valuevidioig insight into the
mechanisms of cardiag/pertroply is the study of mono-genetically manipulated animal modets. W
have investigated transgenic and gene-knoak models to explore the role of trophic and metabolic
factors in inducing cardiacypertroply. Our studies of a transgenic cardiac-specific angiotensinogen
over-expressing mouse and a cardiac-specific glucose Glut4 transporter CrecLmolise hae re-
vealed that similar functional adaptations can be linked with quite different alterations in myocyte cal-
cium handling in hypertroph

In both multigenic and unigenic models of cardigpdrtroply we haveapplied candidate gene
and expression profiling techniques to undertabmparatve genotype-phenotype analyses. In our
candidate gene westigations we hee focussed on expression shifts in transporters important in modu-
lating excitation-contraction coupling. Our genome scale ‘snapshot’ studiessiggested that re-
gardless of the inst@ting genetic stimulus, the hypertrophic phenotype is associated with a major re-
modelling of metabolic processes.

Thus, the glue of both unigenetic and polygenetic animal models in the study of caygie h
trophy is particularly evident when candidate gene analysis and genome-scale expression profiling
techniques are used as complementary approaches.

Harrap, S.B., Danes, V.R., Ellis, J.A., Griffiths, C.D., Jones, &.Belbridge, L.M.D. (2002pPhysio-
logical Genomics9, 43-48.
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Modelling and imaging cardiac function during excitation-contraction coupling
C. Soeller and M.B. Cannell, Department of Physial&glool of Medical SciengéJniversity of
AucKkand, Private Bg 92019, Auckland, Ne Zealand. .SP

Cardiac excitation-contraction (E-C) coupling takes place in thewalisalic cleft between the
transverse-tullar membrane and the closely apposed terminal cisternae of the sarcoplasmic reticulun
(SR). Within the cleft (which is onlZL5nm high and some 100nm wide) large clusters of SR@a
lease channels or ryanodine receptors (RyRs) are located. W generally accepted that the opening
of these clusters of RyRs underlies the elementaayte of muscle actation called “calcium sparks”,
brief microscopic increases in intracellularGavhich can be observed in heart cells loaded with fluo-
rescent C& indicators such as fluo-3.

As a result of C& binding reactions and indicator diffusion®apark records do not provide a
direct measure of the time course ofCaelease. & robustly reconstruct the underlying €aelease
time course we deloped nae algorithms in which a parametric €aspark model is fit to>@eri-
mental records. Using this approach we calculated that the peak flux amplififd&2pA suggesting
that at least 15 RyRs contribute to &@Cspark. D obtain further insight into the gating of RyRs un-
derlying C&* sparks we constructed a detailed Monte Carlo model of RyR gating and assocfdted Ca
movements within the diad. In this model the vement of indvidual C&* ions was traced and &lif
sion was implemented as a random walk. RyR gating was described by a phenomenological 4-stal
scheme (Sterat al, 1999) that included explicit inagttion. Our calculations suggest that the geome-
try of the diad and the RyR cluster can significantfgcfthe time course of release. In our spatially
explicit model we obsew waves of RyR openings originating at the initial site of &ation. In elon-
gated clusters of RyRs the time course of release therefore depends on the aiteioitiation while
the total amount of Cathat is released stays nearly constant.

We dso explored the effect of allosteric coupling between RyRs onattireggof large RyR clus-
ters in the model Allosteric coupling was implemented as a nearest neighbour interaction where tran-
sition rates of receptors in the cluster were modified based on the state of adjacent iRyRedé&F
ate coupling our model generated a meafif @dease time course thaawsimilar to that reconstruct-
ed from &perimental sparks. On the other hand, strong coupling resulted in increased variability anc
duration of the CH release time course.

It has been suggested that the protein FKBP12.6 may be the molecular basis of allosteric cot
pling between RyRs.dltest this idea we recorded sparks in the presence of FK506, a drug which re-
moves FKBP12.6 from RyRs. Analysis of our data suggests that, although the amplitudé*of Ca
sparks is reduced in FK506 (as compared to control sparks), the decay time and variabilfty of Ca
sparks is only weakly changed by g®l FK506 which argues against a significant role of FKBP12.6
in coupling RyR gating.

We ae currently extending the model tovéstigate other RyR gating schemes and the effect of
local SR depletion on cluster gating. Our work suggests that the combination of mathematical mod
elling with high resolution G4 imaging will provide valuable insight into cardiac E-C coupling.

Stern, M.D., Song, L.S., Cheng, H.P., Sham, J.S.K.,, Yang, H.T., BoKdRer& Rios, E. (1999Jour-
nal of General Physiology]13:469-489.
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Cardiac structure and electrical actvation: models and measurement
B.H. Smaill, Bioengineering Institute and Department of Physipldgiversity of Auckland, Private
Bag 92019 Auckland, Ne Zealand. .SP

Re-entrant arrhythmia and fibrillation are three-dimensional (3B)tg that inolve relatively
large tissue volumes and are influenced by regiomation of the electrical properties of cardiac tis-
sue and by the compl@rchitecture of the heart. ¥Kin this context, computer models that incorporate
realistic descriptions of cardiac anatomy and the electrical properties of myocardium prowes-a po
ful tool with which to interpret and interpolate experimental observations.

Our group has systematically measured the 3D geometry of right anénéfckes in dog and
pig hearts, and has characterised myocyte orientation throughout the ventricular wall in these specie
These data & been incorporated into a detailed finite element model of cardiac anatomy which has
been used by ourselves and others to study normal electrieatiantand re-entrant arrhythmia.

We havedeveloped a confocal imaging technique that enables us to reconstruct thgeBi3ar
tion of cardiac myocytes ancteacellular collagen matrix in relagly large tissue volumes at up to
1um voxel resolution. Morphometric studies emylay this approach confirm that ventricular my-
ocardium is a complehierarcly in which myocytes are arranged in discrete layers separated ly clea
age planes that are reladly extensve, particularly in the left ventricular (LV) midwall.

The efect of structural discontinuity on the propagation of electricalan has been mod-
elled using a finite element formulation in which the electrical properties of intracellulaxtaacké
lular domains are explicitly represented. Detailed information on 3ageglane gganisation and
muscle fibre orientation, extracted from an extend#drne image of a transmural segment of Nt L
myocardium, was incorporated into the model. For an ectopic alidgiumulus, the predicted spread
of electrical actiation was initially non-uniform and markedly affected by the discontinuous 3D ar
rangement of muscle layers.

The model has been validated by recording extracellular potentials at up to 36 sites within the
LV free wall in sinus rhythm and during intramural pacingsitu measurements were made first in an
anaesthetised (Zoletil, 10mg/kg im, initially and then 2-5% halothane in oxygamt)lated open-
chest pig preparation and comparable data were then recorded with the hearts isolated and mountec
a Langendoiffapparatus. Intramural transmembrane potentials were recorded adjacemnadelklar
measurement sites in the isolated hearts eymga multi-channel fluorescence imaging system and a
novel fibre optic probe. The results obtained are consistent with model predictions and reinforce the
hypothesis that structural discontinuity mayegiise to non-uniform, anisotropic propagation of elec-
trical actvation.

The significance of these observations with respect to normastamti re-entrant argthmia
and defibrillation will be discussed. Finalthe need fqrand progress tward, development of a ne
generation of computer models of re-entrantydhmia that are anatomically realistic and incorporate
accurate representations of cellular electyspilogy and include data on the spatial distribution of
key transmembrane ion channels will be reviewed.
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Differential regulation of two modes of exocytosis by protein phosphatases
A.T.R. Sim, School of Biomedical Sciences, The University of Newaadtldunter Medical Resectn
Institutg Callaghan, NSW 2308, Australia. (Introduced by D. Adai®B)

Phosphorylation and dephosphorylation of egerminal proteins are wolved in the rgulation
of neurotransmitter release. Wever, it is now dear that there are multiple modes abeytosis in
neurons and the specific roles forfelieént kinases and phosphatases remain unknown. The most well
characterised mode okecytosis irvolves docking and fusion of a synaptiesicle with the plasma
membrane followed by full incorporation of thesicle into the plasma membrane, so called full fu-
sion &ocytosis. Vesicles are subsequently reged by Clathrin-mediated endocytosis.vitwer, an
alternatve node, termed kiss-and-run, hasmlbeen demonstrated, where neurotransmitter is released
without complete fusion of theesgicle with the plasma membrane, and the vesicle is rapidlyveetrie
and refilled with neurotransmittekiss-and-run therefore accelerates the tuenof the limited pool
of synaptic vesicles in neurons and mayehboth beneficial and pathological outcomes. In studies to
identify the molecularents underlying these dé@rent modes, we ka siown that serine/threonine
and potentially tyrosine phosphatasegehgpecific regulatory roles.

We wed selectie pharmacological inhibitors of different protein phosphatases uvestigate
their roles in the different modes ofaeytosis in neurons and mast cellsval chemical depolarising
agents were used (KCI and 4-aminopyridine) that can sedigcinduce full fusion and kiss-and-run
exocytosis, and @ocytosis was measured by dvweomplementary assays that can distinguish between
these 2 modes okecytosis. Measurement of endogenous, soluble, glutamate release detects both ful
fusion and kiss-and-run modes abeytosis. In contrast, measuring the release of the lipophilic styryl
dye FM 2-10 , reflects the time dependent dissociation of the dye from vesicle membranes, and
therefore much less capable of detecting the rapid, transiegtesis that occurs during kiss-and-run.
Our results suggest that protein phosphatase 2A\@hgitegulates the full fusion mode of@cytosis,
whilst protein phosphatase 2B, in addition to its recognised rolggidateng endocytosis, getively
regulates the kiss-and-run mechanism of exocytosis.

We havealso studied the role of the Src family of tyrosine kinases in regulating the seoties
of exocytosis. Inhibition of the Src family kinases, using the specific inhijbReL (1QuM), signifi-
cantly increased kiss-and-run release, but had no effect on full fusion release. The @alig, PP3,
had no effect on either mode. Measurement of depolarisation induced changes in synaptosomal prote
tyrosine phosphorylation did not shany association between Src kinase activity and kiss-and-run
exocytosis. This indicates that the effect of Src kinase inhibition is either toveemaonstitutve
phosphorylation dependent restraint omaytosis, perhaps mimicking an endogenous tyrosine de-
phosphorylation went that promotes the kiss-and-run mode, or to inhibit a depolarisation dependent
activation of a member of the Src kinase family that is not Src.

Since the fundamental molecular machinempoiwed in full fusion &ocytosis is highly con-
sened, we hae dso used a mast cell model to furtherastigate the molecularvents underlying the
control of full fusion &ocytosis by PP2A. These studies indicate that translocation of PP2A yrom ¢
tosolic to membrane-associated locations within the cell and the formation of transientxesmjtle
myosin are critical for the regulation of exocytosis.
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Coupling G protein-coupled receptors to exocytosis
P.D. Marley, Department of Pharmacologyniversity of MelbourngVic. 3010, Austilia. (Introduced
by D.J Adams).SP

The primary dwing force for regulatedx@cytosis is the eletion of cytosolic C&". In excitable
cells, this is normally achied by extracellular C&* entering the cell through &apermeable chan-
nels in the plasma membrane. lonotropic receptamisecexocytosis either by being themselves perme-
able to C&" or by being non-selest ation channels that depolarise the cell, sovaitig voltage-
sensitve Ca&2* channels (DCCs). In contrast, the mechanisms by which G protein-coupled receptors
(GPCRs) cause extracellularC&ntry are much less cle@ossible mechanisms Ve been aploring
using the secretion of catecholaminesked by histamine H1 receptors from adrenal chroinatells
(Marley, 2003).

Adrenal chromaffin cellsxpress one of the highest densities of H1 receptor ptiasue and
these are of critical importance in protectingiagt anaphylactic shock. The chromaffin cell H1 recep-
tors are coupled througBRertussis toxin-resistant G proteins to the hydrolysis of membrane phos-
phatidylinositol 4,5-bisphosphate and the generation of inositol 1,4,5-trisphophate (IP3), which mo-
bilises C&* from intracellular stores. Of the GPCRepeessed by chromaffin cells, histamine H1 re-
ceptors are particularly fecctive & evoking exocytosis, having almost half thefieboy of powerful
nicotinic receptor agonists. The great majority of this secretory response is inhibited by antagonists t
L, N and P/Q-type VOCCs, indicating histamine recruits VOCCweher histamine has compteef-
fects on the membrane potential of these celll@bkeet al.,2002). Initially there is a transienyper-
polarisation that is abolished if intracellular®atores are depleted and which is due tovaitin of
small conductance G&activated K* (SK) channels by store €areleased by IP3. Theyperpolarisa-
tion is followed after 10-20 s by a gladepolarisation and an increase in frequeoicspontaneous ac-
tion potentials. The latter tweffects persist after store depletion and after block of SK channels, and
are accompanied by an increase in membrane resistance and by a sardlicumrent. The latter are
in part the result of the closure of & hannel responsible for aveb M current that helps set the rest-
ing membrane potential. Mothe H1 receptors cause the closure of these channels is presently un-
known, havever the secretory response to histamine is notgoted by inhibitors of IP3 receptors or
ryanodine receptors, by depletion of intracellulaf'Gores, or by protein kinase C inhibitors (Donald
et al.,2002). The identity of the cause of the rest of the depolarisation also remaingvnnkiiore-
ceptors regulate the activity of at leasefilasses of K channels in chromaffin cells, Wever the se-
cretory response is not pemted by blocking SK channels, intermediate- omgéaconductance
Cet*-activated K' (IK or BK) channels, Krp Channels, delayed rectifier channels or A type channels,
and inward rectifier Kchannels are not expressed in these cells.

The results from such studies raise a number of important questions, including (i) what is the
molecular mechanism by which GPCRs inhibit &hannels, (ii) through what other channels can
GPCRs depolarise cells, and (iii) wdo some GPCRswwke large secretory responses, while others
have vey low efficag/, while apparently acteting similar signaling pathways in the same cells?

Donald A.N., Wallace D.J., McKenzie S. & MayIBD. (2002)Journal of Neurochemistri1,
1116-1129.

Marley P.D. (2003)Pharmacology & Therapeutic88, 1-34.

Wallace D.J., Chen C. & ManeP.D. (2002)Journal of Physiology540, 921-929.

http://www.apps.ay.au/Proceedings/33/130P Beceedings of the Australian Physiological and Pharmacological Society



PI1-3 kinase type Il C2x is essential for ATP-dependent priming of neurosecretory gran-
ules prior to exocytosis

FA. Meuniet, G. Hammond, PJ. Parker!, G. Shiavo!, F.T. Cooke and J Domir?, 1Cancer Reseah
UK, London Reseah Institute Lincoln’s Inn Fields Laboratories, 44 Lincolinn Fields, London
WC2A 3PX, UKBiochemistry and Molecular Biologyniversity of Collge, London, Darwin Build-
ing, Gower Street, W1E 6BTondon, UK andRenal section, Faculty of Medicinenperial Collge
School of Medicind.ondon W12 ONN, UK. (Introduced by DAHlams).SP

Phosphatidylinositol 3-kinases (P13K) are implicated in a variety of synaptic functions including
axonal guidance and long-term depression and potentiatvaawesl in Osbornet al, 2001). Havev-
er, a drect involvement of this class of enzymes and their lipid products in nextgtesis has been
guestioned (Chasserot-Goletzal, 1998), based on thewosensitvity of exocytosis to PI3K inhibitors
wortmannin and LY294002 (Martiet al, 1997; Wiedemanet al, 1996).

Neurotransmitter release from synaptosomes and hormonal secretion from chromaffin cells ar
only sensitve © high concentrations of the PI3K inhibitors wortmannin and LY294002, pointing to a
possible role for the less sens#tiAR3K-C2a. In support of this, PI3K-C& was detected on a subpopu-
lation of mature secretory granulesutting the plasma membrane in neurosecretory cells. Further
more, both PI3K inhibitors and sequestration of PI3Kx@2th specific antibodies seleetly prevent-
ed ATP-dependent priming in permeabilised chromaffin cells.

Transient wer-expression of PI3K-C& in PC12 cells potentiated/eéked secretion, whereas its
dominant ngative nmutant abolishedx®cytosis, suggesting PtdInB3the main catalytic product of this
enzyme plays a role in neusaeytosis. Consistenwith this, treatment of PC12 cells transientky e
pressing Ptding3sequestering FYVE domain withvoconcentrations of wortmannin seleey
abolished early endosomal staining angeaéed a full co-localisation of the FYVE domain with PI3K-
C2a on PC12 granules. Finally sequestration of PtdMis3 the FYVE domain also abolished secre-
tion from PC12 cells demonstrating that PtdigBoduction is needed in the process of acquisition of
fusion competence secretory vesicles undergo, during or following docking to the plasma membrane.

Chasserot-Golaz, S., Hubert, P., Thierse, D., Dirrig, S., Vlahos, C. J., Aunis, D., & Bdd€1998)
Journal of Neurochemistry,0, 2347-2356.

Martin, T.F., Loyet, K.M., BarnV.A., & Kowdchyk, J.A. (1997Biochemical Societyrdnsactions,
25, 1137-1141.

Osborne, S.L., MeunigEA., & Schiavo, G. (2001)Neuron,32, 9-12.

Wiedemann, C., Schafér., & Burger M.M. (1996)Embo Journall5, 2094-2101.
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Pre- and postsynaptic factors controlling synaptic efficacy at central synapses
M.C. Bellingham and M.L. Ker&chool of Biomedical Sciences, University of Queensland, St. Lucia,
Queensland 4072, Auatia. (Introduced by D.JAdams).SP

Synaptic dicacy is a neasure of the strength of postsynaptic electrical signals arising from
synaptic release of chemical neurotransmitters. Both pre- and postsyaapirs fcan alter synaptic
efficag. Most synapses are located on dendrites, whosespansi actve dectrical properties can dis-
tort recorded signals arising from remote synapses. These distortiongo@ed aat certain central
synapses, such as that between the endbulbs of Heldisiydcblls in the cochlear nucleus, where the
glutamate-releasing presynaptic terminals of cochlearerfioxes direct contact thaubhy cell soma.

Whole cell patch clamp recordings of eEPSCs were made fushy bells (n=113) in cochlear nucle-

us slices obtained from postnatal day (P) 4-21 rats anaesthetised with sodium pentobarbitone (-
mg/kg i.p.), in order to westigate pre- and postsynaptic factors contributing teeldpmental changes

in synaptic efficag

Postsynaptic changesAt endbulb-busly cell synapsesg-amino-3-hydroxy-5-methyl-4-isoxa-
zolepropionic acid receptor (AMPAR)-mediated single fibreked EPSCs (eEPSCSs) increase in am-
plitude with age while N-methyl-D-aspartate receptor (NMNR)-mediated eEPSCs decrease in ampli-
tude and decay time constant. The functional characteristics ol ARSIRNd NMDARs depend on
suklunit composition.NMDARs with NR2B subunits k& tigh C&* permeability and long decay time
constantare typically more common in neonatal brains and may play an important role in synapse
development. V¢ investigated deelopmental changes in suhit composition of postsynaptic
receptors using subunit-specific antagonists. IfenprodjiiN)Dan NR2B subnit-selectvte NMDAR
antagonist, reduced NMDAR eEPSC amplitude to 24+3% (mean+SEM, n=13) of control in P4-8 rats,
significantly greater than NMBR EPSC reduction in P10-17 rats (40+4% of control, n=13)
suggesting that NR2B subunits are exchanged durivglaenent to probably NR2A subits.
Pentobarbitone (10QM), which selectiely inhibits AMPARSs containing GluR2 subunits, reduced
AMPAR EPSC amplitude in P4-6 rats to 51+2% of control (n=4), to 73t5% (n=3) at P8-11 and to
40+14% (n=3) in P12-15 rats. The intracellular polyamine spermine blod&sp€aneable AMRRSs
lacking GIuR2 subunits at posié wltages. After inclusion of spermine (1) in the electrode
solution, the mean rectification indgRIl) of AMPAR EPSC I-Vs increased with age (P4-6,
R1=1.2+0.5 (n=5), P7-11, RI= 4.5+0.5 (n=8), P12-15, RI= 5.6+0.8 (n=10). suggesting th&tRsVi®
older animals are likely to lack GIuR2 subunits and be mofé @ameable.

Presynaptic changesPaired stimuli at 5-140 ms caused netdkfacilitation of 29 eEPSC
amplitude at P4-7 (mean ratioxSEM at 10 ms = 1.7 + 0.1, n=17), marked depression at >P1.
(0.6%0.05, n=17), and a mixture @fdilitation and depression at P8-10 (1.0+0.15, n=18). Depletion of
the synaptic vesicle pool by 10 stimuli at 100 Hz caused eEPSC amplitude depression at all ages (P4
0.03+0.04, n=7; P8-10, 0.02+0.03, n=6; >P11, 0.13+0.08, n = 13).v&gclyom depletion \as
similar at short delays but sker at >P11 for longer delays. Varying externaf‘Ceaused lager
changes in eEPSC amplitude and paired pulse ratio at ages <P11, indicating thatysehsignaptic
release to external €aaltered with deelopment.

Conclusions These data suggest that presynaptic factors regulatifigs€asitve s/naptic
release and short term plasticigd that subnit composition of postsynaptic AMPARs and NKRs
can be rapidly modified during synapticvdepment. It is proposed that €anflux through NMDA
receptors may contribute to thesevedepmental changes, so to increase synapficagy with large
and rapid AMR responses at mature synapses.
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