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The effects of arsenic on the tvmajor fibr e types in the chelae of the freshwater crayfisGherax
destructor (Clarke)

G. Williams and J.M. West, School of Life and Environmental Sciences, Deakin UnigeisByirwood Hwy,
Burwood, VIC 3125, Australia.

Arsenic is a preen carcinogen found in the soil in gold mining regions at concentrations that can be
thousands of times greater than gold. During mining arsenic is released intwitbareent, easily entering
surrounding water bodies. The main chemical forms of arsenic found inwinenement are arsenite (As(lIl))
and arsenate (As(V)), which are known to be the more toxicaldlde arsenic compounds.

It has been found th&herax destructoithe yabby) can accumulate arsenic atllecomparable to those
in the sediment of their environment (Williaratsal, 2008).

This study determined the effects of arsenic contamination on the yabbies tlesmiselividual muscle
fibres with long- or short-sarcomeres from the chelae of the yabbies were used to determine ifxpesunie e
altered muscle function e.g. €asensitvity and C&*-activated force production. Yabbies were exposed to
arsenic at 10 ppm Sodium Arsenite, AsNg&7 ppm As(lll)) and 10 ppm Arsenic Acid, M#AsO,-7H,0 (2.6
ppm As(V)) for 40-60 days. After exposure either their left or right chela wasveenand cut open tox@ose
the muscle fibres. Indidual muscle fibres were dissected from the chela and “skinned” (membrangdgmo
before being attached to the force recording apparatus. Muscle fibres were then placed in solutions of increasin
[C&®*] until a maximum C#™-activation was obtained (pCa 4.47)afbus parameters (e.g. pGahe [C&]
required to produce 50% of the maximum ?Gactivated force) were dered from these actation profiles to
determine the effect of arsenic on’Csensitivity and maximum Céactvated force.

Exposure to As(lll) produced a small yet significant leftward shift in th&-@ativation cure of both
long- and short-sarcomere fibres. As(\Rpesure hwever, caused a more substantial leftward shift in the
Cat*-activation cune (by 0.64 pCa units). These results indicate the muscle fibwesthaome more sensit
to C&* after long term xposure to As(V) and As(lll). Single fibres from the chela of As(V) exposed animals
produced significantly more force (N/@n(65.91+ 11.66 Long-sarcomere; 25.232.607 Short-sarcomere
fibres) than muscle fibres from control animals (3Gt8834 Long-sarcomere; 14.232.52 Short-sarcomere
fibres).

Histological eamination of the muscle fibres from the chelae of the yabby showed no alterations to the
appearance of the muscles at a light microgtepd. Therefore it appears that the difference if'Gensitivity
seen in the muscle fibres from arsenic exposed animals is a result of alterations at a maldculidras been
shawn that C&* sensitvity in muscle fibres can be increased in the presence of amino acidse(Ret al,
2003). Therefore an explanation for this altered sensitivity of the muscle fibres exposed to arsenic could be a
change in the actity of the amino acid transporters in the muscle which may alter intracellular amino acid
concentrations. Alternatély arsenic exposure may affect the bindinfinétf of troponin C (the C# binding
sulunit) to C&* thus altering the sensitivity of the muscle fibres td*C@hus, long-term exposure of the
animals to arsenic alters the gation profiles of these twvmajor fibre types in the chelae.

Powng EL, West JM, Stephenson DG & Dogl®C 003)Journal of Muscle Reseen & Cell Motility 24:

461-469.
Williams G, West JM & Sne ET (2008)Environmental Toxicology & ChemistBy: 1332-1342.

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/39/14P



Development of the diaphragm and the effects of maternal creatine supplementation on birth
hypoxia in a novel precocial species, the spiny mous@&g¢omys cahirinus)

D. Cannatat Z. Ireland? H. Dickinson?® D.W. Walker? and J.M. West,1School of Life and Environmental
Sciences, Deakin Universi21 Burwood HwyBurwood,VIC 3125, Australia@Department of Physiology,
Monash UniversityClayton, VIC 3168, Australia antMonash Immunology & Stem Cell Laboratories, Monash
University Clayton, VIC 3168, Australia.

The diaphragm is the main respiratory muscle that enables us to breathe. It is theletdy rskiscle that
must function at the onset of birth. é&vthough the importance of the diaphragm is well established, little is
known about the transition the diaphragm undergoes when the lungs are filled with embryonic fluid to when
they are filled with air when breathing is established. Breathing difficulties are common amowisirms
particularly in cases of pre-mature birth or wheweligoment has been compromised by hypoxiagaRi#ess of
the origin of these ditulties, in these conditions the demand on the diaphragm is high, thus it isvablecei
that respiratory failure can be due to the diaphragm being unable to meet demands of the respiratory system.

Skeletal muscle fibres are generally categorised as either slovastetwitch, distinguishable by their
contractile and actétion properties (West & Stephenson, 1993), axutession of unique proteins andPase
isoforms. In some species (e.g. sheep), the diaphragm is composed of ‘hybrid’ fibres that express both slow- an
fast-twitch ATPase isoforms andxhibit actvation properties characteristic of both fibre types. The aim of this
study was toxeamine the characteristics of diaphragm muscle fibres before and after birth as well tecthe ef
of hypoxia in a small precocial animal, the spimouse Acomys cahirinds In addition, maternal creatine
supplementation as administered to determine if creatine resulted in an increaseabuate of neonates
subjected to birth hypoxia.

Diaphragm muscle was collected from fetal, newborn and aduit spae, pinned onto dental wax at an
approximaten vivolength, and stored in a relaxing solution containing glycerol at -20°C until use. Single fibres
were then isolated by dissection, chemically ‘skinned’ (membranevesicand C&"- and SE*-activation
profiles obtained. Samples were also snap frozen and stored at -80°C to determine Tramsin M\DH* and
succinate dehydrogenase wit§i. For the hypoxia model, neonates were placed ungeoXic conditions for 8
minutes before thewere able to tak their first breath at birth. Samples were collected 24 hours after birth as
described abe. Half the pregnant dams werevgi a 5% ceatine diet during their pregnanc

In the diaphragm of fetal spinmouse, the Cd- and SF#*-activation profiles were characteristic of ast-
twitch fibre (large difference in sensitivity to €and Sf*). However, a ransition occurs in the lastfedays of
gestation providing evidence thatwkwitch isoforms are actited. There is an increased sensitivity t6*Sr
(PCa ;pSr,, vaue decreasing by 0.28 units)TRase and MHC expression also showed a similar transition at
this time with the number of Type | (s¥etwitch) fibres doubling (6% to 12%), and the presence of both | and
Ila MHC isoforms (oxidatie isoforms). Thus considerable re-modelling of the diaphragm occurs just before
birth. This suggests that the metabolic characteristics of the diaphragm shift to become moreéeifeiidgpte
resistant’. In male animals, the effect gfpbxia decreased the surairate (20%), havever the surwal rate
increased with creatine supplementation (80%). In these conditions creatine may provide extra structural suppor
to the diaphragm. Cross-sectional area (CSA) of diaphragm fibres in newborns decreasedypomder h
conditions (51Am? + 28.6), unless the mother was supplemented with creatine, to which @SAamal
(950um? + 30.4). The survi rate of female animals that underwent hypoxia, remainedveiatiigh (80%).
Creatine supplementation did not increase the wimate (80%) of the female newborns.

West JM, Stephenson DG (199Rurnal of Physiology462 579-596

Proceedings of the Australian Physiological Society http://www.aups.ag.au/Proceedings/39/15P



Unique actions of junctin and triadin on skeletal muscle ryanodine receptor calcium release
channels

L. Wei, A.FDulhunty and N.A. BeardMuscle Reseah Group, The John Curtain School of Medical Resbar
The Australian National Universitanberra, ACT 0200, Australia..

Excitation contraction (EC) coupling is the process which initiatesle&d muscle contraction.
Depolarisation of the sarcolemma triggers®Ceelease through ryanodine receptor (RyR) calcium release
channels in the sarcoplasmic reticulum (SR) of skeletal muscle. Fidi@ding protein calsequestrin (CSQ1)
interacts with the sietal muscle type 1 ryanodine receptor (RyR1) in the lumen of the SR and strongly inhibits
RyR1 channel actity. The membrane associated proteins triadin and junctin are thought to mediate a
functional interaction between CSQ1 and the RyR1 which conserv&s s@aes in the lumen of the
sarcoplasmic reticulum (SR). The iwigiual actions of triadin and junctin on RyR1 and their contribution to
CSQ1 interactions with RyR1 are reported here. Our aims were to determine: 1) the influence of triadin and
junctin (either individually or together) on purified RyR1 wtyi and 2) the ability of the anchoring proteins
(either individually or together) to mediate the inhibitorfeef of CSQ1 on RyR1 and to peat an increase in
RyR1 activity when the concentration ofCin the SR fallls.

New Zealand male white rabbits were euthanized by aweilt and back and tg muscle used to
prepare s&letal muscle proteins. &\dbtained highly purified CSQ1, triadin, junctin and RyR1 frorelstal
muscle using a combination ofedktal SR protein solubilization, gradient centrifugation and SDS arnenati
preparatie el electrophoresis. RyR channel activity was measured in lipid bilayers. Purified RyR1 channels
were reconstituted into artificial planar lipid bilayers which separatedhambers which are egualent to the
cytoplasmic and SR luminal compartments of the fibres and we examined the actions of purified triadin, junctin
and CSQ on channel activity.

Addition of either triadin or junctin to the luminal side of RyR1 channels embedded in lipid bilayers
increased channel open probability by increasing channel open time and stabilised channel openings to the
maximum conductance. Junctin/triadin competition studies showed arvadiiiict of adding these proteins to
the RyR, indicating that triadin and junctin interacted with independent sites on RyR1, confirnvioegspre
obsenations from our laboratoryPurified CSQ1 inhibited the reconstituted triadin/junctin/RyR1 comple
without reducing the number of maximum conductance openings. In addition the CSQZ1/triadin/junctin/RyR1
complex responded to e luminal [C&*] in the same way as nedi RyR1 channels. Therefore, triadin and
junctin alone are sufficient to transmit the inhibitorfeef of CSQ1 to RyR1 channels and other associated
proteins in the nate R are not essential for this action. CSQ1 inhibited RyR1 channels associated with junctin
alone, it not RyR1 channels associated only with triadin. In addition the carbpleveen purified CSQ1,
junctin and RyR1 supported the inhibition seen whervedyR1 channels are briefly exposed tw luminal
Ce&’* which may occur during repetig ativity. The CSQ1/triadin/RyR1 compledid not support channel
inhibition indicating that triadin is not essential for communication between CSQ1 and the RyR1.

These nwel results shw that, contrary to xpectation, junctin alone is responsible for mediating signals
between CSQ1 and RyR1. The rapidCefflux in vivo may be reinforced by the actions of triadin and junctin
in stabilizing RyR1 channel gating to enhance channel function. Thetatiachieed by triadin and junctin
binding to RyR1 is ngeted by the antagonistic effect of CSQ1 on junctinvaitin. Thereforgunctin underlies
the role of CSQ1 as ael requlator of the amount of C4released from the SR and is thus an essential
component of a tightly interacting machine timavivo ensures functional EC coupling and SR Qalease.
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The force-generating attachment of myosin heads (cross-bridges) to the actin filaments is
controlled differently in fast- and slow-muscle fibe types

D.G. StephensohQ. Andruche? G.M.M. Stephensdrand S. Gallef, 'Department of Zoology.a Trobe

University ic 3086, Australia’?Department of Cell BiologyJniversity of Salzbig;, A5020, Austria and
3Muscle Cell Biochemistry Laboratqrchool of Biomedical and Health Sciences Victoria Universitg
8001, Australia.

The dynamic functional dérsity of skeletal muscle fibres is generally thought to be predominantly
related to the molecular species of the myosin heavy chain (MHC) isoform present, which determines the speec
of myosin head (cross-bridge) pullingotes. The molecular mechanisms of forcevatibn and generation are
believed to be ssentially the same in rent muscle fibre types. Thus, the binding of'Ceeleased from the
sarcoplasmic reticulum to troponin C is thought to cause a lateral shift of the inhibitory troponinxcamiple
increase mobility of tropomyosin (TM) molecules on the azefof the actin filaments between positions that
either block or expose myosin head attachment sites on actin. Strong attachment of myosin kgadsdo e
binding sites on the actin filament stabilises the TM in an ‘open’ positionyemu)p more sites for cross-
bridge formation. Here we sWoevidence of qualitatie dfferences between the mechanisms of myosin head
attachment in slo and fast vertebrate skeletal muscle fibres, where the term “attachment” refers to the binding
of the myosin head to the actin filament with subsequent force generation. This is contrary to the belief that
dynamic contractile diérences between fibre types relate mainly to differences in the speed of cross-bridge
pulling cycles.

In this study force-generating attachments of myosin heads werestigated by applying small
perturbations of myosin head pulling cycles in stepwise stretpbrienents on segments of mechanically
skinned single skeletal muscle fibres offetént type actiated to different leels. Fibres were obtained from
freshly dissected muscles from the female clawed ¥egopus lags (105-230 g) and the rat (Fisher 344
strain, 3-6 months old) after the animals were killed in accordance with animal ethics procedunesl appro
the Unversity of Salzlirg, where the x@eriments were conducted. The frogs were cooled to 0-2°C and killed
by decapitation and double pithing and the rats were anaesthetized with sodium pentobarbitone and killed by
bleeding. Single fibres were mechanically skinned, attached to a force transducervatet! antisolutions of
different [C&*] and [SP*] as peviously described (Andruchva et al., 2006; Bortolottoet al., 2000). After
reaching a stable aettion level, fibres were subjected to small stepwise stretches to induce a small perturbation
in the interaction of myosin heads with actin. The rapid stretches result in characteristic force transients which
include a simultaneous rise in force with the stretch (phase 1), a rapid decay (phase 2) and a subsequent delay
force rise (phase 3). The delayed force rise (characterized by the time té3pésmkghtly correlated with the
MHC isoform composition of a fibre (see Andrughet al.,2006) and can be used as a measure of kinetics of
myosin head attachment. After the mechaniggeements, the fibres were collected for analysis of the MHC
isoform content. This was carried out using a refined SBSEProtocol described earlier (see Andruchet
al., 2006; Bortolottcet al.,2000).

Slow fibres (frog tonic and rat slow-twitch) exhibited only one ‘slow-type’ of myosin head attachment
over the entire actiation range (10 — 100% maximum aactivated force (Tmax)) which was characterized by
a gadual decrease i3 as the leel of activation increased. In contrast, the fast fibres from both frog and rat
displayed tw types of myosin head attachment: a Vsliype’ of myosin head attachment atvidevds of
activation (< 25% Tmax), which was not dissimilar from that obedrin the slw fibres, and an up to 30-times
faster type at high lels of actvation (>75% Tmax). Important)yat intermediate heels of actvation (25 — 75%

Tmax) the force traces fomdt fibres typically displayed both the ‘slow-type’ and the ‘fast-type’ of stretch-
induced delayed force rises.

These results indicate that there are tyalitatively different types of myosin head attachment astf
fibers, but only one type in siofibres, demonstrating that the dynamic contractile properties of different fibre
types difer not only with respect to the speed of myosin-head pulling cycles, but also with respect to molecular
mechanisms of myosin head attachment.

Andruchora O, Stephenson GM, AndruclkdD, Sephenson DG, Galler S. (2006)ournal of Physiology 574:
307-7.

Bortolotto SK, Cellini M, Stephenson DG, Stephenson GM. (2086)erican Journal of Physialy 279:
C1564-77.
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Conformational coupling of store-operated C&" entry in skeletal muscle
B.S. Launikonis, J.N. Edwards,ven Wegner and O. Friedrich, School of Biomedical Sciences, University of
Queensland, St Lucia, Qld 4072, Australia.

Store-operated G& entry (SOCE) is a mechanism that allows the entry of extracellul&y @en
depletion of the internal stores in order to refill them. This mechanism has been described in excitable and non-
excitable cells and the vmain molecular players, Stiml and Orailyé&deen identified. In nonxeitable
cells the response to depletion of internaP*Cstores inolves aggrgaion of Stim1 on the endoplasmic
reticulum (ER) membrane and translocation of the ERyids the plasma membrane to all®rail to conduct
the entry of C&' in a process taking tens of seconds (Lewis, 2007). In contrast, the skeletal muscleudell is b
for the rapid deliery of C&* to the contractile proteins. The cell microarchitecture allows this with thacgurf
membrane ivaginating into the cell forming the tubular (t-) system which apposes the sarcoplasmic reticulum
(SR) for rapid signalling. In sHetal muscle SOCE has been shown to occur within 1 s &f €kase
(Launikonis & Rios, 2007) but this should be significantly faster if the molecular agonists are prepositioned for
actwvation.

The Animal Ethics Committee at The Waisity of Queensland appred the use of animals in this study
7-12 week old C57 mice were killed by asphyxiation and the extensor digitorum longus (EDL) muscles were
removed. Intactfibres were gposed to a Nabased physiological solution containing fluo-5N salt. Fibres were
mechanically skinned, trapping the dye in the t-system, and transferred to a chamber containbapedK
internal solution with 1 mM EGA (100 nM C&*), 1 mM Mg* and 0.05 mM rhod-2. Release of SRRCaas
evdked by substitution of the bathing solution with awavig?* solution, containing 0.01 mM Mg and being
nominally free of C&. Cytoplasmic rhod-2 and t-system fluo-5N were continuously imaged on an Olympus
FV1000 confocal microscope in xyt mode duringgQ=lease. Thaet change in t-system fluo-5N signasw
used as an indicator of SOCE activity (Launikonis & Rios, 2007).

As described prgously, low Mg?* solution induced cell-wide SR &arelease that was accompanied by
an initial uptale o Ca?* by the t-system, followed by a depletion (due to SOCE) and a reuptale®* as the
cytoplasmic C4'" transient declined and the SR refilled withPCESOCE deactigtion). In some &periments
we observed subsequent’Caaves. Thesavaves were associated with a lower SR release flux than cell-wide
release and alwed observation of the latgnbetween C# release, which had a defined front and the defined
onset of SOCE.The line acquisition rate of 2 ms along the y-axis of each image allowed for analys& of Ca
fluxes at this temporal resolutiomhus SOCE “Coupling delay” following the initiation of SR3eelease \&s
determined to be 2¥ 3.6 ms (= 6). Thisrapid actvation of SOCE is too fast towolve dffusible messengers
and is consistent with conformational coupling of SOCE in skeletal muaalapid deactiation mechanism in
this cell (Friedrichet al, 2008) also supports this conclusion.

Friedrich O, Edwards JN, MurghRM, Launikonis BS. (2008Proceedings of the ustralian Physiolgical
Society39: 19P.

Launikonis BS, Rios E (200dpurnal of Physiology583: 81-97.

Lewis RS (2007Nature, 446: 284-287.
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Store-operated C&" entry in dystrophic skeletal muscle is not a source for Ga overload due to
robust deactvation

O. Friedrich! JN. Edwards, R.M. Murphy and B.S. Launikonis!University of Queensland, School of
Biomedical Sciences, St Lucia campus, Brishb@u® 4072, Australia andLa Trobe UniversityBundoora
campus, Department of Zoolgdyelbourne VIC 3086, Australia.

Store-operated Gaentry (SOCE) has been shown to be fully operational in intact and skineketask
muscle fibres. Previous work, mainly on myotubes, suggested that SOCE may becgulatddran dystrophic
skeletal muscle and result in €averload of the cell. The final result of such a processld be actiation of
proteolytic enzymes, cell necrosis and/or apoptosis. The assumption of skpiieme this is that an increase
in SOCE flux or proteins, such as the?Csensing protein Stim1 or the €ahannel, Orail, will lead to €&
overload. SOCE is a @ conductance Ca current feeding into the triad junction. On the other hand, the muscle
cell can readily handle SR €afluxes into the same microdomain that are much larger dusinigagon-
contraction coupling. More importantly and generally less well characterized, a SOCE thatigsaatoperly
following store refilling would preent C&* overload via this pathway gerdless of flux rate. Therefore, under
the same conditions, we compared the SOCE dehoti properties as well as the Stiml and Orail protein
levels in normal and dystrophic muscle.

7-12 weeks old C57 and mdx mice were killed by ggjattion, according to the guidelines laid down by
the Local Animal Care Committee, and the extensor digitorum longus (EDL) muscles wewed.emtact
fibres were exposed to a Naased physiological solution containing fluo-5N salt and were then mechanically
skinned, trapping the dye in the t-system. Cytoplasmic SR r@kease \&ves and tubular C&" SOCE fluxes in
response to exposure toWaVig®* solutions were monitored with a confocal microscope (Lanmitket al,
2008). From the linev@rages in succesa& images, the time course of SOCE \ation and deactstion with
myoplasmic C& oscillations could be resolved at a muastér temporal resolution of 500 Hz.e%tern
blotting was used to determine Stiml proteivele in the same fibres used for individualypiological
recordings as well as fibres collected specifically for protein detection from wt and mdx mice. Orail @stein w
measured in whole muscle homogenates from wt and mdx mice.

Stim1 and Orail protein amounts were 2-3 times higher in dystrophic compared ty hesithe fibres
and homogenates, respgely. Interestingly during both cell-wide release and Cavaves, SOCE actiation
rates were similar in wt and mdx muscle (see Lawmget al., previous abstract). Furthermore, upon
inactivation of SR C&" release, there wasvalys a reupta of Ca?* by the t-system indicating that SOCE
deactvated (Launikonis & Rios, 2007) in both heaitlnd dystrophic muscle. SOCE deaation already
started to occur when myoplasmic?Ctevels dropped only by 10 % suggesting an intact switélsighal for
SOCE from the store in both wt and mdx fibres. Also, SOCE aeticti rate depended upon SR2Ceefilling
rate in a sigmoidal mannendicating that binding of luminal €ato Stim1 efectively decoupled from Orail
during refilling in both wt and mdx fibres. These resultsastimat overexpression of Stim1 does not alter the
SOCE mechanism in dystrophic muscle. Indeed a robust aEeti mechanism continues to exist in
dystrophic muscle pwenting this pathway to contribute toya@a?* overload in these cells.

Launikonis BS, Rios E. (200purnal of Physiology583: 81-97.

Launikonis BS, Edwrds JN, von \ner, F, Fiedrich, O. (2008) Proceedings of theustralian Physiolgical
Society39: 18P.
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Calcium transients in fast-twitch FDB skeletal muscle from old dystrophic mice
S.l. Head, Department of Physiologgniversity of Nev South Wales, SydgeNSW 2052, Australia.

Duchenne muscular dystropKDMD) is the second most common fatal genetic disease in humans with
an occurrence of 1:3500/& male births. The disease is characterised by a cyclic degeneratiorgandregion
of the skeletal musculature, there is also a CN8l\ement with the boys having anesage 1Q of 85 and
associated cognite defects. Thendxmouse is the most commonly used model of DMD, it has a point mutation
in the dystrophin gene and lacks all long forms of the protein dystrophin. By 6 weeks of age the majority of the
skeletal musculature in thexdx mouse has undergone at least 1 cycle of degeneration genkration. The
regenerated muscle fibresveaentrally located nuclei and the fibreshiit a range of deformities from simple
splits to more compiesyncytiums of branching. There arevemal reports that the dystrophic process is more
pronounced in oladndxmice, with old muscles being more susceptible to damage by lengthening contractions.
Here | examine C4 transients in single isolateddt-twitch fibres from FDB muscles from otttixmice 20-24
months of age. Thendxmice (C57BL/10ScSn-DMD) k& keen produced by a backcross in order toipe
age matched littermate controls (C57BL/10ScSn) on identical genetic backgrounds. This esitsumv
deficiencies in studies which use separate colonies as wild-type controls wiécbeba bred separately from
the mdxmouse for ger 20 years and contain an unknown number of additional mutations. Immediately before
experimentation, animals were killed with amecdose of halothane. The FDB muscle was dissected out and
digested to yield individual fibres. The digestion solutiasw rebs solution containing 3 mg/ml collagenase
Type | (Sigma) and 1 mg/ml trypsin inhibitor (Sigma), continuously bubbled with 95%% CQ and
maintained at 37°C. After 30 min, the muscle was rathdrom this solution and rinsed in Krebs solution.
Fibres were plated onto a chamber placed on aorNikverted microscope attached to a Cairn
spectrophotometer to monitor calcium transients using a, RMfing the experiment fibres were videotaped
using infrared illumination to monitor their contraction and viabilfpres were continually superfused with
bubbled Krebs. After fibres had attached to the glasseaslip the central area of the fibre was bracketed to
minimise ay movement artefacts. An intracellular microelectrodaswised to ionophoresed the free acid form
of fura-2 (molecular probes) tovg a fnal concentration 5-5am. Fibres were rejected if théad a RMP more
depolarised than -65 m¥ibres were electrically stimulated using a bipolar concentric electrode positioned near
the neuromuscular junction. In some cases after the fikrafia/freq had been constructed the fibrasw
immobilised with BDM to stop contractions, the BDM atio/freq cure was essentially the same. Fibres
were ftigued by stimulating at 50 Hz, 1 second on 1 second off, for 3 minutes. The resting FivéSahe
same in oldndxand old littermate controls; 0.460.02 f1 = 5), 0.45+ 0.03 1 = 4). C& ratio /freqcurves were
produced by stimulating fibres in the range 2-100 Hz.

Freq(Hz) 2 5 10 15 20 25 30 50 60 75 100
Mdx ratio 0.59+.03 0.66+.02 0.75+.02 0.88+.04 1.00+.02 1.16+.04 1.20+.02 1.38+.02 1.42+.05 1.44+.04 SAG*
n=5

Cont. ratio  0.65+.02 0.68+.01 0.77+.03 0.95+.05 1.02+.02 1.12+.08 1.19+.01 1.37+.01 1.39+.04 1.44+.04 1.49+.02
n=4

The table shows ratio/freq curves for restedx (mdxfibres were centrally nucleateditthad no splits)
and control fibres. There was no statistical difference yafragqueng apart form 100 Hz where the plateau of
the tetanus peaked (1.620.02) and then sagged to amnstable level (1.46 £ 0.03) for the duration of the
stimulus. The peak in themdxat 100 Hz was significantly higher than in littermates. When fatigue fibres were
stimulated at 100 Hz immediately aftatifuemdxtetanus sag was more pronounced, (peak AR5 plateau
0.75+ 0.04n = 5) c.f. littermate control which had no sag (peak 1#20.03n = 4). Theresting ratio (C&)
during fatigue was the same mdx and control. When deformed split fibores wesarained there was a
dramatic difference in that thelid not surwe te fatiguing stimulus and the base line ratio’{Teose to 0.%
0.12 and the fibres stopped contracting, although ratié*@ansients were still present on stimulation. It
appears that there is a pathology of Ganetics in old dystrophin deficiemdxfast-twitch fibres.
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Blocking TNF (using cV1q) reduces the serity of stretch-induced muscle damage in dystrophic,
mdx mice

A.T. Piers2A.J Bakker! H.G. Radlg,> M.D. Ground$ and G.J Pinniger,! 1School of Biomedical,
Biomolecular and Chemical Sciences, University of Western Austai& 9, Australia andSchool of
Anatomy and Human Biologyniversity of Western Austalia,AAB009, Australia.

Duchenne muscular dystropfDMD) is a disorder characterized by progresdbss of muscle mass and
function due to damage, necrosis and incomplegeneration. The lack of dystrophin in skeletal muscle of
DMD patients and in the mdx mouse model of DMD, render these muscles highly susceptible to contraction
induced damage leading to an exacerbated inflammatory response which may further increase muscle necrosi
It has been suggested thaicessve inflammation in dystrophic muscle, in particular the pro-inflammatory
cytokine tumor necrosis factor (TNF), is a major contidp to the dystrophic pathologyhis study inestigated
the effect ofin vivo blockade of TNF using cV1q, a mouse specific TNF antipodythe extent of muscle
damage and subsequent necrosis following a damaging ecceatcise protocol.

Experiments were performed using 10-13 week old male mdx and C57BI/10 (C57) mice. Mice were
anaesthetized by inhalation of asgous mixture of isoflurane (isoflurane, 0.4 L/mif,N0.4 L/min Q) and the
right hindlimb attached to aim vivo mouse dynamometer to quantify the contractile properties of the anterior
crural muscles and to induce eccentric muscle damage (Ridglal, 2008). Anterior crural muscles were
activated by stimulation of the common peroneal eemvd the peak torque and optimal joint angle for torque
production were determined. A damaging eccentrieraise protocol was performed consisting of 20
lengthening contractions (15°-55° plantar flexion at 1080slice were sacrificed by cervical dislocation 48 h
after the dynamometer protocol and the tibialis anterid) (fuscle excised, snap frozen in isopentane cooled
by liquid nitrogen and sectioned on a cryostat for histological analysis. Muscle damage was quantified by the
decrease in joint torque immediately after the dynamometecise and the area of necrosis was determined
from H&E staining. The effect of blocking the pro-inflammatory cytokine TNF onstteneof muscle damage
following eccentric xercise was eauated in mdx mice using the mouse specific anti-TNF antibody cV1q (4.0
mg/ml; Centocor U.S.A)), injected at 1 week and one day before the dynamoxeatisee

The peak isometric torque was significantly lowgr(0.05) in mdx (60.5 5.0 Nnf/kg) compared to
C57 mice (77.5+ 5.4 Nnt/kg). The peak torque in cV1q treated mdx mice (67.2.3 Nnt/kg) was not
significantly different from mdx. The deficit in peak joint torque induced by the eccexargise protocol s
two-fold greater in mdx compared to C57 miceweeer, blocking TNF significantly reduced this force deficit
in cV1q treated mdx mice (see figure). Furthermore, cV1q treatment significantly reduced the amount of
necrosis in mdx mice (mdx 13162.4%, mdx/cV1qg 5.@& 1.8%). There w&s no detectable necrosis in C57 mice.
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* significantly different from mdx, P<0.05

The ability of cV1q to reduce the force deficit and subsequent necrosis followeise-induced muscle
damage raises interesting questions about the eaatysein dystrophic muscle that occur in response to such
exeacise and the precise mechanism responsible for trerseleffects of TNF on force production. The results
further support the proposal that increased TNF cartgfhto the dystrophic pathology and that blockade of
TNF is a potential protest therayy to reduce the serity of DMD.

Ridgley, JA., Pinniger G.J., HamerPW. & Grounds, M.D. (in presspfliges Achive — European Journal of
Physiology DOI 10.1007/s00424-008-0568-4.
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