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Ageing alters the inflammatory response in rat skeletal muscles after injury

C. van der Poet,J.G. Ryalll J.D. Schertzet L.E. Gosselifand G.S. Lynch,'Basic and Clinical Myology
Laboratory Department of Physiolog¥he University of Melbourn&/IC 3010, Australia andDepartment of
Exercise and Nutrition Sciences, University at Buffalo, Buffalo, NY 14214, USA.

Some of the most serious consequences of ageing ardeitssafn skeletal muscle, characterized by
wasting and weakness (Ryait al. 2008). Althoughthe mechanisms responsible for these changes yea to
be elucidated fullyan aye-related impairment in generatie apacity is a contributing factor (Carlson and
Conbg, 2007). Successfumuscle rgeneration after injury requires a carefully regulated inflammatory
response that remes damaged cells and initiates satellite cell\atibn (Charge & Rudnicki, 2004). h@ver,
the impact of ageing on the inflammatogkine response of skeletal muscle after injury remains poorly
understood. W investigated whether ageing affected thexpression of inflammatory markers in
injured/regenerating muscles and tested the hypothesis that the inflammatory process in injured muscles of old
rats would be prolonged.

Male Fischer 344 rats aged 3 months (youmg,20), 12 months (adulty = 20) and 24 months (oldh =
20) were anaesthetised (100 mg/kg ketamine anthd®g xylazine i.p, 2 ml/kg). The extensor digitorum
longus (EDL) muscles of the right hindlimb were injected witipiecaine lydrochloride inthe distal,
proximal, and midbelly regions to ensure completgederation of all muscle fibres. The EDL muscle of the left
hindlimb served as the non-injected uninjured control. EDL muscles were excised at either 12-, 24-, 36-, or
72-hours after pivacaine injury RT-PCR was used to determine mRkExpression leels of the inflammatory
markers: TNFx, IFNy, IL13, IL18, IL6, and CD18. Gene expression was quantified using the cycle threshold
(CT) method, before being normalised to the concentration of inpuAcRélatve gene expression as
determined by comparisons with uninjured controls.

At 12 and 24 hours post-injurgl inflammatory cytokines were increased in regenerating musalées, b
there was no significant difference between age groups. At 36 hours posttigueywas a 2-3 fold increase in
all cytokines examined in the muscles of old compared with young and adult rats. At 72 hours post-injury
cytokine levels in regenerating muscles of young and adult rats were decreased but remsated €IE0-fold
higher) in rgenerating muscles of old rats. These findings indicate that ageing is associated with an altered
muscle inflammatory response after injuwyhich contributes to the age-associated decrease in muscle
regeneratie @pacity.

Ryall JG, Schertzer JD, Lynch GS. (20@8)gerontology, 9: 213-28.
Carlson ME, ConbpIM. (2007)Ageing Cell 6: 371-82.
Charge SB & Rudnicki MA. (2004ell, 113:422-3.
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Influence of careolin-3 upon membrane raft lipids and its implications for trafficking in muscle
O.L. Gervasio, W.D. Phillips and D.G. Allen, Bbdnstitute School of Medical Sciences, Anderson Stuart
Building (F13), University of SydpeNSW 2006, Australia.

Lipid rafts are subdomains of the plasma membrane that contain high concentrations of cholesterol and
glycosphingolipids. Some members of the transient receptor potential canonical (TRPC) caiipdide
been shown to be present in lipid raftsv&dae are a subtype of lipid rafts present in some cepisessing
proteins of the ocgeolin family. We recently reported that the musclevealae-forming protein, aaeolin-3, binds
to TRPCL1 facilitating plasma membrane targeting and channel activity (Gemtasip 2008). By what
mechanism might e&olin-3 influence TRPCL1 targeting and function? Sinceegiéns are associated with
cholesterol/sphingolipid-enriched membrane microdomains, vestigated the déct of caeolin-3 expression
upon the mobility and density of lipid rafts using Fluorescence \Recd\fter Photobleaching (FRAP) and
Fluorescence Resonance Energy Transfer (FRET) methods redpe@iolera toxin subunit B (CT-B) as
used to label the raft domain-associated ganglioside GM1, on C2 myoblasts.

FRAP measurements confirmed that in the absence of transfeetetined, the raft marker was highly
mobile on the plasma membrane (mobile fraction 0.77yveder, when caeolin-3-YFP was transfected into
the cells, the mobility of the lipid raft mark was decreased compared to non-transfected control cells,
particularly in rg@ions of the plasma membrane rich ivedin-3-YFP (mobile fraction 0.27p < 0.05). Next
we developed a ne FRET method to measure the assembly of the raft marker into molecular lattices (using CT
B-Alexa555 and C'B-Alexa647 as FRET donor and acceptor respdg)i Interestingly cavaeolin-YFP-rich
regions of the plasma membrane wied the tightest CT-B packing density (highest FRER 0.05) compared
to non-transfected cells. &\fropose that the coax dape of the caolae may contribute to higher FRET
efficieng in those microdomains, as a result of closer proximity of neighborinB<CTogether this suggests
that caaeolin-3 drives the packing and immobilization of raft marker GM1 into stable membrane domains
(presumably clusters of waeolae). Treatment of cells withytochalasin D, an agent that disrupts
microfilaments, was able to rescue the mobility of lipid rafts irea&n-3-rich regions of the plasma membrane
(mobile fraction 0.74p < 0.05). Double labeling mealed a sub-compartment ofvealin-3 under the plasma
membrane, which stained posedly for the raft marker GM1. Using 4 dimensional laser scanning confocal
microscopy analysis (Z stack plus time), we obsedvthat mechanical stretch was able to induce trafficking of
caveolin-3 to the plasma membrane in some cells. The ability of mechanical stretch to induce remodelling of
such microdomains suggests a mechanism whereby TRPC1 channel, and\ablev/lgad rafts-associated
proteins, might be shuttled to the plasma membrane in response to stretch.

Gervasio O.L., Whitehead N.P., Yeung E.W., PhillipdDWAllen D.G. (2008)ournal of Cell Sciencd?21,
2246-2255.
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Myoplasmic and sarcoplasmic reticulum calcium in intact mouse muscle during fatigue

D.G. Allen? Y. Retersert |. Rédet and R. Rudolf, linstitute for Toxicology & Genetics, Forschungszentrum
Karsruhe and KIT76021 KarlsruheGermany andSchool of Medical Sciences and Bosustitute University
of Sydng, NSW 2006, Australia.

Studies on isolated single muscle fibres at room temperatugesiablished that tetanic calcium declines
during repeated tetani and that this decline is one contributor to the reduced fataguedfmuscles (Alleet
al., 2008). The aim of the present experiments was to determine whether similar changes occur in intact muscles
perfused with blood and operating at body temperature. For this purpose we used genetically erfdoded Ca
sensors, cameleons (Miyaki et al, 1997), targeted to the myoplasm or the sarcoplasmic reticulum (SR).
Plasmids for the sensors were transfected into the tibialis anterior 2 weeks beforpehments under
anaesthesia (Zoletil + Rompun i.p.). On the day of the experiment, mice were anaesthetised, the tibialis anteriol
exposed and the distal tendon detached and connected to a force tranBdeceruscles were stimulated
directly by near-maximal pulses through platinum electrodes touching the upperesafftne muscle. €a
signals were obtained from those fibres which expressed the sensors using FRET and a Leica multiphotor
microscope (Rudolét al, 2006). This is an upright microscope and the objechas optically coupled to the
muscle with artificial tears (a viscous salt-containing solution).

Many fibres expressed the indicators butvement of the muscle during tetani peated optical
measurements of the same fibre at rest and during tetani. Thus tetanic measurements were only possibl
irregularly Tetanic force (1 s tetani at 100 Hz repeatasiye4 s) generally fell monotonically to 495 % of the
control and vas then usually stable for some minutes. Regpmeasured by tetani at 2 min intervals, was to 86
+ 4% after 4 min. Peak tetanic myoplasmic {Gaeclined during fatigue from 1.360.08 (meart SE,n = 5)
to 1.27+ 0.09 ratio units§ < 0.01, paired test) and in tw experiments, in which it could be measured, the
peak tetanic [CH] recavered by 0.075 units. The free calcium in the SR %[’%) declined during fatigue from
142+ 0.08 i=9)to 112+ 0.11 p < 0.02, paired t test) and showed a partial vegpto 1.26+ 0.11 fp <
0.02).

These data skwofor the first time that calcium handling changes duratigfie in intact mammalian
muscle at body temperature. The fact tha?[g@ declined during fatigue suggests that precipitation of calcium
phosphate in the SR might neaé @ontribution to this process.

Allen DG, Lamb GD & Westerblad H. (200Bhysiological Review88: 287-332.

Miyawaki A, Llopis J, Heim R, McCaffery JM, Adams JA, lkura M, & Tsiel. RL997)Nature 388: 882-7.
Rudolf R, Magalhdes PJ & Pozzan(d006)Journal of Cell Biology173: 187-93.
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Effect of S-nitrosoglutathione (GSNO) on excitation-contraction coupling in mechanically-
skinned muscle fibres of the rat

T.L. Dutka, G.S. Posterino and G.D. Lamb, Department of Zopl@gyrobe University\ictoria 3086,
Australia.

S-nitrosoglutathione (GSNO) is a naturally-occurring compound fourabktrwitch muscle fibres, which
is able to S-glutathionate and/or S-nitrosylate various target proteiolsed in ecitation-contraction (EC)
coupling (Aracenat al, 2003). S-glutathionation or S-nitrosylation-induced changes to EC coupling proteins
such as the N&* and SR C#&-ATPases might alter their fefacy and contribute to muscle fatigue under
certain conditions. W ought to identify which EC coupling steps are more susceptible than others to GSNO-
modulated changes and whether these changes might be important in understanding of muscle fatigue.

Male Long-Exans hooded rats were killed under deep anaesthesia (2% v:v isoflurane) axtéribere
digitorum longus and soleus muscles swiftly excised and immersed in paraffin oil at resting length. Single fibres
were mechanically-skinned with forceps and a segment connected to a force transducer (stretched to 1209
resting length) and immersed in either a standard KAlBdlution with weak C&" buffering (50uM EGTA,
pCa 7) to examine transverse tubular) (Jystem depolarization-induced force responses or intgilyiea
Cea’*-buffered (50 mM EGTA) solutions to examine the contractile apparatus propétisslutions contained
as follows: 1 mM free Mg, 8 mM ATP; 10 mM creatine phosphate, at pH 7.1, and were equilibrated to room
temperature[(23°C) before use. GSNO was dissolved directly into solution immediateiyi() before use.

Single fibres were electrically stimulated (75 V-m ms plse) to produce twitch or tetanic (50 and 100
Hz) force responses before and after GSNfbsure (2 mM for 2 min in all cases). Additionalbaired pulses
with differing intervals (0-20 ms) were applied to determine the repriming period of sodium channels in the
T-system membrane (an indirect but sewmsitreasure of T-system polarization, see Dutka & Lamb, 200/
Cat*-sensitvity of the contractile apparatus was determined by transferring the single skinned dibenise
from the 50 mM EGTA-based solution to solutions with progveshigher free [C&"] (made by mixing 50
mM EGTA solution with 50 mM Ca-EGA solution as appropriate, pCa rangk0-4.6) before and after GSNO
treatment (2 mM, 2 min in 50 mM E@Tsolution). In some other cases, 10 mM DTT (added from a 1M stock)
was alded to the solution. Maximum €aactivated force produced by the contractile apparatas wirtually
unchanged by exposure to GSNO. Thé*@nsitvity of the contractile apparatus was substantially potentiated
([0.12 pCa) after exposure to fresh GSNC=(7), and this effect was fully versed by 10 mM DTT In two
slow-twitch SOL fibres GSNO exposure virtually had nfeef Interesting in electrically-stimulatedst-twitch
fibres, the equilent exposure to GSNO initially caused a moderate decrease of 35% and 20% in peak twitch
and tetanic force responses respebti(compared to the pre-exposurede n = 11). Furthermore, subsequent
twitch and tetanic force responses became progsissimaller and this was notwersed fully by 10 mM DTT
but was substantially ameliorated by a small addition&@ed (10 s at pCa 6.7 or egdent to<50% of the
endogenous SR &alevel), suggesting that the cause of the decline in foreehied loss of SR Ca. The
progressie decrease in depolarization-induced force was not attributable to changes in T-sysitatviliey
because the repriming period for T-systeni blaannels was not significantly altered (#.8.2 ms and 4.& 0.3
ms before and after GSNO)These data indicate that the GSNO exposure glutathionated the contractile
apparatus, causing a substantial increase fil-€msitvity ((0.12 pCa). GSNO treatment had little effect on
T-system gcitability, thus implying N& channels, voltage-sensors, and*/& pumps remained functional
unaltered. Therogressie loss of depolarization-induced force after GSNO treatment was seemingly due to a
loss of C&* from the SR either through the SR%Caump itself or through the RyR. Alternadiy, the uptale
by SR C&* pumps might be reduced at the resting*Gevel. Taken togetherglutathionation in intact fibres
might aid in maintaining force output when it might otherwise decline.

Aracena PSanchez G, Donoso, Plamilton SL & Hidalgo C. (2003)ournal of Biological Chemistry278:
42927-35.

Dutka TL and Lamb GD. (200American Journal of Physiolog292: C2112-21.
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