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Sudomotor responses during isometric exercise appear to be intensity- and muscle mass-
dependent

C.J Gordon, C.D. Halg, JN. Caldwell and N.A.S. Taylddepartment of Biomedical Sciendéniversity of
Wdlongong Wbllongong NSW 2522, Australia.

Cardiac frequenc mean arterial pressure and skin sympatheticenestivity during isometric gercise,
increase in proportion toxercise intensity (i6sing et al, 1991), while pressor responses also appear to be
modulated by the size of the agtimuscle mass (Ray and Wilson, 2004). Sweating also respondsrtise
intensity (Kondoet al, 2000), havever, there is no information relating to the affect of muscle mass recruitment
on sudomotor function. The hypothesis was tested that non-thermal sudometondhe heat wuld be
influenced by both»ercise-intensity and the size of the recruited muscle mass.

Seven, resting (upright) males were heated (60 min) usingt@nperfusion suit (37.2°C) and a climate-
controlled chamber (36.7°C, 58% relatitumidity) to induce steady-state sweating. Body temperatae w
clamped thereaftetsometric handgrip and knee extensionvatibns (60 s with 10 min rest) were performed at
30% and 50% maximal voluntary contraction (MVC) in a balanced .d8desat rate (rgN) was measured (1 Hz:
3.16 cnt capsules) at four sites (forehead, chest, and uadtrearm and thigh), andveraged. Cardiac
frequeng was monitored continuously (0.2 Hz), and mean arterial pressure was measured beat-by-beat.

Oesophageal and mean skin temperatures did not change during either rest or isceresdc erifying
the \eracity of the thermal clamp. Cardiac frequenlisplayed both an intensity- and a mass-dependence,
resulting in the following pre- to post-agiion changes (1 min): handgrip (5304, 22.42.0 bmin?, 30 and
50% MVC; P<0.05); knee sension (14.51.4, 26.62.5 bmint, 30 and 50% MVC; P<0.05). Similar to
cardiac frequeng mean arterial pressure increased significantly during handgript(19,123.24.1 mmHg, 30
and 50% MVC;P<0.05), and knee extension (26116, 32.%2.8 mmHg, 30 and 50% MV@<0.05). Whilst
pre-actvation r'nSW baselines were similanormalised increases i'nswfrom baseline, were intensity-dependent,
but not mass-dependent: handgrip (0.80®27 and 0.210.035 mg.crif.min, 30 and 50% MVC;P<0.05);
knee extension (0.140.017 and 0.198.026 mg.cri.min’; P>0.05). Havever, the integrated sudomotor
responses during isometrizaecise appeared toveal an intensity- and muscle mass-dependency: handgrip
(3.15+0.70 mg.crt and 4.630.87 mg.crt, 30 and 50% MVC); knee xension (4.1%0.48 and 5.580.89
mg.cm?). Whilst differences between handgrip and knee extension were non-significant (309%5h\MID;
50% MVC P=0.08), post hocanalyses neeal our design to be undpowered; further testing is undeay In
addition, following knee extensioh,swremained eleated compared to handgripeecise. The possibility»dsts
that the delayed [ recovery, was mediated by intramuscular changes, which may be mass-dependent.

This study providesvidence that sudomotor responses to isomekéccese, during heat stress, may be
exacise-intensity and muscle mass-dependent. If real, this latter observation is\mb#mndcsignificant. Non-
thermal factors ha been suggested to modulate sweating during isometeicise (Kondoet al, 2000). We
now propose that motor unit recruitment may also influence sweating. In addition, the contirvagdretzf
m,,, but not body temperature, after isometriereise, in particular knee extensioxeeeise, may indicate that
metaboreceptor stimulation, or an unidentififtermal fictor has augmented poskercise sweatingThis
appears to also be mass-dedendent.

Kondo, N., Dmina@g, H., Shibasaki, M., Aoki, K.,Okada, S. & Nishiyasu,.T2000) Journal of Applied
Physiology88: 1590-1596.

Ray, C.A. & Wilson, T.E. (2004)ournal of Applied Physiolog97: 160-164.

Vissing, S.F., Scherrdd. & Victor, R.G. (1991)Circulation Researh, 69: 228-238.
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Hydration indices in exertional heat stress

A.T. Garretth? N.G. GoossersN.J. Rehrert, M.J. Pattersorf and J.D. Cotte¥, 1School of Physical Education,
University of Otago, Dunedin, MeZealand,’College d Education, University of Canterburghristchurch,
New Zealand, and®Defence Science and Technology Organisation, Melboiurstralia.

Introduction. Hydration is a multi-hctorial and dynamic phenomenon relating to the volume and
composition of bodily fluid compartments. Nonethelegsahydration (lower than normal body water content)
can be associated with reduced cognition and endurateeise performance especially in the heat, and
possibly with increased propensity owvadty of heat illnesses. In gard to heat illness and performance,
functionally releant measures of hydration may be moatidly measured during or immediately after the
dehydrating stress. The reduction in body mass (%) is a traditionat ofdgydration, but plasma volume (PV)
and plasma osmolality (Osrpomight be viewed as Wing a more functional role in maintaining homeostasis
under prolongedxe@rtional heat stress.

Purpose. To examine the relationship between indices of hydration during dehydratengise in the
heat, with variable rehydration.

Methods. Eighteen males (mea¥SD age 256 y, mass 74.%4.4 kg, cycling peak oxygen up&ak.7
+0.3 L min'Y) undertook tvo to sx 90-min heat exposuresviolving intermittent &ercise in hot humid
conditions (39.5°C, 60% r.h.) or continuousereise in warm, moderately-humid conditions (35°C, 6089),r
with rehydration varying from none to full water replacement arbljjdration-related indices measured before
during and after exposures included plasma indic&4,(Aldosterone, Ng Osmolality, APV), thirst, urine
(specific gravity (SG), colour osmolality), and body mass.

Results. Baseline reliabilities (mean difference) were variable between measu¥d; 22%,
AIdosterong 25.8%, Népo.s%, Osm81.5%, thirst 15.9% and Qﬁ).l%. Linearelations betweenydration-

related indices are shown in the table.

2

Measure 1 (min - max) Measure 2 (min - max) r P

A body mass (-2.8 - 0.9%) APV (-20.7 - 1.0%) 14% 0.02
Osmgq, (275 - 319 mosmol k8 4% 0.36
AP (1 -26 pg mth) 15% 0.03
Aldosterong (20 - 993 pg mtt) 94% 0.00
Na*lO (136 - 149 mmol L-1) 69% 0.00
Protein; (61 : 113 mg mt) 16% 0.00
SG, (1.000 - 1.030 units) 3% 0.24

Thirst (4 - 9 units) % body mass 81% 0.00
PV 13% 0.22
Osm% 7% 0.45
Na*lO 6% 0.36
Proteirb 46% 0.00

APV Osm% 14% 0.11

Conclusion. Statistically-significant associations were evident between most pairgdadtion-related
measures under conditions of dynamiereise and ambient heat stress with variegdedtion. Havever, most
associations were weak, and plasma osmalaiitych is considered the most criterion measure, showed little
association with other functional measures or with fieldable measures. The close relation between thirst and
change in body mass has functional value but, odeig not reflectie d a amilarly close relation fordctors
that stimulate thirst.

Supported by research grants from @s&hd Uniersity of Otago.
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Plasma ammonia responses during heavy-intensity constant-load cycling in young and older
individuals

S. SabapathyD.A. Schneider and N.R. Morris, School of Physiotherapy and Exercise Seamttteart
Foundation Reseah Centre, Gold Coast campus, Griffith Universitsouthport, QLD 4215, Australia.

A delayed and slowly increasing component of Uptale kinetics may be observed when performing
high intensity constant-loadxercise (Barste, 1994). Additionally the increase in plasma ammonia
concentration ([NH]) during high intensity cycling has been associated with the recruitment of type Il fibres
(Dudleyet al, 1983). Thisstudy sought to examine the relationship between tie@mponent of Quptake
kinetics and plasma [Nffiduring constant-load cycling in heajtlpoung and older individuals.

Seven young (mean age SD: 21.4+ 2.8 yr) and 8 older healgimale adults (71.% 2.7 yr) performed 7

min of heavy constant-loadercise. The power output for the constant-load tests was quantified as 50% of the
difference between the wer output attained at the gas exchange threshold and thategichigeak O, uptake.
The kinetics of Q uptale measured during constant-loageeise (including the st component amplitude)
were characterised using established non-linear regression modelling techniques ($altegdatB004), as
illustrated in the Figure. Plasma [NyHvas measured at rest, following 3 min of unloadgdlig, and at 3 and
7 min of constant-load>&rcise.

VOz(t) = VOZBL +A1(1 _ e*(t—TDO/'.,\ )+ A2(1 _ e—(t—TD:)/tz )

Az (Slow Component)

A4 (Primary Component)

O, Uptake

VOZBL{ : :—TDZ _>i

Time

The amplitude of the slo component was 406 65 mL/min in the young and 259 mL/min in the
older subjects. Plasma [NHvalues measured after 3 min of unloaded cycling and at 3 min of constant-load
exeacise were not significantly different from resting values, but increased significBrthy0() between 3 and
7 min of exercise in both groups and correlated significanBy(.05) with the slov component (Young: r =
0.79; Older: r = 0.75).

While these findings do not indicate a causal link between thesdwables, thg could be related to a
common physiological mechanism. The increase inJNidsened is consistent with a progressiecruitment
of type Il muscle fibres during the slacomponent phase okercise in both young and older individuals. The
measurement of plasma [NHluring high-intensity xercise could provide a relasly non-irvasive index of
muscle fiber recruitment patterns.

Barstav T.J. (1994 Medicine and Science in Sports and Exer@ée,1327-1334.

Dudley G.A., Staron R.S., Murray.F., Hagerman F.C. & Luginihl, A. (1983)Journal of Applied Physiolgy,
54: 582-586.

Sabapath S., Schneider D.A., Comadira G., Johnston I. & Morris N.R. (20Rd3piatory Physiology and
Neurobiology139: 203-213.
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Abnormal muscle Na",K*-pumps, plasma K, and exercise limitation in renal failure patients

A.C. Peterseh M.J. Leikis, K.T. Murphy!, JA. Leppik, X. Gong!, A.B. Kent, L.P. McMahor? and M.J.
McKenna, 'Muscle lons and Exercise Group, Ceator Ageing Rehabilitation, Exercise and Sport, School of
Human Movement, Recreation and Performaivztoria University Melbourne VIC 8001, Australia and
°Department of NephrologfRoyal Melbourne Hospital, Department of Medigitmiversity of Melbourne,
Melbourne VIC 3052, Australia.

Paients with chronic kidne disease demonstrate an abnormally kexercise performance, which has
been linked to impairedx&garenal K regulation (Sangkaltraet al, 2003). The cause of the impairecekital
muscle K regulation is unknown, but skeletal muscle "N&-ATPase activity is subnormal in uraemic rats
(Goeckeet al, 1991). In renal transplantation recipients (RTxgreise performance is impved. Whether this
is due to impreed extrarenal K regulation is unknown. Therefore, this studyestigated whether plasma‘K
regulation during an incremental cycle test to fatigue was 1) impaired in haemodialysis patients (HD), 2)
improved in RTx compared to HD, and 3) correlated taereise performance. @/dso investigated whether
skeletal muscle NaK*-ATPase activity and content were impaired in HD and RTx.

Ten HD, nine RTX, and ten age-, body mass-, height- and gender-matched controls (CON) performed
incremental cyclexercise to fatigue, to measure peak oxygen consumptiay Q\Q and arterial (HD, RTX) or
arterialised-enous (RTx, CON) plasma [Kduring eercise, corrected for plasma volume shiftsgiextensor
isokinetic muscle strength was measured at 0, 60, 120, 180, 240, 300, and 860 atiguability determined
by the percentage decline in peak torque during 30 maximal contractions at'#8@f.8.5 Hz. Thigh muscle
cross-sectional area (CSA) was measured by CT-scan. A resting biopsy was taken from the vastus lateralis
muscle and analysed for NK*-ATPase content3H-ouabain binding site content) and maximal \aisti
(K*-stimulated 30-mettylfluorescein phosphatase activity). [Hbhsvnot different between the groups (HD
13.3t1.4 (meant SD), RTx 13.40.9, and CON 14£1.3 g dib).

VO, rea I(was higher in CON than HD and RTX, by 35% and 32%, respaygti(35.744.0, 26.46.0,
27.0:9.6 mI kg! mint, respectiely, P<0.01). Le-extensor muscle strength reiati o CSA did not difer
between groups, but was higher in CON when expressedveelatibody mass B<0.05). Le-extensor
fatiguability was lower in CON than in HD and RTx (18539, 25.24.3, 23.&10.7 %, respeactely, P<0.01).

The rise in plasma [KH with exercise QA[K*]) only
differed between groups at fatigue where CON was higher
than HD and Rx (P<0.01). Thé\[K *]-to-work ratio was not
different between groups (HD 1485, RTx 20.&815.6,
CON 15.810.4 nmol I* J, P=0.53) and was not correlated
to VO, peak OF leg-extensor &tiguability Muscle®H-ouabain
blndlng site content did not €&r between HD,RTx, or
CON (285+ 77, 275+ 46, 284+ 56 pmol g wet wt,
respectiely). The Figure shows higher maximal
K*-stimulated 3©-MFPase activity in CON by 44% and
. 38%, compared to HD and RTX, respedti (P<0.05). for
HD RTx CON pooled data (n=28) ®-MFPase actiity was correlated
(P<0.05) with3H-ouabain binding site content £ 0.42), \,Ozpeak(r = 0.45), maximum workrater (= 0.43),
total work done ( = 0.39), andA[K*] during incremental xercise ¢ = 0.41), as well as kidryefunction
measured by creatinine clearance Q.44).

Whilst HD and RTx exhibited Iower(v «ax@nd higher lg-extensor fatiguability compared to CON, their
A[K *]-to-work ratio during mcrementalxeruse was not impaired. Muscle NiK*-ATPase content was normal
in the patients, heever muscle maximal N§K*-ATPase activity was reduced suggesting an abnormality in
skeletal muscle NgK*-ATPase in renal failure patients. Furthermore, muscle maximgKN#TPase actiity
was oorrelated to VQpeak suggesting a link with impaired incrementakecise performance in uraemia.
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Goecke, I.A., Bonilla, S., Marusic, E.& Alvo, M. (1991)Kidney International39, 39-43.
Sangkahtra, T., Cranksha D.P, SchneiderC., Fraser SF., Sostaric, S., Mason, K., Burge, C.M., Skinner
S.L., McMahon, L.P& M cKenna, M.J. (2003 idney International63, 283-290.
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The effect of eccentric exercise on plasma‘egulation and skeletal muscle N§K *-ATPase
activity and content

JA. Bennié, C.A. Goodmah M.J. Leikis® and M.J McKenna, Muscle lons and Exercise Group, School of
Human Movement, Recreation and Performa@antre for Ageing Rehabilitation, Exercise and Sport, Victoria
University PO Box 14428, Melbourne/IC 8001, Australia andDepartment of NephrologiRoyal Melbourne
Hospital, Department of Medicintniversity of MelbourneMelbourne VIC, Australia.

Intense gercise results in considerable musclé éfflux, with consequently increased muscle interstitial
[K*] and reduced intracellular [{. These changes and the reduction in transcelluldr kadient hae been
linked with impaired séletal muscle excitability and contractility (Sejersted & Sjggaard, 2000). Eccentric
exacise causes damage twotved muscles, with a commonly observed consequence being a reduction in the
structural integrity of the sarcolemma andubular system and release of intracellular proteins (Adleal,
2005). Hence, it is possible that the*a-ATPase inserted in these membranes may also be impaired, which
may therefore also affect plasma*[kand N& and K" regulation in skeletal muscle. Therevieabeen no
published iwestigations into the effects of unaccustomed eccentriercesse on plasma [H or on
Na" K*-ATPase activity and content and these were thereforestigated here. It was hypothesized that
eccentric gercise would progresadly increase plasma [K and depress both the NK*-ATPase activity and
content immediately posixercise.

Six healtly subjects (3 males, 3 females) performed a single bout of ggede eccentric, knetensor
exacise, comprising 300 repetitions of maximal eccentric contractions®at 3be eccentricxercise bout vas
conducted on an isokinetic dynamomet#rd consisted of 10 sets of 30 repetitions, with a 1 minveego
period separating each set. Maximal isometric kneensor torque was assessed pre-and immediately post-
exacise. Plasma [K was measured in arterialised blood sampled from a dorsal leamiénmediately prior to
exacise and at the end of sets 1, 2, 4, 6, 8, and 10. Muscle biopsies were taken from the vastus lateralis muscl
at rest and immediately posteecise and analysed for maximal N&*-ATPase (30-MFPase) activity and
Na' K*-ATPase (fH]-ouabain binding) content.

Maximal isometric torque of the knee extensoesdepressed (P <0.05) immediately pastaise by 26
+ 11% (Mean % SD). Total work performed by the kngtersors during each set remained constant from sets 1
to 5 after which it was reduced for all subsequent sets (P <0.05). Plasiweafkeleated aboe rest by the end
of the first set (P <0.05). Maver, despite the declining work output, plasma[kKemained eleated throughout
the remainder of thexercise bout. The rise in [} above rest O[K*]) expressed relate © the amount of wrk
performed A[K *]/work ratio), increased from set 2 to set 4 (P <0.05) and then remainae@ldrough to set
10. Although tendencies for declines were noted, no significant chamgydound after eccentrixecise in
maximal 30-MFPase activity (P = 0.095) otH]-ouabain binding site content (P = 0.074).

In conclusion, the observation that plasma][kemained eleated despite a decrease ionk performed
by the knee xensor muscles suggests an impairment fnrégulation during prolonged maximal eccentric
exacise. This may reflect a reduction in musclé€ K&ATPase and/or damage to the muscle membranes.

Allen, D.G., Whitehead, N.R: Yeung, E.W(2005) Journal of Physiolgy In press - published July 7, 2005,

10.1113/jphysiol.2005.091694
Sejersted, O. M. & Sjggaard, G. (2068)jysiological Review80, 1411-1481.
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N-acetylcysteine infusion enhances skeletal muscle Na™-ATPase activity and plasma K
regulation, and delays fatigue, during prolonged submaximal exercise in well-trained individuals
C.A. Goodmah |. Medved, M.J. Browr?, AR. Bjorksted, K.T Murphy, A.C Peterseh S. Sstaric', X. Gong*
and M.J McKennd, Muscle lons & Exercise Group, Cemrtifor Ageing Rehabilitation, Exercise and Sport,
School of Human Movement, Recreation and Performafceria University PO Box 14428, Melbourne/IC
8001, Australia’Department of Anaesthesia, Austin Health, Heidglp®C, Australia and®Department of
Anaesthesia and Pain Maganent, Royal Melbourne Hospital, MelbouyMC, Australia.

The production of reastt akygen species (ROS) in skeletal muscle has been linked with matigleef
(for review see Reid, 2001). Recentlywe showed that intreenous infusion of the antioxidai-acetylcysteine
(NAC) increased each of muscleA® (total and reduced), cysteine and glutathione (reduced) and\iedpro
prolonged submaximalxercise performance in well-trained individuals (Medet al, 2004). We havefound
depressed NeK*-ATPase activity in skeletal muscle duringeecise, which may contribute to disturbed muscle
ionic homeostasis and fatigue (Lepmgkal, 2004). This study iestigated whether ROS may bevatved in
this process, by examining the effect gi®linfusion on skeletal muscle NK*-ATPase activity and potassium
(K*) requlation during prolonged submaximal endurankea@se, in well trained individuals.

Eight well-trained subjects patrticipated in a double blind, randomised, eeosssign studyreceiving
either an MC or saline (CON) infusion into a superficial forearm vein (Med\et al, 2003). MC was
intravenously infused at 125 mg.Rghr?! for 15 min, then 25 mg.kghr?! for 20 min prior to and throughout
exacise, which vas continued until fatigue. Subjects completed cyclixgoise comprising 45 min at 70%
VO, ..« then to fatigue at 90%@’2peak Muscle biopsies were taken from the vastus lateralis befereise, at
45 min and atdtigue and analysed for maximalvitro Na*,K*-ATPase activity (maximal Kstimulated 30-
metlyfluorescein phosphatase(BMFPase). Blood s sampled at pre-infusion, immediately priorxereise,
during eercise at 15, 30, 45 min and atifjue. Blood was analysed for plasma’][kas well as blood
haemoglobin concentration ([Hb]) and hematocrit (Hct).

Time to fatigue at 90% ®2peakwas reproducible in preliminary trials (CV 5.6£0.6%) and witAGlwas
enhanced by 20.8+9.1% QAT 6.4+0.6 vs CON 5.3+0.7 min, P<0.05) (Mediet al, 2004). Maximal 3-
MFPase actiity decreased by 21.6£2.8% at 45 min and by 23.9+2.3% at fatigue when compared to rest
(P<0.05). M\C attenuated the percentage change in maxin@NFPase activity at 45 min (P<0.05) compared

to control lut not at fatigue. Hwever, the change in &-MFPase activity to work ratio was attenuated b4QN

both at 45 min and at fatigue (P<0.005). The rise in plasiieafitl plasma\[K *]-to-work ratio during gercise

were both attenuated byAS (P<0.05). There was no significant correlation between time to fatigue and each
of maximal 30-MFPase, rise in plasma [Kand plasma\[K *]-to-work ratio.

In conclusion, our data stwothat NAC infusion in well-trained individuals attenuated the depression in
muscle N&K*-ATPase and enhanced*Kegulation, which may be important in delaying fatigue during
prolonged submaximakercise. This suggests thaOS play a role in skeletal muscle fatigue and specifically in
Na* K*-ATPase regulation and*Kegulation during submaximakercise.

Leppik, J.A., Aughg, R.J., Medved, I., Eirwhetherl., Carg, M.F. & M cKenna, M.J. (2004)ournal of Applied
Physiology 97, 1414-1423.

Medwed, I., Brown, M.J., Bjorksten, A.R., Leppik, J.A., Sostaric, S. & McKenna, M.J. (20@8pal of
Applied Physiology94, 1572-1582.
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