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Abstract

Background

Stress and mitogen activated protein kinase (SAPK) signaling play an important role in glu-
cose homeostasis and the physiological adaptation to exercise. However, the effects of
acute high-intensity interval exercise (HIIE) and sprint interval exercise (SIE) on activation
of these signaling pathways are unclear.

Methods

Eight young and recreationally active adults performed a single cycling session of HIIE

(5 x 4 minutes at 75% Wax), SIE (4 x 30 second Wingate sprints), and continuous moder-
ate-intensity exercise work-matched to HIIE (CMIE; 30 minutes at 50% of W,,,.,), Separated
by a minimum of 1 week. Skeletal muscle SAPK and insulin protein signaling were mea-
sured immediately, and 3 hours after exercise.

Results

SIE elicited greater skeletal muscle NF- B p65 phosphorylation immediately after exercise
(SIE: ~40%; HIIE: ~4%; CMIE; ~13%; p 0.05) compared to HIIE and CMIE. AS160°°°88
phosphorylation decreased immediately after HIIE (~-27%; p  0.05), and decreased to the
greatest extentimmediately after SIE (~-60%; p  0.05). Skeletal muscle JNK (~42%;

p 0.05)and p38 MAPK (~171%;p 0.05) phosphorylation increased, and skeletal muscle
Akt®®""3 phosphorylation (~-32%; p  0.05) decreased, to a similar extent immediately after
all exercise protocols. AS160°°"°8 phosphorylation was similar to baseline three hours after
SIE (~-12%; p ! 0.05), remained lower 3 hours after HIIE (~-34%; p  0.05), and decreased
3 hours after CMIE (~-33%; p 0.05).

Conclusion

Despite consisting of less total work than CMIE and HIIE, SIE proved to be an effective stimu-
lus for the activation of stress protein kinase signaling pathways linked to exercise-mediated
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adaptation of skeletal muscle. Furthermore, post-exercise AS160%¢°8 phosphorylation
decreased in an exercise-intensity and post-exercise time-course dependent manner.

Introduction

High-intensityinterval-exerciséHIIE) andsprint-intervalexercis€SIE)arereportedto elicit
comparableandin somecasesyreaterimprovementsn measuresf glycemiccontrol, oxida-
tive stressand mitochondrialbiogenesissomparedo continuousmoderate-intensitgxercise
(CMIE) [1£5]. Themechanismgor improvedskeletamuscleadaptationafterHIIE and SIE
areunclear but mayinvolveexercise-inducedtresgrotein kinasesignaling[6+9].

Physicalnactivity andexcesadiposeissuecanleadto the sustainedactivationof mito-
genandstress-activateprotein kinaseg{ SAPK),in-part throughincreasednitochondrial
electronleakandthe subsequenproduction of reactiveoxygenspeciegROS)[10, 11].
Important ROSsensitiveSAPKproteinsinclude c-JunN-terminal kinasegJNK), p38mito-
gen-activategrotein kinasegp38MAPK), andnuclearfactorkappa-light-chain-ehancer
of activatedB cells(NF- B). Sustainedhctivationof theseprotein signalingpathwaydeadso
impairedinsulin sensitivityin partthroughserinephosphorylatiorof theinsulin receptor
substratel (IRS-1),IRS-1degradatiorand attenuationof distalinsulin signalingproteins
suchasAkt substratel60(AS160)11+13].Paradoxicallyacuteexerciselsoresultsin
increasedROSproduction[14], albeittransientlyand predominantlythroughNADPH oxi-
dasesuperoxideanionproduction[15], whichisreportedto contributeto thetransientacti-
vationof SAPKsignalingin skeletamuscle[16]. In contrastto the sustainedactivationof
SAPKsignaling thetransientactivationfollowing acuteexerciseoincideswith greater
AS160phosphorylatiorpost-exercisandimprovedinsulin sensitivity[17+19].Further-
more,exercise-induce@APKsignalingis alsolinked to the activationof skeletamuscle
transcriptionfactorsand coactivatorghatleadto skeletamuscleadaptationandlong-term
improvementdn cardiometabolihealth[2, 5,16,20].

Although HIIE and SIEtraining arereportedto elicit equivalentandin somecasesuperior
exercise-mediatecardiometaboli@daptationsvhencomparedo CMIE [1, 2, 5], the effects
of acuteHIIE and SIEon post-exercisekeletamuscleSAPKsignalingareequivocal For
examplegreatemmetabolicfluctuationsinducedthroughintermittent exercisareconsidered
to elicit greatemost-exercise38MAPK phosphorylatio{21]. However previousstudies
havereportedsimilar exercise-induce@38MAPK phosphorylatiorafteracutework-matched
HIIE, SIE,andcontinuousexercisg22,23]. The effectf low-volumeSIE,comparedo
higher-volumeHIIE work-matchedo continuousexercisef moderate-intensityopn post-
exerciseskeletamusclep38MAPK phosphorylatiorareunknown. Furthermore skeletamus-
cleJNKandNF- B phosphorylatiorand post-exercisesulin protein signalinghaveyetto be
exploredafteracuteHIIE andSIE.

We comparedhe effectof asinglesessiorof HIIE, SIE,and CMIE work-matchedo the
HIIE, on skeletamuscleSAPKandinsulin protein signaling It washypothesizedhat SIEand
HIIE would elicit greaterskeletamuscleSAPKanddistalinsulin protein signaling.

Materials and methods
Participants

Eightrecreationallyactiveadults,6 malesand 2 femalesyolunteeredo participatein this
randomizedcross-ovestudy.Participantcharacteristicarereportedin Tablel. Exclusion
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Table 1. Descripti ve characterist ics of participan ts.

Variable N=8
Participants 6 males and 2 females
Age (years) 25 “2

Height (cm) 179.3 “2.9
Weight 79.4 “2.1

BMI (kg m™) 25 “1

Wax during GXT (W) 327 “25

Max heart rate during GXT (BPM) 183 “4
VOjmax (Ml kg™* mint) 48.4 “4.0

Values are mean “SEM.

doi:10.131/journal.pon€171613.t001

criteriafor participationincludedsmoking,musculoskeletadr otherconditionsthat prevent
daily activity,symptomatioor uncontrolledmetabolicor cardiovasculadiseaseandfemales
takingoral contraceptionTo minimize the effectof hormonalfluctuationson outcomemea-
suresfemalesveretestedn the earlyfollicular phaseof the menstrualcycle(2+7daysafter
the onsetof menses)Verbalandwritten explanationsaboutthe studywereprovidedprior

to obtainingwritten informed consentThis studywasapprovedoy the Victoria University
Human ResearcltEthicsCommitteeandcarriedout in accordancavith The Codeof Ethics
of the World MedicalAssociationDeclarationof Helsinki) for experimentsnvolving
humans[24].

Participantavereaskedo abstainfrom physicalactivity (~72hours),alcoholand caffeine
consumption(~24hours)prior to eachtrial. Twenty-fourhoursbeforetheir first trial volun-
teerswereaskedo consumeheir habitualdietwhichwasrecordedin adietdiary andrepli-
catedin their subsequertrials. Participantscompleteda screeningsessiorprior to completing
thethreedifferentexercisgrotocolsin arandomizedcrossovefashion separatedby amini-
mum of 1 weekfor malesand~4 weekgor femalegFig 1).

Screening and preliminary testing

Participantaverescreenediaamedicalhistory andrisk assessmeigfuestionnaireEligible
participantsunderwentanthropometricmeasurementheightand weight)andcompleteca
gradedexercisdest(GXT) on acycleergometer(Velotron, USA)to measurgeakaerobic
capacity(VO2pea) and maximalpoweroutput (Wnay). The GXT protocol consistedf 1-min-
ute cyclingstagest 50wattswhichincreasedy 25wattseveryminute until participantswere
unableto maintainacyclingcadencef 60 RPMor greater Expiredgasesverecollectedand
analyzediiaanindirect calorimetrysystem(MoxusModular VO, System{USA). The W ,ax
obtainedduring the GXT wasusedto calculatehe workloadfor the threeexercisgrotocols.

Experimental phase

On threeseparat@ccasiongarticipantsreportedto the laboratoryin the morning afteran
overnightfast.A restingmusclebiopsyandvenoushlood samplewneretakenprior to partici-
pantsundergoingtheir randomizedexercisgrotocol (SIE,HIIE or CMIE). Immediatelyfol-
lowing the acutesessiorof exercisea musclebiopsyand venoushlood samplewveretaken,and
participantsrestedon abedfor threehours.A third musclebiopsywastaken3 hoursafter
exercisandvenousblood samplesveretakenin the middle of the exercisesessionimmedi-
atelyafterexerciseand 10 minutes,30minutes,1 hour, 2 hoursand 3 hoursafterexercise.
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Fig 1. Schematic overview of research methodolog y. After initial screening and determination of Wy, 4, and VOypeak, participants
underwent three exercise sessions, separated by 7+14 days (~28 days for females), in a randomized crossover fashion. Venous
blood and skeletal muscle samples were taken at time-points indicated in the figure. CMIE: continuous moderate-intensity exercise.
HIIE: high-intensity interval exercise. SIE: sprint interval exercise. GXT: graded exercise test.

doi:10.131/journal.pon®171613.g001

Exercise protocols

All exercisesessionsvereperformedon aVelotron cycleergometerThe SIEprotocolcon-
sistedof 4 x 30secondall-out (Wingate)cyclingsprints,interspersedvith 4.5-minutepassive
recovernyperiods.Pedalingesistancédor the SIEwasdeterminedasatorquefactorrelativeto
bodymasswvhich wasoptimizedduring the familiarizationsessionTheHIIE protocolcon-
sistedof 5 x 4-minute cyclingboutsat 75%0f W nax (~77%0f VO ;¢4 interspersedvith
1-minute passiveecoveryperiods.The CMIE protocolconsistedf continuouscyclingfor 30
minutesat 50%0f W 4, (~54%0f VO pe4), €quatingto the sametotal work performed

(294 23kJ)in theHIIE protocol.

Skeletal muscle and blood sampling

Musclesamplesvereobtainedfrom the vastudateralisunderlocalanesthesiéXylocainel%,
AstraZenecaAustralia)utilizing aBergstin needlewith suction[25]. Thesamplesvere
immediatelyfrozenin liquid nitrogenandstoredat-80EQuntil analysisVenousbloodwas
collectedrom anantecubitaleinviaanintravenouscannulaand analyzedmmediatelyfor
blood glucoseandlactateusingan automatedanalysisystem(YSI2300STATPlus Glucose
& LactateAnalyzer).
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Skeletal muscle protein analysis

To avoidthe potentiallossof total cellularprotein that canoccurwith centrifugation[26,27],
phosphorylatiorand abundancef specifigproteinsin wholemuscldlysateweredetermined
with all constituentgpresent(i.e.no centrifugation).Whole muscleysatewasanalyzedsprevi-
ouslyreported[19]. In brief, thirty cryosection®f skeletamuscle(20 m) werehomogenizedn
buffer(0.125MTRIS-HCL[pH 6.8],4%SDS,10%Glycerol, 10mMEGTA,0.1IMDTT, andwith
0.1%v/v proteaseand phosphatasmhibitor cocktail[#P8340and#P5726SigmaAldrich]).

Total protein contentof musclelysatewasdeterminedusingthe commerciallyavailableRed660
ProteinAssaykit with SDSheutralizerasperthe manufacturer'snstructions(Red660,G-Biosci-
encesst.Louis,MO, USA).Eight g of proteinwaspreparedn 3 | of Bromophenoblue(1%),
heatedor 5 minutesat 95EGandseparatedby 7.5%Criterion TGX Pre-CasGels Thesepa-
ratedproteinsweretransferredo apolyvinylidenedifluoride membraneandblockedwith Tris-
BufferedSaline-Tweel(TBST)and5%skim milk for 1 hour. Membranesverewashed4 x 5
minutes)with TBSTandincubatedat4ECovernightwith the following primary antibodiesphos-
pho-SAPK/INKThr183/Tyrl85CST#9251) SAPK/INK(CST#9252) phospho-p38MAPK
(Thr180/Tyr182CST#9211)p38MAPK (CST#9212)phospho-NF- Bp65(Ser536CST
#3033)NF- Bp65(CST#8242)] B (CST#4814)phospho-IRS-1Ser304n human;CST
#2384)phospho-AS16(6er588CST#8730) AS16Q(CST#2447)phospho-Akt(Ser473CST
#9271) Akt (#9272)andIRS-1(Millipore, 06£248)After incubation,membranesverewashed
with TBSTandincubatedfor 1 hour atroom temperaturewith appropriatedilutions of horserad-
ish peroxidaseonjugatedsecondanantibody.Membranesverere-washedindincubatedn
SuperSignalVestFemtoMaximum Sensitivitysubstratdor 5 minutesprior to imaging.After
imaging,membranesverestainedviaamodified Coomassistainingprotocol[19]. All densi-
tometryvaluesareexpressecelativeto a pooledinternal standardand normalizedto thetotal
protein contentof eachaneobtainedfrom the modified Coomassistainingprotocol.Where
appropriate phosphorylategbroteinsareexpressedklativeto specifidotal protein content.

Statistical analysis

Datawerecheckedor normality andanalyzedisingPredictiveAnalyticsSoftwarg PASW
v20,SPS%nc., ChicagoWI, USA).Comparison®f multiple meanswvereexaminedusinga
repeatedneasuregnalysiof variancgexercisgrotocol x time point). Posthocanalysiof
significantinteractionand main effectsvereperformedusingFisher'sprotectedLSDtest.All
dataarereportedasmean standarderror of mean(SEM)and statisticabnalysisonducted
atthe 95%levelof significancgp 0.05). Trendswerereportedwhenp-valuesveregreater
than0.05andlesghan0.1.

Results
Blood glucose and lactate

Significantinteractioneffectqp<0.05) weredetectedor blood glucoseandlactate(p<0.05).
Post-hocanalysigevealedhat comparedo baselineblood glucosavassignificantlyelevated
(p<0.05) afterHIIE, andto the greatesextentafter SIE(Fig 2). Furthermore post-hocanalysis
revealedhat comparedo baselinebloodlactatewaselevatedfter CMIE, HIIE, andto the
greatesextentafter SIE(Fig 2).

Skeletal muscle SAPK signaling

A significantinteractioneffect(p < 0.05)wasdetectedor NF- B p65phosphorylationPost-
hocanalysigevealedignificantlygreater(p < 0.05)NF- B p65phosphorylationmmediately
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Fig 2. Blood lactate and blood glucose during and after exercise. (A) Blood lactate and (B) blood
glucose response to high-intensity interval exercise (HIIE), sprint-interval exercise (SIE), and continuous
moderate-intensity exercise (CMIE). a=p 0.05 compared to baseline. Significantly different (p  0.05) at
equivalent time pointvs # = CMIE and 2 = HIIE

doi:10.131/journal.pon®171613.g002
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Fig 3. Skeletal muscle SAPK signaling . Skeletal muscle protein phosphorylation relative to total protein content of (A) JINKT"8%/

Y185 (B) NF- B p65°°°%°, (C) p38 MAPKTM™80MYI182 and total protein content of (D) | B . relative to Coomassie protein content,
after high-intensity interval exercise (HIIE), sprint interval exercise (SIE), and continuous moderate-intensity exercise (CMIE).

a=p 0.05comparedtobaseline;b=p 0.05compared to post-exercise. Significantly different (p  0.05) at equivalent time pointvs
#=CMIE and 2 = HIIE.

doi:10.B71/journal.pon8171613.g003

afterSIEcomparedo baselineandgreatemphosphorylatiorimmediatelyafter SIEcompared
to both HIIE and CMIE (Fig 3). Main time effectqp < 0.05)revealedyreatemphosphorylation
of pP38MAPK immediatelyafterexerciseandgreaterJNK phosphorylatioimmediatelyafter
and3hoursafterexerciseeomparedo baselingFig 3). Main time effectgp < 0.05)revealed
lowerproteinabundancefl B immediatelyand3 hoursafterexerciseomparedo baseline

(Fig3).
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Fig 4. Skeletal muscle insulin protein signaling. Skeletal muscle total IRS-1 content (B) and phosphorylation relative to total
protein content of (A) IRS-15¢"3%7, (C) Akt>®™72 and (D) AS1605°°8 after high-intensity interval exercise (HIIE), sprint interval
exercise (SIE), and continuous moderate-intensity exercise (CMIE).a=p 0.05and (a) p 0.1 comparedto baseline;b=p 0.05
and (b) p 0.1 compared to post-exercise. Significantly different(p  0.05) ortrend (p 0.1 in parenthesis) at equivalent time point vs
#=CMIE and 2 =HIIE.

doi:10.B71/journal.pon8171613.g004

Skeletal muscle insulin protein signaling

A significantinteractioneffect(p < 0.05)wasdetectedor IRS-°"*°phosphorylationPost-
hocanalysisevealegasignificantlygreatedRS-1£°"**phosphorylatioimmediatelyafterall
exercisouts,andtherewasatrend for thisto remainelevatedat 3 hoursafter CMIE only
(Fig4).IRS-*"*%phosphorylationwassignificantlygreateimmediatelyafterHIIE compared
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to CMIE, andgreater3 hoursafter CMIE comparedo SIE.A significantinteractioneffect

(p < 0.001)wasdetectedor AS16§°8hosphorylationPost-hocanalysisevealedower
phosphorylatiorof AS16§°"*®8mmediatelyafter SIEandHIIE comparedo baselineand3
hoursafterCMIE andHIIE comparedo baselingFig4). AS16§°°®%hosphorylationwas
lowerimmediatelyafter SIEcomparedo HIIE and CMIE, andwashigher3 hoursafter SIE
comparedo CMIE. Phosphorylatiorof Akt>®™"3vaslowerimmediatelyafterexerciseom-
paredto baselineandtendedto remainlower 3 hoursafterexercisé€Fig 4). Despiteincreased
IRS-1°"*%phosphorylationtotal IRS-1protein wasnot significantlyinfluencedby exercise

(Fig4).

Discussion

Wereportthatasinglesessiorof SIEelicitedgreaterskeletamuscleNF- B p65phosphoryla-
tion comparedo HIIE andCMIE, asimilarincreasén JNKandp38MAPK phosphorylation,
andasimilar decreasé skeletamusclel B proteincontent. Thus,despiteconsistingof less
total work than CMIE andHIIE, SIEprovedto bean effectivestimulusfor the activationof
stresgrotein kinasesignalingpathwaydinked to exercise-mediateadaptationof skeletal
muscle.

Exercise intensity and skeletal muscle SAPK signaling

NF- B p65phosphorylatiorin humanskeletamusclewasincreasedmmediatelyafterSIE,
but not afterCMIE or HIIE. It isunclearwhy NF- B p65phosphorylationwvasnot increased
afterCMIE or HIIE, asNF- B activity/phosphoriation isincreasedn skeletamuscleof
rodentsafter1 hour of swimmingandtreadmillexercisg7, 28]. 1t is possiblehat only intense
supramaximaexercis@rovidessufficientstimulusto increaseNF- B p65phosphorylatiornin
humanskeletamuscleimmediatelyafterexerciseln support,Petersen . [29] reportedno
changen humanskeletamuscleNF- B p65phosphorylatiorimmediatelyafter45-minutesof
continuouscycling(71%VO,,ea) Or aftercyclingto exhaustion(92%VO0 ;¢4 In additionto
NF- B p65phosphorylationtranscriptionalactivity of NF- B requiresubiquitin-depencent
| B proteindegradationaprocessvhich permitsinactivecytosolicNF- B to translocatedo
thenucleuq30, 31]. Our findingsalignwith othersreportingdecreasedl B  proteinabun-
dancein skeletamuscleafteracuteexercisg¢19,29,32]. Thisdecreasappeard$o occurinde-
pendentof NF- B p65phosphorylatiorand exercise-intensityt is possiblehat our biopsy
samplingtimesmaynot havecapturedpeakNF- B phosphorylatiorwith CMIE andHIIE,
whichisincreasemnehour afterHIIE in humanskeletamuscle[19], andis reportedto peak
1+2hoursafterexercisen humanPBMC[31] andrat skeletamuscle[33].
Attenuationof the exercise-inducedkeletamuscleNF- B p65signalingresponseén
humansandrodents viaallopurinol,apocynin,or n-acetylcysteingeatment/ingestiongoin-
cideswith attenuationof PGC-1 ,manganessuperoxidedismutaseglutathioneperoxidase,
citratesynthaseand mitochondrialtranscriptionfactor A geneexpressior6, 7,29]. Assuch,
greateMNF- B p65phosphorylatiorafteracuteSIEmaycontributeto the equivalenor supe-
rior skeletamuscleand cardiometaboli@daptationgpreviouslyreportedwith SIEtraining [1].
Thep38MAPK andJNK signalingpathwayglayanimportantrolein exercise-mediated
mitochondrialbiogenesisind antioxidantdefenseupregulation34+38].We provideevidence
that JNKandp38MAPK phosphorylatiorareincreasedo asimilar extentafter SIE,CMIE,
andHIIE work-matchedio CMIE. Thesdindings supportpreviousreportsof similar post-
exercisg38MAPK phosphorylatioraftercontinuousexercisavork-matchedo high-inten-
sity continuouscycling[39], HIIE [22], and SIE[23]. Furthermore we showedhat exercise-
inducedskeletamuscleJNK phosphorylatiorin humansdoesnot appearto occurin an

PLOS ONE | DOI:10.1371/journal.pone.0171613 February 9, 2017 9/15
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exercise-intensitand/or volumemanner,contradictingpreviousreportsin rodents[40,41].
RecentlyCombes . [21] reportedgreatemphosphorylatiorof p38MAPK in humanskeletal
musclewith intermittent cycling(30x 1-min intervalsat 70%V02,¢,, 1-minuterecovery
periods)comparedo work andintensitymatchedcontinuouscycling(30minutesat 70%
VOypeal. It wasproposedhatincreaseascillationsof the cytosolicNADH/NAD+ redox
state]42] elicitedthroughintermittent exercisenayplayalargerrole in p38 MAPK signaling
comparedo the manipulationof exercisezolumeor intensity. It is possiblehatthe metabolic
demandsnducedthroughHIIE and SIEin this and other studieswereinsufficientto increase
p38MAPK, andpotentiallyJNK phosphorylationabovethat of continuousexercisg¢22,23].
Furtherresearchs requiredto confirm thesdindingswith exercisgrotocolsthatincorporate
greatemmetabolicdisturbances.

Thepresenfiindings suggesthat superiorskeletamuscleadaptationpreviouslyreported
with HIIE and SIEwhencomparedo CMIE [1, 2,4, 5], mayoccurthrough protein signaling
pathwaysndependenbf p38MAPK and JNK.NeverthelessSIEconsistedf considerablyess
totalwork thanHIIE and CMIE, andthereforeappeardo bean effectiveexercisenodefor
stimulatingpost-exercisekeletamusclephosphorylatiorof p38MAPK, JNK,andin particu-
lar NF- B p6b5.

Exercise-intensity and phosphorylation of skeletal muscle insulin protein
signaling

We provideevidencehat IRS-£°"phosphorylatioris increasedmmediatelyafter CMIE
andSIE,andto agreaterextentafterHIIE. Interestingly IRS-£°"*phosphorylationvassimi-
lar to baseline hoursafterHIIE and SIE.Thephysiologicatole of IRS-T°"*°phosphoryla-
tion isunclear,asit is reportedto both positivelyand negativelyregulatedownstreaninsulin
signalingandglucoseuptake[19, 43]. Akt>®"#"$hosphorylationwhichis downstreanof IRS-
1,decreasetb asimilar extentafterall exercisgrotocols.Surprisingly further probing of the
distalinsulin signalingcascadeevealedhat phosphorylatiorof AS16§°"®8vasattenuatedn
anexercise-intensitgndpost-exerciséme-coursedependenmanner.

Phosphorylatiorof AS160(alsoknown asTBC1D4)resultsin GTPloadingandactivation
of RabsreleasingsLUT4 vesiclesrom intracellularcompartmentsand promoting GLUT4
vesicleplasmamembranedockingandglucoseuptake[44]. Serine588specificphosphoryla-
tion of AS160ncreasesvith humanskeletamusclecontraction,insulin stimulationviathe
hyperinsulinaemic-euglycaemitamp,and mayplayarole in the acutepost-exercisenhance-
mentof insulin sensitivity[17,19,45,46]. Previougesearclhis equivocalwith studieseport-
ing no changd47,48] or increaseghosphorylatiorof AS16§°®fterexercisén both
rodentsandhumans[17,19,49,50]. We arethefirst to report decreasedS16§°°%%hos-
phorylationimmediatelyafter SIEandHIIE. Usingthe PAS16@ntibody,which primarily
detectsAS160"**?but alsoAS16§°°8951,52], Treebak . [53] alsoreportedadecreasen
AS16Qphosphorylationmmediatelyafterhigh-intensitycontinuouscyclingexercis€20min-
utes 80%VO0,,ea), Whereaphosphorylationwasunchangedmmediatelyafter CMIE (30
mins, ~67%VO0,pea). We extendpreviousfindingsby reportingthat AS16§°™**hosphoryla-
tion is similarto baselined hoursafter SIE but remainslowerafterHIIE and CMIE.

Themechanisnfor the substantiaecreasen AS16§°°%%hosphorylatioimmediately
afterSlEis unclear.Thereportedelevationin blood glucoseduring andimmediatelyafter SIE,
andto alesseextentafterHIIE, suggestatransientcounter-regulatonhormonalresponse
previouslyreportedafterhigher-intensityexercisg¢54]. Certainly,resistancexerciseand
extrememuscledamagingexercisenhibit insulin protein signaling[55, 56], likely through
mMTORinhibition of the PI3K signalingpathway{57]. However mTOR signalingdoesnot
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appeaito beactivatedollowing acuteSIE[9]. Alternatively,excesROSsuchashydrogenper-
oxidemayoverridethe potentiationof insulin signalingthroughtheinactivationof protein
tyrosinephosphatasg$8+60],by increasingNKandNF- B mediatednhibition of the
PI3K/Akt signalingpathway[61,62].In TNF- /NF- B inducedinsulin resistanfhhumanmyo-
tubestargetednterferenceof the NF- B signalingpathwayrestoresnsulin stimulatedAS160
and Akt phosphorylatiorand glucoseuptake despiteminimal effecton INK phosphorylation
[13]. Takentogetherit is possibleghat SIEinducedNF- B signalingmaytransientlysuppress
AS16QphosphorylationimmediatelyafterexerciseWhetherthe differentialeffectof exercise-
intensityon post-exercis&S166>"*¥bhosphorylatioroccursat other AS16Qphosphoryla-
tion sitesandwhetherthesechangegffectpost-exercisensulin sensitivity areunknown and
warrantfurther investigation.

Limitations

A potentiallimitation of the studyis asmallsamplesize However previousinvasivehuman
studieshaveusedsimilar samplesizego detectsignificantchangesn SAPKsignaling[21,29,
63]. Thecombinedanalysif both malesandfemalesnaylimit interpretationof theresults.
Neverthelesgxercise-induced38MAPK protein signalingappearo besimilar between
sexe$64]. Furthermore,in the currentstudywedid not undertakesubcellulafractionation,
immunohistochemistryand/or direct measurementef kinaseactivity dueto limited tissue
availability.Proteinkinasesignalingis reportedto bespatial-temporallgensitivg 30, 65] and
assuchfuture studiesarerequiredto determinethe subcellulatocalizationof protein kinase
phosphorylatiorandkinaseactivity beforeandafterexercisef differentintensitiesand mode.
It isalsoimportant to notethatthe acuteactivationof protein signalingpathwaysn skeletal
muscledo not alwayseflectfunctionalchangesn protein synthesisand/or adaptationswith
chronicexercisearaining [23,66]. Finally,findingsin this studyaredelimitedto youngrecrea-
tionally activeadults the specificexercise-protocolsvestigatedandtheinvestigationof asin-
glesessiorof exerciselFutureresearchs requiredto confirm thesefindingswith subsequent
boutsof exerciseveralongerperiodof time, in morediversepopulationswith differentexer-
ciseprotocols.

Conclusions

Thesdindingsdemonstratéhat p38MAPK and JNK phosphorylatiorincreaseo a similar
extentafter CMIE, HIIE and SIE.On the otherhand,skeletamuscleNF- B phosphorylation
wasmoreresponsivéo intenseexerciseWhethergreateMNF- B phosphorylatiorpost-SIE
contributesto the previouslyreportedsuperiorbenefitsof SIEon skeletamuscleadaption
warrantsfurther investigation Surprisingly,only CMIE andHIIE elicitedadecreas@e phos-
phorylationof the downstreanglucosauptakesignalingprotein AS16Qhreehoursafterexer-
cise despitesubstantialljjower AS16Qphosphorylationmmediatelyafter SIE. Thesdindings
indicatethat the time courseof post-exercis&dS160phosphorylationanimportant regulator
of contractionandinsulin-stimulatedglucoseuptake is influencedin an exercise-intensity
dependentmanner.Takentogetherexercise-intensitplaysarolein regulatingthe complex
SAPKsignalingpathwaysvhich areknownto beinvolvedin the adaptivecardiometabolic
responseto exercise.
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