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Abstract:ȱTheȱeffectȱofȱperinatalȱasphyxiaȱ(PA)ȱonȱoligodendrocyteȱ(OL),ȱneuroinflammation,ȱandȱ
cellȱviabilityȱwasȱevaluatedȱinȱtelencephalonȱofȱratsȱatȱpostnatalȱdayȱ(P)1,ȱ7,ȱandȱ14,ȱaȱperiodȱcharȬ
acterizedȱbyȱaȱspurȱofȱneuronalȱnetworking,ȱevaluatingȱtheȱeffectȱofȱmesenchymalȱstemȱcellȱ(MSCs)Ȭ
treatment.ȱTheȱissueȱwasȱinvestigatedȱwithȱaȱratȱmodelȱofȱglobalȱPA,ȱmimickingȱaȱclinicalȱriskȱocȬ
curringȱunderȱlabor.ȱPAȱwasȱinducedȱbyȱimmersingȱfetusȬcontainingȱuterineȱhornsȱintoȱaȱwaterȱbathȱ
forȱ21ȱminȱ(AS),ȱusingȱsiblingȬcaesareanȬdeliveredȱfetusesȱ(CS)ȱasȱcontrols.ȱTwoȱhoursȱafterȱdelivery,ȱ
ASȱandȱCSȱneonatesȱwereȱinjectedȱwithȱeitherȱ5ȱΐLȱofȱvehicleȱ(10%ȱplasma)ȱorȱ5ȱ×ȱ104ȱMSCsȱintoȱtheȱ
lateralȱventricle.ȱSamplesȱwereȱassayedȱforȱmyelinȬbasicȱproteinȱ(MBP)ȱlevels;ȱOligȬ1/OligȬ2ȱtranȬ
scriptionalȱfactors;ȱGglialȱphenotype;ȱneuroinflammation,ȱandȱdelayedȱcellȱdeath.ȱTheȱmainȱeffectsȱ
wereȱobservedȱatȱP7,ȱincluding:ȱ(i)ȱAȱdecreaseȱofȱMBPȬimmunoreactivityȱinȱexternalȱcapsule,ȱcorpusȱ
callosum,ȱcingulum,ȱbutȱnotȱinȱfimbriaeȱofȱhippocampus;ȱ(ii)ȱanȱincreaseȱofȱOligȬ1ȬmRNAȱlevels;ȱ
(iii)ȱanȱincreaseȱofȱILȬ6ȬmRNA,ȱbutȱnotȱinȱproteinȱlevels;ȱ(iv)ȱanȱincreaseȱinȱcellȱdeath,ȱincludingȱOLs;ȱ
andȱ(v)ȱMSCsȱtreatmentȱpreventedȱtheȱeffectȱofȱPAȱonȱmyelination,ȱOLsȱnumber,ȱandȱcellȱdeath.ȱ
Theȱpresentȱ findingsȱshowȱ thatȱPAȱ inducesȱregionalȬȱandȱdevelopmentalȬdependentȱchangesȱonȱ
myelinationȱandȱOLsȱmaturation.ȱNeonatalȱMSCsȱtreatmentȱimprovesȱsurvivalȱofȱmatureȱOLsȱandȱ
myelinationȱinȱtelencephalicȱwhiteȱmatter.ȱ
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1.ȱIntroductionȱ
Perinatalȱasphyxiaȱ(PA),ȱaȱprototypeȱofȱobstetricȱcomplication,ȱisȱtheȱresultȱofȱimpairedȱ

gasȱexchangeȱduringȱlaborȱorȱdelivery,ȱaȱmajorȱcauseȱofȱdeath,ȱneuropsychiatricȱdysfuncȬ
tions,ȱandȱlearningȱdisorders,ȱshortȱandȱlongȱterm,ȱ inȱaffectedȱnewbornsȱ[1],ȱnotȱonlyȱinȬ
creasingȱtheȱcostsȱassociatedȱwithȱtheȱacuteȱtreatment,ȱbutȱalsoȱcomorbiditiesȱinȱtheȱlifeȱofȱ
theȱindividuals.ȱTheȱdurationȱofȱtheȱperinatalȱinsult,ȱaȱkeyȱfactorȱforȱtheȱseverityȱofȱtheȱclinȬ
icalȱoutcomeȱ[2],ȱasȱwellȱasȱtheȱdevelopmentalȱstageȱofȱtheȱaffectedȱregions,ȱdetermineȱtheȱ
patternȱofȱbrainȱdamageȱ[3–5],ȱhighlightingȱwhiteȱmatterȱinjury,ȱaȱmainȱcauseȱofȱperiventricȬ
ularȱleukomalaciaȱ(PVL),ȱaȱleukodystrophyȱassociatedȱwithȱPAȱ[6].ȱ
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PAȱ involvesȱtwoȱevents,ȱhypoxiaȱandȱreȬoxygenation.ȱTheȱprimaryȱenergyȱfailureȱ
leadsȱtoȱaȱmetabolicȱcrisisȱand,ȱifȱsustained,ȱcellȱdeathȱ[7–9].ȱReȬoxygenation,ȱaȱrequireȬ
mentȱ forȱ survival,ȱ impliesȱglutamateȬdependentȱexcitotoxicity,ȱmitochondrialȱdysfuncȬ
tion,ȱaccumulationȱofȱfreeȱradicals,ȱandȱneuroinflammationȱ[10–12],ȱtriggeringȱaȱsecondȬ
aryȱenergyȱfailureȱandȱdelayedȱcellȱdeathȱ[8,9].ȱDelayedȱcellȱdeathȱisȱtheȱmostȱimportantȱ
endpointȱforȱanyȱtherapeuticȱstrategyȱ[4,5,8,9,13],ȱprovidingȱaȱwindowȱofȱopportunityȱforȱ
neuroprotectionȱ[14].ȱ

AlthoughȱtheȱpathophysiologyȱofȱneuronalȱdeathȱfollowingȱPAȱhasȱbeenȱextensivelyȱ
studied,ȱthereȱisȱlessȱattentionȱpaidȱtoȱtheȱroleȱofȱglialȱcells,ȱspecificallyȱoligodendrocytesȱ
(OLs)ȱ[15].ȱInȱtheȱcentralȱnervousȱsystemȱ(CNS),ȱmatureȱOLsȱareȱtheȱcellsȱthatȱformȱmyelin,ȱ
whichȱconsistsȱofȱoligodendroglialȱplasmaȱmembraneȱloopsȱtightlyȱwovenȱconcentricallyȱ
aroundȱtheȱaxonsȱ[16],ȱallowingȱtheȱfastȱsaltatoryȱconductionȱofȱanȱactionȱpotential.ȱOLsȱ
playȱaȱ roleȱ inȱgrowth,ȱstability,ȱandȱaxonalȱmaintenanceȱ [17,18],ȱandȱparticipateȱ inȱ theȱ
establishmentȱandȱconsolidationȱofȱneuronalȱnetworks,ȱsuggestingȱimportantȱrolesȱduringȱ
brainȱdevelopment,ȱbeforeȱmyelinationȱisȱestablishedȱ[19].ȱThus,ȱoligodendroglialȱinjuryȱ
andȱmyelinationȱdeficiencyȱmayȱdisruptȱCNSȱdevelopment,ȱinterferingȱwithȱaxonalȱfuncȬ
tion,ȱneuronalȱsurvival,ȱandȱneurocircuitryȱconsolidation,ȱleadingȱtoȱmotor,ȱsensory,ȱandȱ
cognitiveȱdeficits,ȱdependingȱuponȱtheȱaffectedȱsystemsȱ[20].ȱ

Theȱendpointȱofȱtheȱdifferentiationȱprogramȱforȱtheȱoligodendroglialȱlineageȱisȱtheȱ
formationȱofȱmyelin,ȱwhichȱimpliesȱaȱtransitȱfromȱoligodendrocyteȱprecursorȱcellsȱ(OPCs)ȱ
toȱmatureȱmyelinatingȱOLs.ȱEachȱstepȱinȱtheȱoligodendroglialȱlineageȱisȱpreciselyȱreguȬ
latedȱbyȱintrinsicȱandȱextrinsicȱfactors,ȱensuringȱcorrectȱmyelinationȱatȱtheȱrightȱlocationȱ
andȱrightȱtimeȱ[21],ȱandȱallowsȱforȱproperȱformationȱofȱmyelinȱsheaths,ȱconsistingȱofȱlipids,ȱ
inȱparticularȱcholesterol,ȱandȱgalactolipids,ȱandȱseveralȱproteins,ȱ includingȱproteolipidȱ
andȱmyelinȱbasicȱproteinȱ (MBP)ȱ [22–24].ȱMBP,ȱoneȱofȱ theȱmainȱproteinȱcomponentsȱofȱ
myelin,ȱconstitutesȱoverȱ30%ȱofȱtheȱtotalȱproteinȱcontentȱofȱtheȱCNSȱ[24].ȱMBPȱisȱtheȱonlyȱ
structuralȱproteinȱfound,ȱsoȱfar,ȱtoȱbeȱessentialȱforȱmyelinȱformation,ȱpresumablyȱbecauseȱ
ofȱitsȱroleȱforȱmyelinȱmembraneȱcompactionȱ[25],ȱthusȱmaintainingȱtheȱcorrectȱstructureȱofȱ
myelin,ȱandȱ interactingȱwithȱ theȱ lipidsȱofȱ theȱmembraneȱ [26].ȱAlthoughȱmyelinationȱ isȱ
primarilyȱdrivenȱbyȱdifferentȱlineagesȱofȱOLs,ȱotherȱglialȱcellsȱcontributeȱtoȱmyelinationȱofȱ
theȱdevelopingȱbrainȱunderȱhomeostaticȱconditions,ȱandȱtoȱmyelinȱrepairȱ[27–32].ȱManyȱ
linesȱofȱevidenceȱsupportȱtheȱideaȱthatȱmicroglialȱactivationȱandȱastrocyticȱreactionsȱimȬ
pairȱsurvivalȱandȱmaturationȱofȱOPCs,ȱalsoȱleadingȱtoȱhypomyelinationȱ[33].ȱ

OligȬ1ȱandȱOligȬ2ȱareȱtranscriptionȱfactorsȱinvolvedȱinȱtheȱmodulationȱofȱOLsȱfuncȬ
tionȱunderȱphysiologicalȱandȱpathologicalȱconditionsȱ[34].ȱOligȬ1ȱisȱinvolvedȱinȱtheȱrepairȱ
ofȱdemyelinatingȱ lesions,ȱstimulatingȱOLsȱmaturation,ȱwhileȱOligȬ2ȱdirectsȱ theȱprocessȱ
towardȱOLsȱdifferentiationȱ[35].ȱThereȱareȱreportsȱindicatingȱthatȱneuroinflammationȱinȬ
creasesȱtheȱproliferationȱofȱOPCs,ȱproducingȱlongȬlastingȱdefectsȱinȱoligodendroglialȱmatȬ
urationȱandȱmyelination,ȱlikelyȱbyȱdisruptionȱofȱOLȱtranscriptionȱfactorsȱ[36,37].ȱInȱaddiȬ
tion,ȱproinflammatoryȱcytokinesȱreleasedȱfromȱactivatedȱmicrogliaȱand/orȱastrocytesȱfolȬ
lowingȱbrainȱinjuryȱareȱdetrimentalȱtoȱtheȱsurvivalȱofȱOLsȱ[38].ȱTheȱbalanceȱofȱproȬȱandȱ
antiȬinflammatoryȱ cytokinesȱ isȱ likelyȱ affectingȱOPCȱdifferentiation.ȱ Indeed,ȱBainȱ etȱ al.ȱ
showedȱthatȱalteredȱcytokineȱsignalingȱcontributesȱtoȱtheȱimbalanceȱobservedȱinȱtheȱproȬ
ductionȱofȱglialȱcellsȱfromȱtheȱneonatalȱsubventricularȱzoneȱ(SVZ)ȱbyȱhypoxiaȬischemiaȱ
(HI),ȱpromotingȱdifferentiationȱofȱglialȱprogenitorsȱtowardsȱastrocytesȱatȱtheȱexpenseȱofȱ
developmentallyȱmoreȱappropriateȱOLsȱ[39].ȱ

OLsȱandȱtheirȱprecursorsȱareȱhighlyȱsusceptibleȱtoȱmetabolicȱinsults,ȱbecauseȱofȱtheirȱ
neurochemicalȱfeaturesȱ(e.g.,ȱlowȱantioxidantȱglutathione,ȱhighȱintracellularȱironȱstores,ȱ
highȱproductionȱofȱhydrogenȱperoxide,ȱexpressionȱofȱAMPAȱreceptorsȱlackingȱGluR2ȱsubȬ
units),ȱdifferentiationȱprograms,ȱasȱwellȱasȱhighȱmetabolicȱrateȱandȱATPȱrequirementsȱforȱ
theȱsynthesisȱofȱlargeȱamountsȱofȱmyelinȱ[40–42].ȱRenewalȱofȱOLsȱandȱmyelinationȱconȬ
tinuesȱthroughoutȱadultȱlifeȱ[36,37],ȱprobablyȱasȱaȱplasticȱmechanismȱtoȱrespondȱtoȱbrainȱ
injuryȱ[43–45].ȱ
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ThereȱisȱevidenceȱindicatingȱthatȱvulnerabilityȱofȱOLsȱdependsȱuponȱtheirȱmaturity.ȱ
Forȱexample,ȱpreȬoligodendrocytesȱ(preȬOL)ȱareȱsusceptibleȱtoȱmetabolicȱinsultsȱoccurringȱ
atȱbirthȱ[46,47],ȱaffectingȱcerebralȱmyelinationȱatȱlaterȱagesȱ[48].ȱItȱhasȱbeenȱreportedȱthatȱ
postnatalȱischemiaȱinducesȱprematureȱoligodendrogenesisȱandȱOPCȱmigrationȱtoȱtheȱsiteȱ
ofȱdamage,ȱinterfering,ȱhowever,ȱwithȱOLsȱmaturationȱ[49],ȱandȱdecreasingȱmyelinȱproȬ
ductionȱ[49–51].ȱInȱagreement,ȱpostnatalȱischemiaȱdecreasesȱtheȱnumberȱofȱmatureȱOLs,ȱ
andȱmyelination,ȱimpairingȱwhiteȱmatterȱintegrityȱinȱtheȱinfarctȱareaȱ[49,52].ȱKohlhauserȱ
etȱal.ȱreportedȱthatȱPAȱhasȱaȱlongȬtermȱeffectȱonȱmyelination,ȱobservingȱaȱpatchyȱmyelinȱ
aggregationȱinȱtheȱhippocampalȱfimbriaeȱandȱcerebellumȱatȱadulthood.ȱTheȱmechanismȱ
byȱwhichȱPAȱaffectsȱmyelinationȱhasȱnotȱyetȱbeenȱestablishedȱ[53].ȱ

PAȱisȱanȱimportantȱpediatricȱissueȱwithȱfewȱtherapeuticȱalternatives.ȱOnlyȱhypotherȬ
miaȱhasȱshownȱrelevantȱeffects,ȱbutȱthisȱtreatmentȱisȱlimitedȱbyȱaȱnarrowȱtherapeuticȱwinȬ
dowȱ[54]ȱandȱisȱstillȱwaitingȱforȱconsensusȱonȱclinicalȱprotocolsȱ[6].ȱTheȱuseȱofȱmesenchyȬ
malȱstemȱcellsȱ(MSCs)ȱhasȱbeenȱproposedȱasȱaȱpromisingȱtherapeuticȱstrategyȱtoȱmanageȱ
complexȱdiseasesȱ[55],ȱlikeȱhypoxicȬischemicȱencephalopathyȱ(HIE),ȱspecificallyȱPVLȱ[56].ȱ
MSCsȱareȱableȱtoȱsenseȱtheȱmicroenvironment,ȱchangingȱtheirȱsecretionȱpatterns,ȱaccordȬ
ingȱtoȱtheȱspecialȱrequirementsȱofȱtheȱdamagedȱtissueȱ[55].ȱMSCsȱcanȱreleaseȱimmunoȬ
modulatoryȱandȱneurotrophicȱparacrineȱfactors,ȱpromotingȱendogenousȱregenerationȱ[57–
59].ȱInȱpostnatalȱischemiaȱmodelsȱinȱrodents,ȱitȱhasȱbeenȱshownȱthatȱMSCsȱtreatmentȱdeȬ
creasesȱtheȱexpressionȱofȱproȬinflammatoryȱmolecules,ȱsuchȱasȱILȬ1ΆȱandȱILȬ6ȱ[60–62],ȱandȱ
theȱnumberȱofȱactivatedȱastrocytesȱandȱmicroglialȱcells,ȱsuggestingȱimmunomodulationȱ
[61–64].ȱvanȱVelthovenȱetȱal.ȱandȱWeiȱetȱal.ȱshowedȱthatȱadministrationȱofȱhypoxiaȬpreȬ
conditionedȱMSCsȱ promotesȱ angiogenesis,ȱ neurogenesis,ȱ andȱ oligodendrogenesis,ȱ enȬ
hancingȱmyelinationȱandȱlocalȱcerebralȱbloodȱflowȱinȱischemicȱtissueȱ[57,58,61].ȱ

Thus,ȱweȱhaveȱinvestigatedȱwhetherȱthereȱisȱaȱsustainedȱmyelinȱdeficitȱandȱOLsȱinȬ
juryȱinducedȱbyȱPAȱupȱtoȱP14,ȱaȱcriticalȱpostnatalȱperiodȱinȱtheȱrat,ȱcharacterizedȱbyȱaȱspurȱ
ofȱnetworkingȱ[4,5,65,66].ȱTheȱeffectȱofȱneonatalȱMSCsȱtreatmentȱwasȱevaluated,ȱfocusingȱ
onȱsurvivalȱofȱmatureȱOLsȱandȱmyelinationȱinȱtelencephalicȱwhiteȱmatter.ȱ

2.ȱResultsȱ
2.1.ȱApgarȱScaleȱ

Tableȱ1ȱA,BȱshowsȱtheȱoutcomeȱofȱPAȱevaluatedȱbyȱanȱApgarȱscaleȱadaptedȱforȱratsȱ
[67],ȱappliedȱ40ȱminȱafterȱdeliveryȱupȱtoȱP14.ȱWhileȱ100%ȱofȱcontrolȱratȱneonatesȱ(CS)ȱiniȬ
tiatedȱpulmonaryȱbreathingȱasȱsoonȱasȱtheȱamnioticȱtissueȱwasȱremovedȱfromȱtheȱanimalȱ
nose,ȱasphyxiaȬexposedȱneonatesȱ(AS)ȱhadȱtoȱbeȱcleanedȱandȱrepetitivelyȱstimulatedȱ toȱ
respirationȱuntilȱinitiatingȱaȱfirstȱbreath,ȱwhichȱcouldȱorȱcouldȱnotȱbeȱsustained,ȱsupportedȱ
byȱforcedȱgaspingȱuntilȱbreathingȱwasȱstabilized.ȱTheȱrateȱofȱsurvivalȱshownȱbyȱASȱaniȬ
malsȱwasȱapproximatelyȱ60%,ȱwhileȱitȱwasȱ100%ȱamongȱCS.ȱSurvivingȱASȱanimalsȱshowedȱ
decreasedȱrespiratoryȱfrequency,ȱdecreasedȱvocalization,ȱblueȱ(cyanotic)ȱskinȱcoloration,ȱ
rigidity,ȱandȱakinesia,ȱ indicatingȱaȱsevereȱ insult.ȱWhenȱreceivedȱbyȱsurrogateȱdams,ȱnoȱ
significantȱdifferencesȱwereȱobservedȱonȱsurvivalȱ rateȱamongȱASȱandȱCSȱratȱneonates.ȱ
However,ȱthereȱwereȱsomeȱsignsȱofȱaȱsustainedȱphysiologicalȱdeficit,ȱmainlyȱaffectingȱresȬ
piratoryȱparameters.ȱASȱneonatesȱshowedȱaȱdecreasedȱrespiratoryȱfrequency,ȱobservedȱatȱ
P1ȱ(by~20%),ȱP7ȱ(byȱ~20%),ȱandȱP14ȱ(byȱ~14%).ȱ

2.2.ȱEffectȱofȱNeonatalȱDevelopmentȱandȱPAȱonȱMyelinationȱinȱTelencephalonȱ(ExternalȱCapsule,ȱ
CorpusȱCallosum,ȱCingulum)ȱandȱFimbriaeȱofȱHippocampusȱatȱP1,ȱP7ȱandȱP14ȱ

Figureȱ1A–DȱshowsȱrepresentativeȱmicrophotographsȱobtainedȱbyȱconfocalȱmicrosȬ
copyȱshowingȱDAPIȱ(nuclei,ȱblue)ȱandȱMBPȱfluorescenceȱ(labellingȱOLsȱandȱmyelinȱfibers,ȱ
red)ȱinȱexternalȱcapsuleȱ(1A),ȱcorpusȱcallosumȱ(1B),ȱcingulumȱ(1C),ȱandȱfimbriaeȱofȱhipȬ
pocampusȱ(1D)ȱofȱcontrolȱ(CS)ȱandȱasphyxiaȬexposedȱ(AS)ȱratȱneonatesȱatȱP1,ȱP7,ȱandȱP14.ȱ
AȱsimilarȱamountȱofȱDAPIȱpositiveȱnucleiȱwasȱobservedȱunderȱallȱexperimentalȱcondiȬ
tions.ȱNoȱMBPȱlabellingȱwasȱseenȱatȱP1,ȱbutȱitȱwasȱevidentȱatȱP7ȱ(asȱOLsȱorȱmyelinȱfibers)ȱ
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andȱwasȱsignificantlyȱ increasedȱatȱP14ȱ(mainlyȱasȱcompactȱmyelin),ȱbothȱ inȱCSȱandȱASȱ
neonates.ȱTheȱprogressionȱofȱmyelinationȱwas,ȱhowever,ȱdifferentȱinȱtheȱanalyzedȱregions.ȱ

AtȱP7,ȱbothȱOLsȱandȱmyelinȱfibersȱwereȱevidentȱinȱexternalȱcapsule,ȱwhileȱatȱP14,ȱOLsȱ
couldȱnoȱlongerȱbeȱseenȱasȱindependentȱstructures,ȱbecauseȱofȱtheȱdenseȱamountȱofȱMBPȱ
positiveȱfibers,ȱbothȱ inȱCSȱandȱASȱanimals.ȱInȱtheȱcorpusȱcallosum,ȱOLsȱwithȱlongȱandȱ
branchedȱprocessesȱwereȱevidentȱatȱP7,ȱwhileȱatȱP14,ȱasȱforȱexternalȱcapsule,ȱMBPȱpositiveȱ
fibersȱdominatedȱoverȱindividualȱOLs.ȱInȱtheȱcingulum,ȱsomeȱOLsȱandȱmyelinȱfibersȱcouldȱ
beȱseen,ȱbutȱMBPȱfibersȱalsoȱdominatedȱatȱP14.ȱInȱtheȱfimbriaeȱofȱhippocampus,ȱfewȱOLsȱ
couldȱbeȱseenȱatȱP7,ȱbutȱagainȱMBPȱfibersȱdominatedȱatȱP14.ȱ

Tableȱ1.ȱApgarȱandȱpostnatalȱevaluation.ȱTheȱdataȱareȱexpressedȱasȱmeansȱ±ȱSEM,ȱfromȱcontrolȱ(nȱ=ȱ75)ȱandȱasphyxiaȬ
exposedȱratȱneonatesȱ(nȱ=ȱ72).ȱWheneverȱtheȱparametersȱwereȱmonitoredȱbyȱcontinuousȱscales,ȱorȱbyȱ%ȱofȱtheȱcorrespondȬ
ingȱ litterȱ inȱcasesȱofȱqualitativeȱnoȱcontinuousȱscalesȱ (n,ȱnumberȱofȱpups;ȱm,ȱnumberȱofȱdams).ȱTheȱeffectȱofȱneonatalȱ
developmentȱ (A)ȱandȱperinatalȱasphyxiaȱ (PA)ȱ (B)ȱwasȱevaluatedȱonȱ (i)ȱsurvivalȱ (F(1,ȱ45)ȱ=ȱ7.701,ȱpȱ<ȱ0.0001);ȱ (ii)ȱbodyȱ
weightȱ(F(6,ȱ322)ȱ=ȱ119.283,ȱpȱ<ȱ0.0001);ȱ(iii)ȱgaspingȱ(yes/no;ȱinȱ%ȱforȱtheȱcorrespondingȱlitter)ȱ(F(4,ȱ60)ȱ=ȱ4.746,ȱpȱ<ȱ0.002);ȱ
(iv)ȱrespiratoryȱfrequencyȱ(events/min)ȱ(F(4,ȱ178)ȱ=ȱ107.689,ȱpȱ<ȱ0.0001);ȱ(v)ȱcolorȱofȱskinȱ(%ȱP,ȱpinkȱcolorȱskin,ȱ(F(4,ȱ45)ȱ=ȱ
23.828,ȱpȱ<ȱ0.0001);ȱ(vi)ȱspontaneousȱmovementsȱ(0–4;ȱ0ȱ=ȱnoȱmovements;ȱ4ȱ=ȱcoordinatedȱmovementsȱofȱforwardȱandȱhindȱ
legs,ȱasȱwellȱasȱheadȱandȱneck)ȱ(F(4,ȱ138)ȱ=ȱ98.523,ȱpȱ<ȱ0.0001);ȱ(vii)ȱvocalizationȱ%ȱ(yes/no;ȱinȱ%ȱforȱtheȱcorrespondingȱlitter)ȱ
(F(4,ȱ70)=ȱ10.440,ȱpȱ<ȱ0.0001).ȱ(Benjamini–Hochbergȱasȱaȱpostȱhocȱtest).ȱ

A.ȱCSȱ(nȱ=ȱ75;ȱmȱ=ȱ20)ȱ 40ȱminȱ P1ȱ P7ȱ P14ȱ
Survivalȱ(%)ȱ 100ȱ 100ȱ 100ȱ 100ȱ

Bodyȱweightȱ(g)ȱ 6.07ȱ±ȱ0.08ȱ 6.60ȱ±ȱ0.09ȱ 14.86ȱ±ȱ0.93ȱ 23.05ȱ±ȱ3.36ȱ
Gaspingȱ(%)ȱ 1.053ȱ±ȱ1.05ȱ 0ȱ 0ȱ 0ȱ

Respiratoryȱfrequencyȱ
(events/min)ȱ

74.29ȱ±ȱ1.36ȱ 81.33ȱ±ȱ3.77ȱ 94.67ȱ±ȱ4.92ȱ 100ȱ±ȱ5.59ȱ

Skinȱcolorȱ(P%)ȱ 98ȱ±ȱ1ȱ 100ȱ 100ȱ 100ȱ
SpontaneousȱMoveȬ

mentsȱ(0–4)ȱ 3.74ȱ±ȱ0.07ȱ 4ȱ 4ȱ 4ȱ

Vocalizationsȱ(%)ȱ 98ȱ±ȱ1ȱ 100ȱ 100ȱ 100ȱ
B.ȱASȱ(nȱ=ȱ72;ȱmȱ=ȱ20)ȱ ȱ ȱ ȱ ȱ

Survivalȱ(%)ȱ 63ȱ±ȱ6ȱ
(byȱ~40%)bȱ****ȱ

100ȱ 100ȱ 100ȱ

Bodyȱweightȱ(g)ȱ 7.38ȱ±ȱ0.64ȱ 7.73ȱ±ȱ0.91ȱ 13.90ȱ±ȱ0.63ȱ 16.54ȱ±ȱ2.49ȱ

Gaspingȱ(%)ȱ
36.76ȱ±ȱ10.51ȱ
(>ȱ35×)bȱ**ȱ

0ȱ 0ȱ 0ȱ

Respiratoryȱfrequencyȱ
(events/min)ȱ

32.53ȱ±ȱ2.00ȱ
(byȱ~40%)bȱ****ȱ

59.00ȱ±ȱ1.92ȱ
(byȱ~20%)bȱ****ȱ

75.20ȱ±ȱ6.47ȱ
(byȱ~20%)bȱ****ȱ

86.00ȱ±ȱ2.00ȱ
(byȱ~14%)bȱ****ȱ

Skinȱcolorȱ(P%)ȱ 0ȱ 100ȱ 100ȱ 100ȱ
SpontaneousȱMoveȬ

mentsȱ ȱ
(0Ȭ4)ȱ

0.50ȱ±ȱ0.10ȱ
(byȱ~90%)bȱ****ȱ

4ȱ 4ȱ 4ȱ

Vocalizationsȱ(%)ȱ 44.72ȱ±ȱ10.55ȱ
(byȱ~55%)bȱ****ȱ

100ȱ 100ȱ 100ȱ

*ȱpȱ<ȱ0.05,ȱ**ȱpȱ<ȱ0.01,ȱ***ȱpȱ<ȱ0.001ȱandȱ****ȱpȱ<ȱ0.0001ȱ(Bold).ȱ
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Figureȱ1.ȱEffectȱofȱperinatalȱasphyxiaȱ(PA)ȱandȱneonatalȱdevelopmentȱonȱmyelinationȱatȱP1,ȱP7,ȱandȱP14,ȱmeasuredȱ inȱ
externalȱcapsuleȱ(A);ȱcorpusȱcallosumȱ(B);ȱcingulumȱ(C)ȱandȱfimbriaeȱofȱhippocampusȱ(D)ȱofȱratȱneonates.ȱRepresentativeȱ
microphotographsȱobtainedȱbyȱconfocalȱmicroscopyȱshowingȱmyelinȱbasicȱproteinȱ(MBP;ȱred)ȱandȱDAPIȱ(blue;ȱnuclei)Ȭ
positiveȱcellsȱinȱexternalȱcapsuleȱ(1A);ȱcorpusȱcallosumȱ(1B);ȱcingulumȱ(1C);ȱandȱfimbriaeȱofȱhippocampusȱ(1D)ȱfromȱconȬ
trolȱ(CS)ȱandȱasphyxiaȬexposedȱ(AS)ȱratȱneonates.ȱMicrophotographsȱshowȱMBP,ȱindicatingȱbothȱmyelinatedȱfibersȱandȱ
matureȱoligodendrocytesȱ(OLs).ȱScaleȱbar:ȱ20ȱΐm.ȱAtȱP1,ȱnoȱMBPȱimmunoreactivityȱwasȱobservedȱinȱanyȱofȱtheȱanalyzedȱ
regionsȱandȱexperimentalȱconditions.ȱTheȱdensityȱofȱMBPȱincreasedȱsignificantlyȱalongȱdevelopment.ȱAtȱP7,ȱtheȱdensityȱ
ofȱMBPȱfibersȱ(whiteȱheadȱarrows)ȱwasȱlow,ȱlettingȱusȱvisualizeȱindividualȱmatureȱOLȱ(whiteȱarrows).ȱInȱcorpusȱcallosumȱ
andȱfimbriaeȱofȱhippocampusȱsomeȱindividualȱOLȱcanȱalsoȱbeȱseen,ȱshowingȱlongȱandȱbranchedȱprocesses.ȱInȱAS,ȱthereȱ
wasȱaȱdecreaseȱ inȱtheȱdensityȱofȱMBPȱ inȱexternalȱcapsule,ȱcorpusȱcallosum,ȱandȱcingulumȱcomparedȱtoȱthatȱ inȱCS.ȱNoȱ
differencesȱcouldȱbeȱseenȱ inȱ fimbriaeȱofȱhippocampusȱatȱP7.ȱAtȱP14ȱaȱdenseȱnetworkȱofȱMBPȱ fibersȱcanȱbeȱseenȱ inȱallȱ
regions,ȱbutȱnoȱindependentȱOLsȱsomaȱcanȱbeȱdistinguished.ȱ ȱ ȱ
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Tableȱ2ȱA,Bȱshowsȱ theȱeffectȱofȱPAȱonȱ theȱnumberȱofȱDAPIȱ (cells/mm3)ȱandȱMBPȱ
positiveȱpixels/totalȱpixelsȱquantifiedȱ simultaneouslyȱ inȱwhiteȱmatterȱofȱ telencephalonȱ
(externalȱcapsule,ȱcorpusȱcallosum,ȱcingulum,ȱandȱfimbriaeȱofȱhippocampus),ȱinȱASȱandȱ
CSȱratȱneonatesȱatȱP1,ȱP7,ȱandȱP14.ȱNoȱsignificantȱdifferencesȱinȱDAPIȱpositiveȱcells/mm3ȱ
amongȱ theȱdifferentȱ experimentalȱ conditionsȱwereȱobserved,ȱwithȱ aroundȱ 30–40ȱ ×ȱ 104ȱ
cells/mm3ȱforȱeachȱconditionȱatȱeachȱage.ȱNoȱMBPȱimmunostainingȱcouldȱbeȱquantifiedȱinȱ
anyȱofȱ theȱstudiedȱ regionsȱatȱP1ȱsampledȱ fromȱCSȱandȱASȬexposedȱ rats,ȱbutȱMBPȱ imȬ
munostainingȱcouldȱbeȱseenȱandȱquantifiedȱatȱP7.ȱMBPȬpositiveȱpixelsȱwere,ȱhowever,ȱ
decreasedȱinȱtheȱexternalȱcapsuleȱ(byȱ~50%),ȱcorpusȱcallosumȱ(byȱ~60%)ȱandȱcingulumȱ(byȱ
~70%)ȱ inȱASȱcomparedȱ toȱCSȱanimals;ȱnoȱdifferencesȱwereȱobservedȱ inȱ theȱ fimbriaeȱofȱ
hippocampus.ȱInȱCSȱanimalsȱatȱP14ȱcomparedȱtoȱP7,ȱMBPȱimmunostainingȱwasȱincreasedȱ
inȱtheȱexternalȱcapsuleȱ(>2×),ȱcorpusȱcallosumȱ(>10×),ȱcingulumȱ(>6×),ȱandȱfimbriaeȱofȱhipȬ
pocampusȱ(>25×),ȱreflectingȱaȱspurȱofȱmyelinationȱ[68].ȱInȱAS,ȱthatȱspurȱwasȱevenȱmoreȱ
remarkable,ȱincreasedȱbyȱ>5×ȱ(externalȱcapsuleȱ>5×;ȱcorpusȱcallosumȱ>30×;ȱcingulumȱ>20×,ȱ
andȱfimbriaeȱofȱhippocampusȱ>30×).ȱ

Tableȱ2.ȱEffectȱofȱneonatalȱdevelopmentȱandȱperinatalȱasphyxiaȱ(PA)ȱonȱmyelinationȱ(MBP;ȱpixels/totalȱpixels)ȱinȱtelenȬ
cephalonȱ(externalȱcapsule,ȱcorpusȱcallosum,ȱcingulum)ȱandȱfimbriaeȱofȱhippocampus)ȱatȱP1,ȱP7,ȱandȱP14.ȱCoronalȱsectionsȱ
ofȱtelencephalonȱandȱhippocampusȱwereȱtreatedȱforȱimmunohistochemistryȱagainstȱMBP,ȱcounterstainedȱwithȱDAPI.ȱMiȬ
crophotographsȱ(twoȬfiveȱsamplesȱperȱbrainȱregion)ȱwereȱtakenȱfromȱexternalȱcapsule,ȱcorpusȱcallosum,ȱcingulum,ȱandȱ
fimbriaeȱofȱhippocampus,ȱinȱtheȱfieldȱofȱaȱconfocalȬinvertedȱOlympusȬfv10iȱmicroscopeȱatȱ60×.ȱTheȱmeanȱpercentageȱofȱ
MBPȱimmunopositiveȱpixelsȱoverȱtheȱtotalȱpixelȱnumberȱwasȱestimatedȱusingȱImageJȱsoftware.ȱDataȱareȱshownȱasȱmeansȱ
±ȱS.E.Mȱfromȱatȱleastȱnȱ=ȱ5ȱindependentȱexperiments.ȱUnbalancedȱtwoȬwayȱANOVAȱindicatedȱaȱsignificantȱeffectȱofȱpostȬ
natalȱdaysȱ (neonatalȱdevelopment)ȱonȱMBPȱ (pixels/totalȱpixels)ȱ (A),ȱ increasedȱ inȱbothȱCSȱ (>2×,ȱexternalȱcapsule;ȱ>10×,ȱ
corpusȱcallosum;ȱ>6×,ȱcingulum,ȱandȱ>25×ȱinȱfimbriaeȱofȱhippocampus)ȱandȱASȱ(>5×,ȱexternalȱcapsule;ȱ>30×,ȱcorpusȱcalloȬ
sum;ȱ>20×,ȱcingulum,ȱandȱ>30×ȱinȱfimbriaeȱofȱhippocampus)ȱanimals.ȱAtȱP7,ȱMBPȱlevelsȱwereȱdecreasedȱinȱexternalȱcapsule,ȱ
corpusȱcallosum,ȱandȱcingulumȱofȱASȱversusȱCSȱanimalsȱ(B)ȱ[externalȱcapsuleȱ(F(4,ȱ25)ȱ=ȱ230.066,ȱpȱ<ȱ0.0001);ȱcorpusȱcalloȬ
sumȱ(F(4,ȱ25)ȱ=ȱ3669.906,ȱpȱ<ȱ0.0001);ȱcingulumȱ(F(4,ȱ25)ȱ=ȱ2037.145,ȱpȱ<ȱ0.0001)],ȱbutȱnotȱinȱfimbriaeȱofȱhippocampusȱ(F(4,ȱ
25)ȱ=ȱ0.045,ȱpȱ=ȱ0.833).ȱBenjamini–Hochbergȱwasȱusedȱasȱaȱpostȱhocȱtest.ȱNoȱstatisticallyȱsignificantȱdifferencesȱwereȱobȬ
servedȱinȱDAPIȱperȱmm3ȱinȱanyȱofȱtheȱevaluatedȱregions.ȱ

ExperimentalȱGroupsȱ ȱ P1ȱ P7ȱ P14ȱ

A.ȱCaesareanȬDeliveredȱ(CS)ȱ ȱ DAPIȱ(Cells/ȱ
mm3)ȱ

MBPȱ(Pixels/ToȬ
talȱpixels)ȱ

DAPIȱ(Cells/ȱ
mm3)ȱ

MBPȱ(Pixels/ToȬ
talȱPixels)ȱ

DAPIȱ
(Cells/mm3)ȱ

MBPȱ(Pixels/ToȬ
talȱPixels)ȱ

Externalȱcapsuleȱ
374,444ȱ
±ȱ45,042ȱ

ndȱ
355,067ȱ
±ȱ17,917ȱ

20.54ȱ
±ȱ1.14ȱ

367,240ȱ
±ȱ21,229ȱ

49.76ȱ
±ȱ0.12ȱ
ȱ

(>2×)aȱ****ȱ

Corpusȱcallosumȱ
262,787ȱ
±ȱ68,397ȱ ndȱ

235,916ȱ
±ȱ24,303ȱ

4.27ȱ
±ȱ1.03ȱ

325,644ȱ
±ȱ41,589ȱ

49.97ȱ
±ȱ0.15ȱ

(>10×)aȱ****ȱ ȱ

Cingulumȱ
378,496ȱ
±ȱ105,892ȱ ndȱ

300722ȱ
±ȱ20,739ȱ

7.92ȱ
±ȱ0.82ȱ

388,988ȱ
±ȱ27,324ȱ

49.39ȱ
±ȱ0.33ȱ ȱ

(>6×)aȱ****ȱ

Fimbriaeȱofȱhippocampusȱ
240,763ȱ
±ȱ67,331ȱ ndȱ 264,911ȱ

±ȱ19,963ȱ
1.94ȱ
±ȱ0.59ȱ

449,593ȱ
±ȱ51,446ȱ

49.97ȱ
±ȱ0.16ȱ ȱ
ȱ

(>25×)aȱ****ȱ
B.ȱAsphyxiaȬExposedȱ(AS);ȱ21ȱMinȱAsphyxiaȱ ȱ ȱ ȱ ȱ ȱ ȱ

Externalȱcapsuleȱ
521,962ȱ
±ȱ114,815ȱ

ndȱ 392315ȱ
±ȱ29773ȱ

9.88ȱ
±ȱ2.73ȱ

(byȱ50%)bȱ*ȱ

398,727ȱ
±ȱ40,493ȱ

49.67ȱ ȱ
±ȱ0.07ȱ

(>5×)aȱ****ȱ

Corpusȱcallosumȱ 199,665ȱ
±ȱ55,743ȱ

ndȱ 285083ȱ
±ȱ19983ȱ

1.51ȱ
±ȱ0.47ȱ

(byȱ60%)bȱ*ȱ

310,779ȱ
±ȱ37,973ȱ

49.43ȱ ȱ
±ȱ0.14ȱ

(>30×)aȱ****ȱ

Cingulumȱ 438,835ȱ
±ȱ95,565ȱ

ndȱ 346825ȱ
±ȱ22842ȱ

2.29ȱ
±ȱ0.62ȱ

(by~70%)bȱ***ȱ

411,625ȱ
±ȱ27,658ȱ

49.61ȱ
±ȱ0.09ȱ ȱ

(>20×)aȱ****ȱ

Fimbriaeȱofȱhippocampusȱ
269,789ȱ
±ȱ45,231ȱ ndȱ

286,527ȱ
±ȱ24,323ȱ

1.49ȱ
±ȱ0.62ȱ

344,219ȱ
±ȱ31,841ȱ

48.65ȱ
±ȱ1.19ȱ

(>30×)aȱ****ȱ

nd:ȱnotȱdetectable.*ȱpȱ<ȱ0.05,ȱ**ȱpȱ<ȱ0.01,ȱ***ȱpȱ<ȱ0.001,ȱ****ȱpȱ<ȱ0.0001ȱ(Bold).ȱ
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2.3.ȱEffectȱofȱNeonatalȱDevelopmentȱandȱPAȱonȱmRNAȱLevelsȱ(MBP,ȱOLȱTranscriptionȱFactors,ȱandȱ
ProȬInflammatoryȱCytokines)ȱEvaluatedȱinȱtheȱTelencephalonȱbyȱRTȬqPCRȱatȱP1,ȱP7ȱandȱP14ȱ

GeneȱtranscriptsȱwereȱamplifiedȱbyȱRTȬqPCR,ȱquantifiedȱbyȱtheȱ̇̇CTȱmethod,ȱusingȱΆȬ
actinȱasȱhousekeepingȱgene,ȱnormalizingȱtheȱmRNAȱlevelsȱofȱeachȱtargetȱgenesȱtoȱthatȱobȬ
servedȱinȱCSȱneonatesȱatȱP1.ȱTableȱ3A,BȱshowsȱfoldȱchangesȱinȱmRNAȱlevels,ȱmonitoredȱinȱ
telencephalonȱofȱCSȱ(3A)ȱandȱASȱ(3B)ȱratȱneonatesȱatȱP1,ȱP7,ȱandȱP14.ȱ

2.3.1.ȱMBP,ȱOligȬ1ȱandȱOligȬ2ȱmRNAȱLevelsȱ
Asȱalreadyȱshownȱbyȱimmunocytochemistry,ȱtheȱMBPȱmRNAȱlevelsȱincreasedȱalongȱdeȬ

velopmentȱinȱCSȱneonates,ȱbyȱ20×ȱatȱP7,ȱandȱbyȱ>1000×ȱatȱP14ȱ(Tableȱ3A).ȱAȱsimilarȱincreaseȱ
wasȱobservedȱinȱASȱneonatesȱ(Tableȱ3B).ȱOligȬ1ȱandȱOligȬ2ȱmRNAȱlevelsȱincreasedȱinȱtelenȬ
cephalonȱatȱP14ȱinȱCS,ȱbutȱonlyȱOligȬ1ȱmRNAȱlevelsȱincreasedȱinȱASȱneonatesȱalongȱdevelopȬ
ment.ȱOligȬ1ȱmRNAȱlevelsȱwereȱalreadyȱincreasedȱatȱP7ȱinȱASȱ(Tableȱ3B),ȱcomparedȱtoȱthatȱinȱ
CSȱ(>1.4×)ȱ(Tableȱ3A).ȱ ȱ

2.3.2.ȱProȬInflammatoryȱCytokinesȱ(ILȬ1Ά,ȱILȬ6,ȱTNFȬ΅,ȱCoxȬ2)ȱmRNAȱLevelsȱ
InȱCSȱanimalsȱ (Tableȱ3A),ȱILȬ1Άȱ(>2×)ȱandȱILȬ6ȱ(>1.8×)ȱmRNAȱ levelsȱ increasedȱatȱP14,ȱ

whileȱnoȱsignificantȱdifferencesȱwereȱobservedȱinȱTNFȬ΅ȱmRNAȱlevels.ȱCoxȬ2ȱlevelsȱincreasedȱ
alongȱdevelopment,ȱbothȱinȱCSȱandȱASȱanimalsȱ(P7,ȱ>5×ȱandȱP14,ȱ20×).ȱInȱASȱneonates,ȱILȬ6ȱ
andȱTNFȬ΅ȱmRNAȱlevelsȱincreasedȱalongȱdevelopment,ȱwithȱaȱmaximumȱobservedȱatȱP14ȱ
(>1.8×ȱandȱ>18×,ȱrespectively),ȱbutȱnoȱsignificantȱdifferencesȱwereȱobservedȱinȱILȬ1ΆȱmRNAȱ
levelsȱ(Tableȱ3B).ȱAtȱP7ȱanȱincreaseȱinȱILȬ6ȱmRNAȱlevelsȱwasȱobservedȱinȱASȱanimals,ȱbutȱnoȱ
differencesȱwereȱobservedȱinȱILȬ6ȱproteinȱlevelsȱ(Fȱ(2,ȱ23)ȱ=ȱ0.194,ȱpȱ=ȱ0.825;ȱseeȱSupplementaryȱ
FigureȱS1).ȱ

Tableȱ3.ȱEffectȱofȱneonatalȱdevelopmentȱandȱperinatalȱasphyxiaȱ(PA)ȱonȱmRNAȱlevelsȱofȱmyelinȱbasicȱproteinȱ(MBP),ȱOligodenȬ
drocyteȱtranscriptionȱfactorsȱ(OligȬ1,ȱOligȬ2),ȱandȱproinflammatoryȱcytokinesȱ(ILȬ1Ά,ȱILȬ6,ȱTNFȬ΅,ȱCOXȬ2)ȱevaluatedȱinȱtelenȬ
cephalonȱfromȱcontrolȱ(CS)ȱandȱasphyxiaȬexposedȱ(AS)ȱratsȱatȱP1,ȱP7,ȱandȱP14.ȱTheȱeffectȱofȱPAȱonȱMBP,ȱOligȬ1,ȱOligȬ2,ȱandȱproȬ
inflammatoryȱcytokinesȱmRNAȱlevelsȱ(a.u.)ȱwasȱdeterminedȱbyȱquantitativeȱRTȬqPCRȱanalysis.ȱTargetȱgenesȱwereȱnormalizedȱ
byȱtheȱhousekeepingȱ(ΆȬactin),ȱexpressedȱasȱfold/changeȱforȱeachȱexperimentalȱgroup,ȱcomparedȱtoȱthatȱevaluatedȱatȱP1ȱinȱCS.ȱ
Dataȱareȱshownȱasȱmeansȱ±ȱS.E.M.,ȱforȱindependentȱexperimentsȱ(atȱ leastȱnȱ=ȱ5).ȱUnbalancedȱtwoȬwayȱANOVAȱindicatedȱaȱ
significantȱeffectȱofȱpostnatalȱdaysȱ(A),ȱandȱPAȱ(B).ȱMBPȱ(F(4,ȱ23)ȱ=ȱ16.626,ȱpȱ<ȱ0.0001);ȱOligȬ1ȱ(F(4,ȱ25)ȱ=ȱ11.992,ȱpȱ<0.0001);ȱOlig2ȱ
(F(4,ȱ26)ȱ=ȱ5.573,ȱpȱ<ȱ0.01);ȱILȬ1Άȱ(F(4,ȱ24)ȱ=ȱ11.539,ȱpȱ<ȱ0.0001);ȱILȬ6ȱ(F(4,ȱ23)ȱ=ȱ8.459,ȱpȱ<ȱ0.0001);ȱTNFȬ΅ȱ(F(4,ȱ22)ȱ=ȱ2.335,ȱpȱ=ȱ0.087);ȱ
andȱCOXȬ2ȱ(F(4,ȱ24)ȱ=ȱ11.118,ȱpȱ<0.0001)ȱmRNAȱexpression.ȱBenjamini–Hochbergȱwasȱusedȱasȱaȱpostȱhocȱtest.ȱ ȱ

GeneȱTranscriptsȱ(mRNA)ȱ(Fold/Change)ȱ P1ȱ P7ȱ P14ȱ
A.ȱCaesareanȱDeliveredȱ(CS)ȱ CSȱ CSȱ CSȱ

MBPȱ 1.000ȱ±ȱ0.191ȱ
23.23ȱ±ȱ4.01ȱ
(>20×)aȱ****ȱ

1165ȱ±ȱ258.90ȱ
(>1000×)aȱ****ȱ

OligȬ1ȱ 1.000ȱ±ȱ0.098ȱ 1.37ȱ±ȱ0.05ȱ
2.315ȱ±ȱ0.13ȱ
(>2×)aȱ****ȱ

OligȬ2ȱ 1.000ȱ±ȱ0.076ȱ 1.24ȱ±ȱ0.03ȱ 1.826ȱ±ȱ0.181ȱ
(>ȱ1.8×)aȱ****ȱ

ILȬ1Άȱ 1.000ȱ±ȱ0.101ȱ 1.00ȱ±ȱ0.13ȱ 2.36ȱ±ȱ0.18ȱ
(>2×)aȱ**ȱ

ILȬ6ȱ 1.000ȱ±ȱ0.201ȱ 0.70ȱ±ȱ0.03ȱ 1.86ȱ±ȱ0.17ȱ ȱ
(>1.8×)aȱ***ȱ

TNFȬ΅ȱ 1.000ȱ±ȱ0.208ȱ 2.14ȱ±ȱ0.38ȱ 7.02ȱ±ȱ3.63ȱ

CoxȬ2ȱ 1.000ȱ±ȱ0.255ȱ
5.84ȱ±ȱ1.50ȱ
(>5×)aȱ**ȱ

33.56ȱ±ȱ8.76ȱ
(>30×)aȱ**ȱ

B.ȱAsphyxiaȬExposedȱ(AS)ȱ ASȱ ASȱ ASȱ

MBPȱ 0.91ȱ±ȱ0.04ȱ
35.63ȱ±ȱ6.76ȱ
(>35×)aȱ****ȱ

768.90ȱ±ȱ201.30ȱ
(>800×)aȱ***ȱ

OligȬ1ȱ 1.23ȱ±ȱ0.05ȱ
2.06ȱ±ȱ0.36ȱ
(>1.6×)aȱ*ȱ
(>1.4×)bȱ*ȱ

2.40ȱ±ȱ0.25ȱ
(>1.9×)aȱ****ȱ

OligȬ2ȱ 1.33ȱ±ȱ0.15ȱ 1.61ȱ±ȱ0.29ȱ 1.81ȱ±ȱ0.21ȱ
ILȬ1Άȱ 1.50ȱ±ȱ0.27ȱ 1.10ȱ±ȱ0.08ȱ 2.46ȱ±ȱ0.47ȱ

ILȬ6ȱ 0.78ȱ±ȱ0.12ȱ
1.16ȱ±ȱ0.13ȱ
(>1.6×)bȱ**ȱ

1.46ȱ±ȱ0.20ȱ
(>1.8×)aȱ*ȱ

TNFȬ΅ȱ 2.22ȱ±ȱ0.67ȱ 8.32ȱ±ȱ3.63ȱ
40.42ȱ±ȱ25.11ȱ
(>18×)aȱ*ȱ

CoxȬ2ȱ 1.16ȱ±ȱ0.34ȱ
9.80ȱ±ȱ1.59ȱ
(>8×)aȱ****ȱ

23.03ȱ±ȱ6.00ȱ
(>20×)aȱ**ȱ

*ȱpȱ<ȱ0.05,ȱ**ȱpȱ<ȱ0.01,ȱ***ȱpȱ<ȱ0.001,ȱ****ȱpȱ<ȱ0.0001ȱ(Bold).ȱ
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2.4.ȱEffectȱofȱPAȱonȱGlialȱCellsȱMeasuredȱinȱTelencephalonȱandȱFimbriaeȱofȱHippocampusȱatȱP7,ȱ
FocusingȱonȱMatureȱOLsȱ(MBP),ȱAstrocytesȱ(GFAP)ȱandȱMicrogliaȱ(IbaȬ1)ȱ

TheȱeffectȱofȱPAȱonȱmatureȱOLs,ȱastrocytes,ȱandȱmicrogliaȱwasȱfurtherȱinvestigatedȱ
inȱanȱindependentȱcohortȱofȱCSȱandȱASȱanimalsȱanalyzedȱatȱP7,ȱtheȱonlyȱtimeȱwhenȱindiȬ
vidualȱOLsȱcouldȱbeȱobserved.ȱ

Figureȱ2A–DȱshowsȱmicrophotographsȱofȱOLȱ(MBP+),ȱastrogliaȱ(GFAP+),ȱandȱmicroȬ
gliaȱ(IbaȬ1+)ȱinȱtheȱexternalȱcapsuleȱ(Figureȱ2A),ȱcorpusȱcallosumȱ(Figureȱ2B),ȱcingulumȱ
(Figureȱ2C),ȱandȱ fimbriaeȱofȱhippocampusȱ (Figureȱ2D)ȱofȱCSȱandȱASȱatȱP7.ȱInȱadjacentȱ
microphotographs,ȱOLsȱ (red),ȱ astrocytesȱ (red),ȱandȱmicrogliaȱ (green)ȱareȱ intermingledȱ
withȱDAPIȱ(blue)ȱlabelling.ȱTableȱ4A,BȱshowsȱtheȱquantificationȱofȱDAPI+,ȱMBPȬDAPI+,ȱ
GFAPȬDAPI+,ȱandȱIbaȬ1ȬDAPI+ȱcells/mm3.ȱTheȱnumberȱofȱDAPI+ȱnucleiȱatȱP7ȱwasȱsimilarȱ
toȱ thatȱshownȱaboveȱ inȱ theȱdifferentȱcohortȱofȱCSȱandȱASȱneonatesȱ (c.f.ȱTableȱ2ȱversusȱ
Tableȱ4).ȱOLs,ȱastrocytes,ȱandȱmicrogliaȱrepresentedȱapproximatelyȱ15%ȱofȱtheȱtotalȱnumȬ
berȱofȱDAPI+ȱcellsȱobservedȱinȱCSȱandȱAS.ȱTheȱnumberȱofȱMBPȬDAPI+ȱcells/mm3ȱinȱASȱatȱ
P7ȱwas,ȱhowever,ȱdecreasedȱbyȱapproximatelyȱ50%ȱcomparedȱtoȱCSȱneonates.ȱNoȱsignifiȬ
cantȱdifferencesȱwereȱobservedȱinȱGFAPȬDAPI+ȱcells/mm3ȱorȱIbaȬ1ȬDAPIȱcells/mm3ȱinȱCSȱ
andȱ ASȱ neonates,ȱ apartȱ fromȱ thatȱ inȱ cingulum,ȱ whereȱ theȱ numberȱ ofȱ IbaȬ1ȬDAPI+ȱ
cells/mm3ȱincreasedȱ>1.5×ȱinȱAS,ȱcomparedȱtoȱCSȱanimals.ȱ

ȱ ȱ
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Figureȱ2.ȱEffectȱofȱperinatalȱasphyxiaȱ(PA)ȱonȱglialȱcellsȱatȱP7,ȱmeasuredȱinȱexternalȱcapsuleȱ(A);ȱcorpusȱcallosumȱ(B);ȱcingulumȱ
(C);ȱandȱfimbriaeȱofȱhippocampusȱ(D)ȱofȱratȱneonates.ȱRepresentativeȱmicrophotographsȱobtainedȱbyȱconfocalȱmicroscopyȱshowȬ
ingȱmyelinȱbasicȱproteinȱ(MBP;ȱred),ȱglialȱfibrillaryȱacidicȱproteinȱ(GFAP;ȱred),ȱionizedȱcalciumȱbindingȱadaptorȱmoleculeȱ1ȱ(IbaȬ
1;ȱgreen)ȱandȱDAPIȱ(blue;ȱnuclei)Ȭpositiveȱcellsȱinȱexternalȱcapsuleȱ(2A);ȱcorpusȱcallosumȱ(2B);ȱcingulumȱ(2C);ȱandȱfimbriaeȱofȱ
hippocampusȱ(2D),ȱfromȱcontrolȱ(CS)ȱandȱasphyxiaȱexposedȱ(AS)ȱratȱneonates.ȱWhiteȱarrowsȱshowȱmatureȱoligodendrocyteȱ
(OL),ȱastrocyte,ȱandȱmicrogliaȱphenotype.ȱScaleȱbar:ȱ20ȱΐm.ȱAtȱP7,ȱtheȱnumberȱofȱMBPȬDAPI+ȱcells/mm3ȱdecreasedȱafterȱPAȱinȱ
externalȱcapsule,ȱcorpusȱcallosum,ȱandȱcingulum,ȱbutȱnotȱinȱfimbriaeȱofȱtheȱhippocampus.ȱ
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Tableȱ4.ȱEffectȱofȱperinatalȱasphyxiaȱ(PA)ȱonȱglialȱcellsȱmeasuredȱinȱtelencephalonȱ(externalȱcapsule,ȱ
corpusȱcallosum,ȱcingulum)ȱandȱfimbriaeȱofȱhippocampusȱatȱP7.ȱControlȱ(CS)ȱversusȱasphyxiaȬexȬ
posedȱ(AS)ȱrats,ȱfocusingȱonȱmatureȱOLsȱ(MBP),ȱastrocytesȱ(GFAP),ȱandȱmicrogliaȱ(IbaȬ1).ȱCoronalȱ
sectionsȱofȱtelencephalonȱandȱhippocampusȱwereȱtreatedȱforȱimmunohistochemistryȱagainstȱMBP,ȱ
GFAP,ȱIbaȬ1,ȱandȱcounterstainedȱwithȱDAPI.ȱMicrophotographsȱ(twoȬfiveȱsamplesȱperȱbrainȱregion)ȱ
wereȱtakenȱfromȱexternalȱcapsule,ȱcorpusȱcallosum,ȱcingulum,ȱandȱfimbriaeȱofȱhippocampus,ȱinȱtheȱ
fieldȱofȱaȱconfocalȬinvertedȱOlympusȬfv10iȱmicroscopeȱwithȱaȱ60×.ȱTheȱmeanȱnumberȱofȱtheȱglialȱ
cellsȱperȱmm3ȱwasȱestimatedȱusingȱImageJȱsoftware.ȱDataȱareȱshownȱasȱmeansȱ±ȱS.E.Mȱfromȱatȱleastȱ
nȱ=ȱ5ȱindependentȱexperiments.ȱStudent’sȱtȱȬtestȱindicatedȱaȱsignificantȱeffectȱofȱPAȱonȱMBPȬDAPIȱ
cells/mm3ȱ inȱexternalȱcapsuleȱ (tȱ=ȱ3.472,ȱd.f.ȱ=ȱ8,ȱpȱ<ȱ0.008);ȱcorpusȱcallosumȱ (tȱ=ȱ4.143,ȱd.f.ȱ=ȱ8,ȱpȱ
<0.003);ȱcingulumȱ(tȱ=ȱ2.947,ȱd.f.ȱ=ȱ8,ȱpȱ<0.019),ȱbutȱnotȱinȱfimbriaeȱofȱhippocampusȱ(tȱ=ȱ1.462,ȱd.f.ȱ=ȱ8,ȱ
pȱ=ȱ0.174).ȱNoȱ significantȱdifferencesȱwereȱobservedȱwhenȱcomparingȱASȱversusȱCSȱanimalsȱonȱ
GFAPȬDAPIȱcells/mm3ȱinȱtheȱexternalȱcapsuleȱ(tȱ=ȱ0.564,ȱd.f.ȱ=ȱ8,ȱpȱ=ȱ0.588);ȱcorpusȱcallosumȱ(t=ȱ0.669,ȱ
d.f.ȱ=8,ȱpȱ=ȱ0.523);ȱcingulumȱ(tȱ=ȱ1.696,ȱd.f.ȱ=ȱ8,ȱpȱ=ȱ0.128),ȱandȱfimbriaeȱofȱhippocampusȱ(tȱ=ȱ1.003,ȱd.f.ȱ
=ȱ8,ȱpȱ=ȱ0.345).ȱSignificantȱdifferencesȱwereȱobservedȱwhenȱcomparingȱASȱversusȱCSȱanimalsȱonȱIbaȬ
1ȬDAPIȱcells/mm3ȱinȱtheȱcingulumȱ(tȱ=ȱ2.329,ȱd.f.ȱ=ȱ8,ȱpȱ<ȱ0.048),ȱbutȱnotȱinȱexternalȱcapsuleȱ(tȱ=ȱ0.793,ȱ
d.f.ȱ=ȱ8,ȱpȱ=ȱ0.451);ȱcorpusȱcallosumȱ(tȱ=ȱ1.118ȱd.f.ȱ=ȱ8,ȱpȱ=ȱ0.296);ȱandȱfimbriaeȱofȱhippocampusȱ(tȱ=ȱ
0.042,ȱd.f.ȱ=ȱ8,ȱpȱ=ȱ0.968).ȱ ȱ

Experimentalȱ
Groupsȱ

P7ȱ

A.ȱCaesareanȱ
Deliveredȱ(CS)ȱ

DAPIȱCells/mm3ȱ MBPȬDAPIȱ
cells/mm3ȱ

GFAPȬDAPIȱ
Cells/mm3ȱ

IbaȬ1ȬDAPIȱ
Cells/mm3ȱ

Externalȱcapsuleȱ 346,895ȱ±ȱ12,632ȱ 18,932ȱ±ȱ1960ȱ 18,890ȱ±ȱ1648ȱ 14,020ȱ±ȱ1808ȱ
Corpusȱcallosumȱ 214,600ȱ±ȱ14,080ȱ 10,810ȱ±ȱ1668ȱ 19,090ȱ±ȱ3229ȱ 8519ȱ±ȱ561.6ȱ

Cingulumȱ 294,902ȱ±ȱ14,140ȱ 12,439ȱ±ȱ1616ȱ 19,510ȱ±ȱ3277ȱ 10,360ȱ±ȱ955.6ȱ
FimbriaeȱofȱhipȬ

pocampusȱ
275,700ȱ±ȱ15,350ȱ 8811ȱ±ȱ2405ȱ 13,210ȱ±ȱ2487ȱ 5957ȱ±ȱ1027ȱ

B.ȱAsphyxiaȬExȬ
posedȱ(AS)ȱ

ȱ ȱ ȱ ȱ

Externalȱcapsuleȱ 370,346ȱ±ȱ24,821ȱ 8603ȱ±ȱ982.7ȱ
(by~50%)bȱ**ȱ 21,150ȱ±ȱ3637ȱ 15,840ȱ±ȱ1429ȱ

Corpusȱcallosumȱ 237,200ȱ±ȱ20,170ȱ
3413ȱ±ȱ637.7ȱ
(by~65%)bȱ**ȱ

21,280ȱ±ȱ579.6ȱ 7380ȱ±ȱ848.8ȱ

Cingulumȱ 334,385ȱ±ȱ18,199ȱ
6643ȱ±ȱ1121ȱ
(by~45%)bȱ*ȱ

30,150ȱ±ȱ5358ȱ
17,800ȱ±ȱ3047ȱ
(>1.5×)bȱ*ȱ

FimbriaeȱofȱhipȬ
pocampusȱ

270,800ȱ±ȱ19,810ȱ 4101ȱ±ȱ2144ȱ 10,640ȱ±ȱ591.70ȱ 6014ȱ±ȱ909.1ȱ

*ȱpȱ<ȱ0.05,ȱ**ȱpȱ<ȱ0.01,ȱ***ȱpȱ<ȱ0.001,ȱ****ȱpȱ<ȱ0.0001ȱ(Bold).ȱ

2.5.ȱEffectȱofȱMSCsȱTreatmentȱonȱCellȱDeath,ȱNumberȱofȱOLȱandȱMyelinationȱatȱP7ȱ
VehicleȱorȱMSCsȱtreatmentȱwasȱadministeredȱ i.c.v.ȱtwoȱhoursȱafterȱdelivery.ȱBrainȱ

samplesȱwereȱtakenȱatȱP7,ȱfocusingȱonȱexternalȱcapsule,ȱcorpusȱcallosum,ȱandȱcingulum.ȱ
Theȱ fimbriaeȱofȱhippocampusȱwereȱnotȱ evaluatedȱ sinceȱnoȱdifferencesȱ inȱmyelinationȱ
amongȱASȱandȱCSȱwereȱobservedȱinȱthatȱregionȱ(c.f.ȱTableȱ2A,B).ȱ

2.5.1.ȱEffectȱofȱPAȱonȱApoptoticȬLikeȱ(TUNELȬDAPI+/mm3)ȱandȱOLȬSpecificȱCellȱDeathȱ
(TUNELȬDAPIȬMBP+/mm3)ȱatȱP7ȱ

Figureȱ3A–CȱshowsȱmicrophotographsȱforȱtheȱcoȬlocalizationȱofȱTUNELȱandȱDAPIȱ
inȱtheȱexternalȱcapsuleȱ(Figureȱ3A),ȱcorpusȱcallosumȱ(Figureȱ3B),ȱandȱcingulumȱ(Figureȱ
3C)ȱofȱCSȱandȱASȱneonatesȱatȱP7,ȱtreatedȱwithȱvehicleȱorȱMSCs.ȱ

AsȱshownȱinȱTableȱ5A,ȱtheȱTUNELȬDAPI+/mm3ȱcoȬlocalizationȱwasȱestimatedȱtoȱbeȱ
approximatelyȱ2%ȱofȱDAPI+/mm3ȱinȱvehicleȬtreatedȱCSȱneonates,ȱandȱthatȱproportionȱwasȱ
duplicatedȱinȱvehicleȬtreatedȱASȱneonatesȱ(Tableȱ5C),ȱindicatingȱanȱincreasedȱcellȱdeathȱ
followingȱ PA.ȱ Inȱ vehicleȬtreatedȱ CSȱ neonates,ȱ OLȬspecificȱ cellȱ deathȱ (TUNELȬMBPȬ
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DAPI+/mm3)ȱwasȱ1.9%ȱinȱtheȱexternalȱcapsule,ȱandȱ16%ȱinȱtheȱcingulum.ȱNoȱOLȬspecificȱ
cellȱdeathȱwasȱ foundȱ inȱ theȱcorpusȱcallosumȱofȱCSȱanimalsȱ (Tableȱ5A).ȱTUNELȬȱMBPȬ
DAPI+/mm3ȱ observedȱ inȱ externalȱ capsule,ȱ corpusȱ callosumȱ andȱ cingulumȱ ofȱ vehicleȱ
treatedȱASȱneonatesȱwasȱ4.5%,ȱ2.8%,ȱandȱ5.5%ȱofȱtheȱtotalȱTUNELȬDAPI/mm3,ȱinȱexternalȱ
capsule,ȱcorpusȱcallosumȱandȱcingulum,ȱrespectively,ȱsuggestingȱPAȱincreasedȱOLȬspeȬ
cificȱcellȱdeathȱ(Tableȱ5C).ȱInȱtheȱcingulumȱhowever,ȱtheȱrateȱofȱOLȬspecificȱcellȱdeathȱwasȱ
similarȱtoȱthatȱofȱvehicleȬtreatedȱCSȱneonatesȱ(c.f.ȱTableȱ5Cȱversusȱ5A).ȱ

2.5.2.ȱEffectȱofȱMSCsȱTreatmentȱonȱCellȱDeath,ȱNumberȱofȱOLsȱandȱMyelinationȱatȱP7ȱ
NoȱdifferencesȱwereȱobservedȱinȱtheȱnumberȱofȱDAPIȱ(TUNELȬDAPI+)ȱorȱOLȬspecificȱ

(TUNELȬMBPȬDAPI+)ȱcellȱdeath,ȱinȱvehicleȬȱcomparedȱtoȱMSCsȬtreatedȱCSȱneonates,ȱexȬ
ceptȱinȱcingulum,ȱwhereȱnoȱoligodendroglialȱdeathȱcouldȱbeȱdetectedȱinȱtheȱMSCsȬtreatedȱ
CSȱgroupȱ(c.f.ȱTableȱ5AȱversusȱTableȱ5B).ȱInȱtheȱcorpusȱcallosum,ȱnoȱTUNELȬMBPȬDAPI+ȱ
cellsȱcouldȱbeȱobservedȱneitherȱinȱvehicleȬȱnorȱMSCsȬtreatedȱCSȱneonates.ȱItȱwasȱevident,ȱ
however,ȱ thatȱ MSCsȱ treatmentȱ preventedȱ theȱ increaseȱ ofȱ TUNELȬDAPI+/mm3ȱ andȱ
TUNELȬMBPȬDAPI+/mm3ȱcellȱdeathȱobservedȱinȱvehicleȬtreatedȱASȱneonatesȱatȱP7ȱ(c.f.ȱ
Tableȱ5CȱversusȱTableȱ5D).ȱ

Tableȱ 5.ȱ Effectȱ ofȱ perinatalȱ asphyxiaȱ (PA)ȱ onȱ apoptoticȬlikeȱ (TUNELȬDAPI/mm3)ȱ andȱ OLsȬspecificȱ (TUNELȬMBPȬ
DAPI/mm3)ȱcellȱdeathȱinȱtelencephalonȱfromȱcontrolȱ(CS)ȱandȱasphyxiaȬexposedȱ(AS)ȱratsȱatȱP7:ȱEffectȱofȱneonatalȱMSCsȱ
treatment.ȱCoronalȱsectionsȱofȱtelencephalonȱwereȱtreatedȱforȱimmunohistochemistryȱagainstȱTUNEL,ȱandȱMBP,ȱcounterȬ
stainedȱwithȱDAPI.ȱMicrophotographsȱ(twoȬfiveȱsamplesȱperȱbrainȱregion)ȱwereȱtakenȱfromȱexternalȱcapsule,ȱcorpusȱcalȬ
losum,ȱandȱcingulum,ȱinȱtheȱfieldȱofȱaȱconfocalȬinvertedȱOlympusȬfv10iȱmicroscopeȱatȱ60×.ȱTheȱmeansȱofȱDAPIȱpositiveȱ
cellsȱperȱmm3,ȱalone;ȱcolocalizingȱwithȱTUNEL/mm3,ȱandȱMBPȬTUNEL/mm3ȱwereȱestimatedȱusingȱImageJȱsoftware.ȱDataȱ
areȱshownȱasȱmeansȱ±ȱS.E.MȱfromȱatȱleastȱNȱ=ȱ5ȱindependentȱexperiments.ȱNoȱstatisticallyȱsignificantȱdifferenceȱwasȱobȬ
servedȱinȱDAPIȱperȱmm3ȱinȱanyȱofȱtheȱevaluatedȱregionsȱ(externalȱcapsuleȱF(2,ȱ17)ȱ=ȱ2.477,ȱpȱ=ȱ0.114);ȱcorpusȱcallosumȱ(F(2,ȱ
17)ȱ=ȱ3.279,ȱpȱ=ȱ0.662);ȱandȱcingulumȱ(F(2,ȱ17)ȱ=ȱ1.257,ȱpȱ=ȱ0.310).ȱUnbalancedȱtwoȬwayȱANOVAȱindicatedȱaȱsignificantȱeffectȱ
ofȱPAȱonȱTUNELȬDAPI/mm3,ȱincreasedȱinȱexternalȱcapsuleȱ(>2.5),ȱcorpusȱcallosumȱ(>1.7ȱX),ȱandȱcingulumȱ(>1.9×)ȱofȱASȱ
vehicleȱversusȱCSȱvehicleȱanimalsȱ(a),ȱbutȱdecreasedȱsignificantlyȱinȱexternalȱcapsuleȱ(F(2,ȱ17)ȱ=ȱ10.430,ȱpȱ<ȱ0.001);ȱcorpusȱ
callosumȱ(F(2,ȱ17)ȱ=ȱ6.690,ȱpȱ<ȱ0.007);ȱandȱcingulumȱ(F(2,ȱ16)ȱ=ȱ6.495,ȱpȱ<ȱ0.009)ȱofȱMSCsȬtreatedȱcomparedȱtoȱvehicleȬtreatedȱ
ASȱratȱneonatesȱ(b).ȱTUNELȬMBPȬDAPI+/mm3ȱlevelsȱwereȱsignificantlyȱincreasedȱinȱexternalȱcapsuleȱofȱASȱvehicleȱ(>6.5×)ȱ
versusȱCSȱvehicleȱanimalsȱ(a),ȱbutȱdecreasedȱsignificantlyȱ(F(2,ȱ17)ȱ=ȱ15.630,ȱpȱ<ȱ0.0001)ȱwhenȱMSCsȬtreatedȱASȱratȱneonatesȱ
wereȱcomparedȱtoȱvehicleȬtreatedȱASȱ(b).ȱBenjamini–Hochbergȱwasȱusedȱasȱaȱpostȱhocȱtest.ȱ ȱ

ExperimentalȱGroupsȱ P7ȱ
ȱ ȱ ȱ ȱ

A.ȱCSȬVehicleȱ DAPI+/mm3ȱ TUNELȬDAPI+/mm3ȱ TUNELȬMBPȬDAPI+/mm3ȱ
Externalȱcapsuleȱ 382,789ȱ±ȱ29,017ȱ 8145ȱ±ȱ3543ȱ 152ȱ±ȱ92.74ȱ
Corpusȱcallosumȱ 196,023ȱ±ȱ12,124ȱ 5239ȱ±ȱ1007ȱ ndȱ

Cingulumȱ 346,834ȱ±ȱ7511ȱ 7310ȱ±ȱ2231ȱ 1138ȱ±ȱ915.80ȱ
B.ȱCSȬMSCsȱ ȱ P7ȱ ȱ ȱ

Externalȱcapsuleȱ 378,613ȱ±ȱ16,522ȱ 9198ȱ±ȱ2064ȱ 277ȱ±ȱ191.20ȱ
Corpusȱcallosumȱ 203,899ȱ±ȱ7019ȱ 3975ȱ±ȱ476ȱ ndȱ

Cingulumȱ 379,610ȱ±ȱ4365ȱ 4402ȱ±ȱ1541ȱ ndȱ
C.ȱASȬVehicleȱ ȱ P7ȱ ȱ ȱ

Externalȱcapsuleȱ 341,872ȱ±ȱ12,628ȱ
22,837ȱ±ȱ3732ȱ
(>ȱ2.5×)aȱ***ȱ

1034ȱ±ȱ132.20ȱ
(>6.5×)aȱ****ȱ

Corpusȱcallosumȱ 241,023ȱ±ȱ21,694ȱ
9276ȱ±ȱ1942ȱ
(>1.7×)aȱ*ȱ

261ȱ±ȱ124.30ȱ

Cingulumȱ 332,495ȱ±ȱ28,634ȱ
14,333ȱ±ȱ2035ȱ
(>1.9×)aȱ*ȱ

786ȱ±ȱ423.90ȱ

D.ȱASȬMSCsȱ ȱ P7ȱ ȱ ȱ

Externalȱcapsuleȱ 404,578ȱ±ȱ21,398ȱ
8145ȱ±ȱ3543ȱ ȱ
(byȱ~60%)bȱ**ȱ

143ȱ±ȱ89.23ȱ
(byȱ85%)bȱ****ȱ

Corpusȱcallosumȱ 220,892ȱ±ȱ8903ȱ
4523ȱ±ȱ642ȱ
(byȱ~50%)bȱ*ȱ ndȱ

Cingulumȱ 324,002ȱ±ȱ44,070ȱ 7147ȱ±ȱ1790ȱ
(byȱ~50%)bȱ**ȱ

ndȱ

nd:ȱnotȱdetectable.ȱ*ȱpȱ<ȱ0.05,ȱ**ȱpȱ<ȱ0.01,ȱ***ȱpȱ<ȱ0.001,ȱ****ȱpȱ<ȱ0.0001ȱ(Bold).ȱ
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2.5.3.ȱEffectȱofȱPAȱandȱMSCsȱTreatmentȱonȱtheȱNumberȱofȱMatureȱOLsȱ(MBPȬDAPI+/mm3)ȱ
andȱMyelinationȱ(MBPȬPositiveȱPixels/TotalȱPixels)ȱ

Noȱdifferencesȱwereȱobservedȱ inȱtheȱnumberȱofȱOLsȱ(MBPȬDAPI+/mm3)ȱandȱmyeȬ
linationȱ(MBPȱpositiveȱpixels/totalȱpixels)ȱinȱvehicleȬȱcomparedȱtoȱMSCsȬtreatedȱCSȱneoȬ
natesȱ(c.f.ȱTableȱ6AȱversusȱTableȱ6B).ȱWhenȱcomparedȱtoȱCS,ȱMBPȬDAPI/mm3ȱandȱMBPȱ
pixels/totalȱpixelsȱwereȱdecreasedȱ inȱexternalȱcapsuleȱandȱcingulumȱofȱASȱanimalsȱ(c.f.ȱ
Tableȱ6Cȱversusȱ6A),ȱbutȱnoȱdifferencesȱwereȱobservedȱinȱcorpusȱcallosumȱamongȱanyȱofȱ
theȱgroupsȱ(vehicleȬȱorȱMSCsȬtreated,ȱCS,ȱorȱASȱanimals).ȱ

MSCȱtreatmentȱpreventedȱtheȱdecreaseȱobservedȱinȱOLȱnumberȱ(MBPȬDAPI+/mm3)ȱ
andȱmyelinationȱ(MBPȱpositiveȱpixels/totalȱpixels)ȱinȱASȱratȱneonates,ȱcomparedȱtoȱvehicleȱ
ASȱneonatesȱ(c.f.ȱTableȱ6CȱversusȱTableȱ6D).ȱIndeed,ȱtheȱnumberȱofȱMBPȬDAPI+ȱcellsȱwasȱ
almostȱonȱparȱwithȱvehicleȬȱandȱMSCȬtreatedȱCSȱanimalsȱ(c.f.ȱTableȱ6DȱversusȱTableȱ6A).ȱ

Figureȱ4ȱshowsȱtheȱnumberȱofȱOLȱandȱmyelinationȱatȱP7.ȱ ȱ

ȱ

ȱ
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Figureȱ3.ȱEffectȱofȱMSCsȱtreatmentȱonȱcellȱdeathȱinducedȱbyȱperinatalȱasphyxiaȱ(PA),ȱmeasuredȱatȱ
P7ȱinȱexternalȱcapsuleȱ(A);ȱcorpusȱcallosumȱ(B);ȱandȱcingulumȱ(C)ȱofȱratȱneonates.ȱRepresentativeȱ
microphotographsȱobtainedȱbyȱconfocalȱmicroscopyȱshowingȱTUNELȱ(green),ȱDAPIȱ(nuclei,ȱblue)Ȭ
positiveȱcellsȱinȱexternalȱcapsuleȱ(3A);ȱcorpusȱcallosumȱ(3B);ȱandȱcingulumȱ(3C)ȱfromȱvehicleȬȱandȱ
MSCsȬtreatedȱcontrolȱ(CS)ȱandȱasphyxiaȬexposedȱ(AS)ȱneonates.ȱScaleȱbar:ȱ20ȱΐm.ȱ(A–C).ȱTheȱnumȬ
berȱofȱTUNELȬDAPIȱcell/mm3ȱisȱincreasedȱwhenȱcomparingȱvehicleȬtreatedȱASȱversusȱCSȱneonates,ȱ
butȱtheȱnumberȱofȱTUNELȬDAPIȱcell/mm3ȱisȱdecreasedȱinȱMSCsȬȱversusȱvehicleȬtreatedȱASȱratȱneoȬ
natesȱinȱallȱevaluatedȱregions.ȱ

ȱ ȱ
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Figureȱ4.ȱEffectȱofȱMSCsȱ treatmentȱonȱmyelinationȱandȱmatureȱoligodendrocyteȱ (OLs)ȱ injuryȱ inȬ
ducedȱbyȱperinatalȱasphyxiaȱ(PA),ȱmeasuredȱatȱP7ȱinȱexternalȱcapsuleȱ(A),ȱandȱcingulumȱ(B)ȱofȱconȬ
trolȱ(CS)ȱandȱAS)ȱrats.ȱRepresentativeȱmicrophotographsȱobtainedȱbyȱconfocalȱmicroscopyȱshowingȱ
myelinȱbasicȱproteinȱ(MBP;ȱred)ȱandȱDAPIȱ(blue;ȱnuclei)Ȭpositiveȱcellsȱinȱexternalȱcapsuleȱ(4A);ȱandȱ
cingulumȱ (4B)ȱ fromȱcontrolȱ (CS)ȱandȱasphyxiaȬexposedȱ (AS)ȱ ratȱneonates,ȱ includingȱvehicleȱandȱ
MSCsȱtreatedȱgroups.ȱMicrophotographsȱshowȱMBP,ȱindicatingȱmyelinatedȱfibersȱ(whiteȱheadȱarȬ
rows)ȱandȱmatureȱoligodendrocytesȱ(OL)ȱ(whiteȱarrows).ȱScaleȱbar:ȱ20ȱΐm.ȱTheȱdensityȱofȱMBPȱandȱ
numberȱofȱMBPȬDAPIȱcells/mm3ȱ isȱ increasedȱ inȱMSCsȬȱversusȱvehicleȬtreatedȱASȱneonatesȱ inȱallȱ
evaluatedȱregions.ȱ
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Tableȱ6.ȱEffectȱofȱperinatalȱasphyxiaȱ (PA)ȱonȱoligodendrocytesȱ (MBPȬDAPI/mm3)ȱandȱmyelinationȱ (MBPȱpositiveȱpixȬ
els/totalȱpixels)ȱinȱtelencephalonȱfromȱcontrolȱ(CS)ȱandȱasphyxiaȬexposedȱ(AS)ȱratsȱatȱP7:ȱEffectȱofȱneonatalȱMSCsȱtreatȬ
ment.ȱCoronalȱ sectionsȱofȱ telencephalonȱwereȱ treatedȱ forȱ immunohistochemistryȱagainstȱmyelinȱbasicȱproteinȱ (MBP),ȱ
counterstainedȱwithȱDAPI.ȱMicrophotographsȱ(twoȬfiveȱsamplesȱperȱbrainȱregion)ȱwereȱtakenȱfromȱexternalȱcapsule;ȱcorȬ
pusȱcallosum,ȱandȱcingulum,ȱinȱtheȱfieldȱofȱaȱconfocalȬinvertedȱOlympusȬfv10iȱmicroscopeȱatȱ60×.ȱTheȱmeanȱnumberȱofȱ
glialȱcellsȱperȱmm3ȱandȱpercentageȱofȱMBPȱimmunopositiveȱpixelsȱoverȱtheȱtotalȱpixelȱnumberȱwasȱestimatedȱusingȱImageJȱ
software.ȱDataȱareȱshownȱasȱmeansȱ±ȱS.E.Mȱfromȱatȱleastȱnȱ=ȱ5ȱindependentȱexperiments.ȱUnbalancedȱtwoȬwayȱANOVAȱ
indicatedȱaȱsignificantȱeffectȱofȱPAȱonȱMBPȬDAPI/mm3ȱandȱmyelinationȱ(MBPȱpixels/totalȱpixels),ȱdiminishingȱinȱexternalȱ
capsuleȱandȱcingulumȱofȱASȱvehicleȱversusȱCSȱvehicleȱ(a),ȱbutȱincreasingȱsignificantlyȱinȱexternalȱcapsuleȱ(F(2,ȱ15)ȱ=ȱ4.412,ȱ
pȱ<ȱ0.03,ȱDAPI/mm3;ȱF(2,ȱ16)ȱ=ȱ2.813,ȱpȱ<ȱ0.03,ȱmyelination,ȱrespectively);ȱandȱcingulumȱ(F(2,ȱ13)ȱ=ȱ2.632,ȱpȱ<ȱ0.04,ȱDAPI/mm3;ȱ
F(2,ȱ13)ȱ=ȱ3.177,ȱpȱ<ȱ0.03,ȱmyelination,ȱrespectively)ȱofȱMSCsȬȱcomparedȱtoȱvehicleȬtreatedȱASȱratȱneonatesȱ(b).ȱNoȱeffect,ȱ
however,ȱwasȱobservedȱinȱcorpusȱcallosumȱ(F(2,ȱ15)ȱ=ȱ0.738,ȱpȱ=ȱ0.450,ȱDAPI/mm3;ȱF(2,ȱ14)ȱ=ȱ1.484,ȱpȱ=ȱ0.151,ȱmyelination,ȱ
respectively).ȱBenjamini–Hochbergȱwasȱusedȱasȱaȱpostȱhocȱtest.ȱ ȱ

ExperimentalȱGroupsȱ P7ȱ
A.ȱCSȬVehicleȱ MBPȬDAPI+/mm3ȱ MBPȱ(Pixels/TotalȱPixels)ȱ
Externalȱcapsuleȱ 13,833ȱ±ȱ1801ȱ 19.60ȱ±ȱ1.32ȱ
Corpusȱcallosumȱ 6126ȱ±ȱ1345ȱ 2.66ȱ±ȱ0.44ȱ

Cingulumȱ 9172ȱ±ȱ2078ȱ 9.27ȱ±ȱ1.61ȱ
B.ȱCSȬMSCsȱ ȱ ȱ

Externalȱcapsuleȱ 13,632ȱ±ȱ1783ȱ 16.36ȱ±ȱ3.05ȱ
Corpusȱcallosumȱ 5972ȱ±ȱ2775ȱ 2.24ȱ±ȱ0.46ȱ

Cingulumȱ 6572ȱ±ȱ1585ȱ 8.91ȱ±ȱ1.49ȱ
C.ȱASȬVehicleȱ ȱ ȱ

Externalȱcapsuleȱ 6690ȱ±ȱ2173ȱ
(byȱ~50%)aȱ*ȱ

13.08ȱ±ȱ0.81ȱ
(byȱ~30%)aȱ**ȱ

Corpusȱcallosumȱ 3942ȱ±ȱ1255ȱ 1.54ȱ±ȱ0.42ȱ

Cingulumȱ 3840ȱ±ȱ509.30ȱ
(byȱ~55%)aȱ*ȱ

4.52ȱ±ȱ0.10ȱ
(byȱ40%)aȱ*ȱ

D.ȱASȬMSCsȱ ȱ ȱ

Externalȱcapsuleȱ 13,628ȱ±ȱ2237ȱ
(>2×)bȱ*ȱ

17.53ȱ±ȱ1.70ȱ
(>1.3X)bȱ*ȱ

Corpusȱcallosumȱ 7835ȱ±ȱ2339ȱ 2.73ȱ±ȱ0.62ȱ

Cingulumȱ
6194ȱ±ȱ2145ȱ ȱ ȱ ȱ ȱ ȱ
(>1.6×)bȱ*ȱ

7.07ȱ±ȱ1.47ȱ
(>1.5×)bȱ*ȱ

*ȱpȱ<ȱ0.05,ȱ**ȱpȱ<ȱ0.01,ȱ***ȱpȱ<ȱ0.001,ȱ****ȱpȱ<ȱ0.0001ȱ(Bold).ȱ

3.ȱDiscussionȱ
Thisȱstudyȱisȱonȱtheȱeffectȱofȱperinatalȱasphyxiaȱ(PA)ȱinȱrats,ȱfocusingȱonȱmyelinationȱ

andȱglialȱcellȱresponse,ȱandȱonȱtheȱpotentialȱofȱMSCȱtreatmentȱtoȱameliorateȱtheseȱeffects.ȱ
TheȱeffectȱofȱglobalȱPAȱonȱmyelinationȱandȱOLȱmaturationȱisȱaȱhighlyȱclinicallyȱrelevantȱ
issue.ȱCommonȱexperimentalȱmodelsȱ inȱ rodentsȱ investigateȱ theȱeffectȱofȱaȱHIȱ insultȱatȱ
postnatalȱstagesȱ[69],ȱwhenȱtheȱOPCsȱhaveȱalreadyȱdifferentiatedȱintoȱmatureȱmyelinatingȱ
OLs,ȱlikelyȱresultingȱinȱaȱdifferentȱoutcomeȱtoȱwhenȱPAȱoccursȱatȱanȱearlierȱdevelopmentalȱ
stage,ȱasȱexploredȱinȱtheȱpresentȱpaper.ȱ

TheȱeffectȱofȱPAȱonȱmyelination,ȱexpressionȱofȱOLȱtranscriptionȱfactors,ȱneuroinflamȬ
mation,ȱglialȱcells,ȱandȱcellȱdeathȱwasȱanalyzedȱinȱtheȱtelencephalonȱofȱratsȱatȱP1,ȱP7,ȱandȱ
P14,ȱevaluatingȱtheȱeffectȱofȱneonatalȱMSCȱtreatmentȱtoȱpreventȱdamage.ȱTheȱeffectȱofȱPAȱ
wasȱmonitoredȱatȱaȱcriticalȱpostnatalȱperiodȱcharacterizedȱbyȱaȱspurȱofȱneuronalȱnetworkȬ
ing,ȱfindingȱthatȱtheȱmostȱrelevantȱchangesȱoccurredȱatȱP7.ȱ

ItȱwasȱfoundȱthatȱPAȱproduced:ȱ(i)ȱAȱdecreaseȱinȱMBPȬimmunoreactivityȱatȱP7ȱinȱtheȱ
externalȱcapsule,ȱcorpusȱcallosum,ȱandȱcingulum,ȱbutȱnotȱinȱtheȱfimbriaeȱofȱtheȱhippocamȬ
pus;ȱ(ii)ȱanȱincreaseȱinȱOligȬ1ȱmRNAȱlevelsȱatȱP7;ȱ(iii)ȱanȱincreaseȱinȱILȬ6ȱmRNA,ȱbutȱnotȱ
inȱproteinȱlevelsȱatȱP7;ȱ(iv)ȱanȱincreaseȱinȱcellȱdeath,ȱincludingȱOLȬspecificȱcellȱdeathȱatȱP7;ȱ
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andȱ(v)ȱMSCsȱtreatmentȱpreventedȱtheȱeffectȱofȱPAȱonȱmyelination,ȱOLȱnumber,ȱandȱcellȱ
death.ȱ

NoȱMBPȬlabellingȱwasȱobservedȱinȱanyȱofȱtheȱanalyzedȱregionsȱatȱP1,ȱunderȱanyȱofȱ
theȱexperimentalȱconditions.ȱInȱCSȱandȱASȱanimals,ȱOLsȱand/orȱmyelinȱfibersȱwereȱevidentȱ
atȱP7,ȱwhileȱatȱP14,ȱtheȱsomaȱofȱOLsȱcouldȱnotȱbeȱseenȱasȱindependentȱstructures,ȱbecauseȱ
ofȱtheȱdenseȱamountȱofȱMBPȱpositiveȱfibers.ȱAtȱP7ȱandȱP14,ȱMBPȱimmunoreactivityȱinȬ
creased,ȱbothȱinȱCSȱandȱASȱneonates,ȱmainlyȱinȱtheȱexternalȱcapsule,ȱcingulum,ȱandȱcorpusȱ
callosum,ȱregionsȱmyelinatedȱatȱearlierȱstagesȱthanȱtheȱfimbriaeȱofȱhippocampus,ȱalsoȱinȬ
vestigatedȱinȱtheȱpresentȱreport.ȱThisȱagreesȱwithȱtheȱideaȱthatȱmyelinationȱprogressesȱinȱ
anȱageȬȱandȱ regionȬdependentȱmannerȱ [51].ȱ Indeed,ȱmyelinationȱoccursȱ inȱ responseȱ toȱ
functionalȱdemands,ȱsuchȱasȱsucklingȱreflex,ȱandȱotherȱmotorȱandȱsensoryȱrequirementsȱ
relatedȱtoȱearlyȱnursingȱandȱbehavioralȱskillsȱ[68].ȱItȱwasȱfoundȱthatȱPAȱinducedȱaȱdecreaseȱ
inȱmyelinationȱandȱOLsȱnumberȱatȱP7,ȱlikelyȱrelatedȱtoȱtheȱlongȬtermȱwhiteȱmatterȱdysȬ
functionȱreportedȱatȱadulthoodȱbyȱKohlhauserȱetȱal.ȱ[53].ȱDuringȱdevelopment,ȱOLsȱalsoȱ
playȱanȱimportantȱroleȱinȱtheȱformationȱandȱsculpturingȱofȱneurocircuits,ȱexertingȱregulaȬ
toryȱfunctions,ȱguiding,ȱandȱstabilizingȱneuronalȱconnections,ȱregardlessȱofȱtheȱonsetȱofȱ
myelination,ȱandȱpreventingȱaberrantȱconnectionsȱatȱadulthoodȱ[70,71].ȱItȱwasȱpreviouslyȱ
reportedȱthatȱtheȱneonatalȱgeneticȱablationȱofȱOLsȱduringȱtheȱfirstȱpostnatalȱweekȱinducedȱ
aȱsevereȱstructuralȱandȱfunctionalȱimpairmentȱofȱtheȱcerebellarȱcortex,ȱevenȱafterȱrecoveryȱ
ofȱOLsȱandȱmyelinationȱ[19].ȱThus,ȱtheȱlongȬtermȱchangesȱinȱwhiteȱmatterȱobservedȱfolȬ
lowingȱPAȱcanȱbeȱexplainedȱbyȱinterruptionȱofȱanȱearlyȱOLsȱregulatoryȱfunction.ȱ

Theȱendpointȱofȱtheȱoligodendroglialȱlineageȱ isȱtheȱformationȱofȱmyelin,ȱinvolvingȱ
theȱdifferentiationȱandȱmaturationȱofȱneuralȱstemȱcellsȱfromȱtheȱSVZȱtoȱmyelinatingȱOLsȱ
[72].ȱInterestingly,ȱtheȱmaximalȱvulnerabilityȱtoȱPVLȱoccursȱatȱaȱperiodȱbeforeȱtheȱonsetȱofȱ
activeȱmyelinationȱ[46],ȱwhichȱinȱhumansȱ isȱaroundȱpostȬconceptionalȱweekȱ28–32ȱ[73];ȱ
equivalentȱtoȱP2Ȭ5ȱinȱratsȱ[74]ȱwhenȱmyelinationȱstarts,ȱperformedȱbyȱmatureȱOLs.ȱInȱrats,ȱ
myelinationȱpeaksȱbyȱ theȱsecondȱandȱ thirdȱpostnatalȱweeks,ȱandȱcontinuesȱ intoȱadultȬ
hood,ȱalbeitȱatȱaȱ lowerȱrateȱ[19].ȱTherefore,ȱaȱperinatalȱmetabolicȱinsultȱwouldȱresultȱinȱ
hypomyelination,ȱwhileȱaȱpostnatalȱ insultȱwouldȱ leadȱ toȱwhiteȱmatterȱdamageȱ [75],ȱorȱ
failureȱofȱOPCsȱtoȱgenerateȱaȱnewȱpreȬOLȱpool,ȱinȱresponseȱtoȱneuroaxonalȱdegenerationȱ
[76].ȱThus,ȱinȱtheȱpresentȱstudy,ȱweȱfocusedȱonȱaȱdevelopmentalȱwindowȱequivalentȱtoȱaȱ
pretermȱhumanȱbaby,ȱwhenȱtheȱpreȬOLȱphenotypeȱpredominates,ȱandȱthusȱtheȱhighestȱ
riskȱperiodȱforȱtheȱestablishmentȱofȱtheȱwhiteȱmatterȱ[74].ȱ

Prematurityȱisȱaȱrelevantȱissue.ȱThereȱareȱseveralȱstudiesȱreportingȱthatȱvulnerabilityȱ
toȱHIȱdependsȱonȱtheȱmaturityȱofȱtheȱoligodendroglialȱlineage,ȱwithȱpreȬOLȱbeingȱtheȱmostȱ
vulnerableȱphenotypes,ȱ[46,47].ȱInȱtheȱratȱatȱP7,ȱimmatureȱOLsȱpredominateȱ[76]ȱandȱareȱ
moreȱresistantȱ toȱcellȱdeathȱ inducedȱbyȱHIȱhypoxiaȱ thanȱpreȬOL,ȱbutȱsimilarȱ toȱ thatȱofȱ
matureȱOLȱ[47].ȱHowever,ȱaȱmetabolicȱinsultȱatȱaȱdelayedȱdevelopingȱphaseȱcanȱstillȱinȬ
terruptȱmyelination,ȱbyȱactingȱonȱareasȱshowingȱpersistenceȱofȱtheȱpreȬOLȱphenotype,ȱasȱ
observedȱinȱcerebralȱcortexȱ[76].ȱ

Clinicalȱandȱexperimentalȱstudiesȱ[77]ȱhaveȱshownȱthatȱtheȱlongȬtermȱconsequencesȱ
ofȱPAȱdependȱonȱtheȱseverityȱandȱdurationȱofȱtheȱinsult,ȱasȱwellȱasȱonȱtheȱdevelopmentalȱ
stageȱofȱtheȱaffectedȱregion,ȱimplyingȱdifferencesȱinȱantioxidantȱdefenses,ȱlocalȱmetabolicȱ
imbalanceȱduringȱtheȱreȬoxygenationȱperiod,ȱandȱrescueȱmechanismsȱ[78].ȱThus,ȱtheȱabilȬ
ityȱofȱOPCȱproliferationȱandȱdifferentiationȱtoȱovercomeȱmetabolicȱdeficitsȱmightȱexplainȱ
theȱregionalȱdifferencesȱobservedȱinȱmyelination.ȱWeȱpreviouslyȱreportedȱinȱvivoȱ[79]ȱandȱ
inȱvitroȱ[80–82]ȱexperimentsȱthatȱPAȱincreasesȱBrdUȬpositiveȱcellȱproliferationȱinȱhippoȬ
campusȱandȱSVZ,ȱbutȱonlyȱ approximatelyȱ40%ȱofȱBrdUȬpositiveȱ cellsȱwereȱdoubleȬlaȬ
belledȱwithȱtheȱneuronalȱmarkerȱMAPȬ2,ȱsuggestingȱaȱpredominanceȱofȱgliogenesis.ȱHowȬ
ever,ȱgliogenesisȱdoesȱnotȱnecessarilyȱimplyȱoligodendrogenesisȱ[39].ȱAȱnewlyȱgeneratedȱ
populationȱofȱOLȱmayȱexplainȱwhyȱnoȱdifferencesȱinȱmyelinationȱwereȱobservedȱbetweenȱ
CSȱandȱASȱanimalsȱinȱanyȱofȱtheȱanalyzedȱregionsȱatȱP14.ȱTheȱpossibilityȱalsoȱexistsȱthatȱ
anȱexcessȱofȱOPCȱisȱgeneratedȱduringȱontogenesis,ȱremainingȱatȱanȱundifferentiatedȱstage,ȱ
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formingȱpartȱofȱtheȱCNSȱparenchymaȱalongȱtheȱlifespan,ȱmobilizedȱinȱresponseȱtoȱpathoȬ
logicalȱsignals,ȱcontributingȱtoȱrestorationȱofȱaxonȱmyelinationȱ[51].ȱTherefore,ȱmoreȱstudȬ
iesȱareȱrequiredȱtoȱevaluateȱtheȱeffectsȱofȱglobalȱPAȱonȱOLȱprecursorsȱduringȱneurodevelȬ
opment.ȱ

Regulationȱofȱ theȱoligodendroglialȱ lineageȱ isȱaȱmultifactorialȱprocess.ȱBasicȱhelix–
loop–helixȱ transcriptionȱ factorsȱOligȬ1ȱ andȱOligȬ2ȱ playȱ anȱ essentialȱ roleȱ inȱ oligodenȬ
droglialȱdevelopmentȱ[34].ȱTheseȱtranscriptionȱfactorsȱareȱcoordinatelyȱexpressedȱalongȱ
developmentȱ[83],ȱplayingȱaȱpivotalȱroleȱinȱbiologicalȱprocesses,ȱincludingȱOLȱproliferaȬ
tion,ȱ differentiation,ȱmaturation,ȱ andȱmyelination/remyelinationȱ [84,85].ȱ Persistentȱ exȬ
pressionȱofȱOligȬ2ȱthroughoutȱoligodendroglialȱdevelopmentȱhasȱbeenȱreported,ȱsuggestȬ
ingȱ thatȱ thisȱ factorȱ isȱ involvedȱ inȱOPCȱspecificationȱandȱdifferentiation,ȱ repressingȱOLȱ
maturationȱandȱmyelinationȱ[85,86].ȱOligȬ1ȱfactorȱisȱanȱimportantȱmarkerȱforȱOPCȱ[87,88],ȱ
andȱ itȱcanȱstimulateȱdifferentiationȱandȱmaturationȱ toȱOLsȱ [83],ȱasȱwellȱasȱOPCȱrepair.ȱ
Nevertheless,ȱinȱtheȱpresentȱstudyȱweȱfoundȱthatȱOligȬ1,ȱbutȱnotȱOligȬ2ȱmRNAȱlevelsȱinȬ
creasedȱinȱtheȱtelencephalonȱofȱASȱneonatesȱcomparedȱtoȱCSȱneonatesȱatȱP7.ȱHowever,ȱ
controversialȱresultsȱhaveȱalsoȱbeenȱreported.ȱFrenchȱetȱal.ȱshowedȱthatȱoxidativeȱstressȱ
followingȱpostnatalȱHIȱreducedȱtheȱexpressionȱofȱOligȬ1ȱ[89],ȱwhileȱChengȱetȱal.ȱreportedȱ
aȱdecreaseȱinȱOligȬ1ȱproteinȱlevelsȱ1Ȭ3ȱdaysȱafterȱpostnatalȱHI,ȱbutȱanȱincreaseȱwhenȱmeasȬ
uredȱ7Ȭ21ȱdaysȱafterȱHI,ȱalthoughȱlevelsȱfailedȱtoȱreachȱthoseȱobservedȱunderȱnormoxicȱ
conditionsȱ[90].ȱ

ProȬinflammatoryȱcytokinesȱ(ILȬ1Ά,ȱILȬ6,ȱTNFȬ΅,ȱCoxȬ2)ȱhaveȱbeenȱreportedȱtoȱproduceȱ
cytotoxicȱeffectsȱonȱOL,ȱinȱvitroȱ[91–93]ȱandȱinȱvivoȱ[37,49],ȱinducingȱprematureȱmaturationȱ
ofȱ theȱ existingȱ precursorsȱ andȱ aberrantȱmyelination,ȱ therebyȱ contributingȱ toȱ hypomyeȬ
lination.ȱInȱthisȱstudy,ȱitȱwasȱobservedȱthatȱILȬ6ȱmRNAȱlevelsȱincreasedȱonlyȱ1.6ȱtimesȱinȱASȱ
withȱrespectȱtoȱCSȱneonatesȱatȱP7,ȱbutȱnotȱinȱproteinȱlevels.ȱWeȱsuggest,ȱtherefore,ȱthatȱILȬ6ȱ
mRNAȱexpressionȱusingȱRTȬqPCRȱtoȱtotalȱRNAȱfromȱtelencephalicȱbrainȱsamplesȱisȱmoreȱ
sensitiveȱthanȱdirectlyȱmeasuringȱproteinȱlevels.ȱSimilarȱeffectȱwasȱobservedȱbyȱNeiraȬPenaȱ
etȱal.,ȱwhoȱshowedȱthatȱPAȱincreasedȱseveralȱproȬinflammatoryȱcytokines,ȱbutȱnotȱnecesȬ
sarilyȱ increasedȱproteinȱ levelsȱ [94,95].ȱChangesȱ inȱproȬinflammatoryȱ cytokinesȱwereȱobȬ
servedȱinȱtheȱhippocampusȱ8ȱhȱafterȱPAȱ[94],ȱbutȱinȱmesencephalon,ȱupȱtoȱ24ȱhȱafterȱtheȱ
insultȱ[95],ȱwhichȱcouldȱbeȱexplainedȱbyȱtemporallyȱandȱregionallyȱselectiveȱmechanisms.ȱ

Activationȱofȱmicrogliaȱandȱastrocytesȱisȱoneȱofȱtheȱsignaturesȱofȱneuroinflammationȱ
[96].ȱHenceȱastrocytesȱandȱmicroglialȱcellsȱwereȱalsoȱassessed,ȱsinceȱglia–gliaȱcrosstalkȱplaysȱ
anȱimportantȱroleȱinȱtheȱmodulationȱofȱOLȱhomeostasis,ȱalongȱwithȱmyelination,ȱdemyeȬ
lination,ȱandȱreȬmyelinationȱ[97].ȱAstrocyteȱactivationȱisȱanȱearlyȱindicatorȱofȱneuropatholȬ
ogy,ȱmeasuredȱasȱincreasedȱGFAPȱexpressionȱandȱassociatedȱlinkedȱmorphologicalȱalteraȬ
tionsȱ[98,99].ȱNoȱchangesȱwereȱobservedȱinȱtheȱnumberȱofȱGFAPȬDAPI+ȱcells/mm3ȱinȱtheȱ
externalȱcapsule,ȱcorpusȱcallosum,ȱcingulum,ȱandȱfimbriaeȱofȱhippocampus,ȱinȱagreementȱ
withȱpreviousȱreportsȱ[15].ȱNevertheless,ȱinȱtheȱpresentȱstudy,ȱastrocyteȱmorphologyȱwasȱ
notȱassessed,ȱthereforeȱaȱmoreȱdetailedȱstudyȱisȱrequiredȱtoȱevaluateȱglialȱcellȱactivationȱinȬ
ducedȱbyȱglobalȱPA.ȱMicroglialȱcellsȱareȱtheȱprimaryȱeffectorsȱofȱtheȱinnateȱimmuneȱresponseȱ
withinȱtheȱCNS,ȱandȱtheirȱactivationȱoccursȱatȱearlyȱstagesȱofȱdisease,ȱoftenȱprecedingȱovertȱ
neuropathologyȱ[100,101].ȱInȱtheȱpresentȱstudy,ȱnoȱchangesȱwereȱobservedȱinȱIbaȬ1ȬDAPI+ȱ
cells/mm3ȱinȱtheȱexternalȱcapsule,ȱcorpusȱcallosum,ȱorȱfimbriaeȱofȱtheȱhippocampus,ȱbutȱanȱ
increaseȱwasȱobservedȱinȱtheȱcingulumȱatȱP7.ȱTheseȱresultsȱsupportȱtheȱproposalȱthatȱOLsȱ
areȱtheȱmostȱvulnerableȱglialȱcellsȱtoȱhypoxiaȬreoxygenationȱinsults,ȱatȱleastȱinȱtheȱexaminedȱ
brainȱregions.ȱNevertheless,ȱtheȱnumberȱofȱmicroglialȱcellsȱisȱnotȱnecessarilyȱindicativeȱofȱ
neuroinflammation,ȱbutȱitȱisȱtheȱactivationȱlevelsȱofȱmicroglia,ȱwhichȱcanȱbeȱassessed,ȱeitherȱ
withȱmarkersȱsuchȱasȱCD11b,ȱorȱusingȱaȱramificationȱindexȱ[102].ȱ

TUNEL/DAPIȱ coȬlabellingȱ indicatesȱ cellsȱdeath,ȱmainlyȱ atȱ theȱDNAȱ fragmentationȱ
stage,ȱconsideredȱtoȱbeȱanȱearlyȱeventȱofȱapoptosisȱ[103],ȱalthoughȱpostnatalȱHIȱtriggersȱanȱ
apoptosisȬnecrosisȱcontinuumȱ[8].ȱInȱtheȱpresentȱstudy,ȱitȱwasȱfoundȱthatȱthereȱwasȱaȱdeȬ
creaseȱinȱtheȱnumberȱofȱOLȱandȱanȱincreaseȱinȱtotalȱandȱOLȬspecificȱcellȱdeathȱinȱtelenceȬ
phalicȱregions,ȱsuggestingȱaȱdevelopmentalȱdisruptionȱinȱdifferentiationȱprocesses,ȱbutȱalsoȱ
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directȱdamageȱtoȱtheȱmatureȱOLȱphenotype.ȱTheȱmultistepȱprocessȱofȱoligodendroglialȱlinȬ
eageȱdifferentiationȱisȱhighlyȱenergyȬdependentȱandȱregulatedȱbyȱtheȱexpressionȱofȱnumerȬ
ousȱgenesȱsusceptibleȱtoȱhypoxiaȱ[56].ȱIndeed,ȱOLsȱareȱvulnerableȱtoȱmetabolicȱinsults,ȱoxiȬ
dativeȱstress,ȱinflammation,ȱand/orȱexcitotoxicityȱ[40,42].ȱ

SeveralȱlinesȱofȱevidenceȱindicateȱthatȱpreȬȱandȱimmatureȱOLȱundergoȱaȱreactiveȱreȬ
sponseȱtoȱneonatalȱHI,ȱcharacterizedȱbyȱmorphologicalȱchanges,ȱ involvingȱcellȱsomaȱandȱ
processes,ȱwithȱaȱdistributionȱthatȱoverlapsȱthatȱofȱreactiveȱastrocytesȱandȱreactiveȱmicrogliaȱ
[47].ȱItȱhasȱbeenȱshownȱthatȱthereȱisȱanȱacceleratedȱmaturationȱofȱdamagedȱpreȬOLȱtoȱimmaȬ
tureȱOLsȱ[50,104–106],ȱwhichȱmayȱbeȱmaladaptive,ȱdelayingȱorȱevenȱarrestingȱdifferentiationȱ
andȱmaturationȱ[49,50,80],ȱcausingȱhypomyelination.ȱTherefore,ȱitȱwouldȱbeȱrelevantȱtoȱevalȬ
uateȱinȱfutureȱstudiesȱtheȱeffectsȱofȱglobalȱPAȱonȱtheȱmorphologyȱofȱOLsȱandȱtheirȱprecurȬ
sors.ȱ

ThereȱisȱextensiveȱpreclinicalȱevidenceȱindicatingȱthatȱMSCsȱadministrationȱcanȱbeȱanȱ
effectiveȱ optionȱ toȱ preventȱ neurodegenerativeȱ cascades,ȱ byȱ alteringȱ OLȱ differentiationȱ
and/orȱpreventingȱcellȱdeathȱ[56].ȱInȱtheȱpresentȱstudy,ȱweȱfoundȱthatȱMSCȱtreatmentȱsignifȬ
icantlyȱincreasedȱMBPȱlevelsȱinȱtheȱexternalȱcapsuleȱandȱcingulum.ȱ

ItȱisȱsuggestedȱthatȱMSCȱtreatmentȱdecreasesȱbrainȱdamageȱbyȱeitherȱ(i)ȱinhibitingȱinȬ
juriousȱsignals;ȱ(ii)ȱreplacingȱlostȱtissue;ȱand/orȱ(iii)ȱenhancingȱendogenousȱrepairȱprocessesȱ
[107,108].ȱThus,ȱseveralȱreparativeȱmechanismsȱcanȱtakeȱplaceȱinȱaȱregionȬȱandȱtimeȬdependȬ
entȱmanner,ȱexpectingȱthereforeȱdifferentialȱeffectsȱbyȱMSCȱtreatment.ȱ

Theȱpresentȱresultsȱagreeȱwithȱ thoseȱreportedȱbyȱvanȱVelthovenȱetȱal.,ȱwhoȱdemonȬ
stratedȱthatȱaȱsingle,ȱacuteȱadministrationȱofȱMSCsȱinȱneonatalȱHIȱratsȱrestoredȱOLȱnumberȱ
andȱmyelinationȱinȱtelencephalonȱ[57,58].ȱFurthermore,ȱinhibitionȱofȱdeleteriousȱprocessesȱ
suchȱasȱneuroinflammationȱmayȱalsoȱcontributeȱtoȱtheȱbeneficialȱeffectsȱofȱMSCȱtreatmentȱ
inȱrestoringȱmyelinationȱ [107].ȱAlthoughȱweȱdidȱnotȱevaluateȱ theȱmechanismsȱbyȱwhichȱ
MSCȱtreatmentȱpreventsȱOLȱlossȱandȱdeficitsȱinȱmyelination,ȱthereȱisȱevidenceȱthatȱMSCsȱ
canȱmodifyȱtheirȱsecretomeȱ inȱsitu,ȱreleasingȱneurotrophicȱfactorsȱ inȱaȱparacrineȱfashion,ȱ
therebyȱpromotingȱendogenousȱrepairȱandȱregenerationȱ[57,58,108].ȱInterestingly,ȱaȱrecentȱ
studyȱpublishedȱbyȱourȱlaboratoryȱevaluatedȱtheȱeffectsȱofȱintranasalȱadministrationȱofȱmesȬ
enchymalȱstemȱcellȬderivedȱsecretomeȱ(MSCȬS)ȱ[109].ȱUnlikeȱtheȱuseȱofȱMSCsȱasȱaȱtherapeuȬ
ticȱstrategy,ȱMSCȬSȱcanȱshowȱbetterȱsafety,ȱdosage,ȱandȱpotencyȱsimilarlyȱtoȱconventionalȱ
pharmaceuticalȱdrugs,ȱbeȱreadilyȱavailableȱsinceȱitȱcanȱbeȱlyophilized,ȱfavoringȱstorage,ȱwithȱ
lowȱ factoringȱcostsȱ forȱ largeȬscaleȱproductionȱ reutilizingȱ theȱyieldingȱcellsȱ [110].ȱTheȱ reȬ
portedȱstudyȱshowedȱthatȱMSCȬSȱreversedȱoxidativeȱstressȱinducedȱbyȱPAȱinȱtheȱhippocamȬ
pus,ȱ increasingȱantioxidativeȱNuclearȱErythroidȱ2ȬRelatedȱFactorȱ2ȱ (NRF2)ȱ translocation,ȱ
andȱNQO1,ȱanȱantioxidantȱproteinȱ[109].ȱFurthermore,ȱMSCȬSȱreducedȱneuroinflammationȱ
byȱdecreasingȱnuclearȱNFȬΎB/p65ȱ levelsȱandȱmicroglialȱreactivity,ȱinȱassociationȱwithȱdeȬ
creasedȱ cleavedȬcaspaseȬ3ȱ cellȬdeathȱ [109].ȱMSCsȱ canȱ alsoȱ induceȱ severalȱ antiȬapoptoticȱ
mechanisms,ȱupȬregulatingȱDNAȱrepair,ȱandȱdownȬregulatingȱmitochondrialȱdeathȱpathȬ
ways,ȱincreasingȱantioxidantȱactivityȱandȱalteringȱtheȱexpressionȱofȱantiȬȱandȱproȬapoptoticȱ
proteinsȱ[111].ȱThus,ȱwhetherȱaȱsingleȱadministrationȱofȱMSCsȱprotectsȱagainstȱtheȱlossȱofȱ
matureȱOLsȱandȱdelayedȱmyelinationȱelicitedȱbyȱPAȱinȱtelencephalicȱwhiteȱmatterȱremainsȱ
toȱbeȱinvestigated,ȱalsoȱwhetherȱMSCsȱactȱviaȱanȱantioxidantȱorȱantiȬinflammatoryȱmechaȬ
nism,ȱinvolvingȱNRFȬ2ȱactivationȱandȱotherȱmolecularȱpathways.ȱ

4.ȱMaterialsȱandȱMethodsȱ
4.1.ȱAnimalsȱ

Wistarȱ ratsȱ fromȱ theȱanimalȱstationȱofȱ theȱMolecularȱ&ȱClinicalȱPharmacologyȱProȬ
gramme,ȱICBM,ȱFacultyȱofȱMedicine,ȱUniversityȱofȱChile,ȱSantiago,ȱChile,ȱwereȱusedȱforȱallȱ
experiments.ȱTheȱanimalsȱwereȱkeptȱatȱaȱtemperatureȬȱandȱhumidityȬcontrolledȱenvironȬ
mentȱwithȱaȱ12/12ȱhȱlight/darkȱcycle,ȱwithȱaccessȱtoȱwaterȱandȱfoodȱadȱlibitumȱwhenȱnotȱ
usedȱinȱtheȱexperiments,ȱandȱtheȱwellȬbeingȱofȱtheȱanimalsȱwasȱmonitoringȱmonitoredȱconȬ
tinuouslyȱbyȱqualifiedȱpersonnel.ȱ
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4.2.ȱEthicȱStatementȱ
Allȱproceduresȱwereȱconductedȱinȱaccordanceȱwithȱtheȱanimalȱcareȱandȱuseȱprotocolsȱ

establishedȱbyȱaȱLocalȱEthicsȱCommitteeȱforȱexperimentationȱwithȱlaboratoryȱanimalsȱatȱ
theȱMedicalȱFaculty,ȱUniversityȱofȱChileȱ(ProtocolȱCBA#0943ȱFMUCH),ȱapprovedȱbyȱtheȱ
MedicalȱFaculty,ȱUniversityȱofȱChile,ȱandȱbyȱanȱadȬhocȱcommissionȱofȱtheȱChileanȱCouncilȱ
forȱScienceȱandȱTechnologyȱResearchȱ(CONICYT)ȱ(FONDECYTȱ#1120079,ȱ2012;ȱ#1190562,ȱ
2019),ȱendorsingȱtheȱprinciplesȱofȱlaboratoryȱanimalȱcareȱ(NIH;ȱN°ȱ86Ȭ23;ȱrevisedȱ1985).ȱ
Animalȱwellbeingȱwasȱcontinuouslyȱmonitoredȱ (onȱ24ȱhȱbasis),ȱ followingȱ theȱARRIVEȱ
guidelinesȱ forȱ reportingȱ animalȱ studiesȱ (www.nc3rs.org.uk/ARRIVE,ȱ (accessedȱ onȱ 20ȱ
Marchȱ2021)).ȱ

4.3.ȱPerinatalȱAsphyxiaȱ
PregnantȱWistarȱratsȱwithinȱtheȱlastȱdayȱofȱgestationȱ(G22)ȱwereȱeuthanizedȱandȱhysȬ

terectomized.ȱTwoȱorȱthreeȱpupsȱperȱdamȱwereȱremovedȱimmediatelyȱandȱusedȱasȱnonȬ
asphyxiatedȱcaesareanȬdeliveredȱcontrolsȱ(CS).ȱTheȱremainingȱfetusesȱwithinȱtheȱuterineȱ
hornsȱwereȱimmersedȱintoȱaȱwaterȱbathȱatȱ37ȱ°Cȱforȱ21ȱminȱ(asphyxiaȬexposedȱrats,ȱAS).ȱ
Followingȱasphyxia,ȱtheȱuterineȱhornsȱwereȱincised,ȱandȱtheȱpupsȱremoved,ȱstimulatedȱtoȱ
breathe,ȱandȱafterȱanȱapproximatelyȱ40ȱminȱobservationȱperiodȱonȱaȱwarmingȱpad,ȱwereȱ
evaluatedȱwithȱanȱApgarȱscaleȱforȱrats,ȱaccordingȱtoȱDell’Annaȱetȱal.ȱ[67],ȱandȱthenȱnurȬ
turedȱbyȱaȱsurrogateȱdam.ȱTheȱphysiologicalȱparametersȱ(e.g.,ȱrespiratoryȱfrequency,ȱvoȬ
calization,ȱskinȱcoloration,ȱmovements,ȱandȱcoordination)ȱwereȱalsoȱmonitoredȱupȱtoȱP14,ȱ
comparingȱtheȱsameȱCSȱandȱASȱcohorts.ȱ

4.4.ȱIsolation,ȱExpansion,ȱandȱCharacterizationȱofȱRatȱAdiposeȱTissueȬDerivedȱMSCsȱ
Wistarȱ12ȬweekȬoldȱfemaleȱ(220–250ȱg)ȱwereȱanesthetizedȱandȱeuthanized.ȱForȱisolaȬ

tionȱofȱMSCs,ȱdorsalȱsubcutaneousȱfatȱwasȱdissected,ȱwashedȱwithȱphosphateȬbufferedȱ
salineȱ (PBS),ȱandȱcutȱ intoȱsmallȱpieces.ȱTissueȱwasȱdigestedȱwithȱ1ȱmg/mLȱcollagenaseȱ
typeȱIIȱ(Gibco,ȱGrandȱIsland,ȱNY,ȱUSA)ȱinȱPBS,ȱincubatedȱunderȱagitationȱatȱ37ȱ°Cȱforȱ90ȱ
min.ȱAtȱtheȱendȱofȱdigestion,ȱ10%ȱfetalȱbovineȱserumȱ(FBS;ȱGibco,ȱAuckland,ȱNewȱZeaȬ
land)ȱwasȱaddedȱtoȱneutralizeȱcollagenases.ȱTheȱmixtureȱwasȱcentrifugedȱatȱ400×ȱgȱforȱ10ȱ
minȱtoȱremoveȱfloatingȱadipocytes.ȱPelletsȱwereȱresuspendedȱinȱalphaȬminimumȱessentialȱ
mediumȱ(΅ȬMEM;ȱGIBCO),ȱsupplementedȱwithȱ10%ȱFBSȱandȱ0.16ȱmg/mLȱgentamicinȱ(reȬ
ferredȱtoȱasȱ΅Ȭ10ȱmedium),ȱplatedȱatȱaȱdensityȱofȱ7000ȱcells/cm2.ȱCellsȱwereȱculturedȱatȱ37ȱ
°Cȱinȱaȱ5%ȱCO2ȱatmosphere.ȱWhenȱfociȱreachedȱ80%ȱconfluence,ȱcellsȱwereȱdetachedȱwithȱ
0.25%ȱtrypsinȱ(SigmaȬAldrich,ȱSt.ȱLouis,ȱMO,ȱUSA),ȱcentrifugedȱandȱsubculturedȱatȱ7ȱ×ȱ103ȱ
cells/cm2.ȱTheȱcellsȱwereȱfrozenȱatȱƺ80ȱ°Cȱinȱaȱcryopreservationȱmedium,ȱpendingȱfurtherȱ
experiments.ȱ

Afterȱ2ȱsubcultures,ȱadherentȱcellsȱwereȱcharacterizedȱaccordingȱtoȱadipogenic,ȱosteȬ
ogenic,ȱandȱchondrogenicȱpotential,ȱasȱpreviouslyȱdescribedȱ[55,112]ȱ(SupplementaryȱFigȬ
ureȱS2A,B).ȱTheȱcellsȱwereȱincubatedȱwithȱstandardȱadipogenicȱ(1ȱΐMȱdexamethasoneȱandȱ
10ȱΐMȱrosiglitazoneȱforȱ14ȱdays),ȱosteogenicȱ(0.1ȱΐMȱdexamethasone,ȱ50ȱΐg/mLȱLȬAscorȬ
bateȱ2Ȭphosphate,ȱandȱ10ȱmMȱbȬglycerolȱphosphateȱforȱ21ȱdays),ȱandȱchondrogenicȱ(0.1ȱ
ΐMȱ dexamethasone,ȱ 0.1ȱ ΐg/mLȱ LȬAscorbateȱ 2Ȭphosphate,ȱ 0.5ȱ UI/mLȱ insulin,ȱ andȱ 10ȱ
ng/mLȱtransformingȱgrowthȱfactorȱbetaȬ3ȱforȱ10ȱdays)ȱdifferentiationȱmedia.ȱToȱevaluateȱ
theȱadipogenicȱpotential,ȱculturesȱwereȱstainedȱwithȱ60%ȱOilȱRedȱOȱ forȱ1ȱhȱ (SigmaȬAlȬ
drich).ȱToȱevaluateȱtheȱosteogenicȱpotential,ȱculturesȱwereȱfixedȱwithȱ70%ȱethanolȱforȱ30ȱ
minȱandȱstainedȱwithȱ40ȱmMȱAlizarinȱRedȱ(SigmaȬAldrich)ȱforȱ10ȱmin.ȱToȱevaluateȱtheȱ
chondrogenicȱpotential,ȱculturesȱwereȱfixedȱwithȱ70%ȱethanolȱforȱ10ȱminȱandȱstainedȱwithȱ
0.1%ȱSafraninȱOȱ(SigmaȬAldrich)ȱforȱ5ȱmin.ȱOnceȱwashed,ȱcellsȱwereȱobservedȱandȱphotoȬ
graphedȱbyȱaȱlightȱmicroscopeȱ(EclipseȱTS100.ȱNikon,ȱJapan).ȱImmunophenotypingȱwasȱ
performedȱbyȱflowȱcytometricȱanalysisȱafterȱimmunostainingȱwithȱmonoclonalȱantibodiesȱ
againstȱtheȱputativeȱmurineȱMSCsȱmarkersȱCDȬ29ȱ(FITCȬconjugated)ȱandȱCDȬ90ȱ(PEȬconȬ
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jugated),ȱorȱcharacterizedȱforȱmarkersȱofȱhematopoieticȱcellȱlineages,ȱCDȬ45ȱ(APCȬconjuȬ
gated)ȱandȱCDȬ11bȱ (APCȬconjugated).ȱAllȱ antibodiesȱwereȱpurchasedȱ fromȱBDȱBiosciȬ
encesȱ(SanȱDiego,ȱCA,ȱUSA).ȱ

4.5.ȱAdministrationȱofȱMSCsȱ
Twoȱhoursȱafterȱdelivery,ȱASȱandȱCSȱneonatesȱwereȱrandomlyȱassignedȱtoȱreceive:ȱ(i)ȱ

Aȱsingleȱintracerebroventricularȱ(i.c.v.)ȱadministrationȱofȱvehicleȱ(5ȱΐlȱofȱ10%ȱratȱplasmaȱ
inȱsalineȱ[113]ȱ(CSȱorȱASȱvehicle,ȱnȱ=ȱatȱleastȱ5),ȱorȱ(ii)ȱaȱsingleȱi.c.v.ȱadministrationȱofȱMSCsȱ
(5ȱΐlȱofȱ5ȱ×ȱ104ȱcells;ȱCSȱorȱMSCsȬtreatment,ȱnȱ=ȱatȱleastȱ5).ȱTheȱi.c.v.ȱrouteȱofȱadministrationȱ
wasȱchosenȱtoȱattainȱaȱproofȱofȱprinciple,ȱregardingȱanȱeffectȱoccurringȱwithinȱtheȱCNS.ȱ
Theȱ i.c.v.ȱ treatmentȱwasȱperformedȱunderȱcryoanaesthesiaȱwithȱaȱcannulaȱ implantedȱ1ȱ
mmȱlateralȱtoȱBregma,ȱ2ȱmmȱdeepȱunderȱtheȱscalp,ȱinjectingȱslowlyȱwithȱaȱ50ȬΐLȱHamiltonȱ
syringeȱandȱaȱproperlyȱpreparedȱinjectionȱcannulaȱ(0.6ȱmmȱofȱdiameter,ȱwithȱaȱsharpenedȱ
sharpedȱtipȱlessȱthanȱ0.2ȱmmȱofȱdiameter),ȱconnectedȱwithȱaȱdialysisȱtubing,ȱkeptȱmanuallyȱ
inȱplaceȱforȱ2ȱminȱafterȱtheȱinjectionȱwasȱperformed.ȱTheȱneonatesȱwereȱcontinuouslyȱobȬ
servedȱuntilȱgivenȱtoȱaȱsurrogateȱdamȱandȱeuthanizedȱatȱP7,ȱfocusingȱonȱexternalȱcapsule,ȱ
corpusȱcallosum,ȱandȱcingulum.ȱ

4.6.ȱTissueȱSamplingȱforȱImmunofluorescenceȱ
Samplingȱandȱpreparationȱofȱbrainȱtissueȱforȱimmunohistochemistryȱwasȱperformedȱ

accordingȱtoȱMoralesȱetȱal.ȱ[82].ȱBriefly,ȱCSȱandȱASȱratsȱatȱP1,ȱP7,ȱorȱP14ȱ(basal,ȱvehicleȱorȱ
MSCsȬtreatmentȱconditions;ȱNȱ=ȱatȱleastȱ5)ȱwereȱanesthetizedȱandȱperfusedȱtranscardiallyȱ
withȱ0.1MȱPBSȱ (pHȱ7.4),ȱ followedȱbyȱ4%ȱparaformaldehydeȱ inȱ0.1MȱPBSȱ (pHȱ7.4).ȱTheȱ
brainȱwasȱremovedȱfromȱtheȱskull,ȱpostȬfixedȱinȱtheȱsameȱfixativeȱsolutionȱovernightȱatȱ4ȱ
°Cȱandȱimmersedȱinȱ10%ȱsucroseȱinȱ0.1ȱMȱPBSȱforȱ2ȱdaysȱandȱsubsequentlyȱinȱ30%ȱsucroseȱ
atȱ4ȱ°Cȱforȱ2ȱdays.ȱCoronalȱsectionsȱ(20ȱΐmȱthick)ȱofȱtheȱtelencephalonȱ(betweenȱBregmaȱ
1.20ȱandȱ0.60ȱmmȱatȱP1;ȱatȱ0.60ȱandȱ0.20ȱmmȱatȱP7;ȱƺ0.40ȱmmȱandȱƺ0.20ȱmmȱatȱP14)ȱandȱ
hippocampiȱ(betweenȱBregmaȱƺ0.40ȱandȱƺ1.00ȱmmȱatȱP1;ȱƺ1.40ȱandȱƺ2.00ȱmmȱatȱP7;ȱƺ1.60ȱ
andȱƺ2.40ȱmmȱatȱP14;ȱhttps://www.ialȬdevelopmentalȬneurobiology.com/en/publications/collecȬ
tionȬofȬatlasesȬofȬtheȬratȬbrainȬinȬstereotaxicȬcoordinates,ȱ accessedȱ onȱ 20ȱMarchȱ 2021))ȱwereȱ obȬ
tainedȱusingȱaȱcryostatȱ (ThermoȬFischerȱScientificȱMicromȱHMȱ525,ȱWaldorf,ȱGermany)ȱandȱ
processedȱ forȱ immunofluorescenceȱ (IF)ȱ toȱ detectȱmyelinatedȱ fibersȱ andȱmatureȱ OLsȱ
(MBP),ȱastrocytesȱ(GFAP),ȱandȱmicrogliaȱ(IbaȬ1).ȱ

4.7.ȱAntibodiesȱ
4.7.1.ȱPrimaryȱAntibodiesȱ

(i)ȱAntiȬMBPȱ(myelinatedȱfiberȱandȱmatureȱOLȱmarker,ȱchicken,ȱAvesȱLabsȱInc,ȱUSA,ȱ
#MBP;ȱ1:750ȱinȱblockingȱsolutionȱcontainingȱ1%ȱbovineȱserumȱalbuminȱ(BSA),ȱ5%ȱnormalȱ
goatȱ serumȱ (NGS)ȱ andȱ 0.3%ȱ TritonȱXȱ 100).ȱ (ii)ȱAntiȬGFAPȱ (astrocyteȱmarker,ȱmouse,ȱ
SigmaȬAldrich,ȱLifeȱScience,ȱDarmstadt,ȱGermany,ȱ#3893;ȱ1:500ȱinȱblockingȱsolutionȱconȬ
tainingȱ10%ȱNGSȱandȱ0.3%ȱTritonȱXȱ100);ȱandȱ(iii)ȱantiȬIbaȬ1ȱ(microglialȱcellȱmarker,ȱrabbit,ȱ
WAKO,ȱMalaysia,ȱ#019Ȭ19741;ȱ1:500ȱinȱblockingȱsolutionsȱcontainingȱ1%ȱBSA,ȱ10%ȱNGSȱ
andȱ0.3%ȱTritonȱXȱ100).ȱ

4.7.2.ȱSecondaryȱAntibodiesȱ
(i)ȱ AntiȬchickenȬAlexa594ȱ (goat,ȱ Invitrogen,ȱ Thermoȱ Fisher,ȱ Scientific,ȱ #AȬ11042;ȱ

1:400ȱincubatedȱinȱblockingȱsolutionȱcontainingȱ1%ȱNGS);ȱ(ii)ȱantiȬmouseȬAlexa488ȱ(goat,ȱ
Invitrogen,ȱ#AȬ11001;ȱ1:500ȱincubatedȱinȱblockingȱsolutionȱcontainingȱ0.3%ȱTritonȱX100;ȱ
andȱ(iii)ȱantiȬrabbitȬAlexa488ȱ(goat,ȱInvitrogen,ȱ#AȬ11034;ȱ1:500ȱincubatedȱinȱblockingȱsoȬ
lutionȱcontainingȱ1%ȱNGS).ȱ

ȱ ȱ
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4.8.ȱImmunofluorescenceȱ
Coronalȱsectionsȱwereȱrinsedȱwithȱ0.1MȱPBSȱandȱtreatedȱwithȱblockingȱsolutionsȱforȱ

1ȱh,ȱincubatedȱwithȱprimaryȱantibodiesȱ(MBP,ȱGFAP,ȱorȱIbaȬ1)ȱinȱblockingȱsolutionȱoverȬ
nightȱatȱ4ȱ°Cȱinȱdarkness.ȱAfterȱrepeatedȱrinsingȱwithȱ0.1MȱPBS,ȱsamplesȱwereȱincubatedȱ
withȱtheȱcorrespondingȱsecondaryȱantibodiesȱandȱcounterstainedȱwithȱ4,6ȱdiaminoȬ2ȬpheȬ
nylindolȱ (DAPI,ȱ Invitrogen,ȱ0.02ȱM;ȱ0.0125ȱmg/mL;ȱ forȱnuclearȱ labelling)ȱ forȱ2ȱh.ȱAfterȱ
rinsing,ȱtheȱsamplesȱwereȱmountedȱwithȱFluoromountȱandȱexaminedȱbyȱconfocalȱmicrosȬ
copyȱ(OlympusȬfv10i,ȱCenterȱValley,ȱPA,ȱUSA).ȱ

4.9.ȱTUNELȱAssayȱ
PreparationȱofȱbrainȱtissueȱforȱTUNELȱassayȱwasȱperformedȱaccordingȱtoȱPerezȬLoȬ

bosȱetȱal.ȱ[15].ȱCoronalȱsectionsȱfixedȱwithȱ4%ȱparaformaldehydeȱwereȱstainedȱwithȱtheȱ
ApoTagȱPeroxidaseȱinȱSituȱApoptosisȱDetectionȱKitȱ(MILLIPORE,ȱSigmaȬAldrich,ȱ#ȱ90418)ȱ
accordingȱ toȱmanufacturer’sȱ instructions.ȱCoronalȱsectionsȱwereȱrinsedȱthreeȱ timeȱwithȱ
0.1MȱPBS,ȱpermeabilizedȱwithȱaȱsolutionȱcontainingȱ50%ȱethanolȱandȱ50%ȱaceticȱacidȱforȱ
5ȱminȱatȱ20ȱ°Cȱandȱtreatedȱwithȱ3%ȱH2O2ȱinȱmethanolȱforȱ10ȱminȱforȱendogenousȱperoxiȬ
daseȱquenching.ȱSectionsȱwereȱthenȱwashedȱwithȱaȱcommercialȱsolutionȱprovidedȱbyȱtheȱ
manufacturerȱofȱtheȱTUNELȱassay,ȱandȱincubatedȱwithȱTdTȱEnzymeȱatȱ37ȱ°Cȱforȱ80ȱmin.ȱ
TheȱreactionȱwasȱstoppedȱwithȱStopȱWashȱBufferȱandȱincubatedȱwithȱaȱReadyȬtoȬUseȬantiȬ
digoxigeninȱHRPȬconjugatedȱantibodyȱforȱ35ȱmin.ȱAfterȱrinsing,ȱtheȱsamplesȱwereȱincuȬ
batedȱwithȱ488Ȭconjugatedȱtyramideȱ(1:100ȱdilutedȱinȱ0.1MȱPBS),ȱasȱsubstrateȱforȱhorseȬ
radishȱperoxidaseȱ(HRP)ȱenzymeȱ(SigmaȬAldrich),ȱatȱroomȱtemperatureȱforȱ10ȱminȱandȱ
thenȱrinsedȱwithȱ0.1MȱPBS.ȱ

4.10.ȱImageȱProcessingȱandȱStereologicalȱAnalysisȱ
Theȱfollowingȱparametersȱwereȱassessed:ȱ(i)ȱMyelination,ȱforȱwhichȱaȱfixedȱintensityȱ

thresholdȱ forȱeachȱareaȱwasȱdefined,ȱcalculatingȱ theȱratioȱofȱpositiveȱstainedȱpixelsȱ forȱ
MBP,ȱoverȱtheȱtotalȱpixelȱnumber,ȱasȱpreviouslyȱdescribedȱ[114];ȱ(ii)ȱnumberȱofȱMBPȱposȬ
itiveȱcells/mm3ȱasȱpreviouslyȱdescribedȱ[15,79],ȱcounterstainedȱforȱDAPIȱ(nuclearȱstaining)ȱ
inȱallȱcases;ȱ (iii)ȱnumberȱofȱGFAPȬDAPIȱpositiveȱcells/mm3;ȱ (iv)ȱnumberȱofȱ IbaȬ1ȬDAPIȱ
positiveȱcells/mm3;ȱ(v)ȱnumberȱofȱTUNELȱpositiveȱcells/mm3,ȱforȱquantificationȱofȱapopȬ
toticȬlikeȱDNAȱfragmentation;ȱandȱ(vi)ȱnumberȱofȱTUNELȬMBPȬDAPIȱpositiveȱcells/mm3.ȱ

Microphotographsȱwereȱ takenȱfromȱhighlyȱmyelinatedȱareasȱofȱ telencephalonȱandȱ
hippocampusȱfromȱbothȱhemispheres,ȱfocusingȱon:ȱ(i)ȱexternalȱcapsuleȱ(10ȱfields);ȱ(ii)ȱcorȬ
pusȱ callosumȱ (5ȱ fields);ȱ (iii)ȱ cingulumȱ (2ȱ fields);ȱ andȱ (iv)ȱ fimbriaeȱ ofȱhippocampusȱ (4ȱ
fields),ȱwithȱanȱOlympusȱconfocalȱFV10iȱmicroscopeȱusingȱ60×ȱobjectiveȱ lensȱ(NA1.30).ȱ
Theȱareaȱinspectedȱforȱeachȱstackȱwasȱ0.04ȱmm2.ȱTheȱthicknessȱ(ZȬaxis)ȱwasȱmeasured,ȱandȱ
theȱvolumeȱofȱtheȱtissueȱsampleȱwasȱdeterminedȱforȱeachȱcase.ȱTheȱnumberȱofȱpositiveȱ
stainedȱcellsȱforȱeachȱmarkerȱwasȱthenȱcountedȱinȱtheȱvolumeȱofȱtissueȱusingȱImageJȱsoftȬ
ware,ȱconfirmedȱbyȱproperȱDAPIȱ labelling,ȱandȱcountsȱwereȱexpressedȱasȱcells/mm3ȱ inȱ
samplesȱfromȱCSȱandȱASȱ(basal,ȱvehicleȱorȱMSCsȬtreatedȱconditions).ȱMBP,ȱGFAP,ȱandȱ
IbaȬ1ȱpositiveȱcellsȱwereȱcountedȱmanuallyȱwhenȱimmunoreactivityȱoverlappedȱatȱthreeȱ
levelsȱthroughȱaȱsectionȱ(ZȬstepȱ1ȱΐm).ȱAnȱinvestigatorȱblindedȱtoȱtheȱtreatmentȱmadeȱtheȱ
respectiveȱquantificationsȱforȱallȱparameters.ȱ

4.11.ȱRTȬqPCRȱandȱEnzymeȬLinkedȱAssayȱ(ELISA)ȱ
4.11.1.ȱTissueȱSamplingȱ

Theȱ animalsȱ (basal,ȱ vehicleȱ orȱMSCsȬtreatedȱ conditions;ȱNȱ =ȱ atȱ leastȱ 5)ȱwereȱ euȬ
thanizedȱatȱP1,ȱP7,ȱorȱP14ȱbyȱdecapitation.ȱTheȱbrainȱwasȱquicklyȱremoved,ȱandȱtheȱtelenȬ
cephalonȱandȱhippocampusȱdissectedȱonȱice,ȱusingȱaȱnewbornȱratȱbrainȱslicerȱ(ZivicȱInȬ
strumentsȱPittsburgh,ȱPittsburgh,ȱPA,澳USA).ȱTheȱsamplesȱwereȱstoredȱatȱƺ80ȱ°CȱuntilȱreȬ
quired.ȱ

ȱ ȱ
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4.11.2.ȱRTȬqPCRȱ
Homogenizationȱofȱtissue,ȱextraction,ȱandȱquantificationȱofȱRNAȱforȱRTȬqPCR:ȱTelȬ

encephalonȱsamplesȱatȱP1,ȱ7,ȱandȱ14ȱofȱCSȱandȱASȱneonatesȱunderȱbasalȱconditionsȱwereȱ
homogenizedȱwithȱaȱCordlessȱPelletȱPestleȱhomogenizerȱ(KimbleȱChase,ȱDWK,ȱLifeȱSciȬ
ences,ȱRockwood,ȱTN,ȱUSA).ȱTotalȱRNAȱwasȱpurifiedȱusingȱTRIzolȱreagentȱ(Invitrogen,ȱ
ThermoȬFisher).ȱTheȱconcentrationȱandȱpurityȱofȱtotalȱRNAȱwasȱdeterminedȱforȱopticalȱ
densityȱ260/280ȱabsorptionȱratios.ȱRNAȱintegrityȱwasȱevaluatedȱbyȱdenaturingȱgelȱelectroȬ
phoresis.ȱOneȱmicrogramȱofȱtotalȱRNAȱwasȱusedȱtoȱperformȱreverseȱtranscriptionȱwithȱ
MMLVȱreverseȱtranscriptaseȱ(Invitrogen)ȱandȱoligoȱdTȱprimers.ȱRTȬqPCRȱreactionsȱwereȱ
performedȱtoȱamplify:ȱ(i)ȱOligȬ1ȱandȱOligȬ2;ȱ(ii)ȱMBP,ȱandȱ(iii)ȱtheȱinflammatoryȱcytokinesȱ
ILȬ1Ά,ȱILȬ6,ȱTNFȬ΅ȱandȱCOXȬ2,ȱusingȱaȱLightȬCyclerȱ1.5ȱthermocyclerȱ(Roche,ȱIndianapoȬ
lis,ȱIN,ȱUSA).ȱRTȬqPCRȱwasȱperformedȱusingȱ2XȱBrilliantȱIIIȱSYBRȱGreenȱQPCRȱMasterȱ
Mixȱ(AgilentȱTechnologies,ȱSantaȱClara,ȱCA,ȱUSA)ȱ inȱaȱMX3000ȱsystemȱ(Stratagene,ȱLaȱ
Jolla,ȱCA,ȱUSA).ȱPrimerȱsequencesȱusedȱforȱamplificationȱareȱindicatedȱinȱSupplementaryȱ
TableȱS1.ȱΆȬActinȱwasȱchosenȱasȱtheȱhousekeepingȱgene,ȱbasedȱonȱtheȱsimilarityȱofȱmRNAȱ
expressionȱ acrossȱ allȱ sampleȱ templates.ȱRelativeȱ quantificationȱwasȱperformedȱ byȱ theȱ
̇̇CTȱmethod.ȱ

4.11.3.ȱELISAȱ
HomogenizationȱofȱtissueȱandȱproteinȱquantificationȱforȱELISA:ȱTelencephalonȱobȬ

tainedȱatȱP7ȱfromȱCSȱandȱASȱneonates,ȱunderȱvehicleȱandȱMSCsȬtreatedȱconditionsȱwasȱ
lysedȱandȱhomogenizedȱwithȱaȱCordlessȱPelletȱPestleȱhomogenizerȱ (KimbleȱChase)ȱ inȱ
RIPAȱlysisȱbufferȱ(Thermo,ȱWaltham,ȱMA,ȱUSA),ȱsupplementedȱwithȱproteaseȱinhibitorsȱ
(Thermo,ȱWaltham).ȱTheȱlysatesȱwereȱincubatedȱunderȱagitationȱatȱ4°Cȱforȱ20ȱmin,ȱcentriȬ
fugedȱatȱ8000×ȱg,ȱ4ȱ°C,ȱ forȱ5ȱmin.ȱTheȱsupernatantȱwasȱ transferredȱ toȱ freshȱEppendorfȱ
tubes,ȱandȱstoredȱatȱƺ80ȱ°C,ȱpendingȱfurtherȱexperiments.ȱ

TotalȱproteinȱconcentrationȱwasȱdeterminedȱbyȱaȱcommerciallyȱavailableȱMicroplateȱ
bicinchoninicȱ acidȱ (BCA)ȱ proteinȱ assayȱ kitȬreducingȱ agentȱ compatibleȱ fromȱ Pierceȱ
(ThermoȱFisherȱScientific).ȱAbsorbanceȱwasȱmeasuredȱatȱ562ȱnmȱinȱaȱMultiȬModeȱMicroȬ
plateȱReaderȱ(SynergyȱHTȱBiotekȱInstruments,ȱInc.,ȱWinooski,ȱVT,ȱUSA).ȱ

QuantificationȱofȱILȬ6ȱproteinȱlevelsȱwasȱperformedȱbyȱaȱRatȱILȬ6ȱELISAȱkitȱ(BMS625;ȱ
Invitrogen)ȱfollowingȱtheȱmanufacturer’sȱinstructions.ȱBriefly,ȱ50ȱΐLȱofȱstandard,ȱcontrol,ȱ
orȱsampleȱwasȱaddedȱ intoȱmicroplatesȱcoatedȱwithȱaȱmonoclonalȱantibodyȱagainstȱILȬ6ȱ
andȱincubatedȱwithȱaȱbiotinȬconjugatedȱantiȬratȱILȬ6ȱantibodyȱforȱ2ȱhȱatȱroomȱtemperatureȱ
inȱaȱshakerȱatȱ400ȱrpm.ȱPlatesȱwereȱwashedȱandȱincubatedȱwithȱ100ȱΐLȱofȱStreptavidinȱ
conjugatedȱwithȱHRPȱforȱ1ȱhȱatȱroomȱtemperatureȱinȱaȱshakerȱatȱ400ȱrpm.ȱTheȱplatesȱwereȱ
rinsedȱandȱincubatedȱwithȱ100ȱΐLȱofȱtheȱsubstrateȱsolution,ȱcontainingȱhydrogenȱperoxideȱ
(H2O2)ȱandȱtetramethylbenzidineȱasȱchromogenȱforȱ30ȱminȱatȱroomȱtemperature.ȱTheȱreȬ
actionȱwasȱstopped,ȱandȱopticalȱdensityȱwasȱdeterminedȱusingȱaȱMultiȬModeȱMicroplateȱ
Readerȱ(BiotekȱInstruments,ȱInc,ȱWinooski,ȱVT,ȱUSA)ȱsetȱatȱ450ȱnm.ȱTheȱconcentrationȱofȱ
proteinȱ levelsȱwasȱ calculatedȱbyȱ interpolationȱ fromȱ aȱ standardȱ curveȱ forȱ ILȬ6ȱ (fromȱ 8ȱ
standardȱdilutions;ȱ31.3–4000ȱpg/mL),ȱusingȱaȱfiveȬparameterȱcurveȱfitȱmodelȱ(MyAssayȱ
software).ȱ

4.12.ȱStatisticsȱ
Dataȱ analysisȱwasȱ performedȱwithȱ aȱXLSTATȱ software,ȱ versionȱ 2019.ȱ 16.0.11601ȱ

(AddinsoftȱSarl,ȱParis,ȱFrance),ȱallowingȱunbalancedȱmultipleȱcomparisons.ȱWheneverȱtheȱ
dataȱsuggestedȱaȱnormalȱdistributionȱand/orȱsimilarȱvarianceȱ(Έ2),ȱparametricȱcompariȬ
sonsȱwereȱperformedȱbyȱtȬtestȱorȱtwoȬwayȱANOVAȱfollowedȱbyȱBenjamini–HochbergȱcorȬ
rectionȱasȱaȱpostȱhocȱtestȱforȱmultipleȱcomparisonsȱ(inȱparentheses,ȱtheȱdegreeȱofȱfreedomȱ
[d.f.]ȱforȱeachȱcomparison,ȱrevealingȱtheȱexactȱnumberȱofȱobservationsȱusedȱforȱeachȱcase).ȱ
Allȱresultsȱareȱexpressedȱasȱmeansȱ±ȱstandardȱerrorȱofȱtheȱmeansȱ(SEM).ȱForȱstatisticallyȱ
significantȱdifferences,ȱtheȱprobabilityȱofȱerrorȱwasȱsetȱupȱtoȱlessȱthanȱ5%.ȱ
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5.ȱConclusionsȱ
TheȱpresentȱfindingsȱprovideȱevidenceȱthatȱPAȱinducesȱregionalȱandȱdevelopmentalȬ

dependentȱchangesȱonȱmyelinationȱandȱOLȱmaturation.ȱOLsȱappearȱtoȱbeȱtheȱmostȱvulȬ
nerableȱglialȱcellsȱtoȱhypoxiaȬreoxygenationȱinsultsȱatȱearlyȱneonatalȱstages,ȱevaluatedȱinȱ
vulnerableȱareas.ȱEarlyȱneonatalȱMSCsȱtreatmentȱimprovesȱsurvivalȱofȱmatureȱOLsȱandȱ
myelinationȱ inȱ telencephalicȱwhiteȱmatter.ȱTheȱoutcomeȱoccursȱ inȱassociationȱwithȱdeȬ
creasedȱcellȱdeath.ȱ

Supplementaryȱ Materials:ȱ Theȱ followingȱ areȱ availableȱ onlineȱ atȱ www.mdpi.com/1422Ȭ
0067/22/6/3275/s1,ȱFigureȱS1:ȱEffectȱofȱMSCsȱtreatmentȱonȱchangesȱofȱILȬ6ȱproteinȱlevelsȱinducedȱbyȱ
perinatalȱasphyxiaȱ(PA),ȱmeasuredȱatȱP7ȱinȱtelencephalonȱofȱCSȱandȱASȱratȱneonates:ȱMSCsȱtreatȬ
ment.,ȱFigureȱS2:ȱRatȱadiposeȬderivedȱMSCsȱdisplayȱmesenchymalȱstemȱcellȱcharacteristics.,ȱTableȱ
S1:ȱSpecificȱprimersȱforȱRTȬqPCRȱamplification.ȱ
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minȱ Minuteȱ
MMLVȬRTȱ MoloneyȱMurineȱLeukemiaȱVirusȱReverseȱTranscriptaseȱ
MSCsȱ Mesenchymalȱstemȱcellsȱ
MSCȬSȱ mesenchymalȱstemȱcellȬderivedȱsecretomeȱ
NGSȱ Normalȱgoatȱserumȱ
OLȱ Oligodendrocytesȱ
OligȬ1ȱ OligodendrocyteȱTranscriptionȱFactorȱ1ȱ
OligȬ2ȱ OligodendrocyteȱTranscriptionȱFactorȱ2ȱ
OPCsȱ Oligodendrocyteȱprecursorȱcellsȱ
Pȱ Postnatalȱdayȱ
PAȱ Perinatalȱasphyxiaȱ
PBSȱ PhosphateȬbufferedȱsalineȱ
PEȱ Phycoerythrinȱ
preOLȱ PreȬoligodendrocytesȱ
PVLȱ Periventricularȱleukomalaciaȱ
RIPAȱBufferȱ RadioȬImmuneȱPrecipitationȱAssayȱBufferȱ
rpmȱ revolutionsȱperȱminuteȱ
RTȬPCRȱ Reverseȱtranscriptionȱpolymeraseȱchainȱreactionȱ
SEMȱ Standardȱerrorȱofȱtheȱmeanȱ
SVZȱ Subventricularȱzoneȱ
TdTȱ Terminalȱdeoxynucleotidylȱtransferaseȱ
TUNELȱ TerminalȱdeoxynucleotidylȱtransferaseȱdUTPȱnickȱendȱlabelingȱ
TNFȬ΅ȱ Tumorȱnecrosisȱfactorȱalphaȱ
Vehȱ Vehicleȱ
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