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ABSTRACT
Objectives:Thisstudyaimedtorevealthepharmacologicalpropertiesofthenewlyprescribedherbalmixture,Chenmadansam-

gamibokhap-tang(CDBT),againsthypoxia-inducedneuronalcellinjury(especiallymousehippocampalneuronalcellline,
HT-22cells)andtheircorrespondingmechanisms.

Methods:Acell-basedinvitroexperiment,inwhichahypoxiaconditioninducedneuronalcelldeath,wasperformed.Various
concentrationsoftheCDBTwerepre-treatedtotheHT-22cellsfor4hbefore18hinthehypoxiachamber.TheglialcellBV-2
cellswerestimulatedwithIFNγ andLSPtoproduceinflammatorycytokinesandreactiveoxygenspecies.Whentheneuronal
HT-22cellsweretreatedwiththisculturesolution,thedrugefficacyagainstneuronalcelldeathwasexamined.

Results:CDBTshowedcytotoxicityinthenormalconditionofHT-22cellsatadoseof125μg/mLandshowedaprotective
effectagainsthypoxia-inducedneuronalcelldeathatadoseof31.3μg/mL.CDBTpreventedhypoxia-inducedneuronalcell
deathinadose-dependentmannerintheHT-22cellsbyregulatingHIF1α andcelldeathsignaling.CDBTpreventedneuronal
celldeathsignalsandDNAfragmentationduetothehypoxiacondition.CDBTsignificantlyreducedcellularoxidation,cell
deathsignals,andcaspase-3activitiesduetomicroglialcellactivations.Moreover,CDBTsignificantlyamelioratedLPS-induced
BV-2cellactivationandevokedcellularoxidationthroughtherecoveryofredoxhomeostasis.

Conclusions:CDBTcambeconsideredasavitaltherapeuticagentagainstneuronalcelldeaths.Furtherstudiesarerequired
torevealtheotherfunctionsofCDBTinvivoorintheclinicalfield.

Keywords:herbalmedicine,hypoxia,celldeath,neuronaloxidation,HT-22cells

Ⅰ.Introduction

Theneuronalcelldamagescausevarietyspectrums

ofbrain tissuedamagerelated diseases.Asa

resultofabnormalneuroninjuries,braintissuehas

beenconsiderablygottenchancestoincidenceof

varietydiseases;representedbyacutetypeofstroke,

andneurodegenerationsincludingAlzheimer’disease,

Parkinson’disease,orHuntington’diseasesaswell.

Amongtheabovethem strokeisoneofthemost

considerablediseaseinglobalpublichealth.In

addition,theratesofincidenceofstrokealsohas
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beensteadilyincreased1.Forinstance,cerebralischemic

strokehasbeenalreadyreacheduptoapproximately

80% ofallpatientswithstroke2-4.Variousetiological

conditionshavebeensuggestedtoetiologicalfactors

ofstroke,mainlyduetoneuronalcelldeath,metabolic

disturbance,excitotoxicity,andinflammatoryresponse

byeitheracuteorchronictypes5.Moreover,blood

vesselocclusionowingtoathrombus,animmediated

rackofsupplementsofoxygenandglucoseinto

thebraintissue,especiallycerebralareas
6,7
.The

abovecausesarealsocloselyassociatedwiththe

neuronalcelldeathbydirectorindirectmode.

Therefore,understandingthepathologicalmechanisms

ofstroke,whichisfocusedontheneuronalcell

deathisthemostcrucialissuetodevelopclinical

therapeutics.

Therefore,someoftherapeuticshavebeendeveloped

forpreventingfromcontinuousneuronalcellinjuries

duetostroke,suchasExtracellularVesiclesand

Gasderminproteins
8,9
.Uptodate,theoxidativestress

andinflammationmediatedneuronalcellinjuryis

wellevidenced tounderstand pathophysiological

progressingofstrokeinthebraintissue.During

sufferingfromstroke,reactiveoxygenspecies(ROS),

whichisaharmfulmoleculeoffreeradicals,easily

accumulatedandexclusivelyreacttocellmembranes,

DNA,andmitochondrial.Becauseoftheabove

abnormalreactions,mitochondrialdysfunction,DNA

fragments,and themisfolding ofproteinsare

happened
10-12
.Additionally,brainisamaintissue

todamagebyoxidativestressowingtorelativeless

oxygenconsumption,lackofantioxidantcomponent,

andplentyofpolyunsaturatedfattyacid.Therefore,

toreduceoxidativestressandenhanceantioxidant

componentsaremainlyfocusedonthetherapeutic

accessesagainststroke.

Ontheotherhand,TraditionalKoreanMedicine

(TKM)hasdevelopedbasedontheclinicalpractice

forthousandyears.InTKM,strokehasbeenknown

tobecausedbyvariousKoreanMedicaletiologies

suchas“fireandheat”(火熱)“qideficiency”(氣虛)

“dampnessandphlegm”(濕痰)and“bloodstasis”

(瘀血),andthesedaysthestrokeismainlyevoked

byblockageofbloodstream13.Recently,therearepotent

evidenceswelldocumentedthatherbalmedicines

areeffectivetotreatstrokewithpharmacological

propertiesaswellascorrespondmechanisms
12-16
.

Basedontheserecentclinicalpracticeandstudiesof

theTKM,anewherbalmixturehasbeenprescribed

includingGastrodiaelataBlume,Codonopsislanceolata

(Siebold&Zucc.)Benth.&Hook.f.exTrautv.,Salvia

miltiorrhizaBunge,CurcumalongaL.(Zingiberaceae),

andAstragalusmongholicusBunge,(called,Chenmadansam-

gamibokhap-tang,CDBT)whichknownaseffective

forischemicstroke.GastrodiaelataBlumecould

reduceneuroncellapoptosisviareducingneuron

celldamagebyfreeradical,inhibitingCa2+influx

intocellsanddecreasingtheneurontoxicityby

counteractingglutamateeffect
17
.CurcumalongaL.

andCodonopsislanceolataplayaprotectiverole

in brain injury through its anti-oxidant and

anti-inflammatoryactivities18,19.TanshinoneIIA,a

majorcomponentofAngelicaeGigantisRadix,has

aneuronalprotectiveeffectbyinhibitingtheactivity

ofcaspase-3afterhypoxicnerveinjuryandhas

anti-inflammatoryeffectsbydecreasingtheexpression

levelofTNF-α andIL-1β20.Astragalusmongholicus

Bungecanplayanimportantroleinimproving

thedamageofischemicbraintissuebyincreasing

expressionlevelsofVEGFandVEGFreceptor-221.

ToinvestigatethepharmacologicaleffectsofCDBT

and corresponded mechanisms,theCDBT was

appliedtoprotecthypoxia-inducedneuronalcell

deathusingmousehippocampusneuronalcellline,
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HT-22cells.Inadditiontoexplainthepossible

underlyingmechanismsofCDBToxidativestress

andinflammationwhichwerederivedfrommicroglial

activationwerealsoconductedinthisstudy.

Ⅱ.Materialandmethod

1.Materials

1)PreparationsofCDBT

TheCDBT,whichisanewprescribedherbal

mixturewithwaterextract,iscomposedofsame

amountoffivedifferentherbalplantsincluding

GastrodiaelataBlume,Codonopsislanceolata(Siebold&

Zucc.)Benth.&Hook.f.exTrautv.,Salviamiltiorrhiza

Bunge,CurcumalongaL.(Zingiberaceae),andAstragalus

mongholicusBunge,respectively(Table1).Allherbal

plantswereobtainedfrom theDunsanOriental

HospitalofDaejeonUniversity.Theherbalmixtures

wereboiledwithdistilledwater(DW)at100℃

for4hrsandfilteredwith300meshfilter(50μm).

Condensingduring1hrofextraction,samplewas

placedunder-70℃ foratleast3hrsforthe

frozenextractprocessing.Thefrozenlyophilization

wasperformedoverthan72hrsandsamplewas

collectedandweighed.Thefinalyieldwas8.96%.

Herbalmedicinesamples Amount

GastrodiaelataBlume 15

Codonopsislanceolata(Siebold& Zucc.)
Benth.& Hook.f.exTrautv.

15

SalviamiltiorrhizaBunge 15

CurcumalongaL.(Zingiberaceae) 15

AstragalusmongholicusBunge 15

Total 75

Table1.ComponentsofCDBTandItsRatio

Chemicalstructure Compounds RT(min)Wavelength(nm)
Concentrations

(Mean±SD,μg/mg)

Rosmarinicacid 21.6 280 0.47±0.007

SalvianolicacidB 23.5 280 5.48±0.042

TanshinoneIIA 48.3 280 N.D

Quantitativeanalysisofmajorcompoundsfrom CDBT.TheRosmarinicacidandSalvianolicacidB thoseoftwo
majorcompoundsfrom CDBT(mainlyfromSalviamiltiorrhizaBunge)wereanalyzedtoquantify.N.D:notdetect,
RT:retentiontime,SD:standarddeviation

Table2.QuantitativeAnalysisofChemicalsfromCDBT
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2)FingerprintinganalysisofCDBT

Toidentifythechemicalfeaturesandreproducibility

oftheCDBT,fingerprintinganalysiswasperformed

usinghigh-performanceliquidchromatography-diode

arraydetector-massspectrometry(HPLC-DAD-MS)

foreitherCDBToritsreferencecompounds;especially

forSalviamiltiorrhizaBungewithitswell-matched

chemicalcompoundsincludingsalvianolicacidB,

rosmarinicacidandtanshinoeIIA,respectively.

Briefly,afterthedissolution(20mgofCDBTand

0.01mgofthreereferencechemicalsin1mL50%

methanol)withfiltration,andthentheseformulations

weresubjectedtoHPLCanalysisofAgilent1100

series.APhenomenexProdigyC18(4.6×250mm;

particle size 5 μm) column waseluted with

solventsA(10% acetonitrileinwatercontaining

0.1% formicacid)andB(DW)ataflowrateof

0.4mL/min.Solutionsof15% Aand85% Bwere

changedto60%Bfor30min,40%Bfor40min,and

0% Bfor60min.Thehistogramsandquantification

analysiswereobtainedundertheconditionof280

and330nm(Fig.1AtoC).

Fig.1.HistogramofCDBTanditsmajorcompoundsanalysis.

CDBTanditsmajorchemicalcompoundswereadaptedtotheHPLC-DAD-MSundertheconditionofUVwave
lengthof280and330nm,toverifyitschemicalfeaturesorreproducibility.(A)Two-dimentialhistogramanalysis
oftheCDBTunderthe280nmand(B)330nm.(C)ThechemicalcompoundsoftheCDBT,rosmaricacidand
salvianolicacidwerealsoanalyzedatthesameconditionoftheCDBTunderthe280nmofwavelengthcondition.

2.Cellculture

Mousederivedhippocampalneuronalandmicroglial

celllines,suchasHT-22cellsandBV-2cells,were

obtainedfrom theDepartmentofanatomyfrom

MedicalSchoolofChung-Nam-NationalUniversity.

ThecellswereculturedinDMEM with10% FBS

andantibiotics(100U/mLpenicillinGand100μg/mL

streptomycin).Thecellsweremaintainedunder
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humidifiedconditionsat37℃ in5% CO2.

1)Cytotoxicityandcellproliferationanalysis

Hypoxiaconditionwasperformedbyoxygenand

glucosedeprivation/reperfusion(OGD/R)according

tothepreviousmethodsusinghypoxiachamber22.

Briefly,theHT-22cells(3×10
3
)wereseededto

96-wellmicroplateswith 10% FBS containing

DMEM.Cellswerepre-treatedwithvariousdose

oftheCDBTwithout/withhypoxiacondition.For

cytotoxicityeffectsofCDBT,cellswereincubated

48hrsatconcentrationsgiven,andcellproliferation

assaywasperformedundertheconditionofduring

18hrshypoxiaand2hrsrecoveryexperiment.

2)Neuronalcelldamagebyhypoxiachamber

NeuronalcelldamageswereinducedbyOGD/R

accordingtothepreviousmethods
22
.HT-22cells

wereculturedinaglucose-freeDMEM,andthen

incubated with sealedairtightcontainer.This

conditionresultedinahypoxicatmosphereunder

thecondition ofabsorbingoxygen and carbon

dioxideproductions.Then,cellsweremaintained

inhypoxicconditionsat37℃ for18hours.After

incubation,medium wasdiscarded,andchanged

normalDMEM withglucose.Cellswerefurther

culturedfor2hrsforre-oxygenationundernormoxic

conditiontogenerateOGD/R.Thecellsculturedin

growthculturemedium undernormoxiccondition

andservedasanegativecontrolthroughallhypoxic

conditionofneuronalcellexperiment.

3)Microgliacellsactivation

Inordertoinvestigatethecorrespondedmechanisms

oftheCDBT,especiallyredoxsystemhomeostatis

ofneuronalcellsandinflammationinmicroglial

cells,BV-2cellswereactivatedbystimulationof

LPS(0.1μg/mL)orco-treatmentwithLPS(0.1

μg/mL)withIFN-γ (100U/mL)treatments.The

BV-2cellswereseededtothe24well-platesasa

density of2×105 cells/mL,then incubated for

overnightatthe37℃,5% CO2 condition.The

CDBT(25,50,and100μg/mL)weretreatedto

thecellspriorto4hoursofLPStreatment.After

LPStreatment,cellswerefurtherincubated24hours

thenmeasuredNO andinflammatorycytokines

fromcellculturemedium.Formicroglialactivation

mediated neuronalcelldamages,the prepared

conditionalmedium from co-treatmentsofLPS

andIFN-γ wereaddedtotheHT-22cellculture

plates.After18hoursofincubation,cellularoxidation

andcelldeathsignalsweremeasured.

3.Biochemicalanalysis

1)Cellularoxidationanalysis

CellularoxidationsofHT-22cellswithhypoxia

conditionorBV-2cellsactivationwasmeasured

using CellROX® and dihydroethidium.Briefly,

cellswereseededatadensityof5×105cellsin

60-mmofglassbottomdishes(Thermo)andtreat

thecellswiththeCDBT(50and100μg/mL)or

ascorbicacid(100μg/mL).Dose-dependentmodes

ofCDBTweretreatedtothedishes4hrspriorto

hypoxiaconditionorLPSstimuli.Afterthen,further

30minincubationwithfinalconcentrationof5μM

ofCellROX®reagentwasaddedtothecellsand

mediumwasdiscardedAtotal3timesofwashing

cellswithPBSandfixwith3.7% formaldehyde

for15min,thereafteranuclearcounterstainwith

hochest,then permeabilizethecellswith 0.5%

TritonX-100for10min.

ThecellpermeablefluorogenicDHEwasused

todetectforthegenerationsofsuperoxideradicals.

Afinalconcentrationof5μM ofDHEinfresh

DMEM medium wasadded and disheswere

furtherincubatedinthedarkconditionfor30min

atthe37℃.ThencellswerewashedwithPBSat
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leasttwotimes.

Afterobtainedallofstainedsample,images

weretakenbyfluorescencemicroscope(ZEIZZ).

ImageswereanalyzedusingImageJfreesoftware.

200cellsofeachsampleswereanalyzedunderthe

630×magnification.

2)Analysisofcellularimages

Cellulardamageswerecapturedappropriatedimages

byperformanceofeitherimmunohistochemistry(IHC)

orimmunofluorescence(IF)analysis.Briefly,the

HT-22cellswereseededatadensityof2.5×104

cellsin12wellplatesandpre-treatedwiththe

CDBT(50and100μg/mL)orascorbicacid(100

μg/mL),respectively.Thencellswereputunder

theconditionofOGD/Rhypoxia.Afterthatcells

werewashedwithPBSafterentireremovedmedium

andfurtherincubatedwith0.5% TritonX-100for

10minatRT.Afterincubation,thecellswerefixed

with3.7% formaldehydefor15min,andwithPBS

twotimes.Thecellswereincubatedusingnormal

horseserum (2.5%)for1hrsatRT,thenadded

primaryantibodiesagainstHypoxia-induciblefactor

(HIF)-1α (1:100),cytochromec(1:100),4-hydroxynonenal

(4-HNE,1:200),8-hydroxy-2'-deoxyguanosine(8-OHdG,

1:100)induciblenitricoxidase(iNOS,1:100),Cu/Mn-

superoxidedismutase(SOD,1:100),andcaspase-3/7

(1:100),wereincubatedunderthe4℃ forovernight,

respectively.

ForIHC analysisinthepresentstudy,the

8-OHdG and 4-HNE in HT-22with hypoxia

condition weredeveloped and avidin-conjugated

secondaryantibodywhichwereincubatedatRT

for2hrs,then thesignalswereenhanced by

developmentwith 3,3'-diaminobenzidine(DAB).

Thepositivesignalsweredetectedunderthelight

microscopycondition.

ForIFanalysis,HIF-1α,cytochromec,iNOS,

Cu/Mn-SOD,4-HNE,andcaspase-3/7wereapplied

andfluorescenceconjugatedsecondaryantibodies(Green

fluorescenceforAloxa488andredfluorescencefor

Aloxa594)wereaddedtoslides(1:200foreach)

andincubate1hratRT.ThenwashedwithPBST

solution(0.5% Tween-20inPBS)twotimesand

PBSforonetime.Nucleuscountingstainingwas

conductedwithhochestandpositivesignalswere

obtainedunderthefluorescencemicroscopycondition.

CelldeathsignalingwasdetectedusingTerminal

deoxynucleotidyltransferase(TdT)dUTPNick-End

Labeling(TUNEL)assay.Thepositivesignalswere

detectedafterapplicationofDAB thencaptured

imagesunderthelightmicroscopycondition(Olympus,

×200magnification).

3)Measurementofnitricoxide(NO)contents

BV-2cellswereseededat24wellplateswith

intensityof1×10
5
cells/mL.CDBT (25,50,and

100μg/mL)andascorbicacidwerepre-treatedto

theplates4hrsbeforeLPS(100ng/mL)treatment,

respectively.Then,plateswereincubatedat37℃,

5% CO2conditionforovernight.Thenitricoxide

(NO)levelincellculturemediumwasdetermined

usingtheGriess’method
23
.Thefinalproductof

purpleazodyetwasmeasuredat540nmusinga

UVspectrophotometer.

4)Measurementofpro-andanti-inflammatory

cytokines

BV-2cellswereseededat24wellplateswith

intensityof1×10
5
cells/mL.VariousdosesofCDBT

andascorbicacidwerepre-treatedtotheplates4

hrsbeforeLPS(100ng/mL)treatment.AfterLPS

treatment,plateswereincubatedat37℃,5%

CO2conditionforovernight.Thelevelsoftumor

necrosisfactor(TNF)-α,interlukin(IL)-1β,IL-6,

andIL-10levelsincellculturemediumweremeasured

usingcommercialELISA kitsaccordingtothe
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manufacturers’instructions.Theabsorbanceat450and

570nmwasmeasuredusingaspectrophotometer.

5)Cellularredoxanalysis

Thebiochemicalanalysisinthecellularlevels

wereperformedafterobtainedcelllysateswhich

werepreparedusingcommercialcelllysatereagents.

Thelipidperoxidelevelsweredeterminedusing

thiobarbituricacidreactivesubstances(TBARS)

aspreviously described24.TheTBARS contents

weredisplayedasaunitofμM malondialdehyde

(MDA).Briefly,50μLofcelllysatesorstandard

sampleswereaddedto500μLof20% trichloroacetic

acid(TCA)andthenmixedwith200μLof0.67%

thiobarbituricacid(TBA),followedbyheatingat

100℃ for45min,coolingoniceandvigorously

vortexingwith800μLofn-butanol.Aftercentrifugation

at12,000×gfor15min,theabsorbanceofthe

upperorganiclayerwasmeasuredat520nmusing

UVspectrophotometerandcomparedwitha1,1,

3,3-tetraethoxypropane(TEP)standardcurve.

Thetotalglutathione(GSH)contentwasdetermined

asdetectionoftotalthiolcontents
25
.Fiftyofdiluted

celllysatesamplesortotalGSH wascombined

with80μLofaDTNB/NADPH mixture(10μL

of4mM DTNBand70μLof0.3mM NADPH)

ina96-wellmicroplate.Next,20μL(0.06U)ofa

GSH-reductase(GSH-Rd)solutionwasaddedto

eachwell.Thereactionswerereadunderthe412

nmofwave.

Catalaseactivitywasassayedfollowedbycolor

reactionmethodaspreviouslymentioned26.Briefly,

150μLofphosphatasebuffer(250mM,pH 7.0),

150μLof12mM methanoland30μLofhydrogen

peroxideweremixedwith300μL oftheserum

sampleorstandardsolutionsina13×100mmtest

tube.Thereactionwasallowedtoproceedfor10

to20minandwasstoppedbytheadditionof450

μLofPurpaldsolution(22.8mM Purpaldin2N

potassiumhydroxide).Themixturewasleftfor20

minat25℃,followedbytheadditionof150μL

ofpotassium periodate.Theabsorbanceofthe

purpleformaldehydeadductwasmeasuredat558

nmusingaspectrophotometer.

6)Analysisofcaspase-3activities

Themicroglialcellactivationmediatedneuronal

celldeathwasmeasuredbycaspase-3/7activities

usingcommercialkit(CaspACE™ AssaySystem,

Colorimetric,Promega).Briefly,HT-22cellswere

seededtothe6-wellplateasadensityof1×10
6

cells/well,thentheCDBT(25,50,and100μg/mL)

orascorbicacid(100μg/mL)priorto4hoursof

conditionalmediatreatment,andfurtherincubatedfor

18hrs.Theprocedureswerefollowedtomanufacture’

protocol.

4.Statisticalanalysis

Alldataareexpressedasthemean±standard

deviation(SD).Statisticallysignificantdifferences

betweenthegroupswereanalyzedbyone-way

analysisofvariance(ANOVA)followedbypost

hocmultiplecomparisonFisher'sLSDt-testusing

theIBM SPSSstatistics20.0(SPSSInc.Chicago,

IL,USA).Differencesatp<0.05,p<0.01,orp<0.001

wereconsideredstatisticallysignificant.

Ⅱ.Results

1.CytotoxicityeffectsofCDBTonHT-22cells

VariousconcentrationsofCDBT(from7.8μg/mL

to500μg/mL,asmodeofserialdilutions)were

treatedtotheHT-22cellsandincubatedfor48

hours.Tilltheconcentrationof62.5μg/mLHT-22

cellswerenotinfluencedbytheCDBTtreatments,

butsince125μg/mL,CDBTshowedcytotoxicity
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tothenormalconditionofHT-22cells(Fig.2).

Fig.2.CytotoxicityeffectsofCDBTontheHT-22
cells.

HT-22cellswereseededtothe96-wellmicroplate
atadensityof3×103cells/well.Afterovernight
ofincubation,varietyconcentrationsofCDBT
weretreatedtothecells.Thecytotoxicityassay
wasanalyzedafterfurther48hoursofincubation
withtheCDBT.Incubationofovernight,various
concentrationsofCDBTweretreatedtotheHT-22
cellsandcytotoxicitywasmeasuredafter48hrs
incubationwithCDBT.###p<0.001vs.0hr,**p<0.01,
and***p<0.001vs.Normal

2.CellproliferationassayofCDBTonHypoxia-

inducedHT-22cells

ToobtaintheprotectiveeffectsofCDBTagainst

neuronalcelldeath,cellproliferationanalysisunder

thehypoxiaconditionwasperformed.Sincethe

doseof32.5μg/mLoftheCDBT pre-treatment

showedsignificantprotecteffectsoftheHT-22

cellsfrom hypoxiacondition.From thisdosageto

250μg/mL,pre-treatmentwithCDBTsignificantly

deterredneuronalcelldeathagainsthypoxiacondition

(Fig.3).Interestingly,theconcentrationata500

μg/mL also showed significantpharmacological

properties,butnotsimilarwith250μg/mLdose.

Fig.3.CellproliferationassayofCDBTonthe
hypoxia-inducedneuronalcelldamage.

HT-22cellswereseededtothe96-wellmicroplate
atadensityof1×104cells/well.Variousconcentrations
ofCDBTweretreatedtotheHT-22cells4hours
priortohypoxia.After18hrsplatesweremove
toreperfusionofoxygensupplythencellproliferation
assaywasmeasured.###p<0.001vs.control,*p<0.05,
**p<0.01,and***p<0.001vs.Hypoxiacondition,
respectively.

3.EffectsofCDBTagainsthypoxia-inducedneuronal

celldeath

Hypoxiacondition,especiallythemethodofOGD/R

wellinducedHIF-1α incellularlevels.Theprogrammed

celldeathsignalmolecule,cytochromecwasalso

correspondly increased dependson theHIF-1α 

expressionwhichwereevidencedbyIF analysis

(Fig.4).Pre-treatmentwithCDBT,whilenotably

reducedthesesdeterationsofbothHIF-1α and

cytochromec,respectively(Fig.4).

TUNELassaywellexhibitedtheneuronalcell

deathoftheHT-22cellsbyanalysisofOGD/R

(Fig.5).Pre-treatmentwiththeCDBT(50and

100μg/mL)obviouslyshoweditsanti-celldeath

efficacieson thehypoxia-induced neuronalcell

death(Fig.5).Ascorbicacidwasusedaspositive

controlinthisexperiment,andshowedsimilar

effectsontheHIF-1α,cytochromec,andTUNEL

assay.
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Fig.4.EffectofCDBTonthehypoxia-inducedHIF-1α
andcytochromec.

HT-22cellswereseededatadensityof5×105

cellsin60-mm glassbottom dishesandtreat
thecellswiththeCDBT(50and100μg/mL)
orascorbicacid(100μg/mL).Thencellswere
undergoneOGD/Rcondition.Greenfluorescence
fordetectingagainstHIF-1α usingAlexa-488
conjugatedsecondaryantibody(detectasgreen
fluorescence)andredfluorescencefordetecting
againstcytochromecusingAlexa-4594conjugated
secondaryantibody(detectasredfluorescence),
respectively.Immunofluorescence imageswere
analyzed under the fluorescence microscopy
circumstance(×630magnification).

Fig.5.EffectofCDBTonthehypoxia-inducedHT-22
celldeath.

HT-22cellswereseededatadensityof5×105

cellsin60-mm glassbottom dishesandtreat
thecellswiththeCDBT(50and100μg/mL)
orascorbicacid(100μg/mL).Thencellswere
undergoneOGD/Rcondition.Thecelldeathsignals
wereobtainedbyperformanceofTUNELassay.

4.EffectsofCDBTagainsthypoxia-inducedneuronal

cellinjury

IFanalysisofapotentcelldeathrelatedmolecules,

cleaved-caspase-3positivesignalsweredrastically

enhancedowingtoOGD/R ofhypoxiacondition

(Fig.6).Ontheotherhand,pre-treatmentwith

theCDBTpromptlyreducedthepositivesignals.

Ascorbicacidwasusedaspositivecontrolinthis

experiment.

Fig.6.EffectofCDBTonthehypoxia-inducedneuronal
celldeath.

HT-22cellswereseededatadensityof5×105

cellsin60-mm glassbottom dishesandtreat
thecellswiththeCDBT(50and100μg/mL)
orascorbicacid(100μg/mL).Thencellswere
undergoneOGD/Rcondition.Thepositivesignals
ofcleavedcaspase-3wasdetectedbyAlexa-594
conjugatedsecondaryantibody.Immunofluorescence
analysisunderthefluorescencemicroscopycircumstance
(×630magnification).

5.EffectsofCDBTagainsthypoxia-inducedDNA

fragmentation

Fig.7displayedthatthepharmacologicaleffects

ofCDBTontheDNAfragmentationbyOGD/R

ofhypoxiacondition.Pre-treatmentwiththeCDBT,

howeverdramaticallyattenuatedDNAfragmentations.

Ascorbicacidwasusedaspositivecontrolinthis

experiment.
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Fig.7.EffectofCDBTonthehypoxia-inducedDNA
fragmentionofHT-22.

HT-22cellswereseededatadensityof5×105

cellsin60-mm glassbottom dishesandtreat
thecellswiththeCDBT(50and100μg/mL)
orascorbicacid(100μg/mL).Thencellswere
undergoneOGD/Rcondition.ThepositiveDNA
fragmentationsignalsof8-OHdGwereobtained
byIHCanalysis.

6.EffectsofCDBTagainsthypoxia-inducedneuronal

celloxidation

1)IFanalysisof4-HNE

Thefinalproductofcellularoxidationwasmeasured

byIFanalysisof4-HNE,whichisapotentmarker

oflipidperoxidation.Positivesignalsofthe4-HNE

wasstronglyenhancedbyhypoxia,whereaspre-treatment

withtheCDBTnotablyreducedthe4-HNEsignals

(Fig.8).Ascorbicacidwasusedaspositivecontrol

inthisexperiment.

Fig.8.EffectofCDBTonthehypoxia-inducedneuronal
celloxidation.

HT-22cellswereseededatadensityof5×105

cellsin60-mmglassbottomdishesandtreatthe
cellswiththeCDBT(50and100μg/mL)orascorbic
acid(100μg/mL).Thencellswereundergone
OGD/Rcondition.Thefinalproductofcellular
oxidation,4-HNE,wasdetectedbyAlexa-488-
conjugatedsecondaryantibody.Immunofluorescence
imageswereanalyzedunderthefluorescencemicroscopy
circumstance(×630magnification).

2)Cellularoxidationsassays

WhethertheROSledtomediateneuronalcell

injuryornot,cellularoxidationanalysiswasperformed

bybothCellROXandDHEstainings.Hypoxiacaused

drasticincreasesofbothCellROXandDHEsignals,

whilepre-treatmentwiththeCDBTdecreasedthose

ofabnormalenhancedsignals(Fig.9).Ascorbicacid

wasusedaspositivecontrolinthisexperiment.

Fig.9.Cellularoxidationsassays.

HT-22cellswereseededatadensityof5×105cellsin60-mm glassbottomdishesandtreatthecellswiththe
CDBT (50and100μg/mL)orascorbicacid(100μg/mL).ThencellswereundergoneOGD/R condition.
CellularoxidationswereperformedusingDHEfordetectingsuperoxideradicals(Redfluorescence,upperpanel),
andCellROXdye(Forgreenfluorescence,bottompanel).Imageswerecapturedunderthefluorescencefilterequipped
microscopycondition(×630magnification).
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7.Anti-OxidantEffectsofCDBTonthehypoxia-

inducedneuronalcelloxidation

Todetermineanti-oxidanteffectofCDBTagainst

hypoxia-inducedneuronalcellinjury,IFanalysis

ofCu/Zn-SODwasperformed.Pre-treatmentwith

CDBTdisplayeditspharmacologicalpropertiesby

drasticallyincreasesofCu/Zn-SODpositivesignals.

Ontheotherhand,hypoxiaconditionseverelydeterred

thepositivesignalsofCu/Zn-SOD(Fig.10).Ascorbic

acidwasusedaspositivecontrolinthisexperiment.

Fig.10.EffectofCDBTonthehypoxia-inducedneuronal
celloxidation.

HT-22cellswereseededatadensityof5×105

cellsin60-mm dishesandtreatthecellswith

theCDBT(50and100μg/mL)orascorbicacid
(100μg/mL).ThencellswereundergoneOGD/R
condition.Cu/Zn-SODwasdetectedbyIFanalysis
underthefluorescencemicroscopycircumstance
(×630magnification).

8.CDBTamelioratesmicrogliacellsactivationmediated

neuronalcelldamage

1)EffectsofCDBTonoxidationbyBV-2cell

activation

Ascomparingtothenormalgroup,LPS(100

ng/mL)causedhigherincreasesofCellROX®positive

signals,whilepre-treatmentwiththeCDBTslightly

decreasedthoseofsignalswithLPStreatedgroup

(UpperpanelofFig.11).Toexplaintheactivation

ofinflammatoryresponseandoxidativestressfrom

microglialcells,BV-2cellsweretreatedtotheLPS

(100ng/mL)formicroglialcellsactivation.LPS

(100ng/mL)considerablyincreasedtheDHEintensity

ascomparedwithnormalgroup,whereasCDBT

slightly decreasedthoseofROS generationsas

comparedwithLPStreatedgroup(Bottom panel

ofFig.11).Ascorbicacidwasusedaspositive

controlinthisexperiment.

Fig.11.EffectsoftheCDBTontheLPS-inducedBV-2cellactivation.

BV-2cellswereseededatadensityof5×105cellsin60-mmdishesandtreatthecellswiththeCDBT(50and
100μg/mL)orascorbicacid(100μg/mL).ThencellsweretreatedLPS(100ng/mL)forovernight(18hrs).
CellularoxidationthatwasfrommicroglialcellsactivationsweredetectedbyCellROX®analysis.Imageswere
capturedunderthecircumstance(×630magnification).
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2)Effectsonthemicroglialactivationmediated

neuronalcellinjuries

Toinvestigatethecorrespondedmechanismsof

theCDBTontheneuronalcelldeath,microglial

activationanditsmediatedneuronalcelldamages

weredetermined.Pre-treatmentwiththeCDBT

considerablyreducedNOlevelsinthemedium,as

comparedwithLPSonlygroup(Fig.12-A).Additionally,

treatmentwiththeeconditionalmedium ledto

abnormalincreasesofTBARScontentsascompared

withnormalgroup,whilepre-treatmentwiththe

CDBTsignificantlyamelioratedthatofabnormal

TBARSlevels(Fig.12-B).

Asapotentantioxidantcomponent,totalGSH

wassharplydecreasedduetohypoxiacondition,

andcatalasewhichisoneofthemostoutstanding

antioxidantenzymeswerealsodeterreditsactivities

byhypoxiacondition.Pre-treatmentwiththeCDBT

significantlyexertedtopreventfromtheseabnormal

deteriorations(Fig.12-C,D).Ascorbicacidwhich

wasusedasapositivecontrolinthisstudyshowed

similareffects.

Fig.12.EffectsofCDBTonRedoxsignals.

Theconditionalmedium whichwasfrom BV-2activationwasaddedtotheHT-22cellsfor18hours,after
pre-treatmentofCDBT(25,50,and100μg/mL)orascorbicacid(100μg/mL).Aftercompletionofincubation
underthe37℃,5% CO2condition.NOlevelsweremeasuredintheBV-2cellwithLPStreatmentconditionof
medium levels(A).OtherparametersincludingTBARS(B),totalGSH contents(C),andcatalaseactivities
(D)weredeterminedinthecellularproteinlevelsofHT-22cellswhichweredamagedbyconditionalmedia
treatment.Datawereexpressedasmean±SD.##p<0.01,###p<0.001vs.Normal,*p<0.05,**p<0.01,and***p<0.001
vs.Conditionalmedium,respectively.
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3)Effectsonthemicroglialactiveinflammatory

reactions

Nextexperimentwasperformedtoinvestigatethe

pharmacologicalpropertiesoftheCDBTonmicroglial

cellactivation.LPSwastreatedtotheBV-2cells

after4hourstheCDBTorascorbicacid.TheLPS

onlygroupshowedsignificantincreasesofTNF-α 

levelsinmedium ascomparedwithnormalgroup,

whereaspre-treatmentwiththeCDBTsignificantly

loweredtheelevatedNOlevelsascomparedwith

LPSonlygroup(Fig.13-A).Otherpro-inflammatory

cytokines,such asIL1-β and IL-6werealso

significantlyhigherthanthatofnormalgroup,but

decreased theseelevated cytokinelevelsin the

pre-treatmentwithCDBTgroupsascomparedwith

LPSonlygroup(Fig.13-B,C).Ontheotherhand,

thepre-treatmentwithCDBTsignificantlyexerted

topreventfrom deletionofIL-10,whichisan

anti-inflammatorycytokineagainstLPStreatment

(Fig.13-D).Pre-treatmentwithascorbicacidshowed

similareffectsoftheCDBT.

Fig.13.EffectsofCDBTonpro-andanti-inflammatorycytokines.

Theconditionalmedium whichwasfrom BV-2activationwasaddedtotheHT-22cellsfor18hours,after
pre-treatmentofCDBT(25,50,and100μg/mL)orascorbicacid(100μg/mL).Aftercompletionofincubation
underthe37℃,5% CO2condition.Aftercompletionofincubationthesupernatantofcellculturemediumwas
collectedandinflammatorycytokinesincludingTNF-α (A),IL-1β (B),IL-6(C),andIL-10(D)inthemedium
levelsweremeasuredbyELISA method.Datawereexpressedasmean±SD.#p<0.5,###p<0.001vs.Normal,
*p<0.05,**p<0.01,and***p<0.001vs.Conditionalmedium,respectively.
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9.Effectsonthemicroglialcellactivationmediated

neuronalcelldamages.

ToverifythepharmacologicaleffectsofCDBT

ontheneuronalcelldeathowingtomicroglialcell

activation,conditionalmedium waspreparedby

treatedwithLPS(100ng/mL)andIFN-γ (100

U/mL)totheBV-2cells.Conditionalmediaexerted

tosignificantlyelevatecaspase-3activitiesinthe

HT-22ascomparedwithnormalgroup(p<0.001),

whereaspre-treatmentwith CDBT significantly

decreased thosehigheralterationsofcaspase-3

activitiesascomparedwithconditionalmediaonly

treatedgroup(Fig.14).

Fig.14.EffectsofCDBTontheneuronalcelldeath
bymicroglialcellsactivation.

Conditionalmediumofmicroglialcellactivation
by treatmentwithLPS (100ng/mL)with
IFN-γ (100U/mL).HTcellsweresplitedto
the6well-plateasadensityof1×106cells/mL
andpre-treatmentwithCDBT (25,50,and
100μg/mL)orascorbicacid(100μgmL)during
4hrsbeforeaddingtoconditionalmediatreatment.
Thenplateswereincubatedtothecellincubator
(37℃,5% CO2supplementcondition).After
18hrsincubation,celllysateswereobtained,
andcaspase-3activitiesweremeasured.Data
wereexpressedasmean±SD.###p<0.001vs.Normal,
**p<0.01,and***p<0.001vs.Conditionalmedium,
respectively.

Ⅳ.Discussion

Todate,therearemanyofetiologicalfactors

participatetoaccomplishhypoxiaincludingoxidative

stress,inflammation,andlimitationofnutrition

supplement.Inaddition,thehypoxiaiscomplexly

associatedwithvariousneuronaldisordersregardless

ofacuteorchronictypes.Thisdiseasecondition

onlyexertedtotheacutetypeofbraintissuedamage

suchasstroke,butalsocausedneurodegenerations

suchasAlzheimer’sdiseases,Parkinson’sdiseases,

orHuntington’diseases27.Regardingthestroke,

especially,itranksasasecondcauseofdeathin

theworld.Inaddition,recentevidenceswellreported

someofriskfactorssuchasobesity,hypertension,

smoking,abnormaldiethabit,andlackofphysical

activitiesarecausedincidenceofstroke
28,29
.

Although thepathophysiologicalcharactersof

hypoxiastillremainunclearinrecentdays,but

neuronalcelldamagesfrom oxidativestressand

inflammationwouldthoughtgenerallyuptodate
30,31
.

Additionally,theneuronalcellinjuriesdueto

microglialcellactivationwasalsofocusedonto

deeplyunderstandhypoxiarelatedneuronaldiseases32,33.

Thus,manyofnoveltherapeuticsonthehypoxia

hasbeenconsideredtomodulatebothoxidative

stressandinflammation.

Ontheotherhand,theTKM hasbeendeveloped

varioustreatmentwaystotreathypoxiarelated

disease,especiallystrokewithacupuncturesand

herbalmedicines.Amongtheherbalmedicines,

someofpreviousstudieswellevidencedthatthey

wouldusefultotreatstrokebyhypoxia.However,

itisstillneededtosolvetheunderlyingcorresponded

mechanismsofproperties.Therefore,thisstudy

wasperformedtoaccessthepossibilityusingof

herbalmedicinetotreathypoxia-relatedstroke
34-36
.
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Basedontheaccumulatedclinicalpractice,the

herbalprescriptionoftheCDBTwasinventedand

appliedmousederivedneuronalcellline,HT-22

cellsunderthehypoxiacondition.

Inthepresentstudy,firstlyobservedthepossible

cytotoxicitydose,andupto125μg/mLdosageof

theCDBT,itdidn’tshowthecytotoxicityinthe

normalcellcultureconditionandshowedanti-cell

deathefficaciesagainstthehypoxiaconditionas

well(Fig.2and3).Accordingtotheseresults,in

thepresentstudywasperformedtheeffectivedose

oftheCDBTas25,50,and100μg/mL.Inaddition,

theneuronalcellofHT-22modelinthepresent

studybyOGD/R ofhypoxiaconditionwaswell

worked.Hypoxiaonlygroupconsiderablyenhanced

thepositivesignal(Partofgreen fluorescence,

HIF-1α),andpre-treatmentwiththeCDBTdrastically

blockedthatofabnormalincreasesofHIF-1α signals

intheHT-22cells.Additionally,thecelldeathsignals

ofcytochromecreleasewerealsowellcorrelatedto

theHIF-1α,butnotpre-treatmentwiththeCDBT

(Fig.4).

Theoxidativestressanditsrelatedcelldeath

signalswereconsiderablyenhancedbyevidenceof

4-HNEstainingaswellasTUNELassay(Fig.5

and8).Additionally,theneuronalcellinjurydue

tosevereoxidativestressinthehypoxiacondition

wasalsoconsiderablyincreasedcelldeathsignals

suchasreleasingofcytochromecaswellascleaved

caspase-3(Fig.6).TheDNAfragmentation,which

isacorrespondingpotentmarkerofbothcelldeath

andoxidation,wasalsoseverelyevokedconcurrently

asanevidenceof8-OHdGIHCanalysis(Fig.7).

Pre-treatmentwiththeCDBT alsoexertedto

reducetheabnormalenhancementofthecellular

oxidationsowingtoabnormalincreasesofROS

signalswhich weredetected by CellROX and

DHE(Fig.9).Thesepathologicalalterationswere

significantly prevented from pre-treatmentwith

theCDBT.Regardingantioxidanteffectsofthe

CDBT,itconsiderablypreventedfromthenotable

depletionoftheCu/Zn-SOD signalsunderthe

hypoxiacondition(Fig.10).

Particularly,brain tissueiswellknown for

vulnerableorganstooxidationowingtohighrate

ofoxygenconsumptions,fullofpolyunsaturated

fatty acids,easily transited metalirons,and

sensitivityofblood-brainendothelialcells37-39.In

addition,anothercelltypesofbraintissue,suchas

eitheramygdalaormicroglialsarealsodeeplyrelated

totheprogressionofneuronalcelldamages
40
.Thus,

nextexperimentwasperformedforfocusingonthe

microglialcellactivation-inducedneuronalcelldeath.

Conditionalmediawaspreparedbyco-stimulicondition

oftheLPSwithIFN-γ intheBV-2cells,then

treatedtotheHT-22cells.

EvidencedbytheNOlevelsinthemediaand

cellularoxidations(Fig.11and12-A)duetothe

microglialcellactivations.Allofresultstowardsto

themicroglialcellactivation-inducedalsoconcurrently

arosewhichwereevidencedbyincreasesofTBARS,

depletionoftotalGSHcontent,anddeteriorations

ofcatalaseactivities,respectively.Pre-treatment

withtheCDBT,however,significantlyprevented

mostoftheaboveabnormalities(Fig.12-BtoD).

Particularly,pro-andanti-inflammatorycytokines

werealsonormalizedbypre-treatmentwiththe

CDBTaswell(Fig.13-AtoD).Neuronalcelldeath

washappenedbymicroglialcellsactivationand

theCDBTefficientlypreventedfrom itasshown

bycaspase-3activities.

Interestingly,themostchemicalssuchasrosmarinic

acidandsalvianolicacidwereinSalviamiltiorrhiza

Bunge.from theCDBT.Thisherbalplantswere
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mostpopularlyusedtotreatbloodstream blood

stream-relateddysfunctionsuchas“dampnessand

phlegm”(濕痰)and“bloodstasis”(瘀血)41,42.Recent

accumulatedstudiesalsowelldocumentedthatthe

pharmacologicalpropertiesofSalviamiltiorrhiza

Bunge.invariousbraindiseases
43-45
.

Takentogether,theCDBTshowedprotectiveeffects

onthehypoxia-inducedneuronalcelldamagesand

theunderlyingmechanismswererelatedtothe

relievingofoxidativestressmediatedcelldeath

signals.
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