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ABSTRACT

InductionofApoptosis

byAngelicadecursivaExtractinGliomaCells

Cho,Seon-Ho

Advisor:Prof.Kim,DoKyung,Ph.D.

DepartmentofBiodentalEngineering,

GraduateSchoolofChosunUniversity

TheAngelicadecursivahasbeenusedinKoreantraditionalmedicineasan

antitussive,ananalgesic,anantipyreticandacoughremedy.However,ithasbeen

completely unknown its anti-tumoractivity.In thisstudy,therefore,wehave

examined the cytotoxic activity ofethanolextractofAngelica decursiva root

(EEAD),andthemechanism ofcelldeathexhibitedbyEEAD inC6ratglioma

cells.

The cytotoxic effectofEEAD on cellgrowth inhibition in C6 cells was

examined using MTT assay.And the celldeath mechanism by EEAD was
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examined using DNA fragmentation analysis, immunoblotting and caspase

activationmeasurement.

Treatment of EEAD in C6 cells induced the apoptotic celldeath in a

concentration-andatime-dependentmannerasdeterminedbyMTT assayand

DNA fragmentationanalysis.Theproteolyticprocessingofcaspase-3,-7and-9

wasincreasedbyEEAD treatmentinC6cells.Inaddition,activationofcaspase-3

and-7wasdetectedinlivingC6cellsbyfluorescencemicroscopy.

TheseresultssuggestthattheEEADcaninducethesuppressionofcellgrowth

andcellapoptosisinC6ratgliomacells,andthatitmayhavepotentialproperties

foranti-tumordrugdiscovery.

---------------------------------------------------------------------

KEYWORDS:anti-tumortherapy,apoptosis,celldeath,EEAD,gliomacells
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I.INTRODUCTION

Inrecentyears,therehasbeenaglobaltrendtowardtheuseofnatural

substances presentin fruits,vegetable,oilseeds and herbs as medicine and

functional food.Severalof these substances,such as Taxol,Oncovin and

captothecin,areshown tohavepotentialvaluesastumorchemo-preventiveor

therapeuticagentswithinthehumanbody.1-4 Mostofthesebioactivesubstances

exerttheirtumorchemotherapeuticactivitybyblockingcellcycleprogressionand

triggeringapoptoticcelldeath.
1-4
Therefore,inductionofapoptosisintumorcells

hasbecomeanimportantindicatorofthetumortreatmentresponseinemployinga

plant-bioactivesubstancetoreduceandcontrolhumanmortalityduetotumor.
5,6

Apoptosis,which is a major way ofprogrammed celldeath,plays an

important role in the regulation of tissue development and homeostasis in

eukaryotes
.7-9
Apoptosismayoccurviaadeathreceptor-dependentextrinsicora

mitochondria-dependentintrinsicpathwayandapoptosisisinducedbytreatmentof

chemotherapeuticagents.
10,11

Thereareseveralmedicinalplantsthatareconsideredtopossesssignificant

anti-tumoractivity.
12-16

Angelicadecursiva,oneofKoreantraditionalmedicine,has

been used mainly as a folk remedy for treatmentofantitussive,analgesic,

antipyreticandacough.However,theanti-tumoractivityofAngelicadecursiva

wasnotreportedatall.

Gliomaisthemostcommontypeofmalignantbraintumorsandaccountsfor

40–50% of primary brain neoplasms.
17
Despite advances in microsurgical
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techniques,radiotherapyandchemotherapy,therehasbeenlittleimprovementin

theclinicaloutcomeofpatientssuffering from thesekindsoftumors.
18
Inthis

study,therefore,weexaminedtheeffectofethanolextractofAngelicadecursiva

root(EEAD)oncellgrowthandthemechanism ofcelldeathelicitedbyEEAD in

C6ratgliomacells.
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II.MATERIALSANDMETHODS

1.Materials

TheC6ratgliomacellswereprovidedbyAmericanTypeCultureCollection

(ATCC,Rockville,MD,USA).3-[4,5-Dimethylthiazol-2-yl]-2,5-diphenyltetrazolium

bromide(MTT)waspurchasedfrom Sigma(StLouis,MO,USA).Anti-caspase-3,

anti-caspase-7andanti-caspase-9antibodieswerepurchasedfrom CellSignaling

Technology,Inc. (Danvers, MA, USA). Cell-permeable fluorogenic substrate

PhiPhiLux-G1D2waspurchasedfrom OncoImmunin,Inc.(Gaithersburg,MD,USA).

2.Plantmaterialandextractpreparation

DriedrootpartsofAngelicadecursivawerepurchasedfrom Jeonnam herbal

medicinefarmer'scooperative,RepublicofKorea.Thebotanicalidentificationwas

madebyProf.Su-InCho,SchoolofOrientalMedicine,PusanNationalUniversity,

RepublicofKorea.TherootsweregroundwithaWileymilltopassa1-mm

screenandwereextractedwith95% ethylalcohol(EtOH)at40℃ for5hours.The

extractwasthen filteredthroughaAdvantecNo.1filterpaper.Thecollected

filtratewasdriedbyevaporationundervacuum at40℃ usingarotaryevaporator

(N-1000V-W,Eyela,Japan).After evaporation,the concentrated extract was

freeze-driedat-40℃ for3daysandstoredinarefrigeratorat2℃ untilused.
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3.Cellcultures

TheC6ratgliomacellsweregrown in theDulbecco'sModified Eagle’s

Medium (DMEM)supplementedwith10% FBSandtheappropriateconcentrations

ofantibiotics(100U/mlpenicillinand100㎍/mlstreptomycin).
19
TheC6cellswere

maintained as monolayers in plastic culture plates at37
o
C in the humidified

atmospherecontaining5% CO2.

4.Inhibitionofcellgrowth(MTT assay)

Thecellviabilitytestwasperformedaccording tothepreviously described

methodwithminormodifications.
20,21
Thecellswereseededataconcentrationof5

X 10
3
cells/wellin24-wellplates.After24hoursgrowth,thecellsweretreated

withEEAD atvariousconcentrationsandincubationtimes.Thecellviabilitywas

assessedusingMTT assay.Threeseparateexperimentswereperformedforeach

concentration/exposuretimecombination.

5.DNA fragmentationanalysis

Followingtreatmentwith1㎍/mlEEAD for0,1and2days,approximately5

X10
6
cellswerecollectedandtransferredtolysisbuffercontaining100mM NaCl,

10mM EDTA,300mM Tris-HCl,pH 7.5,200mM sucrose,0.5% SDS and0.5

mg/mlproteinaseK andincubatedat65
o
C.DNA wasextractedwithanequal

volume ofphenol/chloroform/isoamylalcohol(25:24:1,v/v)and precipitated with
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ethanol.TheDNA wasresuspendedinTris-EDTA buffer,pH 8.0containing 5

ug/mlDNase-freeRNaseandincubatedat37
o
Cfor1hr.TheDNA wasvisualized

on1.5% agarosegelinthepresenceof0.5㎍/mlethidium bromide.

6.Immunoblotting

The cells were treated with 1 ㎍/ml EEAD for 0,1 and 2 days.

Immunoblottingwasperformedaccordingtothepreviouslydescribedmethodwith

minor modifications.22
2222 The anti-caspase-3, anti-caspase-7 or anti-caspase-9

antibody(1:1000dilution,CellSignalingTechnology,Inc.,Danvers,MA,USA)was

usedastheprimaryantibody.

7.Determinationofcaspaseactivation

The activity of caspase-3/-7 was determined using the cell-permeable

fluorogenicsubstratePhiPhiLux-G1D2(OncoImmunin,Inc.Gaithersburg,MD,USA),

which was used according to the manufacturer’s instructions.The cells were

treatedwith1㎍/mlEEAD for24hoursandincubatedwithPhiPhiLux-G1D2.The

activity of caspase-3/-7 was visualized by fluorescence microscopy (IX71,

Olympus,Japan).
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8.Dataanalysis

Allexperimentswereperformedintriplicate.Resultsarepresentedasmean±

S.E.M.Statisticalsignificancewasanalyzed by using Student'st-testfortwo

groupsandonewayanalysisofvarianceformulti-groupcomparisons.P<0.05is

consideredstatisticallysignificant.
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Ⅲ.RESULTS

1.CytotoxiceffectofEEADinC6cells

ToanalyzetheeffectofEEADontheviabilityofcells,thecellsweretreated

withEEAD atvariousconcentrationsfor1,2and3days,andthentheMTT

assaywasperformed.From 0.01to300㎍/mltreatmentofEEAD,theinhibitionof

C6cellgrowthdependedontheEEAD treatmenttime(Fig.1).Whenthecells

weretreatedwithEEAD(0.01-300㎍/ml),EEADinhibitedtheproliferationofC6

cellsinadose-dependentmanner(Fig.1).TheIC50valuesofEEAD onthecell

viabilityareshowninTABLE1.

TABLE1. ANTIPROLIFERATIVEEFFECT OFEEADIN C6CELLS

days IC50(㎍/ml)

1day >300

2days 1.05±0.113

3days 0.19±0.026

TheIC50valuesrepresentthemean±S.E.M.forthreeexperiments.
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2.DNA fragmentation

Increasedcellularapoptosisisonlyoneamongseveralpossiblemechanisms

involved in reduced cellproliferation.To determineifapoptosis is indeed the

underlyingmechanism forthereducedcellproliferationwehadobserved,theC6

cellstreatedwithEEAD weresubjectedtoDNA fragmentation.AsshowninFig.

2,theformationofDNA ladderintheC6cellstreatedwith1㎍/mlEEAD was

observedinatime-dependentmanner.

3.ActivationofcaspasesbyEEAD

Thelevelsofprocaspase-3,procaspase-7andprocaspase-9wereexaminedby

immunoblottingandthelevelsofprocaspase-3andprocaspase-7weredetectedby

fluorescencemicroscopy using aselectivefluorogenicsubstratesincecaspase-3,

caspase-7andcaspase-9areeffectorcaspasesofapoptoticcelldeath.Treatment

with1㎍/mlEEAD significantlypromotedproteolyticcleavagesofprocaspase-3,

procaspase-7andprocaspase-9intheC6cells,withthedecreasesintheamount

ofprocaspase-3,procaspase-7andprocaspase-9(Fig.3).Inaddition,activationof

caspase-3/-7inEEAD treatedC6cellswasconfirmedbyfluorescencemicroscopy

usingfluorogenicsubstrate.AsshowninFig.4,EEAD treatmentledtoactivate

thecaspase-3/-7intheC6cells.



- 9 -

Ⅳ.DISCUSSION

Recently,scientificattentionsincreasedtoorientalmedicineforthediscovery

ofnoveldrugsincludinganti-tumoragents.
12-16

Chemotherapeuticdrugsareknown

to induce cytotoxicity in tumor cells through diverse mechanisms,in which

signaling events play an important role depending upon the celltype and

stimulus.
23,24
Thereisaneedtofindnew anti-tumordrugsthatcankillcancerous

cellswithminimaltoxicity.TheAngelicadecursivahasbeenusedasamaterial

formedicaltreatmentinKoreantraditionalmedicine.However,itsanti-tumoreffect

hasbeenunknownatall.Themaingoalofthisstudywastoinvestigatethe

effectofEEAD oncellgrowthandthecelldeathmechanism byEEAD inC6rat

gliomacells.

InMTT assay,EEADinhibitedgrowthofC6cellsinaconcentration-anda

time-dependentmanner(Fig.1).Thiscorresponded with theresultsofseveral

extracts(Echinacearoot,Toonasinensis,Willowbark)thathaveanti-tumoreffects

viathesuppressionoftumorcellgrowthinaconcentration-dependentmanner.
25-27

Therelativelylowerconcentration(1㎍/ml)ofEEAD wasenoughtoinhibitthe

C6cellgrowth comparedwithotherextracts.25-27 Theseresultsspeculatedthat

EEAD hasspecificcytotocityfortumorcellsandpotentialvalueforanti-tumor

drugdiscovery.

Apoptosisisanimportantwaytomaintaincellularhomeostasisbetweencell

divisionandcelldeath.
7-9
And,theinductionofapoptosisintumorcellsisoneof



- 10 -

usefulstrategies for anti-tumor drug development.
28
So,many studies were

performedforscreeningofapoptosisincludingextractsfrom plants.Inthisstudy,

treatmentwith EEAD inducedinternucleosomalDNA fragmentation in C6cells,

suggestingapoptoticcelldeath(Fig.2).TheseresultsindicatedthatEEADinhibits

thegrowthofthesecellsbyactivatingcellapoptosis.

Theactivationofafamilyofintracellularcysteineproteases,calledcaspases,

isknowntoplayanimportantroleintheinitiationandexecutionofapoptosis

inducedbyvariousstimuli.
29,30

Amongthecaspasesidentifiedinmammaliancells,

caspase-3,caspase-7andcaspase-9mayserveaseffectorcaspasesofapoptotic

celldeath.
29-31

Caspase-3,caspase-7 and caspase-9 aresynthesized asinactive

proenzymes(ofsizes32kDa,35kDaand47kDa,respectively),whichrequire

proteolytic activation.29-31 Our results show that high levels of procapase-3,

procapase-7andprocapase-9werepresentinEEAD-untreatedC6cells,andthe

amountofprocaspase-3,procapase-7andprocaspase-9wasdecreasedafterEEAD

treatmentintheC6cells(Fig.3).Inaddition,theactivityofcaspase-3/-7was

increasedbyEEAD treatmentinC6cellscomparedwithDMSO treatmentasa

control(Fig.4).TheseresultssuggestedthatEEAD inducesapoptoticcelldeath

through caspase-3-,caspase-7- and caspase-9-dependentprocessing in theC6

cells.Themechanismsofapoptosisinduced by EEAD arenotyetcompletely

understood. Further studies will reveal the precise cellular and molecular

mechanismsofapoptosisinducedbyEEAD.

Inconclusion,wefoundthattheEEAD highlyinhibitscellproliferationand

inducesapoptosisinC6ratgliomacells.Moreover,theseresultssuggestthatthe

EEAD couldbeanew agentofchemotherapeuticfortheinhibitionofgliomacell
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growth.However,toelaboratethisnascentpossibility,furtherinvestigationofits

activity including in vivo and purification ofbioactive compounds is now in

progress.
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Ⅵ.FIGURELEGENDS

Fig.1. CytotoxiceffectsofEEAD inC6cells.

TheC6cellsweretreatedwith0,0.01,0.03,0.1,0.3,1,3,10,30,100and

300㎍/mlEEAD for1day(filledcircle),2days(filledsquare)and3

days(filledtriangle).CellviabilitiesweredeterminedbytheMTT assay.

ThepercentageofcellviabilitywascalculatedasaratioofA570nm of

EEADtreatedcellsanduntreatedcontrolcells.Eachdatapointrepresents

the mean ± SEM for three experiments. **P<0.01 vs.controland

***
P<0.001vs.control(thecontrolcellsweremeasuredintheabsenceof

EEADtreatment).

Fig.2. FragmentationofinternucleosomalDNA byEEAD inC6cells.

Thecellsweretreatedwith1㎍/mlEEAD for0,1and2daysand

nuclearDNA wassubjectedtoagarosegelelectrophoresis.

Fig.3.Proteolyticcleavageofprocaspase-3,procaspase-7andprocaspase-9

byEEAD treatmentinC6cells.

Activityofprocaspase-3,procaspase-7andprocaspase-9 byEEAD was

measuredinC6cells.Thecellsweretreatedwith1㎍/mlEEADfor0,1
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and2days.Thecelllysatewaspreparedandanalyzedbyimmunoblotting

asdescribedin“MATERIALSANDMETHODS”.

Fig.4.Activationofcaspase-3/-7byEEAD treatmentinlivingC6cells.

Thecellsweretreated with 1 ㎍/mlEEAD for24 hoursand added

specificcell-permeablesubstratePhiphilux G1D2.Activeofcaspase-3/-7

wasvisualizedbyfluorescencemicroscopy.
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Ⅶ.FIGURES

Fig.1.
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Fig.2.
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Caspase-3/-7 activity by EEAD treatment
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ABSTRACT inKOREAN

Angelicadecursiva추출물에 의한

신경교종 세포의 Apoptosis유도

조 선 호

조선대학교 대학원 치의생명공학과

(지도교수:김 도 경)

우리나라에서 오래전부터 의약품으로 사용되어져 온 전통 약제 중 하나인 Angelica

decursiva는 민간요법으로 진해제,진통제,해열제 또는 기침약 등으로 사용되어져 왔

다.그러나 Angelicadecursiva의 항암효과에 관한 자료는 거의 없다.본 연구는 흰쥐

신경교종 세포 C6세포주를 이용하여 Angelicadecursiva의 암세포 성장억제에 미치

는 효과와 세포성장 억제기전을 밝히기 위해,C6세포주에서 Angelicadecursiva의 에

탄올 추출물(EEAD)을 이용하여 MTT 분석, DNA fragmentation 분석 및

immunoblotting등을 시행하였다.

EEAD는 C6세포의 성장을 시간과 농도에 의존적으로 억제하였다.EEAD를 처리

한 C6세포주 실험군에서 DNA fragmentation현상을 확인할 수 있었다.C6세포에
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EEAD를 처리한 실험군에서 procaspase-3, procasapse-7 및 procaspase-9의

proteolyticcleavage현상을 확인할 수 있었다.C6세포에 EEAD를 처리한 실험군에

서 caspase-3/-7의 활성화를 확인할 수 있었다.

본 연구의 결과로 Angelicadecursiva에탄올 뿌리 추출물 EEAD는 흰쥐 신경교종

세포 C6세포주의 apoptosis를 유도하여 암세포 성장을 억제시키는 것으로 사료된다.

또한 본 연구의 결과로,EEAD를 이용한 암세포의 성장억제에 관한 하나의 방향을 제

시할 수 있을 것으로 사료된다.
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