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The biological activities of quinoxalone, a novel small molecular substance isolated from

the broth of the myxobacterium Stigmatella eracta WXNXJ-B, was investigated. This study

was designed to determine the anti-proliferative, apoptotic property of quinoxalone, using

B16 mouse melanoma cells as a model system. The results showed that quinoxalone has

antitumor activity and can significantly inhibit the proliferation of B16 cells. The extent and

the timing of apoptosis were strongly dependent on the dose. After treating with

quinoxalone and staining with Hoechst 33342, B16 cells showed typical apoptotic

morphological features such as chromatin condensation by fluorescent microscopy. DNA

isolated from B16 cells cultured with quinoxalone showed a typical DNA ladder of

apoptosis in agarose gel electrophoresis. Further investigation results showed that the

apoptotic machinery of B16 induced by quinoxalone was associated with drop in

mitochondrial membrane potential from 5.35% to 23.7%, up-regulation of Bax and down-

regulation of Bcl-2 in a dose-dependent manner. And a significant increased activation of

caspase-3. Our finding suggests that quinoxalone could suppress the growth of B16 cells

and reduces cell survival via disturbing mitochondrial membrane potential and inducing

apoptosis of tumor cells.
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ABSTRACT  The h biological h activities h of h quinoxalone, h a h novel h small h molecular h substance

isolatedhfromhthehbrothhofhthehmyxobacteriumhStigmatella eractahWXNXJ-B,hwashinvestigated.

Thishstudyhwashdesignedhtohdeterminehthehanti-proliferative,hapoptotichpropertyhofhquinoxalone,

usinghB16hmousehmelanomahcellshashahmodelhsystem.hThehresultshshowedhthathquinoxalonehhas

antitumorhactivityhandhcanhsignificantlyhinhibiththehproliferationhofhB16hcells.hThehextenthandhthe

timinghofhapoptosishwerehstronglyhdependenthonhthehdose.hAfterhtreatinghwithhquinoxalonehand

staininghwithhHoechsth33342,hB16hcellshshowedhtypicalhapoptotichmorphologicalhfeatureshsuchhas

chromatinhcondensationhbyhfluorescenthmicroscopy.hDNAhisolatedhfromhB16hcellshculturedhwith

quinoxalonehshowedhahtypicalhDNAhladderhofhapoptosishinhagarosehgelhelectrophoresis.hFurther

investigationhresultshshowedhthaththehapoptotichmachineryhofhB16hinducedhbyhquinoxalonehwas

associatedhwithhdrophinhmitochondrialhmembranehpotentialhfromh5.35%htoh23.7%,hup-regulationhof

Bax hand hdown-regulation hof hBcl-2 h in ha hdose-dependent hmanner.hAnd ha hsignificant h increased

activationhofhcaspase-3.hOurhfindinghsuggestshthathquinoxalonehcouldhsuppresshthehgrowthhofhB16

cells handhreduceshcell hsurvivalhviahdisturbinghmitochondrial hmembranehpotentialhandhinducing

apoptosishofhtumorhcells.

Subjects: Toxicology,hPharmacology

Keywords: Stigmatella eractahWXNXJ-B,hQuinoxalone,hApoptosis,hSitochondrialhmembraneh

potential,hBax,hCaspase-3
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xNTRODUCTxON 

Syxobacteriaharehgram-negativehunicellularhrodhshapedhbacteriahthathmovehbyhglidinghandhtravel

inhswarms,hcontaininghmanyhcellshkepthtogetherhbyhintercellularhmolecularhsignalsh(Wioletta et al.,

2016).hTheyhcanhbehfrequentlyhisolatedhfromhsoil,hdunghofhherbivoroushanimalshandhotherhdecaying

organichmaterial h (Shimekets  et  al.,  2006). hTheyharehunusual hbacteria hcharacterizedhbyhgliding

behavior h and h forming h fruiting h body, h and h not h obtained h by h the h routine hmethod h due h to h their

complicatedhlifehcycleh(Velicer and Vos, 2009).h

Syxobacteria h are h one h of h the h important h sources h for h natural hmicrobial h products h besides

actinomyceteshandhfungih(Gerth et al., 2003).hAmbruticin,hthehfirsthmyxobacterialhantibiotic,hwas

isolated h fromha hstrain hof hSorangium cellulosumh (Connor  et  al.,  1977). hTheh first h structure hof

myxothiazolhwashreportedhbyhGerthhethal.h(1980).hWithinhthehlasth30hyears,hthehmyxobacteriahhave

emergedhashahpromisinghalternativehsourcehofhbioactivehmoleculesh(Johnson et al., 2012;hSchmitz

et  al.,  2013; Plaza  and  Müller,  2014; hSchaberle  et  al.,  2014). h Syxobacterial h secondary

metaboliteshdohnothcommonlyhproducehbyhotherhmicrobes,hsuchhashhybridshofhpolyketideshand

non-ribosomallyhpeptidesh(Diez et  al.,  2012). hThehmetabolites hexhibit hmanyhuniquehstructural

features h and h novel hmodes h action, hmaking h them h attractive h and h promising h sources h for h drug

development.hSanyhcompoundshfromhmyxobacteriahshowhquitehdifferenthmechanismshofhaction.

Theyhinhibiththehproteinhsynthsishofhprokaryotichandheukaryotichandhstimulatehpotassiumhexport

fromhgram-positivehbacteria.hBut,hthehmechanismhofhactionhofhmosthcompoundshhashnothyethbeen

elucidatedh(Weissman and Muller, 2010).

Epothiloneshfrom Sorangium cellulosumh andhtheirhanalogueshhavehdemonstratedhantitumor
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activityhtowardshmultidrughresistanthtumorhcellsh(Altman et al., 2009; hGong et al., 2014).hThese

compoundshtargeththeheukaryotichcytoskeleton,hinterferencehwithhmicrotubulihinhthehcellhdisabling

thehassemblyhofhfunctionalhmitotichspindleshrequiredhforhcellhproliferationhandhthushresultinghin

apoptosis.hOnehsuchhanalog,hknownhashIxabepilonehishahFDA-approvedhchemotherapyhagenthfor

thehtreatmenthofhmetastasishbreasthcancerh(Wioletta et al., 2016).hSeveralhotherhmetaboliteshare

currentlyhbeinghevaluated h in hpreclinical h studies h (Kim et  al.,  2013).Dueh to h their hextraordinary

ability h to h produce h novel h classes h of h secondary h metabolites, h myxobacteria h represent h a h very

promisinghsourcehforhthehdiscoveryhofhnewhleadhstructureshandhnovelhnaturalhproducts(Wenzel and

Muller,2009).h

Due h to h their h potent h biological h activities, hwhich h results h in h various h applications h in h the

pharmaceuticalhandhagrochemicalhindustry,hmanyhresearchhgroupshhavehtriedhtohidentifyhnovel

groups hof hnaturalh product hproducers hover h the h last hdecade. hIn hcontinuing heffort h to h find hnovel

bioactivehmetaboliteshfromhmyxobacteria,hthehresearchershinhourhlabhobtainedhfivehmyxobacteria

whichhshowedhstronghantitumorhbioactivity hin vitro(Guo and Tao, 2008).hQuinoxalone,hisolated

fromhthehmyxobacteriumhStigmatella eracta WXNXJ-Bhandhstoredhinhourhlab,hishahnonelhbioactive

metaboliteh(Fiugerh1).Ourhprevioushstudyhshowedhthathquinoxalonehexhibitedhsignificantheffecthof

anti-hproliferationhonhthehtumorhcellshinhvitro,hhowever,hthehmechanismhofhanti-proliferativehhas

yet hnot hbeenhelucidated hclearly(Wang et  al.,2014). h In h the hpresent h report, hweh investigated h the

quinoxalonehantitumorhactivityhbyhevaluatinghitsheffectshonhthehB16hmousehmelanomahcellhlinehand

itshpossiblehapoptosishmechanism.
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MATERxALS AND METHODS

Microorganism and culture conditions

ThehstrainhmyxobacteriahStigmatella eractahWXNXJ-Bhwashusedhinhthishstudy.hSediumhforhslant

washCYhmedium.hSediumhcompositionhforhseedhandhfermentationhcultureshwashashdescribedhby

Wanghethalh(2014).hInhthehfermentationhmedium,habouth20hg/LhXAD-16hadsorbenthresinsh(Rohmh&

Haas,hUSA)hwerehaddedhtohadsorbhthehbioactivehmetabolites.hS. eracta WXNXJ-Bhwashgrownhon

CYhmediumhath30oChforh5hdays,hthenhinoculatedhinhseedhmediumhforhflaskhculturehath30oChwith

shakinghath150hrev/min.hAfterh2hdays,hthehseedhbrothhwashtransferredhtohfermentationhmediumhand

fermentedhath30oChwithhshakinghath150hrev/minhforh7hdays.

Preparation of quinoxalone

Afterhfermentation,hthehXAD-16hadsorbenthresinshwerehseparated.hThehresinshwerehextractedhwith

methanolhforh6hh.hThehextracthwashconcentratedhath45oChandhfurtherhpurifiedhbyhpartitionhbetween

waterhandhchloroform.hThehchloroformhextracthwashisolatedhbyhchromatographyhusinghahSephadex

LH-20hcolumn, hwith h twohgradients hof h80%hand h90%hmethanol h at h flowhrate h2 hmL/min. hThe

fractionhelutedhwithh90%hmethanolhwashpurifiedhusinghahpreparativehRP-HPLChusinghahSephaxhC18

columnh(5hμmh×10hmm×150hmm,hwithhmobilehphaseh80%hmethanolhathflowhrateh3hmL/min).

Quinoxalonehwashobtained.h

Cell lines

B16hmousehmelanomahcellhline,hCT-26hmurinehcolonhcarcinomahcellhlinehSDA-SB231handhSCF-

7hhumanhbreasthcancerhcellhline,hHepG2hhumanhliverhhepatocellularhcellhlinehwerehprovidedhby

collegehofhSedicinehandhPharmaceutics,hJiangnanhUniversity,hChina.hAllhcellshwerehculturedhin

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2703v1 | CC BY 4.0 Open Access | rec: 6 Jan 2017, publ: 6 Jan 2017



RPSI-1640 hmediumh(Gibco, hUSA)hwith h10%hinactivated h fetal hbovine hserumh(Gibco, hUSA),

streptomycinh(100hµgh/mL)handhpenicillinh(100hU/mL)hath37oChinhah5%hCO2hincubator.hEpothilone

BhandhPaclitaxelhwerehpurchasedhfromhSigma-AldrichhCo.

Evaluation of quinoxalone in vitro (MTT assay)  

B16,hCT-26,hHepG2,hDSA-SB231handhSCF-7hcellshwerehusedhtohevaluatehthehantitumorheffects

ofhquinoxalone.hCellshwerehharvested,hcounted,hdilutedhandhseededhintoh96-wellhplateshathahdensity

of h approximatelyh7000hcells/well. hAfter h incubating h for h24 hh, h200hμLhmediumhwith hdifferent

concentrationhquinoxalonehwhichhwashdissolvedhintohdimethylsulfoxideh(DSSO)hwashaddedhinto

per hwell. hTohavoidh thehinfluencehofhDSSO,hmediumhcontainingh0.5%hDSSOhwashusedhas ha

control.hIncubationhwashcarriedhouthforhanotherh48hh.hThehcellhviabilityhwashassessedhbyhSTT

(colorimetrich3-[4,5--2-Yl]-2,5-diphenylhtetrazoliumhbromide)hassay.hTwentyhmicrolitrehofhSTT

solutionh(5hmg/mL)hwashaddedhintoheachhwell handhincubatedhath37oCh forhadditionalh4hh.hThe

formazanhproduct hwashdissolvedhbyhaddingh200hμLhDSSOhandhshakedhforh5hmin. hThen,h the

absorption h was hmeasured h at h 570 h nm hwith h a h microplate h reader. h The h inhabitation h rate h was

calculatedhashfollows:hinhabitationhrate=h(1-ODh treated/ODh control)×100%.hDatahwerehobtainedhfrom

sixhrepeathexperiments.

Fluorescence microscope observation of B16 cells

Tohobservehthehchangehinhnuclearhstructure,hB16hcellshwerehplatedhontohglasshcoverhslipshinh6-well

plateshandhtreatedhwithh5handh10hµg/mLhquinoxalonehforh48hh.hThen,hcellshwerehwashedhtwicehwith

PBS,hfixedhwithh1%hglutaraldehyde,hstainedhwithhHoechsth33342h(Sigma,hUSA)hforh15hminhat

roomhtemperature.hNuclearhmorphologyhwashexaminedhbyhfluorescencehmicroscopeh(Olympus,

Tokyo,hJapan).
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DNA fragmentation assay

B16hcellshwerehtreatedhwithhquinoxalonehathconcentrationshofh0,h2.5,h5handh10hμg/mLhforh48hh.

Followinghwithhcentrifugationhat h600hghfor h5hmin, h thehharvestedhcells hwereh lysedh in ha hDNA

extractionhbuffer(containingh20hmmol/LhEDTA,h100hmmol/LhTris,h0.8%(w/v)hSDS)handhincubated

ath37h°Chforh30min.hAfterhcentrifugationhath10000hghforh10min,h10hμLhRnasehAh(500hU/mL)hwas

addedhintohthehlysatehofhcellshath50h°Chforh90hmin,hfollowedhbyhtreatmenthwithh10hμLhproteinasehK

(500hμg/mL) hat h50°Ch for h90 hmin. hThe h supernatant hwas hextracted husing hphenol: h chloroform:

isoamyl: h alcohol h (25:24:1) h and h centrifugated h at h 12000 h g h for h 10 hmin. hThe h supernatant hwas

precipitatedhwithhice-coldhethanolhforh24h.hThehprecipitatedhDNAhwashdissolvedhinhTEhbufferh(10

mShTris/HCl, h1 hmShEDTA)handhelectrophoresis hcontaining h1%hagarosehgel handh0.5hµg/mL

ethidium h bromide h was h then h performed. h DNA h ladders h were h visualized h after h staining h with

bromophenolhblue.

Measurement of mitochondrial transmembrane potential

ThehinnerhmitochondrialhtransmembranehpotentialhofhB16hcellshwashanalyzedhusinghahFACScan

flowhcytometerhaccordinghtohthehreportedhmethodh(Sun, et al., 2006).hB16hcellshwerehtreatedhwith

differenthconcentrationshofhquinoxalonehforh48hh.hAfterhtrypsinization,hB16hcellshwerehwashed

twicehwithhPBS,handhthenhthehconcentrationhofhcellhsuspensionhwashadjustedhtoh1×107hcells/mL.

OnehhundredhmicroliterhRhodamineh123hsolutionsh(Rh123,h20hμg/mL)hwashaddedhtohthehharvested

cellshandhincubatedhath37°Chinhthehdarkhforh30min.hThen,hthehcellshwerehwashedhwithhPBShagain

andhstainedhwithhpropidiumhiodidehsolutionh(PI,h100hμg/mL),hrinsedhwithhPBShtwice,handhchecked

immediatelyhwithhflowhcytometer.hAll hdatahwerehcollectedhandhanalyzedhwithhCellfit hAnalysis

Software.
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The analysis of expressions levels of Bcl-2, Bax and P-3 

Afterhtreatinghwithhdifferenthconcentrationshofhquinoxaloneh(0,h5handh10hμg/mL),hthehexpressions

levelshofhBcl-2,hBaxhandhP53hproteinshinhB16hcellshwerehcheckedhbyhflowhcytometerh(Aggarwal

and  Gupta,  1998). h B16 h cells h were h collected, h washed h and h sequentially h fixed h with h 2%

paraformaldehydehforh10hmin. hThehcells hwerehtreatedhwithh75%hethanol hforh1hhat h4°C.hAfter

washing,hthehcellshwerehrespectivelyhincubatedhwithhanti-Bcl-2,hanti-Baxhandhanti-53h(Beyotime

BiotechnologyhInc.,hChina)hforh30hminhath37°C.hThehcellshwerehincubatedhwithhFITC-conjugated

goathanti-mousehIgGh(BeyotimehBiotechnologyhInc.,hChina)hforh30hminhath37°C.hThen,hthehcells

werehwashedhtwicehwithhPBS,handhcheckedhwithhFACScanhflowhcytometer.hThehpercentagehof

positivehcellshexpressinghfluorescencehintensityhofhBcl-2,hBaxhandhP53hwashmeasuredhbyhmean

fluorescencehchannelhnumber.

Caspase-3 activity 

Caspase-3hishanhimportanthmolecularhinhthehregulationhofhapoptosis.hActivityhofhcaspase-3hwas

detectedhbyhusinghahCaspase-3hcolorimetric hassayhkit h (BiovisionhInc., hUSA)haccordingh to hthe

manufacturer’shprotocol.hB16hcellshwerehincubatedhforhdifferenthtimeh(12,h24handh48hh)hinhthe

absenceh(control)horhpresencehofhvarioushconcentrationshofhquinoxaloneh(5,h10hμg/mL).hThehcells

werehcollected,hwashedhtwice,hresuspendedhinh50hµLhofhchilledhcellhlysishbufferhandhincubatedhon

icehforh10min.hThehlysatehwashcentrifugedhath10000hghath4°Chforh10hmin.hThen,h50hµLhofhreaction

bufferh(containingh10hmShDTT)hwashaddedhtoheachhsample.hAfterhincubationhath37°Chforh1.5hh

withh5hµLDEVD-pNAhsubstrateh(200hµShfinalhconcentration),hthehabsorbancehwashmeasuredhat

thehwavelengthhofh405hnmhinhahmicrotiterhplatehreader.hResultshwerehexpressedhashthehfoldhrelative

tohcontrolhinhabsorbance.
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Statistical analysis

Datahwerehrepresentedhashmean±SD.hStatisticalhdifferenceshwerehdeterminedhbyhStudent’sht-test.

SampleshwithhPhvalueshofhp<0.05hwerehconsideredhstatisticallyhdifferent.
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RESULTS

Antitumor evaluation of quinoxalone on different tumor cells

In h this h study, hB16, hDSA-SB231, hSCF-7, hHepG2 h and hCT-26 h cell h lines hwere h used h to

evaluatehthehantitumorhbioactivityhofhquinoxalonehinhvitro.hThehfivehcellhlineshwerehtreatedhby

different hconcentration hquninoxalone h for h48 hh.Paclitaxel handhEpothilone hBhwere h the hpositive

controls.hAshshownhinhFigureh2,hquinoxalonehshowedhstronghcyctoxicityhtohHepG2,hB16,hSCF-7,

CT-26handhDSA-SB231htumorhcellhlines,hwhichhthehvaluehofhIC50hwereh2.42,h2.2,h6.73,h2.05hand

3.04 h µg/mL, h respectively. h CT-26 h cell h was hmore h sensitive h to h quinoxalone h than h the h others.

Comparinghwithhthehpositivehcontrols,hthehcyctoxicityhofhquinoxalonehwashsimilarhwithhPaclitaxel.

Thehresultshsuggestedhthathquinoxalonehshowedhbroadhspectrumhactivityhtohtumorhcells.

Effect of quinxalone on the morphology of B16 cells

InhorderhtohcheckhthehinfluencehofhquinoxalonehonhB16hcells,hthehcellshwerehtreatedhwithh0,h5,h10

µg/mLhquinoxaloneh for h48h. hAshwehcan hseeh fromhFigureh3, h it hcould hsignificantlyh inhibit h the

growthhofhB16hcells.hWhenhthehdosehwereh10handh20hμg/mL,hthehinhibithratehwashabouth60%hand

80%,hrespectively,hand,hsomehcellshturnedhroundhandhfloatedhcomparinghwithhthehcontrol. hThe

nuclear hmorphologyhof hB16 hcells h treated hwith hquinxalone h for h48 hh hwas hobservated hunder h a

fluorescencehmicroscopehbyhHoechsth33342hstainingh(Figureh4).hThehnucleihofhthehtreatedhB16

cellshhavehnuclearhshrinkagehandhcondensedhchromatin.

Effect of quinoxalone on DNA of B16 cells 

ExternalizationhofhphosphatidylserinehandhcleavagehofhDNA,hthehhallmarkshofhapoptosis,hwere

alsohrecentlyhfoundh inhalternativeh types hofhprogrammedhcell hdeathh(Jakopec et al.,  2006). hTo

determinehwhetherhthehprocesseshwerehinducedhbecausehofhquinoxalone,hB16hcellshwerehtreated

withhdifferenthconcentrationhofhquinoxaloneh(0,h2.5,h5,h10handh20hµg/mL)hforh48h.hAshshownhin

Figureh5,hthehresultshofhagarosehgelhelectrophoresishshowedhthathDNAhfragmentationhabouth180–

200 h bp h called h “DNAhladders’’hwere h detected. hThe h concentration h of hDNAhladders h increased
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followinghthehconcentrtionhofhquinoxalone.hThishobservationhsuggestedhthathquinoxalonehcould

inducehapoptosishofhB16hcellshinhthehconcentrationhdependenthmanner.

Effect of quinoxalone on mitochondrial transmembrane potential in B16 cells

Sitochondriahishanhimportanthorganellehinhcell.hIthishveryhsensitivehtoharoundhenvironmenthand

plays h an h important h role h in h the h propagation h of h apoptosis. hThe hmitochondrial h transmembrane

potential h decreases h in h apoptosis h cell h because h the h permeability h of h mitochondrial h membrane

happenshtohchangeh(Zhang and Huang, 2006). hInhthishstudy,hB16hcellshwerehusedhtohcheckhthe

effecthofhquinoxalonehonhthehmitochondrialhmembranehpotentialhandhplasmahmembranehintegrity

withhPIhandhRh123hdouble-staininghmethod.hAshwehcanhseehfromhFigureh6,hafterhtreatmenthwithh0,

2.5,h5handh10hµg/mLhquinoxalonehforh48hh,hthehpercentageshofhwerehPIhnegativehandhstrongly

stainedhbyhRh123(Rh123+PI-,hnormalhcellsh)hdecreasedhinsignificantlyhfromh93.0%htoh65.9%.hThe

PI h negative h and h low-staining h by h Rh123 h (Rh123-PI-, h early h apoptosis h cells) h group h increased

markedly h fromh5.35%h to h23.7%h in h a h dose-dependent hmanner. hBut, h there h is h no h significantly

differencehbetweenhthehexperimentalhgroupshandhthehcontrolhinhthehcellhdeathhgrouphofhRh123-PI+

andhRh123+PI+. hThesehresultshindicatedhthathquinoxalonehtargeththehmitochondriahinhtreatment-

inducedhapoptosishinhB16hcells.

Effect of quinoxalone on expression of relative gene-proteins p-3, bcl-2 and bax in B16 cell

Sanyhfactorshinfluencehthehprocesshofhapoptosis,hincludinghofhp53,hbaxhandhbcl-2hgenes.hInhthese

genes, hbcl-2handhp53harehanti-apoptosishgenes.hBut, hbaxhishpromoting-apoptosishgene(Kenji et

al.,2003).hBasedhonhthehapoptosishanalysishonhcellharrest,hp53,hbaxhandhbcl-2hgeneshwerehchecked

afterhtreatedhwithhdifferenthconcentrationshofhquinoxalone,handhthehexpressionshlevelshofhP53,hBax

and hBcl-2 h proteins hwere h analyzed h by h flow h cytometry. hAs h shown h in h Figure h 7, hquinoxalone

significantly h increased h the h expression h level h of h Bax h protein, h but h significantly h decreased h the

expressionhofhBcl-2hprotein. hP53hproteinhexpressionhlevelhchangedhslightlyhafterh treatinghwith

quinoxalone.hThehresultshsuggestedhthathquinoxalonehcanhefficientlyhinducehB16hcellshapoptosis,

whichhishcorrelatedhwithhup-regulatinghbaxhexpressionhandhdown-regulatinghbcl-2hexpression.

Effect ofhquinoxalone on caspase-3 activity in B16 cell
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Caspase-3hplayshahcriticalhrolehinhapoptosishandhitshactivityhhashbeenhsuggestedhashanhindexhof

apoptosis h (Cohen,  1997). h To h examine h the h role h of h caspases h in h the h apoptosis h induced h by

quinoxalone,hitshactivationhwashmeasuredhusinghfluorometrichdetection.hAshshownhinhFigureh8,

caspase-3hactivityhassayhshowedhanhenhancementhofhenzymichactivityhathallhexperimentalhtime,

andhreachedhahpeakhafterh48hhhofhexposurehtohquinoxalone.hCaspase-3hactivityhincreasedhfollowing

the h enhencement h of h quinoxalone h concentration h (from h 5 hµg/mLh to h 10 hµg/mL).h The h results

suggestedhthathquinoxalonehactivatedhcaspase-3hinhahtimehandhdosehdependenthmanner.h
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DxSCSSxON

Tumorhishahdiseaseshstatehcharacterizedhbyhproliferationhdisorderhandhapoptosishobstacle.hItshkey

characteristicsharehuncontrolledhcellularhgrowthhandhproliferation.So,hthehefficienhmethodshtohtreat

tumorhareh to h inhibit hcell hproliferationhandh inducehapoptosis. hApoptosis h is ha hregulatedhprocess

characterized h by h cell h shrinkage, h nuclear h disintegration, h selective h degradation h of h DNA, h and

formationhofhapoptotichbodieshwithhahrelativelyhintacthplasmahmembraneh(Cui et al., 2007).hSany

naturalhproductshinhibiththehproliferationhofhsomehtumorhcellhviahthehapoptosis,hforhexample,ha

flavone h nitroderivative h causedh murine h mammary h adenocarcinoma h cells h death h by h apoptosis

(Mariano  et  al.,  2009). hThehability h to h inducehcell h apoptosis h is h an h important hpropertyhof h the

candidatehanti-cancerhdrugs.

Cytotoxicity hdetermining, h a h common hmethod h to h evaluate h the hbiologyh activity hof h nature

products, h is hhelpful h to h confirmhwhether hnature hproducts hhave hpotential h anti-tumor hproperties

(Bruna et al., 1999; Kim et al., 2005  ).hInhthehprevioushstudy,hwehreportedhthathquinoxalone,ha

novelhcompoundhisolatedhfromhthehbrothhofhmyxobacteriahStigmatella eractahWXNXJ-B,hshowed

significant h cytotoxic h effect h and h the h proliferation h inhibition h on h different h tumor h cells. h The

elucidationhofhthehtypehofhcellhdeathhinducedhbyhquinoxalonehandhthehrolehofhapoptosis/necrosishis

very h important h for h understanding h the h bioactivity h of h quinoxalone. h With h the h purpose h of

investigatinghthehimportancehofhprogrammedhcellhdeathhinhthehcytotoxicityhofhquinoxalone,hwe

usedhsomehdifferenthmethods,hwhichhenabledhushtohknowhthehmodehofhcellhdeathhandhthehprocesshof

apoptosis h induced h by h quinoxalone. hB16 h cells hwere h examined h for h biochemical h hallmarks h of

apoptosishsuchhashmorphologicalhchanges,hDNAhfragmentation,hsub-G1hcellhpopulationh(apoptotic

cell),hmitochondrialhtransmembranehpotential,hexpressionhofhrelativehgene-proteinsh(p53,hbcl-2hand

bax),handhcaspase-3hactivity.

In this study, we have found that B16,hCT-26,hHepG2,hDSA-SB231handhSCF-7

cells hexhibited marsedly different sensitivity to quinoxalone. The cytotoxicity

of quinoxalone was similar to that of taxal.hUsing agarose gel electrophoresis,

flow cytometry  and fluorescence microscopy,  we have  demonstrated  that
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quinoxalone  can  cause  B16  cells  apoptosis.h DNAh fragmentation h is h very h typical

characteristichofhthehapoptotichprocess,hwithhgenerationhofhahserieshofhmultipletshofhah180-200hbp

subunit. h In h present h study, h typical hDNAh ladder h of h apoptosis h in hB16 h cells h after h treated hwith

quinoxalonehwashdetectedhatheveryhconcentrationhinhB16hafterhtreatment,hwhichhfurtherhindicated

thathquinoxalonehcouldhinducehthehapoptosishofhB16hcells.h

Sitochondrial h membrane h potential h plays h an h essential h role h in h mediating h apoptosis

(Desagher and Martinou, 2000;hGuo and Tao, 2008).Inhourhresearch,hthehchangehofhmitochondrial

membranehpotentialhwashinvestigatedhwithhdouble-staininghexperimenth(PIhandhRh123h)hbyhflow

cytometry. h The h experiments h showed h that h the h mitochondrial h membrane h potential h decreased

following h the h increase h of h concentration h of h quinoxalone.h When h the h cells h were h treated hwith

quinoxalonehaththehconcentrationhofh10hµg/mL,hwehobservedhthaththehpercentageshofhPI -Rh123+

decreasedhfromh93.6%htoh65.9%,hthehpercentageshofhPI-Rh123+h increasedhfromh5.35%htoh28.7%.

Thehresultshsuggestedhthaththehmitochondrialhapoptotichdeath-signalhpathwayhplayshahcriticalhrole

inhquinoxaloneh-inducedhapoptosishinhB16hcells.

Apoptosis h is h a h tightly h regulated h process h and h its hmechanisms h involve h in hmainly h two

signalinghpathways, h includinghcell hdeathhreceptorhpathwayhandhmitochondrial hpathwayh(Reed,

2001).hApoptosishishahcellhdeathhprocesshthathplayshahcriticalhrolehinhmammalianhdevelopmenthand

tissuehhomeostasis.hIthhashnowhbecomehclearhthathapoptosishishalsohthehmechanismhofhtumorhcell

deathhinhresponsehtohahvarietyhofhchemotherapeutichagents.hThehBcl-2hfamilyhofhproteinshplaysha

keyhrolehinhthehregulationhofhapoptosis.hSomehmembershofhthishfamily,hincludinghBax,hBak,hBid,

andhBik,hfunctionhashproapoptotichfactors,handhothers,hincludinghBcl-2,hBcl-xL,hScl-1handhA1,

functionhashantiapoptotichproteinsh(Marc and Mark, 2015).hInhthishstudy,hquinoxalonehincreased

thehexpressionhlevelhofhBaxhprotein,hbuthsignificantlyhdecreasedhthehexpressionhofhBcl-2hproteinhin

B16hcells.

P53,hanhanti-oncogene,hishrelatedhtohcancerhdevelopmenthandhprogressionhbyhitshregulation

of h the h tumor h cell h cycle hwhen hDNAh is h damaged h or h stressed. h P53 h functions h primarily h as h a

transcriptionhfactor,hwhichhexertshitshdownstreamhfunctionshbyhactivatinghorhrepressinghahlarge

numberhofhgeneshthathmainlyhinitiatehonehofhthreehprogramshofhcellhcycleharrest,hDNAhrepairhor

apoptosish(Shu et al., 2007).hInhthishstudy,hwehfoundhthathP53hproteinhexpressionhlevelhchanged
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slightlyhafterhtreatinghwithhquinoxalone.

Apoptosishishcausedhbyhactivationhofhintracellularhproteases,hknownhashcaspases,hwhichhare

responsiblehdirectlyhorhindirectlyhforhthehmorphologicalhandhbiochemicalheventshthathcharacterize

thehapoptotichcell.hRelatedhreferenceshrevealedhthathcaspase-3,hishessentialhforhDNAhfragmentation,

the hmorphological hchange hassociated hwith hapoptosis, h andh its hactivation h represents h a hkeyhand

irreversiblehpointhinhthehdevelopmenthofhapoptosish(Janicke et al., 1998; hEva et al., 2014).hTo

studyhfurtherhinsighthintohthehquinoxalonehbioactivity,hwehcheckedhthehactivityhofhcaspase-3hinhB16

cells. hResults h showed h that h quinoxalone h enhanced h caspase-3 h enzymic h activity h in h a h time h and

concentration h dependent hmanner. hThis h result h suggested h that h the hmechanismhof h quinoxalone-

inducedhapoptosishinhB16hcellshprobablelyhinvolvedhcaspase-3hactivation.
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CONCLUSxON

Inhthishstudy,hwehhavehconfirmedhthathquinoxalonehhashpotenthanti-tumorhbioactivity,harresthcell

cyclehandhinducehapoptosis h in hB16hcells. hThehinductionhofhapoptosis hwashassociatedhwithhthe

increase hof hmitochondrial h transmembrane hpotential, hBax h and h caspase-3 hexpression h level, h the

decreasehofhBcl-2hexpressionhlevel.hNevertheless,hfurtherhstudiesharehneededhtohclarifyhthehcellular

signalinghprocess hwhichhquinoxaloneh induces hapoptosis h in hB16hcell.h This hmakeshquinoxalone

interestinghforhfurtherhinvestigationshashahpotentialhanti-cancerhdrug.h
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O

Figure1hThehstructurehofhquinxalone
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Figureh2hCyctoxicity ofhquinoxalonehtohdifferenthtumorhcellhlines.hB16,hCT-26,hHepG2,hSCF-7

andhDSA-SB231hcellshwerehincubatedhforh24hhhandhwerehtreatedhwithhdifferenthconcentrationhof

quinoxalone h for h another h 48 h h.h Taxol h and h Epothilone h B h were h the h positive h controls. h The

inhabitation h rate h and h IC50h value h were h calculated. h Data h were h obtained h from h three h repeat

experiments.
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h h

Figureh3hThehinfluencehofhquinoxalonehonhB16hcellshobservedhbyhinvertedhmicroscopeh(×100).

B16hcellshwerehplatedhontohglasshcoverhslipshinh6-wellhplateshandhtreatedhwithhquinoxaloneh(A:

control,hB:h5hμg/hmL,hC:h10hμg/hmL)hforh48hh.hThen,hcellshwerehwashedhtwicehwithhPBS,hfixed

withh1%hglutaraldehyde,hstainedhwithhHoechsth33342hforh15hminhathroomhtemperature.hNuclear

morphologyhwashexaminedhbyhfluorescencehmicroscope.
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h h

Figureh 4hFluorescencehmicrographshofhB16hcellshstainedhwithhHoechsth33342.hB16hcellshwere

treatedhwithouth(A)handhwithhquinoxaloneh(B:h5hμg/mL,hC:h10hμg/mL)hforh48hh.hWhiteharrowhwere

thehnormalhcellshinhA.hWhiteharrowhwerehthehapoptosishcellshinhBhandhC.h
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h

Figureh5hEffecthofhquinoxalonehonhDNAhofhB16hcells.hB16hcellshwerehtreatedhwithhdifferenthdose

ofhquinoxalonehforh48h.hIsolatedhDNAhwashanalysedhinhagarosehgelhelectrophoresishashdescribedhin

SaterialhandhSethods.h200hbphDNAhladderhmarkerh(novoprotein,hChina)hwashusedhashmarkerh(S)

ofhDNAhfragmenthsize.hLaneh1:hControl;hlaneh2:h2.5hµg/mL,hlaneh3:h5hµg/mL;hlaneh4:h10hµg/mL;

S:hmarker.
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C D

Figureh 6hEffecthofhquinoxalonehonhmitochondrial htransmembranehpotentialhinhB16hcells.hAfter

treatmenthwithouth(A,control)handhwithh2.5hµg/mLh(B)h,h5hµg/mL(C),h10hµg/mLh(D)hquinoxalone

forh48hh,hthehcellshwerehdouble-stainedhwithhRhodamine-123handhPIhforh30hmin,hrespectively.hThe

percentageshofhPIhnegativehandhlow-stainingh(Rh123-PI-)hgrouphrepresenththehapoptotichcellhgroup.
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Figureh 7 hEffecthofhquinoxalonehonhthehexpressionhofhBax,hBcl-2handhP53 hprotein hinhB16hcells.

Cellshwerehtreatedhwithouth(control)handhwithh5,h10hµg/mLhquinoxalonehforh48hh.hAfterhwashing

with h 75%hethanol, h the h cells hwere h respectively h incubated hwith h anti-Bcl-2 h antibody, h anti-Bax

antibodyhandhanti-53hantibody.hThen,hthehcellshwerehincubatedhwithhFITC-conjugatedhsecondary

goathanti-mousehIgG.hBaxh(A),hBcl-2h(B)handhp53h(C)hlevelshwerehcheckedhbyhflowhcytometry.h
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Figureh8 hEffecthofhquinoxalonehonhthehactivationhofhCaspase-3h inhB16hcells.hCellshwerehtreated

withh5handh10hµg/mLhquinoxalonehforh12,h24handh48hh.hThehlevelshofhcaspase-3hactivitieshwere

evaluatedhusinghspecifichfluorogenichsubstrates.hDataharehmeansh±hSDhofhthreehrepeathexperiments.

Significanthdifferenceshwithhcontrolhwerehdesignatedhas*ph<h0.05,h**ph<h0.01.h

445

446

447

448

449

PeerJ Preprints | https://doi.org/10.7287/peerj.preprints.2703v1 | CC BY 4.0 Open Access | rec: 6 Jan 2017, publ: 6 Jan 2017


