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Abstract.

Arborinineisanacridonealkaloidsobtained

from differentnaturalsourcesaswellascountry

originincludinginthemajoritybark,seed,leavesof

plants species ofRutaceae family among which

Tecleagerrardii,Zanthoxylum leprieuriiandTeclea

trichocarpa,Erthelabahiensis,Rutaangustifolia,Ruta

suavolens.Thisalkaloidisextensivelystudieddueto

itsgreatpharmacologicalpotential,whichincludes

anticancer,antimicrobial,antiparasitic,antifeedant

andantioxidantactivitiesamongothers.Arborinine

block heme-mediated protein oxidation and

degradation markers for heme-induced oxidative

stress;waspredictedvirtuallyforacriticalevaluation

by In silico targetfishing forrationalized ligand

discoverybyinhibitingacetylchlolinesterasewithIC50

value34.7±71µM;displayedpotentinvitroactivities

againstchloroquine sensitive HB3 cellline and

chloroquineresistanceK1celllinewithIC50value

3.85±0.11μM and9.34±0.37μM;showedthegood



anticanceractivityonthreehumancancerlineviz

human colon cancer COLO-205,human ovarian

cancerOVCAR-3,Human cervicalcancerhuman

breast cancer and T-47D line with GI50 value

1˂0μg/ml and presented antimicrobial activities

against resistant microbial strains. The overall

synthesisofArborininehasbeendoneandthekey

stapesaretheUllmanncondensationfollowedbythe

cyclisationwithEaton’sreagent.Itundergoesafew

structuralmodificationreactionssuchasselective

methylation and demethylation, electrophilic

substitution.Acetylation,benzoylation.Thisreview

presentthechemistryandthebiologicalproperties

ofArborinine:methodsofisolationfrom plantcrude

extract, its characterization as well as their

derivatives obtained by structural modification

including structure activity relationship are also

described.

Keywords:Arborinine;NaturalProduct;Acridone

alkaloids; country; Synthesis; Anticancer,

Antimicrobial,Antiparasitic,Antifeedant.Structure

ActivityRelationship(SAR).

1.Introduction.

Arborinine is a tricyclic ring having an N-Methylatated nitrogen attenth

positionaketogroupattheninthpositionwithasubstitutedhydroxylgroup,two

methoxylatthepositionone,twoandtreerespectively.Thiscompoundbelongsto

the Acridone class,one ofthe importantpharmaceuticalgroup ofheterocyclic

compoundsnamedAlkaloid(Michel,J.Petal.,2001).Arborininehasbeenisolatedin

numerous naturalplants (Teclea gerrardii,Zanthoxylum leprieuriiand Teclea

trichocarpa,Erthelabahiensis,Rutaangustifolia,Rutasuavolens,Glycomisarbores,

Glycomispentaphylla)from manycountries(Brazil,Cameroon,Guiney,Hungary,India,

Indonesia,Japan,andThailand)andhissynthesishasbeenalsodescribedBelmont,

P.etal,2007;RameshKumar,2011;RajeshKumaretal.,2018)aswellashis

possiblederivatives.Thereductionofthecarbonylgroupcanincreasethenumberof

syntheticroutesavailable (Rajesh Kumaretal.,2018)foranydesired acridine



derivativeswhicharealso valuableinterm oflead compounds.Itsexceptional

diverse biologicalactivities have attracted attention ofchemists and biologist.

Among his numerous pharmacologicaleffects,Arborinine is mostpotentas

anticancer,antimicrobial,antifeedant,antimalarial,antioxidant,againstimmune

system cells.Hisstructureisplanarasotheracridone

alkaloidsitisactonnucleotidesinonehand byinducing DNA damage-

independentapoptosisandemergingasstrongpotentanticanceragent;inother

hand,itinterferedbyaninhibitorymannerpreferentially onthedeathofthecells

undermitogenicstimulationandthisgiveridetoaverygoodeffectintheimmune-

system cells.

2.ChemistryofArborinine

Arborinineisayellow needlesscompound,m.p.175-176°Candgivesadeep

greencolorationwithalcoholicferricchloride(Banerjee,S.K.,1961).ItscrystalX-ray

structurehasbeenpublishin2017.Itwasfoundtohavethemolecularformula

C16H16O4N.Itwasfoundtobeopticallyinactive(Chakravartietal.,1953,BanerjeeS.K.

etal.,1961).ThenomenclatureadoptedbyChemicalAbstractin1937istheoneof

Graebe(1893)basedonthesamesystem usedforanthraceneandXanthene;then

synonymsofArborinineare1-hydroxy-2,3-dimethoxy-N-Methyl9(10H)-acridone,1-,

similartothecompounddescribein1952byHughesG.K.etal.(BanerjeeS.K.etal.,

1961).,hydroxy-2,3-dimethoxy-N-Methylacridine-9-one,1-hydroxy-2,3-dimethoxy-N-

Methyl-9-acridone…etc.

Arborininecanalsobeobtainedbysynthesis.Althoughmanyreview and

articlesdetailedthesynthesisofacridonealkaloidskeleton,few reportshavebeen

conductedregardingtheoverallsynthesisofArborinine(PhylipeBelmontetal,2007;

RameshKumar,2011;RajeshKumaretal.,2018).ThekeystapesaretheUllmann

condensation followed bythe cyclisation (scheme1,a)with Eaton’sreagentor

modifiedmethodsscheme1b,b’e).(Seescheme1).

Scheme1:SynthesispathwayofArborinine
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Arborinine have natural derivatives (see

scheme2).andcanundergoesafew structuralmodificationreactionssuchasselective

methylation and demethylation,electrophilic substitution,acetylation and benzoylation

accordingtooneactivehydrogeninposition1Thereductionofthecarbonylgroupcanalso

increasethenumberofsyntheticroutesavailableforanydesiredacridinederivativeswhich

arethevaluablesstructuresformanypotentdrugs.
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Scheme2:Structuresomederivativesof

Arborinine

2.BiologicalActivities

In2013,Onguéné,A.etal.publishedareview onthepharmacologicalevaluationof

alkaloidsandterpenoidscompoundsderivedfrom Africanmedicinalplantsagainstthree

Plasmodium falciparum strains: chloroquine susceptible,CQS strains named 3D7,

chloroquine sensitive HB3 and chloroquine resistance K1 strains.Resultsshowed that

amongthemostpromisinganti-plasmodialacridonesalkaloidsderivedfrom theAfricanflora,

thebestcompoundwasArborinineobtainedfrom Tecleagerrardii,Zanthoxylum leprieuriiand

Teclea trichocarpa (Rutaceae).Arborinine showed a good activity againstchloroquine

susceptible,CQSstrainsnamed3D7withIC50valueof4.5µgmL-1[AmoaOnguénéetal.,2013].

ThisacridonealkaloiddisplayedpotentinvitroactivitiesagainstchloroquinesensitiveHB3

celllineandchloroquineresistanceK1celllinewithIC50value3.85±0.11μM and9.34±0.37

μM.Thismoleculedidnotshow crossresistancewithchloroquine.Nevertheless,these

valueswererelativelyweakcomparedtochloroquine:Arborininefoundtobe15-foldless

activethanchloroquineagainststrainK1and140-foldlessactivethanchloroquineagainst

strainHB3.Inaddition,NaturalArborininefrom commercialsourcehadbeenevaluatedin

vitroagainstP.falciparum isolatedbyAstelbauer,F.etal.in2002,andshowedpooractivity

characterizedbyIC50andIC99valuehigherthan350μM and180μM respectivelycomparedto

thedrugreferenceArtemicine.

AsfarastheStructureactivityrelationship(SAR)isconcerning,otherstudieshave

revealednewpromisingantiplasmodialcompoundsbasedonacridonecorewithN-Megroup;
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moreover,1-hydroxygroupisessentialfortheactivityandthepresenceofamethoxygroup

attheposition4ofArborininedecreasedtheactivity(MaryW.Muriithietal.2002)whereas2-

nitrosubstitutedincreasedtheactivity(Bascoetal.,1994).

Regardingthemechanism ofaction,diversemechanism havebeenproposedforthe

antimalarialactivityofacridonesaswellasArborinine,including:inhibitionofHemozoin(β-

hematin)formation,mitochondrialbc,complex with DNA and topoisomerase II,and

interactionwithDNAarethewideststudied(Valdès,A.F.-C.,2011).

InvitroassessmentandevaluationofArborininefrom BrazilianErthelabaihensisin

immune-system cellsstimulatedwithvariousmitogenswithculturedratthymusandspleen

cellshasbeenperformedby Roseghini,R.etalin2006:thisacridonealkaloidinterferedby

aninhibitorymannerpreferentially,ontheproliferationanddeathofcellsundermitogenic

stimulationand did notinducenecrosisonthiscell.Thesestudiesand elucidationof

Arborinine action mechanisms on cellularactivation and death pathways as wellas

identificationofcellsubpopulationsundereffectofArborininecouldopennewperspectives

fortheuseofthisdrug(Roseghini,R.etalin2006).

ThedecoctionextractofIndianGlycocmispentaphyllashowed moderated DPPH

radicalscavengingproperty(IC50 182.21µM);whencomparetothestandard,Itprescribedas

asavenaturalantioxidantsourcecomparedtothesyntheticantioxidantsBHTandBHA.The

oxidativestresshasalinkwith theimmunesystem,tumororinflammation(Roseghini,R.et

al).ThisindicationcorroboratewiththeresultsofofKitiyaP.etal,2018onanotherspecies

ofThailand,GlycomisparvaleafextractcontainedArborinine,whichhasbeenisolatedand

showed a strong inhibition againstcancercervicalcells.His cytotoxicity was more

pronouncedagainstHeLathannormalcellsandwasmuchmorepotentatinhibitingtumor

spheroidgrowththancommonlyusedchemotherapeuticdrugs;itcaninduceDNAdamage-

independentapoptosisandinhibitcancercell.Arborininecouldbeproposedtoserveasan

alternativedrugtoCisplatinfortreatmentofcervicalcancer.Previously,Micheal,J.P.in2017

hadalreadyassessedArborininefrom chemicalnaturallibraryforhisstrongandgoodactivity

onCOLO-205,OVCAR-3andT-47DwithGI50value<10µg/ml,comparedagainstastandard

anticancerdrugAdriamycin.ThestrongactivityofArborinineonother20celllinehasbeen

reviewedandreported.

DespitethefewantifungalandantiviralactivitythathavebeenreportedforArborinine,

Antibacterialactivity is the mostcommon type ofantimicrobialactivity inventoried.

ArborinineisolatedIndonesianRutaangustifoliawasfoundtodisrupthumanrhinovirus
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serotype2(HRV-2)coatproteinoninfectedHeLacells(IC503.19±2.24µM),althoughthe50%

toxicconcentrationwasmorethan50µM/mL.Thiscompoundalsoinhibitedthereplication

ofhepatitisCvirus(genotype2aJ6/JFH1)inhumanhepatomaHuh7.5cells(IC506.4±0.7µM),

withthe50%toxicconcentration16.3±6.2µM/mL.(Wahyuni,T.S.etal,).Arborinineshowed

mildtomoderateantimicrobialactivityagainstStaphylococusaureus,Klebsiellapneumonia,

BacillussubtilisandCandidaalbicansstrainsinAgarwelldiffusionmethod(Das,M.M.etal.,

2018,Fouotsa ,H.elal.2013);otherreported resultson positive and negative grams

bacteria’sstrainshasbeendonebyMichael,J.P.in2017.Thiscompoundsalsoinhibited

acetylchlolinesterasewithIC50 value34.7±71µM (MichaelJ.P.,2017).Theonefrom

GuineanFagaramacrophyllawastestedtobeeffectiveantifeedanttowardsfinalstagelarval

ofthelepidopteronpestSpedopterafrugiperda(fallarmyworm).(Ntie-Kang,F.etal,2014).

Conclusion

Arborinineisabiomoleculethatcanbeobtainedfrom aswellnaturalassyntheticsources.

Hisstructurehastwomainfunctionalgroups(carbonylandhydroxyl)whichsuitablefor

manyhemi-synthesis reactions giving varied derivatives valuable forlead compounds.

Arborinineinterferedbyaninhibitorymannerpreferentially,ontheproliferationanddeathof

cellsundermitogenicstimulationanddidnotinducenecrosisonthiscell. Inaddition,

ArborininecaninduceDNA damage-independentapoptosisandinhibitcancercell;then,

ArborininecouldbeproposedtoserveasanalternativedrugtoCisplatinfortreatmentof

cervicalcancer.Thisacridonealkaloidcouldthenbeclassifiedasmultitargetdrug;the

knowledgeofhisCristalX-rayStructureopennew perspectivesforthedesignsomany

inhibitors,thuscoudopennewperspectivesforthedevelopmentofthisdrug.
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