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ABSTRACT 

Medicinal plants are essential inihumaniailmentitherapyievenibeforeimodernicivilization.iThe 

questifor and utilization of these medicinaliplantsihasicontinueditoireceiveiincreasediinterest. 

Cancer is a major global health issue affecting allicommunitiesiirrespectiveiofitheir 

development status.iBacteria,iiniadditionitoitriggering canceriprogression,icontinueitoibeia 

significant source of morbidityiandifatalityiinicanceripatients.iTheirisingiprevalenceiofidrug 

resistance by cancerous cellsiandibacteriaianditheidiverseiundesirableisideieffectsihave 

necessitated the search for lead compounds that mayibeiexploitediinidevelopinginovel 

therapeuticidrugsiwithibetteriefficacyiandiless toxicity. Therefore,idichloromethane/methanol 

(1:1)iextractsiofidifferentipartsiofiMacarangaiconglomerata,iMacarangaicapensis,iMacaranga 

kilimandscharica,iand Ficus thonningii wereiphytochemicallyiinvestigated,ianditheiisolated 

compoundsievaluatediforianticanceriand antibacterial potencies.iToiidentifyiandipurifyipure 

compounds, several chromatographic procedures wereiutilized,iincludingicolumn 

chromatographyi(CC)iusingisilica gel, SephadexiLH-20,iandiChromatotron.iTheistructuresiof 

theiisolatedicompoundsiwere determinediusing spectroscopici(NMR,iUV,iIR,iopticalirotation) 

andispectrometrici(HRESIM)itechniques.iPhytochemicalianalysisiofiallitheiplantisamplesiled to 

theiisolationiof twenty-two compounds,ioutiofiwhichioneiisinovel. Phytochemical 

analysisiofiM.iconglomerataileavesiaffordedifiveicompounds,iincludingithreeiflavonoidsi(245i–

i247)ianditwoiellagiciacididerivativesi(248i–i249). TheistemibarkiofiM.iconglomerata yieldedia 

triterpenoidi(250).iAitriterpenoidi(251),itwoicoumarinsi(252i–i253),ioneiellagiciacid derivative 

(254),iandithreeiflavonoids (255i–i257)iwere isolatedifromitheistemibarkiofiM.icapensis. 

ChemicalianalysisiofitheirootiextractiofiM. Capensis afforded a steroli(258)iandiaiphenolic 

oxiranei(259).iTheistem barkiofiF. thonningiiiyielded sevenicompounds,iincludingifour 

flavonoids (260i–i263),ioneiphenoliciacidi(264),ioneisugari(265),iandioneisteroli(266).i6-

[(2(E),7(E))-6-Isopropyl-3,9-dimethyldeca-2,7,9-trienyl]ikaempferol (triviallyinamedias 

conglomeratin) (245) is new, whilei2,2′-(((propane-2,2-diylbis(4,1-

phenylene))bis(oxy))bis(methylene))bis(oxirane)i(259) has not beeniisolatedifrominature 

beforeinow.iSaccharosei(265)iisireportedifromitheigenusiFicusiforitheifirstitime.iMethylithiazoli

tetrazoliumi(MTT)iassayiwasiuseditoiassessithe cytotoxicityiofitheiisolatedicompoundsito 

determineitheir anticancer potential. Amongitheitestedicompounds,iconglomeratini(245) 

displayed the highesticytotoxic potencyiagainstiliveri(HepG2)i(IC50i=i13.1iµM)iandibreast 

(MCF-7) (IC50i=i16.2iµM)icancerousicells.iCompoundi259ialso  showedimoderateicytotoxic 

potentialiagainstiHepG2i(IC50i=i15.6iµM) and MCF-7i(IC50i=i28.2iµM),irespectively,iwhile 
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compoundi251idisplayedimoderateiactivityi(IC50i=i42.9iµM)ionlyiagainstitheiHepG2icell line. 

TheiIC50 valuesifor theireferenceidrugidoxorubiciniwerei0.69iµMi(MCF-7)iandi0.81iµM 

(HepG2).iUsingitheiiodonitrotetrazoliumi(INT)icolorimetricitest,itheiantibacterialipropertiesiof 

theiextractsiandipure compoundsiwereiassessed. Theiminimaliinhibitoryiconcentrationi(MIC) 

valuesiforitheithree Macaranga species (M. conglomerata, M.icapensis,iandiM. 

kilimandscharica) extractsirangedifromi4itoi128iµg/mLiagainstiGram-positive (Staphylococcus 

aureus)iandiGram-negative (Escherichiaicoli,iEnterobacteriaerogenes,iKlebsiellaipneumoniae, 

ProvidenciaistuartiiiandiPseudomonas aeruginosa)imicroorganisms.iAlmostiallitheiextracts 

displayediaibactericidal impactionitheitestedibacteriaiwithiaiminimalibactericidaliconcentration 

(MBC)/minimal inhibitory concentrationi(MIC)iratioiofilessithani4.iCompoundi245ishowed 

significantiandimoderateiactivities towardsiP.iaeruginosai(MICi=i7.8iµg/mL)iandiS.iaureus,iE. 

coliiandiK.ipneumoniaei(MICi=i62.5iµ/mL),iwhileicompound 248idisplayediselectivityiforiK. 

pneumoniaei(MICi=i7.8iµg/mL),iandicompoundi246iwasipotentiagainstiP.iaeruginosa (MICi= 

1.0iµg/mL).iTheiMICivaluesiforitheireferenceidrugiciprofloxacinirangesifromi1.0i–i15.6iµg/mL 

foriallitheimicroorganisms.iTheicurrentistudyihasirevealedithaticompoundsifromitheiMacaranai

speciesiexhibitedistrongitoimoderateianticancer potentialsiandibroad-spectrumiantibacterial 

activities.iHence,itheyishould be exploited asicandidatesiforitherapeuticiagentsiinidrug 

development. 
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CHAPTERi1:iINTRODUCTION 

 

1.1:iBackground 

 

Medicinaliplantsihaveibeeniessentialiinihumaniailmentitherapyievenibeforeimoderncivilization. 

Theiquestiforiand utilizationiof theseimedicinal plantsihasicontinueditoireceiveiincreased 

interest,iparticularlyiin developing countries.iMedicinal herbsiareiincreasinglyibeingiusediin 

industrialized nationsifor therapeuticiandipreventativeipurposes,iparticularlyiforitheitreatment 

ofihard-to-treatidiseases.iInifact,ialmosti60i%iof peopleiworldwideiutilize herbalimedicinesito 

meetitheirihealthineeds (El-Seediietial.,i2013;iAlves-Silvaietial.,i2017).iTheseidevelopments 

areirelateditoimedicinaliherbs’iavailability and affordabilityiiniemerging nationsiandithe 

accessibilityiofitraditional medicineipractitionersitoitheipopulation. Theseiphenomenaiare 

observableiiniruraliareasiwhere patientsicanipayiforitheiservicesiofiherbalipractitionersiasilocal 

standardipractice stipulates.iTheiprimaryielementsiinfluencingitheirisingiinterestiinimedicinal 

plantsiiniindustrialized countriesiareitheirinatural originiandiloweriorinon-existentitoxicity when 

compareditoitheiadverse consequencesiof manufacturedimedicationsi(Loweietial.,i2021).iIn 

Africa,inearlyi80i%iofithe populationiresortitoifork remediesiforidiseases,iincludingipain, 

malaria,iinfertility,idiabetes,icancers,iandimicrobialiinfectionsi(Ozioma and Chinwe, 2019). 

Njorogeietial.i(2010)istatedithatiabouti90i%iof Kenyansihad utilizedimedicinaliplantsitoitreat 

oneiailmentiorithe other at leastionceiin theirilifetime.iThisiisiinvariablyiconnecteditoithe 

culturaliacceptabilityiandieffectivenessiofitheiplantsiiniimprovingihard-to-treatidiseasesibesides 

theiricheapnessiandilocaliavailability. 

 

Plants generate a vast array of phytochemicals withiaiwideirangeiofistructures.iThese 

phytochemicals are referred toiasisecondaryimetabolites,iasiopposeditoiprimaryimetabolites, 

needed in the development of plants. Phytochemicalsi(naturaliproducts)isuchiasialkaloids, 

phenolicicompoundsianditerpenoidsiallicontributeisignificantlyitoihowiplantsiinteractiwithitheir
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isurroundingiecosystems.iTheyimayifunctioniasihormonesiorisubstancesithatidefendiplantsifrom

ipathogens and phytophagous or as floralipigmentsicapableiofienticingipollinators.iNatural 

products facilitatei basic plant development processesiandiareihistoricallyiutilizedifor 

medicationsi(SpringobiandiKutchan,i2009). 

 

Phenolicicompoundsisuchiasiresveratroli(1)iandiepigallocatechin-3-gallatei(2)ifoundiiniArachis 

hypogea and green tea, respectively,iwereibothireporteditoibeieffectiveianticanceriand 

antibacterialiagentsi(VestergaardiandiIngmer,i2019; PriyaiandiSatheeshkumar,i2020;iWuiand 

Brown,i2021). Plant-derived secondaryimetabolites suchiasiUrgineaniniAi(3)iand 

homoisopogoniAi(4)iisolatedifromiUrgineaidepressaiandiOphiopogonijaponicus,irespectively,i

revealedipromisingianticancer activities againstimultidrug-resistanticancerousicellsi(Dai 

etial.,i2013;iDangietial.,i2017;iBitchagnoietial.,i2020). Furthermore, ferrugininiAi(5)iand 

candidonei(6)ifromiHarungana madagascariensis andiMiliciaiexcelsa,irespectively,iwere 

founditoidisplayisignificantiantibacterial activitiesiagainstimultidrug-resistantibacteriai(MICi= 

4i–i64iµg/mL)i(Mbavengietial.,i2015;iTankeoietial.,i2016). 
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Manyiotheriplantsitraditionallyiutilizediforicancer and bacterial infectionitreatmentimayibe 

sourcesiofileadicompounds neededitoidevelop medicationsiagainstitheseidiseases.iPlantsiinithe 

generaiMacaranga and Ficusiare examplesiofisuchiplants.iPrenylatediflavonoids,iwhich 

possessidiverseipharmacological activities, includingianticanceriandiantibacterialiproperties, 

areicommonly found in MacarangaiandiFicusigeneraiplantsi(Kueteietial.,i2011;iMaiietial., 

2020;iVuietial., 2021;iPagnaietial., 2022).iInithisistudy,itherefore,icrudeiextractsiandiisolated 

compoundsifromithreeiMacaranga species, Macaranga conglomerata,iMacarangaicapensis, 

andiMacaranga kilimandscharica foundiiniKenya,iwereiexaminediforipotentialiutilizationiin 

canceriandibacterialiinfection treatment.iAdditionally,iFicusithonningiiiwasiphytochemically 

investigated. 

 

1.2:iStatementiofitheiProblem 

 

Canceriisiaimajoriglobal health issue affectingiallicommunitiesiirrespectiveiofitheir 

developmentistatus.iGlobally,itheiburdenioficancerihasibeenirisingiinitermsiofinewicases and 

fatalities.iIni2020,iforiinstance,itheiglobalitotalicancerideathsiincreasedito about 10imillion 

(Sungietial.,i2021)ifromi9.6imillionimortality recordediini2018i(Brayietial.,i2018). Moreover, 

canceriandicardiovascularidiseasesiare presently considereditheimainicausesiofimortality 

globallyi(Brayietial.,i2021).iTheiprevalenceirateioficanceriinideveloping nations suchiasiKenya 

hasishowniaisteadyiincreaseidespiteitheigovernment'sistrategic plansitoicontrolitheimenaceiof 

cancer.iIni2017,iforiinstance,ithe Kenyan MinistryiofiHealthireportediabouti39,000inewicancer 

patientsiandi27,000icancerimortalityi(MHK, 2017; 2022). However, withinioneiyear,ithe 

indicesioficanceriiniKenyaihadirisenito 47,887 and 32,987iforinewicanceripatientsiand 

mortality,irespectivelyi(WHO,i2018).iTheimosticommon malignancy among womeniwas 

breasticancer,iresponsibleifori15.5i%ioficancer fatalities globally amongifemaleipatientsiin 

2020i(Sungietial.,i2021).iItiwasithe leadingitypeioficanceriinifemalesiiniAfricaiandiKenya,iwith 

aniestimatediincidenceiofi186,598iandi6,799,irespectively,iini2020.iIn Kenya, breast cancer 
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accountedifori11.5%i(3,107)iofiallicancer-relatedifatalities,imakingiititheisecondimost common 

cancer-relatedicauseiofideath.iNevertheless,ioneiofitheimostitypicalitumours amongimeniis 

livericancer.iIni2020,iitiaccountedifori10.4i%iofioverallicancerimortalityiinimalesi(Ferlayietial.,i

2021).iLivericanceriwasireportedias theithirdileadingicause ofimortalityiiniAfricai(66,944) 

(GLOBOCAN,i2020;iFerlayietial.,i2021;iSungietial.,i2021;iMHK,i2022). 

Microbes such as bacteriaiareiamongitheimainicomponentsithatiexponentiallyicontributeito 

canceriinitiationiandidevelopment. Infectious agents, especiallyibacteria,iaccountifori16.1i% 

ofimalignantitumors globally (Khatunietial., 2021). Chronic inflammationibroughtioniby 

bacterial infections causes cancer toidevelopiandiultimatelyiresultsiinideath.iForiinstance, 

Helicobacteripylori,iaibacterium found in theistomach,iattacksitheiDNAiofitheihosticells, 

controlsitheiimmuneisystem,iandiinducesiinflammationithaticaniactivateicelligrowthiand result 

in stomachicancer (Dekaboruahietial., 2020;iKhatunietial., 2021). 

Anotherinoteworthyiillustrationiis Fusobacteriuminucleatumiwhichiisiassociated 

withicolorectaliandioralicancersi(Sethiietial.,i2019;iHarrandahietial.,i2021). Theibacteriumiwas 

founditoibeicapableiofireleasingitoxins and carcinogenicimetabolitesiandiisiresponsibleifor 

inflammatoryidiseasesiofitheidigestive tracti(dosiReisietial.,i2019).iApartifromitriggeringithe 

canceriprogression,ibacteria remain a significantisourceiofimortalityiandifatalityiinicancer 

patients. 

 

Chemotherapeuticidrugsiareitheimosticommonlyiavailableiand frequently utilized cancer 

therapyioption,iyetitheseidrugsiareinotiselectiveiandicanidamageinormalicells.iMoreover, most 

chemotherapyidrugsisuch as doxorubicini(7)inowiiniuseicauseisignificantisideieffects,ileading 

toiincreased mortality (Elasbaliietial.,i2022) anditreatmentiresistanceiinimalignanticellsi(Luiet 

al., 2015;iChristowitzietial., 2019;iLiietial., 2021).iFurther,iantibioticiefficacyilossidueito 

bacterialiantibioticiresistanceihasihampereditheicanceritherapeuticieffectivenessi(Nanayakkarai
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etial.,i2021).iCiprofloxaciniisianiexampleiofisuchiantibiotici(8)i(Hamedietial.,i2018;iPangietial., 

2019).iDueitoitheirisingiprevalenceiofidrugiresistanceibyicancerousicells and bacteria,iitihas 

becomeiimperativemtoiidentifyileadicompounds thatimayibeiexploited inidevelopinginovel 

therapeuticidrugs.iThisicanibe achievedibyiinvestigating theipotentialiofihistoricallyiused 

medicinaliplantsisuchiasiMacarangaiandiFicusispecies.iMostiofitheseicompoundsiderivedifromi

naturalisources,iparticularlyimedicinaliplants,iareieffectiveiandiselectiveiagainstimalignanticells

iandibacteria,iwithilittleiorinoisideieffectsi(Kueteietial.,i2011;iVuietial.,i2021). 

   

1.3:iObjectivesiofitheiStudy 

1.3.1:iGeneraliObjective 

Thisistudy'sigeneraliobjectiveiwasitoiisolateitheisecondaryimetabolites from three selected 

Macaranga species and Ficus thonningii with potential anticancer and antibacterialiapplications. 

1.3.2:iSpecificiObjectivesi 

Theispecificiobjectivesiofithisistudyiwere:  

i) ToidetermineitheisecondaryimetabolitesiofiMacarangaiconglomerata,iMacarangai

capensis,iMacarangaikilimandscharica,iandiFicusithonningii. 

ii) Toiassessithe cytotoxic potency ofitheiisolatedicompoundsifromitheiselected 

Macarangaispecies. 

iii) Toievaluate the antibacterial activitiesiofitheiselectediMacarangaispecies's 

crudeiextractsiandiisolatedicompounds.    
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1.4:iJustificationiofitheiStudy 

 

Prenylated flavonoids andistilbenesihaveirecentlyireceivediincreasingiinterestiinicancer 

chemopreventioniandichemotherapyidueitoitheir characteristic structures' diversityiandibroad-

rangingibioactivitiesionimulti-targetitissuesi(Nemaietial., 2012;iChenietial., 2014).iTheihigh 

antioxidant,ianti-inflammatory,iandiapoptosis-inducing abilityiofitheseimetabolites areilinked to 

their pharmacological potentials with minimalisideieffects(Sirerolietial.,i2016).i 

Furthermore,inaturalimetabolitesi(suchiasiflavonoids)ihaveitheicapabilityiofiinteractingiwithithe

idifferenticonstituentsiofibacterialicellistructure,imakingithem better antibacterial agents (Pistelli 

andiGiorgi,i2012;iBorgesietial.,i2016). 

 

PreviousiinvestigationirevealedithatitheigeneraiMacaranga and Ficusicontainiprenylated 

flavonoidsiandistilbenesiwithipotentipharmacological activities. Diterpenes,icoumarins,iand 

tanninsiwereialsoireportedifromitheitwoigenerai(Kamarozamanietial., 2019; Insanuietial., 2020; 

Salehiietial.,i2021).iTheicancericellilineiA2780 was sensitiveitoimacarecurvatiniBi(9)i(IC50i= 

0.83iµM)iisolatedifromiM. recurvatei(Tanjungietial., 2012).iLonchocarpoliAi(10)ifromiM. 

Hurifoliaidemonstrateipotent antibacterial efficacyiwithiMICivaluesiofi7.65iandi0.18iµM 

towardsiS.ityphiiandiK.ipneumoniae,irespectivelyi(Pagnaietial.,i2022). 
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Furthermore,imyrsininone A (11) isolatedifromitheifruitsiofiF.iaurataiexhibitedibroad-

spectrumiantibacterialiproperties,iwithiMICirangesibetweeni1.25itoi20.00iµg/mLi(Shaoietial.,i

2022). 

AlthoughiseveraliMacarangaispeciesihaveibeen recognized toihaveipharmacologicalipotential 

andiaivariety of traditionaliuses,itheianticanceriandiantibacterialiefficacyioficrudeiextractsiand 

compoundsifromitheithreeiselected Macaranga species haveinotireceivedianyiattention. 

Furthermore,iailiteratureisurvey indicated thatilittle has beenidoneitoiisolateisecondary 

metabolitesiiniF.ithonningii.iTheiantibacterialiactivityiofiFicus thonningii leaves extractiwas 

reportedibyiKoneiandihisicolleaguesi(Koné et al., 2004). However, the systematic 

phytochemicalistudiesiofiF.ithonningiiifromiEastiAfricaihasihithertoinotibeenireported.iBased 

onithe established paucity of data,itheianticanceriandiantibacterialipotentialsiofitheiselected 

MacarangaispeciesianditheiphytochemicaliconstituentsiofiF.ithonningiiiwereiinvestigated. 
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CHAPTER 2: LITERATURE REVIEW 

 

2.1: Cancer 

 

Iniaibroaderiperspective,ianiassemblyiof syndromes known asicanceriareidefinediby 

uncontrollediandiabnormalicellidevelopmenticapableiofiinvading and spreadingitoidifferent 

bodilyiregions. Canceriisiconsidereditheileadingicauseiofifatalityiandiaiglobaliimpedimentito 

longevity (WHO,i2020;iSungietial.,i2021). Globally,iabouti10imillionicancerideathsiandiover 

19imillioninewicasesiofithe diseaseiwereireportediini2020i(Sungietial.,i2021).iTheirapidiand 

growingicancerioccurrence and lethalityiareiassociatediwithitheiprevalenceiofitheiriskifactors 

thatiareilinkeditoisocio-economicidevelopmenti(Lortet-tieulentietial., 2020).iMalignantidiseases 

haveiemergediasiaipublicihealthimenaceiiniAfrica.iAfrica,iini2020,iaccountedifori1.1imillioniof 

theiWorld's cancer cases and 712i800icancerideathsi(whichiequatesitoiapproximatelyi2000 

cancerimortalityiperiday). 

 

InicontrastitoiotheriWorldiregionsi(exceptiAsia),itheishareioficancerimortalityiiniAfricai(7.2 %) 

isihigherithanithatiofitheiincidencei(5.7i%)i(Sungietial., 2021). Barriersitoiearlyidetectioniand 

qualityicanceritreatment,ilessihealthyidietsiandicanceritypesiare the main contributingifactors 

associatediwithiAfrica'sihighicancerifatalityirate.iInfectiousidiseases,ismoking, diet, unhealthy 

lifestyles,ioccupationaliandibehaviouralirisks,iandiobesityiareiattributed to Africa’sirising 

canceriratei(SyllaiandiWild,i2012;iMakhafolaiandiMcGaw,i2017).iTheimostidiagnosediformiofi

canceriinitheiAfricaniregioniareitheifemaleibreast,ilungicolorectum,iprostateiandistomach,iwith 

femaleibreasticancer leadingitheicause oficanceriincidencei(186i598),iwhereasilungicancer 

accountiforitheihighesticancerimortalityi(Sungietial.,i2021).i 

 

Toistemitheiever-growingiburdenioficancerionitheipublic’sihealthisystem,iparticularlyiiniAfrica, 

affordableiandiqualityitreatmentimodalitiesiareirequired,ibesidesiearly detection andidiagnosis 

policies.iTreatmentsiandipalliativeicareiareitheiessentialicomponentsiofiaicomprehensiveicancer
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management approach. Whereas surgery, radiotherapy,ichemotherapy,itargeteditherapy, 

immunotherapy,ioritheiricombinationiare the leading canceritreatmentistrategiesiworldwide, 

palliativeicareiaimsito improve canceripatients’ilifeiqualityithroughisurgicaliandiradiological 

palliationiandipain management (Ngoma, 2006;iYildizhanietial.,i2018).iHowever,ithese 

treatmentistrategiesiareiofteniassociatediwith different side effects;itheimostinotableibeing 

severeipainiand secondary canceriformationi(Huangietial.,i2017).iChemotherapyiremainsithe 

mostipromisingioptioniinicancerimanagement,ibutitheiregimeniis confronted with drug 

resistanceibyidifferenticancerousicells.iTheiresistanceiisiborneieitheriby increasing medication 

releaseioutsideitheicellsioriby reducing itsicell’siabsorptioni(Mansooriietial.,i2017).iTheidrug 

resistanceiresultsiinitumourirelapse,ifollowedibyia metastaticiprocess (Kuczynskiietial.,i2013; 

Housmanietial.,i2014).iTherefore,iitihasibecome necessary toilookiforiselectiveichemo-agents 

frominaturalisources,iespeciallyithose with low diseaseiresistance,ifewerisideieffects,ihigh 

medicinaliattributes,iandicost-effectiveness. 

 

2.1.1:iAnticanceriDrugsiofiNaturaliOrigin 
 

Bioactive moleculesiderivedifromivariousinaturalisourcesihaveitheipotentialitoibeimedicinally 

significant.iTheiutilizationiofimedicationifrominaturalisources, predominantly plants,iisiasiold 

asihumanicivilizationiacross the globe.iNatureiremainsiaitroveiofipossibleichemotherapeutic 

medicinesiandilead compounds (Khazirietial.,i2014). Moreithani60i%iofitoday'sicancer 

medicationsioriginateifromiplantsiorimicrobesi(Newman and Cragg, 2012).iPotentianalogues 

andiprodrugsiareidevelopediusingiphytochemicalsiisolatedifrominaturalisourcesiasiaiparadigm 

viaichemical techniques such asitotalioricombinatorialisynthesisi(Basmadjianietial.,i2014; 

CraggiandiPezzuto,i2016).iAs of 2012,iapproximatelyi80i%iofithei236inewichemicalientities 

approvediasichemotherapeuticidrugsiwereiderivedifromioriinspiredibyinaturaliproductsi(Khaziri

etial.,i2014).  
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Plant-derivediagentsilikeivincristine (12) andivinblastinei(13)ifromiCatharanthusiroseus, as 

welliasietoposidei(14)ifromiPodophyllumipeltatum (LeeiandiXiao,i2011) areiamongitheimost 

effectiveicancerichemotherapeuticsionitheimarket today (CraggiandiPezzuto,i2016). Other 

anticanceriagentsiofiplant origin in clinicaliuseiincludeigimatecani(15)ifromiCamptotheca 

acuminatei(Pecorelliietial.,i2010) and cabazitaxel (16) fromiTaxusibrevifoliai(Palleriand 

Antonarakis,i2011). 

 

 

 

Microorganismsiareialsoiregardediasipromisingisourcesiofinaturalichemotherapeuticiagentsidue

itoitheirivastidispersioniandidiversity. Furthermore, harsh environment-resistantimicrobes 

releaseicompoundsithatimayihaveimedicinal uses. Mitomycin (17),iepirubicini(18),iand 

valrubini(19)iareialliStreptomycesisp.iderivedianticanceriagentsiuseditoitreatibreastiandibladderi

cancersi(Ormrodietial.,i1999;iKuznetsovietial.,i2001;iKhazirietial.,i2014). 
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2.1.2: Phytochemicals with Anticancer Potentials 

 

Scientific evidence suggests that phytochemicals and derivatives are promising options for 

improving treatment efficiency and reducing adverse reactions in cancer patients. Several of 

these metabolites have been evaluated for cytotoxicity. By scavenging free radicals, 

suppressing tumour growth, and acting as anti-angiogenic agents, they have overlapping and 

supporting mechanisms that slow cancer development (Choudhari et al., 2020; Khan et al., 

2022). Among them was alpinumisoflavone (20) (IC50 = 9.60 µM), a pyranoisoflavone isolated 

from Ficus chlamydocarpa, which induced apoptosis in drug-sensitive drugs CCRF-CEM 

leukaemia cells (Kuete et al., 2016). Morusin (21) (IC50 = 0.64 µM), atalantoflavone (22) (IC50 

= 1.25 µM), andi3′-geranyl-3-prenyl-2′,4′,5,7-itetrahydroxyflavonei(23) (IC50i=i1.32iµM), all 

reported from Morus alba’s leaves, demonstrated potent cytotoxic efficacyiagainstihuman 

cervicalicancericells (HeLa) (Datietial.,i2010).  
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Chouietial.i(2010)iisolatedicryptocaryanoneiAi(24)ifromiCryptocaryaichinensis whichnshowed 

cytotoxic activities against MCF-7i(IC50i=i5.1iµM),iSF-268i(IC50i=i5.0iµM),iandiNCI-H460 

(IC50i=i4.3iµM).iTwo isoflavones, durmilone (25)iandi6,7,3′-trimethoxy-4′,5′-

methylenedioxyisoflavone (26) from Lonchocarpusibusseiidisplayedisignificanticytotoxic 

activities against leukaemia CCRF-CEMicellsiwithiIC50i=i0.54iandi6.27iµM,irespectively 

(Ademietial.,i2019). 

 

 

A diterpene, 7-(2-oxohexyl)-11-hydroxy-6,12-dioxo-7,9(11),13-abietatriene[=7-(2-oxohexyl)-

taxodione] (27),iisolatedifromiSalvia austriaca, was tested using MTT assays for its 

cytotoxicity effect against three tumour cancerous cells (Kuźma et al., 2012). The compound 
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had a considerable impact in preventing the proliferation of all the tested tumour cells, 

considering the IC50 values of 0.63 µM (HL-60), 0.66 µM (NALM-6) and 0.72 µM (WM-115). 

Antiproliferative activities of diterpenoids from Salvia yunnanensis against HeLa cells: 

salyunnanin D (28) (IC50 = 7.92 µM), salyunnanin E (29) (IC50 = 0.86 µM), and danshenol A 

(30) (IC50 = 5.74 µM) were reported (Wu et al., 2014). Bourjotinolone B (31) was evaluated 

for cytotoxicity against A-549 cell lines after its isolation from Toona sinensis (Tang et al., 

2016). It displayed potent inhibition and selectivity on A-549 cells, including inducing 

apoptosis. 

 

 

Three alkaloids, maculine (32) (IC50 = 9.5 µM), 5-methoxymaculine (33) (IC50 = 7.9 µM), and 

flindersiamine (34) (IC50 = 8.9 µM), reported from Oricia suaveolens inhibited the activities 

of lung adenocarcinoma A-549 cell line (Wansi et al., 2008).  
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2.2: Bacterial Infections 

 

Infectiousidiseasesicausedibyibacteriaiandivirusesicontinueitoiposeiaiseriousithreatitoipublici 

health, claiming 500,000 individual livesiannuallyiandiaccountingifori25i%iofiallideaths 

worldwidei(Nii-trebi,i2017;iSebolaietial.,i2020).iInidevelopingicountries, infectious diseases 

accountiforiabouti45i%iofimortality,iandiapproximately 90i%iofitheseideathsiareimainlyidueito 

bacterialiinfectionsi(Al-judaibi, 2014;iNii-trebi, 2017).iInfectionsiresultingifromiantibiotic-

resistant pathogens have become aisignificanticoncern.iTheiWHOihas identifiediantibiotic 

resistanceiasiaiseriousiproblem to global health,iwithianiestimatedi700,000ifatalitiesiannually 

(Aslamietial., 2018;iKoulentiietial., 2019). Fighting pathogen-causedidiseasesiand 

complications arising fromichemotherapy,idialysis,ioriorganitransplantingihasibeeniimpaired 

dueitoitheicontinuingitrendiofilossiofieffectiveiantibiotics.i 

 

Resistance-causingibacterialiinfectionsihaveibecomeimoreicommon,iandicertain bacteriaistrains 

areinow almost immune toiantibioticsi(Breijyehietial.,i2020).iAccordingitoiresearch,icertain 

bacteriaihaveibeenilinkeditoihumanicancers,iandibacterialiinfectioniisiresponsibleiforiabout 15% 

oficancersiglobally,imakingiitiaiseriousihealth concern (Mager,i2006;iSebolaietial.,i2020).iFor 

instance, Helicobacter pylori, Salmonellaityphi,iChlamydiaipneumoniae, Chlamydia 

trachomatis, and Streptococcusibovisiareiassociatediwithigastricicancer (Nokhandaniietial., 

2021),igallbladdericanceri(Kumarietial.,i2006), lung canceri(Littmanietial.,i2004;iMantoniet 

al.,i2009), cervicalicarcinomai(Castanheiraaietial.,i2021),iandicolonicancer (Chengietial., 

2020), respectively. Chroniciinfections,iimmuneievasioniandisuppression,iandiinisomeicases, 

producing toxins that alteritheinormalicelligrowth,iwhichiresultsiinitumouriinitiationiand 

promotion,itherebyicausingiandifacilitatingimutations,iareitheimechanisms by which bacterial 

agentsicanicauseicanceri(Mager,i2006;iElslandiandiNeefjes,i2018). 
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2.2.1: Multidrug resistance in Bacteria 

 

Bacterialiresistanceitoiantibioticidrugsihasibecomeiaimajorihealthichallengeiinibothideveloping 

andidevelopedinationsidueitoian increased rate ofidiseaseiincidents,ideath,iand prolonged 

hospitalistayiorimedicaliproceduresi(Sebolaietial.,i2020).iOveruseiofiantibiotics,ilackiofiquality 

and affordable medicine,iincreaseiinitheinumberiofiimmunodepressedipatients,iandiincorrect 

prescriptions areicontributingifactorsiinitheiemergenceiofiresistantibacterialistrainsi(Sebolaiet 

al.,i2020;iWHO,i2017).iBacteria can acquire antibioticiresistanceifromiotheribacteriaiorivia 

geneticimutation.iThroughimutations,ibacteriaicaniproduceienzymesioriotherichemicallyiactive 

substances that can renderiantibioticsiineffective.iInisomeiinstances,itheimutationsienableithe 

bacteriaitoiremoveitheiantibiotic-attackeditargeticellsioriblockitheientranceipointsiviaiwhichithe 

antibioticsienteritheicellsi(Tanwarietial.,i2014;iReygaert,i2018;iBreijyehietial.,i2020). 

 

Sixidangerousibacteriaispecies,iincludingiEnterobacteriaceaei(mainlyiE.icoli,iSalmonellaispp.,i

andiKlebsiellaipneumoniae),iAcinetobacterispp.,iPseudomonasiaeruginosa,iEnterococcusispp.,

Mycobacteriumituberculosis,iandiNeisseriaigonorrhoeae,iareiresistantitoialmostialliantibiotics 

(WHO,i2014,i2017).iStaphylococcus aureus isialsoiclassifiediasiaihighlyiantibiotic-resistant 

pathogenicibacteriai(ChuaiandiGubler,i2013;iWHO,i2017). 

 

2.2.2: Natural Product Derived Antibiotic Drugs 

 

Naturaliproductsiareiuseditoidevelopitherapeuticiagentsiforialmostieveryidisease (Patridgeietial., 

2016).iPlantimetabolitesihaveiremaineditheioriginiofipotentitherapeutics against pathogenic 

microbes (Rossiteriet al., 2017).iOnlyithreeiofitheinineiclassesiofiantibioticsi(sulfonamides, 

fluoroquinolones, and oxazolidinones) areisyntheticallyideveloped,ileavingitheiotherisix 

isolatedifrominature.iTheseiclassesiofiantibioticidrugsifrominature include penicilliniGi(35), 

tetracycline (36),ierythromycin (37),igentamicin (38),iandiclindamycini(39)i(Patridgeietial., 

2016;iRossiterietial.,i2017). 
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Bacterial resistance to these drugs and their derivatives has increased due to their frequent 

prescription for nonbacterial infections, such as viral infections, and unregulated use, resulting 

in sublethal doses, allowing resistance to spread quickly (Ventola, 2015). Therefore, the need 

for new medications with novel biochemical interactions to fight infections caused by resistant 

bacteria is critical. Phytochemicals have the potential to act as effective antimicrobial agents. 

They can equally improve the efficacy of conventional antibiotics when used in combination 

therapy. 

 

2.2.3: Phytochemicals with Antibacterial Potentials 

 

Plant-derivedicompoundsicaniinteractiwithitheipathogeniciprocesses,ithereby decreasing the 

bacteria’siabilityito develop resistance.iTheseicompounds,iincludingiflavonoidsi(especially 

prenylated), terpenoids, alkaloids, andiessentialioils,ihaveiproveniefficacyiagainstidrug-resistant 

bacteria (Savoia, 2012;iBarbieriietial.,i2017;iGorniakietial.,i2019).iForiexample,i6,8-

diprenyleriodictyol (40),iisobavachalconei(41)iandi4-hydroxylonchocarpini(42),iisolatedifrom 
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Dorsteniaispecies,ishowedipotencyitowardsimethicillin-resistantiS.iaureusistrain,idisplaying 

MICiofi0.5i–i4.0iµg/mLi(Dzoyemietial.,i2013). 

 

Licoflavone C (43) and derrone (44) from Retama raetam manifested good activitiesiagainst 

E.icolii(MICi=i7.81iµg/mL)i(Edziri et al., 2012). Neocyclomorusin (45), candidone (46), and 

neobavaisoflavone (47) were evaluated by Mbaveng et al. (2015) for their potency towards 

E.icoliiandiK.ipneumoniae. The compounds’iMICiranged between 4itoi8iµg/mL. 3′-O-

methyldiplacol (48) and mimulone (49) were isolated from P. tomentosa fruits and screened 

against five MRSA strains (1903, 3202, 62097, 67755, 1679). The compounds’ MICs (2 – 8 

µg/mL) confirmed their strong activity (Navrátilová et al., 2016). 
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2.3: Bacteria and Cancer 
 

Bacterialiandiviraliinflammatoryimicroenvironmentsihaveibeeniprovenitoicause carcinogenesis. 

Theiinteraction of immune systems with someimicroorganismsileadsitoitheigenerationiof 

persistent inflammation thatiaidsiinicanceridevelopmenti(Mager,i2006).iPreviousiresearchihas 

shownianiimportantilinkibetweenigastricicanceriandiinfectionicausedibyiH.ipylorii(Wroblewski 

etial.,i2010).iFurthermore, B. fragilis and E. coli playianiintegralipartiinicolonicancer 

developmentibyicausing chronic inflammation.iDueitoitheiripoisonsiandimetabolites,iamong 

others,ibacteriaicanialsoicauseicanceri(Nokhandaniietial.,i2021).iChroniciactivationiofireactivei

oxygenispeciesi(ROS),iinterleukin-8i(IL-8),icyclooxygenase-2 (COX-2)iandinitricioxidei(NO), 

asiwelliasienvironmentalivariables,ihasibeenidemonstratedito contribute considerably toithe 

carcinogenesisiprocessi(SearsiandiGarrett,i2014). 
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2.4: The Family Euphorbiaceae 

 

Withiapproximatelyi300igeneraiandi7,500ispecies,iEuphorbiaceaei(theispurgeifamily)iisiaiwell 

known flowering family thatiincludesiaiwideivarietyiofiplants,ifromisimpleiweedsitoiwoody 

trees.iMostiofitheimembersiofithisifamily inhabit tropical climates,iwhileiothersioccurias 

rainforestitreesiandiherbsi(RahmaniandiAkter,i2013).iThe family includes economically 

importantispeciesisuch as castor oil plants,irubberitrees,iandipoisonousiweedsilikeiEuphorbia 

esulaiandiEuphorbiaimaculata.iAsiairesult,iEuphorbiaceaeiisiconsiderediaicomplexifamilyiwith

igreatiresearchipotentiali(MwineiandivaniDamme,i2011). 

 

2.4.1: The Genus Macaranga 

 

Macarangaigenusiconsistsiofioveri300ispecies,iwithiabouti200ispeciesifoundiin tropical Asia 

andiNewiGuineai(SiregariandiSambas,i2000).iItibelongsitoitheiEuphorbiaceaeifamily,iandiit’siai

soft-woodeditreeithatirapidlyigrowsitoiabouti15i–i30imitalli(Zakariaietial., 2008; Magadula, 

2014;iKoterietial.,i2019).iMacarangaispeciesiareiknownitoiformisymbiosesiwithiants.iWhileithe

ants provide herbivore protectionitoitheitrees,itheitreesiserveiasinestingispaceiandiprovide 

nutrientsitoitheiantsi(Feldhaarietial.,i2000).iSomeiMacarangaispeciesiareifeaturesiofisecondaryi

forestsiandiareiregardediasiindex species for the extentiofiforestiintrusioni(Slikietial.,i2003). 

SevenispeciesiofiMacarangaiwereireporteditoibeinativeitoitheiEastiAfricaniforests.iMacarangai

conglomerata, Macaranga capensis, Macaranga kilimandscharica,iandiMacaranga 

schweinfurthiiiareifoundiiniKenyaiwithin 300i–i2100 m altitudesi(Ngangao,iKakamega,iand 

Kieniiforests,iTaitaiHills)i(Beentje,i1994;iZakariaietial.,i2008;iDharaniiandiYenesew,i2022). 

 

2.4.1.1: Macaranga conglomerata Brenan 

 

Native to Kenya (Taita Hills)iandiTanzaniai(WestiUsambaraiMountain),iMacaranga 

conglomeratai(commonlyicalled ‘Dundu’ byiTaitaipeopleiiniKenya)iisiaimedium-sizeditree 

(upitoi32im)iwithilong-stalkediinflorescence.iItsileavesiareislightlyipulvinateiatitheibase,iheldiin 
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aidroopingipositioniwithitheimarginsiincurved,iandiaileaf-blades ovate shape that is often 

broadly.iTheispeciesiisirestricteditoitheimentionedimontaneiforestsiwithinitheielevationiofi1400i

–i2000imi(Lovettietial.,i2005;iLovettiandiClarke,i2020). 

 

2.4.1.2: Macaranga capensis (Baill) Sim. 

 

Macaranga capensis (commonly called ‘Bwabwa’ by Chichewa or ‘Mbawa’ (Swahili) in 

Kenya) is a deciduous tree with pale grey bark, spirally arranged, broadly ovate leaves, and 

short thorns on young stems. It has a densely yellowish-green dehiscent fruit and purplish-

brown to blackish seeds. M. capensis, an habitant of evergreen forest (305 – 2133 m), is 

regarded as an indicator of forest invasion. It is found along the lake and stream banks of East 

Africa (Kenya, Ethiopia) to South Africa and can grow up to 30 meters long (Beentje, 1994; 

Grace et al., 2003; Wursten et al., 2017). 

 

2.4.1.3: Macaranga kilimandscharica Pax 

 

Itiisiaisemi-deciduous tree (4.5 – 27im) with youngibranchesipubescent.iTheistemsiare 

ascendingiwheniyoungibutibecomeiaibroadispreading crown as it grows old. M. 

kilimandscharicai(commonlyicalledi‘Mukuhakuha’ibyiKikuyuiiniKenya) is similar to M. 

capensisibutiwithileavesibladesirhombic-ovateiandiroundediorislightlyicordateibase,iiniaddition 

to the absence of spinesiiniitsibranches.iTheispeciesiinhabitimountainousievergreeniforests 

(1300i–i3000im)iandivigorouslyiregenerateiiniforestiedgesiandidisturbediplaces. Theispeciesiis 

nativeitoitheiEastiAfricaniregioni(BussmanniandiBeck,i1995;iOrwaietial.,i2009). 

 

2.5: The Family Moraceae 

 

Moraceaei(mulberry)iconsistsiofi37igeneraiandiabouti1100ispecies,imostiofiwhich are tropical 

treesicharacterizedibyimilkyiand,iinisomeiinstances,iwateryisap.iMoraceae species have 

pinnatelyiveined,isimple,iandialternateileaves.iBothitheiinflorescences and the unisexual 
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bloomsioccuriinivariousisizesiandiforms.iAifleshyistructureiknowniasiaisyncarp surrounds the 

typicallyidrupaceousifruits.iTheiseedsiareihugeiwhenithereiisinoiendospermibutiareimicroscopi 

withiit.iThe Moraceae family is foundithroughoutitheiplanet,ifromitropicalitoitemperate 

climates.iSpecies such asibreadfruitiandijackfruiti(Artocarpus),iAfricanibreadfruiti(Treculia), 

and Ficusicaricai(Ficus)iproduceiedibleifruits that areinotionlyibeneficialitoihumankindibut 

alsoitheianimals.iMorus and MacluraigeneraifromitheiMoraceaeifamilyiareiinvolvediwithisilk 

production,iwhereasiotherispeciesifromiBroussonetiaiandiArtocarpusifind applications in 

furniturei(BergiandiCorner,i2005;iZeregaietial.,i2005;iTamokouietial.,i2017). 

 

2.5.1:iTheiGenusiFicus 

 

Ficusigenusi(Moraceae) consists of over 850ispeciesifoundiworldwideiinitropicsiand 

subtropicsizonesi(Al-Musayeibietial.,i2017).iRegarding growth habits,iFicusiisiamongithe 

leadingidiversifiediplantigenera.iItiincludesicreepers,iclimbers,iandistranglers.iItialsoihasifree-

standingideciduousiandievergreenitrees. Ficusispecies areidistinguishedibyitheiridistinctive 

syconium-likeiinflorescenceiandisymbioticiconnectioniwithiAgaonidaeiwasps,iwhichipollinate 

theirispeciesiexclusivelyi(Novotnyietial.,i2002;iRamírez-benavides,i2016;iKhadiviietial.,2018; 

Teixeiraietial.,i2019;iSalehiietial.,i2021).iAbouti511 and 132ispeciesiofiFicusiareiwidely 

distributediiniIndo-AustralasianiandiNeotropicaliregions,irespectivelyi(Kumarietial.,i2018).iIn 

theiAfricaniregion,i112ispeciesiofiFicusiareirecognizedicurrentlyi(Noortiet al., 2007),iwithi37 

beingidistributediiniKenyaiwithini0i–i2300imialtitude,iincludingiFicusithonningiii(Berg and 

Hijman,i1989;iMaunduietial.,i2005;iKarangi,i2008).i 

 

2.5.1.1: Ficus thonningii 

 

FicusithonningiiiBlumei(commonly calledi‘Mugumo’ byiKikuyuiiniKenya)ihasiaidense, 

roundeditoispreadingicrown,iofteniepiphyticallyiinitially,iandiisimulti-stemmed,ievergreen,ior 

shortideciduous.iTheishinyigreenileavesiofiF.ithonningiiiareialternate,iovali(upitoi12icm)iwith 
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roundeditipianditaperingibase,iwhereasitheiyoungileavesiareipaleiandifinelyihairy.iThe aerial 

rootsiareifrequentlyipresent,ianditheibarkiisigreyish.iAsiaifloweringitree, both sexual 

andiasexualimeansiofipropagationiareiemployeditoigrowiF.ithonningii, and wasps pollinate 

itithroughisymbioticirelationshipsi(Dangarembiziietial., 2013, 2014).iF.ithonningiiitreeigrows 

welliinibright,ideep,iandiwell-drainedisoilsiandiisimainlyifound in tropical andisubtropical 

Africa’siuplandiforests.iIniKenya,iiticanibeifoundiiniuplandiforests,idryiforest remnants, open 

oriforestedigrassland,iandiriverbanksiwithinithe altitudesiofi300i–i2300imi(Danthuietial.,i2002; 

Maunduietial.,i2005). 

 

2.6: Ethnomedicinal uses of Macaranga species 

 

IniAsia,iEasterniandiSoutherniAfrica,iMacaranga species are employed commonlyias 

decoctionitoimanageistomachache,ibilharzia,icoughing,iswallowed poison,ifever,idysentery, 

inflammation,iandijaundice.iExternally,ileaves,iresin,iandiredigumiofispeciesifromitheigenusiare 

usediiniwounds,isores,iandiboilsihealingi(Kokwaro,i1993;iMahidolietial.,i2002;iKhatunietial.,i

2014;iQiietial.,i2017).i 

 

Traditionally,iM.icapensisistemibarkihasilongibeeniusediiniKwaZulu-Nataliinitreatingidifferent 

skiniconditionsi(Graceietial.,i2003;iMhlongo and Van Wyk, 2019).iWashambaaipeopleiof 

TanzaniaiutilizeitheiM.icapensisileavesitoimanageiallergiesi(Lovettietial.,i2005).iIn Burundi, 

Ethiopia,iandiZimbabwe,itheirootsi(fresh,ipowdered,ioriboiledidecoction)iofiM. Capensis are 

useditoitreaticoughsiandicold,imaleiimpotence,iandibilharziai(Graceietial.,i2003;iMaroyi,i2013).

iAidecoctioniofiM.ikilimandscharica’sileavesiisiemployediiniKenyaiandiTanzania to remedy 

stomachiailments,iwhileiitsirootsiextractiisiuseditoitreaticough,icold,iand bilharzia (Kokwaro, 

1993;iLovettietial.,i2005).iEthnomedicinaliusesiofisomeiMacarangaispeciesiareihighlightediini

Tablei2.1. 
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Table 2.1:iEthnomedicinaliusesiofisomeiMacarangaispecies 

MacarangaiSpeciesi iPart(s) Uses Country iReferencei 

M. aleuritoides  

Fruit/Seed 

and bark 

Treatment of 

abdominal pains, 

cough, boils, and 

breast abscesses 

iPapuai  

iNewi  

iGuineai 

iWaruruaiietial.,i2011 

M. deheiculata  iLeaves  Treatment of 

jaundice 

China  Qi et al., 2017 

 

M. denticulate 

Stem and 

leaves 

decoction 

Prevention of 

infections after 

childbirth. 

Thailand Sutthivaiyakit et al., 

2002 

M. gigantean Young 

shoot 

Management of 

fungal infections 

Indonesia Grosvenor et al., 1995 

M. indica Redgum Healing of 

wounds 

India Khatun et al., 2014 

M. pruinose Leaves 

decoction 

Treatment of 

stomach aches 

Indonesia Grosvenor et al., 1995 

 

 

 

 

M. tanarius 

Root 

decoction 

Fever relief, 

suppress 

coughing, 

antipyretic, 

antitussive 

Malaysia Lim et al., 2009 

Leaves 

extract 

Healing of 

wounds, 

relieve 

inflammation  

Thailand Phommart et al., 2005 

Dried root Emetic agent Thailand Mahidolietial., 2002 

 

 

2.7: EthnomedicinaliusesiofiFicusispeciesi 

Indigenousimedicinalipractices,iincludingiAyurveda,itraditionallyiutilizediFicus species. In 

additionitoibeingiusediasianticancer,iantioxidant,iastringent,iandicarminative agents, Ficus 

speciesiareiemployediinimanagingidiabetes,iulcers,idysentery,idiarrhoea, stomachaches, and 

haemorrhoidsi(iKokwaro,i1993;iJosephiandiRaj,i2010;iBadgujarietial.,i2014).  

 

TraditionalihealersihaveiutilizedimaceratediF.ithonningiiitoicureidiabetesimellitus,igonorrhoeai

andidiarrhoeai(NjorogeiandiKibunga,i2007;iDangarembiziietial.,i2013).iIniAngola,iwoundsiarei

treatediusingitheileavesidecoctioniofiF.ithonningii.iInitheicaseiofigingivitis,itheigums that are 
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bleedingiareimassagediwithileavesiwhileitheisoresiareicleansediwithileaf extract. Bronchitis, 

urinaryitractiinfections,iandijaundiceiareialsoitreatediwithiF.ithonningii'sileafiextractsi(Cousinsi

andiHuffman,i2002;iAhuriandiMadubunyi,i2012;iDangarembiziietial.,i2013).iAn infusion of 

crushediF.ithonningii’sistemibarkiisiemployediinimanagingiinflammation,iarthritis, and sore 

throats,iwhileitheirootsiareiutilisediinitheitreatmentiofidentaliachesiandimalaria,ias well as 

induceilactationi(Kokwaro,i1993;iTeklehaymanotiandiGiday,i2007;iAhur andi adubunyi, 

2012;iDangarembiziietial.,i2014).iTablei2.2ihighlightsisomeiofitheiFicus species' traditional 

uses.i 
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Tablei2.2:iEthnomedicinaliusesiofisomeiFicusispeciesi 

FicusiSpeciesi iPart(s) Uses Country Reference(s) 

F. abutilifolia Leaves Management of edema. Nigeria Dambatta and Aliyu, 

2011 

F. asperifolia Dry fruit 

decoction 

Treatment of sterility. Cameroon 

 

Ngadjui et al., 2013 

Leaf 

extract 

Purgative agent. Watcho et al., 2009 

Stem 

bark 

Management of 

diabetes. 

Nigeria Omoniwa et al., 2014 

F. capensis Root Remedy for cough  Kenya Kokwaro, 1993 

Bark Treatment of stomach 

upsets. 

F. carica Leaves 

decoction 

Treatment blood 

deficiency 

Nigeria Nebedum et al., 2010 

Bark Management of 

inflammation. 

Iran iRamazaniietial.,i2010 

Latex Treatmentiof sore throat 

and diabetes. 

South 

Africa 

iMasevheietial., 2015 

F. exasperate iLeavesi Treatmentiof 

inflammation, ulcers, 

and stomachache. 

Nigeria iAhmedietial.,i2012 

F. natalensis iBark iBarkiisichewediandithe 

ijuiceiswallowedito 

iinduceilactation.  

Kenya Kokwaro, 1993 

F. platyphylla Bark Treatment of  

psychoses, depression, 

epilepsy, pain and 

inflammation. 

Nigeria Chindo et al., 2010 

F. racemose Fruits Relief of dysentery. India Bheemachari et al., 

2007 

Bark Treatment of hematuria, 

menorrhagia, and 

hemoptysis. 

Bangladesh 

 

Mohiuddin and Lia, 

2020 

 

Root Chewed to treat 

tonsillitis. 

 

 

2.8: Phytochemistry of the genus Macaranga 

 

PreviousireportsiidentifyiMacarangaispeciesiasirichisourcesiofiprenylated iflavonoids iand 

stilbenes,imanyiofiwhichihaveibiologicaliactivitiesithatiencompass almost ithe ientire 

pharmacologicalisciencesi(Magadula,i2014;iVuietial.,i2018).iOther phytochemicals like 
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terpenesianditanninsiwereialsoireportedifromitheigenus,ieven thoughifewi(<i10%)iofithei300 

speciesiinitheigenusihaveibeeniinvestigatediphytochemicallyi(Magadula,i2014). 

 

2.8.1: Flavonoids of Macaranga genus 

 

Flavonoidsiareiaigroupiofipolyphenolic metabolites with a distinctiveiC6i-iC3i-iC6istructure 

(Alvarez,i2014).iiTheseiflavonoidsiareifoundiin different parts ofiplants,itea,iandiwinei(Batra 

andiSharma,i2013).iTheigenusiMacarangaiwasifounditoiincludeiFlavonolsi(I),iflavanonesi(II),i

flavanonolsi(III),iflavonesi(IV),iandichalconesi(V).i  

  

Figurei2.4:iTheibasiciskeletonioficlassesiofiflavonoidsifoundiiniMacarangaispecies. 

 

2.8.1.1: Flavonols from Macaranga genus 

 

Flavonolsiareisubclassiofiflavonoidsihavingiα,iβi–iunsaturatedidouble bond in ringiCiwith 

hydroxyigroupiattacheditoiC-3iofitheisameiring.iFlavonolsiisolatedifrom Macaranga species 

areicharacterizedibyiprenyl,igeranyliorifarnesyligroupioritheirimodifiediunitiattached to ring A 

atiC-6ioriC-8iposition.iTablei2.3ibelowisummarizesitheiflavonolsireportedifrom the genus 

Macaranga.i 

 



27 
 

Tablei2.3:iFlavonolsifromiMacarangaigenus 

Macaranga species Compound Plant part Reference 

M. pruinose Macapruinosin C (50) Leaves Syah and 

Ghisalberti, 2010 Papyriflavonol A (51) 

M. rhizinoids Macarhizinoidin A (52) Leaves Tanjung et al., 

2010 Macarhizinoidin B (53) 

M. hurifolia 
Macafolia A (54) 

Fruits Pagna et al., 2022 
Macafolia B (55) 

M. pruinose Macapruinosin F (56) Leaves Syah and  

Ghisalberti, 2012 Glysperin A (57) 

M. kurzii Izalpinin (58) Leaves Thanh et al., 2012 

Glepidotin A (59) 

8-Prenylgalangin (60) 

Galangin (61) 

M. recurvata Broussoflavonol F (62) Leaves Tanjung et al., 

2012 

M. kurzii Icaritin (63) Twigs Yang et al., 2014 

6,8-Diprenylgalangin (64) 

Licoflavonol (65) 

M. hispida i5,7,3′,4′-Tetrahydroxy-6-

igeranylflavonol (66) 

Leaves Megawati et al., 

2015 

Kaemferol 7-O-β-glucoside (67) 

M. siamensis Macasiamenol A (68) iLeavesiand 

itwigs 

iPaileeietial., 

i2015 Macasiamenol B (69) 

M.iindica Macarindicin A (70) Twigs  Yang et al., 2015a 

Macarindicin B (71) 

M. denticulata Denticulatin D (72) fronds Yang et al., 

2015b Denticulatin E (73) 

M. trichocarpa 4′-O-Methylmacagigantin (74) Leaves  Tanjung et al., 

2018 

M. indica Macarindicin D (75) Leaves Huonga et al., 

2019 Macarindicin E (76) 

Macarindicin F (77) 

M. denticulata 3′-Dihydroxy-solophenol C (78) Fruits  Le et al., 2021 

M. barteri 8-Prenylkaempferol (79) Leaves  Segun et al., 2019 

Isomacarangin (80) 

M. indica Macarindicin I (81) Leaves  Vu et al., 2021 

Macarindicin II (82) 

Macarindicin III (83) 

Macarindicin IV (84) 
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2.8.1.2: Flavanones from Macaranga genus 

 

FlavanonesibelongitoitheisubclassiofiflavonoidsicharacterizedibyiaisaturatediCiring.iPrenylation

iatiC-6iand/oriC-8iofiringiAiisiaicommonifeatureiofiflavanonesireported from the genus. 

FlavanonesiisolatedifromitheigenusiMacarangaiareisummarizediiniTablei2.4ibelow. 

 

Tablei2.4:iFlavanonesifromiMacarangaigenus 

Macaranga species Compound Plant part Reference 

M. tribola i6-Prenyl-3′-methoxy-eriodictyol 

(85) 

iFloweri  Zakaria et al., 

2010 

i6-Farnesyl-3′,4′,5,7-

tetrahydroxy flavanonei(86) 

iNymphaeoliBi(87) 

iNymphaeoliCi(88) 

M. lowii i4′-O-iMethyl-8-

iisoprenylnaringenin (89) 

iLeaves iAgustinaietial., 

i2012 

M. kurzii 5,7-Dihydroxy-6-

prenylflavanone (90) 

Leaves Thanh et al., 

2012 

Glabranin (91) 

M. tribola Malaysianone A (92) Inflorescences Zakaria et al., 

2012 

M. kurzii Isosakuranetin (93) Twigs Yang et al., 2014 

8-Prenylnaringenin (94) 

M. tanarius Epoxynymphaeol C (95) Leaves Syah and 

Ghisalberti, 

2015 

M. indica  Macarindicin C (96) Twigs Yang et al., 

2015a 

M. denticulata Bonannione A (97) Twigs and 

leaves   

Zhang et al., 

2016 

M. hosei i4′-O-Methyl-8-isoprenyl 

eriodictyoli (98) 

Leaves Marliana et al., 

2018 

6-Isoprenyl eriodictyol (99) 

M. tanarius  iPropoliniCi(100) Fruits Lee et al., 2019 

iPropoliniDi(101) 

iPropoliniFi(102) 

iPropoliniGi(103) 

iPropoliniHi(104) 

M. balansae Propolin I (105) Fruits Mai et al., 2020 

6,8-Diprenyl-4′-

methylnaringenia (106)  

M. denticulata 8-Dimethlallylisosakuranetin 

(107) 

Fruits Le et al., 2021 
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2.8.1.3: Flavanonols from Macaranga genus 

 

Flavanonolsiareiflavonoidsiwithiai3-hydroxy-2,3-dihydro-2-phenylchromen-4-oneibackbone. 

ListediiniTablei2.5ibelowiareisomeiflavanonolsifromitheiMacarangaigenus. 

Tablei2.5:iFlavanonolsifromiMacarangaigenus 

Macaranga species Compound Plant part Reference 

M. lowii Macalowiinin (108) Leaves Agustina et al., 

2012 

M. recurvata Macarecurvatin A (109) Leaves Tanjung et al., 

2012  6,8-Diisoprenylaromadendrin 

(110) 

M. kurzii Kurzphenol B (111) Twigs Yang et al., 2014 

Glepidotin B (112) 

M. denticulata Bonanniol A (113) Twigs and 

leaves 

Zhang et al., 

2016 

M. balansae 4′-Methyl-8-prenyltaxifolin (114) Fruits Mai et al., 2020 

6,8-Diprenylaromadendrin (115) 

M. denticulata Diplacol (116) Fruits Le et al., 2021 
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2.8.1.4: Flavones from Macaranga genus 

 

Flavonesiareiflavonoidsiwithichromanoneibackbone,iandiaiphenyligroupiattacheditoiC-2.iiTable 

2.6ibelowilistsitheiflavonesiisolatedifromitheigenus. 

 

Tablei2.6:iFlavonesifromiMacarangaigenus 

Macaranga species Compound Plant part Reference 

M. lowii i4′-O-iMethyl-5,7,4′-

itrihydroxyflavone (117) 

iLeavesi iAgustinaietial.,i 

i2012 

iM.igigantifolia i5,7,3′,4′-iTetrahydroxy-3,6-

idiprenylflavone (118) 

Leaves Darmawan et al., 

2015 

Apigenin (119) Fajriah, 2016 

Apigenin-8-C-glycoside (120) Primahana and 

Darmawan, 2017 

M. hosei 5-Hydroxy-6,7,4′-

trimethoxyflavone (121) 

Leaves Salleh et al., 

2017 

M. indica Isovitex (122) Leaves Vu et al., 2021 
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2.8.2: Chalcones from Macaranga genus 

 

Chalconesiareipolyphenolicicompoundsicharacterizedibyiα,iβ-unsaturatediketones.iTheyiserve 

asiprecursorsiforiflavonoidsibiosynthesisiiniplantsi(Gaonkar and Vignesh, 2017).iTablei2.7 

belowihighlightsiexamplesiofiisolatedichalconesifromiMacarangaigenus. 

 

Tablei2.7:iChalconeifromiMacarangaigenus 

Macaranga species Compound Plant part Reference 

M. trichocarpa Oxymacatrichocarpin C (123) Leaves Fareza et al., 

2014 Isomacatrichocarpin C (124) 

Flavokawain C (125) Tanjung et al., 

2018 Helichrysetin (126) 

M. denticulata Dentichalcone A (127) Twigs and 

leaves 

Zhang et al., 

2016 Dentichalcone B (128) 

Dentichalcone C (129) 
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2.8.3: Stilbenes from the genus Macaranga 

 

Stilbenesiareipolyphenolicicompoundsithatihaveitwoiphenyliringsibridgedibyianiethylene.iThey

iareialsoidescribeditoicontainiC6i–iC2i–iC6icarboniskeletoniori1,2-diphenylethyleneinucleus. 

StilbenesiareitheisecondimainitypeiofimetabolitesiisolatedifromiMacarangaigenusi(Tablei2.8). 

 

Tablei2.8:iStilbenesifromiMacarangaigenus 

Macaranga 

species 

Compound Plant part Reference 

M. schweinfuethii Schweinfurthin J (130) Leaves Klausmeyer et al., 2010 

M. ruinosa  Macapruinosin (131) Leaves Syah and Ghisalberti, 

2010 

M. javanica Laevifolin A (132) Leaves Ilmiawati et al. 2015 

M. denticulata Denticulatain A (133) Fronds iYangietial.,i2015b 

iM. isiamensis Macasiamenene L (134) iLeavesiand 

itwigsi 

iPaileeietial.,i2015 

Macasiamenene M (135) 

M. rubiginosa Macarubiginosin A (136) Leaves Tanjung et al., 2017 

M. tanarius Schweinfurthin K (137) Fruits Péresse et al., 2017 

Schweinfurthin L (138) 

M. trichocarpa Macatrichocarpin H (139) Leaves Tanjung et al., 2018 

M. barteri Macabartebene A (140) Leaves Segun et al., 2019 

Macabartebene B (141) 

Macabartebene C (142) 

M. heynei Malayheyneiin D (143) Leaves Kamarozaman et al., 

2019 

M. balansae 4′-Deprenyl-4-

methoxymappain (144) 

Fruits Mai et al., 2020 

M. denticulata 4′-Deprenylmappain (145) Fruits Le et al., 2021 

M. barteri  Schweinfurthin G (146) Leaves Segun et al., 2021 

Mappain (147) 
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2.8.4: Terpenoids from the genus Macaranga 

 

TheigenusiMacarangaialsoiyieldediterpenoidsisuchiasitaraxeroliand its derivatives and 

cembranoids,iiniadditionitoitheiflavonoidsiandistilbenesi(Yangietial.,i2015b;iQiietial.,i2017;iLei

etial.,i2021).iTablei2.9ibelowihighlightsisomeiofitheiterpenoids isolated fromiMacaranga 

genus. 

Tablei2.9:iTerpenoidsifromiMacarangaigenus 

Macaranga species Compound Plant part Reference 

M. denticulata i3β-Hydroxy-7α-24β-

iethylcholest-5-enei(148) 

Fronds Yang et al., 

2015b 

i(24R)-6β-Hydroxy-24-

ethylcholest-4-en-3-onei(149) 

iEpitaraxeroli(150) 

M. hosei Lupenone (151) Leaves Salleh et al., 

2017 β-Sitostenone (152) 

M. constricta Taraxerone (153) Leaves 

Taraxerol (154) 

β-Amyrin (155) 

M. deheiculata Deheiculatin J (156) Leaves and 

twigs 

Qi et al., 2017 

Deheiculatin K (157)  

Deheiculatin L (158) 

M. pustulata Deheiculatin M (159) Twigs  Luo et al., 2018 

Deheiculatin N (160) 

Deheiculatin O (161) 

M. balansae Stigmastane 3β,5α,6β-triol (162) Stem Thang et al., 

2018 

M. denticulata Poilaneic acid (163) Fruits  Le et al., 2021 
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2.8.5: Coumarins, Ellagic acids and Phenanthrenes from the genus Macaranga 

 

OthericlassesioficompoundsiisolatedifromitheigenusiMacarangaiincludesicoumarinsi(Yang et 

al.,i2014),iellagiciacidsi(Yangietial.,i2015a;iThangietial.,i2018),iandiphenanthrenesi(Ilmiawatii

etial.,i2015)i(Tablei2.10). 

 

Tablei2.10:iOthericompoundsifromiMacarangaigenus 

Macaranga species Compound Plant part Reference 

M. kurzii Blumenol A (164) Twigs Yang et al., 2014 

Scopeletin (165) 

Salicylic acid (166) 

M. indica  Ellagic acid (167) Twigs Yang et al., 

2015a 

M. denticulate α-Tocopherolquinone (168) Fronds Yang et al., 

2015b Boehmanan (169) 

M. javanica Macajavanicin A (170) Leaves Ilmiawati et al., 

2015 Macajavanicin B (171) 

Macajavanicin C (172) 

M. sampsonii iMaltoliβ-D-glucopyranosidei 

(173) 

iFruitsi Quynh et al., 

2018 

iMethylibrevifolincarboxylatei 

(174) 

3,5-Dihydroxy-4-methoxy 

benzoic acid (175) 

iGalliciacid (176) 

M. balansae Dehydroxycubebin (177) Stems  Thang et al., 

2018 
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2.9: Phytochemistry of the genus Ficus 

 

Followingitheiphytochemicalianalyses of various Ficusispeciesiparts,isecondaryimetabolites 

includingiflavonoids,iterpenoids,ialkaloids,iandicoumarinsiwere identified and characterized 

(Chawareiietial.,i2020;iPutraietial.,i2020;iMurugesuietial.,i2021;iSalehiietial.,i2021). 

 

2.9.1: Flavonoids from the Ficus genus 

FlavonoidsiareiamongitheipredominantiphytoconstituentsifoundiinitheiFicusigenus.iFlavones, 

isoflavones,iflavanones,iandiflavanonolsiwereiisolatedifromitheiFicusigenus. 

 

2.9.1.1: Flavones from the Ficus genus 

 

FlavonesiisolatedifromitheigenusiFicusiinclude luteolin (178), chrysoerioli(179),i5,6,7-

trihydroxy-4′-methoxy-flavonei(180)iandi5,7,2′,4′-tetrahydroxyflavonei(181)ifromiF.itsiangii 

(Wangietial.,i2014),ificubeeiAi(182)iandificubeeiBi(183)ifromiF.ibeecheyanai(Leeietial.,i2004),

iandicarpachromenei(184)ifromiF.inervosai(Chenietial.,i2010). 
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2.9.1.2: Isoflavones from the Ficus genus 

IsoflavonesiareitheimajoriclassiofiflavonoidsireportedifromiFicusispecies.iTable 2.11 below 

summarizesitheiisoflavonesiisolatedifromitheigenusiFicus. 

 

Tablei2.11:iIsoflavonesifromitheiFicusigenus 

Ficus species Compound Plant part Reference 

F. auriculata i(Z)-5,7,4′-Trihydroxy-3′-[3-

ihydroxy-3-methyl-1-

butenyl]isoflavonei(185) 

 

 

 

 

 

 

 

Fruits  

 

 

 

 

Shao et al., 2022 
i5,7,4′-Trihydroxy-3′-[7-

ihydroxy-3,7-dimethyl-2(E)-

octenyl]isoflavonei(186) 

i5,7,4′-Trihydroxy-3′-[6,7-

idihydroxy-3,7-dimethyl-2(E)-

octenyl] isoflavonei(187) 

Isowigtheone  (188) 

F. nervosa Parvisoflavone B (189) Roots Chen et al., 2010 

Alpinumisoflavone (190) 

2′-Hydroxygenistein (191) 

F. tikoua Wighteone (192) Stem bark Wei et al., 2012 

Lupiwighteone (193) 

F. tsiangii Genistein (194) Leaves Wang et al., 

2014 Prunetin (195) 
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2.9.1.3: Flavanones from the Ficus genus 

 

Examples of flavanones reported from Ficusispeciesiincludeinaringenini(196), 

eriodictyoli(197),iisocarthamidini(198)ifoundiiniF.itsiangii’sistemsi(Wangietial.,i2014),iandi6i–

iprenylnaringenini(199)ifromitheiF.itikouai(Weiietial.,i2012). 
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2.9.1.4: Flavanonols from the Ficus genus 

 

Fewiflavanonols,iincludingitaxifolini(200)iandidihydrokaempferoli(201),iwereiisolatedifromiF.i

tsiangiii(Wangietial.,i2014). 

 

 

2.9.2: Terpenoids from the Ficus genus 

 

TerpenoidsiareitheimajoriclassiofiplantimetabolitesireportedifromitheiFicusigenus. Table 2.12 

belowisummarizesitheiterpenoidsiisolatedifromitheigenusiFicus. 

 

Tablei2.12:iTerpenoidsifromiFicusigenus 

Ficusispecies Compound Plant part Reference 

F. benjamina Lupeol (202) Leaves Singh et al., 

2019 Ursolic acid (203) 

F. sycomorus Lupeol acetate (204) Root Muktar et al., 

2018 

F. exasperata Betulinic acid (205) Stem bark Tameye et al., 

2021 β-Amyrin (206) 

F. cordata i3β-Acetoxy-8,26-cyclo-ursan-

i20β-oli(207)  

 

 

Stem bark 

 

 

Poumale et al., 

2008 
8,26-Cyclo-urs-21-en-3β,20β-

diol (208) 

Oleanolic acid (209) 

α-Amyrin (210) 

F. nervosa Friedelinol (211) Leaves Ragasa et al., 

2014 Squalene (212) 

Cycloeucalenol (213) 

F. pandurata β-Amyrone (214) Stem bark Ramadan et al., 

2009 α-Amyrin acetate (215) 

F. retusa Moretenone (216) Aerial Sarg et al., 2011 

 

 

 



46 
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2.9.3: Alkaloids from the Ficus genus 

 

Alkaloids are organic compounds containingiatileastioneinitrogeniatomiinianiamine-type 

structure.iAlkaloidsiisolatedifromitheigenusiFicusiincludeificushispiminesiAi(217),iBi(218)iand

iCi(219),ificushispidinei(220)iandificuhisminesiCi(221)iandiDi(222)i(Shiietial.,i2016;iJiaietial.,i

2020).i1-methyl-1,2,3,4-tetrahydro-β-carboline-3-carboxyliciacidi(223)iandimethyli1-methyl-

1,2,3,4-tetrahydro-β-carboline-3-carboxylate (224)iwereireportedifromiF.ihirta (Wanietial., 

2017) . 

 

 

2.9.4: Coumarins from the Ficus genus 

Coumarinsiareichromenonesiwithiaiketoigroupilocatediatithei2-position.iThey are an essential 

classiofiC6i–iC3iplantimetabolitesiwithivariousipharmacologicalipotentials.iCoumarinsiisolated 

fromitheigenusiFicusiinclude bergapten (225) andioxypeucedaninihydratei(226)ifrom F. 

exasperatai(Amponsahietial.,i2013),ipsoraleni(227)ifromiF.icaricai(Chunyanietial., 2009),i5-

O-[β-D-apiofuranosyl-(1→2)-β-D-glucopyranosyl]-bergaptol (228) fromiF.ihitrai(Daiietial., 

2018), nodakenetin (229),i4′-O-b-glucopyranosyl-3′-hydroxy-nodakenetini(230),iand 

isoangenomalini(231)ifromiF.itsiangiii(Wangietial.,i2014).i3-hydroxyxanthyletin (232), 3-
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methoxyxanthyletin (233) and xanthyletin (234) were also reported from F. nervosa (Chen et 

al., 2010).  

 

 

 

2.9.5: Miscellaneous compounds from the Ficus genus 

Cinnamiciacididerivatives, including ficusanolides A (235)iandiBi(236)iandificusanoli(237), 

wereireportedifromiF.iexasperatai(Tameyeietial.,i2021).iAmongithe sphingolipids that have 

beeniidentifiedifromivariousispeciesiofiFicusiincludeigynuramideiII (238) (Mbougniaietial., 

2021),imucusamidei(239)i(Bankeuietial.,i2010),imucusoside (240) (Hassanietial.,i2020),iand 

lutaosidei(241)i(Poumaleietial.,i2011). 
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Anthraquinonesisuchiasiemodini(242)iwasireportedifromiF.inatalensisistemibarki(Mbougniaieti

al.,i2021).iBenzofurans isolated from the genusiFicusiincludei6-carboxyethyli-5-

hydroxybenzofurani5-O-β-D-glucopyranoside (243) and 6-carboxyethyl-7-methoxyl-5-

ihydroxy-benzofurani5-O-β-D-glucopyranosidei(244)ireportedifromithe F. tikouaistemibark 

(Weiietial.,i2011).i 
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2.10: Pharmacological Activities of Phytochemicals from Macaranga species 

 

DifferentiresearchersihaveiexploiteditheiphytochemicalsifromiMacaranga species for various 

biologicaliapplications.iTheiisolatedibioactiveicompoundsifrom the genus Macaranga 

displayediaispectrumiofipharmacologicaliproperties,iincludingiantimalariai(Zakaria et al., 

2012),iantioxidanti(Paileeietial.,i2015),iantimicrobial (Leeietial.,i2019), and cytotoxicity 

(Doanietial.,i2019;iMaiietial.,i2020).iAnticanceriandiantibacterialipropertiesiof the genus’s 

phytoconstituentsiareihighlightedibelow. 

 

2.10.1: Anti-cancer and Antibacterial Activities of Phytochemicals from Macaranga species  

 

MacarhizinoidiniAi(52), a flavonol, was reportedifromiM.identiculataiandishowedistrong 

cytotoxicieffectsioniMCF-7,iLu-1,iHepG-2, and KB cancerousicellsi(IC50i=i0.60i–i1.30iµM) 

(Leietial.,i2021).iLaevifoliniA (132),iaidihydrostilbene,iwasifounditoibeiactivei(IC50i=i4.3iµM) 

whenievaluatediforicytotoxicipotentialitowardsimurineileukaemiai(P-388)icellsi(Tanjungietial., 

2017).iMacasiameneneiLi(134)i(IC50i=i0.66iµM) and MacasiameneneiMi(135)i(IC50i=i1.22 

µM)ireportedifromiM.isiamensisiwereistronglyiactive against acuteilymphoblasticileukaemia 

(MOLT-3)icellilinei(Paileeietial.,i2015). Macabartebenes Ai(140),iBi(141),iandiCi(142)iwere 

isolatedifromiM.ibarteri’sileavesiandiexhibited significantmanticanceripotentiali(IC50i=i0.60i–

i1.81iµM)iagainstiA549, MCF-7, HeLa, andiPC3 cancerousicellsi(Segunietial.,i2019). 

SchweinfurthiniGi(146)ireportedifromiM.itanarius’sifruitsidemonstratediaistrong cytotoxicity 

againstiKBicellsi(IC50i=i0.06iµM)i(Huongietial.,i2020). 

MacafoliasiAi(54)iandiBi(55)iisolatedifromiM.ihurifolia’sifruitsiwere evaluated for inhibitory 

potentialitowardsidifferentibacterialistrains.iWith the MICivalueirangeiofi24.03i–i27.67iµM, 

theicompoundsimoderatelyiinhibititheigrowthiofiK.ipneumoniae,iP.iaeruginosa, S. typhi, and 

E.icoli.iLonchocarpoliAi(101)ishowed significant antibacterial potentialitowardsiK. 

pneumoniaei(MICi=i7.65iµM)iandiS.ityphii(MICi=i0.18iµM)i(Pagnaietial.,i2022). 
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2.11: Pharmacological Activities of Phytochemicals from Ficus species 

 

SeveraliresearchersihaveiinvestigateditheipotentialiofiphytochemicalsifromiFicus species for 

differentibiologicaliuses.iAntiplasmodial (Singhietial.,i2019),iantifungal (Wanietial.,i2017), 

antioxidanti(Weiietial.,i2011),iinflammationiinhibitioni(Jiaietial.,i2020),icytotoxicityi(Tameye

ietial.,i2021),iandiantibacteriali(Rusliietial.,i2019)ieffectsiwereishowniin isolated bioactive 

compoundsifromitheigenusiFicus. 

 

2.11.1: Anti-canceriandiAntibacterialiActivitiesiofiPhytochemicalsifromiFicusispecies  

 

Ursoliciacidi(203)iisolatedifromiF.iexasperataidisplayedia moderate cytotoxicipotentialion 

coloni(HT-29)iandicervixi(KB-3-1)icancerousicellsiwithiIC50siofi34.4iandi50.9iμM respectively 

(Tameyeietial.,i2021).iOleanoliciacidi(209)iandifriedelini(211)iisolatedifrom F. drupacea’s 

stemibarkiwereicytotoxiciagainstiMCF-7iandiHeLaicells (IC50i=i16.26i–i22.81iµg/mL) 

(Yessoufouietial.,i2015). 

 

An isoflavone,i5,7,4′-trihydroxy-i3′i-[6,7-dihydroxy-i3,7-dimethyl-2(E)-octenyl]isoflavone 

(187)i(MICi=i1.25i-i20.00iµg/mL), reported from F.iaurataisignificantlyiinhibitithe 

developmentiofiB.icereus,iS.ialbus,iE.icoliiP.iaeruginosa, and S. epidermidisi(Shaoietial., 

2022).iNaringenini(196)iisolatedifromitheirootsiofiF.inervosaidisplayedipotentiactivityi(MICi=i

2.8iµg/mL)iagainst Mycobaterium tuberculosis (Chenietial.,i2010).iTheirootibarkiofiF. 

isycomorusiwasiexaminediphytochemically, and lupeoliacetatei(204)iwasiisolated.iThe 

compoundiwasieffectivei(MICi=i12.5iµg/mL) in the inhibitioniofiS.ityphi,iS.iaureusiandiB. 

subtilisiigrowthi(Muktarietial.,i2018). 

 

2.12: Gaps in Knowledge 

 

Despiteitheiwide-rangeiofiethnomedicinal applications and potential pharmacological 

activitiesiofisecondaryimetabolitesifromiMacarangaispeciesireportediin the literature, the 
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phytochemicaliinvestigationsi(isolationiofisecondaryimetabolites)iandibiologicaliactivitiesisuch

iasianticanceriandiantibacterialiefficacyioficompoundsifromitheiselectedispeciesiofiMacarangai

haveinotibeenireportediinitheiliterature.iAdditionally,itheisystematiciiphytochemicalistudyiofi

F.ithonningiiifromiEastiAfricaihasihithertoinotibeenireportediinitheiliterature.i 
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CHAPTERi3:iMATERIALSiANDiMETHODS 

 

3.1: PlantsiMaterials 

 

Macarangaiconglomeratai(Figurei3.1)iandiMacarangaicapensisi(Figurei3.2)iwereicollectediini

Marchi2019i(Ngangaoiforest),iwhileiMacarangaikilimandscharicai (Figurei3.3) and Ficus 

thonningiii(Figurei3.4)iwereiharvestediiniFebruaryi(Kieniiforest)iandiAugusti(RiversideiDrive,i

Nairobi)i2020,irespectively.iEachiplantimaterialiwasiidentifiediby Taxonomist from the 

DepartmentiofiBiology,iFacultyiofiScienceiandiTechnology (FST),iUniversityiofiNairobi, 

whereiaivoucherispecimeniofieachisampleiwasideposited (Tablei3.1).iSamplesiofieachiplant 

wereiair-driediunderishade,ipowdered,iweighed,iandistorediforisubsequentiuse. 

 

 

Figure 3.1: Leaves of Macaranga conglomerata 

(Photo taken by Ibrahim, March 2019) 
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Figure 3.2: Stem bark of Macaranga capensis 

(Photo taken by Ibrahim, March 2020) 

 

 

 

Figure 3.3: Leaves of Macaranga kilimandscharica 

(Photo taken by Ibrahim, March 2020) 
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Figure 3.4: Stem barks of Ficus thonningii  

(Photo taken by Ibrahim, October 2021) 

 

Table 3.1: Plant sample voucher number and collection location 

Plant Name Voucher Number GPRS Collection location 

Macaranga 

conglomerata 

HIUON 2019/001 3°25′ S, 38°20′ E Ngangao forest 

Macaranga 

kilimandscharica 

HIUON 2020/002 0°85′ S, 36°67′ E Kieni forest 

Macaranga capensis HIUON 2020/003 3°25′ S, 38°20′ E Ngangao forest 

Ficus thonningii HIUON 2021/004 1°16′ 19.2′′ S, 36°48′ 

07.6′′ E 

 

Riverside Drive, 

Nairobi 

 

3.2: Chromatography 

 

Silica gel 60i–i120,i100i–i200,i70i–i230,iandi230i–i400imeshesiasisolidiphasesiforicolumn 

chromatographyi(CC),iandiSephadexiLH–20i(25i–i100iμm,iSigmaiAldrich)iwereiused.iThin 

LayeriChromatography (TLC) wasicarriedioutionipre-coatedisilicaigeli60iplatesi(0.25imm; 
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Merck,iDarmstadt,iGermany).iCompoundsiwereivisualizediunderiUVilightiand further by 

sprayingiwithiH2SO4–H2Oi(5i%,iv/v). 

 

3.3: Spectroscopy and Spectrometry 

 

NMRispectraiwereiperformedioniBrukeri400iMHzispectrometeriandiBrukeriAvanceiIIIi600i

MHzispectrometeriusingistandardipulseisequencesiandireferenceditoiresidualisolventisignals.

iBruker-AlphaiFT-IRispectrometeri(SNi100964)iwithisingleireflectioniATRi(cricket,iHarrick 

Scientific)iwasiusediiniperformingitheiIRianalysis.iUViabsorbanceiwasiobtainedioniShimadzui

UV-1800iUV/VisibleiScanningiSpectrophotometeri(UV-1800i240V).iAiWatersiSynaptiG2 

Quadrupoleitime-of-flighti(qTOF)imassispectrometeri(MS)iconnecteditoiaiWatersiAcquity 

ultra-performanceiliquidichromatographi(UPLC)i(Waters,iMilford,iMA,iUSA)iwasiusedifor 

direct infusion high-resolution MSianalysis.iSpecificirotationiwasirecordedioniADP410 

Polarimeteri(BellinghamiStanleyiLtd). 

 

3.4:iExtractioniandiIsolationiofiCompounds 

3.4.1:iIsolatedicompoundsifromitheiLeavesiofiMacarangaiconglomerata 

 

ExtensiveiextractioniwithiCH3OH/CH2Cl2i(1:1,i6iL)iwasidoneioni1.8ikgiofiair-dried powdered 

leavesiatiroomitemperatureiforithreeidays.iTheisolventsiwereiconcentratediunderiaivacuumiusin

giairotaryievaporatoritoiyieldi200.3igiofileavesicrudeiextract.iTheicrudeiextracti(200.0ig)iwasifra

ctionatediiniaichromatographicicolumni(CC)iusingisilicaigeli(60i–i120)iasian adsorbentieluting 

withiCH2Cl2/n-hexanei(0:10,i1:1iandi10:0)ifollowedibyiEtOAc/n-hexanei(1:1iandi10:0) and 

finally,iCH2Cl2/CH3OHi(1:1iandi0:10)itoiyieldisevenifractionsi(FA-G).iSize exclusion 

chromatographyionifractioniDi(20.0ig)iwithiCH3OH/CH2Cl2i(1:1)ielutingisolventiyieldedifiveis

ubfractionsi(FrD1-5).iSubfractioniFrD4i(2.4ig)iwasipurifiediiniCCiusing silicaigeli(100i–

i200imesh)ielutingiwithiaigradientiofiEtOAc/n-hexanei(0.5:19.5itoi10:0) toiprovide 

conglomeratin 245i(11.2img)iandimacarangini246i(3.6img).i 



57 
 

 

FractioniEi(15.0ig)iwasisubjecteditoisilicaigeliCCi(100i–i200) elutingiwithin-hexane/EtOAc 

(10:0itoi0:10),iresultingiini334ifractionsiofi100imLieach.iBasedionitheiriTLCiprofiles,itheifracti

onsiwereicombinediintoifourimainisubfractionsi(FrE1-4).iSubfractioniFrE2 (81.9img) was 

purifiedibyisilicaigeliCCi(70i–i230)ieluting withiEtOAc/n-hexanei(10:0itoi0:10)itoiafford 

quercetini247i(5.3img).i3,3′,4′-Trimethoxyellagiciacidi248 (6.0img)iwasiobtainediwhen 

subfractioniFrE3 (67.8img)iwasisubjecteditoisilicaigeli(100i–i200)iCCielutingiwithiEtOAc/n-

hexanei(1.5:8.5)iisocratically.iFrE4 (201.4img)iwasipurifiediiniSephadexiLH-20iCCiusing 

CH3OH/CH2Cl2i(1:1)iasimobileiphaseitoiyieldi3,3′-trimethoxyellagiciacidi249i(7.3img).i 

 

3.4.2:iIsolatedicompoundsifromitheiStemibarkiofiMacarangaiconglomerata 

 

Thoroughiextractioniofitheidriedipowderedistemi(3.9ikg)iusingiCH3OH/CH2Cl2i(1:1,i9iL,i24ihi

×i3)iproducedi450.9igioficrudeiextractiatiroomitemperature.i200.0igiofistem'sicrudeiextractiwasi

subjecteditoisilicaigeli(60i–i120)iCCielutingiwithiEtOAc/n-hexanei(0:10itoi10:0), resultingiin 

645ifractionsiofi500imLieach.iTheseifractionsiwere,ihowever,icombinedibasedionitheiriTLCipr

ofilesiintoinineifractionsi(FH-P).iFractioniIi(470.0img)iwasiloadediontoiaisilicaigelicolumni(70i–

i230)iandielutediwithiaibinaryisystemiof CH2Cl2/n-hexanei(2:8)itoiaffordi3-acetylaleuritolic 

acidi250i(12.4img).i 

 

3.4.3:iIsolatedicompoundsifromitheiStemiofiMacarangaicapensis 

 

Theimaceration extraction techniqueiwasiuseditoiobtaini65.9igioficrudeiextractifrom 

Macarangaicapensis’sistemibarki(0.6 Kg).iTheiprocessiwasicarriedioutiatiroomitemperature 

usingiCH3OH/CH2Cl2i(1:1, 3L, 24ihi×i3).i60.0igiofistemibarkicrudeiextractiwasisubjectedi 

toisilicaigeli(60 – 120)iCCielutingiwithiEtOAc/n-hexanei(0:10 to 10:0),iresultingiini350 

fractions of 100 mL each. Theseifractionsiwere,ihowever,icombinedibasedionitheiriTLC 

profilesiintoisixifractionsi(FA-F).iIsocraticisystemiofiEtOAc/n-hexane (3:7)iwasiuseditoielute 
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fraction C (580.5 mg),iwhichiyieldedibetulini251i(18.7mg)iandithreeisub-fractionsicoded 

iFrC1-3, afteribeingichromatographedionisilicaigeli(100i–i200)iCC. Scopoletini252i(1.5img), 

i3-hexyl-8-hydroxy-6-methoxy-1H-isochromen-1-one 253 (4.0img),iandi3,3′-di-O-methyl 

ellagiciacid-4′-O-α-L-rhamnopyranoside 254 (2.5img)iwereiisolatediwheniFrC2i(83.2img) was 

purifiediiniaichromatotroni(EtOAc/n-hexanei(1:9itoi10.0)).iRepeatedichromatotroniofisub-

fractioniFrC3 (43.2 mg)iusingiternaryisystemiofiCH3OH/EtOAc/n-hexanei(0.5:2.5:7)iledito 

theiisolationiofichrysoerioli255i(2.3 mg)iandiaimixturei(1.9 mg)iofiisorhamnetini256iand 

kaempferoli257. 

3.4.4:iIsolatedicompoundsifromitheiRootsiofiMacarangaicapensis 

MacerationitechniqueiwasiemployediatiroomitemperatureiusingiCH3OH/CH2Cl2i(1:1,i3iL,i24ihi

×i3)itoiobtaini50.7igioficrudeiextractifromidriedipowderedirootsi(0.8iKg)iofiMacarangaicapensi

s.i40igiofiroot'sicrudeiextractiwasisubjecteditoisilicaigel (60i–i120)iCCielutingiwithiEtOAc/n-

hexanei(0:10itoi10:0), resultingiini432ifractionsiofi100imLieach.iTheseifractionsiwere, 

however,icombinedibasedionitheiriTLCiprofilesiintoieightifractionsi(FG-N).iAibinaryisystem of 

EtOAc/n-hexanei(2:8)iwasiusediwhenifractioniJ (47img)iwasisubjecteditoisilicaigeli(70i–i230) 

CCito affordiβ-sitosteroli258i(13.8img). Purification ofifraction Ui(89img)iusing silicaigeli(100i–

i200)iCCielutingiwithiEtOAc/n-hexanei(1:20itoi10:0)iyieldedi2,2′-(((propane-2,2-diylbis(4,1-

phenylene))bis(oxy))bis(methylene))bis(oxirane)ii259i(40.5img).i 

 

3.4.5:iIsolatedicompoundsifromitheiStemibarkiofiFicusithonningii 

 

DriedipowderedistemibarkiofiFicusithonningiii(1.7iKg)iwasiextractediatiroomitemperatureiwithi

CH2Cl2/CH3OH (1:1,i6iL,i24ihi×i3)ibyimacerationitoiaffordi85.7igioficrudeiextract.i80igiofithe 

stemibarkicrudeiextractiwasifractionatediiniaichromatographicicolumniusingisilica geli(60i–

i120) asianiadsorbentielutingiwithiEtOAc/n-hexanei(0:10,i1:9,i1.5:8.5,i2:8,i3:7, 3.5:6.5,i4:6, 

4.5:5.5, 1:1iandi10:0)ifollowediby CH3OH/EtOAci(1:9iandi2:8)itoiyielditwelveifractions (HIFAi-
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iL). FractioniHIFIi(2.8ig)iwasisubjecteditoisilicaigel (70i–i230)iCCielutingiwithiEtOAc/n-hexane 

(1:9itoi10:0),iresultingiinitheiisolationiofiyukovanoli260i(5.1img)iandi5,7,4′-trihydroxy-3′-(2-

hydroxy-3-methyl-3-butenyl)iisoflavonei261 (3.0img).iPurificationiofifractioniHIFJi(2.81ig) 

usingisilicaigel (70i–i230)iCCielutingiwithiaigradientiofiEtOAc/n-hexanei(0.5:9.5itoi10:0), 

resultediini85ifractionsiofi30imLieach.iTheifractionsiwereipooledibasedionitheiriTLCiprofilesiin

toitwoimainisubfractionsi(HIFJ1-2).i 

 

SubfractioniHIFJ1i(700img)iwasisubjecteditoisilicaigeli(230i–i400)iCC elutingiwithia gradient 

polarityiofiEtOAc/n-hexanei(0:10itoi1.5:8.5)itoiaffordiaisemi-pure compound.iTheisemi-pure 

compoundiwasipurifiedioniaichromatotroniusingiaigradientiEtOAc/n-hexane (2:8itoi10:0)ito 

yieldicajanini262i(13.41img).iSubfractioniHIFJ2i(900img)iwasialsoipurifiediusingisilicaigeli(230

i–i400)iCCielutingiwithiaigradientiofiEtOAc/n-hexanei(1:9itoi6:4)itoiafford taxifolini263 

(1.06img)iandiprotocatechuiciacidi264i(2.82img).iFractioniHIFLi(3.5ig)iaffordedibrownicrystalsi

which,iafterifiltrationiandirecrystallizationiiniCH3OH,isaccharosei265i(43.2img)iwasiobtained.i

Similarly,istigmasteroli266i(33.6img)iwasicrystallizediinifractioniHIFFi(1.02ig),ianditheicrystals

iwereirepeatedlyiwashediwithin-hexaneitoiobtainitheicompound.i 

 

3.5:iBiologicaliActivities 

3.5.1:iCytotoxicityiAssayibyiMTTitechnique 

 

TheiMTTitestilooksiaticellularimetaboliciactivityitoiassessitheicytotoxicity,icelliviability, and 

celligrowth.iInithis colourimetricassay,imetabolically activeicellsiconvertitheiyellow 

tetrazoliumisalti(methyl thiazol tetrazoliumioriMTT)iiintoipurpleiformazanicrystals. 

NAD(P)H-dependentioxidoreductase enzymesiiniliveicellsiiconvertiMTTitoiformazan. 

Theiformazanicrystalsiareidissolved,ianditheisolutioniisimeasurediati500i–i600inm withia 

multi-wellispectrophotometeri(Ndlovuietial.,i2021). 
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3.5.1.1:iCellicultureiandiStockiPreparation 

 

In a completeicultureimediumi(CCM) made up of Eagle’siMinimumiEssentialiMedium 

(EMEM)isupplementediwithi10i%ifoetalicalfiserum,i1i%ipenicillin-streptomycin-fungizone, 

andi1i%iL-glutamine,iMCF-7 and HepG2 cellsiwereieachiculturediiniaimonolayeri(106 

cellsiperi25icm3icultureiflask) until they wereiabouti60i%iconfluent.iDimethyliSulphoxide 

i(DMSO;i1i%iv/vibenchmarkiDMSO)iwasiuseditoiprepareiaistockisolutioniofi50imMiofieach 

sample and reference drugi(doxorubicin),iandidilutediiniCCMitoiachieveitheiconcentrations 

usediinisubsequentiexperimentsi(Ndlovuietial.,i2021).i 

 

3.5.1.2:iCelliviabilityiAssay 
 

TheiMethyliThiazoliTetrazoliumi(MTT)itestiwasiused toiassessieach compound’sieffection 

MCF-7iandiHepG2icellsiviability, anditheiIC50iwasicalculatediiniaccordance toipublished 

protocolsi(Ndlovuietial.,i2021).i 

 

3.5.2:iIn-vitroiAntibacterialiAssayi 

 

Antibacterialiactivitiesiofinine crudeiextractsifrom Macarangaiconglomerata,iMacaranga 

kilimandscharicaiandiMacarangaicapensis,ianditheiisolatedicompoundsiwereideterminediagain

sti13ibacterialistrainsiexpressingimultidrugiresistancei(MDR)iphenotypes.iii 

 

3.5.2.1:iCultureimediaiandimicrobialistrainsiforisusceptibilityiassays 

 

Theistudiedimicro-organismsiwereicultured overnightioniMuelleriHintoniAgarifori24ihrs before 

assaying.iMuelleriHintoniBrothi(MHB)iwasiusediasiliquidicultureimediumiforisusceptibilityiass

ays.iAipaneliofisixipathogenicimicrobes,including sensitiveiandimultidrugiresistant Gram-

negativei(Escherichiaicoli,iEnterobacter aerogenes,iKlebsiellaipneumoniae,iPseudomonas 

aeruginosaiandiProvidenciaistuartii)iandiGram-positivei(Staphylococcusiaureus) bacterial 



61 
 

strainsiexpressingieffluxipumpsiwereiprovidedibyitheiAmerican TypeiCulture Collection 

(ATCC).iTheiribacterialifeaturesiareidepictediiniTablei3.2. 

 

Tablei3.2:iCharacteristicsiofibacterialistrainsiandifeatures 

iBacteriali

sspeciesi 

Types Relevant features 

Escherichiaicoli 

 ATTCi

10536 

Referenceistraini(Kueteietial.,i2010) 

AG102 AGi100iover-expressioniofipumpsiAcriABi(Chevalierietial.,i2000) 

Enterobacteriaerogenes 

 ATCCi

13048 

Referenceistraini(Kueteietial.,i2010) 

 EA27 Clinicalistrainipresentieffluxienergy-dependantiofichloramphenicol 

norfloxaciniandiKANr,iAMPr,iNALr,iSTRr,iTETri(Ghisalbertiietial.,i

2005) 

Klebsiellaipneumoniae 

 ATCCi

11296 

Referenceistraini(Kueteietial.,i2010) 

 Kp55 ClinicaliMDRiisolate:iTETr,iAMPr,iATMr,iCEFri(Kueteietial.,i2010) 

Providenciaistuartii 

 PS2636 AcrAB-TolcCiassociateiofiporinesiofitypesiOMPFiandiOMPC 

(Kueteietial.,i2010) 

 NEA16 ClinicaliisolateiofiP.istuartiiiAcrAB-TolCi(Kueteietial.,i2010) 

Pseudomonasiaeruginosa 

 PA01 Referenceistraini(Kueteietial.,i2010) 

 PA124 iClinicalistrainimulti-resistantiMexAB-OprMi(Lorenziietial.,i2009) 

Staphylococcusiaureus 

 ATCCi

25923 

Referenceistrain 

 MRSA

3 

Clinicaliisolate:iOfxar,iKanr,iTetr,iErmri(Paudelietial.,i2012) 

 MRSA

6 

Clinicaliisolate:iOfxar,iFlxr,iKanr,iTetr,iCypr,iIM/Csr,iChlr,iGenr,iNisr

,iAmpri(Paudelietial.,i2012;iDzoyemietial.,i2013)i 

AMPr,iATMr,iCEFr,iCHLr,iKANr,iNALr,iNORr, STRr
iandiTETr:iresistanti(r)itoiampicillin, 

aztreonam,icefepime,ichloramphenicol,ikanamycin,inalidixiciacid,inorfloxin,istreptomyciniand

itetracycline,irespectively;iAcrAB-TolC,iMexAB-OprM:iEffluxipump;iOfxar,iKanr, Tetr,iFlxr, 

Cypr,iIM/Csr,iChlr,iGenr,iNisr,iAmpr
iandiErmri:iresistanti(r)itoiOfloxacine,iKanamycin,iTetracy
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clin,iFlomoxef,iCyprofloxacin, Imipenem/Cilastatinisodium,ichloramphenicol,iGentamicin, 

Ampicillin,iNisin,iandiErythromycin,irespectively. 

 

3.5.2.2:iDeterminationiofibacterialisusceptibilityioficrudeiextractsiandiIsolatedicompoundsi 

 

Iodonitrotetrazoliumi(INT)icolourimetriciassayi(Eloff,i1998;iMativandlela etial.,i2006)iwas 

performeditoiassessitheiminimaliinhibitoryiconcentrationsi(MICs) oficrudeiextracts,iisolated 

compoundsiandiciprofloxaciniagainst aipaneliofi13iGram-negativeiandiGram-positiveibacteria. 

Briefly,ieachicrudeiextract andiisolated compoundi(1img/mLieach)iwasifirstidissolvediin 

DMSO/MHBimixture.iTheisolutioniobtained wasitheniaddeditoiMHBiandiseriallyidiluteditwo-

foldiinitriplicateitoidifferent concentratiosi(iniai96-wellimicroplate).iOneihundredimicrolitres 

(100iμL)iofiinoculumi(1.5×106iCFU/mL)ipreparediin MHBiwasitheniadded.iTheiplatesiwere 

coverediwithiaisterileiplateisealer,itheniagitatedito mixitheicontentsiofitheiwellsiusingiaishaker 

andiincubatediati37i°Cifori18ih.iTheifinaliconcentrationiofiDMSOiwasilowerithani2.5%iandididi

notiaffectimicrobialigrowth.iWellsicontainingiMHB,i100iμLiofiinoculum,iandiDMSOiatiaifinali

concentrationiofi2.5i% servediasiainegativeicontrol. Ciprofloxaciniwasiusediasiaireference 

antibiotic.iTheiMICsioficrude extractsiwereideterminediafter 18ihiofiincubationiati37i°C, 

followingitheiadditioniofi(40iμL)iof 0.2img/mLiINTiandiincubationiati37i°Cifori30iminutes 

(Kueteietial.,i2008).iViableibacteriaireduceditheicolourlessidyeitoipink.iMICiwasidefinediasithei

lowestisampleiconcentrationithatipreventedithis changeiandiexhibitedicompleteiinhibitioniof 

microbialigrowth.iAlliassaysiwereiperformediinitriplicateiasidescribedibyiKueteietial.i(2008).i 

 

Foritheiminimalibactericidaliconcentrationsi(MBCs)idetermination, aivolumeiofi150iμLiof 

MHBiwasiintroducediiniainewi96-wellimicroplate,ifollowingiadditioniofi50iμLiofitheiprevious 

wellimicroplateicontentsiwhereinoimicrobial growthiwasiobserved,iandiwhichididinotireceive 

aniINTi(duringitheireadingiofiMICs).iAfterianiincubationiperiodiofi48ihrsiati37i°C,itheiMBCiofi

eachicrudeiextractiwasidetermined andidefinedibyiaddingi40iμL ofi0.2img/mLiINTias 

previouslyidescribedi(Kueteietial.,i2010).i 
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CHAPTERi4:iRESULTSiANDiDISCUSSION 

 

Phytochemical investigation of the selectediMacarangaiandiFicusispeciesiresultediin isolating 

twenty-twoisecondary metabolites,ioneiofiwhichiwasinovel. Furthermore, thisiisitheifirst time 

the phytochemicalsifrom the studiediMacaranga speciesi(M. conglomerata and M. capensis) 

haveibeenireported. Ultravioleti(UV),iNucleariMagneticiResonancei(NMR), 

Infrarediradiation (IR),iPolarimeter,iandiMassiSpectrometryi(MS) analyses were employed 

for structure elucidation of theiisolatedicompounds. TheiMTTitechniqueiwasiutilizedito 

evaluate the anti-cancer activitiesiofitheiisolated compounds.iINTicolourimetricitestiwas used  

to assess the antibacterialiefficacyiofiisolatedicompoundsiandicrude extracts (to determine 

theiMICs). In the followingisections,itheifindingsiofithisiinvestigationiwillibeidiscussed. 

 

4.1:iCompoundsifromiMacarangaiconglomerata’sileaves 

Oneinovelicompound:i6-[(2(E),7(E))-6-isopropyl-3,9-dimethyldeca-2,7,9-trienyl]ikaempferol 

(triviallyinamediasiconglomeratin)i(245)ialongiwithifouriotherireportedicompoundsiknownias 

macarangini(246), quercetini(247),i3,3ʹ,4-trimethoxyellagiciacidi(248),iandi3,3′-

dimethoxyellagic acidi(249)iwereiisolatediandiidentified. 

 

4.1.1:iConglomeratini(245)i 

Compoundi245 wasiobtained asiaiyellowisolidiwithi[𝛼]𝐷
25

i=i+55.8i(ci0.53,iMeOH)ioptical 

rotation.iItsimoleculariformula,iC30H34O6i(fourteen indicesiofihydrogenideficiency),iwas 

deducedifromitheideprotonatediionipeakiobservediinithei(–)-HRESIMSiatim/zi489.2271 [Mi-

iH]-
i(calcd.iforiC30H33O6

–,i489.2277).iItsiIRispectrumidisplayed absorptionibandsiattributable 

toihydroxyligroupsi(3317icm−1)iandiα,iβ-unsaturatediketoneimoietyi(1655icm−1).iTheiUVλmax 

(370inm)iandi
13CiNMRi(Ci147.8i(C-2),i135.7i(C-3)iandi178.3i(C-4)ispectraioficompoundi245 

exhibitedisignatureiofiC-ringiofiflavonoliframeworki(Leietial.,i2021;iNchiozem-Ngnitedemiet 
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al.,i2021).iTheiNMRidatai(Tablei4.1,iAppendixi1)ialsoidisplayedithreeisignalsiinithe aromatic 

regioniattributableitoithatiofiC-6i(Ci112.3)isubstituted kaempferolimoietyisimilaritoi3ʹ-

dehydroxy-solophenoliC (Leietial.,i2021)iand denticulatainiDi(Yangietial.,i2015b)iisolated 

fromiM.identiculata.iBesidesisignalsiobservediforitheikaempferolicore, thei
1Hiandi

13CiNMR 

alsoishowedi15 carbonsiassigneditoia modifiedigeranyli[Hi3.21i(2H,im,iH-1ʹʹ),i5.10i(1H,it,iJ 

=i7.3iHz,iH-2ʹʹ),i1.79i(2H,im,iH-4ʹʹ),i1.48i(2H,im,iH-5ʹʹ), 1.69i(1H,im,iH-6ʹʹ),i1.44i(1H,im,iH-

7ʹʹ),i0.70i(3H,id,iJi=i6.8iHz,iH-8ʹʹ),i0.73i(3H,id,iJi=i6.8iHz,iH-9ʹʹ)iandi1.65i(3H,is, H-10ʹʹ);iC 

22.1i(C-1ʹʹ),i123.9i(C-2ʹʹ),i135.6i(C-3ʹʹ), 38.6i(C-4ʹʹ),i31.4i(C-5ʹʹ),i49.8i(C-6ʹʹ),i33.3i(C-7ʹʹ), 

19.5i(C-8ʹʹ),i21.2i(C-9ʹʹ)iandi16.1i(C-10ʹʹ)]iandiisoprenyli[Hi5.24i(1H,idd,iJi=i15.9,i9.5iHz, H-

1ʹʹʹ),i5.82i(1H,id,iJi=i15.9iHz,iH-2ʹʹʹ),i4.65iandi4.60 (2H,ibrs,iH-4ʹʹʹ)iandi1.68i(3H,is,iH-5ʹʹʹ); 

Ci133.7i(C-1ʹʹʹ),i135.4i(C-2ʹʹʹ),i143.3i(C-3ʹʹʹ),i114.5i(C-4ʹʹʹ)iandi18.9i(C-5ʹʹʹ)]iunits. These 

signalsiareitypicaliofiaihighlyiprenylated flavonolifromitheigenusiMacaranga.iTheilarge 

couplingiconstant (3JiH-1ʹʹʹ,iH-2ʹʹʹi=i15.9iHz)iindicateitheitransiorientationiofithei1ʹʹʹ(2ʹʹʹ)
iolefinic 

bond.iThei
13CiNMR,iHSQCiandiDEPTispectrai(Appendixi1)ishowedi30icarbonsiwithidifferenti

functionalitiesiincludingi1iα,iβ-unsaturatedicarbonyligroup, 20isp2
iandi9isp3

ihybridicarbons. 

Theiinterconnectivityiof theitwoialiphaticichainsiwasiestablishedifromitheiHMBCicross-peaks 

(Appendixi1) observedifromiH-2ʹʹʹi(H 5.82)itoiC-3ʹʹʹi(Ci143.3),iC-4ʹʹʹi(Ci114.5),iC-5ʹʹʹi(C 

18.9)iandiC-6ʹʹi(Ci49.8).iTheilocationiofitheiisoprenyl substituentiatithe saidipositioniwas 

further confirmed basedioni
1H-1HiCOSYibetweeniH-1ʹʹʹ/H-2ʹʹʹiandiH-1ʹʹʹ/H-6ʹʹ.iTheitransoid 

conformationiofithe isoprenyliunitiwas establishedias observediinitheiNOESYispectrum 

(Appendixi1)ibetweeniH-1ʹʹʹiandiH-5ʹʹʹ.iBasedionitheseispectralidataiandibyicomparisoniwith 

prenylatediflavonoidsireportediinitheiliterature,icompoundi245iwasisystematicallyinamedias 6-

[(2(E),7(E))-6-isopropyl-3,9-dimethyldeca-2,7,9-trienyl] kaempferol (triviallyinamedias 

conglomeratin). 
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Tablei4.1: iCompoundi245iNMRidatai(CD3OD,i400iMHz) 

 

Position 

245 

iiiiiiiC HiiMulti(JiiniHz)iiiiiiiiiiiiiiiiiiiiii HMBCi(H→C) 

2 147.8 - - 

3 135.7 - - 

4ii 178.3 - - 

4a 104.4 - - 

5 158.2 - - 

6 112.3 - - 

7 163.6 - - 

8 93.6 6.33isii C-4a,iC-6,iC-8a 

8a 156.3 - - 

1ʹ 124.1 - - 

2ʹ/6ʹ 130.6 7.98idi(8.4) C-2,iC-2′/6′,iC-4ʹii 

3ʹ/5ʹ 116.3 6.79idi(8.4) C-1ʹ,iC-3ʹ/5ʹ,iC-4ʹ 

4ʹ 160.3 - - 

1ʹʹ 22.1 3.21imii - 

2ʹʹ 123.9 5.10iti(7.3) - 

3ʹʹ 135.6 - - 

4ʹʹ 38.6 1.79im - 

5ʹʹ 31.4 1.48im - 

6ʹʹ 49.8 1.69im - 

7ʹʹ 33.3 1.44im - 

8ʹʹ 19.5 0.70idi(6.8) C-6ʹʹ,iC-7ʹʹ,iC-9ʹʹ 

9ʹʹ 21.2 0.73idi(6.8) C-6ʹʹ,iC-7ʹʹ,iC-8ʹʹ 

10ʹʹ 16.1 1.65is C-2ʹʹ,iC-3ʹʹ,iC-4ʹʹ 

1ʹʹʹ 133.7 5.24iddi(15.9,ii9.5) C-3ʹʹʹ 

2ʹʹʹ 135.4 5.82idi(15.9) C-3ʹʹʹ,iC-4ʹʹʹ,iC-5ʹʹʹ,iC-6ʹʹ 

3ʹʹʹ 143.3 - - 

4ʹʹʹ 114.5 4.65iandi4.60ibrs - 

5ʹʹʹ 18.9 1.68,is C-3ʹʹʹ,iC-4ʹʹʹ 
 

4.1.2:iMacarangini(246) 

Compoundi246 wasiobtainediasiaiyellowisolid.iThei1HiNMRispectrum (Tablei4.2.Appendixi 

2)irevealediaipairiofidoubletsiatiδHi7.98i(2H,id,iJi=i8.5iHz)ifori2′/6′iandi6.81i(2H,id,iJi=i8.

5 iHz)ifori3′/5′iandiaisingletiatiδHi6.34i(1H,is).iTheisignals are attributable to that of C-6 (δC 
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i112.4)isubstitutedikaempferolimoiety.iThei1HiNMRialsoidisplayeditwoiolefinicisignals at δH 

5.15 (1H, t, Ji=i7.3iHz)iforiH-2′′iandi4.96i(1H,im)iforiH-6′′,ianiallyliciprotonisignaliatiδH 

3.21 (2H, brs) foriH-1′′,iaipairiofimultipletsiatiδHi1.86i(2H,im)iforiH-4'' and 1.95i(2H,im) 

iforiH-5′′, andithreeimethyligroupisignalsiat δH 1.50 (3H,is) for H-8′′, 1.46 (3H,is) for H-9′′ 

and 1.69 (3H, s)iforiH-10′′,iindicatingitheipresenceiaigeranyligroup.iBasedionithe HMBC 

correlation of H-1′′i(δH 3.21)itoiC-5i(δC 159.6),iC-6i(δC 112.4),iC-7i(δC 163.7),iC-2′′ (δCi123.8) 

and (Appendix 2),itheigeranyligroupiwasiassigneditoiC-6.iUsingitheiNMR (1Diandi2D) data 

and in comparison,iwithitheiavailableiliterature (Sutthivaiyakitietial.,i2002), compound 246 

was identified asimacarangin. i 
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Tablei4.2:iCompoundi246iNMRidatai(CD3OD,i400iMHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.1.3:i3,3ʹ,4ʹ,5,7-Pentahydroxyflavonei(Quercetin)i(247) 

Compoundi247iwasiobtainedias a yellowisolid.iThei1HiNMRispectrumi(Tablei4.3.iAppendix 

3) revealediaipairiof doubletisignals that are meta-coupled at δHi6.19 (1H,id,iJi=i2.0iHz) 

foriH-6iandi6.39i(1H,id,iJi=i2.0iHz)iforiH-8,iwithianiAXispinisystem. An ABXispin system 

wasiobservediatiδHi7.74i(1H,id,iJi=i2.2iHz)iforiH-2′,i6.89i(1H,id,iJi=i8.5 Hz)iforiH-5′,iand 

7.64i(1H,idd,iJi=i8.5,i2.2iHz)iforiH-6′.iThei13CiNMRi(Tablei4.3)irevealedia total ofififteen 

carbonisignals,ifiveiofiwhichiwereimethinesianditeniofiwhichiwereiquaternaryicarbons. The 

HMBC correlation between C-2i(Ci148.8)iandiH-2′i(Appendixi3)iledithe placementiofithe 

iAXiprotonsiiniringiAianditheiABXisystemiiniringiB. TheiNMRidata (1D and 2D)iofi 

C-

positioniiiiiiiiiiiiiiiiiiii 

 246  

iiiiiiiiiδCii δHiiMulti(JiiniHz)iiii HMBCi(H→C) 

2 147.7 -  - 

3 135.1 - - 

4 178.1 - - 

4a 105.1 - - 

5 159.6 - - 

6 112.4 - - 

7 163.7 - - 

8 93.6 6.34is C-4a,iC-6,iC-7,iC-8a 

8a 156.2 - - 

1ʹ 124.5 - - 

2ʹ/6ʹ 130.6 7.98idi(8.5) C-4′ 

3ʹ/5ʹ 116.3 6.81idi(8.5) C-1′ii 

4ʹ 161.2 - - 

1″ 22.2 3.21ibrsii C-5,iC-6,iC-7,iC-2″,iC-

3″i 

2″ 123.8 5.15iti(7.3) - 

3″ 135.6 - - 

4″ 40.9 1.86imii - 

5″ 27.4 1.95imii - 

6″ 125.4 4.96im - 

7″ 132.2 - - 

8″ 25.8 1.50is C-6′′,iC-7″,iC-9″ 

9″ 17.7 1.46isii C-6″,iC-7″,iC-8″ 

10″ 16.3 1.69is C-2″,iC-3″,iC-4″ 
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compoundi247 were comparable with aisimilaricompoundiknowniasiquercetin previously 

isolatedifromiLagerstroemiaispeciosai(Saraswathiietial.,i2017). 

      

Tablei4.3:iCompoundi247iNMRidatai(CD3OD,i600iMHz) 

 

 
 

 

 

 

 

 

 

 

4.1.4:i3,3ʹ,4-Trimethoxyellagiciacidi(248) i 

Thei1HiNMRidata (Tablei4.4, Appendixi4)ioficompoundi248i(aniamorphousiwhiteisolid) 

displayed two signals at ẟHi8.21iandi7.63i(1H,isieach),itypicaliforiellagiciacididerivatives. 

Furthermore,ithree methoxy signalsiwereiobservediatiẟHi4.10,i4.03,iandi3.99i(3H,isieach). 

Tablei4.4irevealed 17 carbons signalsifoundiinithei13CiNMRispectrum,iamongiwhichiareitwo 

carbonyligroups of an α, βiunsaturatedilactonesiatiẟCi158.5i(C-7)iandi158.4i(C-7′).iSpectra 

fromiHSQC together with HMBCi(Appendixi4)iwereiusediiniassigningitheithreeimethoxy 

groupsitoiC-3i(ẟCi140.9), C-4 (ẟCi154.4), andiC-3′i(ẟCi143.3),irespectively.iTheitwoimethoxy 

C-

positioniiiiiiiiiiiiiiiiiiii 

 247  

iiiiiiiiδCii δHiMulti(JiiniHz)iiii HMBCi(H→C) 

2 148.8 -  - 

3 137.2 - - 

4 177.3 - - 

4a 104.5 - - 

5 162.5 - - 

6 99.3 6.19idi(2.0) C-4a,iC-5,iC-7,iC-8 

7 165.8 - - 

8 94.4 6.39idi(2.0) C-4a,iC-6,iC-7,iC-8a 

8a 158.3 - - 

1′ 124.2 - - 

2′ 116.0 7.74idi(2.2) C-2,iC-4′,iC-5′ 

3′ 146.2 - - 

4′ 148.0 - - 

5′ 116.2 6.89idi(8.5) C-1′,iC-3′ 

6′ 121.7 7.64iddi(8.5,i2.2) C-1′,iC-4′ 
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groupsiat ẟC 61.4 and 61.5 (Tablei4.4)iwereidownfieldishifted,iindicatingithatitheyiwereidi-

orthoisubstituted.iThisiagrees with their placement atiẟCi140.9iandi143.3,irespectively.iThe 

NMRidata (1Diandi2D) were comparable withiaisimilaricompoundiknowniasi3,3ʹ,4-

trimethoxyellagiciacidipreviouslyiisolatedifromiDipentodonisinicusi(Yeietial.,i2007). 

 

 

 

Tablei4.4:iCompoundi248iNMRidatai(CD2Cl2,i500iMHz) 

 

4.1.5:i3,3′-Dimethoxyellagiciacidi(249) 

Thei1Hiandi13CiNMR spectra of compound 249i(aiwhitishisolid)i(Tablei4.5,iAppendixi5)iare 

comparableitoithoseioficompoundi248,iwith the molecular formula of 249ihavingi30iamu 

(atomic mass unit)ilessithani248iindicatingitheineutralilossiofiformaldehydei(CH2O)igroupi 

C-

positioniiiiiiiiiiiiiiiiiiii 

 248  

iiiiiiiiiδCii δHiMulti(JiiniHz)iiii HMBCi(H→C) 

1 112.9 -  - 

2 111.6 - - 

3 140.9 - - 

4 154.4 - - 

5 107.5 7.63is C-1,iC-3,iC-4,iC-6,iC-7 

6 113.0 - - 

7 158.5 - - 

1′ 114.2 - - 

2′ 111.6 - - 

3′ 143.3 - - 

4′ 147.6 - - 

5′ 117.6 8.21isi C-1′,iC-3′,iC-4′,iC-6′,iC-

7′ 

6′ 141.4 - -ii 

7′ 158.4 - - 

CH3O-3 61.5 4.03isii C-3 

CH3O-3′ 61.4 4.10is C-3′ 

CH3O-4 56.8 3.99is C-4 
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in  249itoiformiitsi3,3′-dimethoxyiderivative.iTheiaboveifindingsiwereifurtherisupportediasia 

pair of methoxyisignalsithatiwereidi-orthoibyibeing downfield shifted were observediinithe 

spectra. OnitheibasisiofitheiNMRi(1Diandi2D) results together with the published literature, 

compound 249iwasiidentifiediasi3,3′-dimethoxyellagiciacidi(Nkainsaietial.,i2020). i 

 

      

Tablei4.5:iCompoundi249iNMRidatai(CD2Cl2,i500iMHz) 

 

 

 

 

 

 

 

 

 

 

 

4.2:iCompoundsifromiMacarangaiconglomerata’sistemibark 

One compound identified as 3-acetylaleuritolic acid (250) was isolatedifromiM. 

conglomerata’sistemibark. 

 

C-

positioniiiiiiiiiiiiiiiiiiii 

 249  

iiiiiiiiiδCii δHiMulti(JiiniHz)iiii HMBCi(H→C) 

1 114.2 -  - 

2 141.1 - - 

3 141.7 - - 

4 150.2 - - 

5 112.0 7.77is C-3,iC-4,iC-6,iC-7 

6 112.8 - - 

7 158.5 - - 

1′ 114.2 - - 

2′ 141.1 - - 

3′ 141.9 - - 

4′ 140.3 - - 

5′ 111.7 7.49isii C-4′,iC-6′,iC-7′ 

6′ 112.8 - -ii 

7′ 158.4 - - 

CH3O-3 61.7 4.04isii C-3 

CH3O-3ʹ 61.0 4.03is C-3′ 



71 
 

4.2.1:i3-Acetylaleuritoliciacidi(250) 

Compoundi250 was found to be aniamorphousiwhiteisolid.iItsi1HiNMRidatai(Tablei4.6) 

revealediaidoubletiof a doubletisignalibeiattributeditoithe olefiniciprotoniH-15iatiδH 5.52 (1H, 

dd,iJi=i8.1,i3.5iHz).iA singlet signal of aniacetoxyigroupiatiδHi2.04i(3H,is) wasiobserved. 

The 1HiNMR spectrumi(Appendix 6)ialsoidisplayediaidoubletiofiaidoublet signal for 

protonionithe carbon atom bearing the acetoxyigroupi(H-

3)iatiδHi4.47i(1H,idd,iJi=i10.4,i5.6iHz). Additionally,ia characteristicimethine 

signaliatiδHi2.27i(1H,im) for H-18 was alsoiobserved. Furthermore, sevenisignalsiattributable 

toitertiary methyligroupsiwereiobservediatiδHi0.85, 0.88, 0.91, 0.92, 

0.93,i0.95,iandi1.63i(3H,is,ieach)iforiH-23, H-24, H-30, H-27, H-29,iH-25,iandiH-26, 

respectively. 13CiNMRispectrumidisplayedisignalsiatiδCi183.7iandi171.2, whichiwere 

assigned toitheicarboxyliciacidi(C-28)iand acetoxy groups (-C(=O)-O-), respectively.iOnithe 

basis of theiNMRi(1Diandi2D) results together with 

theipublishediliteraturei(Rumzhumietial.,i2012), compoundi250iwasifounditoibei3-acetyl 

aleuritoliciacid. 
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Tablei4.6:iCompoundi250iNMRidatai(CDCl3,i500iMHz) 

 

4.3:iCompoundsifromiMacarangaicapensis’sistemibark 

Sevenicompoundsiidentifiedias:ibetulin (251), scopoletin (252), 3-hexyl-8-hydroxy-6-

methoxy-1H-isochromen-1-one (253), 3,3′-di-O-methylellagiciacid-4′-O-α-L-

rhamnopyranosidei(254),ichrysoerioli(255),iisorhamnetini(256),iand kaempferol (257) were 

isolatedifromiM.icapensis’sistemibark. 

C-

positionii 

 250  

iiiiiiiiiiδCi δHiMulti(JiiniHz)iiii HMBCi(H→C) 

1 37.8 1.04ii  C-2,iC-5,iC-10,iC-25ii 

2 23.6 1.63ii C-1,iC-3,iC-4 

3 81.0 4.47iddi(10.4,i5.6) C-1,iC-2,iC-5,iC-4,iC-

24,iCOOH 

4 37.5 - - 

5 55.7 0.89im - 

6 18.9 1.49im,i1.60im C-24 

7 40.9 1.97im,i1.30im C-5 

8 39.2 - - 

9 49.2 1.43im C-8,iC-10,iC-11,iC-25,iC-26i 

10 38.1 - - 

11 17.5 1.48im C-9,iC-12 

12 33.5 1.61im,i1.78im C-11,iiC-13,iiC-27 

13 37.5 - - 

14 160.7 - - 

15 116.9 5.52iddi(8.0,i3.5) C-8,iC-13,iC-16,iC-17 

16 31.5 1.93im,i2.37im C-14,iC-21,iC-28 

17 51.7 - - 

18ii 41.6 2.27im C-13,iC-16,iC-17,iC-19,iC-

20,iC-27,iC-28 

19ii 35.4 1.10im,i1.24im C-17,iC-18,iC-20 

20 29.4 -  - 

21ii 30.8 1.42im,i1.70im C-17,iC-23,iC-30 

22 33.8 1.16im,i1.06im C-20,iC-21 

23ii-iiMe 28.1 0.85is C-3,iC-4,iC-5,iC-24 

24ii-iiMe 16.7 0.88is C-3,iC-4,iC-23 

25ii-iiMe 15.8 0.95is C-5,iC-9ii 

26ii-iiMe 26.3 1.63is C-7,iC-8,iC-9,iC-14 

27ii-iiMe 22.6 0.92is C-13,iC-14,iC-18 

28 183.7 - - 

29ii-iiMe 32.1 0.93is C-19,iC-22 

30ii-iiMe 28.8 0.91is C-19,iC-20,iC-29 

-C(=O)-O- 171.2 - - 

COOCH3 21.5 2.04is C-3,i-C(=O)-O- 
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4.3.1:iBetulini(251) 

Thei1HiNMRispectrumi(Appendixi7) of compound 251 (aiwhitishicrytal)idisplayedithe 

existenceiofidiastereotopiciprotonsisignals for aimethyleneigroupiatiδHi3.33i(1H,id,iJi=i10.8 

Hz)iandi3.79i(1H,idd,iJi=i10.9,i2.0iHz)ifor Ha-28iand Hb-28, respectively.iSiximethyligroup 

signalsiwere also observed atiδHi0.75,i0.82,i0.96,i0.97,i1.01,iandi1.67i(eachi3H,is)iforiH-29, 

H-27, H-20, H-30, H-28, andiH-25,irespectively.iAdditionally,itwoiexocyclicimethylene 

protonsiatiδHi4.57 (1H,im) for Ha-29 andi4.64i(1H,id,iJi=i2.3iHz)iforiHb-29iwereiobserved. 

Theseisignalsiareitypicaliforia lupane skeleton (Ayatollahiietial.,i2009).i13CiNMRispectrum 

displayedi30icarbonisignalsicomprising 1iexomethylene,i6 quaternary,i6 methine,i11 

methylene, and 6 methyl carbonsi(Tablei4.7).iAniisopropenylimoietyiwasiimpliedibyithe 

existenceiof an exocyclic olefinic carbon.iOnitheibasisiofitheiNMRi(1Diandi2D)iresults 

togetheriwithitheipublishediliterature (Kaurietial.,i2022), compoundi251 wasiidentifiedias 

ibetulin. i 
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Table i4.7:iCompoundi251iNMRidatai(CDCl3,i500iMHz) 

 

4.3.2:iScopoletini(252) 

Compoundi252 was isolated asiaiwhiteisolid.iItsi1HiNMR data (Tablei4.8;iAppendixi8) 

showedisignalsithatiwereitypicaliof a 6,7-dioxygenatedicoumarin.iTwoidoubletsiatiHi6.27 

(1H,id,iJi=i9.5iHz) andiHi7.60 (1H,id,iJi=i9.5iHz), correspondingitoiH-4iandiH-3iofia 

coumarin’s pyrone ring, respectively,iwereiobservedi(Darmawanietial.,i2012;iKhaniand 

C-

positioniiiiiiiiiiiiiiiii 

 251  

iiiiiiiiiiδCi δHiMulti(JiiniHz)iii HMBCi(H→C) 

1 38.8 1.67im  C-3,iC-5 

2 27.5 1.63im C-3,iC-4,iC-5,iC-10 

3 79.1 3.18iddi(11.2,i4.9)ii C-4,iC-23,iC-24 

4 39.0 - - 

5 55.4 0.68im C-3,iC-6,iC-9,iC-

23,iC-24 

6 18.4 1.52im C-10 

7 34.4 1.38im C-8,iC-27 

8 41.0 - - 

9 50.5 1.25im C-5,iC-7,iC-10,iC-

11,iC-12,iC-27i 

10 37.4 - - 

11 21.0 1.38im C-8 

12 25.3 1.62im C-14,iC-18 

13 37.3 1.63im C-15 

14 42.8 - - 

15 27.2 1.02im C-8,iC-14 

16 29.3 1.22im  C-15,iC-28 

17 56.4 - - 

18ii 48.9 1.58im C-13,iC-16,iC-19,iC-

20,iC-28 

19ii 47.9 2.36itdi(10.8,i5.8) C-13,iC-18,iC-20,iC-

21,iC-29 

20 150.6 -  - 

21ii 29.9 1.93im,i1.49im C-18,iC-19 

22 34.1 1.86im,i1.01im C-18,iC-21,iC-28 

23ii-iiMe 28.1 0.96is C-3,iC-4,iC-5,iC-24 

24ii-iiMe 15.5 0.75is C-3,iC-5,iC-23 

25ii-iiMe 16.2 0.82is C-5,iC-9,iC-10ii 

26ii-iiMe 16.1 1.02is C-7,iC-8,iC-9,iC-14 

27ii-iiMe 14.9 0.97is C-8,iC-14,iC-15 

28 60.7 3.79iddi(10.9,i2.0),i3.33idi(10.8) C-16,iC-22 

29ii 109.8 4.64is,i4.57is C-19,iC-30 

30ii-iiMe 19.2 1.67is C-19,iC-20,iC-29 
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Hossain,i2015).iAimethoxy group atiH 3.95 (3H,is)ianditwoiaromaticiprotonisingletsiatiH 

6.85iforiH-5iandi6.92iforiH-8,iwereialso noted in theiprotonispectrum.iThereiwereiten signals 

inithei13CiNMR spectrum, includingia phenolicihydroxyl group,i1imethoxyigroup,i4 

methines, andi5iquaternaryicarbons.iThe NMR data (1Diandi2D) wereicomparableiwithia 

similar compound known as 7-hydroxy-6-methoxyicoumarini(scopoletin)ipreviously 

iisolatedifrom Ipomoeaidigitatai(KhaniandiHossain,i2015). 

 

 

Tablei4.8:iCompoundi252iNMRidatai(CDCl3,i600iMHz) 

 

 

 

 

 

 

 

 

4.3.3:i8-Hydroxy-6-methoxy-3-pentyl-1H-isochromen-1-onei(253) 

Thei1HiNMRidatai(Tablei4.9,iAppendixi9) of compound 253i(aniamorphousiwhiteisolid) 

showediaimethylisignaliatiδH 0.91 (3H,is) foriH-13,ifourimethyleneisignalsiatiδHi2.48,i1.69, 

1.34,iandi1.35 (2H,imieach)iforiH-9, H-10, iH-12,iandiH-13,irespectively.iAn 

olefinicisingletisignal together with twoiaromaticidoubletisignalsitypicaliforiisocoumarin 

were observediatiδHi6.17i(1H,is)iforiH-4,i6.31i(1H,id,iJi=i2.3iHz)iforiH-5,iandi6.46i(1H, 

d,iJi=i2.3Hz) for H-7,irespectively (Araújoietial.,i2017).iAimethoxyigroup (3H,is) 

signaliatiH 3.87 wasialso 

C-

positioniiiiiiiiiiiiiiiiiiii 

 252  

iiiiiiiiiδCii δHiMulti(JiiniHz)iiii HMBCi(H→C) 

2 161.6 - - 

3 143.4 7.60idi(9.5) C-1,iC-10,iC-5 

4 113.6 6.27idi(9.5) C-1,iC-9 

5 107.6 6.85is C-6,iC-7 

6 144.1 - - 

7 150.4 - - 

8 103.4 6.92is C-6,iC-7,iC-9,iC-10 

9 111.7 - - 

10 149.8 - - 

6-OCH3 iiiiiiiii56.6 3.95is C-6 
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notediinithei1HiNMRispectrum.iThreeimethinesi(δCi104.1,i101.2,iandi100.3),ifive 

methylenes (δC 33.4, 31.3, 26.7,iandi22.5),itwoimethylsi(δCi55.8iandi14.1),iand six quaternary 

carbonsi(δCi166.9,i166.7,i163.8, 158.2,iandi100.1),iwere seen in compound 253’s 13CiNMR 

spectrum.iTheipresenceiofiaipolysubstituted phenyl moietyiwasirevealed by the aromatic 

signalsi(δC 100.1 –i166.9) (Gaoietial.,i2021). The HSQCispectrumiwasiusediin assigningieach 

protonitoitheirelevant carboniatom. Theiinterconnectivityiofitheialiphatic 

chainiwasiestablished fromitheiHMBC (Appendixi9) cross-peaksiobservedifromiH-9i(H 

2.48)itoiC-3i(Ci158.2), C-4i(C 104.1),iC-10i(C 26.7)iandiC-11i(C 31.3).iFurthermore, 

theipresenceiofiaimethoxy group atitheiC-6ipositioniwasiestablishediby theilong-range 

correlation betweenithe protoniatiH 3.87 andiC-6i(Ci166.9).iBasedion these spectral 

dataiandibyicomparisoniwithiisocoumarins reportediinitheiliterature (Kihampa et al., 2009), 

compoundi253 was identified as 8-Hydroxy-6-methoxy-3-pentyl-1H-isochromen-1-one.  
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Tablei4.9:iCompoundi253iNMRidatai(CDCl3,i600iMHz) 

 

 

 

 

 

 

 

 

4.3.4:i3,3′-Di-O-methylellagiciacid-4'-O-α-L-rhamnopyranosidei(254) 

Compoundi254iwasiisolatediasiaiwhiteiamorphous solid.iThei
1HiNMRidatai(Tablei4.10, 

Appendixi10)idisplayediinitheiaromatic regionitwoisingletsiatiẟHi7.78iandi7.50iattributableito H-

5′iandiH-5,irespectivelyiofiellagic acididerivatives (Nkainsaietial.,i2020).iFurthermore, signals 

ofitwoimethoxyigroupsiatiẟH 4.03i(3H,is)iandi4.02i(3H,is),iandioneiglycosyliatiẟHi5.55 

(1H,id,iJi=i1.8iHz)iwereiobserved.iThei
13CiNMRispectrum revealed 22icarbonsisignalsi(Table 

4.10),iamongiwhichiwereitwo carbonyligroups ofianiα,iβiunsaturatedilactonesiatiẟCi158.6i(C-

7)iandi158.4i(C-7′),iwhichiareicharacteristicsiofiellagiciacid (Nkainsaietial.,i2020).iSpectra 

fromiHSQCiandiHMBCi(Appendixi10)iwere usediiniassigningitheitwoimethoxyigroupsitoiC-

3i(ẟCi141.9)iandiC-3′i(ẟCi140.3),irespectively. Theitwo methoxyigroupsiatiẟCi61.7iandi61.0 

(Tablei4.10)iwereidownfield shifted,iindicating thatitheyiwereidi-orthoisubstituted.iThisiis 

consistentiwithitheiripositioningiatiẟCi141.9iandi140.3,irespectively.iTheianomericiprotoniofithe

isugariatiδHi5.55,iforiH-1′′iinitheiHMBCispectrumiofi254ialsoirevealediaicorrelationibetweeniC-

4′i(ẟCi152.6)iofiellagiciacid whichiestablishedithe glycosidicilinkage.iTheseiresultsiclearly 

C-

positioniiiiiiiiiiiiiiiiiiii 

 253  

iiiiiiiIiδCii δHiMulti(JiiniHz)iiii HMBCi(H→C) 

1 166.7 - - 

3 158.2 - - 

4 104.1 6.17is C-3,iC-8a,iC-9 

4a 139.6 - - 

5 101.2 6.31idi(2.3) C-4,iC-7,iC-8a 

6 166.9 - - 

7 100.3 6.46idi(2.3) C-5 

8 163.8 - - 

8a 100.1 - - 

9 33.4 2.48im C-3,iC-4,iC-10,iC-11 

10 26.7 1.69im C-11,iC-12 

11 31.3 1.34im C-12 

12 22.5 1.35im C-11 

13 14.1 0.91im C-12 

6-OCH3 iiiiiiiii55.8 3.87is C-6 
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demonstratedithaticompoundi254iisi3,3′-di-O-methylellagiciacid-4′-O-α-L-rhamnopyranoside 

byicomparisoniwithiliteraturei(Yeietial.,i2007). 

 

      

 

Tablei4.10:iCompoundi254iNMRidatai(CD2Cl2,i600iMHz) 

 

 

 

 

 

 

 

 

 

 

C-

positioniiiiiiiiiiiiiiiiiiii 

 254  

iiiiiiiiiδCii δHiMulti(JiiniHz)iiii HMBCi(H→C) 

1 112.0 -  - 

2 141.1 - - 

3 141.9 - - 

4 150.2 - - 

5 111.7 7.78is C-1,iC-3,iC-4,iC-

6,iC-7 

6 114.2 - - 

7 158.6 - - 

1ʹ 112.8 - - 

2ʹ 141.1 - - 

3′ 140.3 - - 

4ʹ 141.7 - - 

5ʹ 111.8 7.50isii C-3′,iC-7′ 

6ʹ 114.2 - -ii 

7′ 158.4 - - 

CH3O-3 61.7 4.03isii C-3 

CH3O-3′ 61.0 4.02is C-3′ 

1ʹʹ 99.8 5.55idi(1.8) C-4,iC-3′′,iC-5′′ 

2ʹʹ 71.6 3.33  

3ʹʹ 70.1 3.93idii(2.7)  

4ʹʹ 70.5 3.68iddi(9.2,i3.5)  

5ʹʹ 70.3 3.49iddi(9.4,i6.2)  

6ʹʹ 17.9 1.11idi(6.2)  
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4.3.5: Chrysoeriol (255) 

Theiaromatic proton signalsiatiδHi7.53i(1H,is)iforiH-2′,i6.90i(1H,id,iJi=i8.8)iforiH-5′,iandi7.52 

(1H,id,iJi=i1.6iHz)iforiH-6′iinithei
1HiNMR spectrumioficompound 255i(aiyellowishisolid) 

suggestithei3′,4′-disubstitution patterniforitheiBiring (Tablei4.11;iAppendixi11)i(Sahinietial., 

2004).iWithiaicoupling constantiofi2.1iHz,itwo aromaticisignalsioccurred asimeta-coupled 

doubletsiatiδHi6.16 (1H,id,iJi=i2.1iHz)iforiH-6iandi6.48 (1H,id,iJi=i2.1iHz) foriH-8, 

respectively.iThisiindicatedithatipositionsi5iandi7iofiringiAicontainedisubstituentsi(Sahinietial.,i

2004).iTheicharacteristic proton signal of iH-3i(δHi6.86)iforiaiflavoneiwasialsoiobserved. 

Siximethinesi(δCi120.4,i115.8,i110.2,i103.2,i98.9,iandi94.1),ioneimethoxy (δCi56.0),iandinine 

quaternaryicarbonsi(δCi181.8,i164.2,i163.7,i161.5,i157.4,i150.8,i148.1,i121.5,iandi103.7),iwerei

observediinithei
13CiNMRispectrumioficompoundi255.iTheimethoxyigroupiwasiassigneditoiC-

3′idueitoitheiHMBCicross-peaki(Appendixi11)iobservedifromiH-7′i(δHi3.90)itoiC-3′i(Ci148.6). 

These results clearly demonstrated thaticompoundi255iisichrysoeriolibyicomparisoniwith 

literaturei(Vestenaietial.,i2019). 
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Tablei4.11:iCompoundi255iNMRidatai(CDCl3,i600iMHz) 

 

 

 

4.3.6: Isorhamnetin (256) 

The yellowish solid compound 256’si
1H-NMRidatai(Tablei4.12,iAppendixi12)iexhibited 

aromaticiprotonisignalsiatiδHi7.72 (1H,id,iJi=i2.2iHz)iforiH-2′,i6.89 (1H,id,iJi=i9.0iHz) foriH-

5′,iandi7.65i(1H,idd,iJi=i2.2,i9.0iHz)iforiH-6′idue to ring B’s 3′,4′-disubstitution (Suietial., 

2008).iAitypicalimeta-coupledipattern signals for ring AiwereialsoiobservediforiH-6iandiH-8 

protonsiatiδHi6.14 and 6.39i(1H,id,iJi=i2.0iHzieach), respectively.iAimethoxyigroupi(3H,is) 

signaliatiHi3.81iwasialsoinotediinithei
1HiNMRispectrum.iFiveimethinesi(δCi121.7,i115.5,i111.7

,i98.3,iandi93.5),ioneimethyli(δCi55.8),ianditeniquaternaryicarbonsi(δCi175.9,i164.1,i160.7,i156.

2,i148.8,i147.4,i146.8, 135.7, 122.0, and 103.0),iwereiobservediinithei
13CiNMRispectrumiof 

compoundi256.iTheimethoxyigroupiwasiassigneditoiC-3′idue toitheiHMBC cross-peaks 

(Appendixi12) observed from δH 3.81 to C-3′i(δCi147.4).iTheseiresultsiclearly 

demonstratedithaticompoundi256iisiisorhamnetinibyicomparisoniwithiliteraturei(Suietial.,i2008

;iRajvaidhyaietial.,i2014). 

C-

positioniiiiiiiiiiiiiiiiiiii 

 255  

iiiiiiiiiδCii δHiMulti(JiiniHz)iiii HMBCi(H→C) 

2 163.7 - - 

3 103.2 6.86is C-2,iC-4,iC-4a,iC-1′ 

4 181.8 - - 

4a 103.7 - - 

5 161.5 - - 

6 98.9 6.16idi(2.1) C-4a,iC-5,iC-7,iC-8 

7 164.2 - - 

8 94.1 6.48idi(2.1) C-4a,iC-6,iC-7,iC-8a 

8a 157.4 - - 

1′ 121.5 - - 

2′ 110.2 7.53is C-2,iC-3′,iC-4′,iC-6′ 

3′ 148.1 - - 

4′ 150.8 - - 

5′ 115.8 6.90idii(8.8) C-1′,iC-3′,iC-4′ 

6′ 120.4 7.52idii(1.6) C-2,iC-2′,iC-4′ 

3′-OCH3 iiiiiiii56.0 3.86is C-3′ 
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4.3.7: Kaempferol (257) 

Compoundi257’si
1Hiandi

13CiNMRispectrai(Tablei4.12;iAppendixi12)iwereistrikinglyisimilarito

ithoseioficompoundi256.iTheitwo compounds were isolated as aimixture.iTheikeyidistinction 

wasithat compound 257 lackeditheimethoxyisignaliatiδHi3.86i(3H,is)iandiδCi55.8i(C-3′′)iwhich 

isiobservediinicompoundi256.iAlso,ithe existenceiofithei1′,4′-disubstitutediringiBiinicompound 

257iwasievident,iwhereitheiprotonsiati2′iandi6′iwereiinitheisame chemical environment asiwell 

asithe protons at 3′ and 5′ (Tablei4.12).iTheseiresonancesiwereiconsistentiwithithatiof 

kaempferolireportedifromiTapinanthusiglobiferusi(Tukurietial.,i2022). 
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Tablei4.12:iCompoundsi256iandi257iNMRidatai(DMSO,i600iMHz) 

 C-

positioniiiiiiiiiiiiiiiiiiii 

 256   iii257  

δCii δHiiMultii(JiiiniiHz)iiii HMBCii(H→C) iiδC δHiiMultii(JiiiniiHz)iiii HMBCii(H→C) 

2 146.8 - - 146.8 - - 

3 135.7 - - 135.7 - - 

4 175.9 - - 175.9 - - 

4a 103.0 - - 103.0 - - 

5 160.7 - - 160.7 - - 

6 98.3 6.14idi(2.1) C-4a,iC-5,iC-7,iC-8 98.3 6.14idi(2.1) C-4a,iC-5,iC-7,iC-8 

7 164.1 - - 164.1 - - 

8 93.5 6.39idi(2.1) C-4a,iC-6,iC-7,iC-

8a 

93.5 6.39idi(2.1) C-4a,iC-6,iC-7,iC-

8a 

8a 156.2 - - 156.2 - - 

1′/1′ 122.0 - - 122.0 - - 

2′/6′ - - - 129.5 8.00idi(9.0) C-2,iC-4′ 

3′/5′ - - - 115.5 6.89idi(9.0) C-1′,iC-4′ 

4′ - - - 159.2 - - 

2′ 111.7 7.72idi(2.2) C-1′,iC-3′,iC-6′ - - - 

3′ 147.4 - - - - - 

4′ 148.8 - - - - - 

5′ 115.5 6.89idi(9.0) C-3′,iC-6′ - - - 

6′ 121.7 7.65iddi(9.0,i2.2) C-2,iC-2′,iC-4′ - - - 

3′-OCH3 55.8 3.81is C-3′ - - - 
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4.4: Compounds from Macaranga capensis’s roots 

 

Two compounds identified as β-sitosterol (258) and 2,2′-(((propane-2,2-diylbis(4,1-

phenylene))bis(oxy))bis(methylene))bis(oxirane) (259) were obtained from M. capensis’s 

roots extract. 

4.4.1: β-Sitosterol (258) 

Thei
1HiNMRidata of compound 258i(aiwhitishipowder)i(Tablei4.13,iAppendixi13)iindicated 

aihydroxymethine proton signaliatiδHi3.53i(1H,im)iforiH-3iandiolefiniciprotonisignaliatiδHi5.35 

(1H,idt,iJi=i4.9,i2.5iHz)iforiH-6.iAdditionally, six methyl group signalsiatiδHi0.67i(3H,is),i1.01 

(3H,is),i0.82i(3H,im),i0.92i(3H,is),i0.81i(3H,is),iandi0.84i(3H,is)iforiH-18,iH-19,iH-21,iH-26, H-

27,iandiH-29,irespectively,iwere observed. Fromithei
13C NMRidatai(Tablei4.13),i29isignals 

wereiidentified.iCarbon oxymetic and olefinicicarbonisignalsiwereiobservediatiδci72.0i(C-3), 

andi140.9i(C-5)iandi121.9i(C-6),irespectively.iTheseiresultsiindicatedithaticompoundi258iisiβ-

sitosterolibyicomparisoniwithiliteraturei(Erwinietial.,i2020). 
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Tablei4.13:iCompound 258iNMR datai(CDCl3,i500iMHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.4.2: i2,2′-(((Propane-2,2-diylbis(4,1-phenylene))bis(oxy))bis(methylene))bis(oxirane) 

i(259) 

Compoundi259iwasiisolatediasilightibrownipaste.iCompoundi259′si
1HiNMRidatai(Tablei4.14;i

Appendixi14)ishowedcharacteristiciaromaticisignalsiofibisphenolimoietyiatiHi6.82i(4H,id,iJi=i

8.5iHz)iandi7.13 (4H,id,iJi=i8.5iHz)iforiH-5/5′iandiH-6/6′,irespectivelyi(Perrinietiai.,i2006). 

AimethyliprotonisignaliatiHi1.63iforiH-9/9′iwas also observed. ResonanceipeaksiatiHi4.17 

C-

positioniiiiiiiiiiiiiiiiiiii 

 258  

iiiiiiiiδCii δHiMulti(JiiniHz)iiii HMBCi(H→C) 

1 37.4 1.84im,i1.07im C-3,iC-5,iC-10 

2 31.8 1.84im,i1.48im C-3 

3 72.0 3.53im - 

4 42.5 2.27im C-3,iC-5,iC-6,iC-10 

5 140.9 - - 

6 121.9 5.35iddi(4.9,i2.5) C-4,iC-7,iC-10 

7 31.8 1.84im C-5,iC-6,iC-14 

8 32.1 1.99im C-9,iC-13 

9 50.3 0.92im - 

10 36.7 - - 

11 21.2 1.50im C-10,iC-13 

12 39.9 1.99im,ii1.14im C-i9,iC-13,iC-14 

13 42.5 - - 

14 56.9 1.01im C-17 

15 24.5 1.56im C-14,iC-17 

16 29.9 1.25im  C-13,iC-17 

17 56.2 1.11im C-13,iC-18,iC-21,iC-

22 

18ii-iiMe 12.1 0.67is C-13,iC-14,iC-17 

19ii-iiMe 19.5 1.01is C-5,iC-9,iC-10 

20 36.3 1.35im  - 

21ii-iiMe 20.0 0.82im C-14,iC-20,iC-23 

22 34.1 1.35im C-17,iC-21,iC-23,iC-

24 

23 26.2 1.15im C-20,iC-22,iC-24,iC-

25 

24 46.0 0.92im C-23,iC-25 

25 29.3 1.66im C-23,iC-24,iC-27,iC-

28 

26ii-iiMe 18.9 0.92is C-24,iC-25 

27ii-iiMe 19.2 0.81isii C-24,iC-25,iC-26 

28 23.2 1.25im C-24,iC-25 

29ii-iiMe 12.0 0.84is C-28 
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(2H,idd,iJi=i11.0,i3.3iHz)iandi3.95 (2H,idd,iJi=i11.0,i5.6iHz),i3.34 (2H,im),i2.74i(2H,idd,iJi= 

5.3,i2.6iHz)iandi2.89 (2H,it,iJi=i4.6iHz), foriH-3/3′,iH-2/2′,iandiH-1/1′,irespectively,iwere 

typical of glycidyl terminal group protonsi(Tehietial.,i2009).iIni
13CiNMRi(Tablei4.14),ia 

quaternaryicarboniofibisphenoliA moiety was observed atiCi41.9.iGlycidyliterminaligroups 

carbons were indicated byitheisignalsidisplayediatiCi44.9i(C-1),i50.3i(C-2),iandi68.9i(C-3). 

Compound 259 was identified as 2,2′-(((propane-2,2-diylbis(4,1-

phenylene))bis(oxy))bis(methylene))bis(oxirane)ibyicomparingithe results with the published 

literaturei(Tehietial.,i2009).iThisicompoundihasinotibeeniisolatedifrominatureibeforeinow. 

 

 

Tablei4.14:iCompoundi259iNMRidatai(CDCl3,i600iMHz) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

C-

positioniiiiiiiiiiiiiiiiiiii 

 259  

iiiiiiiiiδCii δHiiMultii(JiiiniiHz)iiii HMBCii(H→C) 

1/1′ 44.9 2.74iddi(5.3,i2.6) 

2.89iti(4.6) 

C-2 

C-2,iC-3 

2/2′ 50.3 3.34im - 

3/3′ 68.9 3.95iddi(11.0,i5.6) 

4.17iddi(11.0,i3.3) 

C-1,iC-2,iC-4 

C-1,iC-2,iC-4 

4/4′ 156.5 - - 

5/5′ 114.1 6.82idi(8.5) C-4,iC-7 

6/6′ 127.9 7.13idi(8.5) C-4,iC-8 

7/7′ 143.8 - - 

8 41.9 - - 

9/9′-CH3 iiiiiiiii31.2 1.63is C-7,iC-8 
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4.5: Compounds from Ficus thonningii’s stem bark 

Eight compounds identified asiyukovanoli(260),i5,7,4′-trihydroxy-3′-(2-hydroxy-3-methyl-3-

butenyl)iisoflavonei(261),icajanini(262),itaxifolini(263),iprotocatechuiciacidi(264),isaccharosei

(265),iandistigmasteroli(266)iwereiisolatedifromitheistemibarkiofiF.ithonningii. 

4.5.1: iYukovanol i(260) 

Thei1HiNMRidataioficompoundi260i(aniamorphousiyellowipowder)i(Tablei4.15,iAppendix 

15)irevealeditheipresenceiof ai1,2,3,4,5-penta-substitutedibenzeneiringiatiδHi5.91i(1H,is)ifor 

H-6,iai1,4-di-substitutedibenzeneiringiatiδHi7.37i(2H,id,iJi= 8.5 Hz)iforiH-2′/6′iandi6.85 (2H, 

d,iJi=i8.5iHz)iforiH-3′/5′,ianditwoioxygenatedimethinesiatiδHi5.02i(1H,id,iJi=i11.6iHz)iand 

4.60i(1H,id,iJi=i11.6iHz)ifor H-2 and H-3,irespectively.iTwoidoubletisignalsiassignableito 

tertiary-methylimoietiesiwereiobservedibothiatiδHi1.44i(6H,id,iJi=i2.4iHz)iforiH-7′′ and H-8′′ 

andiaipairioficisicouplediolefinicidoubletsiatiδHi6.62i(1H,id,iJi=i10.1iHz)iandi5.62i(1H,id,iJ 

=i10.1iHz)iforiH-4′′iandiH-5′′,irespectivelyi(Table 4.15).iAnioxygen-bearingiquaternaryisp3 

carbonisignaliatiδH 79.5iwasiseeniini13CiNMRi(Table 4.15).iBasedionispectroscopicidata, 

compouni260iwasirecognizediasiaiflavanonoliderivativeicontainingiai2,2-dimethyl-2H-pyran 

ringieitheriatiC-6, C-7 or C-7, C-8i(Zongietial.,i2014).iTheiB-ring’sihydroxyligroupiwas 

identifieditoibe at C-4′ibecauseiH-2′/6′iandiH-3′/5′iofitheiB-ringihadicorrelationsiwithiC-2 

and C-1′irespectively,iinitheiHMBC spectrum.iBasedionitheiHMBCicorrelationsiofiH-4′′ 

andiH-5′′iwithiC-8aiandiC-8,irespectively (Appendixi15),ithei2,2-dimethyl-2H-pyraniring 

wasiattacheditoiC-7iand C-8iofitheiA-ring.iBasedionitheiNMRi(1Diandi2D)iresultsitogether 

withitheireportediliteraturei(Sasakiietial.,i2012), icompound i260 iwas ifound ito ibe 

iyukovanol.  i 
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Tablei4.15:iCompoundi260iNMRidatai(CD3OD,i500iMHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.5.2: 5,7,4′-Trihydroxy-3′-(2-hydroxy-3-methyl-3-butenyl) isoflavone (261) 

Compoundi261 was found to beiyellowipowder.iItsi
1HiNMRispectrumi(Tablei4.16,iAppendix 

16) contained a characteristic signaliatiδHi7.87i(1H,is)iforiH-2iofiisoflavone.iTwoidoublet 

signalsiofiringiAiwereiobservediatiδHi6.37i(1H,id,iJi=i2.2iHz)iandi6.28i(1H,id,iJi=i2.2iHz)iforiH-

8iandiH-6, respectively. Additionally,iaipairiofidoubletisignalsiatiδHi7.23i(1H,id,iJi=i2.3iHz) 

foriH-2′iandi6.94 (1H,id,iJi=i8.3iHz) foriH-5′,iandiaidoubletiofidoubletisignaliatiδHi7.28 

(1H,idd,iJi=i8.3,i2.3iHz)iforiH-6′iwereiobserved.iiTheicorrelationsibetweeniH-2iandiC-4,iC-8a, 

andiC-1′,iasiobservediinitheiHMBCispectrum,iconfirmed the isoflavone skeleton.iAdditional 

C-

positioniiiiiiiiiiiiiiiiiiii 

 260  

iiiiiiiiiδCii δHiMulti(JiiniHz)iiii HMBCi(H→C) 

2 85.1 5.02idi(11.6)  C-3,iC-4,iC-2ʹ/6ʹ 

3 73.7 4.60idi(11.6) C-2,iC-4 

4 199.2 - - 

4a 102.4 - - 

5 163.9 - - 

6 97.1 5.91is - 

7 163.6 - - 

8 104.1 - - 

8a 159.2 - - 

1ʹ 129.1 - - 

2ʹ/6ʹ 130.4 7.37idi(8.5) C-2,iC-4ʹ,iC-2′/6ʹ 

3ʹ/5ʹ 116.2 6.85idi(8.5) C-1ʹ,iC-3ʹ/5′,iC-4′ 

4ʹ 159.3 - - 

4″ 116.0 6.62idi(10.1) C-8a,iC-6′′ 

5″ 127.7 5.62idi(10.1) C-8,iC-6′′,iC-7′′,iC-8′′ 

6″ 79.5 - - 

7″ 28.6 1.44idi(2.4) C-4′′,iC-6′′,iC-8′′ 

8″ 28.5 1.44idi(2.4) C-4′′,iC-6′′,iC-7′′ 
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long-rangeicorrelationsiwereifoundibetweeniH-8iandiC-6,iC-7, and C-4a.iAdditionally,isignals 

atiδC18.4i(CH3)i(δHi1.83,i(3H,is)),i38.4i(CH2)i(δHi2.86,i2.99,i(2H,idd,iJi=i14.7,i8.8,i2.3)),i78.4i(

CH-O)i(δHi4.44i(1H,im),i111.2i(=CH2)i(δHi4.89i(2H,is)),iandi147.2i(=C)iindicatedi2-hydroxy-3-

methyl-3-butenyliasiaisideichaini(Elsohlyietial.,i2001;iLiietial.,i2002). UsingitheiHMBC 

spectrum,itheisideichainiwasiattacheditoiC-3′iofitheiB-ringiasitheicorrelationibetweeniH-1′′ and 

C-3′iwasiobserved.iCompoundi261iwasifounditoibei5,7,4′-trihydroxy-3′-(2-hydroxy-3-methyl-

3-butenyl)iisoflavoneionitheibasisiofitheiNMRi(1Diandi2D) results together with the 

publishediliteraturei(Liietial.,i2002).i 

 

 

Tablei4.16:iCompoundi261iNMRidatai(CD2Cl2,i500iMHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C-

positioniiiiiiiiiiiiiiiiiiii 

 261  

iiiiiiiiδCii δHiiMultii(JiiiniiHz)iiii HMBCii(H→C) 

2 153.0 7.87is  C-4,iC-8a,iC-1ʹ 

3 123.5  - 

4 180.9 - - 

4a 106.2 - - 

5 162.7 - - 

6 99.6 6.28idi(2.2) C-5,iC-7,iC-8,iC-4a 

7 163.4 - - 

8 94.3 6.37idi(2.2) C-6,iC-7,iC-4a 

8a 158.2 - - 

1ʹ 123.0 - - 

2ʹ 132.5 7.23idi(2.3) C-5′,iC-1′,iC-6′,iC-

4′,iC1′′ 

3ʹ 126.2 - - 

4ʹ 156.7 - - 

5ʹ 117.5 6.94idi(8.3) C-1′ 

6ʹ 129.4 7.28iddi(8.3,i2.3) C-2′ 

1″ 38.4 2.86iddi(14.7,i2.3) 

2.99iddi(14.7,i8.8) 

C-2′,iC-3′,iC-2′′ 

2″ 78.4 4.44imii C-4′′,iC-5′′ 

3″ 147.2 -  

4″ 111.2 4.89is  

5″ 18.4 1.83is  
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4.5.3: Cajanin (262) 

Thei
1HiNMRispectrumioficompoundi262i(aiyellowisolid)iindicateditheipresenceiofisixiaromatic

iprotonsi(Appendixi17).iA characteristic signal atiδHi8.07i(1H,is)iassignableitoiH-2iof 

isoflavoneiwasiobserved.iTheispectrumialsoirevealedia multiplet and doubletisignalsiofiringiA 

atiδHi6.38 (1H,im)iandi6.57 (1H,id,iJi=i2.3iHz)iforiH-6iandiH-8,irespectively.iAdditionally,ia 

methoxyisignaliatiδHi3.89i(3H,is)iwasiobserved.iA pair of multiplet signalsiatiδHi6.40i(1H,im) 

foriH-3′iandi6.36 (1H,im)iforiH-5′,iandia doubletisignaliatiδHi7.05i(1H,id,iJi=i8.2iHz)iforiH-6′ 

wereialsoiobserved.iiInitheiHMBCispectrum (Appendixi17),itheiisoflavone skeletoniwas 

confirmedibyitheicorrelationsiofiH-2itoiC-3,iC-4,iC-8a,iandiC-1′′.iThei
13C NMR (Tablei4.17) 

revealediaimethoxyicarbonisignal in addition to fifteen carbon signals,isixiofiwhichiwere 

methinesiandinineiofiwhichiwereiquaternaryicarbons.iTheimethoxyiandihydroxyigroupsiat C-

7,i2′ andi4′iwereiconfirmedibasedionitheiHMBCicorrelations.iCompoundi262 was identified 

asicajaninionitheibasisiofitheiNMRi(1Diandi2D)iresults together withitheipublishediliterature 

(Awouafackietial.,i2011). 
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Tablei4.17:iCompoundi262iNMRidatai(CD3OD,i500iMHz) 

 

 

 

 

 

 

 

 

 

4.5.4: Taxifolin (263) 

Thei
1HiNMRispectrumioficompoundi263i(aiyellowisolid)i(Appendix 18) indicated two meta 

couplediprotonisignalsiatiδHi5.92i(1H,id,iJi=i2.1iHz)iforiH-6iandi5.88i(1H,id,iJi=i2.1iHz) for H-

8.iTheiproton signalsiofiringiCioccurrediatiδHi4.91 (1H,id,iJi= 11.5iHz)iandi4.50i(1H,id,iJi= 

11.5iHz)iforiH-2iandiH-3,irespectively.iRing B displayedithreeiaromaticiprotonsisignalsiat δH 

6.85 (1H,idd,iJi=i8.1,i2.0iHz)iforiH-2′,i6.80i(1H,id,iJi=i8.1iHz)iforiH-3′iandi6.96i(1H,id,iJi= 2.0 

Hz)iforiH-6′iwhichiwas initheiformiofianiABXispin-systemiindicatingiaiflavonoliskeleton. The 

13Cispectrum (Tablei4.18) revealed fifteen carbonisignals,iseveniofiwhichiwereimethinesiand 

eightiofiwhichiwereiquaternaryicarbons.iCompound 263 wasiidentifiediasitaxifolinionitheibasis 

ofitheiNMRi(1Diandi2D)iresultsitogetheriwithitheipublishediliteraturei(Usmanietial.,i2021). 

 

 

C-

positioniiiiiiiiiiiiiiiiiiii 

 262  

iiiiiiiiδCii δHiMultii(JiiniHz)iiii HMBCi(H→C) 

2 157.8 8.07is  C-3,iC-4,iC-8a,iC-1′ 

3 122.8 - - 

4 182.8 - - 

4a 107.1 - - 

5 163.5 - - 

6 99.3 6.38im C-5,iC-7,iC-8 

7 167.3 - - 

8 93.2 6.57idi(2.3) C-6,iC-7,iC-4a,iC-8a 

8a 159.7 - - 

OCH3 56.5 3.89is C-7 

1′ 110.6 - - 

2′ 157.0 - - 

3′ 104.2 6.40im C-1′,iC-4′ 

4′ 160.3 - - 

5′ 108.1 6.36im C-1′ 

6′ 133.2 7.05idi(8.2) C-3,iC-4′ 



91 
 

Tablei4.18:iCompoundi263iNMRidatai(CD3OD,i500iMHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

4.5.5: Protocatechuic acid (264) 

Thei
1HiNMRidatai(Tablei4.19)ioficompoundi264i(aniamorphousiwhitish solid)idisplayediinithe 

aromaticiregion,ithreeisignalsiatiδHi7.43i(1H,id,iJi=i1.9iHz)iforiH-2,i6.77i(1H,id,iJi=i8.2 Hz)ifor 

H-5,iandi7.41 (1H,idd,iJi=i8.2,i1.9iHz) foriH-6,isuggestingiai1,3,4-substitutedibenzeneiring. 

13CiNMRispectrumi(Appendixi19)irevealed signals atiδCi117.7i(CH,iC-2),i145i(C,iC-3),i150.9 

(C,iC-4),i115.6i(CH,iC-5),iandi123.7i(CH,iC-6), corresponding to aromatic carbons. The 

HMBCispectrumiofithisicompoundi(Appendix 19) displayed a clearicorrelationibetweenithe 

twoimeta-couplediprotonsiwithiaisignaliatiδCi172.3,iwhichiis typicaliofitheicarbonyl groupiof 

carboxyliciacid.iTherefore,icompoundi264iwasiidentified,ionitheibasisiofitheiNMRi(1Diandi2D)

iresultsitogetheriwithitheipublishediliteraturei(Erukainureietial.,i2017;iNurhamidahietial.,i2021)

,iasiprotocatechuiciacid. 

C-

positioniiiiiiiiiiiiiiiiiiii 

 263  

iiiiiiiiiδCii δHiMulti(JiiniHz)iiii HMBCi(H→C) 

2 85.1 4.91idi(11.5)  C-3,iC-4,iC-1ʹ,iC-2ʹ,iC-

6ʹii 

3 73.7 4.50idi(11.5) C-2,iC-4,iC-1ʹ 

4 198.4 - - 

4a 101.8 - - 

5 164.5 - - 

6 97.4 5.92idi(2.1) C-7,iC-8,iC-4a 

7 165.3 - - 

8 96.3 5.88idi(2.1) C-6,iC-4a 

8a 164.5 - - 

1ʹ 129.9 - - 

2ʹ 120.9 6.85iddi(8.1,ii2.0) C-6′ 

3ʹ 116.1 6.80idi(8.1) C-1ʹ,iC-4ʹ,iC-5ʹ 

4ʹ 147.2 - - 

5ʹ 146.3 - - 

6ʹ 115.9 6.96idi(2.0) C-1ʹ,iC-2ʹ,iC-4ʹ 
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Tablei4.19:iCompoundi264i(CD3OD,i500iMHz) 

 

 

 

 

 

 

 

4.5.6: Saccharose (265) 

Compound 265iwasiisolatediasicolorlessicrystals.iThei
1HiNMRi(Tablei4.20, Appendix 20) 

displayedianianomericiprotonisignaliatiδHi5.40 (1H,id,iJi=i3.8iHz) foriH-1iwhichiwasiaitypical 

characteristiciofiα-D-glucopyranosyl moiety. Additionally, diagnosticisignalsitypicaliforiβ-D 

fructofuranosyl moiety atiδHi4.20i(1H,id,iJi=i8.8iHz)iandi4.04i(1H,it,iJi=i8.6iHz)iforiH-3′ andiH-

4′,irespectively,iwereiobserved. Presence of α-D-glucopyranosyl and β-D-fructofuranosyl 

moietiesiwereialsoiindicatedifromithei
13CiNMRidataibyithe characteristic resonancesiatiδCi92.1 

(C-1)iandi103.6i(C-2′), respectively (DeiBruyn,i1991). Theilong-rangeicorrelationiidentified 

initheiHMBCispectrum (Appendixi20)iflankedibyitheisignaliatiδHi5.40 (H-1)iwithicarboniatiδC 

103.6 (C-2′) indicateditheiinter-glycosidic linkageiofitheitwoimonosaccharidesias (1i→i2′). 

Based on the foregoingidataifromi1Diandi2DiNMR,iandiinicomparison,iwithitheireportedidata, 

compoundi265iwasiidentifiediasisaccharose,iwhichiwasipreviouslyireportedifromiEchinophorai

platylobai(Valizadehietial.,i2014). 

 

C-

positioniiiiiiiiiiiiiiiiiiii 

 264  

iiiiiiiiδCii δHiMulti(JiiniHz)iiii HMBCi(H→C) 

1 125.0 -  -ii 

2 117.7 7.43idi(1.9) C-3,iC-4,iC-6,iC-7 

3 145.9 - - 

4 150.9 - - 

5 115.6 6.77idi(8.2) C-1,iC-3,iC-4 

6 123.7 7.41iddi(8.2,i1.9) C-2,iC-7 

CO 172.0 - - 
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Tablei4.20:iCompoundi265iNMRidatai(D2O,i500iMHz) 

 

4.5.7: Stigmasterol (266) 

Thei
1HiNMRidataioficompoundi266i(aiwhitish powder) (Table 4.21, Appendixi21)irevealed 

three doublet of doubletsisignalsiatiδHi5.34i(1H,idd,iJi=i5.5,i1.9iHz)iforiH-6,i5.14i(1H,idd,iJi= 

15.1,i8.6iHz)iforiH-22,iandi5.02i(1H,idd,iJi=i15.1,i8.6iHz)iforiH-23,itypical characteristics for 

steroidaliskeletoniandiolefiniciprotons,irespectively.iTheisignaliatiδHi3.52i(1H,idd,iJi=i11.6,i4.9i

Hz)iforiH-3iindicateditheipresenceiofia hydroxymethine proton.iTwoisingletisignals ati0.68 

(3H,is)iandi1.00(3H,is)iforiH-18iandiH-19iwereiassigneditoitertiaryimethyligroups.iTwoimethyl 

doubletsisignalsiwereialsoiobservediatiδHi1.02 (3H,id,iJi=i6.7iHz)iandi0.92i(3H,id,iJi=i6.4iHz) 

foriH-21iandiH-26,irespectively.iThei
13CiNMRidatai(Tablei4.21) datairevealedi29isignals.iThe 

signalsiatiδCi140.9,i121.9,i138.5,iandi129.4icorresponded toiolefinicicarbonsiatiC-5,iC-6,iC-22, 

andiC-23,irespectively.iTheioxymethineicarboni(C-sp3) signal foriC-3iwasiobservediatiδCi72.0. 

C-

positioniiiiiiiiiiiiiiiiiiii 

 265  

iiiiiiiiiiδCii δHiMulti(JiiiiHz)iiii HMBCi(H→C) 

1 92.1 5.40idi(3.8)  C-3,iC-5,iC-2ʹ 

2 71.0 3.54iddi(10.0,i3.8) C-3 

3 72.5 3.75iddi(10.0,i9.1) C-2,iC-4 

4 69.1 3.46iti(9.5) C-3,iC-5,iC-6 

5 72.3 3.83im C-6 

6 60.0 3.80im C-4,iC-5 

1ʹ 61.2 3.66is C-2ʹ,iC-3ʹ 

2ʹ 103.6 -  

3ʹ 76.3 4.20idi(8.8) C-1ʹ,iC-4ʹ,iC-5ʹ 

4ʹ 73.9 4.04iti(8.6) C-3ʹ,iC-6ʹ 

5ʹ 81.3 3.87im C-2ʹ,iC-4ʹ,iC-6ʹ 

6ʹ 62.3 3.80im C-5ʹ 
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BasedionitheiNMRi(1Diandi2D)iresultsitogetheriwithitheireportediliteraturei(Ayeleietial.,i2022),

icompoundi266iwasifounditoibeistigmasterol.i 

 

 

Tablei4.21:iCompoundi266iNMRidatai(CDCl3,i500iMHz) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C-

positioniiiiiiiiiiiiiiiiiiii 

 iiiiiiiiiiiiii266ii  

iiiiiiiiiiδCii δHiMulti(JiiniHz)iiii HMBCi(H→C) 

1 37.4 1.84im,i1.06im C-3,iC-5,iC-10 

2 31.8 1.99im,i1.83im C-3 

3 72.0 3.52itti(11.6,i4.9) C-1,iC-2,iC-4 

4 42.4 2.28im C-3,iC-5,iC-6,iC-10 

5 140.9 - - 

6 121.9 5.34idti(5.5,i1.9) C-4,iC-7,iC-10 

7 31.8 1.50im C-5,iC-6,iC-19,iC-14 

8 32.1 1.43im C-9,iC-13 

9 50.3 0.92im - 

10 36.6 - - 

11 21.2 1.47im,i1.02im C-10,iC-13 

12 39.9 2.01im,i1.15im C-9,iC-13,iC-14,iC-18 

13 42.5 - - 

14 56.9 0.99im C-17 

15 24.4 1.84im,i1.56im C-14,iC-17 

16 29.9 1.25im  C-13,iC-17 

17 56.2 1.10im C-13,iC-18,iC-21,iC-22 

18ii-iiMe 12.0 0.68is C-12,iC-13,iC-14,iC-17 

19ii-iiMe 19.5 1.00is C-1,iC-5,iC-9,iC-10 

20 40.6 2.03im  - 

21ii-iiMe 21.4 1.02idi(6.7) C-14,iC-20,iC-23 

22 138.5 5.14iddi(15.1,i8.6) C-17,iC-20,iC-21,iC-

23,iC-24 

23 129.4 5.02iddi(15.1,i8.6) C-20,iC-22,iC-24,iC-

25,iC-28 

24 51.4 1.52im C-23,iC-25 

25 32.0 1.46im - 

26ii-iiMe 18.9 0.92idi(6.4) C-24,iC-25 

27ii-iiMe 19.2 0.81idi(8.3) C-24,iC-25,iC-26 

28 26.2 1.60im C-24,iC-25 

29ii-iiMe 12.1 0.84iti(8.3) C-24 
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4.6: Cytotoxicity of Compounds from M. conglomerata and M. capensis 

TheitoxicityiofiisolatedicompoundsitowardsiMCF-7i(human breast adenocarcinoma)iand 

HepG2i(humanilivericancer)icellilinesiwasievaluatediusingitheiMTT test. These malignant 

cellsiwereiselectedidueitoitheiriprevalenceianditheidemandiforiefficient and less toxic 

medications.iForiinstance,itheimosticommonimalignancyiamongiwomeniwas breast cancer, 

responsibleifori15.5i%ioficancerifatalitiesiamongifemaleipatientsiini2020i(Sung et al., 2021). 

Nevertheless,ioneiofitheimostitypicalitumoursiamongimeniisilivericancer.iIni2020,iitiaccounted 

fori10.4i%iofioverallicancerimortalityiinimalesi(Ferlayietial.,i2021).iAniIC50ithreshold of ≤i10 

μMiisiconsiderediaigoodicytotoxiciactivityiforiaipureicompound.iTheiactivityiis moderate, if 

10i<iIC50i<i50iµMi(KueteiandiEfferth,i2015).iAccordingitoitheiriIC50ivaluesi(Table 4.22), the 

testedicompoundsishowedidifferentipotencyiagainstitheiselectedicancerousicells. Compounds 

245iandi259iexhibitedimoderateicytotoxicipotentialsiagainstitheicarcinoma cells under 

investigationiwithiIC50ivaluesirangeiofi13.1i–i28.2iµM,iwhileicompoundi250idisplayediactivity 

moderatelyi(IC50i=i42.9iµM)ionlyiagainstitheiHepG2icelliline.iiTheiIC50ivalues for the 

referenceidrugidoxorubiciniwerei0.69iµMi(MCF-7)iandi0.81iµMi(HepG2). Compounds 245 

andi246iareiprenylatediflavonoids;ihowever,icompoundi245ishowedithe highest cytotoxicity, 

suggestingithatiitsiactivityiisienhancedibyitheimodifiedigeranyligroupiattacheditoiringiA.iAllithe 

testedicompoundsidisplayedilowericytotoxicieffectsioniMCF-7 and HepG2icancericellilines 

comparediwithitheireferenceidrugi(doxorubicin). 
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Tablei4.22:iCytotoxicityioficompoundsiisolatedifromiM.iconglomerataiandiM.icapensis 

  

Compounds 

Cytotoxicity 

(IC50, µM) 

MCF-7 HepG2 

245 16.2 13.1 

246 81.4 56.2 

247 98.4 76.7 

248 52.6 76.7 

249 67.9 67.5 

250 89.9 42.9 

259 28.2 15.6 

Doxorubicin 0.69 0.81 

 

 

4.7:iAntibacterialiActivityiofiCrudeiExtractsifromiMacarangaiSpecies 

 

TheiantibacterialiactivityiofiM.iconglomeratai(leaves,istem,iandiroot),iM. Capensis (leaves, 

stem,iandiroot),iandiM.ikilimandscharicai(leaves,istem,iandiroot)itowardsi13imicro-organisms 

includingidrug-sensitiveiandimultidrug-resistantiwereievaluatedi(Tablei4.23).iAlliplantiextracts 

displayedigoodiactivitiesiwithiMICivalues iranging fromi4itoi128iμg/mL.iCrudeiextractsifrom 

M.icapensisishowedipotentiactivityiagainsti13/13ibacteriaitested.iMost of theiextractsifromiM. 

conglomerataiandiM. Kilimandscharica ishowediailargeispectrumiofiactivitiesiagainstiMDR 

phenotypes.iTheiriinhibitionipotenciesiwereiobservediagainsti12/13i(92.3%) bacterial strains. 

Ciprofloxacin,iaistandardiantibiotic,iwasiused as a reference andiwasieffectiveiagainstiall 

bacterialistrainsiwithiMICsivaluesiasilowiasi1itoi4iμg/mL.iIt is noteworthy thatimostiofithe 

extractsishowedibactericidalieffectsiagainstiE.icoli,iE.iaerogenes,iK.ipneumoniae,iP.istuartii,iP.

iaeruginosa,iandiS.iaureus,iwithiMBC/MICiratioi≤i4. 

 

Whenireferringitoicrudeiextractsiderivedifromiplants,imanyiauthorsidefined the antibacterial 

activityitoibeistrongiwheniMICiisilessithani100iμg/mL,imoderateiwheniMICiisibetweeni100iand

i625iμg/mL,iandilowiwheniMICiisimoreithani625iμg/mLi(Kuete,i2010;iKuete and Efferth, 

2010).iBasedionithisicutoffipoint,iallicrudeiextracts (MICi=i4i–i128iμg/mL)idisplayedistrong 
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toimoderateiantibacterialiactivitiesiagainst mostibacterialistrains,I withitheilowestiMICivalue 

recordediati4iμg/mL.iItiisiimportantitoinoteithatitheiactivityiofitheseiplant extracts against 

bacterialistrainsiwasimoreiorilessitheisame.iThisileditoitheiconclusionithat the chemical 

compositionsiofiallitheiplantimaterialsiareisimilar.iTheipronouncediantibacterialiactivitiesiofialli

theitestedicrudeiextractsicouldibeiattributeditoitheipresenceiofiflavonoids,istilbenes,iterpenoids,i

andicoumarins,iwhichiareitheipredominantiphytochemicalsireportedifromiMacarangaispecies. 

Theseiphytochemicalsimayibeiactingisynergisticallyioriadditivelyitoiexertithe noted strong 

antibacterialiactivities.iGram-negativeibacteriaiofitheispeciesiE.icolii(ATTC10536 and AG102) 

andiP.iaeruginosai(PA01iandiPA124),iknown for theirimulti-resistanceitoidrugs,iwereiless 

resistantitoiallicrudeiextracts (MICi≤i128iμg/mL).iPreviousireportsiidentified Macaranga 

speciesiasirichisourcesiofiprenylatediflavonoidsiandistilbenes,imany ofiwhich haveibiological 

activitiesi(including iantibacterial iproperties) thatiencompassialmostitheientireiareaiof 

pharmacologicalisciencesi(Ngoumfoietial.,i2008;iMagadula,i2014).i 
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Tablei4.23:iMICiandiMBCi(iniμg/mL)ioficrudeiextractsifromiMacarangaispeciesiandiciprofloxaciniagainstiaipaneliofi13ibacteriaistrains 

Bacterialistrains MCPL MCPS MCPR MKL MKS MKR MCL MCS MCR Ciprofloxacin 

MICi 
(MBC) 

R MICi(MBC) R MICi(MBC) R MICi(MBC) R MICi(MBC) R MICi(MBC) R MICi 
(MBC) 

R MICi(MB

C) 

R MICi(MBC) R MICi(M
BC) 

R 

E.icoli                     

ATTC10536 16i(64) 4 16i(64) 2 4i(16) 4 32i(64) 2 32i(64) 2 16i(64) 4 128i(512) 4 8i(16) 2 16i(64) 4 1i(4) 4 

AG102 32i(128) 4 32i(64) 2 4i(8) 2 128i(512) 4 16i(32) 2 16i(32) 2 16i(128) 8 8i(16) 2 64i(128) 2 1i(2) 2 

E.iaerogenes                     

ATCC13048 32i(128) 4 8i(64) 8 16i(32) 2 32i(64) 2 32i(128) 4 8i(32) 4 - nd 32i(64) 2 64i(128) 2 1i(8) 8 

EA27 128i(256) 2 8i(32) 4 4i(16) 4 64i(128) 2 32i(64) 2 16i(256) 16 128i(256) 2 8i(32) 4 64i(128) 2 1i(4) 4 

K.ipneumoniae                     

ATCC11296 32i(128) 2 32i(64) 2 8i(16) 2 16i(32) 2 8i(32) 4 8i(32) 4 32i(64) 2 8i(32) 4 128i(256) 2 2i(4) 2 

KP55 32i(64) 2 16i(32) 2 8i(16) 2 64i(128) 2 32i(64) 2 8i(16) 2 16i(64) 4 16i(32) 2 - nd 1i(1) 1 

P.istuartii                     

PS2636 16i(32) 2 8i(32) 4 32i(64) 2 64i(128) 2 32i(64) 2 8i(64) 8 32i(128) 4 32i(64) 2 32i(64) 2 2i(8) 4 

NEA16 16i(32) 2 16i(64) 4 8i(32) 4 - nd 32i(64) 2 32i(64) 2 32i(128) 4 16i(64) 4 64i(128) 2 1i(4) 4 

P.iaeruginosa                     

PA01 32i(64) 2 32i(128) 4 32i(64) 2 128i(256) 2 16i(64) 4 16i(64) 4 128i(512) 4 32i(64) 2 64i(128) 2 4i(16) 4 

PA124 64i(128) 2 32i(128) 4 32i(64) 2 128i(256) 2 32i(64) 2 16i(32) 2 32i(128) 4 16i(64) 4 64i(256) 4 2i(16) 8 

S.iaureus                     

ATCC25923 8i(32) 4 4i(16) 4 8i(16) 2 16i(32) 2 8i(16) 2 4i(32) 8 8i(32) 4 8i(32) 4 8i(16) 2 1i(1) 1 

MRSA3 4i(16) 4 8i(32) 4 8i(64) 8 8i(16) 2 8i(16) 2 16i(32) 2 16i(64) 4 16i(32) 2 16i(32) 2 1i(4) 4 

MRSA6 4i(16) 4 4i(16) 4 4i(16) 4 16i(32) 2 8i(16) 2 8i(32) 4 16i(64) 4 8i(32) 4 16i(32) 2 2i(16) 8 

MIC:iminimaliinhibitoryiconcentration;iMBC:iminimalibactericidaliconcentration;iR:iMBC/MICiratioi(aisampleiisiconsiderediasibacteriostaticioribactericidaliwheniRi>4iori≤4irespectively);I(-

)i:iMICioriMBCi>i512iµg/mLiforicrudeiextract;indi:inotideterminedi(asinoiMICiandiMBCivaluesiwereinotiobserveditilli512iμg/mL).iMCPL:iM.icapensisileaves;iMCPS:iM.icapensisistem;iMCP

R:iM.icapensisiroot;iMKL:iM.ikilimandscharicaileaves;iMKS:iM.ikilimandscharicaistem;iMKR:iM.ikilimandscharicairoot;iMCL:iM.iconglomerataileaves;iMCS:iM.iconglomerataistem;iMCR:i

M.iconglomeratairootii  
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4.8:iAntibacterialiActivityiofiCompoundsifromiMacarangaiconglomerata 

 

TheiisolatedicompoundsifromiMacarangaiconglomerata'sistemiandileavesiwereievaluatedifor 

theiriantibacterialiactivitiesiagainsti4ibacteria, that is iStaphylococcusiaureusiATCCi25923, 

EscherichiaicoliiATCCi25922,iPseudomonas iaeruginosa ATCCi27853iandiKlebsiella 

pneumoniaeiATCCi31488.iCiprofloxacin was used as a reference drug (Tablei4.24). 

Compoundi245i–i247i(flavonoliderivatives)idemonstratedibroad-spectrumiactivitiesiagainstiall 

theitestedibacteriaistrainsi(MICi=i1.0i–i500iµg/mL),iwhileicompoundsi248i–i250ionlyishowed 

varyingidegreesiofiinhibitoryiactivitiesiagainstiK.ipneumoniaeiATCCi31488i(MICi=i7.8i–i500 

iµg/mL)i(Tablei4.22).iAmongitheiisolates,icompoundi245iwasimostlyiactive,iexhibitingipotenti

andimoderateiactivitiesi(MICi=i7.8i–i62.5iµg/mL) against allitestedibacteria.iMoreover, 

compoundsi245i(MICi=i7.8iµg/mL)iand 246 (MICi=i1.0iµg/mL)iwerei2iandi16-foldsimore 

active,irespectivelyithaniciprofloxacini(MICi=i15.6iµg/mL) against Gram-negative P. 

aeruginosaiATCCi27853.iTheistrongiactivitiesioficompoundsi245iandi246icouldibe iattributed 

toitheiriprenylatedinature.iItihasibeenireportedithatiprenylation iimproves the ilipophilic 

propertiesiofitheiphenolicicompounds,iwhichimayibeiimportantiin istructure-activity relation, 

therebyiincreasingitheiriantibacterialiactivitiesi(Bottaietial.,i2005;iFukaiietial.,i2005;iEerdunbay

aerietial.,i2014;iKirmizibekmezietial.,i2015).  

 

TheiinfluenceiofiprenylationicanibeiobservediwhenicomparingitheiMICsivaluesioficompoundsi

245i–i247,ialliwithiflavonolinuclei.iCompoundi247i(whichilacksiprenylation) iwas ifound to 

haveirelativelyiweak/lowiantibacterialiactivityi(MICi=i500iµg/mL)iagainst iall ithe itested 

bacteria;itherefore,iitiwasiconsiderediinactivei(Jepkoech et al., 2021).iAdditionally,iGram-

negativeiK.ipneumoniaeihasilongibeenirecognizediasiaipossibleicauseioficommunity-acquired 

pneumonia. Compound 248 (MICi=i7.8iµg/mL)idisplayedistrongiactivityiagainstiK. 

pneumoniaeiATCCi31488.i 
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Tablei4.24:iAntibacterialiactivityioficompoundsiisolatedifromiMacarangaiconglomerata 

 

Compounds 

AntibacterialiActivityiMICi(µg/mL) 

S.ia. E.ic. P.ia. K.ip. 

245 62.5 62.5 7.8 62.5 

246 250.0 125.0 1.0 500.0 

247 500.0 500.0 500.0 500.0 

248 NA NA NA 7.8 

249 NA NA NA 500.0 

250 NA NA NA 500.0 

Ciprofloxacin 15.6 1.0 15.6 2.0 
S.ia.i=iStaphylococcusiaureusiATCCi25923;iE.ic.i=iEscherichiaicoliiATCCi25922;iP.ia.i=iPseudomonasiaeruginosa 

ATCCi27853;iK.ip.i=iKlebsiellaipneumoniaeiATCCi31488;iNA:iNotiactivei 
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CHAPTER 5: CONCLUSIONS AND RECOMMENDATIONS 

 

5.1:iConclusions 

ThreeiMacarangaispeciesi(Macaranga conglomerata, Macarangaicapensis,iandiMacaranga 

kilimandscharica)iandiFicus thonningii were explorediphytochemicallyiinithisistudy.iThe 

anticancer andiantibacterialipropertiesiofitheicrude extractsiandiisolatedicompoundsiwere 

investigated.iTheistudy’sifindingsiareisummarizediinithisisection. 

FifteenicompoundsiwereiisolatedifromitheithreeiMacaranga speciesi(leaves,istem/barkiand 

roots)iandicharacterized, amongiwhich 6-[(2(E),7(E))-6-isopropyl-3,9-dimethyldeca-2,7,9-

trienyl]ikaempferoli(trivially namediasiconglomeratin)i(245)iisinovel,iwhilei2,2′-(((propane-

2,2-diylbis(4,1-phenylene))bis(oxy))bis(methylene))bis(oxirane) (259) hasinotibeeniisolated 

frominatureibeforeinow.iSevenicompoundsiwereiisolatedifromiFicusithonningii’sistemibarkiand

icharacterizediiniwhichisaccharosei(265)iisireportedifromitheigenusiFicusiforitheifirstitime. 

 

Initheianticanceriassay,iamongitheievaluatedicompounds, compounds 245 andi259ishowedithe 

mostipotenticytotoxiciactivitiesiagainstiliver (HepG2)iandibreast (MCF-7)icancericellilines 

withiIC50ivaluesirangeiofi13.1iandi28.2iµM.iWhen compared to the reference drug, doxorubicin, 

alliofitheicompoundsitestedihadilowericytotoxicieffectsioniMCF-7iandiHepG2 cancericellilines. 

 

CrudeiextractsifromidifferentipartsiofitheithreeiMacarangaispeciesiexhibitedigoodiantibacteriali

activitiesiwithiMICivaluesirangingifromi4i–i128iµg/mLiagainst Gram-positiveiandiGram-

negativeicomparediwithiciprofloxacin.iAmongitheicompounds evaluated, compound 245 was 

significantlyiactiveiagainstiP.iaeruginosai(MICi=i7.8iµg/mL)iandimoderatelyiactiveitowardsiS.i

aureus,iE.icoliiandiK.ipneumoniaei(MICi=i62.5iµ/mL).iCompoundi246ishowedipotencyiagainst

iP.iaeruginosai(MICi=i1.0iµg/mL)iwhilei248iwasiselectiveitowardsiK.ipneumoniaei(MICi=i7.8i

µg/mL). 
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5.2:iRecommendations 

Basedionitheiresultsiobtained,itheistudyisuggestsithat: 

i. Phytochemicaliinvestigationiofiotheripartsiofitheistudiediplants should be explored, as 

thisiworkiresultediiniisolatingistructurallyiuniqueicompounds with potent anticancer 

andiantibacterialiproperties. 

ii. Toienhanceitheianticanceriandiantibacterial potency of the active metabolites, 

particularlyitheinovelicompound,itheiridiverseianaloguesishouldibeipreparedianditested.i 

iii. Theiisolatediphytochemicalsishouldibeifurtherievaluatediforisynergisms. 
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Appendix 1: Spectra of conglomeratin (245) 

Compound 245 HRESIMS 
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Compound 245 1H NMR spectrum (CD3OD, 400 MHz) 
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Compound 245 13C NMR spectrum (CD3OD, 100 MHz) 
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Compound 245 DEPT spectrum (CD3OD) 
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Compound 245 1H-1H COSY spectrum (CD3OD) 
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Compound 245 NOESY spectrum (CD3OD) 
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Compound 245 HSQC spectrum (CD3OD) 
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Compound 245 HMBC spectrum (CD3OD) 

 

 

 

 



132 
 

IR spectrum of compound 245 
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UV spectrum of compound 245 
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Appendix 2: Spectra of macarangin (246) 

Compound 246 1H NMR spectrum (CD3OD, 400 MHz) 
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Compound 246 13C NMR spectrum (CD3OD, 100 MHz) 
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Compound 246 1H-1H COSY spectrum (CD3OD) 
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Compound 246 HSQC spectrum (CD3OD) 
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Compound 246 HMBC spectrum (CD3OD) 
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Appendix 3: Spectra of quercetin (247)  

Compound 247 1H NMR spectrum (CD3OD, 600 MHz) 
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Compound 247 13C NMR spectrum (CD3OD, 150 MHz) 
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Compound 247 1H-1H COSY spectrum (CD3OD) 
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Compound 247 HSQC spectrum (CD3OD) 
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Compound 247 HMBC spectrum (CD3OD) 
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Appendix 4: Spectra of 3,3′,4-trimethoxyellagic acid (248) 

Compound 248 1H NMR spectrum (DMSO, 500 MHz) 
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Compound 248 13C NMR spectrum (DMSO, 125 MHz) 
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Compound 248 1H-1H COSY spectrum (DMSO) 
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Compound 248 HSQC spectrum (DMSO) 
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Compound 248 HMBC spectrum (DMSO) 
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Appendix 5: Spectra of 3,3′-dimethoxyellagic acid (249)  

Compound 249 1H NMR spectrum (DMSO, 500 MHz) 
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Compound 249 13C NMR spectrum (DMSO, 125 MHz) 
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Compound 249 1H-1H COSY spectrum (DMSO) 
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Compound 249 HSQC spectrum (DMSO) 

 

 



153 
 

Compound 249 HMBC spectrum (DMSO) 
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Appendix 6: Spectra of 3-acetyaleuritolic acid (250)  

Compound 250 1H NMR spectrum (CDCl3, 500 MHz) 
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Compound 250 13C NMR spectrum (CDCl3, 125 MHz) 
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Compound 250 1H-1H COSY spectrum (CDCl3) 
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Compound 250 HSQC spectrum (CDCl3) 
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Compound 250 HMBC spectrum (CDCl3) 
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Appendix 7: Spectra of betulin (251) 

Compound 251 1H NMR spectrum (CDCl3, 400 MHz) 
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Compound 251 1C NMR spectrum (CDCl3, 100 MHz) 
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Compound 251 1H-1H COSY spectrum (CDCl3) 
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Compound 251 HSQC spectrum (CDCl3)
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Compound 251 HMBC spectrum (CDCl3) 
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Appendix 8: Spectra of scopoletin (252) 

Compound 252 1H NMR spectrum (CDCl3, 600 MHz) 
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Compound 252 13C NMR spectrum (CDCl3, 150 MHz) 
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Compound 252 1H-1H COSY spectrum (CDCl3) 
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Compound 252 HSQC spectrum (CDCl3) 
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Compound 252 HMBC spectrum (CDCl3) 
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Appendix 9: Spectra of 8-Hydroxy-6-methoxy-3-pentyl-1H-isochromen-1-one (253) 

Compound 253 1H NMR spectrum (CDCl3, 600 MHz) 
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Compound 253 13C NMR spectrum (CDCl3, 150 MHz)
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Compound 253 1H-1H COSY spectrum (CDCl3) 
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Compound 253 HSQC spectrum (CDCl3)
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Compound 253 HMBC spectrum (CDCl3) 
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Appendix 10: Spectra of 3,3′-Di-O-methylellagic acid-4′-O-α-L-rhamnopyranoside (254) 

Compound 254 1H NMR spectrum (DMSO, 600 MHz) 
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Compound 254 13C NMR spectrum (DMSO, 150 MHz)
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Compound 254 1H-1H COSY spectrum (DMSO) 
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Compound 254 HSQC spectrum (DMSO) 
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Compound 254 HMBC spectrum (DMSO) 
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Appendix 11: Spectra of chrysoeriol (255) 

Compound 255 1H NMR spectrum (DMSO, 600 MHz) 
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Compound 255 13C NMR spectrum (DMSO, 150 MHz)
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Compound 255 1H-1H COSY spectrum (DMSO)
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Compound 255 HSQC spectrum (DMSO)
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Compound 255 HMBC spectrum (DMSO)
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Appendix 12: Spectra of isorhamnetin (256) and kaempferol (257)  

Compounds 256 and 257 1H NMR spectrum (DMSO, 600 MHz) 

 

 

 



185 
 

Compounds 256 and 257 13C NMR spectrum (DMSO, 150 MHz)
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Compounds 256 and 257 1H-1H COSY spectrum (DMSO)
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Compounds 256 and 257 HSQC spectrum (DMSO)
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Compounds 256 and 257 HMBC spectrum (DMSO)
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Appendix 13: Spectra of β-sitosterol (258) 

Compound 258 1H NMR spectrum (CDCl3, 400 MHz)
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Compound 258 13C NMR spectrum (CDCl3, 100 MHz) 
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Compound 258 1H-1H COSY spectrum (CDCl3)
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Compound 258 HSQC spectrum (CDCl3)
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Compound 258 HMBC spectrum (CDCl3)
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Appendix 14: Spectra of 2,2′-(((propane-2,2-diylbis(4,1-phenylene))bis(oxy))bis(methylene))bis(oxirane) (259) 

Compound 259 1H NMR spectrum (CDCl3, 400 MHz)  
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Compound 259 13C NMR spectrum (CDCl3, 100 MHz) 
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Compound 259 1H-1H COSY spectrum (CDCl3) 
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Compound 259 HSQC spectrum (CDCl3) 
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Compound 259 HMBC spectrum (CDCl3)
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Appendix 15: Spectra of yukovanol (260) 

Compound 260 1H NMR spectrum (CD3OD, 500 MHz)  
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Compound 260 13C NMR spectrum (CD3OD, 125 MHz)
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Compound 260 1H-1H COSY spectrum(CD3OD)

 

 



202 
 

Compound 260 HSQC spectrum (CD3OD) 
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Compound 260 HMBC spectrum (CD3OD) 

  

 



204 
 

Appendix 16: Spectra of 5,7,4′-trihydroxy-3′-(2-hydroxy-3-methoxy-3butenyl)isoflavone (261) 

Compound 261 1H NMR spectrum (CD2Cl2, 500 MHz)  
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Compound 261 13C NMR spectrum (CD2Cl2, 125 MHz)
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Compound 261 1H-1H COSY spectrum (CD2Cl2) 
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Compound 261 HSQC spectrum (CD2Cl2) 
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Compound 261 HMBC spectrum (CD2Cl2) 
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Appendix 17: Spectra of cajanin (262) 

Compound 262 1H NMR spectrum (CD3OD, 500 MHz)  
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Compound 262 13C NMR spectrum (CD3OD, 125 MHz) 
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Compound 262 1H-1H COSY spectrum (CD3OD) 
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Compound 262 HSQC spectrum (CD3OD)
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Compound 262 HMBC spectrum (CD3OD)
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Appendix 18: Spectra of taxifolin (263) 

Compound 263 1H NMR spectrum (CD3OD, 500 MHz) 
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Compound 263 13C NMR spectrum (CD3OD, 125 MHz)
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Compound 263 1H-1H COSY spectrum (CD3OD) 
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Compound 263 HSQC spectrum (CD3OD)
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Compound 263 HMBC spectrum (CD3OD) 
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Appendix 19: Spectra of protocateuchuic acid (264) 

Compound 264 1H NMR spectrum (CD3OD, 500 MHz) 
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Compound 264 13C NMR spectrum (CD3OD, 125 MHz) 
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Compound 264 1H-1H COSY spectrum (CD3OD) 
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Compound 264 HSQC spectrum (CD3OD)
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Compound 264 HMBC spectrum (CD3OD)
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Appendix 20: Spectra of saccharose (265) 

Compound 265 1H NMR spectrum (D2O, 500 MHz) 
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Compound 265 13C NMR spectrum (D2O, 125 MHz) 
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Compound 265 1H-1H COSY spectrum (D2O) 
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Compound 265 HSQC spectrum (D2O) 
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Compound 265 HMBC spectrum (D2O) 
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Appendix 21: Spectra of stigmasterol (266) 

Compound 266 1H NMR spectrum (CDCl3, 500 MHz) 
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Compound 266 13C NMR spectrum (CDCl3, 125 MHz) 
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Compound 266 1H-1H COSY spectrum (CDCl3) 
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Compound 266 HSQC spectrum (CDCl3) 
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Compound 266 HMBC spectrum (CDCl3)
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Appendix 22: Excerpt from the first page of publications from this thesis  
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